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A NEW METHOD OF QUANTITATIVE DESCRIPTION OF SOLID ELECTRODES
VOLTAMMOGRAMS
Boguslavskiy V. BGalimhanova R. \V MaksyutoveE. I., Sidelnikovd . V.
Bashkir State University, Ufa
boguslavskiy97 @yandex.ru

The phase boundary surface between electrode/solution is under the attention of many
researches, working in the electroanalytical chemistry. This surface serves as a specific
microreactor in which many temporal and electrochemical processes being urnderttbked
conditions give useful information about the electrode material, structure of the surface, about
the components of the solution reacting in the depth of the solute and near the DEL.

New materials and innovation technologies related to formadi the structural
surfaces with the usage of different composites, supramolecular structures etc. require more
informative and sophisticated methods for the various electseesors creation and taking
into account other factors that can modify theegielectrode in the stage of its production or
in the process of its reaction with components of solution under investigation. From one side, a
researcher has a variety of different sensitive equipment however, from another side for the
mathematical treatent of the data obtained and construction of the informative and effective
models, new approaches are necessary. The most vital problem in this attention is related to
description and quantitative characterization of the electrode surface in its continuous
interaction with solution components. This problem is tightly related to creation of new
generation of multisensor systems, which enable to detect all temporal changing in the process
of its interaction with the solute under investigation.

When the numbeof the measurements are rather small there are mathematical methods
that take into account the drift of the detected signal in time while for the-cyaling

sensor (the number of the measurement cycl es

relaed to quantitative monitoring of these sensors in time are not well developed. In this case,
the electrode surface is changed significantly and can reflect the different stages of its
electrochemical transformations.

The saying above put forward a prableelated to new and general mathematical
method creation that can control quantitatively the evolution state of the electrode surface and
expresses it in terms of the finite number of the given parameters. This method based on the
usage of the discrete gmetrical invariants (DGI) developed in this paper.

In this paper, we apply the statistics of the fractional moments (SFM) and discrete
geometrical sets/invariants (DGI) for explain of the temporal evolution of the electrochemical
background. For analysaf this phenomenon, we apply the internal correlation factor (ICF)
and proved that integral curves expressed in the form of voltammograms (VAGs) are more
sensitive in comparison with their derivatives. For analysis of the VAGs (integral curves), we
proposehe set of the quantitative parameters that form the invariant DGI curves of the second
and the fourth orders, correspondingly. The method of their calculation based on the

e

~

generalization ofthewek nown Pyt hagor 6s t heor eparamstersd es cr i

that determine these DGI allow monitoring the background of the electrochemical solution
covering the period of-1000 measurements for two types of electrode (Pt and C) and notice
the specific peculiarities that characterize each electroderialat

This work was supported by the Russian Foundation for Basic Research,
pr oj e c43020232rPovolzh'ye@
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VOLTAMMETRIC SENSORS BASED ON A POLYELECTROLYTE COMPLEX
AND CYCLODEXTRINS FOR THE RECOGNITION OF ENANTIOMERS
OF METHIONINE
Dubrovsky D. |, Zilberg R. A, Kabirova L. R, Habletdinova A. I.
Bashkir State University, Ufa
du315@mail.ru

As is known, only one of the enantiomersniedicines is biologically active, so the
demand for enantiomerically pure preparations is constantly increasing. There are a number of
methods for the separation and recognition of enantiomers, such as HPLC, capillary
electrophoresis, etc. However, thesetimods require expensive equipment and considerable
time for analysis. An alternative is the voltammetric enantioselective sensors.

Methionine is an essential amino acid and component of proteins, a precursor of a
number of biologically active compoundstiparticipates in many biochemical processes. The
possibility of selective concentration of methionine enantiomers (Met) on a modified glassy
carbon electrode (GCE) was studied.

The modifier was a polyelectrolyte complex of chitosan and chitosan sucdmaritin
U, - én dcyctdextrin (CSSCSCD). The films of these complexes are stable in aqueous
solutions and their properties do not change for a long time. Under conditions of cyclic and
differentiatpulse voltammetry, it was shown that, the peaks oltammmograms for the
L-enantiomer of methionine were higher than femBthionine, which indicated selective
concentration at the electrode. Figure shows a graphical diagram of the modification of the
GCE/ CSSCSCD and performing the analysis.

CS+S8CS
AVAYA L-Met
—_
CD D-Met

Fig. Graphical scheme for modifying the GCEASESCD and performing the analysis

The analytical characteristics of the proposed electrodes, the conditions for recording
voltammograms and applying composites were studied. Cyclic and differenisal
voltammogams obtained on the GCE modified by a polyelectrolyte complex é6CSCD
in aqueous solutions of-land Dmethionine were processed using the chemometric method
principal component analysis. It was revealed that using a multisensory system baseel on thre
electrodes, the percentage of enantiomers recognition increased. Moreover, the proposed
method of concentration has been successfully tested on real samples of pharmaceutical
preparations and human urine.

This work was supported by the Russian Sci€oecsmdation (Grant No. 1-:83-10257).
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A VOLTAMMETRIC SENSORY SYSTEM FOR RECOGNITION OF TRYPTOPHAN
ENANTIOMERS BASED ON GLASSY CARBON ELECTRODES MODIFIED BY
POLYARYLENEPHTHALIDE COMPOSITES OF a-, b-, AND gCYCLODEXTRINS
Zilberg R. A, Maistrenko V. N, Yarkaeva Yu. A.Dubrovsky D. |, Provorova Yu. R.

Bashkir State University)fa, 32, Validy st., 450076, Russia
ZilbergRA@yandex.ru

For a human, tryptophan (Trp) is an essential amino acid that enters the body with food
proteins or nutritional supplements. The amino acids that make up proteins generally are in the
L-configuration, whereas the-8mino acids do not participate in proteymthesis or even have
an adverse effect on living organisms. These facts led researchers to develop methods for the
recognition and determination of tryptophan enantiomers in medicines and food products.

An enantioselective voltammetric sensory systeageld on glassy carbon electrodes
modified by polyarylenephthalide (PAP) composites Wf b-, and o-cyclodextrin was
developed for selective detection of tryptophan enantiomers. The system uses the chemometric
method of principal component analysis (PCA{ @rojection to latent structures discriminant
analysis (PLDA). Results of chemometric processing of voltammograms of only one
composite electrodel}, b-, or -CD) not allowing for the reliable recognition of Trp
enantiomers. To increase the probapitif distinguishing between Trp enantiomers, a sensory
system with three indicator electrodes modified by PAP compositésfef ando-CD, with a
cross sensitivity to the fand L-enantiomers, was used. In this case, the array of experimental
data contming the values of the instantaneous currents obtained during registration of the
voltammograms on three indicator electrodes was chemometrically processed. The
voltammograms using PCA were transformed into points on the principal component,
constructedlang the maximum dispersion of experimental data (PC1). Then, the next principal
component (PC2) was constructed orthogonal to PC1 and directed along the next largest change
in the measurement data, and so on. The number of principal components (filgnallbiging
the structure of the initial array of experimental data and their direction in space was chosen on
the basis of the explained variability (98). PCA shows that voltammogram clusters on the
principal components plane do not intersect each other. Chemometrdo R s then used
for recognition of tryptophan enantiomers in real objects. Values of discriminant responses
were calculated and the steisomer was determined. The closer the enantiomer discriminant
response values were to unity, the higher the probability that they belonged to a given
stereoisomer. Results were considered positive if an enantiomer was correctly assigned to the
test samfe and not assigned to the other enantiomer. The reference set and the test set were
prepared independently. Use of separate GCEs modified by PAP composités,ando-CD
to recognise the Trp enantiomers resulted in large errors of the secondckiept@ace of the
incorrect enantiomer) of up to 3@ in the case of-CD and 40% in the case a6-CD. The
smallest errors were observed for GCE modified by PAP compositésCaf, which is
supported by the fact that the binding constants of the tryptagtaartiomers witlo-CD differ
from each other. Using a sensory system with three GCEs modified by PAP compadites of
b-, ando-CD, errors of the first kind (incorrect assignment of the identified enantiomer) were
not observed, and errors of the secoimd kvere minimised. In this case, 9%9of samples were
correctly recognised. The proposed sensory system, after additional studies, may be used to
assess the enantiomeric purity of drugs containing tryptophan, the loss of activity of
enantiomers due to imgper storage and transportation, and drug expiration.

The authors thank the Russian Science Foundation (Grant NIi3-16257) for financial
support
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PROJECTION TO LATENT STRUCTURES FOR RECOGNITION OF ATENOLOL
BY MANUFACTURERS
Kabirova L. R, Provorova Yu. R.Dubrovsky D. I, Habletdinova A. |. Ganieva L. R.
Bashkir State University
32, Zaki Validi Street, 450074 Ufa, RepubtitBashkortostan, Russia
ganievalianaa@yandex.ru

Atenolol is a selectiv®l-adrenoblocker. It is used in the treatment of cardiovascular
diseases, such as arterial hypertension, angina pectoris, aoueardial infarction,
tachycardia, etc. One of the enantiomers of the medicinal product has pronounced
pharmacological properties, unlike the other. This stimulates the development of studies on the
recognition and determination of atenolol enantiomergpharmaceuticalsin this work,
pharmaceuticals from various manufacturers (Belupo, Pranapharm etc.) were chosen as real
samples.The voltammograms were obtained by oxidation of atenolol on glassy carbon
electrodes (GCE) modified by composites of polyetdgte complexes of chitosan (CS) and
chitosan succinamide (SCS) with cyclodextrins (CD).

Projection to Latent Structures (PLS) was used for atenolol recognition by
manufacturers. PLS regression is a recent technique that generalizes and combines features
from the principal component analysis and multiple regression. It is particularly useful when
we need to predict a set of independent variables. PLS regression is a statistical method that
finds a linear regression model by projecting the predicted Vesiadnd the observable
variables to a new space. A PLS model will try to find the multidimensional direction in the X
space that explains the maximum multidimensional variance direction in the Y space. Results
were considered positive if reference sampées worrectly assigned to the test sample. The
reference set and the test set were prepared independently. Valisgsiofinant responses of
PLS model for real samples using sensory system based on three GCEs modified by composites
of CSSCS wj tah d-OD were calculated and it is shown in table. It can be seealthat
samples were correctly recognized.

Table.Discriminant responses (RS/TS) of PLS model in percentage (%) for real samples
using sensory system based on three GCEs modifiedrhposites of CS CS wj t b U

an dCbho
RSt
Torx Sample 1 Sample 2 Sample 3
Sample 1 98.80 0.83 0.38
Sample 2 0.83 08.96 0.21
Sample 3 0.37 0.21 99.42

* RST reference sample, TiStest sample

Thus, the partial least squares regression method was successfully applied to the
recognition of atenolol by the manufacturers, which will allow expressly evaluating the quality
of themedicamenon its basis.

This work was supported by the Russian Sei¢faundation (Grant No. 163-10257).

22

e

~


mailto:ganievalianaa@yandex.ru

Analytical Chemistry O 2Odz' Isd ydzO =~ ° d

~

mtffouvf1todnwyr ¢ JAwrsod JwhfAawf?2yvRrRm I[JovuRrRl 4
10134 s dor woRWf ) frvRr[ ) ¢s-PRANRN wl s
PJuovrr AwsrRrRm V" RY?s I JJrsuvfct1vRMm wpruvsuvsftwl u
s Oteff jdak.,s5 Pd3j dzf W deud ©dzO M, dzSstiz yulsj dzC s ¢ .
100 st L €d2 dzOy' s5dzOdz' ded?2 kdz o jtwemdljls, olkzc
karpenko.y.v@gmail.com

& COy' ' NsOdds 7 ©sC' s Mo HyOk!' fb

dr o) ysSo@ussdd ddgfBgdOL®GdHsd o misdzs L
ClesBdasy SO Whkde' ydudess OCIsde dz flss

Wstodzdn T DG @dEEodEs e 2 0 OLGsd dsct G lsj ot
sodd3 OBt jlsddzjdtseadd o MisSsd, d@Bsyj
sls) hqiesSd2 MjSkt B' Sdksc' yds' OSkdos d
& 3y oojfmisd o MmbtekSkktek dzgjsBR ' Hd WO
‘S S lagde des s, sl Bds osdL &zOydlsd kO
" sdzj Skdd. J'H ket d&OMS d Cd hoe
Bsdj Skdd, BEH,
uOd) & Ml &L inb o
&' Mis!  dzj tetsL yd dzdzd A
H S
1

Q&Eéqo
TS dm
TETIN" =g B

POFIFIFIQIL E-0OF P

“Q.wﬁﬁ_q_-n&g_w
)
7]
=)
(72

=
(7}

00T

LOdzj ¥ Olsd °° B' BHsM
ydzdodms yddeded ¢ ®, 9" H
2 otHW ®Q UBY Gz H deHX
Odz' ydzd tcj ytsoe d dz &z''f " H" o ) i tc s OdzO dz'
IsOdztso dzj dzts s’ fydzd 2 15 ud3%dzdd3Eth$)deOid5l‘5q’als@HsWd3c
sMisOdzdzy 53  8C OL dzd € ' o B' Sdztse ' ydats’ H
Csf duj dedgv M sdzke¢ k2 ydtsoeodr 1€ Oded dzOR Ltetsfn
‘"tz OBt B' ttdzse' ydz & BBtOddf,. "5 L O Mmet’ s
stz Htsy' dzt des BERdzs M syOlsCk B tkdzlskzo Olsd
Listelz. [ dzv y! SEt Bldts odt' hjds HdW MytsdkzS tot
kO yd HOd yYyoOfmkz Eklsted d30dzdzy dzO0 R tetsBOISBScteOW * ydz
HdzWv s tdedslotis’' O n e s dBOtseteOW ' °, ftotso jMmisd Ctstej dzw y' ¢
[sted 30Odz" JjSMYJjtoddzj delsOdz! dz'@ tojL zdz! IsOIsd HBsot
OdzOdz' L & dz' f s¥W " dz((tiAs4htpl€ ' Ofi-BOdz wsdizd 1§ d dEYOD\C)-5 dzt § dz L
9 dCtsted Mis Odzdz” el Pz CISRIHDLEC RIREZY Ibtsydtsets O ftotsfls
LdzOyj dz¢ | ogP E ftstc’ sodyHi@z L oBjIsSSHBSHB SCIsOdsd

:rg_r—mwl—(ﬁl—ogm
Q0o

23



Analytical Chemistry ¢ dzOdz' Isd ydzO =~ '
IJrRIvyrive tdry¥Jrwo vstrRmf{toArvovy {w srRef JUR
U¢lt1¢1wY1RIR t{1YRL1IRSOIR

s tsls dzv te, kg[;dfeﬁtcstsdz Cofm! Cd2 [ . w.
1014‘tsdz»0dzJ dzd?2 Ekd' 9 jtimdlsjls R Otytsedn Is

olegkronikovsky@gmail.com

S

"HedBs, "t COwBsdse' SCdfdskd &sykls: odfkk
OCy' ' COb' sd o &) OB Y kS dd dudzd 6 s &Pz E
jIsj teOdid . [ dzv  tetsL 2Zd3’ dzdzgv SO ssy dzd @ sMmls” fj
jCMseoSy 2dedr MmdMlsj 505, dzjsBR' Hdes L d
HY dzv e ilst v B ¥y Btec Odz’ yded di3d teds L W@ Udsiag € P, "
O:ls) O yj2 By

Ed fitemfjSlsdoddds feslsdledsd fttd Jof
4

0§ I K&

=g SFOF O
TER_ROFRS
S o=0o tn

c1tra®d3cf fteswoddzO MjiBj bttdrndsttOyjlsOolsdd ¢d
tt' O st mqw wC 9 d Mt jOc frpdidz] B deid uSdEdzz jv dzdk
"9 9 hdusihilz ' dzlsj tco Odz' te .
s tesLitH dz tedrn dzsteOyYj sOdets’ CdMmdzslsd te
jtedL iz s mMw of dzdotsds L OGOz dets’ Misdz! 9 OlsOL
zdeo s Y ¢ ko O] df Ods OXhls tefosHefs dZf Qe ®C Isj tod L
Oldz Mls! twsL Yyddedzgd SO L H' 2Mdzs 9 0OIsd IsOCE Mtsdz' 9 O
{ SLYBH dz WwWeodzw' mMsB 58 S H dzts y O mdzj ‘ oL O ¢
i EMstcOck' st Mw, © Hottn MR yddr t"HEIR WOLOR
Codels Odplssch * zleL L umd o H OO stc O, hs SR OLOCIs
JSMtcOelzs yz) L HOLd Mis! tsL yddzded 0. 1 wCtsmls®
tetsL yd dzdzetsfyls ' |t tel m g deztc @ bzH O o U H desmdzets ff tsdzw tedzd »
tetsL yddzdzd € O @lsd dudzdzOL r tedrmiisl). dzdzw 3 L dzOyJ dzdzv

[ dzv B dz hsfyls® tetsL ez dzzlsdr d2Odi3d tetsL yd dzdzd €
Csdzifls Odzls tetsL §f SH' dzk A(Eash W' T © teisds OSSR dizv Iyl Ots O d3
[(s(r= 0,86) kOU®tcOBjSN)Ed s 5t dvEyH WdzkS 5 dzfipstO dzls
f OtcOdij Ists PREBEN] ISOCtY Mdzkckzo Od Mmdese 58  H dzw
oS stedMisOdedz?y Isseéts yd ' dh st L yddzdzd O o
stcdn dzstc Oy j IsOlsdzgz ¢S dMmdzs s Iz .
]l tsLcdzvw dzlsdr dzOdsd Mmdtptsy wPEdzd € * 2 OF PzO B G ts
jte, wCd2 &O° Hsidls: lofdfpisk.’ I deOny cedzy 4 O oSy
sddizseotse s Jjlsjtekz, 22dtse " tdets, dBsy dzO  sw mdedlsd
osdzd dzs ftedf 2Mmisdilsd Btsy dzdpalzsfyls € dIdz@isdgtsm * j Isl§ th
dqtetsH d, 9 btdkkz ydmd Bsy dzd o ' Mls Zlseo tstej dzdzw
OCtsydS dz' ydeddzd O Oyd< dz' yded 3d ¢ sdz' j Isj tc O dzq

Visostej dzdz? © BtcOdz ydz' 2 WOL'™ OfMsy' Ok Istd
C' dz §' fdzs ¢ O usQfhds Otz ¢ O ffitsry ' Oy

& 3=

C

Lo+ 1 UshOLA U md sof (LA 6 ML 1 6 Mo ]
O dZOdZEE " Yydes L OGO desfted2 dzvIsdds S tsdzfyls Odzls O3
jSMsteOCy' = Cdmdslsd o HOd 2 Mdhlsjd &sy 0 L Of

si=[LA v Mm@l Telvs mde[L]s

A" €09 ts, hts o dgftydted- s O dz' H dzw OB Msdz® Is dzts
o d&zOMiIsdo tsmlsw d&3d tetsL yd daded € o, ' Htc' Ldgw b Isi Mw HE
odfOHCE ' dBOCttsydCd ydzed?2 J W jdWslO; i3tz PG ¢ O6z62
HdzZv OydSdz yBese-B5 GBd JsjOdsdz adfOHCE, 2d&ss"
LB " dz' hjdadg" ydmdzO ¢ Md jUs50dn)] dets@dd ~fiss'tc z68f : @ 3158 6 .}

24



Analytical Chemistry O 2Odz' Isd ydzO =~ ° d

~

sfruvtfJ? JTfwevo ¢y fvuv v fJefRLULRM 1[0
skdz' h59.0 3" lIfs ¢ 1 .
[ dz' f tcts ad@ys WO dz' dzd 2 kdz' 9 jtemMdlsils ' d3d dz2'
kulishovkayulig@dgmail.com

‘& h hdisSts odSsStdmlstsoke Odd2 & S Gt
) ®OfMk tshddd ', %S¢ d&OfMd HsC, ol
dz2h dzgjBjLyjyde fted fjtcjHBL Zo Odzds
b bf@ld?er SO dz lstedls' o, hG¢' Hdzdodn
sz o Odzdzy sk wofddd ' oY L O
w, 0 ', ft LOk{hdaedhY, edEshisO s
J dzgdzv o ' Misk Qudisdiz alsGbIzGIflldBﬂBd} diizs dfwid tdadid
jdedy' . 1 Ml OLskE O fwesl] dz 8 C
[ 6 d30. [ ilssH M @dz € O@ledz' © dz' Istetsc j dztso d@3' fdats”’ tcj
blso stes * Is L tsds' fiylz dgzgh2 s € My diy OdsB o P fif leds fzthinS ) L

L dakdzlz, o YCs®E tsLyddvsl: mw eof' s GaBd so
Y j y' Codi ddrddds (IsAuswfs s dsj stesds) ' dzOo BipdREs H dad 2 & @ &'
1" btetscjd ol dc faQmg day. o &' Misk (sl dz (s
el daso t5¢ hecEF@Rezt s OBl Mls' o' 3 § OteOdzj dz' dzd d
fsoddkz0 §¢e,HhiPslsiftam. v Of OdOd'1801 9 6)ls B dzdizH .
tiLbkd kO odL dzOUj dzdz® ydrn §sCOLddS' o dzOo jHj d

o
OF
©

- o

o =g @
— "m-[/)_ﬂ'e'
Q.

gool

o= O *—qg_ﬁ.w
OOQ“U
ntPow

O} ® g

>

= T oo

>0 3§
SN

o
-23a

v OB dzd i3 Mils OL sk cis@®dzff eddd & ° dzls Ok € O
¢ dzOdz' L ts9 Odzd ] d3' Mls WL 5 l &3 Mls  ¥tsls
1 O dzdzv Mmtsd] 2,2 11,7
skCktlkzHL C 2,3 12,3
o sw 2,7 14,5
}hjdedyw 2,2 11,5

I lsOdetso dzj dets, Nts dz@28B' dzr h 2 o &3'%pls zOL et Ay
LcOL S OF o d3 fislst OB g 5 BIIAAG. 0 dg O2B, 22 h d2 o d3' Mis
M sMisj 6’ ¢ O B, fWzOR dififeej fiRM4y% 11, 5

25



Analytical Chemistry O 2Odz' Isd ydzO =~ ° d

~

tdrywitwl ¢5yry ¢V URAC[OJwuLiRE St(f rJc v
skyjoelsdz Iptsdzdz™ dziy! ¢ O [ .

r11qu O’ dafnf €O dedkB § B dzts dzts e * ydzdé? bkdz' o j tefd k
angelinakutsevol@gmail.com

Kjdoia)js dzsS Oz dzgj LB' dzr h jdeder ydesodi Sdz Isg
9 Yyduse ' 2 kCOddds . A Cdz' sdded f jtoj MsOsIs! o0
fosls) L §sHaZOT &Y ugd s yds, O OCHY ' Hddk,

o dalsd yj dzv & '|1scdmfr;>d34gmﬂwyzq2 Lqmzos B Sipfstsw dgtzo @ dz to

YyJ dzg dz' sk dzO0 Milsj ¢ dzOn, M" Hdzd y , NYdetl', k¢ On

[ "W Odzlsdygj dz¢ dz' Isdetsc ts ts;d3lz

ifsCteOh 2 CtsotsB' ¢ ' & BYGSISES

i fils d sz dz¢ *°  fistsR) jdgpd o C gz’ s dzO- NG te(

Tl ydet ° Mls; deSd MmkHddz

iflsd gz dzs © tesL M j;f dzj dzdz? y dte’ o

ifddgzadze * odojHjdedgy h dzOC' o lstser)q’ )

1 Odzj ydets ©" H MC d&zOH Iz, M smsBkz L fr]ls fnlzaG)dzdz.W
shdseodzdr o' LdzsodH' @8 yY' '  COBY bk, tiwOdmsey BE Y
tsB G Stcls Odzdzw .

]l BOc OL d &zO~n ljte,ijnlsOadszzls BOGOIts d & H dzv
L Odzz y O Is! fsCkzfy' o HsMiskzt dats ® E)OtGIS fnls o¢
ltsq’aOdeqa‘ Izd3®adzq6b[ﬂ2 fdlsjte' 2 4§ twwadipjdB®BE" fr]ﬂ‘st};J
fticsHEC Y ‘ 4wy SCIlsdedz Mmist .

Il wCtsmisEH sthd ‘HYly dzdets B tf@dgdic 8L G o' 9 O yd2 Odzls(
Ctoj g stfgtsB tsisd ° eSLtc®OC @ dB Yy ddisztcdndziz yd = B Ol

tetsL " Gtc’ 9 O Yytsets Odzlsld @ j dzth dz' Gsddidstizidsts o § hyjtflzts ® dzO dz' Is ¢
Codzlstesdzr W EC sfls' tsOL tf isHodzjo digy dsty] ISs@JUD dz' tod L Zdz
ZOo jHjdz2 o | JuuOn.

l sMisOo dzj dzts L OHOYJ®¥ *° HJjlsOdz dzgj o do yj dedgvw
LicOtcE'Ld G’ 9 O ysc s O dzistd w9 JArplsddIfias dst€ sC3y jsdidg | dzlstdzd -
Hdzw sy  d¢d BJjLfJjSCd SsM3isdudese s adesBlz SO d&fs

[ 8 MCAEZOHE BOLBat t] Yy fIlskztcd ' SHidgjtsogHO Iso rtadsH WAt e
Jer]lsts(Dle WIzQszr]O fzL JteyOmlstse s, dOfipdzsd ,h dj, ¥ ' digdgjc
B3O ) dzts ted 20 W tclz I©wem 10065 CEj € Arjdstiat® € Is  COEJIECCIFARQ € Is
tGISLd3®th’dzlz Qtsdzfr]c;tea@dzls l twiyjtflkzte' BERdd LO®
ZzO0 dB@OMdzts o d des G tc OH dzts”’ "MissySd, OHYJ o tsdats dzj
©O hj 2 hodHEB afr]d31SleIz‘ISanW,T @O M 1wz gdyd Wiz & Iz 1)
Ctsdzf dzj €y, Bts o' dz &BO° B'dz2 hlz H"'® zO ftsLBOSd
f'HhC todzsets Y dtok HBsBOOddzd S tSWj  dz BJjLoOtSHM]?,
sji ¢CMsktez hC' ted SO EMEzo O dzOBtW C dz' Mis! o ftetsB
it sLtcsB dzj dzO tadsjL\ jeEscAdd> @Qdzls d y j dzt dz' s dzts 6 s Cte
CtesydteC zdzwy' 8, ttsBdls: "¢tk B' dz M M " dz' detss
B s diddddiste  Mls Odzdzy L BY jo 5 i QuasdzOciAf] m 0 AstsyZt s dzj dals
d gk d@3' dz toj ytso f fztc 50 SALBIS deo. ' L zO okzHoWEE dfis ! W ts dfAc tsay
Lhjfdzjdedgy oz f " H &8 ° fHOd "] ke tctks dzj dedz?
' B B wes HBO2 dzdots HEBSEBZWHO LO hQC' totss |
pCtsodmistss .

26



Analytical Chemistry O 2Odz' Isd ydzO =~ ° d

~

RITrroreffruvtrRYypresf vrRut IOy R RLVILC1T 3
gRul [ [ 2V [ oufruedLr ¢ 40l 3m sffI 110
[ OC M Ists9,0 WSd.H jrdz! dzd S s ¢ . 1.
10 CdtemMSd?2 cEtfMkzH Otefmise jdzdzr 2 Ekdzdo j tefdls

elzesh@gmail.com

1 kzIsd UBathdde My dzj Slsdodesmisd d3j ssHdS i te,
COC dLoe jMmlsdz tcOL destsBteOL dzr . 1 @if toddd jiste , d3j adzB tfot® e
H dzw CfLG'iSISiSSdZJdZCfW dqsdesd dzj SIsdode”" = M deMtstetse, o
fseorhotls Cfigfsteiptapdydj 2dde jjMmise ddzd Mtyj lsoOded |
LOHOYO®Bd ftod 1 Istsd3 tsMmisOs Ismw fsorh jddj Mmjdzj Clsd
ojhimlse ftod tHzsotej g dedesdz Zdzeyh jdzdd R~ OtOCIsjt

Hdzv ff tcsenjine indef fatlineOdzOdzdL ©. 1 jtootsMmisj § j eBdfmRBEds OC d J
GjhOl! ftd ©OLLOBBIS,] d&jksHdS Gt HjdiddY -
dmMfsdz LEjd3r = o fHtesdd hdzj dedesnlsd d BT k. { H dac
ftso jtor @Efiplgfdetelz” | oM iMmMlsaO. 1 ¢1r ddeOhadzdf tehtscfte to Asts jfr

Qtsfndz,;d‘saﬂ@dfsc;dzo[ugfr] gdr ftojf OteOlstsa, Odzls d MIsOIsd ¢ tso
3 Hd yddz COyd Mlso j HyLddaW j Cydsdzdz n d Odzls d
dz;WISJHISBVSOBﬁJQ f o tsROY jizfi)deolzfs MBdj dzelstso f so ™ " j dzd

[JHdddB dL Mmottej d3j dedz' = f jtemf jCSIsdoadsr 7 Bj IstsH
My jStesMC st dd, ) smdztse § Coltstese s dzj y dIs d
Udzj ClhtesndadBduj MS 2 wyj2¢d sl yoOfmkslsr jtej djec
teOL dzd ydets?2 fHtedtosH ™ dd jintsdgds Oloddj Uls tdf hoHsAsrj SO Sy j fMMmr
teOL dzr d3d L OadMmddssMmilsw &z MsMisOoa dzv s h d7 d B j H OdzeMn C
Yyoflstslsr f jtoj dizgj dedetsets IssC O, yYbts foLrotsdvjls dhtft
SftjHjdjddY 1¢l. 1 Oy detsy f teg @iz " jufiple dntis o dff3g jsdz't
gL o34 toj dad 2 , skfmizlsmise d j Istcj Btso Odad 2 ¢ fnj dzj € Is
5CtcOh jdeder 1 Sl sdzj dzlstse, dzOdzduyds ¢4 lsj tetse j dadz -
B ssHO dif j HOdMdsets M jCtesME s dyd MEtsets Isdlist
fclsgtedgj stedyj MSdd3 dj ssH OB WwWodzw jlsmw oL B3y dats
slsCdzdC O dqLdijdzgjdedjd3 HJOf OL sdz® yYOfmlstsls ff jtoj d3j dz
d3d dzj J 90y 2O o' MsC OW M stesMmls tcj cdmlstcOydd
fslsj dzydtsdzj stedd, ctgj Mitasiylstsvifiayly | dap@OdzO HisMisdc
dzgj MSCtsdz' Cdrn did dzlz Is .

g dMftsd LsaOdedjds R jBsBjlstedyj MEsets d3j IstsHC
ZOMistswh j2 tcOBBl] OftttsBdioso Odz0 KBjlstsHC O tsiftoj
B ssHsds di3f j HOdzMs 3] Isted YMS §ess Ol o &1 P dizg Wzd W & o
syjdsgj 20 ftoj ydrL d sdzdetsmls ! OdzOdzdL O ddetsc j dzdzr = 1 ¢.
f sdzd ¢ Oted zOdBd H O, hcftc;isle dmfsdz? L kzj BBsets o dgj W

cOLdr n s MtsMlsOok dzj Wisj 2. v sydzats s st HJ dz
stftej dzw j Ismw Issydets fyls ! L OH Odzdzs G 5 sBi j iBO HL
ddzmistczdzj dzls Odz! dets o9 Otc! dqtetseo Ols' yYkzeofmlse dlsj dz detsfls
1 My ted MmdesMmis: d Issydesils! ftejHjdzidd2 M dnhf sd
f4t] i3j dedetscts IsusjOdzj d@f Wis Syt Ot d  d ff sils§ dzyd O dzO
L dzj StesHO. vOCdds tsBteOL sy, Hodzzyjdedz j toj L zdz' |
BjIssHO dd3tf j HOdeMdes?2 MY jSlstesMStsfdd jtejH dL o
st toj HJ dzj dad W dsdzetsc j dzdz’ n 1 01 dzlsdzr M dztsoealztE ¢ | dpdets &
Gilsjtese jdedzr = MdMmilsj BBOR .

f OBBISO o' ff sdzdzgj dzO f tod 1 tsHI A3[Ot@%0C2}B B onts\dHY:.! jG tc O dzls

27



Analytical Chemistry O 2Odz' Isd ydzO =~ ° d

FORMATION OF SODIUM HETEROPOLY DECATUNGSTOEUROPATE(III)
N QEu(Ws01g)2] L 306 IN AQUEOUS SOLUTION
Mariichak O.Yu, Rozantsev GM., Radio SV.
Vasyl 6 Stus Donetsk National Uni ver
o.marijchak@donnu.edu.ua

Lanthanide containing materials are receiving increasing attention due to their wide
range of potentiahpplications. To investigate the reaction of formation of Eu¢iditaining
heteropoly anion individual aqueous solutions of EwWHNO(C=0.01mol/L) and
Nag[Eu(Ws01g)2] L 3@ (With C(EF*) = 0.01mol/L) were prepared. The synthesis of sodium
heteropoly decatungstoeuropate(lll) b&u(WsO1g)2] L 3G Hrom acidified up to
Z=3(H")/3(WOs”) =0. 80 aqueous solution of sodium tun
was done. Using FIR and Raman spectroscopy it was shown that heteropoly anion contained
in the isolated salt belong to PeacdW¥eakly structure. The structure of
Nag[Eu(WsO1g)2] L 3G whs determinsd by Single Crystalry analysis.

The spontaneous formation of §ffau(WsO1s)2] L 3G tHrough a simple ionic self
assembly method and the influence dfatent values of the temperature were investigated by
using U\LVis spectroscopy (Fig.).

0,06

Absorbance
o
o
w

T T T T 1
390 392 394 396 398 400
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Fig. Electronic absorption spectra of the solutions:
I'i Eu(NGs)s (C=0.01 mol/L); Il Nag[Eu(WsO1g)z] L 3G (B(EF*) = 0.01 mol/L),
TAC i measurement was doae25AC after 24 hours of NfEU(WsO1g)2] L 3@ Bdiling

The presence of hypochromic shift in the heteropoly salt solution was established that
is caused by the change in coordination polyhedron of Eu(lll) ion during transition from aqua
complex toPeacockWNeakley heteropolyanion with coordination towards the heteroatom of
lacunar pentatungstate aniong;M&% , in the form of square antiprisms. There are two maxima
peaks at 393.8 nm and 394.4 nm, which belong to europium nitrate and sodium hgteropol
decatungstoeuropate(lll), respectively. There is the directly proportional dependence between
absorbance values and temperature. It shows that the absorbance decreases with the temperature
from 10 to 60AC in case of Eu(Ngs, and Ng[Eu(WsOig)2] L 3@. Alhe absorbance of
decatungstoeuropate(ll) at26 aft er 24 hours of sampleds bo
suggests that the concentration of the compounds in the samples became lower. Also, a large
ligand peak was observed in europium nitrate arti@@90 310nm, and in the case of sodium
decatungstoeuropate(lll) solution there is a big plato in the range B3200m.

Acknowledgements. The study was carried out within the Fundamental Research Program
funded by the Ministry of Education and $cie of Ukraine (Project No. 0116U002521).
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VOLTAMMETRY OF TRYPTOPHAN ENANTIOMERS ON GLASSY CARBON
ELECTRODES MODIFIED BY POLYARYLENEPHTHALIDE COMPOSITES
OF a-, b-, AND gCYCLODEXTRINS
Murzina K. A, Zilberg R. A, Khabletdinova A. |I.
Bashkir State University, Ufa, 32, Validy st., 450076, Russia
ZilbergRA@yandex.ru

Tryptophan (Trp) or2-aminc3-(1H-indol-3-yl)-propionic acid is known to be
irreversibly oxidised in phosphate buffer solution on modifjledsy carbon electrodes (GCE)s
with the transfer of two electrons

In the investigated potential range the enantiomers of Trp in patesphffer solution
on polyarylenephthalide (PAfodified GCE were oxidised with formation of corresponding
peaks. Analytical signals of the Trp enantiomers differed slightly from each other. When a
mo d i f-j -edbor-CR)Uk added to the PAP, PAP corsjies are deposited on GCE surfaces.
The differential pulse voltammograms of the Trp enantiomers on these electrodes differ among
themselves. This is due to the fact that molecules of CDs can form inclusion complexes with
Trp, which act as chiral selecsoifr o determine the optimum experimental conditions, the effect
of the pH of the analysed solution, the potential sweep rate, the electrode holding time in the
analysed solution, the concentration of Trp enantiomers on the current values, and the shape of
the voltammograms were studied. Criteria of optimization were sensitivity, standard deviation,
and correlation coefficients of calibration plots. Electrochemical and analytical characteristics
of differential pulse voltammograms of Trp enantiomers on th&G@odified by PAP
c o mp o s i-t -efw-Cih colkentration rangé 40 mM are shown in Table.

Table. Characteristics of DPVs of Bnd L-enantiomers of Trp (0.035 mM) oxidizing on the
GCEs modi fied by - PR dDonmpposphateufterssolutidn (pH 6.86)
at a scan rate of 20 mVs

[V l, OA | &/ Cae OA'| Cumin
D-Trp | L-Trp | D-Trp | L-Trp | D-Trp L-Trp nvi
GCE/ PAB/| 0.58 0.57 7.46 7.72 0.057 | 0.065 4.0
GCE/PAPH-CD 0.65 0.66 7.39 8.75 0.084 | 0.098 4.0
GCE/PAP?-CD 0.65 0.66 7.42 8.83 0.063 | 0.072 7.0

Electrode

The standard calibration plotghow thatGCEs modi fi ed by -P-AFP com
a n dCD&xhibited enantioselective discrimination of Trp enantiomers over this concentration
range. The most significant differences between the Trp enantiomer responses are observed on
the electrodes modified B AP ¢ o mp o-a h 8GDsThus,fmodified by PR and CDs
electrodes can be used in the electrochemical determination of Trp enantiomers.

The authors thank the Russian Science Foundation (Grant NIi3-16257) for financial
support.
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PRINCIPAL COMPONENT ANALYSIS FOR SELECTIVE VOLTAMMETRIC
RECOGNITION OF ATENOLOL ENANTIOMERS
Zilberg R. A, Provorova Yu. RKabirova L. R, Habletdinova A. |.
BashkirState University
32, Zaki Validi Street, 450074 Ufa, Republic of Bashkortostan, Russia
provorova96@mail.ru

Atenolol (ATN) is a drug that helps to fight the diseases of the cardiovascular system.
It has antiarrhythmic, antianginal, hypotensive biologazlions. Biological activity of drugs
is associated with one of the enantiomers. For atenolol,-#@aftiomer is usually 5600
times more effective than thedhantiomer.

In this study, voltammetric sensors based on glassy carbon electrodes (GCEdnodifi
by composites of polyelectrolyte complexes of chitosan and chitosan succinami@&g}S
with cyclodextrins (CD) for the recognition of ATN enantiomers have been developed. For
more reliable recognition of enantiomers and their racemic mixtures, thanedbt
voltammograms were chemometrically processed using the principal component analysis
(PCA). Chemometric processing of experimental data arrays by PCA allows to represent the
ATN voltammograms in the form of points, grouping into ellipsoids or spharése new
coordinate system X, Y, Z, etc., where the coordinate axes are the vectors of the main
components. In this case, the main components should be considered as the directions of the
greatest change in the space of the variables X, Y or Z. The gnaphich the projections on
the plane of the main components and parts of the explained data variance for each principal
component are expressed as a percentage is usually called the chart of accounts. It describes the
relative position of the voltammogre of the samples under study in the space of new
coordinates and makes it possible to estimate the efficiency of the "compression" of the
experimental data. Each point in the chart of accounts corresponds to a specific voltammogram,
and the totality of nerby points and the space they occupy will correspond to the ATN
enantiomers.

PC2 (17%)

PC1 (48°
2 4

Fig. Score plot of PCA modelling of voltammograms obtained by differential pulse
voltammetry for 0.5 mM solutions of ATN enantiomers using of sensory sysiitnthree
GCEselectrodesnodified byCS-SCS composites of CDs

Thus, the results of PCA modeling show the better specificity of voltammetric sensors
based on glassy carbon electrodes modified with composites of polyelectrolyte complexes of
chitosan and chitosan sucamn@e with cyclodextrins for recognition of ATN enantiomers.

This work was supported by the Russian Science Foundation (Grant{18-10257).
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VOLTAMMETRIC DETERMINATION OF ATENOLOL ENANTIOMERS USING
POLYELECTROLYTE COMPLEXES OF CHITOSAN AND CHITOSAN
SUCCINAMIDE WITH CYCLODEXTRINS
Provorova Yu. RKabirova L. R, Zilberg R. A.
Bashkir State University
32, Zaki Validi Street, 450074 Ufa, Republic of Bashkortostan, Russia
provorova96@mail.ru

Nowadays, the number of people with cardiovascular diseases is dramatically
increasing. Especially popular are tachycardia, arterial hypertensionPletomaceuticals
based on atenolol have antiarrhythmic, antianginal, hypotensive effects. Atenolol, designated
chemically as 42-hydroxy-3-isopropylaminopropoxyphenylacetamide, is a cardio selective
b-adrenoblocker. In connection with the important role of atenolfferdnt methods of its
recognition and determination have been used, such as gas chromatography coupiedswith
spectrometry, spectrophotometry and flow injection analysis, etc. The use of these methods
requires expensive tools and equipment, long patjoar and thorough cleaning of samples.

An alternative to the methods listed above is the electrochemical methods of analysis, in
particular the voltammetry. Voltammetric sensors based on glassy carbon electrodes (GCE)
modified by composites of polyeleclyte complexes of chitosan and chitosan succinamide
with cyclodextrins for enantioselective analysis and determination of atenolol enantiomers were
studiedusing cyclic voltammetry (CV), and differential pulse voltammetry (DPV)

Atenolol enantiomer solutits were prepared by dissolving an accurately weighed
quantity in100 mlof borate buffer solution (pH 9.18). Solutions of lower concentrations were
prepared by serial dilution of the stock solutions. A 20 ml test solution was placed in an
electrochemicala@l. CV were measured by the potential range of 0.8 to 1.6 V with a potential
sweep rate of 100 mVsafter the electrolyte solution for 30 s with vigorous mixing and E = 0.
The DPV experiments were carried out a potential range of 0.8 to 1.2 V with &tudempf
50 mV, an interval time of 0.25 s, a modulation time of 0.025 s, and a potential sweep rate of
20 mvsl. One parallel measurement included recording five voltammograms. Each
voltammogram included from 80 (DVP) to 160 (CV) instantaneous curliantsc(ements of
5 mV) at different potentials. The proposed sensors exhibited selectivity towards the atenolol
enantimers and had cresensitivity, so they can be used to create a rsalisor system.

Thus, the system of these sensors based on gladsyncalectrodes modified by
composites of polyelectrolyte complexes of chitosan and chitosan succinamide with
cyclodextrins can be successfully applied for the recognition of atenolol enantiomers through a
multi-sensory system.

This work was supported liye Russian Science Foundation (Grant Ne138.0257).
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COMPARATIVE ANALYSIS OF MERCURY DETERMINATION IN RAW
MATERIALS AND PRODUCTION OF HEAVY INDUSTRY ENTERPRISES
Tselik M. S.
Donetsk National Technical Universitypkrovsk Ukraine
margarita.tzelik@gmail.com

For quite some time in Ukraine and near abroad, one of the most serious and obvious
pollution of the environment is the emissions of metallurgical enterprises. A significant number
of metallurgical enterprises, whosmissions have a negative effect on the entire environment,
are in the Donetsk region. The most dangerous components of emissions of metallurgical
enterprises are highly toxic mercury compounds. Since, during enrichment of coal, Hg is almost
completely comerted to the gas phase, analysis of the Hg content in coals is the primary task
for environmental protection. To reduce the harmful impact of emissions of metallurgical
enterprises on the environment, careful monitoring of contained toxins in the ranalsated
products of these enterprises is needed, which proves the relevance of this master's work

Object of the master's study: raw materials and products of metallurgical-pnoduct
coke industries, fuel, coke, ores, fluxes, etc.

The subject of th master's scientific research: mercury and its compounds in the
composition of fuel, ores, fluxes, etc.

In connection with this, the objectives of the master's work can be formulated as follows:

1. Study and systematization of theoretical studies on teenical properties of
mercury, study of the processes of mercury compounds entering the emissions of metallurgical
enterprises.

2. Investigation of the possibility of using the method of ateafhisorption
determination of mercury content in raw materiald products of bladurnace production.

3. Comparative analysis of experimental data on the content of mercury in raw materials
and production products for 5 years.

At enrichment of coals in concentrates 60% Hg passes. Mercury in concentrates is
represented by organic Hg and micromineral pyrité Hge. These two forms of mercury are
dominant; their ratio determines the distribution of Hg in coal.

With large volumes of bladtirnace production, this can be a significant source of
mercury releases tbe environment.
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IMPEDANCE CHARACTERISTICS OF VOLTAMMETRIC ENANTIOSELECTIVE
SENSORS BASED ONPOLYARYLENEPHTHALIDES AND CYCLODEXTRINS
Sharipov D. R.Kabirova L. R, Dubrovsky D.l.
Bashkir State University, Ufa
minikor@list.ru

The voltammetric method of analysis introduces rigid requirements to the surface of the
working electrode, the state of which directly depends on the reproducibility of the results of
the analysis. Nowadays there are popular methods of studying surface morphology, such as
AFM, SEM. These methods require highly qualified personnel and expesguipment. An
alternative to surface research is the spectroscopy of electrochemical impedance.

Electrochemical impedance spectroscopy is a highly sensitive method that makes it
possible to evaluate the state of the electrode surface in the form & smuojpvalent electrical
circuits.

In this study, composite voltammetric sensors based on glassy carbon electrodes were
studied. As composites were used a conductive polymer film of polyarylenephthalides (PAF)
an d, Ué€n dcycwdextrins (CD). Compositenodifiers based on cyclodextrins under
voltammetry conditions allow to recognize the enantiomers of biologically active substances,
such as propranolol, tryptophan, etc. Impedance characteristics of the proposed composites
were carried out in a solutiofi Be(CN)Y]* ' / s in a standard solution. The working conditions

for recording the impedance spectra and deposition of polymer films were selected (Fig.).
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Fig. Impedance spectra recorded on modified GCE in a solution of F$tEN)

As seen from Figthe lowest resistance of electron transfer was observed on the bare
electrode, and the largesin the electrode covered by PAF. The spectra of electrodes modified
by cyclodextrins were located between them, and the resistance to electron transfeediecreas
from gamma to alpha. We assume that this is possibly associated with different cavity sizes in
the structure of cyclodextrins.

This work was supported by the Russian Science Foundation (Grant{18-10257).

37



Analytical Chemistry O 2Odz' Isd ydzO =~ ° d

srepruofrfcdrRryvOY o wbiyg
zodH i dS,mzd W CtJo.O u.
[d2' ftetsof:! Cd2 dzOy' tsdzOadz' dzd 2 bkdz o jtefdlsjls
shvydenko@cf.dnu.dp.ua

1B ' dz hjdzdgw sfdlslkz 2O ff &zOIsddztse® ki
Isj n ez € ST Mis Odade” d3 dzO dets BOIs j 6 Odz' @ o
LOMssMso k' s Mw o jdzj Sbtesdz Y ‘ J dz
Ldesftsfls 2¢Cdrn ' CotetsL ' 2desls 2Cdn
sz ydmds'd yazd & O l8dDjdR! Isl4atORE L Olsstc Or o (
odtetsB ded ylso ' Me¢ dzGtetsEH P dzO o Y dzé@is d Wz
' HCBCtdMsOd Yydedr jSt©Ode @ ' HLjteC
odesBddylseo O HdWtwOCy' @izdhitcd zO@bs'sE. MY j €

U ntSH' tesBtslsd L ftosHEZSCISORRd f jtodtefs
MsdCOlsdmw L MmMEzd ¥ Olsdedddd L yd dzOdzd, o
dzj s ydets ' dzj elsded R fMkzdz WOkddn Stifdjsh
jjt@ jHjdzdz2" Rh(1 1 1) ©® tjOCy 2desL HOdzd?2 MlsOdz B
odStstedmMstsolz Is: Mw E t' Lddr d&jIssHOR o '
]l HB®BS, s kB ttsL yddzOn Mmizdz WO
OsRhl§I I 1) BMsOddz 2 dBsYJ klsotstes 9 Olsd
sdetsWHjtedz, E btz ydmd Odz tsdedz’ , Is
L dz' sjtcOlkztcd "  Hlso jtoHy £ -@&l{ azizders Mts§ Y &
kv ¢ ORlsde Oy" " dzd tolsdzdM) - " IS0 dz 7 HWzstcdf 18
otsMmls’ 2tets MJjSCtoW slstsdzj stedydese s o dL dzOy
HOdz' 2 B BIs® we odma Hdzgz ®BOItedy® od¢ Stct
jsCk wOkets &OME 10 KE GsHGW CkzoOdd ff
a3 ds Al d B3j 1@ Issf " tetsdalz K1 uf) * fldzvf ytset tej
9 0dzd HdMIsdd® S Pdaz® dzdo sag'sy , OteC kh Odsd  Off .
o Odzd Hitz-tsEdas' IsSiidy'Qidsz SO LBt cOdzd E L O
b tste Cdgz " ddz’ mls 11v LO [ru, weO MmS dzOdzo
BZOIsjtc’ Odz! dgddz BOXOMsdE  * Mdzw Mg jjH o sz Blsdg
CtsRf dzj S ' d € L' T Tomo ' hdatsh jldzdzv BiedA g U4 & Bz
dzj MsteBso Odzse s Ag (1) odL dz2OyoOdzd w¢ dBjIssHBA SBE
" dHdS Oy s stsySd j S o -CoCiyisjtaplsylztOival oz digjOSs H s dQ Is s o

te

q—

&
©]

q
s
0

OCEFH LS ENC a0
CFFO N-groagas -
SFrw ne0 I
PNFERF“RFTRITS
=oo0% o -

<

I sOgetiemsdz N5 E tetst yd dzOn  fpbsdzfly @ lzdzdfif] teg tsi dsto df
ndzstedH s’ OB fMkdr WOlds Cdhmdksksd mMstsjdls L
SeOd joj. J[Uld®Od d bkhsed o' LEzOd R 90 &€
% stedkOls’ RGB BlkdzHls®s Oy ¥ the®o i~ HL sBEOY j d&'

Slstcd BOdzd 2 L O Hsf sBsets f zOdh jIsdzsé s MSDdzj ©O.
3 HCl, yOfp CtdlsO0Q s W oLfnls ak 6) cEemis@skzse s ¢ sdstcts
Rh(lll) LO ydr kdiisce fsbEHtfd) OdsO’ v &y tcaligls Qs s
CRkdz' fylst RAIMDL (L4 RS Bsdz' / ¢ ) .

t SLtotsB dzjhdfsOddlzj ifdsO® o'  Hfts9o "' Hdzz BibsHJSE o' L
odL dzOyjdedz" Rh (11 1) 9o Mmkzd WOkdedr jdzj Shtetsdz’ IsO
' Hf sod @A Odesf sCtodIsls' Bl 6 9 iBE Hzikgjztoof @B d O .d2CBe O ¢
MtsteB § dzls iz dgOM@t tc 1 Os dzts 9 O dAs' drg SIS HhdeCells o d L dzO yJ dzd
'dzls | 92U | & dplsQ dzfy JRUD dgdsdzz B3 ssHESHR GteOHES 9 Odz
tc' o dzv dzdzv W § R x HEC): y o 81719 +234 (2=0.9734)y OdzO BBj StSH  § ¢
BzdzO Off csBtso OdzO otc CAdRGAALZ' i t& ts dixfjoQidis ' dztsectisH L. ¢ Odz! o
tctsH ' 8 0 Odzdg? 34 Is 5 HSSIEY | telg o€ dshtersdc @l 0. (6

38



Analytical Chemistry

O O sdyudz® [

IMPEDANCE CHARACTERISTICS OF VOLTAMMETRIC ENANTIOSELECTIVE
SENSORS BASED ON POLYELECTROLYTE COMPLEXES

AND CYCLODEXTRINS

Shirokova E. E.Kabirova L. R, Dubrovsky D. 1.

Bashkir State University, Ufa
pyatkalena@mail.ru

The voltammetric method of analysis is one of the most sensitive in electrochemistry.
One of the most important factors affecting both the sensitivity and the correctness of the
analysis is the monitoring of the surface of the working electrode. The main duéftho
evaluating surface morphology are various kinds of microscopy, such as atomic force and
scanning electron microscopy, however this equipment is expensive and requires special
sample preparation. An alternative method for estimating the surfa@rtroehemistry is the
spectroscopy of electrochemical impedance.

Electrochemical impedance spectroscopy is a highly sensitive analytical method
capable of quite informative assessment of the surface state of a working electrode in the form
of simple electrical equivalent circuits. this paper, the characteristics oftammetric sensors
based on theylassy carbon electrodes (GCE) modified by composites of polyelectrolyte
complexes otthitosan (CS) and chitosan succinamide (S®#) cyclodextrins (CD)were
demonstratedThese sensors, due to the structure of the apmmposite, are able to
selectively interact with the enantiomers of biologically active substances, such as atenolol,
methionine, etc. The working conditions for recording the impedance spectra and applying a
composite coating to the working electrodeate were established in the course of this study.
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It can be seen from the figure that the resistance of electron transfer was much less for
GCE, modified by CSSCSCD composite film compared to the bare GCEthaps this is
related to the structure of the <SS polyelectrolyte complex. It can also be noted that there
is no difference in the resistance of electron transfer between the modified electrodes.

This work was supported by the Russian FoundatioB#&sic Research (Grant No. -4U3-

020232
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VOLTAMMETRIC SENSOR SYSTEM FOR THE RECOGNITION
OF ENANTIOMERS OF PROPRANOLOL IN PHARMACEUTICAL FORMS
Yarkaeva Yu. AZilberg R. A, Khabletdinova A. |.Provorova Yu. R.
Bashkir State University Russia, Republic of Bashkortostan, 450076. Ufa, Zaki Validi, 32
julijajarkaeva05@gmail.com

With the development of ideas about the role of stereoisombrgdhemical processes
and the widespread use of drugs on their basis, it became clear that along with the simplicity of
sample preparation, availability and cheapness of devices, analysis time, the applicability of
analytical methods will largely depend threir ability to recognize the optical isomers of active
substances.

In this paper, we studied the possibility of using voltammetric sensors and a sensor
system based on glassy carbon electrodes modified with polyarylenephthalide composites with
melamine,c y anur i ¢ -cgclodexrin to medognfize the enantiomers of propranolol in
dosage forms containing auxiliary substances. Using the chemometric method of principle
components analysis it was shown that in order to reliably recognize the enantiomers of
propranolol, it is necessary to take into the entire voltammetric curve.

The possibilities of a voltammetric sensor system based on polyarylene phthalide
modi fied with composites wdydlodextmmeof ghassiarboa , cyal
electrodesdr express recognition of propranoleldhd Senantiomers ipharmaceuticdbrms
with various auxiliary substances content (lactose, sucrose, starch, talc and calcium stearate).
The influence of the content of the main component and auxiliary substdreesnditions
for recording voltammograms on their characteristics, the probability of recognition of the
enantiomers of propranolol pharmaceuticdlorms is estimated.

To study the sensitivity of the developed sensors, measurements were madeeis a seri
of solutions of enantiomers of propranolol with a known concentration in the rangé 0.005
1.350mM. The calibration function was linear in most cases in the range from 0.021 to
0.675mM, the detection limit in solutions of enantiomers (5287)10° M, in
pharmaceuticaorms (1.175.37)10 ° M.

Thus, the developed enantioselective voltammetric sensors based on polyarylene
pht hal i de c- ryotodektting, snelaonine add cyanuric acid are sensitive to
enantiomers of propranolol in multicomponent solutions containing auxiliary substances o
readymadepharmaceuticalorms. It has been experimentally proved that the use of an array
of crosssensitive chemical sensors in combination with chemometric data processing makes it
possible to recognize the enantiomers of propranolol with a prdiyatdilnot less than 9%.

This allows them to be used for the rapid analysis of dosage forms without separating the
constituents of their ingredients, which is preferable, as this reduces the losses of the analytes,
reduces the number of operations, thalysis time and the consumption of reagents.

This work was supported by the Russian Science Foundation: Grant{48.10257.
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PHYSICOCHEMICAL COMPARISON OF CHITIN AND CHITOSAN OBTAINED
FROM TWO MUSHROOM SPECIES (BOLETUS BOVINUSAND LACCARIA
LACCATA)
Oberemko A, Salaberria A. M, Baublys V2, Labidi J?

lyytautas Magnus Universitfpepartment of Biology, Vileikos 8, 44248, Kaunas, Lithuania
2University of the Basque Country (UPV/EHU), Department of Chemical and Environmental

Engineering, Biorefinery Processes Research Group, Plaza Europa 1, 20018 ERarostia

Sebastian, Spain
Alona.deremko@vdu.lt

Chitin is the second most plenteous polysaccharide in nature after cellulose, present as
supporting material in exoskeletons of insects, crustacean simgllen the cell wall of
mushroomsThe lack of solubility of chitin makesiitecessary to modify the molecule for most
of its applications. It is known that chitins and chitosans from different sources exhibit different
physicochemical properties and these different properties expand the application area of these
biomaterials. Theaim of present study was to determine and to compare physicochemical
properties of chitin and chitosan from two mushroom spe@ieke{us bovinusindLaccaria
laccatg).

Chitin was obtained from the cell wall of two differemhushroom species using
chemicalmethod whichincluded following steps: 1 glucan extraction, 2 demineralization
in solution of hydrochloric acid to remove inorganic compound$, deproteinization in
solution of sodium hydroxide, ¥ depigmentation anllleaching For chitosan produitin the
chitin samples were refluxed with 60 NaOH at 130 Gor 4 hours under a Natmosphere.

The chitinsand chitosansverecharacterized bgitenuated total reflectandeourier transform
infrared spectroscopyATR-FTIR), elemental analyseEA), nuclear magnetic resonance
spectroscopyNMR), thermogravimetric analyséSGA) and Xray diffraction (XRD).

The dryweight chitin contents of the mushroom species were determined %sf@&:5
L. laccataand 6.2% for B. bovinus Chitosan yields of the chitins isolated fr@rbovinusand
L. laccatawere70.9 % and64.3 %, respectively. ATRFTIR spectra analysemonstrated the
characteristic bands of the chitin and chitosan molec\lésle, the maximum degradation
temperaturesf B. bovinusandL. laccatachitinswere found to be@A C a68AIC by TGA,
the maximum degradation temperatui@sB. bovinusandL. laccatachitosansvererecorded
as317AC 80AAIC, r espect i vitgihdgxvaliBhoB. bavinussdL dadcdata n
chitins were calculated &5% and78%, respectively according to the-rdy diffraction
analysisresultbegr ee of acetyl ation (DA) deter mined
and 92N4 f d.daccathi 9OB3MN5f amm SmEBl.dovihugrespectivalyt i n  f r

Mushroom chitin de mo n-shttimwath higld acetylaton degrde, p at t
but the thermal stability of chitifrom L. laccatawas lower than fronB. bovinus The results
of this study revealed thht laccatahad higher chitin content th&h bovinusand these species
may be used as a potential chitin source with appropriate physicochemical properties (chemical
structure, thermal stability, crystallinity index, degree of acetylation) for possible biomedical
application (for example, chitosan films).
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Quantum Chemistry S 9 OdzlsAs' 9 d® W

DEPENDENCE OF CONFORMAL STABILITY (R) -4-MENTENONE
FROM TEMPERATURE
Belkina N.V.%, Vakulin 1. V.1, Talipova G R}, Latypova ER., Vakulina A.l.2
1Bashkir state University, Ufa, Russia
2Ural State University of Economic¥gkaterinburgRussia

According to NMR spectroscopy in 13C spectra, the signals of conformers -of (R)
4-menthenone are manifested when the temperature is lowered. Therefore, using the-quantum
chemical approximation B3LYP /-811 ++ G (2d, p), the dependenof the population of
conformers (R¥-mentenone on temperature is considered.
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The relative stability of other conformers differs from 1a by not more than 7.97 kJ/mol
according to B3LYP /@11 ++ G (2d, p). With increasing temperatuhe difference in the
population of these conformers decreases. First of all, the proportion of conformer 1c in which
the methyl group occupies the axial position increases. The proportion of conformers 1b and
1d in which the angle of the isopropyl groi r ot at ed by 180A var.i
temperature (Table).

Table
conformer w, %
243 273 298 323 373
la 67.11 62.80 59.4 56.08 50.47
1b 24.98 26.13 26.66 26.98 26.99
1c 6.74 9.29 11.3 13.56 17.51
1d 1.18 190 2.5 3.37 5.03

54

es



Quantum Chemistry S 9 OdzlsAs' 9 d® W

EVALUATION OF CONFORMAL POPULA TION (R)-4-MENTENONE
Belkina N.V.%, Vakulin 1. V.1, Talipova GRZ, Latypova ER1, Vakulina A.l.2
Bashkir statéJniversity, Ufa, Russia
2Ural State University of Economics, YekaterinbuRgissia

It is shown that (R¥-menthenone, which is convenient for the synthesis of a whole
spectrum of pheromones, has an unusual reactivity in comparison with other enon Systems.
unusual behavior of (R}-menthenone may be due to the limited rotation of the isopropyl group
and its steric effect on the availability of the C = C bond electrons. Using the quetméomcal
nonempirical approximations of different levels of comyplg, the relative stability of the
(R)-4-tenenton conformations is estimated.
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The most stable conformer la is characterized by the equatorial orientation of the methyl
group at the 4osition and the dihedral angle of the isopropylgrBupCC (= 0) 24A.
angle, the isopropyl group exerts the greatest screening effect on the C = C bond in the cycle as
compared to the conformers 1b and 1d (Table 1).

Table 1
qG2% kJmol
1 fda 1d-1b 1d-1c 1b-la
B3LYP/6-31G(d,p) 5.96 5.88 1.06 1.13
MP2/6-31G(d,p) 2.40 2.27 0.10 0.16
B3LYP/6-311++G(2d,p) 5.41 5.60 2.57 2.37
MP2/6-311++G(d,p) 8.31 8.00 1.54 1.85
G4 (MP2) 4.04 3.79 2.64 2.87

All other conformers are less favorable, but the difference in energy between them is
not more thar8.3 kJ/mol, depending on the calculation method used. It is interesting to note
that the calculated values obtained in the DFT methods are closest to the results of-the high
precision composite method G4 (MP2). Despite the insignificant difference inies)etige
populations of these conformers differ markedly. The share of the most stable conformer 1a is
almost 2 times larger than the total fraction of all other conformers and 3 times greater than the
nearest one in stability 1b, but having a differeigrdation of the isopropyl group (Table 2).

Table 2
conformer la 1b 1c 1d
w (%) 63.4 19.9 12.4 4.3
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FEATURES OF CALCULATION OF STANDARD RedOx POTENTIALS
BY THE SEMI -EMPIRICAL METHODS AM1, RM1 PM7
Bugaets DV, Vakulin.V.,Zi | 6 bAr g R.

Bashkir State University

bugaec_dasha@mail.ru

We calculated the standard RedOx potentials the-eerperical methods AM1, RM1
and PM7. RedOx potential calculation is based on the folloedpugtion:

qG(XszHE) = qI;Osolv(X+)'ch}solv()<) - 444eV (1)
E°= -qG/F (2)

4.44 eVi change of energy of Gibbs in hydrogen reduction reaction, F = TFaNday
constantSolvation effects was considered by the continual model PCM.
We calculated thestandard RedOx potentials for the anylines, quinones and their

analogs containing nitrogém?):

NH (@]
| \ Ox |
() 1 T 0
N 5
1 2 3

-7 4

OH (e}
X OH ‘ R
(X 1
;[Y Z oM |
OH ! (e}

3 1a12

(4) X=ClI; (5) X=Cl; (6) X=Y=CN; (7) X=Y=CN; (10) R=R=CHs; (11) R= CH;

(12) R=OH, R=OH

Comparison of average absolute errors of calculation rafidx of the potentials

calculated through the total energiesdE a n d

heat 6&)fispfesemted @ Tablo n

Table.Accuracy of calculation of fzq4/0x0n all set of compounds

MUE
Method ERedeEtOt ERedeq) HT
AM1 1.39 145
RM1 1.24 124
PM7 1.56 161

( pH

All methods approximately on 1B systematically overestimates value Red/Ox potential.
The averagabsolute mistake concerning an experiment39 V for AM1, 156 V for PM7.
1.24 V for RM1. The most precise is the RM1 method. Specified approximations gives an
identical average absolute error of calculation for both considered schemes of calculation.
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STUDY OF THE FEATURES OF STABILIZATION OF TRANSITION STATES
OF THE PRINCE REACTION ON CLUSTERS FROM CARBON AND BORNITRIDE
NANOTUBES
Zaytunova GG, Pasko PA.%, Vakulin 1. V.1, TalipovaG. R, Vakulina A.l.2
!Bashkir state UniversityUfa, Russia
2Ural State University of Economics, Yekaterinburg, Russia
zajtunovag010@gmail.com

An increase irthe selectivity of the formation of @oxanes can be achieved in the
presence of substances with a developed surface containing cavities of a certain section. We
considered the stabilization of the TS in clusters of nanotubes, which are characteared by
additional TS stabilization site. To build clusters, we used nanotubes with the optimum diameter
found earlier. The table shows the sections of the cavity that arises between the tubes in the
cluster at different distances between the walls of thestube

Table
L (distance between nanotube wall}
dnnt(v) | 0,847 | 15 | 25 | 3347 | 5847 | 8,347 | 10,847 13,347

D (cavities in a clustex,)

8,89 5,62 5,98 6,56 7,06 8,50 9,94 11,38 | 12,82
9,49 5,96 6,34 6,92 7,40 8,84 10,29 | 11,73 | 13,17
9,52 5,98 6,36 6,94 7,42 8,86 10,31 | 11,74 | 13,20
10,18 6,36 6,74 7,32 7,80 9,24 10,70 | 12,13 | 13,58
10,24 6,38 6,78 7,34 7,84 9,28 10,73 | 12,16 | 13,61
10,85 6,74 7,12 7,70 8,19 9,63 11,08 | 12,51 | 13,96
11,53 7,14 7,52 8,10 8,58 10,02 | 11,46 | 12,90 | 14,35
12,20 7,52 7,90 8,48 8,97 10,41 | 11,85 | 13,29 | 14,73
13,58 8,32 8,70 9,28 9,76 11,20 | 12,64 | 14,08 | 15,52

In all cases, stabilization of the transition state inside the tube proves to be more
advantageous than stabilization in the cavity between the walls.

It is interesting tanote, that the profitability of the stabilization of the transition state
between the walls is also of extreme nature, but the maximum of stabilization is achieved at
large values of the cavity cross section as compared to the diameter of the nanotube.

This research i s s up@0O764o0eRlssibnyFund bf@asigr a n t
Researches.
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STABILIZATION OF THE TRANSITION STATE OF THE FORMATION
OF 1,3DIOXANES ON THE PRINCE REACTION IN THE PRESENCE
OF CARBON NANOTUBES
Zaytunova GG, Pasko PA.%, Vakulin 1. V.2, Talipova GR1, Vakulina A.l.2
!Bashkir state UniversityUfa, Russia
2Ural State University of Economics, YekaterinbUuRgissia
zajtunovag010@gmail.com

The possibility of increasing the selectivity of the formation of-didethytl,3
dioxane by the Prins reaction, which is a key intermediate in the synthesis of isoprene by the
"dioxane" method, has been studied using quanthemistry and molecular dynamics. We
considered the stabilization of the TS in carbon nanotubes.

Influences of the CNT diameter on the energy of TS stabilization were determined. As
model compounds, ethylene, propylene, butenesobutylene and trarsbutene were
considered. In modeling TS adsorption on CNT, we considered nanotubes with diameters from
6 to 17 . Bel ow we present the dBRonetedence
diameter of carbon nanotubes.

-Estab, kJ/mol

190 -
170 -
150 4 butene-2
130 - =f=rcthylene
110 - == propylene
90 - butene-1
20 | =36=isobutylene
50 A
30 . . 3

5 10 15 d. A

The stabilization of the TS ohé reaction for the formation of *fBoxane becomes
greatest with nanotube diameters from 942 . 23 | . The maxi mum st a
observed when the diameter is 1048

This research i s s up@0O764o0eRlssibnyFundBisic gr an't
Researches.

58



Quantum Chemistry S 9 OdzlsAs' 9 d® W

STABILIZATION OF THE TRANSITION STATE OF FORMATION
OF 1,3-DIOXANES ON THE PRINCE REACTION IN THE PRESENCE
OF BORNITRIDE NANOTUBES
Zaytunova GG, Pasko PA.%, Vakulin 1. V.1, Talipova GR.}, Vakulina A.l.2
!Bashkir state UniversityUfa, Russia
2Ural State University of Economics, Yekaterinburg, Russia
zajtunovag010@gmail.com

An increasing of the selectivity of tfiermation of 1,3dioxanes can be achieved in the
presence of substances with a developed surface containing cavities of a certain cross section.

To this end, we studied the interactions of the transition state of formation of exygen
containing heterocyclesccording to the Prince reaction with BNNT. The influence of diameter
on the energy of stabilization of the transition state was determined. Energy parameters and the
nature of the interaction of transition states with BNNT were determined using theo#alsor
Locator module included in the program package Accelrys Material Studio.

When modeling TS adsorption on BNNT, we considered nanotubes with diameters from
6 to 17 . Bel ow, the dependence of the ste
boronitide nanotubes.

-Estab,
kJ/mol
190
170
150
130 —8— ethylene
—@— propylene
110 butene-1
90 —8— isobutylene
butene-2
70
SN = o= = g
30
6 8 10 12 14 16 18 d, A
Stabilization becomes greatest with nanotube diameters from 1952 2 3 P Th
maxi mum stabilizing effect is observed at 10

This research i s s u4p@ERO764o0eRlssinyFund bf®@asigr a nt
Researches.
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MODERN ASPECTS OF CREATING OF NEW POTENTIAL DRUGS BASED
ON QUS-PROGRAM DEVELOPMENT
DotsenkadM. O.
Zaporizhzhya National University
marnatnas@gmail.com

Development of drugkis a unique multidisciplinary process aimed at creating of a new
therapeutic agent with the most useful and safe properties. In the world practice development
of original drug includes two functionally related stages:Study and 2 The introduction or
creation. In the first stage there is a discovery or synthesis of the new molecule of potential
drug. Most of the new potential drugs (lead compounds) are discovered with using of one of
three approaches: 1) chemical modification of known molecules;régrgag of biological
activity of a large number of natural compounds or their modifications; 3) direct synthesis based
on the understanding of biological mechanisms, chemical structure and playsicalemical
properties of the substance. Expendituresttie synthesis, screening and further preclinical
and clinical studies of potential drug, amount up to-8000 millions of dollars. The duration
of such studiesiZ10 years.

The recent decades became critical in the studying and testing of new drugseIntu
(random) approach was replaced with the rational drug design that ensures the creation of the
drug molecular structure based on information on the receptor structure. New domains of
scientific research have developed: cheminformatics, which incladesiety of chemical
libraries, computer design, combinatorial chemistry etc. Part of Combinatorial Chemistry is
computer chemistry (Computer drug design: CADD). Thus, by using database of relevant
substances, combining their construction with the hefpader computer software it becomes
possible to design potential drugs. Having a number of compounds with known activity, QSAR
method provides an opportunity to forecast the necessary structure or to specify a direction for
its modification and thus sidicantly restrict the search. However among existing software
tools for solving problems of QSAR there is no readymade software packages in free access,
which would be universal with an understandable and intuitive interface. Based on these
requirements,@entists from biology department of ZNU have developed a new software tool
called QuS (short form of QSAR Server). The task of this tool is to integrate and coordinate the
work of other software that performs specific stages.

The relevance of QuS tool determined by using the latest in silico technologies for
drug searching. For determining of the SAR / QSAR regularities significant role plays
formation of database that will help to solve the problem of forecasting activity and toxicity of
chemical componds. Nitrogercontaining heterocycles are of exclusive value for the formation
of databases, studying of "structtractivity T toxicity" relationships and searching for new
highly efficient and lowtoxic bioregulators. Pride of place among these heyeliocsystems
goes to sixmembered aromatic heterocy€lguinoline. Various quinoline derivatives are used
both as synthons in organic synthesis and molecular design and as effective biologically active
compounds. Quinolinbased drugs take an importantage in the modern arsenal of
antibacterial chemotherapeutic drugs.

In addition, for a number of biologically active derivatives of nitregentaining
heterocycles there is limited or completely absent systematic study of "strucatieity 1
toxicity". This was the main reason for the studying of quinoline derivatives database and
searching descriptors of their structure, which are important for development of QSAR models
as a system for evaluation of compounds' biological effects. Recapetidence equations of
toxicity and activity of the studied types of quinoline derivative from 2od 3D descriptors
allow forecasting the levels of activity for new biologically active substances at pre
experimental stage.
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IDENTIFICATION OF EXPIRED MEDICINES ON BASIS ATENOLOL USING
PRINCIPAL COMPONENT ANALYSIS
Kabirova L. R, Provorova Yu. RZilberg R. A, Habletdinova A. 1.
Bashkir State University
32, Zaki Validi Street, 450074 Ufa, Republic of Bashkortostan, Russia
Kabirova.lian@yandex.ru

Atenolol is a popular medical product for the treatment of hypertension and
cardiovascular diseases. This medicament blocks the heart from the action of adrenaline and
other hormones that accelerate the heart rate. As a result, the pulse slows dowpreskoe
decreases. Since the load on the heart is reduced, the risk of a heart attack decreases for the
patient. The quality of the medicaments directly depends on the expiration date. Under the
expiration date of medicinal products is understood the ¢iameng which this product fully
meets all the requirements of regulatory documentation. Expired pharma drugs lose their
pharmacological properties, adversely affect the body as a whole.

In this studyreal samples containing auxiliary substaneegoctystalline cellulose,
lactose, magnesium carbonate, gelatine, silicon dioxide, talc, starch, etc.) were tested using
voltammetric sensory system based on glassy carbon electrodes (GCEs) modified by films of
the polyelectrolyte complex of chitosan and chatossuccinamide (GSCS), as well as
composi t-esdnwdCholPhartthaceuticals from various manufacturers (Belupo (B),
Pranapharm (P), Ozon (O)) were chosen as real samples. The obtained voltammograms were
chemometrialy processed bprincipal compogent analysis (PCA) andansformed into points
on the principal component, constructed along the maximum dispersion of experimental data
(PC1). Then, the next principal component (PC2) was constructed orthogonal to PC1 and
directed along the next large$tamge in the measurement data, and so on. As can be seen from
figure, clusters (data of parallel measurements) of ATN medicines did not intersect with each
other on the score plots in the coordinates of-PCZ2.
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Fig. Score plot of PCA modelling of voltammograms obtained by differential pulse
voltammetry for 0.094 mM solutions of ATN medicines using sensory systénthree
GCEselectrodesnodified byCSSCS composites &-, b-, andg-CD

Thus, the sensory systemwith three GCEs indicator electrodes modified by-8X5S
c omp o s i-t-ebs a-GMlalloed recognizing not only ATN medicines by manufacturers
but also identification of expired medicines.

This work was supported by the Ruas&rience Foundation (Grant No.-18-10257).
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IN VITRO ACTIVITY OF NOVEL 1,3 -OXAZOLE DERIVATIVES AGAINST
HUMAN PAPILLOMAVIRUS
Kachaeva M. \ Pilyo G. S, Kornienko A. M, Prokopenko VM., Zhirnov V. V,
Brovaretsv. S.
Department of Chemistry of Bioactive Nitrogen Containing Heterocyclic Bases,
Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukrddyey, Ukraine
kachaeva@bpci.kiev.ua

Chemotherapeutic approaches to the control of HPV (human papillomavirus) infection
suffer from a lack of specificity. For most existing HPV inhibitors, the weak antiviral effects
observed in cellular assays suggest that further improvements in seleogeis,tén drug
potency, and in bioavailability and cell uptake are required. Substitutexkdz®les can exert
various biological effects and have significant antiviral activity.

The present study is an exploratory investigation of-ldRt activity by rovel
1,3-oxazole derivatives (1;8xazol sulfonamides and-d&minc1,3-0xazole4-carbonitriles)
designed and synthesized in Kyiv, with all the cytotoxicity and efficacy tests performed in the
the National Institute of Allergy and Infectious Diseases (USA).

The influence of the 1;8xazol sulfonamide derivatives on transient replication of HPV
origin-containing plasmid was first evaluated in transfected HEK293 cells by human
papillomavirus 11 replication origincontaining plasmid. All compounds exhibited grutantt
replication activity and were more active than Cidofovir in this assay. Two compounds, which
showed high activity against HPYL in the primary assay, were chosen for the secondary assay
(HPV-18 DNA amplification in an organotypic squamous epitiiglaft culture of primary
human keratinocytes freshly prepared from neonatal foreskins). In contrast to thg#lHRV
HEK?293 cells, the cytotoxicity, Egand EGo of both compounds for HRY8 were the same
in PHK raft cultures.

At present, the reasorf®r the difference in the anrHPV effect of 1,3o0xazole
derivatives in HEK29 cells versus the HR8 are not understood. Perhaps, the compounds are
metabolized differently in the two distinct culture systems. This discrepancy points to the
importance of lte raft cultures in verifying putative aftiPV compounds. This study does
provide useful information on specific analogs with antiviral activityitro that can be further
modified to identify more active inhibitors.
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6-FLUORO-2,3-DIHYDROBENZQ[b][1,4]DIOXINE AS A PRECURSOR
IN SYNTHESIS OF PHARMACOLOGICALLY IMPORTANT DERIVATIVES
Orlov M. A.

L. M. Litvinenko Institute of PhysicaDrganic Chemistry and Coal Chemistry
NAS of Ukraine
orlovinfou@yandex.ru
Fluorine subsistent as well as 2iBydrobenzo[b][1,4]dioxanketerocyclic system are

attractive fragments for design of novel pharmacologically important compounds. We have
synthesized the library of derivatives containinglu®ro-2,3-dihydrobenzo[b][1,4]dioxane

residue.
F 0
o) S
RO 0 R'RN 0

> 40 compounds > 20 compounds

A\ %
3 o) F 0 3 (o)
RO\/\C[OJ = Uoj R’Cl)j\ ND:oj
> li) compounds / \
F 0 .
e 1) m&@jj
© o)

> 20 compounds > 20 compounds

> 30 compounds

Structure and purity of obtain@dmpounds was conformed by NMR techniques, TLC
and elemental analysis.

The expected pharmacological activity was evaluated using PASS software
(http://www.pharmaexpert.ru/passonline/).
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IDENTIFICATION OF ATENOLOL BASED AGENTS IN REAL OBJECTS USING
THE PRINCIPAL COMPONENT METHOD
Provorova Yu. RKabirova L. R, Zilberg R. A, Ganieva L. R.
BashkirState University
32, Zaki Validi Street, 450074 Ufa, Republic of Bashkortostan, Russia
provorova96@mail.ru

One of the most common diseases to date, are diseases of the cardiovascular system.
Such as arterial hypertension, tachycardia, arrhythmiaitgnolol is a medicinal product that
helps fight these diseases. Chemically, atenolol is designated -(@shydroxy-3-
isopropylaminopropoxy) phenylacetamide, is a cardioselectivadrénergic blocker.
Biological activity depends on one of the enantiomémnsparticular, for atenolol, the-S
enantiomer is 500 times more effective than thegRantiomer. Various methods are used
for the recognition and determination of enantiomers in drugs: gas chromatography in
combination with mass spectrometry, spectrépimetry and analysis of injection of a stream,
etc. But the above methods are expensive in equipmentidomgpreparation of samples that
require highly qualified specialists, etc. These problems are solved by electrochemical methods
of analysis, in paitular voltammetry.

In work, contaminated voltammetric sensors based on-gab®n electrodes modified
with composites of polyelectrolyte complexes of chitosan and chitosan succinamide with
cyclodextrins for recognition of atenol enantiomers. Based emiialytical signals obtained,
it is impossible to uniquely identify the test samples, due to the low selectivity of the method.
The solution to this problem is the chemometric processing of data.

Five tablets of atenolol were ground into a powder. A portequivalent concentration
of the solution of about 0.01 M, was weighed and transferred to a volumetric flask and filled
up to the mark with redistilled water. The resulting solution was sonicated for 15 minutes and
then centrifuged. A suitable amounttbis solution was diluted in a borate buffer solution.

A sample of the centrifuged urine of a healthy male was dilutedl@QOn a borate
buffer solution, and tests were performed using a DPV method by dumping a known amount of
the drug. The results tiiree replicates and a satisfactory recovery ofid93.0% are shown
in Table.

Table.Determination oATN enantiomers in human urine sampdesthe GCE modified by
CSSCSc o mp o s +CD im booate buifer solution of pH 9.18 using DPV method at a scan
rate of 20 mvs!?

Sample Spi ked Found, ¢ RSD, % Recovery, %
P R-ATN | SATN | R-ATN SATN |R-ATN |SATN | R-ATN | SATN
Urine1| 100 | 100 | 9. 9 ON 10. 7 2.0 3.3 98.6 106.9

Urine2 | 15.0 150 |14 7 N15. 9 2.5 1.2 97.7 105.9
Urine3| 200 | 200 |{21. 0 |21. 1 1.3 2.9 104.7 105.6

From the data obtained, it can be seen that the proposed sensors and sensor system based
on a GCEs modified by composites of tthé poly
a n dCDxan be successfully usalrecognize and determine the enantiomers of atenolol in
human urine as real samples.
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VOLTAMMETRIC SENSOR FOR DETERMINATION OF PROPRANOLOL
IN BIOLOGICAL FLUIDS
Fayzullina Yu. G.Khabletdinova A. |.Zilberg R. A.
Department of Chemistry, Bashkir State University,
Ufa, ZakiValidi, 32, Bashkortostay450076
ZilbergRA@yandex.ru

Propranolol is a widely usdmtadrenoblokcer, which is prescribed for the treatment of
hypertension, cardiac arrhythmia, and prevention of secondary myocardial infarction.
Propranolol is used in spodad other stressful situations, acting as a doping agent. Propranolol
and its analogues contribute to the development of an antianginal effect, which is manifested
by an improvement in the state of the heart muscle, a decrease in the amount of oxygen
necesary for its work. This means that the heart requires less oxygen to contract, and the
frequency of these reductions also decreases. The drug slows the heart rate in animals, which
leads to its use in the race industry. Because of its properties, propramwohibited during
the competitive period in certain sports (motor sport, billiard sports, golf, darts, skiing /
snowboarding, scuba diving). It is not allowed to use it all the time in the following sports:
shooting and archery. It is rapidly metébed after administration, therefore traces of the drug
in biological fluids can be detected with great difficulty some time after the intake. Detection
of metabolites and drug residues can provide evidence of the use of doping.

The presence in the propiEol hydroxyl group makes the drug electroactive. Oxidation
of propranolol irreversibly proceeds with the transfer of 2 electrons and the formation of a clear
peak on the voltammogram in the range of potentials af BOID mV.

In the proposed work, thdegtrochemical behavior of propranolol contained in urine,
on a glassy carbon electrode (SEM) modified with polyarylenephtha&ie (PAFSO), was
studied. Optimal conditions were chosen for carrying out the electrochemical analysis of
propranolol on th&&EM modified PAPSO: the concentration of the propranolol solution was
0.0134 mM, the sweep rate was 0.1 V / s. The effect of the pH of the electrolyte was examined
between pH values of 2.09.00. The oxidation peak of the compound studied was wider in a
neutral medium, which makes the quantitative estimate unreliable. The highest and clearest
peak was observed at pH 3.0. Therefore, this pH value was used for further study. The
accumulation time is 60 seconds. Linear calibration curves were obtained ¢entations
bet we e n®#.. 2%nd M for propranolol.

A further peak at a potential of 0.65 V is observed in the study of a model urine sample.
Additional experiments have shown that this peak is associated with a uric acid oxidation
reaction. The proposed method can be used to monitor propranolol in ablhgds.

The authors thank the Russian Science Foundation (Grant NIi3-16257) for financial
support.
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A VOLTAMPEROMETRIC S ENSORY SYSTEM FOR RECOGNITION
OF TRYPTOPHAN ENANTIOMERS IN BIOLO GICALLY ACTIVE DIETA RY
SUPPLEMENTS
KhabletdinovaA. I, Murzina K. A, Yarkaeva Yu. A.
Bashkir State University, Ufa, 32, Validy st., 450076, Russia
aigulik17mail.ru

Tryptophan is an indispensable amino acid which is a proteinogenic agithand is
part of the proteins of all known living organisms. In nature, tryptophan synthesizes
microorganisms, plants and mushrooms. Multicellular animals are not able to synthesize
tryptophan, they need to get it with protein food. Tryptophan is faunthny food products,
for example- in black and red caviar, cheese, peanuts, chicken, rabbit meat and turkey.
However, often a natural influx of tryptophan not even enough for people who do not exercise
and do not experience regular physical activityleficiency of tryptophan in the diet can lead
to serotonin. Low levels of serotonin are associated with depression, irritability, uselessness,
kostvum, impatience, impulsiveness, inability to concentrate, eating, memory problems and
insomnia. Thereforeeerminationof tryptophan in food, pharmaceuticals, food additives and
living organisms, especially humans is very important.

Method validity was tested with real samples containing auxiliary substances (calcium
pantothenate, pyridoxinegllulose silicon and titanium dioxides, gelat@and others). As real
samples, kryptophancontaining dietary supplements from various manufacturisisy(
Foods, Jarrow Formulas, Evalar, and Scitec Nutjitvegre chosen. 0.035 mM solutions of Trp
enantiomers were used sgerence samples and real samples whose solutions had the same
concentrations were used as test samples. The recognition results are presented in Table. All
real samples were recognised to béryiptophan. he percentage of correctly recognized
samples iover 80%, and errors of the second kind are lower o4 1t should be noted that
with individual GCEs mg d,ibfarG&dn tie presBenaePauxdiarymp o s i
substances resulted in only 80 of samples were being correctcognized The proposed
sensory system is sensitive to the composition of the excipients in biologically active dietary
supplements containing Lrp, which ensures the establishment of the manufacturers.

Table. Discriminant responses (RS/TS) of HL& model inpercentage (%) of real samples
containing Ltryptophan using sensory system based on GCEs modified by PAP composites
of-, YbBCH

TSHRSk Sample 1] Sample 2| Sample 3 Sample 4
Sample 1 89 3 1 7
Sample 2 2 89 11 3
Sample 3 1 10 82 7
Sample 4 7 2 6 88

The authors thank the Russian Science Foundation (Grant NIi3-16257) for financial
support.
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VOLTAMMETRIC SENSORS AND SENSOR SYSTEMS BASED ON ELECTRODES
MODIFIED BY "SMART POLYMERS": NEW POSSIBILITIES FOR INCREASING
SELECTIVITY
MaistrenkoV. N., Zilberg R. A, Khabletdinova A. |.Kabirova L. R, Dubrovsky D. I,
Yarkaeva Yu. A.
Bashkir State University)fa, 32, Validy st., 450076, Russia
ZilbergRA@yandex.ru

Voltammetric sensors and sensor systems based on electrically conductive polymer
modified electrodes are widely used to solve various analytical problems, such as detection of
counterfeit medicineqeverages, technical fluids, etc. In this case, in general, sensors that are
selective to one or another molecule of the analyte are used, which makes it impossible to
recognize multicomponent mixtures containing various electroactive components, or
multisensor systems from several electrodes must be used. The use of "smart" voltammetric
sensors, the selectivity of which can be regulated in sity, allows to solve this problem quite
simply. However, the voltammetric characteristics and properties of "smeaddis have not
been studied enough.

We developed sensors based on modified gladson electrodes with polymeric
polyarylenephthalide films with isitu controlled stereoelectronic properties and different sizes
of the chelate cycle. In this case, thisreo need to use several electrodes, the analytical signals
of which differ from each other, which allows using modern methods of chemometrics to obtain
a computer "print" of the recognized component. In addition, there is a fundamental possibility
of remgnizing compounds containing optically active isomers.

We studied the electrochemical properties of the glassy carbon electrodes modified by
these polymers, the structure and morphology of their surface, the adsorption characteristics
and selectivity ofthe accumulation of analyte molecules, the effect on the selectivity and
stereoelectronic properties of the polyarylene phthalide electrode potential. As the analyzed
objects, antiarrhythmic drugs (propranolol, atenolol) and amino acids (tryptophanneystei
methionine) of various manufacturers were chosen. The effect on the magnitude of the
analytical signal and its selectivity on the nature of the compounds and inert components
studied, the composition of the matrix, the measurement conditions arezepgtirand the
methods for mathematical processing of experimental data are considered.

The use of chemometric methods (method of principal components (PCA),-Simka
classification, projection on latent structuf@d.S)) for the processing of voltammetric data
makes it possible to recognize the investigated pharmaceutical preparations by the manufacturer
with a probability of not less than 96.

The authors thank the Russian Foundation for Basic Research (Grah888-0053%a) for
financial support.
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THE VARIED COORDINATION COMPOUNDS OF THE ANESTHETIC LIGANDS
WITH PLATINUM (1) AND PALLADIUM(II)
AzizovaA.N.!, Tagiyev D.B.%, Gasanov Kl.2, Gasimov ShG2
IAzerbaijan National Academy of Sciences, Institute of Catalysis and Inorganic Chemistry
named after acad. NNagiyev, Baku, Azerbaijan
2Azerbaijan Medicine University, Baku, Azerbaijan
iradam@rambler.ru

At the present time coordination compounds obtaining with biometals and heavy metals
on the basis of biologically active ligands and some of medicines have changed to a large
investigative object. In the investigation the ligands having & O-donor atons and/or
functional groups pertaining to these atoms are usually used.

The main goal here was obtaining of biologically active coordination compounds that
effect alternatively and even effect through another mechanism. The coordination compound
of platinum (II) and palladium (II) has been obtained in the acidic medium with liddcaine
(diethylamine)N-(2,6-dimethylphenylacetamide has a local anesthetic feature.

The complexoformation reaction has taken action aA3%0n the acidic medium and
the ratioof the binary salts of Pt(Il) and Pd(ll) to lidocaine (Me:lid) was 1:1. At the result of
the reaction the cationignionic complex compounds with (LidgilPdhak] and (LidH)[Pthak]
contents were formed. It is necessary to note that at p/a 8 the nonelectrolyte such as
[Me(Lid)z2habk] was formed (hal Cl, Br). The elemental analysis of synthesized complexes has
been carried out and their melting and decomposition temperatures have been determined. One
adsorption band of 425 and 430¢&in the R-spectrum was used to determine of the structure
of the complexes.

The IRspectroscopic researches of the complexes indicate that platinum and palladium
coordinate directly with acidoligands in the cationic and anionic complexes. The evidence of
that isexistence of just one adsorption band of 425 and 43Bionthe IRspectra of both
complexes. But molecule of lidocaine as cation forms outer sphere as a result of protonating
(3410 and 3446 cM) of trio nitrogen atom.

In the spectrum of neutrfiVle(Lid)2hak] complexes the adsorption barti&), 458 and
341, 346 crit show that ligand is coordinated with central atom through trio nitrogen atom.
Other two bands located in the high area belong tohisliebond.

When complex compounds are dissolved in water ianwateralcohol mixture no
structural changes happen. It is important especially in pharmacological investigation of these
compounds.
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NEW MAGNETIC COMPOUNDS BASED ON ZINC CHROMIUM SELENIDE
ZnCr2Se
Barsova Z.Jendrzejewska I.
tuniversity of Silesia, Poland
z.v.barsova@gmail.com

It is seeing nowadays a growing interest to an important problem dealing with the
resource gap and wusing of alternative ener g)
renewable energy sources is gaining popularity. Renewable energy is a numbers of ways to use
the inexhaustible resources to produce electricity or other forms of energy. Solar cells based on
thermoelectric generates could produce electrical energy froimeheagy. Thermoelectric
materials (semiconductors) which help to decide this problem play big role in chemistry of
today and the future. For this purpose we ned¢gba and pype material and technically
moreadvantageous when one material allows tdg#t of this types.

One of the most interest compounds is zinc chromium selenide, which is a
semiconductor with helical magnetic structure. It is possible to improve the electrical and
magnetic properties of the materials based on Z3& using of some atitives, for example
Cu, Ni, Ho, Mn, Dy, Gd, Sn. The substitution of zinc or chromium with anetietal leading
to essential changes of the cation distribution and modifying physical properties eS&nCr

In our research we concentrated on synthesisrarestigation of physical and chemical
properties of ZnGSe, doped selected transition elements and-eamr¢h elements. It was
studied chemical composition and structure of synthesized materials, as well as, their magnetic
and electric properties. THanal results showed that the presence of third cation influences
electrical and magnetic properties of selenide. For examplstudies showed that substitution
in the ZnCsSe; matrix of tin and gadolinium radically changes the magnetic properties.
Magnetic and specific heat measurements showed thegsisiike behaviour below the
freezing temperaturé = 13 15 K for ZnCeSe, doped with tin and antiferromagnetic order
with the NeTk22tKasweleas the spiglass behaviour of the-entrant type
with the freezing temperatuiie = 7.3 K for ZnCpSe, doped with gadolinium connected with
the strong competition between AFM and FM exchange interactions visible in both cases by
the splitting of the ZFE&-C susceptibilities.
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Fig. ZFC and FC dc magnetic susceptibititys vs. temperature T atdd= 100 Oe for the
spinels under studyi; indicated by arrow is the freezing temperature
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CRYSTAL ENGI NEERI NG OF COPPEGQMPLEXESND SI1 LVE
WITH 1,2,4TRIAZOLES ALLYL DERIVATIVES
Hordiichuk O. R. Slyvka Yu. |, Mysokiv M. G.
Ilvan Franko National University of Lviv,
79005, Lviv, Kyryla i Mefodiya Str. 6
o.hordiychuk@gmail.com

A great vari et yconplexesGvmth(allyblerivatived of Augnérdug acyclic
and heterocyclic ligands has been investigated over the last decades. As a result, many aspects of
the influence of ligand structure, anion type and synthetic condis -@omplexes crystal
structure formation and on the effectiveness of theii( 8 C) (M = Cu, Ag) i n
studied. Nevertheless, much more still remains unexplored as it is evidenced by recent interesting
results such as the discovery of nemorganic structural fragments, obtaining the first
“-complexes with a number of anions, synthesis of the unique heterometallic complexes. This was
made possible by the development of new synthetic approaches that allow the obtaining of Cu(l)
and Agdmplgxes in the form of highuality single crystals by alternatiogirrent
electrochemical method or by direct interaction. This class of compounds is interesting because of
their catalytic, biological, photoluminescent and optoelectronic properties.
Reent | y, -tomgexe$ of riCa(f) with allyl derivatives of 1,2@azole were
i nvestigated. The organi c | rdgnarnuding &riazblesanda s mu
d?-allyl moieties, resulting in a formation of the dimeric {84} core with atrigonakpyramidal
environment of the Cu cation. These
dimers retain their stability even in the
acetonitrile solution (which is known to be
highly affined to Cu(l)), what was detected
by means ofH and'3C NMR.
Herein, a series of first Cu(l) and
A g ( dcompléxes with new derivatives of
1,2,4triazole with such anions as CBr,
I, NOs, CIOy, SO*, BFy, SiFs,
CRCOO and others are presented. A
comparative analysis of the strcutures of
new coordination compounds with already
known is carried out and it is shown how
changes in the ligand structure affect the
crystalline organization of the complexes.
Depending on theubstituents in the 1,24
triazole core, as well as on the synthetic
conditions,  structures of  varying
Fig. A part of the crystal structucg 2D AgCIOs  dimensionality (0D, 1D, 2D) can be
“-complex with 3allylsulfanyt-4-allyl-5- obtained. In addition to this, results of the
m-pyridyl-4H-1,2,4triazole study of nonlinear optical properties for the
1D copper(l) iodide complewith 2-allyl-3-

allylsulfanyt2H-1,2 4triazole are presented.

Particularly interesting is the structure of Ag@IGcomplex with 3allylsulfanyt4-allyl-5-
m-pyridyl-4H-1,2 4triazole () (Fig.), in which dimeric cationic [AgL )2]?* fragments are linked
into the 2D network by means of the N atom of the pyridine core, the bridging perchlorate anions
and the 4allyl group, which isf-coordinated. It is worthy of note that this is the first complex with
1,2,4triazoles inwhichthe-dl | yI group is coordinated, despit
bond.

89



Inorganic Chemistry 1 d Bt Odz" ydzO© =~ "

rwoé 4t ¢duwo | wRrR o v (RIDYyIGaiGe(0-33, 3 ¢y600fp D
[ dzjulf s UBCO;DIUZQdZ@HthlenJQd? [N
SsOW jHKGO dgj st Odg' ydes™ = 3’

J* o' oafm! Ctsets dzOY' SdzOdz dztse s bkdz' 9 jtemdlilsj sk
okdz. sdteddz©@ * [ jWBH'W, 6, 79005 [ 9
tarasdelenk@gmail.com
[ dzv o MmMlsOdeso dzj dzdzv W OLtseodrn ' oadzseo O ° o dL dzG
2 MmdmladGdgsseos DB diGfgls3 ©@Is. % Dy &Jd -loQ@ cldstdsdsCo ts{dgtfdts dij2dz
M zOeod JjdzjSlstecsHEzEetsodd MY dzOo dzw dzgdg" dz Bj IsOdz' & ¢
| BdB3scjde L yd?2 o' HfOdz LwOLSE" & LH'2Mdddd &
Isj B j tcOlskis' oh@BBHEBO Y. 1 A Q@ thpvdiR OdzOdz' L LtcOL €
tcjdzgsejdz of! Cdd3d fstwesh Csoaddzd HdW KOS IssE O BOR] ,
2.0 ( f e dkUdzdz s ted fls Odz' ydzlz MtczCIsktclz Is § te dzO t
tjdelscjdg ofp! Cdads HdWOCy' 2dzd d3 o3j IssH sdig] dfds tedz® € Iz
HdW tcOC Is BTRE IStadi P ( ff to ts dzCulatzy) . Vistsydzj dzdzv f Ot O3] Is te
tcj dzlsc j desctc OB SO f OtcORjIstc’ &8 CtodMmlsOdz ydes®™ fls
BilsBHEBR t "o jdzr HO L o dSFelIRifBt®© dzdzy i3 f OC J sk § tofs
v fd MDy(jGkGet tod 6dO UL 5C sdzgyj delstcOls 22 O0Ol. %
MY tdalz §'Odzdzs 6 Dy(G6,szf2Sd,680,87)7. W StdmlsOod ydzz MmMistelz ¢
B3 ssH B3 § Btesh RyEGarkd® 74/ ¢ @Bz € Is z tc Gup@Ga 18Ghtfa)7, ( & U )
mMddke sdz 1 ' PBGAZO f e f)ls s tc s CiBce & 1BBP83(6) D 3 §,0820(6),
c= 20,9167(15) P dlstclz C s&ztec@®ts difsfcts duidbtsd ,dgQdsj ¥ d
fsBkzHBso Odzdr Ltetsh jdzdzgv 3 Wit ORABI dsOwBd Misisd € s tz@ dzg
f tod LBala( M Otcd Isj IstcOC tsdzO d*PAgd"RO tefdzlsCdiAfBte dfoL )d3)

1 Od3" h j dzdz®adsis degeizds © dz0 tc dz'DYPGasft) th BafRogd 673,
wlhP40, Pe/mm) HtofAub6GacdosHdls! HB klseotstej dzdzy M ts
Dy(Ga,970,84G&,030,16)3 L ' Hd dadets® ) ldMgdin§ Is iR '8 ,  ( R3m,
a=6,1707(3)6,22374(10)c=27,7297(152 8 , 1185(5) ). 1 cHOG " j LB

ftedotsHdIls! Hts EZlseatstejdzdzv M j sHdz '~ 5§ BYiOtedats’
Dy(Gay,77.0,7dG&,230.27)3 ( ¢ WUAl, thP2 4,  PBJmm¢ a = 6,097(Q3)-6,10916),
c = 14,31538)-14,352814) ) i. uIstclz $ Is FaiRtie 3P i8)g Mdsin * PuAlz

fojHMisOo dzd S Ok dz02h ' oz dg "5 LkfOCsoasC Obtsd o
ECd&zOHCd h' d deskf OCTsB Oded 't | tz@&Y ofgyCdstt’ ADYi M d fils j «
GaGedzO ' L&Ctsdzyj dzlsteOl’ 25 Ols. % Dy ftedosHdls! HIES
L RBijdh ddi3 Mlskzf jdzaj &3 ¢4 CMOCGsdzOdz! detsfyls
1 O’ " j dzdzBadz®ls ©dBEARE ' dzO te dzDYGa ) § MBzz yaR3 , 1 |

P6/mmn) ftcdotsHdIs! HS [klseo tstej dedzv BytGaGledy L YC
O9LHBSoY 'LtCtdyjDRizlstcDigld O ®8a d&j ditis (tizdzelz o dg' iz
MzfesotHy ' Is' MW LB d@ hjdede" 8 € ts0 @rfrgeisgetelgls b, L
o' HYf s9 ' H datleY d&3L (B wel) dealElsitg Qlzls Otedzts® C sk’ € d fiy LB &2
(a=4,1994,17600(13)c=4,0664 , 0951 (2) ). )} sHOMePtgda BH ¢is i j

H S Zlseo tste deda™ Is j tc dzO tc dats ’ MY s iz SocbGa3to,ed: dzdzts G ts
( & U-Th&h, thl 2, 14/amd a = 4,164}1(9),(: = 14, 4832(3) i H dzV
Dy(G&,7dGe,30)2) - dlstclzC Is KIRdz' -ThSiH dz@ dzj » Ols ¢ Hts cCtdtsdzisc

MstckzCIskte, Y BERZHtSOo Odzdr L tetsh jdedgv d3 tsHdesets Isdif Iz
Odzj o ' Ld 2 Bte' * dzlsOy' ’

90



Inorganic Chemistry 1 d Bt Odz" ydzO© =~ "

NSO JAwWwd L ug AW se#RrR ARt sf1 WS vd L oAy wd> 7 ¢f s
bstruv [V J?VRIR Jwyorro¢fRr

[soB " cutcjflsf §sov@ towdd, 2 s ssE'S sy BeME. 2 . 1.

lwdzilsdlskls L Oc Odz dzs’ s, o] jstede@uidh yUasE 5 7' 3

1 0y sdzOdz! dets™ OCOHjJ B ~ dzgOES v SO’ d

2wdgmisdlskzls W' Ldydes® "' & ° 1 6d i S5 O
mitya@ionc.kar.net

st dzj ¢ d b&Gj BBEZdBSZORd "dJtostts oaditstedmistso z8

sB dZOMisw i, dOfted s &zOH, Hdzw tetsL H' dzj dedg? ' tsdz' &

stsdzC dr t¢MdHdedr fdz atsC d3J s OdzC g s sy pakfigagtc” & s wlZ"

2 MmMet' &3z ME dzOH EEdE B ©cdd d dvisQdsdlz S k2t zd3' dz

HtsfMdz" HYy ko Odzd ) . 1 OtcOL 9" HSBO dzj L &ZOydzO ¢ ' dz
oL totsB dzj dzgts  dzj HsMIsOlsdz 5. 1 4P BHOo dzs -2ZOd3d B L
Cils’ desdz! dz@ MissdzzSd &ty kls! B'zIlsffj defd € tisds d i z® dzh
Od3' dzs” Hdzgd= ©OcGtejG0OIs' &9 B' dzZ¢ ' 9. Wma Bldzts Hj o)
CdMmdztslsd L Otsdi3Olsdyded 3d Odz* Hje" HOB], (tdMm. ,
f' cOdsotsegts YydqSdzze Odz' W Olsdyded dsd Od3" d&zOdsd (t d . ,

l HOd 2 tOSEsSH hEdBGd disdz' 9 L WilsOdzsy' Odz dz
COWdz ¢ Hdm dzsted H O d3d (t dm. , Mrj BO 1) B lzdzts t
Csdi3f dzj Sy, w¢° f s Hdzlz® Is!  ififdss0O dztsHye GD dB-tdAsdyte W2 ts
Cdlsts’ detsdzr dzd 2 .

N N B
8 M = Zr, Hf

tdfm. s8j B0 Mddksjjusts Qs O ds' Ozt s Odztsy ' Odz' dztso d A
5O cOWdz 5 dz® ' 7 tfdass’

I My JjSlsteOr 56 dzd dzOdedz?y tsHjtey Odeds toj ytso d dz
690dzdz, hts o' HYfteo HO®Is! 6 dzddOddzsr Wlis@dz®yY 90dz «
sB zOMKA 8043dd3, hts o  Hftse ' HO' { ts¢-bz fdOEZdzatzts &/ tsdedcrH
z' cOdzH ' 9. v OCdd yddesdz, Bkzdzs MddzlsjL s Odes Mmj tc°
CGOWdz' ¥ L ftsLOf dztsh d dzdets € B-6[pls tf taties @rdzdzdzdsd O dz& G GrQx
3" Midev 'dz' WhkdeCy' tsdzOdz? dz2' L O3 fded € d .

[ 0020 tesBBlO oS 5dz0 dz®2020MSEARISEZSA IE ~ ¢ BeDFAsL 8

koy' & sot’ flscwO®d &OzSsodR HEeMd HYjdd 1 01
' ROt Odzd f' &' ydats #2s0 o teslF.dzd Ty s O  dzO

91



11

Inorganic Chemistry 1 4 BteG Odz' ydzO

Vfwzowp/ w svltuvfo vo ArRL SV 1 1o luwnANTt ¢f ¢u

wo Odzytsp Os o w,zC1 BY sddfy; COJH,O (WOH ', s L Odzyj o | .

[ Sdzd y! €2 dOy' sdzOdz' dzd?2 kdz' 9 jtemdIlsj s ° ds
ella.ivantsova@gmail.com

wL s sdz' o sdddijs@®BO I Mddzlsj L k28 Is! OBts L O fsB
o' HYitseo ' Hdedr 'Lz @dzlsOk o« MOGEsBBeSd © ' HC
o j dzd yd dzd € 7 MCh)d AaR)') (o sHdzdn tetsL yd dzOn. [ MisOdz
‘ B' dz! h f tetsfis d d3, dzj Hso e sIsted 8 Odzd o, a3’ dz' d30 dz
fsfjtejHdy 5° CStdmsOd L Ot OMisdr * dazy dzs ¢t sdgj BE

otcORzoa Old Ikts?2 WOCKk, s sBdZOMIS' * Mdzzo Odadzy ' L s
fesosHdlsd o hdqusSsdz ' disjts Od t] tsL ydddkz, W
] " HEe®s, "t §O0xOosd WiO®Ols Od apdo dzdz” to°

[HiW12040(OH) ] ZIs o tstes 6 Is! MW o tosL qdpOmd 0k C d tf z®B €21z M|
n03:Z2=1,17n=0;2=1,25n=1;Z=1,33n=2;Z2=142n=3.50Ck Mmilsjn"‘ tsd3j Is
odn' Hdzdn toj YsSWObz+ @4+4OH ' 2 2 hts o dz 2 Lklssts
Hisfidz' HY Z@Asl7, B WG ff dls OdzdzOZ QIglEh | dalsQ dechhO@2 141, flgw
LOwWMmtse Odzd 3.

wL ' HEdMdzj dzse s HEs CdMdzslsdtsMmls’ Z = 1,00
Bzdzd wlted 30dz Mtsdz Ckftc@lizkzl s@dzyeddas dz. L [ §zP 3P dzlis
o MisOdzets o dzj dzts, h ts y' s dz' d3ts Y dzO 9" Hdzd Misd
G' HesSC My Ot Oo tsdz! W BWeFDIOHp] L 2ydfdBEH KO Ckf tolz Bz

Cus[W12040(OH)] L2 Clolf D@ ¢ dz' sded © MSC &ZzOH® ydrn Mmidzj 2
wyng jSlstesmMSsy" ", wed2 §C0L0O9, hts L O dzOBBtot
9' Hdztsmwis! MW HEBO®ORodsdy ¥ cOBOIS

Izutse 2 -€ &Y ipdets fts dz' esLh dWtctso Odets d3j stsH s
OOz L 2. [Mdzse dz'  § to d ipGueddatdie BIOVB933 5L IsHtafdg’ oz' Hiztad 2
f tc. GRE1l, a=10,5878(3) , b=12,8296(4) , ¢c=12,8522(5) , =%5,859(30
b=113,646(38 =91,7632 V=158594(9) % L O =23K, des=4,119¢ / I d3
Fooo=17 6524¢ 0 851BN¢17,i21¢k¢17,i21¢1¢21, tsMmisOltyds 1 ts!
dzj Hisfistse ' todztsfls” LO 9of' &BO RyHowaPB jWB2E9,0982d dsd o
(RE=0,0746WR=0, 1119 L O of) BO dzj SOWRSH dzgd &5 © " HB JIslsv

Hornunanns, %

o (W-0-W)

v, CM'I
400 600 800 1000 1200 400 600 800 1000 1200

t digvnyg j ¢ Is GW120@(OH),] L 2 C wl( DDA
B ¥ns[W12040(OH)2] L Z n 4 Q BOH

92


mailto:ella.ivantsova@gmail.com

Inorganic Chemistry 1 d Bt Odz" ydzO© =~ "

R U[) w rJdefwrrri1c J1Jovuvrl Juouvrs 1 [r1r)lwel R
Juorirm froveofwl vo PtoyryrLrrIv
s Oz BHted Mdg O 15 .yOuke' dzO | .
[ sdzj y* €d2 dOy' sdzOdz' dzgd2 u BizM®j cmdlsils * o
kashuba.a@donnu.edu.ua

I1tsHe " 2dz Mmddz' CSOIsd L' Mtz Iskztetss Of Olsdlstz,
Jdzj B3j delsdetsets MS dzOHE * o dzOMlsdo sMmlsw dz, dzO M’ G tst
sB &zOMlsw i dOk¢d ' Ikjind €d.

A MftsdzECd ok kls! LD s s RO DazO b Plgstc ‘99 , W CHS
ZzOL j teded n  °  dz¥ &' dZanu,szlsdzdn kOl jtc' Odz' 8, BOIsted:
sdgdzdr ftotseo ' Hdzd G ' o, BOIjtc' Odz' & Iso jtoHBEC MdH Az
odMmisCts jJWjSldodddd ' JCbdtse’ Yk memlsddd HYJto

sddz COd t' HE " MdetsL j d3j dz degd » M sdzz2C L ° s
ojdzd¢d?2 " dsjteifm wWC dtsed?2 Cd&zOMm CdMmdzi e drn ' tsdzdz
yde Mftsdkkz¢ LO0BJjLiJjykerls: "5 odmsClk CdMmdzd ok (s
dzd L' §fcdjdz OCkdoa Oy’ ftese ' HdesMls' , Mmls* 2¢ " Mils! o
Bsy dzd e ' Mis! ' LsicteW detsé s L O3 M jdedgw to' L ded disd j dzj
stcOdzmyf stelsdz® o d&zOMiIsd o sMls* .

e g desWisted dzO hdesoe mMddz SO’ & L' fMistclzC Is
MjtejH WwCdr o' HAB dedzO Isjteds’ ydzO MmlsOB ' dz' dz' fls+ , b
dzi IbtsSCMmdydzs Mls!, ddL!' O o 0Otls' Mis: MmMdese ddzd, B
s 2¢ " MIs! HEts CdMmdsls, d&kzec' o ° € dMmdes .

102B" dz2 hd2 " delsjtejfm ftcj isfipls ©alzlz€ dls ! fnOfgd dz' & O Is
Bsy 0@ MddzlsjL zoOlsd E odcecdzwhH® HsMS sdz0Odzd 7 s dzts
L Ofmistsiz o Odadzw .

1 sHe ' 2dz ) d(SEu)600 KRo(SR®2r ROPE(SiO4)602, CsP(SiO4)602

SHjtey Odzd Iso jteHtY OLddd BjlssHisd MddlsjLiEz. 1 d&jls
BjIssHisd toj dzlsc j desW OL sotsets OdgOdz' L 2 L zls s ydzj dz
{ ' sojd HO O ajlsHid MCOdky ys® jdjSlsesddzs’ d

93



Inorganic Chemistry 1 d Bt Odz" ydzO© =~ "

S{IV 1T RULRE wfJtl[1v ¢uR[owsdd Jrifur tshiure
rfdrRsf{trRoevd11C 1 wrRuev[fw Aot ofwy f1o1 41
Pt Rfwzr1? twyr 1y PtRrRIVOY[ULLC

ssdetsdz" 1.y v frfd.2 s.
CLULSC O dzin' € d2-Is g tets @6 dzd Y dzf 2 Bk Sztse j temd Is
lenysik kol@i.ua

rlin

vjndzsdzs& v L Hdpdzls j L CoBisLdldscts Msts j dils
ftodetslszo Odzdzy 20 % oBHA&SES L yddkz Mdd ¢ ol ds
W OLd: ko st Cdidgds] Dtsj RO Y ;. WELOCy' ¥ BOdzdzy
Il steweats§Hjddzgw CRYtsdz] dzls' @ Mddelsj Lz dzOe jHjdzd?2 o

U OB dzdiymfmdz’ Hiseadzg' Mis! 99 jHjddzg" € sl sdzj dzls
#lsOH ' s s d3f tsdzj dzls l dlstcOls O,
1 20% otsHdtsets totsL yddzz mddz 100
5 % otHdd?2 twtsLyddz 1 vyou 2
2 24% L ydd Cqdmaslsd 40
3 4,65% tofs 1S yidndits s d 20
50% tetsL yddz fMddz' S Olsdzsegts | 20
4 465% totsL yddz Cdmaslsd 101 20
Id7 " H CEBfsLdlslk MS ZOH O 14

v OB &zd B S @L dzd § ds Y Sste flssdle BS joltpificdz’ SO g fipls Odets ¢ H B Ols

1 OL9 O (toisSHLEz| [ jlstsH
1 8COL dzd ¢ f{ Mmddz &0 Mmdd ¢O0 acft]'JtGISBIza
Mezdz WOIl| OylilsOls
stsdz' tc B' dzd 2 B ' dzd 2 9 ' L EZOdz q
1 Ofd { dz0 ez 0,72 0,65 tsB 0 d3dzd 2
] v 1078
gsteBy' 2 dzO-G* 0,42 0,66 -
U B JtcOlskzteO 100 60 -
)
A St 30 Gt Odzlz C Gtc Odzlz C -
it BL @ dzz dz 3i5 3i5 ftotsm' o
d3d3
v ts5C Mdydz' f dzy ¢ Olsd dzi ¢ Olsd  COdzl '

[ sL &3 to
4 dzls tc O dz'
B

Hd Y
mMstes jJ dzls” © o

¥WOCIsd ydzts e s
Lso OdztsG s
4" SH L

94

s Odzj dzdav

4 & 5 datsfdf su@iEIEIasO dzde § Sols 2

sjf &Zso 8¢ s
3 15 dnlis Rz @ BB 6t.5 EHsds o

O¢ I dst

Is d



Inorganic Chemistry 1 4 Stec Odz" ydzO© =

ELECTROCHEMICAL SYNTHESIS OF HYDRIDES Tb 2Ni16SiHx
AND Tb2Niz1eLi0.5Sio.sHx
Kordan V. M, Nytka V. V, Tarasiuk I. I, Zelinska O. Ya.Pavlyuk V. V.
Department of Inorganic Chemistry, Ivan Franko National University of Lviv,
6 Kyryla i Mefodiya St., 79005 Lviv, Ukraine
kordan50@gmail.com

Doping components have the influence on structural, physical and chemical
characteristics of the electrode materials. The material on the basis of multicomponent alloys
often demonstrates better electrochemical characteristics than individual compouhds. In
study wepresent our results of the the electrochemical hydrogenatiorelfi¥iphases doped
by silicon and lithium.

The samples were synthesized by arc melting of pressed pallets containing a mixture of
pure metals with further homogenization asliveg. The synthesized alloys were tested as
anode materials in &wagelokprototype of NiMH batteriesAs a negative electrode we used
the powders of alloys with nominal compositionsNheSi and ThNieLiosSiosthat according
to X-ray phase analysis contained omlypected phases with FMi17-type structure (space
groupP63s/mmq (see Table)As a positive electrode we used a mixtur®lfOH). and graphite
powdersfor better conductivityA separator soaked in electrolyte (6 M KpDWas placed
between the electrodes. Electrochemical reactions that occurred on the electrodes were the

following: MH; + ZOH « S5V885 5838 M + zH,0 + zJ (anode); NiIOOH +zH.0 + zJ
« BSIEHAH Ni(OH)2 + zOH" (cathode).

Both materials can absorb 234 H/f.u. Doping by Li and Si has improved Coulomb
efficiency of the electrochemical hydrogenation for more than 3 % and increased capacity
stability of the anode material with Mi16LiosSios (Figure).

.../;_« —
—r———
1) —r - i

T i ———— 33

21 24 27 W 33 36

Fig. Selected charge and discharge curves for anode materials bagetliasSi (a, b)
andTh2NieLiosSios (¢, d) phases

Table. The results of Xay phase analysis and electrochemical hydrogenation of the
Th2Ni1eSi and Th2NieliosSios phases and their hydrides

Haischarge/ | Q discharge

yande | & ] o i] Vo 2@y ) el | e | Qe d, 96
ThNIS] 8.3055(4)| 8.0377(6) 48018(4)
ThyNizeSiH, 8.37127) | 8.0551) | 48885(8)| 181 | 240 | 227 | 12.80 | 853
ThoNieLiosSios | 8.30784) | 8.04287) | 480.735)
ThoNizeLiosSiod x| 8.3209(7)| 8.066(1) | 483.65(9) 961 | 239 | 229 | 138 | 885
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ELECTROCHEMICAL SYNTHESIS OF THE TiAl 1.xLix PHASE
Kordan V. M, Zhyshkovych OR., Zelinska O. Yag.Pavlyuk V. V.
Department of Inorganic Chemistry, Ivan Franko National University of Lviv,
6 Kyryla i Mefodiya St., 79005 Lviv, Ukraine
kordan50@gmail.com

Intermetallic compounds containing large voids can be used as potential electrode
materials in Liion batteries. Our previous investigations showed that the size of the voids and
the amount of intercalated Li depends on the transition metal. The typghiatidn reaction
(inclusion or substitution) and the type of solid solution formed as a result of lithiation depends
on thep-element.

A sample with the composition sbAlso was synthesized by arc melting of the mixture
of pure metals with further homogeation annealing in evacuated silica tube at 2D@or 2
months. The Xay phase analysigliffractometer DRON2.0M, FeK U- radiation) confirmed
the formation of TiAl(structure type CuAl, space grolgd/mmn) as a major phase and
negligible amount of TiA (own structure type, space grolymmmn) as a minor phase.
Electrochemical investigation was carried out in 2keectrodeSwageloktype cell using the
powder of the studied alloy as a negative electrodeaapowder of LiCo®@ (structure type
NaFeQ) as a positive electrode. As electrolyte we used 1M solution of d]i[PF1:1
ethylenecarbonate / dimethylcarbonate. éldctrochemical investigations were carried out in
galvanostatic regime (charge at 1.0 naAd discharge at 0.5 mA) over 50 cycles. The
electrochemical reactions at the electrodes were the following:

TIAl+ XLi*+ XJ « SBYIYIBERBES TiAl 1 Liy + LixyAly (LIAl 3, LizAl, LioAls)

LiCoO»i XJ « HAYIEHERZHe |1, Co, +xLi*

After electrochemical lithiation we observed the increase of lattice parameters for both
major TiAl and minor TiAt phases. We also observed the large amorphization halo and the
evidence of formation of new {dontaining binary phases naméhAl s (structure type GiAu,
space groufPm3m), LisAl2 (own structure type, space groR8m), LisAl4 (own structure
type, space grou@12/ml). The lattice parameters for all observed phases are listed in Table.
The reason for the increasing of the lattice parameters of the initial @tesedectrochemical
lithiation is the formation ofhe solid solutions of substitution TiAlLix and TiAkxLix, where
the AFatomsfa= 1. 43 ) are par tdatoms(liy $ub3tjjruted b

Table. The lattice parameters of observed phases before and after electrochemical lithiation

Beforeintercalation of Li After intercalation of Li vV, %
TiAl TiAl 1xLix
a=3.1874(2) ,c=3.9568(2) , a=3.1986(5)i ,c=3.9629(6); , 0.85
V =40.199(8); 3; V = 40.54(1); 3,
TiAl 3 (traces) TiAl 3xLix (traces)
O= 3.82mM5(2)58 0= 3.837%3); ,m=8.6011); , 1.07
V =125.42(2); 3 V=126.73) | 3,

LiAl 5 (traces)
a= 4. 010E(8BY¥. &B(2

LisAl2 (traces)
a=4.508%3); ,Mm=14.1714); V=
249.466) i 3

Li oAl 4 (traces)
0=18.8q 3 ) b=i4.500(5)i ,c=5.416(3); ,
b=105.3(19, V = 443.4(6); 3
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REFINEMENT OF THE CR YSTAL STRUCTURE OF THE ARSENIDE HfNiAs
Makara I. A, Zhak O. V.
Ivan Franko National University of Lviv, Analytical Chemistry Department
igorl994makara@gmail.com

Existence of the ternary arsenide of hafnium and nickel HfNiAs has been reported
earlier by [1].The crystal structure of the isotypic ternamgenide with cobalifCoAs was
determined by the same authors using single crystaly>Xdata. Both compounds crystallize
with orthorhombicCo:Si type structurgspace grougPnmg. However for the compound
HfNiAs only the lattice parameters were refined frpowder diffracton data:a = 0.6421(2),
b=0.3760(2),c = 0.7331(3) nn{1]. The goals of our investigation were synthesis and crystal
structure determination of the ternary arsenidehafnium and nickel with equiatomic
composition.

Samples for investigation were prepausing argnelting procedure of the preliminary
sintered pellets obtained from the stoichiometric mixtures of starting materials: powders of
hafniumand nickel, and crystalline arsenic (all with a stated purity better thanv@98). The
samples were dat treated in evacuated fusstica tubes at D70 K during Imonth and
quenched in cold water without breaking the tubes. Samples were investigatedybgowvder
diffraction method (diffractometer DRGBM, CuK Eradiation). For the Xay datareatment
and refinement of the atomic coordinates and displacement parameters CSD software was
used[2]. The atomic parameters were refined using thepidfile Rietveld method.

The ternary arsenide HfNiAs was found to crystallize with the orthorhonrgatal
structure of the TIiNiSi type structure (spageup Pnm3g, refined lattice parameters are
a=0.64000(6)p = 0.38050(2) ¢ = 0.73378(5) nm, cell volum¥ = 0.17869(5) nrf) number
of formula unitsZ = 4, final R-values ar& = 0.0428 Rr = 0.0413Rwp = 0.0554.The coordinates
and displacement parameters of atoms in the HfNiAs crystal structure are listed in Table.

Table. Atomic parameters in the HfNiAs crystal structure

At om{ Sit ¢ X/ a y/ b z/ ¢ Bi ;8,1 ®
Hf 4c 0.0274 1/ 4 0.6875(4) 0.82(
N i 4c 0.1433(11) 1/ 4 0.0688(9) 0.9(2
As 4c 0.2685(13) 1/ 4 | 0.3844(12) 1.2(2

The TiNiSi structure is an ordered ternary superstructure of tht& Gimary type, where
all sorts of the atoms are regularly occupy the crystallographic sites. Arsenic atoms in the
structure oHfNiAs are centered thgigonal prisms formed by the metal atoms only, whereas
coordination polyhedra of the nickel atoms #e orthorhombic prisms formed by the all atom
types. Coordination polyhedra of the largest hafnium atoms are the distorted pentagonal prisms
also formed by the all atom types.

[1] Kleinke H., Franzen H=. Crystal Structures, Bonding and Electronic Strires of MM'As,
a Series of New Ternary Arsenides (M= Zr, Hf; M'= Fe, Co,/N&) Anorg. Allg. Chemi
1998.7 Vol. 624.7 P. 51 56.

[2] Akselrud L., Grin Yu. WinCSD:Software Package forCrystallographicCalculations
(Version 4) /1 J. Appl. Crystallogi.2014.7 Vol. 47.7 P. 803 805.
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NEW TERNARY LAVES PHASES FROM THE Mg -Ni-Ga SYSTEM
Pavlyuk N. &, Kowalczyk G?, Krzyczmonik M2, B a | i, @Eskria G. 8%,
PavlyukV. V.12
!Department of Inorganic Chemistry, Ivan Franko National University of Lviv,
6 Kyryla i Mefodiya St., 79005 Lviv, Ukraine
2Institute of Chemistry, Enviroment Pprotection and Biotechnology,
Jan Dlugosz Uni vePolandty of CzhAistochowa
nazar.pavlyuk@gmail.com

New ternary Laves phasegere prepared from pure elements which were melted in
induction furnace under continuous argon flow. Metallic grey lathkeecrystals were found
using a conventional light microscope. Singlgstal data were collected by using a fourcle
diffractometer Xcalibur Oxford Diffraction diffractometgrwith CCD detectar Scars were
taken in the ¥ mode, the empirical dbesor pti
crystal structure oMgNi11:Gayss, MgNiGa and M@NiGas compounds were successfully
solved by direct methods. TihgNi1.11G&.g9is cubic (MgCu-type), space groupd-3mand
refined lattice parameters ar@= 7 . 0 7 8 The NIg8lilza is hexagonal (Mgzrtype),
P6s/mmcand refined lattice parameters aaes 5.0781(3); , c=8.194(1); . TheMg2NiGagzis
orthorhombic (MgMnGas-type), Cmcmandrefined lattice parameters age= 5.4152 (10} ,

b = 8.6512(13); , ¢ = 8.5621 (15); .The starting atomic parameters were tak@m an
automatic interpretation of direct methods followed by difference Fourier syntheses using
SHELX-97 package programs.témic coordinates and thermal displacement parameters are
listed in the Table 1. Finally, all parameters fgNi11:Gay o phaseare refined toR[F? >
2sF?)] = 0.0173, for MgNiGa phase arefined toR[F? > 2sF?)] = 0.0143, foiMg:NiGag are
refinedto R[F? > 2sfF?)] = 0.0599. The unit cell ofMg2NiGaz and atomic netis presented
in Fig.

Table. Crystalographic data for Lavyaisases of the Mli-Ga system

Aom | Wyck. | xa | yb | zlc | Beav.

Mg2NiGas

Gal 4a 0 0 1/2 1.48(7)

Nil 4c 0 0.15806 1/4 2.09(8)

Ga2 89 -0.26372| -0.09114 1/4 1.39(6)

Mg3 8f 0 0.32705 0.56468 1.6(1)

MgNi1.11Gao.89

Mg 8a 1/8 1/8 1/8 0.8(1)

Ni+Ga 16d 0 1/2 0 1.12(5)
MgNiGa

(Ga+Ni)1 6h 0.17017] 0.34033 1/4 1.38(3)

(Ni+Ga)2 2a 0 0 0 1.75(3)

Mg 4f 213 13 1/16 1.25(6)
: : ’ Fig. Atomic nets in th&1g:NiGag structure

Funding for this research was provided by National Science Centre, Poland
(award N0.2017/25/B/ST8/02179).
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One direction of research into new methods of electrochemical hydrogen synthesis is
the aluminiumhydrogen cycle operating in the USA, Canada, Russia, which is based on the

anodic dissolution of widely available aluminum alloys in afli@land alkaline chloride

solutions.

1 ydrogen electrosynthesis method with anode process depolarization with aluminum
alloys is proposed. The depolarization effect is based on aluminum alloy dissolution on anode
instead of oxygen discharge. Aluminum disg@n parameters are influenced by a number of
factors: the concentration of the electrolyte components, the composition of the aluminum
alloy, the current density, the temperature, the surface structure of the alloy.

The influence of the aluminum alloy mposition (table) on the process of its anodic

dissolution in 1 M NaOH with the addition of% NaCl solution as an activator was
investigated within a temperature range ofi A C .
electrode materials research were ant#d with using of the F30.1 potentiostat with
"TeleMax" analogto-digital converter datéransferring to a computer. Electrolysis in

Pol

ar i

zati

on

char

galvanostatic mode was carried out using a stabilized direct current source Power Supply 15V

15A.
Table.Aluminum alloy composition
Alloy Chemical composition%
type Al Mn Mg Cu Fe Zn Si
AMts | Main componen  1i1,6 0,2 0,1 0,7 0,1 0,5
¢ [ g [Main componen 0,2 0,711,6 0,1 0,1 i 0,1
¢ s 8 Main componen 0,210,6 | 0,2'0,55 15 1 i 6i 8

According tothe analysis of the anodic polarization characteristics obtained with using
electrodes made from the investigated alloys, it was established that the highest dissolution

rates of alloys are occurred at potentials 5 50,30V after which the limit auent density
connected with the formation of oxidfloride compounds due to chlorifans adsorption is

appeared. The anode dissolution rate of the AMg alloy electrode is maximal, because of the

magnesiumimpurity complete dissolution and diffusion intbe solution under the anodic
polarization conditionsManganese and silicon impurities in the BsMand AK8 alloys

compositions form insoluble oxides compounds on the anodes surface, which prevents their

dissolution.

Electrolysis in galvanostatic mode waarried out using an anode made from an
aluminum alloy AMg. Hydrogen electrosynthesis with a gradual change of the operating current

density from 3 to 1 A/décan be implemented continuously fari® hours. The voltage on the
cellis0,71V.
Voltage redution in the electrolyzer for 11@,5V in comparison with alkaline

electrolysis, which leads to electricity saving up t&s0can be reached by aluminum alloys
depolarization of anode process. This process is safer because of absence of oxygen discharge.
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STRUCTURAL CHEMISTRY OF COPPER(I) p-COMPLEXES WITH ALLYL
ESTERS OF SOME HETEROCYCLIC SUBSTITUTED ACETIC ACIDS

Slyvka Yul.}, Goreshnik EA.2, Myskiv M. G.!

livan Franko NationdUniversity of Lviv, Kyryla i Mefodiya 6, 79005 Lviv, Ukraine

2Jogef Stefan
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39,

Co p p e rc@miplexes “with alkenes havweceived considerable theoretical and

practical interest because of their remarkable catalytic, luminescent activities and of other
useful properties. Among them, a key role of heterocyclic allyl derivatives in crystal
engineering of copper compounds wiktremely rare occurred inorganic fragments were

found in recent yearsThe synergy of a flexible allyl group and a conformationally rigid

heterocyclic core plays an exceptionally crucial role in a stabilization of the unique fragments,

resulting in compoudswith enhanced nonlinear opticalisceptibilities and range of useful
properties. | n o ur-coardimation agtevity bf iallyl estefs pf hetexopytlio r e d
substituted acetic acids regarding copper(l) salts. For these purpose, twoyételigands
have been prepared: allyf-benzotriazoll-ylacetatgLigl) and diallyl2,2-(1,3,4thiadiazole
2,5diyldisulfanediyl)diacetatélLig?) (Fig.).
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Fig. Ligands used for the complexes preparation

-N
N O
| \>-—S //

S
O§(\ S
O

<

~—

Lig2

O-—\;

Crystal | i-corepoundslptfTable were obtained undexc electrochemical
conditions from alcohol solution of Ligl or Lig2 and the corresponding copper(ll) salts.

TableSel ect ed cr yst adompixes with figd and cigepper (I )

Compositon Space V, 3% Z Density, Coordination

group g/cn?
1 [Cuz(Ligl)s(BFa4)2] P-1 1222.76(7) | 1 159 a/”,
2| [Cu(Ligl)s(ClO4)7] P-1 1241.09(12)| 1 1.60 a/”,
3 [Cux(Lig2)Cly] P-1 906.62(7) | 2 1.99 .,
4 [Cux(Lig2)Bry] P-1 940.23(3) | 2 2.23 , U

Complexed and2 are isostructurandcrystallizein centrosymmetri®” 1 space group
with two Ligl molecules and one Cu(l) atom in the asymmetric. @biite independeritigl
molecule is coordinated to the metal ions in ahiidging mode, being attached to copper by
means of allylic C=C bond and one triazole N atom. Setayidmolecule (isi-bonded only)

together with F or O anion atoms completes coordination environment of Cu(l). Complexes

and 4 are also isostructurddut theirasymmetric units contaione organic ligand and two
crystallographycally independeappper(l). Molecule Lig2 i$ ,-bonded to copper atoms via

allylic C=C bond and two thiadiazole N atoms. Different coordination environment of Cul and
Cu2 in the structure3and4 leads to a formation aftepped cuban€usHals} fragments.
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SILICA -SUPPORTED ERBIUMi YTTERBIUM NANOCOMPOSITES:
THE STRUCTURAL AND MORPHOLOGICAL PROPERTIES
Sulyml. Y& Tomand’v 8P Kl KVetg8e #HIBarysdhko MV.1, Janek M4
IChuikolnstitute of Surface Chemistry, NAS of Ukraine,
17 General Naumov Str., Kyiv 03164, Ukraine
2Department of Inorganic Materials, Faculty of Chemical and Food Technology,

Slovak University of Technol ogy, Radl i nsk®

%’ nstitute of Inorganic Chemistry, Slovak

SK-842 36 Bratislava, Slovak Republic
4Comenius University, Faculty of Natural Sciences, Department of Physical and Theoretical
Chemistry, Ml-ly $KB8485 Rraslava, Blavak®Republic
irynasulym@ukr.net

In recent decades, the rare earth doped nanostructured materials have received great
attention due to their potential applications in the fabrication area of sensors, laser materials,
solar cells, and optical canmunication. From these reasons, microstructure and morphology of
Er.0Osi Yb2Os mixed oxides supported on amorphousSi@s studied by FTIR, XRD and SEM
techniques. EOsi Yb20s/SiO; nanocomposites were prepared using a ligpndse method.

For the synthesis the water salt solutions of Ee{l@nd Yb(NQ)z were added to 15 g fumed

silica powder at room temperature (Evonik380; Ser= 3 0 0 2/1y). TRedDmixtares were
stirred in thebeaker using propeller stirrer for 0.5 hour. Water was removed from the mixtures
in rotary evaporator. The solid produced was then dried and calcinedAt50f or 1 hour .
content of E#Os added varied from 0.5 to 10 wt. % while the content ofOébwas held
constant at 4 wt. %. The XRD patterns indicated that all samples remained amorphous after
t hei r he atTheFgIR spectraSids SiCandliErOsi Yb,04/SiO; shows the absorption
bands that correspond to vibrations of physically adsorbed asteell as the bands including

1096 cm lof Sii Oi Si asymmetric stretching vibration, 809 'chof Sii Oi Si stretching
vibration. Only in the case of the initial SiQhe narrow band at 3745 trirepresenting the

Oi H stretching vibration of silanol groups present can be observed.

The surface morphology of the initial silica and nanocomposites can be seen at SEM
images shown in the Fig.. The SEM images shows presence of rounded aggregates and/or
sphericatlike SiO, particles (Fig.a) varying in size between 40 and 180 nm (Fg.The
aggregates size slightly decreases and more narrow size distribution after silica modification
with ErO3i Yb2O3 mixed oxides (Fig.b) can be observed. According to théestograms
observed (Figc, d) the average sizes of nanoparticles present are in the range of 90 nm and
75nm for SiQ, and Er(10)Yb(4)Si(86) samples, respectively.
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Fig. SEM imagesq, b nd calculated particle size distributio using he softHE®1O
v.1.0.2. €, 0 for initial silica @) and Er(10)Yb(4)Si(86) samples
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NOVEL COPPEBGMPLEXES WITH ALLYL DERIVATIVES
OF DISUBSTITUTED PSEUDOTHIOHYDANTOINS: SYNTHESIS,
CRYSTAL STRUCTURE AND NLO PROPERTIES
Fedorchuk A. &, Slyvka Yu. I}, Kityk L V.2My s 6 ki ¥ M. G.
!Department of Inorganic Chemistry, lvan Franko National University of Lviv,
Kyryla i Mefodiya Str., 6, 79005, Lviv, Ukraine
%Institute of Optoelectronics and Measuring Systems, Faculty of Electrical Engineering,
Czestochowa University of Technology,
17 Armii Krajowej Str., 42200 Czestochowa, Poland
fa95@i.ua

Using alternating currerglectrochemical synthesis we have synthesized and studied by

single crystal Xray daraction and IR pectr oscopy t-bomgexes ofchee | Cu

[Cus(dap)2Cls] L 0 (CHIOH) (1), [Cux(pap)2Clz] (2) and [Cupap)NOs] (3) compositions
(dapti (22)-3-allyl-2-(allylimino)-1,3-thiazolidin-4-one,papti (22)-2-(phenylimino}3-allyl-
1,3thiazolidin-4-ong.

The structure ofompoundL is built of dimeric tetranuclear [G(dap).Cls] fragments
and ethanol molecules, which are located on the-flotdenversion axis and partially fill voids
in the crystal structure. Central part of [ap().Cls coordination dimer is formed by
{Cu4Cl4} cluster, in which Cu atoms are bondey bridging Cl atoms. Ligand molecule In
acts as tridentate chelating ligand and plays a bridged role being bonded simultaneously to the
both crystallographically independent Cu atoms.

Paptmolecule in2and3act s as bi deligand beiag coondmater toghe ~ , U
metal center through the imino N atom and C=C double bond of allyl group being located at
the basal pl ane posi tpyramdal emvifonmemt.eChn®os inAdso moé s
well asO atoms of N@ in 3 occupy two remaining positions (one basal and one apical) of the
metal coordination polyhedron. Due to the anions &8t NQ’) specificity, centrosymmetric
dimeric [Cu(pap)-Clz] fragments with central planar {@Ql;} moiety in 2 and polymeric
structure3, built of the [Cupap)NOs]n chains, are formed.

For all three compounds nonlineaptical properties (NLO) were measured, naniely
second harmonic generation (SHG) and third harmonic generation (THG), using 7 ns pulsed
Nd: YAG laser (1064 nm), pulse reception 10 Hz. Interferometer filters for spectral selection
at 355 nm and 532 nm were applied. All the samples have shown promising nonlinear optical
efficiencies achieved up to about 3 pm/V.

A N/\/ N N/\/
SEER S

dapt \\\\ papt

Fig. Ligand molecules with markedaalination sites

Table. Selected crystal datalsf3

) Composition Space Main Cu(l) fragment Coordination
group type

1 [Cus(dap)2Cls] O . 375 R-3 Tetranuclear dimer g,

2 [Cux(pap)2Cly] P21/n Binuclear dimer g,

3 [Cu(paptNO3] P2i/n Coordinationchain a,
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SYNTHESIS AND CRYSTAL STRUCTURE CHARACTERIZATION OF NOVEL
COPPER{COMPLEXES WITH N -ALLYL -1,2,3TRIAZOLE

Fedko AM., Slyvka Yu. I, Mys'kiv M. G.

Ilvan Franko NationdUniversity of Lviv, Kyryla i Mefodiya 6, 79005 Lviv, Ukraine

1,2,3Triazoles, being an important type of heterocyclic compounds, have a wide range
of application in different spheres, in particular, they known as photostabilizers of polymers,
optical brightening agents, corrosion inhibibitodyestuffs. Due to their biologiacal activity
they find applicantion in medicine as antibacterial, antivirus and anticancer agents. Moreover,
due to triazole structure features they can mimic differenttifumad groups, justifying their
wide employment as bioisosteres. It was also investigated that trlzezsel complexes with
Cu(l) display NLO properties. It exploration may be useful in the study of cancer progression
mechanism which is accompanied witle thange of copper(l) level in damaged tissues. Since
o fcomplexgs pmehr erizgtriazole allyl derivatives has been already
weompaeundg with allyl deyivatvds ofa i n e d

a number

studied w e

present

monocyclic 1,2,3riazole.
[Cu(GCsH7N3)Br] (1),

[Cu(GsH7N3)2CHsCeH4S O3] (2)

[Cu(GCsH7N3)CRCOO] ®

“-complexes, which are obtained by means of
alternating current electrochemical techniq
starting from norwater solution of CuBs,
Cu(CHsCgHaSOs)2A x2®, Cu(CRCOOYA X6l
with the mixture of 1 and 2allyltriazole-1,2,3.
The crystal structures ofii3 (Table) were
determined by means of single crystairay
the structures the
crystallographicall independentopper(l) atom

diffraction.

In all of

i n

are

af98@i.ua

t his

and
novel

with trigonal pyramidal environment is present.

Isomerselective

complexation

has

bee

observed: in compoundsand2 1-N-allyl-1,2,3

triazole plays bridging role, but, in the compR§-ig.) tridentate2-N-allyl-1,2,3triazole fully
realizes its coordination abilities performing chelate i d g ifumaion.” Thelistructures of
complexedi 3 possess polymeric chains. Presence ohlion in2 leads to doublingf infinite
chains. These chains, in turmeassociated into 3D structure by naent weak interactions.

Table. Selected crystal data fir3 " -compounds

Fig. Fragment of crystal structuge

- Composition Space v, 7 Density | Coordination
group g/lcn? type

1 [Cu(L1)Br] P-1 377,2(3) 2 2,224 a,

2 | [Cu(L1):CH3CeH4SOs) | P24J/c | 19704(12) 4 1,527 g,a,

3 [Cu(L2)CRCOQ] P2i/n 964,8(6) 4 1,967 a,

It should be noted, that compl@xis the first example o$tructurallycharacterizated

copper(Dp-t ol ue ne saohplep.nat e
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WATER -SOLUBLE NAPHTHOYLENE -BENZIMIDAZOLE DERIVATIVES
AND THEIR SPECTRAL PROPERTIES
Bohdan K.., Semenova QM., Yermolenko I. G.
SSI Alnstitute for Si mMaukyeAveG Kharkiv, Bkram&® NAS U,
bohdan.kei@gmail.com

The VilsmeierHaack reaction was used to obtain wateluble quaternary salts of
naphthoylenédenzimidazole derivatives. Spectral properties of the products were studied and
compared.
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Condensation of -dlimethylaminonaphthali@nhydride (1) and orthphenylene di
amine in acetic acid results in a mixture of ison2Zasd3 that contain benzimidazole moiety.
The isomers were isolated and purified by column chromatography. Each of the dimethylamino
derivatives2 and3 reacts with complex PO¢d DMF to form watersoluble productd and>5,
respectively, which contaiquaternized.,3-diazine cycle.

Spectral properties of dyes5 were studied in toluene, methanol, and water. The
position of dimethylamino group in compour2ls3 and 1,3diaziniumcycle in productgl, 5
greatly affects their spectral properties. Derivati2eand 4 absorb at 410440 nm and emit
light at 483 515 nm in methanol. Absorption and emission maxima of pro@uastd5 are red
shifted in comparison to dy&sand4, respectively. This effect is much more pronounced in
emission spectra.

Positive solvatochromic (15 nm) arsblvatofluorochromic(30 nm) effects were
observed for compoundsand 3 when the solvent was changed from +pafar (toluene) to
more polar (methanol). Due to their highly polar structure, the quantum yields of tbdsetpr
are dramatically decreased in methanol as compared to toluene solutions.

Introduction of the 1,&liaziniumcycle into compound® and3 leads to a blushift of
the absorption and emission maxima by3Wnm. Fixation of the dimethylamino group with
the diazine cycle formation in produ2tleads to a56-fold increase of quantum vyield in
methanol.

Considering that compound3 and 3 exhibit significant Stokes shifts and bright
fluorescence in aonpolar environment,they can be used as light shifteirs polymeric
matrixes Watersoluble derivatived and5 can be further modified to include reactive groups
for covalentlabellingof biomolecules.
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MULTIPLE NONCOVALENT BONDING IN HALOGEN COMPLEXES
WITH OXYGEN TERTIARY AMIDES
Burakov N. I, Kanibolotsky A. L.
L. M. Litvinenko Institute of Physical Organic and Coal Chemistry NAS of Ukraine
n_burakov@ukr.net

The present work describes the structure and binding of adducts of
N, Mibgetylpiperazine with halems and interhalogens based on combination of different
experimental methods and quantum chemical calculations. On the basis of conductometric and
spectrephotometric experimental results, behavior of complexes in the acetonitrile solution
was described.

N N

. U4
N N halogen or WP /N
‘ \ interhalogen \ \
\ / \1./'\\ \ / \1/1\

/\\ | / . /\\ |

-H: =3 =N =) s i ¥ =3

Fig. Formation of DAPLLLha#+Odd-dn addu cCti HWilL4d

interactions
The i odi ne a daetylpiperazinet fully degradié§ into components.
Adducts of i nt er hal og e n s-diacetyliperfazne iracetGritrileo r Br )
partially di ss o c'iaadtcationic epeces Inthe sold sthteX mdleculed are
connected via €L L LI , CTt HLLLI, and ClLrLreLcCl (or [
N, MNjacetyl pi perazinelbllLLdi hal Jdtaheons GO mpl exands
CT HLLLI i nteractions. Such binding mode all

halogenation of acetddontaining compounds with molecular halogens as reagents. We believe
that the observed binding pattern can be used as prigiatypr future design of halogeno
complexes.

128



Organic Chemistry JecOdz’ ydzO =~ ' o3
DEVELOPMENT OF WAYS OF IMPROVING EFFECTIVENESS OF IZOPREN
PRODUCTION BY "DIOXANE" METHOD IN PRESENCE OF ZEOLITES
OF GROUP SixOy
Buranshina AA.L, PaskdP.A.%, Vakulin I. V.1, TalipovaG. R}, VakulinaA. 1.2
!Bashkir state UniversityUfa, Russia
2Ural State University of Economics, Yekaterinburg, Russia
buranshina_a@mail.ru

The possibility ofncreasing the selectivity of the formation of the dighethyl1,3-dioxane
of Prins reaction, which is a key intermediate in the synthesis of isoprene by the "dioxane" method,
has been studied using quantum chemistry and molecular dynamics.

We have considered the stabilization of the transition state (TS) of this reaction on zeolites of
SikOy composition with pores of different cross sections (Table, Fig.). It is shown that the TS
stabilization of the formation of Edoxane becomes most atageous on zeolites with pore sizes
of6.257.01,7.247 . 59 . Obviously, in this case, the T
pore of the zeolite and stabilized by intermolecular interactions with the entire inner surface of the
pore.

Atapd e di ameter of 6.8, 7.47 i, the TS st al

zeolite surface. In the case of zeolites with a large pore diameter, intermolecular interactions can be
performed with a fragment of the inner or outer surface of tiee por

Table. Dependence of the energy of adsorption of transition states on the pore diameter of
zeolites, kJ/mol

Zeolite d, ethylene propylene buthenel isobuthylene trance2-buthene
MTF 6.25 136.68 158.88 171.88 130.45 174.724
VET 6.39 110.89 130.95 147.67 139.31 151.39
SFE 6.66 127.99 94.67 112.77 87.02 112.19
STO 6.8 78.04 73.73 74.82 66.37 68.8
ISV 7.01 108.13 125.56 144.62 146.63 138.14
IFR 7.24 118.29 131.37 154.45 150.68 152.73
CFI 7.47 93,59 112.9 129.91 132.25 132.92
SFF 7.59 114.78 137.52 158.79 155.95 158.54
STF 7.63 110.39 129.58 152.02 151.94 1534
ITE 8.3 109.18 129.78 146.35 150.81 149.01

This type of TS stabilization indicates the possibility of increasing the selectivity of the
formation of 1,2dioxanes by the Prince reaction in the presence of zeolites with pore sizes of

6.257.01,7.247 .

160 -

-Estab(K.J\mol)
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140 -
120 -
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180 -

=== cthilen

== propylene
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==é=jsobuthene

trans-2-buthene

Fig. Stabilization of the transiticstate of the formation of 1-@oxanes in the presence
of group zeolites SOy
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DEVELOPMENT OF WAYS TO INCREASE EFFICIENCY OF ISOPRENE
PRODUCTION BY "DIOXANE" METHOD IN PRESENCE OF ZEOLITES
OF GROUP OF Cax[H 20]yAl aSibOc
Buranshina AA.L, Pasko PA.%, Vakulin I.V.%, Talipova G.R2, Vakulina A.1.2
!Bashkir state UniversityUfa, Russia
2Ural State University of Economics, Yekaterinburg, Russia
buranshina_a@mail.ru

By the methods of quantum chemistry and moleclylaamics, the possibility of increasing
the selectivity of the formation of the 4giinethyt1,3-dioxane by the Prins reaction, which is a
key intermediate in the synthesis of isoprene by the "dioxane™ method, has been studied.

We have considered the staation of the transition state (TS) of this reaction on
zeolites CgH20]yAlSikOc with pores of different sizes (Table, Fig.). It is shown that the
stabilization of the TS of the reaction fof the formation of-didkane becomes most
advantageous on tzeolites of the considered group with pore sizesofigQ43 7 j . Obvi ou
in this case the TS can be placed inside the pore of the zeolite and stabilized by intermolecular
interactions with the entire inner surface of the pore.

With a pore diameteroéls s t han 6. 04 the TS is no |
partially stabilizes due to interaction with the zeolite surface. In the case of zeolites with a large
pore diameter, intermolecular interactions can be carried out with a fragment oféhennn
outer surface of the pore.

Table The dependence of the adsorption energy of transition states on the pore diameter of
zeolites, kJ/mol

Zeolite d,j ethylene propylene buthenel isobuthylene|trance2-buthens
PAR 4,21 12.3 15.4 17.2 16 16.9

GIS 4,97 12.9 14 14.7 15.5 15.3

EPI 5,47 20.9 22.8 25.6 20.3 22

LAU 6,04 33 36.1 27.7 26.1 26.4

LEV 7,1 29.3 34.5 38.5 38.5 35.7
CHA 7,37 26.2 30.7 33.8 34.4 34.4

This type of TS stabilization indicates the possibility of increasing the selectivity of the
formation of 1,3dioxanes by the Prins reaction in the presence of zeolites of the considered
group with pore sizes from 6\HAAISEO, @s.tie7 |
reacting alkene increases(from C2 to C4 chain), the diametei alsc r eases fr om

(ethyl ene an propylene) to 7.1 | (alkenes C
165 - ATCRTY T
A \:rﬂ“a;"’:
N f '“'\ ‘4&.#
p R L. o R
o S8R
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Fig. Stabilization of the transition state of the reaction of the formation afi@&@nes in
the presence of group zeolitesEaO]yAl sSitOc
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DEVELOPMENT OF WAYS OF IMPROVING EFFECTIVENESS OF IZOPREN
PRODUCTION BY "DIOXANE" METHOD IN PRESENCE OF ZEOLITES
OF GROUP Na'x (H20)y [Al aSib O]
Buranshina AA.L, Pasko PA.%, Vakulin I. V.1, TalipovaG. R}, VakulinaA. 1.2
!Bashkir state UniversityUfa, Russia
2Ural State University of Economics, Yekaterinburg, Russia
buranshina_a@mail.ru

The possibility of increasing the selectivity of the formation ofi{delimethyt1,3-dioxane
reaction of Prins reaction, which is a key intermediate in the synthesis of isoprene by the "dioxane
method, has been studied using quantum chemistry and molecular dynamics.

We have considered the stabilization of the transitiae $TS) of this reaction on zeolites
Na'x (H20)y [Al Si, O] with pores of different sections (Table, Fig.). It is shown that the TS
stabilization of the formation of @oxane becomes most advantageous on zeolites with pore sizes
of 6.087 . 72 jusly, @ khg case the TS can be placed inside the pore of the zeolite and
stabilized due to intermolecular interactions with the entire inner surface of the pore.

With a pore diameter of | ess thanpa@ialp8 |,
stabilizes due to interaction with the zeolite surface. In the case of zeolites with a large pore diameter,
intermolecular interactions can be carried out with a fragment of the inner or outer surface of the pore.

Table. The dependence of thesarption energy of transition states on the pore diameter
of zeolites, kJ/mol

Zeolite d, i ethylene propylene buthenel isobutylene trance2-buthene
ANA 4.21 -11.8 -12.4 -13.3 -12.9 -16.5

NAT 4.52 -13.2 -13.9 -15.5 -15.2 -15

TON 5.71 -30.8 -21.1 -23 -21.1 -25.7
MTW 6.08 -29.2 -33.6 -38.6 -31.7 -37.1

LOS 6.36 -34 -40.8 -44.1 -45.5 -43.7

EUO 7.00 -32.1 -36.8 -41 -42.7 -40.9

MEL 7.72 -27.7 -32.6 -36.6 -36.3 -36.5

MEI 8.06 -24.9 -27.3 -30.4 -31 -30.4

KFI 10.67 -27 -28.9 -28.3 -29.3 -29.7

Thistype of TS stabilization indicates the possibility of increasing the selectivity of the
formation of 1,3dioxanes by the Prins reaction in the presence of zeolites with pore sizes from
6.08 to 7.72 |
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Fig. Stabilization of the transition state of theni@tion reaction of 1;8ioxanes in the
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I (eI g
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ulstek Sk MmqdlsjL 5o Odds T sdkS Y b by § H
MijChtesMC sy’ = O jdj &) dlsded 5 0dz0 ' L t5 k.

139



Organic Chemistry {tteOdg ydz0 r' &

pfur ffrorfOlor1c vidrfwartdruv 1¢ vyodsud ¢f
[ Odzd dz' Y j'dzS steOmMdzs Cu BdzH @le dzS 5w .
h Oy sdz0dz dzgd?2 kdz 9 jtemdljls ROteytseadna Isjn dz
2wdzmisdskzls B ssted Odz' Ydzts’ RN A ‘ dzOW Is ts+
vladdanilchenkodune@gmail.com

c ¢ 9 ' HB®BS, Od3' detsdzj Is d dz¥ o O dzdaw W jdetsdz' o L O
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3 e —
= = =
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a HOCH,(CH,) NH,, CH,0, i-PrOH, DMAP
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fsr' H2dzd At OLSAE L Isd dd3 Hzs-i-iEHDdz O ds' 4dAs 1 tdizO dz
ftesHEZSC I3 O desd3j Isd dzt © Odzdz8, BAz@B tff | Iodp @ Bigulzts o Is O
dzgj L dz2Oydz' 2 ¢ dzr Stsfls’, OBt ¥ Bk o' HimMklsds 2.

[ ddzOB YdzO ' o dzso OO &' 3 kOkksdj tOkd L dzOyd
OGS, o ®BOLSisd'ttdsd®z Hj2l]tth dctes sed' MY &0
Elso stej dzdzy 3js OBRIs t8 B etts@ y d dz' to t4f Hsohizh jtalstzfsazfitslz der jWRELif d H 2
L Mk Is! v 5CMEsGkkRsl, 86t dd

[ sdz' HY j dadaW BzHBo d fMddzls j L s9 Odzd ~ M sdzlz €
BJ ssHOBY:, Hd12D-NOESY.

1 8° HdzOdedz &3 =~ " 3" yded m ‘ M j StesMC st ydzd
bdse j tieszp Ldsso OF ©jOCY' ~ [ Odede RO oL O BsH' ‘L
WsteBOd HjG' HE L ko tXjtiy dsa 060 HORssSBg By o B30
TOLOSIsjte. )} SCOLOdS, hts Mf' oo ' Hdshjdd" kOkkts
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n tj Ocj dzls’ o
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Al T BT dz hsls odf OHEC " o sO¢ " mMd Mmisy &3d dzOdzj >
fsHOdz h 2 WMltfiro JEFEjHBOYO' wC totsL tetsB dzj dzdzv s
f' ' HRtSH' 9, sO¢ LOWMEZO Odzgdz? s dzdo tsMmisj 2 ot c
CtsdzH § dzfftso Odzd » OL Slstso 3 Mdzd s M sz ¢ e dzd o s

Hisfdz' H Y J dz ‘ f sdz' W 2if2C tmd rasfait Rifs dudds’ Ml e &30,
f toj HMIsOesdacHCic-Bafls B sEHMJ tod Has][ fl', BBUaf dz deso &3 Odz§ Od
dzO L o Oxglimfianatinin wed?2 Blzo "L Bdz' ts9 OThE mangrofedztsH © 9
Xylocarpus JGte' d@3 1y tsGts, M sdzz € d sO¢C e ts sd{§ Iz i
Odzsde " f jtelsjdzL Jodzz IsO OdzlsdHj ftej MOdzlsdzsz H ' 8 . 7 (
f'  cdHf " OLddsedr Mftsdkkz¢ HEZY BjHdydded *° dzgjh
ftoj f OcOIsd Hde' tedz’zizo'OdideiatztsH j W' yqd Do | dzt e dodzd vi(rH
Cabotegravir.

]l ftsHOdz 2 ttsBtsls’' dzOBBd L Ot sdztseo OdzO dztse O
Otets BOIs d ydzd » -AOHER t61Q B IHES oy ls SADEE 5 ¢ Nifgj s f dz'2H Bdzf *
olzz, w¢ fttsMmisd ds slsi0 Ml fedzfids odsic s Isdf 2 ¥ E2dzC y' |
al ' cQaddz of sHOM M sd3kz Mmd dzls-gl it acCia-d dzth tSte f wiag [ 1o, 2
ted OCy' ¢ € 9 Olsjdielfie' Isid@aP 03’ dats | B @ diip dk] dpO GB el tc S O dzts
SHJ to) Odzdzv2df, Mt szl OudagO Y digis etz Ho dh diIsd '~ = tesL yYd dzd
stec Odz’ ydzedr tetsL yddzded € O, 1O BsyJ ttsLhdtedlsd My
B' sdzse ' ydzz OSCIsdoe dz' mils .

H
N 0]

O
O
EtOH X

N

AICHO + CICH; OCH + [I)L 5 crH “
CICH; Ar

CHO "0 50.73%

OR

| a-d
\ (CH,),N(CH_)nOH

H
N (0]

[ 0
v/ N7 OR
HO(CH,) N~ A
CI- H,
CHO O 6581%
Il a-f
R = CHs, CoHs; Ar = 4-CICgH4, 3-NO2CgH4, 4-NO2CsH4; n = 23.

WwkzhHdo ' HEOd d2' Mls! O MS &OH of' fi lstd-&3Oddn
BOMY j Stesdjste’ ~ 50O | dzj d3j-dzlspiisic IS OOOE s tizts 1) O 'z
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m. AJj LEzd@sodzj des Elso tstej dzdgv i3 fMils OB ' dz desec s 1 tots f
ftoesHtSo ) J dedg" dzOdzyt ¢ O tsCdMmdej dedg" . v o jHJ degdg?v &3] st
-tz f sdztsy j dzdz' f ' toddd Hddesotsets YydSdzz ftedotsHC
LHOdshV W@ deEOZ zdsS L& dd IsjtedsHdaod yds’
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VLT
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H H HN NH
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LORdN jdedr O3 desfplzdz' W tsh-dazjodzezd @ daPS drsSOufiaf| B, &dd L
ZOMiszf des fn j BSE
(3/ ol MsCl KSAc SO:Cl
H H,0

Cbz Cbz bz CbZ

1 2 3 4 5

ljtedmn' H olmt Mf@nads" jodzdFL GgjoLddfuddDls ‘fotctsm SHd o L
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Hd d&3j Isd dz' 43" HAJL Sdlstc j B2 HESHOLSCtSoatsets '  Histsdz' L Iz

40 j B0

thy St  dzOY 3 asf MBI bdc dzOdd (Ll o
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NEW WATER -SOLUBLE DERIVATIVES OF 7 -HYDROXY -3-HETARYL
COUMARINS FOR THE FLUORESCENT LABELING OF BIOMOLECULES
Kuziv la.B., Dubey l.Ya.
Institute of Molecular Biology and Genetics, NAS of Ukraine,
150Zabolotnogo str., 03143 Kyiv, Ukraine
ya.b.kuziv@imbg.org.ua

Fluorescent labeling of biomolecules is widely used in both life sciences and medical
diagnostics. We have previously synthesized a number ofephiting coumarirbased
reagentd by the introduction of carboxyalkyl groups intehydroxy-3-hetarylcoumarins, and
corresponding -methoxy derivatives. They are suitable for the labeling of compounds
containing aliphatic amino groups. However, the disadvantage of these derivativegeatsrea
for the conjugation with biomolecules being typically performed in aqueous medium is their
poor solubility in water. Only-hydroxycoumarin derivatives are soluble at high pH. Here we
propose a new way to increase water solubility of coumarin reapgntheir derivatization
with 1,3-propanesultone or cysteic acid.

Aco\EIo)\io ) HO\CIO;EO HO$S(CH2)3O\<IO;/[O
i iv
B — —_—
¥Z Z
Z H Het Het

et
|
2a-d l i (IJOOH la-d COOH 5a-d l v COOH
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jit /( 3 ii ¥z Het SOH Iilet
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3a-d 07 "N “coon 4d O)\N N\(CHZ)SCOOH be
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S S o
Het: \ \ 0] ¢}
O(CH,), H
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a:
b:n

Scheme. Synthesis of watsnluble derivatives of-Betarylcoumarins.

Synthesis of cysteic acid derivativBa-d and 4d started with blocking the phenolic
hydroxyl of compound&a-d with Ac;O (Scheme, step (i)). Resulting acylated coum&as
d were activated with DCC and HOBt and then condensed with cysteic acid methyl ester in the
presence of diisopropylethylamine with subsequent ester hydrolysis by NaOH (ii}ilasie
process. Dydd with COOH group on an extended linker was prepared by the activatBsh of
withDCCand e ul f obenzotriazol e f ol |-amwmeachprocyacidt he ¢
methyl ester and alkaline hydrolysis of methyl ester group (HuBobenzotriazole syhesis
and use for amide bond formation is described in our accompanying abstract.

Sulfopropyl derivativesba-d were obtained by alkylating compounds-d with
1,3-propanesultone in the presence oCKxs (iv). 3-Furylcoumarin reagerie was prepared
from 5d via its activation with DCC and-$ulfobenzotriazole followed by condensation with
methyl aminocaproate and ester group cleavage by NaOH (v).

Compounds2a-d were purified by silica column chromatography, whereas reverse
phase chromatography on TM8ica was used for target dyes containing the sulfonate group.
These compounds were obtained as triethylamine and potassium salts and fully characterized
by IH NMR and LGMS. Coumarin derivative3-6 are well soluble in water and can be used
as reagents for the fluorescent labeling of proteins, nucleic acids and other biomolecules.
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6-SULFOBENZOTRIAZOLE AS A NEW REAGENT FOR AMIDE BOND
FORMATION IN AQUEOUS MEDIUM
Kuziv la.B., Dubey l.Ya.
Institute of Molecular Biology and Genetics, NAS of Ukraine,
150 Zabolotny str., 03143 Kyiv, Ukraine
ya.b.kuziv@imbg.org.ua

Covalent labeling and conjugation of biomolecules is ncostmonly performed by
active ester approach via the formation of amide bond. But this method requires active esters
sufficiently soluble in aqueous or aquearganic medium. This can be achieved using the
esters containing anionic or cationic functionabups, e.g. sulfonic or ammonidtype
functions. Additional requirement for active esters to be used in aqueous conditions is low rate
of their hydrolysis at pH8.5 typical for biomolecular coupling reactions. Here we propose
the use of sulfobenzotriazdés as new efficient reagents for amide synthesis.
N-acylbenzotriazoles are stable in water, and at the same time demonstrate high reactivity
towards aliphatic amines due to the presence of a good leaving group that allows amide bond
formation under mildeaction conditions in aguecosganic solutions.

The synthesis of -8ulfobenzotriazole (Scheme 1) started from the sulfonation of
o-phenylene diamine with conc. sulfuric acid. Its cyclization to form benzotriazole ring was
then performed by diazotizatiomeaction with potassium nitrite and acetic acid.
Sulfobenzotriazole was isolated by column chromatographyexehange chromatography on
QAE-Sephadex provided free ac] whereas revergghase chromatography on TM8ica
allowed to obtain its triethylamonium salt.

Scheme 1. Synthesis ofstilfobenzotriazole.

The mechanism of coupling reaction usingufobenzotriazole is shown in Scheme 2.
Carboxylic acid is first activated with a suitable condensing reagent (for example,
N,N'-dicyclohexylcarbodiimide, DCC) in the presence of sulfobenzotriazole salt. Two isomers
of watersoluble Nacylbenzotriazole active intermediate can be formed. After the addition of
corresponding amine fast nucleophilic substitution reaction (~one houtsresthe smooth
formation of amide bond.

0,8
N
OH N\ bcc \ ’ AN
+ N — N + N
)\ / / /
’ ) -Oas H 7035 N>\ >\

Scheme 2. Mechanism of amide formation in the presence of sulfobenzotriazole

We have used sulfobenzotriazole for the introduction of carboxyalkyl linkers into the
coumarin dyes to prepare fluorescent labetemgents (see the accompanying abstract).
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DETERMINATION OF POTENTIALLY CATALYTICALLY ACTIVE ZEOLITES
IN THE CONVERSION OF PIPERYLENE IN ISOPRENE
MirgaleevD. S, Vakulinl. V.1, TalipovR. F!, TalipovaG. R}, VakulinaA. 1.2
1Bashkir State UniversityZaki Validi St., 32 Ufa, 450076. Russia
2Ural State University of Economics, YekaterinbuRgissia
denso0190995@mail.ru

We have considergabssible ways of reducing the activation energy of the conversion
of piperylene to isoprene.

hv,T
|/I — o — —_ — — Y
Pip 3-MCB MCB Isp

TS

In the B3LYP/631G (d,p) approximation, the structures of the transition states of the
[2 + 2] cyclization reactions of piperyle@S1) and the disclosure of methylcyclobutene (PS2)
are determined.

The proportion®f the transition states in

X Y Z X Y Z
3.95 2.84 5.10 3.75 2.06 5.14

According to the principles of molecular imprinting, the activation energy can be
reducedby the use of porous substances conducive to the formation of a transition state. For
this purpose, cavities of such substances, for example zeolites, should have cavities
complementary in shape to the transition state with cavity diameters comparabde in s

The measured PS proportions show that in our case, zeolites with a pore diameter in the
range of 4.00 to 5.45 | should be catalyzed
Frame Work Type: ANA, NAT, PAR, GIS, EPI.

This research is supportddy t h e g43-620754 of Rudsian Fund of Basic
Researches.
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DFT STUDY OF FREE GIBBS ENERGY ACTIVATION OF STAGES
OF CONVERSION OF PIPERYLENE TO ISOPRENE
Mirgaleev D. S, Vakulin I. V1, Talipov R. F, Talipova G.R.}, Vakulina A.l.2
1Bashkir State UniversityZaki Validi St., 32.Ufa, 450076. Russia
2Ural State University of Economics, YekaterinbuRgissia
denso0190995@mail.ru

The proposed scheme for the conversion of isoprene to piperylene can improve the
efficiency of the process of obtaining isoprene by dehydrogenation of tin@cton.
+

m—— >/
Pip TS, 3-MCB MCB Isp

Using DFT methods, we calculated the Gibbs energiastofation of various stages
of the scheme under consideration.

/I hv,T |

—————————
- H H e -
p— ! ! -~ p—

,,,,,,,,,

AN i

Table.Free Gibbs energies of activatieaG (kJ/mol) of direct and inverse conversion stages

Stage Transition a&Gr (U)B3LYP/6-31G/d,p) Exp.[1]
State singlet triplet
Pip-> 3-MCB TS 194.7 439.5 -
3-MCB-> Pip TS 127.4 372.1 127.5
Isp > MCB TS 186 408.8 -
MCB > Isp TS 139.9 362.7 146.7

When calculating, we took into account two variants of the spin states of the reagents:
a triplet and a singlet. In the first case, the Ukiproximation was used, in the second case
RHF. Calculations show that singlet reactions have lower values of activation energies, which
are consistent with the literature data. The activation energies of the cyclization reactions are
much larger than #hactivation energies of the cyclobutane ring opening reactions, in both
cases, which is due to the known steric intensity of this cycle.

The activation energy of cyclization of piperylene im8thylcyclobutene is 8.7 kJ/mol
greater activation energy a$oprene cyclization in methyl cyclobutene. In this case, the
opening of the 3dnethylcyclobutene ring to form piperylene is 12.5 kJ/mol higher than the
analogous reaction for methylcyclobutene.

This research i s s u4p@ERO764oRassidn fFund oiBasiogr a n't
Researches.
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THEORETICAL STUDY ON THE INFLUENCE OF TEMPERATURE
ON THE FREE GIBBS ENERGY OF THE PROCESS OF THE CONVERSION
OF PIPERYLENE TO ISOPRENE
Mirgaleev D. S, Vakulin I. V1, Talipov R. F, Talipova G.R.1, Vakulina A.l.2
Bashkir State UniversityZaki Validi St., 32.Ufa, 450076. Russia
2Ural State University of Economics, YekaterinbuRgissia
denso0190995@mail.ru

In attempts to increase the efficiency of isoprene synthesis during the dehydrogenation
of the G fraction, we considered the basic thermodynamic parameters of the isomerization of
piperylene in isoprene.

N\ [ 7
Pip 3-MCB MCB Isp

To study the temperature features of gthkemewe calculated the dependence of the
Gibbs energy on temperature:

Table 1.The dependence of the free Gibbs enesgy’ (kJ/mol) of the conversion of
piperylene to isoprene on the temperature (K)
T

208 | 323 | 348 | 373 | 398 | 423 | 448 | 473 | 498
Pip 3-MCB | 67.3 | 59.8 | 60.1 | 604 | 60.9| 70 | 704 | 71 61
3-MCB MCB -122 | -12 |-11.8|-11.6|-11.5| -11.3| -11 | -10.8| -10.6
MCB Isp -46.1 | -38.8| -39.1| -39.5| -39.8 | -40.2 | -40.5| -40.9| -41.3
Pip Isp 9 9 92 | 93 | 96 | 185 18.9 ] 19.3 | 19.7

Reagent| Product

In the same way, we obtained data on the dependence of the entropy of the reaction on
temperature: the entropy, in this case, changes discontinuously. Then there is a sharp decrease
with increasing temperatut®20fAOM 398 K (125

Table 2.The dependence of the entropy of the reac® (J/molK™?) on the temperature
Stage 298 | 323 | 348 373 | 398 | 423 | 448 | 473 | 498
Pip>3MCB | -18.8 | -11.6 | -12.3 | -13 | -13.6 | -21.7 | -22 | -22.3 | -22.6
3McB>MCB| 6.1 | 66 | -7.2 | -76 | 81 | -86 | -9.1 | -95 | -99
MCB>Isp 116 | 12.3 13 13.5 14 144 | 149 | 15.2 | 155
Pip>Isp -13.3| -59 | 65 | -7.1 | -7.7 | -159 ]| -16.2 | -16.6 | -17

According to the calculated data, the conversion of piperylene to isoprene appears to be
a weak endothermic reaction. With increasing reaction temperature, the free Gibbs energy

i ncreases nonlinearly. Thus, seGréaeianindrdasesby 2 3 K
a factor of two. The subsequent increase in temperature slightly increases the free energy of
Gi bbs. Obviousl vy, the conversion must be car

with removal of the reaction product from the mixture

This research i s s uAp(QR@/b4tofeRdssiany-und ¢f BasigResearthes. 1 7
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MECHANISM OF BENZIMIDAZOI[2,1 -b]THIAZANIUM SALTS RECYCLIZATION
UNDER THE ACTION OF EPICHLOROHYDRIN
Orlov M. A.
L. M. Litvinenko Institute of PhysicaDrganic Chemistry and Coal Chemistry
NAS of Ukraine
orlovinfou@yandex.ru

In our previous works we have found the elegant way of thiazanium Xalts
transformation under the action of epichlorohydrin into thiirane deriva#iv€le mechanism
of this unusual reaction is very interesting and its analysis can give a new information about
possible driving force of recyclization processes.

B

| R
SN Ies
Z=N ) > | Ly oy
X L"{ — ’
1 OH 1A bH 1B
e
OH

R
2N ] m =N
(e — | =5
- Iy I I
\ X ]
-

2 Ve ' )
1.2 a R=PhCOCH;, b R = p-BrC;H,COCH;, ¢ R = (piperidine)COCH;,
d R = (morpholine)COCH;. e R = MeOCOCH,. f R = EtOCOCH;

The conversin of compound4 Y 2is caused by the fact that epichlorohydrin is able
to bind halide anions forming the alkoxide anion of glycerin dihalohytBimvhich is rapidly
protonated as a result of the hydroxyl group of thiazaniumlsaissisting the irreversible
course of recyclization of the latter to thiirane through the oxidothiazanium zwit@kiamd
its covalent form2C. The synchronous occurrence of a reaction with addition of chloride ion
to the oxirane with cleavage of protisam the thiazanium salt is also possible. If the OH group
is protected by acylation then recyclization does not occur, which is caused by the impossibility
of carrying out the stage of forming intermedi2ge It is interesting that with perchlorate salt
of 1, the reaction also does not proceed due to the low nucleophilicity of this anion.
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SYNTHESIS OF NOVEL SERIES OF SUBSTITUTED
4-(2,3DIHYDROBENZO[b][1,4]DIOXIN -6-YL)THIAZOLES
Orlov M. A.
L. M. Litvinenko Institute of PhysicaDrganic Chemistry and Coal Chemistry
NAS of Ukraine
orlovinfou@yandex.ru

Substituted 42,3-dihydrobenzo[b][1,4]dioxir6-yl)thiazoles are interesting objects for
pharmacological studies. In this work we present noveéseri acylamides (more than 30
examples), which containing-(2,3-dihydrobenzo[b][1,4]dioxir6-yl)thiazole residue. For
synthesis of target products we have used next scheme:

[OD AcCl / AICI5 D/U\ Dioxane/Br; [ D)K/
(0]

J (H2N),C=S

2
[O:@A/S RJOLG O@//N;—(s
0 C
0

> 30 compounds

A

Structure and purity of obtained compounds was conformed by NMR technldus,
and elemental analysis. The expected pharmacological activity was evaluated using PASS
software (http://www.pharmaexpert.ru/passonline/).
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e i : f Otey' O
vdwenEe bl g1 g g ng 0 Odz &'| 4¢' HEesS MdB
[10
] Htetsd
& ¢ dz 0,9 2,84 0,05
] tots it 0,3 0,48 0,45
HicBIsts 9 170 0,9 3,25 0,03
s Oyod 0,3 1,05 1,46
CkzC Etol 0,9 4,84 0,36
t dMtso 0,3 3,59 0,99
dzz L G | 0,9 10,68 0,003
l‘HlsacjteHdezts ofdzde Ctsdzyg dzsteOy" Bsdzj € &z dzw

sOC "' HMiesCMdB j dzL Odz! H§ Sty z dzls 8 Goys ~ o ffddpmdzs © Oy O
ShlsOdsde 565 & bjOked HOd o nhkbkd . ¢ o
f ' Hodh jdzadz' f Oy’ Odz' desets IsdmClz ¢ diffdztc Oa Is tOdizj ty @
9 ' H dZ' cdzso 3’ Mdets™ Mdesoe thazd 2 ME DU O WA ‘¢ dalz@z' o', L dz
L dz' sjtcOlkztedzd &3d H Odzed d3af'. H twts CldifRB jxdgL OO J & A zZH L
B'd h LO ofgj Mo ' Hudls' s §' Hodhjdada" fjdzjCls
f ' Hodh jdzadz' f Otcy' Odz' desets Isd ULz diaOdz jHOHEE R te da@Eis
H Odz' MissMso dzgs tsH j oy Odzdz" 9 Odzg" dz' dgz  t6j OG j dzls dzd
s f)dzd dedats’ ' Gdatsy,j dzf dzsL dzgts’ B sROMd. JdR' H e Od
Cdfmdzj &3 L § Otcy" Odz dgd 3 IsdmEtsds 0, 2 [O @z fotdds lsly) g ts d
BdzdL!' €2 HB dzgOhdr odrtsH' o ftod S dMmds dedz' todMts
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dR1L U] ALy sAwf1of? v 1¢fwzrprrRm wyr )] wl ARrRS
bt RIJuwrtoéoy 1wl Y[ fruvfrv Aawzrtod
g d3j s Odz 1d$GIdz' L0 psO0tdF)s [Oteiss 1. w.
Y111 cuCteO’ defp! € d2-s i g tizts @1 dzd 9 dz§ 2 Bz Gzts9 j o d |
Y sMSBoMSd2 ctMkHOkmlse jldd [2t dszdm i@ Is j Is

smetaninn@mail.ru

) 2Oydzd 2 T delsjtejf) Mt L Od M odzad R tzgizhy S tizY d3ts § @ Wk

mMddalsj L Iz OttdBOS sdzse ' Yydzes OCIsdodedrn M sdkzz¢ dzO
LORB Mdzed €' @ o WHEKEGS ' dgHtsdzk disyy odB' ttltsoats
ljtemMf jSIsdodedd3d 99 0O O ls! W A" HdE ' dzHBdZ ©, Vv

¢
od MsCk ftoslsdd CtesBdzgz OCIsdoe dz' Mmils: .

Cdz' L Oy ' la,btfinlf sdizzl€sHE A" h jtcO ftotsotsHddzd f tod
Is * ZOomMdyj &2 2 ceOLtsftsH Bdzgdds HCI L HBHO9C
tcjLEd O t©jOCYy' Bkt tslsted d3Odzesd ¥ (5 datf Oy dzfl tzbizh
2a,b dzj fjtoj odPkzsusj'tej B0 dzOW o dz' fMls Mddz degs HjL OC
Oted dz des gz W tcOc dgjbdzls® ¢ HiECOL sdz' 9o

a
N R,
N | ACOH/HCI
ANY
1la,b H
R,

ZnCIZ’ AN

a) R1=N02, R2=H R2
b) R]_:H, RZZNOZ

10 d° MOBdE bdse BLds § oo Balj dets L dees dz'OUs(
Bzt sltcd 30dzets W H L OB h jdzdn 4akt’ Hdzdn ' dzH sdz' d

COOH

HOAG/HCI g R

Al G, R? \

CONH,

1204C e N

R4
3a-k

4a-k

4a R’=C|, R=R*=R‘=H; b R’=R!=R’=R‘zH; ¢ R*=NO,, R'=R?=R’=H; d R*=NO,
R!=R’=R*=H; e R'=NO;, R*=Me, R=R3=H; f R?=Br, R'=R*=R*=H; g R>=NO;,, R*=Br,

4

R!=R3=H; h R’=SONH:C¢Hs, R'=R*=R*=H; i R>= ¢ s, RI=R3*=R*=H; j R*=

ﬁ H N:< 2 N
_ﬁ—w—<\_/<w _L_H / |N
RI=R=R‘zH: k R&= | _<J\/ RI=R3=R‘=H.

o—, o}
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SswiUvRsd trosAwwy dArv ] wyuv Tempfht { wpwrL L
U (ORI 1TRM dfuwp wl v sw étr1ffuv tL1YRL1RS
v Oy, doIst dzge & osj.H Hf.. [ .
[ tsdaj chz dzOy' tsdzOdz! dzd 2 Ekdz o jtemdlsjls '
tkach.an@donnu.edu.ua

w ¢ OtcB t§dfts enddas thed pdixfldztadz (- dzts te d3 g Iscfdzts(;fl
dzZsjL &z ¢d ucch[szOtGBtsdztsaq'” JW et o

n Cslif sLdy' 2 L tc' L dzts 30 dz' Is dzd o3 adzC
dzdz" . rdw f totsG dzts L Iz oGXdsdizvO dzo dizef ffzls d" o tsdndf g
o¢y" "’ sCMdteOdz" & L dzzC dzj sW ' odz' dzd c
sdodzgd 3 S OlsOdz' L OlststeOBRd dzgkz € dzj =W * d
daid Cdmazslso®kd ' iO3sOals'ddds QR lsdafs 6

0]
+ W/\ Cl  catalyst R*O/Y\ Cl 1)
OH

OH O

=

tcsBtslsd ' odeoyddedzw C° dzj sdydedms L OF fsdzt
Cdmzslsss o (B Hz$ipizd r ¢ Og0dz' 2 Olls®OG*
fsdzv tcdesfils® B' dzOtcdesets toisL Yyddeded € O dzO j W
‘ClsOd3d HBsaAtze Y Hiazv s slstej sddzdzed n Od3' dz' o
stcdjIsd dzOd3' dz, ItcdBlkzlsdkZzOdR dz, IstedtsC Isc
o df Azt Hisddz @ IsjlstcOc' HicW ZtcOdz
o 1 INLO®, B) B3y cObzdj G&z0, 6 MmdMmlisj
fsdzv tedz' Mis' L yddzdzed €O SO HO' L dBsckz ts
O hdwrik tjoOCy' . stdayj dzstcOy' ¥ COIs
Bsdz' / dz. s 5 dzlsite Rdig dzs LoGD oW H R Istfistel sz fitf s IsLj
das o dzetse s IsdIstclz 9 Odzdzw .
dazOodz Jj<C¢Mfjteddi desOdz? dg HOdzZ' HOdzd L BSCGL
g WHCESok st fpw  tejOSy'w (1). IMmlsOdsse dzj dzts
¢cd st . (SLEcPRsO@Ast gzEEBgisg "o dHC sMIs' Hdzw
¢ O LOksE' 9, O kOSCKY COLOd Ikduds § dzfls O dak
h g "Ml tj OC YY"’ dezC dzj sW ' dz' desé s L SCtdlslsw s
sBO' Bz dBtsdzj ¢ 2dzd CHOJSOjAE ‘L OB s tdOf d3 tjoOLH jw, yddz o
Od3" dz' 9, IbtsBlsts yddy dzj dzh j Mmbsjtwedydedms §jtejh CBSH B
Is to
o )
fd
] ts

J

© @

g

oG+
v

¥

-q__g_w

SR

o "
N

§NERSONGH

Q- OQFFO =<
o
L)

no'gl—ng;ss
EOSQ—&rn

PREGO GO >Fag® oo
"TE B ®O

I@ﬁ_q%ﬁ_ow&q; )

O>Q,(/T5hI

] etsOdzOdz' L 5o Odets off dzdo L o3 ded f sdzw tcdesfls® tofs
dIsddzdzd n O dz' 9. 1 tste' o dg¥ dzdzgv dz' Is JHIOQMKSE ta degts 6 Els
sOdzso dIsd, hs COLOdZ L Oydbsd Lk [ my Istejlilsdc
tcj Hso dhn [ m] B'dz2 h jWJjCIsde dzd d3, dz''y bk B
COLOdzts, "5 LdzedyJ dedzv f sdzwtedetsmis® tetsL yd dzdzed & O
OCHS dzj Y ' dz! dzsets tetsL Stedlslbw tCMdteOkzses sets yd¢
s O0Cdds yddesdz, oMmMlsOdeso dzj dets, hts " Headh j dedzgv d
L' dz' hjdede?y fdzvtedasils’ tsLyddddSo mftedwesls!:
HSL atsdeB Is 4 HylsOdz' L o OlIsd d3J ~ Qdz'tadds Is 15 j @Ky tc O dat
yde¢ dz COteBtsdzgso ddsd CdMmdzslsORd o Htedmizlsdesfyls' Is
hISHts fsojH" d2¢d OB dz' 9 kO ftsyOlsise 2 MSOH' = fc

8
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CRirur) 1¢frzr1temlB4st rROYBL1 S
vz Zdetso v dzC Edztse d3df todzets 0 © Sz k dztso o .
RdzMIsdszlssttcfQdgf s MC 52 ~diddf .Ad k8 dzgzr deSssd d o3
1 61 vStgOdalz sdJj o
O.V.Smirmva@nas.gov.ua

1,2,4u tc d O3-tisci? i toj H M if@iplsdgwie jldn , G dzOo dz' a3 5B 6 (
d3®§15dzichfqunQo[ LdZ2Ooydadzr § MmMtsjHddzj ded v, OCIsdo
JMisdlsj dzj 2 -2,EN40O sl vt H dzd tsB dzOtclz ) j dzr
Isq’slslsljlz sdzj o " d&3d fno RPAR) I5g Q@B s 5 te@seots dzdf i Is O dzls O «
tc tf CADMKL). 2,51 d OtelPelds to d G-y e 40,5, dids tc d CA-ts=iplr
4 Mls dzr co¢ OClsq'I\ma@ISZ)sthQOﬁzOmaﬁ@da@Lntsdz(sdzf B G Iz I
d3j dzj dedj d o OO OYURBE §f -G @ gl & € o
K j dz! oM HMiz] § SotOAJWOB BISC O &) IsBEdgGd&s Mmd dzls j
G3-tSiis o MsHj ey O drn o Otedf &z @easts € izl tyylf § O d3c
HOs h djMmw HOdz dgj2hJj2 "dddymMEéts? BsHIW¥WJSOyd
] ZzOMmistsw h j j 9 o d3W-O teiefi®4ls tf ds @abswmigisded Wi €5 H dzs ) § ¢
J Musdz! sBH dA mMddzlsd sd ud MS d n f SHAtSHSO . Clts
fan3dQOtGBOLdHISS Otcd dzOdz HjedHts, O IsOCYyJ hjdztsy
) HOdzdzts?2 tcOBSls] tcOL tcOB tis Odgj "d3) SEKosHE & s dzlz y j d
Is tc d OG-S o Isj tedsd yd MS SHA tc @S diag a 0y i thitlzld Y@z s dz
BJ dzL d d©3d H OlIsts o d B3 sd dz¢ OB OL Ols O. 1 j dgjo sz y © dz-
Otcd dzC OteB € MY B Bltezs OfcB OL Olstsdz tsB te@AJ)zt st OdR
Br fflste” 2 ftesyjMmfm, fesasuwhd?2 (tod fdldydQ sz
sBteOL z8 h d A Mmw QizdstcpPB Bgziso H@zdIsj dzt detseGts 9o " H J te) C
Isj BB j tOlsztc Ok d dzls tc § §dats) @4 &% o

o NH,NHCO,CH, N o A
_—
NS R O~ N N
N R R ~NH
=
H

NH

la-e 2a-e — 3a-e -

1-4aR=3NO, b 4-4 13, 3NO, ¢ 3-Br, d 4-Br, e 4-CHa.

ltoj HAzZBY j d2O0 i Is d di3Gds fipEdsvO dztzg zfsedzd € O dzd Istets W j dac
mMedz WdHuisd3 dOltedw o HdBE MOz . scslse jIsMisea zs h d
9" ntsH Q@bfo. 7 4

sOtBtsSCMdftesdL o SH dz" § W Jjded dzlsted OL s dzts dats © fd d
tesdi3W J dzd dzlsted OL s dzts dzts © sCdfms s Ecdz bsd 6@
df( HdWwj ded dzwt s d dzts) ¥ | to th)S(RAdp)Cle)d -~ dzts tstfte@{dzds@{HirfO'd3 d (€
JIsOdetsdzy . 1 sCOLOdes ybsts, BECdMmMdzj dzdj btsdzddazisted OL
tciH] Mofteso sy HOOPNBEZE@REEEEEYIJT z0 dd f§tcdo sH
dztsdsdglz y Jldzdz’ § ©Odisd OB g EHAHgofS o dz@H<lr f t6j H Mis O9 dzv
Jteifm o i dzO dzj gL zyg dzd v Bdtdzsed yj M¢ ts2 (O N
dud ME2 BEHJYVJSOYdd.

1o N3gG o
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gR1UIZAST ROV IS LT RY OtV O 201 RULS mRrRY L1
stclzh | ¢f.Ete®Oh jady visteslf,Jd Gtedsd fglstetseo s .
11 u) QUQtG@ddzfrJQCf? ¢ sk H OdEdzie d dedzl BC ¢ Y il dedso j o d
yanatrysi993@gmail.com

L 9 fls dats, Y ls ts 5-oFfj ttot€ PuPeabissts fzO | sdztseo 5B dZOH O Is
stetsds Bdtsdsedyj MSts?2 OCIdo dsfmisd, 9 Itsd3 yc
J IsSGegcfBals ] B C AR BlSScd OL sdz d Jjets ftetsdL oatsHdz
rhdzj dgdetsmisd o COyyj mlse j d dzcf djBletdsHts to ts &) d dRldsjta t
dgdzj dzgd?2 {Istsegts WHO o jfMm! 30 tOL detstsBtcOL dzf , d
ftoj HY sdzOG O ls dhf sdz' L s9 Odad § IstclzH dztsH sMis 24 dz
esmiss? d L WWiClkde ds? o) ls sagtE Y Qpiptstizis OL 6 dzts & d3
toj tofiy Q@ s ftcOCIduj MSd2 ddalsj tej .

t Odzgj j dOBd B'M dzts tsf MOdets tsBtcOL tso Odzedj Isted OL
toj] dzOdz? OL ddeseo rmddetsdetse ) BsdsOdzS d ZOBRd 2O . u© C
tetslsj COdedd toj OCydd M dzzC dzj sW d ZzORd s BtzdgsAse dzj d
JOQUrﬂTMBﬁ]'ﬂJFBO[dZJdZO[W o i34 Mists - § dz&ffdBpfoimisiy mSdddaj dAd
fdzj dedz" | WOCIr ftsLotsdwdd ftojHY sdzOc Ol 5
HJfo]lSSCfd Otcj dzOdz! OL ddzgse R ddesdetse fr) totsH O
d M Ylsts NoLLCoufgjditsfidzdd f bzt dzgl d3d dztscpts dds dBte s H C
q
dz

788
— 7

R
] €
da3d
a3
H

© = InE O SO W S

088

~ Q—.
O G-

Is dz

tGBlSJQGlﬂthﬁ]ﬂSS,led%cwwl 4 dzj Sslstster 7 Mmdz
yqdedzdLizslsmw M BtcOLtso Oded j d3 tOL dzd ydz
9 ddzd dLBldBtyqdOdzOlstse , frdsticdsd BeEHdEO Sds Is
sojJHJddY ] OCydd.

d Ytetse j+ Bdedaf dadzf{i0tg Qa6 bzeris-@ 5+ dnjodzts dzO

B COodzdw o EZCHMEeMmdes?2 CdMmdzsis ljtsOleo[q
AR Bldste d Cl-dtxiy | dzts dz. o 4f tdstsljlzdrd) jdzdz" - 94Ny
fiffsd CstesmMCsf dy 2.

)
o]

No§ o
Sa+-3
nEF g@F O
~ Fcna X
CrgTIovoc I go
g
o

Is
g
)

H
t6

OMO&QQQO@WQ

2f

S
t
t6
s
¢

¢

=

@7 w

G H j ClyBr, OCHs, H.

vOCdd GBLOLGH, §5COLO0ds, ylss oL OddsH 2
sHOdIBERBE ftslsiCOjls fegmMsHRgda ddt, 8 M f s
MOBsfesdL osd ds?2 ydCddL Oydj?2, yst wodwjlkmw
yjdeder 7 cjljesydSdduimsdn kdsdse .
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IYIRrRl VY fctrdsvovw t L7 YRLLRsd 10 ZIRrsweau? 50

AR J [ wy v 1qu°([ wrtrR1LV [JAusJI1[S srRuef [wU
;IzaO leSHdZ,‘_BlfDIQHZLE)J . I.

[ sdzgj y* €2 dOy' sdzOdzr dgd?2 kdz' 9 jtemdIlsj Is d3

shuvakins@donnueduua

(] - dzsteer datli{jdf (Cld § esffOjdte Mt MU d o ded 2 Md dals s d
fsCMdHdds MEsdk i Hdshsd REed&d Ssaff sL dy' 2, ®&OC s
&j o, VY et ©WHE d $OMm! CdR ©jyusedd. LS
ECdzj sW' oz ded R tjOcjdzs' ®@ ' tBO' Cltsds BOEOls! 57
1) hdusCt SBEBoBLS sIs! MW k& d sjtcOke'

catalyst
ROH + Cl——» RO Ccl + HO cl (1)
0 OH OR

JHded 5 L sdf "o COlsOdz' L Olstste’ o, hFts L OMistsMmi

Isj stc OO dz¢ RtWBakkis dzl s Odetso dzj dets, hts E tsL yddzded € OR
fsdzw tedz' Mils¥ yJlse j tolsd dzdz' Odsts dz' 2 ala] ¢ dptsdz® "ty dedpcprO
Mk d HIMBY Oy~ wedma LOdzjydl! o' H { tsdzv tcdsts
"Bdz 9. lttslsy JSMyfjteddid desOdz dz HOdz , hts Mistsmk

B~ Odz’ L d3,.c] OCMYL! (Bpdiyjdddd O Myt yuddsdd
[ jlotss HOdes® tosBtslsd ¢ Htsfydz HYy jdedz?y of dzdolz

6y OCY' ' daCdzj ¥’ dz discts LSLCLIEEY SEMJEOdSSH &
fedmblsdsils’ 2BHdH' @ ISjlstcOjlsddOBsdy ¥ kO IsjlstcO
[BO' SO Hisfdz oDy | Czdel dzts'Is Ot Ng, B(dpCaHg)aN].
fdz HYj dede" §totso SHJ RSB ff jotdj Hstg adsf hj 't Ofs 'z 2O t6 BOC &
MEEZOHO  Is! MW L [ my SO IsjlstcOG’ HieBW E2tcOdzz ( U 4
dzj sdydzO® Ctsdzyj delsteOYy' v  uzjl9e j ¢cBif datdz @ dzOMdts dod *
, 00500 dsdr /& fed §shls 2d 2 CSdyjdseo
tc ts dz LO fjtiB' ety tj OCy' ~ -sMmdes o2(fifezstd Oo fiy
j d2y' sdj sdudses sdltlze Odde .

toj L zdz SOIs® ftetso jH] fzths s msmiz] ©F jjdztzy (& Y L ¢
jelsddzded s Odstsdz ‘o8 Mmisdj?2 &O' dzkdz 502
dzso dzj dets, N ts LB dz' h jdgdgw t5BO' dgdets™ yYOMsSCd o
sjtejy ko Ods’ ' COkOd lsdydss’ S asaignis Ddatz
Sfsdvtehsets StditsddsO k tjoSy' 2dkz mdnlsj
Jodesfmls' yjlojtelsddzdzdr O®sds ‘odn Mmsdi?2. |
ScdsL o Odzdg S Ol Odz' squdets’ OCkdodetsfls' 2BHGH'
dzO tc dasuiszdzdedsS [ .

R

—c =W owm T
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fdref sl éorwetovsvuvhrmfauz gy {4 L0190 tldmun L1 v
INoefrrrvfevw Jwr tfrytoémuvyrsuv JwlffLwyr fwy o8
zbf jd® & L 0Ot@f fudzy SfMye € . w.

1 tod C Otelf Olsf! C Az delz@ oo @sd! Isdzdf 25 dz' | Ofpd dzv  w
76000 A a@dXdsso ! ¢, okzdz. zZjoyjdS O, 57
tarastanyaif @gmail.com

) Hist 5 di3ts ¢ 5 ¢ PAFSKERsexlittiGn3 Activity Spectrafor Substances
fiesedzsL M jSIste® B' sdzZse ' yYdats’ OCIsdo dztsfls”’ stce O
OCIsdo dz' Mis: mMddzls j-L jsp Otk r Bz GSH] (69 Odz dzlz € dzj
Blcsdisz Btotsd@zOd3" detsots’™ S dMmazsisd.

O NH,

o
1(a-i)
O N—R,
R
B B /=N
Ry=-H, Ry = -CH,CH,0H (a) R,=-H, R, =-(CH,);COOH (¢) R, =R,= —N ] o
R,= R, = - CH,CHj; (b) R,= -H, R, = -CH,COOH (d) =

I Mmddzlsj L shtOs o dpfeslsliz Cifdtesisd o " tezemded2 JWJiCls
(la, 1c, 1d) HsYy' ' dz' des o dCtsdzOIsd J Sy j tod 3 dzels Odzt dzg'
(Anti protozoal (Trypanosdaha) HtsyyWgzCdkzfls O da' dewl
JWiClk ctMmistedn dzj o tctstdaasc h g dzd 81 dodsiL cdzOei s o Aer s
(1a, 1b, 1d, 1) By ZIs! odSstedmlsso zo Olsd M , we fls] dz
(Purinergic P2T antagonist). l osls s dz € d
B' dz2 htsfis' BOto dzgd ¢ ' o Is s COpdj \edsGs, s SOty ctg)jtsozdp toin

Bd3se " todz Miss ' wzB® © datg dgts *
1 Bdtse ' ydz0 0O¢ {t O>%0

la 1b 1c 1d 1i

Antiprotozoal (Trypanosoma) 66,2 - 70,8 78,3 -
Antiviral 84,0 84,2 825 83,7 71,6
Acute neurologic disorders treatme - - - 64,0 64,7

Platelet aggregation stimulant 70,6 75,7 76,2 73,3 -
Purinergic P2T antagonist 68,6 735 - 69,1 64,8

I R jfdzj dede" Tldz WS¢ ol §SDs "edevdEss dsf o dg ditz o |
MfskkSd 10 L odB8bkitsd Mfsdkkzed 20
O NH,

soey

O NHCH,CH,0H
1 G Hdzs L tdsilidofiztic s OO BB o Odzdzy B ' sdztse ' ydets™ 0OFC
PASS dtsy dzO L tetsB dlilsd oafffedsyootitw,’ s Ishfdmydz2%elr 20 dzls
OCIsdoe dz' M, (WX O7 2°,dftse " tedets t6j Odz" L z° Is* mw ' dzG ' B |
(Gluconate 2-dehydrogenase (acceptoy, NAD(P)+-arginine ADP-ribosyltransferase
Membrangpermeability SO L 9 6 W L z9o Odzd2¥RY, AYP2QN2, RI@EAOD Is O d&3d  (
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DFTr faf wrrp11c 1vsfrdAawf?2yfevw vt URL1TRM ¢f w
slouvrt1w) ¢Awy
cSklO , 3" o P goju. [. [.
[ sdaj y' €$d2 dzOy' 5deOdz dzd?2 bkdz' 9 jtefmdlsjls ' o3
iakuta.p@donnu.edu.ua

stejlsddzdz Ods' dzgd o BLcOd ydg' 2 "' & ° odhlskzyf o
GYHE t6jOCYy' 2.WOnEBO&sdsqLzadz0® OSClkdods Mis! BOEO
L &zZOR sHdIs! hdtesCj LOMsMikze Odzdzy E oi3J Hd yddz' . (
" dH S Obtsted k fsddhassdn ' Hshd Hddn oy dwa.
LOdzj ydls! o' H '~ 7 dekzfLdigjds®@, do tslrrtpsdzd d3 M usd datizdiyts s fi) dat
Hesfmisky d Miss, (odvtdLsod Miss ObskO 1 ' bttsd, db
o dL dzOYj dzdzv gk € dzj Y ' dzt i fiyls ‘o j 1O jyls o dzdzchn S @Y Isdi teedz
Elso stej dzdz? U j lso j tels d dzdzd Qls ' Ofyists dff ** 1o R’ ‘fips dej RS hza@dz

RN + R' HBRN'HY [ R (1)

[ jsss ttsBBslsd ofMisOdztso dzj dzdzv o ff dzdo & dzlz ¢ dz,
WizdeC y' - MtczC Iskzted LOd Mmdzd ¢ o dzO hoadHGC" " Mmis
CoOdzlsso tsn ' d3' yded dizd 3 5t Qdmizy fsm dc'OUAsO dffj IsHf t8Ag de ts
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BasedAmorphoudMetal Alloys /f . [YatsyshynL. [ Boichyshynl.l. DemchynaYu. ¢Hnizdiukh
/ Computationabnd ExperimentalAnalysisof FunctionalMaterials/ O. V. ReshetnyakG. E. Zaikov
(Eds) [Series:/AAP Research Notes on Polymer Engineering Science and Techheldgyonto, New
Jersey: Apple Academic Press, CRC Press (Taylor@ Francis Group); 251- 91.

183



Physical Chemistry

R YU [ [ZRO2HfO2IiNIOC s [ &
gul [trinde] woy wm [ owu
1 0zOH GR.
wdzimIs
a3 IsJ n dzs dzts G
LE O dzO
tyshmarina@ukr.net

4
gds’ ydzd -
doe dzd ~

B dzj 3O
of

rdwml—ﬁ_Q—ﬁ

Is tc ts dazdats

d fls jZREHFO)iNi O
GOl j &' Odz' o
Cdeh dn
Cd i,
CB v 51 fw
JLrfdiyks s

LOBJ L jyj dedaw

Is ©

9 J

9" H

w ¢

feslwasd 40
sjteds dz tetsBtSisd

Ctcd o O Is!
H dzw

{1

CH

COdkzL j 2.

¢

twoé [ wl

h dg# & d ~AH s ts Ctds(LHtaks]
BO" ddztsB ZH Iz9 Odzdz" |,
I MtsB dzd 9 ©

HY J to]

skl ftsBdj 3 GO 6’ OdksL dzOo Mlse O .
L skcsf &zOo § d 7 -142S0B68% ' o |

e

jdzj ee L B j to' ¢ OsNtHT3

1 sHo ' 2 dzO ZrpiNm 10 el sB = * H dzO

& 66 d.

=0

b dzOdz' L
mMizlsdz' |,
d f
OH ' 9.
[d
[odzv
G tc
fm
.

s &3d

&-

7
2700 10

2600 —
2500 —
7400 -
’?00 1
2200 —
2100 7
2000 —
1500 —
1800
1700
1600 —
1500
1400 —
1300 —

1200 —
1170

‘"HB kO O¥Is! Mw

tow d3ts o O datiz'
fkedz' COY"’
Hisfdz' v Y j dadav =,
sBkHEZo Ols(q

sO tetsBBIsd:
odBtstelz flsddizOdz dzd
O3 M IL@aEO)MN]ifds Jjdigd Mmdztso
JoljShdydetsets Isdfkz
t)sL yddedz' mls! dzO tshdesoe
r02(HfOz)+ Ni O)

9

L dsse OF -No
t AHIP)INBO  AriGmy j S Isd o dzg

LBS ORfEOjolsjSIsdS

9

Is ©

2

= 2700
— 2600
= 2500
— 2400
— 2300
— 2200
= 2100

AN 1990/— 2000

— 1900

N = 1800

= 1700
[~ 1600
= 1500
— 1400
— 1300
— 1200
1100

1100 7
7r0,

I T T T
1020 30 40 50 60 70 80 90

NiO
N

184

s

I 2‘(20
2H00_J~

————————

L
Ni O

H dzw
Hp Az 5P teldg i)

H dzw

tctsC
Cd' ©Cd fsdzOH
OdzsHEz d3j 7 Odz' ydzd -

2300

12000

B )

NiQ

9,

o dL dzOyJ dzdg”
NJi SOfn frdiz Ofis,
fMlso tstcj dada®
O dOdsCttdmlsod y
9COL Oded 5 fd MKIYP BOB { t
tortdNd iPo Wzl dagls O odgCulit
H' OctcOdiisofsle @dzd MMd sy BE d Dok

fsBkzHlzo Olsd &BHHIPHNIO.H® OctcOd3 Mmls
M pPa s | &z O ®B BYH &
o HM BB dz. H EIKE ©a @
dzd L 1ZEOKHFO2)( < 1
"' HiMkzls dav .

Bj Is O IZjOHH@L BwBErO(HfQ2)+ F [ BdH 9
UJtGOlSIZtGCf dzOo j Hjdets tsto' ' dzlstso dats.

" O@)tc QARIOM s © XD @

O IsO¢ 1



Physical Chemistry A LdydzO R od3

tdf? wutvsNsyuurrt { sof wfwrwl v trésAuwy
1t for1o [ s¢f wd
tod dzn O, 5 .s s[oY[ Q fiz) 1yts' 2 " EsdzO dpMNAC 2
{fi2naQ :
" Hu' dzj dale’ oW " L ¢d&tes yd ¢ s Cxim{cd® dai dafpis] Is [ZAls' zd3" W
© a3, Iq’lsﬁo[dz; QO 161 uLvVEtO’ dzo[
2wz is s s o Odzy Qeets” 7 o3 " eokedzj Rm' 8 3.
opeidal@yahoacom

4 R
o U
K-

A
d
¢

ﬂzhlﬁ

s
1

6

Is

sOOd sdudzj Oj tetss dzj ¢ dfdzj dzdz? ttes Odz ydzd A
SHJjte)y Odadz? ' deded = S  Mmdzj o d3fndzq’ f sn ' Hdzd R

i sEcOds ydeds MysdkS &O M sdt
u’Jleq’SEiiq’@NOdz‘teLG@lsiZSth, V¢ 0o GdsH BB S Ml G da
Ctse s LOﬁ]IstsntzaOdzde dzO Bi lis& EHnlslzd CMdMisj di3d 6 H te
BBl HEMd HYj ds sNadpt s iNEaRE dd " estE * (1
ls B dzL sdz' dets sz € ddz QuiS te tg detyg @ QsigjistickiststsH tdscptste d
L 4 tsdjwmm)OdzOIsCBsmngS@dﬁ‘lsmﬂﬁz‘C‘(dzﬁlsq’gisﬁ 9
qdzd Ykt sdEeddldasd ydaslsls* o) LB dz hj
Vt_fts LteisfnlsG)dZdZ‘ C d f)dzts Is dzts iy ISNHPI f§ je®©f s 0 d h

s5C dMmded 8 B, d HAE" > ls2 tsNBERI o fij IRtz O dzO Is
Ld34 hIz‘lstnW ftod o9 jHJjddz WC jodzjCltetsdz
‘"o bk BjdA)sd dzj S dz yj (kOB

vOBdz. 1. | 0Odzjyde fls! M shlsike] &l MHPEREMNGE & dzf ls O dzk
Cdmdsdz MiKMpGUs o< h 2dEE dINHRY [= Sd®d1/0d
[ HEsS Mg [CH:COOH , st dz KAC, T fn
NHPI 1,02 14
4,5CI-NHPI 1,16 0,82
4-Me-NHP| 1,16 0,24
NAP| 1,16 0,23

I s Odzso dzj dets oz’ dz' 2dgz L Ocdzj ¥y dz' Mis! My sl o]yt
MnOs (k) ® * HCHAOOH,|, hs HisC OL sd3 o todddHellE Mfsts to ls[ 5 di2Oay C
MlsOH' ¥ ¢ dMmdsj dzdEMnOdls @ s & 5 tzbls® M tosd Mnf L ls s dat
o 3" Mdets’ T YHEDRMBNDHAL do ' v OEE RO o NOIH 9o 6w L CLkz

(HO)2MnO2* + NHPIs - (HO)sMnO* + PINJ .

[ € dfdzj dzdz” RN EcHtindily d3( & f KMhGuHdsM#Phls ' H S OL 5
Flse tstej dzdzv tOHdC Odz' o (¢  dajIsdS iz ¢ d mdzg dzdzw H
COLBoBw Bsdj sted ydzets) (OB dz. 2) .

sOBdz. 2. zodHCWOBYs) ®R&GEHdd dazv0(jstsd sted &z B

UT[B‘
53-
7]
N
o
=y
&
&
&

=

nHCES

OB ZEG
r—naq—. -
goas oz SR w
.3‘: <
73
Q.
Iéx

@
0 T ®

o)
&
=
&
O
N

I
o F=E

ftod iz Nt g BMNO4. [RH] = 3, 52 GhNbdB5M43tzdz' | dn
" /Lf] [NHPIIL B0 ditsdi [KMnO4L 0 sz W A1 0ejtsodA |
1 50 0 15
2 0 2,5 3,1
3 5,0 2,5 13,9
10 HOd®B] IsOBdz. 2 heodHGC' Mi! ©JjOCY' ~ o HEGMd

NHPIIs ®MnOs4, 8 3 tOLd B ' dzZ h O dz' 3y MO hodHSBMisj 2

“dz' y'rsydr HBSBOOtSE BRAZO oL VWIsO St MiPlIsOnNe " H Yy

MnOs. Aj By dO §swiddlsd dzOW e dz' flss tj OCy'
NHPI+MnO4 - PIN[  +MnQ4',

WCO 9' HBLo OSdsd fipdz] ded@L ds dff jLtc &30 dec OdzOIs sz S Z dss dzlz 4y

185


mailto:opeida_l@yahoo.com

Physical Chemistry A LdydzO R od3

IRIyryi1c swiruvrRsR [sRe1[11C Lwrt{mw {1
l 1t RrRuevul [dHUuw [TRAMETES VERSICOLOR
o trsfr L oefrrtffrvtrRYy LW srREL S LUl wy
L zfmjde € mojQAcclj. ol bwu’@dzsjjfnqetqdandethqu { [
[ sdzj y! $d2 dzOy' sdzOdz dzd?2 kdz' o jtemdlsj s o3
atsyapal@donnueduua
L LO9OWLSE L ytthisC Misr odditse mE] ) Sddsd]
B'dz hdn ®RBOMhIsOB' &9 dzOBEZO O' odCtedMmisOdzdzr o 1§ tok
[flsOdedz’ 5 uOMBd dOCtaYy' ftedH' dvrls! L dOydkz ke

zos oL d, wed?2 COsOdz' L I2° to
Bsdzjdk" teded d3 ¢ dfdzj &3. 1 OoHWEd y!
fesRdMassds fsyj Moo .

0ClskOd ddds * §wshkC jWjChkd
OkOd Isdydz | OGBK P &' Eifjds'. dzOk ¢
Mz lzdz® dz' ydzd = MkB MIStcOIs® o v4 tc
| CtWslssdsted Udscts &jstHL L k.
5§ 5 -3R@C MEBBSEOL MBkcd § 56 dddOdkd” hs ' s
HESlk & t6j OC Y Oldhry kst & §g 6§ &EY O
Uj dEsteOy’ fjodsets SCodiisd dsO fmdhls| .
JIsO twtsBtslsd: HBMdz HY jdedgw €' dzgj Isd¢d ¢ dmdad c
fdzj 5 L O bk |Hmitesverd@l6resPisr sds Ody j bt dsj Is tod ydzs
Chf jtod d3jdplssi kg o sj odsMisOlstse Odzgsdsl o] OC st
Jdesé Mk hhs BjL HemMskzikz Obdkshijtdsds
4.5, v = 308 s O Os®sMYjtodscs sdMCkE.
sfls' 2 dss ¢/ dz e jLOH QAPEBY N ik Bzl sd yded 7 S te
s L Hef SHEEE Y |0jods s SoipzeiHIstEz e & fij fdg j 1S
OLOds, hts odbttOyOdadzy SdMmdz o MMy &
d .
J
" Mls
10
c

- <

ng 0O
#OoOs 9

1 tod yts i3lz, 9 ' dzlsp tcaADdh 1 Q Sdafgiddzy o i 2
dedzv 5 S tsdzgyj desteOy® ° MEBMsteOIlskz, LB d hE
|3(Qdiz@a‘[c[ﬁ; ) . 1 sHOdz hj LB dz' hjdadgw € ts0
lsi$dg tcé;lsoggu q’ (ﬂQt;:,dd?a(?17 i)j,dw{tsucjsq’Hdzts, UdJ

] 59 n tc w < ! A 2 I

C'" daj Isq ydz o2
j dzls Olsd o dzs 6 15 sCd ;
Odz' L dOyjdadan  f
" LO ' Ldede CEZgs)

tc' o daW dzdzW-[d3j d;ls;.-(—

2 dzd n tsB J todzj dzdoﬂl
‘1 g jof @ BBdZ'ISdZO
BOdz! zlz hoduGC*® fr "] b
j &z MO &ZOCCOL dese , . . . Lo
d
J

"Noow@E o
N

O-F gras -

—’nﬁ&. = =T (,Tﬁ_n"-'
7§ &rrnoq

Is Iz .

. T o
Qe X-gn P T O g

OXONT)

%JJWUI

L)
"%mmnm%o@gy&m

9 3 H I 4 Gis Gzt [0 0 500 1000 1500 2000 2500

XOdZ 1L vw buwou
CHdshws Yo oL ' Ry, s ded kdyds CBOGBA
Lo SH | to) Odad d3q Cdfmdzs o tjOCy" 'dn
9. Kj Mmoo Hydl- sCdfMmdzj dzdz?v 4 m t' L c Mis!
d mls O dzdz" BiIsSHE w[ ym] =#[4(T)17 (C
| &34 ste’ H dzW H 1S 1. 151103) ;3[1.(4D;
ststedzd » MdMmisj ds.

GPOGEI IS FE=EIZF IO g
IFIPTO -

186



Physical Chemistry A LdydzO R od3

ftmorwyrtw I [ odvvrl Joovw of JtA1TRrRM Jrudfrlrm sl |
FesoaNb2B14RE2 (RE =Y, Gd, Th, Dy)
 Odedd{ ¢ ,f .1 82 ydh.ddz :
1o oM €2 dOY’ tsdzOdz dzd 2 bkdz 9jtemdlsyls
danuliakolena@ukr.net

b BEEY &  BjlsOdzjo’ MfdkOsd (0fu) oBdsH' b IS
o ZOMlsdothisj2, WG¢' LOdjyOk! o' H ' ndy sct jdj &j
{65 H@OGEY odMsSts’ ko jtrnshmls' O & ydkshs' .

[B0' Clsds HBMA HY jdEdHo dag bdrd Md OB dz zO 15 ) dats
' HE ' MdztsL § d3j dz' dzdRBJ FedylhBald dE@ARIEB14Y4, FeNbB14Gab,
FesoNDb2B14Th Is O gofbeB1sDy2z & d G dzW H fMiste' Yyts¢ (200 5 )Ty @lzts ©

B0 Hftse " Hdels, Bilsted BOde'sL BB kzts o3[ 15 ) dztzH ozg Hz
My zO0od odcetlstsodzidz o wdmlsdlskzls' &jlsOdsY Ld¢d
[ dzv o MisOdatso dzj dgdz? 3j -~ Odz' ydzd reNEREBB (RE Ftod fis d §
Gd, Th, Dy) odSstedMmlssozo Odzd o dL dzOyj dadzgw
f tetsB Iz o Odada® O & Ctotslse jtoH ' MiS-. Y Off lstsfigte g twai O
L dzOyOdzd Hdzw CtsdzZlsOCIsdetsets SO Ltsods hdg' s@ts B
Lzdz sOIs’ adzj s 'z flaprdifisy@o, B OYd s h s d3j » Odz yd
Ltsodzg hdz séts BNBRREY[RE fgd fiyls j ddFe Tb, Dy) o
L ded yv sl Gtz dzitfia®epdiditiis s o dtetsB dzd yls 8 @ daB B ts Wl @ =
‘¢ OBt te W dats ‘st We o st s ddsks'te W dz' fMls s YJ ted L
SdzsH Y j dedzv . ] dzOfpdz’ Hi5C W tstc 3°p10 dedavin  fipls te© dyEEW d2
tezClsiztc'  (FEMbBRREN Gtz Is! v Cdtsde ™ ¢ dzOMmisj te
s 0. [ ' yfdztsh dqdzdz' o' HHOWMEDys Gy dz’ WSS diz  doff
MzsC Oy 2 ftod odMsCdn dzOo Odzls Oy j dedev 7 dzj k2 d
¢

"OL.QQ-

IO FIHFH©® oL

o & & 13

[ § ¢ lzo Odadz" B O FesNbtBe txlzd § j @&*92 RE L B * dz! LhdgO y J dzdz™
B Ctoslsaly izhisdg®d i dz i3ts o fidg didts iz Istelf fipdsHh d2dckz Is o ts toBEdzd -
2@ tso j BF d2' dzO R sHisSOE s&7' 5 t©R dg * de! dz@l dzdfvtelis s o j toH 5l
fj tedgjHC ts ofiPfdad @ os' dadfrH]* dF@seNbB14DYs.

v OB dzfl Y€ totsls o ¢ fo i) difjdbepB.14RE, H RE =Y, Gd, Tb, Dy

H,11 O 1 jo'| (dzj Slste| L 2Misd
of v stsdzlsOC| 1 sods' | GOl Ctsdz?¥ “ ¢k RE @&/
B' C B' € RE, RE
FesaNboB14 8.73 9.44 - - -
FesoNboB14Y 2 9.91 12.48 3.65 4d'5s2 4.47
FesoNb2B14Gh 9.58 12.81 3.64 50165’ 7.90
FesoNb2B14T b 9.84 1293 3.60 41965 8.23
FesoNb2B14Dy> 10.63 13.33 3.59 4196 8.55
[ ], B Ctotslse jtoH " Mis HdzZw L Beods hdet sets BEEC
[ jekzo Odzdz? RENbBuf dz®d tiz' "Fe' 5 Cteslso j o' fMls!  H dzw
ltedie' Ml &' Ctslso j toH SHRES Sozdz®@ Bizlsh BT ) .6 % @D @ BB dz’
Hdw CdesOC kb desc s B 6389 Is@ o dzm ' 108 Ddz'sialz 8¢ © 48 56 I

187



Physical Chemistry

AL dydz0

MESOPOROUS SILICA FUNCTIONALIZED WITH METHYL RED
AS COLORIMETRIC pH SENSOR
DziazkoM. O., RoikN. V.
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03164, Ukraine
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Construction of pH sensors is widely studied for a variety of chemical, medical, and

biochemical applications. One of theost reliable approaches to create pH sensing material
with improved properties is immobilization of adidse indicator on solid support. Among

inorganic proton permeable carriers silica attracts considerable attention due to high chemical
and thermal staility, good biocompatibility and optical transparency, negligible swelling in
solvents, easy control on the structural parameters and chemical composition.

In the present work, we focused our attention on the synthesis of pH sensor based on

mesoporouamaphoussilicai silochrome G120 with chemically immobilized methyl red

(MR). On the first stage, aminopropyl silica was synthesized by the reaction between silanol
groups of silica surface and ethoxy groups edug@nopropyl)triethoxysilane. Then, grafgiof
acid-base indicator MR on aminopropyl! silica was realized under mild conditions by use of

coupling agent (1icarbonyldiimidazole).

The content of MR moieties chemically immobilized on silica support was estimated by

chemical andhermogravimetri@analysis of surface layer as well as using diffuse reflectance

UV-Vis (DRUV) spectroscopy. In the case of chemical analysis, cleavage of grafted MR from
the carrier was achieved by hydrolysis of amide bonds in aqueous medium and reaction solution

was analyze by transmittance UWis spectroscopy. The results bétmogravimetric analysis
obtained forsilica carrier with grafted MR moieties were compared with that ones for

aminopropyl silica and content of chemically immobilized dye was estimated from the
difference in weight loss. To determine the amount of chemically bonded MR by DRUV
spectroscopy, calibration curves plotted for a series of standards across a range of dye contents

deposited on aminopropyl silica near its expected amounts in synthesizedsoicasavere

used. Obtained results are represented in Table. Comparison of the MR content estimated by

chemical thermogravimetricand DRUV analysis proves good agreement of obtained results.

Table.Content of MR chemically immobilized on silica surface

Content of MR

Silica DRUV analysis, chemical analysis, thermogravimetric
mmol/g mmol/g analysis, mmol/g
1-MR-NH2-C-120 0.026 0.024 0.027
2-MR-NH>-C-120 0.020 0.020 0.022
3-MR-NH2-C-120 0.018 0.016 0.015

Chemical immobilization of MR on solidupport may cause substantial changes in

i ndi

cator 6s

protolytic
covalent bonding with surfaceéninopropyl groups. Therefore, adidse equilibria of surface
functional groups were dlied by potentiometric titration method and the ionization constants
values were estimated to confirm the ability of synthesized pH sensor material-ttaseid
response. It was found that the protonation of surfacechiRaining functionalities proceeds

at higher pH values in comparison with individual indicator dye.
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ELECTROCHEMICAL BEHAVIOR OF Fe -Fes0s4-NaOH-O2 ENERGY STORAGE
ELECTRODE SYSTEMS
Potapenko OV., Kravchenko OV., Pershina KD.
Inter-Agency of Electrochemical Energy Systems NAS of Ukraine
KravchenkoAlex@i.ua

Iron oxide mixtures are well known as promising electrode materials for secondary
batteries.Interest to such systems has been driven by incentives to develepostw
environmentally friendly and ability to recharge systehtecharge capacity of Fair battery
is formed due to possibility of the iron to realize redox reactions with oxygen in wide range of
potentials in agueous solutions.

Experiment consisted of two stagesi Ior avoid passivation of iron (rusting) and
reduce hydrogen evolution at the elece@tirface during charging timrking electrode was
prepared fronpowdered materials containing metallic iron or iron oxid% of a mixture
of Fe and Fes; 10% 1 acetylene soot and 20 i Polytetrafluoroethylene); 2
electrochemical behavior of Fex0swas studiedising cyclic voltammetryCVA) in alkaline
media. Measurements were taken in open ate8trode cell: counter electrode (oxidized
graphite), working electrode (He&=04) and reference electrode (Ag/AgCl).

i, mA/cm’
60 - E, V (vs. CI/AgClI)
40 0,01
204 -0,2 4
-0,4-
0 u
-0,6 [
-20 |
-0,8-
4071 -1,01 \ H
-60+ 1,24
14 12 10 08 06 04 02 00 00 05 10 15 20 25 30 35
E, V (vs. CI/AgCI) t,h
Fig. 1. CVA of the FeFes04 electrode Fig. 2. Chargedischarge curves of the e
(g = 1 m%/, s 5M NaCFeOsel ectr ode ?BWMNaOH):

The CVA study determined range of the potential window of theaipgystem, it be
E=-1.28 V (Fig. 1) It is slightly lower than that of the irdonickel oxide cell of 1.41 V, but air
breathing electrode can increase the energy density due the realization of five redox reactions
with participation of ironcontent compoundsalysis of the standard potentials of electrode
reactions in aqueous solutions show that the charge / discharge process depends on the redox
transformations of the pair #8€* * (E =-0.44 V via SHE) and Fe(OHWF€& (E=-0.88 V via
SHE) and on the coeatration of dissolved oxygen and carbon dioxide (Fig. 1.2).Dissolved
carbon dioxide promotes the formation of FeC®hich is reduced to Eeat E=-0.756V
(SHE). The obtained specific capacitance ofHegO, electrode was 8A00mAh/g. The
observed ina@asing of resistance and a decreasing of specific capacity during cycling is
connected with two main factors:i lwith decreasing of the oxygen concentrationi; \&ith
increasing of the amount of carbonates, which blocking the surface of the electrode.
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STRUCTURED HIERARCHICAL ZEOLITES OVERGROWN ON EXPANDED
OBSIDIAN OR PERLITE
Kurmach M.M., Konysheva KM., Yaremov PS,, Shvets OV.
L.V. Pisarzhevsky Institute of Physical Chemistry of the NAS of Ukraine, 31 Prosp. Nauky,
03028 Kyiv, Ukraine
mazinator3710@ukr.net

Hierarchical zeolites are materials in which orderly combined two or more types of pore
systems, for example zeolitic migrores and transport mesopores. The latter facilitate the
transport of molecules to active centers and reduce diffusion limitations, what allow to expect
high activity of such materials in differentaddda s e and redox process in
diameer more than 1 nm) molecules. At the same time, these materials are quite expensive for
use in industry. Synthesis of hierarchical zeolites overgrown on obsidian or perlite could
significantly reduce the value of such materials.

Structured hierarchical zk®s overgrown on expanded obsidian or perlite were
obtained using Gemistype surfactants as structure directing agents (SDA) and this
aluminosilicates as unigue Al source. Si/Al ratio change was achieved by preliminary acid
treatment of starting perlitand obsidian. Structured hierarchical zeolites with MTW, MFI,

MOR or BEA topology (as pure phases) were obtained varying of hydrothermal treatment time,
SDA structure, and Si/Al ratio. Obtained materials consist of amorphous aluminosilicate
(perlite or olsidian) phase on the surface of which zeolite nanosheetd 0frizn thickness are
overgrown. Values of external surface were quite high and achievedh?20g while
mesopore vol ume v ar3'gdwas establishedghat déyrediliie@r. 6 ¢ m
obsidian transformation into zeolite was increased with prolongation of time hydrothermal
treatment and decrease of Al content in dealuminated obsidian and perlite.

All synthesized zeolites contai ns(iAB), str uc
which concentration varied in rangei200 0  ¢'rh €bnéegtration of BAS and LAS
significantly depended on amount of amorphous phase in obtained structured hierarchical
zeolites. Such materials will be tested as catalyst for differentasiel pocess.

2507 ¢, mmolefy
Brnsted acid sites
200+ 7

1504
100+

50+

MTW  MFI
2501 Lewis acid sites
2001 l772 150t
1501 250"
R 3504 &
1001 |==450'u ?\

Fig. TEM-image (A) of sample BEAbsidian, concentration (B) of adsorbed pyridine on
Lewis and BrRBnsted acid sites of obt
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STABILITY OF NANOPOROUS SILVER FOAMS IN ELECTROCATALYTIC
DEHALOGENATION OF ORGANIC HALIDES
Mishura A.M.%, Lytvynenko AS?, Gavrilenko K. &, Kolotilov S.V.!

L. V. Pisarzhevskii Institute of Physical Chemistry of the National Academy of Sciences of
Ukraine, Nauky av., Kyiv, 03028, Ukraine

2ChemBioCenter, National Taras Schevchenko University of Kyiv, Chervonotkatska str., 61,

Kyiv, 02094, Ukraine
anton.s.lytvynenko@gmail.com

Nanoporous metal foams (NMFs) are relatively new class of nanoscale materials which
consist of metals nanoparticles filaments interconnected in such way that they form 3D
structure. Such materials can be promising for creation of novel supercapacitors, heat sinks,
catalysts, electrocatalystgc. It was previously shown by us that Ag NMF fabricated by
cathodic electrdeposition of Ag under high current density from acidic agueous solutions
manifested enhanced electrocatalytic activity in reactions of organic halides electroreduction
compared to smooth Ag. However, for practical application of Ag NMF, their stalnlityel
course of electrochemical processes should be evaluated.

The aim of this work was to estimate stability of Ag NMF sample in the course of
electrochemical reduction of organic halides by the means of cyclic voltammetry (CV) and to
compare the stabilitin the reactions of reduction of different organic halides.

The Ag NMF samples were deposited from AgBMFHBF: aqueous solution onto glassy
carbon disk electrode. The resulted coatings were tested by CV in electrochemical reduction of
a set of organic halides, includingotomao4-fluorobenzene (FPhBr), GEHCIBr and CEBr»
(mediumi 0.1 (GHo)4sNBFs in DMF). The paentials of cathodic peaks which could be
attributed to the organic halides reductive dehalogenation were less negative on Ag NMF
compared to smooth Ag which could indicate higher electrocatalytic activity of the former that
could be explained by existengkactive sites on the surface of Ag NMF. Series of consequent
CV scans were performed for each halide in two regimes: 1) the scanning was stopped after
each scan and the solution was thoroughly stirred; 2) the scanning was performed mostly
without interuption and was stopped and the solution was stirred only before selected scans.
CVs of consequent scans of all studied halides were highly reproducible within regime 1 which
could indicate their stability in such regime. The scanning in regime 2 led éositge
(recovered after stirring) current decay of FPhBr (Fig.) aneB&FReduction peaks (which
could be explained by exhausting of the halides within the NMF pores) and to irreversible
cathodic shift (Fig.) in the case of &FHCIBr. Such irreversibilit could be explained by the
NMF active sites degradat i @omplekesewithtCECHCb r mat i
(CRCHCIBr reduction product).
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Fig. CVs of FPhBr (5.3 mM, left) and @EHCIBr (5.5 mM, right) on Ag NMF
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