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couraging that clinical trial data with nontargeted” and
copolymer  conjugates’ seem to
their potential in human therapy.

Subcellular trafficking of conjugates. HPMA copoly-
mer - anticancer drug (adriamycin (ADR), chlorin eg)
conjugates targeted with the monoclonal OV-TL16 anti-
body (Ab) or its fragment are studied as potential drugs for

indicate

Departments of Bioengineering, and of Pharma-the treatment of ovarian carcinoma®!4. The drug is bound
ceutics and Pharmaceutical Chemistry, Univer- to the polymeric carrier via an oligopeptide spacer at side
sity of Utah, Salt Lake City, Utah 84112, U.S.A. chain termini. The intrinsic fluorescence of ADR allowed

1. Introduction

The synthesis, analysis, and characterization of biorec-

the use of confocal fluorescence microscopy to demonstrate
the lysosomotropism of the Ab targeted conjugates and the
cleavage of the tetrapeptide spacer (GFLG) in vitro. Two
HPMA copolymer - Ab conjugates containing ADR cou-
pled to polymer chains via a lysosomally degradable

ognizable polymers offers a great challenge. Energetically tetrapeptide side-chain (GFLG) or a non-degradable dipep-

favorable interactions of polymer conjugates with recogni-
tion systems developed during evolution call for a high
level of complementarity of the receptor and ligand struc-
tures. The characterization of the structure-property rela-
tionship of biorecognizable polymers requires an interdis-

ciplinary approach. In addition to a detailed analysis of

polymer structure, and characterization of their properties
by physicochemical methods, a repertoire of sophisticated

tide (GG) were used. After incubation of the P(GFLG)-
ADR-ADb conjugate (where P is the copolymer backbone)
with ovarian carcinoma OVCAR-3 cells for 24 h, extensive
staining of the nuclei was observed. No adriamycin was

detected in the nuclei of OVCAR-3 cells after 24 h incuba-

tion with the non-degradable spacer containing conjugate,
P(GG)-ADR-Ab; however, the lysosomes were stained by
the conjugate. These results indicate that the targeted con-

biological assays must be used to evaluate biological prop- jugates are taken up by cells and transported into the lysoso-

erties of the polymer conjugates. It is important to choose
biological characterization methods which permit the cor-
relation to be made between the chemicaland supramolecu-
lar structures of the conjugates and their biological re-
sponse. The principles of this approach to polymer design,
synthesis, and characterization will be demonstrated with
several examples including.

mal compartment. In this compartment ADR is released

from the degradable side-chains of the P(GFLG)-ADR-Ab

conjugate and ultimately diffuses via the cytoplasm into the
cell's nucleus.

Multidrug resistance. To test the hypothesis that HPMA

copolymer bound anticancer drugs will be inaccessible to
the ATP driven efflux pump, we have compared the inter-
nalization ofthe HPMA copolymer - ADR conjugates by
normal (A2780) and ADR-resistant (A2780/AD) human

2. Targetable polymeric anticancer drugs ovarian cancer cell lines'4. To mimic a therapeutic situation

We have been systematically evaluating the potential of

N-(2-hydroxypropyl)methacrylamide (HPMA) copoly-
mers as targetable anticancer drug carriers!-. These poly-
mers conjugates have to be biorecognizable on two levels.
First, on the cellular level at the plasma membrane to be
internalized by a subset of cells by receptor-mediated en-
docytosis™®
lularly in the lysosomal compartment by enzymes to release
the covalently bound drug’". The relationship between
their structure and biorecognition was evaluated. It is en-

. Second, they have to be recognized intracel-

we compared the internalization of free ADR and ADR
bound to the HPMA copolymer via a degradable bond
(GFLG). The ratio of fluorescence in sensitive and ADR
resistant cell lines was compared. The results demonstrated

an increased intracellular concentration of polymer bound

drugs in MDR cells when compared to free drug. After2 h,
the ratio of fluorescence in sensitive (A2780) and resistant
(A2780/AD) cells of free ADR was about 5, whereas for
P-(GFLG)-ADR it was only about 1.5. It is worth to men-

tion that the kinetics of accum ulati on of conjugates in both

cell lines were similar. We used the P(GG)-ADR conjugate
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where ADR was coupled to the polymer backbone via
anon-degradable side-chain to perform the kinetic study.
Combination chemotherapy and photodynamic thera-
py. It is well established that clinical treatment of cancer is
performed in many cases by combination therapy'®'’.
Combination clinical regimens produce clinical response
rates of approximately 60-70 % and 5-year survivals of
10-20 %. Our recent experimental data support the hypo-
thesis on the increased efficacy of combination chemothe-
rapy and photodynamic therapy (PDT) in the treatment of
cancer. On two cancer models, Neuro 2A neuroblastoma'®
and human ovarian carcinoma heterotransplanted in the

14 we have shown that combination therapy

nude mouse
with HPMA copolymer - anticancer drug (ADR and chlo-
rin eg) conjugates showed tumor cures which could not be
obtained with either chemotherapy or PDT alone. Recent
data with low molecular weight drugs support our hypothe-
sis on the effectiveness of combined chemotherapy and
PDT. It was shown that the cytotoxicity of anticancer drugs
(including adriamycin) may be enhanced by PDT".

Supramolecular structure of polymer-drug conjugates.
An important factor influencing the biorecognition of the
polymer conjugates are their solution propertieszo_ Forma-
tion of aggregates of the expansion of polymer coils influ-
ence biorecognition. sensiti-
ve moieties, such as azobenzene®' or spiropyran”, into the
structure of model macromolecules permits the evalua-
tion of the influence of the supramolecular structure of
polymer conjugates on their biorecognition. The results
obtained correlated well with the biorecognition of HPMA
copolymers containing side chains terminated in a leaving
group by enzymes23, as well as with the changes in the
quantum yield of singlet oxygen formation of copolymers
containing covalently bound photosensitizers at the side
chain termini!8:24,

Optimization of targeting moieties. Nemerow et a
identified a CD21 receptor binding epitope (EDPGFFN VE)
corresponding to the N-terminus of the Epstein-Barr virus
gp350/220 envelope protein which mediates virus attach-
ment. We have shown that binding the nonapeptide to
HPMA copolymer via a tetrapeptide sequence (GFLG)
changes the biorecognition of the conjugate from (expec-
ted) B cells to T cells?0. HPMA copolymer - adriamycin
conjugates containing the epitope were active in killing
HSB-2 human T-cell leukemia cells in mice as detected by
PCR analysis of mouse and human DNA content and by
determining the survival time?’. It appears that such syn-
thetic receptor binding epitopes have a potential as target-

Introduction of stimuli

1'25
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ing moieties for water soluble polymeric drug delivery
systems. An intramolecular antiparallel coiled coil contain-
ing a loop segment™ as a recognition site is being used to
determine the relationship between the structure of oli-
gopeptides and their recognition by T cells. Histidine tags
at the end of o-helices permit a spontaneous organization
into supramolecular structures exposing the recognition
sites at surfaces containing complexed Ni2* ions. The for-
mation of supramolecular structures exposing recognition
sites at the solid - liquid interface will be studied in detail
using physicochemical methods and incubation with
CD21+ and CD21- cell lines. The results will provide
a rationale for the tailor-made synthesis of new targetable
drug delivery systems.

3. Biodegradable hydrogels

Oral delivery of protein and peptide drugs is the most
desirable route. Barriers that limit the successful oral deli-
very of protein and peptides include, but are not limited to:
a) low pH environment of the stomach, b) high proteolytic
activity in the small intestine, and ¢) low penetration across
the intestinal mucosa. In an attempt to circumvent the pH
and enzymatic barrier, biodegradable and pH sensitive
hydrogels containing both acidic comonomers and enzy-
matically degradable azoaromatic crosslinks for colon-spe-
cific delivery were studied. The hydrogels are based on
biocompatible copolymers of N,N-dimethylacrylamide
with N-tert.-butylacrylamide (to improve mechanical pro-
perties), acrylic acid (to induce pH sensitivity) and a cross-
linking agent containing aromatic azo bonds susceptible to
cleavage by azoreductase activity in the colon. Hydrogels
were synthesized by crosslinking copolymerization”, by
crosslinking of polymer precursors30, and by a polymer-po-
lymer reaction’. The detailed structure of the networks,
i.e., content of crosslinks, unreacted pendent groups, and
intramolecular cycles were determined. It was shown that
the biodegradation of the hydrogels by gastrointestinal
enzymes depends on their detailed structure™.

4. Genetically engineered biomaterials

Traditional ways of biomaterials synthesis produced
numerous materials with excellent properties. The intrinsic
limitations of these synthetic pathways are the formation of
materials containing defect structures, and possessing dis-



tribution in size as well as chemical composition. An area
of interest is the creation of new protein based biomaterials
by taking advantage of their unique chemistry, and our
ability to design and control their chemical and physical
properties. The rapidly developing genetic engineering
technology provides powerful tools for producing tailor-
made protein biomaterials with predetermined three-di-
mensional structures, because exact control of their struc-
ture, composition, and chain length can be achieved by
manipulating the DNA sequence encoding the protein
structure”**. We are studying the synthesis of new protein
based biomaterials with predetermined three-dimensional
structures in E. coli*” These biomaterials contain the coiled
coil peptide motif, one of the folding patterns of native
proteins. This motif consists of two or more o-helices
winding together and forming a superhelix. Its primary
structure is characterized by a heptad repeating sequence in
which the first and fourth are usually hydrophobic amino
acid residues, while others are polar ones. The distinctive
feature of the coiled coils is the specific spatial recognition,
association, and dissociation of helices, making it an ideal
model of protein biomaterials in which the higher structure
may be predetermined by knowing the primary sequence.
Consequently, various functional groups may be exactly
positioned, allowing specific intermolecular interactions to
occur. This approach is used for the synthesis of hybrid
hydrogel networks with coiled coil based reversible cross-
links and ordered assemblies at the solid-liquid interface
exposing biorecognition sites™.

We are indepted to our coworkers and friends at the
University of Utah, Academy of Sciences of the Czech
Republic, University of Keele,and many other Universities

Jfor collaboration, support, and friendship. The research
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Health - CA51578, GM50839, DK39544, University of
Utah Research Foundation, Huntsman Research Founda-
tion, Macromed, and Amgen.
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mer design, synthesis and characterization are discussed.
Selected examples such as targetable polymeric drugs, bio-
degradable hydrogels, and genetically engineered biomate-
rials are demonstrated.
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SUBSTITUCNI EFEKTY V IZOLOVANYCH
MOLEKULACH'

0.02

OTTO EXNER

Ustav organické chemie a biochemie, Akademie
véd Ceské republiky, Flemingovo ndm. 2, 166 10
Praha 6

V knih4ch anglické skoly dnes klasickych® patfi substi-
tucni efekt mezi zadkladni pojmy. Podle novéjsiho, ponékud
piesnéjsiho rozboru® je podstatou srovnani dvou molekul
podobné struktury, obvykle se da jedna odvodit od druhé
ndhradou vodikového atomu substituentem. Za substitu¢ni
efekt se pak povazuje rozdil hodnot n&jaké pozorovatelné
vlastnosti u obou latek, nejcastéji jde o rychlostni nebo
rovnovaznou konstantu. Podle struktury substituentu i ske-
letu se pak rozliSuje, jde-li o efekt induktivni, mesomerni
(resonance) nebo stericky, s pfipadnou podrobné;si klasifi-
kaci jako stericka zdbrana resonance nebo hyperkonjugace.
Tak se povazuje napiiklad silnéjSi kyselost chloroctové
kyseliny ve srovndni s kyselinou octovou za projev induk-
tivniho efektu chloru, nebo vyssi rychlost nitrace fenolu ve
srovnani s benzenem za diikaz mesomerniho efektu hydro-
xylu. Novéji byla podéna’ i daleko podrobn&jsi klasifikace na
nejméné sedm riiznych efektti. Z teoretického hlediska nema
detailni klasifikace valny vyznam: jednotlivé terminy zi-
stavaji spiSe slovnim oznacenim a zejména se neda vysvétlit jak
mohou jednotlivé efekty existovat v jedné molekule vedle
sebe. Uspéénéjéi byla snaha vycislit tyto efekty kvantita-
tivné bez ohledu na pfipadny fyzikdlni smysl. Nejznaméjsi
jsou schemata se dvéma® (Dual Substituent Parameter Treat-
ment) popiipadé tifemi®’ parametry. Soudasnd existence
vice efektli je pfi tom formélni, rozhodujici je moZnost
piredpovédet pozorovatelné veliCiny s ur€itou aproximaci.

V nasi praci jsme se soustiedili spiSe na termodynamic-
kou stranku problému. Experimentdlni doklady pochézeji
sice z riznych oblasti, rozhodujici vyznam vSak mély a maji
rovnovazné a rychlostni konstanty stanovené ve vodé, vod-
nych smésich a jinych silné polarnich rozpoustédlech.
Vznikaji pak dvé zasadni otazky: 1) Do jaké miry je za
jmenované efekty zodpovédné rozpoustédlo? 2) Jak se
projevuje efekt ve vychozim a kone¢ném, popiipadé ve
vychozim a transitnim stavu? Prvému problému byla jiz
vénovana pozornost (napiiklad byla zjiSténa stericka zdbra-
na solvatace®), druhy je v podstaté novy.
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Obecny zptisob feseni byl jiz naznacen a potiebné ex-
perimentdlni veli¢iny byly specifikovany a diskutoviany
z hlediska jejich spolehlivosti, pfesnosti a dostupnosti’.

Zasadni vyznam maji rovnovazné Konstanty, popiipadé
pfislusné reakéni Gibbsovy energie AG® nebo reakéni en-
thalpie AH"°. U téchto veli¢in je mozno dat substitu¢nimu
efektu fyzikalni smysl jasné definované thermodynamické
veli¢iny. Napfiklad u 3-nitrofenolu a fenolu je rozdil jejich
acidity vyjadfen isodesmickou rovnici:

3-NO,CgH,OH(aq) + CgHsO (aq) &
(1)

3-NO,C¢H,0 (aq) + CgHsOH(aq)
AG®1 =-9,15 kJ.mol™!

AG” této rovnice miizeme poklddat defini¢né za substi-
tucni efekt nitroskupiny. Otédzku, jde-li o efekt Cisté induk-
tivni!% nebo uplatiiuje-li se v malé mite i efekt mesomerni,
mizeme pfitom ponechat stranou; v souvislosti s rovnici
(1) je to otazka spiSe nomenklaturni. loniza¢ni rovnovahy
mohou byt méfeny i v plynné fazi!!-13 (methoda Fourier
Transform lon Cyclotron Resonance®). Porovnanim AG®
rovnice (2) a (7) se pak zjisti, do jaké miry je efekt zptisoben
rozpoustédlem.

3-NO,CcH,4OH(g) + CcHsO(g) S
(2)

3-NO,C¢H, O (2) + CsHsOH(g
AG®2 = -61,9 kJ.mol ™!

Pro feseni druhé otazky je nutné porovnat slucovaci
enthalpie dvou molekul, které nejsou isomerni. Zvolili jsme
napriiklad reakci (3), ktera je rovnéz isodesmicka:

CgH4NO,(g) + CeHsOH(g) S

3-NO,C¢H,OH(g) + CgHy(g)
AH*3 = 6.2 kJ.mol”!

AH" této rovnice ziskdme ze slu¢ovacich enthalpii Ag°
vSech zucastnénych latek a miizeme je pak pokladat za miru
vzdjemné interakce obou funkCnich skupin v molekule
nitrofenolu. V tomto pripadé jde o efekt destabilizujici,
neprili§ vyrazny. Seftenim rovnic (2) a (3) dostaneme
rovnici (4), ktera ukazuje silny stabilizujici efekt v aniontu
v souhlase s b&Znymi pfedstavami o induktivnim efektu'.



CeH NO,(g) + CeHsO(g) S

3-NO,CH,0"(g) + CHg(g)
AH*4 = -55.7 kJ.mol™!

(4)

Od rovnice (3) je mozné piejit znovu do vodného pro-
stiedi, jsou-li zndmy solvatacni enthalpie nebo Gibbsovy
energie vSech Ctyr latek. Dostaneme rovnici (5). Srovnanim
s rovnici (3) vidime, Ze vliv rozpoustédla na rovnoviahu
mezi nenabitymi molekulami je nepatrny.

CgH,NO,(aq) + CgHsOH(aq) &

3-NO,CgH,OH(aq) + CgHg(aq)
AGs=72 kJ.mol"

Koneéné dosazenim hodnot AG® pro ionizaci ve vodé
(z prislusnych pK) dostaneme pro interakci aniontu ve
vodném prostiedi:

Cﬁ}'l,i.\lOg[aq) + Chl"[:',jo_{ilq:' =

3-NO,CgH, O (aq) + CgHg(aq)
AG°6 =-1,9 kJ.mol’!

(6)

Hodnoty AG® v rovnicich (6) a (4) li§i se dramaticky,
jak to kvalitativng pfedpovida elektrostatick4 teorie'* podle
hodnoty permitivity vody. Potvrzuje se zndma zkuSenost,
ze polarni rozpoustédlo zmensuje substituéni efekty (ate-
nuace’).

Rozdily energii pro reakce (/)—(6) jsou piehledné zna-
zornény na obr. 1. Jednotlivé kroky celého postupu nejsou
nové: ani pouziti isodesmickych reakci k vyhodnoceni
interakci funkénich skupin'*-"""’
nich efektt v plynné fazi a ve vodé! 11215V nasi préci byly
tyto kroky vyuzity systematicky. Dilezité jsou jesté dvé
pfipominky. Z hlediska termodynamiky mize vzbudit nd-
mitky stfiddni hodnot AH® a AG’ v rovnicich (/)—(6). Dl-
vody jsou praktického rdzu. V rovnici (3) pouzivime vy-
hodnégji AH’: jednak neni AG® vzdy dostupné, jednak pfi-
nasi také slozku entropie urovanou pouze symetrii, ktera
nema s elektronickym ¢i sterickym vlivem substituce nic
spole¢ného. V korela¢ni analyze se tato slozka bézné ode-
¢ita pod ndzvem korekce na symetrické faktory”, avsak
postup neni vzdy jednoznaény'. Hodnota AH® je jed-
nozna¢na vzdycky. U ionizace v plynné fizi se experimen-
tdln¢€ uréuje AG® , ATT se pocitd obvykle jen pfibliznymi
metodami! 11319, U rovnic typu (3) pak obvykle vyjde A77°

, ani srovnani substituc¢-
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a AG” stejné nebo se jen nepatrné liSi. Proto davame pied-
nost AH iurovnice (4), ale pfedpokladdme, ze by AG® bylo
stejné, pokud by byla do ného zahrnuta korekce na symet-
rické faktory. Pro rovnici (6) je kritickou veli¢inou acidita
ve vodé. Zatimco pKa tim i AG® se uréuji pomérné pfesné,
jsou hodnoty AH® zatizené daleko vétSi chybou a Casto
viibec nespolehlivé”. Dévame proto pfednost AG® u rov-
nice (6) i u rovnice (5).

kJ.mok?

gas

Obr. 1. Schematicky energeticky diagram k substitu¢nimu
efektu nitroskupiny v 3-nitrofenolu, v plynné fazi a ve vodé,
odpovidajici rovnicim (/)-{6). Udané rozdily energii v kJ.mol ™’
predstavuji bud AH° nebo AG®. Zakiivené Sipky oznacuji experi-
mentalni vstupy, ostatni veli¢iny jsou z nich odvozeny

Druhé pfipominka se tykd dostupnosti potfebnych ex-
perimentalnich veli¢in a jejich chyb. Slucovaci enthalpie
A¢H® byly brany ze dvou kritickych sbirek20:21 ale jsou
k dispozici pomérné ziidka pro bifunkéni derivaty. Uddva-
n4 chyba byva pod 2 kJ.mol™!, ale ve starii literatute miize byt
ve skute¢nosti daleko vét$i”’. S pomérné dobrymi vysledky
mtize byt A¢H° nahrazeno kvantové chemickymi vypoc-
ty22'.24 s
obsazeny v referdtech a byly systematicky zkoumany
i u bisderivatti vhodnych pro model substituent-funkéni
skupina’. Experimentalni chyba byv4 0,4-0,8 kJ.mol !,
nepiinasi tedy dalsi nejistotu k danému AgH”. Nejobtizn&ji
dostupné jsou Gibbsovy energie solvatace AG, . Nevelké
sbirky dat’’ nejsou orientovany na vhodné slouceniny.
Experimentdlni chyba mtiZe byt asi 0,2 kJ.mol"! , vzhledem

. Acidity v plynné fazi, AH.

25 26

42 AHy,. = PA, jsou



k malym hodnotdm nemusf se dét poznat, zda je vétsi AH"4
nebo AH’5 . Hodnoty pK a k nim pfisluiné AG,;4(aq) jsou
") ajsou k dis-

g%,

Novr

ze vSech nejpiesnéjsi (£ 0,02 az 0,2 kJ.mol
posici prakticky pro vSechny litky rozpustné ve vod
U $patné rozpustnych daji se odhadnout z pKv 50 % etha-
nolu.

Podle uvedeného schematu jsme prezkoumali substi-
tucni efekty rizného typu na modelovych systémech, které
jsou typické pro dany efekt. Postup byl v zdsadé stejny,
experimentalni pfistup jsme zaméfili vzdy na ty veli¢iny,
které v daném ptipadé chybély: acidity'’-''*""
ty***? v plynné fazi, sluGovaci enthalpie” nebo kvantové
chemicky poéitané energie’"**. V dal§im prehledu jsou
struéné uvedeny pouze kone¢né vysledky.

a basici-
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Induktivni efekt. Pro tento efekt jsou dobré dikazy '™,
ze je v ruznych systémech umérny pro jednotlivé substi-
tuenty. Bylo proto mozno studovat pohromad¢ rizné sys-
témy typické pro tento efekt: derivaty bicyklo[2.2.2]ok-
tanu, kyseliny octové i nékteré aromatické mera derivaty,
u nichZ je konjugace substituentu zanedbatelnd" jako
u 3-nitrofenolu zndzornéném jiz na obr. 1. Hodnoty A¢H"
musily byt v mnoha pfipadech vypodteny”, a to zejména
pro typické slouceniny. U neutralnich molekul se pozoruje
vesmés nevelky efekt substituentu (AH’3). U vétsich mole-
kul bicyklooktanovych a benzenovych derivatii byva
i mens{ nez experimentalni chyba'’, ale u malych molekul
chloroctové kyseliny nebo 2,2,2-trifluorethanolu ma inter-
akce AH’3 patrnou hodnotu. Interpretace této veliCiny je
problematick4®. Nejspise by mohla byt klasifikovdna jako
sterickd, v kazdém pfipad€é nemad nic spole¢ného s induk-
tivnim efektem. Ten se silné projevuje v energiich iontd
(AH’,) atim i v energii ionizace v plynné fazi (AH",), kde
je podstatng siln&jsi nez u ionizace ve vodé (AH"|)Potla-
¢eni substitu¢niho efektu vlivem rozpoustédla (atenuace)
zplsobuje pokles na 12 az 59 % piivodniho efektu v plyn-
né fazi. Podle elektrostatické teorie je induktivni efekt pop-
sdn jako interakce iontu a dipdlu v prostfedi o ur€ité ,,efek-
tivni" permitivité!4. Podle toho by attenuace méla byt sil-
néjs§i u menSich molekul, u nichz vétsi ¢ast silokfivek
prochdzi rozpoustédlem. Skutecnost je spiSe opacna: ate-
nuace je nejmensi u 2,2,2-trifluorethanolu a u kyseliny
chloroctové.

Mesomerni efekt. U mesomerniho efektu neexistuje
jednotna Skdla substitu¢nich efektii: potfadi ucinku riiznych
donorti z4visi na konjugovanému akceptoru a naopak’. Je
tedy tfeba vySetiovat zvlasté jednotlivé modelové systémy,
které musi byt pfitom tak voleny, aby se pokud mozno
eliminoval soucasné pfitomny efekt induktivni. Klasickym
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modelem jsou acidobasické vlastnosti meta a para derivati
benzenu. Zakladem analyzy je jednoducha isomerisace:
AH'7 = -6.,6 kl.mol”!

Induktivni efekt neni u obou isomeri zcela stejny", ale
v poméru asi 1:1.1. Je-li tento efekt podle rovnice (3)
6,2 kJ.mol"', vznikla by chyba asi 0,6, kterou je moZno
zanedbat; AH"; pak vyjadfuje mesomerii ¢i konjugaci u pa-
ra isomeru. Pfi ionizaci se konjugace znacné zvysi podle
ocekavani teorie:

3-NO,CgH4 O (g) 5 4-NO,CgH4O(g) (8)
AH’g =-34,2 kJ.mol’

Ve vodném roztoku se konjugace neutralnich molekul
mirné zvysi, konjugace aniontu se zna¢né oslabi:

3-NO,C¢H,4OH(aq) & 4-NO,CgH,OH(aq) (9)
AH’9 =-10,9 kJ.mol”
3-NO,CgH, 0O (ag) & 4-NO,CgH,O(aq) (10)

AH'10 =-17,8 kJ.mol™’

Atenuace vlivem rozpoustédla zde predstavuje asi 25 %
v hodnotéch acidity, ve srovnani se zminénymi 12 % u in-
duktivniho efektu u podobnych molekul. Rozbor tohoto
jevu byl provddén v pojmech korela¢ni analyzy pomoci
o konstant (a bez rozliSeni efektu v aniontu a v Kyseling).
Doslo se pak k chybnému zavéru, Ze resonance je podpo-
rovana solvataci®® (Specific Substituent Solution Assisted
Resonance). Spravny zavér je, ze resonance je solvataci
oslabena, ale induktivni efekt je oslaben jesté vice. Je to
pochopitelné vzhledem k dislokaci naboje u mesomerniho
aniontu a tim jeho slabsi solvataci.

Na $irsim zdkladé byl sledovan jednoduchy model meso-
merniho efektu, ktery srovnava derivity benzenu s derivaty
methanu. Induktivni efekt neni zcela eliminovan; lepsi je srov-
nani s derivaty terc.butylovymi, ale je pak mensi pocet dat.

XCH;(g) + CgHg(g) S XCgHs(g) + CHy(g)
AH 1)

(11}

Hodnoty AH";; mohou slouZit jako mira substitu¢niho
efektu substituentti. Jsou vysoké v absolutni hodnoté pro
klasické silné donory (OH -52,8, NH, -45,5), mensi pro
akceptory (NO, -15,6, COCH; -27,1), nejvyssi pro konju-



gované ionty (O -184 , NH™ -202, C = OH" -86, NO,H"
-75). Pozoruhodnd je zejména posledni skupina NO,H™,
jejiz silna konjugace se neda jednoduse vyjadiit mesomer-
nim vzorcem™. Celkem jsou vysledky v kvalitativnim
souhlase s klasickym vykladem, napfiklad kyselost fenolu
je pripisovdna mesomerii v jeho aniontu. Kvantitativnéjsou
nékteré vysledky méné pochopitelné, je jen velmi hruby
vztah mezi AH" || aresonané¢nimi konstantami oy, .
Nedéavné diskuse o pri€indch kyselosti karboxylovych
kyselin (ve srovnani s alkoholy) se zabyvda mesomernim
efektem u dvou skupin primo vazanych37-3?. Ptekraduje tedy
bé&Znou definici substituéniho efektu. Isodesmickd reakce”,
rovnice (72), dokazuje velmi silnou resonanci jiZ v mole-
kule karboxylové kyseliny, kterd je v aniontu jesté zesilena,
rovnice (75). Acidita karboxylové skupiny je pak dédna
rozdilem téchto hodnot, urCujici je nizka energie aniontu.

CHACOCH;(g) + CHyCH(CH5)OH(g) &

CHACH(CH4)CHs(g) + CH;COOH(g)
AH12=-T72 kJ.mol™

(12)

CH;COCH;(g) + CH;CH(CH;)0(g) &
CH;CH(CH4)CH4(g) + CH,COO(g) (13)
AH’13 = -172 kJ.mol™’

Opaéné tvrzeni™, Ze pti¢inou kyselosti je vysok4 ener-
gie molekuly kyseliny je zaloZeno pfedev§$im na kvantové
chemickych vypoctech umélych fixovanych struktur. Dis-
kuse neni ukoncena a uvadéji se dalsi kvantové chemické
argumenty’.

Hyperkonjugace, efekt Bakertiv-Nathantiv. Experi-
mentalné pozorovatelny stabilizujici vliv alkylovych sku-
pin v para poloze na energii benzylovych kationtli se
oznaduje jako efekt Bakertiv-Nathaniiv®. Rozhoduijici je
poradi efektu alkylovych skupin Me > Et > i-Pr > t-Bu > H.
Obvyklad interpretace je hyperkonjugace vyjadiena vzor-
cem s jednim nevazanym atomem vodiku v methylové
skuping&’. Pfi ionizaci v plynné fzi neni efekt pozorovatel-
ny a je tedy zpusoben jen v roztoku sterickou zdbranou
solvatace”, jak bylo jiz kdysi navrZzeno®. Kvantové che-
mické vypocty ukdzaly, Ze hyperkonjugacni vzorec nazna-
Cuje kvalitativné spravné nékteré zmeény geometrickych
parametrti”, ale nema pozorovatelny vliv na energii.

Sterickd zdbrana resonance. Sterické efekty rovnéz ne-
maji obecnéjsi charakter a musi byt zkoumany separatné na
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jednotlivych modelovych slouc¢eninach. Prezkoumalijsme
nejprve koncept sterické zabrany resonance u aromatickych
sloucenin. U methylsubstituovanych benzoovych kyselin
jsme zjistili z acidit v plynné fazi"’ a z IR spekter® (v sou-
hlase s konformaci v krystalické fazi"), Ze pouze 2,6-di-
methylderivéty jsou v neplanarni konformaci; jedna oriho
methylova skupina k poruseni koplanarity nestaci. VSechny
isomery methylbenzoovych kyselin lze rozdélit do dvou
skupin s planarni a neplanarni konformaci, tedy v rozporu
s tradi¢ni interpretaci, kterd pripisuje vSem derivatim ne-
planarni konformace s proménlivym dihedrdlnim tihlem <).
U methylsubstituovanych anilinti nesta¢i ani dvé ortho
methylové skupiny k poruseni koplanarity, ktera nastava
teprve u 2,N,N-trimethylanilinu™. Viechny p¥ipady po-
psané sterické zabrany resonance by tedy mély byt pfez-
koumany, jaka je skute¢na konformace a zda zvySeni ener-
gie odpovida pfedpokladané energii resonance. Teorie o
proménném thlu ¢p je zaloZena na klasické interpretaci UV
spekter* aromatickych ketoslouéenin. Teorie je patrnd
chybnd, zcela jisté je vSak chybné jeji rozsifeni na riizné
aromatické slouceniny.

Stericky efekt. V serii polymethylbenzoovych kyselin
byly vyCisleny substitu¢ni efekty u neutralnich molekul
i u aniontd, a to u v8ech isomert, planarnich & neplanar-
nich3!. Efekt substituenti nenf oviem jen stericky. K pfi-
bliznému vypoctu sterického podilu byl pouzit osvédCeny
jednoduchy trik: stericky efekt se uvazuje jen pro polohu
ortho a polarni, nesterické efekty se povazuji za stejné
v poloze ortho jako para. Napiiklad u kyseliny 2,4-dime-
thylbenzoové miize byt Cisté stericky efekt (dvou methyld
na karboxylovou skupinu) vyjadfen rovnici:

OOH OOH COOH ~O0H
CHs
+ == +
|

CHy (14)

I takto jednoduse vyjadieny aproximativni stericky
efekt ma ziejmé fyzikdlni smysl a je priblizné spravny i ve
smyslu kvantitativnim. Definujeme-lijej stejnéjako v rov-
nici (14) i pro anionty, ziskdme hodnoty pfiblizn& imérné3!
(obr. 2). Podle tohoto grafu je tedy stericky efekt u anionti
karboxylovych kyselin umérny efektu u kyselin samot-
nych, ale je oslaben asi na dvé tietiny. Zbyvajici jedna
tietina se pak projevuje v ucinku na kyselost. Na prvy
pohled neni zfejmé, proC by sterickd interakce methylové

AH’14 = 19,0 kJ.mol’
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Obr. 2. Zévislost odhadnutych sterickych efektti Sac methy-
lovych skupin v polymethyl substituovanych benzoovych ky-
selindch (osa x) a sterickych efektii v jejich aniontech San
(osa y) podle®. Body pro 3- a 4-methylbenzoové kyseliny jsou
podle definice totozné s bodem H (0,0)

skupiny s karboxylem méla byt siln€jsi nez s karboxyldtovym
aniontem. ReSerSi v Cambridgeské strukturni databdzi ne-
byly nalezeny signifikantni rozdily v geometrii skupin COOH
a COO". U ortho substituovanych Kkyselin vSak dochdzi
k vétsim deformacim v benzenovém jadie, napiiklad k pro-
dlouzeni vazby C(1)-C(2), nez u jejich aniontd. Dalo by se
fici, Ze skupina COOH je stejné velkd jako COO", ale méné
deformovatelna. Pro bezpecné posouzeni vSak dosud chybi
rentgenova strukturni analyzajedné kyseliny a k ni pfislus-
né soli. Ve vodném roztoku zmensuji se primarni sterické
efekty daleko mén& neZ induktivni nebo mesomernisV.

Buttressing effect (BE). Timto ndzvem® byl oznaten
dodate¢ny nevelky stericky vliv druhého substituentu, pti-
sobici zprostfedkované, jako u kyseliny 2,3-dimethylben-
zoové, kterd je silngjsi kyselina nez 2,5-dimethylbenzoova.
Studium acidit v plynné fazi* umoZnilo definovat BE
obecnéji jako nadbyteCnou energii trisderivatu, kterd pie-
sahuje hodnotu odhadovanou na zdkladé bisderivatti. Po-
kud ma byt tato definice vyjadiena isodesmickou rovnici,
jde o rovnici dosti slozitou, kterd znazornuje konstrukci tris
derivatu z jednotlivych bisderivati. Napiiklad pro jmeno-
vanou kyselinu 2,3-dimethylbenzoovou:

COOH COOH

CH, CH;
) ) @ ’ @
CHj CH;

Timto postupem byly zji§tény™ nezanedbatelné hodno-
ty BE i u vzdilengjSich substituenti mimo ortho polohu,
které si nelze predstavit podle Stuartovych-Brieglebovych
modeld, ale které nepochybné existuji. Jsou vyrazné zejmé-
na pro AgH° v plynné fazi a postupné se zmensuji u AH, 4
a zejména vlivem rozpoustédla. U kyselosti ve vodé se
potom da BE pozorovat jen v klasickych piipadech soused-
nich substituenti.

Souhrné lze Yici, Ze u isolovanych molekul (v plynné
fazi) se vétSinou pozoruji substitu¢ni efekty s vétsi intensi-
tou nez ve vodnych roztocich, popiipadé se objevi efekty
nepozorovatelné v roztoku. Mén¢ Casto jsou nékteré efekty
zplisobeny pouze rozpoustédlem a v plynné fazi neexistuji.
V nékolika bodech je tedy tieba vyklady z ucebnic opravit,
vétSinou vsak byly postulovany s velkou predvidavosti.
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Amino acids are not regarded only as important build-
ing blocks for peptides and proteins, but are also enjoying
an unprecedented renaissance in practically all disciplines
of chemistry, biochemistry, biology and medicine. They are
used in the synthesis of pharmaceuticals, agricultural pro-
ducts, the food industry and material science. Recent deve-
lopment in the understanding of enzyme mechanisms, protein
conformations and properties related to molecular recogni-
tion, protein-nucleic acid interactions and other regulatory
interactions with proteinogenic amino acids have opened
up new possibilities for the design of numerous proteino-
genic and nonproteinogenic materials and have placed ami-
no acid chemistry at the forefront of modern chemistry'.

In addition to oi-amino acid derivatives there are in the
nature also several - and higher homologous amino acids
as well as unsaturated amino acid derivatives. Among them
there is a group of amino acid derivatives with C=C double
bond in «,B-position, called o,p-didehydroamino acid
(o, p-DDAA) derivatives (1). The members of this class can
be found in different natural materials, such as peptide
hormones, microbial metabolites, pigments, etc. Many of
them include heterocyclic rings in their structure. For exam-
ple, leptosphaerin has been isolated from a kind of marine
microorganism, lavendomycin was obtained from the fungi
Streptomyces and polypeptide antibiotic nisin is produced
by Streptococcus lactis. o,3-DDAA derivatives exhibit
various activities: some of them are antibiotics, lavendomy-
cin is active against Gram-positive bacteria, nisin is used as
food preservative, capreomycin possess strong tubercu-
lostatic properties, etc. From the synthetic point of view the
a,(3-double bond in amino acid derivatives represents, in
addition to the amino and carboxy groups, the third highly
reactive function in the molecule!-5.

The aim of this report is to present our recent and
ongoing research work in the field of amino acid derivati-
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ves™, with the emphasis on nonproteinogenic ¢.,3-DDAA

derivatives containing heterocyclic rings in their structure.
The main part of our work in this field was devoted to the
synthesis and transformations of pyran-2-one ring containing
systems. There are several reasons why we are interested in
such systems. 2H-Pyran-2-ones and fused pyran-2-ones are
important biologically active compounds and synthons for
organic synthesis™. Recently, rapid progress has been done
in the field of 2H-pyran-2-ones, 2H-1-benzopyran-2-ones
and related quinolinones due to the introduction of several
drug-receptor binding models, which enabled a systematic
and rational design of novel inhibitors of various enzymes,
such as HIV protease?’2 and DNA girase or topoiso-
merase270-¢. 56,7 8-Tetrahydro-2H-1 -benzopyran-2-ones
and 2-oxo-2H-pyran-5-carboxylates possess a wider vari-
ety of activities, such as antiarrhythmic, antiinflammatory,
anesthetic, analgesic and antiplateled, etc28a-b, Therefore,
an important task of modern organic synthesis is to provide
selective transformations, which convert lead compounds
into the desired products in high yields.

For the preparation of 2H-pyran-2-ones and fused py-
ran-2-ones we developed a simple and general one-pot
method starting from various mono- or diactivated carbo-
nyls 2 (1,3-diketones, B-ketoesters, cyclic 1,3-diketones,
heterocyclic 1,3-diketones or their tautomers, monoacti-
vated methyl ketones, cyclic monoketones, etc), N-acyl-
glycines 3 (hippuric acid, aceturic acid, heteroarylcarbonyl-
glycines) and one-carbon synthons (triethyl orthoformate,
diethoxymethyl acetate, N,N-dimethylformamide dimethyl
acetal) in the presence of a large excess of acetic anhydride
(Scheme 1). By the application of several procedures of this
method, we prepared a variety of pyran-2-one containing
heterocyclic systems. In the simplest procedure, the starting
compounds were mixed together in equimolar amounts and
after heating of the reaction mixture for 4 h at 70-100 °C
the corresponding products were isolated in reasonable
yields. Some other modifications of this method were used in
order to avoid the formation of by-products and to improve
the yields of desired products. Employing this methodology
we prepared the corresponding 2H-pyran-2-ones 7, 5-0xo-

0
Ry | X =0,NH

>:. X Y = H, CHO, MeCO, ArCO, CO2R
Ry Ry, R2 = H, alkyl, aryl, heteroaryl, tetc.

Structure 1



-5,6,7,8-tetrahydrocoumarins 8, 6,7-dihydrocyclopenta[b]py-
ran-2,5-diones 9, indeno[l,2-b]pyran-2,5-diones 10,
furo[3,4-b]pyrans 11, thieno[3,4-b]pyrans 12, pyrano[4,3-
blpyrans 13, pyrano[2,3-d]pyrimidine-2,4,7-triones 14,
pyrano[3,2-c]benzopyrans 15 and pyrano[3,2-c]quinolines
16 (ref.8:10-12.18.22) For comparison, some of the described
derivatives were also prepared by Behringer-Falkenberg's
method® starting from carbonyls and 4-ethoxymethylene-
2-phenyl-5(4H)-oxazolone in ethanol in the presence of
triethylamine®:12, The main advantage of our one-pot me-
thodology is the fact that one can avoid the synthesis of the
ethoxymethyleneoxazolone derivatives.

We investigated the reactivity of 5,6,7,8-tetrahydro-

R‘!TO
Rz

R‘LIO
Ry CH==
bd X= OEt, NMe,

Ry

6] (0]
Rs |

|
O 8 0

(0]

e 1

0]

NHCOR;

1
0 N

0 0
TLX
R,CONH Rg
0

14
Scheme 1

LN \[T/ | ——
5 N
X R CH
H
6

0.0
giINHCOR3
9

2H-1-benzopyran-2,5-diones 17 and some related systems
towards nitrogen-containing nucleophiles, which can react
either with the lactone ring or with the 5-oxo group (Sche-
me 2). As expected, compounds 17 were transformed by
the action of ammonia, hydroxylamine, various amines,
amino acids, hydrazine and N,N-dimethylhydrazine to the
quinoline derivatives 18 (ref.?16:19) On the other hand,
hydrazides, phenylhydrazines and heterocyclic hydrazines
convert benzopyran-2,5-diones 17 selectively into 5-hydra-
zonobenzopyrans 19 (ref.23-25). These reactions were car-
ried out in absolute ethanol under the influence of acidic
catalysts (BF5.Et,O or p-toluenesulfonic acid, Method A).
The hydrazones, when treated with a mixture of ethanol,

CH(OEt)g
- Ac 20
MeCO,CH(OEt), e
or
Me,NCH(OMe),
R 0

0. .0
l
@l\_nj]/\INHCOR:,
O 10

(o) 0 Me Z I 0 (0]
WNHCOR3 © 7 NHCOR4
o 12 S

0
0
NHCOR
NHCOR; ‘ 2
'
y -
NTTS0
o” o H
15 16
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water and triethylamine (Method B), were selectively con-
verted to the corresponding quinoline-2,5-diones 18 via an
open-ring intermediate 20. An extension of the Method A
to 2H-pyran-2-one derivative 21 gave similar result with
aheterocyclic hydrazine and the hydrazone 22 was obtained
under acidic conditions. The application of the Method B
to the hydrazone 22 resulted in the pyrazole derivative 23

ta[b]pyran-2,5-dione derivative 24 with some nitrogen-
containing nucleophiles and obtained the corresponding
fused pyridines 25 as the only products.

The dissimilar behavior of these systems stimulated us
to calculate heats of formation of some hydrazone/fused
pyridinone product pairs”. The geometries of all studied
compounds were completely optimized at the semiempi-

formation®. We also performed reactions of cyclopen-  rical Hartree-Fock level using program package Spartan
NHR;,
Ry
0.0
2 _RaNHNHz
2
Z  NHCOPh NHCOPh
O 17
RaNHNH,
Method A
R
I O 0 Method B CQ?H
Rz .
2 SNHCOPh NHCOF'h
N R HN
3!
RN 18
Me 0.0
1
‘\N:L'INHCOP" Method A
o 21 HetHN/
lMethod B
el . \N’N M ] '-.N
HO,C '
Me
PhCONH  H
3
NHR
O° RNHNH; BicgO
B
Z NHCOPh Z SNHCOPh
O 2 O 2

0.0
:ﬂ: ;/ iNHCOF‘h
N

26

Scheme 2 RHN/
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R, 0% o H
(CHall " 0
>

o H 34_t45 29)
129 ~H
17: R,=R;=Me, n=1
24: R=R,=H, n=0

24

Fig. 1. Structures of compounds 17 and 24 with interatomic distances given in A (for 24 in parenthesis) as obtained from NOESY
spectrain DMSO-ds at 25 °C and their minimized energy structures obtained by using these distances

NHMNWH
J ] ,0‘7 :-'.l'
= ! ]
‘: 25 ' : ﬁ 9 L
k | " (&
& I Fa0 A #
? i i ﬁ [ ]
; . 10

27a 27b

Fig. 2. Parts of ROESY spectrum of compound 27 recorded in a mixture of DMSO-d¢ and CCl4 at 17 °C, conformers 27a and
27b with interatomic distances (in A) as obtained from NOESY spectrum and their minimized energy structures. Structures of
the cyclohexenone ring of both conformers are also given separately

613



and standard AM1 parameters. The starting structural data
were taken from the X-ray structure of the dimethyl derivative
17 (R;=R,=Me) 13.We also determined the solution struc-
tures of derivative 17 and of the cyclopenta[b]pyran deriva-
tive 24 by measuring NOE distance restraints in DMSO-dg.
The NOE distances were subsequently applied to limit the
torsional conformational degrees of freedom. In the cy-
clopenta[b]pyran-2,5-dione series the calculation revealed
that the obtained products 25 are thermodynamically fa-
vored over the hypothetical hydrazone isomers 26 by 4-5
kcal.mol"!. When the calculation was performed in the
benzopyran-2-one series, based either on the X-ray or the
solution structure of the starting compound, it revealed that
the obtained products 19 are generally of higher thermody-
namical stability than isomers 18. Although the reaction
courses are not always controlled by the thermodynamic
parameters, such computation based on the structure of the
starting compound might be useful tool in predicting the
reactivity of these systems. The method is specially suitable
for systems yielding only one type of products''®.

Hydrazones 19 and 22 might exist in several tautomeric
forms, as hydrazones, ene-hydrazines or azo forms, and as
(Z)- or (E)-isomers. The appearance of several rotamers
around exocyclic single bonds and conformations of the
substituted cyclohexene ring could also be possible. There-
fore, the structures of some hydrazones as well as some
quinolines were studied in more detail by 2D NMR tech-
nique?324, The studies revealed (7?)-configuration of the
hydrazone double bond and in some cases also the presence
of different conformers. In the case ofthe quinoline deriva-
tive 27 it has been shown that fused cyclohexenone ring
exists as a mixture of two conformers (Figure 2). In the first
conformer (27a), we observed the NOE cross-peak of the
NNH with only one hydrogen atom of the 8-CH, group. In
contrast, in the second conformer (27b) distances to both
hydrogens were observed and calculated on the basis of
NOESY and ROESY experiments*,

The presented selective transformations may be useful
in the design of novel potentially biologically active com-
pounds. The conformational analysis of these type of com-
pounds has shown that the solution structure can differ from
the X-ray structure in practically all flexible parts of the
system. This fact may be important, when searching for
stereochemical requirements for binding of such or related
systems to the receptors.

/ am grateful to all of my coworkers, whose names
appear in the references cited; their efforts made this
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0.04 ANGULAR GROUP INDUCED BOND AL-
TERNATION (AGIBA) - ANEW TYPE OF

THE SUBSTITUENT EFFECT
TADEUSZ MAREK KRYGOWSKI
Department of Chemistry, University of War-
saw, ul. L. Pasteura 1, 02-093 Warsaw, Poland
1. Introduction
Substituent effects on chemical and physicochemical

properties belong to the most popular topics in organic and

" More than 60 years after
4

physical organic chemistry
introduction of the Hammett equation
on the development of organic and physical organic che-
mistry’"' ! and its numerous extensions and applications the
term substituent effect is still alive.

Recognition of the substituent effect on the structural
pattern of the substituted molecules has a much shorter
history. This is due to the limitation in structural studies
which have become really effective in the last quarter of
this century because of the enormous development of com-
puter techniques and introduction of the (almost) automatic
X-ray diffractommetry.

The first important step forward was done by Domeni-
cano et al. in a series of papers'>""* in which they showed
the dependence of the ipso angle in monosubstituted ben-
zene derivatives on electronegativity of the substituent and
also presented the the utility of the Bent-Walsh rule'’ and
VSEPR model'’ for interpretation of these relations. These
papers have taken into account the changes in bond angles
mostly. Bond lengths are more affected by errors of the
measurement!” and hence have been less frequently subject
of such analyses. By using the relative changes in bond
lengths which cancel out (at least partly) the error of mea-
surements a correlation between the ipso angle and the
difference between the bond lengths b-a was shown
(Fig. 1)!8-20_ It has confirmed directly the utility of the
Bent-Walsh rule in the interpretation of geometry changes
due to substitution. On the other hand, the weights of the
resonance structures determined from the molecular ge-
ometry by use of the HOSE model’""”
obtain a successful plot against the Hammett substituent
constants for para substituted nitrobenzenes?? and ani-

,owing to its impact

permitted us to
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lines?4. Undoubtedly, very precise measurements are ne-
cessary for this kind of analyses, i.e. with esd for the bond
lengths ca 0.001 A.

Fig. 1. Labelling of the benzene ring

2. Illustration for the Symmetrical

Substituent - the Nitrobenzene

Very precise, low temperature (100 K) X-ray diffrac-
tion study of nitrobenzene” revealed that the symmetry of
the ring in it is C,, within the range of 0.001 A. Table I
presents typical canonical structures for nitrobenzene to-
gether with their weights. For the above-mentioned sym-
metry reasons, the two Kekule structures of the benzene
ring are (almost) equal to each other (the imbalance due to
the error of measurements is below 0.5 %). It should be
noted here that the weights estimated from the calculated
geometry (6-31G and 6-31G*) are practically identical
with those estimated from the experimental geometry. It is
important to note since the discovery of the angular group
induced bond alternation was made first from calculated
geometry of anisole at the same level of theory.

3. Angular Group Induced Bond
Alternation (AGIBA)

The imbalance of the Kekule structure weights for the
angular substituent (52.6:47.4) was first observed for ani-
sole™, as presented in Fig. 2. When the C,C;0 angle was
decreased by 5° and 10° , i.e. the OMe group approached
the ring, the imbalance increased to 58:42 and 60.8:39.2,
respectively. As a working hypothesis we have assumed
that the effect is a through space n electron effect.

The next step was to corroborate this effect by experi-
mental data. We have carried out the low temperature (100 K)
X-ray measurements for 1,3,5—trimethoxybenzen627 and



Table 1

Canonical structures describing the nitrobenzene molecule
and their weights calculated by use of the experimental and
ab-initio geometry. In the first row the cirle in the ring
denotes that two exactly equivalent Kekule structures were

calculated
Method of geometry determination
Corrected
X-ray for 6-31G 6-31G*
librations
D a0 Oy O
and
7343 7350 7285 73.15
0.+ 0 O350
and | o ~
. " 17.73 17.61 18.05 17.87
iz
8.84 B8.88 9.1 8.98
U,{:H1 O,(.‘H,
AN
-
-
K1=52.6% K2=47.4%

Fig. 2. Canonical structure weights for ab-initio calculated
geometry of anisole

CH CH,
- j/
NT TSN NZ N
« LI JOI
\
5] N T 0 S c[)
CH, CH,
K1=57.8% K2 =42.2%

Fig. 3. Canonical structure weights for 2,4,6-trimethoxy-s-tri-
azine estimated from experimental geometry (X-ray diffraction
at 100 K)
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2,4,6-trimethoxy-s-triazine™”. Fig. 3 shows the result for
the triazine derivative, which is more illustrative, since it
roughly follows the C3 symmetry, whereas the benzene
derivative has a non-symmetrical conformation. The im-
balance for the triazine derivative is the same for the experi-
mental and calculated (6-31G*) geometries —57.8:42.2.

Another experimental proof was performed for a set of
21 diazobenzene?? derivatives of which 16 were retrieved
from CSD?" and the remainder from our own X-ray stu-
dies®!. The results were surprising and important:

0 The effect observed was opposite to that for OMe group, i.e.
the cis bond in the ring became longer than the frans one,

if) The difference between the mean values of the C,C,
and C;Cg4 bond lengths are statistically different from
zero at the significance level a= 0.01 applying both the
parametric and non-parametric statistical methods®,

iii) The imbalance of the Kekule structure weights for the
averaged geometry is 45.8:54.2 for the whole ring and
45.2:54.8 if only the adjacent bonds C;C, and C;Cgare
taken into account. Undoubtedly, the local effect of
bond length alternation is spread over the whole ring.

At this stage of studies we have formulated a pheno-
menological rule for the AGIBA effect” which says:

The angular substituent XY with a single bond X-Y
induces a more double bond in the ring, cis to it, whereas
that with the double bond X=Y induces a more single bond
in the ring, cis to it. Fig. 4 presents this rule graphically.

It results from the above rule that the AGIBA effect is
strongly conformation dependent. A very good example is
that for the 1,3,5-trimethoxybenzene in which one of the
OMe groups rotates.

Table II presents the relevant data (6—-31G* optimized
geometries except constraints for the rotation angle %) and
contains also experimental data for this compound?’. Fig. 5
presents the labelling scheme for conformations. Note that
1,3,5-trimethoxybenzene in the crystalline state has no
symmetry. Ifwe accept even the approximate additivity of

Fig. 4. Schematic action of the AGIBA effect



Table 11

Ring bond lengths (in A) of 1,3,5-trimethoxybenzene27. (HF/6-31G* optimized and experimental), and computed weights

of Kekule structures, K1 and K2

Bond/yg(A) ] 45 90 135 180 all 90 Exp.(esd)
(x = 180"
Cl-C2 1.3754 1.3792 1.3809 1.3821] 1.3841 1.3851 1.390(1)
C2-C3 1.4015 1.3967 1.3952 1.3977 1.4061 1.3851 1.399(1)
C3-C4 1.3754 1.3751 1.3723 1.3742 1.3767 1.3851 1.388(1)
C4-C5 1.4015 1.3983 1.3977 1.3954 [.3908 1.3851 1.395(1)
C5-C6 1.3754 1.3784 1.3799 1.3811 1.3819 1.3851 1.390(1)
C6-Cl 1.4015 1.3984 1.3975 1.3954 1.3915 1.3851 1.397(1)
C5-02 1.3448 1.3530 1.3611 1.3541 1.3510 1.3609 1.368(1)
Kl 70.2% 65.8% 64.9% 63.4% 62.0% 50.0% 56.4%
K2 29.8% 34.2% 35.1% 36.6% 38.0% 50.0% 43.6%

/Me

O

Me
L
07y O

/
K1 Me

Fig. 5. Conformational scheme for 1,3,5-trimethoxybenzene
Mg Mg Me Mg
O e} O @]
~ 0 ~
Me 9 Mef 9 g Me Me
K1=67.42% K2=32.58%

K1=50% K2=50%

HOMA=0.966 HOMA=1.00

the AGIB A effect then the overall effect in the experimental
conformation is for the one methoxy group and it is quite
significant, and definitely beyond the error of measure-
ments.

Another striking example is that of the para-dimethoxy
benzene and para-dinitroso-benzene. Ab initio 6-31G*
optimized geometry (with the only constraints for cis and
trans conformations) permitted the estimation of the
weights of the Kekule structures. In both cases the cis
conformers exhibit a remarkable bond lengths alternation
whereas there is practically no alternation in the case of the
trans conformers. Fig. 6 presents the geometries and the
canonical structure weights. Additionally it can be men-
tioned that the ring in cis conformers becomes less aromatic

Fig. 6. Canonical structure weights and the aromaticity index HOMA estimated from the ab initio (6-31G*) geometry for

para-dimethoxy- and para-dinitrosobenzene derivatives for cis and trans conformers
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than in the case of the trans derivatives”. The aromaticky
index HOMA3%35 which estimates the aromatic character
frombond lengths drops down for the cis conformers. Since
the HOMA index can be dissected analytically into two
terms which describe the geometric and energetic contribu-
tions to the dearomatization of the system, it was shown
that the decrease is realized by the geometrie term™.

4. The Nature and Magnitude of the Effect

When the C,C N bond angle from the optimized geo-
metry (6-31G*) of 1,3,5-tridiazobenzene is applied for the
conformer with all the diazo groups perpendicular to the
ring plane (thus conserving the C; symmetry and the
C,C;N angle) then the n electron interactions between the
group and the ring are moved out. Thus the observed
geometry of the ring should reflect another possible contri-
bution to the AGIB A effect - that due to the rehybridization
at the substituted carbon atoms. Fig. 7 presents the obtained
geometries for 1,3,5-tridiazobenzene in these two confor-
mations together with the imbalance of the Kekule structure
ratios??. The changes of bond lengths as a result of opening
the C,CN bond angle may be readily interpreted within
the frame of the Bent-Walsh rule.

It is immediately clear that the effect of the bond alter-
nation is present in both cases but with opposite sign! This
means that in the planar conformation two effects operate:
i) The 7 electron through space interactions, which leng-

then the cis bond in the ring, and
ti) The rehybridization effect which causes a shortening of

the cis bond in the ring when the C,C; X (of the general
angular substituent XY) is opened.

In the case of substituents with a double bond, X=Y
type, both contributions to AGIBA are opposite to each
other, whereas in the case of single bonded substituents of
X-Y type these contributions are in line.

NH

N
bm:m.m

Q
P e
N N,

N A "y
l NH “NH
NH

NH
-
N"

™\ @=123.87

K2=33.1%

K1=66.7%

Fig. 7. The Kekule structure weights for two conformers of
1,3,5-tridiazobenzene - the planar and the perpendicular ones
with maintained C2C1IN bond angle

As to the present state, the observed effects are purely
structural: changes of the bond lengths in the properly
substituted rings of aromatic compounds like benzene or
s-triazine. Short inspection into the literature permits us to
say that this kind of deformations are also observed for the
derivatives of borazine and boraxin substituted by angular
groups”’.

Undoubtedly, the presented effect is rather small and
observed only structurally but it seems to be obvious that it
should also be detectable in chemical and physicochemical
properties of systems in which it is present. Further work
in this direction is in progress.

Financial support of theBST-24/97 is kindly acknowled-
ged. I wish to thank my younger colleague M. K. Cyrariski
Jfor his help in editing this work.
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Nonsymmetrical - angular substituents -XY induce
a bond alternation leading to the imbalance of the Kekule
structures in the substituted derivatives of benzene. An
empirical rule is proposed - that cis CC bonds in the ring
show increased double character (compared to the trans
bonds) when the substituent is of -X-Y kind, and less
double character if the substituent is of the —X=Y type. The
effect is strongly conformation dependent. Analysis of the
structural effects observed in the ring for different confor-
mations lead to the conclusion that the imbalance of Kekule
structures for a ring is due to the combination of the strain
(rehybridization) effect and the through space n electron
interactions between the XY substituent and the CC bond
cis to XY group.
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0.05 SURFACE ORGANOMETALLIC CHEMI-
STRY FOR ELECTRONIC MATERIALS

SYNTHESIS

STEVEN L. BERNASEK,
JEFFREY SCHWARTZ, JOHN MILLER,
YAEL ARONOFF and GANG LU

Department of Chemistry, Princeton University,
Princeton, New Jersey 08544, U.S.A.

1. Introduction

The adsorption and reaction of discrete organometallic
compounds at the surface of metals, insulators, and semi-
conductors is a viable route to the synthesis of thin film
materials with interesting electronic properties. This ap-
proach can be used to generate surfaces important in the
packaging of electronic devices, to enhance surface metal-
lization, and to construct novel devices with improved
electron transfer properties. In order to fullyunderstand and
develop this approach to the synthesis of interesting elec-
tronic thin film materials, information about the structure,
composition, and morphology of the adsorbed organome-
tallic species should be augmented by kinetic and mecha-
nistic information about its surface reaction chemistry.
Over the past several years we have used a combination of
,,ambient* and ultra-high vacuum (UHV) methods to probe
the interaction and reaction of organometallic species with
metal, semiconductor, and insulator surfaces in an attempt
to obtain this broad range of information. We summarize
here some of the results of these investigations, concentrat-
ing on two examples. One example has relevance for the
improved packaging of electronic devices, and the other
example describes our work to enhance electron transfer
processes at modified surfaces.

The strategy of these investigations has been to obtain
structural data for the interaction of organometallic species
with a surface using well characterized single crystal sub-
strates in UHV, and to determine kinetics of complex
surface reactions and electronic properties of surface bound
species using more realistic, polycrystalline substrates. In
the following pages, we will first describe this experimental
approach in more detail. We will then describe studies of
the interaction of Zr organometallic compounds with hy-
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droxylated aluminum surfaces which suggest that ligand
kinetic basicity controls the reactivity of organometallic
species with oxophilic metal surfaces'. The elaboration of
this chemistry will then be discussed, which can allow the
formation of an interface to join covalently a metal and an
organic film, such as would exist in a stabilized packaging
layer2. Finally, ligand exchange chemistry involving these
modified surfaces will be described which suggests a route
to the improvement of charge injection processes using
surface modified oxide electrodes, such as would exist in
organic light emitting diode structures.

2. Experimental Information

The quartz crystal microbalance (QCM) provides
a method for monitoring the Kinetics of surface reactions
gravimetrically’. In the work described here, a QCM elec-
trode is fashioned by vapor deposition of polycrystalline
aluminum on an AT-cut overtone polished quartz crystal.
The polycrystalline aluminum substrate is hydroxylated by
exposure to water vapor, and the extent of hydroxylation is
controlled by the temperature and duration of water vapor
exposure. The hydroxylated surface is then exposed to
various organometallic reagents, and the reaction is moni-
tored by following the change in frequency of the oscillat-
ing crystal. The gravimetrically measured extent of depo-
sition is related to the oscillator frequency by the Sauerbrey
relationship4. Diffuse reflectance infrared spectroscopy is
used to monitor the hydroxylation and deposition reaction
on high surface area aluminum powder samples.

Information on structure, composition and reactivity of
surface adsorbed organometallics is obtained using a vari-
ety of methods on single crystal aluminum substrates. In
these studies, Auger electron spectroscopy provides ele-
mental analysis of the metallic substrate, the hydroxylated
substrate, and the hydroxylated substrate reacted with vari-
ous organometallic species. X-ray photoelectron spectro-
scopy (XPS) provides information about the chemical iden-
tity and extent of hydroxylation of the water exposed sub-
strate, and upon reaction of the substrate with various
organometallic species, chemical and stoichiometric infor-
mation about the subsequent reaction products. Thermal
desorption spectroscopy is used to obtain information about
thermal stability of the reacted overlayers and to elucidate
decomposition reaction mechanisms. Together with vibra-



tional spectroscopic identification of adsorbed intermedia-
tes using high resolution electron energy loss spectroscopy
(HREELS) or reflection absorption Fourier transform in-
frared spectroscopy (RAIRS), a powerful tool exists for the
investigation of surface reaction mechanisms.

3. Ligand Kinetic Basicity and Zirconium

Complex Deposition

An interesting example of the approach outlined above
is the interaction of zirconium organometallic complexes
with hydroxylated aluminum surfaces'. Figure 1 shows the
change in QCM frequency when variously hydroxylated
aluminum electrodes are exposed to tetra-neo-pentyl zirco-
nium from the gas phase. A plot of the natural logarithm of
the frequency change versus time gives the observed rate
constant for the deposition process on the three surfaces.
The observed rate constants are found to be identical,
although the three surfaces have very different initial hy-
droxyl coverages and are found to exhibit different final
zirconium complex loadings. Comparison of the rate of
tetra-neo-pentyl zirconium deposition on the aluminum
surface treated with H,O steam to that for the aluminum
surface treated with D,O steam shows a large kinetic iso-
tope effect. This suggests that the rate determining step for
the deposition of the zirconium alkyl complex is proton
transfer and that the surface coordination of the complex is
reversible. In contrast, the reaction of the H,O or D,O
steam treated aluminum substrate with tetra-zerz-butoxy
zirconium shows only a small kinetic isotope effect in the
QCM measurements. This suggests that lone pairs on oxy-
gen or Zr-O m-bonds provide an alternate, kinetically favo-
rable site for proton transfer to the metal complex relative
to the m-bond of the tetraalkyl. The observed rate for the

deposition of the alkoxy zirconium species is an order of
magnitude greater than that measured for the alkyl zirco-
nium reaction with the hydroxylated surface. This sug-
gested mechanistic behavior is illustrated in Scheme 1.
When the same reaction is examined using UHV me-
thodology, the difference in ligand cleavage reactivity is
apparent’. Under UHV conditions, the tetra-neo-pentyl
zirconium complex does not react appreciably with the
hydroxylated Al(110) surface. In these experiments, the
Al(110) surface is cleaned and annealed in UHV, and the
clean surface is hydroxylated by exposure to water’. The
extent of hydroxylation is monitored by XPS of the Ols
region, and by HREELS. The hydroxylated surface is then
exposed to the zirconium organometallic complex, but it is
found that, even after several thousand Langmuirs exposure
of this surface to the neo-pentyl complex, no evidence of
reaction is obtained. In contrast, the hydroxylated surface
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Fig. 1. Change in QCM frequency for the exposure of hy-

droxylated aluminum electrodes to tetra-neo-pentyl zirco-
nium
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Scheme 1. Interaction of Zr alkyl and Zr alkoxy species with hydroxylated aluminum surfaces
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reacts readily with the tetra-rert-butoxy zirconium com-
plex, via irreversible protolytic deposition to give a di-tert-
butoxy zirconium species bound covalently to oxygen on the
aluminum surface. This reaction process is monitored in UHV
using XPS and HREELS, providing spectroscopic support
for the reaction mechanisms inferred fromthe QCM studies
on hydroxylated polycrystalline substrates. Protolytic de-
position of the zerr-butoxy complex but not the alkyl com-
plex indicates the importance of ligand kinetic basicity (as
opposed to thermodynamic basicity) in the design of or-
ganometallic chemical vapor deposition processes.

4. Surface Packaging Chemistry Based on
Zirconium Complex Deposition

Covalent attachment of the zirconium organometallic
complex described above provides a site for chemical el:
boration of the the surface using a range of understood
reactions. One possible approach to surface passivation
using this attached complex involves the bound zirconium
species as an olefin polymerization catalyst, with the 1«
tant passivation of the by the formation of an
impervious polymeric coating, grown in This ap-
proach, though promising, has yet to be implemented in our
studies. Another, already successful approach, is to use
ligand replacement chemistry of the 7¢; )Xy groups to
stabilize self assembled monolayer (SAM) molecules on
the oxide surface’.

The ,.self “ of long chain organic molecules
on native metal ox1de surfaces prov1des an early example

ass
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hydroxamic
have

of SAM investigations’. Carboxylic acids’,
0. and alkyltrichloro- or alkyltralkoxysilanes"
all been used in studies of self assembly on oxide covered
metal surfaces. Adsorption of the acids likely occurs by
hydrogen bonding, leading to weak and reversible binding
to the native oxide film. The alkyltrichloro- and alkyltrialk-
oxysilanes are of limited utility, as they are not readily
available in wide variety. Carboxylic acids are attractive in
this application due to their easy availability and the relative
ease of functionalization, but their weak binding via hydro-
gen bond interactions or proton transfer processes limits
their use for surface passivation of technically important
metal surfaces. An interface based on the covalent attach-
nent of the zirconium rer7-butoxy species described above
can enable alkanecarboxylates to bind strongly to the native
oxide of an oxophilic metal. Scheme 2 illustrates the chem
istry suggested here.

acids!

Reaction of the covalently bound zirconium 7¢7
complex with n-octanoic acid has been by
measurements’. These indicate an irreversi-
ble reaction of the octanoic acid with the zirconium com-
plex, desorbing and forming a surface bound

-carboxylate. The carboxylate species is identified by
its characteristic reflection-absorption infrared spectrum,
which is shown in 2. This species is quite robust

with alkanoic acid desorption occurring on
heatlng above 500 K. Surface pretreatment with zirconium
alkoxides serves to stabilize the alkanecarboxylate film on
the oxide surface, providing a ge for the adsorp-
tion enhancement of carboxylic acids or similar reagents on
hydroxylated oxide metal films.

neral route
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Fig. 2. RAIRS spectra of the interaction of n-octanoic acid
with the covalently bound Zr complex. (a) Monolayer di-feri-
butoxy Zr complex (b) Surface of (a) reactied with n-octanoic
acid

5. Covalent Attachment of Electron
Transfer Agents to Fabricate Electronic
Devices

Light emitting diodes utilizing organic dye molecules
suggest a synthetically flexible to the construction of
polymer based {12t panel displays'”’. The synthetic versati-

of organic dyes, their reasonable stability, and
their characterized structures offer pro-

for the of versatile display devices incor-
porating organic molecules. Injection of charge the
conducting typically indium tin oxide, into the
hole injection and then the organic emitter, ultimately
results in light emission of a ¢ characteristic of the
organic Such devices been successfully
constructed which operaie in the red, green and blue regions
of the visible spectrum. Improvements in device lifetime
and emission intensity could be attained if better efficiency
of the charge injection process was available.

Covalently bound zirconium tert-butoxy complex inter-
faces offer a possible route to the development of improved
surface modified electrodes for the charge injection pro-
cess. Ligand exchange between the surface bound rerz-bu-
toxy and phenol or substituted phenol molecules results in
zirconium-bound phenoxy species attached to the hydroxy-
lated aluminum surface!3, Preliminary electrochemical stu-
dies of rates using these phenoxy modified aluminum sur-
faces showed this approach to be successful in enhancing
electron transfer from the electrode to solution species.
UHYV reflection absorption infrared studies of these systems
have been used to characterize the structure of the bound
complexes, and photoelectron spectroscopic measurements
are being correlated with the electrochemical charge trans-
fer studies.

6. Conclusions

The reaction of discrete organometallic species with
well characterized hydroxylated single crystal surfaces, as
well as polycrystalline and high surface area powdered
samples, provides a characterizable approach to the synthe-
sis of modified surfaces and thin films with electronic
materials application. The combination of detailed UHV
spectroscopic information with kinetic and synthetic me-
thods employed under ambient conditions provides a dee-
per understanding of this interesting chemistry than could
be obtained using a single approach. Examples of this
surface organometallic chemistry relevant to passivation of the
device to its environment and 2/s0 to the enhancement of
the electronic properties of the device been presented.

This research was supporied by the National Science
Foundation Chemistry Division. The assistance of Carwei
Seto, Katie Purvis and Bo Chen in this work is
ledged.
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S. L. Bernasek, J. Schwartz, J. Miller, Y. Aronoff
and G. Lu ( Department of Chemistry, Princeton Univer-
sity, Princeton, New Jersey, U.S.A.): Surface Organome-
tallic Chemistry for Electronic Materials Synthesis

Adsorption of discrete organometallic complexes can
be used to synthesize thin layers of electronic materials
interest on metals, semiconductors and insulators. Ambient
and ultrahigh vacuum methods are used to characterize the
structure and reaction chemistry of these organometallic
complexes interacting with hydroxylated aluminum sur-
faces. Covaently bound Zr-alkoxide layers are used to
fashion thin layers with packaging and efficient electron
transfer applications.
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REAKCE P3N3CISNH2 A P3N3Clg(NH3)2
S THIONYLCHLORIDEM'

1.01

JOSEF BRINEK, JIRI TOUZIN, MILAN
ALBERTI a JAROMIR MAREK

Katedra anorganické chemie PFF MU, Kotldr-
skd 2, 611 37 Brno

Majoritnim produktem reakce P3N;FsNH, s SOCI, je
P3N3FsNSO (cit. 2). Analogicky probihd i reakce P3N3ClsNH,
s pfebykem SOCI, poskytujici pii teploté 80 °C a za atmo-
sférického tlaku prakticky kvantitativng P;N;CIsNSO (cit. )
za predpokladu, ze soucasné vznikajici HC1 mtze ze sys-
tému volng unikat. PouZzije-lise k realizaci uvedené reakce
uzaviend tlakova ampule a teplota v intervalu 80-120 °C,
objevi se v reakéni smési i ClsN3P3NSNP;N3Clg
a P3N;CIsNSCI, (schema). Za vhodné zvolenych podmi-
nek (120 °C, 24 hod.) je jedinym reakénim produktem
kapalny ClsN;P;NSNP3;N;Cls charakterizovany IR, RA,
31p 2 15N NMR spektroskopii. Alternativni cestu k jeho
ptipravé pfedstavuje reakce P3N3CIsNSO s PCls v CH,Cl,.
Meziproduktem pii ni je P3N;CIsNSCl, charakterizovany
3IPNMR, MS a R A spektroskopii. Zvyieni teploty na 130°C
po dobu 2 hod. vede ke vzniku malého mnoZzstvi
ClsN;P30P;N5Cls pozorovaného dosud pouze v produk-
tech fizené hydrolyzy P3N;Clg (cit. 43). Nami ziskan4 >'P
NMR spektra a rtg. strukturni analyza vSak diive publiko-
vané udaje pro ClsN;P;OP;N;Cls nepotvrzuji.

P3N5Cl4(NH,) reaguje s pfebytkem SOCI, velmi rychle
jiz za laboratorn{ teploty. V reak&ni smési byly >/ PNMR
a MS spektroskopii detekovany vedle P3N;Cl4(NH,)(NSO)
a P3N3CI4(NSO), i P3N3CIsNH, vznikajici vedlejsi reakci

Sekce 1

P3N;Cl4(NH,), s HCI a produkty jeho néslednych reakci
s SOCl,. V prosttedi CH,Cl, je vznikajici HC1 ze systému
odstranén tvorbou nerozpustné soli [P3N;Cl(NH,),H]*CI
a P;N;CIsNH, se nemiiZe tvofit. Podle molarniho poméru
komponent Ize izolovat PsN4Cl4(NH,)NSO a P3N5Cl,(NSO),
charakterizované *!P-{'H} NMR, RA a MS spektroskopii.
Struktura P;N3Cl4(NH,)NSO byla zji§téna rentgenograficky.
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J. B¥inek, J. TouZin, M. Alberti and J. Marek (De-
partment of Inorganic Chemistry, Faculty of Science, Ma-
saryk University, Brno): The Reactions of P3AN3CISNH2
and P3N;Cl4(NH,), with Thionylchloride

Reaction of P3N;ClsNH, with thionylchloride carried out
in the excess SOCI, gives in the dependence on used reaction
conditions four compounds P;N3CIsNSO, P3N;CIsNSCl,,
P3N3CIsNSNP;N3Cls and P3N3;ClsOP3N5Cls. Derivatives
P3N;ClI4(NH,)NSO and P;N3Cl4(NSO), can be prepared
by reaction of P3N;Cl4(NH,), with SOCl, in CH,Cl,.
Structures of P3N3ClsOP3N3Cls and P3N3Cl,(NH,)NSO
have been solved by single crystal X-ray analysis.
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Schema: Reakce P3N3CIsNH2 s thionylchloridem v uzavieném systému
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1.02 REAKCE P3N3CIsNH2 S SeOClz A SeCly
JOSEF BRINEK, JIRI TOUZIN, MILAN
ALBERTI a JAROMIR MAREK

Katedra anorganické chemie PFF MU, Kotldr-
skd!, 611 37 Brno

V ramci studia reaktivity amidochloro-cyklo-trifosfa-
zentl vi¢i halogenidiim a oxohalogenidim nekovil byly
studovany reakce P;N3;CIsNH, se seleninylchloridem a se-
lentetrachloridem!. Reakce P3N3ClsNH, s SeOCl, probiha
vyrazné snadnéji nez s SOCI, (cit. 2). Neni realizovatelnd
v nadbytku SeOCl, bez pouziti rozpoustédla, protoze do-
chdzi k redoxnim reakcim spojenym s tvorbou elemen-
tarniho selenu. PouZzije-lise ekvimoldrni pomér komponent
a dichlormethan jako reak¢ni prostfedi, krystaluje ze sys-
tému za laboratorni teploty po cca 4 tydnech kyslikovym
mistkem spojeny dimer (P3N;CI4NH,),0 charakterizo-
vany 3P NMR a RA spektroskopii. Soutasn& se tvoiici
SeCl, byl identifikovdan RA spektroskopii. ZvySenim tep-
loty (40 °C, 3 hod.) nebo prodlouzenim reakéni doby na cca
12 tydnii dochézi k reakci obou primdrné vznikajicich
produktti za tvorby (P;N;CI4NSeCl,),O charakterizova-
ného 3'P NMR spektroskopii (schema). Oba dimery se
podafilo izolovat ve form& monokrystaldl a jejich struktura
byla potvrzena rentgenograficky.

P3N;CIsNH, reaguje s SeCly v prostiedi CH,Cl, pfi
teploté 40 °C v prihéhu 24 hod. kvantitativné za vzniku
viskozniho kapalného produktu. Z charakteru jeho 3!P
a77Se NMR spekter lze predbézné soudit, Ze se jednd
0 P3N3CIsNSeNCIsN3Ps.
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tura CR
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49. Sjezd Chem. Spol., str. 320. Bratislava 1995.

J. Bfinek, J. TouZin, M. Alberti and J. Marek (De-
partment of Inorganic Chemistry, Faculty of Science, Ma-
saryk University, Brno): The Reactions of P3N3;ClsNH,
with SeOCl, and SeCl,

Reaction of P3N3;CIsNH, with seleninylchloride in CH,Cl,
gives two oxo-bridged compounds (P3N;CI4NH,),0 and
(P3N;CI4NSeCl,),0. Their stuctures have been solved by
X-ray analysis. Reaction of P3N;CIsNH, with selentetrachlo-
ride leads to oil-like product probably P;N;ClsNSeNClsN4P5.

SILYLACNI REAKCE 2,4-(NAFTALEN-
1,8-DIYL)-1,3,2,4-DITHIADIFOSFETAN
2,4-DISULFIDU'

1.03

PETR KILIAN, JIRI TOUZIN, JOSEF
NOVOSAD a JAROMIR MAREK

Katedra anorganické chemie PFF MU, Kotldr-
skd!, 611 37 Brno

Organické derivity anhydridid perthiofosfonovych ky-
selin (1) jsou Siroce pouzivany v organické syntéze jako
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Schema: Reakce P3N3CIsNH2 s SeOClz

627



thionac¢ni ¢inidla pro svoji snadnou dostupnost, selektivitu
a vysokou thionacéni aktivitu za velmi mirnych reak¢énich
podminek’. Dal§i vyznamnou oblasti pouZiti dithiadifos-
fetan disulfidd je syntéza celé Skdly organofosfore¢nych
sloucenin, v nékterych piipadech heterocyklickych s endo-
cyklickymi atomy fosforu a Sl’ry3'4. Dosud nebyla publikova-
na 7zadnd zprava o produktech reakce organickych derivath
anhydridii perthiofosfonovych kyselin s hexamethyldisi-
lazanem.  2,4-(Naftalen-1,8-diyl)-1,3,2,4-dithiadifosfetan
2,4-disulfid (2), ktery jsme podrobili reakci s HMDSA je
latka klecovité struktury (v této tfidé sloucCenin fosforu
atypické), dané pfemosténim ctyf¢lenného heterocyklu
P,S, organickym substituentem.

Ro, S /R -1
S¢ Ng” %S S¢P\S/PQ“\S
) (2)

Reakce (2) s hexamethyldisilazanem poskytuje v zavis-
losti na pouZitém rozpoustédle a moldrnim poméru vy-
chozich latek nékolik produktii (schema 1). Produkty (3),
(4), (5) a (6) byly charakterizovany pomoci vibracni spek-
troskopie (IR resp. RA) a 3p { ]H},3]P, IEINMR. Moleku-

lové struktura produktt (3), (4) a (6) byla potvrzena rent-
genovou strukturni analyzou. Byl vypracovan preparativni

postup pripravy (3) a (5).
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P. Kilian, J. TouZin, J. Novosad and J. Marek (De-
partment of Inorganic Chemistry, Faculty of Science, of
Masaryk University, Brno): Silylating Reactions of 2,4-
(Naphthalene-1,8-diyl)-1,3,2,4-dithiadiphosphetan 2,4-
Disulphide

A reaction of 2,4-(naphthalene-1,8-diyl)-1,3,2,4-dithia-
diphosphetan 2,4-disulfide with hexa-methyldisilazane in
different molar ratios, solvents and temperature were stu-
died. Products (3), (4) a (6) were characterised by X-ray
stucture analysis, structure of the product (5) was solved
using NMR and vibrational spectroscopy.

©© + [(CH3)3Si]2NH

(2)

@©

S%P/S\ P¢S
@S/ MTH 20rC
SiMe,

CH3CN

®
[(CH3)3Si]2NH2
(3) 25%

(4)90% + (6) 10%

Schema 1

155 1018
Ty THF
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1.04 NOVE CTVERCOVE KOMPLEXY Ni(IIT) studované latky je zobrazena na obrazku 1 (skupiny CH3
s I-TOLUEN-3,4-DITHIOLEM na ligandech maji polovicni obsazovaci faktory, znaceno
¢arkovang).

JAN WALLA, JANA KROUTILIKOVA
a JIRI KAMENICEK Tabulka I
Zakladni krystalova data latky /
Katedra anorganické a fyzikdini chemie PFF _—

UP, Krizkovskeho 10, 771 47 Olomouc Sumadrni vzorec C30H46NNiS4
Prostorova grupa symetrie C2/c
Byly pfipraveny tfi komplexy typu (R)[Ni(tdt),], kde Podet vzorcovych jednotek S
tdt je l-toluen-3,4-dithiol a R je BuyN (1), PhyP (77) Rozméry elem. butiky a= 4],388(8)A
a MePhsP (777). Z vysledkii fyzikdlné-chemického studia b= 8,444Q2) A
téchto sloucenin vyplyva, Ze se jedna o Ctvercové niklité c= 18,716(4) A
komplexy s chromoforem NiS,. Pfitomnost trojmocného niklu, B=105,94(3)°

tedy jednoho neparového elektronu, byla prokdzana méie- R S O O S
nim magnetické susceptibility téchto latek. Hodnoty efek-

tivniho magnetického momentu leZi v rozmezi 1,86—1,87BM.

M¢reni teplotni zavislosti magnetické susceptibility u latky Tabulka II

(7) neprokazalo vyménnou interakci mezi paramagnetic- Vybrané vazebné délky latky /

kymi centry, coZ rovnéZ potvrzuje existenci trojmocného — e O
niklu v téchto komplexech. Maxima nalezend v elektro- Vasha délka ( A)

novych difuzné-reflexnich spektrech jsou taktéz odlisnd od Ay ptementi smioriliim & nlbAmile : n

spekter &tvercovych Ni(II)-komplexi. Hodnoty moldrni Ni-S1 2.129(5)

vodivosti Ay, byly zjiStény v rozmezi 65-95 S.cm?.mol"! Ni.S2 ; 132(4)

(m&feno v DMFA, ¢ = 103 mol.dm™), coZ nasvédéuje, Ze ]\] ‘qg 2' I %;(5}

se jedna o elektrolyty 1:1. Ni-S4 2.121(5)

Zavéry o tvaru koordina¢niho polyedru byly také potvr-
zeny z vysledki kompletni rentgenostrukturni analyzy
komplexu (7). Zakladni krystalografické udaje a vybrané
vazebné délky jsou uvedeny v tabulce I a II. Molekula

LITERATURA

1. Grant €. 203/95/1190, Grantové agentura CR.

J. Walla, J. Kroutilikovdand J. Kamenicek (Depart-
ment of Inorganic and Physical Chemistry, Palacky Uni-
versity, Olomouc): New Square-Planar Complexes
Ni(IIT) with 1-Toluene-3,4-dithiole

The complexes of composition (R)[Ni(tdf)2], where tdt
= l-toluene-3,4-dithiole, R = BuyN (7), Ph,P (77) and
MePhsP (777), have been prepared and characterized by
elemental analyses, magnetochemical and conductivity
measurements, IR and UV-VIS spectroscopy as square-pla-
nar Ni(IIT)-compounds. The crystal and molecular structure
Obr. 1. Molekula latky / of (BuyN)[Ni(tdt),] has been determined.
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1.05 NICKEL(II) AND PALLADIUM(I) PHO-
SPHINOENOLATE COMPLEXES DERIVED

FROM [(CH3)2CH]2PCH2C(O)C(CH3)3

JAN CERMAK?
and BERNARD L. SHAW"

“Institute of Chemical Process Fundamentals
AS CR, Rozvojovd 135, 16502Prague, YUniver-
sity of Leeds, Leeds LS2 9JT, United Kingdom

Phosphinoenolate nickel(II) complexes of the type
[NiPh{Ph,PCH=C(O)Ph}(PPh3)] have served as models
for the catalysts used in the Shell higher olefin process for
oligomerization of ethylene into «-olefins. Originally, they
were prepared by the reaction of the ylide PhsP = CHC(O)Ph
with [Ni(COD),] in the presence of PPhs. Recently a new
synthesis was developed based on the reaction of the cor-
responding ketophosphine' or its enolate salt” with zero- or
divalent metal complexes, respectively. Ketophosphine 1
(Scheme 1), although known for some time3, has never
been used in a reaction of this type and no metal complexes
with its enolate are known.

The ligand was prepared by the reaction of lithium
enolate salt of 3,3-dimethylbutan-2-one with chlorodiiso-
propylphosphine. Bis(cycloocta-1,5-diene)nickel reacts
with the ketophosphine even in the molar ratio 1:1 under
formation of a product, which in 3IPNMR spectrum shows
a single resonance at 8§ = 39.8 ppm. In THNMR spectrum,
methyl protons of both nonequivalent isopropyl groups

) [Ni(COD)2]
PrisP
> C(CHs)3

1
X gy AN
1/2 ‘<&Pd\(ﬂl)’d _/
) |
Prizp\/ﬁ\c(cm)g CH30Na

—_—

%
Pd,
cl

Scheme 1
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appear as doublets of virtual triplets with >J(HH) =7.0 Hz
and 13/(PH) + J(PH)l= 7.2Hz and 9.0 Hz. Methine protons
of the isopropyl groups also appear as a virtual triplet with
[2J(PH) + 4J(PH)| = 2.0 Hz and the same holds for all the
carbon signals of the ligand with the exception of methyl
carbons. On the basis of this evidence the compound was
formulated as trans-bis enolate complex 2.

Bis(2-methylpropenyl)dichlorodipalladium reacted
with the ketophosphine in 1:2 molar ratio forming thereby
an!, nZmethallylpalladium complex 3 with phosphine in
keto form. Deprotonation of this complex by sodium me-
thoxide afforded a new complex in which ', n2-methallyl
coordination mode was preserved. The presence of methine
proton signal at 3.69 ppm in "HNMR spectrum and of the
corresponding signal in "> CNMR spectrum at 66.2 ppm
(LJ(PC) = 51.2 Hz) strongly suggests deprotonation of the
ligand. Further evidence for the formation of a five-mem-
bered ring is a large 3J(PC) between phosphorus and fert-
butyl quarternary carbon (10.2 Hz), therefore the complex
was formulated as 4.
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J. Cermak?® and B. L. Shaw® ("Institute of Chemical
Process Fundamentals AS CR, Prague, b University of
Leeds, Leeds, United Kingdom): Nickel(II) and Palla-
dium(Il) Phosphinoenolate Complexes Derived from
[(CH3),CH],PCH,C(0O)C(CHj3);

Phosphinoenolate complexes of Ni and Pd, important as
models of SHOP ethylene oligomerization catalysts, were
prepared starting from the title ketophosphine a) by reac-
tion with [Ni(COD),] and b) by splitting of the 2-methyl-
propenylpalladium chloride dimer followed by deprotona-
tion by sodium methoxide. NMR spectra of the complexes
are discussed.

0X0O-MONOPEROXOKOMPLEXY
VANADU(V) S TETRADENTATNYMI LI-
GANDAMI'

1.06

MICHAL SIVAK®, JAROMIR MAREK”,
JAN BENKO® a MARIAN CASNY?

“Katedra anorganickej chémie a “Katedrafy-
zikdlnej chémie, Prirodovedeckd fakulta UK,
Mlynskd dolina, §42 15 Bratislava, Slovenskd
republika, bKatedra anorganické chemie, Pri-
rodovédeckd fakulta MU, Kotldrskd 2, 611 37
Brno

Heteroligandové peroxokomplexy vanadu (V) sa Studu-
ju hlavne ako prendsace kyslika v katalytickych a stechio-
metrickych oxidatno-reduk&nych reakcidch i ako funk&né
modely vanadium haloperoxidazy.

Z kyslych vodnych roztokov alkalického vanadi¢nanu,
H,0, a kyseliny H,L (nitrilotrioctovej (Hsnta), N-(karba-
moylmetyl)iminodioctovej (H,ada), resp. N-(karbamoyl-
etyl)iminodioctovej (H,ceida)) boli izolované komplexy
zlozenia M, [VO(O,)L].xH,C(M = K*,Rb*, Cst, NH;; n= 1
pre ada a ceida a n = 2 pre nta).

Polohy pasov v ich IC spektrach prishichajicich
v(V=0) (945-955 cm™), v(0-O) (920-928 cm"") av(V-Op)
(568-570 cm!) st charakteristické pre monoperoxokom-
plexy vanddu(V)’.

Z hladiska uvolnenia aktivneho kyslika predstavuju
zatial' termicky najstalejSie peroxokomplexy vanadu(V).
Za rovnakych podmienok, teploty maxima tohto exoter-
mického deja u draselnych soli s 182, 205 a 275 °C pre
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L = ceida, ada, resp. nta’‘. RTG §truktiirna analyza ukaza-
la, Ze vo v8etkych troch komplexoch je vanad pentagondlne
bipyramiddlne koordinovany oxo kyslikom a kyslikom kar-
boxylovej, resp. karbamoylovej skupiny v axialnych polo-
hach a dvoma peroxo kyslikmi, dvoma karboxyldto kys-
likmi a dusikom v ekvatoridlnych polohdch. Nta a ada
ligand vytvaraju tri patélenné chelatové kruhy"’, ceida
ligand dva pif- a jeden Sestélenny kruh. Karbamoylova
skupina sa v oboch derivitech do koordindcie zapdja ato-
mom kyslika.

Monoperoxokomplexy sa po rozpusteni vo vode ne-
rozkladajui, ¢o umoZfiuje Studovaf ich reaktivitu v reakcii
prenosu kyslika. 7'V NMR spektrd nta, ada, resp. ceida
komplexu vo vode vykazuju chemické posuny: -547.4,
-547,9 a -580,5 ppm (vo&i VOCI5). Rychlost reakcie pre-
nosu kyslika z peroxo ligandu na siru v bis(etyléndiamin)-
tiolatokobaltitom komplexe

[Co(en),(SCH,CH,NH,)]>* + [VO(O)L]" —
[Co(en),(SOCH,CH,NH,)]2* + [VO,L]™

vzrasta v poradi: [VO(Op)ada] < [VO(O2)ntal” < [VO(O2)ceida]
(k(298,2 K) = 0,032 , 0,082 , resp. 0,340 L.mol 7).
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M. Sivik?, J. MarekP, J. Benko¢ and M. Casny?
("Department of Inorganic Chemistry, ‘Department of
Physical Chemistry, Faculty of Natural Sciences, Co-
menius University, Bratislava, Slovak Republic, "Depart-
ment of Inorganic Chemistry, Faculty of Natural Sciences,
Masaryk University, Brno): Oxo-Monoperoxo Comple-
xes of Yanadium(V) with Tetradentate Ligands

Monoperoxo complexes of V (V) with tetradentate N,0
heteroligands (nitrilotriacetato (nta®), N-(carbamoylme-



2n

thyl)iminodiacetato (ada™), N-(carbamoylethyl)iminodi-
acetato (ceida™)) were prepared and their thermal, IR
and 51V-NMR spectral properties were studied. X-ray ana-
lysis revealed a pentagonal bipyramidal structure of the
complex anions. The reactivity of the complexes in oxygen
transfer reactions from vanadium complex to the thiola-
toCo(III) complex increases in the order: [VO(O,)ada] <
[VO(O,)nta]? < [VO(O,)ceida] .

1.07 PEROXOKOMPLEXY VANADU (V) S o-
HYDROXYKARBOXYLATMI AKO HE-

TEROLIGANDAMI

PETER SVANCAREK?, IVANA
SMATANOVAP®, PETER SCHWENDT?
a JAROMIR MAREK"

“Katedraanorganickej chémie, Prirodovedeckd
fakulta UK, Mlynskd dolina, 842 15 Bratislava,
Slovenskd republika,’JY(atedra anorganické che-
mie, Prirodovédeckd fakulta MU, Kotldrskd 2,
611 37 Brno

Peroxokomplexy vanddu (V) d¢inkuji ako prenéSace
kyslika pri katalytickej oxiddcii organickych latok pomo-
cou peroxidu vodika. Ako katalyzatory sliZia rozpustné
neutrdlne komplexy, alebo aniénové komplexy, ktorych
rozpustnost zabezpeuji velké kationy typu NR,, alebo
PPhZ. Tento prispevok sa zaobera syntézou, Strukturou
a reaktivitou komplexov (BuyN), [VO(O,)(LL)], . H,O
(LL st aniény o-hydroxykarboxylovych kyselin - glyko-
lovej, glyc, C2H20§' a DL-mlienej, DL-lact, C3H,03),
ktoré predstavujii prvé komplexy tohto typu rozpustné v or-
ganickom médiu.

Komplexy (BuyN), [VO(O,)(glyc)l,.H,O (1) a (BuyN),
[VO(O,)(DL-lact)],.H,O (11) boli pripravené reakciou roz-
toku Buy,NVOs s prislu$nou kyselinou a peroxidom vodika.
Cervené krystdly / a // su stabilné pri laboratérne;j teplote.
Charakteristické pasy v infraCervenych spektrich oboch
komplexov su uvedené v tabulke 1.

Komplexné aniény su dvojjadrové, zloZzené z dvoch
pentagonalnych pyramid. V axidlnej polohe pentagonalnej
pyramidy je atom kyslika viazany s atomom vanddu dvoji-
tou vazbou, v ekvatoridlnych polohdch st mostikové atomy
kyslika z hydroxylovych skupin, atom kyslika z karboxy-
lovej skupiny a peroxidova skupina. Struktira komplex-
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ného aniénu je podobna ako u publikovanych Struktir
(NHy),[VO(0,)(C4H,05)1,.2 HyO (cit.") a Ky[VO(O,)
(CeHeO7)1,.2 HyO (cit.?) (C4H,OF - maldto, CgHgOF -
citrato ligand).

Tabulka I
Charakteristické péasy v infracervenych spektrach / a //

nl

(vem™)

Vd\(COO) \",((_OO) V[CwO) V(VZO) V(UI"OE}-)

() 1667br 1351s 1075 s 978 vs 928 s
1650 s 1304 m 922 s

(I 1652 vs 1351 s 1057m 976 vs 9225
1636 vs 1313 w

Reaktivita komplexov ako oxida¢nych Cinidiel pri ste-
chiometrickej hydroxylacii benzénu na fenol bola sledo-
vand za podmienok analogickych $tidii Mimouna et al.>.
Vytazok fenolu (prepocitany na mnoZstvo peroxidického
kyslika) bol u oboch komplexov okolo 10 %, po okyslent
stipol na dvoj- az trojnasobok tejto hodnoty.
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P. Svanédrek? | I. Smatanova? , P. Schwendt? and
J. Marek*’ ("Department of Inorganic Chemistry, Faculty
of NaturalSciences, Comenius University, Bratislava, Slo-
vak Republic, bDepartmentof Inorganic Chemistry, Fac-
ulty of Natural Sciences, Masaryk University, Brno): Va-
nadium (V) Peroxo Complexes with o-Hydroxycarbo-
xylates as Heteroligands

Complexes (BuyN), [VO(O)(LL)],.HyOwhere Bu=C,Hg
LL = glycolate C,H,03 (), or DL-lactate C3H,05 (1),
have been prepared and characterized by X-ray and spectral
methods. Complexes / and // are able to hydroxylate ben-
zene under mild conditions.



SUBSTITUOVANE FENOLATY TRIBU-
TYLCINICITE!

1.08

MILAN NADVORNIK, JAROSLAV
HOLECEK a VLADIMIR PEJCHAL

Katedra obecné a anorganické chemie, Fakulta
chemicko-technologickd, Univerzita Pardubice,
ndm. Ceskoslovenskych legii 565, 532 10 Par-
dubice

Reakci hexabutyldistannoxanu s fenolem v benze-
nu (metoda A), konverzi tributylstannylchloridu fenolatem
sodnym (metoda B) nebo reakci tributylstannylme-
thoxidu s fenolem v methanolu (metoda C) byly pfiprave-
ny substituované fenolaty tributylcinic¢ité obecného vzorce
(1-C4Hg)3SnOCgH R, kde R je H (1), 4-CHj3 (11), 4-OCHj4
(Ill), 4-NHCH; (Iv), 4-COCHj; (V), 4-NHCOCH; (VI),
4-C1 (VII), 4-Br (Viila), 4-NO, (Dia), 2-NO, (Dia’), 4-
COOC,Hs (X) a 4-CN (XI), a ddle vybrané vicesubsti-
tuované fenolaty tributylcinicité: 2,4-diBr (VIIb), 2,4,6-
triBr (VIlIc), 2,4-diNO, (Dib) a 2,4,6-triNO, (IXc). Pti-
pravené slouceniny byly studovdny pomoci 13c o 1198n
NMR spektroskopie (tabulka I).

Podle hodnot chemickych posuntt 8(119Sn) v roztocich
nekoordinujictho rozpoustédla (CDCl3) jsou vSechny pii-
pravené derivaty pifitomny jako jednoduché pseudotetra-
edrické molekuly a koordinaé¢ni ¢islo atomu Snje 4. V roz-
tocich v koordinujicim rozpoustédle ((CD5),SO) odpovida
interval nam&fenych hodnot 8(119Sn) koordinaénimu &islu
centralniho atomu Sn rovnému 5, coz odpovidd vzniku
komplexu fenolatti s jednou molekulou rozpoustédla. Mo-
lekulové komplexy maji tvar trans-trigondlni bipyramidy
s butylovymi substituenty v ekvatoridlnich polohach (tihel
C-Sn-C 119 az 122°)%3, Hodnoty 8(119Sn) s vyjimkou
hodnot ziskanych pro slouc¢eniny VIllc, IXc a XI linedrné
koreluji s Taftovymi konstantami* oy ( N=13, r=0,927).
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Tabulka I
Zakladni parametry NMR spekter pfipravenych komplext

Sloute- Metoda  8¢'1°Sn) [ppml/a(!¥sn-">qHiz] Taftovy
nina piipravy konstanty
CDCl3 (CD3)2S0O O1
/ A 1131 3549 2,1  440,4 0
// A 112,6 3555 82 4404 -0,01
/// C 1228 3543 +0,30
v B 1112 321,8 0,17
14 C 114 363,2 0,30
Vi C 120 346,8 0,28
Vil A 123,88 351,8 -2,6 463.7 0,47
Viila C 1239 3516 -7, 461,1 0,47
Xa A 1288 3548 -18,0 4779 0,67
Dia A 1353 3541 -11,1 4577 0,67
X B 1142 360,7 -144 469,1 0,30
XI C 1104 368,8 -52 4684 0,57
VIIIb B 1379 3744 -138 472,4 0,94
Ville  C 150,5 335,8 1,41
IXb A 1573 350,5 1,34
IXe A 1956 347,1 2,01

M. Nadvornik, J. Hole¢ek and V. Pejchal (Depart-
ment of General and Inorganic Chemistry, Faculty of Che-
mical Technology, University Pardubice): Substituted
Tributyltin(IV) Phenolates

Sixteen substituted tributyltin(IV) phenolates were pre-
pared and studied by means of *Cand '?SnNMR spec-
troscopy. In the solutions of non-coordinating solvent
(CDCl5) these compounds are presented as tetraedrically
coordinated molecules, in the solutions of coordinating
solvent (hexadeuterio-dimethylsulfoxide) arise trans-trigo-
nally bipyramidal complexes of phenolate with one mole-
cule of solvent.



FYZIKALNO-CHEMICKE STUDIUM KYA-
NATO- A TIOKYANATOMEDNATYCH
KOMPLEXOV SO SUBSTITUOVANYMI
FENANTROLINMI

1.09

ANNA MASLEJOVA, LUBOV
MACASKOVA a MARIA KABESOVA

Katedra anorganickej chémie CHTF STU, Radlin-
ského 9, 812 37 Bratislava, Slovenskd republika

Studoval sa vplyv elektronovych vlastnosti ligandov na
Struktiirne charakteristiky kyanato- a tiokyandtomed’natych
komplexov s fenantrolinom! (phen). V snahe podrobnejsie
poznaf dosledky vplyvuelektrénovych vlastnosti na stereoché-
miu Cu(Il) komplexov pripravili sa nové tuhé komplexy
zlozenia [CuL(NCO),], a [Cul,(NCS),] , kde Lje 5,6-di-
metyl-1,10-fenantrolin (5,6-Me,phen), 4,7-dimetyl-1,10-fe-
nantrolin (4,7-Me,phen), a 5-nitro-1,10-fenantrolin (5-NO,phen),
liSiace sa smerom indukéného efektu na fenantrolinovych
kruhoch. Koordina¢nd geometria Cu(II) ako aj sposob vaz-
by pseudohalogenidového liganda u pripravenych kom-
plexov sa urovali na zaklade infratervenych, elektréno-
vych a ESR spektier. Polohy péasov fundamentdlnych vi-
brécii kyanatanovej skupiny v IC spektrach poukazuju na
viazanie dusikovym atémom. Zo S$tiepenia deformacnej
vibracie NCO skupiny v rozsahu 50 cm' vyplyva, Ze
kyanatanova skupina vystupuje mostikovo dvojfunkénym
dusikovym atémom. Elektronové spektrd kyandtokomple-
xov vykazuju jediny pds ligandového pola s maximom
v rozmedzi 1510016000 cm!. ESR spektra kyanitokom-
plexov si normélneho axidlneho tvaru, s g-hodnotami od-
rdzajlicimi mikrosymetriu pritomnych Cu(Il) komplexov.
Kyandtomednatym komplexom sa pripisala $tvorcovo-py-
ramidélna stereochémia. Koordinacia Cu(Il) v ekvatorial-
nej rovine je tvorend Styrmi donorovymi atdmami dusika
z jedného chelatovo viazaného derivatu fenantrolinu a dvoch
v cis-polohe koordinovanych kyanatanovych skupin. Tvor-
bou diméru pomocou dvojfunkéného atomu dusika kya-
natanovej skupiny sa tato koordindcia dopliuje na defor-
movanu tetragondlnu pyramidu. Predpokladana stereoché-
mia skimanych komplexov je v silade s idajmi vyrieSenej
rontgenovej Struktiry zliceniny [Cu(phen)(NCO),],. Pri
tiokyanatokomplexoch pozorované polohy pdsov tiokya-
natanovych skupin v IC spektraich naznaCuju vazbu kon-
covo atomom dusika. Tiokyanatokomplexy vykazuju po-
dobné elektrénové spektrd s polohami maxim d-d pasov
v oblasti 13350-15100 cm®. Pseudoizotropické ESR spekird

boli pozorované pre tiokyanatokomplexy L = 5,6-Me,phen
a4,7-Me,phen, v pripade ak L = 5-NO,phen axiélne spek-
trum bez rozliSenej gthodnoty. Pric¢inou takéhoto chovania
je najpravdepodobnejSic znac¢nd dezorientacia magnetic-
kych osf v krysStalovej Struktire. Na zaklade spektrdlnych
vlastnosti mozno tiokyanatomednatym komplexom s de-
rivaitmi fenantrolinu priradit deformovane oktaedricka
konfigurdciu atému Cu(Il) podobne ako u komplexu
[Cu(phen),(NCS),]. Z tdajov elektronovych spektier u tio-
kyanatomednatych komplexov zdmenou ligandov od fe-
nantrolinu cez dimetylsubstituované fenantroliny ku nitro-
fenantrolinu axidlna interakcia klesd. Podobny trend nebol
pozorovany pri kyanatomednatych komplexoch.

LITERATURA

1. Maslejova A., Potocndk I., Sima J. Kabesova M.: J.
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A. Maslejova, L. Macadskova and M. KabeSova (De-
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The complexes of the composition of [CuL(NCO),],
and [CuL,(NCS),] where L is 5,6-dimethyl-1,10-phenan-
throline, 4,7-dimethyl-1,10-phenanthroline a 5-nitro-1,10-
phenanthroline were prepared. The results of electronic,
infrared and ESR spectral measurements were used to
assign coordination geometries of the prepared complexes.

OXIDACNE REDUKCNI VLASTNOSTI
KOMPLEXU BIS(XANTHATO)NIKELNA-
TYCH

1.10

LIBOR KVITEK a ZDENEK TRAVNICEK

Katedra anorganické a fyzikdini chemie PFF
Univerzity Palackého, tF. Svobody 8, 771 46
Olomouc

V posledni dobé€, v souvislosti s moznymi praktickymi
aplikacemi, roste zdjem o studium redox vlastnosti kom-
plexti pfechodnych kovli a jejich zavislosti na struktuie

komplexu'.  Bis(xanthato)nikelnaté komplexy typu
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[Ni(Rxa),] (R = methyl, ethyl, n-propyl, i-propyl, n-butyl,
n-amyl, i-amyl), studované v této préci, byly pfipraveny
standardnim postupem popsanym v literatufe’. Jejich elek-
trochemické chovani bylo zkoumano metodou cyklické
voltametrie na uhlikové elektrod¢, v prostfedi smési ethy-
lenglykolu a acetonu (3:1).

Oxidaci centrdlniho atomu niklu ve dvou jednoelek-
tronovych krocich aZz na Ni#t Ize, v souladu s praci Chak-
ravortyho et al., zabyvajici se obdobnymi typy komplexi’,
pfisoudit dvojice anodicko katodickych piki I (potencily
cca 0,2 V) a II (okolo 0,55 V; potencidly uvadény proti
vodné SCE) (viz obr.1). Elektrochemické pfemény central-
niho atomu kovu odpovidaji kvazireverzibilnimu pribéhu
s koeficientem prenosu naboje o ~ 0,5 s uplatnénim slabé
adsorpce v piipadé oxidatniho piku IL.A. Zbyvajici madlo
zietelné anodické piky v okoli potencidlt 0,35 V a 0,75 V
odpovidaji irreverzibilni redukci samotného ligandu.

H

I, A LA

1E-6 -

5ET ——y . .
-0.5 0.5 E, V

Obr. 1. Cyklické voltamogramy 1 mM roztokid komplexu
bis(i-propylxanthdto)nikelnatého (=) a draselné soli i-pro-
pylxanthatu ( ) na uhlikové elektrodé. Rychlost nartistu
potencidlu 5 mV.s™, zékladni elektrolyt 0,2 M-TMACI ve smési
ethylenglykol a aceton (3:1)

Ve studované fadé komplexti byla nalezena dobri li-
nedrni korelace mezi hodnotami potenciéli jednotlivych
redox dé&u probihajicich na centrdlnim kovu a poctem
uhlikovych atomt v alkylovém zbytku ligandu, coz svéd¢i
o primé souvislosti mezi strukturou a oxida¢né redukénimi
vlastnostmi téchto komplexi.
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L. Kvitek and Z. Travnicek ( Department of Inorganic
and Physical Chemistry, Faculty of NaturalSciences, Pa-
lacky University, Olomouc): Redox Properties of Bis(xan-
thato)nickel(I1I) Complexes

Electrochemical oxidation of bis(xanthato)nickel(1I)
was studied by cyclic voltammetry. The linear correlation
between the redox potential values of the central Ni atom
and the number of carbon atoms in the alkyl chain of
xanthate ligands was found.

L11 g A '3C.NMR STUDIE KOMPLEXU
[Cp2Ti(MeOH)(Nucl)] CI2

MARTIN KROPACEK, IVAN PAVLIK,
VLADIMIR PEJCHAL
a JAROMIR VINKLAREK

Katedra obecné a anorganické chemie, Fakulta
chemicko-technologickd, Univerzita Pardubice,
Ndm. Cs. Legit 565, 532 10 Pardubice

Titanocendichlorid (CsHs)TiCl, (/) je jednim z metal-
locendichloridli pfedstavujicich novou tfidu Géinnych pro-
tinddorovych organokovovych &inidel’. Biologické experi-
menty prokazaly, ze primarnim intraceluldrnim teréem pro
/isou nukleové kyseliny, zejména DNA’. Pro pochopeni
podstaty interakci / s DNA je vhodné studovat strukturu
a vlastnosti modelovych komplexti' vzniklych reakci / se
slozkami DNA, mezi néz lze pocitat i nukleosidy.

Reakci titanocendichloridu s nukleosidem (guanosinem
a cytidinem) v peclivé vysuSeném methanolu lze ziskat
oranzovocervené produkty o slozeni [Cp, Ti(MeOH)(Nucl)]Cl,
(Nucl = guanosin (11) a cytidin (I11) (cit. 4,

Od komplexii (1) i (III) byla zm&tena spektra '3C
a 'H-NMR V CDCl5. Vodikové spektrum bylo pfitazeno
pomoci 2D-C,H-COSY spektroskopie. Interpretaci téchto
spekter byla navrZena struktura na obr. 1.

Jednou z informaci, kterou Ize ziskat z '"H-NMR spek-
ter, je informace o konformaci cukru, neboli ,,puckering*
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Obr.1. Struktura komplexii [Cp2Ti(Guanosin)(MeOH)ICIz (1) a [Cp2Ti(Cytidin)(MeOH)]Cl2 (/17)
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Obr. 2. Konformace cukerné slozky (puckering)

(obr. 2.). Informace o tomto druhu konformace |ze ziskat
z interakéni konstanty atomu H(2'), kterd se ziska jako
soutet 3J(1H, "H)pro $t&peni signalu atomu H(2")od atomt
H(3") a H(1') dle vzorce (7)’:

3/=10,5cos’® -1,2cos ® ()

kde @ je torzni tihel vazby C(1')-C(2") (obr. 2.) vrad a u
je interakéni konstanta v Hz. Torzni tihel @ je definovan
jako thel N(9)C(1")C(2") (viz obr. 2.). Nachdzi-li se ®
v intervalu 0-105°, pak hovoifime o konformaci C3"-exo.
Je-li hodnota tohoto tthlu v intervalu 105-180°, jde o kon-
formaci C3'-endo.

Vysledky lze shrnout nasledujici tabulkou:

Sloucenina 2 [Hz] @ [°] Vysledna konformace
Guanosin 13,6 172 C3%-endo
(I 7 29 C3-exo
Cytidin 7.8 23 C3%-exo
(I 13,8 178 C3"-endo
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M. Kropacek, 1. Pavlik, V. Pejchal and J. Vinklarek
(Department of General and Inorganic Chemistry, Faculty
of Chemical Technology, University of Pardubice): "Hand
I3C-NMR Studies of [Cp,Ti(MeOH)(Nucl)]Cl,

The reactions of (CsHs),TiCl, with the nucleosides
afford orange-red products [Cp,Ti(MeOH)(NucD)]Cl,
(Nucl = guanosin, cytidin). Both of these compounds have
been characterized by '*C-and '"H-NMRspectra and their
structures have been proposed.



1.12 PREPARATION AND PHYSICAL PRO-
PERTIES OF (Ge-Ga-S):Nd GLASSES

BOZENA FRUMAROVA’, MILOSLAV
FRUMARP and JIRi OSWALD®

“Joint Laboratory of Solid State Chemistry of
Academy of Sciences of theCzech Republic and
University of Pardubice, IF’Department of Ge-
neral and Inorganic Chemistry, University of
Pardubice, 53210 Pardubice, ‘Institute of Phy-
sics of Academy of Sciences ofthe Czech Repub-
lic, Prague

The rare earth-doped glasses have been extensively
studied recently due to their intensive luminescence with
potential application in lasers, light amplifiers and light
up-converters.

High purity (GeS,)-(Ga,S3)-xNdCls, (x =1, 2, 3) and
(GeS,)-(GayS3)-Nd,O5 glasses were prepared and their
physical properties studied. The GeS,-Ga,S; glasses
can dissolve relatively large amounts of NdCl; and Nd,O4
(< 3 mol %) and still form stable glasses. They are optically
transparent in the range from 19 000 cm"' to 800 cm™!. The
glass transition temperature (7, ~ 378 °C) and the glass-
forming criteria are only slightly changed by Nd doping
(AT= 147 °C, H, = 0.78; H' = 0.39, S = 4.10 K, where
AT=T,— er is Hruby’s criterion, H, = (T - Tg)/(Tm— 1)),
H'= (T, - Tg)/Tg and S = (T, - T (T, - Tg)/Tg )The short
- wavelength absorption edge lies near 2.7 eV, doping with
Nd creates new absorption bands which can be assigned to
electron transitions from the 419/2 level to 4G7/2, 469/2,
K137, 2Gspp 2GrpHi1p, *Fop, “Frps 4310, MHop, “Fsp,
Fa, Nisns 4I13/2 and “I; 1 electron levels. In doped
glasses, several broad luminescence bands, near 910, 1 080
and 1 360 nm, were found, which can be assigned to the
transitions from “F5to “Igj,to “I;1and to  “I;3glectron
levels. The long - wavelength absorption edge was found
near 1 000 cm™' and is due to multiphonon Ge-S and Ga-S
vibrations.

The properties of GeS,-Ga, S5 glasses are similar to RE
doped halide glasses. Due to lower phonon frequencies in
sulfide glasses than in oxide or halide ones, the rare-earth
doped chalcogenides have lower probability of multipho-
non relaxation. The nonradiative transitions are lower, and
the expected efficiency of the luminescence is, therefore,
higher. The GeS,-Ga,S;glasses can be good candidates for
high efficiency light amplifiers, up-convertors and lasers.

They are stable and their resistance to the moisture is
relatively high.
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tion and Physical Properties of (Ge-Ga-S):Nd Glasses

High purity homogeneous (GeS;)gy.x(GayS3)yy x
(NdCl5 or Nd,O5) glasses (x = 1-3) were prepared by direct
synthesis in silica ampoules. Their thermal properties are
changed by doping only a little. The doping creates new
absorption and luminescence bands in the visible and near
IR regions which can be assigned to/-electrons transitions
of Nd ions.

1.13 PREPARATION AND PROPERTIES OF
THE Pr DOPED Ge-Ga-S GLASSES

BOZENA FRUMAROVA?,
MILOSLAV FRUMAR”, JIRI OSWALD®
and VACLAV CERNY"

¢ JointLaboratory of Solid State Chemistry, Aca-

demy of Sciences of the Czech Republic and
University of Pardubice, !’University of Pardu-
bice, 53210 Pardubice, CPhysical Institute of
Academy of Sciences of the Czech Republic,
Prague

The rare earth (RE)-doped glasses have been exten-
sively studied due to their intensive luminescence with
potential application in lasers, light amplifiers and light
up-converters. In silica and other high phonon-energy



glasses, the emission from the !G, level of Pr’*is heavi-
ly quenched owing to multiphonon relaxation to the under-
lying 3F4level. The chalcogenide glasses have lower pho-
non energies than oxide glasses and lower probability of
multiphonon relaxation. The studied glasses can dissolve
relatively large amount of RE elements and they are, there-
fore, promising.

The studied glasses ((GeS,)go.x (GayS3)y « x(PrCl; or
PrgOq1), x = 1, 2, 3) were of the yellow-green or yellow
colour. The thermal parameters were changed only slightly
by Pr3* doping. The values of T, are from the region
399-404 °C, T, - (514-525°C), T, ~ (724-729°C).
The values of glassforming criteria (AT ~ (123-128 °C),
H. ~(0.59-0.66), H* =0.31, S~ (2.37-3.29) are slightly
decreasing with increasing Pr content. The Tg, T, T, are
temperatures of glass transition, of beginning of the crystalli-
zation and of melting, respectively. AT =T, —Tg; H. is Hru-
by’s criterion, H. = (T - T)/(Tyy - T H' = (T - T/ Ty;
S = (T, -TYT,. - Tg)/Tg.

The short wavelength absorption edge of studied gla-
sses can be seen between 22 000-19 000 cm' in the visible
region of the spectrum. The doping of the glass by PrCl; or
PrgO;; creates new absorption bands, which can be assig-
ned to the electron transition from the level *Hyto the
higher energy levels. The transitions 3H,-*Hg, 3F, and
3H,-F3, 3F, form unseparated absorption bands with
strong overlaping. The values of oscillator strengths of
individual electron transitions are between those values for
Pr3* ions in halide and chalcogenide glasses and the coor-
dination of Pr3* by halide ions is apparently preserved also
in chalcogenide glassy matrix.

The long-wavelength absorption edge is near 800-1 000 cm!
and its position corresponds to the multiphonon Ge-S and
Ga-S vibrations. The IR absorption of studied glasses in the
region 280-480 cm can be deconvoluted into four inten-
sive bands which are similar to the stretching vibration
bands of GeS, tetrahedra.

In the luminescence spectrum of Pr-activated glasses
several narrow luminescence bands can be seen which can
be assigned to the transitions between the 1G4—3H5 and
ID,-1G, electron levels of Pr3* ions.
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B. Frumarov4?, M. Frumar?, J. Oswald® and
Vi Cernyb (“Joint Laboratory of Solid State Chemistry,
Academy of Sciences of theCzech Republic and University
of Pardubice, b University of Pardubice, Pardubice, °Physi-
cal Institute of Academy of Sciences of theCzech Republic,
Prague): Preparation and Properties of the Pr Doped
Ge-Ga-S Glasses

The glassforming ability of the systems (GeS,)gq .«
(GayS3)y - XPrCls and (GeS;)gq. (GayS3)pg * xPrgOqwas
determined, the homogeneous glasses were prepared, the
thermal properties, optical transmissivity and luminescence
of pure and Pr doped glasses were determined. The absorp-
tion and luminescence bads were assigned to /-electron
transitions of Pr ions.

1.14 MODELOVANIE BRUCITOVEJ VRSTVY

V LIZARDITE

EVA SCHOLTZOVA, DANIEL TUNEGA
a LADISLAV TURI NAGY

Ustav anorganickej chémie SAV, Dibravskd
cesta 9, 842 36 Bratislava, Slovenskd republika

Stadium vrstevnatych silikitov metédami kvantovej
chémie klastrovym pribliZenim vyzaduje okrem vyberu
vhodnej bazy aj vyber vhodného modelu, ktory dostato¢ne
reprezentuje Struktiru. Vzhladom na limitujiice moZnosti
vypoctovej techniky ide hlavne o kompromis medzi vel-
kostou bazy a velkosfou klastra’ . Vplyv rézneho ukon-
Cenia klastrov pri modelovani Struktiiry vrstevnatych si-
likatov je ukazany na Siestich modeloch brucitovej vrstvy
v lizardite (vid" legendu). Sledovali sa zmeny v rozdeleni
ndboj ov (tab. I) na vnutornych atémoch klastrov (centralne
atomy - 3 Mg, vnitornd OH skupina), vazbovd populacnd
analyza (tab. II) vazieb O,-H, Mg-O; (i = a, b, kde O, je
z vnutornej OH skupiny, Oy je z povrchovej OH sku-
piny).Vazbové vzdialenosti si Mg-O, =2,082 A, Mg-O,
=2,003 A, O,-H = 0,96 A. Dalej sa sledovala zavislost
harmonickej frekvencie valen¢nej vibracie vnutornej OH
skupiny (tab. III). VypoCty sa vykonali programom
GAUSSIAN 94 (cit. 3) metodou HF/3-21G. Vibra&ng frek-
vencie OH skupiny sa menia v intervale 130 cm'' vzhla-
dom na typ klastra. Skalovana frekvencia modelu MGQje
najblizsie k experimentdlnemu tidaju (tab. 111). Zo vsetkych



sledovanych vlastnosti vidno, ze modely MGMG, MGQ
a HH poskytujui vysledky navzgjom blizke, pritom vSak
dostatocne odlisné od vysledkov ostatnych modelov (tab. I-I1I).
Dalsim argumentem v prospech modelov MGMG, MGQ
a HH je skuto¢nost, Ze prave tieto modely poskytuju naj-
vySSie naboje na atémoch Mg, ¢o je v zhode so vieobecne
prijatou predstavou ténového charakteru brucitovej vrst-
vy'. Zaverom mozno povedaf, 7e pre §tudovany systém
poskytuje najlepsie vysledky model MGQ, ktory je ukon-
¢eny atomami Mg a zvySkovy ndboj je kompenzovany
bodovymi naboj mi.

Legenda

MG ~{Mg30,3H;3}7, celkovy néboj {-7}

MGMG - { Mg3OI3H13}‘7+ 3Mg , celkovy naboj {-1}

MGQ - {Mg30;3H;3}"" + 3Mg + 6 bodovych ndbojov,
celkovy naboj {0}

HH -{ Mg30;3H;3 17 + 6H, celkovy ndboj {-1}

Ql - {Mg3Ol3H13}‘7 + 9 bodovych nédbojov (0,666),
celkovy ndboj {-1}
Q0 -{Mg30,3H;3 }-7 4+ 9 bodovych nébojov (0,777),

celkovy naboj {0}

Tabulka I
Rozdelenie ndbojov na vntitornych atémoch modelov

MG MGQ HH MGQ QO QI

Mg 046 0,62 0,64 0,66 0,26 0,30
Mg 046 062 0,64 0,66 026 0,30
Mg 0,46 0,62 0,64 0,66 026 0,30
0] -0,84 -0,88 -086 -0,88 -087 -0,87
H 0,31 0,41 0,36 0,41 0,37 0,36

Tabulka II
Vizbovd Mullikenova populaénd analyza pre viizby Mg-O,
=2,082 A, Mg-Op =2,003 A, 0,-H=0,96 A

Mg-0a Mg-Op 0a-H
MG 0,10 0,24 0,24
HH 0,10 0,34 0,23
MGMG 0,10 0,39 0,25
MGQ 0,10 0,40 0,25
Q0 0,10 0,24 0,25

Ql 0,10 0,24 0,25

Tabulka ITI
Silové konstanty a harmonické vibra¢né frekvencie vnutor-
nej OH skupiny pre jednotlivé klastre

K[J.m™] v [em™) vsfem™]”
MG 31,23 3912 3554
Ql 32,03 3962 3600
QO 32,14 3969 3606
HH 32,28 3978 3614
MGMG 32,38 3983 3619
MGQ 33,54 4055 3684

*§ké10vanie vibraénych frekvencii: Skédlovaci faktor -
0,9085 (cit. 5),experiment: 3660 cm" (cit. ©)
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E. Scholtzova, D. Tunega and L. TuriNagy ([nstitute
of Inorganic Chemistry, Slovak Academy of Sciences, Bra-
tislava, Slovak Republic): Modelling of the Brucite Sheet
in Lizardite

The choice of the best cluster model of the brucite sheet
in lizardite was done on the base of the quantum - chemi-
cally calculated atomic charges, bond orders and harmonic
vibrational frequency of the inner -OH group.



VLASTNOSTI A ANTIMIKROBNA AKTI-
VITA DIAZOL-(N-SALICYLIDENALANI-
NATO)MEDNATYCH KOMPLEXOV!

1.15

OEGA SVAJLENOVA? GUSTAV
PLESCHP a DUSAN MLYNARCIK?

“Katedrachemickej tedrie lieéiv,bKatedra bun-
kovej a molekuldrnej biologielie¢iv, Farmaceu-
tickd fakulta UK, Kalinciakova 8, 832 32
Bratislava, " Katedra anorganickej chémie,
Prirodovedeckd fakulta UK, Mlynskd Dolina,
842 15 Bratislava, Slovenskd republika

Mednaté chelaty N-salicylidénaminokyselin so Stvorco-
vopyramiddlnou koordindciou mednatého iénu do urditej
miery modeluju geometriu a chromofér aktivneho centra
Cu-enzymov?, napr. Cu, Zn-superoxiddismutizy (SOD). Viaceré
z nich aj napr. SOD-mimetickd’, antimikrébnu3, radiopro-
tektivnu' aktivitu vykazuji. V rdmci projektu vyhladdvania
novych biologicky u¢innych zli¢enin boli substitticiou
vody koordinovanej v hemihydrite akva-(N-salicilydén-
ft,S-alanindato)med'natého komplexu pripravené zli¢eniny
zlozenia Cu(sal-R,S-ala) (L), kde (sal-R,S-ala)=dianién
N-salicylidén-R, S-alaninu a L=imidazol, 2-metylimidazol,
2-etylimidazol, benzimidazol, pyrazol a komplex Cu(sal-
R, S-ala)(3,5-dimetylpyrazol),. Na zaklade Sttidia EPR-spek-
tier a difiznych reflexnych spektier (za podmienok uve-
denych v praci ) predpokladand $truktira komplexov je
uvedend na obr. 1.

-y

Obr. 1. Schéma struktiry komplexov Cu(sal-R,S-ala)(L)
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Planarna §tvorcovdkoordindcia trojdonorového O,N,O-li-
ganda a molekulového N-liganda sa dopiiia v axidlnom
smere vhodnym O’-atémom zo susednej komplexnej mo-
lekuly na rdznou mierou deformovant §tvorcovi pyramidu
za vzniku dimérov, resp. polymérov. V elektrénovych
spektrach zisteny vzrast hodnoty 4 8, Stiepenia 2Eg termu
ligandovym polom nizkej symetrie (13 300 cnr' az 16 600
cm'") a odpovedajtici pokles hodnoty g (od 2,128 na 2,107)
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koreluje so vzrastom stupnia tetragondlnej deformécie
a prediZenia axidlnej Cu-O~ vazby. Najvacsi stupeii axidl-
nej deformdcie a najdlh$iu viazbu Cu-O” moZno odakévat
v pripade komplexu s pyrazolom. Je pozoruhodné, Ze iba
tento komplex je antimikrébne G¢innejsi ako vychodiskovy
akvakomplex. Jeho dobra aktivita zrejme stvisi s [ah$im
uvolnenim koordina¢ného miesta pre interakciu s biolo-
gickym systémom - mikroorganizmom. Vsetky Studované
vost na ne prejavili predstavitelia grampozitivnych baktérii
a vlaknitych hiib, najma Streptococcus pyogenes a Tricho-
phyton terrestre (MIC = 30 ug.cm'3). Okrem komplexu
s pyrazolom, vSetky ostatné komplexy vykazovali prak-
ticky rovnaku ucinnost, ¢o opét potvrdzuje predpoklad, Ze
pre biologickul aktivitu je urujiica vhodna chelaticia med-
natého ionu.
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0. Svajlenova?, G. Plesch? and D. Mlynar&ik® ("De-
partment of Chemical Theory of Drugs, Faculty of Phar-
macy, Comenius University, Bratislava, "Department of
Inorganic Chemistry, Faculty of Natural Sciences, Co-
menius University, “Department of Cell and Molecular
Biology of Drugs, Faculty of Pharmacy, Comenius Univer-
sity, Bratislava, Slovak Republic): Properties and Antimi-
crobial Activity of (Diazole)(IN-Salicylidenealanina-
to)Copper(II) Complexes

The EPR and ligand field spectra of a series of (N-sali-
cylidene-R, S-alaninato)copper(Il) complexes with imida-
zole, pyrazole and their derivatives give evidence for coor-
dinations, which range from square-pyramidal to square-
planar. The relations between coordination chemical
properties of studied compounds and their antimicrobial
activities are discussed.
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Medzi arylkarboxylovymi kyselinami patri skupina
zltéenin so salicyldtovym skeletom medzi lie€iva s pro-
tizdpalovym t¢inkom. Tato farmakologicka aktivita zrejme
suvisi s komplexotvornymi vlastnostami acidoligandov
uvedeného typu a s ich ticastou na tvorbe farmakoaktivnych
entit v zivych systémoch'-2. Na zdklade tychto faktov bola
pletyzmometrickou metédou® hodnotend protizapalové ak-
tivita 7-ich dvojic mednaty komplex - vychodiskova kar-
boxylova kyselina na karageninovom edéme na potkanoch,
predlie¢enych jednorazovou dévkou 50 pmol.kg™! (pogi-
tané na spoloény RCOO-fragment), podanou i.p.30 min
pred aplikovanim irita¢nej latky. Ako §tandardy boli po-
uzité kyselina salicylovd (SalH) a tetrahydrat salicylanu
mednatého. Vysledky su porovnavané s kontrolnou skupi-
nou zvierat, ktorym bolo podané iba vehikulum.

Hodnotenie antiedematézneho u&inku komplexov
potvrdilo
(MeSalH) komplexdciou s iénmi Cu®* v porovnani s ne-
koordinovanymi kyselinami, s vynimkou kyseliny o-kre-
zotinovej. Pocas trvania pokusu (360 min) bola zistend
nasledovnd miera redukcie edému: Cu(5-MeSal),.4H,0
(80 %) > Cu(4-MeSal),.4H,0 (70 %) > Cu(Sal),.4H,0O (55 %)
> Cu(3,6-diMeSal),. 4H,0 (50 %) > Cu(3-MeSal),.1,5H,0
(41 %). U kyselin bolo poradie: 3-MeSalH (82 %) > 5-MeSalH
(62 %) > 4-MeSalH (47 %) > 3,6-diMeSalH (43 %) = SalH
(42 %). Blokovanim volnej hydroxylovej skupiny vybra-
ného acidoliganda salicyldtového typu acetyldciou, me-
tyldciou ¢i zapojenim atomu kyslika do heterocyklického
furdnového kruhu sa ovplyvnila dispozicia acidoliganda
k tvorbe vodikovych vazieb s ocakdvanym nepriaznivym
zdsahom do lipohydrofilnych vlastnosti, ¢o sa odrazilo vo
vyraznom zniZeni sledovaného u¢inku v neprospech med-
natych komplexov.

zvySenie aktivity kyselin metylsalicylovych

Hodnotenie protizapalovej aktivity vybranych arylkar-
boxylditomednatych akvakomplexov potvrdilo poZziadavku
,,Cistého" salicylatového skeletu, ¢o je v sulade s vysled-
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kami testovania antipyretického® a antiexsudativneho uéin-
ku® izomérnych krezotindtomednatych akvakomplexov.

LITERATURA

1. Sorenson J.R.J.: Progr. Med. Chem. 26, 437 (1989).

2. Kaim W., Rall J.: Angew. Chem. 35, 43 (1996).

3. Lenfeld I, Marek J.: Arzneim.-Forsch. 16, 664 (1966).
4. Sokolik J., Tumovi 1., Blahova M., Dérikov4 J., Svaj-

lenova O., Svec P.: Pharmazie 57, 610 (1996).
5. Sokolik J., Tumov4 I., Blahova M., Cellirovd M.,
Svajlenov4O., SvecP.: Ces. a Slov. Farm. 44, 212(1995).

J. Sokolik?, M. Blahova?, I. TumovaP and P. SvecP
(“Department  of Chemical Theory of Drugs?Department
of Pharmacology and Toxicology, Faculty of Pharmacy,
Comenius University, Bratislava, Slovak Republic): Anti-
Inflammatory Activity of Arylcarboxylatocopper(II)
Complexes

Using rat paw carrageenan edema, the antiedematous
activity of seven selected arylcarboxylatocopper(Il) com-
plexes was assayed and compared to that of the free acids.
m-Cresotato- (mean edema reduction 70 %) and p-cresota-
tocopper(I) (80 %) aquacomplexes were more effective
than copper(II) salicylate tetrahydrate (55 %) and salicylic
acid (42 %)psed as standards of comparison. The nonsub-
stituted hydroxyl of salicylate skeleton of acidoligands is
required for the activity of complexes tested.
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Vyskum karboxyldtomednatych komplexov salicyld-
tového typu potvrdil ich antipyretické, antiflogistické a an-
tireumatické uéinky'. Vychadzajic z tychto poznatkov,
ako aj v nad vaznosti na predchddzajiice pozitivne vysledky
antiflogistickej aktivity fenoxy- a chlérfenoxyacetdto-



mednatych komplexovz, Studovala sa protizdpalovd ak-

tivita jednojadrovych  akva-bis(krezoxyacetdto)medna-
tych komplexov zloZenia Cu(ROCH,COO),.nH,0, (kde
ROCH,COO" = 0-, m-a p-krezoxyacetatovy (KOAc) ani6n
an = 2,3), vratane vychodiskovych kyselin na karagenino-
vom edéme (potkany). Utinok testovanych zlicenin bol
porovnavany s Kyselinou salicylovou a jej mednatou solou
za podmienok uvedenych v praci’. Testované zlideniny
boli zvieratim aplikované intraperitonedlne ako suspenzie
v davke 50 pmolkg!l, vyjadrené na RCOO-fragment.
Zmeny objemu opuchu labky potkanov sa urcovali ple-
tyzmometricky a vyhodnocovali sa porovndvanim s kon-
trolnou skupinou. Vysledky st uvedené v tabulke I. Stu-
dovand skupina komplexov patri na zdklade ziskanych
parametrov magnetickych a spektralnych vlastnosti medzi
jednojadrové karboxylditomednaté komplexy roznej tetra-
gondlnej symetrie. Variabilita koordinacného obklopenia
zévisi od funkéného zapojenia i6nu ROCH,COO", ako
acidoliganda. Kym pre komplexy / a // st v Struktirnych
jednotkdch [Cu(ROCH,CO0),(H,0),] vyuzité chelto-
tvorné schopnosti aryloxyacetitovych iénov’, v komplexe
/// ma anién ROCH,COO" nechelatovii koordindciu’.
Z vysledkov biologického hodnotenia vyplynulo, ze vSetky
testované Cu(II)-komplexy s vynimkou o-derivitu (kom-
plex I) zretelnejSie timia modelova zdpalovu reakciu v po-
rovnani s volnymi Kyselinami. Toto zistenie podporuje
predpoklad o vyzname iénov Cu?* (dostupnych vo vhodnej
forme) pri ovplyviiovani zdpalového procesu. Testované
komplexy // a /// porovnanim s priradenym Standardom -

Tabulka I

salicylanom mednatym (/) mozno pokladat za poten-
cidlne protizdpalovo u¢inné létky.
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M. Blahova?, J. Sokolik?, I. TumovaP and P. SvecP
("Department of Chemical Theory of Drugsand "Depart-
ment of Pharmacology and Toxicology, Faculty of Phar-
macy, Comenius University, Bratislava, Slovak Republic):
Anti-Inflammatory Activity of (Cresoxyacetato)cop-
per(IT) Complexes

The anti-inflammatory activity of mononuclear
aqua(cresoxyacetato)copper(IT)complexes was assayed in
rat paw carrageenan edema. The antiphlogistic effects of
the tested complexes were compared to those of the corre-
sponding acids, salicylic acid and its Cu(II) salt. Cu(II)
complexes were more effective than the free acetic acids,
with exception for the o-cresoxy derivative. Both m- and p-
cresoxyacetate copper(Il) - complexes exhibited a higher
activity (71 %) compared to that of copper(Il) salicylate
tetrahydrate (58 % ).

Casovy priebeh zmien objemu (AV) v % v porovnani s kontrolnou skupinou (0 %)

Redukcia objemu edému AV (%)

Zlicenina Casovy interval (min) e
30 60 120 180 240 300 360 ty
1 49,3 26,3 25,3 33,8 39,3 58,1 67,6 42,8
la 4.1 24,7 55,0 60,3 73,7 84,7 83,5 46,9
// 35,0 41,8 64,9 78,2 87,9 93,0 97,3 71,3
Ila 19,3 15,5 59 20,8 47,4 68,6 72,1 35,7
/// 37,1 39,3 66,4 79,2 88,5 93.5 94,4 70,8
Ila 50,1 48,1 54,2 44,5 29,6 41,4 47,3 45,0
v 44,8 46,5 53,2 59,7 64,0 70,5 64,4 57,6
IVa 37,9 40,6 39.9 41,6 38,4 38,5 40,1

43,6

ty - celkovd redukcia objemu edému, zliceniny: /- Cu(o-KOAc)2.2H20, //- Cu(m-KOAc)2.2H20, ///- Cu(p-KOAc)2.

3H20, IV Cu(Sal)2.4H20, prislusné kyseliny krezoxyoctové su oznacené Ia, Ha, Illa, kyselina salicylovd IVa
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Aryloxyacetitomednaté komplexy predstavuju zauji-
mavi skupinu ldtok nielen z hladiska variability ich Struk-
tury', ale i rozmanitosti ich biologickej aktivity. Pred-
chadzajice stidium biologickej aktivity jednojadrovych
akva-(aryloxyacetato)mednatych komplexov’, ako aj dvoj-
jadrovych fenoxy- a naftoxyacetdtomednatych komplexov
s fenazénom potvrdilo ich vyznamné antimikrébne a proti-
zdpalové ticinky>#. V tzkej nadvdznosti na tieto vysledky,
bola hodnotend protizdpalova aktivita fenazon-(krezoxy-
acetato)mednatych komplexov zloZenia [Cuy(KOAc),(fnz),]
(KOAc = o-, m- a p-krezoxyacetdtovy ién, fnz = 1-fenyl-
2,3-dimetyl-5-pyrazolén) na karageninovom edéme (pot-
kany). Testované Cu(ll)-komplexy (obr. 1) patria na za-
klade vysledkov magnetickych a spektralnych merani do
skupiny dvojjadrovych komplexov mostikovej struktury.

100
AV, %

80

60 |

40

20 -

30 60 120 180 240 300 360

Obr. 1. Casovy priebeh zmien objemu edému (AV,%) v po-
rovnani s kontrolnou skupinou (AV =0 % ). Komplexy: /
- [Cuz(0-KOAc)(fnz)2], // - [Cuz(m-KOAc)(fnz)2], /// -
[Cuz(p-KOAc)4(fnz)2] a IVa - [Cu(Sal)2(H20)2].2H20
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V tomto type komplexov su v ramci dimérnych molekul
[Cuy(KOAC)4(fnz),] mednaté i6ny premostené Styrmi kar-
boxyldtovymi i6nmi a fenazén ako jednofunkény O-dono-
rovy ligand koordinuje v axidlnych polohich komplexne;j
molekuly. Testované zli€eniny boli zvieratdm aplikované
ako suspenzie intraperitonedlne v davke 50 pmol.kgl.
Zmeny objemu opuchu labky potkanov sa urtovali ple-
tyzmometricky. Uginok testovanych komplexov /-/// sa
porovnaval s vychodiskovymi akva-komplexami Ia—Illa
a so zvolenym S$tandardom - tetrahydratom salicylanu
mednatého (I/Va) - obr. 2.

Z vysledkov zistenej protizdpalovej aktivity vyplyva, Ze
vSetky Studované fenazon-(krezoxyacetiato)mednaté kom-
plexy vyraznejSie tlmia modelovu zdpalovu reakciu v po-
rovnani s akvakomplexami a priradenym $tandardom.
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Obr. 2. Casovy priecbeh zmien objemu edému (AV,%)
v porovnani s kontrolnou skupinou (4 =0%). Komplexy:
Ia - Cu(0-KOAc)2 . 2 H20, Ila - Cu(m-KOAc)2 . 2 H20, lla-
Cu(p-KOAC)2.3H20 a [Va - [Cu(Sal)2(H20)2].2H20



M. Blahova", J. Sokolik?, I. Tumov4P, I. Orosova?®
and P. SvecP ("Department of Chemical Theory of Drugs,
bDepartment of Pharmacology and Toxicology, Faculty of
Pharmacy, Comenius University, Bratislava, Slovak Re-
public): Antiphlogistic Activity of (Phenazone)(cresoxy-
acetato)copper(IT) Complexes

Binuclear copper(II) complexes with phenazone (phz)
having a general formula [Cu,(ROCH,COO),(phz),] (R =
o0-, m- and p-methylphenyl) were assayed in carrageenan rat
paw edema. Their activities (mean edema reduction 73-87 %)
were higher than those of the aquacomplexes (43-71 %)
and copper(Il) salicylate tetrahydrate (58 %). The highest
effect among phenazone complexes exhibited o-cresoxy-
acetate derivative.
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4-Nitrosubstituované heterocyklické N-oxidy patria medzi
zndme chemické mutagény!. KedZe zligeniny tohto typu
sa mozu zddastiiovat na tvorbe komplexov ako O-donorové
molekulové ligandy, bolo zaujimavé hodnotif vplyv kom-
plexdcie vybranych mutagénov - 4-nitrochinolin-N-oxidu
(IL) a 2-metyl-4-nitropyridin-N-oxidu (2L) - po ich kom-
plexacii v dvojjadrovych 2-chlérfenoxyacetitomednatych
komplexoch zloZenia [Cuy(RCOO),(N-o0xid),] (oznatenych
podl'a pouzitych N-oxidov /K a 2K) na mieru ich povod-
ného biologického ucinku. Zhiceniny boli hodnotené na
kmenoch Salmonella typhimurium TA97, TA100 a TA102
rutinnou Amesovou metodou in vitro’. Vlastné porovna-
vanie mutagénneho ucinku sa robilo kvantitativnymi tes-
tami bez metabolickej aktivdcie. Ako pozitivna kontrola
bola pouzitd kyselina 3-(2-nitro-2-furyl)propénova (3). Za
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kritérium mutagenity bol zvoleny dvojndsobok vyskytu
revertantov v porovnani s kontrolou. Z vysledkov testov
a usporiadania pokusov (tabulka I) vyplyva, Ze genoto-
xicky ucinok volnych N-oxidov (/L a 2L) sa znizil ich
ucastou na tvorbe koordina¢nej Castice. Postupné uvol-
fiovanie molekul N-oxidu pri rozpade komplexu v prostred{
DMSO (pouzité rozpustadlo) spésobuje retenciu mutagén-
nej aktivity. Tento fenomén suvisi s vytvorenim koordi-
nacnej vazby N-oxid - centrdlny atom, a preto vyberom
vhodného centrdlneho atému a acidoliganda bude mozné
ziskat komplexnu Casticu vhodnej stability.

Tabulka I

Mutagénna aktivita testovanych zli¢enin - priemernd hod-
nota absolitnych frekvencii revertantov (smerodajna od-
chylka)

Zlice-  Dévka Kmene Salmonella typhimurium
nina
(N-oxid ug/miska TA97 TA 100 TA 102
v%)
1L 0 142 (415,1) 130 (£10,8) 276 (£11,3)
0,000 170 (+20,5) 132 (#15,5) 277 (£15,3)
0,01 146 (+£15,5) 308 (+6,2) 343 (£17,7)
0,02 5142 (+8,2) 315 (47 7) 346 (49,9)
0,05 292 (+13.8) 326 (£19,2) 321(+15,2)
0,10 404 (49,3) 495 (£13,6) 796 (£13,0)
1K 0 142 (+15,1) 130 (£10,8) 276 (+11,3)
(30,4) 0,16 145 (£27,0) 161 (£23,0) 239 (£27,4)
0,25 217 (+18,9) 222 (+10,4) 257 (49,9)
0,31 326 (+15,6) 253 (£18,2) 256 (+10,9)
0,50 386 (+24,2) 231 (£21,1) 289 (+20,0)
3 10 906 (+12,6) 1016 (+ 0,9) 562 (£9,1)
2L 0 118 (415,8) 155 (#45,8) 302 (£53,5)
2,5 124 (#11,2) 244 (£53,9) 292 (£65,0)
5,0 252 (+12,4) 400 (+11,6) 371 (+23,5)
10 395 (£149,7) 570 (£53,5) 418 (+37,0)
2K 0 118 (+15,8) 155 (+45,8) 302 (£53,5)
(26,2) 5,0 113 (£13,2) 139 (£38,6) 240 (£31,6)
15 135 (4#10,5) 168 (492,3) 311 (£23,7)
20 154 (+65,1) 249 (£50,0) 323 (£32,4)
25 165 (£56,3) 262 (£36,5) 369 (x111,2)
50 298 (+54,3) 475 (#61,8) 758 (£93,7)
3 10 810 (+134,9) 915 (+54,7) 1132(£155,0)
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kotechnologickd, Technickd 5, 166 28 Praha 6 pouZiti je dano predevsim tim, Ze jsou dostate¢né bioinertni

1. Uvod

O vytvoreni dobré ndhrady lidské krve cilevédomé usi-
luje vice nez tfi desetileti urcitd ¢dst vyzkumu v organické,
bioorganické a biomedicinské oblasti. Vyzkum nahrad je

a mimofadné dobfe rozpoustéji plyny; fyzikalni omezujici
podminkou je uréity bod varu. Praktické hledisko vyzaduje,

aby predmétné latky byly co nejlevnéji pripravitelné za-

vedenymi postupy a ziskatelné v pozadované vysoké Cis-
toté. A zejména posledni pozadavek zplisobil, Ze z velkého
poctu sloucenin, které jinak vyhovuji pfedchozim poza-
davkim, se do preklinickych a klinickych zkousek po-

veden ve dvou uplné odliSnych smérech: Prvni se v podstaté stupné dostal jen maly pocet sloucenin:

zabyva vodnymi ,,roztoky" hemoglobinu a jemu blizkych

K substancim prvni generace patii perfluordekalin (1,

sloucenin, druhy smér je zaméfen na zcela umélou ndhradu, (FDC) a to jak ve smési konfigura¢nich isomert, tak jako

v niz jsou pfenaseCem kysliku perfluorované slouceniny.

Pavodni ucel umélé nahrady, tj. ptenaseni kysliku a zpétny
transport oxidu uhlic¢itého, byl postupné rozsifovan o fadu

dal 8ich biomedicinskych aplikaci.

jednotlivé stereoisomery), perfluortripropylamin (2, FTPA)

a perfluortributylamin (3, FTBA). Mezi substancemi prv-
ni generace byly zkouSeny latky FC-75 (jako smés) a Ca-

roxin F (P12F), které se neosvéd¢ily podobné jako fada

B £, CFs F;‘C\C
£ NG Ner g e
2 1 ! 2 (|;F2 cm\cr 3
o C .CF; "2
B 5 o g R % R
Fz Fs CF; CF; CF; CF3 Fac\ /C'%\ A, A S
1 ) CF CF; CF;  CF;
F-dekalin (FDC} F-tripropylamin (FTPA) F-tributylamin (FTBA)
GFs F, F2 F2 F2
C /C—C\ C——'C\
cm// \CFZ ¢ N—CF  FC—CF,
|eF: | A
Fo:C F G 4
Fo 5 F-[N~(4-methylcyklohexylpiperidin]
F-1-methyladamantan (FMA) (Ftorosan)
CF; CF FiC CF CF, CF, Br
H 7 /78 TN R R R
FiC CF» C=C CF, CF» CF» CF; CF, CF,
"N % M ‘ :
CF2 CF2 6 7

bis-1,2~(F-butyl)ethylen (F-44E)

G}\ (a\
o7 TCE, o}

FC-75 jako smés

CaFy
Schéma 1

F-oktylbromid (PFOB), Perflubron

GFs
F-C=0—(C;F )~ CF,CFs

CF,
Caroxin F (P12F)
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Tabulka I
SloZeni krevnich nz’thradI

Fluosol-DA 20 % Oxygent

Slozka Obsah Funkce
(g/100 ml)

F-dekalin 14,0 pienasec kysliku Perflubron (60 g na 100 ml)
F-tripropylamin 6,0 a CO2
Pluronic F-68 247, emulgatory lecithiny
Fosfolipidy Zzloutku 0,4
Oleat draselny 0,03
Glycerol 0,8 kryoprotektor
NaCl 0,6 vyrovnani iontové
KC1 0,034 sily, pH a
MgClo 0,02 osmotického tlaku
CaCl2 0,028
NaHCO3 0,21
Dextrosa 0,18
pH 7,4

Sterilace: < 115 °C;

uchovavani: emulse ve zmrzlém stavu;

pied aplikacije tieba smichat 3 slozkové kapaliny
(rozmrazit emulsi +2 roztoky)

dalsich perfluorovanych latek, napf. typu perﬂyor(poly—
ether(l), etherd, bicyklickych slouéenin a dalSich ™' .

Urcitou mezigeneraci tvoii perfluor-N-(4-methylcyklo-
hexyl)piperidin (4) a perfluor-1-methyladamantan (5),
které maji vlastnosti blizké substancim 1-3. zaruci.

Druhou generaci (a zatim posledni) tvori latky, které jiz
nejsou plné fluorované: di-, resp. bis-perfluoralkylethyle-
ny, mezi nimi (E)-1,2-bis-(perfluorbutyl)ethylen (6, F-44E),
a ,perfluoroktylbromid” (7, PFOB, Perflubron).

nosti

3. Emulse perflugrgvanych latek

— tzv. bild krev

Fluorované substance 1-7 jsou nerozpustné ve vode,
v tucich a olejich. Tato na prvni pohled nepfizniva vlastnost
je ve skutecnosti velmi pfiznivym faktorem, protoze brani
priniku fluorovanych substanci do tkdni a organd mimo
krevni feCisté.

Je zcela evidentni, ze uméla krev musi mit fyzikalni
a fyziologické vlastnosti blizké normalni krvi (s urCitym
obsahem heterogennich Castic) a nemiiZe sestdvat pouze
z fluorované substance bez dostatecného mnozstvi vodni

Sterilace: standardni, 121 °C;

uchovavani: pokojova teplota;

stabilita emulse: min. 1 rok, vzdy

pripravena k pouziti
faze. Fluorované substance je proto nutno prevést do sta-
bilni emulse o uréité velikosti ¢astic (0,1-0,3 pm), které
nevyvolaji imunologickou reakci. A zde je jadro jednoho
z hlavnich problémi - emulgétor, jenz pozadované vlast-
Kupodivu, jemnou byl schopen do
pfijatelné miry zajistit ordinérni blokovy kopolymer poly-
(ethylenoxid-propylenoxid) oznaceny Pluronic® F-68 uplat-
nény v prvni ,uznané" krevni nahradé Fluosol-DA 20 %
(Green Cross Corp.)’. Uméld krev obsahuje rizné soli
v mnozstvi blizkém krevnimu slozeni a dalsi slozky (tab. I).

tuto funkci

V posledni dobé jsou ndhrady zalozeny na Perflubronu,
ktery je m,j. radiokontrastni.

Vytvofenim ,,ziedéné emulse" se nékolikandsobné snizi
rozpustnost kysliku proti 100 % substanci (tab. II) a v pfi-
padé ndhrady Fluosol-DA 20 % klesne témér tfikrat pod
rozpustnost kysliku v krvi. Z toho divodu je potieba apli-
kovat umélou krev pfi parcidlnim tlaku kysliku alespon

0,5 bar. Tato mirnd komplikace je bez potizi zajiSténa v re-

suscitacnich situacich, kdy se uméla krev jako takova vy
uziva. Uméla krev Oxygent je zalozena na PFOB (7) ob-
sazeném ve VEt§i koncentraci a z toho didvodu je v ni
rozpustnost kysliku podstatné vysSi, dokonce jiz srovna-
telnd s krvi (tab. IT).
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Tabulka II

Rozpustnosti pl_ynfl (% obj., 37 °C, 1 bar) a polocas retence
v organismu V& (resp. exkrece z organismu) pro substance
1-7

COzh Retence B.v. M.h.

Substance 02*
72 [den] [°C]

Voda, plasma 2,3 65

Krev 20 70
1 FDC 42,3 130 7 142 452
2 FTPA 41,3 166 65 130 521
3 FTBA 40,3 142 > 500 176 671
4 Ftorosan 60 595
5 FMA 472
6 F-44E 50,1 247 454
7  Perflubron (PFOB) 50 247 141 499

Fluosol-DA20 % 7,1 70

Oxygent 17
Acit. ], hcit

4. Aplikace bilé krve a emulsi
perfluorovanych pfendSecu kysliku 12:5-7

vvvvv

jejich aplikaci napf. v terapii rtznych chorob a ndhlych
piihod; pro né€které medicinské aplikace postaCuji ,,mirné
upravené” emulse perfluorovanych litek. Aktualizovany
piehled shrnuje nasledujici aplikace:

Ume¢la krev jako resuscitacni kapalina (doplnéni ztraty,
vymeéna krve pii otravich CO, ndhrada krve pii ope-
racich).

Predoperacni zfedéni krve pacienta.

Perfuse ischemickych tkani (srde¢nich, mozkovych)
a prevence infarktu.

Podpiirnd 1é¢ba rakoviny: radioterapie (hyperoxygen-
ace tumoru pied radiaci), chemoterapie.

Respiracni 1écba (zlepseni funkce alveol, kesonova ne-
moc).

Kontrastni ¢inidla (Perflubron) v diagnostice (rentgen,
NMR, ultrazvuk).

Léceni krevnich nemoci (nap¥. srpkovitost erythrocyti,
mozkova malarie).

O¢ni chirurgie.
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Uchovévani orgdnli pro transplantace (ledviny, jitra,
srdce, pankreas, varlata).

Biotechnologicka kultivace tkani (zajisténi rozpustnos-
ti a difuse plynil, mezifize pro rdst bunék).

Stabilizatory emulsi a prostiedky
cileného transportu 1égivS 10

Ptes vSechny piedchozi tspéchy zistala stabilita emulsi
do jisté miry otevienou otdzkou. Nestabilita emulsi je m.j.
zpusobena velkym rozdilem povrchového napéti fluorova-
né substance a nefluorované hydrofobni ¢asti emulgatoru.
Z toho diivodu jsou vyvijeny koemulgétory (napf. tab. III),
obsahujici perfluoralkyly, které 1épe vstupuji do perfluo-
rované latky (jsou ,fluorofilni"). Ptehledné prace’-’ uva-
dé&ji pomérné velky pocet potencidlné biokompatibilnich
perfluoralkylovanychtensidt. Na druhé strané jen pro maly
pocet z nich je uvadéna zakladni charakteristika biokom-
patibility pro intravenosni aplikace, a to hemolytickd ak-
tivita (napf. latky A-E, tab. I11).

Tabulka III
Hlavni typy pfipravenych koemulgdtord
Rp-CH=CH-CH2- 1 -xylitol
Rp-CH=CH-CH2-6-galaktosa
RF-(CH2)2-1-maltosid
2,3-[RF-(CH2)n]-glycerofosfocholin
Rp-CH20(C2H40)3Me

R = CgF 13, CgF13

WMo Ow P

Nekteré biotensidy obsahujici dva a vice perfluoralkyld
(napt. D), tvoii snadno vesikuly a liposomy, které mohou
byt vyuzity k cilenému intravenosnimu transportu 1é&iv'™"".
Vyzkumy latek tohoto typu patii k modernimu sméru ve
vyzkumu fluorovanych biotensidui.

Vyse uvedené tensidy jsou cCasto vysledkem nesnad-
nych vicestupniovych syntéz. Na VSCHT v Praze byl za-
hajen vyzkum novych typil biotensid'* dosaZitelnych jed-
nodussimi a selektivnéj§imi metodami (schéma 2, latky
F-H). Hlavnim stupném syntéz je reakce chranénych po-
lyhydroxylatek s perfluoralkylepoxidy, jejichz vysoce se-
lektivni pfiprava byla neddvno vy}t)racovéna]sv16 v koope-
raci s Universitou Montpellier.

Vyzkum v oblasti biotensidii zdaleka neni ukondcen.
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Schéma 2

Oteviené pole zistdva ve struktuie hydrofilni ¢4sti, kterd,
s ohledem na nové poznatky, miZe plnit vice funkci, nez
jen zaji§fovat hydrofilitu tensidu.
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O. Paleta (Department of Organic Chemistry, Prague

Insitute of Chemical Technology, Prague): Artificial
Blood Components

Composition of artificial blood, its physical properties

and methods of stabilization are reviewed. Applications of
artificial blood and its perspectives in medicine are pre-
sented.

2.02

SYNTEZA 2-HOMOBRENDANOLOV

CAMILLE GANTER? KERSTIN
GASSLER® a MIROSLAV KRiZ"

“Laboratorium fiirOrganische Chemie der Eid-
genossischen Technischen Hochschule, Univer-
sitdtstrasse 16, CH-8092 Ziirich, Schweiz,

H?Synkola, Miynskd dolina, Aredl PrivF UK, Pa-
vilon CH-2, 842 15Bratislava, Slovenskd repub-
lika

Tricyklické alkoholy typu homobrendanolov, homo-

brexanolov a protoadamantanolov su vychodiskové latky
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pre Studium mechanizmu 1,2-C preSmykov na polycyk-
lickych skeletoch. V praci sa popisuje syntéza 2-homobren-
danolov pomocou totédlnej syntézy tricyklického skeletu
z vychodiskového cyklopentadiénul (schéma 1), alebo
modifikaciou uZz pripravenej tricyklickej zliceniny (sché-

L] —
WA

COOEt COOEt
25%

66%

54

Lindiar kat

R,
|

IcCl

ma 2). V nasom pripade sme vyuzili pre uvedenu syntézu
protoadamantén, ktory broméciou poskytne 6-brém de-
rivat. Hydrolyzou s HC1 v DMF ziskany hydroxy derivét
sa podrobi reakcii s octanom olovi¢itym a naslednou cykli-
zéciou prislu§nych hypojodidov sa ziska odpovedajuci ke-
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Schéma 1
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ton, ktory slizi ako vychodiskova litka pre syntézu 2-
a 3-substituovanych homobrendanolov.
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C. Ganter?, K. Gissler? and M. Kriz" ("Department
of Organic Chemistry, Swiss Federal Institute of Technol-
0gy, Zurich, Switzerland, "Synkola, Bratislava, Slovak Re-
public): Synthesis of 2-Homobrendanoles

Synthesis of 2-homobrendanoles was presented. Alco-
holes prepared were used for the study of rearrangement of
tricyclic skeleton.
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2.03 FURO[2’,3’:4,5]PYRROLOJ[1,2-d][1,2,4] TRI-

AZOLO[3,4-f] [1,2,4]TRIAZINES

ALZBETA KRUTOSIKOVA?,
MILOSLAVA DANDAROVA?
and ANTONIN LYCKA"

“Departmentof Organic Chemistry, Faculty of
Chemical Technology, Slovak Technical Uni-
versity, 81237 Bratislava, Slovak Republic, "Re-
search Institute for Organic Syntheses, 532 18
Pardubice-Rybitvi

Alarge number of 1,2,4-trazinesthat are fused with one
or more heterocycles are well known and a great number of
reports have been directed to the synthesis of the condensed

1,2,4-triazines having potentially biological properties!-2
We have been interested’ in chemistry of the [1,2,4]tria-
zine ring system fused with furo[3,2-b]pyrrole on [d] and
1,2,4-triazole ring on [f] bonds for severa years. The pre-
sent paper describes synthesis of 5-R-8-hydrazinofu-
ro[2°,3’:4,5]pyrrolo[ 1,2-d][1,2,4]triazines (3) (Scheme 1)
as starting compounds for the title compounds.



"NH
R"C(O(le-ljjl

o DMF

R=H,CH, iR'=H, CH, ,C,H R*=H, CH s+ CH,

Scheme 1

The broad utility of heterocyclic hydrazines as starting
materials for preparation of several fused systems con-
taining triazole and tetrazole nuclei has received increasing
attention’. The hydrazone tautomeric form of 3 enables the
fusion of [1,2,4]triazole ring by the reaction with triethyl
orthoformate, triethyl orthoacetate or triethyl orthopropio-
nate giving compounds 4. Dimethylformamide was found
to be a good solvent for this reaction.

The structure of the studied compounds has been con-
firmed by 'Hand '>CNMR spectra. H,C-COSYwas used
for the carbon signals assignments. Protons of furopyrrole
grouping H-3 in compounds 1-4, has a little lower chemical
shift values with 2-methyl substitution (compounds indi-
cated b) than those unsubstituted (a) due to methyl electron
donating character. In the I3CNMR spectra the marked
upfield shift of the furan carbon C-3 (compounds 1-3) and
C-8 (compounds 4) due to the effect of CH; group was
observed. The replacement of oxygen in 1a, 1b by sulfur in
substances 2a and 2b results in downfield shift of furopyr-
role H-3, H-9 and N-H proton signals.

In order to confirm the preferred tautomeric form of
compounds 3 ' SNNMR spectra of two selected compounds
have been measured (Table I) and the '’NNMR data have
been compared with those in phenylhydrazine®. Itis evident
that the chemical shifts and coupling constant values (Table 1)
differ from those of phenylhydrazine® and on this fact we
can state that hydrazono form (A) (Scheme 1) is preferred.

N N
Y NH Y nu
N P S N
S NNH
/ B e
R 0
2a,2b 3 (A)
RC(OC JHL),
DM/ 1
R! N
NS
N |
{ / NHNH
R
9 3 (B)
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Table 1
SN'NMR data (8 [ppm], J('°N,H) [Hz]) of compounds 3
in (CD3)2S0

Compound” N-4 N-6 N-7 N-10 N-11
3a

R=H -208.8 -79.9 -2574 -84.9 -318.1

R' = CsH;s @2.1)° (99.3)%4 (73.5)°
3c

R=CHs -207.2 -72.0 -257.1 -79.0 -3153

R'=H 7.6°  @annd 99.5)%4 (72.3)°

*Phenylhydrazine (neat): -313.8 (NH2); -288.6, V=88
(NH); in (CD3)2S0: -314.4 (NH2); -288.3 (NH), °%7, ©17,
437 for 3a: 3.7, for 3c: 3.8

REFERENCES

I. El Ashry E. S. H., Rashed N., Taha M., Ramadan E.:
Adv. Heterocycl. Chem. 59, 39 (1994).

2. El Ashry E. S. H., Rashed N., Mousaad A., Ramadan
E.: Adv. Heterocycl. Chem. 61, 207 (1994).

3. Grant No. 95/5195/202, VEGA, Grant Agency of
Chemical Sciences, Slovak Republic.

4.  KrutoSikova A., Dandarova M., Bobosik V.: Collect.



Czech. Chem. Commun. 59, 473 (1995) and refe-
rences in.

5. Abdel-Latif F. F., Shaker R. M., Mahgoub S. A., Badr
M. Z. A.: J. Heterocycl. Chem. 26, 769 (1989).

6. Yavaril., RobertsI. D.: J. Am. Chem. Soc. 100, 4662
(1978).

A. Krutosikova?, M. Danddrova? and A. LyckaP
("Department of Organic Chemistry, Faculty of Chemi-
cal Technology, Slovak Technical University, Bratisla-
va, Slovak Republic, "Research Institute for Organic Syn-
theses, Pardubice-Rybitvi): Furo[2',3':4,5]Pyrrolo][l,2-
d][1,2,4] Triazolo[3,4-f] [1,2,4] Triazines

Synthesis of 5-R-8-hydrazinofuro[2’,3’:4,5]pyrrolo[ 1,2-d]
[1,2,4]triazines as starting compounds for the title com-
pounds is described.

2.04 SYNTHESIS OF FUROI|2,3-b:4,5-b’]DI-
PYRROLES

ROBERT SLEZIAK, ALZBETA
KRUTOSIKOVA
and SLAVKA BALAZIOVA

Department of Organic Chemistry, Faculty of
Chemical Technology, Slovak Technical Uni-
versity, 8§12 37 Bratislava, Slovak Republic

The preparation of substituted furo[2,3-b]pyrroleswere
studied" 2 and the correlation of 13C and '"Nchemical shifts
with data of the calculated (AM1) net atomic charges was
discussed. In continuation of our previous efforts towards
the preparation of condensed O-, N-heterocycles®* we here
report efficient syntheses of some representatives of the
title ring system (Scheme 1).

Methyl 2-formyl-6-methylfuro[2,3-b]pyrrole-5-carbo-
xylate (4a) preparation was described in ref. 2. This com-
pound can be obtained by the direct methylation in sizu
prepared asodium salt of 2 in DMF, but thismethod isless
effective than that reffered in ref. 2.
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H
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Reaction of 4a with methyl azido acetate in the presen-
ce of sodium methoxide was found to proceed smoothly
to give 5a, the thermolysis of which was caried out in boil-
ing toluene and lent to dimethyl 1H-5-methylfuro[2,3-
b:4,5-b’|dipyrrole-2,6-dicarboxylate (6a). Analogously 6b
and 6¢ were prepared starting from 5b and 5c. This reaction
was relatively rapid and afforded the products in good yield.
Our attempts to dimethyl 1H-5H-furo[2,3-b:4,5-b]dipyr-
role-2,6-dicarboxylate by removing methoxymethyl pro-
tecting group from 6¢ have been unsuccessful until now.
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R. Sleziak, A. KrutoSikova and S. BaldZiova (Depart-
ment of Organic Chemistry, Faculty of Chemical Techno-
logy, Slovak Technical University, Bratislava, Slovak Re-
public): Synthesis of Furo[2,3-b:4,5-b’]dipyrroles

Efficient synthesis of some furo[2,3-b:4,5-b"]dipyrro-
les is reported.
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2.05 2-(5-PHENOXY-2-FURYLMETHYLENE)-
-1,3-DIKETONES: NEW  EFFECTIVE
SYNTHON FOR 4-ALKYLIDENEBUTE-

NOLIDES PREPARATION'

STEFAN MARCHALIN?, MILOSLAV
CHUDIK?, FRANTISEK POVAZANEC?
and MIROSLAV KRIiZ"

“Department of Organic Chemistry, Slovak
Technical University, Radlinského 9, 812 37
Bratisiava, "Synkola, Mlynskd Dolina, CH-2,
842 15 Bratidava, Slovak Republic

The substituted 2-alkoxy or 2-aryloxyfurans are easily
hydrolyzed in the acid environment to butenolides. This
reaction has been also successfully used in the synthesis of
natural substances, e.g. digitoxigenine®. This work descri-
bes a simple synthetic approach to the new class of 4-alkyl-
idenebutenolides, using 2-(5-phenoxy-2-furylmethylene)-
1,3-diketones 1 as a synthon. 4-Alkylidenebutenolides re-
present a class of very interesting compounds, comprising
many natural products of wide-spread biological activity.

Under moderate conditions 1,3-diketone 1a underwent
an acid hydrolysis to form Z-4-ylidenebutenolid 2. The
product exists only in the form of an enol tautomer®. It has
been found out, that when butenolide 2 was treated with
methanolic hydrogen chloride the yellow crystalline com-
pound 3a (R=CH3) was obtained in 86 % yield. The struc-
ture of 4Z,6 E-7-methoxy-2,4,6-octatriene-4-olide was con-
firmed by elemental analysis and spectral methods®. By an
analogous method alkoxybutenolides 3b (R = C,H5) and
3c (R = C3H5) in good yields were obtained from 2. GLC-
monitoring confirmed that under the reaction conditions
one oOf acetyl groups in butenolide 2 enol form cleaved off
in the form of an dkyl acetate.

In contrast to the hydrolytic behaviour of Ia, the non-
symmetrical diketone 1b lost, when hydrolyzed, the acetyl
group to give 4-ylidinebutenolide 4. Compound 4 in turn

8
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underwent further reaction with methanolic hydrogen chlo-
ride to give E-2-propenoic acid methyl ester 5 in 73 %
yield. Thus the overall reaction constitutes a new rearrange-
ment of furan ring in acid medium.
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4. mp. 1357 °C; "HNMR (300 MHz, C*HCl3): 5 2.04
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S. Marchalin®, M. Chudik?, F. Povazanec? and M.
KrizP("Department of Organic Chemistry, Slovak Techni-
cal University, Bratislava, "Synkola, Bratislava, Slovak
Republic): 2-(5-Phenoxy-2-furyImethylene)-1,3-diketo-
nes: New Effective Synthon for 4-Alkylidenebuteno-
lides Preparation

Acid hydrolysis of 2-(5-phenoxy-2-furylmethylene)-
1,3-diketones gives 4-alkylidenebutenolides. The latter gi-
ve, when treated with the methanolic hydrogen chloride,
different products.
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2.06 SYNTHESIS OF NEW HETEROCYCLIC
AMIDINES

MARIA BENCKOVA? ALZBETA
KRUTOSIKOVA?, ROBERT SLEZIAK?
and CHRISTOPHER A. RAMSDEN"

“ Department of Organic Chemistry, Faculty of
Chemical Technology, Slovak Technical Uni-
versity, 812 37 Bratislava, Slovak Republic,
'”Department of Chemistry, Keele University,
Keele, Staffordshire ST5 5BG, United Kingdom

Amidines' are useful starting materials with a wide
utilization in organic synthesis. For the amidine preparation
there are many different methods. We concentrated our
interestin utilization of 5-aryl-2-furancarbonitriles because
their synthesis is very good mastered in our laboratory’ via
one pot synthesis of the appropriate 5-aryl-2-furancarbal-
dehyde with hydroxyl amine hydrochloride in the presence
of acetic anhydride in pyridine in very good yields.

Heterocyclic amidines (1) were available from corre-
sponding carbonitriles by reaction with aniline in the pre-
sence of aluminium chloride in dichloromethane at room
temperature. The amidine-aluminium chloride complex
was treated with the warm water and alkalized. The ob-
tained amidines in 68-75% yields were crystallized or pu-
rified by column chromatography.

Treatment of amidines 1a—1fwith (diacetoxyiodo)ben-
zene (DAIB) at 60 °C in toluene’ gave after purification by
column chromatography N-acetyl-N-(5-aryl-2-furyl)-N'-phe-
nylureas (2a-2f). When the N-acetylureas 2a—2f were hea-
ted at 110 °C in toluene in the presence of 1 equiv. of aniline

\
B
0

+ (PhNH); CO
NHCOMe

Ar: a= CgHs, b=4-ClCgH4, c =4-NO2CsHs, d = 4-CH3CgH4, e = 4-CH30CsHz4, f = 4-BrCgHy
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Reagents: i, DAIB, toluene, 60 “C; ii, PhNH>, toluene, 110 °C.
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N-(5-aryl-2-furyl)acetamides (3a-3f) were obtained toge-
ther with N,N'-diphenylurea.

Starting from 2-benzo[b]furancarbaldehyde* and me-
thyl 2-formyl-4-methylfuro-[3,2-b]pyrrole-5-carboxylate’
via corresponding carbonitriles compounds 1g and 1h were
prepared by the same procedure as amidines 1.

Reaction of amidines lg and lh with DAIB and the
further reaction with aniline are under investigation.
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M. Benckova?, A. Krutosikova?, R. Sleziak? and
Ch. A. Ramsden® (“Department of Organic Chemistry,
Faculty of Chemical Technology, Slovak Technical Univer-
sity, Bratislava, Slovak Republic, Department of Chemi-
stry, Keele University, Keele, Staffordshire, United King-
dom): Synthesis of New Heterocyclic Amidines

Synthesis of several amidines from 5-aryl-2-furancar-
bonitriles is described.

SYNTHESIS OF NITROGEN HETERO-
CYCLES VI4 ALLENIC SYNTHON

2.07

MILAN POTACEK and RADEK MAREK
Department of Organic Chemistry, Masaryk
University, Kotldiskd 2, 611 37 Brno

Allenic synthon was shown to be very effective synthon
for application in the synthesis of new nitrogen heterocyclic
compounds. We would like to present some examples of its
behaviour in ring closure reactions.

Thus, having a hydrazone (1) derived from a homoalle-
nyl aldehyde it undergoes under heating in the presence of
oxygen a ring closure' under formation of unexpected
5-substituted-5-hydroxy-4,5-dihydro-3(2H)-pyridazinone (3).
Later in an inert atmosphere we succeeded to isolate unoxi-
dized pyridazine (2) as a natural intermediate’ of compound
3 formation (Scheme 1).
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Homoallenyl aldehydes can easily form corresponding
azines (4). They under reflux in toluene underwent completely
new transformation’ to tetracyclic structure 5 (Scheme 2).

Structure 5 with four five membered rings is sensitive
to acidic medium and can be in the same time reduced and
rearranged in the presence of reduction agent NaBH,CN to
a new heterocyclic structure with two six and two five
membered rings (6) (Scheme 3).
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M. Poticek and R. Marek (Department of Organic
Chemistry, Masaryk University, Brno):Synthesisof Nitro-
gen Heterocycles via Allenic Synthon

Application of allenic synthon in some unexpected cy-
clization reactions leading to heterocyclic compounds has
been shown.

2.08 SYNTETICKE VYUZITIE 1,5-BIS(DIME-
TYLAMINO)-1,4-PENTADIEN-3-ONU NA
PRIPRAVU SUBSTITUOVANYCH PYRI-
DINOV A PYRAZOLOV'

MARIA JAKUBCOVA a DANIEL VEGH

Katedra organickej chémie, Slovenskd technic-
kd univerzita, Radlinského 9, 812 37 Bratislava,
Slovenskd republika

Zluceniny v Struktirach ktorych sa nachddza dienami-
nokarbonylovd™ [A] alebo dienaminonitrilovd* [B] sku-
pina sti dolezitymi vychodiskovymi produktami pre syn-
tézu heterocyklov.

Klu¢ovymi produktami pre pripravu dolezitych an-
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xiolitik* s 2-halogénpyridiny, ktoré mozu byt T'ahko pri-
pravené z 5-(N,N-dimetylamino)-pentadiénnitrilov /B]/.

V predlozenej praci sme vyuzili I'ahko dostupny 1,5-
bis(dimetylamino)-1,4-pentadien-3-on (/), ziskany podla
Taylora z aceténdikarboxylovej kyseliny a dimetylform-
amid dimetylacetilu (DMFADA) vo vysokom vytazku ako
prekurzor pre horeuvedené ciele.

Kondenziciou / so zli¢eninami s aktivnou metyléno-
vou skupinou v abs. metanole za Katalyzy etyléndiamin-
diacetatu (EDDA) alebo aj za pouZitia ultrazvuku sa ziskaju
dienaminy (//a-d) v dobrom vytaZku. Sledovala sa cy-
kliz4cia //a-d v kyseline octovej v pritomnosti HC1, HBr,
Ph;P.HBr alebo Py HCl.

Pre analogické ciele sa sledovala aj reakcia 1,5-bis(di-
metylamino)-1,4-pentadien 3-onu (/) s derivatmi hydrazinu
za vzniku pyrazolovych derivitov /V a-c (schéma).
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M. Jakubcova and D. Végh {Department of Organic
Chemistry, Slovak Technical University, Bratislava, Slovak
Republic): Utilisation of 1,5-Bis-(dimethylamino)-1,4-

Pentadien-3-one for Preparation of Substituted Pyri-
dines and Pyrazoles

2-Halogenpyridines were prepared by a condensation
of 1,5-bis(dimethyl-amino)-1,4-pentadien-3-one (I) with
an active methylene group, followed by cyclisation in vari-
ous conditions. Similarly, pyrazoles were prepared by re-
action of pentadienone / with hydrazines.

NOVE REAGENCIE A REAKCIE V CHE-
MII AKRIDINOV'

2.09

PAVOL KRISTIAN, JURAJ BERNAT,
JAN IMRICH, SLAVKA HOCOVA,
IGOR CHOMCA a TATIANA BUSOVA

Katedra organickej chémie, Univerzita P.J. Sa-
fdrika, 041 67 Kosice, Slovenskd republika

Biologicky atraktivny akridinovy skelet a jeho fluores-
cencné vlastnosti su neustéle stredobodom pozornosti mno-
hych chemikov. Zatial' ¢o fluorescen¢né vlastnosti sa vy-
uZivaju hlavne v bioanalytickych metddach?, vysokd an-
timikrobidlna a cytostatickd uéinnost je pripisovand jeho
vyraznému interkalaénému efektu’. Uvedené vlastnosti ak-
ridinov nés viedli k vypracovaniu novych syntéz biolo-
gicky zaujimavych 9-akridinylovych zli€enin. Dva nové
syntény sme pouZili ako vychodiskové latky pre ich pri-
pravu: natrium-O-metyl-(9-akridinyl)iminotiokarbonat 1
a 9-akridinylditiokarbamat 2.
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Reakciou 1 s alylbromidom sme ziskali O-metyl-S-
alyl-N(9-acridinyl)iminotiokarbondty, ktoré podliehali v pri-
tomnosti katalyzdtora PACl,(CH;CN), v xylene S — N sig-
matropnému pre$Smyku za vzniku N-alylsubstituovanych
derivatov 3. Tato metoda poskytuje jedinti moznost' ziskat'
N-alylové derivaty O-metylesterov N-(9-akridinyl)tiokar-
bamovych kyselin 3. Dve odli§né reakcie prebiehajui reak-
ciou 1 s bromacetylbromidom a brémmetylacetitom. V pr-
vom pripade vznikali 1,3-tiazolidin-2,4-diény 4, zadal' ¢o
v druhom pripade spiro[dihydroakridin 9(10H),4’-tiazoli-
ny| 5. Pre pripravu syntonu 2 sme vypracovali jednoduchti
metodu s vyuzitim nového reakéného Cinidla 4-azabicyc-
klo[2.2.2]-oktdn-1-azonium hydrosulfidu [DABCOH]*SH-,
ktory reaguje s 9-izotiokyandtoakridinom za vzniku Zia-
daného produktu 2. Syntén 2 mozno previest obdobne ako
syntén 1 sledom reakcii (metoxykarbonylmetyldcia, né-
slednd S-metyldcia a cyklizdcia) na analogické S-metyl
spirozlic¢eniny 5b. Ditiokarbamdt 2 sme vyuzili aj pre
derivatizaciu zndmych pesticidov 9-akridinylovym skele-
tom’. Reakciou 2 s amoniumsulfitom a formaldehydom
sme ziskali 3-(9'-akridinyl)-5-substituované 1,3,5-tiadi-
azin-2-tiény 6 vo vybornych vyfazkoch. Struktira zli¢enin
bola dokédzana IC, 'H, 13C NMR, MS, X-ray analyzou
a nezavislou syntézou. U syntetizovanych zlicenin pre-
bicha biologicky screening.
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P. Kristian, J. Bernat, J. Imrich, S. Hocov4, I.
Chomc¢a and T. BuSova (Department of Organic Chemi-

COzH

stry, P. J. Safdrik University, Kosice, Slovak Republic):
New Reagents and Reactions in the Chemistry of Acri-
dine

Sodium O-allyl-N-(9-acridinyl)iminothiocarbonates 1
and 4-azabicycklo[2.2.2]-oktdn-1 -azonium-N-(9-acridi-
nyl)dithiocarbamates 2 were used as new synthones for the
synthesis of 9-substituted acridine derivatives. New re-
agents and reactions allowed to synthesise a large number
of biologicaly interesting compounds.

MICHAELOVA ADICIA V SYNTEZE
a-AMINOKYSELIN. STEREOSELEKTIV-
NA SYNTEZA KYSELIN -ARYI--HY-
DROXY-0-AMINOBUTANOVYCH

2.10

DUSAN BERKES”, FRANTISEK
POVAZANEC? a NADEZDA PRONAYOVA"

“Katedra organickej chémie, PCentrdine labo-
ratorium NMR, Chemickotechnologickdfakulta
STU, Radlinského 9, 812 37 Bratislava, Sloven-
skd republika

Michaelova adicia aminov resp. inych N-nukleofilovna
derivaty o,3-nenasytenych kyselin je jednou z preferova-
nych syntetickych stratégif pripravy homochirdlnych P-ami-
nokyselin!. Zavedenim karbonylovej funkcie do B-polohy
skeletu akrylovej kyseliny sa v§ak kompletne meni régiose-
lektivita adicie a v pripade kyselin B-aroylakrylovych su
substituované o-aminokyseliny resp. ich derivéty jedinym
produktom reakcie’.

Cielom prezentovaného prispevku je vyuZitie produk-
tov Michaelovej adicie benzylaminu na 3-aroylakrylové
kyseliny na pripravu deriviatov racemického y-fenylhomo-
serinu. Stereoselektivna syntéza substituovanych y-fenyl-
homoserinov bola Studovand v suvislosti s hladanim efek-
tivnej cesty totdlnej syntézy antibiotika Nikkomycinu™:

Q. COmH
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Pouzité aroylakrylové kyseliny Ia,b boli pripravené
Friedelovou-Craftsovou reakciou prislusného aromatické-
ho uhlovodika s maleinanhydridom v pritomnosti AlCl5.
Reakciou s benzylaminom v metanole régioselektivne
vznikaju slaborozpustné a malo stabiln¢ 4-aryl-4-oxo-2-
(benzylamino)butdnové kyseliny (IIa,b). Ich redukcia
s NaBH, poskytuje zmes diastereomérnych y-hydroxy-o-
aminokyselin I11a,b, ktorych pomer zavisi od pouzitého
rozpustadla a reakénych podmienok. Najvyssia selektivita
sa dosiahla vo vodnom metanole za chladenia (80:20),
pricom prevazuje syn-izomeér. Izolovand zmes y-hydroxy-
o-aminokyselin I11a,b zahrievanim v 4N HCI konverguje
na diastereomérne butyrolaktony IVa,b s vysokym prebyt-
kom cis-lakténu (95:5) pravdepodobne cez intemedidrne
vznikajici benzylovy katién“. Analogickd ris-selektivita
bola pozorovana pri halolaktonizacii y,5-nenasytenych o
aminokyselin kde vysoky pomer cis/trans laktonov v pro-
dukte je odrazom stabiliz4cie prechodne vznikajiceho bro-
moniového ionu vol'nym elektronovym parom aminosku-
piny’. Nami pozorovana cis-selektivita tvorby lakténov
IVa,b vykazuje podobné vlastnosti, tym skér, ze y,8-ne-
nasytené o-aminokyseliny Va,b boli izolované ako hlavné
produkty reakcie pri zahrievani kyselin I11a,b v koncen-
trovanej HCI.

Prevazujuce laktény cis-IVa a cis-IVb boli izolované
vo forme svojich hydrogénchloridov krystalizdciou z eta-

nolu (vyf. 50-70 %). Alkalickou hydrolyzou poskytuju
N-benzylderivaty y-arylhomoserinu vo vysokej Cistote.
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nology, Bratislava, "CentralLaboratory of NMR, Faculty
of Chemistry and Technology, Slovak University of Tech-
nology, Bratislava, Slovak Republic):Michael Addition in
the Synthesis of a-Aminoacids. Stereoselective Synthe-
sis of y-Aryl-y-hydroxy-a-aminobutanoic Acids

Reduction of some Michael aducts of benzylamine on
the 3-aroylacrylic acids was studied. Stereoselective syn-
thesis of racemic anti-y-arylhomoserines via stereoconver-
gent lactonization / alkaline hydrolysis was estasblished.

2.11 SYNTEZA A VLASTNOSTI SUBSTITUO-
VANYCH N-(4-FENYL-2-TIAZOLYL)-2-PRO-
PENAMIDOV'

JARMILA STETINOVA, RUDOLF KADA
a ANNA PAVLOVICOVA

Katedra organickej chémie CHTF STU, Radlin-
ského 9, 812 37 Bratislava, Slovenskd republika

Vyznamné biologické vlastnosti a dostupnost prekur-
zorov motivovali nad§ vstup do chémie substituovanych
tiazolov.

V nadviznosti na nase prace z oblasti benztiazolov™™,
tento prispevok sa zaoberd syntézou a Stidiom vlastnosti
substituovanych N-(4-fenyl-2-tiazolyl)-2-propénamidov IV,
pripravenych z 2-amino-4-fenyltiazolu (1)’

CgHs H4C,
N
s §
N\
S/\\NHR N CH,
e COCH,CN
Il R=COCH,CN m
CgHg
e
/\‘NH
S
NC
IVa-h

R=H, CH3, CH30, F, CI, CN, NOy, N(CHa);

I-Kyanoacetyl-3,5-dimetylpyrazol (III), ucinné Kkya-
noacetyladné &inidlo’-’, poskytlo s aminom I vo vriacom
toluéne odpovedajuici kyanoacetamid II vo vyfazku 90 %.

3-Aryl-2-kyano-N-(4-fenyl-2-tiazolyl)-2-propénamidy
IVa-h sa ziskali vo vel'mi dobrych vyfazkoch (60-91%)
Knoevenagelovou reakciou C-H kyseliny II so 4-substi-
tuovanymi benzaldehydmi. Kondenzécia sa uskutecnila
ucinkom etanoldtu sodného v etanole, resp. octanu drasel-
ného v kyseline octovej, pri teplote varu pouzitych roz-
pustadiel.

VysSie uvedené 2-kyano-2-propénamidy vzorca IV su
aktivované nitrily, vo v§eobecnosti vhodné prekurzory syn-
tézy dalSich derivdtov, ako 2-pyridény, 1,4-dihydropy-
ridiny, 4H-pyrany a pod.

Polysubstituované 1 -(4-fenyl-2-tiazolyl)-2-pyridony
Va-g sa pripravili reakciami N-(4-fenyl-2-tiazolyl)-2-pro-
pénamidov I'Va-g s malonodinitrilom vo vriacom etanole
za Katalytického uc¢inku piperidinu (vyfazky 22-50 %).
haju ako Michaelove adicie malonodinitrilu na o,f-ne-
nasyteny systém, s naslednou cyklizaciou.

Struktiru novosyntetizovanych derivatov potvrdzuju
spektrdlne udaje i iidaje elementarnej analyzy.
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J. Stetinova, R. Kada and A. Pavlovitova (Depart-
ment of Organic Chemistry, Slovak University of Techno-
logy, Bratislava, Slovak Republic): Synthesis and Proper-
ties of Substituted N-(4-Phenyl-2-thiazolyl)-2-propen-
amides

N-(4-Phenyl-2-thiazolyl)-2-propenamides IVa-h re-
sulted in the reaction of N-(4-phenyl-2-thiazolyl)cyano-
acetamide (II) with 4-substituted benzaldehydes. Com-
pounds IVa-g were cyclized with malonodinitrile in the
presence of piperidine to the corresponding polysubstituted
1 -(4-phenyl-2-thiazolyl)-2-pyridones Va-g.

2.12 A CONVENIENT SYNTHESIS OF 1,2-DI-
ALKYLNAPHTHALENES AND THEIR

AMINONITRILE DERIVATIVES'

JANUSZ J. SEPIOL and JAROSEAW
WILAMOWSKI

Department of Organic Chemistry, Jagiellonian
University, Ingardena 3, 30-060 Krakow, Po-
land

1-Amino-2-naphthalenecarbonitrile and its alkyl de-
rivatives 3 have been applied in the synthesis of biologi-
cally active heterocyclic and carbocyclic systems” or a cer-
tain group of organic dyes3. There have been published
only few useful syntheses of 1-amino-2-naphthalenecar-
boxylic acid derivatives>45. We have employed an ap-
proach which allowed us to obtain 1-amino-3,4-dialkyl-2-
naphthalenecarbonitriles 3a-d from o-phenylalkanones
1a-d in just two simple steps. Aminonitriles 3a-c have been
elaborated into dialkyl-1-naphthalenamines 4a-c, and then
into 1,2-dialkylnaphthalenes 5a-c (Scheme 1). These hy-
drocarbons are potentially useful in research dealing with
environmental protection and as standards in petrochemical
industry. Ketones la-d were obtained through alkylation of

R2 R2 R2
21 CHz(CN);, CgHg R1 R
AcONH,, AcOH H,S0, O‘
—- P ——
6-16 h 0oC
0 65 - 80% ne e CH
1a-d 2a-d NH,
3a-c: 69 - 94%
3d: B%
R2 R2
NaOH / EtOH. H,O a1 1. NaNO,, HCI it
220 ©C. 2.5 MPa ‘c 2. H;PO, O‘
60 - 85% 42-77%
NH; 5a-c
4a-c
1-5 R1 R2
a Me | Et, n-Pr, n-Bu, n-Oct
b Et Me, Et, n-Pr, n-Bu
c n-Pr | Me, Et, n-Pr
. d Me | i-Pr

Scheme 1
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|-phenyl-2-alkanones with a variety of alkyl halogenes
under phase-transfer conditions’. Some ketones 1 con-
densed with malonodinitrile with difficulty and gave yli-
denemalonodinitriles 2 in low yields. In such cases the
yields of 2 were increased considerably, when a specially
designed condensation method was employed to promote
the Knoevenagel reaction of sterically hindered ketones 1.
Cyclization of dinitriles 2a-d afforded aminonitriles 3a-c
in good yields, with the exception of 2d, which gave 3d in
a low yield (8 %). The main, dealkylation product of this
reaction was 1-amino-3-methyl-2-naphthalenecarbonitrile.
All aminonitriles 3a-c were efficiently decyanated by hea-
ting under pressure with ethanolic sodium hydroxide solu-
tion. Obtained amines 4a-c were then converted into hydro-
carbons 5a-c under standard conditions.
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J. J. Sepiol and J. Wilamowski (Department of Or-
ganic Chemistry, Jagiellonian University, Krakow, Po-
land): A Convenient Synthesis of 1,2-Dialkylnaphthale-
nes and Their Aminonitrile Derivatives

Simple synthesis of l1-amino-3,4-dialkylnaphthalene-
carbonitriles from o-phenylalkanones was developed.
Conversion of obtained aminonitriles into 1,2-dialkylna-
phtalenes is also described.

REGIOSELEKTIVITA 1,3-DIPOLARNYCH
CYKLOADICII NITRILIMINOV S 1,2-DI-
SUBSTITUOVANYMI ALKENMI

2.13
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R : metyl, fenyl, 2-tienyl, 5-nitro-2-furyl
Schéma 1
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stituovanych pyrazolinov!. Podobne reagujii 1,1-disubsti-
tuované alkény', kde prednostne vznikd heterocyklus
s viacsubstituovanym uhlikom v polohe 5. V pripade cyk-
loadi¢nych reakcii 1,2-disubstituovanych alkénov vzni-
k4 takmer vZdy zmes regioizomérov, pricom ich pomer
je silne ovplyvneny charakterom substituentov oboch reak-
tantov'"’.

Ciel'om predkladanej prace je Stidium regioselektivity
cykloadicii niektorych nitriliminov 1 (schéma 1) s o,3-ne-
nasytenymi estermi 2. Ako dipolarofily sme pouZili metyl
resp. etyl estery kyseliny kroténovej, Skoricovej, 3-(5-ni-
tro-2-furyl)propénovej a 3-(2-tienyl)propénovej. Ako 1,3-
dipdly boli zvolené difenyl nitrilimin, C-4-nitrofenyl-N-
methyl, resp. N-fenyl nitrilimin a C-5-nitro-2-furyl-N-me-
thyl, resp. N-fenyl nitrilimin. Cykloadicné reakcie sme
uskutodiiili v usporiadani ,,one pot” a prislusny nitrilimin
bol generovany in situ z odpovedajiceho hydrazénu v pri-
tomnosti dipolarofilu 2 za mierneho refluxu v metanole
posobenim chloraminu T. Vo v8etkych pripadoch sme v re-
akénej zmesi rozborom 'H NMR zistili pritomnost regio-
izomernych pyrazolov 5 a 6 ako hlavnych produktov, spolu
s malym mnoZstvom pyrazolinovych derivitov 3 a 4. Iba
v pripade cykloadicie esterov kyseliny Skoricovej sme zi-
skali iba regioizomérne pyrazoliny 3 a 4. Tak napr. C-5-ni-
tro-2-furyl-N-methyl-nitrilimin reaguje s esterom kyseliny
Skoricovej za vzniku 3 a 4 v pomere 33 : 67. Regioselektivne
prebiehali i reakcie s esterom Kyseliny kroténovej ale s pre-
ferenciou 5-karboxyldt substituovanych derivitov pyrazolu
(71 : 29). Ostatné nitriliminy vykazuji analogickd regio-
selektivitu. Cykloadicie 3-(2-tienyl)propénovej a 3-(5-ni-
tro-2-furyl)propénovej prebiehali bez vyraznejSej regiose-
lektivity. Oba regioizoméry vznikali priblizne v pomere 1:1
(47:53).
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of 1,3-Dipolar Cycloadditions of Nitrile Imines to 1,2-
Disubstituted Alkenes

Regioselectivity of nitrile imine cycloaddition to o,3-un-
saturated esters is depended on the substituents in both re-
agents. The formation of regioisomeric pyrazoles instead of
the expected pyrazolines in some cases has been observed.

TO 236 - REAKTIVATOR CHOLINESTE-
RASY S KARBAMATOVOU FUNKCI

2.14

JIRI BIELAVSKY, JIRI CABAL,
JIRI KASSA a JIRI PATOCKA

Vojenskd lékarskd akademie J. E. Purkyné, Tre-
besskd ul., 500 01 Hradec Krdlové

Utinné reaktivatory cholinesterasy jsou v soucasné do-
bé zalozeny na kvarternisovanych nesubstituovanych 2-
nebo 4-pyridinaldoximech (napt. BI-6). V prostiedcich
s protektivnim efektem proti Géinku organofosfitii se vedle
reaktivatorti Casto uZivd pyridiniového karbamatu pyri-
dostigminu (napf. v armadé USA v Perském zalivu). Slou-
¢eni téchto slozek do jediné latky predstavuje popisovana
slou¢enina TO 236.

CONH,
e e e
HON=HC” “N% N%

[ |
CH>CH=CHCH, 2Br®

Bl-6

N
l

CHs Br°

Pyridostigmin

Syntéza vychdzi z 2-pyridinaldoximu, ktery reakci
s prebytkem [,4-dibrom-2-butenu poskytne monokvartent
meziprodukt 1. Ten dava reakci s 3-N,N-dimethylkarba-
moyloxypyridinem zadany produkt s pfevazné frans kon-
figuraci na dvojné vazbé butenového spojovaciho fetézce:



L

N” > CH=NOH

N

-

1 -(4-Brom-2-butenyl)-2-hydroxyiminomethylpyridinium bro-
mid (1): Z roztoku 2-pyridinaldoximu (12,2 g) a 1,4-di-
brom-2-butenu (42,5 g) v 400 ml acetonu se b€hem 6 dnil
stani pfi laboratorni teploté vyloucilo 11,5 g (34,2 %) Sedé
latky o b.t. 121-127 °C (rozklad). Nestaly produkt byl bez
CiSténi zpracovan na biskvarterni stil TO 236.
1-(3-N,N-Dimethylkarbamoyloxypyridinium)-4-(2-hy-

droxyiminomethylpyridinium)-2-buten dibromid (TO 236):
Z roztoku monokvarterni soli 1 (4,5 g) a 3-N,N-dimethyl-
karbamoyloxypyridinu (3,3 g) v 40 ml dimethylformamidu
se po 2 dnech stani pri lab. teploté vyloucilo 5,05 g su-
rového produktu. Krystalizaci z 35 ml ethanolu a 60 ml
ethylacetatu bylo ziskdno 3,93 g (58,4 %) produktu o b.t.
167-172 °C (rozklad). Pro C;gH,,Br,N,O5 (502,21) vy-
pocteno 31,57 % Br; nalezeno 31,60 % Br. ' H-NMR spek-
trum: 13,02, 1H (OH); 9,22 dd, 1H, 7=1,6 Hz, /=2,2 Hz
(H-2);9,15dd, 1H,7=1,3 Hz, /=6,3 Hz (H-6'); 8,99 dd, 1 H,
7=2,5 Hz, J=6,0 Hz (H-6); 8,69 s, 1H (CH aldoxim); 8,63
dt, 1H J=1,3 Hz, /=8,2 Hz (H-4'); 8,57 ddd, 1H, /=1,6 Hz,
7=2,5 Hz, 7=8,8 Hz (H-4); 8,23 dd, 1H, 7=6,0 Hz, 7=8,8
Hz(H-5); 8,16 m, 1H (H-5"); 6,36 dt, 1H,7=5,3 Hz, 7=15,8
Hz (CH butenu); 6,08 dt, 1H 7=5,3 Hz, 7=15,8 Hz (CH
butenu); 5,58 d, 2H, 7=5,3 Hz (CH,); 5,39d, 2H, 7=5,3 Hz
(CH») (u butenovych protonil nelze rozhodnout, ktery par
je ktery; konfigurace na dvojné vazbé je trans).
UV spektrum (A,,,,./ log e): 296 / 3,99 (0,05 N HC1);
340 /4,04, 274 / 3,84 (0,05 M borax). pK, (spektrofotomet-
ricky, 25 °C): 7,54 £0,03.

BrCH,CH=CHCH »Br (\j\
— e

)
HON=HC” “N%
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rlee CH=NOH
CH,CH=CHCH>Br Br®
1

m OCON(CH3),

r[q’a
|
CHoCH=CHCH,

TO 236

a

2 Br

J. Bielavsky, J. Cabal, J. Kassa and J. Patoc¢ka (Mili-
tary Medical Academy, Hradec Krdlové): TO 236, A Re-
activator of Cholinesterase with Carbamate Function

A new bisquaternary reactivator of cholinesterase TO
236 (1 -(3-N,N-dimethylcarbamoyloxypyridinium)-4-(2-
hydroxyiminomethylpyridinium)-2-butene dibromide) de-
rived from 2-pyridinaldoxime with carbamate function on
the second pyridinium ring was synthesized. Data on UV,
NMR and pK, are given.

SYNTEZA 2-C-ALKOXY DERIVATU
9-(FOSFONOMETHOXYETHYL)PURINU
A 9-FOSFONOMETHOXYETHYL)PYRI-
MIDINU'2

2.15

DOMINIK REJMAN a IVAN ROSENBERG

Ustav organické chemie a biochemie AVCR,
Flemingovo ndm. 2, 166 10 Praha 6

Byla objevena vyznamna aktivita PME-derivat 1 proti
DNA virim a retrovirim™. Selektivita ti¢inku je vyrazng
zavisld na modifikaci postranniho fetézce PME-derivata.
HPMP-derivéty 2 jsou ucinné proti DNA virim, zatimco
FPMP 3 a PMP-derivaty 4 vykazuji u¢inek proti retro-
virim>:%. Vliv substituce v 2'-pozici postranniho Fetézce
PMEA na protivirovy ucinek byl studovan na rozli¢cnych

2 -alkyl a 2'-aryl PME-derivétech 5 (cit. 7).
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Pro Y= O: R= methyl, oktyl, terc.butyl, cyklohexyl,1-adamantyl, 2-hydroxyetyl, 2-fluorethyl, 2,2,2-trifluorethyl,
8-hydroxy-3,6-dioxaoktyl, benzyl, diisopropylfosfonomethyla fenyl; pro Y= S: R= fenyl.
B= adenin, diaminopurin, chlorguanin, guanin, cytosin

Schema 1

Tato prace popisuje piipravu racemickych 2'-alkoxy,
-aryloxy, -arylthio a -azido PME-derivati vybranych pu-
rinovych a pyrimidinovych nukleobézi 6 a 12 (schema 1).
Jako kli¢ova slouCenina pro pfipravu syntond 8 a 11 vhod-
nych pro alkylace nukleobdzi byl pouzit vinyloxymethan-
fosfonat 10. Reakce vinyletheru 10 s jodsukcinimidem
a odpovidajici OH-komponentou v dichlormethanu vedla
ke vzniku smésnych acetalt 8 (X= I, Y= O; R= methyl,
oktyl, terc.butyl, cyklohexyl, l-adamantanyl, 2-hydroxy-
ethyl, 2-fluorethyl, 2,2,2-trifluorethyl, 8-hydroxy-3,6-di-
oxaoktyl, allyl, benzyl, diisopropylfosfonomethyl). Podob-
né¢ bromaci latky 10 vznikl dibromderivat 7b vhodny pro
reakci s fenolatovym, nebo thiofenolatovym aniontem.
Takto pfipravenych syntonti 8 (X= Br; Y= O, S; R= fenyl)
bylo pouzito k pfipravé analogli nukleotidi 6 a 9 alkylaci
odpovidajici nukleobédze. Ptiprava latky 8 (X=OH) uréené
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k provedeni Mitsunobu alkylace adeninu byla provedena
reakci latky 10 s oktanolem a 4-chlorperoxybenzoovou
kyselinou v dichlormethanu. Posledni latka této skupiny,
azidoderivat 11, byla ziskdna reakci latky 10 sjodazidem
ptipravenym in situ z azidu sodného a chlorjodu v DMF.
Reakce latky 11 se sodnou soli adeninu poskytla po odchra-
néni fosfonat 12.

Proti virové ucinky pripravenych litek jsou pribézné
studovany. Z4dnd z pfipravenych latek nema inhibi¢ni
uc¢inky na rast bunék L1210, 1.929 a HeLa.
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Czech Republic, Prague): Synthesis of 2”-C-Alkoxy De-
rivatives of 9-(Phosphonomethoxyethyl)purines and
9- (Phosphonomethoxyethyl)pyrimidines

In order to evaluate the structure-activity relationships
of 2”-substituted PME-derivatives of nucleobases, several
types of these compounds were synthesized.
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2.16 CHEMISTRY OF FLUORINATED BUTE-
NOLIDES: NUCLEOPHILIC SUBSTITU-
TION OF VINYLIC FLUORINE VS. CAR-
BONYL GROUP ATTACK.
NEW NUCLEOSIDE ANALOGUES WITH
2-FLUORO-2-BUTEN-4-OLIDE RING'

OLDRICH PALETA? ZDENEK DUDA?
and ANTONIN HOLY"

“Departmentof Organic Chemistry, Prague In-
stitute of Chemical Technology, Technickd 5,
166 28 Prague 6, b Institute of Organic Chemi-
stry and Biochemistry, Academy of Sciences of
the Czech Republic, Flemingovo ndm. 2, 166 10
Prague 6

Many natural compounds containing butan-4-olide
or 2-buten-4-olide ring display a broad spectrum of bioacti-
vity’. As generally known™, bioactivity can be stron-
gly modified and also introduced by fluoro substi-
tuents (F, CF5, CHF,, etc). On the basis of these facts, we
have started’ to study the chemistry of fluorine-containing
2-buten-4-olides because such modified compounds could
acquire new and interesting bioactive properties.

F
F 5 Cl F

NR1R2 R

o 0
R R
— or Nu ﬁ FF% iy
F

4-7,8-15 16-18
Nu-H = EtNH-H (4), MeN-H (5), EIN-H (6), CN—[] (7
Nu ' = adenin-9-yl (8,9), 2,6-diaminopurin-9-yl (10,11), 4-MeO-pyrimidin-1-yl (12,13),
cytosin-1-yl (14,15)
M = Na, Li
NRIR2 = NiPr,(16) , NHPh (17) , NPhEt (18)

Scheme 2
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Scheme 3

In our preceding paper’ we have got first information
on the possibility of substitution of vinylic B-fluorine in
butenolide 1 with alkoxides and some organometallic re-
agents. Now we continue the study of nucleophilic reac-
tions of 2-fluoro-3-halogeno-2-buten-4-olide system (1-3)
(Scheme 1) with three types of N-nucleophiles: aliphatic or
aromatic amines, alkali salts of the amines and sodium salts
of nucleoside bases as representatives of delocalised, soft
N-nucleophiles. The nucleophiles reacted in two different
ways: Aliphatic amines and sodium salts of nucleoside
bases reacted with butenolides 1,2 by displacement of
B-vinylic fluorine ( Scheme 2, and 8-15) while sodium and
lithium salts of aliphatic or aromatic amines reacted at the
hard electrophilic center of the carbonyl group with ring
opening (Scheme 2, products 16-18). Aniline and N-ethyl-
aniline were completely unreactive even at heating to 80 °C.
Chlorobutenolide 3 surprisingly afforded only tar-like pro-
ducts on reactions with sodium salts of nucleoside bases or
with piperidine.

The reactions of sodium salts of nucleoside bases were
completely regioselective in relation to bases and buteno-
lides 1 or 2, no regioisomers were observed as byproducts.
Examples of new nucleoside analogues prepared by the
vinylic substitution are shown in Scheme 3.
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Reaction of 2-fluoro-3-halogeno-2-buten-4-olide sys-
teme with three types of N-nucleofiles was studied. By the
reaction with sodium salts of nucleoside bases new nucleo-
side analoges were prepared.

VYUZITIE 8-CHLORMETYL-2-FENYL-
3H-CHINAZOLIN-4-TIONU V SYNTEZE
NOVYCH HETEROCYKLOV S POTEN-
CIALNOU CYTOTOXICKOU AKTIVITOU

2.17

KATARINA SPIRKOVA
a STEFAN STANKOVSKY

Katedra organickej chemie CHTF STU, Radlin-
ského 9, 812 37 Bratislava, Slovenskd republika

ZIugeniny chinazolinu su zndme svojou rdznorodou
aktivitou. Mnohé vykazujii biocidne a fytoefektorické
vlastnosti’, druhé zasa antivirdlne, protikréové, antimala-
rické, CNS depresivne a iné Géinky’-*. V sticasnosti sa
pozornost' ststreduje na ich cytotoxickd aktivitu. Hladaju
sa nové cytostatikd - chinazolinové antifoldty (klasické



i neklasické) - Strukturdlne analdgy kyseliny listovej. V li-
teratiire si uz popisané takéto derivaty, ktoré su v klinickom
§tadiu testovania s vel'mi dobrymi vysledkami’, napr. ne-
klasicky antifoldt AG 337, Specificky inhibitor tymidilat
syntazy:

NYNHZ
/N

CHz NH2

HNH,C

H30

HaO OCHs

Tento poznatok nas motivoval vyuzit' nami popisany
8-chlérmetyl-2-fenyl-3H-chinazolin-4-tién v syntéze ne-
klasickych antifoldtov. Vychodiskovy tién sa pripravil z re-
aktivneho N-(2-metylfenyl)benzimidoyl chloridu /, ktory
radikalovou bromadciou a naslednou substitticiou poskytol
N-(2-chlérmetylfenyl)benzimidoyl izotiokyandt /1. Tento v
podmienkach termicky indukovanej intramolekulovej cyk-
lizdcie sa transformoval na odpovedajuci 8-chlérmetyl-2-
fenyl-3H-chinazolin-4-tién ///. Reakciami vychodisko-
vého 3H-chinazolin-4-tionu s dusikovymi, kyslikovymi
a sirnymi nukleofilmi sa pripravila skupina latok Struk-
turdlne podobnd v literatire popisanym neklasickym anti-
foldtom. Ich Struktira bola potvrdena spektrdlnymi me-
tédami, doplnend tidajmi t.t. a elementdrnej analyzy. De-
rivaty su v $tadiu zakladného cytotoxického screeningu.

N=c<Ph . ePh
CL¥ Ol
CH,CI CH,CI
I I
CHCI CHy-Z-R
NYPh e N\th
———
NH NH
S S
m v
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K. Spirkova and S. Stankovsky {Department of Or-
ganic Chemistry, Slovak University of Technology, Brati-
slava, Slovak Republic): Utilisation of 8-Chloromethyl-
2-phenyl-3H-quinazoline-4-thione in the Syntheses of
Novel Heterocycles with Potent Cytotoxic Activity

Preparation of starting substance 3H-quinazoline-4-
thione based on the reactive imidoyl isothiocyanate and the
reaction of this thione with some N, O, S nucleophiles
were studied. The new potential non classic folate were
prepared.

Z-R = sek. aminy - morfolin,
piperidin. dietylamin,
1-(2’ -hydroxyetyl)piperazin

Z = 0,8

R = Ph, 2-NO2Ph, 4-NO2Ph, cyklohexyl
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2.18  CHEMOSELEKTIVNY CURTIOV PRE-

SMYK NA PYROLIDINOVOM SKELETE

FRANTISEK POVAZANEC’, LUBOS
REMEN?, CHRISTOF CHEDRU"
a JEAN MOREL"

“ Katedra organickej chémie, CHTF, STU, Rad-
linskéeho 9, Bratislava, Slovenskd republika,

b Universite du Havre, Laboratoire du Chimii,

Le Havre, France

Pri syntéze furoprikondenzovanych pyrolo [2,1-c]dia-
zepinov boli syntetizované derivaty kyseliny 1 -(azidokar-
bonyl-3-furylmetyl)-5-pyrolidén-2-karboxylovej (schéma 1).

Struktirabola dokdzand na zdklade 'H NMR, IC spek-
troskopie a elementarnej analyzy. Pri merani 13C NMR

CDCl, 25°C, 12h %
N3OC

CON, N5OC

: i T

J O CONj3
9

spektier diazidu 5 dochadza k chemickej zmene, (dva sig-
ndly karbonylovych skupin 163,0 (CON3) a 174,2 CO))
pyrolidénového skeletu. Na zaklade tohto faktu sme pred-
pokladali, Ze dochddza k zmene na tejto skupine.

Tento predpoklad bol podporeny aj pomocou 'HNMR
spektrdlnej analyzy vzniknutej latky (posun vodikového
signdlu H-2 k niz§im poliam, vid schéma 2).

Detailnym Stiidiom na hmotnostnom analyzatore bol
stanoveny objem unikajicich plynov (1,02 mdlu dusika
a 0,012 mélu oxidu uhli¢itého na 1 mal substratu 5).

Na zéklade uvedenych vysledkov sa dokazalo, Ze uz pri
teplote 25 °C dochéadza ku chemoselektivnemu Curtiovmu
pre$myku na pyrolidénovom skelete. Struktira vzniknu-
tého izokyanatu bola dokdzana pomocou NMR spektrosko-
pie ako aj cez stabilny adukt s metanolom. Analogicky
chemoselektivny preSmyk sme pozorovali aj na dalSich
N-substituovanych 5-pyrolidén-2-karboxazidoch 7 a 8.



Je zaujimavé podotknut', Ze na rozdiel od spominanych
diazidovych derivatov 5,7 a 8, ktoré podlichajii Curtiovmu
preSmyku v roztokoch uz pri laboratérnej teplote (v kry-
Stalickej forme st stabilné), analogické aromatické diazidy
typu 9 podliehaju rozkladu az pri teplote nad 85 °C.
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Moiety
The Curtius chemoselective rearragement of azide of

1-(2-azidocarbonyl-3-furylmethyl)-5-pyrrolidone-2-carboxyl
ic acid at 25 ° was observed.

Scheme 1
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2.19 A NEW AROMATIC REARRANGEMENT
OBSERVED DURING CYCLIZATION
OF YLIDENEMALONODINITRILES IN

STRONG ACIDS'

JANUSZ J. SEPIOL
and JAROSLAW WILAMOWSKI

Department of Organic Chemistry, Jagiellonian
University, Ingardena 3, 30-060 Krakow, Po-
land

Ring closure of aryl-substituted alkylidenemalonodini-
triles to aromatic carbocyclic system has rarely been applied
in the synthesis of benzene’ and naphthalene’ derivatives
or polycyclic aromatic hydrocarbons’. However, the ad-
vantage of this synthetic route is convenient preparation of
a variety of aromatic amines or hydrocarbons. In the course
of our continued investigation on the chemistry of ylidene-
malonodinitriles, we studied cyclization, under acidic con-
ditions, of 2-(4-methylphenyl)propylidenernalonodinitrile
(1). Surprisingly, ring closure of 1 in cold concentrated
sulfuric acid gave (Scheme 1) in good yield the derivative
of 1,7-dimethylnaphthalene (aminonitrile 3), instead of the
expected derivative of 1,6-dimethylnaphthalene (aminoni-
trile 2). The mechanism of this new aromatic rearrangement
seems more complex than Jacobsen-type reaction or a
rearrangement connected with a simple methyl migration
in 2 to the neighbouring position (1,2-methy! shift). We
suggest a mechanism involving ring closure of 1a to ben-
zenium cation 1b, ring opening of 1b to 1¢, and subsequent
ring closure of Ic to 1d (Scheme 2). This last step may in-
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volve a certain form of a secondary carbocation. The back- 2.20 KINETIKA CYKLIZACE METHYL-S-

ground of the discovery of the rearrangement, its possible
synthetic applications, and recent research results will be
presented in the communication.
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J. J. Sepiol and J. Wilamowski (Department of Or-
ganic Chemistry, Jagiellonian University, Krakow, Po-
land): A New Aromatic Rearrangement Observed Du-
ring Cyclization of Ylidenemalonodinitriles in Strong
Acids

A new aromatic rearrangement observed during cycli-
zation of ylidenemalonodinitriles in strong acids is de-
scribed.
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(2,6-DINITRO-4-METHOXYKARBONYL-
FENYL)-MERKAPTOACETATU NA 2,5-
BIS(METHOXYKARBONYL)-7-NITRO-
BENZO[d]THIAZOL-3-OXID

MAREK JANIK
a VLADIMIR MACHACEK

Katedra organické chemie, Fakulta chemicko-
technologickd, Univerzita Pardubice, Namésti
legii 565, 532 10 Pardubice

Bazicky katalyzovanou reakci methyl-S-(2,6-dinitro-4-
methoxykarbonylfenyl)merkaptoacetiatu (7) v methanolu
vznikd 2,5-bis(methoxykarbonyl)-7-nitrobenzo[d]thiazol-
3-oxid (II) (schema 1).

Kinetika cyklizace l4tky I na cyklizét // byla studovana'
v methanolickych acetatovych, N-methylmorfolinovych
a triethylaminovych pufrech pfi teploté 25 °C a iontové sile
1=0,1 mol.I'! (upravované NaClQ,). Na zdkladé analogie
s cyklizaci methyl-S-(2,4,6-trinitrofenyl)merkaptoacetatu
(III) byl pro reakci latky / navrzen reakéni mechanismus
popsany schematem 2. Hodnoty jednotlivych rychlostnich
konstant a kinetické rovnice byly zjiStény na zdkladé zavis-
losti pozorovanych rychlostnich konstant na poméru slozek
pufru a koncentraci bazické slozky pufru (tab. I).
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Tabulka I wl” / it
Rychlostni konstanty pro cyklizaci ldtek [ a [II NO, CH;OH
S
Rychlostni Cyklizace litky R-coocH
konstanty
I l o .4.(') €0 OoH
F 4
Acetitové pufry
k'Me0.10% s 3,423 + 0,070 12,680 + 0,122 ks
k’s.10* [Lmol s 83,540 + 8,340
k'BMe0.10* [Lmols'] 9,583+ 1,189 30,610 + 1,918 NO
N-methylmorfolinové pufry S
k'Me0.104 s 1,492 + 0,081 5,190 + 0,200 />—C00CH3
KcKikp/K> [L.mol.s™] 0,017 + 0,001 0,129 + 0,004 No
keu/ka 28,580 + 2,802 19,560 + 0,890 7
Triethylaminové pufry %=
=-NO,,~COOCH:
k'Meo.10% 571 4,768 + 0,229 0 R
KcKikp/Ka [L.mol.s™) 2,396 + 0,310
kpnlka 23.01 + 3,659 Schema 2
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V acetatovych pufrech probiha cyklizace pies dianio-
nicky intermediat Inf' a ridi se kinetickou rovnici (7)

kobs = k& Meol CH3O0T + &g peolBIl CH307] (1)

V tomto ohledu se 1isi od kinetiky cyklizace latky ///,
pii které se uplatfiuji obé reakéni cesty (cesta pies | nl“
a pres Inf' ).

V N-methylmorfolinovych a triethylaminovych pu-
frech je tak jako v pripad¢ latky /11 preferovdna cesta pies
intermediat Ix}f'/ " a popisuje ji kinetickd rovnice (2)

KcKikoky [B}

: Kokgy [Bl r ]"" kz

= k'MeolCH307] +

obs
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The cyclization reaction kinetics has been studied
in methanolic acetate, N-methylmorfoline and triethyl-
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the acetate buffers cyclization goes through the dianio-
nic intermediate Inlz' only and in the N-methylmorfo-
line and triethylamine buffers via the zwitterionic interme-
diate In;”".
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2.21 CHANGES OF 3-HYDROXYQUINOLINE-
2,4-(1H3H)-DIONES IN ALKALINE ME-

DIUM
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1000 Ljubljana, Slovenia

3-Substituted ~ 3-hydroxyquinoline-2,4(1H,3H)-diones 00
were found in the nature as the antibiotic activity showing
metabolites of some Pseudomonas species'. These com-
pounds are available by the two-step synthesis from anilines
and substituted malonates. 4-Hydroxyquinoline-2(1H)-ones
formed on the first step can be oxidized to quinolinediones

213
. In our

I with peroxyacetic acid in alkaline medium
previously study’, we dealt with the reaction of these com-
pounds with ethyl (triphenylphosphoranylidene)acetate.
The residues of unoxidized precursors which bear acidic
hydroxyl groups in position 4 were removed from crude
substances I by the extraction with aqueous solutions of
alkaline carbonates. However, we found trying the extrac-
tion with aqueous alkaline hydroxides that compounds I are
unstable under these conditions. Therefore, we decided to
investigate these reactions.

Stirring of benzene solutions of quinolinediones I with
aqueous or ethanolic solution of potassium hydroxide at
ambient temperature for several hours gives rise to 1-R1-2-
R2-2-hydroxy-2,3-dihydroindole-3-ones (II), 1-R!-3-R2-
3-hydroxy-2,3-dihydroindole-2-ones (III), o-hydroxyke-
tones IV and substituted anthranilic acids V. Yield ratios of
compounds II-V depend on the kind of substituents in
positions 1 and 3 of educts I and on the reaction conditions.
The action of solid potassium hydroxide on compounds I
and II in benzene solutions causes a rapid conversion of
them to compounds IIT (Schemel).

The structures of compounds II-IV were determined
by methods of NMR spectroscopy (H-H COSY, selective
homonuclear proton decoupling, HMQC, HMBC and
HMQC-TOCSY). We found that the structures II and III
is possible to distinguish after the chemical shifts of '3C
atoms signals of carbonyl groups resounding at 170-180
ppm or 195-205 ppm in case of compounds II or III,
respectively.
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droxyquinoline-2,4(1H,3H)-diones in Alkaline Medium

The title compounds (I) in benzene solution are changed
by the action of aqueous or ethanolic solution of potassium
hydroxide at room temperature to the mixtures of com-
pounds II-V. The ratios of products depend on the substi-
tution of educts I and on the reaction conditions. By the
action of solid potassium hydroxide on the compounds I or
11, the compounds III are formed.
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TERMICKE PREMENY ESTERU A NITRI-

LU2-(3-ACYLSELENOUREIDO)BENZOO-

VYCH A -THIOFEN-3-KARBOXYLOVYCH
KYSELIN'
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fakulta Masarykovy univerzity,
611 37 Brno

Titulni latky 1, 4 byly syntetizovany adici piislusnych
aminoestert, resp. aminonitrilti na benzoyl-, piip. pivaloyl-
isoselenokyanat v roztoku acetonu’. Acylisoselenokya-
naty byly pfipraveny in situ v acetonovém roztoku reakci
acylchloridu se selenokyanatanem draselnym. Pfi syntéze
1 bylo zjisténo, Ze tyto ucinkem svétla isomeruji na od-
povidajici acylisoselenomocoviny 2 (cit. 2). Kyananaloga
4 uvedené isomeraci nepodléhaji.

Pfi termické analyze 1, 2 a 4 jsme zjistili, Ze tyto
podléhaji pfi zahfivani za pfistupu vzdusného kysliku do
teplot cca 300 °C nedestruktivnim pfeméndm. V esterové
fadé 1 tyto pfemény probihaly jiz pfed dosazenim teploty
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tani vzorku, tedy v tuhé fazi, jako exotermni proces. S dal-
$im ndrlstem teploty vzorku 1 nastdvala dalsi exotermni
pfeména spojend s eliminaci jedné molekuly vodiku. V se-
rii 2 a 4 probihala pouze exotermni pfeména v tavening,
také spojena s eliminaci jedné molekuly vodiku.

Pti kontrolovaném zahfivani vzorkd titulnich seleno-
mocovin 1, 2 a 4 na bodotavku jsme pozorovali uvedenou
pfeménu 1 v tuhé fizi jako zménu struktury Krystal, dgj
probihajici v tavening 1, 2 a 4 byl spojen s jejim tuhnutim.

Identifikaci vzorkii po uvedenych pfeménich s vyuZi-
tim FTIR, 'H- a 13C-NMR spektroskopie jsme zjistili, Ze
v esterové fadé 1 je déjem probihajicim v tuhé fazi isomera-
ce 1 na 2. Druhym déjem probihajicim v tavening je pak
oxidace 2 na 3 (schema 1).

Jako produkty premény sloucenin 4 v taveniné byly

identifikovany diselenidy 5 (schema 2). Ty vznikaji sledem
reakci, kdy prvnije ziejmé, s ohledem na pfeménu 2 na 3,
oxidace 4 za vzniku vazby Se-Se. Poté nasleduje cykloadice
acyliminoskupiny na uhlikovy atom kyanskupiny za tvorby
pyrimidinového skeletu. Produkt 5 vznikd nasledné¢ Dim-
rothovym presmykem.
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J. Sibor and P. Pazdera (Department of OrganicChe-
mistry, Faculty of Science, Masaryk University, Brno):
Esters and Nitriles of 2-(3-Acylseleno-ureido)benzoic
and -thiophene-3-carboxylic Acids Thermal Transfor-
mations

Thermal behaviour of esters and nitriles of 2-(3-acylse-
lenoureido)benzoic and -thiophene-3-carboxylic acids in
solid phase and melt were studied. On the base of thermal
analyses a control meltings were carried out. The products
of heating were identificated by FTIR, 'H-, I3C-NMR
spectroscopies.

VYUZITIE HOMOLOGICKYCH RADOV
VYBRANYCH TYPOV ORGANICKYCH
ZLUCENIN PRI STUDIU ICH VLAST-
NOSTI

2.23
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zikdlnej chémie lietiv, ‘Katedrafarmakoldgie
a toxikologie, FaF UK, Odbojdrov 10, 8§32 32
Bratislava, Slovenskd republika

Homologické rady umoziuji Stidium vplyvu struktury
a stereoizomérie na fyzikdlnochemické vlastnosti a biolo-

Tabulka I

Charakteristika pripravenych * cis a £ frans 2-[2-alkoxyfenylkarbamoyloxy] cykloheptylpiperidinium chloridov

Alkyl

gickud aktivitu na dostato¢ne poéetnom sibore danych ty-
pov zlicenin!4. Takto ziskané vysledky umoziuji ziskat'
informdcie o vlastnostiach zld¢enin urcitej Struktury a prie-
storovej stavby. Jednou zo skupin zlicenin, pre Stidium
vlastnosti ktorych je tiez mozné vyuzit' homologické rady,
su aj diastereoizomérne zluiceniny.

Homologické rady st v tomto pripade realizované premen-
livou diZkou nerozvetveného alkylového refazca v moleku-
le 2-[2-alkoxyfenylkarbamoyloxy]-cykloheptylmetylpiperi-
dinium chloridov. Homologicky rad diastereizomérnych
+ cis a * trans 2-|2-alkoxyfenylkarbamoyloxy]-cyklohep-
tylpiperidinium chloridov s po¢tem atémov uhlika v alkyl-
skupine 1,2,3,4,6 sa pripravil reakciou * cis a * trans
2-piperidinometylcykloheptanolu s 2-alkoxyfenylizokya-
natmi v toluéne, za mierneho varu poéas 6smich hodin:9.
Z takto pripravenych baz sa pripravili soli reakciou s éte-
rovym roztokom chlorovodika a krystalizdciou z butanénu.
Rozdelovacie koeficienty (P) sa merali v sustave oktanol-
voda, koncentracia ldtok sa zisfovala spektrofotometricky.
Cistota zligenin sa sledovala TLC na vrstvach Silufol, vo
vyvijacejstistave HC1 (c = 1 mol.dnr’): aceton [1:1].

Indexy povrchovej lokédlnoanestetickej aktivity (S) sa
zistovali metodou Vrba, Sekera’. Identifikicia priprave-
nych zlucenin sa uskutecnila na zaklade vysledkov C, H, N
analyzy a IC spektier. Charakteristika pripravenych diaste-
reoizomérnych zli¢enin, ako aj hodnoty rozdelovacich ko-
eficientov (log P) a indexy povrchovej lokalnej anestézy
(log S), st uvedené v tabulke I.

Diastereoizoméry oznacené ako frans, maju vyssie hod-
noty rozdelovacich koeficientov v porovnani s prislicha-

Zhg. Sum. vzorec Tt log P IC [cm"'] M; RE log S
[C] N-H N"-H =0
cis-1 CH3 C21H33CIN203 171 2,38 3430 2462 1722 396,96 0,70 1,04
trans-1 CH3 C21H33CIN203 179 2,42 3430 2450 1724 396,96 0,74 0,69
cis-2 C2H5 C22H35CIN203 186 2,98 3431 2463 1723 410,99 0,55 1,59
trans-2 C2H5  CaoH3sCIN2O3 189 3,01 3431 2451 1724 410,99 0,58 130
cis-3 C3H7 C23H37CIN203 191 3,28 3432 2464 1724 425,02 0,38 2,04
trans-3 C3H7 C23H37CIN203 194 3,32 3432 2452 1726 425,02 0,42 1,76
cis-4 C4H9 C24H39CIN203 173 3,71 3433 2463 1724 439,04 0,33 2,00
trans-A C4H9 C24H39CIN203 175 3,85 3433 2451 1725 439,04 0,34 1,91
cis-6 CeHi3 C26H43CIN203 167 4,62 3434 2465 1724 467,10 0,23 1,22
trans-6 CgH1z  Ca6H43CIN203 170 4,62 3434 2453 1725 467,10 0,25 1,03
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juicimi cis izomérmi, sd teda lipofilnejsie. Tato skuto&nost
sa prejavuje aj v lokalnoanestetickej aktivite, ked’ vSetky cis
izoméry si ucinnejSie v porovnani s prislichajicimi trans
izomérmi. Zavislost' log .§ =f(x), kde x = log P, je moZzné
vyjadrif rovnicou paraboly - Hanschov parabolicky mo-
del’. Pre pomerne mélo podetny stibor zlti¢enin sme kore-
latny vzfah nezistovali. Zistené ddaje si v dobrej zhode
s udajmi zistenymi u inych Strukturdlne blizkych stereo-
izomérnych zligenin®.
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F. Gregaii?, J. Oremusova® and E. Racanska® (“In-
stitute of Chemical Theory of Drugs, PInstitute of Physical
Chemistry of Drugs,“Instituteof Pharmacology and Toxi-
cology, Faculty of Pharmacy, Komensky University, Bra-
tislava, Slovak Republic): Utilisation of Homological Se-
ries of Selected Organic Compounds in Studies of Their
Properties

Using stereoselective reactions two homological series
of diastereisomeric * cis and * trans 2-|2-alkoxyphenylcar-
bymoyloxy]-cycloheptylmethylammonium chlorides con-
taining 1,2,34 and 6 carbon atoms in alkyl chain were
prepared. The principal physicochemical characteristics,
including partition coefficients, were determined and rela-
tive local anesthetic activity was measured.
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2.24 THE INFLUENCE OF SUBSTITUENTS IN
POSITION 2 ON PHOTOCHEMICAL
TRANSFORMATION OF 2-R-THIOBEN-

ZOTHIAZOLES

RICHARD HERCEK
and ANTON GAPLOVSKY

Institute of Chemistry, Faculty ofNatural Scien-
ces, Comenius University, Mlynskd dolina,
842 15 Bratislava, Slovak Republic

Photolysis of 2-methylthio-, 2-propylthio-, 2-phe-
nethylthio-, 2-benzylthio-, 2-allylthio-, 2-(ethoxycarbo-
nyl)methylthio- and 2-phenylthiobenzothiazole has been
studied!. It has been found that the photochemical reactivi-
ty of above mentioned benzothiazole derivatives depends
on the character of the substituent in position 2. According
to the substituent and the reaction conditions, either the
cleavage of the benzothiazole-sulfur bond or that of the
substituent-sulfur bond can occur.

2-Methylthio-, 2-propylthio-, and 2-phenethylthioben-
zothiazole were photostable under photolysis at A, >
290 nm and at photolysis sensitized with acetone (A;, >
290 nm). After their irradiation at 253.7 nm, 3-substituted
derivatives of 2-benzothiazolinethione were identified in
very low yields on the contrary to 2-mercaptobenzothiazole
(8-39 %).

Photochemical reactivity under the conditions of both
direct (A;;> 290 nm) and sensitized photolysis (acetone,
Aige > 290 nm) occurred only in the case of 2-benzylthio-,
2-allylthio- and 2-(ethoxycarbonyl)methylthiobenzothia-
zole. The corresponding 3-benzyl-2-benzothiazolinethione
was formed in relatively high yields (13-50 %) only in the
case of photolysis of 2-benzylthio-benzothiazole. The yield
of this product is most influenced by the presence of oxy-
gen. In its presence the yield of 3-benzyl-2-benzothia-
zolinethione decreases due to its subsequent photooxida-
tion. When R = allyl and (ethoxycarbonyl)methyl, the
yields of 3-substitued 2-benzothiazolinethiones are lower,
which is most probably related to their lower photostability
under the given reaction conditions. The sensitization ex-
periments suggest that the T state leads exclusively to the
formation of 2-mercaptobenzothiazole.

2-Phenylthiobenzothiazole represents one exemption
from the mentioned derivatives because exclusively the
cleavage of the benzothiazole-sulfur bond occurs affording
benzothiazolyl and phenylsulfanyl radicals. Next destiny of



these radicals is closely related to the presence of oxygen
in the reaction mixture. In the absence of oxygen their
recombination occurs, while in the presence of oxygen their
oxidation takes place.
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Photolysis of 2-methylthio-, 2-propylthio-, 2-phe-
nethylthio-, 2-benzylthio-, 2-allylthio-, 2-(ethoxycarbo-
nyl)methylthio- and 2-phenylthiobenzothiazole has been
studied. It was found that the photochemical reactivity of
mentioned benzothiazole deri vati ves depends on the cha-
racter of the substituent in position 2. According to the
substituent and the reaction conditions, either the cleavage
of the benzothiazole-sulfur bond or that of the substituent-
sulfur bond can occur.

2.25 INTRAMOLECULARH-BONDING IN 2,4-
DISUBSTITUTED 6-MORPHOLINOME-

THYLPHENOLS'
ZDENEK FRIEDL? and KAREL SLAIS”

“Faculty of Chemistry, Technical University
Brno, Veslarskd 230, 637 00 Brno, bInstitute of
Analytical Chemistry, Czech Academy of Scien-
ces, Veveri? 97, 611 42 Brno

Recently, substantial progress has been achieved in the
isoelectric focusation (IEF) and the standard way of chara-
cterizing the analytes during IEF utilizes calibrated mixture
of pl markers. As we reported previously’” the low-mo-
lecular-mass pl markers are the most efficient compounds
which meet all the needs of IEF, particularly in capillary
and preparative modes. In previous papersz'4 we described
synthesis, analytical characterization and the utilization of
the aminomethylated nitrophenols as pI markers.
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CH,—N 0

Developing a straightforward model describing the ef-
fect of substituents X and Y on the IEF properties (i. €. on
the pl values) of a given 2,4-disubstituted 6-morpholi-
nomethylphenols (/) has been one of the chief goals in
structure optimization of ampholytic compounds applica-
ble as pI markers. With this aim we have synthetized a series
of 2-X-substituted 4-CHs- 6-morpholinomethylphenols’
and correlated their pl values against Hammett o, con-
stants of 2-X substituents (X = CH; , OCHj5, Cl, Br, NO,
and COOH). A sufficient fit was obtained (r = 0.993, s =
0.101, n = 5) for the resulting equation pI = 8.937(0.068) -
2.540(0.172)c,,

The general good fit even for the ortho NO, substituent
to the OH phenolic group was in contradiction to the
published investigation of some 2-NO,-substituted 6-ami-
nomethylphenols®’. To investigate the intramolecular H-
bonding in such compounds (Fig. 1) we have prepared
a series of nineteen 2-X-4-Y-disubstituted 6-morpholino-
methylphenols (/) which included altogether six 2-NO,-4-
Y-structures (Y = CH,, OCH5, COOH, Cl, CN and NO,).
Using dual substituent parameters (DSP) approach with o,
constants for 2-X and G!;’ for 4-Y substituents a very good
fit (r = 0.993, s = 0.134, n = 19) was obtained again
regardless of presence of the ortho NO, groups : pl =
8.630(0.051) - 2.652(0.104)c,,, - 2.328(0.085)0;, The equa-
tion obtained thus disputes any significant intramolecular
H-bonding due to the ortho NO, group but on the other hand
enables to evaluate a tailored structure of desired pl mar-

kers.
N
0” 2
v

Fig. 1. Intramolecular H-bonding in 4-Y-substituted 6-mor-
pholinomethyl-2-nitrophenols
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Bonding in 2,4-Disubstituted 6-Morpholinomethylphe-
nols

The acid-base properties of nineteen 2,4-disubstituted
6-morpholinomethylphenols were studied by means of po-
tentiometric and/or spectrophotometric titration. The eva-
luated pl values were correlated with Hammett ¢, and
(S; constants for 2-X and 4-Y substituents, respectively.
A DSP equation fits adequately (r = 0.993) the wide range
of pl values from 4.8 to 9.1 without any deviation due to an
intramolecular H-bonding of ortho NO, groups.

PESTOVANI MONOKRYSTALU KOM-
PLEXU 1-METHYLTHYMINU A 9-ME-
THYLADENINU A STUDIUM JEHO VIB-
RACNICH MODU

2.26
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a JOSEF STEPANEK

FyzikdlIni ustav Univerzity Karlovy, Ke Karlovu 5,

121 16 Praha 2

Molekulové krystaly slozek nukleovych kyselin a jejich
komplexti pfedstavuji unikatni modelové systémy pro na-
lezeni vztahli mezi charakteristikami Ramanova spektra
a parametry popisujicimi prostorové uspoifdddni a mezi-

680

molekulové interakce v nukleovych kyselindch. Plné vy-
uziti technik polariza¢nich méfeni, kterd umoznuji urcit
vSechny slozky veli¢in charakterizujicich vlastnosti stu-
dované molekuly, je vSak podminéno dostateCnou veli-
kosti, dobrou optickou kvalitou a v neposledni fadé vhod-
nym habitem krystalu.

Jednim a nejzndméj$im z téchto modeli je krystal titul-
niho komplexu, IMeThy : 9MeAde. Ttebaze byl popsan jiz
v 1.1959 ajeho struktura byla nékolikrat upfesnéna napt. !,
Udaje o piipravé krystali jsou velmi kusé. Na zakladé
systematického hleddni vhodné kapalné fize byl pro pés-
tovani vybran 60 % vodny methanol. Krystaly byly pés-
tovany zpomalenym volnym ochlazovanim v Dewarovych
nadobéch v termostatu, ze zarodku a na zakladé naméiené
k¥ivky rozpustnosti (¢ = 7,94.103.72 - 1,48.10°1.7 + 4,69
[mol.10°%/1]. Vypé&stované krystaly jsou ploché desticky
s dominantni plochou (100), maximélnich rozmérid 18x6x 1
mm. Krystaly slozek tohoto komplexu jsou také jiz davno
zndmy a byly péstovany analogickym zptisobem: 1MeThy
(cit.2)z 60 % methanolu, max. rozmér 4x4x5 mm; IMeAde
(cit. %)z vodného roztoku, max. rozmér 4x3x1 mm.
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Obr. 1. Porovnani detailu spekter Ramanova rozptylu na
krystalu IMeThy : 9MeAde a krystalech jeho sloZek. V pri-
padé¢ krystalu komplexu jsou uvedeny tii polariza¢ni slozky od-
povidajici jednotlivym diagonalnim slozkdm tenzoru Ramanova
rozptylu



Krystaly s opticky kvalitnimi plochami typu (h0l) byly
vyuzity pro studium vibra¢nich modi v komplexu 1MeThy
: 9MeAde. Byla méfena polarizovana spektra Ramanova
rozptylu pfi rliznych polohach krystalu a z nich urceny
jednotlivé slozky tenzoru Ramanova rozptylu. Byly tak
ziskany udaje nejen o vibracnich frekvencich, ale i o geo-
metrii vibraCnich mod@. Porovnanim se spektry ziskanymi
na krystalech samotného 9MeAde a 1MeThy bylo mozné
urCit vliv tvorby komplexu pomoci vodikovych vazeb
Hoogsteenova typu na vibra¢ni mody. Na obrazku 1 jsou
porovnana Ramanova spektra v oblasti 400-800 cm!, kterd
je zajimavd existenci dvojice pasd 530 cm"™ a 539 cm"
v oblasti vyskytu jednoho intenzivniho pasu u 9MeAde
ajednoho u 1 MeThy. Obé slozky tohoto dubletu maji stej-
ny tvar Ramanova tenzoru, a proto jsou interpretovany jako
kolektivni médy celého komplexu vytvofené resonanénim
sprazenim dvou frekvenéné blizkych maédu jednotlivych
bazi. Tato resonan¢ni interakce zfejmé ovliviiuje i jiné
frekven¢né blizké mady, jak je vidét na posunu pasu 591
cm" (zatimco u ostatnich past se vibraéni frekvence pfi
vzniku heterokomplexu bud neméni, nebo se posouva jen
o0 jednotky cm™!). Toto zji§téni p¥ina$i novy podnét pro
hledéni tzv. ramanovskych markerti, které by mély slouzit
pro identifikaci jednotlivych typii vodikovych mustkdl mezi
bazemi v nukleovych kyselinach.
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Single crystals of the title complex and of its compo-
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sed optical experiments, were grown. Modification of the
1-MeThy and 9-MeAde vibrational modes caused by
Hoogsteen pairing was determined analysing complete po-
larised Raman spectra.
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2.27 SYNTEZA OOSTATICKYCH PEPTIDU
AJEJICH VLIV NA REPRODUKCI HMY-
VAR
JAN HLAVACEK®, BLANKA
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a RICHARD TYKVA?
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Pred nedavnem byl z komara izolovan tzv. oostaticky
hormon, ktery ovliviioval jeho oogenesi’. Jedn4 se o neob-
vykly dekapeptid 1 obsahujici ve své molekule Sest C-kon-
covych Pro’ zbytka.

H-Tyr-Asp-Pro-Ala-Pro-Pro-Pro-Pro-Pro-Pro-OH 1

H-Tyr-Asp-Pro-Ala -(Pro),.s-OH 2-7
Za ucelem podrobného studia jeho regula¢ni funkce pii
oogenesi byl proto tento dekapeptid pfipraven spolu se sérii
peptidii 2-7 se snizujicim se poctem prolinovych zbytki
a to bud kondenzaci Boc-Tyr-Asp(OtBu)-Pro-Ala-Pro-OH
s C-koncovymi fragmenty H-(Pro);_s -OtBu v roztoku nebo
na polymernim nosi¢i s 2-chlortritylovym raménkem. Pfi
syntéze v roztoku byl chranény pentapeptid pfipraven po-
stupné od C-konce pocinaje H-Pro-OMe s vyuzitim od-
povidajicich Z-aminokyselin a Boc-Tyr-OSu. Prolinové
oligopeptidy H-(Pro), s -OtBu byly pfipraveny kombinaci
postupné vystavby peptidového fetézce a fragmentovou
kondenzaci. Kondenza¢ni reakce byly provadény pomoci
dicyklohexylkarbodiimidu (DCC) nebo O-benztriazolyl-
N,N,N",N"-tetramethyluronium tetrafluorboritanu (TBTU)
v piitomnosti N-hydroxybenztriazolu (HOBt) v DMF.
Benzyloxykarbonylovd chranici skupina byla odstranéna
hydrogenaci na Pd houbé v MeOH a k odstépeni Boc-
a -OtBu chranicich skupin bylo pouzito TFA. Volné pepti-
dy byly cistény preparativni HPLC a charakterizovany
hmotovou spektroskopii a aminokyselinovou analyzou.
Biologickd aktivita peptidd byla zjisfovdna méfenim
jejich morfologickych a histologickych u¢inkii u samicek
mouchy Sarcophaga bullata. U vSech peptidi byl pozo-
rovan ucinek na pribéh vitellogenese vaje¢nych schranek.
Histologické pozorovani odhalilo poruchy embryogenese,
pricemz nékterd vajicka zastavila sviij vyvoj, jind obsa-
hovala malformovand embrya. Pfitom bylo prokdzano, Ze



se zkracovanim peptidové sekvence od karboxylového
konce ovlivnéni oogenese jednak stoupd, jednak se pro-
jevuje ve zkracujicim se Casovém intervalu po aplikaci.
Z toho je mozné usuzovat, ze dekapeptid 1 by mohl u stu-
dovaného hmyzu plnit funkci prohormonu nebo hormono-
genu. Pfitomnost Tyr v uvedenych peptidech umoZznila
ptipravu molekul znagenych 2Ipro studium jejich pohybu
v hmyzim organizmu v zavislosti na Case.
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Synthesis of Oostatic Peptides and their Effect on Re-
production of Insect

Peptides H-Tyr-Asp-Pro-Ala-Prog.s)-OH were prepa-
red using solid phase and solution methods. An increase
and acceleration of their effect on egg development in the
flesh fly Sarcophaga bullata with a shortening of their
sequence were observed. The peptides were labelled with
125T to study their distribution in the fly body.

DERIVATY MOCOVINY JAKO AKCE-
LERANTY PERKUTANNI PENETRACE!

2.28
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Akceleranty perkutdnni penetrace jsou latky ovliviiujici
rychlost priichodu xenobiotik pies kiizi do organismu. Bé-
hem pfiblizné 20 let, po které jsou tyto latky zkoumany,
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byla popsdna velkd fada slouCenin s timto uc¢inkem. Exis-
tuje nékolik teorii 0 mozném pulisobeni latek z této skupiny.
Jeden z moznych mechanizmt spociva v piiznivém vlivu
zvy$ovéni hydratace kiize na permeaci latek’. Hydratace
kdze je ovliviiovdna nejen externimi vlivy, ale hlavné pii-
tomnosti tzv. natural moisturising factors, jejichZ vyznam-
nou soucdsti jsou mocovina, derivity 2-pyrrolidont, pyr-
rolidonkarboxylovych kyselin a obecné derivatd uhliité
kyseliny, z nichz nékteré 1ze povaZovat za isosterni analogy
mocoviny. Mezi latkami téchto strukturdlnich typt byly
nalezeny u¢inné akceleranty transdermalni penetrace. Kro-
mé 2-pyrrolidonu a jeho alkylderivat(i je moZno v literatufe
z posledni doby nalézt hlavné derivaty 2-imidazolinonu3
(D), 2-imidazolidinonu3 (71) a 1,3-oxazolidinonu® (1I1):

n 7
N O N

[ Fa-Ele

N

Vzhledem k dosavadnim vysledkiim, ve kterych jsme
ovéfili ndS poznatek, Ze vyssi akceleracni ucinnost lze
odekdvat u latek s flexibilnim fetézcem’, byla vyslovena
hypotéza o mozném akceleracnim ucinku derivati mo-
nosubstituovanych mocovin, konkrétné takovych, v nichz
dusik mocoviny je zdroven soulasti esteru ©-aminoky-
seliny (IV):

H,NCO-NHCH,-(CH,),COOR
v

Latky tohoto typu byly pfipraveny reakci vodného roz-
toku hydrochloridu esteru m-aminokyseliny s isokyanata-
nem draselnym’, kde Rje Cg az C,¢ nerozvétveny alkyl:

CI'H; N-CH,(CH,),COOR —XNCO
Pripravené l4tky byly testovany z hlediska urychlovani
priiniku theofylinu pfes excidovanou lidskou kiizi v in vitro
pokusu’ ze étyfech rtiznych kapalnych prostfedi. Ucinnost
pripravenych latek byla hodnocena tzv. akceleratnim fak-
torem, coZ je pomér toku theofylinu ze vzorku s akceleran-
tem ku toku theofylinu ze vzorku bez akcelerantu. Nejak-
tivnéjsi z testovanych latek se jevila dodecyloxykarbonyl-
mocdovina za pouziti propylenglykolu jako donorové féze

(tab. I).



Tabulka I
Akcelerace perkutdnni penetrace mocoviny (IV)

Akcelera¢ni pomér

Donorové vehikulum = = =

R=C8 R=Ci2 R=Cis
Voda 1,0 0,5 0,5
TRIS pufr pH 7,0 1,3 0,7 0,5
Propylenglykol 5,6 58 0,5
Isopropylmyristat 31 55 0,6
LITERATURA

1. Grant &. 203/97/0925. Grantové agentura CR.

2. Barry B.W.: Dermatological formulations. M. Dec-
ker. New York 1983.

3.  U.S. patent 4,845,233 (1989).

4. U.S. patent 4,960,771 (1989).

5. Hrabdlek A., Dolezal P., Roman M., Machacek M.,
Sklubalové Z.: Pharmazie 49, 325 (1994).

6. Effenberg F. et al.: Chem. Ber. 114, 173 (1981).

7. Dolezal P., Hrabélek A., Semecky V.: Pharm. Res. 10,

1015 (1993).

A. Hrabalek?, P. Dolezal?, A. Krebs?, O. Farsa®and
Z. Sklubalova®("Department of Inorg.and Organic Che-
mistry, PDepartmentof Pharmaceutical Technology, Hra-
dec Krdlové): Urea Derivatives as TransdermalPenetra-
tion Enhancers

The monosubstituted urea derivatives were synthesized
as percutaneous penetration enhancers. Allcompounds pre-
pared were tested in vitro using excised human skin on their
enhancing activity for theophyline. The dodecyloxycar-
bonylpentylurea was found the most effective enhancer
within the group of the compounds synthetized with the use
of propylene glycol as donor vehicle.
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MOZNOSTI VYUZITI REAKTIVATORU
ACETYLCHOLINESTERAZY S KARBA-
MATOVOU FUNKCI (TO 236) V PROFY-
LAXI A TERAPII AKUTNI OTRAVY SO-
MANEM

2.29

JIRI KASSA, JOSEF VACHEK,
JIRI BIELAVSKY, JIRI CABAL
a JIRI PATOCKA

Vojenskd [ékarskd akademie J. E. Purkyne,
500 01 Hradec Krdlové

Pres znalost mechanismu ucinku organofosfiti (OF)
neni uc¢innost karbamatové profylaxe a oximové antidotni
terapie akutnich intoxikaci témito noxami uspokojiva'’.
Za ucelem zvySeni efektu profylaxe ¢i terapie byla na
naSem pracovi$ti syntetizovdna nova slou¢enina (TO 236),
obsahujici ve své molekule oximovou i karbamoylovou
skupinu’.

Moznost vyuziti TO 236 v profylaxi otrav OF byla
testovana na mysich cestou srovnani jeji u¢innosti s pyri-
dostigmin bromidem (PB) obsaZenym v profylaktické smé-
si PANPAL vyménou PB za TO 236 v ekvimolarnim
poméru. Obé profylaktické smési (obsahujici vedle tes-
tované sloucCeniny dvé anticholinergika) byly podaviny
perordlné 120 minut pied i.m. intoxikaci somanem, jez je
povazovan za nejobtiznéjilécitelny OF. Ze srovndni indexti
ucinnosti obou smési vyplyvd, ze vyména PB za TO 236
snizila efekt profylaxe na témér polovinu (tab. I).

Vzhledem k pfitomnosti oximové skupiny v molekule
byla slou¢enina TO 236 testovdna ijako terapeutické anti-
dotum cestou srovnani jeji G¢innosti s dosud pouzivanymi
oximy (obidoxim, HI-6) pfi i.m. poddni v maximalni te-
rapeutické dévce (20 % LDsg) v kombinaci s atropinem
2 minuty po intoxikaci mysi somanem. Ze srovnani indexti
ucinnosti vyplyva, Ze efekt sloueniny TO 236 nedosahuje
efektu Zddného z dosud pouZivanych oximi (tab. I).

Uvedené vysledky naznacduji, Ze slouCenina TO 236
neni pfinosem v profylaxi ¢i terapii akutnich intoxikaci OF
somanem.

LITERATURA
1. Dawson R. M.: J. Appl. Toxicol. 74, 317 (1994).
2. Kassa I, Bajgar J.: Hum. Exp. Toxicol. 75, 383 (1996).

Bielavsky J., Cabal J., Kassa J., Patocka J.: Chem.
Listy 91, (1997).



Tabulka I
Profylakticka uc¢innost testovanych kombinaci antidot

KOMBINACE ANTIDOT

LD50 (mgkg ™) + 95% IS

Index ucéinnosti

PANPAL (PB, trihexyphenidyl a benaktyzin)
TO 236, trihexyphenidyl a benaktyzin

HI-6 + atropin

Obidoxim + atropin

TO 236 + atropin

0,117 (0,107-0,128)

0,544 (0,488-0,607) 4,60
0,316 (0,265-0,377) 2,70
0,406(0,385-0,431) 3,47
0,181 (0,169-0,193) 1,55

1,19

0,139 (0,125-0,153)

J. Kassa, J. Vachek, J. Bielavsky, J. Cabal and J.
Patocka (Purkyné Military Medical Academy, Hradec
Krdlové): The Possibilities of Acetylcholinesterase Re-
activator with Carbamate Function (TO 236) Use in
Prophylaxis and Treatment of Acute Intoxication with
Soman

The efficacy of TO 236 in prophylaxis and treatment of
acute intoxication with highly toxic organophosphate so-
man was tested. TO 236 was not so efficacious as pyri-
dostigmine in the prophylaxis and not so efficacious as
obidoxime or HI-6 in the treatment of soman acute intoxi-
cation in mice.

2.30 EFFECT OF TWO STRUCTURAL TYPES
OF CARBOXYLATOCOPPER(II) COM-
PLEXES ON PHOTOSYNTHESIS IN SPI-

NACH CHLOROPLASTS

FRANTISEK SERSEN®, KATARINA
KRALOVA®?and JOZEF SOKOLIK"

“Institute of Chemistry, Faculty of Natural
Sciences, Comenius University, Mlynskd dolina,
842 15 Bratislava, & Department of Chemical
Theory of Drugs, Faculty of Pharmacy, Co-
menius University, Kalin¢iakova 8, 832 32 Bra-
tislava, Slovak Republic

The effect of two structural types of carboxylatocop-
per(1I) complexes upon photosynthetic apparatus and pho-
tosynthetic electron transport in spinach chloroplasts was
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investigated'. Based on the different type of acidoligands,
a series of 18 complexes was divided into two groups. The
first group involves mononuclear and binuclear carboxyla-
tocopper(ll) complexes of a general formula Cu(RCOO), .
nH,O. The second group is represented by complex cu-
prates (IT) with Cu-NCO(S)-Cu’ bridges within the dimeric
[Cuy(TSB),X,]% unit containing tridentate Schiffbase di-
anion (TBS™) of N-salicylideneaminoalkanoate type and
pseudohalogenide (X) ligands.

The inhibition of oxygen evolution rate by the studied
compounds expressed by ICs( values (i.e. by the molar
concentration of the compound causing 50 % decrease of
the studied parameter with respect to the control) varied in
the range of 0.009 (cupric acetate, monohydrate) to 0.025
mmol.dm3 (cupric 4-methoxybenzoate, trihydrate) for
simple Cu(Il) complexes and in the range of 1.549
(K[Cu(Sal-DL-Phe)(NCS]) to 3.327 mmol dm3 K[Cu(Sal-
Gly)(NCO)] for the compounds of chelate type. It is evi-
dent, that the different coordinating modes of acidoligands
pronouncedly affect the biological activity of the com-
pounds tested. The ,,simple" carboxylatocopper(Il) com-
plexes are by one or two orders more effective than the
cuprate (II) chelates. The lower inhibitory effect of the
cuprates is probably connected with their higher stability
compared to that of cupric carboxylates.

Using EPR spectroscopy it was found that the com-
pounds studied interact with Z*/D* intermediates, i.e. with
tyrosines in the position 161 which are situated in D; and
D, proteins on the donor side of photosystem (PS) 2. The
further site of action of the studied Cu(II) compounds is the
manganese cluster in the oxygen evolving complex which
is located also on the donor side of PS 2. The interac-tion
of the complexes studied with tyrosines, which are present
in the photosynthetic centres, has been confirmed by fluo-



rescence measurements, too. The decrease of the intensity
of the fluorescence emission band at 684 nm, belonging to
the pigment-protein complex in PS 2 (ref. %), suggested PS
2 as site of action of the compounds studied. The above
results are in accordance with the previously obtained ones
(ref. 3-5).
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F. Serseni?, K. Kralova® and J. Sokolik® (“Institute
of Chemistry, Faculty of Natural Sciences, "Depart-
ment of Chemical Theory of Drugs, Faculty of Phar-
macy, Comenius University, Bratislava, Slovak Republic):
Effect of Two Structural Types of Carboxylatocop-
per(II) Complexes on Photosynthesis in Spinach Chlo-
roplasts

The effect of two structural types of carboxylato-
copper(Il) compounds upon photosynthetic apparatus and
photosynthetic electron transport in spinach chloro-
plasts was investigated. The studied compounds differed
each from other by the type of acidoligands. Simple car-
boxylatocopper(Il) complexes were pronouncedly more
effective inhibitors (by one or two orders) than the cupric
chelates of Schiff bases of N-salicylideneaminoalkanoate

type.
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2.31 EFFECTS OF Ni(I) COMPLEXES WITH
N-DONOR LIGANDS ON PHOTOSYN-
THETIC ELECTRON TRANSPORT IN

SPINACH CHLOROPLASTS

FRANTISEK SERSEN?, KATARINA
KRALOVA? EUGEN JONAP
and ANTON SIROTA"

“Institute of Chemistry, Faculty of Natural
Sciences, Comenius University, §42 15 Brati-
slava, 'rDepartment of InorganicChemistry, Fa-
culty of Chemical Technology, Slovak Technical
University, 832 17 Bratislava, Slovak Republic

The inhibitory effects of some biologically active Ni(1I)
compounds with N-donor ligands on photosynthetic elec-
tron transport in spinach chloroplasts were investigated'.
Compounds of the type NinLy, where X = CI, Br, I,
CICH,COO or Cl,CHCOO; L = nicotinamide (nia) or
ronicol (3-pyridylcarbinol) (ron); y = 2 or 4, were used as
model inhibitors’.

The inhibition of the photosynthetic electron transport
in spinach chloroplasts by the studied Ni(II) compounds
was monitored by the reduction of 2,6-dichlorophenol-in-
dophenol. The inhibitory activity of the studied compounds
was expressed by ICsq-values, i.e. by molar concentrations
of the compounds causing 50 % decrease of the studied
parameter with respect to the untreated control. The ICs,
values varied in the range from 5.373 to 13.289 mmol.dm’
for Ni(Cl,CHCOO),(nia), and NiCl,(ron),, respectively.
The studied NiX,L, where y = 4 were less active inhibitors
than those with y = 2.

Using EPR spectroscopy the N iX2Ly were found to in-
teract with the oxygen evolving complex (OEC) located on
the donor side of photosystem (PS) 2 and release Mn2*ions
from the manganese cluster. The decrease of both consti-
tuents of the EPR signal II (signals Il and Tl s
indicates that NiX, L, interact also with the Z*/D* interme-
diates, i. e. with tyrosine radicals in the position 161 (Tyr,
and Tyrpy) which are situated in Dy and D, proteins on the
donor side of PS 2. Due to this interaction the electron
transport between PS 2 and PS 1 is disrupted what is
reflected in a great intensity increase of EPR signal I in the
light, belonging to the cation-radical of chlorophyll a di-
mer. Consequently, it can be concluded that NinLydo not
damage the core of PS 1. These results are in accordance
with the previously published findings concerning effects



of Ni%* ions on the photosynthetic electron transport3’4.

In fluorescence spectra of chloroplasts treated with the
studied Ni(II) compounds the decrease of intensity of the
emission of amino acids with the increasing concentration
of the compound was observed. This indicates that Ni**
ions are able to be bonded to amino acids of proteins which
are present in chloroplasts.
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F. Serseii?, K. Kralova", E. Jona® and A. Sirota®?
("Institute of Chemistry, Faculty of Natural Sciences,
Comenius University, Bratislava, bDepartment of Inor-
ganic Chemistry, Faculty of Chemical Technology, Slovak
Technical University, Bratislava, Slovak Republic):Effects
of Ni(IT) Complexes with N-Donor Ligands on Photo-
synthetic Electron Transport in Spinach Chloroplasts

Inhibition of photosynthetic electron transport by Ni(II)
complexes with N-donor ligands (NinL}. where X = Cl,
Br, I, CICH,COO or Cl,CHCOO; L = nicotinamide or
ronicol; y = 2 or 4) in spinach chloroplasts was investigated.
It was found that these compounds interact with Z*/D*
intermediates, i.e. with tyrosine cation-radicals Tyr, and
Tyrp situated in Dj and D, proteins on the donor side of
photosystem 2 and with the manganese cluster in the oxy-
gen evolving complex as well.

TROPOLONOVE ALKALOIDY JAKO
CHELATACNI CINIDLA'

2.32

VERA HOLZMANNOVA, JITKA
PSOTOVA, JAROSLAV VICAR
a JITKA ULRICHOVA

Ustav lékaiské chemie, Lékarskd fakulta, Uni-
verzita Palackého, 775 15 Olomouc

Tropolonové alkaloidy kolchicein (1) a N-deacetylkol-
chicein (/1) maji na rozdil od kolchicinu a jeho derivatt
nizkou toxicitu, nevykazuji antimitotickou aktivitu a zacho-
vavajl si 'protizénétlivy ucinek. N-Deacetylkolchicein byl
Gsp&ng& pouzit v terapii difuzni sklerodermie?. Byly popsa-
ny komplexy kolchiceinti s Cu?*ionty’-*. V tomto sdéleni
jsme se zaméfili na studium tvorby komplexti kolchiceint
s ionty Zeleza. Je znamo, Ze se volné Zelezo podili na reakcich
vedoucich ke vzniku reaktivnich forem kysliku, které vyvo-
lavaji fadu patologickych zmén, nap¥. fibr6zu jaternitkané.
Chelatacnich vlastnosti kolchiceindl by mohlo byt vyuzito
ke sniZzeni hladiny Zeleza v té€lnich tekutindch a bunikach.

Tvorbu a stechiometrii komplexti alkaloidt /a I sFe?*,
Fe?*jsme studovali spektrofotometricky (v oblasti 300-600
nm) metodou moldrnich poméra pti pH 7,0. Koncentrace
iont Zeleza se pohybovala v rozmezi cy; = 2.106-2.104
mol.I'!, vysledn4 koncentrace ligandu byla cp. = 103 mol.I'l,
pfi iontové sile 7 = 0,1 mol.I"' (NaClO,). Tvorba komplexti
je stuptiovitd. Pii cpy= 10" - 8.10" mol.I" je dominantni
sloZeni ML, s konstantou stability log B =9,2 20, 1. Pfi ¢y
< 1075 mol.I"" dominuje komplex o sloZeni ML,

Cytoprotektivni ucinek kolchiceint 7 a I1byl sledovan
na modelu primarnich kultur potkanich hepatocyti intoxi-
kovanych Fe?* (tab. I). Hepatocytiim izolovanym kolage-
nazovou perfuzi bylo aplikovino médium s testovanymi lat-
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Tabulka I

Cytoprotektivni tuc¢inek kolchiceinu (1), N-deacetylkolchiceinu (7I) a deferoxaminu (DF) vii¢i intoxikaci hepatocytu

Zelezitymi ionty®

LDH"
(nkat/10° bungk)
Kontrola 3,33 £0,16
Fe** 13,83 + 0,54
1(5.10° mol.I'Yy + Fe** 8,88 +0,33
1(5.10*mol.I'"y + Fe** 3,30 0,13
11(5.10° mol.I'!y + Fe** 6,46 +0,30
1 (5.10* mol.I'") + Fe** 3,64 40,19
DF (5.10° mol.1*")+ Fe>* 2,32 £ 0,09
I+

DF (5.10* moL.1'!) + Fe

MDAP GSH®
(nmol/10° bun&k) (nmol/10° bun&k)

0,0 52,08 + 2,10
6,65 +0,14 14,58 +0,71
7,08 + 0,17 9,90 +0,44
0,42 +0,006 43,01 +2,03
5,78 40,13 12,18 + 0,40
0,20 + 0,008 53,28 + 2,05
0,08 + 0,002 51,02 + 2,34

0,0

53,41+2,51

4koncentrace FeSJr 2.]0'5 mol.I", P méteni byla provadéna v tripletu, pokus byl ttikrat opakovan

kami (0-5.10"* mol.I"") a po 4 hod byly buiiky intoxikovany
2467 mol.I"! Fe**v citratovém komplexu’. Po 20 hod byla
stanovena aktivita LDH jako parametr poskozeni buné¢né
membrany, hladina redukovaného glutathionu (GSH) a pro-
dukt lipidické peroxidace reagujicich s kyselinou thiobar-
biturovou (vyhodnocenych jako koncentrace malondialde-
hydu ~MDA) jako parametrti oxida¢niho poskozeni buiiky.
Pro srovnani s uéinky kolchiceindl byl studovan deferox-
amin (DesferalR, CIBA), ktery je v soucasné dob¢ jedinym
terapeutikem pouzivanym pro chelataci F e”; jeho nevyho-
dou je nizkd u¢innost pfi perordlnim podani. Z vysledkd
uvedenych v tab. I je zfejmé, ze alkaloidy / a // jsou
v koncentracich 5.10” mol.I" i¢inné pii ochrané hepato-
cytu. Chelata¢ni aktivita kolchiceini v kombinaci s jejich

.....

uziti té€chto latek v terapii nékterych onemocnéni jater.
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cine, Palacky University, 775 15 Olomouc): Tropolone
Alkaloids as Chelating Agents

The complex formation of Fe’* with colchiceine or
N-deacetylcolchiceine is described. The protective effect of
both colchiceines against Fe3 toxicity in primary cultured
rat hepatocytes is demonstrated.

2.33 ANTILIPOPEROXIDATION ACTIVITY

OF FOUR SILYBIN GLYCOSIDES'

CTIRADA VAVRECKOVA?, PAVEL
KOSINAP, JIRI KUBISCH®
and DANIELA WALTEROVA”

“Centre of bioanalytical methods and’ Institute
of Medical Chemistry, Medical Faculty UP,
Hnévotinskd 3, 775 150lomouc, ‘Laboratoryof
Biotransformation, Institute of Microbiology,
Academy of Sciences of the Czech Republic,
Videriskd 1083, 142 20 Praha 4

Silymarin, an extract of Silybum marianum (L.) seeds, is
used for supportive treatment of alcoholic cirrhosis and in toxic
liver diseases’. Silybin, one of three flavonolignans isolated
from silymarin (silybin, silydianin, silychristin), has beco-
me a specific antidote for mushroom poisoning’. Therapeutic
effect of silybin is, however, limited by its low bioavailabi-



lity and poor solubility in water. Recently it has been shown
that glycosylation improves the water solubility of silybin®.
The aim of our study was to investigate if glycosilation
of silybin does not suppress its antioxidant activity, an
important property based partially on ability of silybin to
scavenge free radicals. For this purpose four 11-3-D-gly-
cosides of silybin were tested and compared with silybin
and silymarin (Scheme 1). Scavenging radical activity of

.-CH,OH
OCH;3

OH

SILYBIN

tested substances was determined spectrophotometrically
after their reaction with stable radical 2,2-diphenyl-1-pi-
crylhydrazyl (DPPH) (Table I). Inhibition of rerz.-butylhy-
droperoxid (-BH) induced lipoperoxidation in mitochon-
drial membrane isolated fromrat liver (Table I1) was moni-
tored as thiobarbituric acid-reactive substance formation,
and inhibition of f-BH induced erythrocyte hemolysis was
measured as released hemoglobin (Fig. 1). All tested gly-
cosides were found to inhibit -BH induced lipoperoxida-
tion and to exert the antiradical activity against DPPH.
B-D-glucoside and B-D-galactoside were significantly more
effective than the parent silybin. The results suggest that
glycosylation of silybin may not only improve bioavailabi-
lity of silybin, but also its antioxidant potential.

Table I
Antiradical activity of studied compounds against DPPH

Compound Decoloration of DPPH
IC50 [uM]
Silymarin 933+ 25
Silybin 1316.7 £37.5
Silybin-B-D-galactoside 258.3 + 152
Silybin-B-D-glucoside 1425+ 7.1
R =B-D-glucose, B-D-galactose, B-D-lactose, B-D-maltos Silybin-B-D-maltoside 866.7 + 22.8
SILYBIN GLYCOSIDES Silybin-B-D-lactoside 525.0 £18.7
Scheme 1 T ' T
t —&—control -
90 —— 1,2 mMt-BH
—&— 0,5 mM silymarin
0 —8—0,5 mM silybin
70 —¥—0.5 mMsilybin-galactoside
” —6—0.5 mM silybin-glucoside
i —&—0.5 mM silybm-maltos ide
”E- 50 —&— 0.5 mM silybin-lactoside J
= b -
e 40
3
30 |
20
10
0

time (h)

4

Fig. 1. Inhibition of ~-BH induced erythrocytes hemolysis by studied compounds
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Table I1
Inhibition (%) of t-BH induced lipid peroxidation by tested

compounds B

Compgund 0.5 mM o O.lTnM
Silymarin 69.9 £3.2 36.9+1.2
Silybin 12.7 £ 09 9.6 £0.5
Silybin-|3-D-galactoside 444+ 29 44102
Silybin-pB-D-glucoside 66.8 £5.4  14240.8
Silybin-B-D-maltoside 31.3 £ 16 48 +0.3
Silybin-B-D-lactoside 430 + 3.1 8.6+ 0.6
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C. Vavreckova?, P. KosinaP, J. Kubisch® and D.
WalterovaP ("Centre of bioanalytical methods and Insti-
tute of Medical Chemistry, Medical Faculty, Palacky Uni-
versity, Olomouc, Laboratory of Biotransformation,Insti-
tute of Microbiology, Academy of Sciences of the Czech
Republic, Prague): Antilipoperoxidation Activity of
Four Silybin Glycosides

Antiradical activity against 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) and inhibition of f-BH induced lipid peroxi-
dation by silymarin, silybin and glycosides of silybin were
studied. Glycosylation of silybin improved its antioxidant
activity.
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KAM SMERUJE SOUCASNA
ANALYTICKA CHEMIE

3.01

JAROSLAV CHURACEK

Universita Pardubice, Fakulta chemicko-tech-
nologickd, Cs. legif 565, 532 10 Pardubice

Soucasna analytickda chemie se zabyvd otdzkami spo-
jenymi s analyzou slozitych soustav. Tyto slozité soustavy,
jak je definoval Schomburg v roce 1987, jsou mnohasloz-
kové smési, u kterych shledavame velmi podobné fyzikalni
a chemické vlastnosti. Jedna se tedy o izomerni slouceniny
- stereoizomery a opticky aktivni latky, u nichz jejich D-
a L- formu neni moZzno béznymi technikami rozlisit.

Nejnovéjsi definice analytické chemie, jako samostatné
védni discipliny, byla zvefejnéna v neddvné dobé na sym-
poziu Euroanalysis a v origindle zni takto:

wAnalytical chemistry is a scientific discipline which
develops and applies methods, instruments and strategies
to obtain information on the composition and nature of

"

matter in space and time.

Euroanalysis, Edinburgh, 5th September 1993

Jinymi slovy - od analytické chemie vyzadujeme od-

povéd na dvé zakladni otdzky - CO? a KOLIK? Jednd se
tudiz o kvalitativni a kvantitativni aspekt analyzy.

Madme-li mluvit o perspektivich analytické chemie,
hleddme tedy odpovéd na otdzku: Kam sméfuje soucasna

sekce 3

analytickd chemie? Odpovédi jsou pomérné jednoduché
ajsou v této prednasce zaméfeny do oblasti analyzy a se-
paraci organickych latek. V analyze anorganickych latek
pievazuji dnes a budou i v budoucnu pievazovat metody
spektralni, které maji sva vlastni specifika:

-z hlediska velikosti vzorku je vyvijena snaha o jeho
minimalizaci. Zatimco jesté pied 30 lety znél pozadavek
v piipad€ analyzy smési organickych litek minimalné na
1 ml kapalného a 1 g pevného vzorku, dnes$ni pozadavek se
napf. pi analyze kapalnych vzorkd s vyuzitim plynové
chromatografie pohybuje v hodnotach desetin azjednotek
mikrolitri ¢i miligrami.

- Z hlediska citlivosti metody i meze detekce (detekcniho
limitu) je snaha o zvySovani citlivosti (zafizeni, metody)
a o snizovani detekéniho limitu a meze stanovitelnosti.
Prace z poslednich let ukazuje, Ze detek¢éni limity pohybu-
jici se v rozmezich setin az tisicin mikrogrami na litr, jsou
pii sledovani napf. kontaminantd v pitnych vodach jiz
b&zné'.

-z hlediska stopové analyzy je celosvétovy trend zaméten
na ultrastopovou analyzu dosahujici az k hodnotdm tisicin
ppb, soucasné s vyuzivanim obohacovacich technik, z nich
predevsim superkritickou fluidni extrakci a extrakci na tu-
hych sorbentech.

Z hlediska stopové analyzy se hranice vytyCujici nor-
malni, tj. makroanalyzu, stopovou analyzu a ultrastopovou
analyzu v poslednich 25 letech posunuly minimélné o dva
fady niZe, jak je patrno z pfipojené tabulky. U ultrastopové
analyzy Cini tento posun az Ctyfi fady k niz§im hodnotdm.

2 3
g.m mg.m

% ppm ppb ppt kg.T g 3
gl mg.l pgl
100,00 1000000 1000
10,00 100000 100
1,00 10000 10
0,1 1000 1
0,01 100 0,1
0,001 10 0,01
0,0001 1 1000 0,001 I
0,00001 0,1 100 0,0001 0,1
0,000001 0,01 10 0,00001 0,01 10
10:; 0,001 1 0,000001 0,001 1
107 0,1 0,0001 0,1
107, 0,01 0,01
107, 0,001 1 0,001
10° 0,0001 0,1 0,0001
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Prepocet koncentraci z hodnot oznaCovanych pp na jiné
koncentrac¢ni udaje je tento:

mg.g l 8-

ppm 1:10° 107 ¢

(3}="

g

ppb 1:10 107" % mg.i\g'l

ng.g
= :
: 109 g pe.

ppt 1:10°° ]

l
ng.kg

% fgg' pgkg’

12=]

15

EGED

ppgd

dfivéjsihranice ,,makro" a ,,stopové" analyzy
soucasné hranice vytycujici i oblast ultrastopové
analyzy.

Soucasng je tfeba poznamenat, ze evropské a americké
oznadovani se zna¢né li§i. V Evropé je miliarda 10°, v USA
se jedna o bilion. Evropsky bilion 10'*je americky trilion
a 1015je v USA kvadrilion, zatimco evropsky kvadrilion
m4 hodnotu 10%#a trilion 1018
-z hlediska selektivity je snaha o jeji zvySeni, coZ je
principialné realizovdno a) zavadénim specidlnich vysoce
selektivnich detektortl, ) aplikaci chiralnich fzi, c¢) deriva-
tizaci, z niz sorpcné derivatizacni technika umoznuje selek-
tivni stanoveni slozek, které by za béznych okolnosti ne-
bylo mozno z divodl interference identifikovat ¢i sta-
novit’.

Béznou derivatizaci jsme schopni jednak zavést do
molekuly analyzovanych latek takova atomova seskupeni,
kterd umozni podstatné sniZit detekéni limit’ a jednak
umozniv podminkach plynové chromatografie zvysit téka-
vost téchto latek®.

-z hlediska rychlosti analyzy je snaha o jeji zvySeni, coz
vede ke zkraceni celkové doby analyzy. Pfi pouziti kratkych
chromatografickych kolon lze ziskat, pfi jednoduchych
smésich organickych latek ve vzorku, vysledek béhem
desitek sekund. Z hlediska rychlého a soucasné selektiv-
niho stanoveni urcitych typa latek lze uvést vyvoj novych
sorpcné detekCnich trubicek.

- 7 hlediska konstrukce, miniaturizace a automatizace
analytickych pristrojii 1ze oekévat vyvoj novych chro-
matografickych a elektroforetickych zafrizeni v Cipové po-
dobé a automatickych analyzédtord, u nichZ se detek¢ni
limity budou pohybovat ve zlomcich ppb’.

Pocatkem 21. stoleti je mozno ocekdvat dalsi vyvoj ve
vSech Sesti sledovanych hlediscich, avSak hlavniho roz-
machu doznaji jisté oblasti selektivity a konstrukce analy-
tickych pfistroji, véetné automatickych analyzitort vy-
uzivajicich biosenzorova cidla.

LITERATURA

1. Spliid M. H., Koppen B.: J. Chromatogr. A 736, 105
(1996), and J. Chromatogr. A 738, 295 (1996).

2. ChuracekJ., Pechovd H., Horna A., Kotrla R.,Ventura
K.: J. Chromatogr. 557, 523 (1991).

3. Jandera P., Pechova H., Tocksteinova D., Kralovsky
J., Churécek J.: Chromatographia 16, 275 (1982).

4. Husek P.: J. Chromatogr. 547, 307 (1991).

Louter H. J. H., van Beekvelt C. A., Montanes P. C,

Slobodnik J., Vreuls J. J., Brinkman U. A. Th.: J.

Chromatogr. A 725, 67 (1996).

S

J. Churacéek (University of Pardubice, Faculty of Che-
mical Technology, Pardubice): Where are the Trends in
Contemporary Analytical Chemistry

Overview on contemporary analytical chemistry and
their perspectives in twenty one century.

ANALYTICKA DERIVATIZACE ORGA-
NICKYCH SLOUCENIN

3.02

JIRI GASPARIC

Katedra biofyziky a fyzikdIni chemie, Farma-
ceutickd fakulta UK, Heyrovského 1203, 500 05
Hradec Krdlové

Poslednim krokem kazdé analyzy, kterou provadime, je
zmeéreni néjaké veliCiny nebo vyhodnoceni néjaké vlast-
nosti. Tak stanovujeme teplotu tani, hmotnost vysusené
sraZeniny, objem titra¢niho roztoku, vyhodnocujeme zbar-
veni, spektrum, hodnotu absorbance, vyvhodnocujeme chro-
matografické skvrny nebo piky atd. Neni-li mozné tento
tkon provést s ptivodnim analytem, protoZze nema vhodné
potiebné vlastnosti, musime jej prevést na latku vhod-
néjSich vlastnosti, tj. na derivat.

Tento pochod si miizeme pfedstavit' jako reakci

A+ C > Dnebo A...C

kde A je analyt, Cje &inidlo a D nebo A..C jsou derivaty,
pii &emz D je nova kovalentné vdzand slouéenina a A...C
vhodny komplex, které Iépe vyhovuji findlnimu vyhodno-
ceni potfebné vlastnosti. Pochod se nazyvd derivatizace



(derivatization, Derivatisierung) a ¢inidlo se nazyva deri-
vatizaCni (derivatizing, n¢kdy téz labeling (re)agent, Deri-
vatizierungsreagens).

Pripady, kdy se prevadi chemické slouceniny na de-
rivaty, si mizeme rozdélit na dvé skupiny:
1. Derivatizace spojena s piipravou tuhého (krystalického)
derivatu,
2. Derivatizace bez izolace derivatu

1. Priprava krystalického derivatu
1.1.Charakterizace (identifikace)
teplotou tdanf

Pripravuji se derivaty, jejichz teploty tani leZi v rozmezi
80-250 °C a homology a izomery taji v co nejSirSim roz-
mezi teplot tani, majici vhodnou rozpustnost (krystalizace),
pfipravitelné jednozna¢nou reakci, ¢inidlo ma byt dostupné
a jeho piebytek snadno odstranitelny. Pfipadny dalsi po-
zadavek byl, aby bylo mozné z derivatu snadno uvolnit
ptvodni latku, protoZe derivat slouzil k izolaci, precisténi,
k ziskani dal$ich konstant ptivodni latky atd., nebo, aby se
dala snadno pfipravit druha fada derivatd. Tak bylo pro
charakterizaci thioetherl navrzeno’ prevadét je na p-brom-
fenacylsulfoniové soli, které mély charakteristické teploty
tani, a které bylo mozno dale pievadét na krystalické pik-
rany Ci chloristany (schema 1).

R pa—
> S  + BrCH.CO —(\ >— Br -
R~ \ .y,
R 4 —
— ~ §—CH,.c0— y— i
B 2 < / Br Br
Schema 1

Pokud hovorime o stanoveni teploty tani, tak od ptivodni-
ho stanoveni v kapildfe a v 1azni kyseliny sirové se pieslo
vyvojem k elektrickému bodotavku a k metodé podle Koflera,
ktera umoznila stanoveni dalSich konstant, jako eutektickych
teplot, indexti lomu tavenin atd. Znamé tabulky organickych
slou¢enin’ nebo monografie o organické analyze® uvadi
u kazdé slouceniny charakteristické derivaty, pfipadné ta-
bulky jednotlivych derivati pro celé skupiny sloucenin.

I kdyz se dnes vyslovuji ¢asto ndzory, Ze tento zpusob
derivatizace ztratil sviij piivodni vyznam a ze se nachazi
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nova pouziti derivatd v plynové a kapalinové chromato-
grafii, musime si uvédomit, Ze i dnes je stale jeSté bézné, ze
autoii syntetickych nebo izola¢nich praci prevadéji své
nové slouceniny na vhodné derivaty, aby tyto nové latky co
nejlépe charakterizovali.

1.2.Stanoveni obsahu funkc&ni
skupiny (moldrni hmotnosti)

Postupny vyvoj organické analyzy priSel s dalSimi zpti-
soby vyhodnocovani pripraveného derivitu, napf. stano-
veni funk&ni skupiny. To jsou prace a kniha S. Veibela’.

1 .3. Mikroskopické metody

Derivity pripravené v makroméftitku bylo moZzno hodnotit
také podle charakteristickych tvard krystalt pod mikroskopem™”.

Postupem let se metodika organické analyzy vyvijela
smérem k instrumentdlnim metoddm a tak se i jich pocalo
vyuzivat k charakterizaci derivatt.

1.4.Difraktografické metody

Krystalografické udaje jsou rozhodné velice vhodnym
zplisobem charakterizace derivat{. Viz napt. cit.'® o pouzi-
ti semikarbazont n-alkanont. I my jsme se je kdysi poku-
sili pouzit nékolikrat, jednak u zminénych jiz chloristanii
p-bromfenacylsulfoniovychsoli’ a v daldich pracech, napt.!!.
Chtéli jsme této metody pouzit také pro charakteri-
zaci adi¢nich sloucenin thioetherti s chloridem rtutnatym
(R,S . x HgCl,), protoZe s teplotami tdni byly urcité prob-
Iémy a tyto produkty tvorily vzdy velice pékné vyvinuté
krystalky. VsSechny praskové difraktogramy byly vsak
prakticky stejné, protoZze se jednalo (a to se tehdy nevédélo)
spise o jakési inkluzni slou¢eniny'.

1.5. InfraCervend spektra derivata

Jako piiklad vyuziti infraCervené spektroskopie pro

charakterizaci derivati mtzeme uvést IC spektra 3,5-dini-

o 13

trobenzoand alkoholl” nebo 2,4-dinitrofenylderivati niz-

o 14

§ich primarnich amind .

1.6. NMR spektra derivdti

MEél jsem moznost kombinaci ,,derivatizace - NMR"
pouzit v piipadé urCovani konstituce azobarviv, kdy po
redukénim $tépeni azobarviva (SnCl, + HCI) ziskdme



v Casto dosti slozité reakéni smési primarni aromaticky
amin jako hnédy olej. Osvédcilo se nam provést jeho dia-
zotaci a kopulaci na 1-fenyl-3-methyl-pyrazolon-5.

N=—N— T——CH,
xé% N 4\,—!—"” CH
i e N

—

SN

I

Vyhodou téchto derivatt (/) bylo (kromé dobré rozpust-
nosti), ze signdl methylu na heterocyklickém jadfe ma
naprosto stabilni polohu neodvislou od substituentti na
jadfe aktivni komponenty a tak slouZzi jako standard a zmé-
fenim fady derivath jsme si mohli zcela pfesné ovéfit po-
lohy (posuny) vodikil ptislusnych substituenti'.

1.7. Hmotnostni spektra derivath

Prevadéni ptivodni slou¢eniny na deriviat vhodny pro
proméfeni hmotnostniho spektra je vyvhodné, nebo az za-
douci, neddva-li piivodni slou¢enina mate¢ny ion nebo je
nutno zmensit, ¢i naopak zvysit tékavost nebo zvysit stalost
produktu pro méfeni, popfipadé zamezit nezidoucim frag-
mentacim ¢i pfesmykiim. A tak neni divu, Ze se postupné
objevily v literatufe prace jako napf.m‘]g.

My jsme vyuzili, obdobné jako u NMR spekter pri-
marnich aromatickych aminf ziskanych redukénim §té-
penim azobarviv, pfevedeni téchto amind diazotaci a kopu-
laci na 2-naftol na pfislusné azoslouceniny (//). Kopulace
probéhne jednozna¢né do polohy 1 a vzniklé arylazo-2-
naftoly lze obvykle snadno piecistit (krystalizace, chroma-
tografie na sypané vrstvé) a jejich hmotnostni spektra ne-
byla prili§ zatizena nékolika jednoduchymi a zndmymi
fragmenty naftolové Casti.

4 H—r—=n

X

OH

N

1

1.8. Gravimetrické metody

Pri gravimetrickych metodach casto srdzime analyt
v podobé nerozpustného derivatu vhodnym c¢inidlem a po
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promyti jej vysuSime do konstantni hmotnosti. Jako pfi-
klady si miZzeme pripomenout stanoveni aldehydi po vy-
srazeni dimedonem, stanoveni aldehydt a ketont jako 2,4-
dinitrofenylhydrazonti, aminti jako pikranti ¢i pikrolonant
apod., viz napt. cit."”.

1.9.Chrdnéni funkéni skupiny

Do pripravy derivatli k analytickym tucelim bychom
mohli pfifadit i pfipady, kdy potfebujeme pred dalSimi
analytickymi operacemi chranit nékteré snadno posko-
ditelné funkéni skupiny analytu. V chemii peptidi a piirod-
nich latek viibec bychom nalezli mnoho prikladi. Zde bych
uvedl z vlastniho pfipadu nasledujici schema reakci,
kterymi jsme méli potvrdit strukturu vedlejstho produktu
(1,4-anthrachinonu) vznikajiciho pfi katalytické oxidaci
anthracenu na anthrachinon (viz schema 2, podle 20).

9 OH
I Jha o
2 TSR T TR R
i - J’ 4
[ T - -
I ]
o OH
OCOCH, O  OCOCH,
Jl' e —u /l\
.Ir-” -Q:: ’/::"Q_r/’?c\: . [,/-' W/ »]/ Be
= |'! | b I |L J| J —
. \l’//’ ™ -’;’\“\/// P \.[,-' S
OCOCH, O  OCOCH,
O OH
. | |
2 Fr *r" s
%’JH/J\T/ j
O OH
Chinizarin
Schema 2
1.10. Déleni enantiomeri

Toto je dalsi moznost uplatnéni vhodné volenych de-
rivatdl pro nejen analytické déleni.



2. Derivatizace bez izolace derivatu

Je cela rada pripadd, kdy pfevadime analyt na derivat,
aniz si to tieba uvédomujeme, a ddle s nim provedeme nase
méfeni, jako bychom pracovali s plivodni latkou. V téchto
pripadech by byla derivatizace velkou a dtlezitou soucasti
tzv. reakénich metodik. Musime si ovS§em uvédomit, ze my
v tuto chvili uvazujeme o skute¢né pfipravenych defino-
vanych derivitech, protoze reakéni metody mohou tfeba
zahrnovat postup jako je ptiprava pyrolyzitu nééeho a pro-
meéfeni jeho IC spektra nebo plynovy chromatogram této
vzniklé smési, nebo destildt vzorku se zinkovym prachem
aplanarni’' nebo plynovou chromatografii?2 vzniklé smési
produktli, nebo DSC zdznam rozkladu plastickych hmot
slouzici k jejich identifikaci.

2l reakce
spektrofotometrie

Barevné
a

Je b&€7né, Ze kdyz nelze ve spektrofotometrii vyuZzit
vlastni absorpce analytu, tak se s nim provede barevna
reakce a méfi se absorbance vzniklého barevného derivatu.
V piipadé barevnych reakci je ovSem charakter derivatil
ponékud odlisny od ptipadd, kdy jsme je izolovali - zde se
jednd o acidobazické reakce, vznik komplext organické
latky s kovy, charge-transfer komplexd, tvorbu iontovych
pard s barevnym protiiontem (spojeno s extrakci do or-
ganického rozpoustédla), redoxni formy analytu nebo ¢i-
nidla a nakonec vznik novych organickych chromogent
(azobarviva, chinoniminova barviva, azomethiny, nitroso-
a nitrolatky, di- a triarylmethany, polymethinova barviva
aj.)”. U nékterych barevnych reakci neni dosud zndma
struktura chromogenti, protoze se jedna tieba o smés nede-
finovatelnych produktti, takze by se jednalo vlastné o reak-
¢ni metodu. V kazdém pifpadé, af jiz to bude barevni
reakce ve zkumavce, na papife, teCkovaci misce nebo po
posttiku na chromatogramu nebo po rozdéleni na chroma-
tografické kolong, &i pfi FIA metodé™ atd., bude se jednat
o derivatizaci.

2.2. Fluorimetrie

Analogicky pfedchozimu piipadu bude kazda reakce
vedouci ke vzniku fluoreskujicihoproduktu derivatizaci, af
ji provedeme v odmérné barnce nebo pted kolonou pfii
kapalinové chromatografii, kde jedin¢ se hrdé nazyva ,,pre
column derivatization".
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2.3. Nefelometrie a turbidimetrie

Z hlediska naseho dneSniho pohledu bude kazdy meé-
feny zékal, ktery je jemnou srazeninou pfipraveného de-
rivatu, rovnéZ typickym piipadem derivatizace.

2.4. Mikroskopické metody

O mikroskopickych metodach jsme se zminili jiz v ¢ésti
1.3. Derivéty je vSak mozno pfipravit pfimo na mikrosko-
pickém skli¢ku reakei analytu s ¢inidlem, viz napt. cit.”™"*’
2.5. Polarografie

Jestlize analyt sam postrada elektrochemickou aktivitu,
je mozné jej polarograficky stanovit, kdyz derivatizaci
vhodnym c¢inidlem vneseme do jeho molekuly elektro-
chemicky aktivni funkéni skupinu, napf. nitroskupinu nebo
azoskupinu apod. Ze starSich praci mliZeme uvést jako
priklad stanoveni morfinu®™ po nitrosaci (pozdgji se uka-
zalo, Ze Slo o nitraci) apod. Novéji byla navrzena DPP
metoda pro stanoveni sulfonamidi® po jejich diazotaci
a kopulaci na N- I-naftyl-ethylendiaminnebo stanoventi ty-
rosinu a fenylalaninu39 po nitraci také DPP metodou nebo
DPP metoda pro stanoveni primarnich amint a amino-
kyselin jako 2,4,6-trinitrofenylderivaty3!. Na nadf katedte
jsme navrhli jako derivatizacni reakci iontové-parovou in-
terakci organickych bézi (1é¢iv) s kyselinou pikrovou™
nebo oranZi 11’ spojenou s extrakci (iontové-parova ex-
trakéni polarografie).

2.6. Atomova
spektrofotometrie

absorpénfi

Nepfimé stanoveni organickych bazi a kyselin je mozné
po piipravé stechiometricky definovanych derivitli obsa-
hujicich kov, napt. iontovych asociati s vhodnym protiion-
tem (pfehled viz cit. 34).

2.7. Nukledrni magnetickd rezonance

Ptifazeni signdll a strukturni interpretace NMR spekter
vyzaduje nékdy chemickou modifikaci derivatizaci stu-
dovaného analytu. Reakce se provddi pfimo v kyveté bez
izolace derivatu. Takovym dCinidlem je napf. trichlorace-
tylisokyanat, s nimz reaguji alkoholy, fenoly, aminy a thio-
ly, viz napt. cit.”"”’. V ptipadé cukrll se vyuZivd acety-
lace38.



2.8. Radiochemické metody

Pokud analyt neni pfimo oznacen radioizotopem, mui-
zeme jej derivatizovat znacenym Cinidlem, napf. v pfipadé
alkoholi, glykolt a fenolt 3-chlor-4-methoxybenzoyl-3°Cl
chloridem”, kyseliny derivatizujeme '4C diazomethanem?”
nebo p-chloranilinem-39CI#!. Dals{ p¥iklady viz cit.*. Ten-
to typ derivatizace ma vyznam také v chromatografickych
metodach.

2.9. Metody odmérné analyzy

V literatufe (napf. cit. 1%)je popsdno velké mnoZstvi
postupti, pii nichz se méfi objem titracniho ¢inidla spotie-
bovany ke tvorbé derivatu, nebo se méii objem titracniho
¢inidla spotiebovaného ke zjisténi prebytku Cinidla po-
uzitého ke tvorbé derivdtu. Tak napf. se zjisfuje jodomet-
ricky piebytek Cinidla pfi stanoveni aldehydd po jejich
reakci s hydrazinem. Zcela obdobné je napi. stanoveni
hydroxylové skupiny (tzv. hydroxylového c¢isla) odmér-
nym stanovenim prebyte¢ného acetanhydridu.

2.10.Chromatografické
a elektromigra¢cni metody

Termin derivatizace' se v plynové chromatografii obje-
vuje v literatufe asi v roce 1970 a v kapalinové chromato-
grafii (LC) asi v roce 1974. Dnes najdeme v literatufe jiz
desitky praci, v nichz se hldsa slava derivatizace pired nebo
postkolonové atd. soucasné s vyhledem na nové aplikace
derivatizace (!).

Ohromnym pfinosem chromatografickych a elektromi-
gracnich metod je skuteCnost, Ze analyty soucasné déli,
a do kdysi nepfedstavitelnych stopovych mnoZzstvi. Je po-
chopitelné, ze planarni, plynova (GC), kolonova kapali-
nova chromatografie (LC) i elektroforetické metody maji
kazda své individudlni pozadavky na vlastnosti analytd,
takZe ne pro kazdy plvodni analyt je jmenovitd metoda
viibec pouzitelnd. Jednou to bude stabilita latky (tfeba vici
vzdusnému kysliku, vic¢i pouzité teploté), jindy mald nebo
naopak priliSnd tékavost, nebo neschopnost migrovat
v elektrickém poli atd. Nemaji-li analyty tuto vlastnost,
prevadi se na derivaty téchto potiebnych vlastnosti. Ob-
vykle se jedna o derivaty pro charakteristické funkéni sku-
piny, tedy pro alkoholy, kyseliny atd.

Kromé toho, Ze predkolonovou derivatizaci ziskdme
analyty v podobé, kterd vyhovuje podminkdm metody a ne-
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¢ini dalsi problémy (nepfijemna sorpce apod.), je pro
v8echny chromatografické metody dtilezita (specificita, cit-
livost) i otazka jejich detekce. Proto volime derivaty s tako-
vymi vlastnostmi, které by takovou detekci umoZziiovaly
(s ohledem na pozadovanou citlivost a druh detektoru v po-
uzitém pfistroji). Je pochopitelné, Ze jsou pozadavky na
vlastnosti derivati pfed délicim procesem nebo pro detekci
po ném ponékud rozdilné. Zatimco pfi pfedkolonové deri-
vatizaci je nutné, aby vznikaly derivaty jednotné, pii post-
kolonové derivatizaci mohou vznikat produkty tfeba nede-
finovatelné, ale reprodukovatelné (viz u barevnych reakci).

Jiz pti papirové chromatografii bylo ukédzdno, Ze je pro
dosazeni rozdéleni a identifikace mozno pouzit specific-
kych piipadd derivatizace, které ukdZeme na piikladu dé-
leni nasycenych mastnych kyselin od nenasycenych a na
déleni nékterych aromatickych izomeri: Tak je zndmo, Ze
napr. kyselina palmitova {IIl) a olejova (IV) tvofi tzv.
kriticky par, ktery nelze rozdélit - je vSak mozno vyuzit
reakci na dvojné vazbé, napf. bromace nebo pfipravy kom-
plexii s octanem rtutnatym ¢&i interakce s dusi¢nanem stii-
brnym (v tomto piipadé¢ impregnace papiru nebo vrstvy)
a délenije dosazeno.

CH3(CH2)14COOH
1/

CH3(CHz2)7.CH = CH.(CH2)7COOH
Vi4

Jako dal$i pfipad muzeme uvést velice Spatné déle-
ni aromatickych meta a para izomer(. Tak rozdéleni m-
a p-toluidinu méZeme docilit bromaci*’ (vznikaji ¥V a VI)
av pripadé m- a p-krezolu po reakci se 4-aminoantipyrinem
(a oxida¢nim ¢inidlem)®. Pfitom je derivat p-krezolu zluty
(VII), m-krezolu erveny (VIII).

NH? NH?
Br = gr &r \/L“\\/ Br
| < e
, CH,
CH, Br
I Vi
OH OH
| |
Y M)
/I v\\
ba Gl
I
CH,
FTI VI



Tématika derivatizace pro jednotlivé typy chromato-
grafie byla jiZ mnohokrat pfehledné zpracovana a tak od-
kazuji na nékteré monografie a pfehledné ¢lanky zahrnujici
obecné pojeti #4-46, plandrni chromatografii*’#?, plynovou
chromatografii’%-33, kolonovou LC**"*’, post-kolonovou
detekei v LC®'"°? a kapildrni elektroforézu napt. cit. 63,

Z uvedeného piehledu vyplyva, Ze derivatizace orga-
nickych sloucenin k analytickym tc¢eliim byla vzdy integ-
ralni soucdsti organické analyzy a Ze jeji historie je sou-
Casné historii organické analyzy. MiZzeme tedy definovat
derivatizaci jako zdkladni pFistup organické analyzy, kte-
rého vyuzivdme tehdy, kdyz analytnemd vlastnosti potieb-
né pro danou metodiku nebo kdyZje derivdt md dokonce
lepsi. Typy derivatii se budou i naddle vyvijet a upravovat
podle potieb novych metodik. Derivatizace se pouZivala,
pouziva a bude pouzivat. Pokud budily nékteré metody
usmév na vaSich tvafich, mohu vés ujistit, Ze mozné za
dalSich 50 let budou stejny uismév na tvafich naSich po-
tomki budit i metody, které dnes povazujeme za vrcholové.
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J. Gaspari¢ (Department of Biophysics and Physical
Chemistry, Faculty of Pharmacy, Charles University,
Hradec Krdlové): Analytical Derivatization of Organic
Compounds

A review is presented covering the applications of deri-
vatization in combination with different analytical me-
thods, which are classified into two groups: 7) The prepa-

ration of solid (crystalline) derivatives and 2) derivatization
without the isolation of derivatives. Derivatization is de-
fined as an integral part of organic analysis used whenever
the analyte does not posses properties required by the
particular method used, or when the properties of the de-
rivative are better than those of the analyte. Derivatives
have been used in the past, are used at present and will be
used in the future. The requirements on the character of the
derivatives will change according to the new analytical
methods developed.

3.03 POUZITIE ABRAZIVNEJ ELEKTRODY NA
POSUDENIE AKTIVNOSTI POVRCHU
PRASKOV

MIRIAM GALOVA® LADISLAV LUX",
KVETA MARKUSOVA? a MARIA
HEZELOVA®?

“Katedra analytickej a fyzikdlnej chémie PF
UPJS, Moyzesova 11, 041 54 Kosice, "Katedra
chémie HF TU, Letnd 9, 042 00 Kosice, Sloven-
skd republika

Reaktivita kovového praskového materidlu je dolezitd
nielen v procese jeho elektrochemického legovania pre pri-
pravu vychodzieho materidlu v praskovej metalurgii ale
i pre iné Gcely, napr. postidenie koréznej stélosti a pod.

V praci’ bola vyvinutd metoda spoéivajiica v merani
bezpridového potencidlu a anodického rozpustacieho pru-
du uhlikovej pastovej elektrody modifikovanej skimanym
praskom. V tejto praci bola pouzita tzv. abrazivna elek-
troda’, &iZe parafinom impregnovana grafitova elektroda,
na povrchu ktorej sa oterom zachytia praskové cCastice.
Tieto sa potom elektrochemicky rozpustaji, pricom poloha
a tvar rozpustacieho piku st dané jednak velkostou Castic
prasku, jednak ich reaktivnostou.

Stidium sa uskuteénilo s pragkovym Fe rozsitovanym
do piatich zrnitostnych tried v rozsahu od 0 do 160 pm.
Aktivovanie prasku sa realizovalo mletim, redukénym Zi-
hanim, chemickou redukciou v roztoku alebo kombindciou
tychto metéd. Na sledovanie elektrodového deja rozpus-
fania Fe prasku v zdkladnom elektrolyte 1 mdl.dm™ bola
pouzitd normélna pulzovd voltametria (NPV). Sledova-
nymi parametrami boli: potencidl piku a tvar piku defino-
vany pomerom prudu a naboja, tzv. strmost piku.



Pri aplikdcii potencidlového rozsahu od -1,3 do + 0,8 V
sa potencidl NPV piku rozpustania praskovych Fe castic
postiva s rasticou velkosfou &astic pozitivne v zhode
s udajmi v literatiire*. Najlepsia reprodukovatelnost bola
zistena v pripade aplikdcie chemickej aktivacie Fe prasku.
Posun potencidlu pozitivnym smerom je mozno povazovat'
za znak nérastu aktivatnej energie procesu rozpustania
Castic o vdcSom rozmere v porovnani s mensimi Casticami.

Reaktivnost prasku je dand rychlostou elektrodového
deja charakterizovaného strmosfou piku v s*!. Tento pa-
rameter s rastom velkosti Castic v kazdom pripade klesa.
Chemicka aktivacia prasku vzdy spdsobi zvySenie hodnoty
strmosti piku v porovnani s praSkami aktivovanymi inym
sposobom. Hodnoty strmosti pre prasky aktivované mletim
a zfhanim sa navzdjom vyrazne neodliSuju, ich vzdjomna
kombindacia vsak rezultuje v zniZeni rychlosti elektrodo-
vého deja rozptistania praskov. Konkrétne hodnoty st v ta-
bulke I.

Tabulka I
Hodnoty strmosti piku elektrochemickej oxidacie Fe prasku

Stredna Hodnoty strmosti piku pre rozne
velkost' spOsoby predupravy prasku
castic
[um] k.10% s
N CH M MCH T TCH MT MTCH
22,5 389 551 343 570 3,28 6,04 2,87 490
54,0 3,58 530 3,37 503 326 526 284 4730
81,5 344 447 2,82 3,65 3,10 445 2,79 3,66
112,5 2,77 338 2,04 237 2,58 348 227 2,69
328 2,01 2,33 233 264 2,15 235

142,5 2,53

Sposob aktivicie prasku: N - neaktivovany, CH - chemic-
ky aktivovany, M - aktivovany mletim, T - aktivovany
Zthanim
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The dissolution potential of Fe powder particles on the
abrasive electrode depends mainly on the size of the parti-
cles. The quantity characterizing the reactivity of the sur-
face is the peak height to the peak area ratio expressed as
intensity to charge ratio. This quantity in 5™/ is related to the
rate of the electrode reaction. It shows clearly the efficiency
of various ways of particle surface activation.

SUPERKRITICKA FLUIDNI EXTRAKCE
STRELNYCH PRACHU"

3.04

ALES EISNER a KAREL VENTURA

Katedra analytické chemie, Fakulta chemicko-
technologickd, Univerzita Pardubice, ndm. Cs.
legii 565, 532 10 Pardubice

Stfelné prachy, stejné jako kazdy jiny chemicky vy-
robek, se musi pfed expedici analyzovat. K izolaci sle-
dovanych latkek z matrice se nejcastcji pouzivd extrakce
modifikovanym soxhletovym extraktorem. Tento postup je
pomérné Casové narocny (n€kolik hodin az dni). Oproti
tomu analyza ziskanych extraktii trvd pouze nékolik minut.
Z tohoto diivodu je tieba se zaméfit na zkraceni prvniho
kroku a metodou, kterd by mohla tento problém feSit, je
napf. superkritickd fluidni extrakce (SFE).

Utinnost SFE ovliviiuje nékolik faktori. Mezi nejdi-
lezitéjsi patii polarita superkritického fluida, extrakéni tlak
a teplota. NejCastéji pouzivanym superkritickym fluidem je
oxid uhli¢ity (CO,), ktery ma vhodnou pracovni teplotu
a tlak, ale nizkou polaritu. Ta se zvySuje pfidavkem riiz-
nych organickych rozpoustédel (modifikétori).

V nasi praci byla extrakce provadéna v superkritickém
fluidnim extraktoru SE-1 (SEKO-K s.r.0., Brno) po dobu



Sedesdti minut pfi tlaku 40 MPa a teplot& 100 °C. K extrakci
byl pouzivan &isty CO, a CO, modifikovany (methanol,
roztok kyseliny octové v methanolu (1:9) a5 %nimethano-
licky roztok 1-decylaminu). Takto ziskané extrakty byly
analyzovany vysokouc¢innou kapalinovou chromatografif
v systému s obracenymi faizemi a UV detekci.

Jednoslozkovy strelny prach: Po extrakci soxhletovym
extraktorem bylo zjisténo 0,98 % difenylaminu (DPA)
a 0,98 % centralitu (CI). Pti SFE &istym CO, bylo vyextra-
hovéno pouze 0,22 % DPA a 0,79 % CI. Proto byl dale
pouzivin CO, modifikovany nejdiive methanolem (5 %) -
s vysledky 0,75 % DPA a 0,86 % CI, a dale 5 %nim me-
thanolickym roztokem 1-decylaminu. S timto modifika-
torem bylo dosazeno srovnatelné extrakéni ticinnosti s 24
hodinovou extrakci soxhletovym extraktorem.

DvousloZkovy strelny prach: Deklarované hodnoty jsou
47,95 % nitroglycerinu (NG) a 1,33 % CI. Cistym CO,
bylo ziskano 45,82 % NG a 1,13 % CI; CO, modifikovany
methanolem (5 %) vyextrahoval 46,81 % NG a 1,21 % CI.
Proto byl déle pouZivin CO, modifikovany roztokem ky-
seliny octové v methanolu a dosazené vysledky jsou jiz
srovnatelné s extrakci soxhletem (47,59 % NG a 1,31 % CI).

Z uvedeného vyplyva, Ze zdsadni podminkou kvantita-
tivni extrakce je volba vhodného modifikdtoru. PouZiti
1-decylaminu komplikuje reakce s CO, za vzniku neroz-
pustnych karbamati (alifatické aminy 1ze pouzit s oxidem
dusnym jako extrakénim ¢inidlem). Dal§im moZznym modi-
fikatorem je Kyselina octova; protoZe stanovované latky
jsou v kyselém prostiedi nestalé je tieba takto ziskané
extrakty zpracovat ihned po ukonceni extrakce. V soucasné
dobé jsou testovany dal$i modifikatory.
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STABILITY OF SIMPLE COMPLEXES
Cu(II)-CARBOXYLIC ACIDS AND MI-
XED COMPLEXES Cu(Il)-1,10-PHENAN-
THROLINE-CARBOXYLIC ACIDS

3.05

EWA JOHN and KRYSTYNA KANIA

Insitute of Chemistry, Silesian University, 9 Szkol-
na Street, 40-006 Katowice, Poland

In earlier papers the author reported investigation on the
determination of the composition and stability of simple
complexes of Cu(II) with carboxylic acids, and also on the
influence of the presence of 2,2 -bipyridyl on the stability
of Cu(ll) complexes !. Continuing this research, in the
present paper determinations were made of the stability of
Cu(Il) complexes with the following acids: acetic, pro-
pionic, butyric, valeric, phenylacetic and cyclohexylacetic
and this was compared with the stability of mixed com-
plexes in which the first ligand is 1,10-phenanthroline and
the second ligand is successively, the specified acid.

The Cu(Il) complexes consisting of pyridyl ligand and
carboxylic acids are interesting for biochemical reasons 2.
Stability constants were determined using Bjerrum’s spec-
trophotometric method’. Based on the obtained formation
curves, the values of the stability constants were calculated
using the program developed by Martell and Matekaitis".
The formation of mixed complexes is shown in the equation:

Cu (phen )** + L- = Cu (phen ) L*

[C'uiphcn_{l_,' ]

[Cu( p-hcn]"' 1L

Comparing values of stability constants collected in
Table I it may be seen that in every case the mixed com-
plexes Cu(phen)L* are more stable than the simple com-
plexes Cu L*. The difference A log [ lays in the interval
from 0.30-0.32. The synergic bond is the reason for the
stability of 1,10-phenanthroline complexes (and of related
ligands). It causes that after addition of 1,10-phenanthroline
as the first ligand to the Cu (II ) ion, the » bond provides
such a delocalization of d electrons that the addition of the
carboxylic acid anion as the second ligand is stronger than
in the simple complex Cu L*.



Table 1

Stability constants of simple Cu (II) complexes with car-
boxylic acids: Cu L™ and Cu Lz and mixed complexes with
1,10-phenanthroline and carboxylic acids Cu (phen) L*.

(L=0.1 KNOs3,

T=200")

Acid pKHL Cul® Culz Cu(phen)L™ Alogp =
log B1 log B2 log B log B-log Bi

Phenylacetic 447 242 4.16 2.72 0.30
Cyclohexylacetic 4.60 295 5.30 3.27 0.32
Acetic 460 230 3.60 2.60 0.30
Propionic 482 2.13 3.50 2.44 0.31
Butyric 505 205 3.15 2.3 0.32
Valeric 516 2.00 298 2.30 (.30
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The stabilities of mixed complexes Cu(phen)L* (where
L" is acetic, propionic, butyric, valeric, phenylacetic and
cyclohexylacetic acid anion) have been determined spec-

trophotometrically and compared with that of simple CulL*
complexes.
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SPECTROPHOTOMETRIC DETERMI-
NATION OF TUNGSTEN BY MEANS OF
23,7 -TRIHYDROXYPHENYLFLUORONE
AND BENZYLDODECYLDIMETHYL-
AMMONIUM BROMIDE

3.06

KRYSTYNA KANIA and EWA JOHN

Institute of Chemistry, Silesian University, 9 Szkol-
na Street, 40-006 Katowice, Poland

An important place among reagents for the determina-
tion of tungsten is taken by phenylfluorone and its deriva-
tives. Phenylfluorone reacts with tungsten ions to form
coloured complex, weakly soluble in water!. To enable to
use this reaction in spectrophotometric measurements pro-
tective colloids or ethyl alcohol are added to enhance the
solubility of the phenylfluorone complex’. In such proce-
dure it is advantageuos to add surfactants3”7 which increase
the solubilisation of fluoronates, displace complexing equi-
librium in more acid medium and considerably enhance the
reaction sensitivity.

The aim of this investigation was to study the condi-
tions governing the formation of the tungsten chelate with
2,3,7-trihydroxy-9-phenyl-6-fluorone (PF) in the presence
of benzyldodecyldimethylammonium bromide (BDMA) as
surfactant and to use this reaction for spectrophotometric
determination of tungsten.

Prior to the developing of a spectrophotometric method
for tungsten determination, the pH range in which a colou-
red complex is formed was established. For this purpose,
absorption curves were plotted for solution of various acidi-
ties containing tungsten, PF and BDMA. These curves
show that tungsten reacts with phenylfluorone forming
complex with absorption maximum at 515 nm. The opti-
mum pH range lies in the interval 0.9-1.3. Maximum
colour intensity is reached in 10 minutes and the absorbance
of the solution does not change for 2 hours. The relation
between absorbance and concentrations of phenylfluorone
and benzyldodecyldimethylammonium bromide was stu-
died. It was established that the highest absorbance was
obtained with PF concentration of 8.0 . 10 mol.I'! and
BDMA concentration of 2.8 . 102 mol.I"!.

The calibration curve was plotted in the concentration
range of tungsten from 0.02 to 0.28 |ig. mI"'. From 0.5 to
7.0 ml of tungsten solution with concentration 1 pg.ml!
were introduced into 25 ml volumetric flasks. To each flask



were added 4 ml of 5.10"*mol.1"! PF solution (in methanol),
7 ml of 0.1 mol.I'! BDMA solution, 2.5 ml of 10 mol.I"!
HCI solution and filled up with redistilled water. Absorban-
ce was measured after 10 minutes a 515 nm in 5 cm
cuvettesrelative to blank test. Themolar absorptivity £ was
found to be 1.30 . 10° and correlation coefficient 0.999.

The influence of the interfering ions was examined. It
was found that tungsten can be determined in the presence
of 1000-foldexcess of metals of groups| and 11, Cu(ll), Zn,
Ni, Mn(l1), Pb(ll), Co, B, Sc, U(VI), In, V(IV), NH,
SO and ascorbic acid. The determination is not inhibited
by the presence of 100-foldexcess of Fe(l1), Al, Ga, Cr(l11),
Cd, Ag(l1l), acetates as well as citrates, 10-fold excess of
Fe(l11), Hg(ll), Ag, Bi, F-, EDTA and oxalates. The deter-
mination is inhibited by the presence of Sn(1V), Sb(lll),
V(V), Zr, Ge, Mo(VI) and Cr(VI) in mass concentration
equal to tungsten concentration.
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K. Kaniaand E. John (Institute of Chemistry, Silesian
University, Katowice, Poland): Spectrophotomertic De-
termination of Tungsten by Means of 2,3,7-Trihydro-
xyphenylfluorone and Benzyldodecyldimethylammo-
nium Bromide

Spectrophotometric determination of tungsten by the
reaction with phenylfluorone and benzyldodecyldimethyl-
ammonium bromide has been elaborated. In the 0.1 mol 1!
HC1 the complex shows the absorption maximum at
515 nm. Molar absorptivity is 1.30.10°. Tungsten can be
determined in the range 0.02 -0.28 mg.ml"1,
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Stidiu komplexotvornych vlastnosti 3-(2'-hydroxyfe-
nyl)iminoxindolu sa doteraz venovala iba mala pozor-
nost'. V préci’ sa uvadza, Ze roztok tohto ¢inidla v metano-
le reaguje s niektorymi kationmi prechodnych kovov za
vzniku farebnych chelatovych zlic¢enin. Vznik cheléto-
vej zluceniny 3-(2'-hydroxyfenyl)iminoxindolu s katic-
nom Zn?*v 95% (obj.) metanolickom roztoku je charak-
terizovany absorpénymi pasmi nachddzajicimi sa pri
A 370 nm. Elektronové absorpéné
spektrum samotného organického €inidla pri tychto vino-
vych dizkach nema vyrazné absorpéné¢ maximum a jeho
absorbancia je nizka. To ddva redlne predpoklady pre vy-
uzitie tohto ¢inidla na spektrofotometrické stanovenie zin-
ku. Preto ciel'om tejto prace bolo preskiimat moznost po-
uzitia 3-(2'-hydroxyfenyl)iminoxindolu na spektrofoto-
metrické stanovenie zinku a ndjst optimédlne podmienky
stanovenia.

Sledovanie reakénych podmienok priamého spektrofoto-
metrického stanovenia zinku s 3-(2'-hydroxyfenyl)iminoxin-
dolom v modelovych vzorkach ukazalo, Zze najvhodnejSim
prostredim pre tvorbu komplexnej zli¢eniny je 80 % (obj.)
roztok metanolu obsahujtici amoniakdlny timivy roztok.
Maximalna hodnota absorbancie komplexnej zlic¢eniny je
pri pH 8,0-8,4 a vinovej dizke A, = 538 nm, (log e = 4,4),
(obr. 1). Na zaklade ziskanych experimentalnych vysled-
kov bola vypracovana metodika, ktord umoziuje stanove-
nie Zn(II) v rozsahu 1 az 80 [Lg, pri hribke absorbujicej
vrstvy 0,5 az 5,0 cm, v objeme 10 ml roztoku. Metodou
molovych pomerov bol uréeny pocet ligandov (n = 2), viaza-
nych v cheldtovej zlucenine. Z potenciometrickych merani
acidobéazickych rovnovih &inidla vyplynulo, Ze v zdsadi-
tom prostredi dochddza k disociécii atomu vodika hydroxy-
lovej skupiny 3-(2'-hydroxyfenyl)iminoxindolu v polohe 2'.
V désledku blizkosti atomu kyslika izatinového kruhu v po-
lohe 2 a hydroxylovej skupiny v polohe 2', dochadza ku
koordinacii atomu zinku, ¢im vznika chelatovy cyklus.

max =>34nm a xmax:



300 500 700
A, M
Obr. 1. Elektronové absorpéné spektra 3-(2-hydroxyfenyl)-
iminoxindolu a jeho chelatu s Zn(I) v amoniakdlnom tlmi-
vom roztoku s pH = 8,2. Hrubka absorbuijticej vrstvy 1 = 1 cm;
1-¢ = 510~" mol.dm™ 3-(2'-hydroxyfenyl)iminoxindol, 2 - roz-
tok 1 + 20 ug Zn(II)
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A. Hudak and A. Kosturiak (Department of Physical
andAnaly tical Chemistry, Faculty of Sciences, P. J. Safarik
University, Kosice, Slovak Republik): The Study of the
Spectrophotometric Determination of Zn(IT) with 3-(2'-
Hydroxyphenyl) iminoxindole

The reaction of Zn(II ) with 3-(2'-hydroxyphenyl)imi-
noxindole has been studied in various media and wide
concentration range. The methanol solution of reagent and
ammonia buffer of pH 8.1-8.3 were found to be the best of
all examined media. 3-(2’-Hydroxyphenyl) iminoxindole
may be used for the determination of Zn(II) in the range of
0.1-8 ug .ml"L.
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V tejto praci sa optimalizovali reakéné podmienky zna-
me;j farebnej reakcie (SbClg)™ s katinom krystélovej vio-
leti’, pre citlivé stanovenie antimonu v kovoch, zliatindch
a niektorych reagencidch. Asociat (SbClg)™ s katiénom
krystalovej violeti je dobre extrahovatelny do toluénu
(Amax = 610 nm) alebo n-amylacetdtu (A, = 590 nm).
Optimalizdcia reakénych podmienok ukdzala, Ze stano-
venie Sb(V) je vyhodné uskuto¢nit v roztoku HCI s kon-
centraciou 1 az 3 mol.dm™ . Pri vy&ej koncentrécii HC1
nedochadza k extrakcii idnového asocidtu do organickej
fazy a pri nizSich koncentriaciach sa do organickej fazy
extrahuje nadbytok kationu kry$tdlovej violeti. Za uve-
denych podmienok bol pre stanovenie antimonu vypraco-
vany postup zaloZzeny na jeho priamej extrakcii z ana-
lyzovaného roztoku. Zavislost' absorbancie roztoku od mnoz-
stva Sb(V) pri obsahu 0,5 az 35 [1g Sb v objeme 10 cm’
organickej fazy, v kyvete s hrubkou 4 cm vyjadruje priam-
ka (/):

A, = (0,3461 £ 0,0013)mg, + (0,01442 + 0,0163) (1)
N=55,u=11,r=0,9985, ZA’ = 0,6955

kde A je absorbancia, m je mnoZstvo Sb v jig , = A’ je suma
Stvorcov odchyliek, u je pocet ,,uzlov*a N je celkovy pocet
merani. Postup bol verifikovany na $tandardnych rozto-
koch, vzorkdch a redlnych materidloch. Vysledky stanove-
nia mikromnoZstiev Sb(V) v niektorych vzorkach st uve-
dené v tabulke I.

Trifenylmetdnové farbivd, do skupiny ktorych patri aj
krystdlovd violet, sustredujii na seba v sticasnosti pozor-
nost aj preto, Ze vo svojich molekuldch obsahuji nespa-
rovany elektron a mozu sa vyuzif na pripravu novej triedy
magnetickych materidlov, organickych magnetﬂ<3.



Tabulka I

Niektoré vysledky spektrofotometrického  stanovenia

mikromnozstiev Sb(V) s krystdlovou violetou

Material Navazka MnoZstvo
analyzované stanovené

[mg] (gl (el

Cu 5N 5000 30 a

Mosadz €. 315 500 25 a

Ocel &. 166 100 35 354+1.3

Liatina ¢. 210 20 28 282+1,1

Fe-Ni-Sb 300 30 98+09

Zelezo 6N 700 0 2,4+0,9

ZnS04 p.a. 2000 20 20,7 0,9

NiSO4 p.a. 2000 10 9.8 + 0,66

a - vysledky neboli dostato¢ne reprodukovatelné
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(Department of Physical and Analytical Chemistry, Fa-
culty of Sciences, P. J. Safarik University, KoSice, Slovak
Republik): Spectrophotometric Determination of Low
Amounts of Antimony with Crystal Violet in Metals,
Alloys and some Reagents

The known colour reaction of (SbClg)” with crystal
violet was used for sensitive spectrophotometric determi-
nation of Sb(V) in various metallic materials and reagents.
The maximum absorbance values of the ionic associate of
antimony with crystal violet measured at X = 590 nm were
reached in 1-3 mol.I'! HCI solution.
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Daminozide (succinic acid 2,2-dimethylhydrazide) is
an active ingredient of the widely used plant growth regu-
lator Alar, which has been marketed since 1963. The prin-
cipal health concern related to use of Daminozide is the
carcinogenic potential of the 2,2-dimethylhydrazine, a con-
taminant and metabolite of Daminozide’. Even though the
determination of Daminozide was and is being carried out
using GC or spectrophotometric methods®*, no methods
have been reported so far concerning its determination by
HPLC. GC and/or spectrophotometric methods are based
on hydrolysis of Daminozide to 2,2-dimethylhydrazine,
and in consequence, there might be uncertainty whether the
whole amount of Daminozide is hydrolysed or not. More-
over, this approach does not allow to determine Damino-
zide in the presence of 2,2-dimethylhydrazine as its degra-
dation product. Therefore, we have developed an analytical
method for the determination of Daminozide in the pre-
sence of 2,2-dimethylhydrazine by reversed-phase high-
performance liquid chromatography. We have found that
spectrophotometric detection at 210 nm is not sensitive
enough for practical purposes (limit of detection around
1.104 mol.I"! for 2,2-dimethylhydrazine and 5.10 mol.I"!
for Daminozide). However, voltammetric detection on gla-
ssy carbon fibre working electrode’ at + 1.4 V vs Ag/AgCl
reference electrode is more sensitive (limit of detection
around 5.10°6 mol.I'! for 2,2-dimethyl-hydrazine and 2.10°¢
mol.l"! for Daminozide). The influence of pH, ionic
strength and organic modifier on retention characteristics
of Daminozide and 2,2-dimethylhydrazine were investi-
gated using C18 and -CN chemically modified columns.
Optimum separation at C18 column (Separon SGX,
150 x 3.3 mm, 5 um, Tessek, Praha) was achieved using
Britton-Robinson buffer pH 5 containing 5.10" mol.l’!
triethylamine as a mobile phase. Under these conditions the
retention time of Daminozide was 4.8 min and of 2,2-di-



methylhydrazine 7.4 min. At -CN chemically modified
column (LC-CN Separon SIX 150 x 3.3 mm, 5 pm, Tessek,
Praha) optimum separation was achieved using Britton-Ro-
binson buffer pH 5 as a mobile phase (retention time of
Daminozide was 4.4 min and of 2,2-dimethylhydrazine
7.7 min.). The same mobile phase in combination with
-NH, chemically modified column (Lichrosorb -NH,,
150 x 3.3 mm, 5 mm, Merck, Darmstadt ) gave retention
time of Daminozide 8.6 min and of 2,2-dimethylhydrazine
3.8 min. Hence the order of elution of Daminozide and
2,2-dimethylhydrazine was reversed.
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gue): Determination of Daminozide and Its Degradation
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The chromatographic behaviour of Daminozide and
2,2-dimethylhydrazine was studied using RP HPLC and the
influence of pH, ionic strength and organic modifier on
their retention characteristics was described. Optimum con-
ditions for voltammetric detection of the above mentioned
substances and for HPLC determination of Daminozide in
the presence of 2,2-dimethylhydrazine were found.

HPLC STANOVENI GLYKOSIDU SILY-
BINU V BIOLOGICKYCH MATERIALECH'
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Silybin, hlavni sloZka silymarinu, extraktu ze semen
Silybum marianum, patii k respektovanym hepatoprotekti-
viim23, Jeho glykosidy, B-glukosid, B-galaktosid, B-laktosid
a B-maltosid, byly pfipraveny v neddvné dobé ajsou farma-
kologicky testovany. Pro stanoveni silybinu v biologickém
materidlu (ddle BM) byly popsdany HPLC metody, vyuziva-
jici k jeho preseparaci extrakci do diethyletheru nebo ex-
trakci na pevné fazi'->. Pro stanoveni glykosid silybinu
v BM nebyla dosud Zadna analytickd metoda publikovana.

Cilem prace bylo vypracovat HPLC metodu stanoveni
glykosidl silybinu v krevni plazmé a jaternim perfuzatu.
Extrakce do organického rozpoustédla (0,1 M citratovy
pufr pH 4, diethylether)’, méla navratnost pouze 65-75 %
pro silybin, glykosidy silybinu byly extrahovatelné do 25 %.
Pro pfecisténi glykosidii z BM jsme pouzili extrakci na
pevné fazi (SPE). Pro SPE glykosid byly srovndny sor-
benty Separcol SI C;g, Amberlite XAD-2 a SM-2 (Bio-
Rad). Sorp¢ni kolonky byly kondiciovany methanolem
a vodou. Perfuzat i plazma, obsahujici glykosidy, byly zie-
dény pied vnesenim na sorp¢ni kolonku vodou nebo ace-
tatovym, pfipadné citraitovym pufrem o pH 4 v poméru

1 : 50. Eluce analytli byla providéna MeOH a acetonem.
Eludt byl po odpafeni rozpustén ve smési MeOH-H,O-
CH3COOH 60 : 30 : 10 (100 ul) a nastfiknut (20 ul) na
HPLC kolonu (250/4 Nucleosil 100-5 C;3AB, piedkolona
11/4 stejny sorbent). Stanoveni bylo provedeno v gradientu
mobilni fize (slozka A obsahovala MeOH-H,O-
CH;COOH v poméru 370 : 630 : 5, slozku B tvotil MeOH)
pii pritoku 0,6 ml.min"!, teploté 30 °C a s UV detekei pfi
290 nm. Uvedené podminky umoziuji stanoveni glykosidi
silybinu i jejich diastereoisomerti a a . Retencni Casy latek
(tg v min) jsou: silybin a 18,7, b 19,5; (3-galaktosid a 15,1,
b 16,0; B-glukosid a 15,3, b 16,2; B-laktosida 14,4 ,b 15,1;
|3-maltosid a 14,8, b 15,5. Navratnost silybinu a [3-galak-
tosidu silybinu ze simulovanych vzorkl z perfuzitu a krev-
ni plazmy uvadi pro koncentraéni rozmez{ 1 az 50 pg.ml!,
(n= 10) tabulka 1. Vytézky extrakce z perfuzatu se pro
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Tabulka I

N4vratnost silybinu (SB) a 3-galaktosidu silybinu (SBG) z perfuzatu a krevni plazmy [%]

Sorbent / Analyt Perfuzat Krevni plazma
H20 A C H>O A C

XAD2 SB 72,2+£5,4 62,8 +£4,0 68,5 +£5,2 6,8 £ 25 48,4 + 32 39,0 £5,6
SBG 862+4,5 862 £3,9 65,3 £4,3 7,1 £2,2 483 415 34,7 £5,2
SM2 SB 27,8 4,6 70,8 £ 4,6 59,3 +£ 3,6 16,1 £2,6 54,2 £ 59 18,6 £4,6
SBG 24,7 +3.,4 68,8 +£5,4 69,8 + 4,6 17,6 £3,6 49,8 £ 82 24,2 £5,1
C18 SB 98,1 £4,0 97,8 3,6 100,0 = 3,8 17,2+3,0 80,4 + 5,8 78,5 £6,1
+5,7 100,7 4,8 98,8 + 4,4 79,0 = 4,7 70,9 + 8,6

SBG 99,2

A - acetédtovy puft (pH 4); C - citratovy pufr (pH 4)

ostatni glykosidy na C,gsorbentu pohybovaly od 95,2 do
101,3 % (SD 3,9-5,3 %), ndvratnost z krevni plazmy pfi
pouziti acetdtového pufru a sorbentu C;g byla 74,9-93,2 %
(SD 4,2-8,8 %). Pro extrakce z perfuzitu lze sorbenty
regenerovat MeOH a acetonem, pii extrakcich z plazmy
nejsou sorbenty pro opakované analyzy pouzitelné.

Nejlepsim purifika¢nim postupem je extrakce sorben-
tem Separcol SI C;gpo nafedéni vzorku biologického ma-
teridlu 0,1 M acetdtovym pufrem o pH 4. Pouziti pufru je
nezbytné pii analyzich krevni plazmy, pro extrakce z per-
fuzatu zptisob fedéni neni podstatny.
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P. Kosina?,J. KubischPandD. Walterova?("Institute
of Medical Chemistry, Faculty of Medicine, Palacky Uni-
versity, Olomouc, PInstituteof Microbiology, Academy of
Sciences of the Czech Republic, Prague): HPLC Determi-
nation of Silybine Glycosides in Biological Fluids

HPLC method for silybin glycosides determination in
blood plasma and liver perfusate was optimized. Maximum
recovery was achieved using solid phase extraction of acidi-
fied sample on Separcol SI Cg as a pre-separation step.
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FRAKCIONACE PUDNICH BITUMENU
SLOUPCOVOU CHROMATOGRAFII.
I. SLOZENI n-HEXANOVE FRAKCE
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Bitumeny B 1-B6, ziskané extrakci smési ethanol + ben-
zen (1:1) z jednotlivych horizontd ptdy horského smr-
2,3 (Sumava), byly frakciono-
vany pomoci sloupcové chromatografie. Vzorek 0,2-0,4 g
bitumenu byl rozpustén v chloroformu a predadsorbovan na
1 g silikagelu. Po odpafeni rozpoustédla byl takto upraveny
vzorek nanesen na kolonu tvofenou cca 20 g plné aktivova-
ného silikagelu (Kiesegel 60, Merck, zrnitost 0,063-0,200 mm,
aktivace 15 hod. pii 150 °C) smoceného n-hexanem. K zi-
skani alifatické frakce byl pouzit n-hexan, vytézek se po-
hyboval mezi 0,8-3,0 %. Ziskané bezbarvé olejovité kapa-
liny B11-B61 byly analyzovdny na plynovém chromato-
grafu HP 5890 11 s MS detektorem 5971 za pouZziti kolony
DBS5 s teplotnim programem od 60 do 300 °C se vzestupem
teploty 8 “C.min"!. Teplota nasttiku byla 250 °C.

V alifatické frakci bitument bylo stanoveno celkem 25
uhlovodikil s molekulovymi hmotnostmi 182-464 a po¢-
tem atomii C v molekule od 13 do 33. Relativni zastoupeni
jednotlivych latek je uvedeno v tab. I, vzidjemné srovnani
umoziuje obr. 1. U vSech vzorkii vyrazné prevazoval obsah
oktadecenu (51-83 %), vyrazné bylo zastoupeni uhlovodi-

kového porostu na Boubiné



ki Cy6H34(2,3-4,2 %), C17H36(0,6-3,6 %), CooHy5(0,5-
11,3 %), Cy1Hyy (0-9,6 %), CyyHyg (az 4,0%), Co7Hsg
(0,7-1,6 %) , CyoHg (0,9-3,5 %), a C5;Hgy (0,9-4,1 %).
U sloucenin s vice nez 20 atomy C byl u frakci ze vsech
studovanych horizontt zpravidla zjistén podstatné vyssi obsah
uhlovodikd s lichym po¢tem atomi C nez byl obsah soused-

niho uhlovodiku se sudym po¢tem atomti C (srv. obr. 1).

Tabulka I
Zastoupeni sloucenin v alifatické frakci bitumenti B1-B6
stanovené hmotnostni spektroskopif

Vzorek

Bl1l B2l B3l B4l B5] B6l
Vytézek [%] 224 099 136 2,02 295 0,82
Sloucenina MH Zastoupent [%]
CI13H26 182 0,23 0,00 0,69 0,00 0,00 0,00
CI3H28 184 0,00 0,29 1,63 1,40 0,15 1,10
Sesquiterpeny 204 0,00 0,54 1,13 0,52 0,27 0,58
Ci5H32 212 0,23 087 0,556 037 046 041
Cl16H34 226 2,32 4,18 2,62 328 388 3,00
C17H36 240 1,43 3,25 1,81 0,89 3,54 0,56
Ci18H3e 252 68,47 62,44 59,34 83,17 50,94 78,13
C19H40 254 0,00 135 2,30 0,00 3,28 0,00
C19H42 268 1,55 2,06 0,88 0,00 5,54 0,00
C20H42 280 7,54 11,17 8,53 529 0,48 5,34
C20H44 282 0,78 1,21 1,31 0,00 3,73 0,00
C21H44 296 3,65 547 4,38 0,31 9,60 0,00
C22H46 310 1,32 1,47 2,09 0,60 3,98 0,00
C23H48 324 1,53 0,88 1,80 0,42 1,18 0,36
C24H50 338 1,07 0,28 1,05 0,36 0,56 0,00
C25H52 352 0,72 0,90 1,00 0,50 0,85 0,73
C26H54 366 0,67 0,27 0,63 0,00 0,00 0,00
Dioktylftalat 378 0,55 0,33 0,28 0,40 0,43 0,00
C27H56 380 1,42 0,74 1,35 0,67 1,27 1531556
C28H58 394 1,86 0,28 0,56 0,00 0,56 0,66
C29H60 408 1,21 0,91 1,81 05991 22472 15351
C30H62 422 0,31 0,22 0,60 0,00 0,86 0,00
C31Hes 436 2,46 0,89 1,79 0,86 3,83 4,06
C32Hee 450 0,66 0,00 045 0,00 0,45 0,00
C33H68 464 0,00 0,00 1,39 0,00 1,46 0,00
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Obr. 1. Relativni zastoupeni uhovodikii v n-hexanové frakci
bitumenti B1-B6 (sesquiterpeny a dioktylftaldt nejsou zahrnuty).
Hodnoty vztazeny k oktadecenu (= 100)
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F. Novak?, V. Machovic? and V. KubelkaP ("Insti-
tute of SoilBiology, AS CR, Ceské Budéjovice, bInstitute of
Chemical Technology, Prague): Fractionation of Soil Bi-
tumens by Column Chromatography. I. Composition of
the n-Hexane Fraction

The soil bitumens, isolated from different horizons of
mountain spruce soil, were fractionated by column chroma-
tography. 25 hydrocarbons were detected in the n-hexane
fractions using GC-MS. Their molecular weight was in the
range 182-464, the prevailed compound was octadecene
(51-83%).
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POLYPHENOLS IN BARLEY AND PEA
SEEDS REGARDING THEIR DETERIO-
RATION

JAROMIR LACHMAN?, VACLAV
HOSNEDL” and VLADIMIR PIVEC?

Department of ' Chemistry and "Plant Produc-
tion, Faculty of Agronomy, Czech University of
Agriculture, Kamyckd 129, 165 21 Prague 6-
Suchdol

Some of important secondary compounds of seeds are
polyphenols that play role in defense system and in the
delicate mechanism of oxygen control and its access to seed
embryo’. In respect to the composition of polyphenolic
complex of barley seeds causing their strong antioxidant
activity’ and the involvement of activated oxygen in the
drought-induced damage of pea nodules and the interest in
pro-oxidant factors, antioxidant enzymes and markers of
oxidative damage®, we have chosen in this study' barley
grains and pea seeds for the investigation of polyphenol
changes caused by AAT (accelerated ageing test’). There
were investigated changes in total polyphenol content and
catechol, resorcinol and phloroglucinol type polyphenols
caused by AAT with increased temperature and moisture
in three barley and three pea cultivars from two different
localities. The total polyphenols were detemined by means
of Folin-Ciocalteau reagent, catechol, resorcinol and phlo-
roglucinol type polyphenols with p-dimethylaminocinn-
amaldehyde.The process of deterioration caused increase
both total polyphenols and catechol, resorcinol and phloro-
glucinol type polyphenols (Tab. I). There were great diffe-
rences in the total polyphenol contents in barley grains
(103.881 mg in 100 g fresh matter) and in pea seeds (32.552
mg in 100 g fresh matter). High differences were in the
catechol, resorcinol and phloroglucinol type polyphenols,
where in pea are these compounds manifested only in
negligible amounts (0.717 mg/100g fresh matter) mean-
while in barley grains their average content was much
higher (54.985 mg/100 g fresh matter). Increase of these
compounds in barley grains and pea seeds after accelerated
ageing treatment was comparable - 37.22 % rel. of total
polyphenols in barley grains and 47.71 % rel. in pea seeds,
resp., the corresponding values of catechol, resorcinol and
phloroglucinol type polyphenols were in barley grains
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14.09 % rel. and 10.52 % rel., resp. There were significant
differences in total polyphenols contents and catechol, re-
sorcinol and phloroglucinol contents among barley and pea
cultivars and localities where the plants were cultivated. In
the barley variety ,,Forum" the total polyphenol content was
96.816 mg/l0O0g and in the variety ,,Akcent” 115 mg total
polyphenols/100 g, in the pea varieties ,,Komet" and ,,Lan-
tra" the corresponding contents were 31.716 mg/l00g and
33.556 mg/l00g, resp. In comparison with the locality and
environmental conditions the effect of genotype was lesser.
In the barley samples the average total polyphenol content
from the locality Krasné udoli was 88.443 mg/l00g and
from the Chrlice locality 119.319 mg/I0Og, resp.; the cor-
responding values of catechol, resorcinol and phlorogluci-
nol type polyphenols were 51.075 and 58.896 mg/100g,
resp. Similary in the pea samples the average total polyphe-
nol content from the Chrlice locality was 30.886 mg/l0Og
and from Starikov locality 34.218 mg/100g, for catechol,
resorcinol and phloroglucinol the corresponding values
were 0.832 and 0.601 mg/lI0Og. Obtained values confirm
high antioxidative efficiency of polyphenol complex of
barley grains. In the barley seeds antioxidant efficiency is
caused mainly by flavan-3-ols and flavan-3,4-diols, resp.
(more than 85 %), i.e. with gallocatechol and (-)-epicate-
chol and with leucoanthocyanidins of procyanidin and pro-
delphinidin type which could be converted by oxidation to
anthocyanidins or condense to high molecular weight phlo-
baphene and condensed tannin fractions. Gallocatechol
could originate by the (-)-epicatechol oxidation (hydroxy-
lation), prodelphinidin from procyanidin. 10 % of the total
polyphenol content form phenolcarboxylic acids: p-hydro-

Table I
Average total polyphenol content (TP) and the catechol,
resorcinol and phloroglucinol type polyphenol content
(CRP) in the barley grains and the pea seeds in controls and
after AAT

Crop Average Content [mg/100 g fresh matter]
TP CRP

Barley control 103.881 54.985

Barley deteoriorated 138.322 62.052

Pea control 32.552 0.717

Pea deteoriorated 46.665 0.799




xybenzoic acid (its hydroxylation leads to gallic acid and
esterification to m-galloylgallic acid), vanillic acid, o-hy-
droxycinnamic acid, ferulic acid, sinapic acid and chloro-
genic acid. The increase of polyphenolic content after the
deterioration of seeds could be caused partially by changes
in enzymic activity and partially by hydrolytic processes in
respect to higher moisture and temperature effect. In the pea
seeds are stepwise oxidized flavone and flavonol gly-
cosides and pterocarpans.

J. Lachman®,V. Hosnedl”and V. Pivec? (Department
of “Chemistry and PPlant Production, Facultyof Agronomy,
Czech University of Agriculture, Prague): Polyphenols in
Barley and Pea Seeds regarding their Deterioration

Polyphenol content changes caused by accelerated age-
ing test were investigated in barley grains and pea seeds.
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4.02 ASKORBAT-NITRATOVY INDEX - FAK-

TOR CHARAKTERIZUJICI KVALITU
ZELENINY

JAROMIR LACHMAN, VLADIMIR
PIVEC a MATYAS ORSAK

Katedra chemie, Agronomickd fakulta, Ceskd
zemédéiskd univerzita, Kamyckd 129, 165 21
Praha 6-Suchdol

Byly stanoveny hodnoty obsahu nitrati metodou ISE!
a askorbové kyseliny metodou diferen¢ni pulsni polarogra-
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fie ve vybranych druzich zeleniny z lokality Suchdol a vy-
sledky byly porovnédny s primérnymi hodnotami uvadény-
mi v literatute™". Z vysledki byl vyjadien askorbét-nitrato-
vy index I = mg askorbové kys./mg nitratli v kg zeleniny
jako kvalitativni ukazatel hodnoceni zeleniny. Cim je hod-
nota askorbat-nitratového indexu vétsi, tim je zelenina pfi-
zniv&jsi pro lidskou vyZzivu, nebot obsahuje relativné mensi
mnoZzstvi nitrdtd a je bohatsi vitaminem C. L-Askorbova
kyselina potladuje nitrosaéni reakce’ a piisobi inhibi¢né na
tvorbu methemoglobinu. Jeji pravidelny pifjem zabratiuje
vzniku karcinogennich nitrosamind. Pfi poméru askorbét-
nitrdtového indexu > 2 nedochézi ke vzniku N-nitroso-
slouCenin a zelenina s timto pomérem obsahu askorbové
kyseliny a nitratti je nutriéné velmi p¥izniva’. Askorbat-ni-
tratovy index byl vyjadien z dostupnych tidajii pro 44 druht
zeleniny a jeho hodnoty porovnany s hodnotami ziskanymi
z lokality Suchdol (tab. I).

Tabulka |

Priimérny obsah askorbové kyseliny a nitratti a askorbat-ni-
tratovy index ve vybranych druzich zeleniny a bramborach
z lokality Suchdol

Zelenina Priimérny obsah |ﬂ]}_§.k}_l_i| Askorbat-
vitaminu C nitrath nitrdtovy index
Rajce 287 20,5 14,00
Kapusta 1 068 256 4,17
Mrkev 66,25 50 1,33
Kvétik 637,5 614 1,04
Kedluben 490 486 1,01
Zeli hl. bilé 388,5 681 0,57
Brambory 161,5 317 0,51
Redkvitky 210,5 599 0,35
Saldt hlavkovy 103 3173 0,03

Z hlediska velikosti askorbat-nitratového indexu /5y

Ize zeleninu rozdélit do 3 skupin:

7) <0,5 (rizikova skupina): hlavkovy saldt (0,05) < mrkev
(0,23) < tedkvicky (0,14) < kedlubny (0,44)

2) 0,5-1,0 (primérnad skupina): zeli (0,68) < brambory
(0,96)

3) > 1,0 (pfizniva skupina): kvétak (1,07) < kapusta (1,42)
< rajCata (4,38).



0 v v

Nejvétsi hodnoty 7,y dosahuje paprika (21,92), rzic-
kova kapusta (4,55), chiest a hrach (4,39), rajce (4,23),
pazitka (2,95), nejmensi hodnoty ma hlavkovy salat (0,05),
rebarbora (0,06), Cervend fepa a Cekanka (0,07) a fedkev
setd bild (0,10).
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J. Lachman, V. Pivec and M. Orsak (Department of
Chemistry, Czech University of Agriculture, Prague): As-
corbate-Nitrate Index as a Factor Characterizing the
Quality of Vegetables

Nitrate content was determined by ISE method and
ascorbic acid content by DPP method in the chosen vege-
tables from the Suchdol locality and obtained results were
compared with literature data. The ascorbate-nitrate index
(ascorbic acid content/nitrate content) was proposed as a
quality marker of vegetables that could be ranked in 3
groups on the basis of ascorbate-nitrate index.
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REPKA OLEJNA - ZDROJ PRIRODNYCH
ANTIOXIDANTOV

4.03

STEFAN SCHMIDT, GABRIELA
TURKOVA a STANISLAV SEKRETAR

Katedra mlieka, tukov a hygieny poZivatin,
CHTF-STU, Radlinského 9, §12 37 Bratislava,
Slovenskd republika

Oxidécia jedlych tukov a olejov je ddvno znamy pro-
blém, ktory sa rieSi pridavkom antioxidantov, najma syn-
tetického povodu. V sicasnosti sa viak poukazuje na zdra-
votné riziko spojené s konzumaciou takto stabilizovanych
potravin, preto sa pozornost' upriamuje stdle viac na anti-
oxidanty prirodné!. Zdroje na ziskanie éinnych rastlin-
nych extraktov su dnes uz dobre zndme (rozmarin, Salvia),
nie nezaujimavé sa v8ak javia aj niektoré iné, lahSie do-
stupné zdroje. Takym je napr. aj vedlajsi produkt tukového
priemyslu - repkovy §rot, pripadne repkové vylisky’.

Repkovy $rot obsahuje 1 az 2 % fenolickych zloziek
(fenolické kyseliny, flavonoidy a kondenzované taniny).
Z etanolového extraktu repkového Srotu (Rg) izolovali Wa-
nasundara a Shahidi’ naji¢innejsiuzlozku, derivét kyseliny
sinapovej, 1-O-B-D-glukopyranozyl sinapat.

Antioxidacnu aktivitu materidlov z repky olejnej sme
overovali na modelovom tuku bravéovej masti (BM) a porov-
navali so syntetickym antioxidantom BHT pri 110 °C na
zariadeni v principe zhodnom s komerénym pristrojom Ran-
cimat?. Testovali sme repkové vylisky a Srot, sitované frakcie
repkového Srotu a vyliskov, macerat repkového Srotu v brav-
Covej masti, etanolicky extrakt repkového Srotu a jeho
frakcie ziskané kolonovou chromatografiou. Antioxida¢nui
ucinnost' sme vyhodnotili ako indukéni periodu v hodinach
a ako tzv. protekcny faktor (PF): PF=(IP-IP)/ IP,,kde IP
je induk¢énd perioda s pridavkom antioxidantu, resp. extraktu
alPjeindukcnd peridda tukovej matrice, t.j. bravcovej masti.

Priamy pridavok repkovych vyliskov preukdzal mierne
vyssiu antioxidaénu dcinnost' ako pridavok repkovych Sro-
tov (RS). Pri¢inou budi pravdepodobne straty fenolickych
latok v technologickom procese vyroby repkového oleja.
NajucinnejSia sa v8ak prejavila frakcia ¢.5 (20,15 mm),
ziskang sitovanim z repkovych vyliskov. Porovnanim s vy-
sledkami zistenymi pri BHT mal 5 % pridavok frakcie
5 repkovych vyliskov 1,3 krat vyssi ucinok (PF = 3,5) ako
pridavok 100 mg BHT/kg tuku (PF=2,15). Vplyv pridavku
macerdtu z RS na oxida¢nu stabilitu bravCovej masti je
uvedeny v tabulke I.



Tabulka I
Vplyv pridavku macerdtu z fepkového Srotu na oxidainu
stabilitu bravCovej masti

Pridavok macerdtu v % IP v hodindch PF
1 2,0 0

3 2,6 0,30

10 3,7 0.85

25 6.7 .35

50 11,4 4,70

100 19.4 8,70

Porovnanim hodnot PF pri pridavku macerdtu a fr. 5
repkovych vyliskov o konc. 5 % vyplyva, Ze priamy prida-
vok fr. 5 je asi 12 krét ti¢innejsi, ako pridavok samotného
maceratu. Tento ndlez je pochopitelny, pretoZe treba braf
do tivahy skutoénost zna¢ného zriedenia Gcinnych latok pri
priprave maceratu (hm. pomer BM : RS = 3 : 1), pri¢om do
tukovej fazy presli iba latky v nej rozpustné. Napriek uve-
denému povazujeme tento pristup za perspektivny, najma
pre svoju minimdlnu technicktl a ekonomickt naro¢nost.

Zavislost' IP od koncentréacie etanolového extraktu v BM
je pri skiSanych koncentriciach linedrne rastiica (tab. 2,
graf nie je uvedeny). Ak porovname ucinok extraktu s ucin-
kom syntetického BHT zistime, Ze 0,25 % pridavok ex-
traktu je priblizne rovnako ucinny ako pridavok 100 mg
BHT/kg bravéovej masti. Frakciondciou extraktu RS na
stipci silikagélu sme ziskali 4 frakcie, priCom najvysSiu
antioxida¢nu ucinnost' preukazala frakcia ¢. 3, ktord bola
takmer 3 krat i¢innejSia ako povodny etanolovy extrakt.

Tabulka IT

Vplyv r6znych koncentraénych pridavkov etanolového ex-
traktu repkového Srotu na oxidaCnu stabilitu bravCovej
masti

Pridavok extraktu v % IP v hodinéch PF
0,025 24 0,20
0,05 - 0,65
0,1 4,2 1,10
0,25 7.2 2,60
0,5 12,2 5,10

Z naSich predbeznych zisteni vyplyva, Ze stabilizatny
ucinok skusanych rastlinnych materidlov na bravéovd mast
sa zniZzuje v nasledovnom poradi: frakcia ¢. 3 etanolového
extraktu RS > etanolovy extrakt RS > frakcia &. 5 z rep-
kovych vyliskov > frakcia €. 5 z fepkovych Srotov > repko-
vé vylisky > repkové Sroty > macerat.

Zéaverom konStatujeme, Ze priemyselné vedlajSie pro-
dukty z vyroby repkového olej a, repkové vylisky a Sroty,
predstavuju pomerne slusny zdroj prirodnych antioxidan-
tov, ktorych zhodnotenie sa pontika pri nizkej technickej
a finan¢nej narocnosti. Prakticka aplikdcia si vyziada vSak
eSte velmi podrobné stiidium v zamerani analytickom, pu-
rifikatnom a technologickom.
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S. Schmidt, G. Turkova and S. Sekreta¥ (Department
of Milk, Fat and Food Hygiene, Slovak University of Tech-
nology, Bratislava, Slovak Republic): Rapeseed — the
Source of Natural Antioxidants

The antioxidative activity of rapeseed materials on mo-
del lard fat was examined and compared with synthetic
antioxidant butylated hydroxytoluene (BHT).

Comparing with BHT (100 mg.kg™!), the antioxidant
effect of examined plant materials decreased in the next
order: chromatographed rapeseed meal ethanolic fraction
No 3 > whole ethanolic rapeseed meal extract > finest meal
and cakes fraction > lard rapeseed meal macerate.



4.04 EFFECTS OF NATURAL ANTIOXIDANTS
ON LIGHT AND MICROWAVE ACCELE-
RATED OXIDATION OF LARD'

STANISLAV SEKRETAR?, MARIAN
ZELENKA" and STEFAN SCHMIDT?

“Department of Milk, Fat and Food Hygiene,
Slovak University of Technology, Bratislava,
Slovak Republic, ®Milo a.s., Olomouc

Edible fats and oils used in preparation of foods are
exposed to many factors affecting their stability (elevated
temperature, ultraviolet and visible light, singlet oxygen,
traces of heavy metals, microwaves treatment etc.). Some
of them play an important role in oxidative deterioration of
fats and their action is often eliminated with the addition of
antioxidants. Due to some negative effects of synthetic
antioxidants (BHA, BHT, TBHQ) there is an increased
tendency for their replacement with natural ones’. The most
effective natural antioxidants seem to be those ones ob-
tained from rosemary and sage’. The objectives of this
study were to determine effects of rosemary and sage
ethanolic extracts on oxidative stability of lard exposed to
singlet oxygen, visible light and microwave oven heating.

Rosemary, sage , BHT and lard were commercial pro-
ducts. The influence of singlet oxygen and light irradiation
on the stability of lard (with and without 0.025 % wt. of
antioxidants) were measured on a modified home made
Rancimat apparatus’ (110 °C, air flow 200 ml.min"!) with
the use of polymer bound Rose Bengal’ as a singlet oxygen
generator, 150 W tungsten lamp as a source of visible light
and BHT as a common antioxidant. Microwave heating
experiments were accomplished on an Electrolux EME
1960 microwave oven (750 W, 2.45 GHz) and the lard
degradation (expressed by peroxide values) was compared
with that resulted from common heating on a silicon oil

Control

BHT

Sage

Rosemary

bath. In both cases the reaction time was 10 min. and max.
temperature 152 °C. The results are summarized in Fig. 1
and Tab. I.

Rosemary seems to be the best preservati ve against light
and singlet oxygen initiated oxidation of lard and the sage
extract exhibited the best results in microwave oven experi-
ments.

Tabulka I

Peroxide values [meq Oz.kg'[] of lard after common (A)
heating at 152 °C and microwave (B) heating at 20-152 °C
without (Control) and with 0.1 % wt. of antioxidants

Time Control Rosemary Sage BHT

[min.] A B A B A B A B

0 195 071 290 198 290 235 199 198

2 225 120 448 2.02 3.71 281 210 223

4 346 198 4.67 236 602 2.89 217 234

6 449 3.14 498 2.87 6.11 383 245 349

8 6.66 12.86 502 574 8.83 4.69 2.65 387
10 8.99 18.64 6.01 10.70 8.94 6.75 3.24 10.50
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Fig. 1. The oxidation of lard at various conditions (with and without 0.025 % wt. of antioxidants)



S. Sekretir?, M. ZelenkaPand S. Schmidt®(“Depart-
ment of Milk, Fat and Food Hygiene, Slovak University of
Technology, Bratislava, "Miloa.s., Olomouc): Effects of
Natural Antioxidants on Light and Microwave Accele-
rated Oxidation of Lard

The preservative effect of ethanolic extracts from rose-
mary and sage against accelerating factors of lipid oxida-
tion (light, singlet oxygen, microwaves) was investigated
on lard. Rosemary extract (0.025 % wt.) gave the best
results in experiments with light and singlet oxygen. Sage
extract (0.1 % wt.) was the best protective agent in micro-
wave oven heating experiments. The stabilization effects of
both plant extracts are comparable to BHT ones.

4.05 THE OPTIMIZATION OF THE TECHNO-
LOGICAL PARAMETERS OF LACTIC

ACID FERMENTATION

BOGUSLAW MASLOWSKI?
and EDMUND CIBIS”

“Departmentof AnimalFood Technology, "De-
partment of Food Biotechnology, University of
Economics, Komandorska str. 118/120, 53-345
Wroclaw, Poland

The edible lactic acid has been produced in way of
biocatalytical conversion of carbohydrates. The appro-
priate: strain of lactic acid bacteria, parameters of process
and fermentation nutrient must be used for this purpose.
The factors occuring in the lactic acid fermentation were
categorized in the earlier investigation' as follows:

- the factors which values are constant during fermentation
- the factors which values can be changed during fermentation

The pH and temperature belong to the last group. The
individual technological factor in view of its character is
a substrate concentration (carbohydrates). However con-
centration does not undergo periodical fluctuations, its
values influence a speed of carbohydrate conversion to
lactic acid. The substrate concentration has been limited by
the increase in an osmotic pressure of fermentation me-
dium. The substrate concentration can reach a level which
permits appropriate stirring of fermentation medium when
suitable process parameters and suitable form and quality
of fermentation nutrient have been used 2.
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The aim of investigation was to establish:

1. The model describing the dependence between the amount
of formed lactic acid during fermentation process and tech-
nological parameters of this process.

2. Determination of the optimum values of those parame-
ters in view ofthe amount of formed lactic acid.

The fermentation was carried out in the 2 dm’ fermentor
by constant speed of stirring, for 72 hours at the range of
pH and temperature that can be used in the production.

The defined bacterial strain of Lactobacillus delbriicke
and liquid extract from the rye embryo as nutrient were used
in the experiments.

The amount of liquid extract to the saccharose ratio was
constant. The lose of saccharose was measured after 24, 48
and 72 h of fermentation process for each level of each
investigated parameter.

The data are given in the table 1.

Table I
Factor Time (h)
24 48 72
pH t =50 °C amount of saccharose = 260 g
5.4 75.4 126.1 1529
5.7 162.2 202.3 208.0
6.3 02.8 252.7 259.5
6.8 144.0 176.5 181.7
temperature pH = 6.3 amount of saccharose = 260 g
40 °C 130.0 166.4 176.8
50 °C 202.8 252.7 259.5
60 °C 176.8 195.0 208.0

[t constituted basis for evaluation of lactic acid content.
The examined data were approximated using the quadratic
regression model, in order to determine the optimum values
of pH and temperature (f) at which the maximum content
of lactic acid (M) is reached.

M(pH, 1) =flpH*+ b./ +cpH + d.t+ e



The parameter values of this model (a, b, ¢, d and e) B. Maslowski? and E. Cibis *("Department of Animal

were calculated by the linear regression method. Food Technology, PDepartment of Food Biotechnology,
Next the optimum values of pH and temperature - at University of Economics, Wroclaw, Poland): The Optimi-
which the polynominal M reached the maximum value - zation of the Technological Parameters of Lactic Acid

were determined. The optimum parameters of fermentation Fermentation

process are: pH = 6.16 and ¢ = 51.3 °C.
The influence of pH and temperature on the productive-

REFERENCES ness of lactic acid fermentation was investigated. The mo-
del describing the dependence between the amount of for-
1.  Maslowski B: 49. Zjazd Chemickych Spolocnosti, med lactic acid (M) during fermentation process and pH and
Zbornik Prispevkov, str. 225. Bratislava 1995. temperature (f) is as follows: M(pH, 1) =a.pH?+ b.t>+ c.pH

2.  Maslowski B: Patent PL, nr 144390/1990. +d.t+e.
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STABILIZACE/SOLIDIFIKACE ODPADU
S VYSOKYM OBSAHEM FLUORIDU

5.01

JIRT SAMSONEK
a MILAN VONDRUSKA

Katedra technologie Zivotniho prostredi a che-
mie, Fakulta technologickd, 762 72 Zlin

Fluoréza je chronickd otrava fluoridovym iontem.
Vznikd dlouhodobym pouzivdnim pitné vody, obsahujici
vice jak 2 %o F". Charakteristickymi znaky u ¢lovéka jsou
osteosklerosa, utlum krvetvorby v kostni dieni a poruseni
zubni skloviny’.

Odpad, jenz byl predmétem stabilizace, je ocelarensky
kal z Ostravské primyslové aglomerace. Odpad je svym
zpusobem ojedinély, protoze ze v8ech sledovanych polu-
tantdl, vyjmenovanych vyhldskou 513/92 (cit. 3), pouze
obsah fluoridd ve vyluhu piekracuje tfidu vyluhovatelnosti
IIT B (37,40 mg.I'"). Koncentrace ostatnich sledovanych
polutantli nepievysuji tiidu vyluhovatelnosti 1 A.

Stabilizacnim ¢inidlem je hydraulické vdpno tf. 7.5 ,
vyrdbéné v cementdrné a vdpence Cizkovice. Jednd se
o stavebni, ekonomicky neobycejné zajimavé pojivo, tvrd-
nouci i pod vodou; ve srovnani s cementem ma vsSak na-

Sekce 5

michand betonova smés mensi pevnost v tlaku. To vSak pro
ucely chemické stabilizace neni vibec na zavadu. Vy-
znamné je naopak, jak ukazuji vysledky této prace, chemic-
ké slozeni tohoto hydraulického vapna a to pravdépodobné
pro dostate¢né vysoky obsah oxidud hliniku a Zeleza, spolu
s jejich schopnosti vdzat F" ionty. Predpokladame, Ze pfi
tvrdnuti namichané smési: hydraulické vapno + odpad +
voda, vznikaji (v Case jiz po 20 dnech ) zndmé, velmi
stabilni komplexy,

6 F- + A3+ — [AIFg]*
6 F- + Fe3* — [FeFg]*

které jsou déle solidifikovany ve struktufe zrajiciho stabi-
lizatu ( ptitomné jsou oxidy CaO a SiO2 v aktivni formg).
Ptedpoklad se opira o zjisténi, Ze jiz po 20 dnech tuhnuti
koncentrace volnych F" ve vyluhu stabilizat klesaji na
neobycejné nizké hodnoty, pohybujici se pod 1 mg.l'J (e
tieba si uvédomit, Ze koncentrace volnych F" vypocétend ze
soucinu rozpustnosti se pohybuje kolem 8 mg.I” l).
Nejprve byla zjisténa zévislost koncentrace fluoridi ve
vyluhu stabilizatu (potenciometricky, ISE) na obsahu poji-
va ve stabilizacni smési a z této zavislosti byla odectena opti-
malni koncentrace pojiva. Vysledky jsou uvedeny v obr. 1.

koncentrace Muoridd | mgA |

optiméln{ koncentrace pojiva ve
| stabilizatni smési w=30 %

10 20 40

50 60 Bo b [e]

obsah pojiva ve zkusehnich télesech [ % |

Obr. 1. Zavislost koncentrace fluoridii na obsahu pojiva ve stabilizacni smési
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Na zédkladé vyse uvedené zavislosti byla jako optimalni
koncentrace pojiva ve stabilizatu uréena hodnota 30 %. Pii
koncentraci 20 % je sice koncentrace fluoridd jesté pod
hodnotou 1 m g.l"l, ale mechanické vlastnosti stabilizatu pfi
této koncentraci se zna¢né zhorsuji. Rovnéz je nutno brat
v uvahu moznou kvalitativni zménu odpadu, popfipadé
technologickou nekazen pfi pripadné realizaci.

Jestlize chceme dokazat opravdovou ucinnost stabili-
zace v realném prostfedi, je nutno provést testy vyluho-
vatelnosti za podminek, které by se co nejvice blizily cha-
rakteru cilového ulozisté. Timto jsou vytézené doly, jez
mohou byt z ¢asti zaplnény dilnimi vodami. Pro materidly
na bazi cementl je nejvétSim nebezpecim vysoky obsah
sirand, ktery muize pfi dlouhodobém kontaktu zptisobit az
uplny rozpad struktury betonti. Proto byly déle provedeny
testy, pfi kterych byla zkusSebni télesa vyluhovana roz-
tokem o koncentraci sirani 2000 mg.1"!. Dle normy CSN
73 12 15 (cit. 4)je jiz koncentrace 1000 mg sirand na litr
Kklasifikovdna jako silné agresivni. Abychom zjistili kon-
centraci fluoridi ve vyluhu, v pfipadé, Ze se stabilizat vli-
vem vysoké koncentrace siranti rozpadne, byly zkuSebni
télesa pied vyluhovanim rozdrcena. Pro kontrolu reprodu-
kovatelnosti vysledkii byly provedeny vyluhy i destilo-
vanou vodou. VysledKky testll jsou sefazeny v tabulce 1.

Tabulka |
Testy optimalni stabilizaCni smési za podminek simulu-
jicich cilové dlozisté (wpojiva = 30 %)

Forma Prostfedi Vodivost pH Koncen-
stabilizdtu vyluhu  vyluhu trace F
[mS.m_'l] Fmg.l_[]
Nestabiliz. destilovand
odpad voda 35.64 7,34 37,40
Blok destil. voda (2x) 36.0 11,13 0,538
4= 46,2 11,34 0,538
roztok SO c=2 ;.;.!_l 39 11,60 0,661
36 11,60 0,718
) 37 11,56 0,687
Dri< 1 cm h.‘l 11,78 1,33
730 11,84 123
Drt < 1 mm 78 11,84 1,2¢
77 11,82 1,08

"hodnota vodivosti vyluhu vypoctena z rozdilu celkové
vodivosti vyluhu a vodivosti vyluhovaciho roztoku

Z tabulky I plyne, Ze stabilizace volnych F" v odpadu je
vyborna, protoze bylo i s rezervou dosazeno nejpfisnéjsiho
koncentraéniho limitu tiidy I C (1,5 mg.l! P), Daliim
vyznamnym vysledkem uvedené stabilizace je skuteCnost,
ze koncentraci volnych F" pod nejpiisnéjSim limitem vy-
kazuji i vzorky velmi jemné drti, ziskané rozemletim pfi-
pravenych stabiliza¢nich téles. Tato skuteCnost dokazuje,
Ze nizka koncentrace F" ve vyluzich je dosazena predevsim
chemickou stabilizaci a nikoliv jen pouhou solidifikaci
spojenou se snizenim mérného povrchu.

LITERATURA

1. Grant¢&. 104/97/0127, Grantové agentura CR.

2. Matrka M., Rusek V.: Primyslovd toxikologie. Uni-
verzita Pardubice 1994.

3. Natizeni vlady CR &. 513/1992 Sb.

4. CSN 73 1215 Betonové konstrukce — klasifikace agre-
sivnich prostredi.

J. Samsonek and M. Vondruska (Department of En-
vironmental Technology and Chemistry, TU Zlin): Stabili-
zation/ Solidification of Waste with High Fluorides Content

The procedure of complete stabilization/solidification
of steel sludge with high leachable fluorides has been
carried out. The concentration of fluorides in tested body
specimens leachates even in leachates of pulverised tested
body specimens have decreased under the strictest require-
ments of Czech Republic legislative.

5.02 CHEMICKA SPECIACE Zn A Pb V TU-
HYCH METALURGICKYCH EMISICH

HANA KULVEITOVA, SILVIE
KACMARCIKOVA a JURAJ LESKO

Katedra chemie, VSB - Technickd univerzita
Ostrava, tr. 17. listopadu, 70833 Ostrava- Poruba

Odprasky z MB ocelaiskych peci vznikajici pfi zpra-
covani zelezného Srotu maji charakter nebezpe¢ného od-
padu. Toxicita je zptisobena vysokymi obsahy Zn a Pb,
které mohou byt vylouZeny do okolniho prostiedi.

V této praci byla sledovana chemicka speciace Skod-
livin pfi statickém a dynamickém louzeni a pii acidifikaci



skladkovanych odprask ze suchych filtrt MB peci. Celko-
vé obsahy sledovanych prvki v ptivodnim materidlu a kon-
centrace téchto prvkii, zjisténé louZenim podle 513/92 Sb. pro
tfidu vyluhovatelnosti IIIb a podle US EPA 1311, jsou uve-
deny v tabulce 1. V zavorkach jsou uvedeny limity pro obsahy
prvki podle jednotlivych norem; u Zn jde o limit EHS.

K urceni zastoupeni jednotlivych forem Zn a Pb byla
podle' provedena speciaéni analyza. Tvofilo ji sedm krokd,
v nichz byly postupné vyluhovany: podil rozpustny ve vodg,
iontové-vyménny podil, podil vdzany ve formé uhlic¢itand,
podil vazany na organické latky, na amorfni a na krystalické
oxidy zeleza. Vysledky chemické speciace jsou uvedeny na
obr. 1. Z obrazku je ziejmé, Ze nejvetsi Cast Zn je vazdna ve
forméch I-1II. Pravé tyto formy je tieba brat v tivahu jako
uvolnitelné do Zivotniho prostiedi pfi skladovani tuhého od-
padu. Pomoci RTG difrak¢ni analyzy se prokazalo, Ze v ma-
trici (krok VII) je Zn pfitomen jako franklinit - ZnFe,0,.

Tabulka 1
Obsah skodlivin ve vzorku a ve vyluzich

prvek celk. obsah 513/92 Sb US EPA 1311
[%] [mg.l'lj [mg.] I]
Zn 2470 8050 (100) 4410 (< 2)
Pb 5,70 8,6 (10) 8.8 (<3)
Cd 0,16 160 (0.5) 384(<1)

111 ve formé uh
v

ny 1 i

Vil

Obr. 1. Chemicka speciace
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Obr. 2. Zavislost vylouZeného podilu Zn, Pb a pH na Case pFi
dynamickém louZeni ve vodé
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Pro vysvétleni rozdilného vyluhovdni Zn a Pb bylo
u kroku I provedeno dynamické louzeni vodou. Porovnani
vylouzenych podil obou prvkil v zdvislosti na Case je
uvedeno na obr. 2. Z obrazku vyplyva, Ze pfednostné se
vyluhuje Zn a teprve potom Pb. Zajimava jetaké zdvislost
pH vyluhli na Case, zapri¢inéna zfejmé hydrolyzou slou-
¢enin Zn. Podobny pribéh m4 i acidifikace, kdy se pii pH
5-6 ustavuje pufraéni rovnovdha, souvisejici s rozpou-
$ténim Zn a ovliviiyjici i rozpousténi Pb.
LITERATURA
1.

Kirby C. S., Rimstidt J. D.: Envir. Sci. Technol. 27,
652(1993).

H. Kulveitova, S. Ka¢marcikova and J. LeSko (De-
partment of Chemistry, VSB-TU, Ostrava): Chemical Spe-
ciation of Zn a Pb in Solid Metallurgical Emissions

Chemical speciation of Zn a Pb in steel foundry dust has
been investigated. Two characterisation methods have been
applied to the waste, i. €. dynamic tests in the distilled water
and batch tests in HC1. The results of the tests are in a good
agreement with the content of soluble forms of pollutants
as well as those bound to carbonates.

5.03 VPLYV ZRAZACICH CINIDIEL FOSFORU
NA AKTIVITU AKTIVOVANEHO KALU

RASTISLAV KUFFA, JAN DERCO
a JANA KUSNIEROVA

Katedra Zivotného prostredia, CHTF STU,
Radlinského 9, 812 37 Bratislava, Slovenskd
republika

Vzhl'adom na sicasnd prax v oblasti technologii Cis-
tenia odpadovych vod (O V) a redlne obmedzenia z hl'adiska
investicii do rozSirovania existujiicich Cistiarni OV za tce-
lom vytvorenia podmienok pre biologické postupy zvy-
Seného odstrafiovania fosforu, mozno predpokladat roz-
sirené aplikdcie chemického zrdzania fosforu. Chemické
zrazanie fosforu je obvykle spojené s divkovanim zlic¢enin
Fe alebo Al v niektorom z uzlov technologickej linky
Cistiarne OV v zdvislosti od zvoleného postupu (pred-
zraZanie, simultinne zrazanie alebo dozrdzavanie) vzhla-



dom na biologicky stupeii. V pripade prvych dvoch z vysSie
uvedenych postupov je biomasa vystavena i¢inkom vysSie
uvedenych tazkych kovov (Fe, Al). Doteraz boli publiko-
vané vysledky o stimulaénom téinku Fe3* (cit. !) na proces
nitrifikécie ako aj inhibi¢né u¢inky Fe?* na tento proces’.

Cielom tejto prace bolo sledovat' vplyv Fe?t, Fe3*
a AI** na aktivitu aktivovaného kalu pri simultdnnom zr-
7ani fosforu. Dal§fm cielom tejto prace bolo kvantifikovat'
podiel biomasy v aktivovanych kaloch a ocharakterizovat
separa¢né vlastnosti kalov.

V technologickej literatiire sa na uréenie optimalnej
davky pouziva koeficient (3, ktory sa definuje ako pomer
latkového mnoZstva zrdzacieho ¢inidla k latkovému mnoZz-
stvu fosforu. Pre dosiahnutie odtokovych koncentracii P
pod 1 mg.I"! sa pre simultdnne zraZanie odporti¢a hodnota
P =2-4 (cit. 3).

Semikontinudlne laboratérne modely boli prevadzko-
vané pri nasledovnych hodnotach parametrov: vek kalu
10 dni, zdrznd doba OV bola 2 dni; objemové zataZenie
1,5 kg.m3.d"!, vyjadrené v CHSK. Do jednotlivych sys-
témov sa davkovali zrazacie ¢inidld Fe?*, Fe3*, A1* spolu
so substratom. Vplyv zrazacich Cinidiel sa hodnotil vo
vztahu k referené¢nému modelu bez ptidavku kovov.

Z nameranych vysledkov vyplyva, Ze pri ddvke kovov
zodpovedajucej B = 1,5 je uinnost zraZania P pri pouZiti
Fe?t rovnd 90 %, pri pouziti Fe®* a AI** je udinnost
zrazania rovna 88 %.

Zlepsenie sedimentacnych a vlo¢kotvornych vlastnosti
kalu v systéme s pridavkom zrazacich ¢inidiel dokumentuju
hodnoty KI [ml.g"']: 36,3 Fe3* ; 29,8 Fe?* ; 42,5 AP+,
Referen¢ny kal mal hodnotu KI 69,9 [ml.g'l]. Z vyhod-
notenia nameranych zahustovacich kriviek vyplyva, Ze pri
pouziti soli Zeleza je potrebnd mensia plocha, resp. mensie
investi¢né ndklady na zahustovaciu nadrz. Pre jednotlivé
kaly boli s cielbm posudenia filtracného odporu a miery
stlacitelnosti merané filtracné charakteristiky, z ktorych
vyplyva, Ze kal bez pridavku tfazkych kovov mal najvyssi
$pecificky filtraény odpor a najniZSiu mieru stlacitelnosti.

Vzhl'adom na skreslenie koncentracie susiny, resp. or-
ganickej susiny biomasy v jednotlivych modeloch pritom-
nostou obtiazne definovanych rozli¢nych zrazenin fazkych
kovov, boli na aproximaciu koncentracie aktivnej biomasy
vjednotlivych systémoch pouzité koncentracie TOC a TC
jednotlivych kalov.

Najvyssiu hodnotu maximalnej Specifickej respiracnej
rychlosti Ry ... (vztiahnuti na koncentraciu TOC kalu)
mal kal kultivovany s pridavkom Fe?*. Najnizsiu respi-
raénu aktivitu vykazoval kal s Fe3*. Z tohto poznatku
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vyplyva zdver, Ze formy Zeleza Fe?* a Fe3* maju tplne
odlisné vplyvy na aktivitu kalu.

Okrem simultdnneho zraZania P mali ddvkované kovy
vplyv aj na lepSie odstraniovanie organického znecistenia
z modelovych OV.

LITERATURA
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R. Kuffa, J. Derco and J. Ku$nierova (Department of
Environmental Science, Faculty of Chemical Technology,
Slovak Technical University, Bratislava, Slovak Republic):
Effects of Phosphorus Precipitations on Activated
Sludge Activity

The process of simultaneous precipitation of phospho-
rus from synthetic wastewater in aerobic biological systems
with Fe2t, Fe3* and A3+ salts dosing has been studied.
Stimulation effect of Fe?* on heterotrophic biomass respi-
ration activity was observed in the typical metal concentra-
tions range applied in the chemical process of phosphorous
removal. Not only phosphorus elimination and the increase
of activated sludge activity, but also the improvement of
sludge settlement characteristics and improved efficiency
of organic impurities removal resulted from the work.

BIODEGRADACE OXYETHYLENOVA-
NYCH n-NONYL A n-DECYL ALKOHOLU

5.04

JAROMIR HOFFMANN?, IVETA
REZNICKOVA? a KAREL KOMAREK"

“Vysoké ucent technické Brno, fakulta technologic-
kd Zlin, ndm T. G. Masaryka 275, 762 72 Zlin,
¢ Univerzita Pardubice, chemickotechnologickd
fakulta, ndm. Cs. legii 565, 532 10 Pardubice

Predmétem prace bylo sledovani osudu jednotlivych
vstupnich komponent a meziprodukti pfi biologickém roz-
kladu oxyethylenovanych n-nonyl a n-decylalkohold



(vzorky C9, resp. C10)!. Polyoxyethylendty byly pfipra-
veny oxyethylenaci pfislusnych alkohold ethylenoxidem
v molarnim poméru 1:3. Biorozklady byly provadény mo-
difikovanym jednordzovym kinetickym testem’. Chroma-
tograficka analyza byla realizovana na kapildrnim ply-
novém chromatografu s hmotnostnim detektorem’ .

Priibéh biologického rozkladu vzorkii C9 a CI10 byl
CHSK) byl minimalné¢ 2x pomalejsi (> 900 hodin) nez
primarni rozklad (CGC analyzy vychozich komponent)
a dokumentoval vznik biologicky htife rozlozitelnych me-
ziproduktil. Biorozklad jednotlivych oxyethylendtii dobie
vystihovala exponencidlni zavislost (obr. 1).

Alkoholy ve vzorcich pivodné obsazené nebo rozkla-
dem vzniklé se degradovaly dobfe a nebyly pfi¢inou rela-
tivné pomalého rozkladu piipravkii.

CGC-MSD analyzou byla v reakéni smési biodegrada-
ce vzorkli C9 a C10 analyzovana homologickd fada poly-
ethylenglykoli s 1-6 oxyethylenovymi skupinami v mo-
lekule (obr. 2). Polyethyleglykoly byly meziprodukty, které
,brzdily" celkovou biodegradaci.
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Obr. 1. Priibéh biologického rozkladu jednotlivych oligomera
oxyethylenového n-nonylalkoholu(vzorek C9)
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Obr. 2. Koncentrace ethylenglykoli v priab&hu biologického
rozkladu oxyethylenového n-nonylalkoholu

Ve vzorcich byla CGC-MS analyzou identifikovdna
homologické fada stiednich a vysSich monokarboxylovych
kyselin, fadoveé max. mg.l'l, které byly s nejvétsi pravdépo-
dobnosti diisledkem postupného rozpadu bunék pfitomné
biomasy.
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J. Hoffmann?, I. Reznitkova? and K. Komarek?
(“Technical University Brno, Faculty of Technology, Zlin,
bFaculty of Chemical Technology, University of Par-
dubice): Biodegradation of Oxyethylenated n-Nonyl
a n-Decyl Alcohols

The cources of biological degradation of oxyethylena-
ted alcohols and their biodegradation intermediates were
studied. Particular oligomers with up to eight oxyethylene
groups, individual alcohols and the homologous series of
polyethylene glycols were determined by means of CGC-
MS. The presence of higher monocarboxylic acids was
probably caused by degradation of biomass cells.

5.05 HODNOCENI VLIVU OXYETHYLENO-
VANYCH NIZSICH ALIFATICKYCH
ALKOHOLU (C4-C10) NA AEROBNI BIO-
LOGICKY PROCES

JANA PALENIKOVA? SVATAVA
VANKOVA® a KAREL KOMAREK"

Wysoké ucenti technické Brno, fakulta technolo-
gickd Zlin, ndm. T.G.Masaryka 275, 762 72 Zlin,
" Universita Pardubice, chemickotechnologickd
fakulta, ndm. Cs. legii 565, 532 10 Pardubice

K testovani byly pouzity oxyethylenované alifatické
alkoholy, pfipravené ethoxylaci piislusnych alkoholii (butyl-
alkoholu az decylalkoholu) ethylenoxidem (EO) v moldr-



nim poméru 1:3. Ke stanoveni biologické rozlozitelnosti
té€chto latek byla pouZzita manometrickd respirometricka
metoda sledovani BSK. Na obr. 1 jsou uvedeny pfiklady
biologické oxidace oxyethylenovaného n-amylalkoholu
(vzorek C5) a isoamylalkoholu (Ci5). Nejlépe rozlozitelné
byly tenzidy obsahujici linearni primérni alkohol C9, C7,
C4, nejhorsi biologicka rozlozitelnost byla zjisténa u Ci4
au C10. Odlisné chovani posledné zminénych vzork bylo
zpusobeno vétsim obsahem polyethylenglykolu (zjisténo
chromatograficky). Dosazené vysledky ale neumoznily po-
stihnout zavislost rychlosti biodegradace testovanych ten-
zidl na délce popr. vétveni alkoholu.

Inhibién{ Gi¢inky tenzidi (20-2000 mg. I'!) na aerobni
degradaci byly sledoviany dvéma metodami:
7) Inhibice respiracni aktivity aktivovaného kalu po kratké
dobé kontaktu (0,5 h) s testovanou latkou. Jedna se o modi-
fikovanou metodu podle ISO 8192-84 (cit. 2).
2) Inhibice BSK sledovand manometrickou metodou za
delsi ¢asové obdobi.

Obé metody se liSily také podle mnozstvi pouzitého
inokula (0,25 gl"’ aktivovaného kalu u postupu /, kalova
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Obr. 1. Zavislost BSK na ¢ase pri biorozkladu tenzida C5
a Ci5
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Obr. 2. Zavislost inhibice na koncentraci tenzidu C7 po 0,5 h
expozici
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voda u postupu 2). V obou piipadech bylo u testovanych
vzorkll zjisténo pouze mirné inhibi¢ni plisobeni. Po
0,5 hodinové expozici byla respirace aktivovaného kalu
inhibovdna pouze tenzidem C10. Efektivni koncentrace
ECs50 se pohybovala v rozmezi 200-400 mg.l'l. U tenzidu
C5 nebyla inhibice zaznamenana, u C7 byla pozorovéana az
od koncentrace 1000 mg.1"' (obr. 2).

U postupu 2 se inhibice projevila mirnym prodlouzenim
lagové faze ve srovnani s kontrolnim pokusem. Poté vsak
rychlosti BSK velmi rychle dosdhly hodnot BSK u kontroly.

LITERATURA

1. Grant & 104/95/0242 GA CR.
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J. Palenikova?, S. Vaiikova? and K. KomdrekP
(“Technical University Brno, Faculty of Technology, Zlin,
bFaculty of Chemical Technology, University of Pardu-
bice): Influence of Oxyethylenated Lower Aliphatic Al-
cohols (C4-C10) on Aerobic Biological Process

This study deals with the biodegradability and toxicity of
nonionic surfactants. Two methods were applicated - de-
termination ofrespiration activity by oxygen electrode and
determination of biochemical oxygen demand by manometer.

MNOZSTVI ARSENU VE VLASECH NE-
KTERYCH SKUPIN LIDSKE POPULACE

5.06

JAROSLAVA MULLNEROVA,
JAROSLAV REJNEK
a VLASTIMIL NOVOBILSKY

Pedagogickd fakulta Univerzity J. E. Purkyné,
Ceské middeze 8, 400 96 Usti nad Labem

Arsen se fadi mezi kontaminanty, které vyzaduji zvy-
Senou pozornost. V Ceské republice je zvysend kontami-
nace zivotniho prostiedi arsenem zptisobena zejména spa-
lovdnim hnédého uhli s vysokym obsahem arsenu'.

Pro zjisténi expozice jednotlivcl i skupin osob je mozné
vyuzit télnich tekutin, predev§im krve a moci, déle potom
zubii, nehtt a vlast’.

Vlasy pro potieby této studie byly (v souladu s obec-



nymi zdsadami odbéru vzork®’) odebirdny probandiim z né-
kolika oblasti a probandiim s nékterou z koznich chorob
(alopecia areata, alopecia diffuza). Vzorky byly zbaveny
vn&j§l kontaminace' a mineralizovdny ve smési koncen-
trované kyseliny sirové, kyseliny dusi¢né a peroxidu vo-
diku za atmosférického tlaku’. Za stejnych podminek byl
pripraven i slepy pokus.

Pro méfeni mnozstvi arsenu bylo pouzito plamenové
atomové absorp¢ni spektrometrie, doplnéné o generaci hy-
dridovych par (Varian SpectrAA 20+). Kontrola kvality
analyzy byla provadéna opakovanym proméiovanim refe-
ren¢niho materidlu lidskych vlasi CRM GB 09101 (MC
State Bureau of Technical Supervision, Cinskd republika).

Ziskané vysledky byly vyhodnoceny pouzitim statis-
tického aparatu® ajsou v prehledu uvedeny v tab. 1. Ana-
lyza prokézala, Ze soubory jsou nezavislé a spojité, vSechny
vice ¢i méné nesymetrické, odchylené od normélniho roz-
déleni. Proto pro charakteristiku souborti bylo pouZzito me-
didnu, dolniho a horniho kvartilu a interkvartilového roz-
péti. Analyza dat dovoluje vyslovit, Ze i) nejvétsi mnoZstvi
arsenu ve vlasech maji probandi s diagnostikovanou kozni
chorobou alopecia diffuza, i/) nejmensi mnoZstvi arsenu
maji probandi souboru muzii a Zen stfedni oblasti seve-
roceského regionu, iii) ostatni sledované skupiny probandii
maji hodnoty arsenu pravdépodobné srovnatelné, avsak
niz8i nez u probandl s diagnostikovanou alopecii diffuzou,
vys8i nez u stfedni oblasti severoc¢eského regionu.

Tabulka I
Statistické charakteristiky souborti

V n Xiis Xpyox X075 RF
Z1 51 387.3 190,9 603,5 412.6
Ml 38 485,6 381,7 785,1 4034
72 62 2649 185,3 376,8 191,6
M2 36 280.8 2464 401,2 154,8
Z3 83 129.9 47.5 3208 2822
M3 55 174.4 48,4 370.8 3224

A 50 1290,2 619.8 1906,2 1286.3
AA 36 348,7 606,7 258.0

4415

7 - zena, M - muZ, 1 - oblast stiedoteského regionu, 2 -
zapadni Cast severoCeského regionu, 3 - stiedni Cast se-
veroCeského regionu, A - proband s chorobou alopecia
diffuiza, AA - proband s chorobou alopecia areata, n -
cetnost souboru, x,; — medidn, x,,s - dolni kvartil, x5 -
horni kvartil, RF - interkvartilové rozpéti, hodnoty uvedeny

\% ng.g"[ vlasti
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J. Miillnerova, J. Rejnek and V. Novobilsky (Peda-
gogical faculty University of J. E. Purkyné, Ust{ nad La-
bem): Arsenic Amounts in Hair of Some Groups of
Human Population

Arsenic amounts in human hair were determined by
means of atomic absorption spectroscopy. The specimens
for analysis originated from persons living in several areas
of the Nord Bohemia region as well as in an area of the
Central Bohemia region. Special groups formed persons
with some skin deseases. The analysis proved the presence
of different amounts of arsenic in the hair of particular
groups of persons under examination.

5.07 PERMEATION OF Co?' IONS ACROSS
SKIN BARRIERS

VASIL KOPRDA?, MARGITA
HARANGOZO? a EUBOR BOHACIK"

“Faculty of Chemical Technology, Slovak Tech-
nical University Bratislava, Y Institute of Experi-
mental Pharmacology, Slovak Academy of
Sciences, Bratislava, Slovak Republic

The skin of animal species acts as a strong barrier
against permeation of ionic forms of substances into an
organism. In connection with radioactive contamination,
cobalt belongs to the most dangerous nuclides, namely its
%0Co radionuclide, a frequent component of the activated
radionuclides in construction materials.

In this contribution, the time dependence of permeation
of ®°Co”* from aqueous solution through animal skin mo-
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Fig. 1. C(izi')ermeation—time profiles from water solutions across intact, stripped (10 or 20 times) and splitted skin of SDR

del was studied, the biological structure mostly responsible
for the barrier effect was selected and proved, and the
relative importance of the main diffusion pathways for
60COZ“L, the diffusion through the intact skin and the diffu-
sion through the hair channels was assessed.

Experiments were done using °°Co and Franz-type
vertical permeation cells with fresh skin from abdominal
region of 5 or 9 day old rats (SDR, 9DR respectively). The
SDR skin was used intact, with different thickness of horny
layer after stripping with adhesive tape 10 or 20 times, or
without epidermis (splitted skin). Ions, penetrated through
the skin from donor solution (vehicle water) to receptor
solution (phosphate buffered saline), were determined in
aliquots sampled in 1, 3, 5, 7 and 24 hours. The concentra-
tion of the carrier in donor solution was 0.135 % (w/v). The
radionuclide was measured by means of Gamma Automat,
Tesla, SK.

The results showed (Fig. 1) that the penetrated amount
of ions is proportional to the time for at least in the first
7 hours. The permeation resistance of the skin is propor-
tional to the thickness of the horny layer, the principal
barrier mostly restricting the flux of ions.
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It was found that the more is the skin stripped (Fig. 1),
the more enhanced the penetration of ions is. It certifies the
fact that stratum corneum represents the most important
barrier function of the full skin (at least in the case of rats).
Comparing amounts of penetrated ions through the skin
without hairs (SDR) and through the just haired skin (9DR),
it was found that the additional shunt diffusion through the
channels along the hairs (follicles) can be of important
value.

V. Koprda?, M. Harangozé® and E. BohacikP
(“Faculty of Chemical Technology, Slovak Technical Uni-
versity, Bratislava, YInstitute of Experimental Pharmaco-
logy, Slovak Academy of Sciences, Bratislava, Slovak Re-
public): Permeation of Co?* Ions across Skin Barriers

Permeation of metal ions Co?" across the skin of 5-day
old rat was studied in vitro using vertical diffusion cells.
The results showed that the stratum corneum represents the
principal barrier and the shunt diffusion along hair follicles
can be of important value.
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6.01 KONTINUITA ROZVOJE CHEMIE V RE-

GIONU MORAVY A SLEZSKA
ADOLF G. POKORNY

Merhautova 57, 61300 Brno

S piichodem osvicenstvi v 18. stoleti se objevily vztahy
mezi prirodnimi, technickymi, ekonomickymi a spole¢en-
skymi védami. Védeckého poznidni se dosdhlo Cinnosti
vynikajicich osobnosti uplatnénim v rozvoji chemie v sou-
vislosti s rozvojem instituci, obvykle vysokych skol a vé-
deckych spolecnosti.

Za pfedchiidkyni brnénské Némecké techniky 1ze ozna-
¢it stavovskou akademii zaloZenou roku 1725 v Olomouci'.
Prvd naSe védeckd spolenost ,,Societas incognitorum”
existovala v Olomouci v letech 1746-1751. Jeji p¥inos
spoc¢ival v informacich o védeckém déni v evropskych
centrech’. V 18. stoleti se chemie stala samostatnou védou
a definitivné opustila alchemii’. Chemie oviem piejala jeji
vyznamné dédictvi, znalosti laboratorni praxe, techniku,
ptipravu prvkil a slouéenin’.

Od pielomu sedmdesétych a osmdesatych let 18. stoleti
az do 19. stoleti byl védecky vyzkum na Moravé zalezitosti
némeckych spole¢nosti. Vroce 1781 byla zfizena chemicka
laboratof v brnénské 1ékarné ,,Zur goldenen Krone". V roce
1794 vznikla (cit.’) v Brn& pod patronaci hrabéte Jana
Kititele Mittrovského (1736—1811) Moravsko-slezska spo-
le¢nost. Tato méla pro rozvoj védy mimorddny vyznam
s vypracovanou metodologii empirického a analytického
zkoumani. V ramci uceleného programu védy a techniky
inicioval v roce 1799 W.H.C. André (1763—-1831) jedenéc-
ticlenny krouzek, ktery se pfedevS§im zajimal o fyziku
a chemii. Tehdy teoreticky rozvoj chemie ziskal na nékolik

TR

desetileti naskok, ktery vyustil do vétsi pfimé pouZzitelnosti
chemické védy v praxi a ndstupem primyslové chemie™’.

V roce 1832 byl moravskymi stavy piredloZzen navrh na
ztizeni technického ucilisté v Brné po vzoru prazské poly-
techniky, s vazbou na potfeby vyuky chemie. Tehdy se
zietelné ukazal rozsah obapolnych intelektudlnich vztaht
mezi védeckymi centry. Na prazské univerzité tehdy ptiso-
bil profesor Josef Redtenbacher (1810-1870), u néhoz v ro-
ce 1847 asistoval Bernard Bofivoj Quadrat (1821-1895).
Quadrat roku 1848 uvedl do experimentélnich praci Voj-
t&cha Safatika (1829-1902). V priib&hu roku 1850 Quadrat
se stal profesorem vSeobecné a analytické chemie na zalo-
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zeném utrakvistickém (Cesko-némeckém) C.K. technickém
uéilisti v Brné. Do Brna s Quadratem odeSel na ro¢ni
studijni pobyt i V. Safafik®. Za svého prvého fddného
utitele chemie povazoval Safatik pravé Quadrata. U&ilists
mélo problémy s uplatnénim jazykové rovnopravnosti a v ro-
ce 1860 bylo jiz znémdcelé. Chemici zde méli zcela odlisny
studijni plan, druhy a tfeti rok vénovali vyhradné studiu
chemie. Po reorganizaci, roku 1867 se z udilisté stal Tech-
nicky institut, na némz uz byla Ctyfletd technicka lucba
(chemie). Po té byl institut podle vzoru videnské techniky
vybaven dokonalymi laboratofemi a prohlasen za Némec-
kou vysokou $kolu technickou v Brné (1873-1945)7.

V letech 1856-1860 plisobil v Brné Moravsky spolek
Iékarnikti, jenz potom byl zaclenén do rakouského spolku
1ékarnikd’. Ceskéa vysokd $kola technickd v Brn& vznikla
19. 9. 1899. Zatim vletech 1902—-1905 profesofi B. Kuzma
(1873-1944) a J. Baborovsky (1875-1946) poznavali me-
todiku fyzikalné chemickych praci ve svétoznamém ustavu
profesora W. Ostwalda (1853-1932). Zahy, v roce 1911
byla Ceska vysoka $kola technickd dopln&na odborem che-
mickym.

Na tomto odboru techniky vznikly vyznamné vyzkum-
né ustavy, kde ptisobili jako uditelé a pracovnici vynikajici
odbornici, ktefi ziskali v kratké dobé dobrou povést doma
i v zahraniéi’.

Brno po roce 1918 prispélo rozvoji chemické védy,
primyslu, ale i vychové odbornych a pedagogickych pra-
covnikil zaloZzenim Masarykovy univerzity, vysoké Skoly
veterindrni a zemédélské’. Se Skolstvim se zde objevila
vroce 1929 &innost Cs. spole¢nosti chemické, spocivajici
na vySSi drovni teoretické pfipravy a schopnosti prendSet
evropské a svétové poznatky do vyroby a iniciovat vlastni
tvorbu védeckou i priimyslovou’.

Pri zdvodech byly zfizovany provozni analytické labo-
ratofe a budovany vyzkumnd oddéleni nebo ﬁstavylo’”.
Rozsitujici se obuvnicky podnik ve snaze byt nezavisly na
dodavatelich chemikalii, piedev§im zahrani¢nich, vybu-
doval ve Zliné chemicky vyzkumny ustav. Od roku 1933
az do 1945 byl feditelem doc. Dr. S. Landa. Ve vyzkumné
¢innosti technickych problémt O. Wichterleho a S. Landy
se kromé jiného stal charakteristicky vyvoj novych poly-
amidovych vldken, ale ijinych produkta'.

Za okupace, po uzavieni naSich vysokych 8kol prof.
J. Baborovsky obétavé spolupracoval s Bafovym studijnim
ustavem ve Zliné, kde néktefi vysokoskolsti ucitelé provo-
zovali pod plastikem odborného $koleni batovskych za-



meéstnanctl vysokou $kolu v malém vydani. V roce 1941
zde vznikla ptisobenim prof. Baborovského velmi aktivni
zlinskd odno? brnénské pobotky Ceské spolednosti che-
mické. Avsak az v roce 1953 rozdélenim pocetné brnénské
pobocky vznikly pak samostatné poboCky Spole¢nosti
v Olomouci, Ostravé a ve Zlin¢.

Vyvoj prumyslové chemie byl ovlivnén valeCnym a po-
valeCnym hospodaistvim. Ztrata podstatné Casti Slezska
zptisobila v prvé poloviné 18. stoleti pfeménu vyroby".
Druha polovina 18. stoleti se vyznacovala pokracujicim
rozvojem chemickych vyrobkii!4-16,

V 19. stoleti je nesnadné popsat vsechny podrobnosti
koncepce chemického priimyslu'’""”. Ve 20. stoleti roz-
voj chemického priimyslu poznamenaly nejen obé svéto-
vé vilky (1914-1918, 1939-1945), ale i opakujici se
hospodarské krize v obdobi let 1918-1935. V roce 1945
vladou vyhlasené znarodnéni chemického primyslu vy-
tvofilo nezbytny pifedpoklad ke strukturdlnim pfeménam.
Existujici podniky byly pfebudovany a rozsifeny, pficemz
vznikla fada novych zavodid i velkych primyslovych
celki*. ™,

Po roce 1946 byla zakldddna fada vyzkumnych stie-
disek zdkladniho vyzkumu akademie véd i ustavi resort-
nich, které byly profiloviny chemicky, nebo mély silné
chemické slozky'’. Také vysoké gkolstvi s pfihlédnutim
k vyuce chemie bylo roz§iteno. V roce 1946 vznikla Uni-
verzita Palackého v Olomouci, déle Vysokd skola banska-
technicka univerzita Ostrava. Az v roce 1948 Pedagogicka
fakulta a v roce 1952 Farmaceutickd fakulta Masarykovy
univerzity v Brné'’.

Poznenahlu se skoly stavaly vedle jejich funkce peda-
gogické také centry védeckého vyzkumu ve svém oboru.
Zaméstnavaly odborniky a ¢im dal tim vice se stavaly
stfedisky spojovani védeckych poznatklii s vyrobni tech-
nikou a technologii. Odli$nost chemickych vyrob od ostat-
nich odvétvi byla dana specifickym charakterem chemic-
kych piemén, tedy do zna¢né miry aplikaci chemie jako
védy.

Chemie 20. stoleti dokédzala ve svych vynikajicich pred-
stavitelich posunout védecké poznani za hranice pfedstav
budoucnosti.
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HISTORIA ROZVOJA VYROBY CHE-
MICKYCH VLAKIEN NA SLOVENSKU
AV CECHACH

6.02

MARTIN JAMBRICH? ANTON
MARCINCIN? 2 DUSAN BUDZAK"

“Chemickotechnologikdfakulta, STU, Bratisla-
va, @ Vyiskumny ustav chemickych vldkien, Svit,
Slovenskd republika

Dejiny vyvoja vldkien si rovnako staré ako dejiny
civilizicie ludstva. Za obdobie asi 7000 rokov pouZzivania
textilnych vldkien boli az do konca 19. storo¢ia pouzivané
iba I'an, vlna, bavlna, juta, konope a prirodny hodvab.

Kvantitativne poziadavky s prirastkom obyvatelstva
neboli a nie si v silade so zdrojmi prirodnych vldkien
z dovodov rozdirovania ploch na pestovanie potravinar-
skych produktov. Ale tieZ zvySovanie ndrokov na uZzitkové
vlastnosti textilii a postupna aplikacia vldkien v technic-
kych textilidch iniciovali chemikov a fyzikov na Madame
novych ciest ziskania vldkien.

Prvé myslienky pripravit umelé vldkno boli vyslovené
uz v roku 1664. Prvé kroky experimentdlnych pric na
pripravu vldkien boli zamerané na vyuZitie prirodnych ld-
tok. Prvy prakticky prispevok k priprave umelych vldkien
bolo ndjdenie nitracie baviny r. 1846 a jej rozpustenie
v zmesi alkohol-éter a prvd vyroba vlakien sa uskutocnila
v r. 1889-1891. V r. 1892 sa podarilo pripravif roztok
celulézy cez jej xantogendt sodny, ¢o bolo zdkladom pre
rozvoj celulézovych vldkien a vyustilo v r. 1894 do prei-
myselnej vyroby. Vyskum a vyvoj pokracoval intenzivne
jednak na technol6gidch pripravy vldkien, ale aj Madame
dalsich sposobov rozpustania celuldzy a na pripravu vla-
kien z inych materidlov.

Koncom 19. a pociatkom 20. storo¢ia sa rodi prie-
myselna vyroba chemickych vldkien z regenerovanych pri-
rodnych polymérov a tesne pred druhou svetovou vojnou
sa objavujui prvé priemyselne vyrdbané a spracovdvané
syntetické vldkna v prirode sa nenachddzajuce.

Chemické vldkna si teda legitimnym diefatom nasho
storoéia. Ich rozvoj bol tak velky, Ze dnes ich spotreba vo
vsetkych oblastiach aplikdcie, t.j. v textilnych, bytovych,
ale tiez technickych textilidch prevySuje 50 % spotrebu
v8etkych druhov vldkien.

Za predpokladu sucasného trendu rastu obyvatelstva
a ak nedojde k celosvetovej katastrofe, bude koncom sto-
ro¢ia na Zemi cca 7 mld. l'udi. Toto mnoZstvo oby vatel'stva

si vyziada zvySenie vyroby chemickych vldkien zo sucas-
nych 21,5 mil. t vr. 1993 na cca 30 mil. t v roku 2000,
pricom sa predpokladd spotreba baviny cca 23 mil. t a 2,3
mil. t viny a celkova spotreba vldkien mala by sa pohybovat
okolo hodnoty 55 mil. t/r.

Z uvedenych prehladov v tab. I vyplyva, Ze vyroba
chemickych vlakien v celej svojej existencii mala stipajiicu
tendenciu, okrem II. svetovej vojny, rokov ropnej krizy
1973-1975 a miernej depresie v r. 1982. V tomto obdobi
sa najviac rozvijaji PET a PP vldkna. Celul6zové vldkna
napriek niektorym novym vyrobdm mali dlhodoby pokles
vyroby az do r. 1993, avSak v tomto obdobi dochddza k ich
renesancii a k rozsirovaniu vyroby.

Vyroba chemickych vlakien v predchadzajicom roz-
voji na Slovensku a v Cechéch a ich ekonomika mala velky
vyznam pre rozvoj ndrodného hospodarstva.

Prudky rozvoj vyroby chemickych vlakien u nés nastal
po druhej svetovej vojne, najma po r. 1950 (tab II), ktory
vyplynul z dlhodobej koncepcie rozvoja narodného hos-
podarstva vypracovanej v r. 1950. Na podporu rozvoja
vldkien, pre ktoré sa vytvarali materidlne a technické pred-
poklady na Slovensku boli zaloZené v r. 1951 VUCHV vo
Svite, $pecializacia chemickych vldkien na CHTE SVST
v Bratislave a projek¢énd organizdcia Chempik v Bratislave
a tiez vznikli VVZ v Chemlone, Chemosvite, Slovenskom
hodvébe a Istrocheme. V Cechdch na VSCHT v Pardu-
biciach v r. 1952 vzniklo zameranie na vldkna a textil,
UZCHV v Ceskej Ttebovej v r. 1967 so zameranim na
spracovanie a aplikdciu chemickych vlakien. Dalej sa vy-
tvdrala dobra spolupraca s VUPC v Bratislave, VUGPT
v Zline, VUP v Novékoch, VUTCH v Ziline, VUCHT
Bratislave, s VUMCH, VUP a VUV v Brne, dalej s VSST
v Liberci, VUTS v Brne, Liberci a Bratislave, s VUB v Usti
n/Orlici, VULV ve Dvore Kralové, VUOS a OSDP v Par-
dubiciach. Dobr4 spolupraca bola s UPaCHU SAVv Bra-
tislave a UMCH Praha a VSCHT v Prahe. Dobré zizemie
pre rozvoj vyroby chemickych vldkien bolo vytvorené spo-
lupracou s Chemosvitom v oblasti vyroby zariadeni na
vyrobu chemickych vldkien, dalej s Povazskou Bystricou
PZVL, Dubnicou, VSS v Kosiciach, Adamovskymi stro-
jarnami, ZVS v Brne, Elitexom v Liberci a dalSimi pod-
nikmi a inStitdciami.

Chemické vldkna ovplyviiovali Struktiru textilnych
a technickych textilii aplikovanych v réznych oblastiach
najma textilného priemyslu, dopravy, guméarenskych vy-
robkov, stavebnictva, pddohospodarstva, strojarstva, po-
travindrskeho priemyslu a inych. Chemické vldkna nena-
hradzovali prirodné vlakna, ktoré neméame, ale pokryvaju

724



Tabulka I
Chronoldgia zavadzania vyroby jednotlivych druhov chemickych vldkien a zakladanie podnikov na ich vyrobu na

Slovensku a v Cechdch

Druh vldkna Podnik, lokalita Rok
1. Visk6zovy hodvédb Moravska Chrastava 1919,1920
2. Viskézovy hodvéb Tovéren na umelé vldkna, 1920

Slovensky hodvéab Senica 1920
3. Viskézovy hodvéb Umelé vldknoTheresienthal, 1920
dnesny Rudnik u Hostinného
4. Viskézovy hodvab Severoceské chemické zavody Lovosice (1922), 1936
5. Viskézovy hodvéb a striz Chemosvit Svit 1934, 1936
6. Viskdzova striz Vistra Dynamit Nobel-Istrochem 1942
7. Viskozova striz Zavod Spolana Neratovice 1947
8. Viskdzovy hodvédb Zavod Mieru-Istrochem Bratislava 1951
9. Polyamidovy hodvéb (PA 6) Silon Plan4 nad Luznici 1951
10. Polyamidova striz (PA 6) Chemosvit Svit 1951
11. Viskézovy kordovy hodvéab S1 a S2, kontinudl Umelé€ vldkno 1959
SCCHZ Rudnik u Hostinného 1962
12. Polyamidovy hodvéb (PA 6) Kapron, pozdejsie Chemlon Humenné 1959
13. Polyesterova strz (PET) Silon Plana nad LuZnici 1959
14. Viskézovy kordovy hodvdb S1 a S2 Severoceské chemické zavody Lovosice 1960
15. Polyamidovy kordovy hodvab (PA 6) Chemlon Humenné 1962
16. Polyamidova striZ (PA 6) Chemosvit Svit 1963

17. Mikrovldkna - filtratnd hmota (PVC) Slovenské Iu¢obné zdvody Hnusta 1964

18. Polypropylénova striz a technicky hodvab (PP) Chemosvit Svit 1955

19. Polypropylénové vldkna (PP) Slovenské lu¢obné zdvody Hnusta 1967

20. Polyamidovy kobercovy kablik (PA 6) Chemlon Humenné 1969

21. Polypropylénova striz a technicky hodvab (PP) Istrochem (CHZJD) 1970

Polyesterovy hodvab (PET) Slovensky hodvab Senica 1970

22. Polyamidovy kéblik (PA 6) Chemosvit Svit 1972

23. Vysokopevny polyamidovy kordovy hodvab (PA 6) Chemlon Humenné 1975

24. Polypropylénovy kéblik (PP) Istrochem (CHZJD) Bratislava 1975

25. Polyetylénové runo Texizol (PE) Tatralan KeZmarok 1976

26. Polypropylénové riino Tatratex (PP) Tatraian Kezmarok 1977

27. Polyesterovy hodvab Chemlon Humenné 1977

28. Polypropylénova striz (PP) Istrochem (CHZJD) Bratislava 1979

29. Polypropylénovy hodvab (PP) Chemosvit Svit 1980

30. Polypropylénovy kablik (PP) Istrochem (CHZJD) Bratislava 1981

Slovensky hodvab Senica

31. Polyesterovy technicky hodvéb (PET)

1986, 1992

vyrobkoch je cca 40-45 %, avSak v Sportovom obleceni je
az cca 70 %. Podiel celkovej spotreby chemickych vldkien
je v tejto oblasti cca 38 % a do r. 2000 sa predpokladd
zniZenie na cca 32 %.

Chemické vldkna podstatne podmienili rozvoj bytové-

zvySenu spotiebu textilii a zvySené naroky na vlastnosti
textilii. V oblasti odievania v kombinacii s prirodnymi
vldknami umozniujui pripravit vyrobky s lep§imi vlastnos-
tami z hl'adiska komfortu a fyziol6gie odievania a zniZenie
spotreby energie na ich oSetrovanie. Ich podiel v tychto
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Tabulka IT

Rozvoj vyroby chemickych vldkien vratane féliowych typov a rin na Slovensku a v Cechich

Rok Vyroba chemickych vlékien v tondch Rok Vyroba chemickych vldkien v tondch
vyroby  celuldzové syntetické chemické vyroby  celuldzové syntetické chemické
vlakna spolu vlakna spolu

1919 250 T 250 1975 70980 69250 140230
1920 430 - 430 1980 54532 120700 175232
1925 900 F 900 1985 56112 154468 210580
1930 2300 = 2300 1986 56112 155202 211314
1935 3000 - 3000 1987 54992 160992 215984
1940 5100 5100 1988 57708 166848 224556
1944 15113 N 15113 1989 60441 168804 229245
1945 3662 - 3662 1990 56822 165476 222298
1950 26587 52 26239 1991 40929 118261 159190
1955 48066 910 48976 1992 45793 111936 157729
1960 58905 3361 62266 1993 47565 122800 170373
1965 69138 9820 78958 1994 48621 152546 201167
1970 69308 100798

31490

ho textilu, v ktorom majiicca 75 % zastupenie. Ich spotreba
z celkovej vyroby chemickych vlakien je cca 38-40 %.
V technickych textilidch chemické vldkna majui cca 85 %
podiel a ich spotreba z celkovej produkcie je cca 22-24 %
a do r. 2000 bude podstatny narast.

Prva vyroba chemickych vldkien bola u nds zavedend v r.
1919 v SH Senica a v Moravskej Chrastave. V r. 1950
produkcia chemickych vldkien predstavovala na béaze ce-
lulézy 26 587 t a na baze syntetickych polymérov 52 t.
Chronolégia zavddzania vyroby jednotlivych druhov che-
mickych vldkien a zakladania novych podnikov na ich
vyrobu je uvedena v tab. 1.

V tab. II uvddzame vyrobu chemickych vldkien na
Slovensku a v Cechach od r. 1919. Z tab. I vyplyva, Ze
rozvoj chemickych vlakien v uplynulych 47 rokoch zazna-
menal u néds vysoku dynamiku a Ze ich vyroba do r. 1989
vzréstla viac ako 8-ndsobne. Prevazna dast bola viazana na
byvalé trhy RVHP a trhy zdpadnych Stitov. Po roku 1990
dochadzalo k poklesu odbytu vlakien a tym aj ich produkcie.
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Doterajsi rozvoj chemickych vlakien i vlastna vedecka
a vyskumno-vyvojova &innost' obohatila nasu spolo&nost
produktami Sirokej spotreby, mala velky ekonomicky pri-
nos, zvysila sa zamestnanost a rieSila i reStrukturaliziciu
vyrob v niektorych lokalitdch, ¢im prispela k ich ozdra-
veniu. NajcennejSou devizou su vSak velké vedomosti,
ktoré by sme mali zuroéit' v dalSom obdobi.

M. Jambrich?, A. Marciné¢in? and D. BudzakP (¢The
Faculty of Chemical Technology, Slovak University of
Technology, Bratislava, "The Research Institute for Man-
Made Fibres, a.s. Svit): History of Chemical Fibres Pro-
duction in Slovakia and Bohemia

In the article, we present the chronology of introducing
the production of chemical fibres in the world and in our
country, the development of fibres in the present prognosis
and results of our research and development in this sphere.
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7.01 ELECTRON TRANSFER TO [60]FULLE-
RENES INVESTIGATED BY EPR SPEC-
TROSCOPY'

ANDREJ STASKO?, VLASTA
BREZOVA® PETER RAPTA?,
STANISLAV BISKUPIC?

and KLAUS-PETER DINSE”

“Departmentof Physical Chemistry, STU Bra-
tislava, Radlinského 9, 812 37 Bratislava, Slo-
vak Republic, hPhysical Chemistry 11, TH
Darmstadt, D-642 §7 Darmstadt, Germany

Identification and characterization of [60]fullerene mo-
no-anion have been performed mainly by two different
techniques, namely UV/vis/near-IR and EPR spectroscopy.
Whereas UV/vis/near-IR spectroscopy focuses exclusively
on assigning a set of characteristic transition bands to the
fullerene's anions, EPR spectroscopy accounts for more
structural relevant parameters of the generated radical ani-
ons. In contrast to the wide EPR lines originally reported
for [60]fullerene mono-anions with a peak-to peak, pp>3
mT and g = 2.000, our in situ EPR studies and increasingly
also other reports, reveal a primary radical anion species
with a narrow EPR line (pp =0.09 mT and g = 2.0000). This
radical A transforms subsequently into B with ppp = 0.04
mT and gg = 2.0006 mT (ref. 24y Only upon progressing
reduction time, particularly in non-polar solvents and in the
presence of large counter-anions, we observed broad EPR
line C with pp> 3 mT and g = 1.998, which is suggested
to reflect the aggregation processes of the primary product’.
This has been rationalized in terms of A representing the
primary radical species (Cglo), B depicting a dimeric asso-
ciate thereof (Cg(, ), and C being probably cluster with
larger aggregation numbers (C,),,.

The following parameters are decisive for the predomi-
nance oflines A, B or C: polarity of solvents used, ratio of
[60]fullerene to the concentration of electron donor or
reduction time, presence of selected salts with large anions,
and [60]fullerene substitution. Various reduction techni-
ques used, namely photochemical reduction with TiO, or
triethylamine and electrochemical reduction, gave similar
results. In polar solvents, e.g. (1:1)-toluene:methanol, only
radical A and radical B were observed in time upon irradia-
tion (Fig. 1a). On the other hand, in non-polar solvents (100 %

27

Sekce 7

toluene) radical C predominates over A, B; and C is in-
creasingly found with the growing concentrations of

Bu,NBPh, (Fig. 1b).
jn(_.
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Fig. 1. (a) EPR spectra observed with progressing irradiation
time in 0.05 mM [60]fullerene in (1:1)-toluene:methanol TiO;
suspension. (Sweep width, SW =1 mT, ga = 2.0000, gg = 2.0006;
ppa =0.095mT, ppg = 0.04 mT) and (b) EPR spectra obtained
after 20 minutes irradiation in 2 mM [60]fullerene toluene
solution (or suspension) containing various amounts of
BusNBPhs. (SW = 10mT, gr=2.0015, gc = 1.998; ppr=10.028
mT, ppc =3 mT)
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A. Stasko?,V. Brezova?, P. Rapta?, S. Biskupi¢? and
K.-P. DinseP ("Department of Physical Chemistry,
CHTF STU, Bratislava, Slovak Republic, bPhysicalChemi-
stry 111, TH Darmstadt, Darmstadt, Germany): Electron
Transfer to [60]Fullerenes Investigated by EPR Spec-
troscopy

C60 fullerene reduced by various techniques shows
variously broadened EPR lines. The line widths probably
reflects various degree of Cg( - aggregation.

EVIDENCE FOR “’C-SATELLITES IN
EPR SPECTRA OF [60]-FULLERENE MA-
LONATE BIS-ADDUCTS MONO-ANION
RADICALS!

7.02

VLASTA BREZOVA®, ANDREJ
STASKO? PETER RAPTA? DIRK M.
GULDI”, KLAUS-DIETER ASMUS"
and KLAUS-PETER DINSE®

“Physical Chemistry, CHTF STU, Radlinského 9,
812 37 Bratislava, Slovak Republic, ;}Radiation

Laboratory, University of Notre Dame, Notre

Dame, Indiana 46446, USA, PhysicalChemis-

try IllI, TH Darmstadt, D-642 87 Darmstadt,

Germany

The polyfunctional structure of buckminsterfullerene,
Cgp, containing 30 reactive double bonds located at the
junctions of two hexagons led to the exploration of an ex-
tended number of functionalization methodologies. Similar
to the pristine Cg, its derivatives can be reduced to their
corresponding mono-anions. Ix sifu reduction of [60]fulle-
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rene malonate bisadducts’, Cgp[C(COOE),], (n= 1, 2),
both photochemically and electrochemically, produces
characteristic single-line EPR spectra which are attribu-
table to the corresponding radical anions. The structures of
the investigated fullerenes I-VI are summarized in Fi-
gure la. Mono-functionalized Cgp[C(COOEL),] shows
a reduction behavior similar to pristine Cg), i.e., formation
of a primary radical A which converts with time to B with
a peak-to-peak width of ppp =0.1 mT and g, =2.0000,
ppp=0.05mT and gg =2.0006. In contrast, the EPR spec-
tra of the four bisadducts III-VI revealed the immediate
formation of a single radical species with a relatively nar-
row central EPR line (pp < 0.02 mT) positioned at g-values
around 2.0002-2.0004 (ref. 3). Their relative width is
changing with the regio steric positioning of the functiona-
lizing addends. In general, well resolved spectra reveal '3C
satellites, originating from 12-20 carbon nuclei, as illus-
trated in Fig.lb for compounds IV-VI, were found. The
splitting constants extracted by simulation suggest that four
carbons, probably originating from the keto group, interact
noticeably with the unpaired electron and consequently
have a higher spin density than the carbons on the fullerene
sceleton.

The photochemical reduction was complemented by
some cyclic voltammetry measurements in toluene/DMSO
(3:1 v/v ) using 0.1 M TBAP as supporting electrolyte. The
data associated with the first and the second reduction
potential of fullerenes I-VI indicated a nearly reversible
behavior for both reduction steps. /n situ electrochemical-
EPR experiment was performed at the potential of the first
reduction step. The EPR spectra of the observed anion
radicals were in close resemblance to those generated in the
photochemical studies.

The near-IR spectra of the fullerene mono-anions of
derivatives V and VI generated under analogous experi-
mental conditions, as stated in the EPR section showed
a characteristic transition band with A,, = 1055 nm for
V™ and A, = 1030 nm for VI~ confirming the forma-
tion of the corresponding mono-anions.
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Fig. 1. (a) Investigated fullerenes; (b) Experimental and simulated EPR spectra of mono-anions (IV - VI)~ photochemically
generated from 0.25 mM fullerene’s and 0.09 M Et3N in (3:1)-toluene/DMSO

3. BrezovadV.,, StaskoA., Rapta P., Guldi D. M., Asmus

K.-D., Dinse K.-P.: Appl. Magn. Res. submitted.

V. Brezova?, A. Stasko?, P. Rapta?, D. M. GuldiP®,
K.-D. AsmusP? and K.-P. Dinse® (Physical Chemistry,
CHTF STU, Bratislava, Slovak Republic, bRadiationLabo-
ratory, University of Notre Dame, Notre Dame, Indiana,
USA, ¢PhysicalChemistry 111, TH Darmstadt, Darmstadyt,
Germany): Evidence for 13C-Satellites in EPR Spectra
of [60]-Fullerene Malonate Bis-adducts Mono-Anion
Radicals

Bis functionalized [60]-fullerene malonate adducts
mono-anions showed exceptionally narrow EPR lines, con-
sequently !3C-satellites were observed originating from
12-20 carbon nuclei.
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%A, NMR CHEMICKE POSUNY FLUO-
ROHLINITANOVYCH KOMPLEXOV !

7.03
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TUNEGA?, MAREK LISKA?,
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“Ustavanorganickej chémie, Slovenskd akadémia
vied, Dubravskd cesta 9, 842 36 Bratislava,
rJ"Chemickotechnologicka’ fakulta,  Slovenskd
technickd univerzita, Radlinského 9, 8§12 37
Bratislava, Slovenskd republika

Velky zdujem o Strukturu roztaveného kryolitu, vyuZzi-
vaného pri elektrolytickej produkcii hlinika, je vo vedeckej
literatdre dlhodobo trvajicimjavom. Jednym z dovodov st
doposial' nedostato¢ne objasnené niektoré Struktiirne otdz-
Ky, suvisiace s disocia¢nymi rovnovdhami typu:



Tabulka I

27

Vypotitané Al NMR izotropné tieniace kon§tanty. L A b |
X = 3 =

16ny Symetria r(Al-F)/pm  r(F-Na)/pm  o(¥Al) o(AlIF>*)-6(A1F;) o(NaAlF,?)-0(Na,AlF;>)

AlF, o 168,9 511,2 0

AlF;? i 5 176,7(eq) 541,3 30,1

. 181,5(ap)

AIF? 0, 190,0 572,3 61,1

AlF 0, 181,2 560,5

AIFg? 0, 180,0 558,6

Na,AlF,’ b 170,1 212,0 532,0 0

Na,AlF;® Dy, _1747(eq)...... 201,6 (eq). ...543,5.. ol s Sadiod

177,9(ap) 200,2(ap)

Na/AlF;> o, 181,2 196,9 563,2 31,2

kryst.kryolit

AlFS 0, 180,0 558,6

Nag AlF> 0, 180,0 215,6 559.8

NagAlFg® 0, 180,0 160,0 551,0

Na,  AIF"! 0 5548

) ! > 180,0 . 215.6 ,
(ap) - apikalna vzdla{énost, (eq) - ekvatoridlna véz(ﬁibalenost
160,
AIF3 = AIF: + F- = AIF; +2F .

Pri rieSeni tychto ot4dzok sa okrem inych metdd pouZila
aj vysokoteplotnd NMR spektroskopia’. Vzhladom na nie
liplne zodpovedant otdzku o moZnosti vyskytu relativne
vysokého mnoZstva 5-koordinovaného Al v tavenine™* su
pre interpretdciu experimentov dolezité aj relevantné teo-
retické Stidie. V oblasti teoretickych vypoétov parametrov
NMR pre spominané alebo pribuzné systémy sa pri pre-
chode od 4-koordinovaného Al ku 6-koordinovanému zis-
tilo vyrazné zvySenie hodnoty izotropnej tieniacej kon-
Stanty, pricom tieniaca kon§tanta 5-koordinovaného Al lexi
vntitri tohto intervalu. Plati to ako pre halogénokomplexy,

> Doteraz

tak aj pre hlinik koordinovany atémami kyslika
viak chybaju presné kvantovochemické vypodéty 27Al che-
mickych posunov na vhodne zvolenych modeloch, dosta-
to¢ne dobre reprezentuj vcich roztaveny kryolit. Predme-
tom tejto prace su takéto vypocty, pricom sa kondenzovand
fiza simuluje pripojenim sodikovych katiénov k jednot-
livym fluorohlinitanovym iénom tak, Ze sa ziskaju iény
s rovnakym ndboj om a so stechiometriou NaxAlFf. Na
vypodet elektrénovej Struktiry, optimalizdciu geometrie
a vypocet celkovych energii uvazovanych i6nov sa pouzila

metoda funkciondlu elektrénovej hustoty (program De-
Mon’). Pouzila sa TZP bédza a vymenno-korelacny funk-
ciondl podl'a Perdewa a Wangag. Hodnoty NMR tieniacich
konitantjadra 27Al sa vypocitali SOS-DFT metodou Mal-
kina a kol’ (tabulka I). Z vysledkov vyplyva, ze: i) vy-
potitana hodnota tieniacej konStanty velmi z4visi od dizky
vazby Al-F; ii) prijatelnost modelu sa overila porovna-
nim vypocitanej rovnovaznej dizky vazby Al-F v idne
Na6Ang?+ (181,2 pm) s hodnotou tejto dizky vazby v kry-
Stalickom kryolite (180,0 pm); i) mdZme olakévaf, Ze roz-
diely medzi chemickymi posunmi 2TAlv tuhej féze a v zod-
povedajicej tavenine nebudd velké; iv) pri prechode od
izolovanych iénov AIFS‘O (x = 4, 5, 6) ku kondenzovanej
faze, reprezentovanej Casticami NaxAlFx+3 sa interval vy-
poc&itanych tieniacich konStant ziZi cca na polovicu;
v) rozdiel experimentdlne stanovenych chemickych posu-
nov v kryStalickom kryolite a v zodpovedajucej tavenine
pri 1000 °C zodpoveda podla nagich vypo&tov prechodu
6-koordinovaného na 4-koordinovany fluorohlinitanovy
anién; vi) rozdiely tieniacich kon§tant pre r0zne koordino-
vany atom hlinika ziskané v predo$lych, aj ked metodicky
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odlisnych pracach™’, a v tejto prdci si vzdjomne zodpo-

vedaju.
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L. Turi Nagy?, D. Tunega?®, M. Liska?, M. Micov®
and P. Perichta? ("Institute of Inorganic Chemistry, Slo-
vak Academy of Sciences, Bratislava; " Facultyof Chemical
Technology, Slovak Technical University, Bratislava, Slo-
vak Republic): *’” Al NMR Chemical Shifts of Fluoroalu-
minate Complexes

27A1 NMR chemical shielding constants of various
fluoroaluminate complexes in cryolite melt have been stud-
ied using SOS-DFPT theory.

Coupling constant (Hz)

Fig. 1. The calculated dependence of J(Sn-Sn) spin-
spin coupling constant on the bond Sn-O-Sn angle
in a model H3Sn-O-SnH3 system
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SIMULATION OF "“"Sn NMR PARAME-
TERS IN BIS(TRIORGANYLSTANNYL)-
CHALCOGENIDES USING DENSITY

FUNCTIONAL THEORY'

RICHARD HABROVSKY” BERND
WRACKMEYERP, OLGA L. MALKINA®®
and VLADIMIR G. MALKIN?

“ Institute of Inorganic Chemistry, Slovak Acade-

my of Sciences, Diibravskd cesta 9, 84236 Bra-

tislava,!'[aboratorium fiir Anorganische Chemie,
Universitdt Bayreuth, Postfach 101251, W-8580
Bayreuth, Germany, ("Compun'n LCenter, Slovak
Academy of Sciences, Dibravskd cesta 9, 84236

Bratislava, Slovak Republic

Liquid - and solid-state (CP-MAS) NMR is a powerful
tool to study organometallic compounds2 3. However, in-
terpretation of NMR spectra in the absence of reliable
structural data is not always straightforward. In such cases
a theoretical study can predict NMR parameters for sug-
gested geometries and provide a further insight into de-
pendencies of NMR chemical shifts and spin-spin coupling
constants on structural parameters. Density functional theo-
ry (DFT) taking care of electron correlation with moderate
computational efforts provides an attractive basis for inter-
pretation and prediction of NMR parameters®.

In the present study, DFT based methods are applied for
theoretical interpretation of 1195n NMR parameters in
bis(triorganylstannyl)chalcogenides (O,S). 2/(Sn-Sn) cou-
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pling constants in oxides show strong variations in contrast
to sulfides. It was assumed that it might be caused by
significant variation in the values of Sn-O-Sn bond angle.
To verify this interpretation 2/(Sn-Sn) spin-spin coupling
constants were calculated for a set of model compounds. In
particular, the bond angle dependence of 2J(Sn-Sn) was
studied. The calculated results are in agreement with ex-
perimental data. Based on these calculations, 2J(Sn-Sn) -
bond angle relations were established which can be used for
NMR structure determination. A preliminary dependence
obtained for a simplified model is presented on Fig. 1. In
addition, NMR chemical shifts and Sn-C coupling con-
stants were analyzed.

VGM thanks the Alexander von Humboldt Foundation
Jfor donation of an HP9000/C160 workstation used in the
present study.
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Density functional theory based methods have been
applied for theoretical interpretation of 1195n NMR pa-
rameters in bis(triorganylstannyl)chalcogenides.
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7.05 BONDING IN GaN
PAVEL DUDESEK
and LUBOMIR BENCO

Institute of Inorganic Chemistry, Slovak Aca-
demy of Sciences, Dubravskd cesta 9, 842 36
Bratislava, Slovak Republic

We present the interaction scheme of GaN indicating
the classification of states according to orbital interactions.
The calculations were performed with FP-LAPW method
(whitin experimental geometries: a = 4.531 A (GaN) and
5653 A (GaAs)) and scalar relativistic free-atom LDA
eigenvalues were used. The interaction scheme consist of
total DOS, atomic energy levels and interaction lines indi-
cating broadening of atomic electronic states into bands in
the solid. Figure 1 shows interaction schemes constructed
for Zinc-Blende structure GaN and GaAs (latter is given for
reference). The schemes shows 2:2 pattern of the bonding
in GaAs. In GaN, contrary, the 3:2 pattern occures (three
levels of Ga interact with two levels of N). In bottom ofthe
valence region in GaN d-to-s bonding is created. This
interaction causes the dispersion of d states in the energy
interval of ~ 5 eV. GaN thus represents a special case of
III-V compound where a resonance of Ga 3d and N 2s states
occurs. Therefore the proper treatment of the Ga 3d states
whitin ab initio calculation is important for understanding
properties of GaN.

[
]

Gallium arsenide

Gallium nitride

0
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Fig. 1. Interaction scheme of GaN (left). The scheme of GaAs
(right) is given for reference

An effective bonding is driven by two factors: the
overlap of atomic orbitals and energy matching of interact-
ing levels (A E,,for orbitals a and b). When AE , = 0



interaction is covalent. An interaction of this kind gives rise
to increased electron density in the interatomic region and
corresponding states are easily recognized according to the
mirroring of orbital-projected DOS on the energy scale.
The relatively small value of AE (1 eV) for GaN indicates
that in spite of smaller dimensions of both d and s inner
valence orbitals, compared to outer valence ones, an effi-
cient bonding producing covalent states could be expected
(Fig. 1)+ The interaction scheme show pronounced differences
in the inner valence region of GaN, compared to GaAs.
Whereas in the latter s-to-s interaction is created, in GaN
the good energy matching (AE,,~ 1eV) enables efficient
d-to-s bonding. Interaction lines indicate that the multiplet
of d states in GaN is according to bonding properties
classified in three subbands. The bottom valence band (at
= 22 eV) consist of bonding ds states. In tetrahedral envi-
ronment only the 7,, orbitals of central atom can reach
orbitals of four N atoms centered at the corners of a tetra-
hedron. On the other hand the e, orbitals are directed
between the corners of tetrahedron. The accomodation of
the d charge density in these orbitals therefore minimizes
the repulsion and makes them energeticaly favoured. This
mechanism cannot apply when d levels are fully occupied.
Therefore only t2e orbitals contacting orbitals of surround-
ing N atoms parcitipate in bonding (antibonding) interac-
tions. The states in subband centered at -20.5 ¢V have no
counterpart for covalent bonding. These states are non-
bonding. There is a slight stabilization of nonbonding d
states in the solid compared to free atoms. The rest of the d
states spread up to -18.5 eV are destabilized compared to
free Ga atoms. The role of the d states in the bonding of
II-VI semiconductors, having the d below the valence p
band in the heteropolar gap, is extensively investigated by
Wei and Zunger’. They observe in high symetry points that
altered sign of crystal-field splitting is due to the pd repul-
sion. It could be shown that the reversed crystal-field splitt-
ing is valid not only for high symetry points, but for
k-integrated quantites, as well. Therefore the nonbonding d
states in GaN are distinguished into two components due to
orbital interactions of 7,, orbitals with the N Zp electron
density showing reversed tetrahedral ordering.
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P. DudeSek and L. Benco (/nstitute of InorganicChe-
mistry, Slovak Academy of Sciences, Bratislava, Slovak
Republic): Bonding in GaN

The interaction scheme of GaN indicating the classifi-
cation of states according to orbital interactions is presented.

ASOCIACE IONTU V APROTICKYCH
PROSTREDICH O NiZKE PERMITIVITE

7.06

LIBOR REICHSTAEDTER, EVA
FISCHEROVA a OLDRICH FISCHER

Katedra teoretické a fyzikdIni chemie Masary-
kovy univerzity, Kotldrskd 2, 611 37 Brno

Vodivostni metoda umoznuje rozliSit pfitomnost na-
bitych Castic (volnych a trojnych iontfi) od ¢astic bez néboje
(iontovych pard a kvadrup6li), jejichZ tvorba snizuje kon-
centraci nabitych Castic, a tim i vodivost roztoku. Byla
zvolena dvé aprotickd, charakterové odliSna rozpoustédla
(2-butanon a ethylacetat) a jejich smési. 2-Butanon je
ionizujicim rozpoustédlem o permitivité rovné 18, zatimco
v ethylacetdtu dochézi k agregaci ionti podminéné jeho
nizkou permitivitou (e = 6). Koncentrace elektrolytl (chlo-
ristanti lithného a sodného) byla ménéna od 6 x 10" M do
2x 102 M.

Cilem prace bylo stanoveni asocia¢nich konstant ionto-
vych parti, K, a trojnych iontl, K1.V prostfedich o permi-
ti vitdich 18-12 a pri velmi nizkych koncentracich obou
elektrolytli byla k vyhodnoceni naméfenych molarnich kon-
duktivit obou elektrolytii pouZita rovnice Fuosse a Hsiil,
umoziiujici ziskat mimo K i limitni moldrni konduktivity
Ag. Pro roztoky s rozpoustédly o permiti vitdich 12-6 byly
vyhodnoceny konstanty tvorby iontovych pdri, K, a troj-
nych iontli, Ky, pomoci méné pfesného vztahu Fuosse
a Krause'-’, do néhoZ byly dosazeny experimentalné ne-
pristupné A, a Ag. Ag jsme dostali pomoci Waldenova
soucinu, o némz bylo pfedpokladiano, Ze se neméni pfi
zaméné rozpoustédel. A‘B bylo stanoveno ze vztahu'
Ay = (213)A,

Vysledky, obdobné pro oba elektrolyty, jsou na pri-
kladu NaClO,4 uvedeny v tabulce 1. Ukazuji ndrist aso-
ciacnich konstant K4 s poklesem permitivit prostfedi. V roz-
poustédlech s pfevahou 2-butanonu se vytvafi pfevdzné
iontové pary s ionty oddélenymi rozpoustédlem a zadné



trojné ionty. V rozpoustédlech s prevladajicim ethylace-
tatem jsou vysoké hodnoty asocia¢nich konstant, charak-
teristické pro vznik kontaktnich iontovych pard. Z nich
ion-dipélovymi interakcemi vznikaji trojné ionty a dipdl-di-
polovymi interakcemi kvadrupdly. Tyto interakce se uplatiiuji
vzhledem k velkym dip6lmomentiim kontaktnich iontovych
part. Asociace za vzniku trojnych iont{i je slabd, jak o tom
svédci nizké hodnoty K. Jejich hodnoty je nutno povazo-
vat za orienta¢ni, hlavn& vzhledem k nejistoté volby Af .

Tabulka I

Relativni permitivity (e) rozpoustédel, limitni molarni kon-
duktivity (Ao v S cmg.mol'l) a asocia¢ni konstanty ion-
tovych parti (KA trojnych iontti (KT) V roztocich NaClO4
pri 25 °C

%(hm) e Ao KA? KA K
butanonu
100,00 18,10 151,3 590
88,99 1544 1483 1,64x 10’
68,19 13,74 1462 433x 10° 553x 10° 0
4553 10,93 1423 2,79 x 10° 2,54 x 10° 245
33,60 9,56 140,2 2,55x 10° 10,0
1734 778 1372 519 x 10° 27,7
0 6,03 134.6 9,64 x 10° 59,2

2dle cit. |, dle cit. >°
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L. Reichstaedter, E. Fischerova and O. Fischer (De-

partment of Theoretical and Physical Chemistry, Masaryk

University, Brno): Ionic Association in Low Permittivity
Media

Lithium and sodium perchlorates in 2-butanone, ethyl-
acetate and their mixtures have been investigated by con-
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ductance method at 25 °C. As the solvent permittivities
decrease (from 18 to 6) the association constants of ion
pairs, K4, considerably increase. In the permittivity range
from 12 to 6 the triple ions have been detected. Their
association constants, K-, are much lower than K, .

KONCENTROVANE VODNE ROZTOKY
CHLORISTANU Mg** A ALKALICKYCH
ZEMIN

7.07

OLDRICH FISCHER a LIBOR
REICHSTAEDTER

Katedra teoretické a fyzikdlni chemie MU, Kot-
ldfskd!, 611 37 Brno

Na zdklad¢ revidovanych naSich meéfeni hustoty, d,
viskozity, 1, a elektrolytické vodivosti, K, vodnych roztoku
uvedenych 2-1 elektrolytli jsme ovéfovali vliv strukturnich
efekti (tvorbu iontovych par@' a klastril, silnou solvataci
kationtdi a rozru$ovani struktury vody’) na hodnoty odvo-
zenych parametrl: teplotni roztaznosti, a, parcidlniho mo-
larniho objemu, v), relativni fluidity roztokd, ¢, rela-
tivnich Waldenovych soucinti, W, a na aktiva¢ni energii
fluidity, Eg, respektive ekvivalentové vodivosti, E}. Byly
sledovany roztoky o molalité m = 1 mol.kg! aZ do nasyceni
v teplotnim rozsahu 5 az 55 °C.

K vypoétiim (fitovani) jsme pouZili vztahy:

d(m,t) = A{f) + B(t)ym + C(O)m3'* D(r)m> (D)

vp = (v/Bm) (= (M/d)- [(1000+mM)/d?] (Sd/Sm),

(2
kde

(8d/dm), = B(1) + [3C(£)/2] m!% 2D(t) m (2a)
o= (1/d) (8d/d1)y, (3)
Orer =M/ M (4)
W= AN/ (Agnp) (5
A= /N (5a)
E(; =-R[&In¢ / 8(1/T)) (6a)



Ex =-R[8InA/ 3(1/T)] (6b)

Vrovnicich (1-6) je M (g.mol-!) moldrni hmotnost soli,
m (mol.kg" 1) molalita, N (ekv.I'!)ekvivalentovikoncentrace,
A (S.cm?.ekv!) ekvivalentova vodivost a ¢ (Pa"'. ™) flui-
dita roztoku. Indexy  oznacuji hodnoty pro m bliZici se 0.
A-D jsou koeficienty polynomu pro hustotu roztoku. Lze
je srovnat s udaji v cit. 3 pro chloristany Mg2* - Ba2*t
platnymi pro 25 °C.

Pro orientaci poslouZzi nize uvedené tabelované hodnoty
platné pro vybrané koncentrace roztokt Ca(ClOy), - nej-
1épe rozpustné ze studované Ctvetice soli. Nezanedbatelné
rozdily v aktivacnich energiich nutno pfipsat zménam v me-
chanismu transportu ve velmi ziedénych a velmi koncen-
trovanych roztocich (srov. minimum na hodnotéch W, ).

Tabulka 1
Koncentraéni zdvislosti hodnot o , vp, Wrel, Ej a E, Vr10zZ-
tocich Ca(ClO4)2 pii 25 °C

m[molkg'] 0 1 2 4 6 8

- [K 331 517 589 612 608 630

vp cmmol] 704* 818 843 86,1 89,1 940 2

Wieel 1.000 0,650 0,633 0,623 0,671 0,757

E2 [klmol"] 16,68" 15,16 14,40 14,66 16,34 1840 "

E® [klmol'] 1448° 13,32 12,92 1332 15,16 18,16 ©

A dle cit. *, P dle cit. >, © dle cit.
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O. Fischer and L. Reichstaedter (Department of
Theoretical and Physical Chemistry, Masaryk University,
Brno): Concentrated Aqueous Solutions of Mg?* and
Alkaline Earth Perchlorates

Present conception of aqueous strong electrolytes has
been applied to physico - chemical quantities characterizing
the behaviour of concentrated (from 1 mol.kg"' to satura-
tion) solutions of four perchlorates (Mg2*, Ca?* Sr’*
Ba?*) at temperatures 5 to 55 °C.

STANOVENI TERMODYNAMICKYCH
FUNKCI V SOUSTAVE Co-Cr HMOT-
NOSTNIM SPEKTROMETREM

7.08

JITKA HAVRANKOVA? , JAN
VRESTAL®P 2 JOSEF TOMISKA®

“Katedra fyzikdini chemie MU, Kotldiskd 2,
611 37 Brno, "Ustavfyziky materidlii AV CR,
Zizkova 22, 616 62 Brno, “Institut fiir Physikali-
sche Chemie, Universitdt Wien, Wdhringerstr.
42, 1090 Wien, Austria

Termodynamicka data o soustavé Co-Cr byla publiko-
vdna v praci Bell a kol." jen pro né€kolik vybranych slitin
a nékteré fazové rovnovahy byly publikovany pouze v pra-
cich Allibert a kol.” a Hasebe a kol.’ pfesto, Ze se jedna
o soustavu, kterd je podstatnou soucdsti technicky vyznam-
nych slitin Fe-Co-Cr-Ni s vysokou rozmérovou a elastic-
kou stabilitou. Spojeni Knudsenovy efiizni metody méreni
tenzi par s hmotnostnim spektrometrem, popsané dfive’,
umoznilo stanovit termodynamické sméSovaci vlastnosti
této bindrni soustavy Co-Cr v kubické prostorové cen-
trované (bcc) a kapalné fazi a vypocitat fizovy diagram
v oblasti rovnovahy bcc a kapalné fiaze. Uréeni termody-
namickych funkci smési je zalozeno na méieni teplotni
a koncentraéni zavislosti pomérdi parcialnich tlakd slozek
systému. V bcc fazi soustavy Co-Cr bylo provedeno méieni
teplotnich zdvislosti pomérti iontovych proudil izotopti ko-
vii 98Coa 2Cr, které jsou parcialnim tlakéim slozek umér-
né, ve dvandcti slitindch s obsahem od 67,42 do 92,27
atomovych procent chromu v teplotnim rozsahu 16401790 K.
Experimentalni vysledky méfeni pomérdl tenzi par v bce
fazi interpolované pro teplotu 1650 K jsou na obr 1. Na
zékladé téchto méfeni byly zjiStény koncentraéni priibéhy



termodynamickych molarnich dodatkovych funkci GE, HE
a SE a aktivit a; obou sloZek v bee fazi systému Co-Cr pfi
1650 K. Pro ureni sméSovacich funkci kapalné fize bylo
provedeno podobné meéfeni v koncentraCnim rozsahu
27,22-60,53 atomovych procent chromu v teplotnim roz-
sahu 1710-1860 K. Standardnimi stavy jsou v obou piipa-
dech Cisté kovy v prislusné fazi pri specifikované teploté.
Vysledkem prace je vedle termodynamického popisu uve-
denych fazi soustavy Co-Cr také vypocet fizové rovnovahy
kapalné a tuhé bec féze, jejiz nalezeny priibéh (obr. 2) je ve
velmi dobrém souladu s experimentdlnimi udaji z literatury 2.

kJ.mol "
-3

|
] bhe-fize A

Fdzova hranice

RT{do+d 1/T-In{({ 1-xCr)}/xCr)),

|
|
|/ |

|
5 t—

0,0 0,2 04
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Obr. 1. Experimentdlni vysledky méfeni poméru iontovych

proudiit Co* a Cr*? {Fco—¥cr= RTIn Ico /Iy - RTIn xco/xcr

=RI(dy+d1/T)-RTln xco/xcr}vbee fazi interpolované na T=1650 K
THERMO-CALC (97,04. 14:15.07)
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Obr. 2. Vypoctené hranice rovnqvéhy kapalné a bcc fize
a experimentalni hodnoty z prace ~
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J. Havrankova?, J. Viestal>P and J. Tomiska® ("De-
partment of Theoretical and Physical Chemistry Masaryk
University Brno, UInstituteof Physics of Materials AS CR
Brno, CInstitute of Physical Chemistry University of Vie-
nna): Mass Spectrometric Determination of Thermody-
namic Properties in the Co-Cr System

Ratio of vapour pressures of components in the Co-Cr
system as the function of concentration and temperature
was measured. Thermodynamic functions of bee solid pha-
se and of liquid phase were determined and phase equilib-
rium of bece phase with liquid phase was calculated in
temperature region 1650-2180 K and concentration range
0.5 <xc <L

7.09 TRANSPORT OF ORGANIC VAPOURS

THROUGH POLYMERIC MEMBRANES

KAREL FRIESS, MILAN SiPEK
and VLADIMIR HYNEK

Department of Physical Chemistry, Institute of
Chemical Technology, Technickd 5, 16628 Pra-
gue

Using the differential permeation method with thermal
conductivity detection of gas mixture composition', the
permeability and diffusion coefficients of saturated and
non-saturated vapours of benzene or toluene through poly-
ethylene and polypropylene membranes of two different
thicknesses were determined. Being based on 1. Fick law,
the permeability coefficient P at standard conditions (7}, ~
273.15 K, Py= 101.325 kPa ) is given by relation’

Pl = K.yl (1)



and

K=k.[Ty/(A.T.Pyl. (pg/py) (2)

where v is flow velocity of gas mixture, / is the membrane
thickness, T'is temperature of experiment, & is constant of
apparatus, ms is value of voltage signal at steady state
(Notice: pair of thermistors build into the Wheatstone brid-
ge indicates a change of gas mixture thermal conductivity
and obtained voltage signal corresponds to vapours concen-
tration), 4 is the membrane surface area and (pB / pv) is
ratio of barometric pressure and vapours pressure in hydro-
gen as a carrier gas. Calculation of the diffusion coefficient
D by integration of 2. Fick law” at initial and boundary
conditions corresponding to experiment and consecutive
differentiation with respect to z at z =/ with regards to
validity of 1. Fick law gives equation for apparent permea-
tion flux J

J=D.qif) . [1+2.) (1) exp(D.n’n. t/P)].
n-1
3)

where ¢\ is the gas or vapour concentration in membrane at
the upstream face and ¢ is elapsed time.

Deviding equation (3) by a value of apparent permea-
tion flux at steady state Jg= D . ¢,/ [ leads to relation

D=-@/m.0.In.[B+ B3 - B3I, 4
where

Bi=1-0)/2, >
and

a=J1Js. (6)

Experimental data are given in Tables I-1V.

Table

Values of average diffusion coefficient and permeability
coefficient of benzene vapours in PE membrane

Benzene / Polyethylene 50 um / T=293.15 K

Saturation [%] Dx10'2[m%s™']  Px10™ [m%Pa’ s
40 1.85007 0.32256
60 2.01544 0.73813
80 2.16680 1.50650
100 2.36782 3.01933

737

Table 11
Values of average diffusion coefficient and permeability
coefficient of toluene vapours in PE membrane

Toluene/ Polyethylene 50 um / T=293.15 K

Saturation [%] Dx 10'2 |m‘1‘s'|] px10' im"‘.Pa' 1 .S'I]
40 1.31394 0.94653
60 1.47352 1.31452
80 1.88831 2.14980
100 1.97182 2.59900
Table 11T

Values of average diffusion coefficient and permeability
coefficient of benzene vapours in PP membrane
Benzene /Polypropylene 20 um/T=293.15 K

Saturation [%] px10"3 [_1:12.5'[] Px10" |mg.Pa“I.s']]
40 0.82686 0.32160
60 1.60266 1.13433
80 2.42501 2.64875
100 3.48552 7.84266
Table IV

Values of average diffusion coefficient and permeability
coefficient of toluene vapours in PP membrane
Toluene /Polypropylene 20 pum/T=293.15 K

Saturation [%] Dx102 m%s!]  Px10" m%pa's™h

40 0.49371 0.34245

60 0.88409 0.85296

80 1.17566 2.58400

100 1.78766 5.85533
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K. Friess, M. Sipek and V. Hynek (Department of
Physical Chemistry, Institute of Chemical Technology,
Prague): Transport of Organic Vapours through Poly-
meric Membranes

Using the differential permeation method with thermal
conductivity detection of gas mixture composition, the
permeability and diffusion coefficients of saturated and
non-saturated vapours of benzene or toluene through poly-
ethylene and polypropylene membranes of two different
thicknesses were determined.

KINETICKE STUDIUM VPLYVU EKO-
LOGICKYCH A ZDRAVOTNE NEZAVAD-
NYCH ADITIV NA TEPELNU STABILI-
TU POLYVINYLCHLORIDU
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PAVEL KOVARIK, ERIK KLEIN
a LADISLAV VALKO

Katedra fyzikdlnej chémie, Chemickotechnolo-
gickd fakulta STU, Radlinského 9, §12 37 Bra-
tislava, Slovenskd republika

Nevyhodou polyvinylchloridu (PVC) je jeho nizka
odolnost voci uc¢inkom tepla, svetla a kyslika. Pre spraco-
vanie a dalSie vyuzivanie je nevyhnutné pouZivaf stabili-
zatné zmesi zlozené z aditiv, ktoré ticto negativne ucinky
zmierfiuju alebo eliminuju.

V pricach!-3 boli prestudované stabilizaén& tdinky stea-
ratov kovov, v prici 4 sa §tudoval t¢inok dvoch primédrnych
fenolickych antioxidantov a efektivita kompozitnych sta-
biliza¢nych zmesi zaloZzenych na systéme vapnik/zinok
(Ca/Zn) s tymito antioxidantami. Vsetky aditiva boli zdra-
votne nezavadné a ekologicky bezrizikové. Cielom tejto
price bolo prestudovat stabiliza¢né dcinky latky Edenol
D-81 (epoxidovany sojovy olej, M, = 935, obsah epoxi-
dového kyslika 6,3-7,0 %), ktord je kostabilizatorom pre
systém Ca/Zn, porovnat u¢inok tokoferolacetatu s ti¢innej-
$im z antioxidantov - Irganoxom 1010 (tetrakis|metylén-
3(3',5-di-terc.butyl)-4'-hydroxyfenyl-propionit|metdn) a
navrhnut najefektivnejsiu stabilizaént zmes, zloZenu z uve-
denych aditiv.

V experimentélnej Casti sa Studovala kinetika termickej
destrukcie vzoriek vo forme filmov, pri teplote 180 °C
v atmosférevzduchu, kontinudlnou potenciometrickou me-
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todou. Odstiepeny HCI unésal prud vzduchu do roztoku
AgNO;, kvapalnej fazy striebornej indikacnej elektrody.
Z poklesu jej potencidlu sa vypocita stupett degradécie
polyméru x ako funkcia Casu ¢ (obr. 1). Zo ziskanych
kinetickych kriviek moZzno urc¢if vyznamnui technologickd
veli¢inu, Cas termickej stability x, ¢o je ¢as, do ktorého
degraddcia polyméru nie je experimentalne pozorovatelna.
Najlepsia navrhnutd stabiliza¢na zmes, obsahujtica systém
Ca/Zn, Edenol a Irganox 1010, vykazuje Cas termickej
stability 132 min.

w15 ————————7—r—7—r— Tt — T — T ———
% Vzorka obsahuje:

2 % CaO

X,

0,20
0,25 % steardtu zinocnatého
2

2 % Edenolu D-8]
2 % Irganoxu 1010

% acetoctanu etylového

0,15

0,10

0.05

]
00,0)0) Ao e bbb L |
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{, min

Obr. 1.

Kinetické zhodnotenie ti¢inkov Edenolu a porovnanie
efektivity tokoferolacetdtu s Irganoxom 1010 bolo ciel'om
vypoctovej Casti. Navrhla sa reakéna schéma popisujlica
degraddciu modelovych vzoriek, obsahujicich samotny
Edenol alebo Edenol a Irganox 1010. Z navrhnutej ststavy
diferencidlnych rovnic a nameranych kinetickych kriviek
sa metodou najmensich Stvorcov, algoritmom podla Po-
wella, ziskali efektivne rychlostné konstanty degradacie
PVC fgj, reakcie Edenolu s HCI fej, pripadne reakcie HCI
s antioxidantom ako zachytivacom HCI k, (Tab.I). Na
porovnanie u¢innosti tokoferolacetdtu s Irganoxom bol po-
uzity kineticky model uvazujici naviac aj vznik, rast a ter-
mindciu polyénovych sekvencii*. Vypogitala sa hodnota
rychlostnej konstanty inicidcie vzniku polyénovej sekven-
cie v PVC k;, podiel rychlostnych konstdnt propagécie
a termindcie rastu polyénovych sekvencii kp/k[, podiel
rychlostnych kons$tant ucinku antioxidantu a termindcie
ko/ka rychlostnd konStanta zachytdvania HCI antioxidan-
tom k; (tab. I).

Z analyzy vysledkov vypoctovej Casti vyplyva, Ze v sta-
biliza¢nych systémoch dochddza k synergizmu medzi ko-
stabilizitorom a Irganoxom; tokoferol ma rovnaku schop-



nost terminovat' rast polyénovych sekvencii ako Irganox
1010 aje trochu silnejsim zachytdvac¢om HCI ako Irganox
1010.

Tabulka I
Kinetické parametre vzorieck PVC s Edenolom, Irganoxom
a tokoferolacetdtom

ky k108 kfk kaofk

aditiva k.10 ky :
[min"] [minY [min [min"

Edend. D31 408 - 376 -
Edenol D-81

. 202 394 = _
+ Irganox 1010
Irganox 1010 i - 108 - 2,00 3,00 50,0
Tokoferolacetat - 118 - 2,00 3,00 50,0
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VYUZITI KLADNYCH ROZPOUSTE-
CICH TEPEL PRO UKLADANI TEPLA
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Na katedie fyzikdlni chemie se provaddi vyzkum ukl4-
déni tepelné energie do roztokli s kladnym rozpoustécim
tepleml. Ukl4dani tepla do roztoki je velmi vyhodné, pro-
toze diky dynamice rozpousténi maji vyssi tepelnou ka-
pacitu nez gista voda, v souCasnosti nejvice pouzivané
akumula¢ni médium. Tato skuteCnost vyplyva ze zakladni
tepelné bilance: celkové vlozené teplo = teplo odpovidajici
tepelné kapacité Cistych slozek + teplo odpovidajici klad-
nému rozpoustécimu teplu pfebytecné tuhé faze.

Definovali jsme srovndvaci parametr P, ktery popisuje
akumulac¢ni vlastnosti daného vodného roztoku. Tento pa-

rametr vyjadfuje kolikrat vice tepla je mozné akumulovat
do roztoku nez do Cisté vody pii stejnych objemech obou
médii. Na zakladé matematického modelu jsme ziskali
tento vyraz pro parametr P:

p_ Pu(B)

: +-]+§(EWC_.'F‘__\ Ms )
ps(72)

1] +
100 | CogM, _;|

.

DyMs  §(T5)-§(7) |
M, Cps(T-T,) 100-&(7;) |

kde pM a ps jsou hustoty roztoku a rozpoustédla pfi teploté

Physical Chemistry, Slovak University of Technology, Bra- T2, £(T1) a &(T2) jsou rozpustnosti v hmotnostnich procen-

tislava, Slovak Republic): Kinetic Study of Ecological
and Non-toxic Additives Action in Poly(vinylchloride)
Stabiliser system tepelné kapacity soli a

Action of two additives in poly(vinyl chloride) stabi-
liser system have been studied: Edenol D-81, co-stabiliser
for calcium/zinc system, and tocoferolacetate, antioxidant.
Two kinetic models were proposed to obtain a belonging
rate constants and to judge additives effectiveness.

tech dané soli pfi teplotdch T\ a 72, M\ a Ms jsou moleku-

lové hmotnosti soli a rozpoustédla, CPA a Cps jsou moldrni

rozpoustédla a /) A je diferencidlni
rozpoustéci teplo soli’. Uvedeny vyraz ukazuje, ze ukladani
tepla do roztokdi z4visi na vekém poétu fyzikdlné che-
mickych veli¢in.

Obr. 1. ukazuje jednoduchy experimentdlni tepelny z4-
sobnik pro testovdni akumulaé¢nich vlastnosti roztokt. Ex-
perimentdlné ziskané hodnoty parametru P roztokd tii vy-
branych anorganickych soli v riznych teplotnich inter-
valech ukazuje tab. 1. Z této tabulky vyplyvd, Ze nejlepsi
akumulacni vlastnosti ma vodny roztok KNOj; pfi ohfevu
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Obr. 1. Schéma pouZitého jednoduchého tepelného zasobniku.
Zasobnik se skladd z Dewarovy nadoby (1), kterd obsahuje zkou-
many roztok (2). Roztok je zahtivan topnou spiralou (3) a dokona-
le michdn michadlem (4). Pribéh teploty je sledovan pomoci
platinového teploméru (5). Cely systém je izolovan polystyrenem (6)

Tabulka I
Experimentalni hodnoty parametru P pro vodné roztoKy tii
riznych anorganickych soli ve ¢tyfech riznych teplotnich

intervalech

Teplotni interval [*C]
Ldtka 20-30 20-40 20-60 20-80
KNO; 1,40 L.37 1,25 1,21
NaNO; LS 1,14 1,06 1,05
NaCl 0,99 0,99 0,93 0,92

z 20 na 30 °C (parametr P roven 1,4). Tabulka také ukazuje,
ze vodny roztok NaCl ma hor$i akumulaéni vlastnosti nez
voda ve vSech teplotnich intervalech. Tyto vysledky naSich
predbéznych experimentdlnich méfeni jsou v dobré shodé
s hodnotami vypocitanymipomoci uvedeného teoretického
modelu.
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M. Haldamek and F. Skopal (Department of Physical
Chemistry, Faculty of Chemical Technology, University
Pardubice): The Employment of The Positive Heat of
Solutions for The Heat Storage

The theoretical model of the heat storage in solutions
was derived. The simple experimental heat container was
built up. First preliminary experimental results were pre-
sented and discussed.

7.12 KINETIKA A MECHANIZMUS INTER-
AKCIE AMORFNYCH FexCoySi10B15
ZLIATIN S PROSTREDIM MINERAL-

NYCH KYSELIN'

ADAM KOSTURIAK, MILAN
BRUTOVSKY a IVETA BEREZNA

Katedra fyzikdlnej a analytickej' chémie PF
UPJS, Moyzesova 11, 041 67 Kosice, Slovenskd
republika

Pre stéle SirSie vyuzivanie niektorych vyhodnych fyzi-
kdlno-chemickych vlastnosti amorfnych kovovych zliatin
(AKZ) pripravenych extrémne rychlym ochladzovanim
taveniny na rotujicom kovovom koti¢i v tvare pésov,
rovnako ako generac¢ne novsich, avSak z nich odvodenych
nanokrystalickych zliatin (NKZ), najma v elektrotech-
nickej praxi, vyZaduje si zvySenie Casovej stability ich
makroskopickych magnetickych charakteristik (MMCH).
U AKZ c¢ast MMCH je limitovand povrchom, resp. me-
dzivistvou povrch-bulk, osobitymi vlastnostami, ktoré
je mozné Casovo stabilizovat' aj pokryvanim AKZ s elek-
trotechnickymi povlakmi (EP), t.j. tenkymi povrchovymi
vrstvami, ktoré maji antikorézne, stabilizaéné, elektro-
izola¢né a magnetostimula¢né vlastnosti. Je zname, Ze an-
tikorézne a teda aj stabilizaéné vlastnosti AKZ zévisia od
pritomnosti amorfizujicich a metalizujticich prvkov. Z po-
rovnani rychlostnych konstant FeB, FeBSi a FeBSiC zlia-
tin, bol zisteny vplyv amorfizujuceho prvku na ich che-
mickii stabilitu, ktor moZno usporiadat do radu: C > B >
Si (cit. 2, v tejto praci je Studovand kinetika a me-
chanizmus interakcie metalizujuceho prvku Co, a to vzhla-
dom aj na jeho osobit¢é MMCH v AKZ Fe,CoySijoB s, kde
x = (75, 60, 37, 15, 5a0) at.% Fe ay = (0, 15, 38, 61, 70
a75) at.% Co, s minerdlnymi kyselinami, ktoré predstavuju



najreaktivnejsie zlozky EP. Zakladné kinetické parametre
Studovanych reakcii sa urovali z merani hmotnostnych
ubytkov vzoriek od Casu v kyselindich o rdéznych silach
a v kyselindch bez a s oxidatnymi dcinkami (H3PO4
H,SO, HCI, HNO3), resp., aj za pritomnosti oxida¢nych
Ginidiel. Zavislost rychlostnych konstant & v 1,0 M-HNO;
od obsahu Co vo vzorkéch pri 25 °C, vyjadruje rovnica
priamky (7):

k= (9,77x10°3£1,02x104) at. %, + (1,140+5,25+102)

N=15,& 5, A2 = 1,32x104, r = 0,979 (1)
kde Nje celkovy pocet merani, u je pocet ,,uzlov®, A je
suma Stvorcov odchylok a 7 je korela¢ny koeficient. Zavis-
lost rychlostnych konstéant kv 1,0 M-HC1 vyjadrujerovnica
priamky (2):

k, = (2,02x10°5%1,75%10°5) at.%c, + (1,14025,25+10°2)

N=15,u= 5,2A%= 1,012 x 10%,r=10,602 (2)

Na zédklade konfrontacie regresnych zavislosti (7) a (2)
mozno tvrdit', Ze rychlostné konstanty k so zvySujliicim sa
obsahom Co vo vzorkdch klesaju, pricom v silnych kyse-
lindch bez oxida¢nych ucinkov st viac ako o rad nizsie ako
v kyselinach s oxida¢nymi u¢inkami, bez ohladu na ich
silu. Potvrdilo sa to pridavkom oxida¢nych Cinidiel do
roztokov kyselin bez oxidacnych vplyvov. Z nameranych
zavislosti mozno konstatovat, Ze vplyv a) priamej substi-
tuénej reakcie, prezentujicej vytesiiovanie H' idnov ko-
vom na k je maly, b) rychlost urujiicim stupiiomje vyskyt
a tvorba oxidickych centier na povrchu AKZ, na ktorych sa
prednostne reakcia realizuje, ¢) v dalSom, ovelarychlejsom
stupni, na povrchu vzniklé oxidy s pritomnymi H* iénmi
reaguju znacne rychlejsie.
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nism of the Interaction of Amorphous Fe, Co, Si;oB;5
Alloys in Acid Medium

In this paper the interaction mechanism of amorphous
FexCOySiIOBIS alloys, where x = (75.0, 60.0, 37.0, 15.0,
0.0) at.% Fe and y = (0.0, 15.0, 38.0, 61.7, 75.0) at.% Co,
with mineral acids (H;POy4, H,SO,4, HC1, HNO3) is studied.
The influence of Co on the corrosion resistance of these
materials is shown.

PRIPRAVA A MAGNETICKE VLAST-
NOSTI CHELATOV 3-SEMIKARBAZON-
2,3-DIOXOINDOLU S IONMI ZELEZA
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812 37 Bratislava, ‘Ustav experimentdlnej fyzi-
ky SAV, Watsonova 47, 043 53 Kosice, Sloven-
skd republika

Poslednti generdciu magnetickych materidlov predsta-
vuju organické magnetikd (OM). V rozdielnosti od klasic-
kych magnetov, magnetizmus OM je viazany na mriezku
ich molekul. Najva¢sim problémom v sti¢asnosti je syntéza
OM s dostatocne vyraznymi a reprodukovatelnymi mag-
netickymi charakteristikami. Cielom tohoto prispevku je
optimalizovat' reakéné podmienky zndmej reakcie 3-semi-
karbazén-2,3-dioxoindolu (3-SKlz) s Fe 2*a Fe 3*i6nmi 2.

Pre optimalizéciu reakénych podmienok pripravy cheld-
tov sa vyuzili distribu¢né diagramy (DD) vyskytu jednotli-
vych iénovych a molekulovych foriem 3-SKlz v zavislosti
od pH roztokov, ktoré boli zhotovené z potenciometric-
kych a fotometrickych (UV-VIS) merani. Pre identifikaciu
pripravenych cheldtov sa pouzili IC spektrd, RTG spektrd,
termickd analyza a polarografia. Na obr. 1 je zndzorneny
priecbeh magnetickej polarizcie sytenia Jg cheldtu Fe?*
s 3-SKlz pripraveného pri optimalizovanych reakénych
podmienkach v teplotnom intervale 4,2 az 870 K. Name-
rand Jg so zvySujucou sa teplotou od 4,2 do cca 350 K sa
takmer nemeni a dosahuje hodnotu cca 5,5 x 10" Wb.m kg™,
Nad 350 K az do cca 610 K pozorujeme fazové prechody



stivisiace s pyrolytickym rozkladom organickej Casti che-
latotvorného ¢inidla, pricom vznikd iny druh chelétu, avsak
so zachovanim si vyraznych magnetickych vlastnosti OM.
Vznikajuci druh cheldatu OM je ,kvazistaticky*, az do te-
ploty cca 700 K, ked sa za¢ne totalny pyrolyticky rozklad
organickej Casti diskutovaného OM, pri¢om jeho 7, s 820 K,
¢o sa potvrdilo aj na zdklade termickej analyzy. Z obr. 1 je
mozné pozorovat', Ze priebeh J; produktu pyrolytického
rozkladu od teploty prijej zniZovani, je tplne rozdielny od
priebehu J, chelatu Fe?*iénov s 3-SKlz .

o
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Obr. 1. Zavislost' magnetizicie Js od teploty chelatu 3-semi-
karbazén-2,3-dioxoindolus Fe’*iénmia produktu jeho pyro-
Iytického rozkladu. 1 - cheldt, 2 - produkt rozkladu. Sipky
oznaCuji smer ohrevu vzorky
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Naproti tomu priebeh J od teploty chelatu Fe3ts 3-
SKlzje diametrilne rozdielny, pricom /;0d 4,8 do 40 K rastie
od 0,5 do 3x10® Wb.m.kg" a so zvySujicou sa teplotou
znovu klesd, a cca pri 150 K mé J takmer nulovi hodnotu.
Tak na IC ako aj RTG spektrach moZno pozorovat rozdiel-
nost struktiir oboch cheldtov aviak zatial', napriek vynalo-
Zenému usiliu sa nepodarilo vypestovat také monokrystaly,
ktoré by vykazovali vyrazné magnetické charakteristiky.
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logy, Slovak Technical University, Bratislava, “Institute of
Experimental Physics of Slovak Academy of Sciences, Ko-
Sice, Slovak Republic): Preparation and Magnetic Pro-
perties of Chelates of 3-semicarbazon-2,3-dioxoindole
with the Iron Ions

This work is concerned with optimisation of reaction
conditions of the 3-semikarbazon-2,3-dioxoindole (3-SKlz)
reaction with iron ions. It was observed that chelates of
Fe(II) with 3-SKlIz show T, =810 K and J; approx. 5,5.1 06
Whb.m.kg"' and lower, dependent on the measurement tem-
perature. Similar magnetic parameters of Fe(III) chelates
with 3-SKlz are lower of one to two orders.

PRIPRAVA A MAGNETICKE VLAST-
NOSTI CHELATOV XYLENOVEJ ORAN-
ZE S IONMI ZELEZA

7.14

ADAM KOSTURIAK®, ANTON
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“Katedra fyzikdlnej a analytickej chémie PF
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Xylénova oranz, 3,3'-bis|N,N-di(karboxylmetyl)aminome-
tyl]krezolsulfoftalein (XYO), patri do skupiny trifenyme-
tanovych farbiv v molekule ktorych sa nachadza nespi-
rovany elektron vytvérajuci radikdlové Struktiry, ¢oho je
mozné vyuZit' pri priprave organickych magnetik (OM) na
béze karbénov’. Pritom XYO stidasne reaguje s celym ra-
dom kovovych i6nov, z ktorych napr. Ni%* ién vytvara
vysokospinové skla3, s To=11,5K a Bg= 10" Wb.m.kg'!.

Cielom tohoto prispevku je ukézat, ze chelity XYO
s i6nmi FeZ*v teplotnom intervale od 4,2 K do laboratérnej
teploty nevykazujii feromagnetické vlastnosti, zatial' ¢o
obdobne pripravené cheldty XYO s Fe?* iénmi, tvoria
vysokoteplotné OM (VTOM) t.j. také, ktorych prechodova
teplota 7-je vysSia, ako laboratérna. Pre pripravu cheldtov
sa vyuzili zndme literdrne udaje o acidobdzickych a kom-
plex otvornych vlastnostiach ¢inidla v zavislosti od pH roz-
tokov. Pre identifikciu cheldtov sa pouzili IC spektra
a RTG difraktogramy. Krivky magnetickej polarizcie sa
merali v oblasti teplot 4,2 az 290 K.
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Obr. 1. Zavislost' magnetizdcie Js od teploty cheldtu Xylénovej
oranze (XYO) s Fe** a Fe* iénmi. 1 - cheldt Fe** s XYO, 2 -
chelat Fe’* s XYO. Sipky oznauji smer ohfevu vzoriek

Z obr. 1 (krivka 2), ktory zndzornuje priebeh mag-
netizdcie sytenia Jg v zdvislosti od teploty je vidief, Ze
chelaty Fe?*so XYO v rozmedzi teplot 4,2 az 300 K nejavia
vyrazné magnetické vlastnosti. Naproti tomu priebeh zavis-
losti Jg od teploty cheldtu Fe3t so XYO, (krivka 1)
dokazuje, Ze ide o feromagneticky stav, pricom hodnota J;
v oblasti teplot 4,2 K az 300 K sa pohybuje v hraniciach
1,1.10¢ a2 8.10”7 Wb.m.kg"!. Namerand hodnota Jg pri
laboratérnej teplote dokazuje, Ze aj v pripade cheldtov Fe3*
s XYO ide o VTOM, ktorého 7 sa zatial' nepodarilo v SR
nameraf. Z porovnania magnetizacnych kriviek chelatov
Fe2t a Fe3* i6nov so XYO jako cheldtovym &inidlom
s obdobnymi cheldtmi pripravenymi na bdze 3-semikar-
baz6n-2,3-dioxoindolu (3-SKIz) vyplyva, Ze v magnetic-
kych vlastnostiach oboch skupin chelatov st rozdiely rov-
nako, ako aj v §truktiire cheldtotvornych ¢inidiel. Zatial' o
XYO vytvara VTOM s Fe3*tiénmi , 3-SKlz vytvara VTOM
s Fe?* iénmi.

Biologické aktivity tychto VTOM, ako primesi Siroko-
spektralnych pesticidnych pripravkov najma s vodivostno-
stimulaénym u¢inkom sa v8ak uz podarilo preukézat.
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A. Kosturiak?, A, Zentko? , M. Brutovsky? and K.
Dluzanska?( "Department of Physical and Analytical Che-
mistry, Faculty of Sciences, P.J.Safarik University, Kosice,
binstitute of Experimental Physic of Slovac Academy of
Sciences, Kosice, Slovak Republic): Preparation and
Magnetic Properties of Chelates of Xylenol Orange with
the Iron Ions

This work is directed towards the preparation and study
of magnetic properties of chelateous compounds of the
xylenol orange (XYO) with iron ions. It was observed that
high temperature organic magnetics are formed by XYO
with Fe(IIl) ions in contrast to 3-semicarbazone-2,3-di-
oxoindole where they are formed with Fe(Il) ions.

NEW POLYMETHINE DYES AS CHEMI-
CAL TRANSDUCERS FOR AMMONIA!
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MARIAN LANDL and PETER SIMON

Department of Physical Chemistry, Faculty of
Chemical Technology, Slovak University of
Technology, Radlinského 9, 812 37 Bratislava,
Slovak Republic

Photometric devices using a chemical transducer in the
form of solid matrix-supported dyes represent a promising
class of instruments for gas monitoring over a wide range of
concentrations. Dyes absorbing in the region 700-900 nm are
of particular importance since the absorbance of most tested
materials is minimal in this region and does not interfere
with the absorbance of a near infrared (NIR) chromophore.
Furthermore, the absorption wavelength of the dyes mat-
ches to the emission wavelength of laser diodes and the
optical transmission window of communication optic fi-
bres. Recently, several attempts have been made to develop
sensors for ammonia sensing in the visible region both in
gas and liquid phasesz‘s. Our aim has been to synthetize
new methine NIR dyes sensitive to ammonia.

The polymethine dyes were prepared by condensing
L,1-(dimethylamino-phenyl)ethylene with corresponding
substituted ketones and hydroxyketones in acetanhydride
in the presence of perchloric acid in moderate yields
(40-60 %). The general reactions are represented in
Scheme 1.



1,1,5-Trikis-(dimethylaminophenyl)-3-R-2,4-pentadien-1 -ol perchlorates

Clo;
(HL) NS A N(CHs),
( NS
{ /Hﬁ ethylene 1
7\ A R
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CH,COOH b

HCIO,

[l{ = CHj;, CH, CH;, phenyl, p-dimethylaminophenylethene

1,1,6,6-Tetrakis-(dimethylaminophenyl)-3,4-R,R-2,4-hexadien-1,6-diol diperchlorates

Cl

acetanhydride
CH,COOH
HCIO,

R = CH;, C;;Hj,;, phenyl, thienyl, furyl

Scheme 1

The absorption spectraof the dyes exhibit apeak within
800-810 nm. This pesk disappears reversibly after expo-
sure to ammoniaboth in ethanolic solutions and in afluoro-
polymer matrix. It is expectable that some of the dyes will
be suitableto beused as chemical transducersin distributed
fibre-optic ammonia sensors.
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thine Dyes as Chemical Transducersfor Ammonia

Condensation of |,I-(dimethylaminophenyl) ethylene
with substituted ketones and hydroxyketones in acetanhy-
dride in the presence of perchloric acid yielded NIR dyes.
The dyes are reversibly sensitive to anmoniaboth in etha-
nolic solutions and in a fluoropolymer matrix so that they
are expected to be used as chemical transducers in distri-
buted fibre-optic ammonia sensors.



INTRAMICELARNE SENZITIZOVANA
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Kvantovy vytéZzek chemiluminescence latek lumino-
lové Tady je silné ovlivnén substituci na benzenovém jadie
v molekule luminolu’. Jednou z moznosti zvyieni kvan-
tového vytézku chemiluminiscence méné uc¢innych deriva-
td luminolu je intramiceldrni pfenos elektronové excitacni
energie’. Zkoumali jsme pfenos energie v soustavé donor
- sodnd stl fluoresceinu, jako miceldrniho prostfedi jsme
pouzivali kationoidni surfaktanty - cetyltrimethylammonium
chlorid a bromid. Jako donory excitaéni energie byly po-
uzity latky: /. 1,4-dioxo-1,2,3,4-tetrahydro-ftalazin-5-yl-
hydrazonomalonodinitril a //. 1-(1,4-dioxo-1,2,3,4-ftala-
zin-5-yl)-6-azauracil-5-karbodinitril. CL reakci jsme star-
tovali néstfikem roztoku chlornanu sodného do CL smési
obsahujici peroxid vodiku. Reakce probihala velmi rychle
(sekundy), s dobrou reprodukovatelnosti (£5 % na max.
intenzitu) a nevyzadovala siln¢ alkalické prostiedi. S ohle-
dem na povahu CL reakce (zablesk) bylo pro vyhodnoceni
jednotlivych experimentil pouZzito maximalnich hodnot in-
tenzit svételné emise. Tyto hodnoty byly vyjadfeny ve
fotonech za sekundu, kalibrace luminometru byla prove-
dena standardni metodou podle Lee a Seligera. Typicky
experiment probihal ndsledujicim zpisobem: do odmérné
bariky byla odpipetovana potfebnd mnozstvi reaktant(i a ba-
ni¢ka byla doplnéna vodou. Z takto pfipraveného zasob-
niho roztoku byl 1 ml odpipetovan do kyvety. Vzorek
v kyveté byl vlozen do luminometru a ndsledoval ndstfik
100 ul 3 % H,0, nasledovany néstfikem 100 13 % NaClO.
Vysledné koncentrace H,O, a NaClO byly 7. 10° M
a3,5.10° M resp. Souhrn vysledkti podava tabulka I. Sou-
¢asnym piidavkem fluoresceinu a surfaktantu (experiment
s pfenosem energie) se tedy podafilo dosdhnout vice nez
50-ti nasobného zvySeni maximalni intenzity svételné emi-
se u obou latek. Pri srovnani ui¢inktit CTAC s CTAB nebyl
pozorovan halogenidovy efekt.
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Tabulka I
Maximalni intenzita svételné emise

Donor Fluorescein Surfaktant Max. l-"’.\'_\"éenf'k

-sodnd sl  (CTAC) intenzita svételné
[fotonii.s l ] emise

o 310°M  s.10°M 93.10"

I 1.10°M 510°M  6,6.10"

L 1.10°M 3.10%M  s510°M 37100 s6x

I1.1.10°M - 510°M  6,4.10"

I,1.10°M 3.10%M  510°M 4,010 62«

*

pomér mezi max. intenzitami emise vyhodnocované sou-
stavy a max. intenzitou emise smési donor+surfaktant
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minescence of the Luminol Analogs Initiated by Singlet

Oxygen

The CL reaction of 1,4-dioxo-1,2,3,4-tetrahydro-
ftalazin-5-ylhydrazonomalonodinitril and 1-(1,4-dioxo-
1,2,3,4-ftalazin-5-yl)-6-azauracil-5-karbodinitril
by fluorescein in cetyltrimethylammonium chloride and
bromide micelar solutions initiated by sodium hypochlo-
rite-hydrogen peroxide system yielded in approx. 50x in-
crease in CL intensity without the halide effect.

sensitized
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Bray-Liebhafského (BL) oscilaénd reakcia je jodi¢na-
novymi iénmi katalyzovand disproporcionicia peroxidu
vodika na kyslik a vodu v kyslom prostredi. Hoci boli
navrhnuté modely a reakéné mechanizmy BL reakcie uva-
Zujuce vylucne homogénne chemické procesy a im od-
povedajice rychlostné rovnice, numerické simuldcie od-
halili, e stihlas s experimentom nie je ¢asto uspokojivy’.
Takto koncipované modely a mechanizmy nie su schopné
vysvetlit vplyv niektorych fyzikdlnych procesov ako je
efekt zniZenia tlaku’, rychlosti mieSania’ alebo prebubli-
vania BL systému chemicky inertnym plynom na parametre
oscilatnej reakcie. Zosumarizovany vplyv tychto fyzikal-
nych procesov na BL reakciu pri konstantnom zac¢iatocnom
zlozeni: 0,32 M-H,0,, 0,36 M-KIO5 a 0,05 M-HCIO4 a te-
plote 50 °C je predmetom tejto préce.

Typické oscila¢né spravanie sa BL systému za vysSie
uvedenych podmienok sa vyznacuje indukénou periédou
32 min., periodou oscilacii 20 min., priCom moZno zare-
gistrovat 12-13 oscilacii napr. potencidlu Pt indikac-
nej elektrody, ked je systém pomaly miesany (menej ako
200 ot.min"!), bez prebubldvania dusikom alebo kyslikom,
pri tlaku vy$Som ako 28 kPa. Kazdym z vysSie uvedenych
troch fyzikdlnych procesov vSak mozno oscilacie potlacit'
a zmenit staciondrny stav na stabilny. Experimentdlne §tu-
dium vplyvu kazdého Studovaného fyzikalneho procesu na
parametre BL reakcie a porovndvanie s rychlostou fi-
zoveho prenosu molekuldrneho jédu zo standardného roz-
toku I, do plynnej fizy nad nim ukdzalo, Ze oscildcie sa
nenameraju, ak sa prekroci rychlostnd konstanta procesu
(), kpop= 3,2.104 57,

bag =l (1)
v priebehu oscilatnej BL reakcie, Tubovolnym z vysSie
uvedenych fyzikalnych procesov za danych experimental-
nych podmienok.
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Hodnotu rychlostnej konstanty pre proces (7), ktord je
pri t = 50 °C bez miesania, prebubldvania pri tlaku 101,3 kPa
v nasich podmienkach k,,= 8,3.10" 57!, mozno zvysif
ucinkom znizeného tlaku na 13,3 kPa 2,2 krit v porovnani
so systémom bez miesania, 6,3 krat pri 100 ot.min_; a 9,9
krat pri 1000 ot.min"'. ZvySenim rychlosti mie$ania pri
101,3 kPa na 100 otirdn"' sa kpozzvyéi 3,3 krat, na 1000
ot.min" 4,9 krit. Podobne, prebubldvanie BL reakéného
roztoku dusikom napr. prietokovou rychlosfou 50 ml min"'
vedie k vzrastu &, na 1,06. 103 571, ¢o postauje k po-
tlaceniu oscildcii.

Domnievame sa, Ze rychlost transportu I, (proces (i)),
ktort moZno ovplyviiovat rychlostou prebubldvania, mie-
Sania alebo zmenou vonkajSicho tlaku, mozno povazovat
za bifurkacny parameter a proces fdzovej vymeny jodu by
mal byt zahrnuty v tiplnom mechanizme BL reakcie.

LITERATURA

1. Grant&. 1/1463/94. VEGA MS SR.

2. Furrow S. D., v knihe: Oscillations and Traveling
Waves in Chemical Systems (Field R. J., Burger M.,
ed.). Wiley Interscience, New York 1985.

3. Sevéik P., Adaméikovd L.: Chem. Phys. Lett., v tlagi.

P. Sevtik and E. Adam&ikova (Department of Physi-
cal Chemistry, Faculty of Sciences, Comenius University,
Bratislava, Slovak Republic): Effect of Physical Processes
on the Oscillating Bray-Liebhafsky Reaction

Oscillations in the batch Bray-Liebhafsky (BL) system
can be suppressed by physical processes such as a decrease
in pressure, rapid stirring or gas bubbling. The rate of
interphase transport of I, can be greatly influenced by such
processes and the corresponding value of the rate constant,
fc,, = 3.2x10% 57!, was determined to be critical for ap-
pearence of oscillations in our conditions.
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Belousovova-Zabotinského (BZ) oscilaénd reakcia je
nazornym prikladom nelinearnej dynamiky v chemickych
sustavach. Klasicky BZ systém je ceritymi iénmi kata-
lyzovana oxidacia kyseliny malénovej bromic¢nanovymi
iénmi v prostredi kyseliny sirovej’. Reakcia neprebieha do
rovnovdhy monoténne, ale pravidelne osciluje medzi Zitym
a bezfarebnym stavom. Ak sa pouZije ako substrat nie lahko
brémovatelnd organick zlti¢enina, ale napr. glukdza’, ale-
bo kyselina glukénovd, ktoré s bromom nereaguju rychlo,
dolezitymi v procese C-FKN mechanizmu’ sa stavajui iné
reakcie, ktorych doleZitost sa prejavila pri Stidiu zavislosti
oscilaénej periédy (OP) a indukénej periédy (IP)*, od kon-
centricie H,SO,. ZloZenie reak¢nej zmesi bolo takéto:
0,005 M-MnSO,, 0,05 M substrat, 0,1 M-NaBrO;, 25 °C,
koncentricia H,SO, sa menila.

V uzavretom systéme bez mieSania, reakéna zmes s glu-
kézou oscilovala len v intervale 0,03 M - 0,2 M H,SO,. Ak
sa systém prebublaval dusikom, kon$tantnou rychlostou

I osciloval vo velmi Sirokom rozmedzi od

83 ml.min"
0,01 M do 3,5 M koncentracie H,SO,4, ¢o poukazuje na
vyznamnost' tilohy brému v tomto systéme. Prebubldvanim
inertnym plynom sa fyzikdlne odstraiiuje brom, jeho che-
mické odstraniovanie reakciou s glukdzou nie je dostatocné.
Brom resp. kyselina bromna, ktora vznika reakciou hy-

drolyzy bromu
Br,+ H,0 & Br- + HOBr+ H*,

st ddlezitymi medziproduktami v tomto systéme.

Zévislost OP a IP od koncentracie H,SO, je zvl4Stna,
prechddza minimom a maximom. Charakter oscilacii je
rézny na zostupnych a vzostupnej Casti tejto zavislosti, teda
pri roznych koncentracidch H,SO,, ¢o nasvedcujetomu, Ze
Mn (III) reaguje v podobe roznych komplexnych Castic
Mn3+, MnOHZ*, [Mn (SOy), H,Ol", MnBr2* atd’. Tieto
reaguju s glukézou (GH) za vzniku radikdlu G", ktory spusti
dalsie reakcie
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GH + Mn (III) - G" + Mn (II) + H*
G® + HOBr - GOH + Br*
Br*+ GH — Br- + Ht + G°

Ak sa ako substrat pouzila kyselina glukénova, systém
za prebubldvania dusikom osciloval v intervale 0,6 M -
3,5 M H,SO,. Charakter oscilacii v systémoch s glukézou
a kyselinou glukonovou je rovnaky pri rovnakych koncen-
tracidch H,SO,. Za uvedenych koncentraénych podmienok
a koncentracie H,SO, od 0,02 M - 3,5 M sa nenamerali
oscildcie s ceritymi iénmi ako katalyzatorom.
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.. Adam&ikova, K. Kutarova and P. Sevéik (Depart-
ment of PhysicalChemistry, Faculty of Sciences, Comenius
University, Bratislava, Slovak Republic): Effects of Sulfu-
ric Acid on the Oscillating BZ Reaction with Glucose
and Gluconic Acid

The BZ reactionwith glucose and gluconic acid shows
oscillations in both batch and nitrogen flow experiments in
the concentration range of H,SO,0.03 - 0.2 M and 0.01 M
- 3.5 M respectively. The oscilation and the induction
periods show several extrema as a function of sulfuric acid
concentrations.
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Oxidécia jédu peroxidom vodika hrd doleziti tlohu
v procese Brayovej-Liebhafského (BL) oscilatnej reak-
cie’. Cielom nasej prace bolo $tudovat vplyv katalytickej
aktivity molybdénanovych idnov na tito Ciastkovu reakciu.

Reakcia bola sledovand meranim zdvislosti absorbancie
od Casu v temperovanej kremennej kyvete pri vinovej dizke
465 alebo 487 nm, ktord je charakteristickd pre absorbanciu
joédu.

Ak sledujeme Casovu zdvislost absorbancie jodu, ktory
je produkt oxidécie jodidovych idénov peroxidom vodika
v kyseline chloristej, katalyzovanej molybdénanovymi
i6nmi, modzeme vidief, Ze po charakteristickej induk&nej
peridde, je aj jéd oxidovany peroxidom vodika. Ten isty
efekt sa pozoruje, ak pouzijeme roztok jédu namiesto jo-
didu sodného. Na zaklade tvaru tychto spektrofotomet-
rickych kriviek méZeme povedaf, Ze sa jednd o ..clock”
reakciu, zvla&f pri vySSich teplotdch. Pokles absorbancie
jodu s casom zodpoveda kinetike prvého poriadku. S ras-
ticou koncentraciou molybdénanovych iénov hodnota
rychlostnej konstanty rastie k limitnej hodnote, zatial' ¢o
hodnota indukénej periddy nelinedrne klesd. Je zaujimavé,
Ze hodnota rychlostnej konstanty k., pomaly klesd so
vzrastajucou koncentraciou peroxidu vodika, ale rastie
s koncentriciou jodidovych iénov. Hodnota indukénej pe-
riédy tak isto klesd s rastiicou koncentrdciou peroxidu
vodika. Hodnota rychlostnej konstanty k.. klesa s ras-
tlcou koncentraciou oxoniovych idnov s Ciastkovym po-
riadkom -0,5, zatial ¢o indukéna perioda najprv klesa,
dosiahne minimum a potom trochu vzrastie.

Na zaklade tychto experimentdlnych vysledkov sme
navrhli nasledovni reakénu schému:

I, + HyO & HOI+ H* + I | ()

Mo0,(0,) + HOI — HIO, + MoOj3, (¢) pomald
2HIO, < HIO5 + HOI, (d)
HIO, + H*+ I & 2HOI . (e)

Sumadciou &iastkovych krokov 5¢a), (b), 5(c), 2(d) a (e)
dostdvame vysledmi stechiometrickd rovnicu:

Pri nepritomnosti katalyzdtora prebieha reakcia (f) tak
pomaly, Ze fazko moze byt zodpovednd za Ciastkovy krok
BL reakcie a preto sa zdd byt rozumnejsie uvazovat o oxi-
décii jédu kyslikom3.
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Bel University, Banskd Bystrica, "Department of Physical
Chemistry, Faculty of NaturalSciences, Comenius Univer-
sity, Bratislava, Slovak Republic): Kinetics of the Oxida-
tion of lodine by Hydrogen Peroxide Catalyzed by
MoO} Ions

The kinetics of the oxidation of iodine by hydrogen
peroxide in acidic solutions, catalyzed by Mo Oi' ions with
a ,.clock” behaviour is described and the corresponding
reaction scheme is proposed. According to the proposed
reaction scheme, the oxidation of HOI by MoO,(0O,) inter-
mediate is slow and rate-determining step.
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MATHEMATICAL ESTIMATE OF ZE-
ROS DISTANCE OF NONLINEAR DIF-
FERENTIAL EQUATION SOLUTIONS,
FREQUENCY OF POLYMER MELT OS-
CILLATING FLOW

7.20

MILOSLAV ERIALKA?
a LEOPOLD HERRMANNb

YKatedramatematiky FT VUT, ndm. TGM 275,

762 72 Ziin, "Katedratechnické matematiky FS
CVUT, Karlovo ndm. 13, 121 35 Praha 2

Oscillating flow occurs in certain physical conditions during
the extrusion of polymer melts through capillaries and it can
cause various kinds of distorsion in the extrudate. The difficul-
ties have been reason for studying the given problems in full
detail. From mathematical and rheological points of View, the
phenomenon of oscillating flow and pulsating stick-slip flow
of viscoelastic liquid represents a highly complicated problem.

We consider a second order nonlinear differential equa-
tion as the mathematical model for an ample class of
possible polymer melt flows in capillary

%Rp,i‘ + f(x)+ % (RGy) / (LL)x =0, (1)

where f(x) 1s, 1n general, an arbitrary nonlinear function of

derivative of space-dependent variable with respect to time.
Here R 1s the radius of the capillary, L its length, Lz the
height of polymer melt in the reservoir, p represents the
density of polymer melt, Go its modulus of elasticity.

Theorem. Let the function / hold the initial condition
f0) = 0, the derivative df /dibe continuous and nonnega-
tive for x > 0, dfldx > 0 for x > 0 and finally

o 1 .
lim f(x)> 5 R/ (LLP(PLLy + 3G) - %)

X —3 oo

Then any solution x(?) of (7) exists on an interval J: (7o,
+c9] x() has on / an infinite NTumMber of zeros, whose cluster
point towards the right-hand end point +°° of J and the
distance d between any two zeros and between any two
extremes of x(f) satisfies inequality

d>d', whered" = /(pLL,)/(3G,) . 3

It is worth mentioning that the mathematical estimate
of distance d* occurs also in the relation (4), derived in
a different way. Supposing that it is not true Ly > (by

applying viscometers this inequality is never satisfied), we can
consider the reservoir and capillary as two identical undam-
ped harmonic oscillators with the same circular frequency

: = 1
® =,/(3G,)/(pLL,) = 7

Letnese oscillators be mutually coupled by elastic

“@

bond so that the sum of their displacements x and y, respec-

tively, is equal to zero, i.e. y = -x and let the stiffness of the

bond between the oscillat(iri be given by high-elasticity
modulus G. IfG, (1/d’then the beats appear, and it is
possible to showthat they will repeat with frequency

v=3G/(2n\3G,pLL,) .
Thusit holds
v= (GIGy) 11 (2m)|J(3Gy)/(pLL,) =
=(G/Gy) o/ 2m) =(G/Gy) f .
We obtained the approximate equalities

v = (GIGy)f = vif = GIGy , (5)
between beats frequency v of the periodic oscillating flow
and the frequency / of harmonie oscillations, where / =

®/(21) and co is given in (4). In comparison with /"the

frequency v from (5) has been verified experimentally. The

correctionpetween them 1s definedby the multiplier 0= G/Go.
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M. Fialka? and L. Herrmann® ("Department of

Mathematics, Technical University Brno, Faculty ofTech-
nologyZlin hDepartmentofechnical Mathematics, Czech

Technical University Prague):Mathematical Estimate of
Zeros Distance of Nonlinear Differential Equation So-
lutions, Frequency of Polymer Melt Oscillating Flow

We formulated mathematical conditions for the exist-
ence of oscillating solutions of the second order nonlinear
differential equation and we derived also the relation be-
tween beats frequency of periodic oscillating flow and the
frequency of harmonie oscillations.
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8.01 RADICAL MODIFICATION OF THE HE-
TEROPHASIC ETHYLENE-PROPYLENE
COPOLYMER IN THE SOLID PHASE

NADEZDA SPISAKOVA?, ACHIM
HESSEP, NORBERT REICHELT"
and MANFRED RATZSCH"

“Department of Plastics and Rubber, STU
Chemical-Technological Faculty, Radlinské-
ho 9, 812 37 Bratislava, Slovak Republic,
YpcD Polymere, Ges.m.b.H., St. - Peter-
Strasse 25, A-4020 Linz, Austria

The polymer modification is an important tool in broad-
ening the properties spectrum of the polymers that cannot
be prepared in the polymerization step, or if other proce-
dures are uneconomic. The reactive processing of thermo-
plasts, especially of polyolefines, is a quickly developing
area of the polymer modification. It concerns the modifica-
tion of one kind of polymer or &16 modif"ica{i‘on or the
polymer mixture. The purpose is often the improvement of
phase compatibility. By reactive processing the polymer is
exposed to relative high temperatures. At these high tem-
peratures combined with the subjection to mechanical
stress the radical modification of PP in the melt [eads to the
destruction of the polymer, which could negatively influen-
ce its mechanical properties'. In comparison to that, the
modification in the solid phase is a gentle method?. The
Table 11

Sekce 8

heterophasic ethylene-propylene copolymer, which con-
sists of the PP matrix and the dispersed EPR phase, de-
grades with the radical solid phase modification to a lower
extent than with the reactive extrusion. The degradation
level depends on the type of the initiator being similar to
the modification in the melt. The partial crosslinking of the
EPR particles occurs simultaneously. The extent of the
crosslinking also depends on the initiator type (Table I).

Table 1
Comparison of the modification of heterophasic ethylene-
propylene copolymer in the solid phase and in the melt

Typ of Peroxid ~ MFR XHU XKL
Modification Typ Concentration [g/10 min] [%] [%]
[pphl  2.16kg230 °C

Original material - = 7.9 0 12
Inthe solid

phase TBPIB 0.139 9 0 103

T=125°C

In tne sola

phase TBPB 01 185 1 9:3

T=140 °C

In the melt TBPB 0.1 34 0 112

T=230°C

TBPIB — tert-Butyl-peroxyisobutyrate, TBPB —tert-Butyl-
peroxybenzoate

Mechanical properties of heterophasic ethylene - propylene copolymer modified in the solid phase

MFR Tensile test IS unn. -20°C IS U-n.+23°C XKL XHU
Material Pellets E-Modulus tensile flex. shock flex. shock Pellets Pellets
2.16kg/230°C strength strength strength
[2/10 min] [MPa] [MPa] [KJ.m?] [KJ.m?] [%] (%]
Original material 7.9 1174.3 25.93 52.84 9.58 12 0

1 18.5 1270.6 26.02 28.6 8.36 8.2 13

2 86 933.9 21.58 11.19 441 16 11.6

3 9.4 1226.6 26.17 25.74 9.64 8 17

1-0.1 pph TBPB, 142 °C, 80 min; 2- 1.0 pph TBPB, 140 °C, 60 min; 3-0.75 pph TBPIB, 125 °C, 30 min; XKL - Xylene
cold soluble fraction according to the internal PCD Polymere, Ltd. standard test; XHU - Xylene hot insoluble fraction
according to the internal PCDPolymere, Ltd. standard test; IS unn., U-n., -20 °C, +23 °C - flexural shock test according to
DIN 53453, without or with U-notch, at 20 °C or +23 °C; Tensile test - according to DIN 53455
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it
Fig. 1. Heterophasic ethylene-propylene copolymer after the
solid phase modificationand the pelletization (TEM photomi-
crograph), magnitude 3300 x

Fig. 2. Heterophasic ethylene-propylene copolymer after the
pelletization (TEM photomicrograph), magnitude 3300 x

The partial crosslinking of the EPR particles leads to the
stabilization of the polymer morphology. That means that
further processing of the solid phase modified samples does
not cause the coagulation of the dispersed phase, as it does
by the processing of an unmodified material (Figs. 1 and
2). At the same time the original shape of the EPR particles
remains essentially unchanged, but one cannot discount the
influence of the processing conditions.

Both the shortening of the PP chains, to a certain extent,
and the partial crosslinking of the EPR particles contribute
to the increase or maintenance of the E modulus of the solid
phase modified polymer in comparison with the original
material (Table II). In spite of the reduced degradation of
the PP matrix by the solid phase modification with the
radical initiators, the toughness of the modified heteropha-
sic ethylene-propylene copolymer decreases evidently -
above all by the tests at -20 °C (Table II). This effect cannot
be compensated for by increasing the degree of the
crosslinking. The reason could be that the degradation of
the PP matrix is also elevated, and that the EPR particles
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lose their elasticity with the higher degree of crosslinking
at lower temperatures.
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N. Spisakova?, A. Hesse?’, N. Reichelt’ and M.
Riitzsch? ("Department of Plastics and Rubber, CHTF
STU, Bratislava, Slovak Republic, bpcD Polymere,
Ges.m.b.H., Linz, Austria): Radical Modification of the
Heterophasic Ethylene-Propylene Copolymer in the
Solid Phase

The heterophasic ethylene-propylene copolymer which
consists of PP matrix and dispersed EPR phase was modi-
fied in the solid phase and/or in the melt at the presence of
two types of initiators: fers-butyl-peroxyisobutyrate, or
tert-butyl-peroxybenzoate. The influence of the partial
crosslinking of EPR particles as well as degradation of PP
matrix to a certain extent on mechanical properties of
copolymer was investigated.

VPLYV ADITIV NA STRUKTURU POLY-
PROPYLENU

8.02

ANNA MURAROVA, ANTON
MARCINCIN a MARTIN JAMBRICH

Katedra vidkien a textilu CHTF STU, Radlin-
ského 9, 8§12 37 Bratislava, Slovenskd republika

Polypropylén je semikriStalicky polymér s podielom
krystalickych a nekryStalickych oblasti. V procese tavenia
a spracovania na polymérne materidly ( félie, vldkna...) sa
§truktura polypropylénu meni. Podla poZiadaviek na kva-
litu PP materidlu moZno jeho Struktiruzamerne ovply vnit.
Jednym zo spdsobov zamernej modifikdcie Struktiry PP st
rozne aditiva. Aditiva s nukleacnym u¢inkom vytvaraju
v polyméri heterogenné nuklea¢né centrd, na ktorych zaci-
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Obr. 1. Vplyv aditiv na morfologickii §truktiiru polypropylénu. 1 - SALS, II - svetelnd polariza&n mikroskopia




na rast krystalitov. Od velkosti krystalitov zavisi charakter
optického prostredia. Velké krystality a morfologické sfé-
rolitické utvary vytvdraju opticky ldmavé prostredie. V pri-
pade poziadavky na transparentny polypropylén sa prida-
vaji do PP aditiva - nuklea¢né cinidld s klarifikatnym
ucinkom.

Pre kvalitativne a kvantitativne hodnotenie morfologic-
kej Struktiry PP s aditivom st vhodné optické a mikrosko-
pické metody. Metoda SALS sa zakladd na malouhlovom
rozptyle laserovho svetla na Struktirnych utvaroch. Z roz-
ptylu sa analyzuje velkost' a charakter sférolitov. Metodu
SALS doplna svetelnd polariza¢nd mikroskopia (obr. 1).

Na obr. 1 si zaznamenané Styri typy morfologickej
Struktury:

a) Hv - Stvorlistok s ostrymi konturami zodpovedd vy-
vinutym sférolitom (PP bez nuklea¢ného ¢inidla).

b) Hv - Stvorlistok s neostrymi konturami zodpovedd me-
nej kompaktnej sférolitickej Struktire.

¢) Hv - rozptyl bez Stvorlistka zodpoveda nespecifickym
Struktirnym dtvarom.

d) Hv - bez rozptylu zodpovedd jemnej morfologickej
Struktire (aditivum s vyraznym nuklea¢nym a Kklarifikac-
nym ucinkom).

Extinkcia svetla PP félif s r6znymi nukleaénymi ¢inid-
lami sa pohybuje od 0,060 do 0,150.
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A. Murirova, A. Marcin€in and M. Jambrich (De-
partment of Fibresand Textile, Faculty of Chemical Tech-
nology, Slovak University of Technology, Bratislava, Slo-
vak Republic): Influence of Additives on the Structure of
Polypropylene

The structure of semicrystalic polypropylene was modi-
fied using nucleating agent with the purpose to achieve
better transparentness. The method of small angle scatter-
ing of laser was used for evaluation of morfological struc-
ture of polymer. Film of polypropylene with marked sphe-
rolits had a high opacity, without spherolits was transpa-
rent. This procedure may be used for influencing by
additives with clearificative effect.
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UPRAVA POVRCHOVYCH VLASTNOS-
Ti POLYOLEFINOV ELEKTRICKYM
VYBOJOM

8.03

IGOR NOVAK a STEFAN FLORIAN

Ustav polymérov SAV, Diibravskd cesta 9,
842 36 Bratislava, Slovenskd republika

Povrchové vlastnosti polyolefinov (nizkohustotného
a vysokohustotného polyetylénu) su pre tucely praktického
pouzitia (lepenie, potla¢) nevyhovujice. ZvysSenie adhéz-
nych parametrov je dosiahnutelné modifikdciou polyole-
finov kordnovym vybojom I3, ktory zabezpeti hydrofiliza-
ciu povrchu polyméru a v désledku toho vzrast adhéznych
vlastnosti k poldrnejifim polymérom®*. Polas modifikicie
polyolefinov sa na povrchu polyméru vytvdrajd polarne
funkéné skupiny (hydroperoxidické, peroxidické, keténo-
vé, karboxylové), ktoré zvySuju polaritu polyméru a najma
poldrnu zloZku volnej povrchovej energie.

Polymérne povrchy boli testované pouzitim 12 tes-
tovacich kvapalin s povrchovym napatim zmeranym na
tenzometri fy. LAUDA. Na mikroskopickom goniometri
boli zistované uhly zmdcania jednotlivych testovacich kva-
palin na povrchu polyolefinov. Metddou naj mensich Stvor-
cov’ boli vypoéitané zlozky volnej povrchovej energie
a polarny zlomok. Rozvrstvovanim adhéznych spojov na
dynamometri INSTRON za pouzitia rozvrstvovacieho kru-
hu (90° rozvrstvovanie) bola namerand mechanické prica
adhézie.

Pre nizkohustotny polyetylén (LDPE) bez aditiv bola
zistend vys§ia hodnota poldrnej zlozky volnej povrchovej
energie (17,8 mJ.m™) ako pre LDPE s aditivami
(11,6 mJ.m2). Vv pribehu 30 dni od modifikacie sa hodnota
polarnej zlozky znizila o 50 %. S vysledkami ziskanymi
z merani volnej povrchovej energie koreluji hodnoty me-
chanickej prace adhézie.

Pre izotakticky polypropylén bol skiimany vplyv krys-
talinity polyméru na hodnoty zloziek volnej povrchovej
energie. Pre extrudovany polypropylén bola zistena hodno-
ta volnej povrchovej energie 15,8 mJ.m2, ktor4 klesla po
30 ditoch modifikacie na 4,6 mJ.m2. Pre biaxilne oriento-
vany polypropylén bola hodnota poldrnej zlozky 9 mJ.m"
apo 30 ditoch od modifikdcie dosahovala hodnotu 6,8 mJ.m2.
Pre polyetylén s vys$Sou kryStalinitou bola tprava povrchu
kordnovym vybojom stabilnejSia. S tymto uzdverom kore-
Iuju vysledky ziskané rozvrstvenim adhéznych spojov.
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I. Novék and S. Florian (Polymer Institute, Slovak
Academy of Sciences, Bratislava, Slovak Republic): Pre-
treatment of Polyolefins Surface Properties by Electri-
cal Discharge

Polymers possess poor wettability and adhesive pro-
perties without surface modification. The pretreatment of
polyolefins by electrical discharge at atmospheric pressure
in air is one of the most effective method of its surface
properties modification. Polar component of free surface
energy and mechanical work of adhesion of some polyole-
fins were studied.

PRIPRAVA A MODIFIKACIA STYREN-
MALEINANHYDRID-METYLMETAKRY-
LATOVYCH TERPOLYMEROV

8.04

GABRIELA KYSELA a EMIL STAUDNER

Katedra plastov a kaucuku CHTF STU, Radlin-
ského 9, 812 37 Bratislava, Slovenskd republika

Styrén-maleinanhydrid-metylmetakryldtové (ST-MAN-MMA)
terpolyméry obsahuju vo svojich molekuldch pomerne re-
aktivne anhydridové funkéné skupiny. Su preto vhodnym
materidlom na viaceré modifikacné reakcie. Konkrétny
obsah anhydridovych skupin zdlez{ predovsetkym na kopo-
lymerizaénych parametroch sucasne polymerizujicich mo-
nomérov, avsak ich urenie v terndrnych systémoch je
pomerne obtiaZne. Jednou z moznosti ich stanovenia je
pouzitie vhodnych optimalizaénych metéd!. Anhydridové
skupiny st pri ur€itych podmienkach schopné reagovat' aj
s tributylcinoxidom (TBTO)’. MoZznostami chemického
nadviazania tohto antimikrobidlneho ¢inidla na pripravené
terpolyméry a aplikdciou pripravenych modifikovanych
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terpolymérov v polyamidovych vldknach sa zaobera i tiato
praca.

ST-MAN-MMA terpolyméry sa pripravili heterogén-
nou terpolymeriziciou v benzéne pri teplote 70 °C. Ich
zloZenie sa uréilo pomocou IC spektroskopie’. Modifikécia
TBTO sa uskutocnila v bezvodom acetone. Obsah cinu
stanoveny v modifikovanych terpolyméroch (po odstraneni
nezreagovaného TBTO) odpovedal prakticky 100 % pre-
mene anhydridovych skupin pritomnych v pdvodnych ter-
polyméroch. Antimikrobidlny efekt tributylcinoxidom mo-
difikovanych terpolymérov voci baktériam (Escherichia
coli, Staphylococcus aureus), pliesniam (Candida albicans)
a hubam (Aspergillus niger) sa testoval na granulach a vlk-
nach PA-6, v prostredi médsopepténového, resp. Saobuco-
dového agaru.

Obsah cinu v modifikovanych terpolyméroch sa pohy-
boval v rozmedzi 0-0,2 % hm. VSetky testované organoci-
nicité terpolyméry maju voci aplikovanym mikroorganiz-
mom inhibi¢ny u¢inok. Velkost inhibi¢nych zén zévisi tak
od typu mikroorganizmu ako aj od formy PA-6. Najvyraz-
nejsi inhibi¢ny efekt sa pozoroval v systéme obsahujicom
G+ baktérie (Staphylococcus aureus) a PA-6 vo forme
vldkien. So zmenou obsahu nadviazaného TBTO sa in-
hibi¢ny efekt modifikovanych terpolymérov meni pomerne
madlo. Z hladiska mozZnej praktickej aplikacie pripravenych
terpolymérov ja dolezité zistenie, Ze po ich pridani do
vldkien sa podstatne nemenia ich uzitkové vlastnosti a an-
timikrobidlny efekt sa zachovdva aj po opakovanom prani.
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G. Kysela and E. Staudner (Department of Plastics
and Rubber, CHTF STU, Bratislava, Slovak Republic):
Preparation and Modification of Styrene-Maleic Anhy-
dride-Methyl Methacrylate Terpolymers

The preparation and modification of styrene-maleic
anhydride-methyl methacrylate terpolymers by tributyltin
oxide were studied. TBTO modified terpolymers have an



antimicrobial effect in the systems with G+ and G- bacteria,
fungi and moulds. It was observed after their adding to the
polyamide granules and fibres. The change of the inhibition
effect owing the change of Sn-content in terpolymers is
relatively small. It is also conserved during the repeated
washing. Modified terpolymers do not worsening the stud-
ied characteristics of PA-6 fibres.

VZAJOMNE PRENIKNUTE POLYMERO-
VE SIETE POZOSTAVAJUCE Z POLY-
ETYLENU A METAKRYLATOVYCH
KOPOLYMEROV'

8.05

EBERHARD BORSIG?, AGNESA
FIEDLEROVA?, MILAN LAZAR?,
ULRICH SCHULZEP, JURGEN
PIONTECK” a GISELA POMPE"

4Ustav polymérov SAV, Dubravskd cesta 9,
842 36 Bratislava, Slovenskd republika, P nsti-
tut fiir Polymerforschung Dresden e.V., Hohe
Str. 6, 01069 Dresden, Germany

Vypracovala sa in situ metoda pripravy vzajomne pre-
niknutych sieti (IPN), pri ktorych jednu zloZzku tvori polye-
tylénovd sief - PE a druhu zloZku tvori polymérova alebo
kopolymérova sief vinylového alebo vinylidénového ty-
pu’. V nasom pripade druhti sief tvorili kopolyméry meta-
krylatov ako metylmetakryldtu - MMA, butylmetakryldtu
- BMA, etylmetakryldtu - EMA, etylhexylmetakrylatu -
EHMA a dodecylmetakrylatu - DMA.

Z nasledovnych dvojic monomérov sa vytvorila druhd
sief IPN systémov: DMA-MMA, BMA-EMA, EHMA-
MMA a BMA-MMA. Ako sietovadlo metakryldtovej siete
sa pouzil 1,4-butdndioldimetakryldt— BDMA. Ako radika-
lovy inicidtor sa pouzil 2,5-dimetyl-2,5-di-terc.butylper-
oxyhexan - Luperox-101. Princip syntézy IPN systémov
bol zaloZeny na rozpusteni PE v prislusnej zmesi mono-
mérov pri zvySenej teplote a pridani peroxidu a siefovadla.
Potom sa roztok nalial medzi dve ploché sklenené dosky
utesnené PVC tesnenim a zmes sa nechala polymerizovat
asiefovat pod N, atmosférou pri 115 “C 6 hodin a potom este
pri 160 °C 1 hodinu.

Pripravenim polo-IPN-sy stému - bez pouZitia siefovad-
la metakryldtovej zlozKy sa zistilo, Ze na PE sieti sa Cias-
to¢ne ockuje metakrylatova zlozka. S predlzovanim alkylu
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v esterovej skupine metakrylatu zlepSuje sa zndsanlivost
metakrylatovej zlozky s PE zlozkou IPN systému, ¢o sa
prejavuje v jej jemnejSej dispergovatelnosti. Na druhej
strane v pripade DMA sa uvaZzuje ucast jeho alkylovej
skupiny v radikdlovej siefovacej reakcii s rovnakymi sused-
nymi skupinami resp. s PE.

V IPN systéme PE - BMA-co-MMA sa so zvy$ovanim
obsahu MMA zvysuje aj teplota sklovitého prechodu 7', Co sa
vysvetluje i samotnym prispevkom MMA segmentov, ¢o
sa pozorovalo i u samotného kopolyméru BMA-co-MMA.
Zodpovedajicemu zlozeniu BMA-co-MMA v IPN vsak
v oblasti pomerov BMA:MMA = 0,5 az 2 7, malo vzdy
vysSiu hodnotu ako u samotného kopolyméful. Toto sa
prisudzuje prispevku PE siete, ktord zvySuje priemernu
siefovil hustotu a tym aj viac obmedzuje segmentélny po-
hyb metakrylatovych refazcov. AvSak v pripade DMA-co-
MMA sa u samotného kopolyméru pozorovala vysSia te-
plota ako v IPN PE - DMA-co-MMA s rovnakym po-
merom monomérovych jednotick (DMA:MMA = 1).

Mechanické vlastnosti zdvisia najma na vzdjom-
nom pomere metakrylaitovych monomérnych jednotiek
v IPN systémoch. Pevnost v fahu stiipa so zvySujlicim sa
obsahom MMA v IPN a na druhej strane klesé roztaznost.
Z tohto moZno tiez usudit, Ze najvysSie pevnosti by bo-
lo mozné odakavat pri pouziti samotného MMA, avsak
takyto IPN systém sa naSim sposobom syntézy nedal pri-
pravit - PE sa nerozpusti v samotnom MMA ani pri zvy-
Senej teplote.

80 ———

PE/EMAo WA IPH pomer monomérov 1 : 1

T,1°C
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4 8 12
Podet uhlikov alkylu v esterovej skupine

Obr. 1. Teplota sklovitého stavu Ty metakryldtovej fazy v IPN
PE/komonomér-co-MMA a zodpovedajiceho metakryléto-
vého kopolyméru stanovend metodou d.m.a. Druh komono-
méru je vyznaceny poctom uhllkov alkylu v esterovej skupine
(obsah siefovadla BDMA 3 resp. 4 mol. %)



LITERATURA

1. Grant €. 2/1158/97, Grantova agentira SAV

2. Borsig E., Hrouz J., Fiedlerovd A., Ilavsky M.: J.
Macromol. Sci., Chem. Ed. 427, 1613 (1990).

3. Schulze U., Fiedlerova A., Pompe G., Meyer E., Janke
A., Pionteck J, Borsig E.: Polymer (prijaté k publikdcii).

E. Borsig?, A. Fiedlerova?, M. Lazar?, U. Schulze®,
J. Pionteck? and G. Pompe® ("Polymer Institute, Slovak
Academy of Sciences, Bratislava, Slovak Republic, "Insti-
tute for Polymer Research, Dresden, Germany): Inter-
penetrating Polymer Networks Based on Polyethylene
and Methacrylate Copolymers

A method of preparation of interpenetrating polymer
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polymers with various length of alkyl in ester group was
used. 7, and tensile strength of these systems were deter-
mined.

UCINOK ROZNYCH DRUHOV PEROXI-
DOV NA DEGRADACIU IZOTAKTICKE-
HO POLYPROPYLENU V TUHOM STAVE
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Chemicka modifikacia izotaktického polypropylénu -
iPP sa najCastejSie iniciuje volnymi radikalmi vznikajucimi
pri termickom rozklade peroxidu'. Tieto radikdly viak
v zavislosti od typu inicidtora majui roznu ucinnost' v pre-
nosovej reakcii na polymér a tym aj vzniku reaktivnych
miest, na ktorych sa potom uskuto¢ni Ziadand modifikdcia
reakcie (oCkovanie, viazanie funk&nych skupin, siefovanie
a pod.). Okrem modifika¢nej reakcie sa pozoruje obycCajne
aj neziadica fragmentacnd reakcia samotného polypro-
pylénu. Rozsah tejto fragmentacnej reakcie zavisi tiez od
pouzitého typu peroxidu.
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V tejto praci sme Studovali u¢inok piatich typov peroxi-
dov na degradiciu polypropylénu pri roznych teplotach,
avSak len pri takych, ktoré boli niz8ie ako teplota topenia
iPP. Studoval sa uginok dilauroylperoxidu - DLP, terc.
butylperoxy-2-etylhexanoatu - TBPEH, terc. butylperoxy-
izobutyratu - TBPIB, terc. butylperbenzodtu - TBPB a 1,1-
bis(terc. butylperoxy)-3,3,5,5-trimetylcyklohexdnu - T-29. Na
degradaénu icinnost jednotlivych peroxidov sa usudzovalo
zo zmenu indexu toku iPP po uc€inku prislusného peroxidu.
Na vyhodnotenie degrada¢nej ucinnosti sa odvodil ori-
gindlny vzfah medzi stuptiom degradédcie DD a indexom
toku povodného iPP - MI, a iPP vySetrovaného peroxi-
dovym radikdlom - MI:

DD = M102% _ py 0294 —

k (¢ mmol.kg! rozlozeného peroxidu)® (1)

Hodnota n sa vyhodnotila z logaritmického tvaru zavis-
losti (i). Ak vychddzame z predstavy predpokladaného
mechanizmu degradédcie PP inciovanej peroxidom, hodnota
exponentu by mala byt medzi 0 az 1. V skutoCnosti vSetky
hodnoty n sa pohybovali v tomto rozmedzi (okrem nie-
ktorych hodnot s T-29). Zistilo sa, ze stipanim teploty
stiipala hodnota n u vac8iny vysetrovanych peroxidov ok-
rem DLP, Co je v sthlase s predstavou mechanizmu de-
gradacie PP. Ak zoberieme do uvahy aktivaCnu energiu
fragmentacie PP makroradikdlov v porovnani s aktivanou
energiou termina¢nych reakcii, mozno oakavat, Ze n bude
rast s teplotou. V pripade DLP s klesanim hodnoty n so
vzrastom teploty najpravdepodobnejsie je vysledkom frag-
mentdcia (dekarboxyldcie lauroyloxyradikdlov), ktora
stipa so stupajiicou teplotou rozkladu peroxidu. Dekar-
boxylované (alkyl ové) radikdly su menej reaktivne v
prenosovej reakcii t.j. abstrakcii H atomov z PP refazca.

Ked chceme postdif ti¢inok nami skimanych peroxi-
dov na degraddciu polypropylénu, ich relativne poradie je
nasledovné:

Peroxid TBPEH T-29

TBPIB DLP TBPB
Relativna néinnost
degradicie

Pri vySSich koncentraciach peroxidov nad 40 mmol.kgl
PP sa uz jednoznacne prejavuju vyznamnejie aj dalSie
reakcie, aj rekombindcia makroradikdlov (pred ich frag-



mentéciou), ale aj adicia makroradikalov na vzniknuté dvo-
jité vazby.
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CHEMILUMINISCENCIA AUTOOXIDA-
CIE SQUALANU
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842 36 Bratislava

Aj napriek preukdzanej koreSpondencii medzi kineti-
kou chemiluminiscencie a oxidacie polyolefinov nie je
doteraz presne identifikovany mechanizmus vysvetlujici
pozorovanu svetelnd emisiu. Typickd krivka chemilumi-
niscencie (CHL) autooxidécie polyolefinov je charakteris-
tickd sigmoidnym tvarom so zretelnou indukénou perio-
dou. V niektorych pracach vsak publikovali CHL krivky
s dvomi maximami (PP)!, alebo dvomi nadvizujicimi sig-
moidami (PE)’. Pozorovania autori pripisovali zmene fyzi-
kélneho stavu vzorky!, alebo existenciou dvoch néslednych
ne$pecifikovanych oxidatnych procesov’.

V tejto praci sme Studovali CHL oxiddcie modelovej
zluéeniny - squaldnu (2,6,10,15,19,23-hexametyl-tetra-

kozanu), ktory zo Struktirneho hl'adiska mozno povazovat
za propylén-etylénovy kopolymér. CHL squaldnu sa sle-
dovala v teplotnom intervale 130180 °C pri réznych prie-
tokoch kyslika cez roztok.

Pozorovand charakteristickd sigmoidna krivka oxidacie
squaldnu sa pri niZ8ich prietokoch O, stiva zloZitejsia
s viacerymi menej vyraznymi maximami, pricom za prvym
maximom ndrast intenzity silne zévisi od koncentracie kys-
lika (obr. 1).
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Obr. 1 Chemiluminiscencia squaldnu pri réznych prietokoch
kyslika

Zlozity nesigmoidny tvar CHL kriviek sa da vysvetlit:
a) vycerpanim nadbyto¢ného kyslika vo vzorke, ktory p6-
sobi aj ako zhasa¢ chemicky vzbudenych cCastic, b) dosiah-
nutim rovnovaznej koncentracie oxida¢ného produktu po-
sobiaceho ako katalyzdtor, nahromadeného v priebehu in-
dukénej periddy. Katalyticky vplyv karboxylovej kyseliny
bol dokdzany aj experimentilne.
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The isothermal chemiluminescence of squalane auto-
oxidation has been studied as a model system for the
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polyolefins oxidation. The possible mechanistic explana-
tions for complex shape of chemiluminescence curves at
low concentration of oxygen have been discussed.

8.08 WATER DIFFUSION IN ION MODIFIED

POLYETHYLENE'

KATERINA PROSKOVA, VACLAV
SVORCIK and VLADIMIR RYBKA

Department of Solid State Engineering, Institute
of Chemical Technology, 166 28 Prague

Since polymers are commonly used in water containing
enviroment, the study of sorption and diffusion of water
(and other low molecular weight compounds) in polymers
is of a major importance. The sorption and diffusion govern
also separation of gases, liquids and vapour mixtures in
membrane processes.” The diffusivity of a compound de-
pends on the temperature and its chemical activity in con-
tact with polymer.’ The diffusion/incorporation of an agent
may also be affected by preliminary modification of poly-
meric matrix, e.g. by irradiation with ions.

Present experiments were accomplished on commer-
cially available, 15 pm thick polyethylene (PE) foils with
the density of 0.945 g.cm™. The foils were first irradiated
with 40 keV Ar* ions to the fluences of 1x102-1x10!5
cm’. The water diffusion in the PE modified by ion irra-
diation and in pristine PE was accomplished at elevated
temperature in a thermostat, the temperature within being
controlled with the precision of £ 1 °C. Contact angle
(CA) characterizing the specimen surface polarity was
measured in polymer-water system using a reflexiongonio-
meter. Water concentration in the PE surface layer was
determined on the PE specimens, about 2 cm’ across,
by means of Cahn electrobalance* with the base sensiti-
vity of 2 mg and maximum measuring error of + 15 %.
The IR spectra were obtained on FTIR Nicolet 740 spec-
trometer.

It may be concluded that treating of the pristine and the
ion beam modified PE in water leads to water diffusion and
incorporation in the PE surface layer. The concentration of
the incorporated water, determined via microgravimetry,
increases with increasing ion fluence, achieves a maximum
at the fluence of 1x10!3 cm™ and it declines for higher
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fluences. The effect is explained by a competition of diffe-
rent degradation processes, namely the production of free
volume excess, radiation stimulated polymer oxidation,
crosslinking and carbonization, the latter two phenome-
na being most important at higher ion fluences. The pre-
sence of the water in the PE samples was confirmed by
IR measurements, which also show that the water is most-
Iy present as isolated molecules. Water diffusion and in-
corporation leads to a decrease of the measured contact
angle. Most significant CA decrease is observed at maxi-
mum diffusion temperature and for the PE samples irradia-
ted to the fluence of 1x1O0" cm". Drying of the wa-
ter treated PE samples leads to water rediffusion toward
the sample surface and to its escape. IR and CA measure-
ments show the presence of water traces even in dried
samples.
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The incorporated water was detected using IR spectro-
scopy, microgravimetry and by measuring of contact angle.
Maximum water uptake observed may be connected with
an increase of free volume fraction and oxidative processes
in the polyethylene surface layer modified by the ion irra-
diation.
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Different ways of polyimide (PI) modification such as
laser ablation™, pyrolysis™’ and ion beam irradiation’
have been thoroughly examined and they are even em-
ployed in industry since Pl is a popular insulating material
in microelectronic packing’.

Polyimide Upilex R was irradiated with 90 keV N* ions
to the fluences of 1x10'4-2x10'7 cm™. The surface mor-
phology and the structure of the ion beam modified PI were
examined using atomic force microscopy and X-ray dif-
fraction. Sheet resistance as a function of the ion fluence
and the sample temperature was measured by standard two
point technique. Significant changes of the surface mor-
phology and production of graphitic phase in the sample
surface layer modified by the ion irradiation were observed.
Strong decrease of the sheet resistance (by 11 orders of
magnitude) in the ion beam modified samples is connected
with progressive carbonization and graphitization of the
degraded polymer. Electrical charge transport is mediated
by variable-range hopping mechanism. Drastic structural
changes initiated by the ion irradiation to high fluences are
similar to those observed in polymer pyrolysis. The measu-
red thermoelectric power (TEP) of the Plsamples irradiated
to the fluences above 1x10'® cm™ is low (the order of
LV/K). Such properties are typical for metals and the con-
clusion is that the charge transport in the irradiated PI
samples is contributed by the mechanisms which are cha-
racteristic for both, semiconductors and metals. The number
of the conjugated double bonds correlates with observed Rg
and the width of forbidden band, determined from UV-VIS
spectra, is a decreasing function of the ion fluence.
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Polyimide Upilex R was irradiated with N ions. Sig-
nificant changes of the surface morphology and production
of graphitic phase in the sample surface layer modified by
the ion irradiation were observed. Electrical charge trans-
port is mediated by variable-range hopping mechanism.
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versity of Poznan, Wojska Polskiego St. 38/42,
60-627 Poznari, Poland

Activation energy (E,) of solidification processes and
thermal decomposition of PVAC adhesives applied in the
woodworking industry was determined with the ad of
DTA-TG andysis. For experiments 4 kinds of adhesives
listed in the Table 1 were used.

Studies were made with the use of thermogravimeter
Shimadzu type TA-501. Measurements were made in free
ar a following parameters. mass of samples 15+2 mg,
heating rates 5-20 °C.min"!, range temperature 20-600 °C,
standard sample o-Al,O5. DTA curves for selected adhe-
sive are presented in Fig. 1.
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Fig. 1. DTA curves at selected heating rates for Jawacoll 124 00 adhesive
Tablel
The course of E, of solidification processes of PVAC adhesives
Kind of adhesive Basis Activation energy Coefficient of correlation
Ea [KJ.mol ™ r
Jowacoll 124 00 polymers PVAC 301.6 0.978
Jowecoll 127 10 1734 0.984
Jowaplast 148 20 copolymers PVAC 414.9 0.958
Jowaplast 148 70 569.4 0.985
Using Kissinger’s equationl (1) presented below, the E, _E d In(®)
vaues o f solidification processes o f PVAC adhesves w (.457 _P_ — e ( 2 )
caculated from thermoanalytic DTA23 (Table ). * d(7,, )

_E, d In (q) g ) Changes of £, value were analysed in relation to con-

— = (1)  version degree. On the bases of the results of our experi-

R (Tm ) ments it was stated, that together with increase of conver-

sion degree the £, of processes of thermal decomposition

where: R- gas constant, @ - heating rate, 7m - peak of the  of adhesives increases as well. For example E, of thermal

maximum temperature on DTA curve. decomposition of Jowacoll adhesives was found in the

E, values of thermal decomposition process of adhe- range from 81.5 (for conversion degree 30 %) up to 328.0

sives were calculated on the basis of the data from TG kJdmol™" (95%), while for Jowaplast adhesives from 181.6
curves using equation of Ozawa- Flynn Wall* (2) in form: (30 %) up to 392.7 kdmol"* (95 %).
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Agricultural University of Poznati, Poznan, Poland): Acti-
vation Energy of the Solidification Processes and Ther-
mal Decomposition of PVAC Adhesives

DTA-TG analysis was applied for the evaluation of the
activation energy of solidification processes and thermal
decomposition of PVAC adhesives.
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RADIOCHEMICKY MONITORING
ZIVOTNEHO PROSTREDIA
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1. Uvod

Monitorovanie zivotného prostredia poskytuje priamu
informéciu pre ocenenie ddvkovej zdfaZe osob a tieZ pre
korekciu limitov v pripade nevyvdZzeného vzfahu medzi
zdrojom Ziarenia a ¢lovekom, so zretelom na jeho ochranu
pred ionizujicim Ziarenim.

Monitorovanie zivotného prostredia umoznuje:

- merat a sledovat' dlhodobé zmeny, resp. trendy v radio-
aktivnom znecisteni Zivotného prostredia,

- ziskavaf a sumarizovat' udaje o chovani rddioaktivnych
latok v zivotnom prostredi, v&itane sledovania ekologic-
kych, hydrologickych, geologickych a meteorologickych
aspektov tohto chovania.

Nezastupitelni ilohu ma monitorovanie zivotného pro-
stredia, spojené s meranim tzv. predprevadzkovej trovne
radioaktivity. Toto monitorovanie poskytuje referenénu -
pozadovi troveti radioaktivity v Zivotnom prostredi v miest-
nom a globdlnom meradle, ku ktorej sa vztahuje neskorsSie
sledovanie vplyvu JE na kontaminaciu zivotného prostre-
dia. Sucastne vSak umoZzfiuje identifikovat kritické pre-
nosové a expoziéné cesty a kritické populac¢né skupiny,
vyber monitorovanych zloZiek a ich lokaliz4ciu v Zivotnom
prostredi a pod.

Vypracované programy a pouZzivané technické pro-
striedky pre monitorovanie, zvyCajne vychadzaji z roz-
delenia zivotného prostredia do nasledujuicich zloziek:

- Vzduch a zrazky.

- P6da a vegetécia.

- Potravinové refazce v pddnych ekosystémoch.
- Podzemné a povrchové vody.

- Potravinové retazce vo vodnych ekosystémoch.

NajrozsirenejSia technika monitorovania Zzivotného
prostredia spociva v laboratérnom merani v spojeni s odbe-
rom analyzovanych vzoriek, ktory je klicovym c¢ldnkom

Sekce 9
pre nasledujicu analyzu. Je nevyhnutné si vzdy uvedo-
movat', Ze zivotné prostredie je dynamicky a heterogenny
systém, vykazujlici priestorovil a ¢asovu variabilitu takmer
vsetkych svojich zloziek.

Technogénne radionuklidy, ktoré prispievaju k celko-
vej ddvkovej zafazi obyvatelstva sa vyznacuju predovset-
kym dlhymi polcasmi premeny a fyzikdlno chemickymi
vlastnostami, ktoré spdsobuji ich globalnu disperziu v Zi-
votnom prostredi. Patria sem osobitne radionuklidy Kr-85,
C-14, H-3, 1-129, Cs-137, Sr-90 a tiez vysokotoxické alfa
radionuklidy Pu-239, 240, Pu-238 a Am-241.

Kvantitativna a kvalitativna charakteristika radioaktiv-
nych l4tok unikajicich do Zivotného prostredia z jadrovych
elektrarni z4visi na type reaktora, na pouzitom prevadzko-
vom systéme a stavu technologie spracovania odpadov na
elektrdrni. Druh a mnoZstvo rddioaktivnych nuklidov, pri-
tomnych v odpadoch, podstatne zévisi i na charaktere pre-
vadzky elektrarne (normdlny, mimoriadné pripady a pod.),
vratane vSetkych ochrannych barier elektrarne.

Rédioaktivne Stiepne a aktivaéné produkty sa prenaSaju
do zivotného prostredia bud’ plynnymi odpadmi, ktoré
predstavuju viac nez 99 % celkovej radioaktivity unika-
jucej z elektrarne do Zivotného prostredia, alebo ako kva-
palné odpady. Tuhé rddioaktivne odpady prispievaju ku
kontamindcii zanedbatelnou mierou, pokial' sa nejedna
o kontamindciu zeminy.

Hodnotenie nasledkov kontrolovanych a nekontrolo-
vatelnych unikov radioaktivnych latok z jadrovych zaria-
deni do Zivotného prostredia je nevyhnutnou sucastou bez-
pecného a ekonomického vyuzivania jadrovej energie. Za-
kladnou podmienkou racionalneho postupu riesenia tejto
problematiky je vypracovanie modelu prenosovych trds
Sirenia radionuklidov v Zivotnom prostredi, zaloZeného na
ich monitorovani.

2. Laboratérne monitorovanie

DoéleZitou sui¢astou laboratérneho monitorovania je sle-
dovanie kvality monitorovania, ktoré moze byt definované
ako planovana a systematickd Cinnost' (schéma 1). Sle-
dovanie kvality spociva nielen v stanoveni necistot pri
samotnych analytickych metédach a merania pocetnosti
vzorky, resp. vypocet radioaktivity, ale tiez z rozboru chyb
spojenych s odberom reprezentativnej vzorky a jej nasle-
dovnym spracovanim.



Monitorovanie

|

Program monitorovania
|

Sledovanie kvality

Postupy pre lokalizdciu

Afi=="_ vzorky, jej odber, skladovanie.
Odber vzorky =Tt e '
/'/
| s |
Skladovanie a preprava vzorky -~ |
Priprava vzorky na analyzu ————— = Postupy a ndavody
,_—-"'"f 4 - | ’
! a2 pre pripravu vzorky a jej analyzu.
o -se ; . == T
Analytické spracovanie vzorky:::
| g ot
) | ’/ -_hx“““-a_,_x% . |
Analyza vzorky = Vzijomné porovndvanie,
( vymena vzoriek, porovndvacie vzorky
Meranie pocetnosti S
|. Hh"‘-h-q_
Prenos a spracovanie tidajov = Vhodné Statistické spracovanie
— p

‘ /___’,_..---‘/"

Statistickd analyza
| r g
Interpreticia tdajov

Sprava o monitorovani

Schéma 1

Raédioaktivne pozadie tvori Ziarenie radionuklidov roz-
ptylenych v ekosystémoch (najma v pode a sedimentoch),
v mensej miere v atmosferickom vzduchu a kozmickym
ziarenim. Vyskyt prirodného draslika, rubidia, radionukli-
dov prirodzenych premenovych radov urdnu a téria v pode
zodpovedd typickym priemernym koncentriaciam tychto
radionuklidov uréenych prevladajicimi typmi pody v danej
lokalite. V ekosystémoch sa nachadzaju tiez radionuklidy
z radioaktivneho spadu, najma Cs-137, Sr-90 a tiez eko-
logicky vyznamné alfa rddionuklidy Pu-239, 240 a Am-
241, ktoré pochddzaji zo skisok jadrovych zbrani v atmos-
fére (od roku 1945 do roku 1962 sa uskutoc¢nilo 423 skusok,
z ktorych sa odhaduje mnoZstvo Sr-90: 7.4.10'7 Bq, Pu-
238: 3,3.1014Bq, Pu-239: 7,8.10'5 Bq, Am-241: 5,5.1013
BqaCs-137:9,6.1017 Bg), alebo z tiniko v jadrovych zaria-
deni vo svete. Rddionuklidy rozptylené v atmosfére su
postupne deponované, ¢im sa dostdvaji na dosah vSetkych
expozi¢nych ciest ¢loveka.
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3. Radiochemicka analyza

Rédionuklidy Sr-90, Sr-89, Pu-239,240, Pu-238 a Am-
241 patria medzi vysokotoxické a preto je ich monitorova-
nie v matriciach Zivotného prostredia a v celom potravino-
vom refazci velmi doélezité z hl'adiska radioekologickej
kontroly. Zakladné metodické kroky radiochemickej ana-
lyzy stanovenia uvedenych ekotoxickych rddionuklidov
mozno rozdelit do 7 etdp:

1. Odber vzorky.
2. Spracovanie a homogenizacia vzorky.
3. Odstranenie matrice (koncentricia a izol4cia rddionuklidu).

4. Cistenie od rddionuklidovych primes.

5. lzolacia individudlneho radionuklidu.

6. Spracovanie do formy vhodnej na meranie.

7. Meranie vzorky a urCenie objemovej, resp. mernej aktivity.

Kazda skupina mé svoju doélezitost, no zvlistne po-
stavenie m4 tretia skupina a s fiou spojena Stvrta a piata.
Vyber vhodného separacného ¢inidla, resp. postupu je zi-



visly na mnohych parametroch urcujicich separaénti sché-
mu. Ako parametre ovplyviiujice vyber separacnej schémy
moZno povazovat':

- situa¢né pouzitie metody stanovenia,

- ¢asovi a odbornu ndro¢nost,

- cenovu a komerénu dostupnost,

- minimaliziciu organickych odpadov,

- odborné naroky na prevadzkovatel'a,

- reprodukovatelnost a spolahlivost.

Optimalizécia tychto kritérii je osobitne dolezita.

Podrobnejsie teraz rozoberieme stanovenie technogén-
nych alfa Ziariov v podach a sedimentech.

Stanovenie Pu-239, 240 a Am-241v podach a sedimen-
toch nardZa na rad problémov vyplyvajucich v prvom rade
uz z ich velmi nizkej koncentracie v tychto zlozkach zi-
votného prostredia (aktivita ridovo 10 mBg.kg™! pady ko-
reSponduje s nasledovnymi hmotnostami radionuklidov:
Pu-239: 4,2.10°12 g, Pu-238: 1,5.10°14g, Pu-240: 1,1.10-12g,
Am-241: 7,6.10'*g) a v druhom rade nutnosfou ich sepa-
rovania s vysokou rddiochemickou Cistotou pre alfa spek-
trometrické merania.

Metodické kroky radiochemického monitorovania Pu-
239, 240 a Am-241 (pdda, sedimenty) st nasledovné:
~ odber vzorky
- spracovanie vzorky
- koncentrécia a izoldcia (+ tprava oxida¢ného Cisla)

- spracovanie do formy vhodnej na meranie.
Spracovanie vzorky

- homogenizicia,
A damia vl baadadka TNR °N AA LAawdbnwmbumnt lhannbamnndl
rozpistanie celej vzorky
/ (HF + kone. minerdlne kyseliny)
vyhihovanie vzorky, autoklave,
_ resp. v kadicke (H202 + 8 M-HNO3)
mikrovinny rozklad

/

Spracovanie popola

Uprava oxida¢ného cCisla
napr. Pu3+—> Pu4+pomoc0u NaNO2, H202 v 8 M-HNO3
. 44,5+,6+ 3+ 2+
alebo redukcia Pu — Pu”" pomocou Fe™ v 1 M-HNO3
a nasledovné oxiddcia na Pu 4 v 4 M-HNO3

Koncentrdcia a izoldacia

-extrakéné metddy (kvapalinova extrakcie)g' IR AA506

= & - 5 - -18.20.22. = - -
—ionovymenné met Odyl,4—8,12 13,17-18,20,22-24,32-33,36-41,43,52-60

- extrak&énd chromatografia™ "=~

Extrakéné metddy (kvapalinova extrakcia) sapouZivaju
na vzajomnu separaciu transurdnov a k ich oddeleniu od
interferujucich rddionuklidov, ktoré interferuju pri detekcii
aktivity alfa.

Ako extrakéné ¢inidla sa pouzivaju napr.:
12117123436

TTA (thenoyltrifluoraceton) 3
TBF (tributylfosfét)s,
HDEHP  (bis-(2-ethylhexyl)-fosfore¢nd kyselina),
TOPO  (tri-n-oktylfosfinoxid)'’-'*'*,
Aminy  —tercidlne (tri-isooktylamin, tri-n-oktyl-

amin, trikaprylamin, trilauryl-
am1’n)15’35,
- kvartérne (Aliquat—336)9.

Tonovymenné metody pouzivaji najma vymienace anionov:
(Pu4+v 8 M-HNO3 ddva komplex (Pu(NO3)6)2‘

Dowex 1x8 (cit. 50-100 mesh
Dowex 1x2 (cit. 100-200 mesh
AGMP - I(cit. ')

AGI -x8, AG1 x4

(cit. 1,7-8,12,18,23,32:33,40,43,56,59,
AG50 - x8 (cit. *7™*)

Ostion AT 0806 (cit. /)
20

eSS |

13,36,57
)

100-200 mesh

Amberlit CG-400 (cit. ) 100-200 mesh

Desorpcia Pu:

Redukénd Kompléxowomd
Pu*t — pu’* pu*t
9 M-HC1 + 0,1 M-NH4l zriedené kyseliny

7.32-33,59

(cit )
0,36 M-HCI + 0,01 M-HF
(cit. 15}
0,15 M-HNO3 + 0,025 M-H2C204
(cit. ©)

0,1 M-HI + 10 M-HCI 0,4 M-HNOs3 - 0,01 M-HF

(Git. 12,:13,56-) (cit. 1,:1TJ
NH>OH.HCI + zried. HNO3 1,2 M-HCI + 30 % H202
o416 Lo 1517
(oit.. ) (cit. )
NH20H.HCI + zried, HCI 0.3 M-HCI + 0,006 M-HF
(cit. S} (cit. 5?}
0,1 M-HC1 + 0,01 M-HF

(cit. 7%



Extrakéna chromatografia, ktora si razi cestu najma
vdaka vyrobkom f. EIChroM pouZiva:
TOPO - dietylbenzén - Kieselgur***
TOA - Kel F (cit. %)
TBF nasorbovany na chromosorbe”
Dihexyl-N,N-dietylkarbamoylmethyl fosfonit na

-XAD-4
-chromosorbe 102
- XAD -7

Oktyl(phenyl)-N,N-diisobutylkarbamoylmethyl-fosfin  oxid
(CMPO ) nasorbovany na silikagéle

TRU-Spec™: 13 % CMPO + 27 % TBF nasorbovany na
polyakryl ester’''*"?,

od

Cistenie rad i onuklido vych

nelistot

Pri separdcii plutonia sa za radionuklidové necistoty
povazuji radionuklidy urdnu a téria. Cistenie od uranu sa
uskutociiuje pomocou 8 M-HNO5, Cistenie od rddionukli-
dov toéria (a tériového radu) pomocou koncentrovanej
kyseliny chlorovodikove;.

Pri separacii americia je nutné odseparovat tiez vzacne
zeminy. Cistenie sa uskutoCiiuje najCastejSie pomocou iono-
vymennej chromatografie napr. Dowex 1 x 4, 100-200 mesh
z prostredia 1 M-HNO,;/CH;0H, 96 %, resp. 0,1 M-HC1/
0,5 M-NH,4SCN/CH;O0H (cit. 39:42:44,45,50)
Spracovanie do formy vhodnej
na meranie

elektrodepozicia 1-3,689,13,15-19,33,35-38:41,50,52-59

spoluzrdzanie s NdF; filtracia
0,2 “m)S,’/,l 1,14,20,23-24,43

a membranova

N 46-51

zmieSanie s vhodnym scintila¢nym roztokom

Meranie vzorky

Obsah stanovujucich alfa radionuklidov vo vzorkach
Zivotného prostredia mozZe byt stanoveny roznymi spek-
trometrickymi metodami. Sucastné meracie pristroje do-
voluju stanovit' plutonium a americium na drovni 1 tnBq.
Najviac pouzivanymi spektrometrickymi metédami si:

- alfa spektrometria s polovodi¢ovym povrchovo barie-
rovym detektorom

kvapalinovd scintilacnd spektrometri
Z uvedeného prehl'adu vyplyvavysoka ndro¢nost radi o-
chemického monitorovania, najma alfa rddionuklidov

a46-51
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v zlozkach zivotného prostredia. Cely rad pouZzivanych
operach’ separa¢ného postupu ako aj naro¢nost' Cistenia od
raddionuklidovych primesi, je niekedy potrebné zjednodusit'
pri sicasnom zabezpeceni kvality vysledkov.
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L. Matel (Department of Nuclear Chemistry, Faculty
of Science, Comenius University, Bratislava, Slovak Re-
public): Radiochemical Monitoring of Environment

Radiological monitoring of environment enables to get
a direct information on radiation doses of individuals living
there and in the case of unbalance relationship between
radiation source and local population enables to correct
them. Monitoring programmes for environment enables
measure and check long term changes and trends in radio-
active contamination and behaviour of radionuclides in
environment including their ecological, hydrological, geo-
logical and meteorological aspects of such behaviour.

A strategy of radiochemical determination of man made
long life radionuclides will be presented. A comparison of
different methods of alpha radionuclides based on extrac-
tion, ion exchange and extraction chromatography tech-
niques will be presented as well.



9.02 MODERNI SEPARACNI METODY PRI
ZNESKODNOVANI RADIOAKTIVNICH
ODPADU
MIROSLAV KYRS
Firma Chemrex, Kldnu 8, 160 00 Praha 6

Motto:

The art of progressis to preserve order amid change and
to preserve change amid order.

(Alfred North Whitehead, 1929, ,.Process and Reality",
citovano v: Efficient Separations and Processing Progra-
mme, USA DOE, 1996)

Ditivody separace urcitych komponent z radioaktivnich
odpadu lze klasifikovat takto.

- Rozdélenim odpadu na Cast toxi¢téjsi, jejiz zneSkodnéni
je ndkladn&j§i, a na Cast méné toxickou (nejlépe neto-
xickou), kterou lze zneskodnit pomérné levné, lze dosih-
nout podstatnych uspor.

- Je vhodné oddélit cenné slozky (napf. paladium ajiné
drahé kovy) pro jejich dalsi vyuziti.

- Ne¢které slozky prekdzeji dalSimu zpracovani odpadu.
Napf. kyselina boritd zpomaluje tuhnuti betonu nebo tento
pochod silné inhibuje. Sem lze zafadit i pfistup ,,partition-
ing and transmutation” (separace jednotlivych radionuklidii
nebo jejich skupin z vysoceaktivnich odpadii po pfepraco-
vani vyhorelého jaderného paliva a jejich nasledné spa-
lovani v silném neutronovém toku rychlych nebo termal-
nich reaktorti nebo za rozhodujici spolutiasti urychlovaci,
a to s cilem transmutovat dlouhodobé toxické radionuklidy
na nuklidy stabilni nebo kratkodobé).

- Qjedinéle byl publikovan cil separace prizptsobit che-
mické sloZzeni odpadu zdméru dosahnout piipadné i pii-
dinim urcitych komponent k odpadu takového slozeni,
které by odpovidalo co nejvice sloZzeni chemicky velmi
odolnych a dlouhodobé stabilnich mineralti, a vhodnym
vysokoteplotnim procesem odpad na takovy ,,um¢ly mine-
ral" vhodny k trvalému uloZeni pfemeénit.

Na vyzkum modernich separa¢nich metod z radioaktiv-
nich odpadi vynaklddaji jaderné velmoci neobycejné vy-
soké prostfedky. Prikladem zde miize slouZzit program
Amerického ministerstva energetiky (DOE), ktery jiz pro-
bihd nékolik let pod ndzvem , Efficient separation and
processing crosscuting program” (ESPIP). Autor tohoto
piehledu byl po urcitou dobu ¢lenem sboru posuzovateli

jednotlivych projektl tohoto programu a pokroku praci na
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ném probihajicich a informace takto ziskané slouzily také
pro sestaveni této piehledné prace.

Jaké jsou diivody tohoto neutuchajiciho zijmu o zlepSo-
vani danych separa¢nich metod a vypracovani novych? (Od
roku 1996 ma podle naSich informaci USA financovat
desetilety plan zakladniho vyzkumu separa¢nich metod pro
komponenty radioaktivnich odpad ve vysi 50 miliont
dolarti ro¢né).

Jde o velmi zna¢né objemy a aktivity existujicich odpa-
di a o znac¢na ekologicka rizika s nimi spojena.

Separovana slozka je Casto pritomna ve velmi nizké
koncentraci.
Odpady piedstavuji velmi slozité smési, obsahujici ¢as-
to vysoké koncentrace balastnich latek. Velmi Casto jsou
chemické vlastnosti latek, které je tfeba od sebe oddg¢lit,
velmi podobné (aktinoidy od lanthanoidti). Rozsah hodnot
pH odpadii sah4 od roztoki silné alkalickych (moly hydro-
xidid na litr) k siln¢ kyselym roztoktim.
Vysoka radiace nékterych komponent vede k nutnosti
zabyvat se tématikou radiolytického rozkladu pouzivanych
¢inidel a problematikou dalkového ovladani pouzivanych
procesu.
V fadé pfipadl vznikaji druhotné odpady.
V oblasti ,,partitioning a transmutation”, ale i jinde, je
tieba dosdhnout separace velmi dokonalé. Nejsou vyjimkou
pozadavky na oddéleni 99,99 % radionuklidu z roztoku.
Pokusme se identifikovat nékteré trendy ve vyvoji popi-
sovanych separa¢nich metod, jak vyplyvaji ze studia do-

stupné i nekonvendéni literatury.

7) Biomimeticky pristup. Jde o napodobovani slozitych
organickych latek existujicich v piirodé a syntetizovani na
zékladé urcitych analogii umélych chelataCnich cinidel,
kterd by se méla vyznacovat vysokymi konstantami stabili-
ty prislusnych komplexti, napf. plutonia.

2) Syntéza molekul novych extrakénich ¢inidel, masku-
jicich latek, pfipadné méniCl ionti na zdkladé kvantoveé
mechanickych vypocti sily vazeb, jejich ihlt, napéti v mo-
lekuldch ¢inidel ajejich chelatii. Vypoctem lze takto podle
nazord zastdnct tohoto sméru vytiidit desitky molekul
piibuzného slozeni a bez jejich pracné syntézy a experi-
mentalniho ovéfovani pfedpovédét, které z moznych slou-
Cenin jsou nejslibnéjsi, a pouze tyto pfipravit a testovat.

3) Modifikace pfirodnich latek, pfiprava jejich derivati
s cilem ziskat levnd a G¢inna extrakéni nebo Castéji sorpéni
¢inidla. Tento trend existuje jiz nékolik desitek let a prinasi
velmi stiidavé tspéchy, soucasna literatura vSak ukazuje na
jeho urcitou renesanci.

4) Metoda otiskil. Jde o myslenku, Ze probéhne-1i synté-



za ur€itého sorbentu v pfitomnosti latky, na kterou je cilen,
po vymyti této latky zbudou ve struktufe pripraveného
sorbentu jakési ,,otisky", které budou mimofadné ochotné
vazat onu latku pfi kontaktu sorbentu s odpadem, ktery ji
obsahuje. Pokusy o realizaci této myslenky probihaji
v Rusku i v USA, avsak vysledky zatim dosazené nejsou
nikterak povzbuzujici. Pozndmka o ,,renesanci" platii zde.

5) Zvysena role srovnavacich studii. V daleko vétsi mire
nez dosud se objevuji experimentalné velmi naro¢né a ob-
sahlé prace, v nichz se za stejnych podminek studuje od-
stranéni jednoho nebo vice radioaktivnich nuklidd z ur-
¢itého kapalného odpadu vétSim poctem sorbentti (do jisté
miry to plati i o extrak¢nich Cinidlech). Cilem je vybrat
optimalni sorbent pro dany ucel. Casto se stavd, Ze prova-
di-li se podobné srovndni pro rizné doby kontaktu, je
pofadi sorbenti podle i¢innosti pro kaZzdou dobu rozdilné.
Jinym projevem této ,,srovnavaci tendence" je pozadavek,
aby pro kazdou nové vyvijenou technologii v pfislusSném
projektu vzdy byla uvddéna néktera zrala technologie jako
referenéni (,,base-line”), se kterou by se vysledky dosaho-
vané s novou technologii mohly porovnéavat.

6) Charakteristickym znakem vyvoje novych technolo-
gii je i okolnost, Ze velmi Casto navazuji na postupy znamé
jiz v dané oblasti po mnoho let. Novy miiZe byt napt. jen
zptisob aplikace, zavedeni uréitych zlepSeni nebo modifi-
kaci. Ptikladem takového ,evergreenu” jsou sorbenty na
bazi kyanoferatd tézkych kovi, jejichZz primyslové pouziti
se napf. v Rusku vénuje v posledni dobé velkd pozornost.
Totéz se tykd sorbentl pfipravovanych metodou sol-gel
a dalSich vyvijenych postupi.

7) Tendence k integraci separacnich metod do vysSich
komplexnich celki. Tato tendence se projevovala jiz
v soucasnosti se stavd velice zietelnou. Jde bud’ o extrakci
dvou nebo vice radionuklidii soucasné jednim c¢inidlem
(napt. Cs a Sr) nebo o fetézeni extrakénich nebo i jinych
pochodit do celkového schématu napf. izolace nékolika
skupin radionuklidi z uréitého odpadu. Dil¢im projevem
této tendence je zfetelna snaha aplikovat Cinidlo, které se
osvédcilo pro izolaci jednoho radionuklidu, i pro izolaci
chemicky ¢asto od ptivodniho velmi odli$nych radionuklidti.

(Napf. dikarbolid navrZeny ptivodné pro izolaci cesia se
nyni uplatiiuje pii izolaci Sr, Zr, aktinoidi a dalSich prvki).

&) Tendence k utajovani technicky cennych novych
vysledkil, tajeni sloZeni nové patentovanych Cinidel. Jde
opét o pouhé zesileni jiz diive existujiciho trendu. V sou-
Casné dobé se vSak pocet takovych praci silné zvétSuje.
Nekteré prispévky zejména na konferencich se v disledku
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této tendence stavaji vlastnéjen jakousi nepfimou reklamou
patentové chranénych Cinidel neznamého slozeni, takze
popisované vysledky nelze pochopitelné reprodukovat a je-
jich hodnota pro rozvoj pfislusné védecké discipliny je
pochybna.

9) Tendence k postupnému preferovani nevodnych (py-
rometalurgickych) metod pied osvéd¢enymi vodnymi pro-
cesy pro nékteré ucely, zejména pfi praci s vysoceradioak-
tivnimi materialy, jejichz vysoka radiace vede ke kompli-
kacim chemického procesu v dsledku radiolyzy. Hlavni
vyhodou je mimo jiné kompaktnost pouzivanych zatizeni
a ziskdvani vyslednych odpaddi v maximalné koncentrované
formé. Problémy miize zplisobovat zvySena koroze potieb-
né aparatury a relativné mala znalost termodynamickych
chemickych vlastnosti nové navrhovanych systémi ve
srovnani s dobfe zndmymi vodnymi separacnimi systémy.

Idealnim separa¢nim procesem by byl podle Bonnesena
a Sachlebena postup, ktery
nevyzaduje zaddnou tupravu vychoziho odpadu
nevyzaduje pridavani chemikalii
odstranuje vSechny pozadované radionuklidy a nevsi-

ma4 si ostatnich

nepienasi zddné kontaminujici slozky do odchézejicich

vycisténych, zejména vodnych, roztoku.

spojuje separaci radionuklidd s jejich koncentrovadnim.

je energeticky nenaroCny.

Je ziejmé, Ze procesy, které by spliiovaly v plné mife

viechny uvedené pozadavky, jsou velmi vzacné, existuji-li

vilbec. Tyto pozadavky je vSak vhodné brat v potaz pii

volbé vhodného separac¢niho postupu z nékolika moznych.
Mezi separa¢nimi a s nimi souvisejicimi metodami,

vvvvvv

zejména:
- extrakce z vodnych fazi nebo mezi dvéma nevodnymi
fazemi

sorpce na anorganickych nebo organickych ménicich
iontl a sorbentech, desorpce z tuhych odpadi

sraZzeni, rozpousténi, koprecipitace

destilace

separace zaloZzené na oxidaCnich a redukcnich proce-
sech a jinych elektrochemickych dg&jich

membranové procesy, ultrafiltrace, reverzni osmoza
procesy destrukce nékterych latek, které ztézuji dalsi
nakladani s odpadem.

V oblasti extrakce zasluhuje pozornost napr. francouzsky
proces DIAMEX, ktery je zaloZen na extrakci americia
a curia diamidy s funkénim uskupenim =NC(O)CHC(O)N=
(referenéni molekulou extrahentu je dimethyldibuthyltetra-



decylmalonamid). Francouzsti vyzkumnici uvadéji jako
vyhodu tohoto ¢inidla okolnost, Ze je plné spalitelné za
vzniku pouze tékavych zplodin, a to na rozdil od biden-
tatovych fosfororganickych Cinidel pouzivanych za tymz
ucelem v USA ajinde, jejichz spalovanim vznikaji nakonec
i fosfaty. Principem procesu SESAME (separace americia
selektivni extrakci) rozvijeného v ramci francouzské CEA
je selektivni oxidace americia do stupné IV nebo VI s vy-
uzitim Ag II jako oxida¢niho ¢inidla. Jako komplexotvor-
ného Cinidla pro udrzeni americia v tomto neobvyklém
oxida¢nim stavu se uzivd K;,P,W704,. Oddéleni Am ve
vys$im oxida¢nim stupni lze dosdhnout v piipadé Am VI
fosfororganickymi ¢inidly nebo amidy, pro maskované Am IV
extrakci amidy nebo nanofiltraci pfipadné selektivnim sra-
zenim. Francouzi uvazuji o provadéni postupu DIAMEX
po procesu PUREX, pficemz nakonec bude nasledovat
proces SESAME. Jinymi ¢inidly navrhovanymi francouz-
skymi badateli pro separacni ucely jsou pikolinamidy, tri-
pyridintriazin a pro separaci cesia kalixareny. Americti
autori nedavno navrhli pouzivat diamidy s éterickou skupi-
nou typu R;(R),NC(O)CH,O CH, C(O).N R;(R,). V li-
teratuie se vyskytuji nové navrhy na uziti pro dané ucely
B-diketont a thiopyrazolonti. Z neddvno navrhovanych
synergickych smési Ize jmenovat TTA + oxoderivaty ma-
lonamidi, dikarbolidy + CPMO, krauny + TBP, a CPMO
+ TBP. Z ¢inidel syntetizovanych na zdkladé vySe zminé-
ného biomimetického pristupu v USA uvadime katechol-
amidy a tereftalamidy. Rusové popisuji extrakéni schémata
vyuzivajici ziejmé patentové chranéné Cinidlo fosfinoxid
, POR”, navrhuje se izolovat Np ze simulovanych vyso-
ceradioaktivnich odpadi kyselinou diisododecylfosforec-
nou. Pro ziskdvani plutonia z analytického odpadu byl
navrzen l-fenyl-3-methyl-4-benzoyl-pyrazolon-5. Zajima-
vy je japonsky navrh jako fedidlo pro TBP pouzivat oxid
uhli¢ity v superkritickém stavu (60 °C, 10-40 MPa).

Z anorganickych sorbentli se v programu ESPIP velké
vaznosti tési krystalické silikotitanaty pro odstrafiovani Cs
a Sr. Vysokou kapacitou se vyznacuji fosfaty titanu. Pro
odstrafiovani cesia z roztokli nad sraZeninami v americkych
nadrzich se pocita i s osvédCenymi ferokyanidy. Také
v Rusku je ve vystavbé separacni poloprovoz vyuzivajici
ferokyanidl (Zn, Cu, Ni). Existuji navrhy odstranovat ce-
sium a stroncium z vod nekonven¢nimi sorbenty jako je
uhelny popilek. Francouzsky ndvrh z vyzkumného centra
Valduc se tyka separace Pu, Am a U pomoci tetraazama-
krocykld, v nichz se v kruhu stfidaji atomy dusiku (celkem 4)
a skupiny (CH,), nebo (CH,);. Tyto cykly jsou vazany na
dusiku na skupinu CH,Si0,. Populdrnim se stdva americky
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vyrobek ,,Diphonix”, coZje bifunkéni substituovand difos-
fonova kyselina se sulfoskupinou schopna odstranovat ak-
tinoidy i z roztokti 10 M-HNOj3. Z modifikovanych ptirod-
nich materidli navrhovanych v Rusku jmenujme fosfory-
lované, oxidované nebo karamelizované bfezové, osikové
nebo borovicové piliny, upravenou raselinu a sorbent s ob-
sahem chitinu vyrdbény pod nazvem Chizit-03 z lastur
korysi. Japonci sorbuji uran imobilizovanym taninem
(imobilizuje se glutaraldehydem) z tomelu, coZz je barvivo
papiru pouzivané v Japonsku i jako cefici prisada pro
ryzové vino saké. Jiny japonsky autor navrhuje pro zachyt
platinovych kovii chitosan modifikovany bud’ karboxyme-
thylovanim, nebo naroubovdnim IDA nebo naroubovanim
DTPA. Zvlastni pozornost zasluhuji anorganické sorbenty
pfipravované ,sloupcovanim” (pillared sorbents), coZ je
nova tifda mikroporéznich vrstevnatych materidld, v nichz
se oddaluji od sebe nékteré vrstvy (napf. jilti, smektitu,
titanatu sodného) vkladdnim na molekuldrni irovni ,,sloup-
ki" (anorganickych polymert, které brani vrstvdim od-
dalenym botnanim, aby se po vysuSeni pfiblizily k sobé,
a zpristupnuji tak vnitini vrstvy sorbentu). Jako alternativni
metoda k eluci kyselinami se navrhuje konkrétné pro ce-
sium elektrochemicka iontovd vyména. 1 v posledni dobé
se vénuje pozornost ndpadu pouzivat takové sorbenty, které
po vyCerpani jejich sorpéni kapacity 1ze stabilizovat (nékdy
vitrifikovat) tepelnym zpracovanim napf. pfi teplotach ko-
lem 1000 °C. V USA vyvinuli proces MAG SEP, vyuZiva-
jici Castice z magnetickych jader s polymerovymi a selek-
tivnimi adsorpcnimi povlaky, podobné jako je tomu u zeolitd.
V priibéhu procesu se odpadni vody misi s ¢asticemi, které
adsorbuji kontaminanty a potom se ¢astice oddéluji pomoci
magnetického filtru pro eluci, regeneraci a dalsi pouziti. Pro
technecium povazuji americti odbornici za slibné tyto m¢-
niCe iontli: Reillex 402, Reillex HPQ, Reillex HP, Amber-
lity IRA 904 a 400, Purolite A-520E a Eichrom Tc-Resin.

Dile se rozviji metoda vymyvani dlouhodobych zafica,
zejména plutonia, z rliznych typt heterogennich nebo tu-
hych odpadi. V posledni dobé doporucuji rusti autofi po-
uzivat pro vymyvani redukéni roztoky, napf. roztoky hy-
drochinonu v kyseliné dusi¢né.

Z Ceskych praci spojenych s danou problematikou se na
mezinarodnim poli nejvice uplatnily kompozitni ionexy
s pfim&si PANu (Sebesta, FJFI), extrakce produktii §t&peni
dikarbolidy (Kyr3, Rais, UJV, Hefmanek, Pleiek, UAnCh,
a dalsi, fungujici rusko-americky zavod na Sibifi) a v $irSim
kontextu byl projeven zdjem i o prace UJV Re7 v oblasti
vitrifikace nizko- a stfedné aktivnich odpadl z provozu
jadernych elektraren (Vojtéch, Siissmilch).



Neékteré zavéry tohoto piehledu Ize podle prof. Choppi-
na formulovat takto:
- Lze ofekavat vyznamné podnéty pro rozvoj dané pro-
blematiky diky zévaznosti problému se starymi odpady,
ato zejména v USA (DOE) a v Rusku.
- Nové technologie piepracovdni s rozvojem jaderné
energetiky v piistich 15 az 25 letech.
- Pyrochemické postupy a metody zalozené na tékavosti
pravdépodobné nahradi extrakci z kyselych vodnych roz-
tokd.
- Koncepce ,,odd€lovéani a transmutace" pravdépodobné
nebude hlavnim stimulujicim faktorem vyzkumu a vyvoje
v této oblasti.
- Budoucnost separace aktinoidli bude patrné zahrnovat
tyto oblasti:

- pfepracovani ozafeného paliva

- zpracovani odpadil po americkém zbrojnim programu

- postupy spojené s transmutaci v reaktoru

- postupy spojené s transmutaci v urychlovacich

- problematika ochrany zivotniho prostfedi
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M. Kyr§ (Chemrex, Prague): ModernSeparationMe-
thods from Radioactive Waste

A survey of selected papers is given. The reasons for
performing the difficult separations are summarized. The
reasons for supporting research and development in this

field are explained. The main trends occurring in this field
of industrial radiochemistry are given (the biomimetic ap-
proach, modification of naturally occurring substances,
quantum chemical calculations of optimum extractant or
sorbent molecules, template sorbents and others). Several
new separations using solvent extraction are depicted. Out-
standing results obtained in this country are shortly mentioned.

STUDIUM SEPARACE RADIONUKLIDU
A TEZKYCH NEBO TOXICKYCH KOVU
Z ROZTOKU OBSAHUJICICH KOMPLE-
XOTVORNE LATKY

9.03

JAN JOHN?, EVA DANACIKOVA?,
FERDINAND SEBESTA® ALOIS
MOTL?, KATERINA ROSIKOVA?
a EDWARD W. HOOPER"

“Katedrajaderné chemie FIFICVUT, Bfehovd 7,
115 19 Praha 1, "AEA Technology, Harwell
Laboratory, Didcot, Oxfordshire OX11 ORA, UK

Problematika degradace organickych komplexantd
v odpadnich vodich oxida¢nimi a fotooxida¢nimi procesy
je ve svété feSena jiz nékolik desitek let. Uktinnost fotode-
gradace organickych latek a jejich komplext ultrafialovym
zafenim je ¢asto mozno vyrazné zvysit pouZzitim polovodi-
¢ovych fotokatalyzatorii'”. Jednim z nejcastéji pouZi-
vanych fotokatalyzatort je oxid titaniCity, ktery se rovnéz
Casto pouziva jako vhodny sorbent pro nékteré radionu-
klidy a dal§{ kontaminanty3. Kone¢nym cilem této prace je
ovéfeni kombinovaného procesu separace radionuklidd
a tézkych nebo toxickych kovi, sestdvajiciho z fotodegra-
dace komplexotvornych latek a ndsledné sorpce uvolng-
nych iontd na sorbentu, ktery je zdroven i katalyzitorem
fotochemické reakce.

Fotochemické aktivita, stejné jako sorp¢ni vlastnosti
oxidu titani¢itého silné zdvisi na zptsobu jeho piipravy,
zastoupeni jeho krystalografickych forem, porosité a veli-
kosti povrchu. Cilem niZe popsanych experimentd bylo
studium a srovnani sorpCnich afotokatalytickych vlastnosti
péti riznych vzorkdl oxidu titani¢itého - Degussy P25
(standard fotoreaktivity), komerénich materidléi Pretiox
AV-01 a RG-14, a dvou laboratornich vzork ptipravenych
na KICH FJFI CVUT, respektive v AEA Technology,
Harwell Laboratory, UK (TiO,-M a HTO).
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Fotokatalytickd degradace kyseliny $tavelové (HOXx)
a citronové (HCit) byla studovana pomoci ozafovani sus-
pense vzorkil oxidu titani¢itého ultrafialovym zafenim
o vinové délce 254 nm. Bylo zjist€no, ze fotodegradace
kyseliny §favelové v systémech saturovanych vzduchem
zavisi vyrazné na mnozstvi fotokatalyzatoru v suspensi,
dobé ozarovani, teploté, pH suspense a rychlosti proudéni
vzduchu vzorkem. Relativni tcinnost jednotlivych srov-
navanych fotokatalyzatort pro rozklad HOx vyrazné zavisi
na pH ozafované suspense. Pii pH ~ 2 je fotokatalyticka
aktivita vzorki Degussa P25, HTO a TiO,-M srovnateln4.
V neutrélni a alkalické oblasti pH jsou nejucinnéjsi vzorky
Degussa P25 a TiO,-M, aktivita fotokatalyzatoru HTO je
velmi mald. Oba materidly Pretiox vykazuji v celé oblasti
pH nizkou fotokatalytickou aktivitu. V systémech saturo-
vanych dusikem je ui¢innost fotodegradace (ve srovnani se
systémy saturovanymi vzduchem) pfiblizné polovicni.

Nejvyssi fotokatalytickou aktivitu pro rozklad kyseliny
citronové vykazuje pfi pH ~ 2,6 vzorek HTO. Utinnosti
vzorkli TiO,-M a Degussa jsou o ~ 35 %, respektive o ~ 70 %
nizsi.

Sorpéni vlastnosti riznych vzorkti TiO, byly srovna-
vany pfi studiu zavislosti distribu¢niho koeficientu (Xpy)
stroncia (cg, = 109 mol.I'") na pH (pH = 1-13) roztoku
s koncentraci sodnych iontl 0,1 mol.l"!. Z téchto zavislosti
byly odecteny zddnlivé hodnoty isoelektrickych bodi jed-
notlivych sorbenti a hodnoty pH, pfi nichz distribu¢ni
koeficienty prekroCily maximdalni hodnotu stanovitelnou
v nagich podminkéch (K, = 6.10° ml.g!).

Ze ziskanych vysledkil vyplyva, Ze pro separaci stron-
cia z neutrdlnich a slabé alkalickych roztoki je vhodny
pouze sorbent HTO. Sorbenty TiO,-Ma Degussa P-25 maji
srovnatelné sorpcni vlastnosti, maximalni ti€¢innosti sorpce
je s nimi mozno dosahnout az v roztocich s pH > 10.
Sorpéni vlastnosti materidld Pretiox nejsou pro vétSinu
praktickych aplikaci prili§ vyhodné.

Ze srovnani fotokatalytické aktivity a sorpCnich vlast-
nosti studovanych vzorkti TiO, vyplyvd, ze materidly Pre-
tiox nejsou pro uvazovany kombinovany fotodegradacné —
sorpéni proces priliS vhodné. Utinnost ostatnich fotokata-
lyzator(i/sorbentdl vyrazné zavisi na pH roztoku.
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clear Chemistry, Czech Technical University in Prague.
PAEA Technology, Harwell Laboratory, UK): Separation
of Radionuclides or Heavy and Toxic Metals from Com-
plexing Media

Photocatalytic degradation of oxalic and citric acids by
ultraviolet radiation in the presence of five different sam-
ples of titanium dioxide semiconductor photocatalyst was
studied. Sorption of strontium on the same set of materials
was studied as a function of pH. It was concluded that for
a process comprising in one step photodegradation of or-
ganic complexants and sorption of released ions on the
photocatalyst/sorbent, the selection of the most efficient
material will be strongly pH-dependent.

PRECONCENTRATION OF STRONTIUM
IN MICELLAR SYSTEMS

9.04

ALENA PAULENOVA, PAVOL RAJEC
and PETER ADAMCIK

Department of Nuclear Chemistry, Faculty of
Natural Sciences, Comenius University, 842 15
Bratislava, Slovak Republic

The micellar enhanced ultrafiltration or the micellar
extraction is very similar to classical solvent extraction, but
instead bulk liquid organic solvent organic micellar pseu-
dophase in which metal ions are accumulated (by reaction
with chelating reagent) is used. These mixed micelles are
separated from the bulk solution by the filtration with
hydrophilic ultrafiltration membrane. The preconcentra-
tion efficiency depends on the filtration performance of the
membrane filter and on the binding of the species to the
micelles.

The system of anionic micelles of the sodium dodecyl-
sulphate (SDS) or of cationic micelles of the cetyltrimetyl-
ammonium bromide (CTAB) in the acetate buffer solutions
were used. As a chelating ligand reagent the di-2-ethyl-
hexylphosphoric acid (D2EHPA)! was used. The variable
values of pH, the values of the concentrations of surfactants



and of the ligand (1x104-1x104 mol.dm™3) and the vari-
able ratios of the ligand concentration to the surfactant
concentration were used for study of the influence of the
concentration and the composition of the micellar system
on the characteristics of sodium preconcentration. The con-
centration of strontium chloride was constant for all solu-
tions (2x10* mol.dm™). We used radiotracer #Srand the
acetate cellulose membrane (wet, LIKO) with molecular
weight cut-off 20,000 under the pressure of 400 kPa.

The comparison of the yields of strontium (R, %) in
variable composition of the mixed micelles of SDS or
CTAB as a function of pH-value of solutions is shown in
Fig.1. The process of the micellar extraction as well as the
chelate complexation of Sr with D2EHPA depends on the
pH-value of filtrated solutions. Similar to the bulk liquid
extraction' or to our previous work?3 at pH > 4 the reco-
very of the strontium is quantitative. The values of recovery
of strontium from the CTAB-micelle solutions were low
and close to the values of Sr recovery from acetate buffer
solutions without SDS or CTAB, but they were not smaller
than 10-20 %. Probably, this fact isconnected with ion-ex-
change properties of the acetate cellulose membrane. On
the contrary, ion-exchange process on the surface of SDS
micelles practically does not depend on pH-value of the so-
lutions and enlarges the Sr recovery by micellar extraction
with D2EHPA under the conditions of smaller D2ZEHPA
concentrations and makes this Sr-preconcentration as effi-
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Fig. 1. The dependence of strontium recovery on the pH-value
of variable micellar solutions. 1 - only SDS, 2 - SDS + D2EHPA,
3 - D2EHPA + CTAB, 4 - only D2EHPA, 5 - only CTAB

2

cient as solvent extraction, but much less toxic due to
missing of the organic solvent, Fig. 1.
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A. Paulenova, P. Rajec and P. Adamcik (Department
of Nuclear Chemistry, Faculty of Natural Sciences, Co-
menius University, Bratislava, Slovak Republic): Precon-
centration of Strontium in Micellar Systems

The process of the micellar extraction as well as the
chelate complexation of Sr with D2EHPA depends on the
pH-value of filtrated solutions. Similar to the bulk liquid
extraction at pH > 4 the recovery ofthe strontium is quan-
titative. The ion-exchange process on the surface of SDS
micelles practically does not depend on pH-value of the
solutions: and enlarges the Sr recovery by micellar extrac-
tion with D2EHPA under the conditions of smaller
D2EHPA concentrations.

THE STUDY OF THE BINDING
OF STRONTIUM BY HUMIC ACID'

9.05

ALENA PAULENOVA, PAVOL RAJEC
and GABRIELA SASKOIOVA

Department of Nuclear Chemistry, Faculty of
Natural Sciences, Comenius University, §42 15
Bratislava, Slovak Republic

Predictions of radionuclide distribution in natural soil-
water systems is an integral part of environmental risk
assessments, as this distribution control migration rate of
radionuclides in environment, their accumulation by fish
and agricultural crops and assurance in drinking water. The
radionuclide distribution between the liquid and solid pha-
ses in soils and bottom sediments is known to change with
time (,,the ageing effect"), which is due to changes in the
physical and chemical state of radionuclides in the solid



phase’. Strontium-90 as a member of root migration within
,,s0il - plant - milk” system is one of the most important
environment pollutant. Therefore, the present study was
carried out to experimentally measure the binding of the
Sr-85 (substitute for Sr-90) by humic acid in soil systems.
This study of the strontium complexing with humic acid
was performed by ultrafiltration method, which was widely
used by Kim and co-workers’ and Choppin® for studying
of humic complexation of americium, curium and pluto-
nium. The binding of strontium by humic acid was studied
by using of the solutions of strontium, humic acid in wide
concentration range of phone salts and pH-values as a mo-
del solution of a soil leaching.

We have used the microfiltration acetate cellulose fil-
ters with the pore size of 200 nm with diameter 25 mm
(Sartorius) in vacuum filter holders with water jet pump and
the ultrafiltration polysulphone membrane filters (LIKO
Bratislava) with pore size of 5 nm and diameter 25 mm
under pressure of 400 kPa in a flat sheet ultrafiltration cell.
The ultrafiltration experiments were performed with the
solutions of humic acid (Aldrich) in the concentration range
0.04-0.4 g.dm™ with ionic strength value of 0.004-0.3
mol.dm3 (NaCl or CaCl,) and pH value 4-7. Original
solutions were spiked by Sr-85 and the radioactivity (cpm)
before and after ultrafiltration and optical density (350, 465
and 665 nm) were measured.

It has been found, that recovery of humic acid by
membrane ultrafilters was slowly decreased with increas-
ing pH-value of solutions (Fig. 1). It agrees to the full
repulsion state of humic acid in solutions with neutral and
basic pH-values. In the solutions with low pH-values (close
to pH of natural waters) a humic acid exists in sferocolloidal
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Fig. 1. Recovery of strontium and humic acid vs. pH
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forms and its recovery is maximal (> 90 %) at the
same time, the binding of strontium is minimal. At these
conditions the binding of strontium by humic acid is ve-
ry low and the strontium can be very mobile in natural
matrices.
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A. Paulenovd, P. Rajec and G. Saskoiova (Depart-
ment of Nuclear Chemistry, Faculty of Natural Sciences,
Comenius University, Bratislava, Slovak Republic): The
Study of the Binding of Strontium by Humic Acid

Interactions between strontium and humic acid were
studied by ultrafiltration method at pH 4-7 and it was
found, that at pH 4-5 the humic acid yields were very high,
at the same time the strontium yields were only 20 %. It
means, strontium is bound by humic acid very weakly at
these conditions and strontium can be very mobile in natu-
ral matrices.
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ADSORPCE URANU NA JILUA VLIV HU-
MINOVYCH LATEK NA NI

9.06

PETR BENES ? KAREL KRATZER?,
SARKA VLCKOVA® a EVA
SEBESTOVAP

“Katedrajaderné chemie FIFI CVUT, Bieho-
vd 7, 11519 Praha 1, Ustav struktury a mecha-
niky hornin AV CR, V Holesovickdch 8, 182 09
Praha &

Z literatury je zndmo, ze pfitomnost huminovych latek
ve vodach ovliviiuje zdchyt stopovych prvkli a radionu-
klidd (SPR) prirodni tuhou fazi. Vét§inou byl zaznamenan
pokles zichytu od urcité koncentrace humdtu vyse, bylo
viak pozorovano i zvy$eni zdchytu za ptitomnosti humétu’.
V disledku toho mohou humadty ovlivnit i migraci SPR
v povrchovych i podzemnich vodach, proto je vliv humati
na zachyt SPR v posledni dob& &asto studovan (viz napt.’).
Bylo také navrzeno vyuZzit sorpce na jilovych materidlech
za pfitomnosti humétt k &isténi odpadnich vod'. V této
prdci byla studovéna sorpce uranu na cyprisovém jilu
z vodnych roztokd v zavislosti na pH a koncentraci humatu
s cilem piispét k objasnéni vlivu humdti na tuto sorpci.
Cyprisje jilovitd zemina s vysokym obsahem kaolinitu (32 %),
muskovitu (18 %) a montmorillonitu (8 %), t€Zena v sever-
nich Cechach. Je vhodna jako pfirodni sorbent a zasypovy
nebo podlozni material ulozisf odpaditi. Pouzity humat je
primyslové vyrabén z uhli v Biling.

Sorpce byla studovdna vsadkovou metodou ve 30 ml
polyetylenovych ampulich s navdzkou 50 nebo 500 mg
cyprisu a s 10 ml vodného roztoku o iontové sile 0,1 mol.1-!
(NaClO,) a pocétecni koncentraci 4,2. 105 mol.I'! U(VI)
a0,03a30 mg.ml'] humadtu. Ampule byly tfepany 1-2
dny pii pokojové teploté, cypris byl oddélen centrifugaci
(10 min, 3000 ot.min"!) a v roztoku byla spektrofotomet-
ricky stanovena koncentrace humadtu a uranu.

Vysledky byly vyneseny ve formé zavislosti procenta od-
stranéni humatu a uranu centrifugaci z roztoku na pH. Bylo
potvrzeno, ze humadt se v kyselych roztocich srdzi a mize
byt i za nepfitomnosti cyprisu odcentrifugovian. Procento
centrifugace je velmi nizké nad pH 5, s poklesem pH pod 5
vyrazné roste. Za pritomnosti cyprisu se centrifugace huméatu
zvySuje v disledku sorpce nebo srdZzeni humétu na cyprisu,
¢imz se vytvaii tzv. jilohumatovy komplex. Toto zvySeni
je zavislé na pH a poméru koncentraci cyprisu a humatu.
Nejvyssi zvySeni nastava ve slabé kyselé oblasti, pH 3-7.

Odstranéni uranu centrifugaci indikuje sorpci na cy-
prisu nebo na cypris-humatovém komplexu. Ze ziska-
nych kiivek vyplyvd, Ze v nepfitomnosti humatu probiha
sorpce uranu na cyprisu v zavislosti na pH dvéma ma-
ximy. Prvni ndrQst sorpce s pH je disledkem Kklesajici
konkurence H™ jontli a rostouci disociace povrchovych
skupin cyprisu. Nasledujici pokles a opétovny nértst sorp-
ce, jejichz poloha na stupnici pH zavisi na koncentraci
cyprisu, je obtizné vysvétlit. Druhy pokles sorpce pfi vy-
sokych hodnotach pH, pozorovany jen u mensi koncentrace
cyprisu, vyplyva patrné ze vzniku zaporné nabitych kom-
plex®i uranu.

Pridavek humatu zvySuje sorpci (centrifugaci) uranu
v oblasti nizkych hodnot pH, pficemz méni polohu a/nebo
tvar prvniho maxima sorpce. Prislusné zmény zaviseji
na poméru koncentraci humdtu a cyprisu. ZvySeni je di-
sledkem tvorby cypris-humatového komplexu, projevu-
je se v oblasti vysoké sorpce nebo sraZzeni humatu na
cyprisu. Ve tfech ze Ctyf studovanych ptipadd se prvni
pokles sorpce uranu s pH (pH 3-8) shoduje s poklesem
tvorby cypris-humdatového komplexu. Ve zbylém pripadé
se sorpce humatu v oblasti poklesu sorpce uranu méni jen
malo, coZ ukazuje na vliv pH na sorpci uranu jilohu-
matovym komplexem. Pti vy$Sich hodnotdch pH pfidavek
humétu sorpci uranu cyprisem sniZuje tim, Ze vytvari sta-
bilni komplex s uranem ve vodné fazi. Snizeni roste s ris-
tem poméru koncentrace humatu ke koncentraci cyprisu.
Ziskané poznatky lze vyuzit pfi CiSténi odpadnich vod od
uranu i pfi interpretaci vlivu humdtii na migraci uranu
v prostiedi.
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cal University, Praha, Plnstitute of Rock Sctructure and
Mechanics, Czech Academy of Sciences, Praha): The Ad-
sorption of Uranium on Clay and the Effect of Humic
Substances

Adsorption of hexavalent uranium and of humic sub-
stances from aqueous solutions on cypris clay were studied
as a function of pH of'the solution, concentration of humic
substances and clay-to-solution ratio. It has been found that
the presence of humic substances enhances uranium ad-
sorption at low pH values due to the formation of clay-hu-
mate complex.

RADIACNOCHEMICKE VYTAZKY VOL-
NYCH RADIKALOV CROWN ETEROV
A ICH SPEKTRA ESR VO FREONOVYCH
MATRICIACH
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JOZEF KURUC? VALENTIN E. ZUBAREV”
a LENAR T. BUGAENKO”

“Katedrajadrovej chémie, Univerzita Komen-
ského, 8§42 15 Bratislava, Slovenskd republika,
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zita, 117234 Moskva, Ruskd federdcia

Metodami ESR spektroskopie! a spinového zachytu’
sme skimali Struktiru vol'nych radikdlov, ktoré vzni-
kajui pri y-rddiolyze niektorych crown éterov. Grigoriev
a Nesterov potvrdili’ nd§ zdver o tom, Ze v oZiare-
nych crown éteroch vznikaji volné radikdly s nespére-
nym elektrénom lokalizovanym na uhlikovom atome,
pri¢om stanovili aj radiaénochemické vytazky radikdlov pri
y-radiolyze.

Cielom prace bolo stanovit' radiaénochemické vytazky
vol'nych radikalov crown éterov (12-crown-4, 12C4; 15-
crown-5, 15C5; 18-crown-6, 18C6; dibenzo-18-crown-6,
DB18C6; dicyklohexdno-24-crown-8, DCH24CS), ktoré

Tabulkal

vznikaju pri ich oziareni pri 77 K réntgenovym Zziarenim
(tabul'ka I). Ako dozimeter (D* = 521459 Gy min"') bol
pouzity metanol’.

ESR spektrd kationradikdlov moZno merat pri oZiareni
zriedenych roztokov materskej latky vo freonovych matri-
ciach’®. My sme sa pokusili zaznamenat' ESR spekird
skimanych crown éterov (okrem DB 18C6, ktory bol malo
rozpustny) vo freéne-113 (1,1,2,2-tetrafuléro-1,2-etdn).
Pravdepodobne sme pozorovali ESR spekird C-centrova-
nych radikalov typu -O-CH,-"CH,, ktoré su lepsie rozli-
$ené, ako pri radiolyze &istych crown éterov'. Kation-
radikaly sme nepozorovali (respektive sa prekryvaju so
spektrami radikalov), pretoZe sme pouZzili vyssie koncen-
tracie crown éterov (~ 5 %), nez je potrebné pre zdznam
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ESR spektier kationradikalov™".
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Bratislava, Slovak Republic, "Department of Chemistry,
Moscow State University, Moscow, Russian Federation):
Radiation Yields of Free Radicals of Crown Ethers and
their ESR Spectra in Freone Matrices

The radiation yields of free radicals obtained at X-ray
radiolysis of some crown ethers at 77 K were determined.
After irradiation with X-ray of solutions of crown ethers in
the freone-113the ESR spectra of free radicals were obtained.

Radia¢nochemické vytazky volnych radikdlov crown éterov pri ich oZiareni rontgenovym Ziarenim

12C4

Crown-éter 15C5

18C6

DB18C6 DCH24C8

G(ZR"), (rad-v/100 ev)

5,410,8

11,542,0
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RADON VE VZDUCHU PODZEMNICH
DUTIN 2

9.08

OLDRICH NAVRATIL, PETR SLADEK
a DANIEL SAS

Katedra specidlni chemie, Vysokd vojenskd sko-
la PV, 682 03 Vyskov

V préci jsou diskutovany otazKy tykajici se objemové
aktivity radonu a jeho pfeménovych produktti, koncentrace
atmosférickych iontdi a mikroklimatickych podminek
v prostorach Javori¢skych jeskyni a speleoléCebny ve Zla-
tych Hor4ch.

V komplexu Javofi¢skych jeskyni, konkrétné v lokalité
»Sovi dira" bylo od VII.95 do XII.96 provedeno 18 mini-
malné 24 hodinovych méfeni v mési¢nich intervalech. Mo-
nitorovani navazuje na vysledky, které byly ziskany v pred-
chozim obdobi na dalSich mistech Javori¢skych jeskyni.

V lokalité speleoléCebny ve Zlatych Hordch bylo pro-
vedeno 12 dvacetiCtyf hodinovych méfeni v mési¢nich in-
tervalech pocinaje IV.95 a konce II1.96. Sbér dat v obou
piipadech probihal na stacionarnim misté.

Objemov4 aktivita 222Rn (OAR) v obou lokalitich vy-
kazuje zmény v rdmci roku i v rAmci 24 hodin. Hodnoty
OAR v Javoricku se pohybovaly od 250 (XII.95) do 7300
Bq.m (VIIL96). Primérn4 roéni hodnota byla 2600 Bg.m™>.
Ve Zlatych Horach dosahovala OAR 180 az 710 Bq.m™.
Primérnd rofni hodnota OAR byla 500 Bq.m‘q’. Z po-
rovnani obou lokalit vyplynulo u Zlatych Hor velmi sil-
né potlaceni typického jeskynniho ro¢niho cyklu - tzn.
rozdilu zimnich minimélnich a letnich maximélnich hod-
not. Ukazuje se jednozna¢né, ze rozhodujicim fakto-
rem variability koncentrace radonu je proudéni vzduchu
uvniti lokality a teplota vnéjsiho vzduchu, resp. priimérna
denni teplota: ¢im vySSi teplota, tim vysSi aktivita a na-
opak. Tato skute¢nost je pon¢kud ovlivnéna zménami ba-
rometrického tlaku, na kterém zdvisi emanace radonu
z hornin vnitfnich stén. Tyto zmény ale nerusi vyse uve-
dené teplotni zavislosti.

Ekvivalentni objemova aktivita radonu vykazovala to-
tozné zmény ro¢nich i dennich pribéhtijako OAR.

Duilezitym kritériem pro hodnoceni uzavienych prostor
je hodnota rovnovazného faktoru F. Ten vyjadiuje pomér
ekvivalentni objemové aktivity radonu (EOAR) k objemo-
vé aktivité radonu (OAR)’. Charakterizuje kolik pfemé-
novych produktt 222Rn (218Po, 214Pb, 214Bia 214Po)e
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vazano na stény, vlhkost, prachové Castice atd. a kolik jich
je ve volném, nevazaném stavu. Hodnoty Fv lokalité Javo-
ficko vykazuji zmény v ramci roku a rovnéZ v ramci
24 hodinového meéfeni. Na rozdil od objemové aktivity
radonu byly vsak nejvy$si hodnoty pravé v zimnim ob-
skute¢nost je ziejm¢ do znacné miry ovliviiovdna prou-
dénim vzduchu, ponévadz v relativné uzavienych loka-
litich (napf. speleoléCebna ve Zlatych Horach) se tento
rozdil mezi ro¢nimi obdobimi v takové mife nevysky-
tuje. Mimo proudéni vzduchu mohou vysSe uvedenou rov-
novdhu ovliviiovat i dalsi faktory jako Cistota a vlhkost
ovzdusi, teplota a tlak vzduchu, geomagnetismus a jiné. Lze
konstatovat, Ze hodnoty rovnovazného faktoru F se pohy-
bovaly v rozmezi 0,2 (VI1.96)-0,7 (I1.96) a primérna hod-
nota byla 0,46, coz odpovidd standardnimu chovéni pie-
ménovych produkti. V lokalité¢ Zlaté Hory hodnota F
kolisala kolem 0,5 , pfiCemz zmény v ramci roku byly
zanedbatelné.

Jednim z rozhodujicich faktori mikroklimatu ve spe-
leolécebnach a speleotherapeutickych centrech je koncen-
trace lehkych atmosférickych iontii a koeficient unipolarity
P=n"/n" (pomér koncentrace kladnych »*a zdpornych n-
iontf). Je-li koncentrace iontd dostatedn& vysokd (r2.10°cm™>)
a koeficient unipolarity P je blizky jedné, je mikroklima
povaZovano za therapeuticky u¢inné’. V lokalité Javoricko
dosahovala koncentrace kladnych atmosférickych iontt
hodnot od 1500 do 22200 iontd.cm™, zdpornych iontt od
2000 do 30000 iontti.cm™, koeficient unipolarity se pohy-
boval od 0,54 do 1,02. Primérna hodnota koeficientu uni-
polarity byla 0,8. V lokalit¢ Zlaté Hory dosahovala koncen-
trace kladnych iontt od 200 do 9000 ionti.cm™, koncentra-
ce zapornych iontl od 200 do 9500 ionti.cm™, koeficient
unipolarity se pohyboval od 0,7 do 1,3. Primérna hodnota
koeficientu unipolarity byla 0,98. Bylo prokdzéno, Ze kon-
centrace lehkych atmosférickych iontt je linearné zdvisla
na objemové aktivité radonu. Dale bylo zjisténo, Ze kazda
lokalita ma svou charakteristickou smérnici primky zavis-
losti koncentrace iontli na OAR.

LITERATURA

Grant EC/HEA/10-CZ PHARE.

Grant 28/94 GA MZP.

Swedjemark G. A.: Health Physics 45, 453 (1983).
Gruntorad J., Lajé¢ikova A.: Geologicky prizkum 10,
293(1992).

2w



O. Navritil, P. Sladek and D. Sas (Department of
Chemistry, Military University, Vyskov): Radon in the Air
of Underground Cavities

The radiation situation of the speleotherapeutic centre
Zlaté Hory and cave Javoricko is described and evaluated.
In 1995-1996 the authors measured the activities of radon
and its daughter products, the factor Fand the concentration
of light ions in the air.

FRAGMENTACIA CYKLICKYCH 2-DIA-
Z0-1,3-DIKETONOV INDUKOVANA
ELEKTRONOVYM UDEROM

9.09

JOZEF KURUC?, ERIKA KARDOSOVA?
a VALERU A. NIKOLAEV”

“Katedrajadrovej chémie, Univerzita Komenské-

ho, 842 15 Bratislava, Slovenskd republiéla, Chemic- 2.

kd fakulta, Sankt- Peterburgskd Stdtna univerzita,
199034 Sankt-Peterburg, Ruskd federdcia

Bola studovana fragmentacia (hmotnostné spektrzi)]
cyklickych 2-diazo-1,3-diketénov (2-diazo-1,3-cyklohexa-
dién, la; 2-diazo-4,4-dimetyl-1,3-cyklohexéndion, 1b; 2-dia-
70-5,5-dimetyl-1,3-cyklohexdandion, 7c; 2-diazo-4,6-dioxa-
5,5-dimetyl-1,3-cyklohexdndion, Id; 2-diazo-5-fenyl-1,3-

Tabulka I

cyklohexdndién,  /e), indukovand elektronovym tderom,
ktoré boli syntetizované podla $tandartnych metodik’.
Hmotnostné spektrd boli zmerané na pristroji Varian
MAT 111, s teplotou zdroja 120 °C, energiou elektronov
17-70 eV a 150 LA a laboratérnou teplotou zésobnika
vzorky.

Pre fragmentaciu diazozli¢enin® a diazoketénov*> po
ionizécii molekuly elektronovym tiderom je typické odstie-
penie diazoskupiny. Okrem vzniku i6nov [M-N,]|* srae
pozorovali taktieZ vznik iénovych fragmentov [M-N,-COJ*,
[M-N,-CO-CH,]* a [M-N,-CO-CH;3]*. Okrem Je u viet-
kych diazodiketonov sa pozoruje Wolfov preSmyk. Za-
stupenie molekulovych iénov a typickych idénovych frag-
mentov je uvedené v tabulke I.
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Percento z celkovej ionizacie (Citatel') a relativna intenzita (%) (menovatel) molekulovych iénov a iénovych fragmentov

diazo-1,3-diketénov pri 70 eV a 20 eV

No. eV M1+ [M-N2]*
la 70 10,98/86.,4 3,9/30,8
20 15,75/37 11,02/26
b 70 5,94/29,1 2,71/13,3
20 2,67/13,5 8,53/43,2
Ic 70 2,18/13,4 3,9/24
20 6,82/42,1 14,79/91,2
Id 70 2,58/5,1 0,28/0,5
20 3,85/8.,4 9,78/21,4
Ie 70 0,21/0,7 3,07/31
20 2,48/10,6 23,36/100

[M-N2-CO]*  [M-N2-CO-CHa]*  [M-N»-CO-CH3]*

0,99/7.8 1,70/13,4
2,36/5.,6 = -
0,89/4,4 0,78/3,8 12,24/60
1,60/8,1 1,53/6,8 19,73/100
0,94/5.8 1,4/8,6 2,60/16
2,96/18,3 - 14,79/91,2
1,45/5 0,37/1,3 -

2,34/10 -

10,36/44,4




J. Kuruc?, E. Kardo$ov4?and V. A. Nikolaev ("De-
partment of Nuclear Chemistry, Comenius University, Bra-
tislava, Slovak Republic, YDepartmentof Chemistry, Sankt-
Peterburg State University, Sankt-Peterburg, Russian Fe-
deration): Electron-Impact-Induced Fragmentation of
Cyclic 2-Diazo-1,3-diketones

The electron-impact-induced fragmentation (the mass
spectra, 15-70 eV) of cyclic 2-diazo-1,3-diketones (2-dia-
zo-1,3-cyklohexadione, Ia; 2-diazo-4,4-dimetyl-1,3-cyklo-
hexandione, /b; 2-diazo-5,5-dimetyl-1,3-cyklohexandione,
Ic; 2-diazo-4,6-dioxa-5,5-dimetyl-1,3-cyklohexandione, /d;
2-diazo-5-fenyl-1,3-cyklohexandione, /e) was studied. For
all investigated diazocompounds fragmentational schemes
were proposed. All cyclic diazo-1,3-diketones show mo-
lecular ion with 0.7-86.4 % of relative abundance and
Wolff rearrangement (without /d). A typical fragments
are [M]*, [M-N,]*, [M-N,-COJ*, [M-N,-CO-CH,]* and
[M-N,-CO-CHs]*.

Tabulka |

FRAGMENTACIA CYKLICKYCH DIA-
ZODIARYLMETANOV INDUKOVANA
ELEKTRONOVYM UDEROM

9.10

JOZEF KURUC?, ERIKA KARDOSOVA?
a LUDMILA L. RODINAP

“Katedra jadrovej chémie, Univerzita Komenské-
ho, 842 15 Bratislava, Slovenskd republika,hChe—

mickdfakulta, Sankt- Peterburgskdstdtna univerzita,

199034 Sankt- Peterburg, Ruskd federdcia

Bola $tudovand fragmentdcia (hmotnostné spekira)!
diazodiarylmetdnov (diazodifenylmetan, la; fenyl-para-
metoxyfenyldiazometdn, Ib; fenyl-para-bifenyldiazome-
tan, Ic; 10-diazonaftochinén, Id; a 9-diazotioxantén, le)
indukovand elektronovym tderom, ktoré boli syntetizo-
vané podla $tandartnych metodik’. Hmotnostné spekird
boli zmerané na pristroji Varian MAT 111, s teplotou zdroja
120 °C, energiou elektrénov 17-70eV a 150 UA a laboratér-
nou teplotou zasobnika vzorky.

Pre fragmentaciu diazozli¢enin po ionizdcii molekuly
elektrénovym tiderom je typické odstiepenie diazoskupi-
ny’. Okrem vzniku i6nov [M-N,]* sme pozorovali taktieZ
vznik neStandartnych iénovych fragmentov [M-C]*, [M-N]*,
[M-C-NJ* a [M-C-N,]*. Zastipenie molekulovych i6nov
a typickych iénovych fragmentov je uvedené v tabulke I.

Percento z celkovej ionizdcie (Citatel) a relativna intenzita (%) (menovatel) molekulovych idénov a iénovych fragmentov

diazodiarylmetdnov pri 70 eV a 20 eV

[M-C-NaJ*

No eV M1t M-C]* [M-NT* [M-N2J* [M-C-NT*

la 70 0,73/4,7 1,14/7.4 0,65/4,2 11,79/76,3 0,98/6,3 1,06/6,8
20 2,82/6,6 1,25/2,9 0,63/1,5 13,58/31,7 2,93/6,8 0,94/2,2

b 70 0,28/3,1 0,99/10,77 0,20/2,1 9,20/100 0,92/10 0,39/4,3
20 0,44/1,8 1,80/7.4 0,44/1,8 24,19/100 1,45/6,0 0,48/2,0

Ie 70 0,21/1,9 1,31/11,4 0,30/2,6 11,48/100 1,52/13,3 0,52/4,6
20 0,56/1,6 0,67/1,9 0,78/2,2 35,18/100 3,46/9,8 1,12/32

d 70 3,67/30,4 3,14/26,1 0,73/6,1 9,43/78,3 4,45/37 2,38/19,8
20 5,87/24,1 1,43/5.9 = 24,34/100 8,73/35,9 0,64/2,7

le 70 0,93/13,6 0,66/9,8 0,68/10 5,87/86,4 0,65/9,6 0,46/6,8
20 1,71/11,5 6,94/47 1,02/6,9 14,8/100 3,98/26,9 =

778
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J. Kuruc?, E. KardoSov4? and L. L. Rodina® ("De-
partment ofNuclear Chemistry, Comenius University, Bra-
tidava, Slovak Republic, ”Deparlmentof Chemistry, Sankt-
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Peterburg State University, Sankt-Peterburg, Russian Fe-
deration): Electron-Impact-Induced Fragmentation of
Diazodiarylmethanes

The electron-impact-induced fragmentation (the mass
spectra, 15-70 eV) of diazodiarylmethanes (diazodiphenyl-
methane, phenyl-para-methoxyphenyldiazomethane, phe-
nyl-para-biphenyldiazomethane, 10-diazonaphtoquinone,
and 9-diazothiaxanthene), was studied. For all investigated
diazocompounds fragmentational schemes were proposed.
All diazodiarylmethanes show molecular ion with 1.6-30.4%
of relative abundance. A typical fragments are [M-C]*,
[M-N]*, [M-N,]*, [M-C-N]* and [M-C-N,]*.
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ELEKTRICKE VLASTNOSTI METAFOS-
FORECNANOVYCH SKIEL OBSAHUJU-
CICH Cu'* IONY

10.01

MIROSLAV JAMNICKY a PETER ZNASIK

Katedra keramiky, skla a cementu, CHTF STU,
Radlinského 9, 812 37 Bratislava, Slovenskd
republika

Sklené elektrolyty, nazyvané aj superiénovo vodivé
skld, putaju stdle znaénu pozornost' pre ich technologické
aplikacie v elektrochemickych zariadeniach, ako sd napr.
batérie, displeje a senzory. V poslednych rokoch sa zna¢na
Cast prac zamerala na pripravu fosfore¢nanovych skiel ob-
sahujicich kationy Cu™, ktorych vodivosti su porovnatelné
s najlepsie vodivymi sklami obsahujicimi kationy Ag*.
Hlavnym cielom tohoto prispevku je poukazat na moznosti
dosiahnutia vysokych idénovych vodivosti fosfore¢nano-
vych skiel v ststave CuX-Cu,0-P,05 (X = CI, Br, I) ato
osobitne v sustave metafosforeCnanovych skiel. Pripravu
a vlastnosti vicsiny Studovanych skiel sme uz skor publiko-
vali'"’. V tabulke I uvddzame zloZenia vychodiskovych
zmesi a hodnoty celkovej elektrickej vodivosti len pre
mensi ale reprezentativny stibor z pripravenych skiel.

Z merani elektrickych vodivosti skiel (celkova vodivost
sa merala metodou frekvenénej analyzy, elektronova zloz-
ka vodivosti Wagnerovou polariza¢nou technikou) sa zis-
tilo, ze prispevok elektrénovej zloZky vodivosti v tejto
sustave je vZdy pribliZne o tri poriadky mensi v porovnani
s celkovou elektrickou vodivostou. Z porovnania hodnot
vodivosti skiel obsahujicich halogenidy medi (skld 2 az 11)
a vodivosti skla bez halogenidu medi (sklo 1) moZno jed-
noznaéne potvrdit vieobecne zndme poznatky, Ze na pre-
nose elektrického ndboja v sklach tohoto zloZenia sa podie-
laju takmer vylucne len katiény Cu* vnesené do skla vo
forme CuX a nie vo forme modifikdtora Cu,O. Celkova
a tym aj iénova vodivost skiimanych skiel sa proporcional-
ne zvacSuje so zvysovanym celkového obsahu halogenidov
medi (pozrinapr. skld 1 az 3). Zatial' ¢o metafosfore¢nanové
skld obsahujuce rovnaké mnozstvd Cul a CuBr maju pri-
blizne rovnaké hodnoty vodivosti, zloZenim analogické
skl4 obsahujice CuCl maju vzdy niz§iu vodivost (pozri
napr. skla 3,5 a 7). Ocakadvané zvySenie vodivosti skiel ako
dosledok sucasnej pritomnosti viacerych halogenidovych
aniénov v tom istom skle (mixed-anion effect®) sa vyraz-
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Sekce 10
nejSie pozorovalo len v sustavach s vysokym celkovym
obsahom halogenidov (napr. sklda 9 a 11). Analogicka
sustava metafosforeCnanovych skiel zlozenia (40-x)CuBr-
xCuCl-30Cu,0-30P,05 sa zatial nesktiimala.

Hodnotu vodivosti fosfore¢nanovych skiel moze vy-
razne ovplyvilovat aj Strukturny typ zdkladného fosforeg-
nanového skeletu. Zistili sme, ze vodivosti diskutovanych
metafosforeCnanovych skiel zloZzenia (40-x)Cul-xCuCl-
pri analogickych ortofosfore¢nanovych sklach zloZenia
(40-x)Cul-xCuCl-45Cu,0-15P,05. Navyse, hodnoty cel-
kovej elektrickej vodivosti uvedenych ortofosfore¢nano-
vych skiel vyraznejSie neovplyviiuje druh halogenidového
aniénu ani ich pomerné zastipenie (vodivost je takmer
konstantnd s hodnotami 6298K = 3,5.102Srn"").

Tabulka I
ZloZenie a hodnoty celkovej elektrickej vodivosti, Gyogk,
metafosfore¢nanovych skiel v sustave CuX-Cu,O-P,0O5

Sklo ZloZenie [% mol] G208K[Sm™']
1 50Cu20 - 50P205  1,6.10"
2 20Cul - 40Cu20 - 40P205  6,5.10°7
3 40Cul - 30Cu20 - 30P205  1,1.10°]
4 20CuBr - 40Cu20 - 40P205  5,2.107
5 40CuBr - 30Cu20 - 30P205  1,0.10°7!
6 20CuCl - 40Cuz0 - 40P205  1,4.10°°
7 40CuCl - 30Cu20 - 30P205  2,3.1072
8 (10Cul+10CuBr) - 40Cu20 - 40P205  4,9.10"
9  (20Cul+20CuBr) - 30Cu20 - 30P205  1,3.10°!
10 (10Cul+10CuCl) - 40Cu20 - 40P205  2,7.107

9,6.10

11 (20Cul+20CuCl) - 30Cu20 - 30P205
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M. Jamnickyand P. ZnaSik (Department ofCeramics,
Glass and Cements, Slovak University of Technology, Bra-
tislava): Electrical Properties of Metaphosphate Glasses
Containing Cu* Ions

Cuprous ion conductive glasses in the systems CuX-
Cuy,0-P,05 (X = I, Br, Cl) and Cul-CuX-Cu,0-P,04
(X = Br, Cl) were prepared. The influence of cuprous hali-
des as well as the influence of gradual substitution of Cul
by CuBr or CuCl on the electrical properties of Cut-ion-
conducting metaphosphate glasses were mainly investigated.

PRIPRAVA A VLASTNOSTI FOSFOREC-
NANU MEDNATO-VAPENATYCH

10.02

PETR MOSNER, PETRA PROKUPKOVA
a LADISLAV KOUDELKA

Universita Pardubice, Fakulta chemicko-tech-
nologickd, Katedra obecné a anorganické che-
mie, Cs. legii 565, 532 10 Pardubice

Metafosfore¢nany fady kovli maji pii rychlém chlazeni ta-
veniny tendenci ke tvorbé skelnych fazi. V této praci byl
sledovan vliv zptisobu ptipravy skel systému Ca;_,Cu, (PO5),
na nékteré jejich vlastnosti.

Vzorky skel byly pfipraveny dvéma zptsoby, liSici-
mi se zejména volbou vychozich surovin, s ¢imz posléze
souvisel odlisny zplisob piipravy vychozi smési a volba
rezimu kalcinace. V obou piipadech byla pouZita stechio-
metrickd mnozstvi sloZenim odpovidajici metafosforec-
nanu Ca; _,Cu, (PO3),. Prvni metoda pfipravy vychozi smé-
si spocivala v reakci CaCO5 a CuO s 85 %-ni kyselinou
fosfore¢nou. Druhy zplisob piipravy spocival v reakci CaO,
CuO a NH4H,PO,. Vychozi smési byly kalcinovdny v ko-
rundovych kelimcich 2 hodiny pfi teploté 700 °C a posléze
roztaveny pii teploté 1200 °C. Skla byla ziskdna prudkym
ochlazenim taveniny reakéniho produktu litim do destilo-
vané vody a poté za sucha pomleta ve vibraénim mlyné.
Prések o stfedni velikosti ¢éstic 80 pm byl pak pouzit
k dal§im studiim (DSC, IC, RTG).

Amorfni charakter pfipravenych vzorkli byl ovéfovan
pomoci rentgenové difrakce, slozeni ziskanych vzorki bylo
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ovéfovano jednak chemickou analyzou na ICP spektro-
metru a ddle rentgenovou fluorescenéni mikroanalyzou.
Z obou uvedenych analyz vyplyvd, Ze slozeni vzorkd pfi-
pravenych vySe uvedenymi metodami je odliSné. U vzork(
pfipravenych z dihydrogenfosfore¢nanu je blizké ptvod-
nimu sloZeni Ca,_Cu,(PO3),, kde pomér (Ca;_Cu,)O :
P,05 = 1, zatimco u vzorkd z H3PO4 se tento pomér
pohybuje v intervalu 1-2. Tato skutecnost byla potvrzena
i rtg difrak¢ni analyzou. Na vzorcich skel piipravenych z ky-
seliny trihydrogenfosfore¢né zakrystalovanych pti 750 °C,
byly nalezeny v prevazné miie difrak¢éni ¢ary odpovidajici
difosfore¢nanim.

Ze ziskanych kiivek DSC bylo zjisténo, Ze vSechny
vzorky skel pfipravené z HsPO, krystaluji v rozmezi
570-700 °C, pticemz hodnoty teplot 7, odettenych jako
extrapolovany bod ndb&hu krystaliza¢niho piku se snizuji
s pribyvajicim mnozstvim médi. Stejny zavér plati i pro
hodnoty transformacnich teplot skel Tg, které se pohybuji
v intervalu 477-498 °C.

Skla Ca;_Cu,(PO3), pfipravend z dihydrogenfosfo-
re¢nanu pii zahfivani na DSC nejevila tendenci ke krystali-
zaci. Transformacni teploty skel Tg se pohybuji v intervalu
462-510 °C a rostou s pribyvajicim mnoZzstvim médi.

Rozdilné slozeni obou fad se projevilo i na ziskanych
infracervenych spektrech skel, kde u skel ziskanych z H;PO,
se objevuje spektralni pds s maximem 1080-1100 cm™!,
ktery je charakteristicky pro difosfore¢nanovy strukturni
celek ajehoz maximum se s riistem obsahu médi posouva
k niz8im hodnotdm vino¢tu. Ramanova spektra se nepo-
datilo zmé¥it vzhledem k silné absorbci zptisobené ptitom-
nosti méd'natych iont.

P. Mosner, P. Prokipkovaand L. Koudelka (Depart-
ment of General and Inorganic Chemistry, Faculty of Che-
mical Technology, University of Pardubice, Pardubice):
Preparation and Properties of Copper-Calcium Phos-
phates

Ca;_4Cu,(PO3),glasses were prepared by two different
methods - by the reaction of H3PO, with CaCO5 and CuO
or by the reaction of NH,H,PO, with CaO and CuO with
the following calcination and melting at 1200 °C. The
samples prepared from phosphoric acid had their composi-
tion shifted toward diphosphates. The effect of composition
on the thermal behaviour of glassy samples (glass transfor-
mation, crystallization) and the structure of crystalline sam-
ples were investigated by the infrared spectroscopy and
X-ray diffraction.



STUDIUM SKELNYCH A KRYSTALIC-
KYCH FAZI SYSTEMU Ca(PO3)2-Mg(PO3)2

10.03

LADISLAV KOUDELKA, PETR
MOSNER a PETRA PROKUPKOVA

Univerzita Pardubice, Fakulta chemicko-tech-
nologickd, Katedra obecné a anorganické che-
mie, Cs. legii 565, 532 10 Pardubice

Metafosfore¢nany fady kovii maji pfi rychlém chlazeni
taveniny tendenci ke tvorbé skelnych fazi. Patfi mezi né
i fosfore¢nany hofe¢naty a vapenaty, které ve skelném sta-
vu tvofi nepfetrzitou fadu homogennich skel, o slozeni
Ca; Mg, (PO3),. Ob€ krajni slouceniny systému se lisi
svou strukturou; Ca(PO3), ma strukturu sloZenou z poly-
fosfatovych fetézcli, zatimco Mg(POs), obsahuje ve své
struktufe cykly P,0;,. Proto jsme se v této prci snaZili
zjistit jak se tato skuteCnost obrazi v termickém chova-
ni i ve struktufe skelnych a krystalickych fazi systému
Ca; xMgx(PO3), .

Vzorky skel systému Ca;_ Mg (PO5), byly pfipravovi-
ny reakci prislusnych uhli¢itand s kyselinou fosfore¢nou
a skla byla ziskdna chlazenim roztaveného reakéniho pro-
duktu z teplot nad 1150 °C litim na ocelovy plech. Mletim
ve vibra¢nim mlynu byl pak pfipraven praskovy produkt
o stfednf velikosti 4stic 80 m pro termoanalytickd a IC
méfeni, Ramanova spektra byla méfena na objemovych
vzorcich. Kineticka analyza termoanalytickych kiivek byla
pak provadéna s pouzitim softwarového programu TAS.
Meéfeni kinetiky krystalizace bylo studovano u objemovych
a praskovych vzorkdi skel Ca; Mg, (PO3), pro sloZeni
sx=0,0,5a 10.

Struktura skelnych a krystalickych fizi byla studovana
na vzorcich Ca;_ Mg, (PO5), v celém rozsahu koncentraci
x = 0-1,0. Z vysledku rentgenové difrakéni analyzy vyply-
va, Ze v krystalické fazi dochazi k tvorbé tuhych roztokt
u vzork® s x < 0,3 se strukturou B-Ca(PO3); a u vzorkid
x > 0,6, které maji strukturu slou¢eniny Mg,P,01,. Po-
dobné zavéry byly ucinény z analyzy jejich infraerve-
nych a Ramanovych spekter. U skelnych materiald systé-
mu Ca;_ Mg, (PO3),jsou rozdily v Ramanovych i 1C spek-
trech malé, vzhledem k tomu Ze vzorky Ca; Mg (PO;),
ve skelné fazi tvofi plynulou fadu tuhych roztokd.

Pribéh krystalizace skel zavisi rovnéz na agregatnim
stavu vzorkli skel, u objemovych vzorki je krystalizacni
pik posunut k vys§im teplotdm v porovnani se vzorky

praskovymi, coz miize byt zptisobeno pravdépodobné roz-
dilnym mechanismem krystalizace v praskovych a obje-
movych vzorcich. Tento posuv je vét§i u vzorkd s vys§im
obsahem hoi¢iku. Namétené hodnoty teploty skelné trans-
formace Tg a krystaliza¢ni teploty 7, u praSkovych vzorki
rostou s ristem obsahu hot¢iku v intervalu By 529-544 °C
aT, =631-677 °C.

Hodnoty aktivatni energie zjistované metodou Kissingero-
vou aFriedmanovou jsou u smé&sného vzorku Cay sMg, 5(PO3),
skla nizsi nez u vzorkd Ca(PO3), i Mg(PO3),. Maximum
krystalizacniho piku se posouva k vys$§im teplotdm s ros-
toucim obsahem hoi¢iku, coZ odpovida vyssimu podilu
kovalence na chemickych vazbach kationtové ¢asti s fos-
foreCnanovymi anionty. Studium kinetiky krystalizace
vzorki skel Ca; Mg, (PO3),ukézalo, Ze pro vétsinu vzor-
kit se nejlépe hodi popis kinetiky pomoci Berggren-Sest4-
kova empirického dvouparametrového modelu, zatimco
u praskového vzorku skla Ca(PO5), a objemového vzorku
skla Mg(POs), lepsi popis dava Johnson-Mehl-Avramiho
model. Hlavni pfi¢inou jsou pravdépodobné rozdilné me-
chanismy nukleace a rychlosti nukleace a ristu krystalit
ve studovanych vzorcich.

L. Koudelka, P. MoSner and P. Prokiipkova (De-
partment of General and Inorganic Chemistry, Faculty
of Chemical Technology, University of Pardubice, Par-
dubice): Study of Glassy and Crystalline Phases in
Ca(PO;),-Mg(PO3), System

The structure of Ca;_ Mg, (PO3), crystalline and glassy
samples was investigated in the whole concentration region
of x = 0-1.0 by X-ray diffraction, thermal analysis, infra-
red and Raman spectroscopy. In the crystalline sam-
ples solid solutions are formed for x < 0.3 on the Ca-side
of the system, with the structure of B-Ca(PO5),, and for
x > 0.6 on its Mg-side, with the structure of Mg,P,0,.
The results of the study of kinetics of crystallization of
Ca; Mg, (POj3),glasses, of the composition x = 0, 0.5 and
1.0 are also given.
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CORROSION OF SILICATE GLASSES BY
AQUEOUS SOLUTIONS OF ORGANIC
COMPOUNDS'

10.04

LUDMILA RYBARIKOVA, HELENA
HRADECKA and IVA KOURILOVA

Department of Glassand Ceramics, Institute of

Chemical Technology, Technickd 5, 166 28 Prague

The problem of the effect of organic compounds on
glass is important in particular with container glass for
pharmaceutical purposes, where the minimum possible re-
lease of glass components is desirable. This applies especially
to parenteral preparations, and to products to be sterilized
in glass vessels. In the case of container glass for foodstuffs
and beverages, the problems are basically concerned with the
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Fig. 1. Concentrations of SiOz in silica glass leachates. Tem-
perature 98 °C, time of leaching 24 hours. 1 - distilled wa-
ter; 2 - distilled water with NaOH (pH = 6,9); 3 - citrate; 4 -
tartrate; 5 - lactate; 6 - lactic acid; 7 - glukonate; 8 - gluconic
acid; 9 - ascorbate; 10 - oxalate; 11 - disodium salt of EDTA,;
12 - TRIS
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Fig. 2. Concentration of SiO in silica glass leachates vs. time
of leaching. Temperature 98 °C. 1 - citrate; 2 - lactate; 3 -
distilled water; 4 - distilled water with NaOH (pH = 6.9)

effect of organic compounds in the contents on the leaching
of heavy metals from the glass. It is known from the
literature? that the presence of some organic compounds
in aqueous solutions speeds up release of glass components
into solution. The present study is concerned with studying
the influence of aqueous solutions of some organic com-
pounds on the corrosion of the different types of glass.
The measurements were carried out with silica glass,
Simax borosilicate glass (the Pyrex type) and with white
container soda-lime silicate glass. As the leaching solutions
were used aqueous solutions (4 wt.%) of sodium citrate,
tartrate, lactate, ascorbate and gluconate, potassium oxa-
late, disodium salt of EDTA, and the solutions of the
corresponding organic acids. The pH of the solutions of
salts of organic acids was adjusted to neutral values. Disti-
lled water was used as reference leaching medium. The
extraction was carried out using ground glass samples (fraction
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Fig. 3. Concentration of SiO2 in Simax borosilicate glass lea-
chates. Temperature 98 °C, time of leaching 24 hours. 1 - distilled
water; 2 - distilled water with NaOH (pH = 6,9); 3 —citrate; 4 - citric
acid; 5 - tartrate; 6 - tartaric acid; 7 - lactate; 8 - lactic acid; 9 -
glukonate; 10— gluconic acid; 11 -ascorbate; 12 —ascorbic acid; 13-
oxalate; 14 - oxalic acid; 15 - disodium salt of EDTA
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Fig. 4. Concentration of SiO; in soda-lime silicate glass lea-
chates vs. time of leaching. Temperature 98 °C. 1 - citrate; 2 -
distilled water; 3 - distilled water with NaOH (pH = 6.9)



0.3-0.5mm, 2 g of glass in 50 ml solution) at 98 °C. The

concentrations of SiO, and CaO in the extracts were determined.

The results for silica glass show that neutral 4 % aque-
ous solutions of the salts of used organics acids promote
transfer of SiO, from the surface of silica glass into solution
as compared to distilled water (Fig. 1 and Fig. 2). The
transfer of Si0, into solution is already accelerated by low
concentrations (0.1 wt.%) of organic salts in solution. The
results for Simax glass and for soda-lime silicate glass are
in agreement with the similar measurements on silica glass.
All of the neutral solutions of salts of organics acids pro-
moted significantly the corrosion of the two types of glass
(Fig. 3 and Fig. 4). The SiO,/CaO molar ratio of leachates
from soda-lime silicate glass into citrate solutions remained
fairly constant and corresponded roughly to the molar ratio
of the components in the glass. This indicated that the
dissolution of glass was approximately congruent.

The similarity of the effects of neutral aqueous solutions
of salts of the given organic acids on silica glass and
multicomponent silicate glasses allows to conclude that
some types of organic compounds of silicon are formed by
the effect of neutral and alkaline aqueous solutions on
silicate glasses. The process is then responsible for speed-
ing up corrosion of the silicate glasses.
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L. Rybarikova, H. Hradecka and I. Kou¥ilova (De-
partment of Glass and Ceramics, Institute of Chemical
Technology, Prague): Corrosion of Silicate Glasses by
Aqueous Solutions of Organic Compounds

The effect of solutions of organic acids (citric, oxalic,
lactic, ascorbic, tartratic, gluconic and EDTA) on the cor-
rosion of silica glass and of multicomponent glasses (Simax
borosilicate glass and soda-lime silicate container glass)
was studied on powdered samples of the glasses at 98°C.
All of the compounds were found to promote the dissolu-
tion of these types of glasses in neutral aqueous solutions
as compared to dissolution in distilled water.
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VZTAH MEZI OPTICKYMI VLAST-
NOSTMI A KONCENTRACI LITHIA
VE VLNOVODNE VRSTVE NIOBICNA-
NU LITHNEHO'

10.05

PAVLA KOLAROVA?, JARMILA
SPIRKOVA-HRADILOVA?, JIRI
VACIK" a JOSEF SCHROFELS®

“Ustav anorganické chemie VSCHT, Technickd 5,
166 28 Praha 6, bUstav Jjaderné fyziky AV CR,
250 68 Rez u Prahy, ‘ Katedra mikroelektroniky,
FEL CVUT, Technickd 2, 166 27 Praha 6

Protonovd vyména s naslednou stabilizaci (APE) je
v soucasnosti jednou z nejcastéji pouzivanych metod pii-
pravy vino vodnych vrstev v niobi¢nanu lithném, pfi této
metod¢ dochazi k ubytku lithia z vinovodné vrstvy, coz ma
za nasledek zvySeni mimoifddného indexu lomu v tenké
vrstvé, zménu jeji struktury i objemu. Je ziejmé, Ze otdzka
vztahu zvySeni mimoradného indexu lomu podlozky v sou-
vislosti s koncentraci lithia ve vlnovodné vrstvé je Kkli-
¢ovym problémem pro objasnéni vinovodnych vlastnosti
APE LiNbO;.

Pripravovali jsme APE vinovody v X- a Z-fezech
niobi¢nanu lithného protonovou vyménou v kyselin¢ adi-
pové’, jejich optické vlastnosti jsme méfili metodou vidové
spektroskopie a pro stanoveni koncentrace lithia ve vino-
vodné vrstvé jsme pouzivali unikdtni metodu NDP (neutron
depth profiling).

Z obr. 1 je dobfe patrné, Ze oba ziskané hloubkové
profily navzajem dobie koresponduji.
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Obr. 1. Zavislost parametrit APE vinovodil na hloubce vino-
vodné vrstvy. A - koncentrace lithia, B - index lomu



Ve stfedni oblasti vinovodu (tj. An, cca 0,02 az 0,08)
Ize pro jednotlivé vidy vidového spektra nalézt linedrni
vztah mezi hodnotou 7, a ubytkem lithia z vinovodné
vrstvy. Tato zavislost v8ak neplati pro vrstvu celou.

VInovody v X-fezech pfipravované z taveniny kyseliny
adipové obsahujici mald mnozstvi lithné soli vykazovaly
slozit&jsi koncentra¢ni profil lithia, ktery svéd¢i o tom, Ze
zde pravdépodobné dochézi ke zpétné difuizi lithnych iontd
z taveniny do podpovrchovych oblasti vinovodu.

LITERATURA

1. Grant & 102/96/1610 Grantov4 agentura CR.

2. Kolarova P., Hradilovd J.,NovakP.,Schrofell.,Vacik
J., Ctyroky J.: Photonics '95, EOS Annual Meeting
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P. Kolarova3,J. Spirkové-Hradilovéa,J . VacikP and
J. Schrofel® (“Department of Inorganic Chemistry, Insti-
tute of Chemical Technology Prague, Institute of Nuclear
Physics, Academy of Sciencies of the Czech Republic, Rez
near Prague, “‘Departmentof Microelectronics, Faculty of
Electrical Engineering CTU): Relation between Optical
Properties and Lithium Concentration in Lithium Nio-
bate Waveguiding Layers

We have studied concentration profiles of Li (deter-
mined by neutron depth profiling method) in annealed
proton exchanged (APE) waveguides fabricated from adi-
pic acid in X- and Z-cuts of lithium niobate and compared
them with behaviour of extraordinary refractive index
depth profiles. We have found a very close correlation
between the above mentioned profiles which are step-like
for as-exchanged and graded for post-exchanged annealed
samples.

NIZKOTEPLOTNI DOTACE NIOBICNA-
NU LITHNEHO ERBIEM PRO POUZITI
V AKTIVNICH VLNOVODECH'

10.06

PAVLA KOLAROVA? JARMILA
SPIRKOVA-HRADILOVA?, JOSEF
SCHROFEL”, VRATISLAV PERINA®
a JIRI VACIK®

“ Ustav anorganické chemie VSCHT, Technickd 5,
166 28 Praha 6, " Katedra mikroelektroniky,
FEL CVUT, Technickd 2, 266 27 Praha 6, “Us-
tav jaderné fyziky AV CR, 250 68 Re% u Prahy

Pro ptipravu optickych vrstev dotovanych laserové ak-
tivnimi ionty s efektem zesileni vedeného optického zateni
jsme navrhli nizkoteplotni dotaci niobi¢nanu lithného z ta-
veniny smési dusi¢nanti obsahujici 10 hm. % dusi¢nanu
erbitého. Pfi teploté 350 °C jsme po 5 hod. ziskali v X-fe-
zech niobi¢nanu lithného tenkou dotovanou vrstvu obsahu-
jiciaz 10 hm. % erbia (obr. 1).
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Obr. 1. RBS analyza X-¥ezi niobi¢nanu lithného dotovanych
erbiem. A - diftiize z napatené kovové vrstvy (1060 °C, 60 hod.),
B - nizkoteplotni dotace
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V Z- a Y-fezech LiNbO; se timto zplisobem podafilo
pfipravit velmi tenké vrstvy, které obsahovaly méné nez
0,5 hm. % erbia. Nevyhodou této piipravy je skute¢nost, ze
distribuce erbia je nehomogenni, tento problém se vsak da
feSit nasledujicim dlouhodobym zahiivanim vzorki pii
teploté do 400 °C. Viechny pfipravené vzorky mély vino-
vodné vlastnosti (tab. 1.)

Tabulka |
Optické vlastnosti Er:LiNbO5 pfipravenych nizkoteplotni
difuizi z tavenin obsahujicich erbitou siil

fez pocet Sifenych Ane  hloubka posledniho vidu
vidd (um]
X 2 +0,003 6,8
X 2 +0,005 5,8
Y 3 +0,005 9,2
Z 1

Pro praktické pouziti je potieba v takto dotovanych
vzorcich pfipravit vinovody. Zjistili jsme, Ze pro tento uicel
je vhodna metoda protonové vymeény s naslednou stabili-
zaci zihanim (APE), kterou lze pfipravit planarni dvou az
tiividové vlnovody, aniZ by doslo k poskozeni povrchii.
LITERATURA
1.  Grant¢. 102/96/1610 a 102/96/1243, Grantova agen-
tura CR.

2. Suche H., ve sborniku: Proc. 7th Eur. Conf. on Int.
Opt. ECIO '95, str 565. Delft 1995.

P. Kolaiova?, J. Spirkova-Hradilova?, J. Schrofel®,
V. Perina®and J. Vacik® ("Department of Inorganic Che-
mistry, Institute of Chemical Technology Prague, "Depart-
ment of Microelectronics, Faculty of Electrical Engineer-
ing CTU Prague, “Instituteof Nuclear Physics, Academy of
Sciencies of theCzech Republic, Re? near Prague): Low-
Temperature Doping of Lithium Niobate for Active
Waveguides Application

Low temperature doping procedures are used to fabri-
cate erbium doped annealed proton exchanged waveguides
in X-, Y- and Z-cuts lithium niobate. The doping process
occurs in melts of nitrates containing 10 wt. % of erbium
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nitrate at 350 °C. Under such conditions X-cuts contained
up to 10 wt. % of Er in the waveguiding layer in spite of Y-
and Z-cuts, where the erbium content was much lower.
Such waveguides can be utilized in optical amplifiers.

10.07 MODELOVANIE VPLYVU HUSTOTY
SUSPENZIE A VELKOSTI CASTIC NA
PROCES ELEKTROLYTICKEHO POKO-

VOVANIA PRASKOV

LADISLAV LUX?, MIRIAM GALOVAP
a RENATA ORINAKOVAP

“Katedrachémie HF TU, Letnd 9, 042 00 Kosice,

P Katedra analytickej a fyzikdlnej chemie PF
UPJS, Moyzesova 11, 04154 Kosice, Slovenskd
republika

Kovové prasky su vstupnou surovinou pre potreby pras-
kovej metalurgie. Modifikdciou vstupného prasku je mozné
ziskat materidl so Ziadanymi vlastnostami. Elektrochemic-
ké vyluCovanie kovového povlaku na praskovom materiali
je proces, ktory poskytuje najhomogénnejsi produkt. D4 sa
uskuto¢nif vo vznose, t.j. v stave suspenzie. Tento proces
je znamy v elektrochémii ako ,elektrolyza vo fluidnom
16zku*. Elektrolyza vo fluidnom l6Zku sa pouZiva na zis-
kanie drahych kovov z roztokov o nizkej koncentracii, na
odstranenie kovov z roztokov odpadovych vod a pod. Po-
uzitie elektrolyzy na povlakovanie praskovych materialov
bolo zatial v literatire malo zndme. V naSom laboratdriu
sme preskimali proces elektrolytického vyluCovania Ni
povlaku na rozne aktivovany Fe prasok’. Bol tieZ vypraco-
vany model zmien povrchu tuhej elektrody v dosledku
kontaktu s praskovymi ¢asticami’.

V predkladanej praci sa Studoval vplyv hustoty suspen-
zie prasku v elektrolyte a velkosti Castic na priebeh elek-
trolyzy. Bol vyvinuty model, ktory predpoklada existenciu
monodisperznych sférickych castic o rozmere rovnom
strednému rozmeru Castic danej frakcie v suspenzii s elek-
trolytom. Rozdelenie ndboja medzi povrch tuhej katody
a praskovych Castic pohybujuicich sa v tzv. ¢innom objeme
elektrolyzéra’je dané pomerom povrchov. T4to distribicia
je znazornend na obrazku 1 pre rézne frakcie praskového
Fe. Na jej zaklade bol vypocitany teoreticky obsah Ni na
Fe Casticiach. Experimentdlna verifikicia modelu sa usku-
toc¢nila na chemicky aktivovanom Fe prasku v rozsahu



velkosti 0-160 um rozdeleného do piatich zrnitostnych
frakcii. Hustota suspenzie bola vyjadrend ako tzv. faktor
zaplnenia tuhou fazou (1-€), hodnoty sa pohybovali od
0,004 do 0,021. Sledovanym parametrom bolo mnoZzstvo
Ni vyliceného na praskovych Casticiach. Teoretické a ex-
perimentdlne namerané zdvislosti maju zhodny priebeh;
nizku tc¢innost vylu€ovania na prasku je mozno pripisat
inhibi¢nému efektu, ktory je sposobeny vznikom hydroxo-
komplexov Ni a Fe na elektrolyzovanych povrchoch v do-
sledku nérastu pH v priebehu elektrolyzy.

Zistené zavislosti moéZu mat vSeobecnu platnost' pri
procesoch elektrochemického vylu€ovania na praskovom
podklade.
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Obr. 1. Teoretickd distribticia ndboja medzi tuhu katédu
a praskové castice pre rézne hustoty suspenzie. Strednd vel-
kost zrna: krivka 1- 20, 2 - 50, 3 - 80,4 - 112,5,5 - 142,5um
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L. Lux?, M. GalovaP and R. OrinakovaP ("Depart-
ment of Chemistry, Technical University, KoSice, "Depart-
ment of Physical and Analytical Chemistry, P. J. Safdrik
University, Kosice, Slovak Republik): Modeling of the
Influence of Both Suspension Density and Particle Size
upon the Electrochemical Process of Powders Coating

Theoretical calculations of the amount of Ni coating on
Fe powder particles is based on the assumption of distribu-
tion of charge between the surface ofthe solid cathode and
that of powder particles present in the working volume
of the electrolyte. The course of theoretical and experi-

mental curves is identical. The efficiency of the process on
particles is however rather low due to the inhibition of
the coating by the hydroxocomplexes formed during elec-
trolysis.

CHARAKTERIZACIA REAKTIVITY VA-
PENCOV Z HLADISKA ICH VHODNOSTI
PRE MOKRY ODSIROVACI PROCES'

10.08

PAVEL FELLNER
a VLADIMIR KHANDL

Katedra anorganickej technologie, CHTF STU,
Radlinského 9, 812 37 Bratislava, Slovenskd
republika

Pri mokrom odsirovacom procese dymovych plynov’
je mozné celkovu chemicki reakciu popisat rovnicou

SO, + CaCO5+0,5 0, + 2H,0 = CaS0,-2H,0 + CO, .

Pri navrhu reaktora je potrebné kvantifikovat vplyv
pouzitého vapenca na kinetiku uvedenej reakcie. Okrem
chemickej analyzy vzoriek vdpencov sa realizovali tieto
stanovenia ich reaktivity:

- Stanovenie stupfia konverzie vdpenca pri priddvani ky-
seliny siricitej tak, aby sa pH reakénej zmesi udrziavalo na
konstantnej hodnote 5. Teplota zmesi bola 55 °C. Toto
meranie sa okrem nasho laboratdéria realizovalo tieZ v ana-
lytickom laboratériu TESO® (cit. 3).

- Kalorimetrické stanovenie reakéného tepla pri pridava-
ni kyseliny siric¢itej (0,5 M a 1 M) k vodnej suspenzii va-
penca.

- Sledovanie zmeny pH systému pri priddvani 1 M ky-
seliny sirovej k suspenzii vdpenca (2 g v 60 ml vody).
Priddvanie sa realizovalo jednak jednorazovo, jednak v 1 ml
ddvkach v minutovych ¢asovych intervaloch.

— Ortufovym porozimetrom sa stanovila distribucia vel-
kosti pérov vapencov.

Zistilo sa, ze reaktivitu suspenzie vapenca s kyselinou
siri¢itou moZno popisat vztahom:

t=ag+a; (1 -3 ap, (1 - x)** az (1 -x) ,

kde t je ¢as pottebny pre dosiahnutie stuptia konverzie x. Je
zrejmé, 7e konstanta ay zodpovedd asu, za ktory zreaguje
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vietok vapenec (x = 1). Priklady vysledkov su uvedené
v tabul'ke 1. Stvorec regresného koeficienta je vo vietkych
pripadoch vyssi ako 0.998.

Ukazuje sa, Ze je vyznamna koreldcia medzi reaktivitou
vapenca a jeho porozitou. Ukazuje sa tiez, ze vysledky
merania reaktivity vapencov s kyselinou sirovou st v dob-
rej korelécii so Stidiom konverzie suspenzie vapenca reali-
zované s kyselinou siri¢itou. Merania realizované s ky-
selinou sfrovou su rychlejS§ie a st experimentidlne menej

naro¢né.

Tabulka I

Vzorka agp a ap ag
(lokalita)

Gombasek 180,22  -279,58 102,25 0
Margecany 408,40 -1074,74 941,47 -274,81
Tisovec 888,36 -2750,91 2884,42 -1021,85
Zirany 644,41 -1839,68 1808,32 0
Rohoznik 1175,81 -2482,57 1312,68 0
LITERATURA
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P. Fellner and V. Khandl (Department of Inorganic
Technology, Slovak University of Technology in Brati-
slava): Characterization of the Reactivity of Limestone
for Wet Flue Gas Desulfurization

Kinetics of the reaction of water suspension of lime-
stone with the solutions of sulphurous or sulphuric acid was
investigated. The obtained data are treated using a mathe-
matical model. It is shown that there is a good correlation
between the reactivity of limestone and its porosity.
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VZNIK SEKUNDARNIHO 2Ca0.SiO2

A VOLNEHO CaO V OHNIVZDORNYCH
MALTACH NA BAZI BEZSADROVCO-
VEHO CEMENTU

10.09

VACLAV SEVCIK
a FRANTISEK SKVARA

Ustay skla a keramiky VSCHT, Technickd 5,
160 00 Praha 6

Jednou z perspektiv bezsddrovcového cementu je jeho
modifikace pomoci aktivnich pfisad pro pouziti v ohni-
vzdornych maltach. V rdmci SirSiho vyzkumu bezsad-
rovcového portlandského (ve kterém je
sadrovcovy reguldtor tuhnuti nahrazen smési ligninsul-
fonanu sodného s uhli¢itanem sodnym) bylo sledovano
chovéni samotného zatvrdlého bezsddrovcového cementu
po vypalu na teploty v rozmezi 105 “C-1200 °C. U vy-
paleného zatvrdlého bezsiadrovcového cementu byl pro-
sttednictvim RTG difrak¢ni analyzy zjistén rozpad hlav-
niho slinkového mineralu alitu 3Ca0.SiO, (C3S) za vzniku
sekundarntho belitu 2Ca0.Si0, (C,S). Tento jev je spojen
se vznikem volného CaO, jehoZz pfitomnost je v Zarobetonu
nezadouci.

Struktura bezsddrovcového portlandského cementu
v zavislosti na teploté byla sledovana pomoci rentgenové
difrakéni analyzy. Experimentélni vysledky jsou vidét na
nize uvedenych obrazcich 1, 2, 3 (tfi detaily rentgenovych

cementu

N

linie hlavnich slinkovych minerdlti C3S, C,S a nejsilnéjsi
linie CaO.

Na obr. 1 vidime piky C3S (0,2181 nm) a C,S
(0,2189 nm). Piky jsou v ¢aste¢né superposici a difrakéni
uhly jsou posunuty pouze o 8 desetitisicin nanometru.
Zobrazeni v této podobé umoznil digitalni zdznam a pro-
gram Difpatan. Na obrazku je vidét, Ze intenzita C,S pfi
teploté vypalu nad 800 °C prudce stoupa a nad 1000 °C se
potom stabilizuje. Zaroven s timto déjem dochézi k poklesu
intensity C3S (pik vpravo). JiZz tento vysek spektra vede
tedy k domnénce, Ze C3S se u vypalenych vzorki po vypalu
nad 800 °C rozpadé na C,S a CaO.

Rozpadu hlavniho slinkového minerdlu C;S (allitu)
u vypélenych zatvrdlych past bezsddrovcového cementu
nasvédCuji i piky samostatného C3S a CaO, tak jak je
vidime na obr. 2 a 3.

Na obrdzku vlevo vidime detail samotného C5S, je-
hoz intenzita se pfi teploté 800 °C vyrazné sniZuje



apo vypalu na 1000 °C pik C5S tiplné mizi. Posledni spek-
trum ukazuje, Ze intenzita CaO po vypalu mezi teplo-
tami vypalu 800 a 1000 °C dale stoupd. U piku CaO tedy
dochézi k dodateCnému narlstu intensity pfi teploté vypalu
nad 1000 °C.

Z téchto vysledkd je zfejmé, Ze u bezsadrovcového
cementu dochézi po vypalu nad teplotu 1000 °C k rozpadu
hlavniho slinkového minerdlu C;S na C,S a CaO. Praktic-
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Obr. 1. Detail RTG difraktogramu 3Ca0.SiO2 (0,2181nm)
a 2Ca0.SiO2 (0,2189nm)
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kym disledkem rozpadu C;S jsou pfitom nejenom struk-
turni zmény v Zzarobetonu, ale i dodate¢ny vznik nezi-
douciho volného vapna (nebezpeci zpétné hydratace, nizsi
odolnost proti korozi) a to predev§im po prvnim vypalu
bezsadrovcového portlandského cementu.

V. Sevtik and F. Skvara (Department of Glass and
Ceramics, Institute of Chemical Technology, Prague):
Formation of Secondary 2Ca0.SiO, and Free CaO in
Refractory Mortars on the Basis of Gypsum-Free Ce-
ment

Hardened gypsum-free cement paste was exposed to
elevated temperatures (105-1200 °C) and studied by RTG
difractometry. From experimental results it is concluded,
that residual C3S decomposes itself forming C,S and free
CaO. The reasons and effects of this process are also
discussed.
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Obr. 2. Detail RTG difraktogramu. Pik 3Ca0.SiO2 (0,1764 nm) Obr. 3. Detail RTG difraktogramu. Pik CaO (0,2045 nm)
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POROVNANIE VLASTNOSTI NiZKO-

ENERGETICKYCH CEMENTOVYCH

SLINKOV SPRACOVANYCH METODOU
1

,,MDF”

10.10

PAVOLZIMERMANN, LUBICA
GALIKOVA a MILAN DRABIK

Ustav anorganickej chémie SAV, Diibravskd
cesta, 842 36 Bratislava, Slovenskd republika

Cement-polymérne kompozity si zaujimavé po viac
rokov, v zdsade ako potencidlne materidly pre Speciali-
zované technologie. MDF cement je polymér-cementovy
kompozit na mikro- a nanometrickej urovni. V MDF ma-
teridloch reaguju polymér a cement synergicky a vytvaraji
zaujimavi mikrostruktiru, polymér ovplyviiuje o. i. visko-
zitu. Pre takéto materidly je charakteristické: Pomer pev-
nosti v tlaku ku pevnosti v ohybe je len 2:1, zatial' ¢o v inych
kompozitech je 5:1 az 10:1. Optimdlna kombindcia je kal-
cium aluminat cement a polyvinyl alkohol, zvySuje sa vSak
aj zdujem o iné zloZenie reaktantov’.

Spolo¢nym znakom MDF materidlov su interakcie na
atomdrnej resp. subcasticovej drovni, ktoré dadvaji ma-
teridlom niektoré vlastnosti typické pre keramiku, z ¢oho
je aj pojem chemicky viazané keramické materidly. Pre

Tabulka I
Porovnanie vlastnosti slinkov spracovanych metodou MDF

Polymér SuSenie
po synt.
5 % HPMC ihned  TG[hm %]; DTA [°C]
RH = 52 %/RH = 100 %
24hod. TG[hm %]; DTA ['C]
RH =52 %/RH = 100 %
10 % HPMC ihned  TG[hm %]; DTA ['C]
RH =52 %/RH = 100 %
24hod. TG[hm%];DTA[°C]
RH =52 %/RH = 100 %
Poly P ihned  TG[hm %]; DTA ['C]
RH =52 %/RH = 100 %
24 hod. TG[hm %]; DTA [*C]

RH = 52 %/RH = 100 %

*0,67 £0,12/6,52+0,7
* 147 +£0,3/10,60 £1,0

* 1,00+£0,2/9,00+1,5

-6 %, -3 %,-1 %;210, 320

MDF materidaly je zaujimavé, zZe chemicky viazana kera-
mika je odvodend od sietovania na atomdrnej tirovni. Pod-
stata pojmu ,,chemicky viazand keramika" vieobecne?:
Dochadza ku spéjaniu zrn reaktantov pri teplotach nizsich,
ako to vyzaduju keramické technoldgie, vznikajuce pro-
dukty si bez makroskopickych defektov. Interakcie za
danych podmienok syntéz ddvaju predpoklad vzniku che-
mickych vizieb medzi atdmami reagujucich zloziek, ¢o ma
dominantny vplyv na horezmienené charakteristiky.
Syntézy modelovych MDF vzoriek: Boli pouZité slinky
Procelia a Ceva, syntetizované v poloprevddzkovych pod-
mienkach’. St prikladom nizkoenergetickych cementov
s vyrazne zniZzenym obsahom alitu. Rtg. fizova analyza
potvrdila v slinkoch pritomnost nasledovnych slinkovych
minerélov - C,S, C4A3S a C,AF, slinok Procelia obsahuje
aj sadrovec primiesany po vypale. Tieto slinky boli homo-
genizované s 5 as 10 hm. % hpmc. Okrem hpmc sa testoval
aj 40 %-ny vodny roztok polyfosfitu sodného (poly P),
v mnoZzstve zodpovedajicom 5 hm. % susiny poly P. Po
homogenizacii s hpmc bol ku slinkom pridany plastifikator
glycerol (1-2 kvapky), vodny stcinitel' v/s = 0,2 sa dosiahol
pridavkom prislusného mnozstva destilovanej vody. Pocas
syntéz s poly P je v/s zabezpeceny objemom rozpustadla,
pouzitie plastifikatora sa nemeni. Starostlivym rozotretim
sa simuluje ,.twin-roll” spracovanie, po ktorom nasleduje
tabletovanie pod tlakom 5 MPa po doby 0,5; 1; 5 hod.,
v pripade vzoriek slinku Ceva s poly P boli Casy tabletécie

SLINOK_

PROCELIA

6%, -7 %; 320

"1,35+£0,2/8,70 £ 0,7
-6%. -7 %; 200, 320

-8 %, -5 %, -5 %; 200, 300
* 177 + 0,6/ 10,68 +0,3
-8 %, -10 %, -4 %; 280
* 120 +0,3/10,28 +0,6
8%, -9 %, -5 %; 200, 300
* 172+0,2/10,80 £1,4
-8 %, -10 %, -7 %; 300
* 139 +0,5/10,80 42,3
3%, -6 %, -4 %, -1 %; 200, 300
" 2,00+0,5/6,45+1,3
-8 %, -5 %, -7 %; 200, 300
* 174+03/4,57+1,2

-12 %,-11 %;320
-10%, -12 %; 200, 320

8%, -4 %; 200, 330
*283/323

+2,61/2,95

* Uvédza sa narast hmotnosti [%] pri danych relativnych vlhkostiach
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1;3 a5 hod. Po tabletacii sa vzorky susili pri t = 50 °C ihned
po syntéze a 24 hod. po syntéze.

Metody charakterizdacie: Na charakterizovanie mate-
ridlov boli faziskovo pouzité vzorky s Casom tabletédcie
1 hod. Vzorky boli §tudované metédami rtg. fizovej ana-
lyzy (pri laboratérnej teplote) a termickej analyzy (od labo-
ratérnej teploty do 1000 °C). Bola taktieZ stanovend aj
odolnost' vo¢i vlhkosti pri R. H. =52 % a 100 % (zmeny
hmotnosti a fdzového zloZenia v priebehu expozicie vzo-
riek v prostredi s danou vlhkostou).

Vysledky poukazuji na vSeobecne dobri spracovatel-

nost’ Studovanych zmesi metodou MDF. Niektoré charak-
teristické detaily o vlastnostiach vznikajicich materidlov su
sustredené v tabul'ke I, z tychto najpozoruhodnejsie su:
Odklad susenia (24 hod po odtlakovani) zabezpecuje
vysSiu termicku stabilitu zosiefovaného materidlu a zvySuje
aj odolnost' vo¢i vlhkosti pri oboch hodnotich R. H. pro-
stredia. Tieto fenomény mozno povaZovat' za dosledok
dotvorenia sieti, vznik ktorych je iniciovany tlakom apliko-
vanym pocas primarnej intereakcie.
Termoanalytické
duktov s hpmc resp. poly P nevykazuju podstatné roz-
diely, vplyv poly P sa prejavuje pri expozicii vzoriek vo
vlhkom prostredi (negativne pri R. H. = 52 %, pozitivne pri
R.H. = 100 %).

charakteristiky primdrnych pro-
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Hodnoty nérastu hmotnosti pri R.H. = 100 % prakticky
nezavisia od typu slinku, st v8ak vyrazne ovplyvnené pri-
tomnym polymérom.

LITERATURA

1. Projekt Slovenskej grantovej agentury VEGA 2070.

2. Youngl. F., ve sborniku: Proc. of MAETA Workshop,
str. 1.Sakata 1996.

3. Drabik M. a kol., ve sborniku: Termanal, str. 157.
Stara Lesna 1994.

4. Sharp J. H. a kol.: Progress Report No. 2, Project

Copernicus CT 94-0105.

P. Zimermann, I’. Galikova and M. Drabik (/ustitute
of Inorganic Chemistry SASci, Bratislava, Slovak Repu-
blic): Comparison of the Properties of Low-Energy Ce-
ment Clinkers Exposed to the ,, MDF" Process

Studied mixtures of low-energy clinkers, hpmc and
poly P exert appropriate MDF processibility. Crucial ato-
mic cross-links have been detected thremoanalytically. Du-
ration of pressure together with method of drying promote
a maturation of the cross-links and affect the stability and
moisture resistance of the probes.
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VYBER KATALYZATORU PRO HYDRO-
GENACI ACENAFTENU

11.01

JIRT HANIKA®, KAREL SPORKA?, PETR
MACOUN” a VLADIMIR KYSILKA”

4Y§CHT Praha, 166 28 Praha 6, "LACHEMA

a.s. Brno, 621 33 Brno

Piedlozen4 studie byla zaméfena na nalezeni vhodného
katalyzatoru a reak¢énich podminek pro hydrogenaci ace-
naftenu na tricyklo[7,3,0,02’6]dodekan, ktery je vhodnym
meziproduktem pro syntézu 1,3-dimetyladamantanu!. Ten
ma Siroké uplatnéni pro pfipravu antivirovych a antimikro-
bidlnich preparatii, radioprotektori. Hydrogenace acenaf-
tenu (ACN) byla studovana v nékterych pracech, viz napf.z'g,
podle pouzitého katalyzdtoru a reakénich podminek byly
ziskany riizné smési stereoisomeru tricyklododekanu. Su-
rovinova zdkladna pro vychozi acenaften je zalozena na
zpracovani ¢ernouhelného dehtu. Rektifika¢ni déleni pra-
ciho oleje dehtu je instalovdano v a.s. DEZA Valasské
vice zastoupenou slouceninu v ¢ernouhelném dehtu a proto
moderni jednotky pfi jeho destilaci produkuji pfimo ace-
naftenovou frakci (b.v. 260-285 °C), ve které je obsazeno
a7 40 % acenaftenu. Tato frakce predstavuje celkem asi 3 %
destilovaného dehtu. Acenaften lze izolovat také krystali-
zaci z praciho Olejelo. V zdvodé DEZA se v sou¢asné dobé
miiZe izolovat vice nez 600 tun acenaftenu v istoté 99 %.
V této studii byly pouzity komeréni katalyzatory firem
Leuna, Engelhard, Doduco a CHZ Litvinov, které jsou
uvedeny v tabulce I.

Tabulka I
Seznam pouzitych katalyzatord

Oznaceni katalyzatoru, Forma Slozeni

vyrobce [mm]

6524 Leuna (SRN) tablety 5x5 Ni-NiO/Al203

6542 Leuna (SRN) tablety 5x5 Ni-NiO-Cr203/A1203
51-U-12 (Cir&ik) Rusko tablety 5x5 NiO-Cr203

99830 Engelhard(USA) kulicky 3,5 1 % Ru/Alx0O3
CHEROX 4100 Chemopetrol prasek 3 % Pd/C
Actimet"C" Doduco (SRN) prasek Ra-Ni
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Sekce 11

Tabletované katalyzatory byly pied pouZzitim rozdrceny
a pro hydrogenace byla pouzita frakce mensf nez 0,18 mm.
Hydrogenace byla provddéna v diskontinudlnim, promi-
chidvaném nerezovém autokldvu za podminek uvedenych
v tabulce II. Vybér katalyzatoru pro hydrogenaci acenaf-
tenu na perhydroacenaften byl zaméfen pfedev§im na ni-
klové nosiCové katalyzatory, ale byly odzkousSeny i kata-
lyzatory na bazi palladia a ruthenia. Porovnani vlastnosti
katalyzator( je provedeno v tabulce II na zdkladé stiednich
reakénich rychlosti a kone¢ného sloZeni produktu. Vybér
katalyzatoru byl provadén pfi teploté 180 °C atlaku 8 MPa.
Zpracovanim vysledkl pokusti byla uréena stiedni reakéni
rychlost, odpovidajici primérné teploté a tlaku, méfenych
béhem hydrogenace. Z vysledkii, ziskanych pfi rizném
tlaku vodiku bylo potvrzeno, Ze stiedni reakéni rychlost je
pfimo imérna parcidlnimu tlaku vodiku a tedy reakéni fad
vzhledem k této reakéni sloZce je jednotkovy. V dalSich
experimentech byla zjisténa dobrd Zivotnost katalyzatoru
Leuna 6524, byl posouzen vliv teploty reakce na rychlost
hydrogenace a uréena zd4nlivd aktivagni energie 17 kJ.mol-!.
Tato hodnotaje v souladu sjinymi hydrogenacemi nenasy-
cenych latek v kapalné fazi.

Tabulka 11
Reakéni rychlost a sloZzeni produktu hydrogenace acenaf-
tenu; tlak 8 MPa

Katalyzitor ~ Teplota Reakéni rychlost Slozeni produktu [%]
[Cl  (molmin gl A B 4D E ACN

Leuna 6524 169 0,0013 10" ™8 239%59

Leuna 6542 170 0,0007 8 6 21 65 0
Cirgik 51U12 180 > 0,0003 Se 2. 28538 39
Actimet RaNi 141 0,0010 4 3 8 8 0
Engelhard Ru 152 0,0006 0 0 96 0
CHEROX 4100 108 0,0020 35 16 30 19 0

Identifikace latek vznikajicich pii hydrogenaci ace-
naftenu byla provedena pii experimentu, kde byl pouZit
niklovy katalyzdtor Leuna 6524. Experiment byl pro-
veden pfi stfedni teploté 167,5 °C atlaku 8,0 MPa. Z namé-
fenych hmotnostnich spekter jednotlivych produkti (A az
E) lIze jednoznacné fici, Ze vSechny latky maji stejnou
molekulovou hmotnost 164 a jsou to stereoizoméry tri-



cyklo[7,3,0,0 22v6]dodekanu (perhydroacenaftenu). Z té€chto
produktti hydrogenace se podafilo pfesné urcit pouze ste-
reoizomér oznaceny E, kterého vznika nejvice a ma kon-
figuraci trans-syn-trans. U ostatnich stereoizoméri nebyly
k disposici standardni spektra, jedna se ziejmé o konfigu-
race cis-anti-cis, cis-anti-trans, trans-anti-trans, cis-syn-
cis. Skutecnost, Ze latka oznacena jako E je trans-syn-trans
perhydroacenaften bylo potvrzeno i experimentem hydro-
genace acenaftenu na rutheniovém katalyzatoru, kde podle
literatury vznika pfevdzné tento izomér. Na zdkladé experi-
mentalnich vysledkti, provedenych v ramci této studie se
ukazalo, Ze hydrogenace acenaftenu je proveditelnd na
béznych niklovych katalyzatorech. Lze fici, Ze je moZné
k praktické aplikaci doporucit pouziti katalyzitoru Leu-
na 6524, ktery je dostate¢né aktivni a pii pouziti acenaftenu
stejné Cistoty, ma tento katalyzator také dostate¢nou zivot-
nost a lze jej tedy opakované pouzit. Predlozené vysledky
laboratorniho vyzkumu byly poloprovozné ovéfeny v a.s.
Lachema Brno.
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ma a.s. Brno): Catalyst Selection for Acenaphtene Hy-
drogenation

Different industrial catalysts for acenaphtene hy-
drogenation in liquid phase were tested for activity and
stereoselectivity with respect to the product - tricy-
clo[7,3,0,02:6]dodekan which is the key compound for the
1,3-dimethyladamantane synthesis. The typical reac-
tion conditions for the successful hydrogenation are as
follows: temperature 140-180 °C, pressure 5-8 MPa, nic-
kel on y-alumina catalyst. The reaction order with respect
to hydrogen is equal 1, the observed activation energy is
17 kJ.mol"L.

PRISPEVOK K STUDIU MECHANIZMU
REDUKTIVNEJ KARBONYLACIE A KAR-
BONYLACNEJ REDUKCIE NITROARO-
MATOV NA NOVOM KATALYTICKOM
SYSTEME

11.02

VENDELIN MACHO a MILAN KRALIK

Katedra organickej technologie, Slovenskd
technickd univerzita, Radlinského 9, 812 37
Bratislava, Slovenskd republika

Reduktivnou karbonyldciou nitrobenzénu oxidom
uholnatym za pritomnosti alkanolov na alkyl-N-fenylkar-
bamaty na katalytickom systéme tvorenom sirou, resp.
nizkomolekulovou zli¢eninou siry, v zdsaditom prostredi
a pritomnosti zIu¢enin patmocného vanddu!, sme preuka-
zali, ze zo skimanych sirnych zlozZiek je sirovodik a najma
karbonylsulfid radovo d¢innejsi ako elementarna sira. Po-
dobny rozdiel v uc€innosti jsme zistili aj pri reduktivnej
karbonylacii nitrobenzénu s anilinom a oxidom uholnatym
na N,N’-difenylmocovinu?2, i pri intramolekulovej reduk-
tivnej karbonylécii o-nitroanilinu na 2(377)-benzimidazo-
16n (o-fenylén mocovina)’:

NH

NH2 L
. Q) +2 CO2
NH

+3CO
NO:

kat

OL - O

Pri karbonyla¢nej redukcii nitroaromatov, napr. nitro-
benzénu s oxidom uholnatym na anilin* je situdcia podobna
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Obr. 1. Reakén4 schéma tvorby produktov pri reduktivnej karbonylacii a karbonylacnej redukcii nitroaromatov

a navyse reakcia prebieha aj bez primesi vanadu. Analogic-
ka situacia je aj v prfpa@é karbonylacnej redukcie nitro-
fenolov na aminofenoly”. V tychto reakciach bol hmot-
nostny pomer katalytickej aktivity sirnych zloZiek takyto:
S:CS2:Na2S :H2S:COS=1:12:25:10: 11. Vysokd
aktivita COS vedie k domnienke, Ze tato forma sirnej
zliCeniny je priamo zapojend do katalytického procesu.
Prenos CO sa tak deje cez COS, pric¢om zdsadité prostredie
umoziuje hlavne tvorbu COS a zlicanina piatmocného
vanddu zasa na transfér elektrénov. V tomto zmysle bola
navrhnuta reakéna schéma, ktora je na obr. 1. V zavislosti
od prostredia, aromatickd nitrozlicanina sa moze reduk-
tivne karbonylovat aZz karbonyla¢né redukovat' na amino-
zli¢eninu, modzu sa tvorif alkyl-N-fenylkarbaméty
(ArNHCOOR), substituované mocoviny Ar-NH-CO-NH-Ar,
az arylaminy.
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V. Macho and M. Kralik (Department of Organic
Technology, Slovak University of Technology, Bratislava,
Slovak Republic): A Contribution to the Study of Mecha-
nism of the Reductive Carbonylation and Carbonyla-
tive Reduction of Nitroaromates over a New Catalytic
System

A reaction scheme of the reductive carbonylation and
carbonylative reduction utilising a sulfur based catalytic
system has been suggested going from previous experimental
materials!- and theoretical concept. A nitrocompound may be
reduced to amino compound (in the presence of water), or
alkyl-N-phenyl carbamate is formed (in the presence of alka-
nols), or substitued ureas occur in the presence of amines.
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STABILITA PALADIOVYCH KATALY-
ZATOROV NANESENYCH NA ORGA-
NICKYCH POLYMERNYCH NOSICOCH
V HYDROGENACNYCH PROCESOCH

11.03

MILAN KRALIK a ROMAN FISERA

Katedra organickej technologie, Slovenskd

technickd univerzita, Radlinského 9, 812 37 Bra-

tislava, Slovenskd republika

Typickymi uspe$nymi prikladmi priemyselnych aplika-
cii kovovych Kkatalyzdtorov dispergovanych na polymér-
nych nosi€och st syntéza metylizobutylketénu z acetonu
vjednostupiiovom procese na palddiovom katalyzatore na-
nesenom na kyslom polymérnom nosiéi', alebo odstra-
novanie kyslika z vody urCenej na pouzitie v energetickych
zariadeniach!. Oba spomenuté priklady st charakteristické
umiestnenim katalyzatora do ,,vodno-organického®, resp.
,vodného" prostredia, ktoré zaruCuje dobré napucanie hy-
drofilného polymérneho nosi¢a a tym dobrid pristupnost
jeho vnutorného priestoru’. Daliim spoloénym znakom je
pritomnost vodika v reakénom systéme, ktory je potencidl-
nym reaktantom aj pre uhlovodikové retazce, z ktorych sa
skladd polymer.

V nasich predchddzajicich pracach’® sme sa podrobne
zaoberali syntézou novych polymérnych nosi¢ov, spdso-
bom pripravy kovovych dispergovanych Kkatalyzdtorov
a charakterizovanim tak nosiov ako aj katalyzétorov.
V dalej etape prace sme detailnejSie skimali vplyv pod-
mienok na katalytickud aktivitu. Obr. 1 dokumentuje zmeny
katalytickej aktivity katalyzitorov vystavenych ucinku vo-
dika vo vode a metanole pri réznej teplote a réznom tlaku.
Ukézalo sa, ze za miernych podmienok su tieto katalyzatory
v hydrogena¢nych procesoch pomerne stdle, avSak, pri
zvysenej teplote (nad 50 °C) dochadza k pomerne rychlej
dezaktivécii. Tieto zmeny vysvetlujeme na zéklade vysled-
kov inverznej sterickej vyluovacej chromatografie’, ktora
ukdzala na postupnu degradaciu polyméru v hydrogenac-
nom procese, ktord je priamo timernd tlaku vodika a expo-
nencidlne sa zvysuje s teplotou.
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Obr. 1 Konverzia (x) cyklohexénu na PA/DOWEX Kkataly-
zatoroch v zavislosti od &asu. Castice nosi¢a 100-50 mesh
(0,16-0,32 mm), 4 % mol. siefovanie, 0,5 hmotn. % Pd v suchom
katalyzatore, vsadzkovy reaktor, 6 ml 1 M roztok cyklohexénu
v metanole, 64 mg katalyzitora, 25 °C, 0,5 MPa. a) 1 -katalyzétor
po redukcii vodikom 1,5 MPa, 50 °C, 1 h; , 2 - katalyzator po 4
h v metanole, tlaku vodika 1 MPa, 50 °C, 3 - katalyztor po 4 h
vo vode, 1 MPa, 100 °C. b) T - katalyzitor po redukcii; A -
katalyzitor po 6 h v metanole, 0,25 Mpa, 25 °C; x - katalyzitor
po 6 h v metanole, 0,5 Mpa, 50 °C.

(a) Kralik M., Hronec M., Lora S., Palma G., Zecca

M., Biffis A., Corain B.: J. Mol. Catal. A: Chemical

97,145 (1995); (b) Biffis A., Corain B., Cvengrosova

Z., Hronec M., Jerabek K., Kralik M.: Appl. Catal. A:

General 742, 327 (1996).

Jetdbek K., in: ACS Symposium Series No. 635 (Pot-

schkaM., Dubin P. L., ed.), 0097-6156/96/0635-0211,
ACS, 1996.

M. Kralik and R. FiSera (Department of Organic
Technology, Slovak University of Technology, Bratislava,



Slovak Republic): The Stability of Palladium Catalysts
Supported over Organic Polymers in Hydrogenation
Processes

Catalytic tests together with an [SEC characterisation
are reported on palladium catalysts supported over DO-
WEXes (4 mole % crosslinked). The stability of catalysts
under low pressure of hydrogen (up to 0.5 MPa) and ambi-
ent temperature is demonstrated. [f higher pressure of hy-
drogen and higher temperatures are applied (more than 50 °C),
hydrogenolysis of the support occurs, which results in
lowering of the catalyst activity.

VANADO-FOSFORECNY KATALYZATOR
MODIFIKOVANY ZINKOM ALEBO CE-
ROM

11.04

FRANTISEK KAI'AVSKY, MILAN
BRUTOVSKY, KATARINA REIFFOVA,
ADAM KOSTURIAK a DANIELA
KLADEKOVA

Katedrafyzikdlnej a analytickej chémie PF UPJS
Moyzesova 11, 041 67 Kosice, Slovenskd republika

Modifikované vanddo-fosforecné katalyzitory su naj-
perspektivnejSie na parcidlnu oxid4ciu n-butdnu (C, frakcie
uhlovodikov) na maleinanhydrid (MA)'”. Modifikétory,
vo forme tuhého roztoku’, podstatne zlepSujti katalytické
vlastnosti. Koncentracia, do mriezky katalyzatora zavede-
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Obr. 1. Katalytické udaje v zavislosti na dobé kontaktu

X.Y.S
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ného kationu, je vatomovom pomere M: V=0,2 , zdkladné
zlozky v pomere P: V= 1,2. Prezentované katalytické para-
metre su ziskané pri teplote 470 °C, koncentrdcia n-butdnu
v zmesi bola 1,35 obj. % a katalyzatory boli syntetizované
v prostredi koncentrovanej HCI.

Dosiahnuté vysledky su prezentované na obr. 1. Kata-
Iytické vysledky st uvedené ako funkcia doby kontaktu x.
Pritomnost modifikdtora v mriezke katalyzétora sposobuje
podstatné zvicSenie rychlosti nérastu konverzie butdnu
(kfivka ¢. 1), rychlosti vzniku MA (krivka €. 2), ako i vzrast
selektivity vzniku MA (krivka €. 3). Dalsie krivky (¢. 4 a 5)
predstavujui vytazok produktov hlbokej oxidacie - CO
a CO,. Pre porovnanie je mozno uviest, Ze 75 % konverzia
butanu sa dosiahla na V-P-O katalyzatore pri x = 6 s, avSak
na V-P-Zn-0 pri x = 0,97 s ana V-P-Ce-O pri x = 0,99 s,
naviac so vzrastom selektivity vzniku MA. I jednoduché
porovnanie hodnot najvys$sich vytazkov MA na katalyza-
torech: V-P-0 38 mol % ,V-P-Zn-055 mol % a V-P-Ce-O
56,5 mol %, ukazuje icinnost zavedenia modifikdtorov.

Tabulka I
Pociatocné merné rychlosti na V-P-0 a V-P-M-0 kata-
lyzatorech

Katalyzator Rychlost [mol.s_l.m'zj Mernd
o plocha
konverzie n-butdnu vzniku MA

re.108 va 108 [migl]

V-P-O 12,0 6,8 2,4

V-P-Ce-O 12,0 6,9 10,4

V-P-Zn-0 31,2 16,7 34

100 100

X, X.S
mol %

50 50

T.s
V-P-Ce-O
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Experimentdlna rychlost', bertica do tivahy aj plochu
katalyzatora, t.j. po€iato¢nd mernd rychlost' reakcie, je pre
zakladny vyskum smerodajnejsim uidajom o katalytickom
vplyve modifikdtora. Vysledky si v tab. 1. Podciato¢né
merné rychlosti dosiahnuté na V-P-0 a V-P-Ce-0 kata-
lyzétoroch su rovnaké. Pod vplyvom modifikdtora sa vSak
zvacsil merny povrch, ¢o spdsobuje, Ze rovnakd hodnota
konverzie butdnu - X, vytazku MA - Y sa dosiahne pri
kratSej dobe kontaktu ako na nemodifikovanom katalyza-
tore. Vplyv, do mriezky katalyzdtora zabudovanych iénov
zinku, je vSak vyrazny. Rychlost konverzie butdnu, v po-
rovnani s nemodifikovanym katalyzatorom, ako i rychlost
vzniku MA vzréstli asi 2,5 ndsobne. Vysvetlujeme si to
vplyvom modifikatora na acidobazicitu povrchu a defekt-
nost mriezky katalyzétora.

Katalyzatory modifikované cérom alebo zinkom, v za-
vislosti na koncentracii modifikdtora vykazuju ploché ma-
ximum pri atémovom pomere M : V = 0,1 az 0,2. Hoci
v pripade V-P-Ce-0 katalyzitora rychlost konverzie butd-
nu, pri M : V> 0,2, s koncentraciou rastie (v pripade zinku
sa prakticky nemeni), rychlost vzniku MA v obidvoch
pripadoch mierne klesa. Z teplotnych zdvislosti mernych
rychlosti vyplyva, Ze zdanlivd aktivatnd energia konver-
zie butdnu na V-P-O a V-P-Ce-0 katalyzatoroch zostdva
prakticky rovnakd - 114 kJ.mol! a pre V-P-Zn-0 kles4
na hodnotu 101 kJ.mol"'. Podobne, pre vznik MA, na
katalyzatore V-P-0 a cérom modifikovanom je hodnota
Epa = 100 kImol™* a na zinkom modifikovanom je niz&a
0 10 kdmol"!. Maly pokles v aktiva¢nej energii pod vply-
vom modifikatorov, nds vedie k zaveru, ze modifikatory
nemenia mechanizmus reakcie.
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F. Kalavsky, M. Brutovsky, K. Reiffova, A. Kos-
turiak and D. Kladekova (Department of Physical and
Analytical Chemistry, P. J. S’afa’rik University, KoSice,
Slovak Republic): Vanadium-Phosphorus Catalyst Mo-
dified with Zinc or Cerium

It was found that vanadium-phosphorus catalyst modi-
fied with Zn increases about 2,5 times the initial specific
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rate of butane oxidation and maleic anhydride formation,
respectively, at the partial oxidation of n-butane to maleic
anhydride. On the other hand the V-P-Ce-O does not chan-
ge the values of mentioned rates in comparison with the
unmodified catalyst. The values of apparent activation
energy are about 10 kJ.mol"' lower for the V-P-Zn-0
catalyst in comparison with the the V-P-O catalyst. It can
be concluded that modifiers do not change the reaction
mechanism.

VANADO-FOSFORECNY KATALYZATOR
MODIFIKOVANY MANGANOM ALEBO
KOBALTOM

11.05

KATARINA REIFFOVA, MILAN
BRUTOVSKY, FRANTISEK
KALAVSKY,ADAM KOSTURIAK
a DANIELA KLADEKOVA

Katedra fyzikdlnej a analytickej chémie PF UPJS,
Moyzesova 11, 041 67 Kosice, Slovenskd republika

Zavedenie modifikdtorov do mriezky V-P-O kataly-
zdtora zlepSuje ich katalytické vlastnosti 12, Atomovy po-
mer modifikdtora a vanddu v iom je M : V' = 0,2, pomer
zakladnych zloziek P : V= 1,2 a pracovni teplota 470 °C.
Koncentracia n-butdnu v pracovnej zmesi so vzduchom
bola 1,35 obj. %. Katalyzatory sa pripravovali v prostredi
kyseliny chlorovodikove;j.

Na obr. 1 st porovnané katalytické vlastnosti nemodi-
fikovaného a modifikovanych V-P-M-0 katalyzatorov na
dobe kontaktu 7. Jednoznacne je vidiet, Ze dané modi-
fikdtory zrychluju priebeh reakcie, podstatne zvySuju ry-
chlost konverzie n-butdnu (krivky &. 1), ako i vzniku ma-
leinanhydridu (MA) (krivky €. 2). Okrem toho sa zvysila
i selektivita vzniku MA asi o 10 % (krivky ¢. 3). Kiivky
&. 4 a 5 uddvaju vytazok CO a CO, Na nemodifikovanom
katalyzatore sa 75 % konverzia dosiahla pri T = 6 s, avsak
na V-P-Mn-0 katalyzatore pri t = 0,96 s a na V-P-Co-0
katalyzatore prit = 0,9 s. Pre porovnanie, naj vysSie vytazky
MA s pre katalyzator V-P-O 38 mol %, V-P-Mn-O 60 mol %
a V-P-Co-O 57 mol %.

Z hl'adiska zakladného vyskumu, na zhodnotenie vply-
vu modifikatora, je lepSie ur¢it hodnoty pociatoénej mernej
rychlosti, t.j. experimentélnej rychlosti berticej do uvahy aj
mernu plochu katalyzéitora. Boli zistené hodnoty uvedené
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Tabulka I
Pociato¢né merné rychlosti reakcie

Katalyzator Rychlost' [mol.s".m'zj Mernd
e - —  plocha
konverzie n-butdnu vzniku MA
rc.108 ma 108 [m’g]
V-P-0 12,0 6,8 2,4
V-P-Mn-O 16,3 9,2 42
V-P-Co-0 21,0 11,8 37

v tab. 1. Modifikatory zretelne zvy$uju pociatoéné merné
rychlosti, pricom katalyzdtor modifikovany kobaltom
vzhladom k nemodifikovanej forme ich takmer zdvojnaso-
buje. Vysvetluje sa to vplyvom modifikatora na acidobazi-
citu povrchu a vplyvom na defektnost mriezky kataly-
zatora.

Bola preskimand aj zavislost' mernych rychlosti na
koncentracii modifikdtora. Optimalna koncentricia pre
obidva katalyzdtory leZi v rozsahu atomového pomeru M :
V = 0,1 az 0,2, priCom u katalyzatora modifikovaného
kobaltom lezi v hornej hranici uvedeného optimalneho
rozsahu. Dalii nérast koncentracie modifikdtora sa preja-
vuje negativne, pretoze prudko klesd vytazok MA a tym aj
selektivita procesu. Je to spojené s velkou defektnostou
mriezky katalyzdtora a s vydelovanim modifikitora na
povrchu vo forme oxidu.

M= 100

798

100
1
X X5 XXS
mol % mol %
50 2 50
4
5
ey, [TCEmae——, e
0 | 2
T8
V-P-Mn-O

Zo zavislosti mernej rychlosti na prevratenej hodnote
teploty boli zistené zdanlivé aktivaéné energie pre oxidaciu
n-butdnu v modifikovanych katalyzatoroch 110 kJ.mol"",
¢oje o 4 kl.mol"' menej ako u V-P-O, pre vznik MA 98
kJ.moll &o je 0 2 kJ.mol"' menej ako u nemodifikovanej
formy. Usudzujeme teda, Ze pritomnost modifikdtora ne-
meni mechanizmus parcidlnej oxidacie n-butanu.
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Slovak Republik): Vanadium-Phosphorus Catalyst Mo-
dified with Manganese or Cobalt

Vanadium-phosphorus catalysts modified with Mn or
Co elements essentially increase not only the specific rate
of butane conversion and maleic anhydride formation but
the selectivity of the process studied as well in comparison
with the unmodified V-P-O catalyst. It seems likely that the
effect of modifiers relates to the acido-basicity of the sur-
face and to lattice defects. The modifiers slightly decrease
the apparent activation energy (app. 4 kJ.mol"") compared
with the unmodified catalyst.



ACID CATALYSED HYDROLYSIS OF
ACETAL, BENZYL ETHERAND GLYCO-
SIDIC TYPE LIGNIN-CARBOHYDRATE
BONDS

11.06

ADAM WOJCIAK

Institute of Chemical Wood Technology, Agri-
cultural University of Poznari, ul. Wojska Pol-
skiego 38/42, 60-637 Poznari, Poland

Lignins as they are present in woods are intemately
associated and probably chemicaly bonded to carbohy-
drates. With increasing environmental restrictions, there is
a growing demand for developing new methods of bond
cleavage between lignins and carbohydrates, in order to
optimise environmentally friendly pulping and bleaching
technologies. Thus it is of considerable interest to better
understand the chemical behaviour of lignin-carbohydrate
bond. It is difficult so far, to receive such degradation
product of original wood in which chemical bonds have
been preserved without changes. For this reason, the varia-
tion of stability of the three potential types of linkages were
studied using model compounds. The stability of phenyl-[3-
D-glucopyranose (1), 4,6-O-benzylidene-D-glucopyranose
(IT) and benzyl-4-O-B-D-galacto-B-D-glucopyranose (IIT)
towards acid catalysed hydrolysis was investigated. The

model compounds underwent reactions with acetic acid at
different concentration (10, 70, 80, 95, 99.5 %) in a thermo-
stated water bath at a given temperature and time. Hydro-
chloric acid catalysed hydrolysis was carried out using
0.017 M and 0.1 M-HC1 (in acetic acid). The hydrolysis
kinetics was evaluated by the colorimetric method (o-To-
luidine)] . In the conditions applied in preliminary study (80 %
acetic acid, 95 °C, no catalyst) it was shown, that only
acetals proved sensitivity towards hydrolysis. Benzyl ether
and phenylglycoside were resistant to acetic acid treatment,
that is in accordance with the generally known stability of
unsubstituted saccharidic benzyl ethers and glycosidesj.
Addition of the catalyst (0.1 M-HCI) has increased almost
five times the rate of hydrolysis of the acetals and has
caused cleavage of ethers and phenylglycosides. The rate
constants were calculated from the first order equation. The
most resistant towards hydrolysis proved to be benzyl
ethers. The ratio of the relative rates (in 80 % acetic acid)
was as follows: K" : K': K™= 1 : 0.53 : 0.43 . The studies
of the influence of the acetic acid concentration on the
hydrolysis showed increase of the rate constants for all
the model compounds, within the range of concentration
from 10 % up to 95 %. It should be noted, that the Ig k of
all the studied compounds varied linearly with the molar
ratio of acetic acid. Only in pure acetic acid some decrease
of hydrolysis was observed. This is due to differences of
non- and specific solvation between pure organic acid and
aqueous solutions.
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Fig. 1. Variation of reaction rate (70 % acetic acid, 0.1 M-HC1)
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Catalysed Hydrolysis of Acetal, Benzyl Ether and Gly-
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The variation of stability of the three potential types of
lignin-carbohydrate bond in wood were studied using mo-
del compounds. The most resistant towards hydrolysis pro-
ved to be benzyl ether, then phenylglycosides.

11.07 REDOX PROPERTIES vs. ACTIVITY OF

Cu ZEOLITES IN PROPANE OXIDATION'

ROMAN BULANEK?, BLANKA
WICHTERLOVAP, ZDENEK SOBALIK"
and FRANTISEK DUSEK?

“University of Pardubice, 53 210 Pardubice,
by, Heyrovsky Institute of Physical Chemistry,
Academy of Sciences of the Czech Republic,
182 23 Prague 8

The siting and state of copper in high silica zeolites is
currently discussed in connection with its activity in NO
decomposition and SCR by low paraffins, where Cu has
functions, both to activate paraffin molecule and reduce
selectively NO. By using of multi-spectroscopical ap-
proach employing Cu® emission spectra, IR spectra of
adsorbed NO on Cu?* and ESR of Cu?*, it has been found
that high silica Cu-zeolites of the structural types of MFI,
ferrierite, mordenite and erionite exhibit two main Cu ion
sites Cu,, and Cun, differing in coordination, in positive
charges on the Cu”* jons and in redox properties’. In
addition it has been found that the reducibility of the
divalent to monovalent copper is affected by the local
negative framework charge adjacent to the Cu ion and
controlled by the local aluminium distribution in the frame-
work and by the total negative framework charge given by
the total Si/Al ratio’.

This contribution deals with the correlation of the re-
ducibility and activity in propane oxidation of the Cu ions
implanted in various zeolite structural types, differring in
addition also in Cu/Al/Si compositional ratio. Tempera-
ture-programmed reduction (TPR) of Cu zeolites by hydro-
gen, reduction of divalent to monovalent copper by CO
identified by IR spectra of Cu™CO complexes and conver-
sion of propane to CO and CO, in dependence on tempera-
ture was investigated on CuNa-MF]I,-ferrierite,-mordenite
and-erionite.

The degree of the reduction of the Cu?* to Cu™ ions
(detected by TPR and Cu™-CO complexes) depends mainly
on the total framework negative charge given by the Si/Al
ratio, and in addition on the population of the Cuand Cug
type ions, balanced by two and one negative (Al atoms)
framework charges. CUr}z] is readily reduced compared with
Cuyg,. This is reflected in the shift of the temperature maxi-
mum of the first TPR peak at ca. 220 °C, which is however,
relatively very low. On the other hand, the TPR reduction
of Cu* to Cu® of the Cu ions in various matrices and
Cu/Al/Si ratios, taking place in a second high-temperature
peak, exhibits much higher differences in temperature ma-
xima compared to the reduction of divalent to monovalent
copper. While for Cu-MFI-5 of various Cu/Al/Si this re-
duction occurs at 300-500 °C, the Cu in ferrierite, erionite
and mordenite is reduced at 700-1000 °C. Such high dif-
ference indicates a high stabilization of the monovalent
copper in the latter zeolites. In addition to these results the
TPR measurements were able to detect easily small CuO
species in some zeolites by a characteristic sharp TPR peak
at about 320 °C.

The conversion of propane and the CO,/CO selectivity
are in very good correlation mainly with the ability of the
Cu zeolites to be reduced from Cu™ to metallic state at low
temperature. Thus surprisingly, the changes in activity and
selectivity of the Cu zeolites with respect to propane oxi-
dation to CO and CO, are predominantly related to the
redox properties of the monovalent and not divalent copper.
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R. Buldnek?, B. Wichterlova®, Z. Sobalik® and F.
Dusek? ("University of Pardubice, Pardubice, vJ. Hey-
rovsky Institute of Physical Chemistry, Academy of Scien-
ces of the Czech Republic, Prague): Redox Properties vs.
Activity of Cu Zeolites in Propane Oxidation

Redox properties of various Cu zeolites were investi-
gated. Changes in their activity and selectivity with respect
to propane oxidation appeared to be predominantly related
to the redox properties of the monovalent copper.

11.08 PULTRUZNI TAZENi PROFILU

ANTONIN BLAHA? a MARTIN EDER”

“Katedragumdrenské aplastikdrské technolo-
gie, Vysoké uceni technické Brno, Fakulta tech-
nologickd ve Zliné, ndm. TGM 275, 762 72 Zlin,
b5Ms.r.0., 687 09 Bor sice u Buchlovic

Pultruzni taZeni profili jev principu kontinudln{ postup
laminovani sloZzeny z nékolika stupnili: piiprava vyztuze,
impregnace, formovani, vytvrzovani, taZeni, fezani.

Vyztuzujici materidl se tdhne ze zasobniku pies impreg-
naéni zénu, kde dojde k impregnaci polymerni smési. Im-
pregnovéani se provadi prichodem pies vanicku s poly-
merni smési nebo pfimym vstiikovanim smési do ptfedni
Casti vytvrzovaci formy. Impregnovana vyztuz se piedfor-
muje do pozadovaného geometrického tvaru priichodem
priviakem formy, v jejiZz druhé €asti dochdzi k vytvrzovani
ohfevem. Formou je kompozit taZzen prostfednictvim dvou
hydraulickych taznych zatizeni. Nasleduje fezani hotového
profilu na pozadované délky diamantovym ndastrojem. Pul-
truzni linka se tedy skldda z téchto Césti: stojan na rovingy,
vani¢ka s polymerni pryskyfici, navadéci vélecek, forma,
I. stupen odtahu, II. stupeni odtahu, fezaci zafizeni.

Pouzivaji se vyztuzné materidly ve formé riznych typt
rovingd, tkanin, rohozi, tkanych a netkanych textilii vy-
robenych ze sklenénych, uhlikovych, kevlarovych &i poly-
esterovych vldken. Jako matrice se pouzivaji polyesterové,
epoxidové, vinylesterové, fenolické, akrylové nebo ure-
tanakrylové pryskytice v kombinaci s rliznymi piisadami,
jako jsou inicidtory, akceleratory, separatory, plniva a dalsi
specidlni aditiva.

Kombinaci uvedenych materidlti lze ziskat profily se
specidlnimi vlastnostmi: vysokd pevnost v tahu a ohybu pfi
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nizké hustoté, elektrickd nevodivost, nizkd tepelnd vodi-
vost, vysokd korozni odolnost, odolnost proti UV zéfeni,
nehotlavost, nizk4 toxi¢nost a dymavost!.

Zabyvali jsme se vyvojem vyztuznych a taZznych ma-
teridlli pro stavebnictvi. Pro hodnoceni pevnosti v ohybu,
rdzové houzevnatosti a pevnosti v tahu materiald byly
pouzity profily kruhového priifezu o priiméru 6 mm. Vy-
robeny byly na pultruzni lince firmy 5M s.r.o. BorSice
u Buchlovic, kterd ma taznou silu 50 000 N.

Méteni pevnosti v tahu se provadélo na vzorcich délky
300 mm na zafizeni ZWICK + CO.KG Eisingen iiber Ulm
s upinacim tlakem v hydraulickych celistech 250 MPa.
Vysledky jsou uvedeny v tabulce I jako primér z péti
méfeni. Kompozit s uhlikovymi vlakny obsahoval vldkna
o stejné objemové koncentraci jako vzorky se sklenénymi
vldkny o hmotnostni koncentraci 79 %.

Zkusebni téliska byla uchycena do zvlastniho piiprav-
ku, nebot jinak dochdzelo k vytazeni téliska nebo jeho
rozdrceni v Celistech. Piesto dochdzelo k separaci vldken
a destrukci v misté uchyceni télisek. Zavislost deformaéni
sily na taznosti ma linearni pribéh az do mista destrukce.

e

V piipadé vhodnéjsiho uchyceni zkousenych kompo-

zitll 1ze predpokladat naméfeni jeSté vysSich pevnosti v ta-
hu. Piesto jsou naméfené hodnoty pevnosti velmi vysoké.

Tabulka I

Priimérna pevnost v tahu v zavislosti na pouzité pryskyfici
a koncentraci vyztuze pro sklenénd a uhlikova vlakna (pro-
centa znamenaji hmotnostni koncentraci)

Pryskyfice Priimérna pevnost v tahu
[MPa]

Polyesterova ortoftalovd pryskyftice 700

skelnd vldkna 79 %

Diamantova epoxidova pryskyfice 1 100

skelnd vldkna 79 %

Vinylesterova pryskyfice 1 000

skelnd vldkna 79 %

Neopentylglykolisoftalovd pryskyftice 900

skelnd vldkna 74 %

Neopentylglykolisoftalovd pryskyfice 900

skelnd vldkna 79 %

Neopentylglykolisoftalova pryskyfice 1 000

skeln4 vldkna 83 %

Neopentylglykolisoftalovd pryskyfice 1 400

uhlikova vldkna
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A. Blaha? and M. Eder® (Deptartment of Rubber and
Plastics Technology, Faculty of Technology in Zlin, Tech-
nical University Brno, Zlin, ’SM Ltd., Borsice u Buchlovic):
Pre:uction of Composite Profiles by Pulltrusion

Pulltrusion is a continuous process composed of several
stages: preparation of roving, impregnation, forming, cur-
ing, stretching and cutting. The average tensile strength was
experimentally measured for various types of polymer ma-
trix and glass and carbon roving.

EPOXIDY LEHCENE DUTYMI SKLENE-
NYMI MIKROKULICKAMI

11.09

ANTONTN BLAHA

Katedra gumdrenské a plastikdrskétechnologie,
Vysoké ucent technické Brno, Fakulta technolo-
gickd ve Zliné, ndm. TGM 275, 762 72 Zlin

Modifikace epoxidovych pryskyfic jejich plnénim du-
tymi sklenénymi mikrokulickami spolu s napénénim pfi
vytvrzovani pfinasi zlepSeni nékterych vlastnosti epoxidu:
snizi se tepelnd a elektrickd vodivost, zvysi se rozmérova
stilost, snizi se hustota, zvysi se odolnost proti chemi-
kaliim, zlepsi se zvukové izola¢ni vlastnosti.

Vyrobcem dutych sklenénych mikrokuli¢ek s obchod-
nim nazvem MIKROSIL je firma Silchem, s.r.o. Nesté-
mice. Mikrokuli¢ky se pfipravuji expandaci suseného boro-
kfemicitého skla, tfidénin a povrchovou tpravou. Povr-
chové jsou upraveny organosilikonovymi slou¢eninami.
Sypnd hmotnost se podle druhu vyrobku pohybuje od 50
do 110 kg.m™3 a stfedni priimér &astic od 20 do 100 um.

Slozeni epoxidové matrice: CHS-Epoxy 15, epoxidovy
ekvivalent/1000 g = 0,515. PMMA, smés CHS-Epoxy 15
a PMMA obsahovala 7,5 % PMMA. CHS Tvrdidlo P 22,
aminové ¢islo 950 mg KOH/g. Piidavkem PMMA se do-
sdhlo vyssi viskozity epoxidové matrice takové, aby nedo-
chdzelo k vyplavovdni mikrokulicek béhem vytvrzovani.
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Pouzity pomér epoxidu obsahujiciho PMMA ku tvrdidlu
byl 100:24.

Pfi laboratornich experimentech byla méfena zavislost
hustoty, pevnosti v tlaku a pevnosti ve smyku na mnoZzstvi
a druhu pfidaného Mikrosilu a na vytvrzovacim tlaku. Tlak
byl v rozmezi 0,01 MPa az tlak atmosfericky. MnozZstvi
pfidavaného Mikrosilu se pohybovalo v rozmezi od 1 do
32 relativnich hmotnostnich procent na hmotnost epoxi-
dové pryskytice. Experimenty byly provadény s péti druhy
Mikrosilu. Epoxidova pryskyfice byla ohidta na 65 °C
a ruéné zamichdna s tvrdidlem a mikrokuli¢kami. Vytvr-
zovani probihalo pfi daném podtlaku 2 hodiny pii labora-
torni teploté. Zkusebni téliska piedstavovala epoxidové
kompozity lehéené jednak dutymi sklenénymi mikroku-
lickami a jednak vzduchovymi bublinkami. Naméfené hod-
noty hustoty se pohybovaly v rozmezi od 230 kg.nr’ do
880 kg.m™, pevnosti v tlaku od 2,65 MPa do 45,3 MPa
a pevnosti ve smyku od 0,27 MPa do 4,38 MPa. V tab. 1
jsou uvedeny naméfené hustoty a pevnosti v tlaku pro jeden
druh plniva, mikrokuli¢ky o stfednim priméru 60 [xm.

Kombinaci koncentrace plniva a velikosti podtlaku pii
vytvrzovani 1ze dosahnout Sirokého rozsahu pevnosti v tla-
ku a ve smyku v zdvislosti na hustoté kompozitu.

Tabulka I

Zavislost primérnych naméfenych hodnot hustoty p a pev-
nosti v tlaku ¢ vytvrzeného epoxidového kompozitu na
mnozstvi Mikrosilu Dogo pfi vytvrzovacim tlaku 0,04 MPa

Doso P P : a
[%] [MPd] [kg.m™] [MPe]
2 0,04 840 27
4 0,04 630 22
6 0,04 600 15
8 0,04 510 1
LITERATURA

Humenik S.: PouZtie dutych sklenenych mikrogulo-
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A. Blaha (Department of Rubber and Plastics Techno-
logy, Zlin, Technical University Brno, Faculty of Techno-



logy Zlin): Rigid Cellular Epoxides Filled by Bottle
Glass

The dependence of bulk density, shear and compression
strength on concentration of bottle glass and pressure dur-
ing manufacture was experimentally measured. The combi-
ned concentration of glass and value of pressure determined
a wide range of shear strength and compression strength in
connection with the bulk density of the composite.

TREATMENT OF HIGH-YIELD SULFA-
TE CELLULOSE WITH HYDROGEN PE-
ROXIDE AND PEROXYMONOSULFATE

11.10

ADAM WOJCIAK

Institute of Chemical Wood Technology, Agri-
cultural University of Poznari, ul. Wojska Pol-
skiego 38/42, 60-637 Poznari, Poland

In response to recent changes in environmental policy,
the pulp and paper industry is investigating a variety of
nonchlorine based bleaching and brightening procedures!-,
With exception of studies using alkaline hydrogen pe-
roxide, little attention has been paid to brightening high-
yield sulfate pulp with inorganic peroxides. The purpose of
this work was to determine whether acidic hydrogen pe-
roxide or peroxymonosulfate anion could remove effec-
tively residual lignin from pulp. For comparison, alkaline
hydrogen peroxide treatment of pulp were applied.

Ten-gram samples of commercial pine pulp (Kappa
number - 63, residual lignin - 9.6 %), were treated at room
temperature (22 °C) with 5 % solution of hydrogen pe-
roxide adjusted to either pH 11.5 with sodium hydroxide or
to pH 2.5 with sulfuric acid. The samples were also treated
at the natural pH (4.5) of the 5 % solution of hydrogen
peroxide. Pulp consistency was 10 % and the treatment
time was 3 h. Another pulp samples were treated with
Oxone-triple salt containing potassium peroxymonosulfate
(2KHSO5xKHSO 4xK,SO,) employing an 1:1 and 1 :3 mix-
ture of acetone/water as a solvent (10 % consistency, 22 °C
for 3 h). Sodium bicarbonate for pH control (7.5) was
added. The active dimethyldioxirane (DMD) involved in
these mixture can be expressed as 1.35 % AO (active oxy-
gen) on pulp O.D. basis. In order to determine the influence
of treatment temperature on lignin removal, runs were made

at 70 °C in hydrogen peroxide solutions for 3h and at 50 °C in
peroxymonosulfate solutions for 1 h. The brightened pulps
were washed with three water rinses (500 ml). The yield of
the pulps and lignin (Noll method) in residue was deter-
mined. The quantity of oxidants consumed (HSO75, H,0,)
were controled. The results show, that lowering the pH to
2.5 increased slightly the lignin removal from what it was
at pH 4.5. Much more lignin was removed under alkaline
conditions. The most effective delignification efficiency
occuredatpH 11.5at70 °C, however none ofthe conditions
studied resulted in total removal of lignin in final residue.
Residual peroxide level (pH 11.5, 70 °C for 3 h) was close
to 60 %. The delignification efficiency of DMD was evalu-
ated through two variants of premixing conditions (aceton
: water, 1:1/1:3). The higher ratio of acetone enhance the
delignification process. During relatively shorter time of
treatment (1 h), significant losses of lignin at temperature
of 50 °C were observed. Relatively high yields of pulp
suggest better selectivity of lignin removal using peroxy-
monosulfate than hydrogen peroxide (Table I).

Table I
Delignification of the high-yield pine pulp

Run pH Temperature Time Yield Lignin in pulp

[*C] [(h]  [%] (%]
1 25 22 3 95.8 89
2 4.5 29 8 98.8 9.3
3) 11.5 20 3 924 85
4 25 70 3 83.7 7.8
5) 4.5 70 3 97.2 8.2
6 11.5 70 3 86.6 6.6
7 7S 22 3 98.2 9.1
8 75 22 3 98.1 9.3
9 7.5 50 1 88.6 7.6
10 7.5 50 |

92.0 8.7

Run: 1-6 — hydrogen peroxide; run: 7 and 9 — monoper-
sulfate (aceton/water, 1 : 1);run: 8 and 10 — monopersul-
fate (aceton/water, 1 : 3)
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A. Wajciak (Institute of Chemical Wood Technology,
Agricultural University of Poznari, Poland): Treatment of
High-Yield Sulfate Cellulose with Hydrogen Peroxide
and Peroxymonosulfate

The purpose of this work was to establish, whether
acidic hydrogen peroxide or peroxymonosulfate anion
could remove residual lignin from commercial cellulose,
thus improving pulp brightening process. For comparison,
alkaline hydrogen peroxide treatment of pulp were applied.

REAKTIVNI DISPERZNI AZOBARVIVA
NA VLNU S DIGLYCIDYLDERIVATY
m-TOLUIDINU A m-ANISIDINU JAKO
PASIVNI KOMPONENTOU

11.11

STANISLAV LUNAK JR.?, RADIM
HRDINA?, PAVEL VRASPIR?
a LADISLAV BURGERT"

“Katedra technologie organickych ldtek a " Us-
tav polymernich materidlii, FCHT, Univerzita
Pardubice, Cs. legii 565, 532 10 Pardubice

V nedédvné dobé' byla pfipravena serie reaktivnich dis-
perznich barviv, vzniklych kopulaci diazoniové soli aro-
matického aminu (napf. A1) na N,N-diglycidylanilin (P1),
pfipraveny kondenzaci anilinu s epichlorhydrinem a na-
slednou dehydrochloraci’.

K vyhoddam barviv na bazi P1 patfi rozpustnost ve vodé
vhodn4 pro disperzni zptisob barveni, vyborné mokré sta-
losti vybarvenych substratti a schopnost egdlné vybarvovat
smési vina-polyester vytahovacim postupem. K nevyho-
dam patii ponékud nizké fotostalosti a také nemoznost
pfipravit velmi hluboké barevné odstiny.

Ve snaze prohloubit barevné celou paletu, bylo pri-
kroceno k syntéze dalSich pasivnich komponent (P2, P3),
jejichz elektrondonorni charakter je posilen dalSimi substi-
tuenty. Obé latky byly syntetizovany postupem obdobnym
P1 a dosud byla pfipravena ¢tyfi barviva na jejich bazi, na
nichz byl absorpéni spektroskopii roztokil v acetonu zkou-
mén vliv novych substituenti na barevnost.

U A1—-P2 a A1—P3 doslo k batochromnimu posunu
absorpéniho maxima o 10 a 18 nm vii¢i A1—P1, u A2—P2
0 9 nm vi¢i A2—P1 auA3—P2 o 14 nm vici A3—PI1,
¢imz byl batochromni efekt jak o-Me, tak o-MeO substi-
tuentu barvivech prokazan.
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S. Luiiak Jr.2, R. Hrdina?, P. Vraspir? and L. Bur-
gert? (“Department of Organic Technology and “Institute
of Polymer Materials, Faculty of Chemical Technology,
University in Pardubice): Reactive Disperse Azodyes for
Wool Based on Diglycidyl Derivatives of #:-Toluidine
and m-Anisidine as Passive Components

There were synthesized four azodyes based on N,N-di-
(2,3-epoxypropyl) derivatives of m-toluidine and m-anisi-
dine. The batochromic effect of 0-CH; and 0-OCH5 group
on the absorption maxima was confirmed by comparison
with the analogous dyes based on N,N-diglycidylaniline.
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CHLORSULFONACE SUBSTITUOVANYCH
AROMATICKYCH UHLOVODIKU S VY-
UZITIM DODATECNE CHLORACE SUL-
FOKYSELINY CHLORIDEM THIONYLU

11.12

RADIM HRDINA a PETR VIDENSKY

Katedra technologie organickych ldtek, FCHT,
Univerzita Pardubice, Cs. legii 565, 532 10Par-
dubice

Reakci popsanou nasledujici rovnici vznikaji aroma-
tické sulfochloridy:

" S04H S0,C1
HS03C1 HSO5C1
= —
-HC1 ~H,S50,
R R

které nachdazeji uplatnéni jako meziprodukty k syntéze sul-
fonamidid (diuretika, chemoterapeutika). Ptipadnou kon-
denzaci s vhodné substituovanym aromatickym aminem
tvoii barvaiské meziprodukty (sulfoanilidy).
Chlorsulfonace se skladd ze dvou krokt. Prvnim je
sulfonace aromatického jadra (elektrofilni aromaticka sub-
stituce). Poloha, do niZ vstoupi sulfoskupina a snadnost
tohoto vstupu, je dana substituci aromatického jadra. Ve
druhém kroku dochdzi k substituci OH skupiny aromatické
sulfokyseliny chlorem. Tuto substituci je moZné provést
jednak kyselinou chlorsulfonovou, ktera se k tomuto tcelu
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davkuje v nadbytku, nebo, a také s vétsim efektem, piida-
nim dal$iho chlora¢niho €inidla, jakym je napiiklad SOCI,
nebo PCls (cit. ). Pro priimyslovou praxi je tfeba nalézt
optimalni sloZeni reakéni smési. Pouziti dodate¢ného chlo-
raniho Cinidla ma dva hlavni efekty a to zvySeni vytéZzku
reakce a zvySeni Cistoty produktu.

Bylsledovén vliv ptidavani SOCI, na vytézek chlorsul-
fonacni reakce provadéné na rtiznych substratech liSicich
se typem substituentu, tedy na jadie aktivovaném nebo
desaktivovaném. Jedna se o acetanilid (optimalni teplota 70 °C,
6 mol HSO;Cl/mol substratu, 1 mol SOCI,/mol substrétu,
vytézek 95 %), p-nitrotoluen (optimalni teplota 65 °C, 4,5
mol HSO;Cl/mol substratu, 0,8 mol SOCl,/mol substrétu,
vytézek 97 %) a kyselinu 2,4-dichlorbenzoovou (optiméalni
teplota 120 °C, 8,5 mol HSO5;Cl/mol substritu, 1,2 mol
SOCl,/mol substratu, vytézek 97 %).

LITERATURA
1. Eur. Pat. Appl. 403,947 (27.12.1990).

R. Hrdina and P. Videiisky (Department of Organic
Technology, Faculty of Chemical Technology, University
in Pardubice): Chlorsulfonation of Substituted Aro-
matic Substances Supported by Thionyl Chloride

Chlorsulfonation of aromatic compounds by chlorsul-
fonic acid supported by thionylchloride gives aromatic
sulfochlorides of the higher purity and with the higher yield
composed to the conventional chlorsulfonation.
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1201 RENTGENOVA STRUKTURNIi ANALY-
ZA MONOKRYSTALICKYCH BIOPO-
LYMERU'

JAROMIR MAREK

Laborator struktury a dynamiky biomolekul,
Prirodovédeckd Fakulta Masarykovy Univerzi-
ty, Kotldrskd 2, 611 37 Brno

1. Uvod

Organické biopolymery - proteiny a nukleové kyseliny
- patfi vedle molekul vody k hlavnim komponentam tvo-
ficim zivé bunky. K detailnimu pochopeni procest, které
v burikach probihaji, je nezbytné nutna znalost ttidimenzio-
nalnich struktur téchto molekul. V soucasnosti jsou k ex-
perimentalnimu zjistovani makromolekularnich struktur az
do jejich atomdrnich detaild Siroce pouZiviny zejména
nuklearni magneticka rezonance (NMR) a rentgenova di-
frakce na krystalech. Vyhodou NMR je moZznost studia
dynamického chovani molekul a to, Ze studované materialy
nemusi byt pfipravoviny ve formé krystalti, nevyhodou je
jeji omezenost na biopolymery s relativni molekulovou
hmotnosti mensi nez cca 25 000. Vzhledem k tomuto ome-
zeni NMR metod je pro vétSinu makromolekuldarnich sys-
témi vyhodné&jsi rentgenova difrakce, nebof umoZziiuje stu-
dovat proteiny (protoZe bilkoviny byly az doposud nej-
Castéji mérenymi biopolymery, budu slovo protein nadéle
pouzivat jako synonymum oznacujici biomakromolekuly
v8ech typi) az do relativni molekulové hmotnosti fadu
minim4ln&10°.

Zakladnim fyzikdlnim principem, pouzivanym pfi rent-
genové strukturni analyze proteind, je difrakce rentgenové-
ho zafeni na mnoha identickych molekuldch, usporadanych
do pravidelného pole - krystalové miizky. Méfici metoda
se proto nazyvd monokrystalova rentgenova Kkrystalo-
grafie.

Interakce rentgenového zareni s ldtkou probiha cestou
Thompsonova rozptylu na elektronech. Za urcitych pied-
pokladii (elasticky rozptyl zafeni, kinematicka teorie di-
frakce, ...) je mozno ukézat, Ze amplituda F zéfeni difrak-
tovaného do difrakéniho sméru H definovaného Millerovymi
indexy A, k, /je imérna Fourierové transformaci krystalové
elektronové hustoty p(F)
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Sekce 12

}7"(} = jp(r”) exp(Zm‘H.F]dr‘ =
\
= jp(.r._l-'.:'} exp [2 mi(hx+ky+ L_,:') dxdydz
v

Protoze je vétSina elektronil soustfedéna do kulovych
oblakli kolem jader jednotlivych atomi tvoricich krysta-
lické latky, zdélo by se, ze bychom k ziskani 3-D struk-
turniho modelu makromolekuldrniho krystalu mohli po-
uzivat podobné metody jaké pouziva chemicka monokrys-
talova krystalografie, t. j. chemickou interpretaci mapy
elektronové hustoty p(# ) vypoctené aplikaci inverzni Fou-
rierovy transformace na strukturni amplitudy

p(F)= Z Fs exp(-2miH.F)
i

Rédovy rozdil mezi po¢tem strukturnich dat depono-
vanych v Brookhavenské proteinové databance’ (podle
informaci z 13. Unora 1997 obsahuje PDB 5501 struktur -
4875 proteinti, 395 nukleovych kyselin a 219 komplext
nukleovych kyselin s proteiny, ze kterych bylo 791 urceno
pomoci NMR a 148 je vysledkem chemického numeric-
kého modelovani, zatimco zbyvajici modely byly nameé-
feny a vypocteny s pomoci difrakénich technik) a poctem
vyfeSenych chemickych struktur obsazenych v Cambrid-
geské strukturni databézi’ (vydani CSD z fijna 1996 obsa-
huje 160091 polozek) ale svéd¢i o tom, ze ziskani 3-D
strukturnich modeli proteint rentgenovou difrakci neni ani
v soucasnosti zcela rutinni zaleZitosti.

2. Strucny nastin proteinové krystalografie
Pokud pomineme ty tivodni fize experimentu, kterych se
krystalograf nemusi bezprostfedné tucastnit (t. j. napfiklad
piipravu dostatecného mnozstvi - fadové desitek mg - velmi
kvalitné vycCisténého makromolekularniho materidlu), sklada
se typicky difrak¢ni experiment z ndsledujicich fazi:
pripravy krystalti vhodnych k difrakénimu méteni
sbéru difrak¢énich dat

feSeni tzv. fazového problému

upresiiovani strukturniho modelu.



2.1.Krystalizace proteint

Problémy s piipravou vysoce kvalitnich proteinovych
krystalti jsou pravdépodobné hlavnim divodem, proc je az
doposud roéné publikovdno relativné velmi malo novych
makromolekularnich struktur. Pfes metodologicky i technicky
pokrok je totiz piiprava tzv. krystald rtg. kvality (t.j. krystali
dobfe difraktujicich) stale jesté spiSe uménim nez védou.

Hlavni rozdil mezi klasickym krystalem v pravém slova
smyslu a krystalem proteinovym je v obsahu rozpoustédla.
Makromolekuldrni krystaly totiz tvoii vedle pravidelné
trojrozmérné sité biomolekul i pomérné velka ¢ast (od 30
az do vice nez 80 hmotnostnich procent) relativné ne-
usporadanych molekul solventu. V dusledku své nizké
uspotddanosti makromolekuldrni krystaly relativné $patné
difraktuji. Rozdiln€ Spatna difrakéni kvalita jinak naprosto
shodné vyhliZejicich a identickym postupem pfipravova-
nych krystalil je také diivodem, pro¢ se proteinovi krysta-
lografové zapojuji do procesu vedouciho k ziskdni 3-D
struktury uz v okamziku krystalizace. Difrakéni schopnost
krystalu se totiz dd poznat az po umisténi krystalu na
difraktometr.

Vysoky obsah rozpoustédla neni ale vzdy jen na zdvadu.
V disledku obklopeni makromolekul nékolika vrstvami
molekul vody a existence kanalkil s vodou zcela neuspo-
fadanou jsou enzymy aktivni i v krystalické formé. Jinymi
slovy fe¢eno - nemél by byt podstatny rozdil mezi krysta-
lovou molekularni 3-D strukturou a 3-D strukturou téze
biomakromolekuly v jejim fyziologickém prostiedi. V di-
sledku vysokého obsahu vody pak v makromolekuldrnich
krystalech probihd pomérné rychle difuze - d&j umoznujici
pfipravu kovovych derivatii proteind (viz kapitola o fi-
zovém problému).

Rast proteinovych krystali® zpiisobuje koncentraéni
piesyceni v roztoku obsahujicim makromolekuly. Vysle-
dek krystalizace, kterym mohou byt nejen velké a kvalitni
monokrystaly, ale Cast&ji spiSe mikrokrystalicky, respek-
tive amorfni precipitidt, pak ovliviiuje rychlost, kterou se
roztok prevadi z presyceného do rovnovazného stavu,
a vnitfni fyzikdlné-chemické parametry krystaliza¢niho
roztoku. Krystaliza¢ni dlohu je proto mozné popsat jako
hleddni vhodnych podminek (napt. spradvného pH, teploty,
)

v mnohodimenziondlnim prostoru. Dostate¢né pomalého

koncentrace dodate¢né priddvanych soli ¢ijinych aditiv, ...

pifechodu systému do stavu koncentra¢niho presyceni se
dociluje napt. pouzitim metod difize v plynné fazi ¢i difiize
pies polopropustnou membranu. Vzhledem k mnozstvi vy-
Cisténé makromolekuldrni latky, které byva krystalografiim
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k dispozici, se krystalizace provadi s kapkovymi objemy
(t.j. s objemy Fadu jednotek mikrolitrii) roztokii proteinti
nejcastéji metodami sedici Ci visici kapky.

2.2. Sbér difrakénich dat

i Méfteni intenzit / P reflexi s Millerovymi indexy
H = (h, k, ) je hlavni experimentélni ¢asti rentgenové
strukturni analyzy. Cilem je zméfit intenzitu téchto reflexi
co nejrychleji a co nejpresnéji a naméfit jich pokud mozno
co nejvetsi pocet.

Mnozstvi naméfenych reflexi souvisi s pojmem roz-
liseni 3-D struktury - jednim ze zdkladnich kritérii na
hodnoceni kvality makromolekularnich difrakénich dat.
Nejvétsi Braggiv uhel 0, ,,, do kterého se podaii naméfit
difrak¢ni data, totiz pfes Braggovu rovnici 2 d_; sin 0,
=\ aparametrd,,;, urtuje velikost nejmensich strukturnich
detaild, které je mozné z difrak¢énich dat jesté rozlisit.

Pozadavek na rychlost méfeni souvisi nejen s pocho-
pitelnou snahou zméfit s dostupnym pfistrojovym vyba-
venim co nejvétsi mnozstvi vzorki, ale hlavné s omezenou
zivotnosti proteinovych krystali béhem jejich ozafovani
rtg. zéfenim. Cést rentgenovskych fotond je totiZ proteiny
absorbovdna za vzniku volnych radikald, které se uvniti
krystaldi obsahujicich velké mnozstvi rozpoustédla mohou
relativné volné pohybovat a pii tomto pohybu dile kata-
Iyticky urychlovat rozklad makromolekul. Pfesnost méteni
difrakénich intenzit, vyjadfitelnd napf. jako pomér uzi-
te¢ného signélu k chybé tohoto signalu, je vzhledem k Pois-
sonovskému statistickému rozdéleni platicimu pro tyto ve-
liciny pfimo umérna odmocniné z doby méfeni difrakéniho
signalu.

Z vySe uvedeného je ziejmé, Ze nejjednodussi cesta
vedouci ke spInéni vSech diskutovanych pozadavki — prodlou-
zeni méfeni za uCelem zvySeni celkového rozliSeni a pres-
nosti a zarovenn zméfeni vSech difrakci jesté nez se krystal
vlivem rtg. zdfeni rozlozi - je vzhledem ke své rozpornosti
nemo?na. Makromolekuldrni difrakéni méfeni’ se proto
urychluje pouzivanim sofistikovanych detektorti pro méfe-
ni intenzity ionizujiciho zéfeni (tzv. ploSnych detektorii)
a generovanim co moznd nejintenzivnéj$iho rentgenového
zéateni pomoci zdrojli typu rota¢ni anoda, resp. pouzivinim
synchrotronového zafeni vhodnych vinovych délek.

2.3.Fdzovy problém

Hlavnim teoretickym problémem spjatym s feSenim
struktur metodou rtg. difrakce je tzv. fizovy problém®. Ve
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Obr. 1. Zjednodusené schéma shrnujici mozné dil¢i kroky pii feseni fazového problému u makromolekularnich struktur
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vztahu pro krystalovou elektronovou hustotu totiz vystu-
FF,"
obecné vyjadfitelné pomoci komplexnich Cisel, veliCinami
méfitelnymi jsou vsak difrakéni intenzity / Ga jejichZ sou-
vislost s difrakénimi amplitudami je mozno vyjadfit po-

puji strukturni amplitudy veli¢iny ze své podstaty

moci vztaht

Fy =T exeliog)

kde @ je experimentdln€ pfimo neméfitelny fdzovy uhel.
Blokové schéma popisujici mozné postupy pii feSeni
fazového problému u makromolekuldrnich struktur je za-
kresleno na obr. 1. Z obrazku je vidét, Ze situace se pod-
statné zjednodusi, pokud bude neznama molekula podobna
néjaké molekule, jejiz 3-D struktura uz byla néjakou jinou
metodou urcena (t.j. napiiklad pokud feSime sérii podob-
nych struktur navzajem se liSicich od struktury modelové
jen v nékolika méalo mutacich). V takovém piipadé se
fazovy problém pievadi na nalezeni optimalnich hodnot
translaéniho vektoru 7 a matice /C/, spojujicich vztahem

I

+ "
¥ '!f';"!}f

Xy =[C). X+

vektory X reprezentujici atomy ptivodni zndmé molekuly
s vektory /\;N atomi molekuly nezndmé. Metoda, ktera se
ke hledani neznamych hodnot tfi translacnich a tfi rotacnich
parametri pouzivd, se obvykle oznacuje jako metoda mo-
lekuldrniho pfemisténi.

Podstatné slozitéjsi je samoziejmé feseni fAzového pro-
blému v pfipadé novych struktur. V takovém piipadé je
vétSinou nutno pouzivat tzv. substitu¢ni metody. Jejich
zékladem je vyuziti faktu, Ze makromolekuly jsou aZ na-
tolik veliké, Ze jejich struktury nejsou pfili§ citlivé na malé
zmény Vv jejich okoli. Miize se proto vcelku opravnéné
predpokladat, Ze se ani po zabudovani néjaké nepfilis velké
molekuly do krystalové miizKy proteinu struktura tohoto
proteinu podstatné nezméni, t.j. Ze nativni makromolekuly
jsou izomorfni se svymi derivaty.

Pri aplikaci substitu¢nich metod se musi provadét mé-
feni minimaln¢ dvojich strukturnich dat - vedle dat pro
pfirodni (nativni) makromolekulu i dat pro komplex mak-
romolekuly s malomolekularni slou¢eninou obsahujici né-
jaky tézky atom (v piipadé proteini jde vétSinou o néjakou
stl s tézkym kovem, v pfipad¢ oligonukleotidi se vyuZzivaji
jejich bromované derivaty). Kdyz si oznac¢ime Fp strukturni
faktor nativniho proteinu, |l amplitudu tohoto faktoru
a Fp, budou oznaCeny analogické veli¢iny pro derivat,
a pokud budeme piedpoklddat dokonaly isomorfismus,
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miiZe byt relace mezi vektory 7 a P}D ilustrovdna vztahem
ﬁ}D =FP_ +F];, resp. obrdzkem 2. Jako Fp, byl pfitom
oznacen difrak¢ni prispévek samotného tézkého atomu ob-
sazeného v derivatu.

Z obr. 2 je vidét, Ze s pouzitim jediného kovového
derivatu - t.j. metodou SIR (the Single Isomorphous Re-
placement method) na zékladé zméfeni /5, Fpp a vypoitu
FD neni mozné hodnoty fazovych uhli @, jednoznatné
urcit. Pro ziskdni jednoznacného feseni je proto nutné bud’
pfipravit minimaln¢ dva rozdilné difraktujici kovové deri-
vaty a fazovy problém fesit metodou MIR (the Multiple
Isomorphous Replacement method) tak, jak je to geomet-
ricky zndzornéno na obr. 3, nebo vyuzit vyrazného tzv.
anomalniho rozptylu na atomu kovu (anomadlni rozptyl
zpusobi, ze velikost intenzity reflexe s Miller. indexy H
bude obecné rozdilnd nez velikost reflexe -H) a fazovy
problém fesit metodou SIRAS (the Single Isomorphous
Replacement and Anomalous Scattering method) ¢i MI-
RAS (geometricky jde i u SIRAS ohledani pruseciku 3 Ci
vice kruznic).

Nevyhodou vsech substitu¢nich metod je jednak jejich
pracnost (musi se pfipravovat nékolik riznych difraktu
jicich derivatil), jednak jejich neurcitost. V disledku ztra-
ty izomorfie a rozli¢nych experimentdlnich i vypocetnich
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razek 4, na kterém nemaji tfi kruznice Zadny spole¢ny bod.
V pripadé krystalu s vyraznym absorbérem piitomnym uz
v nativnim proteinu (t.j. napf. u selenoproteinti - bilkovin
pfipravovanych v prostiedi obsahujicim selenomethionin
namisto methioninu) a v pfipadé moznosti méfit difrakéni
data z téhoz krystalu na nékolika rozdilnych vlnovych
délkach (t.j. pfi méfenich na synchrotronech) se proto v po-
sledni dobé stale Castéji pouzivd metoda MAD (the Multi-
wavelength Anomalous Dispersion method) vyuzivajici
disperznich zmén koeficientu anomalniho rozptylu. Tim,
Ze se veskera méieni provadi s jedinym krystalem, odpadaji
problémy s izomorfii. Nevyhodou je nutnost pouzivat syn-
chrotronového zafeni a déle to, Ze se v MAD zpracovavaji
pomérné velmi slabé signaly (relativni zmény ve velikosti
intenzit jsou pii zméné jen fadu jednotek procent).

2.4. Uptestiovani strukturniho modelu

Typicka rozliSeni proteinovych struktur byvaji v inter-
valu 0,2-0,3 nm. Je proto zfejmé, Ze piima interpretace
takovychto map metodou dosazovani jednotlivych atomu
do odpovidajicich lokalnich maxim pole p(F) neni dost
dobfe mozna. 3-D strukturni model proteinu se proto stavi
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Obr. 2. Graficka konstrukce ilustrujici substitu¢ni metodu
feSeni faizového problému.Strukturnfaktor Fp nativniho protei-
nu je vektor spocdtkem v O a s koncovym bodem lezicim nékde
na kruznici o poloméru |Fpl a stiedu O. Pokud nakreslime kruznici
s polomérem |Fpp! (FPD je velikost strukturniho faktoru kovového
derivatu) kolem stiedu tvoieného koncem vektoru -FD, dosta-
neme jako prise¢iky obou kruznic dva body odpovidaji dvéma
moznym hodnotdm fazového thlu (pp

postupné od umistovani velkych a zietelnych segmentl
tercidrni struktury (nap¥. o-helixi) pies stavbu hlavniho
a vedlejsich fetézct az do umistovani jednotlivych dobie
lokalizovanych molekul rozpoustédla. Ke stavbé struk-
turniho modelu se v soucasné dobé pouzivaji takika vy-
hradné grafické pracovni stanice, které umoznuji budovat
3-D model interaktivné pfimo v dratovych projekcich poli
krystalovych elektronovych hustot.

V okamziku, kdy je k dispozici strukturni model - af jiz
ziskany metodou molekuldrniho piemisténi, nebo feSenim
fazového problému a interpretaci pole elektronové hustoty
- nastdva zavéretnd faze feSeni makromolekuldrni struk-
tury - upfesiiovani tohoto modelu. Algoritmus typického
upfesiiovani je na obr. 5. Hlavni numerickou soucasti to-
hoto algoritmu je metoda nejmensich &tvercii. Protoze ale
az do rozliSeni cca 0,25 nm piesahuje pocet numericky
ur¢ovanych parametri (kazdému nevodikovému atomu od-
povida trojice soufadnic a jedna hodnota izotropniho tep-
lotniho koeficientu) pocet experimentalnich dat, neaplikuje
se metoda nejmensich ¢tverct na sumu

2
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Obr. 3. Graficka konstrukce ilustrujici FeSeni MIR metody. Ke
konstrukci z obr. 2 by la doplnéna tieti kruznice o poloméru |Fppol
a stfedu na konci vektoru -Fp2. Tii kruZnice maji jediny spole¢ny
bod, odpovidajici jednozna¢nému feseni faizového problému
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Obr. 4. Analogie obrazku 3, kde v disledku ztraty isomorfie
a experimentalnich i numerickych chyb nemaji tii kruZznice o po-
lomérech IFpl, IFppil a IFpD2 ani jeden spole¢ny bod

kde indexy OBS a CALC oznacuji pozorované a kalku-
lované strukturni faktory, w je vahovy koeficient a kde se
sumace provadi pies vSechny méfené difrakce, ale na vyraz

E = Ecygy + Spxp



kde ¢len £yp), obsahuje empirické informace o rovno-
vazné kovalentni vazebné geometrii, molekulovych vibra-
cich, vodikovych mistcich a nevazebnych interakcich zis-
kané na zakladé chemické krystalografie a vibracni spek-
troskopie. Nebezpeci nalezeni pouze lokdlniho minima
funkce E se zejména v pocdteCnich minimalizacnich fazich
omezuje pouzitim minimalizace ve spojeni s technikou
simulovaného Zihani’.

Startovni model

Manudlni Gprava modelu

A

Vypotet novych map

da Adich étverct
Metoda nejmendic C i renavi b v

3

Vypocet novich
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Obr. 5. ZjednoduSené schéma popisujici typicky proces
zpresiiovani makromolekulirniho modelu
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J. Marek (Laboratory od Biomolecular Structure and
Dynamics, Faculty of Science, Masaryk University Brno):
X-ray Structure Analysis of Monocrystals of Biopoly-
mers

The basic principles of macromolecular single crystal
crystallography are briefly described. Comments are fo-
cused mainly on growth of protein crystals, data collection,
methods for solving of phase problem and refinement of
3-D structure models.

CHARAKTERIZACE BIOPOLYMERU
HMOTNOSTNI SPEKTROMETRII

12.02

ZBYNEK ZDRAHAL, JIRI PLOCEK,
PREMYSL KONECNY
a JOSEF CHMELIK

Ustav analytické chemie, Akademie véd Ceské
republiky, Veveri 97, 611 42 Brno

1. Uvod

Makromolekuly piirodniho i syntetického plivodu se
pro sviij primyslovy, biomedicinsky a ekologicky vyznam
staly velmi ¢astym pfedmétem studia. Pro jejich charakteri-
zaci byla vypracovéna fada technik zaloZzenych na rtiznych
fyzikdlnich a chemickych principech. VétSina z nich po-
skytuje spolehlivé vysledky pfi charakterizaci Cistych latek
a jednoduchych smési. Pfi analyze komplexnich smési je
v8ak ucinnost nékterych metod nizsi, a proto studium smési
témito metodami vyZaduje pfedchozi separaci jednotlivych
slozek. Moznost kombinace méfici metody s vhodnou se-
paracéni technikou se tak stdva dilezitym Kkritériem pro
vybér charakteriza¢niho postupu. V pifipadé makromolekul
biologického piivodu je Casto k dispozici omezené mnoz-
stvi materidlu a proto se ddlezitym vybérovym Kritériem
stava také citlivost mérici metody.

Charakterizace makromolekul je mnohastupiiovy pro-
ces. Kompletni analyzu struktury makromolekul umoziuji
pouze nékteré metody (napf. nuklearni magneticka reso-
nance nebo krystalografie). VétSina metod vsak dovoluje
stanoveni jen nékterych vlastnosti (napf. stanoveni sekun-
darni struktury pomoci cirkularniho dichroismu). Zékladni
charakteristikou nizkomolekuldarnich l4tek i makromolekul



je vsak jejich molekulovd hmotnost. Pro jeji méfeni byla
vypracovdna fada metod (napf. kryoskopie, osmometrie,
ultracentrifugace, viskozimetrie, méfeni rozptylu svétla,
gelova a kapilarni elektroforéza, hydrodynamicka a stéric-
k4 exkluzni chromatografie, field-flow frakcionace, hmot-
nostni spektrometrie), které se liSi vhodnosti pro analyzu
urCitych typd makromolekul. Nejvétsi rozdil mezi témito
metodami spociva v pfesnosti stanoveni molekulové hmot-
nosti. Zatimco pomoci vétSiny uvedenych metod je mo-
lekulovd hmotnost makromolekul stanovena s presnosti
stovek az tisici daltonti, v pripadé hmotnostni spektro-
metrie mize byt piesnost stanoveni mensi neZz 1 Da. Tento
fakt spolu s vysokou citlivosti, rychlosti analyzy a moz-
nostmi stanoveni sekvence biopolymert ¢ini hmotnostni
spektrometrii nejucinnéjsi metodou v této oblasti.

2. Hmotnostni spektrometrie velkych
molekul

Jesté pocatkem 80. let byla hmotnostni spektrometrie
v analytické praxi spojovana pfedevsim s technikou GC-
MS (plynova chromatografie spojend s hmotnostni spek-
trometrii), kterd se stala nejrozsifenéjSim nastrojem pro
ur¢eni molekulové hmotnosti a struktury latek s hmotnosti
fadové do 1000 Da. S rostouci potiebou analyzy molekul
s vyS§i molekulovou hmotnosti se vSak projevilo ome-
zeni GC-MS techniky, tj. obtiZe pfi analyze polarnich, neté-
kavych a termicky nestalych latek, jez vychazeji z pod-
staty plynové chromatografie. Navic, bézné pouzivané
zpusoby ionizace (ionizace elektrony - electron impact,
piip. chemicka ionizace) se ukazaly byt prili§ razantni
pro ionizaci velkych molekul a vedou k jejich nadmérné
fragmentaci.

Velké usili bylo proto vénovadno vyvojijemnéjsich tech-
nik ionizace velkych molekul a moznosti jejich spojeni
s vhodnéjsSimi separa¢nimi technikami (kapalinovou chro-
matografii, kapilarni elektroforézou aj.). V soucasné dobé
se v SirSim mé¥itku pouZzivaji tfi zdkladni zptsoby ionizace
velkych molekul:

1) Ionizace proudem castic o vysoké energii:
A - desorpce plazmatem (Plasma Desorption, PD)
B - ionizace rychlymi atomy (Fast Atom Bombard-
ment, FAB)
2) lonizace elektrosprejem (Electrospray lonization, ESI)
3) lonizace laserem za pritomnosti matrice (Matrix-As-
sisted Laser Desorption/Ionization, MALDI)
PfestoZe princip vzniku iontti i meze pouzitelnosti (obr. 1)
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Obr. 1. Meze pouZitelnosti uvedenych ionizaénich technik

jednotlivych zpusobti ionizace se podstatné 1isi, spole¢nym
rysem téchto technik je schopnost tvorby molekularniho
iontu velkych molekul, coZ umoznuje pfimé urceni jejich
molekulové hmotnosti.

Velmi perspektivni se jevi pfedevSim techniky ESI
a MALDI, vyznamné rozsifené az v poslednich péti letech.
Ve vétsing pripadd jsou obé tyto techniky pouZivany
v kombinaci s hmotnostnimi spektrometry s nizkym roz-
liSenim. Tyto spektrometry jsou obvykle vybaveny kvad-
rupolovym analyzitorem (obvykle v kombinaci s ESI),
béznym i v GC-MS, nebo analyzitorem doby letu iontt
(Time-Of-Flight, TOF, viz. kap. 2.3.) pro MALDI, jejichz
vyhodou je robustnost a nezanedbatelnd je i fadové nizsi
cena (ve srovnani s cenou vysokorozliSovacich analyza-
tortl). Pfesnost stanoveni molekulové hmotnosti se u téchto
piistroji pohybuje v rozmezi 0,01-0,1 %.

Rozliseni hmotnostniho spektrometru!, které je dano
pomérem M/AM, kde AM je nejmensi rozdil hmot jejichz
odezvu Ize rozliSit, dosahuje u vySe uvedenych hmotnost-
nich analyz4tor hodnot f4dové 103, max. 10*. To znamend,
ze u molekul s hmotnosti 50 000 Da nelze spolehlivé urcit
rozdil mensi nez 50 Da (pri rozliSeni 1 000), resp. 5 Da (pri
rozliSeni 10 000). Protoze v mnoha pfipadech je tato pres-
nost stanoveni molekulové hmotnosti nevyhovujici, je vé-
novana znacna pozornost spojeni ESI a MALDI s vysoko-
rozliSovacimi spektrometry. Bylo popsdno napf. spojeni
ESI a spektrometru s magnetickym sektorovym analyza-
torem’. Perspektivni se jevi spojeni obou ionizaénich tech-
nik se spektrometrem pracujicim na principu iontové cyk-



lotronové rezonance s Fourierovou transformaci (Fourier-
Transform Mass Spectrometry, FTMS)’, ktery dosahuje
rozli$eni fadové desitek tisic'. Pfi tomto rozlieni lze jiz
sledovat jednotkové rozdily v hmotnostech velkych mo-
lekul.

Vedle informace o hmotnosti biopolymeru je dalsi da-
lezitou informaci jeho sekvence, kterou Ize urcit pomoci
vicenasobné hmotnostni spektrometrie (Tandem Mass
Spectrometry, MS/MS, resp. MS"). Poprvé bylo pouzito
pro MS/MS velkych molekul pfistroje vybaveného tfemi
kvadrupoly’. Celd procedura zagind vybranim jednotlivého
iontu (tvz. rodi¢ovského) v prvnim kvadrupolu. Sledovany
ion je poté podroben fragmentaci zplsobené srdzkami
s molekulami plynu (He, Ar, Xe) (Collision-Induced De-
composition, CID) v prostoru druhého kvadrupolu a vznik-
1é fragmenty (tvz. dcefinné ionty) jsou pak analyzovany ve
tietim kvadrupolu. Takto ziskané spektrum obsahuje infor-
maci o struktufe vybraného (rodi¢ovského) iontu.

Vyhodné je pouziti hmotnostnich spektrometrdi pracu-
jicich na principu iontové pasti (véetné FTMS)®, které
umoziuji postupné provedeni vyse popsanych jednotlivych
krokti MS/MS procedury v jedné iontové pasti a tak od-
padaji zvySené ndroky na instrumentaci. Navic lze celou
MS/MS proceduru nékolikrat opakovat (tj. vybrat jeden ze
vzniklych dcefinnych iontt a podrobit ho stejné proceduie
jako ion rodicovsky).

Ke studiu struktury biopolymerd lze také pouzit
MALDI-TOF s reflektronem (viz. kap. 2.3.), ktery umoz-
nuje sledovani iontt, které vznikaji rozpadem moleku-
lovych iontdi béhem jejich cesty letovou trubici TOF ana-
lyzétoru (tvz. Post-Source Decay, PSD ions)’.
2.1.lonizace proudem <c¢4astic
o vysoké energii

2.1.1. Desorpce plazmatem

Desorpce plazmatem (PD) byla prvni ioniza¢ni tech-
nikou®, kterA umoZnila ionizaci velkych netékavych mo-
lekul a stanoveni jejich molekulové hmotnosti hmotnostni
spektrometrii. Princip techniky (obr. 2) spociva v ozafovani
ter¢iku s adsorbovanou bilkovinou proudem vysokoener-
getickych cCastic, které vznikaji spontdnnim rozpadem ato-
mu kalifornia 252Cf. Céstice analytu jsou uvoliiovany ve
form¢& molekulovych iontd, které jsou nasledné urychleny
akceleracni mfizkou a detekovdny v hmotnostnim spek-
trometru obvykle s TOF analyzatorem. Nejvétsi bilkovina,
kterd pii desorpci plazmatem poskytla jednoznacna spek-
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Obr. 3. Schéma iontového zdroje pro ionizaci rychlymi atomy
(FAB)

tra, byl ovalbumin o molekulové hmotnosti 45 000 Da
(cit. ?).U bilkovin vétsich neZ 50 000 Da zptisobuje vysoka
energie pochdzejici ze $tépeni atomu kalifornia jejich py-
rolyzu. PD ustoupila v 80. letech u€innéjSim ioniza¢nim
technikdm, ale doposud je uZzite¢nd ve specidlnich pii-
padech, napf. peptidovém mapovani pfi in situ enzymatické
hydrolyze' nebo analyze komplexnich sacharidti (napf.
lipooligosacharidii)"'. Aplikaci PD-MS lze ziskat pouze
informace o molekulové hmotnosti, nikoliv poznatky
o struktufe, protoze dochazi jen k nepatrné fragmentaci
molekul analytu.

2.7.2. lonizace rychlymi atomy

Zavedeni této ioniza¢ni techniky v roce 1981 (cit. '?)
zahdjilo obdobi rozmachu uplatnéni hmotnostni spektro-
metrie v analyze biopolymerd, zejména bilkovin", pozdé&ji
sacharidi'" ajejich konjugétt. Princip ionizaceje nasledu-
jici (obr. 3): vzorek rozpustény v netékavé kapalné fazi,



matrici (napf. glycerol, thioglycerol, smés dithiothreitolu
a dithioerythritolu), je bombardovan proudem vysoko-
energetickych neutrdlnich ¢astic nebo iontl (nejéastéji ato-
my Xe), které zpasobi pievedeni molekul analytu do plynné
faze, kde jsou ionizovany a nasledné analyzovdny v sek-
torovém hmotnostnim spektrometru. FAB-MS umoziuje
dobie analyzovat molekuly do velikosti nékolika kilodal-
tonli (cca. 5 kDa) s presnosti lepsi nez 0,01 %. Molekuly
vétsi nez 15 kDa lze touto technikou charakterizovat jen
vyjimecné, protoZe se obtizné pievadéji do plynné fize
a podléhaji termalnimu rozkladu. Vétsi molekuly lze zkou-
mat pomoci FAB-MS jen v piipadé, Ze vlastni analyze
piedchazi specifické enzymatické (resp. chemické) Stépeni
na mensi fragmenty.

FAB-MS byla od podéatku vyuzivana pro mapovani
peptidd a analyzu bilkovinnych hydrolyzatli, degradacnich
a modifika¢nich produkti - pfi téchto aplikacich posky-
tovala spolehlivé vysledky'’'*. Nékteré negativni efekty
vSak limituji pouziti metody pro kvantifikaci: 7) potlace-
ni signalu hydrofobnich peptidd ve srovnani s hydrofil-
nimi, zptsobené jejich rozdilnou afinitou vi¢i matrici”,
2) potlaceni signdlu analytu za pfitomnosti vyssich koncen-
traci soli nebo pufrd; vzorek proto musi byt piedem puri-
fikovdn (napt. chromatograficky)'8, 5) p¥tomnost vyso-
kého pozadijako disledek pouZiti kapalné matrice. Tento
nedostatek lze eliminovat uzitim jiné matrice, ¢imZz se
prukazné odlisi signdly pfislusejici analytu. Zaména matric
umozni téz detekovat pripadnou chemickou reakci matrice
se vzorkem (redukci disulfidickych mustki, otevieni kruhu
u laktonti, hydrolyzu atd.)!?. Zajimavou aplikaci FAB-MS
pii studiu biologicky dilezitych peptidii popsal Havli¢ek
a spol.”.

Modifikovana kontinuélni technika CF-FAB (Continu-
ous-Flow FAB), kde je vzorek spole¢né s matrici prilbézné
dopravovan na misto odpalu tokem tékavych rozpoustédel
(voda, methanol, acetonitril)’' umoZiiuje spojeni FAB-MS
se separaéni technikou (napf. HPLC), ale také odstrarnuje
néktera vySe uvedend omezeni FAB-MS, napi. zmensuje
vysoké pozadi prislusejici matrici.

FAB-MS byla uspésné aplikovdna pfi analyze cukrd
a glykokonjugatii; stala se zdkladem pro strategii mapovani
glykosylaénich mist glykoproteinti” a v kombinaci s vhod-
nymi derivatizacnimi technikami poskytuje informace
o struktute oligo- a polysacharidi*3?*. Derivatizace sacha-
ridGi (permethylace, peracetylace, pfip. navazovani hydro-
fobnich znacek na redukujici konce cukernych molekul) ma
pfitom nékolikandsobny efekt: @) hydrofobizaci ptivodné
hydrofilnich molekul, ktera umoZnuje jejich snazsi purifi-

kaci extrakci nebo chromatografickymi technikami, ) zvy-
Sent citlivosti stanoveni - u chromatografického pred¢is-
téni i u vlastni FAB-MS a c) zvySeni stupné fragmentace
molekul analytu umoZznujici ziskani informace o struktuie
(vétveni molekuly polysacharidu, typy vazeb atd.).

2.2.Tonizace elektrosprejem

Tonizace elektrosprejemje vedle MALDI jednou z nej-
slibnéjsich ioniza¢nich technik velkych molekul. PrestoZe
tato technika byla popsdna jiz v 60. letech”, teprve zacét-
kem 90. let se jidostalo Sirokého vyuZiti.

ESI patfi ke skupiné ioniza¢nich technik, u kterych
ionizace probihd za atmosferického tlaku (Atmospheric
Pressure lonization, API)** a do vakuové &4sti iontového
zdroje pfipojené na hmotnostni spektrometr ptichazeji pte-
vazné jen ionty vybrané k analyze. V ptipadé ESI (obr. 4),
je do Casti iontového zdroje s atmosferickym tlakem pfiva-
dén roztok se vzorkem (priitok 0,001-1 ml. min') kovovou
kapildrou. Plsobenim silného elektrického pole (4-6 kV)
vznikd na vystupu kapaliny z kapilary jemny sprej mno-
honasobné nabitych kapiCek, které putuji - Fizeny elek-
trickym polem - smérem k vakuové Casti zdroje. Béhem
této cesty dochéazi k odpafovani kapaliny, kterému na-
poméahd i protiproud susiciho plynu (obvykle dusik). Do
vakuové Casti iontového zdroje vstupuji mnohondsobné
nabité ionty (pfevazné molekularni) kapildrou, strzeny vol-
né expandujicim susicim plynem. Proces pfemény kapicek
v ionty v plynné fizi nebyl zatim podrobné vysvétlen.
Vakuovd Cast zdroje je diferencidlné odCerpavana v néko-
lika stupnich, které jsou od sebe oddéleny clonami (skim-
mer). Pfed vstupem do analyzitoru (obvykle kvadrupol) je
proud iontdl jesté zaostfen elektrostatickymi fokusa¢nimi
¢oc¢kami. Vlozenim riiznych hodnot potencialu na kapilaru
oddé€lujici obé casti zdroje 1ze v prvnim stupni vakuové
Casti (tj. v prostoru pied 1. skimerem) ¥idit fragmentaci sle-

Elektrody Fokusatnl
| s Botky

/ IJ,\ Kapilara #: , S

Vzorek —= —E—-*— N\ 1 | |
/1 )
/ — 1
\r’stl;pni T J’ *L v

kapildra Susicl Vakuum
plyn

Skimmer

Obr. 4. Schéma iontového zdroje pro ionizaci elektrosprejem
(EST)
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Obr. 5. Srovnani hmotnostnich spekter cytochromu ¢ (M = 12 327) ziskanych ESI-MS (a) a MALDI-MS (b) *

dovanych iontli zplisobenou srazkami zejména s moleku-
lami suSiciho plynu (CID). Timto zplsobem lze kromé
molekulové hmotnosti ziskat i informace o struktufe dané
latky. AvSak na rozdil od MS/MS, fragmentaci podstupuji
iionty sol ventu, pfip. ionty necistot, coz ztéZuje interpretaci
spektra a proto jsou zde kladeny vy$s$i naroky na Cistotu
analyzované latky.

Ionizace elektrosprejem, stejné jako vSechny techniky
API, ma nékolik vyhod. Diky tomu, ze se zdroj sklada ze
dvou oddélenych ¢asti, lze provést takika nezavislé na-
staveni separa¢nich podminek (napf. pro kapalinovou chro-
matografii nebo kapilarni elektroforézu) i podminek pro
MS analyzu, coz usnadiiuje spojeni separa¢ni techniky
s hmotnostnim spektrometrem. Proces odpafovani za at-
mosferického tlaku je G¢innéjsi nez za tlaku snizeného
(v disledku lepsiho pfenosu tepla). Navic pii pfechodu
ionttl do vakua volnou expanzi se ¢astice samovolné ochla-
zuji, coz piispiva ke stabilité tepelné nestalych latek. Vznik
mnohondsobné nabitych iontti umoziuje pouziti kvadrupolo-
vého hmotnostniho spektrometru i pro pomérné velké mole-
kuly (napf. 50x nabity molekuldrni ion latky s M = 50 000
Da ma mérny naboj m/z =1 000).

Hmotnostni spektrum latky ionizované ESI se vyzna-
Cuje shluky rizné€ nabitych iontd (obr. 5a). Protoze hmot-
nostni spektrometr méii mérny naboj m/z, je nutné pro
stanoveni hmotnosti iontu urcit poc¢et naboji, coz miZe byt

o

nékdy slozit&jsi ukol, zvlasté za piitomnosti iontd vice

815

latek. Tento problém lze feSit pomoci dekonvolu¢nich
programil (napf. prace™), které se stavaji b&Znou soudasti
programového vybaveni komerénich pfistrojii. Stanoveni
hmotnosti miize byt znesnadnéno také tvorbou adukti s al-
kalickymi kovy, které vedou k jejimu nadhodnoceni”.
ESI je vhodna zejména pro charakterizaci polarnich
molekul schopnych vysokého stupné ionizace. ESI byla
Uisp&$né vyuzita pro analyzu syntetickych polymert™ i bio-
molekul do hmotnosti az 200 kDa?'. Kromé stanoveni
hmotnosti velkych molekul se ESI technika osvédcila pri
ureni sekvence bilkovin, studiu posttransla¢nich modifi-
kaci bilkovin apod.'?3?
2.3. lonizace

matrice

laserem za pifitomnosti

K vyraznému rozvoji hmotnostni spektrometrie makro-
molekul (zejména o molekulové hmotnosti vEétSi neZ
100 000) prispélo objeveni vyznamu matrice pfi ionizaci
analyzovaného vzorku laserem. lonizace laserem za pii-
tomnosti matrice (MALDI) se za necelé desetileti od prv-
ntho uvedeni” vyvinula v Uéinny ndstroj uplatiiujici se
v Sirokém spektru analyzy biopolymert i polymert synte-
tickych.

Pfitomnost matrice, nejcastéji slabé aromatické kyse-
liny, zajisfuje desorpci a ionizaci velkych molekul analytu,
aniz by pfitom doslo k jejich fragmentaci. Pfiprava vzorku



spoCivd v naneseni analytu na vrstvu matrice (v poméru
koncentraci cca. 1:10%) na specidlni kovovou desti¢ku.
Matrice absorbuje energii laserového pulsu (1-10 ns) a pie-
dé ji velmi Setrné molekulam analytu. Takto pfednostné
vznikaji v plynné fizi protonované molekulové ionty ana-
Iytu s vyrazné niz$i vnitini energii - a tedy minimalnim
sklonem k disociaci - neZ pfi ionizaci laserem v nepiitom-
nosti matrice. Vyznamnou vyhodou tvorby pouze moleku-
lovych ionti je moZnost aplikace metody pfi analyze smési,
ktera tak neni komplikovdna pfitomnosti viceCetnych sig-
nall3:22.34,35

MALDI je v soucasnosti nejcastéji pouzivand v kombi-
naci s hmotnostnim analyzatorem TOF. Ionty analytu jsou
urychleny silnym elektrickym polem (ca. 25-30 kV) a pies
uzemnénou miizku vstupuji do evakuované letové trubice
(obr. 6). V tomto prostoru, bez pfitomnosti silového pole,
se ionty pohybuji rychlosti charakteristickou pro jejich
hmotnost. Na konci trubice je detekovana doba letu jednot-
livych ionttl, jeZ je za danych podminek imérnd hodnoté
(m/z) V4je tedy mirou hmotnosti analytu™. Nejv&ts{ pred-
nosti analyzidtoru TOF je velky rozsah detekovatelnych
hmotnosti analytt (do cca 1 MDa). Linearni uspofddani
analyzitoru TOF, s detekci urychlenych iontti na konci
piimého letu, se vyznacuje vysokou citlivosti (subpiko-
molova mnozstvi) a snadnou obsluhou. Rozlisenije viak
limitovano nepfiznivou Siikou signdlu iontu daného ana-
Iytu. Tento jev je vysledkem rozptylu pocate¢ni kinetické
energie jednotlivych iontli, a projevuje se zhorSenim ro-
zliseni (M/AM = 50-200) u velkych molekulovych iontd (>
10* Da). P¥ praktické aplikaci mliZe byt napf. obtizné
rozliSit velké bilkoviny liSici se pritomnosti jedné ami-
nokyseliny"”. Reflektronové uspoiadani s iontovym zrcadlem
zlepSuje rozliseni metody. Plsobenim elektrického pole
jsou pfichdzejici ionty selektivné zpomalovany (rychlejsi
ionty jsou zadrZzeny déle) a ndsledné odrazeny a akcel-
erovany k zpate¢nimu letu po odklonéné draze k excen-
tricky umisténému detektoru. Tento mechanismus dokadze
vyrazné korigovat pocate¢ni rychlostni rozptyl ionti a tim
rovnéz Sitku vyslednych pikii. Moderni pfistroje jiz umoz-
fuji volbu linedrniho nebo reflektronového modu. Jinou
moznosti korekce je tvz. opozdénd extrakce™-"', kdy po
aplikaci laserového pulsu zistdvaji ionty analytu nad ioni-
zaénim povrchem, kde dojde k vyrovnani jejich kinetické
energie a teprve potom jsou pfivedeny do analyzatoru.

Ptesnost stanoveni molekulové hmotnosti zavisi na ve-
likosti analytu: u polypeptid® (< 30-40 kDa) Ize dosdhnout
piesnosti <0,01 %, u biopolymeri nad touto hranici je
bézna presnost 0,1-0,2 % (cit. 2%).
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Obr. 6. Schéma dvou variant hmotnostniho spektrometru
MALDI-TOF. V linedmim uspofadani je aktivni detektor L,
pii pouziti reflektronujsou ionty po odrazu detekovany v detek-
toru R

MALDI vynika nizkymi naroky na spotiebu vzorku:
priprava krystali matrice-analyt vyZaduje piko- aZ mikro-
moly stanovované latky, zatimco pro vlastni stanoveni
postadi i femtomoly analytu”. Na rozdil od ostatnich ioni-
zaCnich technik lze pomoci MALDI hmotnostni spektro-
metrii analyzovat vzorky obsahujici bézné uzivané soli,
slozky pufri a denaturacni Cinidla; vétSina z nich ani pfi
nékolikandsobné fddovém nadbytku neinterferuje®. Od-
pada tedy nutnost purifikace vzorku a eliminuji se jeho
ztraty. Piiprava vzorku pro analyzu je navic velmi rychla.

Spektra ziskanda MALDI-TOF jsou - zejména v li-
nedrnim modu, diky absenci fragmentd - snadno interpre-
tovatelnd, a to i pfi analyze smési. V typickém spektru
dominuji jedno- resp. dvojndsobné protonované moleku-
lové ionty™ (obr. 5b).

MALDI-MS byla ptivodné cilena na analyzu bilkovin
a peptidd, byla vSak jiz vyuzita v daleko SirSim méfitku. Je
optimdlni metodou analyzy velkych (> 50 kDa) glykopro-
teindl, obtizné analyzovatelnych jinymi technikami hmot-
nostni spektrometrie’”. Je vyuZivana k po¢atedn{ charak-
terizaci bilkovin o nezndmé primdarni struktufe a detekci
posttranslacnich zmén bilkovin. Za vhodnych podminek
muze MALDI-MS poskytnout informace i o kvarterni struk-
tufe bilkovin. Prakticky jsou vyznamné moZznosti analyzy
protilatek, véetné monoklondlnich, pfipadné konjugitt proti-
latek s 1é¢ivy nebo chelataénimi &inidly™. Potencidl meto-
dy pro analyzu smési se uplatnil pii charakterizaci produktii
enzymatické nebo chemické hydrolyzy bilkovin. MALDI-
MS lze kombinovat s gelovou elektroforézou/blottingem,
coz umoziuje pfimou MS detekci analytu podrobeného
elektroforéze a prevedeného blottingem na vhodny nosi¢
(napt. nitrocelulosu)*®#!, Dal§imi aplikacemi jsou napt-.
mapovani oligonukleotidi a nukleovych Kkyselin, vcetné
PCR produktti, a analyza oligosacharidi!3:4243,



3. Zavér

Hmotnostni spektrometrie se diky novym ioniza¢nim
technikdm stala nejuc¢innéj§i metodou pro stanoveni mo-
lekulové hmotnosti makromolekul biologického ¢i syn-
tetického ptivodu. Pfedev§im MALDI-MS a ESI-MS se
svou schopnosti analyzovat molekuly s hmotnosti stovek
kDa spolu s vysokou citlivosti a pfesnosti se stavaji stan-
dardnim vybavenim laboratoii zabyvajicich se studiem vel-
kych molekul. Velkou vyhodou FAB-MS a ESI-MS je
jejich pomérné snadné spojeni s ucinnou separacni tech-
nikou.

Hmotnostni spektrometrie, zejména MS/MS, se stile
vice prosazuje pii urcovdni struktury makromolekul
avhodnou kombinaci s ostatnimi metodami strukturni ana-
lyzy urychluje cely proces jejich identifikace.
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