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HIGH-TEMPERATURE ELECTROCHEMICAL SYNTHESIS OF CHROMIUM DISILICIDE
FROM MELTED SALTS

Marine Khutsishvili, Sergo Gasviani, Lia Abazadze, Nino Maisuradze, Tsisana Gabisonia
Rafael Agladze Institute of Inorganic Chemistry and Electrochemistry
of Ivane Javakhishvili Thilisi State University

SUMMARY

Parameters of electrochemical reduction of Cr and Si from background melts NaCl — Na;AlFs— Na,CrO4 —
K,SiFs at 850°C have been studied. Conditions high-temperature electrochemical synthesis of chromium
disilicide as well as general parameters of electrolysis are established on the basis of kinetical studies,
composition of target product — CrSi,.

BBICOKOTEMITEPATYPHBIN DJEKTPOXUMHUYECKUN CUHTE3 JJUCUJIUIIUIA XPOMA
W3 PACILIABJIEHHBIX COJIEA

M.UI. Xyrummeuiy, C.I'.I'aceuanu, JI.M.Aba3anze, H.I'.Maucypanze, 11./].I'abuconus

Hncmumym neopeanuveckoul xumuu u snekmpoxumuu um. P.U. Aenaosze
Tounucckuii 2ocyoapcmeennviil ynugepcumema um. M. [icasaxuwigunu

PE3IOME

WzyueHbl mapameTpbl 3IIEKTPOXHUMUYESCKOTO BOCCTAHOBIICHHS XpOMa M KpeMHHUsI W3 (DOHOBOTO pacruiaBa
NaCl — Na3AlF¢ — Na,CrO4 — K,SiFg npu Temnepatype 850°C. Ha ocHOBE KMHETHYECKHMX HCCIIEIOBAHMIA
YCTAHOBJIEHBI YCIIOBHUS BBICOKOTEMIIEPATYPHOTO DJIEKTPOXMMHUYECKOr0 CHHTE3a JWCHIMIUAA Xpoma, a
TaK)Ke OCHOBHBIC TTapaMeTphl 31ekTponu3a. CocTaB Moay4eHHOro KoHeuHoro nponykra — CrSi,.
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sbogo  dommmaon®se  sJBonco  g®egdabBol  ©sdsBgdol s dgmey dbGog  ImBgbogdse  domeamgon@se
sdBomdo  bogmog@gdadol  Lgmool  Bgddbols  LaBmemgdsl.  Lobogbo  asbbmeogmes  4-3oemmdlo yndstobols
3060736L330000  Jobergmobmsb (Is) s 0berJobergmobosh (18), semmgdopse gsdmygbgdamo ofbs gs6omobo (Ils) s
3qbbamegdoo (I18).  Ggsdios Bedogdmes 55—600(:—‘]53. 39939698 gM0l gobGEs 360336gmmgbse oM (33008
30bmdc030  3GmE7dBgdol  gedmbsgseml. domgdnmo  bogmogdgdgdo  3-(4-3oeim o 3ndstrom) -5-Jobergmogn-47-
dotrJlo-37-3goe Jioggbordgmabo (IID); 3-(4-3opctmJlogndstrom ) -5’-0bem Jobermoam-47-3opmm Jo-37-
dgoemJboggbogn-dgmabo av); 3-(4-30p6cm Jlo 373s6000) -5~ Jobergmogmagbogn-dgmobo V), 3-(4-
docrnJlozndstrom)-5’-0bem Jobmmom-dgomJloggbomdgmabo  (VI)  dpatemos, s  bodmemgdsl  odemgzs
Bsdotrgl dsmo Bglgomgds dommmgan@ sddogzmdgdby.

R

CH—R,
Oﬁ e
+ Ry- + Ry —» |
\
X

I-VI
Ri— IIs — gsbogmobo; IId — 3qbbsmmgdown
Ry— Is — Jobogmobo; Id — obmgobemenabo
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9Jb39603968 o BsFomo
6s93L, Gmdgemog dgo3e3l 0.00025 deagm 4—30;35)(*):]1506‘3&5)0615, 0,000253MQ (Is o6 I3)-b oo 0,0004

o semeadoel (IIs o6 118)-b 9ds@Bgdgb 3 3w gobyeomzgsb d3seBgo30L @ 9396 600C—‘B3 15 Vbo-ol
336d53emmdsdo. Mgedi00b 3OmEndl nds@gdgb 10%-0s6 NaOH pH-7-3r0q, gsdmogmaarn baggdl gom@®sgab,
936396 383mbromo Fymom. dopgdnm 3GmEnddl slngmseggdgb geesiGol@smadon dgmsbmmowss. (VI) —ob
badrgadioem  batgzols 10%-0s60 NaOH-om  s398s3900b  Bgdmgy  bsgmgdo o6 asdmogmezs s 3Gm@yddob
9JbBOs 308 Brgds wogmools gmg®ao. Lo (1IT) 138—1400C; (Iv) 198—2000C; (V) 132-134°C; (VD) 330-
332°C. 0. L3gdgmo (III) 477; 678; 763; 1126; 1187; 1373; 1457; 1612; 1666; w3l (IV) 477; 678; 763; 1126;
1187; 1373; 1457; 1612; 1666; 3! (V) 477; 763; 1187; 1303; 1373; 1457; 1612; 1666 sm’” (VD) 477;763; 1187;
1303; 1373; 1457; 1612; 1666 3! -
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SYNTHESIS OF 4-HYDROXYCOUMARINE NITROGEN-CONTAINING HETEROCYCLIC DERIVATIVES
Nana Chaganava, Mzia Tsitsagi, Miranda Khachidze, Mariam Chkhaidze, Manana Buzariashvili
Petre Melikishvili Institute of Physical and Organic Chemistry of Ivane Javakhishvili Tbilisi State Universtity

SUMMARY
Coumarin and its derivatives represent one of the most active classes of compounds possessing a wide spectrum of biological
activity. Many of these compounds have proved to be active as antitumor, antibacterial, antifungal, anticoagulant and anti-
inflammatory. One of the 4-hydroxycoumarin derivatives were synthesized in our laboratory by using three component
reaction revealed anticoagulative effect without any pronounced changes of liver morphological picture and functional
parameters. Four new compounds were synthesized by using a three component reaction with 4-hydroxicoumarine, vaniline,
benzaldehyde and quinoline , isoquinoline in acetic acid. All received compounds are stable for biological activity testing.

CHUHTE3 A30TCOJAEPXKXALINX T'ETEPOIHUKINYECKHUX IMTPOU3BO/JHBIX 4-THNIPOKCUKYMAPUHA
H.T.Yaranasa. M.B.Ilunaru, M.M.Xaunnze, M.111.Yxaunze, M.C.By3apuamBuiu
Hucmumym gusuueckoii u opeanuueckou xumuu um. IT.T. Menuxuweunu
Tounucckozeo eocydapcmeennozo ynugepcumema um. Me. [oicasaxuweunu

PE3IOME

KyMapuH u ero mpou3BOIHBIC SBJISIOTCS OAHUM U3 Hauboyiee aKTUBHBIX KJIACCOB COEOUHEHMH C IIMPOKHUM CIEKTPOM
OMOTIOrNYecKoil aKTMBHOCTH. MHOrME M3 3THX COEAMHEHUH MNpOSBIAIOT aHTHOAKTEpUAIbHYIO, aHTUGYHTULHIHYIO,
AQHTUKOAryJSIHTHYIO, INPOTHBOBOCIIONMUTENbHYIO M aAHTUKAHLEPOI€HHYIO akTUBHOCTb. OAuMH U3 NPOU3BOAHBIX 4-
TMAPOKCUKYMapHHa, CHHTE3UPOBaHHBIN B HalleH 1a00paToOpuy, C HCHOJIb30BAHUEM TPEXKOMIIOHEHTHON PEAaKIMU, MPOSIBUI
AQHTHKOATYJSIHTHBIHA ekt 6e3 ABHOrO0 M3MEHEHUs MOP(HOIOrHIecKOl KapTUHBI IEYeHH | ()yHKIIMOHAJIBHBIX apaMeTpoB.
BbuM  CHHTE3MpOBaHBI YETHIPE HOBBIX COCIUHEHHUS C HUCIONb30BAHUEM TPEXKOMIIOHEHTHOM peakuun ¢ 4-
TMAPOKCUKYMAapUHOM, BAHWINHOM, OCH3aJIbAETUIOM, XUHOJIMHOM, U30XHHOJIMHOM B YKCYCHOW Kuciore. CUHTE€3UpOBaHHbIE
COEIMHEHUS SBJISIOTCS CTAOMIIBHBIMU /151 OMOJIOIHYECKOr0 TECTUPOBAHMS.
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SYNTHESIS OF 1H-PIRROLO|3,2-h|PHTALAZINE-6,9-DION

L.Jinikashvili, K.Sarajishvili, R.Devdariani, M.Burjanadze, V.Tsitsishvili
LJavakhishvili Thilisi State University, Petre Melikishvili Institute of Physical and Organic Chemistry

Hydrazone was obtained by dinitration of 5-aminophtalaze-1,4-dion hydrochloride obtained by chemical action
on 5-nitrophtalaze-1,4-dion and by reducing of excreted diazonium salt. 1H-pirrolo[3,2-h]phtalazine-6,9-dion
was obtained by cyclization of the latter compound.

In the past decades, the synthesis of heterocyclic compounds was a subject of great interest, due to their wide
applicability. Heterocyclic compounds occur very widely in nature and are essential to life. Among a large variety
of heterocyclic compounds, heterocycles containing the phtalazine moiety are of interest due to their
pharmacological and biological activities[1-3].

Some compounds of phtalhidrazines are used as therapeutic agents in therapy[4-6].1-(2-aminoethylamino)-4-
(p-chloranilin)phtalazine shows antimalarial activity against avian malaria type [7]. 2-phenil-4-oxsophtalazones
showed high tuberculostatic activity against Mucobacterium tuberculosis [8,9]. Many phtalhydrazones are
characterized by hypotension ability [10]. Hydrazinphtalazines have effect upon central nervous system showing
hypophysis effect, they have adrenolytic properties as well and regulate blood pressure.

Phtalhidrazines are 1,4-diketo derivatives of tetrahydrophtalazines. Phtalhydrazines exist mainly in the form
of dions. Phtalhidrazines are obtained generally by way of condensation of phthalic acid with hydrazine. Phthalic
acids, their ethers, anhydrides and amides react with hydrazines giving Phtalhidrazines. By reaction between
aminophtalazones and nitric acid respective Phtalhidrazines are obtained. Phtalhidrazines are inert against
electrophylic substitution. Our objective was obt aining 1H-pirrolo[3,2-h]Phtalazine-6,9-dion according to the
following scheme:

7 Q 0
Il
- - P
HN HN NaNO,/HCIHN
ok " — 1 1O
NN HN\” ™~ N C
o N o N o N
1 2 3
0 0
| I
CH5COCH(CH;)COOC,H; HN N~
3 3 2815 | Q #nCl, ‘ Q
0 NH-N=c< ° o ‘
COOC,Hs HN
4 5

Hydrazone of ethyl ether of piruvic acid 5-phtalazil-1,4-dion(4) was obtained by dinitration of 5-
aminophtalaze-1,4-dion hydrochloride (2) obtained by chemical action of SnCl, on 5-nitrophtalaze-1,4-dion (1)
and by reducing of excreted diazonium salt (3). 1H-pirrolo[3,2-h]phtalazine-6,9-dion(5) was obtained by
cyclization of the latter compound.

Composition and structure of synthesized compounds is determined by element analysis and physical
methods of investigation.

Experimental

S-nitrophtalaz-1,4-dion (1). 96,5 g of 3-nitrophtalic anhydride was diluted with 400 ml of glacial acetic acid.
The mixture was cooled to 70°C and 26g of hydrazine hydrate (70%) was carefully added upon stirring. The
reaction lasted for 30 minutes under boiling. Precipitate was diluted by NaOH (5%). After adding of acetic acid 5-
nitrophtalaze-1,4-dion was obtained 75g (84%). Melting point 314-315°C; "H-NMR(CCly) & 7.90 (1H, gg, *17.7,
*J1.4),7.97 (1H, 17.7), 8.24 (1H g.g,°1 7.7, *I 1.4), 11.37 (2H, NH).

S-aminophtalaze-1,4-dion(2). 10.0g of 5-nitrophtalaze-1,4-dion was dissolved in 100 ml of NaOH (5%) and
heated up to 50°C. 45g of SnCl, dissolved in 225 ml of HCI was carefully added to the mixture during 15
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minutes. 40 minutes later the mixture was cooled to 0°C. Crystals of 5-aminophtalaze-1,4-dion hydrochloride was

filtrated, washed by water, diluted in ammonia (10%) and filtrated once again. After acidifying with acetic acid
6,5 g amine was obtained. Yield was 95%. Melting point 332-333°C (with destruction). IR (nujol) cm™: 3300cm’
' "TH-NMR(CCly) 86.3 (2H, NH+H,Ounso), 6.83 (1H, gg, *J8.2, *J1.0,CsHs), 6.99 (1H, gg, *J7.6,*11.0,C¢Hs), 7.08
(2H, NH,), 7.35 (1H, gg, *J8.2, °17.6, CcHs).

Hydrazone of ethyl ether of piruvic acid 5-phtalazil-1,4-dion (4). 50ml of HCI (18%) was added to 6,1g
(0,033mol) of 5-aminoftalaze-1,4-dion hydrochloride, cooled to 0°C and then 5 g NaNO; diluted in 35 ml of water
was added. The temperature during reaction was 0-3°C. Synthesis lasted for 1h. The obtained salt of diazonium
was cooled to -10°C and then 7,0g (0,05mol) 2-methylacetoacetic acid ethyl ether diluted in propanol-2 (25ml)
was added. pH of the mixture was reduced to 6 by sodium acetate and left to stand for 3 hours at 0°C. Hydrazone
was extracted with chloroform. Solvent was removed in rotar?/ evaporator. 5,9¢g (75%) of technical hydrazone was
obtained. Melting point 220-225°C. IR (nujol) cm™: 3432c¢m™, 3162cm™, 1658cm™. 'H-NMR(CCly) 8.24 (1H g.g,
’17.7,%1 1.4), 1.24(J 7.1CH,CH3), 11.37 (2H, NH).

1H-pirolo [3,2-h]phtalazine-6,9-dion(5). 11g of ZnCl, was added to 2g of hydrazone (4) and heated up to
190°C during 15 minutes. After cooling, the mixture was transferred to porcelain mortar, 40 ml of water was
added and after homogenization the product was extracted with ethyl acetate. Mixture was dried with sodium
sulfate, then filtrated and the solvent was removed in rotary evaporator. 0,56g(40%) of white, crystal compound
was obtained.

The IR measurements were carried out with a Thermo Nicolet AVATOR model 370 FT-IR.

The NMR spectra were recorded on a Varian Mercury-300VX spectrometer (‘'H-NMR at 300 MHz), using
CCl; as the solvent.
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1H-306(M<RM][3,2-h] BB SR >H06-6,9-R0M60L LOMIBO
063s xobogsdzommo, Jgmg3s6 Lotrsyndgzamo, Brlnesd ©)3s60s60, 336sbs dMnsbsdy, gmseadg@ (30309300
03.%338b0d30em0l mdoemolbols bsbgemdfogem nbogg@bod ol
3999 dgerafodzommols gobogaco s mEgsbageo Jodool oblol o
@J3b5033I
S5-6ogOmgdsmsb-1,4-combols Jmmeodgdon domgdme  5-s806mgdsmsb-1,4-ombols Jo®m Jmemdorol osbergomgdon
s asdmgmaggomo  osbmbondols  dstroemals  smEagboo  domgdme  ofbs  JoEebmbo.  3865L36gmols  (303emabsz00m
domgdageos Bqbsdsdolo 1H-3o6meme[3,2-h]gEsmsb06-6,9-pocmbo

CHUHTE3 1H-IIUPPOJIO[3,2-h|PTAJTA3ZUH-6,9-TUOHA
N. JxunukamBuny, K.Capamxumsuny, P./lesnapuanu, M.Bypmxananze, B.Iurumsuau
Hucmumym ¢usuueckoii u opeanuneckou xumuu um. I1. Menuxuweunu
Tounuccxkoeo I'ocyoapcmeennozo Yuusepcumema um. U [ocasaxuweunu
PE3IOME

XnopupoBaHueM S-HuTpodTanasz-1,4-11MoHa MOIydeH TUIPOXJIOpHI S-amuHO(Tana3-1,4-muoH. Jlua3zoTHpoBaHHEM
XJIOPIPOU3BOJHOIO M BOCCTAaHOBJIEHHMEM COJM IUA30HUS BBIIENEH THapa3oH. Llukiauszanmeil mocienHero moiydeH
cootBercTByrommil 1H-muposno[3,2-h]dranazun-6,9-auoH.
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bgemgnmos, sdoBmdsi degmbyg 360B3bgemmgsbos sbgmo bgomgmmols s@mdmBgbs s asdmygbads.

Rs3mbmoegdo gsMome g3sdmoggbgds bbgsmslibgs 3M93s6s@0ls Fe®dmgdsBo. mgolsmzgols dmmbmgbdo
3(4)33.56.5(536'30 '833.)30;:) od@ogﬁ) 6.53(4)0)0).5 0;335(550(308063601)0;330 b daomgg 6‘58 dogﬁ){)b‘a@oo, oaoéma
somadgmo  begds  33ma30Lsl dsmaemo  Fbgz0l Loobymo  JOmdsBmadsgols (86‘1}(-]) s SBmIn>-
ogghmﬁ)beoggm 1)33{](55(4)0033(556001) 6‘58(')83636‘5'

bsobgg@gbems dm330l bsgmazols asdmygabgds Lbgs (30696998086  3m3dabs(30880 s6g300L  Lsfobssmdegam
3619356589001 Fs®3mqdsBo. dmzzo - Vaccinium mirtilus L 396350 (36mdoemos  Fbmgmomdo, Gmame(;
FbJs0mbsgra@o  3Gmwgddo, bEHomJlowsbBgdol Fgsm, dsbdo  ggbmm o bsgPmgdols 360336gmmazsbo
GomEgbmdom,  3Mszsmagmzsbo  sbBm(30s6780L [1-5], 3089306980,  BobgPsemadols,  mxEgsbsls,
Jmeoermgabols dgs30l s ©.9. [6-8] dmsemo 3gd(339medols gsdm.

bsJstroggememdo  dmzzo  dotomsse  3mosh  bmbsdos s 3 dotromseo  Lsbgmdomss  Fs®rdmwagbogma.
dombgosgse 0dobs, Gm3 dmzo bammba® dgmogobsdo  qblmzsto  ©OMoEE gistommess  (36mdogmo  dobo
Mbogsemn@o  Lsdzn@bsmem  mgoligdgdol  asdm, LsdstoggmmBo  3s3639madnmo  gm®dgdo  dsmsemo  §bg30ls
homl‘raﬁm dﬁ)mao(fbmaﬁ)ocgoﬁ)a&)m 360{1(506‘35:"553 'Ba‘ah%’&[}@agwoo.

J32g30b JoBsbl Gordmaagbes ga3gbiisgmes @sbsgmgm Lsgstogymmdo 3o3hEamadame  amgmee
3%&6;30 3(*)(3301) Vaccinium mirtilus L 5o8mc301) (336(')5:"360 6.53(4)0)36015 (‘56(55(*)(3006360, %QQBMSMQ{]&),
3989906900, g0 b m3086900, tgaﬁmc\ndoﬁbmﬁaﬂoziabo) GsmEgbmdtogo  ©  ®m30bmdMogo (HPLC
330)(');300)) 39933933,  sa39ea0bs  dommmgon@se  sfBogdo  bsgPmgdols  asEsdndsggéols  Bgdrogmdo
(335 g88@Mbs;  sa3ganbs dmi30l Bsgmazdo € 3060l F9d(339emmds @ dolio (335 gdsEMbs  gssdndsgadols
©O™L.

3330 60393gdob  smads  brgdmes  Lsdmdbdstgdemm  Lodfogol  g8e398%y. Fgbsdedolse  ds3q
3@&336%3 ama%oQQo adkéﬁojéabo ©s ﬁo@oﬁQa %maoaﬁ)mo (336”)5:"360 603(4)0)015 m30hm6t4)030 ©5
GemEgbmdMogo  33mgzqato  L3gd@Gsmado s AFL] dgomegdom, bomeme  G30bols  sbsmobo  sBmdn-
slmMdz0mo  dgnmoon.
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Jmeoeby asmssbastodgdon (528 69). Fgeqag0 dmzgdnmos (3bMogdo 1, 2 ©5 3.

SbBm(3086980L, Gemogmbmo®o amozmboegdols s Bgbmem 38®dmbgsggdols mzolmdmogo gs6lsbmg@s
- 3.>Q.>Qm %'533015 homl‘raﬁm dﬁ)maaémaﬁo%(ﬁ)aboh 830)(*);300): dﬁmaoémaﬁmgo - Waters (USA), Waters
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PHENOLIC COMPOUNDS IN BLUEBERRY FRUIT
Malvina Tatvidze, Varden Khvedelidze, Indira Djaparidze*, Elene Qamadadze*, Aleko Kalandia*
The Akaki Tsereteli Kutaisi State University
*The Shota Rustaveli State University (Batumi)

SUMMARY
The qualitative and quantitative composition of anthocyanins, flavonoids glycosides and phenol carbonic
acid in the fruit blueberry Vaccinium mirtilus L, growing in the western regions of Georgia, has been studied
by liquid chromatography and atomic absorption spectroscopy. Composition of phenolic substances after
drying and processing of fruits was established also.

®EHOJIBHBIE COEJJUHEHMUSI B IIVIOJAX YEPHUKU
M.TarBumze, B.XBenenunze, U.xxanapunze*, D.Kamananze*, A.Kamanaus*
Kymauccxuii 2cocyoapcmeennwiii ynusepcumem um. Ax. Llepemenu
* l'ocyoapcmeennviii ynueepcumem Llloma Pycmasenu (bamymu)

PE3IOME
W3yyeH KONMWYECTBEHHBIM W KAa4eCTBEHHBIH COCTAB aHTOINMAHOB, (DIaBAaHOMIHBIX TIIMKO3HUIOB M (eHon-
KapOOHOBBIX KHCIIOT B TUIOJaX YepHUKU Vaccinium mirtilus L, pacmpocTpaHeHHO# B 3amaJHBIX peruoHax
I'py3un. [nsg ucciaenoBaHW NPUMEHSUIMCh METOMIbI  KHIKOCTHOH XpoMmaTorpaguu W aTOMHO-
a0COpOIMOHHON CHEKTPOCKOIHUU. Y CTAHOBIICH TaK)Ke KOJMYECTBEHHBIN COCTaB YKa3aHHBIX BEHIECTB MOCIE
CYIIKH U 00pabOTKHU TUIOJIOB.
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5.)1‘).1—%3 8(*)@).)60;:)0 614)0(3063600\).56 Robl, emd (5538336.5(55'3601) 6.)%6;300) (25-400C cgoﬁ)ag:)ab'ao)
dogndmmo  3eb3gbB @300l 3s63s693-3dmbomdol  bnmasBol Blbstgdol pH  wsbsfgolBo %96 dz06go
o%ﬁ)gga&), Bmmm @333360@"3601} '838;360030 6&%6;300) (>40 OC) '831}.5336&3.);3 aeaao. 66&(30&360;3&6 .)1)333
Bsbls, M3 dsbasbdols ombgdol 3mb(33bBMs00l asbwom blbstol  pH d306egds. dsbasbyd-sdmbodals
bamagsdol  blbscgddo pH-ob  slbgmo  (33momgds  $)93396s@nmoleash  ©sdmowgdnmadon  dogmomgdls

BLbsedo .5(4)1)36'3;:) ﬁ)m'ag:) 9(*)6.515900(4)'3@ 36)(*)(331}36%3, ﬁ)mama&)o '8306;:)36.5 %'014)3(')3.553606000) '833;3360
Lsboo:

MnSO, <> Mn*" + SO~ (1)
(NH4),SO4 <> 2NH," + SO, Q)
H,0 <~ H' + OH Koyc=1-10" (3)
SO, + H < HSO, 4)
Mn*" + H,0 <> MnOH" + H" (5)
NH,” + H,0 < NH; - HbO(NH,OH)+ H", K5 =5,55-10" (6)
Mn*" +2 OH < Mn(OH),. L. 6536.(25°C) = 2:10°1 (7)
Mn(OH ), + 2 NH;" <> Mn*" + 2 NH,OH (8)
MnOH ™+ NH," < NH,OH + Mn* 9)
NH; + H,O < NH," +OH Kas=1,8 107 (10)
NH;+H' <> NH," Kys= 1,76- 10° (11)

'83;3.)(4)3600) ggobog:) @33336&@"363&%3 (25-400C) hﬂ@cgo@)—om&ﬂs 3.5;3.5;:)0 JMSGOG@ﬁ)oGOOB 306(0636’80
'831}.56;:)363;:)0& 33—(4) 63.5(-](3001} 9(')601)9(')(4)0)6015 6.5;3.5]5(4).5 306}@3603 om5‘3t4m 9330;:)01} — HSO,
Voﬁamdai;om. &3 3(*)1).5%(4)36.51) .533.56361} ol tBQd(ibo, 6md %‘mﬁoh%‘mﬁﬂmo 63.}{]60.5 4) V¢68m¢§3636h
6”60‘4’68‘3‘53‘51’ Qohmeoooooh 33(*)(4)3 hocgal‘raﬁmh '3366'3536'3@ ﬁ)aodeooh (HSO4_ o H + SO42_), ﬁ)mag:mh
olmosools  3mbldsbds  Feamos 0.01 [107; 9:0. blbsc3o HSO, 0mbgdol  sObgdmds  dsmagmos.
'831}.56.5301).5;3, om5‘g]t4m 9330;:)015 — HSO4 -0l %’oﬁ)amja[;oh 603(*) 014);33830 (3) (4)3¢d(30015 %’mﬁoh%’mﬁ)mbo ©
OH -0l 1503‘514)63 606&305)(*)6361} pH-oh 6.)%6;301}. @33336&@"36015 '333;360080 amao(fbabom 0‘1’)6;33&5
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356396930 s 33mbodol  0mbgdol  JoEmemobols  Ggediogdol  LoRJsegado (5 © 6) © ‘9439
Fo63mJdboemo H 0mbgdol  Logsédol gsdm  Blbstols pH 3z06wqds.

g39ems 9L sgemom 35695693-3dmbo+dols bgemagsdndols blbs¢r53 o ds6a,5630ls ombgdols
deoaS@ﬁoooah 36 blbserols (533336&(55"3601) 60%6Qom YO0 3{](*)6;3& 3&66a6‘38015 30;360(59’&6300536015
pH-ol '833(30636.515. 3(4)0)—3(4)0)0 .51530)0 3(*)(5535(306)33(55(4)'3@0 @0@6&0001} aﬁ‘aQabo 7OOC-C68 3(*)(333"3;:)0.5
50]5.5%%3 2, Bmg‘f\nm 1)]530;3&1)]53& (5538336o(55‘36o%3 8‘566‘)6'2]3015 30Q60®$068m586015 pH-ob 350'8358me360
Foedmagboemos (30 o 1.

H
. 7.3 4 1

6.5 1

0 2 4 6 8 10 12 14 16 18 20 22

V, 3go NH, (15%)

6ob. 2. 3.556.55‘33—.530060'3801) h‘agwcgo(fbaboh 1‘)1}&563&01} pH-ol (33;:)0;:)3&5
oaoodoh VsoQ)BBSoﬁom (550(55608001) 30(4)00636'80 700C—C68:
1 - 15 /oo Mn® +100 g/e0 (NH.),SOs 2 — 30 /oo Mn®™ + 100 a/em (NH,)SO;
3 — 45 a/em Mn* +100 /e (NH,),SO,

(315(4). 1. 305605'33—.530050'3301) h‘ag:)cBo@ols ]51)5.5(4)36'80 305606'3301) 30;360(55%'0630){]35015 pH-ob 350'3353me360
@33336&@"3601} 25-70°C cgoﬁ)agwab'ao

Ne 3563569301 JoGs oGm0l pH
1‘)1}60601} 'BOQBSSOQ(‘O&)

25°C 40°C 70°C

1 15a/a0 Mn* + 30 a/a0  (NH,),S0,4 777 735 7.1
15p/a0 Mn*" + 50 g/en  (NH4),SO, 7.8 74 7.15

15p/a0 Mn* + 70 /a0 (NH,),S0;4 7.83 7.35 72

15p/a0 Mn®"+ 100 a/q0 (NH,),SO, 7.85 74 725

2 30p/a0 Mn™ + 30 p/a0  (NH,),SO4 7.65 725 6.88
30g/q0 Mn®*"+ 50 a/@»  (NH,),SO, 7.6 73 6.92

30g/q0 Mn®>"+ 70 a/a»  (NH,),SO, 7.65 7.3 6.85

30p/c0 Mn>"+ 100 a/ao (NH,),SO, 7.65 73 692

3 45a/a0 Mn* + 30 g/en  (NH4),SO, 755 7.15 6.73
45a/e0 Mn™"+ 50p/a»  (NH,),SO, 7.5 7.1 6.74

45a/a0 Mn*"+ 70p/@»  (NH,),SO, 7.5 7.05 6.76

455/a Mn”> +100 o/a (NH,),SO, 745 6.95 6.75

ab6. 1-0L 3065399900036 Rsbl,  33b3s63-3dmbomdols  LymggsBol  Blbsegddo  3sbgsbdols
oo dlowgdol  Go®dmdbols pH bowowy ©sdmjoeqdnmos 3s635630b  0mbgdols  3mb(3968Gs305by s
bogmads  sdmbomdols  Lmggsol  3eb3abBMsosty;, GG @t dspsmos  3sbgsbndol  ocmbgdols
30390808,  dom R @sdsgos  dsbasbndols  dodmdloegdol  Fo@mdmdbol  pH  Lowpowg. gl
9JU39603968) gmee  domgdmmo  Ygegao  Fglsdsdolmdsdos  bemase  gsbgmmgdslosh, mdgmoi  sbebsgls
3{)@&;@01) 30;360(55%'.5636){]3501) pH-ol Qoam doggab'a@aboh 33@&;@01} 3(*);3(4)00;:]1)0;301) 1‘)1}50;3(')601) 6‘58‘4’03@%8’

FTyemols 0mbye 6s3sgemBy s dgdemols ombgdol sdBon® 3mb30bBGs0sby [7]:
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pH=1/n1g Lyeonyn - 1gKw - 1/n lgayent,

bswsz,  Lmeomn — d9@smol dmpdmdloeol Blbspmdols 6s36rsgemoas;
KW— VSQ)OB om5‘3t4)0 5.)36.53;:)0;
apent — blbsedo 33@&;*\001} ONGO&)B .)d(fbo?]ﬁm deoaS@ﬁagoo.

6.)5(55?);*\0360;3&5 Bsbl, Gmd dgBomols  3mb396dMs300l  gsbGOom (0mbols od(fb()meoh 3095803096830
3'3;380300601)&1}) d93semols 30;36.5@%’.)6300{]3501} pH 3(306;336&.

30Q36'3Q0 '83533686053‘56 603(*)3;30&63(*)615, Amd  goomeby  bygos  Igdemndo  dsbasbydols
30Q3601).>m301) (*)3(55030;:)'3(4) — 350C @33336&@"36&%3 a‘agogvgabag:)oa pH-Olj '835.)(4)3'35360 7.0—3;33, Bmg"gm
@33336&@"3601} 700C-3Q3 6&%6;301) '338m]5333o'80 pH dommg:m(fb'ao 56 '36;3.5 oanoéameah 6.7-%
(3.556.56'3301) om636015 d3@o '838(333me01} Bhﬁoﬁ)gb'ao); Fobssmdega  Bgdmbgnzsdo  sgomo 3j636o
asdmemgdoemo g eemols 6.53'33300536&1} 30;36(*);]1}0;33600) s 336356+7d0ls omﬁabol) 0365 35635 gsommeoddo.

sl 336930
1. sbaebepd - sdobosgdol Lmmagehgdol [15-45 a/en Mn®™" + 30-100 g/eo (NH,),80] bl6strgpdo
@33336&@"3601} amao(fbabom pH-ols 1}00\)00\)3 3(306;336&, 6&51)&6"30)63600) 3.)56o6"38015 0(*)53601)

deoaS@ﬁooooh 60%6Q0hoh.

2. @33336&@"3601} 6&%6Q0m 20-70°C cgoﬁ)ag@ab'ao 3.566.56'33015 30;360(55%.56800{]3601) pH 3(306;336&
QQQBDSOC’\"OO, 6d ﬁ)oe '3(3(4)00 3.>Q.>Q)0.> (5533336.5(5'36.5 ©5 8‘566‘56'38015 0(*)63601} de@gS@ﬁ)oGoo, doo
RO ©sdsmos  dsbgsbmdols  JoAsdFemdmJdbols pH s ogo 3Gsddogmmee o6 sG0l  ©sdmoeqdmmo
.58(*)50'3301) 1}'3;:)(3.5(501} deoaS@ﬁoooo%a.

3300emds
3]5&6;3&8(35)01}00)301} (6605(550 Ne GNSEF/ST 09-795 7-200; Bamgadﬁ)ﬂmabo No 1—7/62).
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DEPENDENCE OF MANGANESE HYDROXIDE PRECIPITATION pH ON TEMPERATURE IN
MANGANESE AND AMMONIA SULFATES SOLUTIONS

Giorgi Agladze', Gigla Tsurtsumia'?, Nana Koiava', Natela Gogishvili', Levan Beriashvili'?, Irakli
Zaridze'.
'I. Javakhishvili Thilisi State University R.Agladze Institute of Inorganic
Chemistry and Electrochemistry
? Georgian Technical University

SUMMARY

Dependences of pH and manganese hydrate formation on temperature change in range of 25-70°C of the
solution containing different concentrations of MnSO4 and (NH,4),SO, has been studied. The rise of
temperature of mixture of manganese — ammonia sulfate solution (15-45 g/L Mn*"+ 30-100 g/L (NH,),SO4
) causes decrease of pH especially when concentration of manganese ions is increased. Manganese hydrate
precipitation pH becomes lower in manganese — ammonia sulfate solutions at high temperatures. At high
temperature, as higher is concentration of manganese ions as lower is manganese hydrate precipitation pH
and it is practically independent from concentration of ammonia sulfate.

HN3YUYEHUE 3ABUCHUMOCTHU pH THAPATOOBPA3OBAHUA MAPI'AHIA OT
TEMIIEPATYPbBI B PACTBOPAX CYJIb®ATOB MAPI'AHLA U AMMOHUA

I'.P.Arnamze'?, I'.C.ypuymust >, H.III.Konasa', H.IIL.T oruumsum’', J1.J].Bepuamsumn ', 1.T.3apumse’

1 o
HUnemumym neopeanuveckou xumuu u snekmpoxumuu um.P.U. Aenaodze Tounucckozo I'ocyoapcmeennozo
Ynueepcumema um. U. [rcasaxuwmsunu
2 o o
I'pysunckuii Texnuueckuii Ynueepcumem

PE3IOME

Nzydeno wusmeHenue pH pacTBOPOB ¢ pa3iMUYHBIMU KOHIICHTPAIUAMH CYJIb()AaTOB MapraHila ¥ aMMOHHUS U
pH rumpaToobpa3oBaHns MapraHna B HHTepBaie TemnepaTyp 25-70°C. YcTaHOBIIGHO, 4TO C yBeTHUCHHEM
TemiepaTyphl pactBopos (15-45 r/m Mn®" + 30-100 r/n  (NH,),SO, ) ymenbuaercs pH u ocobenHo ¢
BO3paCTaHMEM KOHICHTPAIlMU MOHOB MapraHiia. C POCTOM TEMIICPATYPhl U KOHIICHTpAallMX HOHOB MapraHia
B OTHX pactBopax pH ruaparooOpa3oBaHUsi MapraHila yMEHbIIAeTCS M IPAKTHYECKUA HE 3aBUCHT OT
KOHIICHTpAIMH CyJIb(aTa aMMOHHUSI.
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B0D033xn0 J030S

IRIFIBAHGIR0 3(MII6035C0d BIGMGBIGNR XdIBIdL @O (MI@I-I60 IO
dRINBIHIST0

ﬁ)mof; gaQOO, ("')Q)Odm Qadolaaog‘f\'m, GOOQ’O déd‘amod, QOQO XOBOO'BBOQO, 80606{] 686(")’830;"\')0,
05356 dmﬁ)doo, cgomggmﬁ) Qmmaﬂ'ao&)*, .5;:)3{]1).)5;3(4)3 Bamg‘fgoodmgo*,
356053 9bg@bo(33508%*, s308barm  Jmendy

03 939 bo ggngm I bsk. m&ogm Lol bs ?ﬁgg)ﬂﬁ’ogm 3503(7({7 ?}oé 999, 33(5&@(*763 o53gm joﬂoo I ob 1}(50(5 290
*3.6; Y] Z}ﬂgod(fmgn L bs ng)m&n ks e, 3335(5(*)({73 sb M0 bs Jﬁmgén I obi I;éoé 2099,
&bgomols dy6096985ms 8 gs@agdos, dml yez0

FgbFogmoamos  gemgd@mbamo  gmdnbogszos  BgemEgbor  xanngdl  Bmeol mdOm-Gg6ondol  gmsbBg@gddo
Re;(AuPPhs)(u-CoFe)(CO)s (1), Res(AuPPhs)y(ps-CoFce)y(CO)n - (2), Rex(AuPPhs)(u-CuFe)(CO) (3) o
Res(AuPPh;)(ns-Co)(3-CoFc)(NCMe)(CO) 13 (4).  gesl@gegdo  Lobogbodigdaemos  Rex(CO)s(NCMe),—obs
Aénogtnfdgoqgdon  Au(PPhs)(CyFc)-006  (n1=2,4)s6c3s o bsbBodgormdsmgdols  s6980  75-9 OOC-‘B{].

(394760 3meB)sd39MdgBGnmo ©s sBrm 9dsb8o abgmsfomgmo B3gd@Hmlmanmo  33magzgdom ©swggbogmas,
60md (1)-(3) gmobggegéo 3og3mm3gbg80s6 I jeoslols domgsmeon® as88s6g3l, bogne (4)-0b 139Jd@80 o6
8906086968 IVCT bogmgdo, Gmgmég bl 13golgaol 6 s6lgdemdols as3m.

'83(4)3'3;:)0 3.5;:)35(5500601) 5.)3(4)0)360 [Mixed-valence (MV)] '8306;:)36.5 6.5530]50;:)(*)0), ﬁ)mamﬁ)e 3.5(4)(5030
Lob@gdgdo  gemgddemgsddedo  dmegmadols gl ocmgdolsmgols [1-3]. B9emEgbo  bsbosowgds  dsmaemo
99diazeeo  Ogemdl 0309898000 ©s  daMewo (+1/0) 9300l Loggmdggm by ogo  degosh  BdoMmse
353m0g9690s bl assBebols  Igbslfegmom. dmmgzmmn®o  Esadgbdgdol (X) 393mom  dgMgmemo
3.5;:)35(550)601) 6‘363601) 3dm53 [FC-X-FCT-OB (FC:cBOF)mGOSOQI) hocgad&]g:fba, Boggoo 3(335(55"360
0535380615301 (dg:m{]ﬁm ﬂﬁ)moaﬁ)mdaaggaboh) 390mb3935d0 mt0 Fe-Oammo Laggbmdad®ogse ogebg98s, o6
©s9906335L  Fmols  Im@Bgbosmas  Lbgsmds Bgodmgds  asdmgnbgdnmo  0dbsl  @mogtmddgrogdols  dsemals
Fgbogzelingdemsce [4,5]. o600 9303396 mG0 ggemigborm xamsgdol B9d;33ge (36mdoen BsgMmgddo IgBse-
o L3gobagdado o6 sbegbgb @gOmgbol gOmgnmgdl ool  gemgd@®embam  3mdnbogsost [6-8].
€960m3-m A ls dg:)oh@{)ﬁ)aboh 9p3gnm  39m393H0sd  ©s  Lsab@gmgbem Omadéﬁmdoaogﬁ)ab m301536363.>
33653060mds  dsmo  semzoboen s dmdemonbor  Fa@dmgdmemgdol  Lobmgbol  smomgdemeds s
99dEOmbamo  3mdnbogsool  IgLFegms. méo  Ggomdb-sfBondo  ggemgbomol  xamsol  mbosemn@o
bogtomo  gsbemsgqds (=0 BgOmEgegmo  ghoggmol  dgostgdon  sbrm  degdsdgmds 1503(4)(33'30)
bs3qamgdsl  0dmgzs  asdmzgogzgmomo  dosdmmggmnen®o  gmgd@embngmo  memogdnddgegds  Logdgdo.
boqdl el gegddOmbnmo  Hmogeogdgrgdol Faisbgdolsmzgols Lobogbodgdmmo ofbs Ggbond-cremls
dg::oh(fbaﬁ)abo [4,5]. dbasglo 15015(5533860 6.)3(*)0&{)536& 313b3Bgb  m3B0gme aohog:){]b'ao, e 3
bs@gbgdBo  @s  dmmaznma®  gegdd®mbo sdo [7,8] Rex(CO)s(NCMe),—ols 6ol seogobognn®
JNHBQOdBmQS Au(PPh3)(C2FC) ﬂﬁmogﬁ)mdaaggabom 30Q36'3Qmo dg::oh(fbaﬁ)abo Reg(AuPPh3)(M-C2FC)(CO)g (1)
©s Re4(AuPPh3)2(|.L3-C2Fc)z(CO)]2 (2) [4,5]. 5&360)01) 2) 635(55685mh(f§63d(f§'363@30 .55.);:)0(630 033360,
o3 gemabBgdl o3l gagmmm smbsgmds; dsldo mmbo Ggbondol sEmdo [Fse1dmddbols AmbRBL “3333;:).51)”
30065303 M8(3000 (mommg‘a@o Re; gdos @oggstrmemos Au(PPhs) (3‘4"56836(%360‘”) s 60 930359860
BIOM(3gb0m s 3060 ¥amRo U3-gmmdeobodgdamos Res gtmgdon (s®dmJdbomo oeml Bogbom [5]. (2)
3sldgdol goeaz gMmo  ;msg0lgdn@gds damdstgmol 0dsdo, G™md ol asboiol ™® g9z Ggemdl
360398 39emEgbgmo 3oOmzgdol Imbsfomgmdom, Gmdmgdo as6libzszEgds 109 mV-oo. 9L dommomgdls
dsem0sb 033000 gegdBOmbym  3m3nbogsosty sy mmo BmbRbol Lsdmsmadom [5]. 353683 Jodomse
J303320B 700 gPebomgo  xaaBdel  Bgdpzame  dedmsdsgsmo  Fdemgdel  gemsbidg@gde
0030800851 Fotdmsgabl; sbggg 3 gmsbBgOmsmgol o6 ogm bsBzgbgdo 360T3b6gemm3zsbo e d@Gmbamo
30976035308 9430336 nE  Ggeml 035(5563615 Yrerols [9]. dbasgl 1501)(53336'30 9e9dEOmbamo  3mdgbo-
3%Goob  BgemB3gdFgmdo  gedBmegdol  IgLsgmol  dobbom, Lsbm@ggmo ogm  3md3egdlols dcmbsoglbsgg
3sliBgdgdol Hoibzol  LgMool 3sgsemmads s s@aghs, oy M gogmgbsls sbegbl GgomJl-sidon®
GPEHORL  Fdol  3m3nbogsiostby axgo 6sbToMmdsmazsbo wedgol Logtdol asbés @s Lsbgmomdd,
sem30bogmm@o  xamggdol  dmduemanbogrm@on  Bgiames. Lsdndsml dobbols dobsm{gzsm  3oMzgm  9Be3by
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Bobogbotgdnm 0dbs s gobom- s dBemoobormagfmzgbgdo, dsmo mddmEoggborm bsGs@dgdo, Ladfgz@ms
33(5536m33(55o@‘360 ggoﬁ)a&)ﬂa—mdﬁ)mh dm33gwadhabo ©s @3@6&6350"38—00{]6001) dg:).)l)@aﬁ)abo. dosoo
bgogddnes  oseggbomos  HbBagbmeogsdonmo s 60(4)0)3'3;:)—3.)650(55'3(4)0 9B0bsbLob (396)
dqommeqdom. dgmerg 983t Lobmgbomgdnm  30md3mgdbagddo dnbBob  gmmgsmobsias Bgbfsgmomo odbs
(93 M0 83396398 G00ls s sbeme 63630 0bgy@sfomgmo B3gdEHmbzm3onls dgmmegdon.
Reg(AuPPhg,)(CO)g(]J,_CgFC)(1) 1)060)3%0 6.)5]5(*)(4)(303@;3& Reg(CO)g(CHg,CN)g ©5 Au(Cch)PPh3
TOHn0gH0nJdgead0m B gmendo. 253mymaezab bs®0by0bazg® bogmogtndsls 70% 33dmlsgmoo.

sbsgmaomdse  Lobmygbotgdnmos Rey(AuPPh3)(CO)s(u-Cy4Fe) (3) [10,11]. 393900 30boem  ogsbrosbo
@3@6&635038—Q0md6m1} Re4(AuPPh3)2(CO)]2(/13_C2Fc)2 (3) ©> cgaﬁ)mea&)g:)b'a(fboggoof;oh Qmao&goh
'833(333;::0 JQQB@{)@O&) Re4(AuPPh3)2(CO)]2(,u3_C4Fc)2 (5) 1)060)3%0(4)36'3@0.5 Reg(AuPPhg,)(]J,-CnFC)(CO)g
(n=2,4) dm33g:)3d1)3601) maﬁamg:m%oho ©5 Rez(CO)g(NCMe)z ©5 Au(PPh3)(C4FC) Beérols (4’3‘5{](3001‘
30603330 goGodgdom.  dobo Fotdmgds  ©sdhgoagdmmos 336  dgomeon: P{'H} 336 U39J8® 0
920G mmos Logbsmo 4 90.26 36., G@3gmog 3GsdBognmee gdmbzgzs dol-se oborm@o  3emslidg®

3) Bogbsgnls (09040 36.). 3(398mboBom  mogsbeal dgd(339mm0  gemsliggdo - Re4(AuPPh;)(pg-Co)(u3-
C2FC)(NCMe)(CO)13 (4) 30Q36'3Qm.> Reg(AuPPhg,)(ll_C4FC)(CO)g-01) ﬂﬁmogﬁmdagggabom Qmﬁ){]&)ﬂaoh
.5(33(550050(5(4)0@0.55 dm83m3dhmo5. Q)oggaal;og‘f\noa, 6d gaﬁmﬁaﬁogoeaéogxwoggoh QOBQSQO Re(1) .5(5(*)30)&5
§o63mJdbols  6-3dsls, Beeme Re(2)-05b 7m-33sL. Boborgbo@gdmmo  3emsligg@gdol dmemgzmenco  bgénd-
(fb'g]ﬁ).) ©s doﬁmm.)ggo dﬁml}@.}g:)maﬁ)o%wa@o 306033@68&) 3(*)(333'3@0.) '8(4)(*)336'80 [4,5,10,11].

domgdmmo  Agbod-mdOml 3msligg@gdo IglFegmomos (303 mG0 3339M3EG00ks s sbem 76863
0bg@sfomgmo B39O bzm3n0ls (Near-infrared spectroscopy, NIRS) 330)(*);33600). dnbdol
FoEsdmeg3mdo  gsesiebols (inter-valence charge transfer, IVCT) Beamgdols 3568398980 (1501‘)'80(4)3,
9Jb&0bJ00, 6‘51"33‘5‘4’1’06‘563) boeg®o  b3golgdon  ©s39380698mmo  gsblibgsgadmmo  @sgsbamemmbols
borolbols 3dm58 aa(fbog‘f\noh ™6 o(ibmah ‘Y0l 3'31‘)(5015 QQQMJQQO%QGOOB Bbstrolbols '83(301}3601}
Lo Bmeegdsl 0demggzs. mgmeos s 33 beegdol sog@ol geddsmobdo ©sdndszgdnmos bsdols (N.S.Hush)
dog® [12]. 9639608968 Mo 3cbs(39990006 38863360898 memo 0d6s gergdBOmbnmo LodzgMozols asosdebols

Vz(cm-]) =4.2- 104 “Vimax €max AV]/2 / dMM2 I

o= 4.2:10™* gnax AVin/ Vit I
IVCT Cbmg:ml) 60’683061}0606{] 668(‘)0}3@0;?00 '833;3360 cgmﬁaﬂmomi
AV = V2310V, I

3{]1)33(4)0835(55‘39\')&;3 6051)0%Q3(¢)‘3Qm Cbmg:ml} '8330%'6(')36.5 111 cgmﬁaggom 6.53(*)0)3;:)0;:)0).55 '83;3.5(4)3600),
30'30)00)361) 3'2]]5(55015 gga@mdog"\no%o(}ooh. ™6 83(?5‘5()'\')'86 836(15615 Tl 153301535)01) ho'a'aogiabom
{]Qiad(fbﬁ)m&ag‘f\no dma'g]Sodoooob 6‘4’0(58‘4’0'38360‘5: 1. .51‘);:)(*) ov 1}38('](556'80 gdh(ibOGdeooh %oﬁ)mm %mmoh
Voﬁamda&; 2. 88 ‘i’)mg:ml) 50]533o€)1s06o5015 "3(36(') ggobog\'go 360'3353me¢ BoammBQOQmoS 'Baggoﬁ)abom; 3.
Cbmg:ml) 3.56)088(55636015 Qoamdoggab‘z]ggabo 6‘58]51563;'\*)36%3 (Bmg\'\n[}o(fbmdﬁ)mao%ao) . Q{]Q)mdo@ocboeooh
3.5(4).533(55601) 860'3353me¢ Bo'a‘g]og:){]boh odg:)gg.) 6.530)33536‘3;*\') 0{]501) Am30bols © anh dg:rolmcgodo@oo,
ﬁ)mag:mh 801‘)3;3300) 93980 aoa(?ﬁoﬁ)o 0g4m3s (Y] dg@ohogg: I dg:)olm (o ~0), 6 s60l 3;:)3{1(56005‘3;:)0
3036035308 gBemals .5(5(*)3361) doér0ls; II 3enabo (0.707>0>0) ©s 111 easbo (o = 0.707),
Boemn® (396850l Bmeols o6 sl IgbBgdols gsgmas [13].

1 ©5 2) dg:)oh@{]ﬁ)ab'ao 3;:)&-](56005‘3@0 dma'g]GodoGoo ggoggaa&)g@oo © 3(*)(333'3;:)0.5 '8(4)(')836'80
[4,5]. (3) ©5 4) d;:)oh(ibaﬁ){]&ﬂs NIR 1)33{](55(4)0 6.5;3&Q36'3Qm odGo dg:)méaamogwa&)ho © ggogmog:mls
30)3(4)01) ]51)5.5(4)36'80 (6sb.1 3 2). %OamoQGO'BG'an %mﬁaﬂgabom 6.53(*)0)3;:)0;:)0 Cbmg:)gboh 3.5(4).533(556360
3(*)(338‘3;*\')00 GB&)OQ'HO 1. 630(556).5;:)'360 dm33Q3jh360h 1‘)1}60636'80 56 '83060'8636‘5 %mg:)g&) ABQW) ov
'36.55'80, Bmg:)m JNHBQSdB (1) 6605015 o(ibmaols ;3.5-3.5663.5 0%'3331) 1}33{](55(4)'30 donQG 06(55351)0'3(4)0 %oﬁ)mm
Cbmg:ml), 3.%'. IVCT Voﬁamda&h. Qoﬂoﬁa‘ag\go 6506015 o(fbmaoh '838(3339'::0 de.BgV\najlso HOQ&QQOQ
byoBsgdo  3md3emgdl 3) 9J309men @0 F)omggg&')bols [FCAC]BAI‘F4 (AI’F=3,5-(CF3)2C6H3) Qoao(fbabom.
QOQBSSOQOO, 6md Qoﬂol;a'g]mo 6606015 o(fbmaoh '833(333;:) JNGBQOI]B'BO 560l hodaomgg dmoaﬁm
99 Ombamo ﬂﬁmogﬁ)mdaaggabo 63060 sBmdbs s Re(2) 3sBmdl  deméols (6sb.  3). 80Q36'3Q0
3.5(4).533(556360 '8331).56.5336.) 939828 660(55360'331), A3mS Qoﬂol;a'ag:m dm83Qwadh0 II (5503015 amg)gd'ag:raﬁ)
6.53(5506361) 303&330)35000). dm33m3dhohom3ah Re4(AuPPh3)2(,u3-C2FC)2(CO)]2 '83038633.5 ™60 '83j(3330§30
63;300{]1) 3(4)00(331)0 6051)153&336‘3;*\')0 0,099V, 6.5(3 30'30)00)3615 3;:)3(-](556(')5'3;:)0 dma'g]GodoGooh oﬁ)habmbo%a
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06 c33t4)m835()g:r3t4) 6)6(*);:)15 doér0Ls. <33¢4)m836'838(333§:)0 14)360'38015 dm83ggdh3&)h Rez(AuPPh3)(,u-
C4FC)(CO)8 ©s Re4(AuPPh3)(].1,4-C2)(].L3-C2FC)(NCMG)(CO)]3 cgmﬁaog:raﬁm {]Q)gd(fbﬁ)m&amo 3(*)(535(30.5;:)360
'831).56.5301).5;3 0,21 © 0,27 V Beremos. 315 .3m(f§36(30¢g)3250 3o6306m632§ﬂ@0¢ deSc\ﬂajBa&oB ogaﬁ)mea&agm
ﬁ)amgwaboh (605)0)33601}) '83{](3330;30 12 Qoﬂo6630m. Rez(AuPPh3)(].L3-C2FC)(CO)8 JNGSQ{]{]BOB
Rez(AuPPh3)(,u-C4Fc)(CO)8—'Bo 60;3.51}3;:)01}.51} 06'3 6.51‘)'80(4)600\)015 BOQOB 60614)63@36015015 Cg—QéS C4—3Q3,
6.5.5;330;::36'3;:)00 %aﬁ)mea&)@ﬂﬁm xagcgoh QéﬂéGBBQ 0,28 V-oo ('830;3.5(4)30) 3(*)(53600.5;:)0 0,49 © 0,21
V). dabBgeols 4) (F)magg)oe 990393L  agsba e G 3060k o(fbmab) sbeom '36501) 0-L39JB®d0 o6
'83060'8636.5 IVCT Cbmg::abo, F)mamﬁ)o Rsbls 1)3301)3(4)01) 56 .5(4)1)3600601) 6.53(*). 31) cgod(fbo .501‘)1)5860 dolio
bgergddneon (65b.4): 49839603 JEnOnmo  sbamabon ©spagbomas, @md sy 4) dorgma gems
dg0(393 Re(1), Re(2) ©s Re(3) .5(55(*)33601)6.55 Jgeagboen  BMocgbodols RmbRbL. 3&660;*\0360 Re(1)-Re(2)
©5 Re(l)-Re(3) '831).56.5301}0;3 2.9823(5) ©5 2.8917(5) A-oo ©5 Voﬁamoggaam) Qoaoda{}'aoﬁ)aba@h ("L']cgﬁ)m
Q)o'amﬁ)ab'ag:m .5(55(*)3360 Re(l)-Re(2) Qodo[}'&)ﬁ)gbﬂ@oo Bogg'aﬁm Au(PPh3) %60633660)05); 3.)5(]0;:)0
Re(2)...Re(3) (35909(5) A) 36 560l ;3080303'806363Qo, dsdob F)mggal}.)@ Re4(AuPPh3)2(|J,-C2FC)Z(CO)]2
6350'3301) o(ibmao 9063(*)0;36351) Qoao daB'Boﬁ)abg\Qabh [5]. Re4(AuPPh3)(,u4-C2)(,u 3=
C2FC)(NCMe)(CO)13 JNGSQ{]{]BOB /J3-C2FC Qmao&gol} %aﬁ)mog&)gﬂﬁm 60(4)0)3015 ggoﬂo[SaBoh 3(*)(%36(300;:)0
(0,27 V), 603;335&;383 ogoﬁ)babh Re4(AuPPh3)2(p-C2FC)Z(CO)]2 dc*)aSQ)adhols 3«.4)0)—3(4)0)0 /13-C2FC
odqmgm&aﬁm xa'ﬂcgoh 30633;:).5;30 Qoﬂ.566301) 3(*)@36800;:)1) - 0,156 V. deBQQdBO 3 0-3.56636.5 '3(3(4)00
330, 30;3(4)3 '831)060301)0 deBQQdBO 0] (AEO=0.28 V). d@éb@aﬁo 4) QéﬂéS&BQ 6.53;335&;383 &566—
3;@86'3@0.5 3 '83;30(4)3600) (AEO=0.06 V). dsoo Qoﬂoi;agoh 3(*)(5536(30&;*\036015 80063;3 6‘5615153‘5336'3(}\')0
3063.550'85361) 9e9ddOmbaem  bod330039%7 FC—@&)Q&E]{]G@{)M; ‘Y0l
dg::oh(fbaﬁ)'ao. (4) dg:)oh(ibaﬁ)'ao Qmao&goh |.1,3-1‘|]:1‘|2:1‘|2-C2FC cgaﬁ)mea&)h xaﬂcgoh gg.)ﬂdSa&) 308;306.5(4)3(*)615
0.27 Vv, 0. F)aBQaGoQaa ';:](BF)m dsag:)aQ, 30;35)8 QQF){] BUBVQBQOQO dg{nﬂs@){]ﬁ) (2) 30633@0 |.1,3-1‘|]:1‘|2:1‘|2-
C,Fc xaﬂcgoh Qoﬂ.5663.> (0.156 V). Qoﬂol;a'ag:m 660501) '833(333;:)0 JMGSQ&:]BO 30Q36'3Qm.> 630(5560@'314)
Jabge 4) 9J309men @0 60(*);336(')601) [FCAC]BAI‘F4 (AI’F=3,5-(CF3)2C6H3) Qoao(fbabom.
22 7

(‘)0)"5038

i ' ' ' 1 . v v I v ' ' 1
14000 12000 10000 8000
Wavenumbers {cm-1)

6ob. 1. LoGgolo (d33ggo 1)33{](560) 8 3556370 (%aggo 1533(-](5(4)()) Re,(AuPPh;3)(CO)g(u.C4Fc)
JNHBQOdBOB NIR 1)33{](55(4)() (CHgClg).
G’bﬁ)o;:m 1 IVCT—%NQ)O&)B 3.)(4).538(55(4)360 do(fbom&g]ﬁ) deSg‘Qadh Rez(AuPPh3)(CO)8(p_C4FC) NIR-

1’331:](55‘4’86'80
393bL6gmo | v (131) € AV 9d- | AvYsasdo- | AvYsgdud- | V() | VB o
1363 1) 0.(L371h) [AVY53530.
CH,Cl, 9951 | 2690 3845 4794 0.8 990.195 | 0.123 0.099
Et,O 9632 | 1957 2689 4717 0.57 592.79 | 0.073 0.072
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35%335)0335@‘3;:’0 5&90;:)0. (4’3‘5('1(30360 Cl)oﬁ)ggabmggo oﬁamGoh .)Cf)amlscgaﬁ)m'ao; 36(*);3‘3{1@)3601} 6‘58(')8(')(3‘5
30 brgdmws  3s90By.  JOmBsEmgdegonmo  sgmis  bodogmegdmes  bogmogsagm by (100/250
“Chemapol®). 6.531‘)1}63;:)3601} 6.5'8(4)(')6.5 ©s 0\)360(60(4)36.5 Cl)oﬁ)ggabmggo 3360l 53)dmbegggd ™o
bBebosOdymmo  dgomegdon.  ©godgomgdamo  gsdblibgmado  gasbodegdmrs  sGgmboo. 3 'H 3
3]P{]H} 1}33{1@)63&) 6360h(55606g336mg30 ('831).56.5301}.5;3 400.13 ©s 161.8 33(3) 13930 Bruker
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AMX-400 6.58008363600). 36 'H Jodom@o d3t4).>g3m6.> do@eboemos  dgdnmombaee Gogogab'ao
@3@6&330)0;*\01}0@060)&5 aoaoﬁ)mabo'ao. e 'H doaogﬁm d3t4).>g3m6360 ao%maogoo an@{)ﬁmﬁ)abﬂ@o
303blBgm 3ol Fysmdswols 6s@hgbo Logbsmols d0dseo. *'P{'H} 336 Jodogdo dgdsmemdgdo dmgdmmos
H;PO4—0l 30ds6ron d9d0momby 5.5%'0;:)36'80, s a3bBmdogmos 85% e lgm@dgezsl blbstowsb D,0-%o. off
1)33{](55(4)860 68601)(5(4)0(4)86'3;::()& 139O0 FTIR Magna 750 IR (Nicolet) 6.53(*)3353600).
3(*)60)65)01)(55&@36015 636(556350)1)(55(4)'3{](55'36'3;::0 .56.5;:)0750 ﬁo(fboﬁ)o\)o Qogﬁodémaa(ﬁﬁ)%a BRUKER

SMART APEX 1II (66080(55015 3(*)6(*){1(4)6)3.5(50)(4)0, Mo-K <t 6.)3(')1)1‘)03860, A =0.71073 A, (1)—1)&)5063601}
Badbogss, T=100 (2)K). 3535 APEX II 6‘58(')83636?]9'\"0‘5 bgrgddmnenmo 3(*)6.5(33336015 ggoxoaabols,
.563&3;:)01} 06;33{]1)080015, 331)(4)015 del)@oG(fbDboh 6.)51).5%Q3t4)015, .55)3(53;:)015 06(55361)03(06015 06(55366014)36015,
BosboJdols dsL3BsdoMgdols  ©s 3edrgdioobsmzgols [14]. 36535 SHEXTL 30 bogdiomo xamsgdobs ©s
h@ﬁ)ﬂd@gﬁmh 6.561).)%Q3t4)01), Qo%ﬂh(fbaboh, 66"5(306"{]5'\“0 Boamhob‘ac\'@boh © 15(55(4)'3{](55"3(4)01) og%’aﬁ)ohom[}ol}
[15].

dg::oh(fbaﬁ)aboh Godg:rg]ﬁm 3(*);:)(55.)338(4)33(556‘3@0 6‘5%('783360 (fboﬁQameo 3m(§36(30m15(f§o(3)%3 IPC-P,o M
6'3;:);301}300) 6.)1)'3(30).5336'3;:) CH,Cl,—ol 103 M bLbsérdo, 15(55.56;30(4)(5'3;:) 1).533;:)3{](5600;3006 'aixﬁ)agg'ao,
Gmdgmo  smFnegomos  3dGbsgo  d0bs-bsbBo@dsrols  Lsdndem e @ Bmmon (S=2 382), 3emadnbols
RocOgoBom, Omameg  bofobssmdregam  gmgddemeo s baxgMo  gemmdgmols  gemgddGmeon,  Gmame
bgobosdr@mmo  gegddmeo. Bdo50€)36015 BoBJstrg Fnsgqbros 200 mVs‘l, 1‘)1}50(4)860 Jg0(3930 0,1 M
BuyNPF, ﬁ)mamﬁ)e 'aoo\)o ag)d(fbﬁ)mg:m@h. oBQm '36.55'80 0%‘ h33d(f§t4)o F)gaoh(fbﬁoﬁ)gggbmggo 1533{]@(4)0033(55(4)
JSD-205 Faeogl  asdsddbon. dos  bBebosdBol  Lsbom  gsdmoggbgdmes  gggdem39b-g39nzabomdols
Fyzomo  (BE'=0,47 V).
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ELECTRONIC COMMUNICATION BETWEEN FERROCENYL GROUPS IN GOLD-RHENIUM
CLUSTERS

Roin V. Chedia, Oliko I. Lekashvili, Tsiala V. Kakulia, Lili K. Janiashvili, Marine G. Beroshvili,
Tamar V. Korkia, Fedor M. Dolgushin*, Alexander F. Smolyakovx*,
Mariam G. Ezernitskaya*, Avthandil A. Koridze

Institute of Organometallic Chemistry, I. Javakhishvili Tbilisi State University,
*A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, Moscow

SUMMARY

Electronic communication between ferrocenyl groups in gold-rhenium clusters Rey(AuPPh;)(u-C,Fc)(CO)g
(1), Re4(AuPPh3)2(p3-C2F0)2(CO)]2 (2), Reg(AuPPh3)(p-C4FC)(CO)g (3) and Re4(AuPPh3)(H4-C2)(M3-
CyFc)(NCMe)(CO)y5 (4) was studied. Clusters were synthesized by the reaction of Rey(CO)s(NCMe), with
Au(PPh;)(C,Fc) (n=2,4) in medium of aromatic hydrocarbons at 75-90°C. By means of cyclic
voltamperometric and NIR spectrometric investigations it is established that upon lengthening of carbon
bridge from C, to C4 that is when Rey(AuPPh;s)(u;-CoFe)(CO)s complex transforms to Rey(AuPPhs)(u-
C4Fc)(CO)g the process of oxidation of ferrocenyl group with 0,28 V is simplified (compare 0,49V and
0,21V potentials). (1)-(3) clusters belong to II class molecular conductors and in NIR spectrum of 4 the
IVCT bands does not appear, seemingly because of absence of spacer.

JJIEKTPOHHASI KOMMYHUKALIUA MEXIY ®EPPOINEHUJIBHBIMUA T'PYIIIIAMHU B
KJIACTEPAX 30JIOTA-PEHUSA

P.B.Yemms, O.W.JIekamsumy, 1. B.Kakymus, JLK. [ xaauamsmmm, M.I.bepomsunu, T.B.Kopkusi,
O.M. Jonrymun*, A.D.Cmomsako*, M.I".E3epaunkas+, A.A.Kopumze

Unemumym memannoopeanuveckou xumuu, TOURUCCKULL 20CYOAPCMBEHHBLI YHUBEPCUMEN UM.
U JDrcasaxuweunu
* Uncmumym snemenmoopeanudeckux coeounenuti um. A.Hecmesnosa, Poccuckas Axademus Hayx,
Mocxea

PE3IOME

NzyueHa nieKTpOHHAS KOMMYHUKAIWS MEKAY (GeppoleHIITFHBIMU TPyNIaMyi B KiIacTepax 30J0Ta-peHUs
Re,(AuPPh;)(n-CoFc)(CO)s (1), Res(AuPPhs)y(p3-CoFe)2(CO)a (2), Rex(AuPPhs)(p-C4Fe)(CO)s (3) m
Rey(AuPPh3)(1s-C)(u3-CoFc)(NCMe)(CO) 3 (4). Kiactepbl CHHTE3MpPOBAHBI MPH  B3aUMOJICHCTBUU
Re,(CO)s(NCMe), ¢ Au(PPhs)(C,Fc) (n=2,4) B cpesie apoMaTHYECKUX YriIeBogopoaos mpu 75 — 90°C. Ilpu
MOMOIIYM  ITUKJINYECKONH BOJNBTAMIIEPMETPUH M HH(PAKpacCHOH CIIEKTPOCKONMH B ONIDKHEW o0nacTH
ycraHoBieHo, uto (1)-(3) xiactepbl mpuHaUIeXKaT K MOJIEKYIIpHBIM IpoBoaHuKaMm Il kmacca, a B criekTpe
(4) e nHabmomarotcs nmoyockl IVCT, moBuIuMoMy, U3-3a OTCYTCTBHUS CIIeicepa.

badndsm  Fglrmmgdnmos  Bmes  GAbosggmol  gemgbnmo  Ladgsboghm  gmbrol 353065619800
(babgedFogm Ladgsboghe gesbgo Ne 407).
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*

ANISOLE ACYLATION BY ACETYC ANHYDRIDE ON MODIFIED CLINOPTILOLITE
G.Balarjishvili, L.Samkharadze, N.Kalabegashvili, D.loseliani
Petre Melikishvili Institute of Physical and Organic Chemistry of Ivane Javakhishvili Tbilisi State Universtity

SUMMARY
Anisole acylation by acetic anhydride is carried out under stationary conditions at 70°C temperature and following ratio
of anisole:acetic anhydride 5:1 during 0,5 hour. Output of n-methoxyacetophenone comprised of 55%.

AITMJIMPOBAHUE AHU30JIA YKCYCHBIM AHI'HIPUOM HA MOJAUD®UIIUPOBAHHOM
KJIIMHOIITUJIOJIUTE
I'.1.banapmxumsmim, J1.O.Camxapanze, H.I'.Kanaberamsunu, [1.K.Mocennanu
Hucmumym ¢usuueckoii u opeanuueckou xumuu um. I1.1. Meruxuweunu
Tounuccrozo 2ocyoapcmeennozo yHusepcumema um. He. Jocasaxuweunu

PE3IOME
IIpoBeneHo anuiIMpoBaHUE aHM30Ja YKCYCHBIM aHTHAPHUIOM B CTaIlMOHAPHBIX YCIOBUAX mpu Temmepatype 70°C u
COOTHOIIICHUM aHU30J1: yKCYCHBIH aHruapua 5:1 B Teuenue 0,5 4. Bexon n-MerokcuaneTodeHoHa COCTaBIUT 55%.
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STUDY OF THE EFFECT OF ULTRAVIOLET LIGHT ON SOME ORGANIC DYES TO
INCREASE THEIR PHOTORESISTANCE

R.Tushurashvili, Ts.Basiladze, G.Khidesheli, M.Panchvidze
Rafiel Agladze Institute of Inorganic Chemistry and Electrochemistry
of Ivane Javakhishvili Thilisi State University

SUMMARY
Photochemical transformation of aqueous solutions of various organic dyes in individual state and in the
presence of various additives has been studied to increase their resistance against the action of luminous
radiation. It was established that an introduction of thiourea in mentioned solutions caused a sharp increase
of the photoresistance of the dyes under study.

HN3YUYEHMUE BJIMAHUS YIIBTPA®UOJIETOBOI'O N3JIYUEHUSA HA HEKOTOPBIE
KPACHUTEJIA C IEJIBIO MOBBINIEHUS UX ®OTOCTOUKOCTH

P.I'.' Tymypamsunu, [{.M.bacunanze, I'.1. Xunemenu, M.B.IlanuBnze
Hucmumym neopzanuueckoti xumuu u snekmpoxumuu um. P.Aenaose
Tounucckozo eocydapcmeennozo ynusepcumema um. Ms./[orcasaxuweunu

PE3IOME
HccnenoBanHO (QOTOXMMHYECKOE TMpEBpalllecHHEe BOJHBIX PACTBOPOB HEKOTOPHIX KpacuTeledl Kak B
WHIAWBUIYalIbHOM COCTOSHWUHM, TaK W B TPUCYTCTBHHM PA3IMYHBIY JOOABOK C IIETBbIO TOBBIIICHHUS HX
CTOMKOCTH K JIEHCTBUIO CBETOBOTO M3Ty4YeHHs. YCTAHOBJIEHO, YTO BBEIEHHE THOMOYEBHUHBI B yKa3aHHBIC
pacTBOPBI PE3KO MOBHIIACT (POTOCTOMKOCTHh M3YUEHHBIX KpacuTeleH.
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PREPARATION OF NEW ZEOLITE MATERIALS WITH HIGH DISPERSITY FROM NATURAL
MINERAL RAW MATERIALS
V.Tsitsishvili, N.Dolaberidze, N.Mirdzveli, M.Nijaradze, V.Gabunia
Petre Melikishvili Institute of Physical and Organic Chemistry
of Ivane Javakhishvili Thilisi State University
SUMMARY
Process of preparation of new zeolite material with high dispersity by hydrothermal crystallization has been
studied. Possibility of application of analcime-containing rock pre-treated by 20% HCI solution as a
aluminosilicate reagent is shown. Prepared material was characterized by X-ray diffraction method as a
faujasite type zeolite (NaX) with high dispersity and water sorption capacity (11.5 mmol/g) as compared
with capacity of the reference synthetic sample (12.2 mmol/g).

MNOJYYEHHUE HOBBIX BBICOKOAUCIIEPCHBIX HEOJUTHBIX MATEPUAJIOB U3
MNPUPOJHOI'O MUHEPAJIBHOT' O CbIPbS
B.Hunummewunu, H.Jonadepuaze, H. Mupnzeenu, M. Hwkapanze, B.I'abynus
Unemumym gpusuueckou u opeanuveckou xumuu um. 111 Meruxuweunu
Tounuccrozo 2ocyoapcmeento2o ynusepcumema um. M. [ocasaxumeunu
PE3IOME

Wzyuen mporecc MOMy4eHUs BBICOKOAWUCIIEPCHOTO IEOJIUTHOrO MaTepHalia IMyTeM THIPOTepMabHOM
KpHCTAJLTN3aIMHK. Y CTAaHOBJIEHA BO3MOXKHOCTD TIPUMEHEHHS JIJISl ATOM 1IeTH B KaYeCTBE alFOMOCHINKATHOTO
peareHTa aHaJbIIMMCOACPIKAIICH MOPO/IbI, MPEABAPUTEIbHO 00padoTanHOi 20%-HBIM PaCTBOPOM COJISTHOM
KACHOThl. [lomydeHHBI MaTephall METOAOM PEHTI'CHOBCKOW nuddpakToMeTpun HASHTHU(OUIUPOBAH Kak
BBICOKOJMCIIEpCHBIN neonuT tumna ¢oxasuta (NaX), ero copbumonnas émkocts 1o Bone (11,5 MMoib/T)
Onm3Ka K EMKOCTH 3TAIOHHOTO CHHTETHYecKoro oopasia (12,2 MMomb/T).
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LiCr,Nij5,Mn; s0,~-SPINEL SYNTHESIZED THROUGH SOL-GEL METHOD AS CATHODE
MATERIAL FOR Li-ION ACCUMULATORS

Eteri Kachibaia, Ruth Imnadze, Tamar Paikidze, Dali Dzanashvili
Rafiel Agladze Institute of Inorganic Chemistry and Electrochemistry
of Ivane Javakhishvili Thilisi State University

Synthesis and investigation of lithium-manganese spinel is the subject of extensive research, due to the
potential opportunity for using this compound as a cathode material of new generation rechargeable batteries
[1 — 5]. In this paper phase composition, structure and other phisico-chemical properties of LiNiysMn;sO4
and LiCryNips,Mn;s04 type compounds were studied with the purpose of development for power
consuming Li-ion accumulators of promising cathode materials based on modified lithium-manganese
spinels. Sol-gel method was wused to obtain nanosized homogenous phase-pure samples.
Mn(CH;C0OO0),4H,0, Cr(CH;C0OO),-4H,0, Ni(CH;COO),-4H,0 and LiCH;COO-2H,O acetates were
selected as initial reagents. Fumaric acid — C4H4O4 was used as a chelating agent, and polyethylene glycol,
added to Li, Cr, Ni and Mn acetates on the stage of mixing of the initial reagent (~ 10% of total weight), was
used as surface — active substance. Double-doped samples - LiCrNigs.Mn;sO, were synthesized in the
0<x<0.5 range to determine limits of chromium insertion by substitution of nickel atoms in Li-Ni-Mn spinel
structure without cubic syngony distortion. Doping of LiNiysMn;sO4 (x = 0) spinel with chromium was
carried out to achieve stabilization of the structure of the desired product during cycling and to improve its
properties as a cathode material. Tables 1-4 show diffraction characteristics of LiCr,Nigs.Mn; sO, samples
in 0 <x <0.5 range.

Table 1. Diffraction characteristics of LiNiysMn; sO4 (samp.1) and LiCr ¢sNig4sMn; 50O, (samp.3) samples, obtained
through sol-gel method, in comparison with similar samples (samp.2 and 4), obtained in presence of surface active
substance - polyethylene glycol (PEG)

samp.Nel samp.Ne2 samp.Ne3 samp.N4
LiNij sMn; 504 LiNijsMn; 504 LiCry ¢sNig.4sMn 504 LiCry ¢sNig.4sMn 504
(PEG) (PEG)
hkl /1y dym /1y dym /1y dym /1y dym
111 65 4.730 70 4.730 50 4.720 12 4.740
311 100 2474 100 2473 100 2467 100 2484
222 20 2368 20 2367 20 2363 12 2370
400 100 2.046 85 2.049 75 2.044 100 2.057
331 10 1.877 10 1.877 10 1.877 10 1814
333,511 25 1.574 25 1.578 20 1.574 25 1.578
440 40 1448 40 1448 30 1445 - -
ay=0.8185+ ay—=0.8198+ ay=0.8180+ ay=0.8220+
+0.0008 nm +0.0002 nm +0.0005 nm +0.0018 nm
Phase-pure spinel Phase-pure spinel Phase-pure spinel Phase-pure spinel

Table 2. Diffraction characteristics of LiCry Nig4Mn; 50, and LiCr,Nig;Mn; 504 samples

samp.Ne7 samp.Ne5 samp.Ne§ samp.Ne6
LiCry1Nig4Mn, 50, LiCryNig4Mn, 50, LiCry 2Nig 3Mn, 50, LiCry 2Nig 3Mn, 50,
(PEG) (PEG)
hkl /1 dym /1y dym /1y dum /1y dum

111 50 4.720 60 4.740 40 4.730 65 4.720
311 100 2468 60 2477 100 2470 100 2466
222 20 2362 12 2372 20 2368 20 2361
400 90 2.045 100 2.054 70 2.045 100 2.045
331 12 1.877 12 1.877 10 1.877 15 1.871
333,511 20 1.574 25 1.585 20 1.576 30 1.575
440 30 1446 40 1448 30 1448 45 1445

ag=0.8181+ ay=0.8209+ ay—=0.8188+ ag=0.8179+

+0.0003 nm +0.0007 nm +0.0006 nm +0.0002 nm
Phase-pure spinel Phase-pure spinel Phase-pure spinel Phase-pure spinel
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Table 3. Diffraction characteristics of LiCrg,sNij»sMn, 50, and LiCrg3Nip,Mn,; 50, samples

samp.Ne11 samp.Ne9 samp.Ne12 samp.Ne10
LiCrg 25Nig2sMn; 504 LiCrg 25Nig2sMn; 504 LiCry 3Nig,Mn, 50, LiCry 3Nig,Mn, 50,
(PEG) (PEG)
/1y dym /1y dym /1y dym /1y dym
70 4720 60 4720 70 4720 80 4720
100 2466 100 2467 100 2470 100 2467
30 2.362 22 2.362 30 2.367 25 2.363
100 2.045 90 2.046 100 2.048 15 2.080
20 1.877 20 1.877 22 1.877 90 2.044
30 1.576 30 1.575 30 1.575 15 1.876
50 1447 45 1446 50 1446 25 1.575
- - - - - - 40 1446
ay—=0.8183+ ay—=0.8182+ ay=0.8184+ ay—=0.8182+
+0.0005 nm +0.0002 nm +0.0006 nm +0.0003 nm
Phase-pure spinel Phase-pure spinel Phase-pure spinel Phase-pure spinel

2012 338 Ne 2 - 3

Table 4. Diffraction characteristics of LiCr4Nig;Mn; 504 and LiCry sMn; sO4 sample

samp.Ne13 samp.Ne14 samp.Ne15
LiCry4NigMn, 50O, LiCry.4NigMn, 5O, (PEG) LiCrysMn; 504
/1, dum /1, dum /1y dym
80 4720 80 4.720 90 4720
100 2467 100 2466 90 2467
25 2.362 20 2.360 30 2.363
90 2.045 20 2.080 - -
15 1.877 90 2.046 100 2.046
25 1.576 20 1.877 20 1.876
40 1.446 30 1.575 32 1.575
- - 45 1445 50 1447
ag=0.8181+ ag=0.8181+ ay—=0.8183+
+0.0001 nm +0.0004 nm +0.0003 nm
Phase-pure spinel Phase-pure spinel Phase-pure spinel

Table 5 summarizes results of the chemical analysis of the synthesized samples. Figure 1 shows a TEM
image of the sample with LiCry;Niy4sMn; 504 composition. Studies of the synthesized compounds were
performed by X-ray diffraction method (X-ray phase and X-ray structure analysis), the classical methods of
chemical analyses and atomic-absorption method, as well as by transmission electron microscopy (TEM).
Research results confirm the formation of phase-pure cubic spinel with a nanoscale crystal lattice a = 0.8179
+0.0002 + 0.8220 £+ 0.0018 nm in the whole range of 0 <x < (0.5 formula units values. This may serve as

evidence of isomorphous substitution of nickel atoms with chromium atoms at 0 <x < 0.5. In this case, X-
ray patterns indicate that the synthesis in the presence of surfactant increases the crystallization of the spinel
structure. TEM images of samples obtained by sol-gel method in the presence of surfactant indicate the
formation of samples with a particle size of ~ 20-25 nm incorporated in agglomerates. The results of
preliminary electrochemical testing of the synthesized materials suggest increasing of their operational
performances both due to the redox (oxidation- reduction) transition of Ni?+/ Ni3+, Ni3+/ Ni*+, Cr3+/
Cr*+, and due to a combination of nano-sized particles and the degree of the samples crystallization.
Testing of the double-doped spinels, in particular, LiCro2Nio3sMni1sOs and LiCrosNio2MnisO4 samples,
in the range of 3.5-5.2 V revealed the principal possibility of their utilization within the 5-volt
potential range.

Developed cathode materials could be of interest for electric motors and energy storage systems due
to their high operating voltage (~4.7 B), high energy density, acceptable stability and cycleability.
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Table 5. Chemical composition of LiCr,Nigs.,Mn; 504 (0<x<0.5) samples

Ne Samples’ composition content, %
Li Cr Ni Mn
1 LiNi().5Mn1.504 381 - 15.93 45.71
2 LICI'02N103MH1504 3.88 5.65 9.71 45.09
3 LiCro.lNi0.43.gan1.5O4 381 2.81 12.36 4495
4 LICI'03N102MH1504 3.85 845 642 4547
5 LICI'04N1()1MH1504 3.86 11.52 340 4599
T I;’_‘ .
100nm
fER Y
Fig. 1. TEM image of LiCrg;Nig4Mn; sO4 X 12000
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CUHTE3UPOBAHHAS 30JIb-I'EJIb METOAOM LiCryNijs.sMn; s0+~1LHITNTHEJIb
KAK KATOJHBIA MATEPUAJI Li-MOHHBIX AKKYMY.JISAITOPOB

9.U.Kauubas, P.A.Mmuanze, T.B.ITaukunze, J.W.[I3anameumm
Hnemumym neopeanuueckou xumuu u 2nekmpoxumuu um.P.Aenaose
Tounuccrkoeo I'ocyoapcmeennozo Ynusepcumema um. M. [ocasaxumeunu

PE3IOME

C nenbto pa3pabOTKU MEPCIIEKTUBHBIX KATOAHBIX MaTEPHAJIOB JUIsl SHEPrOeMKUX Li-MOHHBIX aKyMyJISTOPOB
Ha OCHOBE MOJU(HIIMPOBAHHBIX JIMTHH-MapTaHIEBbIX IIITHHENEH, W3ydeHbl (a3oBbId cocTaB, CTPYKTYpa,
Mopdosoruss U ap. (usmko-xumMudeckue cBoiicTBa coeauHeHuid Thma LiCriNipsMn; 04 0<x<0.5.
Karonupie MaTepuabl ObLUTH TIOMYYEHBI 30b-Tellb METOJOM. Pe3ynbTaThl UcCcIenoBaaHUil MOATBEPKIAIOT
oOpazoBaHue Pa30BO-UHCTHIX KYOMUECKUX MIMUHENEH ¢ TapaMeTpoM KprcTalTinueckoi pemerkn a = (0.8179
+ 0.0002 + 0.8220 = 0.0018 uMm. IIpu 3TOM, 00pasIbl KATOMHBIX MATPUAIOB XapaKTEPU3YIOTCS pazMepoM
yactuil nopsiaka 2025 HM 1 0JHOPOAHOH MOP(ONIOruel MOBEPXHCTH. DICKTPOXUMHYESCKOE TECTUPOBAHKE
00pa3noB B auamno3oHe 3.5 — 5.2 B moka3ajio NpUHIMIHAIBHYIO BO3MOKHOCTh MX HMCIIOJIB30BAHHS B 5 —
BOJILTOBOW 00JIacTH MOTEHIMAaNoB. Pa3paboTaHHBIE COEMHEHUS MOTYT MPENCTABUTh MHTEPEC B KayeCTBE
KaTOJJHOTO MaTepHalia JTNTHH-HOHHBIX OaTapell OONBIIOH MOIITHOCTH.
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PHYSICAL CHEMISTRRY

OPTICAL SPECTRA AND ELECTRICAL CONDUCTIVITY OF BOROSILICATE GLASSES
DOPED WITH CdTe And AgBr SEMICONDUCTOR COMPOUNDS

Rusiko Janelidze, Yujin Blagidze, Genrikh Mshvelidze, Maia Katsiashvili, Oleg Gogolin, Elene Tsitsishvili

Georgian Technical University, V.V.Chavchanidze Institute for Cybernetics,
S.Euli 5, 0186 Thilisi, Georgia, e-mail: helen.oleg@gmail.com

We report measurements of optical spectra and dynamic (AC) electrical conductivity in borosilicate glasses
doped with CdTe and AgBr semiconductors components. The measurements of conductivity have been made in
a range of frequencies from 10 to 10° Hz . The semiconductor components are added in a glass batch and
homogenously dissolved during the melting process in the melt. The concentration of dissolved dopants in
obtained glass samples is governed by the heat treatment conditions leading to their incorporation in a created
CdTe and AgBr nanocrystals — the glasses become nanostructured. The AC conductivity in obtained samples
rises with increasing average size of the CdTe nanocrystals in CdTe-doped glasses , in contrast to the case of the
AgBr- doped glasses. The absorption and luminescence spectra show the pronounce quantum confined features
and serve, as also TEM investigations, for the nanocrysrals average sizes control.

Introduction

In our previous paper [1] we reported the electrical conductivity, optical spectra and TEM investigation of
Agl- and CdSSe-doped borosilicate glasses. This report presents the similar investigation on glasses doped with
AgBr and CdTe semiconductor components. It is generally accepted that in many glasses alkali ions move under
the influence of an electric field. Therefore, glasses such as alkali borosilicate show ionic conductivity. Ion
transport in glass remains an active field of research because of practical implication [2]. On the other hand the
doped borosilicate glasses have been used for many years to prepare commercially available colored glass edge
filters [3]. The borosilicate glasses serve also as a host network structure for embedding of ensembles of
semiconductor nanocrystals (NCs) - quantum dots and rods [4]. Solid phase precipitation of semiconductor
components in borosilicate glass is —besides precipitation from solutions- one of the best known and widely used
preparation routes of such objects [1 - 5]. The push to study such systems has been the understanding of
fundamental physics of systems of reduced dimensionality and low-dimensional confinement but also the
development of an understanding of the basic questions of potential applications in communication or computing
systems [6]. For both the fundamental study and application it is necessary to gain understanding and control over
the growth process and the properties of large ensembles of NCs. The growth process of NCs in turn is
determined by the duration and temperature of the heat treatment and depends also on a composition and
properties of a host network structure [4,5, 7-9].

Usually the glass constituents consist of two main components, the network former and the network modifier
ions [7]. In the case of borosilicate glass, B,O; and SiO, are strong glass formers, whereas the metal oxides serve
usually as modifiers. The latter are added to achieve the appropriate conditions for a successful formation of the
semiconductor NCs, since they cause a reduction of the glass melting point and viscosity and enhance the
diffusion velocity of dopants. Besides, modifiers lead to a drastic enhancement of the ionic conductivity
associated with a high mobility of the metallic M" ions even at small concentrations [7].

In this paper we study the absorption of CdTe-doped and luminescence of AgBr-doped borosilicate glasses
and electrical properties of them prepared under different conditions from the case of a full solution of dopants in
the glass matrix to the case of their significant incorporation into NCs. These studies are complemented by the
TEM investigations.

Experimental procedures, results and discussion

The CdTe-doped borosilicate glass samples examined in the present studies were prepared by a technique
similar to the ones described in Refs. [4, 5, 8]. The batches (SiO,-B,03-Zn0O-K,0-Na,0 (23,5%) + extra CdO
(2,5%) and metallic Te (3%)) and (Si0,-B,03-Al,03- SnO,-Sb,03-Na,O (13.6%) + extra KBr (1,8%) and AgBr
(3%)) were molten at 1300°C for 2 hours in a furnace and were then rapidly quenched to room temperature
resulting in clear colorless glass sheets. Also undoped glass of the same composition was prepared. To produce
the NCs, the obtained glass ingots with homogenously dissolved dopants were cut into several parts which were
annealed in a furnace at temperatures ranging from 500C° to 700C° for several hours. The samples (0.05 ¢cm thick
and 2 cm” square) were cut from the ingots for the various measurements. Below we focus on 9 specific samples
labeled Ai (i=1-5)and B; (i=1 - 4). Sample Al and B, are a virgin host network structure, i.e., it does not
contain any dopants. In samples A, and B, the dopants are homogenously dissolved in a glass matrix. In the last
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samples Aj, A4, As B; and B, dopants are partially incorporated to NC's. The TEM examinations of these

samples show a nearly spherical shape of NCs with various average radiuses R (except sample As). Sample As
reveals a very large spherical NC with radius about 35 nm. Typical TEM images are shown in Ref [1].

The optical-absorption and luminescence measurements were carried out at room temperature on an
AvaSpec-2048 and MDR-2 spectrometers in the photon energy range from 1.5 eV to 3 eV. The obtained
absorption spectra for CdTe — doped and virgin glasses are shown in Fig.1, where the numbering of curves refers
to the ones for the samples.

For samples A; and A, absorption is very weak in the studied energy range and rises slowly and
monotonically with increasing photon energy. The absorption spectra for the annealed samples A; and A4 exhibit
the characteristic blue shifts (with respect to the bulk band gap E;) and show the pronounced peaks specific for
the excitonic quantum confined states [4,5]. The absorption spectrum for sample As which contains the very
large NCs , displays a very weak confinement only and is practically bulk absorption. The average sizes of NC's
in samples Aj, and A4 are 2 nm and 3.5 nm respectively.

N CdTe-doped glass CdTe-doped glass
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Fig.1. Absorption spectra for glass samples A; to As ‘ Fig.2. Frequency dependence of AC conductivity for
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Fig.3. Luminescence spectra for glass samples B; and Fig.4. Frequency dependence of AC conductivity for
B4 samples B; — By

For all nine samples, the electrical conductivity was measured in a frequency range from 10Hz to10* Hz.
The silver electrodes were deposited on both surfaces of samples and electrical measurements were performed
using the selective nanovoltmeter UNIPAN 237. For the considered frequency range, the conductivity follows the
empirical relation o(®) = A o (s < 1) [10], where the frequency exponent s = 0.95 were almost the same for all
studied samples. For the sake of clearness, in Fig.2 and Fig.4 the obtained dependencies are shown in more
narrow range for frequencies in between 2000 Hz and 10000 Hz at room temperature.
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Fig.2 shows the conductivity changes from sample to sample in the considered frequency interval for CdTe
case. The largest values of the conductivity are observed in undoped sample A; and also in As which contains the
largest CdTe NC’s. For these two samples the magnitudes of the conductivity are very close. When an average
size of the NC's decreases, the conductivity is reduced, too, and reaches the smallest values in sample A,, which,
as we recall, has undergone no heat treatment, so that it contains no NCs, but only the homogenously dissolved
dopants. The obtained results indicate that the electrical conductivity of CdTe-doped borosilicate glasses
decreases remarkably with an increase of a concentration of dopants which are homogenously dissolved in a
glass. Consequently, one can conclude that the conductivity is sensitive to a creation and growth stage of the
NC’s in a glass matrix. Such findings can be explained in terms of a doping effect on the ionic conductivity
realized in the borosilicate glasses. Indeed, the observed dependence of the conductivity on the NC (average)
size can be viewed as a dependence on a concentration of dopants still dissolved in a glass matrix. (Recall that the
samples were prepared from the one glass ingot, so that the initial dopant concentration is the same for all
samples.) The larger are NCs the less concentration of such dopants remains. The ionic conductivity of glasses
has common structural characteristic that includes a highly ordered framework complemented by a disordered
interstitial “sublattice” with a number of equivalent sites greater than the number of available (randomly
distributed) ions to fill them [11]. The electrical conductivity of the borosilicate glasses is determined mainly by
the concentration and mobility of the metallic Na* ions serving as the network modifiers [10]. The Cd and Te
dopants, homogeneously dissolved in a glass as less mobile ions and atoms during the melting process, fill
partially the available sites of the interstitial sublattice reducing effectively the mobility of the Na' ions.
Consequently, the conductivity of CdTe- doped glass (sample A;) becomes suppressed as compared to a virgin
glass (sample A;). Such a change of the conductivity is, evidently, the stronger the higher a concentration of
dopants is. Since in the annealed samples some amount of dopants is incorporated into NCs, the actual
concentration of still dissolved dopants is now lower than the initial one in a homogenous sample A, (no heat
treatment). As a result, the conductivity in samples Ajz - As is larger than in A,. This tendency is amplified with an
increase of the NCs sizes and an almost total restoration of the conductivity is achieved for sample As containing
the very large particles, the sizes of which remain unchanged under further heat treatment.

To support the above explanation, we studied additionally the optical spectra and AC conductivity in AgBr -
doped borosilicate glasses. The AgBr compounds belong to the semiconductors with indirect bandgap and
therefore we have measured instead of absorption their luminescence (Fig.3). The spectra also reveal a pronounce
confinement features and correspond to the TO-replica of free exciton luminescence from NC's with average radii
2nm (sample B,) and 5 nm (sample B3).

As is well known, the compound AgBr dissolves in a glass as Br “and Ag" ions and the Ag" ions contribute
essentially to the electrical conductivity [12]. Consequently, for the conductivity now one can expect the opposite
trend as compared to the chalcogenide-doped glasses.. The corresponding AC conductivities at room temperature
for samples B; — B4 are shown in Fig.4. In this figure one can see that now the conductivity is maximal for the
homogenous sample and reduces for the annealed samples in which the Ag" and Br ions are partially
incorporated to the NCs. The larger are NCs, the lower is now the conductivity. Similar results were previously
reported for the CuBr- and CuCl- doped borosilicate glasses [13,14]. Hence, the electrical conductivity of glass
network contains information on the creation and growth of the semiconductor NCs.

Conclusions

We have presented measurements of the optical spectra and dynamic electrical conductivity in (i) CdTe- and
AgBr-doped borosilicate glasses and (ii) in the nanostrucrtured glasses containing CdTe and AgBr nanocrystals of
different average radii. In both cases, the frequency dependence of the conductivity was examined. Our
measurements show that magnitude of the electrical conductivity exhibits a systematic dependence on a (average)
size of NCs in a glass matrix, i.e. on the remaining concentration of dopants still dissolved in the glass matrix. For
CdTe- doped glasses, the conductivity decreases with a decrease of the NC size due to a suppression of the
metallic ion (Na") mobility by the dopants. It contrasts thus the results for the AgBr - doped glasses, where the
conductivity decreases with a rise of the NC’s size due to a high mobility of the Ag" ions. We conclude that the
electrical conductivity of glass network contains information on the nucleation and growth of the semiconductor
NCs and the conductivity measurements may serve as a method for a preliminary characterization of the
nanostructured glass samples.
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ol dgdero  ombgdol  0bim®3mGomgbon 33568 me  Toddomgddo, go. dsmo  gelgmon  gsdBeGgdemamdols
363 (39b0s6.

OIITUYECKHUE CHEKTPbI U 2JIEKTPUYECKAS INPOBOAUMOCTDb BOPOCUJINKATHBIX
CTEKOJI JIETUPOBAHHBIX IOJYINPOBOAHUKOBbIMU COEJUHEHUSIMU CdTe U AgBr
P.b.Jxanemunze, FO.M.bnarunze, I'.I'.'MmBenunze, M.P.Karmamsunu, O.B.I'oronun, E.I'.I{ununsunm
I'pysunckutl mexuuyeckutl yhusepcumem, Hucmumym xubeprnemuxu um. B.B.Yaguanuose,

C.Oyau 5, 0186 Tounucu, I py3ua
PE3IOME
[IpencraBieHsl pe3yiabTaThl H3MEPEHHUH ONTHYECKUX CHEKTPOB UM AIIEKTPHUECKOH INPOBOAMMOCTH B
OOpOCHIIMKATHBIX CTEKJIAaX JIETHPOBAHHBIX KOMIIOHEHTAMHU HOIYNpOBOAHMKOBHEIX coequHeHuit CdTe wu AgBr.
OnTryeckue CHEKTPh! MOTJIOMEHHS U JTIOMUHECIEHIIMN CTEKON YKa3bIBalOT HAa KBAaHTOBO-pa3MepHbIH 3¢ dekT B
HaHOKpHUCTaIaX (KBaHTOBBIX TOUYKaX), OOpasyIOIIMXCS B CTEKJIAX B Ipoliecce UX TepMooOpaboTku. Bemmumna
JJIEKTPOIPOBOJHOCTH CTEKOJ 3aBHCHUT OT BEJIMYMHBI CpPETHEro pajuyca KBaHTOBBIX ToueKk . B cTekiax
nerupoBaHHbIX Cd n Te, MpOBOAMMOCTS YMEHBIIACTCS C YMEHBIICHHEM CPEAHEro pajnyca KBAHTOBBIX TOYEK.
OTo ompenemnseTcss MONABICHHEM IPOBOJMMOCTH aTOMAMH PACTBOPEHHOIO JIMTAHTa 32 CUET YMEHBIICHMS
TIOJBMKHOCTH MPOBOIAIIMX IIETOYHEIX MOHOB Na'. B cmydae ke jermposanust Ag m Br , HpoBOIMMOCTE
YMEHBIIaeTcsi, HaoOOpOT, C POCTOM paJuyca KBAHTOBBIX TOYEK. OJTO OOYCIOBICHO WHKOPIOPHUPOBAHUEM

MOJIBIDKHBIX MOHOB cepedpa B KBAHTOBBIC TOUKH, T.€. UX YCTPAaHEHUEM U3 IpoIiecca MPOBOIUMOCTH.
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OU3NYECKASA XUMUA

HNPUMEHEHUE TEPMOJUMHAMUYECKOI'O IOAXOAA K AHAJIM3Y METABOJIN3MA
I'IFOKO3bI

WN.I".bepnzenumBunm, M.I".Cupanze
I'py3unckuii mexnuyeckuii ynueepcumem

JlaHa TepMOIMHAMUYECKAs OLeHKa MeTabomm3Ma rimokossl mpu 25°C u pH=7. Jlnst peakimii MeTaGOIHIecKoro
pacuieruieHns: TIII0KO3bI JI0 MUpyBaTa pPacCUUTHIBAJIOCh M3MEHEHHE CBOOOAHOW dHepruu ['mdOca u KOHCTaHT
paBHOBecHs. YCTaHOBJIEHa MOCIIENOBATENLHOCTh M IPEUMYIIECTBEHHOCTh CHHTe3a aneHo3uHTpHdochaTa
(AT®) npu pacuieruiennd yriaeBogoB. Mosekyasl AT® wucnone3yrorcss Kak HMCTOYHHMK OSHepruu. Bcee
PaccMOTpEHHBIE MPOIECCHl KATAIN3UPYIOTCS (pepMEeHTaMH.

Merabomusm (rped. Metafoln) B mepeBojie ¢ TPEUECKOrO O3HAYaeT «IpeBpalllcHue, M3MEHCHHE.
Meraboin3M Wi 00OMEH BEIIECTB — XUMHUYECKUE MTPEBPAIICHHSI, KOTOPhIE BO3HUKAIOT B KHBOM OPTaHHU3ME
JUIsl TIofiep KaHusl sKu3HU. K Meraboim3My OTHOCSATCS BCE PEaKIUH, MPU KOTOPHIX KIIETKH IONy4YaroT
SHEPTUI0 OT OKpY)Kalolled Ccpembl Ui CHHTE3a CTPOMTENBHBIX OJOKOB WX Makpomonekynl. Cepuu
XAMUAYECKUX peaklInuii oOMeHa BElmIeCTB HAa3bIBAlOT METAOOIMUYECKUMH MYyTSMH, B HUX MpU Y4acCTHH
(epMEeHTOB OJJHH OMOJOrMYECKH 3HAYMMBIE MOJICKYJIBI TIOCIIEAOBATEIBHO MpEBpaniamTcs B npyrue [1-4].
Ecnmu panee tepMuH «MeTabomu3my, 03HAYall MPOCTO MCIOIB30BAHUE YTIICBOJOB U KHPOB B OpPraHHU3ME,
Terepb 3TOT TEPMUH MIPUMEHSETCS 15l 0003HAYEHHUS THICSY ()EPMEHTATUBHBIX PEaKIUii, BCS COBOKYITHOCTh
KOTOPBIX MOXKET OBITh MPENCTAaBIiCHa KaK OrpOMHAasi CeTh METa0OJIMYECKHX IyTed, MHOT'OKPAaTHO
nepecekaomuxcs (M3-3a HAJIMYUs OOIIUX MPOMEKYTOYHBIX MPOIYKTOB) M YIPABIISEMBIX O4€Hb TOHKUMH
PEryasaTOPHBIMUA MEXaHU3MaMu [2].

I'moko3a Hapsimy c )KUpaMyd U OelTKaMu SIBJISETCS BaKHEHIIMM MCTOYHHKOM DHEPTrHH B OpTraHU3ME.
YpoBeHb TJIIOKO3bI B KPOBH IIOJJIEP)KUBAETCS MOCTOSHHBIM M paBHbIM 0,8-1,0 1/71, Onaromapsi TOHKOMH
peryisiluy TPOLECCOB €€ TOCTYIUIeHHs W moTpebneHus. [aBHas poib YriieBOAOB B KIETOYHOM
MeTa0OoNIM3Me COCTOUT B TOM, YTO MX pacIleljieHne Ha Ooliee MPOCThIe COeMHEHMsI 00eCTIeYMBaET CHHTE3
ATD [2, 4-6].

JHannas pabora HampaBieHa Ha HCCIEIOBAHWE BO3MOXKHOCTH IMPHMEHEHHS TEPMOJWHAMHYECKOTO
MOJX0/Ia ISl aHaJIM3a MPOTEKaHUsl MeTaboIu3Ma TIH0K03bl. OJHUM U3 MTPEUMYIIECTB TEPMOJANHAMHYECKOTO
aHalM3a SIBISIETCSl TO, YTO MBI MOXeM 3a(UKCHpOBaTh Hayajo M KOHEIl JII0OOro mporecca W He
OECTIOKOUTHCS O €r0 MPOMEKYTOUHBIX CTYICHSIX.

[Ipu m3yuennn MeraboNM3Ma TIIOKO3bI MPOCIEKHBAIUCH BCE €€ MpEBpallleHus OT TOH (OPMEI, B
KaKoil OHa MOCTYMaeT B OPTaHU3M, JI0 KOHEYHBIX MPOAYKTOB, BHIBOAUMBIX M3 opranuizma. CraHaapTHOE
n3MeHeHue cBo0oHOM dHeprun [ M60ca paccunThIBAIM IO ypaBHEHHIO [2,4-6]:

AG’ = AH" — 298AS°,

e AG’ — u3MeHenue cBoGOIHOI dHepriy I'M60ca B CTAHIAPTHEIX YCIOBHSIX,
AH’ u AS® — cranapTHOE H3MEHEHHE SHTANBIIMY ¥ SHTPOIUH PEAKIIUN.

Puc. 1 npezacraBiser cXeMmy TJIMKOIN3a, SBISIOIIETOCS META0OIMYECKHUM IPOLIECCOM, B KOTOPOM
TIII0KO3a TEPEXONUT B MHUpPyBaT W oOpasyercs aneHosmHTpHDochar — ATD. B a’spoOHBIX opraHu3zMax
MUPYBAT 3aTEM BXOJUT B MUTOXOHJAPHUH, T OH MOTHOCTBIO okucisercs 10 CO, u H,O B 1iukie TMMOHHOMN
KHCIIOTBI. DTH PEaKITUU MPOU3BOMIT HOMOTHUTEIHHBI AT® — ero 4ucThIid BBIXOA COCTABIIAET 38 MOJIEKYIT
AT® Ha KaXIyI0 OKUCICHHYIO MOJIEKYIY TJIOKO3bl. B MeHee a3pOOHBIX YCIIOBHSX — B MBIIIIIAX B IPOLIECCE
AKTHBHOTO JIBYDKEHHUS — MUPYBAT MEPEXOauT B JiaktaT. OqHako B atMocdepe, THIIEHHON KUCIopoa, T.¢. B
aHadPOOHBIX YCIOBHUAX — B JPOXOKAX MUPYBAT MEPEXOAUT B 3TAHOIM [4-6].
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Mnoxosa AGY Kl -
ATD
-16,7
ALD

Fmokosa-6-docdar

1 +1,7

Mdpykrosa-6-hocdar
ATd

ALD -14.2

Mdpyxrosa-1,6-audocdar

l +238
( AG=+175 1

[uruppokcuauetos — Fmuuepansaerna-3-docdar
docar NAD* + P,

2
NADH + H* o)

1,3-audocharnuuepar
ALD

2(-18 8)
ATd

3-pocdornmuepar

l 2046

2-pochornuuepar

2+1,7)
H,0
DocdoeHonnupysat
AddD
2(-31,4)
AT®
MNupysat

o *
Puc. 1. 'mukonuTHyecKuil MyTh NMPEBPAIEHUA TJIIOKO3bI B IMPYBaT

* (v
AG® nis peaxumii oT riunepanbaerua-3-pochara K MIPYBATy yMHOKACTCS HA 2, T.K. U3 MOJIb TIIOKO3BI [OTydaeTcs
10 2 MOJIS ATHUX BELIECTB.
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Peakuusi TMOMHOrO OKHCJICHHSI  TJIFOKO3bI 10 YIJIGKUCIOrO raza M BOIbI CBsI3aHa C OOJBIIAM
OTPHIIATEIBHBIM U3MEHEHHUEM CBOOOIHOM SHeprun ['n00ca (AGOf):

C6P1206 (TB) + 602 (F) — 6C02 (F) + 6H20 ()K) (AG0298: -2878,4 K,H)K/MOIH))
o-D-riaroko3a

Bonblnyto 4acTh AaHHOTO M3MEHEHHsI CBOOOAHOHN »Hepruu ['mOOca oOecrieuMBaeT SHTAIBIIUHAHBINA
daxrop (AH’s = -2801,6 kJlx/Monb), BKIaj ke SHTponuitHOro dakropa HeBemuk (—TAS’s = -77,2
k/x/Monb). Takum o0pazoM, Korja TIIOKO3a TOPUT TPSMO B KHUCIOPOAE, TOYTH BECh XHMHUYECKHI
noreninai (AG) mepexoauT B TEIUIOTY. B )KHUBBIX jke KI€TKax HAa000pOT, 3HAYUTEIIbHAS YaCTh XMMUYECKOT0
MOTEHIIMAaJa OCTAeTCsl B BHJIE XMMHYECKOH SHepruu cBsizu B ¢opme ATD u npyrux CHHTE3UPYEMBIX
Mojiekyn. B tabn. 1 maHBl paccuMTaHHbIe BENWYHHBI cBoOOmHON sHeprun ['mbbca npu 25°C u pH=7 mis
CTyIICHEH MeTaboIMUYEecKOoro pasziokeHus (kataboiar3ma) TIIOKO3bI, PEACTaBICHHBIX Ha pHC. 1.

IIpu pacuerax cBoOomHON 3Heprum ['MOOCa MCIOIL30BAHBI TEPMOIMHAMHYCCKUE Oa3bl KOHCTAHT
BEIIECTB M OMOXMMHYECKUE cTaHaapTHble cocrosHus [7-10]. Ilocnmemuee o3Havaer, 4yro mpu pH=7
AKTHBHOCTh BOJIbI paBHa 1, METAOOJIMTHI HAXOIATCS B BOIHBIX PAacTBOPAX M aKTHUBHOCTH PaCTBOPEHHBIX
BEILICCTB 3aMEHEHBI HA UX OOIIME KOHLEHTPAIMH B MOJIb-1 . CTAHJAPTHEIE COCTOSHUS BCEX PACTBOPEHHBIX
BEIIIECTB MOJ[Pa3yMeBaloT KOHIeHTpanuoo 1 M.

Kak BunHO U3 Taba. 1, mepBoii cTyNeHbl0 B METab0NMU3Me TIIOKO3bI SBIISIETCS 00pa3oBaHUE TIIIOK03a-
6-bocara. Ilpsimast peakius TIFOKO3bI C (ochaToM HMEET OTHOCHUTEIBHO BBICOKOE IOJIOKHTEIBHOE
M3MEHEHHUE CTaHIAPTHON CBOOOTHON SHEPTHH U HE UTPAET BAKHON PONH B (PH3HOIOTHUECKUX YCIOBHSIX:

rimoko3a + pocdar — rimokosa-6-pochar + H,O  (AG® =+14,3xx/Mob) €))

OnHako, Ha MEpBOW CTYIEHHU TIHMKOJIM3a 3Ta peakius cBsizaHa ¢ ruaponn3oM AT® u obpazoBanueMm
aaenosunaudocdara AAD [11], kKoTOpbIH TEpMOIMHAMHUYESCKH Oo0Jiee cTaOMIIeH

AT® + H,0 — AJI® + docdar (AG” = -31,0 kJIx/Monb) )

CyMMa 3THX JIBYX peakliii UMeeT OTPUIATEIbHYIO CTaHAapPTHYIO CBOOOHYIO SHEPTHUIO, TAK YTO ITOT
MPOIIECC UILT CaMOIIPOr3BOIbHO. CyMMHUpYs 00€ peakiuu, morydaeM (tadi.1):

rmokosa + AT® — rimokoza-6-pochar + AJID (AG = -16,7 kJ[x/Moib) ?3)

B atom 1mmKkie camornpousBoiibHas peakis ruaponusza AT® cBsizaHa ¢ HecaMONPOU3BOJIBHBIM
bochoprunmpoBaHUEeM TIIOKO3bL. JTa peakuus THUIUYHA I BCEX IMPOIECCOB METadolM3Ma, B KOTODPBIX
yaactByer ATO.

Bce peaknuu B TJIMKOIMTHUYECKOM IyTH paciiajia TIIFOKO3bl KaTalu3upyroTces ¢pepMmeHTamu. [lepBas
CTYIIEHb KaTalH3UpPyercsi pepMEHTOM TeKCOKMHA30i. JTOT ()ePMEHT YCKOPSIET PEaKIHI0 U CIYKHUT IS
KOHTPOJISI TIIMKOJIMTUYECKOTO MyTH, HO ()EPMEHT HE BIMSACT HA TEPMOJMHAMHYECKHE CBONCTBA. VI3MeHeHUs
cBoOOHOM dHepruu [mOOca CBsA3aHBI C PA3HOCTHIO XMMHUYECKHX MOTEHIIMAJIOB PEAareHTOB W MPOIYKTOB
peaKnuy, HO OHH He ITOKA3bIBAIOT, HACKOJIBKO OBICTPO UJET IpOoLece.

Bce peaknuu B TJIMKOIMTHYECKOM ITyTH paciiajia TIIFOKO3bl KaTalu3upyrorcst ¢pepMmeHtamu. [lepBas
CTYIIEHb KaTalH3UpPyercsi pepMEHTOM T€KCOKMHA30i. JTOT ()EPMEHT YCKOPSET PEaKIHI0 U CIYKHUT IS
KOHTPOJISI TIIMKOJIMTUYECKOTO MyTH, HO ()EPMEHT HE BIMACT HA TEPMOJMHAMHYECKHE CBONCTBA. VI3MeHeHUs
cBoOOHOM dHeprun ['mOOca CBsA3aHBI C PA3HOCTHIO XMMHUYECKHX MOTEHIIMAJIOB PEareHTOB U MPOIYKTOB
peaKnuy, HO OHHM He ITOKA3bIBAIOT, HACKOJIBKO OBICTPO UJET IpOoLece.
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Tab6auua 1. BenmuunHbl crangapTHOH cBOOOAHON dHeprun [ MO0ca I CTyIeHUAThIX peakinii mpoiecca
MeTabonn3Ma roko3s! pu 25°C u pH =7

AG”
Peaxinu

(xJIx/Moh)
D-ritoko3a + AT® — D-riroko3a-6-pocdar + AJD -16,7
D-ritoko3a-6-hochar — D-dpykrosa-6-¢hochar +1,7
D-dpykroza-6-hpochar + AAD — D-dppykrosa-1,6-mudocdar + AJID -14,2
®dpykroza-1,6-mudochar — quruapokcuaneron Gocdar + rimiepaibaerua-3-pocdar +23,8
JuruapokcuaiieTon Gocdat — rimiepanbaerui-3-pocdar +7,5
I'muuepanbaerui-3-pocdar + pocdar + NAD™ — 1,3-nudocpormunepar + NADH + H' +6,3
1,3-mudpochormuuepar + AIIP — 3-dhochormurepar + ATD -18,8
3-dochormuiepar — 2-hochorauiepar +4,6
2-pocdormuuepar — dochoenonnupysar + H,O +1,7
2-bochoenonmupysar + AP — nupysar + ATD -31,4
[upysar + NADH + H™ — naxraT + NAD" -25,1
[TupyBat — aneranpaerun + CO, -19,8
Aneransaerun + NADH + H — stanon + NAD' -23,7

Bropas crymeHp Merabojm3Mma IUIFOKO3bI 3TO HM30MEpH3allus T0Ko3a-6-pocdata B Ppykrosa-6-
¢dochar, xkatamusupyemas  QepMmMeHTOM  (ocdoriaroko3za  H30Mepaza.  IJTa  peakius  TaKKe
HECaMOITPOM3BOJIbHAS B CTAHIAPTHOM COCTOSHHH, HO TONOKHUTEIBHOE HM3MEHEHHE CBOOOMHOW SHEPrHu

otHocHTENnbHO Mano, AG® = +1,7 k/k/mMonb. KoHcTanTa paBHOBECHS, CBA3aHHAS C OTUM H3MEHEHHEM

cBoOoHOI SHepruy, npu 25°C paena 0,50, yTo 03HaYaeT 00pa3oBaHMe 3HAYUTEIHHBIX KOJIMYECTB MIPOIYKTa
B YCIIOBHSX TiMKonu3a. Jlajee, TITMKOJIMTHYCCKHI MPOIECC 3aTATMBACTCS Ha TPEThel CTYNEHH, Korjma K
¢dpykTo3a-6-pocdary nmpusszbiBacTcsi BTopas gocdarHas rpymnma, odpasys gpykrosa-1,6-audocdar. Ita
CTyIIeHb, II0I00HO MepBOH, ynpasisiercs nepeHocoM docdara or AT® 1 uMeeT OTUETINBO OTPHLATENBHYIO

Bemmanny AG° = -14,2 kJIx/MOIIb.

Ha yerBepTOii CTYIEHH TIJIMKOJUTHYECKOrO IMyTH IIECTHYIJIEPOAHBIN caxap (pykTosa-1,6-mudocdar
pacmamaercs Ha JiBa TPUYTJICPOAHBIX COCAMHEHHsS: AWUTHUAPOKCHANeToH (ochaT W riumepanbaerui-3-
¢docdar; >TOT mpolecc Kartamusupyercs (EPMEHTOM ajbAoNa3od. OTa peakimus JaeT OONbIIYIO
MOJIOKUTENFHYI0 BEIMYMHY HW3MEHEHHS CBOOOAHON oHeprum [1bOOca, Koropas Jenaer ee¢ OuYcHb
HECaMOINPOU3BOJIBHON B CTAHIAPTHBIX YCIOBUAX:

®dpykro3a-1,6-qudochar — auruapokcuaneTod ¢pocdar + raunepanbaerua-3-gocpar  (4)
(AG, = +23,8 kJIx/MOB).

Ho xoHIIGHTpamuu 3TUX METa0OIMTOB B KJICTKE B JECHCTBUTEIBHOCTH HAMHOrO MeHbIIe 1M, 4to
9] -4
00yCJIOBIIMBACT Ui 9TOW peakuuu Manyl BenuuuHy @ = 107 M ropasmo MeHee MONOKHTEIbHOE

snaucHne AG® . ITpu 37°C kaxnawiii paxrop 0,1 B BenuunHe O CHIXKAET CBOOOHYIO SHEPTUI0 MPUMEPHO Ha

6 xJx/mMonb (RTIn0,1 = -5,9 xJx/Monb), Tak 4To 3P PeKTrBHAS BENUYHHA U3MEHEHUSI CBOOOTHOM DHEPTrUH
I'mb6ca B peanbHbIX MeTabonmueckux ycnoBusix AG = (. JTo mpsiMoe cleICTBHE TOT0, YTO B peakiuu (4)
YHCII0 TPOMYKTOB PEAKIUK OOJbIIE YMCIIa PeardpyIoNUX BEIIECTB — BCE MPH HU3KUX KOHIIEHTPAIUSX.
[punnun Jle Illateabe rOBOPUT O TOM, YTO CHIDKEHHE OOINEH KOHIICHTpAIlMM B TaKOW PEakiuu Oyaer
OJIarONPHUATHBIM JIJIs 00pa3oBaHus MPOAYKTOB peakuuu [2,4]. Jlaxke eciu cuctemMa B (PU3HMOIOTHUYECKHX
YCIIOBHUSIX OTYETIIMBO HEPAaBHOBECHA, 3TO JIaeT HAIpaBlieHHE, B KOTOPOM HJIET CaMOIIPOM3BONIBHEIHN MpoIece
B YCJIOBHSIX HU3KUX KOHIIEHTPAIINH.

JuruapokcuaneTod ¢ochaT HAXOJUTCS B PAaBHOBECHH C TIHIIEpaiblerua-3-gpocdaTom. M3menenne
CBOOOIHOM SHEPTUH PEaKIUH TaeT KOHCTaHTy paBHOBecus K = 0,05.
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Juruapokcuarieron gocdar S ruunepanbaerua-3-pocedar
(AGge =+7,5 kJlx/MOB).

Tem He MeHee CICAYIOIIME PEAKIUH TIIMKOJMTHYSCKOTO IyTH HACTOIBKO MCTOIIAIOT —3arac
rmnepansaerua-3-gocdara, 4To B mporecce IIIMKOIM3a M0 CYIIECTBY BECh TUTHMIPOKCHAICTOH (ocdar
MEPEXOUT B MIIMIEpaIbAerua-3-hocdart.

Crnenyroiias CTyleHb OOYCIOBIMBAeT IEPEXOJl B CaMOIIPOM3BOJIBHOE OKHCiIeHHe U (dochopu-
JUpoBaHue Tiulepaibaerua-3-hpochara B 1,3-mudochoriuiepar. OKucIeHHE NMPOTEKAET MO ICHCTBHEM
OMONIOrMUECKOr0 OKUCIUTENs] HUKOTHHamMuIaaeHnH auaykineornga (NAD), u ¢ocdar Gepercs mpsmo u3
3amaca «Heopranuueckoro» gocdara P;:

riunepanbaerua-3-gpocpar + NAD™ + P, — 1,3-nudocdornuuepar + NADH + H”
(AGe = +6,3 KJlK/Monb).

XOTs 3Ta peakiusi UMEET MOJOKUTEIbHOE CTAaHIAPTHOEC M3MEHEHHE CBOOOIHON JHEPrHH, MPOIECC
NpOJOIKACTCS, T.K. CIEMYIOIIas CTYNEHb TJIMKOJIM3a COCTOMT B IepeHoce oaHoro u3 docdartoB 1,3-
mudochornunepara Ha AJ[D mis npousBoactBa AT® u 3-ochornumepara. Dta peakius HMEET
CYILECTBEHHO OTPHUIIATEIbHOEC M3MEHEHUE CTaHIAPTHOH CBOOOIHOI SHEPTHH:

1,3-mudochormuuepar + AP — 3-dhochormurepar + ATD
(AG, = -18,8 kJIx/MOB).

OcraBmmecs TpY CTYIEHH Ha MYTH K MHUPYBATy BKIIOYAIOT JBE PEAKIINHA H30MEPHU3AIUH U KOHEUHYIO
CTyIEHb, COCTOSAIIYIO B IIepeHoce ocTaBiierocs pocdara na AJID s oopazopanus ATD; HUKAKUX HOBBIX
MIPOIIECCOB B ITHX CTamuAX HE mpoucxoaut. [lomHBIA mporece, MpyU KOTOPOM OJIHA MOJIEKyJa TIFOKO3bI
MeTa0O0JIM3UPYETCs B UPYBAT, MOKHO CYMMHPOBATh PEAKIIMCH:

rimoko3a + 2NAD' + 2AJ1® + 2 P; — 2 mupysar + 2 NADH + 2 AT® + 2H" + 2H,0
(AG, = -80,6 kJIx/MOB).

B momHOM ThmMKoOnMHTHYECKOM Tporecce obpasyercss 2 monb AT® u 2 Mok (U3HOIOTHYECKOro
Bocctanoputens NADH. Ilpu 3ToM 3HauWTenbHAas 4YacTh HMCIOIIUXCA XUMHUYECKHUX ITOTCHIIHAJIOB
COXpaHseTCsl KaK XHMMHYecKas SHEprusl AJs HCIONb30BAHMS B JIPYTHX OMOCHHTETHUECKUX PEAKIUAX U
nporeccax, TpeOyONMX dHEPreTHYECKUX 3aTpaT. Tak Mpu CHIOBBIX ynpaxHeHusx NADH ciyxut mis
BOCCTaHOBJICHHSI B MBIILICYHBIX KJIETKAX MUPYyBaTa JI0 JIAKTATa B COOTBETCTBUU C PEAKLIUEH:

mupysat + NADH + H" — nakrar + NAD"
(AGé’;g = -25,1 kJ[/Moib).

Takum 00pa3oM, IpeACTaBICHHBINH TEPMOIMHAMUYCCKAN aHanu3 MeTabolM3Ma TIFOKO3bI TTOKa3all,
YTO B MPOIECCEe OKHCICHUS TIIOKO3BI BBIJCISIETCS OTPOMHOE KOJIMYECTBO CBOOOJHOM 3HEPrHH, KOTOpas
pacxomyercss Ha OCYIICCTBJICHHE peakiuii, TpeOyromux ee 3arpar. Monekyisl AT® ucnois3yrTcs Kak
WCTOYHUK DHEPTHH JJIsi MpeoOpa3oBaHus MPOCTHIX MOJEKYJT B Oojiee CIOXHBIE COCTaBHBIE YaCTH >KUBON
knerkd. Monekyna AT®, Beyienssi cBOOOJHYIO JHepruro, mnpeBpamaercs B monekyny AJID. Takwue
B3auMHBIe TipeoOpaszoBanusd AT® S AJID B opraHusMe SBISIIOTCS CIIOCOOOM HAKOIUICHHUSI DHEPTUH U €€
BBICBOOOKICHUS JUTSL OCYIIIECTBIICHUST HEOOXOIMMBIX PEaKIIni.
B 3akmroueHue cieayer OTMETHUTh, YTO DHEPreTHYECKHH MOIXOJl MOXET OBbITh HCIOJb30BaH Kak
CaMOCTOSTENBHO, TAK H JIOMOIHSATH IPYTUe CIOCOOBI 00OCHOBAHUS XMMHU3Ma METa0OIMYECKHX TPOIECCOB.
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APPLICATION OF THE THERMODYNAMIC APPROACH TO THE ANALYSIS OF GLUKOSE
METABOLISM

Irine Berdzenishvili, Manana Siradze
Georgian Technical University

SUMMARY
Thermodynamic evaluation of glucose metabolism at 25°C and pH = 7 is given. For the reactions of
metabolic breakdown of glucose to pyruvate Gibbs free energy changes and equilibrium constant were
calculated. The sequence and the preference of adenosine triphosphate (ATP) synthesis during the
breakdown of carbohydrates were estimated. ATP molecules store the released energy. All the processes are
catalyzed by enzymes.
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OU3NYECKASA XUMUSA

AHAJIN3 HEKOTOPBIX HE®@TEITPOJYKTOB METOJIOM I'A30-KUJIKOCTHOM
XPOMATOI'PA®UN

T.H.Kopazaxus, JL.I.Onpukamsmm, M.I".3ayramswmm, H.B.ITupuxanasa, M.A.J/[3aranus

Tounucckuii 2ocyoapcmeennviil ynugepcumem um. Me./picasaxuweunu; Uncmumym guzuyeckou u
opeanuyeckotl xumuu um. I1.1°" Meruxuweunu

HccenenoBaHo BIMSHUE TOMSIPHOCTH HEMOABIKHON KHUAKOU (has3el, TEMIIEPATyphl HArpeBa XpoMaTorpaduaeckoi
KOJIOHKH Ha €€ pa3peliarollyi0 CIOCOOHOCTh Ha NMPUMEPE aHaIM3a CMECedl HEKOTOPBIX BEINECTB, BXOMAIINX B
cocraB OEH3UHOB.

Pa3BuTue MpOMBINIIEHHOCTH HEPTEXMMHUYECKOTO CHHTE3a CBS3aHO C MOMCKAMH HOBBIX HCTOYHHKOB
CBIPbs, B KauecTBE KOTOPOT'O MOTYT CIY>KUTh TPOJYKTHl BTOPHUYHOH MepepaboTKu HeDTH, colepiKallue
00JTBIIIOE KOIUYECTBO PEAKIIMOHHOCTIOCOOHBIX HEHACBIIIEHHBIX YTIEBOIOPOIOB. 3a MOCIEAHNE TOIBI BO3POC
WHTEpEC K W3y4YCHHIO COCTaBa HHJMBHIYAIBHBIX YIIEBOAOponoB OeH3nHa. OjaHAaKo, OOJBITMHCTBO
MyOIMKAIUif, B OCHOBHOM, TIOCBSIIEHBI H3YYEHHIO COCTaBa MPSIMOTOHHBIX OCH3WHOB WM OCH3MHOB
BTOPUYHOM TIepepaboTKH, HE COACPKAIINX OJIehUHOBBIX YrieBoopoaoB [1,2]. BeposiTHO, 3T0 0OBsICHsIETCS
HE CTOJIBKO CIOKHOCTBIO COCTaBa OCH3MHOB KATaUTUYECKOTO W  TEPMHUYECKOTO KPEKHHIOB,
XapaKTepU3YIOIINXCsl HATMYHUEM OOJIBIIIEro Yrcia Pa3iHuHbIX U30MEPHBIX CTPYKTYP, CKOJIBKO CEphEIHBIMU
3aTPyIHCHUSMH, BO3HUKAIONIMMH TpPH HWACHTHU(QUKAIUK MHOTOKOMITOHEHTHBIX XpOMaTOTPaMM.
Hcnonp3oBanne B HEPTEXMMHH Ta30BBIX XpOMAaTOrpagoB, MMEIOMIMX HAOOp CENEKTUBHBIX JIETEKTOPOB,
KalWULIPHBIX ¥ HACAJIOYHBIX KOJIOHOK Pa3JIMYHBIX THITOB, C/IENIATI0 BO3MOXHBIM pa3JielieHHe JIF0ObIX, JaKe
CaMBIX CJIOXKHBIX IO cocTaBy cMmecell. TemM He MeHee, MpsiMOe pasfefieHHe TaKUX CIOXKHBIX CMecel, Kak
OCH3WHBI TEPMHUYECKOTO H KaTATUTHUECKOTO KPEKHUHTA, COJIEPKAIIIE YTIIEBOIOPOIbI TIOUTH BCEX M3BECTHBIX
KJIACCOB, B TOM YHCIIE Tapa(rHOBEIE, HAQTEHOBbIC, OJIEHUHOBLIC U ApOMATHUECKUE PA3THIYHON XUMHUYECKOMI
CTPYKTYPBI, IPAaKTUYECKH HEBO3MOXKHO [3].

OCHOBHOI  aHAJIMTHUYECKOW 3a7auedl B ra3oBoi  xpomaTorpaduu  SIBISETCS  pa3jeiCHHE
MHOTOKOMITOHEHTHBIX CMecel, MPUYEéM BO3HUKAIOIIKE MPU 3TOM TPYAHOCTH BO3PACTAIOT C YBEIUYEHHEM
qyrciaa KOMIOHEHTOB. CIOXKHOCTh XpoMaTorpauueckod 3aladd OmpelenseTcs He TOIbKO YHCIOM
OlpeneNnseMbIX KOMIIOHEHTOB, HO M YHCIOM «KPHUTHUECKUX», TPYAHOPA3JIENieMbIX IMap COCTUHEHUH,
XapaKTepPU3YIOLMXCsA OJU3KMMH CBOMCTBaMH. PasjienicHHe KaKIOH HOBOH «KPUTHYECKOW» Mapbl OOBIYHO
MPEICTABIIACT OOJIBIIYIO U CAMOCTOSATENBHYIO 3a1a4y [5].

Pa3zneneHue AByx coeqMHEHHI B ra3oBOM Xpomartorpaduu ONpeaeiseTcsl CEIEKTUBHOCThIO COpOeHTa,
MEepOil KOTOPOro MOKHO CYHMTaTh OTHOCHTEIbHOE YAepKMBaHHE AaHAIU3UPYEMBIX COEAMHEHUH, U
3G (PEKTUBHOCTBIO KOJIOHKH, MEpPOH KOTOpOW SIBISIETCS YHCIO TEOPETHYECKHX Tapenok. PasnencHue
COCIMHEHUH YITy4lIaercs MPU KCIONBb30BAaHUH KOJIOHOK OOJbIIei 3(QEKTUBHOCTH, T.€. NMPH YBEIUYCHUH
Yrciaa TEOPETHUYECKMX TapeloK W TpH  YBEIHMYEHHH CEJICKTHBHOCTH HCIIONB3yeMOro COpOCHTa.
Hcnonb3oBanre 000MX METOMOB ISl pEUICHUS MPOOIEeMBbl pasfeieHusl SIBISETCS ONpaBAaHHBIM U
HEOOXOMMBIM. boJiee MpoCcThIM U H3SIIHBIM METOJOM SBISIETCS TOAOOP CENEKTUBHOIO COpOEHTa JUIs
paszieneHus, TMOCKONBKY Jake HeOONbIoe YIy4YIIEeHHE CEIEKTHBHOCTH COpPOEHTa MO3BOJISIET B CiIydae
TPYAHOpA3ACISIEMOW TMapbl COSMUHEHWH Pe3KO YMEHBIIWTh HEOOXOJUMOE JUIsl pasJeieHus YHCIIO
TEOPETUYECKUX TapelioOK W TEepeHTH, TakuM o0pa3oM, OT NPUMEHEHUS KalWUISIPHBIX KOJOHOK K
WCTIOJIb30BaHMIO OoJiee MPOCTHIX M HaA&KHBIX HACAJOYHBIX KOJOHOK. lcronb3oBaHHE CENEKTHBHBIX
COpOCHTOB IMO3BOJISIET YAYUIIUT Pa3/ieieHHe U YMEHBIIUTh MPOJIOJDKUTEIBHOCTE aHamu3a. DPpQeKTHBHOCTD
XpoMaTorpaguueckoil KOJIOHKH OOBIMHO ompenensercs e€ TuUnoM. Ha mnpakthke HauOombliee
pacmpocTpaHeHHe TOMYYMIN HacaJodHble KONOHKU. bonee mupokoe ux nmpuMeHeHne o0bsICHIeTCs TydIien
BOCITPOM3BOJIMMOCTBIO CBOWMCTB HACaJOYHBIX KOJIOHOK (OCOOEHHO IIPH HWCIONB30BaHUM HEMOJBUKHBIX
KUIKUX (a3), Oornbledl CTaOWILHOCTHIO B JKCILTyaTallid M BO3MOXKHOCTBHIO HCIIONB30BaHUS Oolee
neniéBoro nerexkropa [6,7].

Llenp HacTOAIIETO WCCIIEIOBAaHMSA, 3aKIIOYalaCh B BBISBICHWU BIHUSHUSA TOJSIPHOCTH HEMOJIBHKHON
XKHUIKOW (hasbl, TeMIlepaTypbl HarpeBa Xxpomarorpaduueckoll KOJIOHKHA Ha €€ pa3peraronlyto crocoOHOCTh
Ha MpUMepe aHajli3a TPalydnpPOBOYHBIX CMeCel BEIECTB, BXOAAIINX B COCTAB OCH3MHOB.
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IKCIepUMEHTAILHAN YaCTh

OOBEKTOM HCCIIE0OBAHUS CITYKHIIH JIBE HEMOABIKHBIE kunkue Ga3sl (HKD) pazmuanol moaspHOCTH:
nosisipHast gasza 1,2,3 Tpuc(LMaHdTOKCH )poraH (MoJsipHOCTh Mo PopiHaiinepy — P=99-100) u HenonspHas
¢aza SE-30 (nmonspHocts 1o Poprnaiinepy — P=5-6). C yuérom TpeOoBaHMI K HEHOIBMXHBIM (hazam,
CBSI3aHHBIM C BO3MOXKHOCTBIO JIOCTATOYHO BHICOKOH 3((ekTHBHOCTH XpoMmaTorpaduyeckoro pasieneHus B
naHHOW pabore Obuta BeiOpana HXK® 1,2,3Tpuc(iimaHsTOKCH)pomnaH, KoTopas B kommdectBe 15% Bec.
HaHOCWJIACh Ha TBEPIBIM HOCHTEIb 1ENUT-545, 3epHeHneM 50-60memr. MakcumanbHas —pabodas
temmeparypa 3toif dassl — 180°C. HermomBmKHas >KHIKOCTH XOPOILIO PACTBOPHMA B XJIOpohopMe HIIH
aleToHe.

PaznenurenbHas criocoOOHOCTH KOJIOHKU MCCIIEIOBallach Ha IIPUMeEpE aHaIM3a TPaJlyipPOBOYHON CMECH
COCTaBa: H-HOHAH, H-JIEKaH, OCH30J, TONYOJ, ITHJIOEH30J, M-KCHJION, KYMOJ, O-KCHJION, ME3HTHIICH,
MCEBIOKYMOJ, TETPAMETHIIOCH30I, T.€. BEIECTB, BXOAANIMX B COCTaB OCH3MHOB. AHAJIM3 MPOBOIMIICS B
H30TEPMUYECKOM PEKHIME.

HccnenoBanus mpoBomwinch Ha xpomarorpade «Xpom-4» (Yexus), ¢ IUIaMEHHO-MOHU3AIMOHHBIM
JETEKTOPOM, Ta30M-HOCHUTEJIEM CITYKUJI Teuil. DKCIIEpUMEHT MPOBOIIICS IIPU Pa3IHMUHBIX CKOPOCTAX rasa-
HOCUTENSI W TeMIepaTypbl XpoMaTorpa)uiecKod KOJOHKH, HCIOJIb30BAINCh HACAJOYHBIE KOJOHKH
pa3nu4Hoi JTMHEBL. B nTore OblTH Mo00paHbl ONTHMATBHBIC YCIIOBHSI pa3/ieieHus.

UccnenoBanne 3(p(pekTHBHOCTH MPHUTOTOBICHHBIX HACAJOYHBIX KOJOHOK IMOKA3alld, YTO HAaHIIydIlee
pasaeneHre BEIIeCTB, BXOAIINX B COCTaB OCH3MHOB OBLIO IOJYUYEHO Ha KOJIOHKaX JIMHOHM 3,5M u 4,7wm,
3aroHeHHBIX copbeHToM 15% Bec. HK® 1,2,3Tpuc(iimans TOKCH )ITpOaH Ha TBEPIOM HOCHTEINE IeMUT-545.
Harpes xpomatorpapuueckoii xomouku - 100°C, marpes mcmapurens - 230°C, pacxon rasa-HOCHTENs
coctaiisut 30MII/MUH B 000MX CITydasiX.

3¢ deKTHBHOCTH KOJIOHKH TEM BBIIIIE, €M OCTPee 30HbI XpOMaTOrpapupyeMbIX COSTUHEHNH (4eM yxKe
MUKK Ha Xpomarorpamme). KonndecTBEHHOW XapaKTEpUCTUKOW OSTOro IMapaMerpa CIYKUT YHUCIIO
TEOPETHUUECKUX TapelloK, KOTOpoe onpeaeisercs mo gopmyne [8]:

'y
N =5.54 (—")
g 2

rie N-4uclio TEOpEeTHUECKHX TapenokK; I'r- HCIpaBIeHHOE PACCTOSHUE YACPKUBAHHUS, 2o s-IIMPUHA UK HA
MIOJIOBHHE €0 BHICOTHI.

Pe3yabTaThl U MX 00CYKIEHHE

[TonydeHHble pe3yabTaThl CBeACHBI B TaOauily 1. B Tabmuile 1 mpuBeIeHO YMCIO TEOPETHYCCKUX
TapesyioK, PacCYMTAHHOE JUIsI MCIONBb3yeMbIX XpoMaTorpauuecKuX KOJOHOK, a TAaKKE BEIMYMHBI BBICOT
SKBUBAJICHTHBIX TeopeTuueckoi tapenku (H).

riae L-pinna xpomaTorpaduyeckoil KOIOHKH.

Ta6auna 1. 3aBucuMocTh uncia TeopeTudeckux Tapenaok (N) u BEICOTHI, SKBUBAJICHTHOW TeopeTnieckoi Tapeike (H,
MM) JUIsl OTJEIBHBIX COEANHEHUH OT JTMHBI XpOMAaTOrpapuIecKoi KOJIOHKH.

JlmHa XpomaTorpaduyeckoil KOJIOHKH, M
Copbart 3,5m 4, M
N H N H

H-HOHaH 1086 3.23 2186 2.15
H-7JIeKaH 1138 3.07 2246 2.09
OeH301 1165 3.01 2539 1.85
TOJTYOJ 1199 2.92 2601 1.80
STHIIOCH30JT 1214 2.88 2697 1.74
M-KCUJIOJ 1664 2.10 3600 1.31
KyMOJI 1675 2.09 3931 1.19
0-KCHJION 1795 1.95 4059 1.16
ME3UTHJICH 2216 1.58 4281 1.09
TICEBIOKYM OJT 2223 1.54 4602 1.02
TeTpaMeTHIOeH30I1 936 3.73 1891 2.48

183



bodd®0)3IRML 3IG60IATSM)S IAMBEIN0 535RIBNOL 39G6J, Jodool Lgeros 2012 338 Ne 2 - 3

. —
W3 nmanHBIX, NpUBENEHHBIX B TaOmuie 1, BUAHO, YTO YBEIMYCHHE JIUHBI XpOMAaTOrpauuecKoit
KOJIOHKH NPUBOJUT K YBCIHMYCHUIO YK CJIda TCOPCTUUCCKUX TApECJIOK IO KaXKAOMY KOMIIOHEHTY, B CPCIHEM B
2.22 pa3a, 4TO CIIOCOOCTBYET 00JIee OTHOMY pa3e/iCHUI0 MHOTOKOMIIOHEHTHOH CMECH.
Ha xononke anmuHo# 4.7M moiy4eHbl Hauboliee CUMMETPUYHBIE, Y3KUE MMUKH Ha XpOMaTorpaMMe M
Oomee monHOEe paznmeneHue, ocobeHHo mukoB Ne 5,6,7 (puc.l u puc.2), XOTS HaJO OTMETUTH, HYTO
MIPOIOJDKUTENBHOCT aHATM3a yBenmuymiIach B 1.82 pasa.

e
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Puc.1. XpomaTorpamma pazjieieHus IrpaJydpoOBOYHON CMeCH Ha XpOMaTorpadpuyecKoi KOJIOHKH JITHHON 3.5M.
1-H-HOHaH; 2-H-JIeKaH; 3-0eH3011; 4-TOIMYOJ; 5-3TUIOCH30IT; 6-M-KCUIION; 7-KyMOJI; 8-0-KCHJION; 9-ME3UTHIICH;
10-niceBokymont; 11-terpaMeTninGeH3oi.
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Puc.2. XpomaTorpamma pasjieieHus rpaJlydpoOBOYHON CMeCH Ha XpOMaTorpadpuyecKoi KOJIOHKU JITHHON 4. 7M.
1-H-HOHaH; 2-H-JIeKaH; 3-0eH3011; 4-TOINYOJ; 5-3TUIOCH30IT; 6-M-KCHITON; 7-KyMOJI; 8-0-KCHIION; 9-ME3UTHIICH;
10-niceBokymont; 11-terpaMmeTninGeH3oi.
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TakuMm 00pa3oM, Ha HCCIEJOBAaHHOW KOJIOHKE MOXHO C YCIIEXOM aHAJIM3UPOBATH CMECH HEKOTOPBIX

BEILECTB, BXOIAIIMX B COCTAB OEH3MHOB.
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ANALYSIS OF SOME OIL PRODUCTS BY GAS-LIQUID CHROMATOGRAPHIC METHOD
Teimuraz Kordzakhia, Luba Eprikashvili, Marine Zautashvili, Nino Pirtskhalava, Maia Dzagania

Petre Melikishvili Institute of Physical and Organic Chemistry
of Ivane Javakhishvili Thilisi State University

SUMMARY
Analysis of some compounds contained in the composition of oil has been carried out. Influence of the

polarity and temperature of the stationary liquid phase on the resolution of the chromatographic column has
been studied.
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OUBNYECKAS XUMUA

HOCJIEAOBATEJIBHBIE TPUBJIMKEHUSA ITPU AHAJIM3E CIIEKTPOB OIITUYECKOI'O
HPOITYCKAHUS HAHOCJIOEB CEJIEHUJA CBUHIA

A.M.Ilamaes, O.I/I.)IaBapaHJBMJm*, M.I/I.EHyKaIHBI/IIII/I*, 3.F.AXBHG}Z[I/I3HI/I*’**, H.H.ELIqKOBa*,
M.A.J[3aranust’
Hayuonanvnas Axademus Asuayuu Azepbaiiosncana, baxy, Azepbatioscan
*Tounuccxuti I'ocyoapcmeenuwiii Yuusepcumem um. Us. [ocasaxuwmsunu, Tounucu, I py3us
**Uncmumym gusuxu um. 3. Anoponukawesunu, Tourucu, I py3us

B Hacrosmeil pabore U3y4daroTcs CIEKTPhl ONTHYECKOrO MPOMYCKAHUS HAHOCIOEB CEJICHUJa CBUHIIA C LIEJIBIO
WCCIIEJIOBAHMSl BIIMSHHS TOJNIIMHBL CJIOEB Ha IMOIJIOUNIEHHWE CBOOOJHBIMH HOCUTESIMU, HAaNpsDKEHHWs Ha
MOKa3aTesb MPEeIOMIICHHs, HEMapaOOJINYHOCTH 30H MPU BBICOKON KOHIIEHTPAIlMM HOCUTENEW 3apsija Ha Kpau
norJionieHys. BrepBrie mpoBeeH aHAIN3 CIEKTPOB ONTHUECKOTO MPOITYCKAHMS HAHOCIOEB CEJICHHWJa CBUHIA
TIPY TIOCIIEI0BATEIBHOM PUOINKEHHH.

B mocnennee Bpemst OONBLION MHTEPEC BHI3BIBAIOT M3MEHEHUS (DH3HMUECKUX CBOMCTB HAHOCIOEB CEIECHHIA
CBHUHIIA, BBI3BAHHBIE HECOOTBETCTBHEM I1apaMeTpPOB pPEIISTKH closg M Homoxkku KCIl. DTOT MHTEpec CBs3aH ¢
BO3MOXKHOCTBIO CO3JaHUSI JUAJICKTPHUCCKOTO COCTOSIHHS UM TIOBBIIICHHUS YACIBHOTO COMPOTUBICHUS B 3THUX
SMUTAKCHAJBHBIX HAHOCIOAX, YTO TMO03BOIsIeT O((EeKTUBHO HCHONB30BaTh uX I co3manms UK
¢oTronpueMHUKOB. lcciegoBaHue CHEKTPOB MPOIMYCKAHHS 3TUX CJIOCB IO3BOJIIET ONPEHCTSATh LIHMPHHY
3aIlpeIleHHOM 30HBI B HAIPSHKEHHBIX HaHOCHIOAX PbSe. B 310 paboTe myTeM mocie10BaTeNbHBIX MPHOIMHKEHIN
aHaIM3upyeTcss BIMAHUE JAedOopMallMM Ha I[I0KA3aTeNb IPENOMJICHHUS, TOJIIMHBI CIOEB Ha IIOIVIOLICHUE
CBOOOIHBIMH HOCUTEISIMHU, a TAaKXKe HEMapaOOIMYHOCTH 30H, CBSI3AHHOW C BBICOKOW KOHIIGHTpAI[Meld HOCUTENeH,
Ha Kpail moryomeHus. MeToqoM Mocie0oBaTeNbHBIX NPHOMMKEHUI € MCHONb30BAaHHEM PpAacUeTHBIX U
9KCIIEPUMEHTAIBHBIX JAHHBIX IONYYEeHbI 3HAYCHUS IIMPHUHBI 3aIPEIICHHON 30HBI.

OnuTakcuaneHele ciou PbSe Ha momnoxkke KCI momydaanck METOIOM MOJCKYISIPHOM SMHMTaKCHU C
«ropsueii cremkoit». Temmeparypa ucrounnka PhSe cocramsma 450-510°C, mommosxku KCI - 240-300°C,
CKOpOCTb pocTa Oblja B mpenenax 1-5 um/c.

WndpakpacHple CHEKTPHl  MPOMYCKAHHUS  PETHCTPUPOBAIKCH HA  JABYXJIYYEBOM  INPHU3MEHHO-
mudpakmuoHHoM crektpodoromerpe «Specord — 75IR» (Leiice, Mena) B unazone BomHOBEIX urcen 4000-2000
cM  (COOTBETCTBEHHO MHTEpBAJIE JUTMH BOTH 2,5-5 mkwm). Paspemarormas cua npu6opa mpu 4000 cM™ paBHa 5
em™, npu 3200 eM' —2cem, npu 2500 em' — 1 eM’ 1 MenbIe. ITorpemHoCTh B ONpPENEIEHUH BOJIHOBBIX YMCET
mist auamasona 4000-2000 cm™ cocraBmser +2 cM, mis amamasona 2000-400 cm” - 1 cem’. TIpoGHbie
00pasIbl TBEPABIX BEIIECTB IOJDKHBI MMETh ITOCTOSHHBIC TONIIMHBI M JOCTATOYHO OOJNBIINE IONEpeuHbIe
pasMepbl, YTOOBI ITOJHOCTBIO IEPEKPBHIBATh CEUCHHE ITydKa B KIOBETHOM oTceke. Ilpn MambIx pasmepax
ucciexyeMoro oopasua B 00a KOHIIA KPHCTAJUIONEPKATEINs YCTaHABIMBAIUCH MACKU U3 YepHOI Oymaru, pasMep
KOTOPBIX COOTBETCTBOBAJI pa3Mepy OKHA, MO3BOJISIONIETO IIPOBOIUTH U3MEPEHHUSI HEOOIBIINX 00Pa3LoB.

B pabote ananusupyeTcst CrieKTp MPONyCKaHusI ceieHua cBUHIA Ha ipuMepe cinost CJI-374 ¢ TonmuHoMi
70 mm. Terepoctpyktypa PbSe/KCl paccmatpuBaeTca Kak pezoHatop Dabpu-Ilepo ¥ MOXHO BBIpa3UTh

KO3(p(DULIMEHT IIPOITYCKAHKS 110 MOIIHOCTH 1 depe3 KO3 OULUEHTBI OTPaKEHUS 7, 1o dopmye:
T (1,_ er\l— r;)exp@ﬁ;. d)
(1-R) +4Rsin’ gd| 0

3neck 7, r; - KOOQPUIMEHTH OTpakKeHUs MO aMIUIUTyAe: Ha rpaHune cios PbSe ¢ BozgyxoMm (7)) u
nomoxxkkord KCI (r;); a Npbse - IOKa3aTenb npenomiieHus cinosi PbSe, Ny=1 — mokaszaTenb MpenoMIICHUs BO3yXa,

Nk - IOKazatenb npejaoMieHus noioxxku KCI, u r;, r, 1 R Beruncnstores nmo GpopMmynam :

N. _N N, -N..
~ n=S0—KL  R=y.nep(pd) pi=-a/2
Npys. + N, Npse + N

1=
)

3aremM Ha ocHOBe paBeHCTBa (1) OBLIO COCTAaBICHO ypaBHEHHE, IO3BOJISIONIEE BHIPA3UTh KO3 duiiueHt
noromeHuss a yepe3 T [1]. O6o3HauuB y=exp(2f;d)=exp(-ad), peniaeM KBaJpaTHOE ypaBHEHUE OTHOCHUTEIHHO
IIEPEMEHHON )
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B pesynbraTe mo TOYKaM 3KCIIEPUMEHTAIBHO M3MEPEHHOTO CIIEKTpa MPOIyCKaHUs (B Auamna3oHe oT 248
M3B 110 496 M3B), momydaeMm 3aBHCHMOCTh KO3(QUIIMEHTA MTOTJIONICHUS . OT SHEPTUH KBAHTOB M3IyUYCHUS Av.
Iockomnbky o ~(hv —E4 ), TO 3KCTpanoJsilus 3aBUCUMOCTH o’=f(hv) K HymO (CIpsMICHHE) B MPHUHIHAIIE
MO3BOJISICT ONPEACTUTh 3HAUCHHE IIUPUHBI 3aIIPEIIEHHOM 30HbI SITUTAKCHAIBHOTO CIIOS.

OnHako, B CBsA3M C BBICOKMMH KOHIICHTPAI[USIMUA HOCHTENIEH 3apsiia BbIpallleHHBIX cioeB (=~ 10cm3)
BEIHKO IIOTJIONICHHE Ha CBOOOAHBIX HOCHUTENSAX, M Kpail COOCTBEHHOTO MOTJIOLICHUS H3MEHSETCS, a TakKxke
MPOSBIISIETCS HENapabOIMYHOCTh 30H B 3aBUCHUMOCTH 3((EKTHBHOW MacChl OT SHEPrHMM KBaHTA I1aJalOIIETO
m3nydenust hv [2]. Jlasg oueHkW Kpas COOCTBEHHOTO TIOTJIOIIEHHS B UYHCTBIX — HEBBIPOXKICHHBIX

MOJYIPOBOJHUKAX C HHU3KOM KOHIICHTpAIMEH HOCHTENCH 3apsiga BO-TIEPBBIX, OMPEACSIUIOCH MOTIOIICHHE Ha
CBOOOHBIX HOCUTENAX Oy, [3]:

e .
== A
meNum”

C&.H.
4)

Y Pa3HOCTb O *=a — 04, & TOYHEE €€ KBAJIPaT. @)

B ¢dopmyne (4) m=0,08my - spdexTuBHAas Macca HOCHUTENEH 3apsia, IAe my-Macca 3JCKTPOHA; |[i-
MOJBIKHOCTD HOCHTENEH 3apsaa, IpHOIM3UTENBHO paBHas 3,5 eM*/B-c (4TO Tax)Ke IPUBOJUT K BO3PACTAHUIO
Olep . JUTSL CTIOS TOMIUHOK 70 HM) ; n=10" cm™ - KOHIEHTpALIMs HOCUTENEH 3apsia.

BO-BTOpLIX, B YCJIOBHAX BBIPOXKIACHUA JJICKTPOHBI 3aIIOJIHAIOT 30HY IPOBOAUMOCTH OO YPOBHS HHIKC
YPOBH: cDepMI/I, H DJICKTPOHHBIC MEPEXOAbl MCKAY KpasiMH 30H CTAHOBATCSA HCBO3MOKHBIMHU, YTO BbI3bIBACT
CMeIlIeHHe Kpasi COOCTBEHHOI'O IOTJIONICHHS B KOPOTKOBOJIHOBYIO 4acTh criekTpa. [losromy s mepexona K
ONpE/ENEHNIO MIMPHHBI 3alPEIEHHON 30HBl MEXIY SKCTpeMyMmMaMu 30H E, - B UMCTBIX 00pasuax - BBOJMTCS
MONpPaBOYHbII K03 dUIMEHT, 00paTHBII (pakTOpy ), TO €CTh 3HaUeHHE &* yMHOXKanoch Ha 1/y[4] :

i)

(1 +m,/m, )E - (h v—E, n
(1 +m, /m, )kT J ©)

rae m, / m, = 1,5 (Ipn BBICOKMX KOHLEHTPALMAX SJIEKTPOHOB HMX 3((deKTHBHas Mmacca BO3pacTaeT, a
a¢deKkTuBHas Macca JBIPOK MPUHUMACTCS PaBHOM ee 3HAUCHMIO y Kpas (3KcTpeMyMa) 30HBL [IpuueM, ¢ yuerom

()

31ech
-1

y=11+exp

2 2hv
HernapaOOIMYHOCTH 30H (OC -, H') ~| —-1| u ms OIlpe/leieHNs] Kpasi orioleHus £ g, CIIPSIMIICHHIO
g
2 2
(@-a,,) _(@® 2hv .
HOJISKUT 3aBUCHMOCTD Bt = =f (hv), rae @ ZE——I. [lluprHa 3amperieHHoi 30HBI,
@ @ g

TPE/IBAPUTENBHO paccyuTanHas 1o aedopmaunn, pasHa £, = 366 moB [5]; nonoskenne yposns Gepmn npu 7' =

300K, Er = 5 mdB, skcrpamonupoBanoch 1o pabotre [6]. Tlo copsamienuio rpaduvecKkold 3aBUCHMOCTH
"2

() =f (hv) onpesiensuioch 3uavenne E, B meppom mpuGmukenun. Ecnu He NMpHHAMATh BO BHUMAaHHE

3aBUCHMOCTH TIOKa3aTelsl MPEIOMIICHUSI OT HIMPUHBI 3alpellieHHON 30HbI, U3MEHSIOUICHCS B CBA3H C HAIUYHEM
YIPYrUX HampsDKEHUH B DMHUTAKCHAIBHBIX CIIOSX, TO, Kak ClefyeT u3 puc. 1(a), mMpHHA 3ampelieHHONl 30HBI,
HOJTy4eHHas 110 ATOMY aJIl'OpUTMY, cocTasiseT Eg~443 M3B, a xpaii nornomenus - £y =446 MaB .

Ha crnenyromnem starne y9uThIBaIOCh U3MEHEHHE MTOKa3aTelsl MpeloMIIeHus] N TPy yBETUYECHUH IIMPUHBI

3anpenieHHon 30Hb1. [1o oleHKaM, B IIMPOKOM JUaIa30He SHEPrHil EOHPGI{GHHGTCH u3 cootHomeHus: Ha 100

M3B mmpuHel 3anpenieHHON 30HBI TpuxoguTcss AN= — (,7. Tak Kak B pacyeT HEpBOro MpUOIIDKEHHs OBLIO
3aokeHo 3Havenne E, =360 MdB, To nomyuyaercs, 4TO ¢ y4eToMm ynpyrux Hampsukenuidl, N = N(PbSe) —

0,007(366 — 286)=N(PbSe)— 0,56. 3asucumocts (a')’ = f (h V) , TIOCTPOEHHAs  aHAJIOTHYHBIM
BBIIICTIPHBEICHHOMY 00pa3oM, IS TAKOTO U3MEHEHHUsl IOKa3aTelsl IpesIoMIICHUs MpeacTaBieHa Ha puc. 1(6) u
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HPUBOMMT K 3HAYCHHUIO IIUPHUHBI 3ampenieHHO 30HbI E_ =360 M3B - MeHblieMy, YeM MpeaBapuUTEIbHO

g
paccuuTaHHOE - 366 M2B n 3HaUEHMIO Kpas NOrIoeHHs £ 5, papHoMy 398 MaB.

T T T T T T 1 f I

& : a -
a Ha 2) 11 §) COOTBETCTBVET: *Ha a) I §) COOTBETCIBVET: 6)
elo] M - , 10} (a u )- -
N - T P cent 4 (c"—2 )
;/ — ¢ —

—
A

=
I

u.
I

L[]

Eg=443 m1B

’ -
| ) if, Eg -l46|h13].’.
400 425 450 475 375 400 425 450 475

KB&IJ[I‘JZL‘I' Pa3sHOCTH I{().'J(ll(pHILHCH’I‘OH HOrNOUECHHA

JHeprua GoToHa (MIB)

Puc. 1. 3aBucuMOCTb KBaIpaTOB KOA((HULINEHTOB MOTJIOMIEHHUS OT SHEPIHH (POTOHOB IJIS ONIPEICIICHHS
HIMPHHBI 3alpEIEeHHOM 30HbI B, 1 Kpast nmorsiouenus £, pu NpeBapuTeIbHOM 3HaueHun E, =366 MaB;

a~A*; a)N=N(PbSe); 6)N = N(PbSe)-0,56.

UT0oObI OOBSICHUTH 3TO HECOOTBETCTBHE, HaMH OBbUIO MPHUHATO BO BHUMAaHHE, YTO NpPU KOMHATHOM
TeMIepaType Jake MPHU BBICOKUX KOHIIGHTPALMSAX HOCHUTENEH BEIIMKO paccesHUE Ha aKyCTHYECKHX (OHOHaX,
MO3TOMY B JANBHEHUIINX pacueTax B ¢opmyne (4) ¢ yuyeToM pa3HBIX MEXaHH3MOB paccesHUs ObUT M3MEHEeH

TIOKa3aTellb CTENEHN p) B 3aBUCMMOCTH OT JUIMHBI BONHBI A’ , a uMenHo, p =1,7:
1.7
Oy~ A" /N (4.1)
B tabnuie 1 npencTaBiacHbl THITHYHBIE JaHHbBIE, HCIONb3YEMbIC ITPU 00pabOTKe CIEKTPOB MPOMYCKAHHUS
s cirydast N = N(PbSe).

1,7
Pe3ynbTaThl IIpOJEIaHHBIX PACYETOB C YYETOM TOrO, YTO X, ~A ', IPU OCTaIbHBIX HEU3MEHHBIX

C6.H.
napaMerpax Juist oooux ciydaes: a) N = N(PbSe) u 6) N = N(PbSe)-0,56 orobpaxeHsl Ha puc. 2(a, 0).
INomyyeHHBlE 3HAYEHNS IIMPUHBI 3aIPEIEHHOM 30HbI B, 1 KpaeB nornomienus £ COCTaBIAIOT B CIIyYae a)
E, =455 M3B , £, =459 MaB; B ciyuae 6) E, =381 M3B , £, =408 MdB.
B cBsi3u ¢ Tem, 4TO MONyYEHHOE NMpH aHAJIU3€ CHEKTPOB IporyckaHus 3HadeHne E, = 381 mdB
0Ka3aJIOCh OTIMYAIOIIUMCS OT pacyeTHoro E, =366 M3B, To B mocnenyroneM npubIKeHUN TIPH pacdeTe )y U

AN 1oACTaBIIAIOCh 3HaUEHUE HIMPUHBI 3aIIPEIIEHHON 30HbI, paBHOE 381 M3B; nipu 3TOM
N = N(PbSe) — 0,007(381 — 286) = N(PbSe) — 0,67.

Pe3ynpTaThl pacueToB 110 HOBOMY ITPUOIIDKEHHIO A1 000MX BBINICYKa3aHHBIX ciry4daes: a) N = N(PbSe)
u 0) N = N(PbSe)-0,67 npencrasiensl Ha puc. 3(a, 6). Kak cieayeT u3 9TuX pUCYHKOB, JUISl Clydas a) moiaydaeM
E, =455 3B , E; =460 M3B; nnsa cinydas 6) - E, =387 maB, E, =409 M3B, 4ro BHOJIHE coriacyercs c
3aJIO’)KEHHBIM B PACUCT 3HAYCHUEM HIMPHUHBI 3ar1pemeHH0171 30HBI.

Bce ncxomHble TaHHBIC MO TOKA3aTENSAM MpEoOMIIeHUS U KO3 GHUIIMEHTaM OTPaXKeHHsI, UCIOIb3yeMbIe
Ha Pa3lIMYHBIX 3Tanax aHajiu3a, coOpaHbl B Ta0muIe 2.
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L b’ . —————
Tabnuna 1. Tunuunble qaHHbBIE 0 00pabOTKE CIIEKTPOB nponyckanus npu N = N(PbSe); E ¢ =366 MaB;

onpe/eNeHus MUPHHBI 3aIIPELIEHHON 30HbI B, ¥ kpas nornomenus £ ; Ipy NpeaBapuTeNbHOM 3HAYEHUH

Puc. 2. 3aBucumocTh kBapaToB K03 (HUIIMEHTOB MOTTIOMICHHSI OT YHEPTUU (HPOTOHOB JJIS

E, =366 m3B; o ~A""; a) N = N(PbSe); 6) N = N(PbSe)-0,56.

189

a,, ~A".
N2
N | s [ NPOSO | Toxe | aen’ | S @l |y =(ofg()1/y))2 .
1 | 5,000 4,150 0,267 109295 | 109294 | 3,81E+00 | 8,504 9,80E+01 248
2 | 4,762 4,225 0,264 107465 98809 1,77E+08 | 7,196 3,88E+09 260
3 | 4,545 4,415 0,262 101463 87367 4,05E+08 | 6,116 7,43E+09 273
4 | 4,348 4,600 0,260 94980 77750 5,32E+08 | 5,225 8,10E+09 285
5 ] 4,167 4,720 0,257 90526 70485 6,41E+08 | 4,488 8,09E+09 298
6 | 4,000 4,800 0,253 87578 64663 7,57E+08 | 3,880 7,91E+09 310
7 | 3,700 4,950 0,246 80570 54920 791E+08 | 2,954 5,74E+09 335
8 | 3,571 5,020 0,241 77708 50994 7,95E+08 | 2,622 4,90E+09 347
9 | 3,397 5,100 0,239 71024 46105 6,24E+08 | 2,232 3,09E+09 365
10 | 3,226 5,200 0,237 61987 41407 3,85E+08 | 1,913 1,55E+09 384
11 | 3,125 5,250 0,234 57538 38858 2,99E+08 | 1,754 1,07E+09 397
12 ] 2,941 5,300 0,239 43263 34722 5,60E+07 1,514 1,67E+08 422
13 | 2,857 5,320 0,238 38351 32928 2,14E+07 | 1,424 5,97E+07 434
14 | 2,778 5,320 0,240 32512 31388 8,77E+05 | 1,350 2,30E+06 446
15 | 2,703 5,360 0,232 31013 29736 1,08E+06 | 1,289 2,71E+06 459
16 | 2,667 5,368 0,228 31401 29022 3,67E+06 | 1,263 9,02E+06 465
17 | 2,632 5,376 0,224 31895 28334 8,05E+06 | 1,239 1,95E+07 471
18 | 2,597 5,384 0,220 32505 27670 1,45E+07 | 1,217 3,46E+07 477
19 | 2,564 5,392 0,217 32317 27029 1,70E+07 | 1,197 4,01E+07 484
20 | 2,500 5,400 0,212 31927 25852 2,16E+07 | 1,163 4,99E+07 496
281 a Haa)H ) ;oo'mercrsve'r?— 14F eHa a)ug)coome'rcrnver: ) B
8 ; (“_“csﬂ) 20%2 1 2Br (a-a':u.) "07(““—2) |
£ 2 y 1 12| | .
E 22 1 11 -
B 20 - 10} ; -
é 16 - 8 / i
= — | I -
£l Tef :
= ’
g 10} 45} /; .
A 4 a4} /! .
’ ’
& 6| 1 3 ; it T
2 4 1 2F ; , -
2 W. wB “ ngllﬂg wl mB"' ., ’ E‘vqolamn
400 450 500 350 400 450 500
Srneprax doroma (usB)
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Puc. 3. 3aBucuMocTh KBaIpaToOB KOA((HULINEHTOB MOIJIOMIEHHUS OT SHEPIHH (POTOHOB AJIS ONIPEICIICHHS
HIMPHHBI 3alpEIeHHOM 30HbI B, 1 Kpas noriomenus £ , Tpu NpeBapuTeIbHOM 3HaueHun E, =381 MaB;

a~A""; a)N=N(PbSe); 6)N =N(PbSe)-0,67.

Tabnuma 2. CrieKTpajibHbIC 3aBUCHMOCTH TAaHHBIX 10 [TOKA3aTeIsAM NperoMiIeHus N 1 ko3 duireHTam

OTpaXXCHUA 110 aMIITIUTYIC I’i

u l"z , HCTIOJIb3YEMBIX B pacyeTax.

N I I
hv N(PbSe)- | N(PbSe)- N(PbSe)- | N(PbSe)- N(PbSe)- | N(PbSe)-
N(PbSe) (0,56 ) (0,67 " | Nepbse) (0,56 L (0,67 " | Nepbse) (0,56 L (0,67 L
248 | 4,150 3,590 3,480 0,612 0,564 0,554 0,477 0,419 0,406
260 | 4,225 3,665 3,555 0,617 0,571 0,561 0,484 0,427 0,415
273 | 4415 3,855 3,745 0,631 0,588 0,579 0,500 0,448 0,436
285 | 4,600 4,040 3,930 0,643 0,603 0,594 0,515 0,466 0,455
298 | 4,720 4,160 4,050 0,650 0,612 0,604 0,525 0,477 0,467
310 | 4,800 4,240 4,130 0,655 0,618 0,610 0,531 0,485 0,475
335 | 4,950 4,390 4,280 0,664 0,629 0,621 0,541 0,498 0,488
347 | 5,020 4,460 4,350 0,668 0,634 0,626 0,546 0,504 0,494
365 | 5,100 4,540 4,430 0,672 0,639 0,632 0,552 0,510 0,501
384 | 5,200 4,640 4,530 0,677 0,645 0,638 0,558 0,518 0,509
397 | 5,250 4,690 4,580 0,680 0,649 0,642 0,562 0,522 0,513
422 5,300 4,740 4,630 0,683 0,652 0,645 0,565 0,526 0,517
434 | 5,320 4,760 4,650 0,684 0,653 0,646 0,566 0,527 0,519
446 | 5,320 4,760 4,650 0,684 0,653 0,646 0,566 0,527 0,518
459 | 5,360 4,800 4,690 0,686 0,655 0,649 0,568 0,530 0,522
465 | 5,368 4,808 4,698 0,686 0,656 0,649 0,569 0,531 0,522
471 | 5,376 4,816 4,706 0,686 0,656 0,649 0,569 0,531 0,523
477 | 5,384 4,824 4,714 0,687 0,657 0,650 0,570 0,532 0,523
484 | 5,392 4,832 4,722 0,687 0,657 0,650 0,570 0,532 0,524
496 | 5,400 4,840 4,730 0,688 0,658 0,651 0,571 0,533 0,525
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Puc. 4. 3aBucUMOCTb TPOU3BEICHUS KBAAPATOB PA3HOCTH KO3()(PUITMEHTOB MOTJIOMIEHHS Ha SHEPTUI0
(OTOHOB /171 ONpe/ieNEeHNs IUPUHBI 3alpeleHHOH 30HbI B, 1 kpas noromenus £y Ipu cOpsAMIEHUH BUA

(ahu)2 = f(hv), npensapurensroe 3HaueHue Eg=366 M3B; a~A"";
a) N = N(PbSe); 6) N = N(PbSe) — 0,4; B) N = N(PbSe)-0,56.

TpeanpuHsTa TAKKe MOMBITKA AHANH3a CIEKTPOB MPOMYCKAHHS MyTeM crpsmieus (ahv)’ = flhv).
PesynbraThl Takoro cnpsmiieHUs Mpu Tokaszatene npenomieHuss N = N(PbSe) (puc.4a) mocTaTo4HO OJIM3KH K
J@HHBIM, TIONYYEHHBIM 110 crpsamieHuio (a)” = f{hv) (puc.2a). [To Mepe Bospactanus nedopmarmu, korma AN
MeHsieTcs, Hanpumep, ot 0,4 1o 0,56, HaOmromaeTcsi U3MEHEHUE B IIMPHHE 3aMIPEIICHHON 30HBI IO CPABHEHUIO CO
CIIPSIMJICHHEM (oc)2 = f(hv). B yactHOCTH, B IepBOM Tpubmmkennd it AN =0,56 1mmpuHA 3anperieHHONl 30HbI
yBenunumnBaetcsa Ha 20 MdB (puc.40,B).

Taxum o6pa3oM, U3yueHHe MIMPUHBI 3alPEIIEHHOM 30HbI CelleHn1a CBUHIA By IPoBeIeHo 10 cleKTpaM
ONTHUYECKOTO MPOMYCKAHUS MYTEM TIOCIISAOBATENILHOTO MPUOIMKEHHUS C UCIIONB30BaHUEM PACUETHBIX JAHHBIX IO
JdebopMalsM M SKCIIEPUMEHTANBHBIX Pe3yNbTaToB 10 E, mpu yudere BhIpokaeHHs. IIpu sTom B ciydae

191



bodd®0)3IRML 3IG60IATSM)S IAMBEIN0 535RIBNOL 39G6J, Jodool Lgeros 2012 338 Ne 2 - 3

. —
KJIACCHYECKOTO BhIpakeHMs Jlpyne Ui 3aTyxaHMs 3JEKTPOHOB — IOTJIOHICHHWE HAa CBOOOAHBIX HOCHTENSX
(nokasatenb p B cremeHu A’ paBeH 2) 4acTO MPUBOJMT K OTPHUIATENBHBIM 3HAYEHHAM O — Ogy,. 1103TOMY
IPULIUIOCH NIEPEHTH Ha 3HadyeHue p=1,7, Tak Kak, B L€JIOM, U3MEHEHUE p MOXKET ABJATHCS HAJIOKECHUEM
HECKOJILKMX MEXaHM3MOB paccesHus. [leppoe mpubnmxeHne, Korja moJCcTaBiseTcs pacueTHoe 3HaueHue B, naer
IyTeM cHpsMileHHus ero 3HadeHue — 381 mdB. Ilpu BTOpoM mpuOMMKeHHH B )Y TOACTABISACTCS MMEHHO 3TO

3HaueHue E, U B pesynbTare mojaydaercs 3HaYEHHME IIMPHHBI 3alPEHICHHONM 30HEI, paBHOe 387 MaB. Hapsany ¢
u3MeHeHneM E, B aHanu3e yYUTBIBAETCA, Y4TO C YTOHBLIEHHEM CJIOEB BO3PACTaeT BKIajn jAedopManuu U B
W3MEHEHHE MOoKa3aTensl MPEeJOMIICHUS] — OH 3aMETHO MOHUXKAETCA U 3aBUCUMOCTD (oc)2 = f{hv) cTaHOBUTCS BCE
Oornee monoroi npu Bo3pactaHuM hv. COOTBETCTBEHHO, POCT B, C yTOHBIIEHHEM CIIOEB NPOMCXOAUT HE OYEHb
OBICTpO.

Bo3MO)XHO, B TOHKMX CJIOSX H3-32 BO3HHUKHOBEHMs HEOJAHOPOAHBIX jAedopMaluii moKas3aTenb
IpenoMIIeHusl u3MeHsiercst ¢ nedopmanueit cnadee u, ecnu BMecto 0,56 (mepBoe npudmmxenue) u 0,67 (BTopoe
MpuOIIDKEHNE) MoKas3aTeNb MPeJIOMICHUST yMeHblIaercs jaumb Ha 0,4 (Ipu cOOTBETCTBYIOLMX AehopMariusix
BBISBIIIETCS MX aHu30Tponus) To Eg Mmoxker gocturats 430 MaB. Ho 3To TpeOyeT moaTBep kK IeHNS AabHEHIINMU
OKCIICPUMCHTaAMU.
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SEQUENTIAL APPROXIMATIONS IN THE ANALYSIS OF THE SPECTRA OF OPTICAL
TRANSMISION OF LEAD SELENIDE NANOLAYERS
A.M.Pashaev, O.1.Davarashvili, M.1.Enukashvili’, Z.G.Akhvlediani"", L.P.Bychkova*, M.A.Dzagania*
National Aviation Academy of Azerbaijan, Baku, Azerbaijan
“Iv. Javakhishvili Thilisi State University Thilisi, Georgia
“E. Andronikashvili Institute of Physics, Thilisi, Georgia
SUMMARY
In this paper we study the spectra of the optical transmission of lead selenide nanolayers with the aim for their research
on the dependence on the absorption on the free carriers from layer thickness, of refractive index - from strain, the
absorption edge — from nonparabolicity of bands at high concentration of the current carriers. First analysis of the
spectra of optical transmission of lead selenide nanolayers at sequential approach was carried out.
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OUBNYECKASA XUMUSI
K KBAHTOBOHM TEOPUU PABOTBI HAHOCEHCOPA
T.A.Mapcarumswi, M.H.MauaBapuanu, I'./[x. Tatumsuam

Tounucckuii 2ocyoapcmeennniii yrusepcumem um. M. /[icasaxuweunu,
HUnemumym neopeanuueckou xumuu u snekmpoxumuu um. P.Aenaosze

IIpencraBnena KkBaHTOBas Teopus PabOTHl HAHOCEHCOPA, H3JIYHAIONIETO CBET B IIPOLECCE NETEKTUPOBAHUS
UCKOMBIX yacTull. Pabounii anekTposa npencrasisieT co0oil MoIynpoBOAHUKOBYIO MOJIOKKY C HAHECEHHBIMU Ha
Hell crnosmu Jlenrmropa- biomxera. Monekynsl JroMuHO(Opa paclolioxkeHbl B KaxaoM cioe JleHrmropa-
bromxera u B mpolecce aacopOLMM MCKOMBIX YacTHI] Ha MOJEKyJbl cios JleHrmiopa- Briomxera msmydaror
(OTOHBI.

Onucanne cnoeB JleHrmropa-biomkera 1 371€KTposUTa NPOBEAECHO C UCTIOIb30BAHHEM TEMIEPATYPHBIX (YHKIUI
I'puHa omepaTopoB MOJSpH3ALMK. DTO IO3BONSET YYUTHIBATH 3(P(PEKTHI YaCTOTHOM W NPOCTPAHCTBEHHOW
JHCIIEepCHH Kak cioeB JleHrMmiopa- biomkera, Tak 4 pacTBOpa 3JI€KTPOIUTA.

[onyueHbl aHaNMUTHYECKUE BBIPAXKEHHS Ui KOI(PPUIMEHTA SKCTHHKIUM H3JIYYeHHs CBETa MpPU aJCOpOLUU
HCKOMBIX YacTUI] Ha pabo4mii 3JIeKTpoJ ceHcopa. BeipakeHue s ko3duIMeHTa SKCTUHKIMKE B 00IIEM BUIIE
BKIIIOYAET Psifi MaKPOCKOIIMYECKHX I1apaMeTpOB, XapaKTepHU3YIOUIMX cucTeMy. JleranbHble pacdeThl 3THX
MapamMeTpoB MOXET OBITh IPOBE/ICH IS KOHKPETHBIX MOJIEJIeH, B paMKaX KOTOPBIX MOXKHO YY€CTh 3aBHCHMOCTb
OT MOTEHIUAala IEKTPOAA, XapaKTep 3aTyXaHUs IEKTPOHHOH IUIOTHOCTH 3JIEKTPOAa BOIM3U IPaHULBI pa3fena
¢a3, peopraHu3aIMU PacTBOPA U KoJeOaTEeNbHOH NOACUCTEMBIL.

1. BBeaenue.

B xumuu, MemuiiHE W DKOJIOTHM BCE OOJIbIICEe MPUMEHEHHUE HAaXOIAT HaHOCEHCOphl. HanoceHcopsI
JAI0T YYCHBIM BO3MOXKHOCTh M30MpaTeIbHO UACHTU(HUIIMPOBATh OYCHb HU3KHE KOHIICHTPAI[UH TOKCHYHBIX
COCMMHECHUN B TPOMBINUICHHOW TMPOAYKIIMH, XAMHUYECKAX MaTepuaiax, BO3AYyXe, BOJE, IIOUBE,
OMOJOTHYECKUX CHCTeMax (HampuMmep, B OakTepHsax, KIEeTKax M BUpycax) M T. A. KoMOuHHpYyS
cnenuduueckre OHOJOTMYECKME MapKephl (HampuMep KpacHTEIM) C METOJAaMH  ONTHYECKOro
JETCKTUPOBAHUS ¥  BBICOKOIPOM3BOIUTEIIEHBIMA ~ KOMITBIOTEPHBIMH ~ CHCTEMaMH, MOXXHO CO37aBaTh
HaHOCEHCOPBI IS TorcKa U auddepeHiinanny CI0KHBIX COeTUHEHUI.

BoNBIIMHCTBO HAHOCEHCOPOB pabOTaeT IO NPHUHIUIY H3MEPEHUS B3aUMOJCHCTBHS H3y4aecMOro
oOpasiia ¢ HEeKHM peareHTOM ¢ 00pa30BaHMEM HOBOTO NPOAYKTA PEAKIMU. JTa PEaKiUs YyJaBIHBACTCS
CEHCOPOM, KOTODBIH Ipeodpa3yer ee B DIACKTPHUUECKHH HIM ONTHYECKHI curHail. JlaHHBIH CHTHAI
0TOOpaXkaeTCsl MJTK 3aIIUChIBACTCS C MTOMOIIBIO KOMIIBIOTEPA.

XapaKTepUCTHKU CEHCOpa: Majloe BpeMsl OTKIIHMKA; OMOJOrHYecKas COBMECTUMOCTh; CBEpXMallbie (HaHO)
pa3Mephl; CBEPXBBICOKAS YYBCTBUTEIBHOCTB; CBEPXBBICOKAsl TOYHOCTH, MPOYHOCTH [1-7]. B pesymbrare
MOJIy4aeM HHM3KYI0 CTOMMOCTb JIIsl OOJIBIIIOrO KOJTMYECTBA Pa3HBIX TECTOB Ha OHOM HMCCISIYEMOM o0pasIie.

JlocTaTodHO TIPUBECTH JIMIIB HECKOJIBKO MPUMEPOB, HACKOJIBKO MHTEHCHBHO Pa3BUBACTCSI CETOAHS 3Ta
00J1aCTh.

UccnenoBarenn  texHonmormueckoro nentpa Cidetec-IK4 B Hcmammm [1]  paspaboranu
ANIEKTPOXMUMHYCCKHUE AAaTYMKH, KOTOPBIC, MIOMUMO IPYTHX (YHKIMH, CIIOCOOHBI ONPENSNSITh BO3MOXKHBIC
mytauuu B JIHK ¢ Oosblieli CKOpPOCTBIO, YeM ATO OBbUIO BO3MOXHO JO CHX Hop. FHTepecHOo, 4TO
uccinenoanus JIHK B paMkax TmpoekTa MPOBOMMUINCH [UISI yYCTaHOBJICHUS 3 (HEKTUBHOCTH U
YYBCTBUTEIILHOCTH HOBBIX JATYMKOB. MOXKHO OXHJIATh, YTO Y)K€ B OJIMIKAMIIIE HECKOJIBKO JIET MOA00HBIC
HaHOCEHCOPBI MOYKHO OYJET MPUMEHSTH JJIs ONPEICICHUS IPYTUX TUIIOB MOJICKYIL.

B 2004 r. B maboparopuu JInbGepa [2] ObUI CO31aH CEHCOP Ha OCHOBE HAHOIPOBOJOB, MO3BOJISIOIINN
JCTEKTUPOBATh JaK€ CAMHMYHYIO BHUPYCHYI0 uacTuily. CBs3bIBaHHE BHpYyca CO CHEHU(DUUCCKUM
AHTUTEIIOM, HAaHECEHHBIM Ha MMOBEPXHOCTh HAHOMPOBOJIA, BHI3BIBACT 3HAUMMOE M3MEHEHUE DIICKTPUUIECKON
npoBoauMocTy. MccimenoBarenbekas rpymmna moa pykosoactsoMm Y. JIuGepa cripoektupoBaia HAaHOCEHCOP,
AQHATM3HUPYIONIUI CIIOCOOHOCTh PA3IMYHBIX MOJIEKYJI CBSI3bIBAThCS C ONPEAEICHHBIMU OEJIKaMH, YTO
SIBJISIETCST OCHOBHOM 3a/maueil CKpUHUHTA MOTCHIMABHBIX JIGKApCTB. YUEHBIC MCCICAOBAIA HHTHOUTOPHI
OCIIKOB, PEryIUPYIOIIUX KICTOYHBIA POCT, B 4aCTHOCTH MMATUHHO (¢ 2001 I. mpuUMEHSeTCs Ui Teparuu
XPOHHMYECKOr0 MHeNojelko3a). VccnenoBanus, u3ydaroye OMOXMMHUYECKHE IPOIECChl TaKOro poja,
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JIOBOJIBHO TPYIOEMKH, MCIONB30BAHUE B 3TUX LENAX HAHOCEHCOPOB 3HAYMUTENBLHO YCKOpSIET M TOBBIIIACT
YYBCTBUTEIIbHOCTh CKPHHUHTA TIOTCHIIMAJIBHBIX JICKAPCTBEHHBIX IIPEHapaToB.

Pabora HaHOCEHCOpa mpearnonaraeT B mpoiecce ACTEKTUPOBAHUS CYHIECTBEHHOE IepepaciperielieHne
AJIEKTPOHHOW IIJIOTHOCTH B CHUCTEME, YTO W SIBJISICTCS MPUYMHOW POCTa BIIEKTPONPOBOIUMOCTH HIIH
¢dorousnyuenusi. [lepepacnpenencHue dIEKTPOHHOW IJIOTHOCTH B CHCTEME 4YacTO ObIBaeT CBS3aHO C
MPOIIECCOM aJCOPOLIMM MCKOMOW YacTHIIBI Ha TOBEPXHOCThH DIIEKTpoJia HaHoceHcopa. EcTecTBeHHO, YTO
MPOIIECChl  MepepacnpeeieHus] AICKTPOHHOH IUIOTHOCTH W W3NYYECHUS ONUHOYHBIX (DOTOHOB B
HAHOCEHCOPAaX SIBJISIOTCS KBAHTOBBIMH U TPEOYIOT COOTBETCTBYIOIIETO PACCMOTP CHHS.

Hwke paccMOTpHM KBaHTOBYIO TEOPETHUECKYIO MOJIENb TIpoliecca aJcOpPOIMH YacTHUIIBI HA TIOBEPXHOCTh
AJIEKTPOJIa HAHOCEHCOPa, B PE3YJILTATE YETO MPOUCXOTUT H3NydeHUe (HOTOHA.

2. 'aMWJIbLTOHHAH CHCTEMBbI.

JIJiss KOpPEKTHOI'0 HAIMCAaHUS T'aMUJIbTOHHAHA CHCTEMbl HEOOXOIMMO KOHKPETH3WPOBATH YCTPOHCTBO
HaHOceHcopa. MBI IpearnonaraeM, 4To pabounii ANeKTPo HAaHOCEHCOpa MPEACTABIIsIET COOOH MOTOKKY U3
MOJIYIIPOBOAHMKA, Ha KOTOPBIi HaHECEHO HECKOJIBKO CJI0€EB JIenrmrop-biompkera c
(OTOMIOMHHUCIICHTHBIMI ~ MOJIEKYJIaMU.  MOJyKYJTbI cnoeB Jlenrmrop-briomkera pacmoyoxeHsl
MEPIEHIUKYIISIPHO TIOBEPXHOCTH 3JIEKTPOJIa, OHU aIcOPOMPOBAHEBI HA TIOBEPXHOCTH MOTYIPOBOJHHUKA (HITH
HA Yyxe ajcopOupoBaHHOM cjoe JleHrmiop-bromkera) TONAPHBIME —«HOKKaMU», a K BEpXHEMY
(oTHameHHOMY OT TOBEPXHOCTH IMOJYNPOBOJHHUKA) KOHILY MOJNEKYT M3 HCCIEAyeMOW XHAKOCTH MOTYT
MOJXOMUTh pa3iu4yHble YacTUIBl. Momnekyibl cioeB Jlenrmrop-brnomkera moaduparoTes TakuM 00pasoM,
yroOBl Ha HHX MOIJIM aJcopOMpOBaThCs HccienyemMble (MCKOMBbIE) 4YacTHIlbl. B mpomecce amcopOruu
MIPOMCXOMUT CYIIECTBEHHOE TepepaclpeielieHne IMeKTPOHHOH TUIOTHOCTH CHCTEMBI, B PE3yJIbTaTe Yero u
MPOUCXOIUT U3JTy4YeHHEe (OTOHA.

21_115[ YIOpOomCHUud MaTEMAaTUYCCKHUX BLIBOAOB, PaCCMOTpHMM CHadalla HNPHUMECHYIO MHOI'OATOMHYIO
YacCTUILYy B MOJISIPHOM Cpele.

Cy1iecTBOBaHHE 3JIEKTPOCTATHUECKOTO B3aMMOACUCTBUS MEXAY NPUMECHIO U CpPElOil BBI3BIBAET
MOJISIpU3AIMIO cpeabl. B cBoIO odepenp moisipu3oBaHHAs cpela BO3JEHCTBYET Ha MPHUMECHYIO YacTHILY U
noJsipu3yeT ee. ['aMUIIbTOHMAaH CHUCTEMBI (Cpela IUTIC MPUMEcHasi YacTUIla) MOXKET ObITh MPEICTaBIICH B
Buje [8, 9]:

H=H,+H,-[ <13(f)>OE(f,QO)df — [ 8P(F)E(F.Q,)dF, (1)

rie Hin- lamuibronuan cpeapl; H - TaMuiIbTOHMAH 4YacTHIIBI, <P(r)>0- CpenHee 3HauyeHue

p
TIOJISIPU3AITIHN CPENbl, BRI3BAHHOE JJICKTPUUCCKUM TIOJIEM MPHUMECHOH YaCTHIHI C HANPSHKEHHOCTHIO IO
E(r,Qo), (Qo — HaOop BHYTPHUMOJEKYJISAPHBIX KoOpauHaT mpumecH). Ilepexoms or ['amunbroHHMaHa

Hernossipu3oBaHHoM cpensl H' k Mamunbronnany nomsipusoBanHoi cpens! Hy, , mMeeM
Le/s o\ 7= -~ VIR -
H=H,+H, - [(P(#),EGF0)dF - [ SP(F)E(F,0,)dF, @)

I'me OP(r)- omepatop GuyKTyalMd MOMSIPH3ALUKM Cpensl (OTKIOHCHHE MOJSIPH3AIUN OT CPEIHEro

3HAUYEHUS MOJIAPU3ALIUH).
CornacHo ¢uIyKTyallMOHHO-IHCCUITAIIIOHHON TeopeMe:

(PG.0), =—[dF'[di'g}, (F.F'5st—tYE, (7,1, 3)
rae gﬁp 3TO 3ama3biBaronas GyHkius [ puHa onepaTopoB MOISPU3ALMH CPEIBI.

B o0meM Buiae dYacTuila MOXKET OBbITh 3apsDkeHHOW. [IJIs HANpsHKEHHOCTH AJIEKTPUYECKOro IO
MPUMECHBIX YaCTHI] B TUIIOJILHOM PHOIMKSHUH MOYKHO UCIIOIb30BaTh BRIPAYKCHHE:

E, () =~[dF'gy ., (F.F) D 1y (R)SG = R)+ g, (7. R)P(R). 4)

3nece gp £, and g, 910 QyHKuMK ['pHHA ONMEPATOPOB HAIPSUKEHHOCTH ICKTPHYECKOrO IO

CKJIIPHOTO TOTEHIHANA CPE/Ibl, OHM MOTYT OBITb BBIDaXKCHBI uepe3 QyHKumio I'puna g, KOTOpask MOXeT

194



bodd®0)3IRML 3IG60IATSM)S IAMBEIN0 535RIBNOL 39G6J, Jodool Lgeros 2012 338 Ne 2 - 3

OBITH JIETKO OINpEJETIeHa U3 PElIEHHs] COOTBETCTBYIONIEH JIEKTPOCTATUYECKOM 3a1a4yu. ' - JUIONBHBINA

MOMEHT i-TOH CBf3M 4yacTulbl, R, - pammyc-BeKTOp i-TOro JHUIONS YacTULBL, P, R — 3aps 4acTULBI U
paauyc-BeKTOp TOYKH JIOKAIM3AIIUH 3apsija.
JI1s. OMpU3yeMOit YaCTHIIBI 3HAYCHHE [I' OTIMYACTCS OT COOTBETCTBYIOLIETO 3HAYCHUS [l VIS

YaCTHULb] B BAKyyMeE:
i _ i i i
lLta _u0a+zaaﬂ{gEﬂEyuy+gEa(pp}’ (5)
J=1
rae Oclaﬁ - TEH30p MONISIPU3YEMOCTH i-TOM CBS3W 4acTWUIbl. B kadectBe (yHkumid ['prHa MOXHO

WCIIOJIb30BaTh COOTBETCTBYIOIINE PEHICHUS 3JIEKTPOCTATUYECKMX 3a/a4 MOJCIBHBIX (YHKIUH, KOTOpHIE
Jaf0T BO3MOXKHOCTh TIPUHATH BO BHHMaHHE 3(PQEKTHl MPOCTPAHCTBEHHOH mucrepcuu cpensl. Jlaiee,
IOACTAB/ISIE HAWJCHHBIC 3HAYeHMs [l B COOTHOWmICHHE (4) MBI ONpEAeIsieM TakuM o0pa3soM
HaNpsDKEHHOCTH AJIeKTpuueckoro momst cuctembl  E(r, Ri,) m u3 (3) MBI HaXomuM MONSPHU3ALHUIO CPEIbl

(P(1)), -

IMoncrasmnsis (3) B (2) Mbl epenwuieM ['aMUIBTOHUAH CHCTEMBI CIIEIYIOIMIAM 00pa3oM:
| B, e NPy — = T —
H=H,+H, + EIE(r,Q)gﬁp (F,FE(F, Q)drdF' - [ SP(7)E(F, Q) dF.

B 5to0if hopMyie Mbl pasiaraeM HampssKeHHOCTh dNeKTpudeckoro momst B psix mo Q° 1o IHHEHHBIX
YJICHOB,

H =38F, + H, +H,, - [df3P(F)E(F,Q). (6)
3necy H, — 'aMunbTOHMAH NONAPU30BAHHON COJILBATHPOBAHHOMN YaCTHILBI,
H" = HPO + zang + zhnn'QgQg' (7)
rae

10E° , OE’

m T A o 8rp 0 >
2 8Qn an QE:QEO

1 OE° OE°
d, = E(Eog,’.fp @+6—Q0g§pEo)Qg:ng

B (6) SFO - cBOOOIHAS SHEPTUS COJIbBATHPOBAHHOM YaCTHIIBI, UMEIOIIAs CIICAYIOUINI BUI:
SF, —ljdrdz'jd?dF'E (7, 00gk, (7,7t —1")E,(F,00) ®)
075 a\"s&0 )8 pp, 15T, g\ %)

C nomolIpl0 HEKOTOPOro npeodpa3oBaHus KOOPAUHAT (CABUra M IOBOPOTa) TaMUiIbTOHMAaH Hy, Moxer
OBITH IPUBEICH K KBAIPATUYHON (POpPME C YaCTOTAMH s U KoopanHaTamu Q.

2
0
2
0Q;
rae Qs — paBHOBECHOE 3HaUCHUE KOOPAMHATHI Qs, J — MUHIMAaIIbHAS SHEPTHS YACTHUIIBL
Od4eBUAHO, YTO BO3JCHCTBHE CO CTOPOHBI COJIBBATUPOBAHHOW MOJSAPHU30BAHHON UYACTHUIEI HA CpEny
NPUBOIUT K  JONOJHUTEIBHONH  moNsgpu3anud  cpenbl.  [lodToMy  HEOOXOAMMO  KCIIOJIB30BaTh

AIEKTPOCTATHYECKHUE XaPaKTEPUCTHKHU TOSIPU30BAHHON 4acTHIBI (7) W JJIs HANPSHKEHHOCTH TOJIS BBECTH
E(Q) Bmecto E(Qy).

1 )
Hp=5§ws (Q,-Q,)" - +17, 9)
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B dopmyse (6) MBI paznaraem HanpspKEHHOCTD diieKkTpudeckoro nois E B psan mo Q — Qg o muHEHOTrO
yjeHa. B pe3ynbpTare noiaydnm:

H=6F,+H,+H,+H) +H, (10)
rae
HY = ~[8PE(F,Q,)dF (11)
B3aUMOJICHCTBUE (ITYKTyalMi MOJSPHU3ALUY CPEAbl CO CTATUYECKHUM I10JIEM IIPUMECH, a
o s OE(T,
HE ==Y [dFsPFI60.7.(7); V,(F) = % , (12
s s Qs=Qy

B3auMOJIeCTBHE (DIYKTyaIuil MONSPU3AIMH CPENbI C BHYTPUMOJIEKYIISIPHBIMA KOJIEOaAHHMSIMUA TIPUMECH.

SF, = %IdFdF’Eg (F)gh p, (F.F 00 = 0)Ep (7). (13)

JU1s1 OLlEHOK BENMYMHBI 3TOW SHEPTrUM HMHOrJA AOCTATOYHO NPUMEHEHUE YIPOIIEHHON monenu. s
MOJIEJIM TOMOT'€HHOM JIOKaJIbHOM M30TPOIHON CPENbl, 111 KOTOPOU

— 1 1 .,
gpapﬂ(r,r ;0=0)=——(1-—)5,,6(r —7"). (14)
4r £
cBoboHast SHeprus OF, mpuHUMaer Gopmy:
1 .20
SF, = —E(l -—)[ di(E" ()’ (15)
8n €

31ech € — CTaTHUECKOE 3HAUCHHE IUDIICKTPUICCKOW MPOHHUIIaeMOCTH. J{iIs ceprudecKkr CHMMETPHYHBIX
YacTull ¢ 3apsaaoM z, hopmyna (15) mpuBOANT K SHEPTUU colibBaTanuu bopHa.

Ecnu vacTtria He 3apshkeHa, HO IMEET paBHOBECHBIH JIMTIONIBHBI MOMEHT, TO JUISI MOJIENN CEpUIECKH
CUMMETPHUYHBIX YaCTHUI] MOITYUUM:

2
§F, =—(1- ) (16)
3 0

IZI€ To — PAARYC YaCTULIBIL.

[lpu ancopOumu yactuikl Ha cioe JI-b mpoucxoauT W3MeHEHHE KOJIeOATEIbHON IMOJICHUCTEMBI,
MEHSETCS KaK YUCIIO CTENeHel CBOOO/IbI, TaK H YaCTOTHl BHYTPUMOJIEKYIISIPHBIX KOJICOaHUN YACTHITBI.

@I ornepaTopoB HOPMaJIbHBIX KOOPJAHHAT BHYTPUMOJIEKYISPHBIX KOJIeOAHUI MPUMECHOW YacTHIIBI
MOXET OBITh OIpe/eNieHa U3 CUCTEMbI YpaBHEHHH

0 0 0
Go.o, (O‘)n ) =Gy, ((On ) +Gqq, (O‘)n )Uss" (O‘)n Q.Q, ((On ) (17)
rae Gngs' ((on ) - @I' conpBaTUPOBAHHONW MPUMECHOW YacCTHLBl IIPU OTCYTCTBHM B3aUMOJCHUCTBHS CO

cpenoit, U, (con) - NIEPEHOPMHPOBAHHOE B3aMMOJEHCTBHE BHYTPUMOIEKYIAPHBIX KOJNEOAHUH 4YacTHIIBI
qyepes cpeny:
U,y (@,) = [didF'V, (F)g pp (7,75 0,)V, (7). (18)
O4eBuIHO, YTO YACTOTHBIN CIEKTP MPUMECH BO MHOTOM OYJIET ONMPENENsATCS YaCTOTHBIM CIIEKTPOM
MEPEHOPMHUPOBAHHOTO B3aMMOJICHCTBHSI, @ 3HAYMT — YACTOTHBIM criekTpoM ®I' omepaTopoB Quykryannit
TONAPU3ALMHI CPErbl g pp .
Jnst KOHIIGHCHPOBAHHOM cpebl OyleM MPUMEHATh NpHONMmKeHne (aKTOPU3alUU, TIPH KOTOPOM

RO (- =,
DI gpp (r, v ,a)) MOYKHO MPEACTABUTH B BUJIE

g (7.70) = fl0)g (7.7) (19)
B 3ToM cityuae nepeHOpMUPOBAHHOE B3aUMOJICHCTBIE IPUMET BUJL:
Uss" ((Dn ) = f(o‘)n )Ass' (20)

3neck mapamerp A, paBeH:
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. —
A, = j drdr'V, (F)g ., (F,FW . (F)

U, TaKuM 06pa30M, 3aBUCUT OT (I)OpMBI JaCTHULbI, OT IMPOU3BOJHLIX JUIIOJIBHOIO MOMCHTA YaCTUIIbI I10
HOPMAaJIbHBIM KOOPJJMHATAM BHYTPHMOJICKYIISIPHBIX KOJIEOaHUH MpUMecH, OT 3P QEKTOB MPOCTPAHCTBEHHOM
JIMCTIEPCHH KOHJCHCHPOBAHHOW Cpelpl 4Yepe3 3aBHCUMOCTh (QYHKIMH ['puHA orepaTopoB (IyKTyanuu
nmojiapusan Cpeabl OT MPOCTPAHCTBCHHBIX KOOPpAWHAT. OTH 3aBUCHMOCTHU MOryT 61)ITL IMpEaACTaBJICHBI
Yyepe3 pa3InyHble MOCTbHbIE QYHKINHN («3aTyXaIOMINe, «3aTyXalolHe C OCHUIUISIEH» U T. 1. ).

Jnst pacueroB YACTOTHOTO CIEKTpa 4YacTUIBI B Cpelle MOXXKHO  HCIIONIL30BAaTh TIONIOCHYIO
anmnpokcumanuio [10] (koropas comepxut JlebacBCKyrO M pe30HAHCHYIO ¢GyHKumH) i QyHkiuu ['puna
OIepaTopoB (UIYKTyaluii TOJISIpH3aun cpez[H. B aTom ciryuae,

U(w,) = z| o, =2mkT,n=0+1+2+3.. (21)

IJIe U; — SKCIIEPUMEHTAIbHBIC KOHCTATHBI, & M — KOJIMYECTBO MOIIOCOB (pyHKIMHU ['prHa.
YpaBHeHUE ISl ONPEeSICHHS YaCTOTHOI'O CIIEKTPA YacTHUIIbI Oy1eT UMETh BU]I

2

O o (O N .
. m U0, 2nkT o 1;[ 2nkT t ;“(2nkT 21;[ 2nkT
Z‘(co + Xco —con)_ o, ) m .

—S | +n’ -
2nkT 1;[ 2nkT

(22)
[Ipeanaraemast MoJeNlb TTO3BOJISIET OMHUCHIBATh OOJBITMHCTBO CIEKTPOB IMOTIOIIEHHS cpenbl. Crienyer
TaKXe y4ecTh, YTO IPU BHIOOpPE ITApaMETPOB MOFOCOB CIICAYET OCTABIISATH M3 IMOJHOTO CIIEKTPa MOTIIOMICHHS
B OCHOBHOM T€ W3 HHX, YbsSl YaCTOTa JIOCTATOYHO OJIM3KA K KaKOW-THOO YacToTe BHYTPUMOJIEKYISPHOTO
Koje0aHus.

Cucrema ypaBHennidt  (17)  mO3BONSET HaXOIWTH penieHue Jis QyHKIuH ['prHa onepaTtopos
HOPMAaJIbHBIX KOOPJIMHAT BHYTPUMOJIEKYJISIPHBIX KOJIeOaHHi MHOTOAaTOMHBIX YaCTHI, HAXOMISIINXCS B CpeJie,
M, COOTBETCTBEHHO, PACCUMTHIBATH BCE HEOOXOANMBIC TIapaMeTphl JJIsi KOPPEKTHOTO KBAHTOBOTO OMHCAHUS
CHCTEMBI.

3. Pacuer KMHETHYECKHX mapamMmeTpoB

lamMunpTOHMAH HAYalbHOTO COCTOSHHS JJsl CHCTEMBI (3JIEKTPOA  HAHOCEHCOpa, J3JEKTPOIUT C
HMCKOMBIMH YaCTHIIAMH U DJIEKTPOCTATHIECKOE TOJIE MEXKIY AJICKTPOJaMH) 3aIUIIEM B BHC:

H =H! +H, +Hl +H™ ¢ g™ 4 g (23)

p.m sc,m sc,p
i o .
rae H s¢c - TaMUIBTOHHAH IIOTYIPOBOJHUKOBOM 4YacTH DIIEKTPOJAa B HAYallbHOM COCTOSHUU; H; -
raMHJIbTOHHAH —aJICOPOMPYIOIEHCS YacTUIbl B HaYaJIbHOM COCTOSHUM B PacTBOpPE JJICKTpoiuTa; H f” -

. i int
raMuibTOHHaH IuieHKH JI-B  (Bkmiowas Momekynsl JomuHodopa) u omektpomnta; H, H,

B3aMMOJIEHCTBHUE MTOIYNIPOBOJHUKOBOM YacTH 3eKTpoAa ¢ riieHkoi JI-b; H™ o - B3aUMOJICHCTBHUE YaCTUIIbI

o int o o
¢ muenkoin JI-B; H Slz , - TaMHJIBTOHMAH B3aMMOICHCTBHS YACTULBI C MONYNPOBOJHHKOBOH YaCTbIO
anekTpoaa. Hactuila npeanonaraercs nojisipu30BaHHas U «COJIbBATUPOBAHHAS.
AHaIOTHYHO, TaMIUIPTOHMAH B KOHEYHOM COCTSHHM HWMeEET BHJ (JYacTWIla HaXOIUTCA B

a7IcCOpOMPOBAaHHOM, 3JICKTPOHHO-BO30Y)KICHHOM COCTOSHHH ):
Hf Hf +Hf +Hf +H1nt +H1nt +H1nt +er]’ (24)

p.m sc,m sc,p
rac N — NepCHAINPAKCHNUE B TOYKE HAXOXKIACHUA YaCTUIIBI.
BeposiTHOCTB mpoliecca nepepacipeneieHis [UIOTHOCTH AJICKTPOHA ¢ M3JTydeHHEeM (OTOHA HMeeT
BUI
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V,

AW, =Y G (N, 2N,

n(N/;U ) n'(N/;,U, )

(N, ),n>‘26(E,.,, —E, + Z‘"k (N, -N.) (29

(N )- uucno sanonuenns (Gporonos; ¢,(N. )- dyHkuus pacnpenenenus (OTOHOB B HavalbHOM

cocrostuuy; [ - cBOGO/HAs SHEPrWsl CHCTEMbl B HA4albHOM cocTosHuM; E, ,E . - oHepreTmyeckue

in?
CIICKTPbI CUCTEMBI B HAYaJIbHOM M KOHCYHOM COCTOAHHAX (COGCTBCHHBIC 3HAa4YCHHUS I'aMUJIIbTOHHAHOB I‘I1 u
i o o
H); Vﬁ - MaTpPUYHBIA DJJIEMEHT OT I'aMUJIIBTOHUMAHA B3aUMOJCUCTBUA, B PE3YJIbTAaTE€ YEro IPOUCXOAUT
usny4eHue GoToHa.
E - oneparop HamnpspkeHHOCTH TIOJISE JOTOHOB, MPEACTABHM B BUJIE:
1
N 2rw % . .
oy ~ % ik
EF) =iy | =—*%| é (a. e —a"e™)
c ko 3
- V ko
ko
+ —
Tae a;_, - OIepPATOPBl POXKICHHUA U YHHITOXKCHHU (OTOHOB, €., - BeKTOp MOJIAPH3aILH ¢doroHoB, V

— 00BbEM CHCTEMEL.
TTociie HECTOKHBIX TIPEOOPA3OBAHKI MOTYUHM
_b = E (7 ~ poll, p 71\ P p
aw, = £ [ao[drdr'(E, (7' 0)E, (r,0)>i<e Py(#) e "™ P, (), ) (26)
l Cy i
rae Hi — raMHJIbTOHHAH CUCTEMbI B Ha4aJIbHOM COCTOSHHUH, Hf - TaMHUJIBbTOHHUAH CUCTEMBI B KOHCUHOM

COCTOSHHUH. Hpezmonaraercx, qTo q)OTOHOB B CHCTEMC aO0CTaTOYHO MHOIo U C (bOTOHaMI/I MOryT
OCYHIECTBJIATHCA KaK IMPOLECCHI C IMOTJIOMIEHUEM, TaK U IIPOLECCChI C UCITYCKaHUEM (i]OTOHa.

E,;(7;0) = """ E(7;0 = 0)e ™™ 27)
E (7-0)E (7.0)) = 2 2nw;, B+ (N ~Boo, Hik(F—F) || N7 BOw, _—ik(F'—F) 28
< ﬂ(r’ ) U‘(r’ )> z Z vV elzoel;U + ko /; € + ko € € ( )
o=1 k
MPOIIECChI ¢ U3JTyYCHUEM MPOLIECCHI C MOTJIONICHUEM

Pacuer BEpOATHOCTH IIpOIECcCa MEPEHOCA 3apsia ¢ M3IYyYEHHEM M IIOTJIOMCHHEM (OTOHOB MOYKET
6BITB HpOBeZIeH B O6IlIeM BUJC, B TCX KC€ MOACIIBHBIX HpI/I6fH/I)KeHI/I$[X, yTO U IJId TepMI/IquKI/IX HpOHeCCOB
IEPEHOCA JJICKTPOHA.

B pE3YIbTATE, IJId KOHCTAHTBI CKOPOCTH IIpoLccCCa IEpCpacipeaciiCHus 3HeKTpOHHOI‘/II IIJIOTHOCTHU
CHUCTEMbI C U3JIy4YeHHEM (POTOHA MOJyYaeM CJICAYIOIICE BhIPAKCHHE:

L% 2 Vo4V * * m * Vip* mV [ n*
W 4" expl- pO°AF — p0"ho, —y" (0°) -y (0°) -y (0"} 29)

1
K =
o=l
Benuunna Lof; - NMpPEeACTaBIACT co0oi1 )j[I/IHOJ'II:HI:IfI MOMCHT IE€pExoJia IIpu az[cop6n1/m qaCTulbl Ha

MTOBEPXHOCTH 3JICKTPOAA C H3Iy4eHHEeM (POTOHA (MATPHUHBIA 3JIEMEHT OT B3aMMOJACHCTBHUS MPHUMECHBIX
MOJICKYJT M MOJIEKYJI Cpeibl C 1oneM (hOTOHOB, BBIYMCICHHBIN C MOMOIIbIO BOJTHOBBIX (DYHKIIMH KOHEYHOI'O

¥ HAYaJILHOIO COCTOsHHUit cuctembl).; ¢" u A" - QyHKUMA pacnpeneneHus U NpeIdKIIOHEHIUATIbHBIN

MHOXHTEIlb, aHATUTUYECKHE BBIPAKCHUS 3THUX (QYHKIHMHA IONy4YaroTcs MPH pacdyeTax JUii KOHKPETHBIX
mozeneil. AF - cBoOomHas HEprus Mpouecca; BbIPa)KCHUE I0J] 3HAKOM KBaJPaTHOIO KOPHS — BTOpas

IPOM3BOHAS OT MOKAa3aTels HKCIOHeHTH Mo 6 B Touke 6O ; 0" - daxTop, aHANOTHYHBIH (aKTOpy

cummerpun Bpencrenma; y " (9*) - (yHKOMS peopraHM3aluM dyekTponuta W tuieHkH JI.-b., koropas

3aBHCHT OT B3aUMHOW OpHEHTAIIMH aJICOPONpYIoIelcss yacTHIbl U TieHkH JI.-b. (koopauHatel R u P):
w(l-60 0}
o Po-=0) . B

,0) =ijdfdeE,.(f,ﬁ*,w*)AEk(f',ﬁ*,w*)jdwlmgik’*(f,f';w) 2 2 (30)
T - >, Po
o w?sh >

* *

\Pn?(]_é ’W

198



1SdSHM3IRNML 33G603MI350)S IHMZ6IR0 5S3SRIFOOL 85G6I, Jodool Lytos 2012 38 Ne 2 — 3
L b’ . —————

Ota (yHKOMS pEopraHM3alliil Ui MPOCTHIX MOJENEH MOXET OBITh BBIPAXKEHBI Yepe3 DHErPHH
peopraHu3alii ¥ B OCHOBHOM OyJeT COCTOATh W3 CIEIYIOIIMX KOMIIOHEHT: PEOpPTraHH3alLlsl 3a CUET
3JIEKTPOHHOM NOJsIpU3alMM MoJieKynl B cioe JI.-b., 3JeKTpOHHOM M OpHEHTALIMOHHOM MOJIApU3AalMU B
pacTBope MIEKTPOIIUTA.

B dopmyne (30) ¢ynkuus WV(Q*) MPEACTABIIACT CO00M (PYHKIIMS peopraHu3alluy KoJeOaTeIbHOM

MOJICUCTEMBI, €€ BH3 3aBUCHT OT CTPYKTYpbl Mojekyn muenku JI.-B. u amcopOupyromeiicss 4acTuilsl,
pacueThl MOAHO MPOBOAUTE B TapMOHHNYCCKOM HpI/I6JII/I)KeHI/II/I.
Haxkomner,

w" QZm(wf o)) —6* h{nﬁz(G (R", v )+

k=1

\2E,, o, ;
G (R W ))—ra) Qr )/ H @, {1+
wk o/ L1-0") (@)’ +6" (0] ) (1)

N _ S - . ;
S| G (R )+ PG (R ™) (B0~ F, (0" W 2E 0.0 (0] )*|1-6")(@))* +

k=1 COk
T3
<o e L
AT
MpeCTaBIsIeT cOo0OH cMelaHHyl (YHKIHMIO peopraHu3allid, KOTOpas CBs3aHa C B3aMMOJCHCTBHEM
BHYTPHMOJIEKYJISIPHBIX KONeOaHUI pearnpyromiei moacucTeMsl (a1copOrupyromascs MoJieKysa U MOJIeKyJia
cinos JI.b., Ha KOTOpyIO MPOUCXOAMT ajacopOuus) u (QUIYKTyalluid MOJNIpU3aliid cpeabl (pacTBopa
anekTponuTa u tieHku JI.-B.). Bxman 3Toii QpyHKIMH B KOHCTAHTY CKOPOCTH MPOIIECCa CPABHUM C BKJIAJIOM
OCTaNbHBIX IBYX KOMIIOHEHT ISl MTPOLIECCOB C XapaKTePHBIMU pa3MepaMH HaHOU3MEPEHHIA.
B atoii hopmyie

G(R.y )= ——jdrd*' OF. (

aQrRt//) « (7,750 = 0)AE, (7', R,y) )

5(13,1//): —%dedF’AEi (F;ﬁ,w)gRik (F, 70 = 0)%(?’;13,1//)

Obmwmpnass wHGOpPMALIMS MOXET Moidy4deHa ©3 (OPMbI KPHUBOHM TIOTJIOMICHUS WU HMCITyCKaHUS
($oTOHOB cucTeMol Kak (YHKIIMH OT 4acToThl GoToHa. Ecnu BBecTH moHsATHE KOA((UIIMEHTA SKCTHHKIUH
IUIsL TIPOLIECCOB IOTJIOIIEHMSI WJIM UCIyCKaHWsA (DOTOHOB B XOJ€ Ipoliecca IepeHoca 3JIEKTPOHA MEXKIy
JacTHLAMU WM Ha 4actuue. g mpomecca ucmyckaHus (JOTOHA IPU NepepactpereNeHnu 3JIeKTPOHHOM
IUIOTHOCTH TIPU aJACOpPOIMM TNPHUMECHOH YacTHIBl HA IUICHKE U3 PACTBOpPE 3JEKTPOIMTA IOTydaeTCs
CIIeyIOIIee BBIpAXKECHHE

2
o‘

& = 22“4 . ¢ A" expl- BOAF — BOhe, —y " (07)-y " (07)-w (07 63

I/IcnonL3OBaHHe 3TOr0 COOTHOIIEHHUS IIO3BOJIIET MPOBOAWTH aHalW3 JJIS ILIMPOKOro CIIEKTpa
nporeccoB. J[s 3TOro HeoOXOMUMO BHIOPATh KOHKPETHYIO MOJIECNb, B PaMKax 3TOW MOJENH YMPOCTUTh
AQHATMTUYECKH OOINME BBIPAKEHHUS W W3 COMOCTABJICHHUS C JKCIEPUMEHTAIbHBIMUA JAHHBIMH TOITYYUThH
YHUCIICHHbIE 3HA4YeHUS OSHEePruil peopraHus3alyi, IUMOJBHOIO MOMEHTa IIepexona, pPeopraHu3aluu
KBaHTOBOM MOJCUCTEMBI  T.]I.

4. 3akjaruyeHue.

Kak moka3plBalOT KBAaHTOBBIE pacdeThl, pabOTy HaHOCEHCOpa C HW3IMy4YeHHeM (OTOHOB TIpU
JETeKTUPOBAHUN HMCKOMBIX YaCTHI], MO)KHO OIHMCATh BIIOJHE KOPPEKTHO B JOBONBbHO oOmieM Buue. llpu
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C——————— L
W3TOTOBJIICHUM Pa0OYUX AJIEKTPONIOB CEHCOpa Ha MOJIYMPOBOJHWUKOBYIO TOJUIOKKY HEOOXOANMO HAHECTH
omnpeselieHHOe KOIMH4YecTBO HaHocioeB JleHrMiopa-biomkera ¢ momuHodopamMu ¥ TOA00paTh 3TH CIIOH
TakiM 00pa3oM, YTOObI Ha TOBEPXHOCTh JJIEKTPOJA HCKOMBIE YaCTHIBI MOTJH ajcopOupoBaThcsa. B
MPOBENICHHBIX pacuerax Mpernolarajoch, YToO MPpH aJCOPOIUU MPOUCXOJHUT U3ITydeHHe (POTOHA, KOTOPBIH
MO)KHO pPErucTpupoBartb. EciM INpu JETEKTUPOBAHMM TOW WM HMHOM 4YacCTULBI  3apErMCTPUPOBATH
WHTCHCUBHOCTb H3JIY4YCHUA, TO B C OHpeI[eHeHHOﬁ TOYHOCTBIO MOXXHO CYAWUTH O KOHLCHTpAalHWU 3TUX
yactull. Ecnm Hac uHTEpecyeT Oonee nenpHas nHGopMalys OTHOCUTENBHO HCKOMOH YacTHUIIbI, pACTBOPA, B
KOTOpOM  HaXOJWTCS 4YacTUIa, KHHETHKH Mpolecca B3aMMOJCHCTBHSI YACTHIIBI C  CEHCOPOM,
BBIIICIPUBEICHHAS CXEMa paciyeTOB I03BOJISCT H3BJICKATh HEOOXOAMMYIO HH(POPMAIMIO M3 KPUBOU
W3My4YeHUs (OTOHOB B INHPOKOH o00JacTé dYacToT. B 3TOM cilydyae B ONpEAEICHHBIX MOJCIBHBIX
MPHOIMKEHHSIX 110 y4ueTy 3¢ (EeKTOB YaCTOTHOW M MPOCTPAHCTBEHHOW IMCIEPCHH Kak clioeB JleHrmiopa-
Bnomxkera, Tak m pacTBopa JIEKTPOJIHMTA, MOXHO OIEHHTh W PAacCUUTATh XapaKTepHbIC IapaMeTphl
nporecca. boree neTanpHBIN pacdeT STUX MapaMeTPOB MOXKET OBITh IPOBENICH JUISI KOHKPETHBIX MOJIETICH, B
paMKax KOTOPBIX MOXXKHO YYECThb 3aBHCHMOCTh MMapaMEeTpOB OT MOTEHIMana 3JIEKTPOja, Xapakrepa
3aTyXaHHs JICKTPOHHOU TUIOTHOCTH JIEKTpoja BOJNM3M rpaHuUIlbl pa3zena (a3, peopraHuzaly pacTBopa
1 KoJeOaTeNnbHOM MOICHCTEMBI.
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FOR QUANTUM THEORY OF NANOSENSOR WORK
T.A.Marsagishvili, M.N.Machavariani, G.D.Tatishvili

Rafiel Agladze Institute of Anorganic Chemistry and Electrochemistry
of Ivane Javakhishvili Thilisi State University

SUMMARY

Quantum theory of work of nanosensor, radiating light during the process of detection of desired particles is
submitted. The main electrode correspond semiconductor substrate material coated by Langmuir-Blodgett
layers. Luminophor molecules are disposed in every Langmuir-Blodgett layer and radiate photons during
adsorption process of desired particles on the molecules of Langmuir-Blodgett layer. Description of
Langmuir-Blodgett layers and electrolyte is realized with use of temperature Green functions of polarization
operators. This allows consideration of the effects of frequency and spatial dispersion of Langmuir-Blodgett
layers and electrolytic solution. The analytic expressions for extinction coefficient of light radiation, during
adsorption of desired particles on the main electrode of the sensor are obtained. Expression for extinction
coefficient in general form includes a number of macroscopic parameters, characterizing the system.
Detailed calculations of these parameters may be realized for concrete models, within the frames of which
may be considered dependence on the electrode potential, attenuation character of electron density of the
electrode near the interface, reorganization of the solution and oscillating subsystem.
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OU3NYECKASA XUMUSA

HOBBIE JIAHHBIE TAYTOMEPHBIX ITPEBPAIIIEHAI HEKOTOPBIX A30TCOJEPXKAIINX
IF'ETEPOLIUKJIOB

Jx. A Kepecennmze
Tounucckuii 2ocyoapcmeennwviil ynugepcumem um. M., [bicasaxuwgunu

HpoaHaJ'II/ISI/IpOBaHLI JINTEPATYPHBIC H COOCTBEHHEIE JAHHBIC TOCICAHUX JIET TayTOMCPHBIX HpeBpaH_[eHI/Iﬁ B
a3ojiax, IUpUAWHAX, 7-a3aI/IHZ[OJ'IaX U HYKICOTUIAHBIX OCHOBAHUIX. O6cy)KZ[EHI)I BO3MOXXHOCTU BBIABJICHUA
OTACIBbHBIX TayTOMEPHBIX (l)OpM, UMCIOMIMX BAXHOC 3HAYCHHUE A KOJIUMYCCTBCHHOI'O OIMMCAaHUA HEKOTOPLIX
XUMHUYECKHUX U OMOXMMHYECKUX IIPOIECCOB.

TayroMepHOe IpeBpalleHre, KOTOPOMY MOCBSIIIEHBI paHHUE 0030pkI [1-5], sIBJISETCS OMHOM M3 MPUYHMH
MOPa3UTENBHOrO0 PAa3HOOOpa3usi XWMHUYECKHX M OWOXMMHYECKUX IMporeccoB. Llukmnyecku-muMepHbIit
MEXaHH3M TayTOMEPHOI'0 MPOTOTPOMHOIO MPEBpAIEHUs B a30TCOACPIKAIIMX T'eTepOIUKIaX, KOTOPBIA CTal
OOIICITPUHSATHIM 3a MOCJICAHKUE TObI [6-9], BHOBb OCTAETCsI MPEAMETOM HCCIICIOBAHMS YMCTO XUMUYCCKUMH,
CIIEKTPOMETPHYECKHMH, KBAHTOBO-XUMHUYECKUMH W JPYTUMH COBPEMEHHBIMU (DU3UKO-XHMHUYECKUMH
Metogamu. JlocTokeHus B objactu kBaHToBo-xuMmudeckux ([x.ITomn, A.Kon, HoOeneBckas nmpemust 1998
r.) 1 peMTocreKTpoMeTprueckux MetooB (A.3eaiin, HobeneBckas nmpemust 1999 r.) Ha mopore cToneTus
KayeCTBEHHO IMOBBICHIIM YPOBEHb HCCIEOBAHWUI TOHKHX XHMHUYECKUX MPOIECCOB, B TOM YHCIE |
TAyTOMEpPHBIX TpeBpamieHuii. [IpumedarensHo, 4TO HOOeneBckue paborel A.3eBaiina [7-9] Obum
MOCBSIIEHBI MEPEHOCY IMPOTOHA B 7-a3auHAONE MO [HUKIMYECKH-TUMEPHOMY MEXaHWU3MY C TIOMOIIBIO
(eMTOCEKYHITHBIX JIA3ePHBIX HMMITYJIbCOB. OOBEKTaMU HCCIENIOBAHUS TMEPEHOCa IPOTOHOB B OCHOBHOM
SIBIUIMCH TaKWe MOIYJIApHbIE TeTepOIUKIb], Kak azoinsl [10-14], nupuaunst [15-23], nupumununst [24-35],
nypuHsl [36-43], Hykineotuanble ocHoBaHus [44-49] u 7-azaungonsl [50-54].

1. IlpousBoaHbIe 230108

Eme B 1961 romy I{umepman [55], u3ydasi TayToMepHBIC IIpeBpaIlleHUsT B MHPa30jiaX, HA OCHOBAaHUHU
INEKTPOXMUMHYECKUX M3MEPEHUN MPEATOKUI JUMEPHBIH U TPUMEPHBI MEeXaHU3MBI IepeHoca MPOTOHA B
3THX TMpoleccax. YK€ B Hayale HacTOALIEr0 CTOJETHS HCIAaHCKHE YYEHbIE M3 HAaYYHOM IIIKOJBI
Ik Onryepo u U. Ankxopra Mmeromamu SMP cnekrpoMeTpun W KBAaHTOBOW XWMHH  IOJITBEPIHIIN
CYIIECTBOBAHUE ITUKIMYCCKU-TPUMEPHOH (OpMBbI MHPa30iIoB B TBEPAOM cocTosHuu [56]. PassuBas
VICCIIG/IOBAHHS B 3TOM HampaglieHun MeronoM ~C u N SIMP crieKTpoMeTpHH, OHH YCTAHOBUIIH CTPOCHHE
TayTOMEPHBIX (POPM TaJIOreHNPOU3BOIHBIX TpHaszoia [57]. B yacTHOCTH, OBUIO IOKAa3aHO, YTO XJIOP- U
OpOM-TIPOU3BOTHBIC TPHA30JIOB MOT'YT CYIIECTBOBATH B METAHOJIE B TPEX TAyTOMEPHBIX (hopMax:

H
I
N Br N N
Br Z Br
RO ARY
N—N N—N N—N
\
H H
3-6pom-1H(la)  5-6pom-1H(1b) 3-6pom-4H(I1c)

CI\§\7 Cl\i/iw CI\(NW

3-xnop-1H(1a)  5-xjop-1H(1b) 3-xmop-4H(lc)

.

KBaHTOBO-XMMHUYECKUM HedMOupuueckuMm MertogoM B3LYP/6-31G Obuin paccuMTaHbl CBOOOIHBIC
SHEPTHH TAyTOMEPOB, KOTOPbIE OTIMYAIOTCS auiib Ha 28.8 kJlk-Monb . [ToKa3aHO TAaKKe, YTO MPH HU3KOI
temreparype (178 K) tayromepHbie ipeBpaiieHus: OJIOKUPYIOTCS.
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HemHoro mozke KBaHTOBO-XMMHYECKHM MOTYIMITHPHYECKHM MerogoM AMI Hamu Obuia omucaHa
aMUHO-MMHHHOE TayTOMepHoe mpeBpaiienue S5-F-nupasona [58] mo muKIMyYecKu-TUMEPHOMY MEXaHHU3MY.
DHTaJBINA AKTHBALMK JBOIMHOTrO Teperoca nporonos AH” = 168.0 x/lx-Monp™, a Temnora peakuuu AH =
1.6 KI[)KMOJH{]. Huskoe 3Hauenne AH yka3piBaeT Ha BO3MOXHOCTh TYHHEIBHOI'O IEPEHOCAa MPOTOHOB B
3TOM TayTOMEPHOM MPEBPAICHUH, YTO OBUIO OTMEYEHO M I IMUPa3ojioB B pabore [55]. B momb3y
TyHHEIbHOTO mepeHoca mporoHa B 1H — 3H TayroMepHOM mpeBpallleHUH 4epe3 TPUMEPHOM CHCTEMBI
Takxke ObLT ClleNiaH BBIBOJ B JPYrol Haleid padoTe Ha OCHOBAaHWHW DHEPTrEeTUUYECKUX JaHHBIX, BEIYMCIICHHBIX
KBaHTOBO-XMMHYECKHM IMOIY3IMIHpHUYeckuM MeroaoM AM1 [59].

B pabore [60] npuBenens! pe3ynbtaTthl uzydenus UK crekrpoB mupaszona u 3,5-mumerwnnupasona B
pacTBope, B Tra3e M TBEPJAOM COCTOSHWUU B IIMPOKOM JHara3oHe KOHIIEHTpAaIlMH M TeMIlepaTyphl. beiio
MOKa3aHo, YTO B Ta3oBoil (pase HaOIIOmaeTcss TAyTOMEpPHOE paBHOBECHE MEKAY MOHOMEPOB, JHUMEPOB H
TpuMepoB. B pacTBopax mpeoOiiazaeT paBHOBECHE MEKIY MOHOMEPOB U TPUMEPOB. 3,5-TUMETHIITUPA30IT
COXpaHseT TPUMEPHYIO CTPYKTYPY B TBEPJIOM COCTOSTHUH, TOT/Ia KaK B ciydae Mupa3oja HabIogaeTcsl HHOM
BHJI accoruany. ['eomerpuueckrue U CreKTpajbHble XapaKTepPUCTHKU JUMEPOB U TPHUMEPOB, MOTyYEHHbBIE
ab initio pacy€ramMu, CpaBHUMBI C DKCIICPUMEHTAJIbHBIMU JaHHBIMH.

[Iponomxkas ucciaenoBaHne TayTOMEPHBIX MPEBpaIleHU MPOM3BOAHBIX MHPa30Jia, UCIIAHCKUE yUEHbBIE
u3ydanu crpoeHue |-OeH3min-4-HUTpo30-5-amMuHOMHpa3oia [61], ObUIO TMOKa3aHO, 4YTO CBOOOTHOE
OCHOBaHHE B PACTBOPE CYIIECTBYET KaK CMECh aMHHO-HHUTPO30 TAayTOMEPOB, YTO HE HAOIIOAAIOCh JUIS
MMHUHO-OKCUMHBIX TayTOMEPOB.

[MonbckuMu y4eHbIMH Oblla HM3y4eHa CTAOMIBHOCTH JBYX TayTOMEpPOB S5-3aMEIIEHHOrO IMHpa3oia
KBAaHTOBO-XMMHUYECKUM HEIMIUPUYECKUM METOI0M MP2/6-311++G*[62]. beutn paccunTaHbl pasHOCTH
sHeprui AE Mexay IByMs TayTOMepamHu JUIsl Kaxzaoro 3amecturens. llokazaHo, 4TO CHIIBHBIE
AJIEKTPOHO/IOHOPHBIE 3aMecTHTeNnu cTabumm3upytoT Np-H, a cunbHble snekTpoHoakuentopHsie — NiH
TayTomep.

Kuraiickue yu€Hble KBaHTOBO-XHUMHYECKHUM HEIMIIMPHUYECKHM METOAOM (YHKIHOHANA IJIOTHOCTH
HCCIIENOBAIIN TIEPEHOC MPOTOHA B TAYTOMEPHOM IMPEBPAIICHUH 2-MepKanTouMuaasone [63].

2-THOHUMMIA30JT 2-THOIUMHIA30JT

Pacyérbl BBIMOMHEHBI Ui KOMIUIEKCOB C OJIHOM M JBYMs MoseKyinamMu Bonbl. IlokazaHo, 4To
BHYTPHMOJIEKYJISIPHBIN TIEpeHOC MPOTOHA 0€3 y4acThsi MOJICKYJ BOJIBI XapaKTEepU3yeTCs TOBOJIBHO BEICOKUM
3HAYCHHEM YHEPIeTHIECKOro Gapbepa — 175.8 kJ[k-MOJIb ', TOrAa KaK MPH yJacTHHU ABYX MOJEKYI BOIBI 3Ta
Be/TMUMHA yMeHbInaercst 10 72 kJlx-Mons . ClenoBaTenbHO, BOJA BBIIOIHACT POJIb MEIMATOPA TIEPEHOCA
MPOTOHA B TAYTOMEPHOM IPEBPAILICHHH.

AHaOrMYHBIN 1MOAX0 ObUT 0000IIIEH I S-3aMEIeHHBIX TeTpa3oia B padote P.E. Tpudonosa ¢ corp.
[64]. Merogom DFT/B3LYP pnst rasoBoit (a3bl pacCUMTaHbl DJHEPreTHYECKHE U JJICKTPOHHBIC
XapaKTepUCTHKH 5 Gollee yCTOHUMBHIX TayToMepHbIX dopm (anuon, 1H- u 2H-, 1,3-H,H'- xaTuonsI) 5-
3aMeIeHHbIX TeTpa3oioB. [lokazaHOo, 4TO pacyérHble 3Ha4YeHUs aumnoibHoro MomeHta 2H- 1H-¢dopm
HEHUTPaAJIbHOTO TETPa3oja XOpOLIO KOPPEIMPYIT ¢ Gp(mapa) KoHcTaHtamu I'ammera. OTHocHTEnbHas
TepMoIMHaMu4eckas ycToiunBocts 2H-popmer o cpaBhennto ¢ 1H-popmoii pakTnveckun He 3aBHCHT OT
npupoabl 3aMecTuTens. Hamporus, B ciydae kaTMoHa Hambosee ycroiumsa ¢opma 1,4-HH™ - mna
3JIeKTPOHOOHOPHBIX 3amectuTeneit (CHs; C(CH3);) um 1,3-HH® - a1 5IeKTpOHOAKIENTOPHBIX
samectutenei (Ph, CI, CF;, NO,). YnoBnerBopuTenbHas KOppENsIys HaOMogaeTcsi MEKAY SHEPTUsMH
MIPOTOHUPOBAHHUS AHHOHOB U HEMTPANBHBIX TETPA30JI0B C IKCIIEPUMEHTAIbHBIMU 3HaueHuaMHU pK, u pKy.

N.Anxopra u J[.Earyepo [65] KBaHTOBO-XMMHYECKHM TOTyIMIHUpUYecKuM AM1 U HEeAIMIHUPHUIECKHM
DFT B3LYP/6-31G’ METOJaMU HCCIIEOBaJld TayTOMEpHble coOCTOoAHMS MHorux NH-ungazonos. B
OonmpmHCTBE ciiydaeB 1H-Tayromep Oonee yCTOMUYUB, OHAKO aBTOPHI HAILIH HECKOIBKO MHJIA30JI0B, JUIS
kotopeix 2H-tayromep Oomee ycroiumB, uem 1H-tayromep. Pazmuumsi B SHEpruM MeEXIy DTUMH
TayToMepaMu O0BSICHUIOCH 3PPEKTOM 3aMECTUTEIICH.
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C——————— L

P .KnapamyHt ¢ cotp. [66] kpucTaimorpaguueckuM METOJIOM HAlTH HOBYIO MOJMMOP(HYIO CTPYKYpY
4-pennnumunasona (1), onHaxo B TBEpmOM coctostanu B C u "N SIMP criektpax HaGIIOAAaeTCs TOIBKO
onuH Tayromep (1). ABTOpBI, Ha OCHOBAHHH TEOPETUUECKUX PACUETOB, CUUTAIOT, YTO JODKEH CYIIECTBOBATh
U BTOpOM Tayromep S-penmmumupazon (2). B aToMm ciaydae Mbl mojaraem, 4ro tayromep (2) MOXeT
0Gpa3oBaThCs B pe3ybTare moBopora tayromepa (1) Ha 180° Bokpyr ocu, MpoXosiel depes MO3ULMHH 2 U
CEpeANHON TOUKH CBs3U 4-5, ¢ MOCIENYIONMM MapaieNbHbIM HakIaapBanueM (1) u (1a) cTpykTyp apyr Ha
apyra. B TakoM cocTOSHMM aMHHHBIM M HMHUHHBIA aTOMBI a30Ta MOryT O6MCH$ITBC$I IIpOoTOHaMH, B
pe3yabTaTe Yero MoXKeT 00pa3oBaThCs S-peHuaumuaaszon (2).

g
R N
4 3}7 ’\1]2
\5 1'\{ \4?’W
H R
1 1a
l R—C6H5 l
H 0
R l R \
\ilj? s
2 2

B o6mmpHoii padote U. Ankopra u [x. Dnryepo [67] npuBeneHsl 3HaueHus monHbIX dHepruil (Er) u
JHIONBHBIX MoOMeHTOB (n) 106 TtayromepoB um koHpopmepo NH-a3oma, OTHOCHTETBHO OKCH- |
METOKCHKapOOHMIIa (IIPOM3BOJHBIE MUPPONa, MHIIONA, UMHIa30i1a, OCH3MMUIa30ia, MUpa3olia, WHIA301a,
TpHa3oyia U TeTpa3ojia), BEIYMCICHHBIX KBAHTOBO-XHMHUYECKUM MeTo/oM (yHKIMoHana riotHoctd (DFT).
Kpome cratuctuyecknx MJaHHBIX, TPUBENCHBI 4YeThIpe JuMepa 3,5-AUMETOKCHKapOOHHIIpazona |
tayromepusbie popmel 1 H-unnasona, 1H-1,2,3-, 1,2,4-tpuaszona u 1H-1,2,3,4-terpa3zona.

\
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N—N N=N
1H-1,2,3,4-Terpazon 1H-1,2,3,5-Terpazon
AHAIOTMYHBIN TIOJXOI, IPUBEICHHBIN B aHAM3E MPEAbIIYIIEH padOThl, MOXHO OOOOIIUTh U AJIs

1H-1,2,4-tpuazona. Hus storo ciydas 1H-1,3,4 — TayromepHas ¢opma MoOXeT 00pa30BaThCs B
pesynbraTe moopora 1H-1,2,4-rpuasona Ha 180° Bokpyr ocu 2-5 MO3MIMI ¢ MOCIEAYIONMM MapaLIeTbHbIM
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HaKJIaJblBAaHKUEM JpPYyr Ha Japyra U OOMEHa MPOTOHAMH, B pe3yibTaTe KoToporo oOpasyercs 1H-1,3.4-
TayroMepHas GopMa.

H
|
N A
N\,\ll& N\\_z
H

1H-1,2,4-tpuazon  1H-1,3,4-tpuazon

' V
\N _ N
QN N
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H
1H-1,3,4-tpuazon  1H-1,3,4-tpuazon

B pabore [68] OTHOCHTEIBHO TAayTOMEPHOIO IPEBpAICHUS MHAA30Jla Ha OCHOBAHUU KBAaHTOBO-
XUMHYCCKUX IMOJYIMITMPUYECKUX PacueTOB OTMEUEHO, YTo i MHaa3oja 1H- Oonee ycroiunsa, yem 2H-
TayroMepHas GopMma.

B cnenyromieit pabore U.Ankopra ¢ corp. [69] paccMoTpeHa BO3MOKHOCTh HAJIMYKS HEAPOMATUIHOCTH
B aHYyJIapHBIX TAyTOMEPHBIX OPM UMHIA30J1a U THpa3ona. Ha oCHOBaHMM KBAHTOBO-XHMHUYECKUX PacuéroB
MerogoM (yHkuuonana rmioTHoctn (DFT) mokazano, yro apomatwueckuiéi 1H- mmumpazon 1H- m 2H-
nupason Oonee cTaOWIbHBEIL, YeM HeapoMmaTuueckue (opmbl (2H-ummnazon, 3H-nupazon u 4H-nmpason).
OnHako, 3Ta CTaOMIBHOCTH TOJHOCTHIO M3MEHSIETCS, KOrJla BOJOPOJ Ha aToMe a30Ta WIIM METHJICHOBOM
yIJIeposie 3aMeHeH KUCIopoaoM miu ¢GpTopoMm. B atom ciaydae craduiabHocTh 1F-1H-mMmmumaszona meHsblie,
gem 2F-2H-umunazona win 2F-1H-umunazona.

AT H
\ =N \ — )

H H
IH-ummmazon  2H-ummmazon IH-mupazon 2H-mmupazon 3H-mupazon  4H-mupazon

N3ygas mexaHu3M mepeHoca MpoToHa, HaMHU MPEJIOKEeH TUKINIECKU-TUMepHbIH Mexanu3Mm 1H — 2H
TayroMepHoro npeBpamieaus B 1H- 4-CI-1,2,3-terpazone [70]:
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1H- 4-CI-1,2,3-Terpazon 2H- 4-CI-1,2,3-Terpazon

K.B.Ilayn ¢ cotp. [71] uccnenoBan cBoiictBa 1H-5-amunoTerpasona u ero tayromepa — 1H-5-umuHo-
TeTpasona. YmoMuHaeTcs Takke u 2H-5-aMuHOTETpa3oi, OMHAKO O BO3MOXKHOCTH CYIIECTBOBAHUS €O
TayroMepHoi popmbl — 2H-5-uMuHOTETpa30I1a HE 0OpaIlleHO BHUMaHHUE.

B 3T0ii CcBsI3M HaM Ka)KeTCS MHTEPECHBIM MOCTPOCHHE MEXaHM3MOB 00Opa30oBaHUsS 3THX TayToMepoB. B
YaCTHOCTU S5-MMHHOTETPA30JIbl MOI'YT 00pa30BaThCs Yepe3 MUKINISCKUE JMMEPHBIC MEXaHU3MBI:
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WnTepecHbie TayTOMepHBIE MTpeBpalleHus B 2-(6 -TuAPOKCH-2 -TUPUANI) OCH3UMHUAA30JIe MPEIIOKEHBI
B paboTe HMCMAaHCKUX YYEHBIX B PAa3HBIX PACTBOPUTENAX, YIbTPA(UOIECTOBHIMH M JTYMHUHHCIEHTHBIMU
CIIEKTPOMETPHYECKHMHU M KBAHTOBO-XHMMHUYECKUMH ab initio metogamu [72].

7 N\ /N© 7\ /N©
NN =N N
o WoH o wd

H Il| C:) = H —
0 I~

nakTamHas popma nakTMHas popma

Ms1 npepsiaraeM, 4TO JIAKTAM-JIAKTUMHOE TayTOMEPHOE MPEBpPALICHUE MOMKET PEAM30BaATHCS 10
MUKIHYECKU-TUMEPHOMY MEXaHHu3My, a oOpa3oBaHue X-(pOpMbI MO BHYTPUMOJIEKYISIPHOMY IIEpEHOCY
MPOTOHA Yepe3 MATHWICHHBIN IIUKIT TAKTAMHON (hOPMBI:

nakTMHas popma X-popma

2. [Ipou3BoaHbIe NUPHANHA

[Mupunuz, Grarogapsi MPOTOHOAKIIENITOPHOIO CBOMCTBA TeTEPOLUKINYECKOr0 a30Ta, 00YCIOBIEHHOTO
CBOGOIHON OT CONpSUKEHHS HEMOJACTSHHON Mapoil JIeKTpOoHOB (25°), CHOCOGEH HAXOMUTHCA B PA3HBIX
TayTOMEpHBIX (popMax. MOXKHO CcUHTaTh, YTO WMEHHO 3TO CBOMCTBO OINpENENseT €ro pPeaKiUOHHYIO
CIIOCOOHOCTh, YeM ¥ OOYCIIOBJICH IOBBINICHHBI WHTEPEC HCCIEAOBaTeNeld TayTOMEPHBIX IpEBpalicHUi
IIPOU3BOJHLIX ITUPUAHA.
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HccnenoBanne TayTOMEpHBIX NIpeBpallleHHil NPOWM3BOAHBIX MUpHUIMHA Hadaincs B 70-pIX romax
nporwioro crojetust padoramu A.P. Karpuukoro [1, 2,] u KO.H.llleitukepa [4]. ¥Yxxe B 2000 romy [73]
KBaHTOBO-XMMHUYECKUM MOITY3IMIHPUIECKUM MeToAoM AM1 MBI HCCeA0BaIN TayTOMEPHOE MTpeBpalleHre

2-nupunona (1) u 2-amuHonupuanHa (2). s mepeHoca mMpoToHa B 3TUX IMpoIeccax ObUT MPEIIoKeH
HUKIUYECKU-TUMEPHBI MEXaHU3M:

| \/HN\

H
B . _H N~ N N~
NTe N~ o ; | |
I R hono== H oy
! [ O_ _N ' :
e) N H/ - H/N N\ H/N\\(NJ
& X % X
1 1a 2 2a

beino mokazaHo, YTO SHTAJIBMUS AKTUBAILIMH AAH#, a TaKkKe KOHCTaHThl paBHOBecHs Kr sakram-
naktuMHoro (1—1la) u amuH-UMHUHHOTO (2—2a) TayTOMEpHBIX MpeBpaiieHuid paBHsoTcs 109.5 u 148.8
kJbk-moms” 1 0.11 1 0.07 cooTBeTcTBeHHO. OTHOCHTEIBHOE HH3KOE 3HAYCHNE KOHCTAHTBI aMHH-HMHHHOTO
paBHOBECHS JOKHO OBITH OOYCIIOBICHO €r0 BBICOKAM 3HAUYECHHEM SHTAIBITNH aKTHBAIIUH.

Cnycrs nsa roga U. Ankopra u JIxx.2iryepo ony0IuKoBaId aHAJIOTMYHBIC JTaHHBIC JJ1s1 IPOM3BOIHBIX 2-
AMHUHOIIMPH/INHA, HCTIOIB3YS! KBAHTOBO-XUMHUECKUN HEOMITHUPUIECKHA MeTO/ ab initio [74].

I'nN.Abpyna u M.D.En-bepmann UWK-ciektpomerpuuecknM METOIOM H3y4alld TayTOMEpHBIC
TIpeBpalIeHus 2-TUAPOKCH-, 2-THO- U 2-aMUHONUPHUINHOB B TBEPIOM, JKUIKOM M Ta30BOM COCTOSHHM [75].
Pe3synbTaThl MOKa3pIBalOT HAJIMYKME PAaBHOBECHOH CMECH Ka)KJIOTO COEIWHEHHUS Kak B MOHOMEpPHOH, Tak U
MUKIHYeCKUu-TuMepHOi (opme. TIpu 3TOM MOHOMEpHI MpeobianaroT B razoBoit ¢ase. s kaxmoi ¢aszbl
orpeneneHa pa3HOCTh OJHTAIBIUI MEXKIy MOHOMEPHBIMH TayTOMEpaMH U OSHEPrus aKTUBALMH HX
npespamenus. CylecTBOBaHHE TAYTOMEPHOIO PAaBHOBECHOTO COCTOSIHUS B IIMKIMYECKH-TUMEPHOH (hopme
MetogoM UK criektpomeTpuu paHee ObLIO ITOKa3aHO W HAMM Ha IpuMepe arieropeHoHa [6].

UK u YO cniekrpoMeTpruyecKkue MeTO bl UTsI U3yUEHHUSI TaAyTOMEPHOIro MpEBpallleHus] 2-MUPHI0HA B 2-
rUApOKcUnIupuanH Take npumenwitn [.P.boper ¢ corp. [76] u caenan BBIBOI, YTO MEPEHOC NMPOTOHA B
3TOM IIpOIlecce peaan3yeTcss TYHHENbHBIM MEXaHU3MOM.

JuHamMuKy repeHoca ABYX MPOTOHOB B TAyTOMEPHOM IIPEBpallleHNH 2-aMUHOMUPUANHA B KOMILIEKCE C
YKCYCHOH KHCIIOTOH METOIOM ITHKOCEKYHIHOW (IIyOpeCIeHTHOH CIEKTPOCKOIHY H3Yy4Yald SIOHCKHE
aBTopsl [77]. Jomyckaercs, YTO B TaAyTOMEPHOM TIpoIiecce MepeHoca MPOTOHOB YYacTBYET OJUH MPOTOH OT
YKCyCHOM KuCioThl. CjenaH BBIBOJ, YTO JBOWHAS BOJOPOAHAS CBS3h KOMIUIEKCA 2-aMHHOIUPHANHA C
YKCYCHOM KHCIJIOTOM MOJBEpraeTcd IOIIaroBoM JABOMHON peaKkiMu C MEPEHOCOM MPOTOHA B Ipeaenax S5
MUKOCEKYH/] B BO30Y>KJICHHOM COCTOSTHUH.

TayromepHOE paBHOBECHE MOJOOHBIX TPOU3BOJIHBIX, B KOTOPBIX HK30IMKINYECCKUI aTOM a30Ta 3aMeHEH
NH wumuHO-rpynmodi wiam atomMoM cepbl, Obl1 u3ydeH A.Jlamkapabu ¢ corp. [78]. IlokazaHo, 4TO
aAMUHONMPHIMH JIOMAHUPYET KaK B ra3oBoil (ase, Tak M B NPHCYTCTBHH NOJISIPHOTo pactBopuTens. C
Jpyroil CTOPOHBI, B Ta30BOH (pa3e WM B pacTBOpE MHUPHAMHTHON Oosiee OJIATOCKIOHEH K TayTOMEPHOMY
MIpEeBpAIICHUIO, YeM TUPUIUHOM.

Tayromepnbie GOpMBI 2-THAPOKCHIIUPHINHA U 2-TIUPUJOHA M WX JCUTEPUPOBAHHBIC MPOU3BOJHBIC
ObUIM HW3y4YeHBI TaKXKe METOJOM MHKPOBOJIHOBOW CIEKTpOMEeTpuu ¢ (ypbe mnpeoOpasoBanueM [79].
CooO1iaercst, 4TO TOIXY4EHBl HOBBIE, YIy4IICHHBIE SKCIIEPUMEHTAIbLHBIC BpalaTelbHble KOHCTAHTHI JUIS
M30TONHBIX TayToMmepoB. [IpoBeneHHbIN aHaIM3 yKasbIBaeT, 4To ,,TAyTOMEPHBIN BOJOPOAHBIN aToM B 2-
TUIPOKCUITMPUINHE HAXOAUTCS Ha paccTosuuu 2.653 A, a B 2-mupumone nHa 2.124 A or meHTpoB Macchl
cooTBeTCTBYIOIMX TayToMepoB. DFT pacu€rel HaxoasTcss B XOpOIIEM COrJIaCHM € 3KCIEPUMEHTAIbHBIMU
JTaHHBIMHU.

MexaHu3M TepeHoca MPOTOHAa B W30JMPOBAHHOM, MOHO, JETHIPUPOBAHHOH W AuMepHOH (opme 2-
MUPUIOHA WM BIUSHUE TUApATAMM WM CaMOACCOIMAlMU B TEPEXOJHOM COCTOSHHH OBLI HCCIEIOBaH
KHTaWCKMMH aBTOpaMu MeToaoM (yHKImoHada rioTHOCTH[80]. BeicoTa 3HepreTnueckoro Oapbepa s
accoluaniy ¢ BOJAOH M camoacCOlMalH 3HAYUTEIbHO HIDKE, YeM TayToMepH3amuu 0e3 ydéra BIIMSHUS
rupatanyy. BriusHue nanbHero JACHCTBHSI PacTBOPUTENS TakKe ObUT MPUHSAT BO BHUMAHHUE, WCIONB3YS
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MOJISIPU3AOHHYI0 MoJienb OH3arepa BoJbl. DHEPTHs TAYTOMEPH3AINH B 0apbep MOTEHIIUANBHON SHEPTUH
MOBBIIIACTCS C YYETOM BIMSHHS BOJIBI M CaMOACCOIMAIlMHM, TaK KaK TayToMepH3alisl MpOoTeKaeT MeHee
ONaronpusTHO B TIOJISIPHOM PacTBOPHUTEIIE.

Hemuoro mno3zxe sionckue ydenole H.Ilyumma wu I[l.HMamaGe [81] omyOmukoBamu naHHBIE 00
WCCIIEZIOBAHUN TayTOMEPHBIX IMpeBpalieHuii npou3BoaHbIx ruapokcunupunuia (I'Il) u mupumona (IIN) B
MPHUCYTCTBHM MOJEKYJI BOAbl. Taike METoaoM (QYHKIHOHAA TIUIOTHOCTH OBUTM  pacCUMTaHBI
MOTEHIIMAIbHBIE YHEPTMH MHOTHX aTOMOB MOJIEKYN BOJABI. ABTOPHI MOJIATalOT, YTO JIBE MOJIEKYJIBI BOJBI 2-
THJIPOKCHITHPHIMHA MOTYT HaXOJAWUTCS B M30MEpHOH (opMe M0 OTHONICHUIO 2-MUPHUJOHA MOCPEICTBOM
oOMeHa MPOTOHAMH C MOJIEKyJaMH BOJbl. Takash MOJeNb MHBapHAHTHA OTHOCHTEIBHO MPUCOEAWNHCHHS
BHEIIHUX MOJIEKYJ BOJIBI.

B 0030pHO# cTaThe apreHTHHCKUX Y4YeHbBIX [82] paccMOTpEHBI JIMTepaTypHbIe JAaHHBIC, B OCHOBHOM
MPOIUIOr0 CTOJNETHS, TAayTOMEPHBIX PABHOBECH a30TCOAEPKAIIMX TeTEPOLUKINYECKUX COEIMHEHUN
METO/IOM MacC CIIEKTPOMETPUHU, OCHOBAaHHBIX Ha 3aMEHE 3HOJbHOTO BOJOPOJHOIO aToMa a3oTa Ha
neutepuil. Crenansl BBIBOJABI, KOTOPBIE COTJIACYIOTCSI C CIIEKTPOMETPUYECKUMH M KBAHTOBO-XUMHUYECKUMHU
JTaHHBIMH JIPYTUX aBTOPOB.

3. 7-A3auH/10J1bI

Nzydenue nepeHoca mpoToHA B AMMEPE 7-a3auHIoja SBJISETCA BeChbMa aKTyaJdbHBIM KaK ¢ XMMUYECKOU
Tak ¥ Onoxumuueckoit Touku 3penus. [I.E. @oamep ¢ corp. [83] uccienoBain Bo30YKICHHOE COCTOSHHE
JIBOMHOT'O TepeHoca MpoToHA B TUMepe 7-a3anHjioma:

/
Y

Z—T Z

1H-a3aunmon TH-azanag00

B pesynbraTe BceCTOPOHHOTO 00CYXKIEHHUS IPOIlecca TAyTOMEPHBIX MPEBPAIEHU aBTOPHI MpearaoT
MOIIATOBBIA MEXaHHU3M DTOT'0 mnmpouecca U OTMEYAroT, 4TO CACIIAHHBIC MM BBIBOJBI HaXOIATCA B XOPOLICM
cormacuu ¢ paboramu A.3eBaitna [7-9]. Ham Kkakercs, 4TO 3TOT IMOIIArOBBIA MEXaHU3M TpeOyeT
JIOTIOJTHUTENTFHOT'O HCCIIEAOBAHUS, B TOM YHCIIE U JIJISI PYTHX a30TCOACPKAIINX I'eTEPOIIUKIIOB.

B npyroit pabote [84] 3TH e aBTOphI M3yYalld IEPEHOC MTPOTOHA B ra30BoM ()a3e U BOJHOM PacTBOPE U
cleNnany 3aKIOueHHe, YTO B BOJHOHM cpele TONHas TayToMepHs He HaOmrojgaercss W3-3a BO3MOXKHOCTH
nepeavyn MPOTOHA OT 7-a3arHJI0Ia K MOJIEKYJIE BOBI.

B pabore 3.Cmenmapuuna ¢ cotp. [85] cooOrmmaercs 00 M3ydeHHH IEpEeHOCA MPOTOHA IMOCPEICTBOM
MOCTHKOB MOJIEKYJI BOIBI B 7-azawiHIONE. OTH BOJHBIC MOJEKYJIBl (POPMHUPYIOT MOCTHKH BOJOPOTHBIX
CBsI3el MEXAY (QYHKIIMOHAIBHBIME TPYIIIAMH TAYTOMEPHBIX CTPYKTYP M KaTaIH3HPYIOT MEPEHOC MPOTOHA.
KoHCcTaHTBI CKOpPOCTH TepeHoca MPOTOHA OIEHHBAIOT CHIIBI BOJOPOJHBIX CBsi3el, a CBOOOJHBIC OT
HaIpsKEHUA BOAHBIC MOCTUKH MOT'YT CHOCO6CTBOBaTb IIPOTOHHYIO ITPOBOANMOCTD.

B cnemyromeil ctatbe 3THX aBTOPOB [86] NMPUBOAMTCA pe3yNbTaThl AMHAMUKA BOJHOTO KaTajln3a
¢doroTayToMepu3alii 7-a3aMHI0Ma. bbUIO HalaeHo, 4ro B rasoBod ¢asze 1:1 u xommiekce 1:2
TayTOMEpU3alusi MPOTeKaeT 4depe3 COrJacoBaHHOTO JIBOMHOTO W TPOMHOrO TIEpeHoca IPOTOHA,
cooTBeTcTBeHHO. ClenaH BBIBOJ, YTO BBICOKAsi CKOPOCTh HAONIOJaeTcsi NMpU KOMHATHOH TeMIlepaType
BO30YXKIEHHOT'O 7-a3aMHJI0NA B BOJIE U CIIHPTE.

OTU pe3ynbTaThl MMEIOT Ba)KHOE 3HAYCHHME I Pa3pabOTKM OOINEro Iojaxoja BIMSHUS CPelbl Ha
IIEPEHOC IIPOTOHOB B TAYTOMEPHBIX IIPEBPAILICHUAX.

B paGore [87] mpuBeneHbl AaHHBIC CICKTPOB ITOIJIONICHUS M WCIYCKAaHHS 7-a3auHIONA C JBOHHOW
¢iryopeciieHIInel, KOTopas, 10 MHEHHUIO aBTOPOB, OOYCIIOBIIGHA CYIIECTBOBAHHEM JIBYX TayTOMEPHBIX
dopM. D10 elie pa3 MOATBEPKIACT paHee MOoTydeHHbIe pe3ynbTathl 0 1H- u 7H- TayromepHbix gopmax 7-
azamnmona [88].
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B pa6ore /x.Katanaun ¢ cotp. [89] npencraBieHbl SKCIIEpUMEHTAIBHBIC M TEOPETHYSCKHE OCHOBBI IS
CHHXPOHHOTO U COTJIACOBAHHOT'O IEepeHOoca ABYX MPOTOHOB B IIEHTPOCUMMETPHUYECKOI BOJIOPOJHON CBS3H B
AJIEKTPOHOBO30YXICHHOM JMMepe 7-azanHzaona. Ha ocHOBaHWHM ()eMTOCEKYHAHOTO ()OTOMOHWU3AIMOHHOTO
SKCTIIEPUMEHTA C/IeNaH BHIBOJ B TIOJIb3Y COTVIACOBAHHOTO MEXaHM3Ma IePEeHOca IBYX MPOTOHOB.

3a atuM mocnenoBaia cratea A.Jloyrana ¢ corp. [90], B KOTOpoW aBTOpPHI BBICTYNHJIN C KPUTHKON
COTJIACOBAaHHOTO MEXaHU3Ma IepeHoca MPOTOHOB B 7-azamHpone. OHHM Takke OTKIOHMIU Teopemy [91],
KOTOpasi, 0 UX MHEHHIO, OCHOBaHa Ha CIy4allHOE COBIAJIEHHE YacTOT CIeKTpa (IyopecieHIIMN KaTHOHA U
aHUOHA 7-a3aMHJIONA.
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DHepreTHuecKre XapaKTepPUCTHKH TMEepeHoca IPOTOHOB B IIPOIlECCE TAayTOMEPHOTO TpPEeBpaIIeHUs
IH—7H B 7-azamnpgone ObUIBI pacCYMTaHbl HAMH KBAHTOBO-XMMHYECKUM IMOTYIMIIUPHUYECKAM METOIOM
AM1 [92]. Bew10 nonyudeHo, uto sHTanenus aktusanun AH” 1 Tennora peaximn AH paBrsiotcs 83.6 1 69.8
kJlk-Momp ! cooTBercTBeHHO. CleoBaTenbHo, meperpymmupoka 1H—7H B 7-asamHmorne sBisercs
PaBHOBECHBIM IMTPOIIECCOM, CABHHYTHIM B cTOpoHY 1 H-hopmbl.

K.P.bau3 c corp. [93] u3yuunum BIUSHHE CONPSDKEHHS HA TEPMOIMHAMUYECKHE XapaKTepHCTU
OCHOBHOTO M BO30YKIICHHOTO COCTOSHUI IepeHoca MPOTOHOB B 7-a3aWHJONE KBAaHTOBO-XUMHYECKHM
HEOMITUPUIECKUM METO/IOM. JlaHHBIE PacyETOB yKa3bIBAIOT, YTO PACIIMPEHHOE COMPSIKEHHE DTOW CHUCTEMBI
OKa3bIBaeT OOJNbIIOE BIMSAHUE HA 3HAYCHHUE OTHOCHUTENBLHON YHEPTUH, TpeOyeMoil Iiisl mepeHoca MPOTOHOB.
Habnronaemble pa3nnius SHEPTHA, TTIABHBIM 00pa30M, OTHOCHTCS K CTaOMIIM3aIlMH TAYTOMEPHBIX (OpM, C
y4ETOM HH3KOH SHEPTHH Pe30HaHCa U JENOKAN3aIiH, a TAaKXKe N30bITKA 3apsi/ia peaKIIMOHHOTO IIEHTPA.

4. Hyk/eoTH/HbIE OCHOBAHUS

B 2001 roay mosiBunach cTathsi y30eckux YUEHBIX [94], B KOTOpOH HCCIIEIOBAINCH TAayTOMEpPHBIC
MIPOIECCHI 2-OKCUMTUPUMHUINHOHOB-4 KBaHTOBO-XHMHUYECKUM TOTyIMOupudeckum meronom (AM1, PM3).
NzyueHo BAusiHEE TOISIPHOTO PaCTBOPUTEISl HA TayToMepHOe paBHOBecue dopm a-f muis coenunenuit 1-3 B
paMKax MOJENM TOYEUYHbIX aumnosied. Ha OCHOBaHMM pacCUMTAHHBIX 3HAYECHUN OTHOCUTEIBHOW TEILIOTHI
o0pa3oBaHUs ClleNlaH BBIBOJ, YTO B ra30BOW ()aze M B pacTBOpE camoil crabwibHOW siBisieTcs Gopma a,
Cllefylied 1Mo cTaOWIBHOCTH BO BceX ciydasx spisercs ¢opma c. Tayromepnas ¢opma 3d Oomee
cra0uipHa, 4eM 3¢, TOIBKO B pacTBOpE.

Msl cunTaeMm, YTO TayTOMEpHBIE MPEBpPAIEHHs, MPUBEACHHBIE B CTaTbe HE COBCEM SICHBI, C TOYKU
3peHUs] HATJBSITHOCTH MEXaHW3MOB JJISl KaXJOH (OpMBI. YUWTBHIBasS BaKHOCTh HCCIEAYEMBIX MOJEKYIL,
KOTOpBIC TPEICTABISIIOT cOO0M aHAIOrOB HYKIEOTHIHBIX ocHOBaHUi (ypauwi, npu R=H u tumun npu R=
CHs;) MBI TOCTPOMIIM MEXaHU3MBI OTJETBHBIX MPEBPAIIEHUH, UCTIONb3Ys UKINYECKU-TUMEPHBIA MEXaHU3M
TepeHoca MPOTOHOB:
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R= H, CH3 5 C6H5.

CrycTsi HECKOJNIBKO JIET HaMH ONMyOJIMKOBaHA CTaThsl, KOTOpas MOCBAIICHA BHIIIE YIOMSHYTOMY
JMMEPHOMY MEXaHH3MY IIepeHOca MPOTOHOB B MIECTH TayTOMEPHBIX (opMax 4-aMHHO-2-OKCOMMPUMH/INHA,
JHEpPreTUYEecKHue, JJEKTPOHHBIE W CTPYKTYpHBIE XapaKTEPUCTHKH KOTOPBIX pacCUYMUTaHbl KBAaHTOBO-
XAMUAYECKUM TomysMnupudeckum meronoM AM1 [95]. Tloka3aHo, 4To caMbiM CTaOWILHBIM sIBIsIETCS  4-
aMuHO-2-0kco- 1 H-mupumuaun, 1.e. nutosud (1). TayromepHoe mpeBpalieHne MOXKET OCYIIECTBIIATHCA 10
HUKIUYEeCKU-IMMEepHOMY MexaHu3Mmy. [Ipemraraercs HoBast MHTepHpeTamus MpeBpalieHus UTO3WHa B 4-
aMuHO-2-okco-3H-upumuans (2), kak pesynstat 1H-3H aByxcraauitHoro nepenoca mpoToHOB:
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[TonyueHHble pe3ynbTaThl B AajibHEHIIEM OBLIM OOOOINEHBI I HMUPUMHUIMHOBBIX HYKICOTHIHBIX
OCHOBaHMit IMUTO3WHA, TUMHMHA W Yypalujia C HCIOJB30BAHUEM KBAHTOBO-XMMHUUYCCKOI'0O ME€TOJa TCOpHUHN
¢ynkiuonana mwiotHoctu (DFT) [96].

B pa6ore I'.®orapasu [97] meronom DFT uccnenoBanuck Tpu TayroMepHbIe ()OPMBI IUTO3HHA!

H\N/H H\N H\N/H
| _H
sl
rTl/go N ~0 N/)\O/H
H H
a b c

CorjgacHO KBaHTOBO-XMMHYECKUM pacy€raM CBOOOJHOM SHEPrUM aMHHO-THAPOKCH TayToMmep (C)
SIBIISIETCSL CaMbIM CTaOMIBHBIM. AMHHO-OKCO (a) U UMHHO-0KCO (b) (OpMBI MMEIOT MOYTH OJMHAKOBBIC
3HAYEHHS CBOOOMHON SHeprum, uto Ha 6.7 KJDK-MOIs ' Gonblie, deM sHeprus Tayromepa (c). Jlms
CPaBHHUTEIBHOT'O OIMMMCAHUS CTA0MIBHOCTH POACTBEHHBIX COCAMHEHHH JIyUIIUM KPUTEPUEM MOXKET CITYKUTh
terutora oopazoBanus (AH), uem cBobomHas sneprus ['n66ca (AG), 4To MOKET OBITh SIBIISIETCS PUIHHON
HEOXKUJAHHBIX PE3YJIbTATOB, MOJYYCHHBIX aBTOPOM, TaK Kak B OOJIBIIMHCTBE CIy4aceB €HOJibHas (opma (C)
MeHee CTaOuiIbHa, YeM KETOHHA (a).

B nmpyroii, HenaBueii crathe I'.dorapasu [98] KBaHTOBO-XMMHYECKHM HEIMIUPHUYECKHM METOJI0M
W3y4als TayTOMEPHOE MPeBpallleHHe IIUTO3MHA B PEIKYI0 IMUHHYIO ()OPMY B IIPUCYECTBUU MOJIEKYIT BOJIBI.

Ha ocHoBanuu pacuéroB BHICOKOTO YPOBHSI C/IeNIaH BBIBOJ B ITOJIb3y CHHXPOHHOTO MEXaHU3Ma IepeHoca
MPOTOHOB, OOYCIIOBJICHHOT'O CHIIBHBIM B3aWMOJICHCTBHEM MEXTY IBHKEHHISIMH JIBYX aTOMOB BOJIOPO/IA.

M.Morc ¢ cotp. [99] umH(DpakpacHBIM U yIbTPadHOIETOBBIM CIIEKTPOMETPHUECKHUMH METOJaMHU
YCTAaHOBWJIH CYIIECTBOBAHUE YETHIPEX TAYTOMEPHBIX (OPM T'yaHHHA:

H
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o] i N A NN
H N A 77 |B 4
<'\§ N G [P JN\ oIy Ho NSy 1
\ 9 3 _ H \ 9 ! 3 /H “ N/ /N' N/
N N)\N/ N" N N" | H o
v H i
7NH - kero 7NH - enon 9NH - kero 9NH - enon

Kaxxnoii popmMe cooTBETCTBYET OTAEIBbHAS MOJI0CA MOTJIONIeHHs B pa3HbIX obnacTsax Y@ u UK cnekrpa.
B uactaoct 7NH - keronnas dopma mormomaer B kpaiinoit MK-o6mactu (405 cm™), 7NH - eHombHas
dopma — B manékoit Y®-obnactu (32864 cv'), ONH - keronnas — B nanékoit MK-o6nactn, a 9NH -
eHosnbHas — B cpeanert MK-ob6mactu. [IpeniokeHHbIH METOI MOXKET CIY>KUTh IPUMEPOM IS JTOCTOBEPHOM
WACHTH(DHUKAIINY OTJEIBHBIX TAYTOMEPHBIX (DOPM CIOKHBIX MOJICKYJISIPHBIX CUCTEM.

Nzyuas ¢GororoHM3alMOHHBINA CIIeKTp ryaHnHa B obmactu 210 — 270 am A. MaptuHe3 u A.
Moycatoma [100] oOHapyxwid HEOOWYHBIH TayToOMep, B pe3yJibTaTe IIepeHOCa IPOTOHA U3
MUPUMUITHOBOTO Ha UMHU1a30JIbHOE KOJIBIIO.

A. XBopoctos ¢ cotp. [101] meromom UK maTpuunoi u3omsiuu oOHapy uiu Y ®- HHIYyIHPOBAHHYIO,
HCKITIOYUTENBEHO YCUIICHHYIO OKCO-THOHHYIO (hOpMY 2-THOYpaIHIa.

B pabore [102] mnpuBOmATCS pE3yNbTaThl KBAaHTOBO-XMMHUYECKOTO HCCIENOBAHUS METOIOM
¢dyHKIMOHANA TUIOTHOCTH 12 TayToMepoB ajieHnHa. C MOMOIIBIO BEPTHKAIBLHON U a11a0aTHYecKol SHEPTrUuH
WOHHW3AIlMM BCEX TAyTOMEPOB OBLTH OMNpENeNeHbl Pa3Miue B DHEPTUU MEKIY KaTHOH-PAIUKAIOM H
COOTBETCTBYIOIIMX HEHTpabHBIX cHucTeM. OOCYKICHbI 3HAYCHHS CYNIECTBOBAHHS TayTOMEPHBIX (OpM
anenwHa s peruukanuu B JJHK.

I''Yen u I1.JIu [103] HEIMIIUPHUYECKUM METOAOM KBAHTOBOM XMMHH PACCUUTAIIN YHEPTUU BO30YKIEHUS
JUISL IIECTH TayTOMEpOB TyaHHHa. BimikHbI - YO pe3oHaHCHBIN CIEKTp MOHHU3AIMU C JABYMS (POTOHAMH

211



bOdO@MMBINML 3IB60IMIBSMS IHMB6IRO 535RIFOOL 85GB6I, Jodool Lgéros 2012 38 Ne 2 - 3

C——————— L
YKa3bIBaeT Ha CyIIECTBOBaHUE ABYX peakux 7H-okco-umuno u 7H/9H-okco-amuno tayromepoB. PacuérHbie
JIAHHBIC TIOITBEPKIAIOT PE3yIbTAThI DKCIIEPUMEHTA.

B pabore wnHayunoit rpymmel Jhx.Jlecsuzuackoro [104] omuchIBaeTCs HCCIICIOBAHHME BIIMSHUS
METHJIMPOBAaHUS Ha TayTOMEPHOE PaBHOBECHE HYKJIEOTHJIHBIX OCHOBaHHH. OTMeuaeTcs, 4To B pe3yibTaTe
BHYTPHMOJIEKYJISIPHOT'O TepeHoca MPOTOHA MOTYT 00pa30BaThcsi MUHOPHBIC TAyTOMEpHI, & TPUCOSTMHEHNE
METHJIBHBIX TPYIII CIIOCOOCTBYET CTAOMIIM3AIMIO 3TUX PEIKUX TayToMepoB. Ha ocHOBaHHMH ompeiencHus
MHOTHX METHJIMPOBAHHBIX YYaCTKOB MPEIJIOKEHbI BO3MOXKHBIE MEXaHHU3MbI WU3MEHEHHSI MYTAIlHOHHBIX
MIPOIIECCOB.

M.Kab6ena u [1.I'063a [105] wm3y4anu B3aMMOJICHCTBHME IIMTO3WMHA, T'yaHHWHA, THMUHA U aJICHUHA C
xaTHoHaMu MetamioB Na', Mg” u Zn®". Beuln  paccMOTpeHBI BCE CYIIECTBYIOIINE TayTOMEpPhl IIUTO3HHA,
THUMHHA ¥ aJIcHUHa W BOCEMb OoJiee CTaOMIILHBIX TayTOMepOoB T'yaHWHa. [yl IMTO3MHA KAHOHHYECKas
KeTo/aMuHO (GopMa C KaTHOHAMH HMEET TJI00albHbIi MUHMUMYM. JIns ryaHWHa, THMWUHA W aJICHWHA
KaHOHWYECKHE CTPYKTYphl B TPUCYTCTBHM KATHOHOB SIBIISIIOTCS OTHOCHUTEIBHO CTaOWIBHBIMH, YeM
KOMIUIEKCHI peAKuX TayroMepoB. CrenaHo 3aKiIioueHue, YTO B3aWMOJICHCTBHE KaTHOHOB C IIUTO3WHOM B
ra3oBoil (aze HE CHOCOOCTBYET CMEIICHWIO W3MEHEHHsS KaHOHMYECKOH (opMBI B CTOPOHY pEAKHX
TayToMepoB. B ciydae W30IMpOBAaHHOTO TyaHWHA pPaBHOBECHE KAaHOHMYECKOH (OPMBI C pPEAKUMH
TayToMepaMi MOXeT OBITh HalAeHO, a IUIS M30JIHPOBAHHOTO aJcHMHA M THMUHA TPUCYTCTBUE PEIKHX
TayToMepoB OoJiee BEPOSITHO.

B.®euep c¢ corp. [106] mpoBOmMIM TEOPETUUYCCKUU aHAM3 PE3yIbTaTOB HM3MEPEHHM CIIEKTPOB
(hoTOAIMUCCHU KUCIIOPOAA, a30Ta M YIiepoJia B COCTOSHHUH Tapa JUIS BBISBICHHS TaAyTOMEPOB IUTO3WHA M
ypanuia. BBIUUCIEHHS TOYHO TIPEACKA3hIBAIOT OTHOCHTENBHBIE DJHEPrHH OCHOBHOT'O COCTOSHHS.
EnnncTBenHbIdt TayTOMep ypamwna HaOmromaercss mpu Temmneparype 450 K, BbI3bIBas OTHOCHTENBHO
npocroii crnektp. [Ipu 450 K nHaGmiogarorcss Tpu TayToMepa IIMTO3MHA, OJAWH M3 KOTOPBIX MMEET JBa
poramepa.

B pa6ore [107] npuBeneHbl pe3yabTaThl U3YUSHHUS MTEPEHOCa TIPOTOHA B MIPUCYTCTBHU BOJIBI B TIpOIECCe
OKCO-THJIPOKCO TayTOMEPHOTO INpeBpaiieHus S-¢propypaimia. ['ybokoe omimyre MEKAy U30IAPOBAHHBIM
W THJIPUPOBAHHBIM S5-QTOpYpamuioM yKas3blBaeT Ha BBICOKHN Oapbep TayroMepuzanuu. [Ipu OoTCyTCTBUH
BOJIBI TIPOIIECC MEepeHoca MPOTOHa MPOoTeKaeT o4eHb MeaneHHo. [Ipucoeannenre MOneKysa BOJbI BBI3BIBAET
yMeHblIeHHe Oapbepa B 2.3 pasza, 4TO Jenaer mpoiecc HaMHOro ObicTpbiM. Criektp diayopecueHnuu 5S-
¢dTopypaluia B BoJie MOATBEPKIACT CYIIECTBOBAHUE THIPOKCH-TAYTOMEPA.

K.MaszypkeBuu ¢ corp. [108] ¢ momorpio n3ydeHHus 3JIEKTPOHHOW CTPYKTYpHl THMHHA HAIUIA OYEHb
PEAKHA TayTOMEp, KOTOPBIH MpencTaBisieT co00i Kak HEOOBIYHO CTAOWIBHBIA aHHMOH. DTO €CTh HMHUHO-0KCO
Tayromep, B kotopoif N1H nporon nepenecén k C5 aromy yriepoza.

R it o
== Hl
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Jpyroii aHWOHHBIH TayTOMep, M0 MHEHHIO aBTOPOB, MOXKET 00pa3oBaThCi B pe3yibTaTe IMepeHoca
nporona N3H k C5 aromy. MexaHu3m o0pa3oBaHWsI aHHOHHBIX TayTOMEPOB pacCMaTPUBACTCS Kak
0e30apbepHbIid epeHoc nporoHoB. OmHako, 0e30apbepHbIii mepenoc N3H nporona Ha atom yriepoma C5
HAM Ka)KeTcsi MallOBEPOSITHBIM, TaK Kak B 3TOM ciydae 0e3 oOpa3oBaHUsi €HONBHOH (OPMBI B KayecTBE
MPOMEXYTOYHOTO MPOAYKTa He 000iTHCh. ONUCcaHHBIC BAJICHTHO-aHHOHHBIE TayTOMEphl THMHHA BeChbMa
WHTEPECHBI, C TOUKU 3PEHHS X MyTareéHHBIX CBOMCTB.

OdeHp BakHbIE, C TOYKM 3pPEHHUS OMpEIeNeHHs KOJIMYECTBA PEIKUX TayTOMEPOB HYKIEOTHIHBIX
OCHOBaHM, JaHHBIE MpHUBOAATCS B craThe [.3urena [109], B KOTOpOil CyMMHpPOBaHBI MaKpOKHCIOTHBIE
KOHCTAaHThl OTIENbHBIX MPOU3BOAHBIX aJeHHWHA, T'yaHWHAa WM TUIOKCaHTHHA. [loka3zaHo, Kak IO3BOJISIET
MIpUMEHEHNE COOTBETCTBYIOIIUX KOHCTaHT, Hampumep Mg 7,9-auMernnaieHnHa, KOJTMYECTBEHHO OMHCATh
xuciorasie ceoiictsa (N1)H”" 1 (N7)H' yuacTkoB depes MEUKPOKHCIOTHBIC KOHCTAHTBI M KAK HCIIONb30BATh
3Ty WHGOPMANHUIO JUIS BBIYHCICHUS OTHOIICHUS TayTOMEPOB OTHOCHUTEIHHO MOHONPOTOHHPOBAHHBIX
yaacTkoB, Takux kak N7-N1-H mporuB N1-N7-H. KonudecTBeHHasi OieHKa KHUCIOTHO-OCHOBHBIX CBOHCTB
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uMeeT OoNbIIoe 3HAa4YeHWE ISl HYKICOTHIHBIX OCHOBAaHHUH, BKIIOYAIOIINX ONpeNelEHHBIE TayTOMEPHl B
MaJIbIX KOHIIEHTPAIUIX, KOTOPBIE BBI3BIBAIOT POCT MyTaIllH.

B 2002 rony mbl onyonukoBanu crathio [110], B KoTopoii TayTOMepHBIE BKIIAJIBI TAPHI a/ICHUHA-THMUHA
Mpe/uIaraeTcs OlEHHBaTh 4Yepe3 KOHCTAHT JaKTaM-JTakTUMHOro-Kr(iur) m amuu-umunHOro Kr(am)-
TayTOMEPHBIX PAaBHOBECHIA:

! H/N N\H N | H .0
N N N/— \ﬂ/ e /4 N~ H | =
& 0 | * N_ _N
N \H
! T

* *

A T A T
rae A u A" maktamuas i maktamaas 1 T u T aMHHHAS 1 UMHHHEAS GOPMBI a1CHAHA U THMUHA.
Kpome ToOro, 9T KOHCTaHTBI MbI TPEACTABHIM B BUAC (DYHKIHMH TOPSJIKOB pPa3phIBAIOLIEIOCS M
00pa3oBaBIIErocs CBSI3€H B MpoIlecce MepeHoca MPOTOHOB:

Kt = f(Py, Pu)

Hanee, ucnons3ys runorezy II. JIésmuna [111] u B. 3enrepa [112], corimacHo KOTOpoil YacTory
MyTalli MOXXHO OLIEHUTH MPOHM3BEICHHEM KOHIIEHTPAIMHA PEAKHX TayTOMEpPHBIX (OpM HYKICOTHIHBIX
OCHOBaHHﬁ, MBI, B3aMCH OJOTHX KOHHCHTpaHI/Iﬁ, OIpeAcCIICHNUA KOTOPLIX CBA3C€HA C SKCICPUMCHTAJIbHBIMHA
npobieMaMy, UCIIONB30BAIIN MPEATIOKEHHBIE KOHCTaHTHI paBHOBecHs. ClemoBaTelbHO, YaCTOTY MYyTalluu
MOXXHO BBIPA3HTh Yepe3 MPOU3BECHUSI KOHCTAHT TAyTOMEPHOTO PABHOBECHSI:

v = Kr(mur)-Kr(an)

Ik Koy ¢ corp. [113] paspaboramu MeToabl IPENapaTHBHOTO TMOJIYYCHHS TyaHHHA IyTEM
TEPMHUYECKOT0 HCIApPEHUs M Ja3epHbIM OOJIy4YeHHEM B YIbTpadHOICTOBOW W BUAMMON obnactsix. B
pe3ysbTaTe MPOBENEHHOTO IKCIIEPUMEHTA, a TaKXKe MPUMEHEHHS METOJIa MacC CIIEKTPOMETPUH U Pacd&ToB
BEPTUKAIBHOW U a/inabaTHyecKoi dHepruil ObLIH UACHTU(UIIMPOBAHBI BOCEMb TAyTOMEPOB I'yaHHHA.

CoBceM HenaBHO, YUEHBIE YKPaWHCKON HaydHOH mkonsl B. M. JlanuioBa, COBMECTHO C MIOTIAHICKUMHU
U SIMOHCKUMH aBTOpaMH OINyOJIMKOBAaJXd OYE€Hb MHTEPECHYIO cTaTthio [114], koropas moOCBsIIeHa
WCCIIEIOBAaHHIO0 MEXaHU3Ma MyTareHHOTO JICHCTBHSI S-OpoMypaliiiia B Kilactepe, coctosniero u3 50 MoneKy
BOJIBI. BBUTO OTMedeHo, uTo B ra3oBoii (aze U B pacTBope S5-OpoMypalliili B OCHOBHOM HMeEET KeTo (opMmy,
OJIHAKO, B TIPUCYTCTBUHU BOJHOT'O KJIacTepa OH MEPEXOUT B PEIKYIO CHOJILHYIO TayTOMEPHYIO GopMy. DTOT
3¢ eKT, 0 MHEHHIO aBTOPOB, O0OYCIIOBJICH BOJHO-BOJHBIM B3aMMOJICHCTBUEM B KilacTepe BOKPYT 5-Opom-
ypanuiia u JoJKeH ObITh YITEHHBIM NPH KBAHTOBO-XHUMHYECKUX pacdeTax TayTOMEPHBIX MPEBpaleHH.

B 3aximoyeHnn Hamo0 OTMETHTh, YTO MHOT000pa3ve SHEPreTHYECKHX, DJIEKTPOHHBIX U CTPYKTYPHBIX
CBOMCTB TayTOMEpHBIX MPOIIECCOB, BCTPEUYABIIMXCS B a30TCOJEPKAIIMX TETEPOIMKIAX, HE TO3BOJSET
crenath oduiue BBHIBOJBI KAHOHUYECKOT'O XapakTepa, OJHAKO KOJIMYECTBEHHOE UCCIIENOBAHUE OTIEIBHBIX
TAyTOMEPHBIX PABHOBECHI KBAHTOBO-XHMHUYECKUMH, CIEKTPOMETPUUYCCKUMH U JPYTUMH COBPEMEHHBIMH
(UBNKO-XMMUYECKUMHA METOJaMH MOXKET JIaTh HaAE&KHBIC NaHHBIE JUIsI MOJCITUPOBAHUS M TUIAHMPOBAHUS
TOHKHX W [ENCHANPABICHHBIX XHMHUYECKMX M OHOXMMHUYecKHX mporeccoB. OcoOeHHBII HMHTEpec
MPEICTABIISICT UCCIIEIOBAHME BIUSHUS CPEIbl HA TayTOMEPHBIC MPOIECCHl MYTEM MOCTPOCHUSI KOHTHHYYMa
TOYCUHBIX JIUIOJICH pacTBOPUTENCH C pa3HBIMH MapaMeTpaMy TOJISIPHOCTH.
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NEW DATA OF THE TAUTOMERIC TRANSFORMATIONS OF SOME NITROGEN
CONTAINING HETEROCYCLES

Jumber Kereselidze
Ivane Javakhishvili Thilisi State University

SUMMARY
The Literary and own data of last years of the tautomeric transformations of azoles, pyridines, 7-azaindoles
and nucleotides bases are analized. The opportunities of revealing separate of the tautomeric forms having

practical importance for the quantitative description for some chemical and biochemical processes are
discussed.
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MATHEMATICAL-CHEMICAL INVESTIGATION OF THE HYDRIDES OF THE ELEMENTS
OF ARSENIC SUBGROUP
Giordi Chachava, Maia Rusia, Levan Lobdjanidze, Mikheil Gverdtsiteli
Ivane Javakhishvili Thilisi State University

SUMMARY

Correlation equation of “structure-properties” type is constructed for the hydrides of the elements of arsenic
subgroup within the scope of ANB-matrices method. The value of AH?,298 for H3;Bi was calculated

theoretically.

MATEMATUKO-XUMHNYECKOE UCCIIEJOBAHUE T'MIPUI0OB 3JIEMEHTOB
MMOAIPYIIIIBI MbIIIBbAKA
I'.H.Yauaga, M.I11.Pycus, JI.B.Jlooxkaununze, M.J.I'Bepauurenu
Tounucckuii 2ocyoapcmeentulil yrusepcumem um. M. [casaxuweuiu

PE3IOME
[TocTpoeHO KOppeNAlMOHHOE YypaBHEHHE THNA ‘‘CTPYKTypa-CBOMCTBa” Ui TUIAPUIOB DIIEMEHTOB

MOJrPYMIIBI MBIIBsIKA B pamkax Meroaa [THC-matpui. TeopeTnyecku BHIYUCICHBI 3HAYCHUS AHg@' 208 AUIA
H;Bi.
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MATHEMATICAL-CHEMICAL CALCULATION OF GIBBS’ FREE ENERGY OF FORMATION
FOR ASTATINE HYDRIDE
Giordi N. Chachava, Mikheil Gverdtsiteli, Giordi G. Chachava,
Ivane Javakhishvili Thilisi State University

SUMMARY

Gibbs’ free energy of formation for astatine hydride was calculated within the scope of ANB-matrices
method. Correlation equation was derived and investigated. Correlation is satisfactory.

Key words: astatine hydride, Gibbs’ free energy of formation, ANB-matrices method.
MATEMATHUKO-XUMHWYECKOE BBIYMCJIEHUE CBOBO/JJHOM SHEPTUU OBPA3OBAHUSA
TUBBCA JJISI THJPUJIA ACTATA

I"'H.YauaBa, M.W.I'Bepauutenu, I'. I'.Hayaa
Tounucckuii 2ocyoapcmeentulil yrusepcumem um. Hs. [casaxuweuiu

PE3IOME

CBoOojnast 3Heprus oOpa3oBanus ['nuO0ca a1 ruapua acTata BeUKCiIeHa B pamkax Merona [THC-maTpwi.
[TocTpoeHo KoppensIoHHOE ypaBHeHHe. Koppersius yI0BIeTBOpUTEIbHA.
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MATHEMATIC-CHEMICAL INVESTIGATION OF LINEAR-FUSED AROMATIC
HYDROCARBONS

Marina Karchkhadze, Nunu Ovsyanikova, Mikheil Gverdtsiteli
Ivane Javakhishvili Thilisi State University

SUMMARY
Within the scope of B-matrices method two correlation equations of “structure-properties” type are
constructed for linear-fused aromatic hydrocarbons. Calculations show that correlations are satisfactory.
MATEMATHUKO-XUMHNYECKOE UCCIIEJOBAHUE JIMHEMHO KOHAEHCHUPOBAHHbBIX

APOMATHUYECKHUX YIVIEBOJOPOAOB

M.I".Kapuxamze, H.H.OBcsiaukoBa, M.M.I'Bepanurenu
Tounucckuii 2ocyoapcmeentulil yrusepcumem um. Hs. [casaxuweuiu

PE3IOME
B pamkax Meroma B-maTpuil mocTpoeHBl M HCCIENOBAHBI JIBA KOPPEISLMOHHBIX YPaBHEHUs THIIA

“CTpyKTypa-cBOiiCcTBa” il JMHEHMHO KOHJEHCHPOBAHHBIX apOMATHUYECKHX YIJIEBOAOPOAOB. Brrumcienus
MOKa3aJH, YTO KOPPEISALHH YA0BICTBOPUTEIbHBI.

222



bodd®0)3IRML 3IG60IATSM)S IAMBEIN0 535RIBNOL 39G6J, Jodool Lgeros 2012 338 Ne 2 - 3

L b’ . —————

300)3353033®0 J03NS

JR3OGRLOL 3MAIRSGNIA0 356BIRISNL 350)IFOB03IM-JN30IA0 053(I33RI30

3300y JoRbadg, dsgmemo 339Mbsdg, dobgoem a39MEGomgmo
03369 xsgsbodgoemols bsbgemmdols mdoemolbols bsbyemdffoger mboggd oo

dmﬁ)amoeogﬁo oGQQo%o moSoaaQF)mBa mamﬁo‘a@o mﬁ&oﬁ‘ac\no joaooh 860"6363;:)003.55 3 BooG@aﬁabm
6.55]55»1) %’oéamoggaaﬂs. 030 m33(4)0t4)361) O'V' dmﬁ)ac\nogogﬁo aoS@mQ{)babom, F)maagvgmo Bo'a'aomabomoe
BQ{)&Q F)émggaﬁmbﬁm{}o do3'80t4)860h 6.53(*)3;:)35&'831}%‘.53@0 3(*);:)36"3@01) B@ﬁ)ﬂd@ﬁﬁa&ho 3 dols
680{18001}‘3606006(‘0601} Focols. 30633;:)0 dmﬁgg:)oeogéo 6.55(500@36& '833'3'3.5336'3;:)0 0gem 1924 VOQB
6(4)351)(553;301).5 © 33;33(4)1)3501) 3086. oaﬂoaogg (35(*)60;*\')00 B‘am oma'ag:fba 33(550 dmﬁa@éeogﬁo 6.56(500;:)36.5
[1,2].

mamﬁm'ag:) méao&ag:) doaoo'ao 3(4)0)—3(4)0) 838@‘5%3 Qéaogg '331)%’&3;*{)0@00 6-35@30)(30;:)'3(4)0 305.5(33@8&5
5.5?(,3(4) 6.5]5'30(4)6.5530(55(')30)&6. oa()(fbma 6"3536603&5, &3 (5503015 F)aodooabob aadQSO%BmaS QQJQBBOF)S&'JQO
4m3ggeno 150.51‘);:)3 360'8353;::003.550&. h%’mﬁ)ag{) .51)30) 3(4)00(331)361) '8301)9.53;:)015 3;33.5(4)531)01) dméagmoeogﬁm
6.)5(55?);*\036&:

lgk =1gko+ aE,+ pH (1)

boesg, Igk o Igko  ®g0diool  LoBdstols  3medogzgdos  Lg@osBo  Bgdsgomo s Liebosigmmo
630{1(5.)5(5501»0)301), E, ©s H .5]5.)1)0.50)3635 5‘369;')3(')(30@1), a ©s B— {]Qiad(fbﬁ)mcgog:)h.

GB&)OQ'BO 3(*)(333'3;*\*)0& E,-ob 3 H-ol 350'8363me360 30;:)(*)635—.550(')53601).50)301) [2].

X" 18(Acgs) E, H
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MATHEMATIC-CHEMICAL INVESTIGATION OF EDWARDS’ CORRELATION EQUATION

Marina Karchkhadze, Maguli Kvernadze, Mikheil Gverdtsiteli
Ivane Javakhishvili Tbilisi State University

SUMMARY

Within the scope of ANB -matrices method Edwards’ correlation equation was investigated. Two
correlation equations of “structure-properties” type were constructed. Correlations are satisfactory.

MATEMATHKO-XUMHUYECKOE UCCJIEJOBAHUE KOPPEJISIHMOHHOI'O YPABHEHMS
SABAPJICA

M.I".Kapuxamse, M.C.Ksepramze, M.I.I'Bepaiurenu
Tounucckuii 2ocyoapcmeennviil ynusepcumem um. Me. [casaxuwsunu

PE3IOME

B pamkax meroma ITHC -martpun 6bu10 HccnenoBaHo KoppemsioHHOe ypaBHeHHe DaBapca. [ToctpoeHst
JIBa KOPPEJAIMOHHBIX YPaBHEHHS THIIA “‘CTPYKTypa-cBoicTBa”. Koppenduuu y/1oBieTBOpUTENbHBIE.
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OBTAINING OF HYBRID POROUS SORBENTS ON THE BASE OF PRODUCTION REMAINS

Eter Gavashelidze, Givi Papava, Nunu Maisuradze, Nanuli Khotenashvili, Russudan Tsiskarishvili
Petre Melikishvili Institute of Physicl and Organic Chemisty
of Ivane Javakhishvili Thilisi State University
Shota Rustaveli Nacional Scince Foundation

SUMMARY

Work for obtaining of porous insulating materials on the base of remains from amide oligomers and grapes
processing — the “chacha” — was carriedout. The process of polymeric composition structuring and influence
of “chacha” content change on it was studied. The dynamical, isothermal, termogravimetrical and infrared
spectroscopy methods of investigation were used.

HOJYYEHUME I'MBPU/IHBIX IOPUCTBIX COPBEHTOB HA OCHOBE OPTAHUYECKHUX
MHNPOU3BOJACTBEHHBIX OTXO/J10B

O.IlL.TaBamenunze, ['.111.I1amaBa, H.A.Maucypanze, H.3. Xorenamswim, P.ILIuckapunsumm
Hucmumym puzuveckoii u opeanuvecrkoti xumuu um. I1. Menuxuwigunu
Tounucckozol ocyoapcmeennoco yuusepcumema um. Means /icasaxuweunu

Hayuonanvuwiii nayunwiii pono um. [lloma Pycmasenu

PE3IOME

[IpoBenenbl paboOTHI JUTS TONXYYEHHUS MOPHUCTHIX THOPUIHBIX  HM3OJISIHMOHHBIX MAaTEpPHAJOB HAa OCHOBE
aMUJHBIX OJIMTOMEPOB M BHUHOTPAgHOW BbDKMMKM. M3ydeH Ipouecc CTPYKTypUpOBaHUS IOJIMMEPHOU
KOMITO3UIIMU U BIIMSHUE U3MEHEHMS CONEPKAHUSA BUHOTPAIHON BEDKMMKHU Ha MPOTEKaHUE HTOrO IIPOoLEcca.
[Ipu wuccraenoBaHUM HCIIONB30BAaHBl TUHAMHYECKHM, M30TEpMUYECKH, TepMorpaBumerpuueckuii n MK-
CIEKTPOCKOIMYECKHUI METOBI aHAIU3A.
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CHEMISTRY OF COORDINATION COMPOUNDS

INFLUENCE OF Cr(IIT) AND Au(IIl) IONS ON Arthrobacter oxidas 61B AND Arthrobacter
globiformis 151B

Eteri Gelagutashvili, Eteri Ginturi, Aleksandre Rcheulishvili, Nanuli Bagdavadze, Nana Kuchava
Elefter Andronikashvili Institute of Physics
of Ivane Javakhishvili Thilisi State University

Microorganisms often play a major role in the degradation of organic contaminants and in the oxidation
and reduction of heavy metals. Gram-positive Arthrobacter species bacteria can reduce Cr(VI) to Cr(III)
under aerobic growth.

The interest in Cr is governed by the fact that its toxicity depends critically on its oxidation state. While
Cr(III) is considered essential lipid and protein metabolism, Cr(VI) is known to be toxic to humans|[1].
Chromium(III) is an essential trace element for humans, required for the maintenance of normal glucose,
cholesterol, and fatty acid metabolism [2].

Gold nanoparticles have significant role in nanotechnology due to their potential utilization in
nanoelectronics, DNA labeling and development of biosensors [3]. In [4] biosorption of gold were
investigated using various microorganisms.

The form, when metal partition from aqueous solution onto the mineral surface, a process generally
referred to as sorption when the details of the adsorption mechanism are not fully known.

In this paper sorption of Cr(Ill) and Au(Ill) ions by Arthrobacter oxidas 61B and Arthrobacter
globiformis 151B were determined simultaneous application dialysis and atomic absorption analysis.

Materials and Methods

The other reagents were used: CrCl; and HAuCl, (Analytical grade). Arthrobacter bacterium were
cultivated in the nutrient medium [5]. Cells were centrifuged at 12000 rpm for 10 min and washed three
times with phosphate buffer (pH 7.1). The centrifuged cells were dried without the supernatant solution
until constant weight. After solidification (dehydrated) of cells (dry weight) solutions for dialysis were
prepared by dissolving in phosphate buffer. This buffer was used in all experiments.

Results and Discussions

In fig. 1 and in fig.2 are presented biosorption isotherms for Cr(Ill)-Arthrobacter globiformis (A) and
Cr(Ill)- Arthrobacter oxidas (B) (fig.1) and for Au(Ill)-Arthrobacter globiformis (A) and Au(Ill)-
Arthrobacter oxidas (B) (fig.2). The sorption data were fitted to the Freundlich model [6]. Dependence C,
VS Ciora » Where Cp, is the binding metal concentration (mg/g) and Cyy is initial Cr concentration(mg/1).
From a plot of logC, vs log Ci were determined biosorption constants (K)) and biosorption capacity (n).

» 16
o]  Cr(in-Arthrobacter 18 Cr(Ill)-Arthrobacter -
globiformis oxidas
1.8+ - -2.04
-2.04
22-
221 a
L] A O 24
O 4] m e e °
83 -1
S L] [ 26
-2.8 = . 284
e y=-2.7+0.81x; Y=-2.59+0.73x;
so R0.99 R 0.99
801 3.0 ’
-3.24
: : i . . -3.2 T T T T T
40 05 00 05 10 15 -0 -05 00 05 10 15

LogC LogC, .,

Fig. 1. Binding isotherms of Cr (IIl) -Arthrobacter globiformis 151B (A) and -Arthrobacter oxidas 61B (B) in the
Freundlich coordinates
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Fig. 2. Binding isotherms of Au(Ill) -Arthrobacter globiformis 151B (A) and Arthrobacter oxidas 61B (B) in the
Freundlich coordinates

The results are presented in table 1. Biosorption parameters for chromium are: K=26 x 107, n=1.37
for Arthrobacter oxidas 61B , and K=20,2 x 107 , n=1.23 for Arthrobacter globiformis151B respectively.

Table 1. Biosorption of gold and chromium by Arthrobacter species

Biosorption Biosorption Standard Correlation
constant capacity deviation coefficient
K n SD R
Cr Arthrobacter oxidas 61B 26,0x 107 1.37 0.12 0.98
Arthrobacter globiformis151 B 20,2 x 107 1.23 0.14 0.95
Au Arthrobacter globiformis 151 B 142x 107 0.81 0.09 0.96
Arthrobacter oxidas 61B 39x 107 192 022 0.98

The same for gold are: K=3.9 x 10, n=1.92 for Arthrobacter oxidas 61B and K=14.2x 107 , n=0.81
for Arthrobacter globiformisl51 B respectively. The data show a significant difference between the
biosorption constants in both cases for Cr(1ll) —Arthrobacter species and for Au(Ill) —Arthrobacter species.

Comparative Freundlich biosorption characteristics Au Arthrobacter species shown, that Arthrobacter
globiformis has larger biosorption constant , then Arthrobacter oxidas. On the contrary capacity (n) for
Arthrobacter oxidas is more, then for Arthrobacter globiformis. Correlation coefficient in all discussed
cases is more, then 0.95.

The binding data are in good agreement with literature data [7]. It should be noted that biological
ligands are generally polyfunctional and polyelectrolytic, with an average pK value between 4.0 and 6.0 [8].

Biosorption involves a combination of active and passive transport mechanisms starting with the
diffusion of the metal ion to the surface of the microbial cell. Once the metal ion has diffused to the cell
surface, it will bind to sites on the cell surface which exhibit some chemical affinity for the metal. It is
known, that plasma membrane is the primary site of interaction of trace metal with living organisms. All
biological surfaces contain multiple sites including biotic ligands, transport sites, or specific sites and non-
specific active sites that are unlikely to participate in the internalization process, including cell wall
polysaccharides, also proteins, and lipids, which act as a basic binding site of heavy metals.

Different species of bacterium displayed a different sorptive relationship. Biosorption is often followed
by a slower metal binding process in which additional metal ion is bound, often irreversibly. This slow phase
of metal uptake can be due to a number of mechanisms, including covalent bonding, crystallization on the
cell surface or, most often, diffusion into the cell interior and binding to proteins and other intercellular sites
[9]. Biosorption may be associated not only to physico-chemical interactions between the metal and the cell
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wall, but also with other mechanisms, such as the microprecipitation of the metal [10] or the metal
penetration through the cell wall [11].

Comparative analysis for Cr and Au shown, that in both bacterium (Arthrobacter oxidas and
Arthrobacter globiformis) biosorption of Cr is more, than Au. Chromium(III) is not actively transported
across the cell membrane to lack of transport mechanisms for these octahedral complexes. The distorted
octahedral coordination sphere proposed for Cr(lll) and strong tendency to coordinate donor atoms
equatorially may be responsible for the specific interaction with Arthrobacter species.

This work was supported by grant STCU #4744
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Cr(1II) KRS Au(IIl) 0M6330L 353I6S Arthrobacter oxidas 61B RS Arthrobacter globiformis 151B
45333®03dbJ
9096 g sdzomo, gogh 30bdg®o, smgdbsbemy MRgnmadzomo, bsbgmo demesgsdg, bsbs 3uFsegs
0336 x938b0dz0em0l bsbgememdol mdocrolbol bsbyemdfoger mboggmbodgbol
Je9Rm96  sbtmbagsdgocmol goBogols oblbdoddo
®Jb0J3I
236LsbEg@rmmos  dombim®dzool  3blEsbBgdo Cr(ll) s Au(Ill) ombgdols Arthrobacter oxidas 61B (s
Arthrobacter  globiformis 151B-bsm3zol  @osgobols @  sm3n@-s3bm@dgonmo  sbsmobol  dgomegdols
a93mygbgdom (pH7). 6sBggbgdos, ®md Cr(Illl) s Au(lll) ombgdol docmle®dzool  Bgzsemds  dsdidgGogdols
Lbgoalbgs  Labgmdobomgol  9®0mdsbgomobsgsb  gsblbgeggdnmos.  domlbm@dzool  3mblisbEgdo 3mbo oo
3033 Jbadolemgol Fgemaqbl:
1. K=26x10" (Joed-Arthrobacter oxidas 618 )
2. K=202x10" ¢ J&md-Arthrobacter globiformisi51B)
3. K=3.9x10" (mém-Arthrobacter oxidas 61B)
4. K=142x10" (e g&e-Arthrobacter globiformis 151B).

BJUAHUE UOHOB Cr(III) U Au(Ill) HA Arthrobacter oxidas 61B 1 HA Arthrobacter globiformis 151B
3.C.I'enaryramsunu, O.H.I'uarypu, AH.Pueynmumeunu, H.B.Barnasanze, H.E.Kyuasa
Unemumym guzuxu um. 3.J1. Anoponuxaweunu
Tounuccrkoeo eocyoapcmeenno2o Yuusepcumema um. U. [ocasaxuweunu
PE3IOME

MeTozoM JImanu3a MW aTOMHO-aOCOpOIIMOHHOTO aHau3a OIpenelieHbl KOHCTaHThl OHOCOpPOIMH HOHOB
Cr(Ill) u Au(Ill) ¢ Arthrobacter oxidas 61B w c Arthrobacter globiformis 151B mnpu pH 7. IlokazaHo, 4To
emkocTh B3aumogeiicteust noHoB Cr(Ill) u Au(Ill) ¢ Arthrobacter oxidas. 61B w Arthrobacter globiformis 151B
npu pH 7.0 pazmuunsl. KoHcTaHTB OMOCOPOIMH IS 3THX KOMILICKCOB COCTABIISIOT:

1. K=26x10" (Cr-Arthrobacter oxidas 61B ).

2. K=20,2x 107 (Cr-Arthrobacter globiformis151B).

3. K=39x10" (Au-Arthrobacter oxidas 61B)

4. K=14.2x10" (Au-Arthrobacter globiformis 151B).
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BIOAVAILABILITY OF GOLD AND SILVER IONS WITH Spirulina platensis

Eteri Gelagutashvili, Eteri Ginturi, Nana Kuchava, Nanuli Bagdavadze, Aleksandre Rcheulishvili
Elefter Andronikashvili Institute of Physics
of Ivane Javakhishvili Thilisi State University

Spirulina (cyanobacteria) or its extracts can prevent or inhibit cancer in humans and animals and has
other medical effects [1]. Recently, more attention has been made to study its therapeutic use and
investigated its effect in acute allergic rhinitis, anticardiotoxic, anti-nephrotoxic [2].

Algae have a tremendous role in bioremediation of heavy metals[3]. Nanotechnology is one of the most
exciting areas of recent years that involves the interaction between inorganic quantium dots and biological
structures[4]. However, there is little information on which kind of microorganisms has a high gold and
silver adsorbing ability.

In this paper Bioavailability of Gold and silver ions with Spirulina platensis were studied.

Materials and Methods

Analytical grade reagents were used in all experiments: AgNO;3; and HAuCl, hydrogen tetrachliroaurate
(IIT) . The study of biosorption of Ag(I)- and Au(Ill)- S. platensis was carried out by the methods of dialysis
and atomic absorption analysis. S. platensis was dissolved in suspension, when it is dissolved in medium and
its pH=8.6. .

The experiments of dialysis were carried out in 5ml cylindrical vessels made of organic glass. A
cellophane membrane of 30um width (type - “Visking” manufacturer - “serva”) was used as a partition. The
duration of dialysis was 72 hours. The experiments were carried out at 20-230C temperature.

In all mentioned cases, the concentration of Spirulina platensis was 400mg/100ml. The metal
concentration ranged from 10-3 to 10-5. The metal concentration after the dialysis was measured by atom-
absorption analysis at the wavelength of A=328.1 nm. Each value was determined as an average of three
independent estimated values + the standard deviation. Several models for the apparent Ag and Au
dissociation constant were fit to the observed binding isotherm.

Data Analysis. The isotherm data were characterized by the Freundlich [5] equation

c,=KcC,

where C, is metal concentration adsorbed on either live or dried cells of Arthrobacter species in mgg” dry
weight. C is the equilibrium concentration of metal (mgl™) in the solution. K is an empirical constant that
provides an indication logC , as a function of log C, of the adsorption capacity of dry cells, I/n is an
empirical constant that provides an indication of the intensity of adsorption. The adsorption isotherms were
obtained by plotting /logC, as a function of log C;

Results and Discussions

Fig. 1 shows the biosorption isotherms by using the fitted Freundlich model (LogCb vs LogCrtotal, where
Cb is the ion concentration connected with cyanobacteria for all cases, and Ctotal is the initial concentration
of metal ions. Each dot is the average of three independent values, and the standard deviation < 10% of
average value. The coefficient of determination (R?) in both cases were mostly greater than 0.9.

By means of Freundlich isotherms the biosorption constants (K) and the capacity (n) were determined
for Au-Spirulina platensis and Ag- Spirulina platensis. The results are presented in table 1.

From experimental results and from table 1 it is clear, that significant difference between the
biosorption constants for Au —Spirulina platensis and Ag-Spirulina platensis are not observed. At higher
pH values, metals may accumulate inside the cells or cell walls by a mechanism known as combined
sorption-micro precipitation [6].

Thus, it is clear from our experiment that cyanobacteria Spirulina platensis are potential enough to
remove high amount gold and silver from the solution.

This work was supported by grant STCU #4744..
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Fig. 1 The linearized Freundlich adsorption isotherms for gold- and silver-Spirulina platensis
(Cp is the binding metal concentration (mg/g) and C,,, is initial metal concentration (mg/l). (4)- Ag, and B

(Au).

.Table 1. Biosorption characteristics for gold- and silver- Spirulina platensis at 23° C

Biosorption Biosorption Standard Correlation
constant capacity deviation coefficient
Biosorption characteristics K n SD R’
S. platensis dissolved in 4
medium pH=8.43 gold 8.7x10- 1.58 0.13 0.96
S platensis dissolved in—1- o | g 4x10.4 167 118 0.92
medium  pH=8.6
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aROgedmsb  osmobols  ©s  3smINE-38lm@dommo  sbamobol  dgmmegdol  gsdmygbadom. bshgzqbgdas,
6d mdﬁ)ml} ©5 3368].‘)@015 0(*)63601} 60(*)15(*)66(3001} (553300\)(*)6.5 ©5 60(*)1}(*)66(3001} dehéoS@abo
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BUOCPOACTBO MOHOB Ag U Au C Spirulina platensis

3.C.I'enaryramBuny, 9.H.I'uatypu, H.E.Kydasa, H.B.BarnaBanze, AH.PueynumBuiu
Unemumym gusuxu um. 3.J1. Anoponuxaweunu
Tounuccroeo 2ocydapcmeennozo Yuueepcumema um. U. /icasaxuweunu

PE3IOME

MeronoM auanu3a ¥ aTOMHO-a0COPOIIMOHHOTO aHaju3a OIpeleleHbl KOHCTAaHTh OMOCOPOIIMK MOHOB
Ag n Au ¢ Spirulina platensis npu pH 8. IlokazaHo, 4TO €MKOCTh B3aHMOJCHCTBUS ¥ KOHCTAHTHI
OouocopOin  uoHoB Ag u Au c Spirulina platensis npu pH 8 He oTIIMUYaAIOTCS B paMKax CTaTUCTUYECKON
norpemHocT. OnpeaeneHbl KOHCTaHThI OMOCOpOIMK  JUIs KOMIUIEKCOB Ag-Spirulina platensis n Au-
Spirulina platensis, KOTOpbl€ COOTBETCTBEHHO paBHbL: Ka,~9.4 X 10" n Ka=8.7x10™.
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THE PHYTOHORMONS

Rusudan Mdivani, Nikoloz Zarnadze, Venedikte Tsereteli
The Center of Young Scientists Isotope
SUMMARY
Mechanisms of action of phytohormones in different intracellular processes have been considered. The right
direction for the preparation of nutrition media for cultivate the cells and tissues in vitro may be considered
for using the compositions of several hormones, wich will be contribute for achieving their maximum of
sinergy.

OUTOI'OPMOHBbI
P.B.MmuBanu, H.K.3apuamze, B.C.lleperenn
Llenmp (cor03) monoodvix yuenuwix - Mzomonul

PE3IOME
PacMmoTpeHbl MexaHU3MBbI JeHCTBYSI (PUTOrOPMOHOB Ha pa3Hble BHYTPUKIIECTOYHBIE TIpOoLiecchl. [IpaBuiibHBIM
HaTpaBJICHUEM MTPUTOTOBICHUS MUTATENBHBIX CpeJ] ISl KyJbTHBHPOBAHMS KIETOK U TKaHEH in vitro MOKHO
CUUTATh MPUMEHEHNE KOMITO3UIIMH M3 HECKOJIBKUX TOPMOHOB, YTO OYJET ClIOCOOCTBOBATH JOCTHIKCHUIO UX
MaKCHUMaJbHOI'O CUHEpru3ma.
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XUMMS OKPYKAIOLIEN CPEIBI

K BOITPOCY O BPEJE U IIOJIB3E PYCTABCKOI'O
JIEZAKAJIOT'O MAPTEHOBCKOI'O HIJIAKA

M.K.I'yremunaze, J1.B.Opucrasu, A.B.CapyxanumBuim
I'py3unckuiti mexnuyeckuii ynugepcumem

MapTeHOBCKMM  IIJJaKaM TMOCBSIIEHO HEMajJo Hay4YHO-TEXHMYECKUX HcciaenoBaHuil. B Hux
paccMaTpuBalOTCS Kak M IPOIECC TMONyY4eHHs, TaKk | JalibHedImas «Cyapba» d3THX OTXOJIOB
CTaJIEIJIaBUTENBHOTO POU3BOJICTBA, HE UCKIII0Yasl BOIIPOCOB MX BO3AECHCTBUS Ha OKPY)KAIOIIYIO CPENY.

W3BecTHO, YTO MapTEHOBCKME NUIAKH, Pa3MElIeHHbIE B OTBaJlaX, BPEJHO BIHIIOT Ha arMocdepy,
ruzpochepy U MOYBEHHBIH TOKPOB OKpY)KAIOIICH MECTHOCTH, BBI3BIBAasl YXYHAIICHUE COCTOSHHS (IIOPHI,
(dbayHbI ¥ 3710pOBbs JtozeH [1,2]. Yke 3T0 00CTOSATEILCTBO BBI3BIBAET CTPEMIICHUE K MTOMCKY PalliOHAIBHBIX
Croco0oB WX yrwim3anuu. K TakuM croco0aM yTHIU3aIllMM OTHOCHUTCSI MCIONB30BAaHHE MX B KadecTBE
BTOPUYHOTO CHIPBSl JUISL MOJMYYCHUS METalyla M MHBIX MaTepuaioB, OCOOCHHO B YCIIOBHAX HMCTOIICHUS
3armacoB KeNe30CoepKalluX MPUPOTHBIX pyd. B 3TOM HampaBieHHM B MHUpE JTOCTUTHYTO MOYTH TOJHOE
WCIOJIb30BaHNE MApTEHOBCKUX MIIAKOB JJIS MPOM3BOJICTBA Yyr'yHa M CTalM, I[EMEHTa, OCHOBAHHUU s
Jopor, acQalbTOOCTOHHBIX TOKPHITUH, 3allOJHUTENEH MEIKO3EpPHUCTHIX OETOHOB, 3aKIAJ0YHBIX CMECEH,
MaTepHana JUIs M3BECTKOBaHWS MoyB M T.A. [3,4]. B pe3ymprare 3TUX paboT MapTEHOBCKMH HIIaK OBLI
MPUYKCIEH K KJaccy TEXHOTEHHOT'O ChIPhs, HCIONB3YIOUIETocs B KayecTBE HMCXOJHOTO MaTepHana BO
MHOTHX OTPACIIAX MPOMBIIIJIEHHOCTH U CETbCKOT0 XO3SHCTBRA.

AHanu3 cBeNeHHI 1O HCHOJIb30BAaHUIO MApTEHOBCKHX IIIAKOB B KAaueCTBE TEXHOIEHHOI'O CHIPhS
MOKAa3bIBAET, YTO JJISl pAIlHOHATIBHOTO PELICHHs BOIpoca cdep MPUMEHEHHUS ITOTO ChIPbS HEOOXOMMO:

®  YCTAaHOBHUTH XMMHUYECKUH M MHHEPAIOTMYECKHUI COCTaBBI, OMPEIENAIONNE METAJUTYPTHYEeCKYI0 U

WHYIO LIEHHOCTH IIIJIaKa;

®  BBIICHHUTH CTENEHb MOATOTOBICHHOCTH IIIAKa TSI KOHKPETHBIX TIEpe/IesioB;

®  YCTaHOBUTH TPEOOBAHUS, MPEIBIBISEMBIE K METAIUTYPTHUECKOMY U HHOMY TI€peieliaM, HCXO/Is U3

OCHOBHBIX (haKTOpPOB, XapaKTEPU3YIOIINX KaYeCTBEHHOCTH Tepeena.

[lpu pemeHuu 3TUX BOMPOCOB HEOOXOAMMO YYHUTHIBATH YCIOBHS CKIIQJUPOBAHHS M BO3MOXKHBIC
MOCTIEICTBUA JUTUTEIHOTO XPaHEHHS IIIIaKOB.

BrrmensnoxenHoe HEMOCPEACTBEHHO KacaeTcsl BBIJIaBKM CTald Ha TeppUTOpuU PycraBckoro
MeTajuTyprudeckoro 3apoaa (HeiHe Georgian Steel Ltd), B oTBamax KOTOpPOro HaxXOmAMTCsA ~24 MIIH TOHH
METaJTypru4ecKuX IuTakoB. M3 Hux Golee TMONTOBUHBI COCTABIISIIOT MAPTEHOBCKHE NILTaKH (~13 MIIH TOHH).
Ony, Tak ’Ke Kak M JOMEHHbIE IUIAKH, HApSAYy C HAaXOAAIIUMCS B 3THUX XK€ OTBaJIaX JIOMOM, CUHTAIOTCA
MOTEHIIMAJIbHBIM TEXHOT'CHHBIM CHIPBEM JUISI BO3OOHOBJIEHUS JECHCTBHS METAIUTYPrHUECKOrO MPEATPHSITHS
MaJIOTOHHAXXHON MPOU3BOIUTENBFHOCTH TIOCIE MPeKpalleHns MOCTaBOK JKele30coaepkanmx pya Jamkecan-
CKOro MecTopoxacHus (AsepOaiimkan).

C 91011 11e71BE0 OBLITH PHOOPETEHBI JIMHUK OTIENICHHS JIoMa OT IIIAKOB U MepepaboTKu mocienHux. B
HacToslIee BpeMs OEMCTBYIOT 3JIEKTpOCTajelIaBUIIbHbIE KaMepHbIE IeYd, B OCHOBHOM HCIIOJb3YIOIINE
oM. YTo ke Kacaercs jkee3a. M3BJICUEHHOI'0 U3 IIIAKOB, OKA3aJioCh, YTO MX HCIOJIb30BaHHE B KadeCTBE
CBIPBSI CBSI3aHO C ONPEIEIEHHBIMU TPYAHOCTSAMHU.

Jlaxxe B ciydae yCIEIIHOro HCIIOb30BaHUs BCEX PECYPCOB, HAXOSIIMXCS B OTBAIax, OCHOBHAs Macca
[IJIAKOB BHOBB MPOJIOJDKAET OCTABATHCS BPEAHBIM HHIPEIUEHTOM, MPECTABIISIIONINM elle OONBIIYI0, YeM
paHbllle, OMacHOCTh YISl OKpYIKaroleil cpenbl. BhI3BaHO 3TO TeM 00CTOATENBCTBOM, UTO 9Ta Macca, TOMUMO
BHYTPUIIIAKOBOTO  JTUCIIEPTHPOBAHUS W  JUCIEPTUPOBAHUS, BBI3BAHHOIO  B3aUMOJICWCTBHEM C
aTMoc(epHBIMH SIBICHUSMH, TIpETepIielia U MEXaHUIeCKOe H3MeIbuCHHE.

Ham mnpexacraBnsercs, 4to Mom00OHOE COCTOSHHUE JIeN SBISIETCS CIENCTBHEM IPEHEOpEKEHHS
HaKOIUIEHHBIM B MHUPE OIBITOM I10 PallMOHAIFHOMY HCIOJIB30BAaHUIO TEXHOI'€HHOTO CHIPhA (B TOM 4HCIE U
[IJIAKOB), OCOOCHHO HA CTaJUM OLEHKH I[EHHOCTH OTXOJIOB, HEydeTa pe3yJbTaTOB JOJITOBPEMEHHOTO
BO3JICHCTBUS €r0 «Cpe/ibl OOMTaHUs» Ha COCTOsSIHUE (MIPUPOY) NIIAKOB. B kKauecTBe MOATBEPKACHUS ITOTO
MHEHHS HHKE IPUBOMATCS PE3yJIbTaThl UCCIIEAOBAaHNS MapTEHOBCKOI'O IIJIaKa.

Henpto wuccnenoBanusi ObIIO CpaBHEHWE XHUMHYECKOTO cOCTaBa HbIHE 00padaThiBaeMoro
MapTEHOBCKOI'0 IIJIaKa CO «CBEKHMM», IOCTABIISIEMbIM B OTBaJl HEMIOCPEACTBEHHO IOCIe TUIaBKH cTainu. He
Mesl TaHHBIX O COCTaBe IIJIaka B T€YEHHE BCEW IESITEIBbHOCTH METAJUTyprHUecKOro MpeanpuaTHs, HaMU
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OBLT CMOZIEIMPOBAH cocTaB mo 3amucsm L[3JI, orHocammmucsa k 1985r.” (cm. Tabm. 1). Uto ke kacaercs
HBIHCIIHUX [UIAKOB, HAMH, COBMECTHO C PAaOOTHUKAMHU OT/ACICHHS MepepaboTKU MUIAKOB, OBLTH B3STHI
o0k IepepadoTaHHOrO MUTaKa ¢ pa3HbIM cojaepkanueM Fe,Os;+FeO: ~30 mac.% (Nel), ~20 mac.% (Ne2) u
~10 mac.%. Bo Bcex cmyuasix ObUIM B3ATHI NPoOBI oaMHAKoBOH Qpakiuu — 0-10 mM. PesymbraTh
XHUMHYECKOTO COCTaBa MpUBEIEHBI B Ta0II. 1.

Tab6auna 1. OKCHIHBINA COCTaB «CBEXEro» (MOACTUPOBAHHOI0) M TPEX 00pa3IIoB IIlIaKa

Cogep:raHHe ORCHIOR, Mac. %0

g2

2 2 Mn

s & P,O; | TiO, | SiO, | MnO, | ALO; | Fe,0; | FeO Ca0 | MgO | RO | SO; | H,O | CO, )M
0]

M 1.21 0.4 26,08 - 5,02 401 | 6,02 4,1 41,17 | 10,03 | 0,50 CasS - - 100,00

5
1 023 | 040 | 18,70 0.88 3.30 242 | 6,10 | 2,64 | 261 53 | 030 | 225 | 828 | 1,32 | 100,00
2 040 | 060 | 23.30 155 4,0 16,7 | 470 | 4,70 | 30,0 53 | 040 489 | 246 | 100,00
3 040 | 090 | 247 1.65 410 750 | 2,70 | 4,09 | 380 47 | 0,65 747 | 247 | 100,00

AHanu3 CBEeHHUH, NPENICTaBIICHHBIX B TaOJ. |, MPUBOAUT K BBIBOAY, YTO M3 COCTaBISIOIIUX MPOOKI
OKCHJIOB HauOoIlbllIee YAWBICHUE BBI3BIBACT PE3KOE OTIMYHE MEXAY COJIEp)KAHHWEM OKCHIIOB JKelle3a B
cBeXeM Inlake ¥ B mpobax 1 u 2. [lomuMo 3TOro, HENb3ss HE 3aMETUTh CBOEOOpa3HOE H3MEHEHHE
cogepxanus CaO u MgO: mepBblif M3 HUX YBETHYHMBACTCA MO MEpPe M3MEHEHHUS YCIOBHMN MarHUTHOU
00pabOoTKH, a BTOPOH — YMEHBIIACTCS.

OTH aHOMalliH, IO-BUAMMOMY, MOTYT OBITh OOBSCHEHBI CIEAYIOIUM oO0pa3oM. Paznmnume B
COJZICP’)KAaHUM OKCHJIOB JKele3a MOXKET OBITh CBS3aHO C TMOMAJaHWeM B MUIAK OKCHJHOTO JKele3a C
MTOBEPXHOCTHBIX OKAJIMH JIOMa M HAJIMYXA B IITaKaX MEIbUalIINX 3epeH (YacTHIl) OKHCICHHBIX KOPOIbKOB U
ckparna, a ymeHbiienue MgO — o0pa3zoBaHHEM COCAMHEHUH, 00J1a1aloNMX MATHUTHBIMHA CBOHCTBAMHU.

O npuymHaxX WHBIX U3MEHEHWH B COACP)KaHUM OTHENbHBIX OKCHAOB MOXHO CYAWTH II0
MUHEPAIOTHUECKOMY COCTaBy 00pa3lloB, MOIYYECHHOMY IETPOXMMHUYECKAM IepepacuyeToM OKCHIHOTO
cocrapa (Tabm. 2).

JlaHHbIE, IpENICTaBIICHHBIC B Ta0J. 2, yKa3bIBAIOT HA TO, YTO OJJMH KOHTIIOMEpaT MHHEPAJIOB (1K) B
pe3yabpTaTe AOITOBPEMEHHOIO «JIeKAaHHUA» B OTBAJiC MEPEXOJUT B MHOW KOHIJIOMEpAaT, KOTOPBIA BPsA JIH
MOXKET MMEHOBAThCS MapTEHOBCKMM HUTakoM. [IpuuymHa 3TOr0 BO BHYTPHIIAKOBBIX MPEBpAIlEHHSIX U
BO3/ICHCTBUY MHTPEIUEHTOB OKPYXKAIOLIEH Cpefpl Ha IUIaK, YTO MOATBEPXKIAETCS TePMOANHAMUYECKUMHU
pacueramu [7].

[Nony4eHHBIH KOHTIIOMEpAT OTIUYAETCsl OT CBEXKEro MUIaKa HAJIMYMEM B HEM OOJBIIOro KOJIMYECTBA
COCIMHEHUH, CITIOCOOHBIX MPOSBISATH CBOWCTBA BSKYIIUX U WX COJAEpKAHHE TeM OOJbIle, YeM IONHee
CTETIeHb M3BIICUCHUS MeTaiia u3 nuiaka. K mofoOHbIM COeIMHEHHSIM OTHOCSATCSI TOHKOANCIIEPCHEIE, Yalle
BCEr0 COCTOSIIME M3 YACTHUYCK KOJUIOMTHBIX pa3MEpOB MHUHEpAbl, STPUHTUTIIONOOHBIE COEIUHEHUS,
TOOCPMOPHUTONOAO0HBIN, YaCTHYHO 3aKPHCTAIUIM30BAHHBIA CHJIMKAT Kb, BOJHBIE M O€3BOJHBIC
QIFOMUHATHI U EPPUTHI KaIIBITHS.

Bropoii mo 3nHa4nMocTH TPYyNIoil MUHEPaIOB MPEACTABIAIOTCS IITHHEIH, CPEIH KOTOPBIX HE TaK YK
Majo BEIIECTB C MarHUTHBIMH CBOMCTBaMH. Ta kK€ 4acTh MHHEPAJOB, KOTOpas Obljja JTOMHUHAaHTHOW B
CBEXEM IIUIaKe, OKa3aiach TPEThed MO 3HAYUMOCTU. BroiHE BO3MOXHO, YTO 3TH MUHEPAIbl MOTYT OBITH
CBSI3aHBI C TENEMOA00HOH MacCcOd M TOTJa KOJHMYECTBO OCTPOBHBIX MHIWBHIYaTbHBIX MUHEPAIOB CTAHET
HUYTOXKHEIM [8].

HeoOxoquMo OTMETHTh, YTO BCE yKa3aHHBIE MHHEPallbl, OCOOCHHO B ClIydae MX MEXaHHYeCKOro
JUCTIEPTUPOBAHUA U OCTaBJICHUSI BTOPUYHBIX OTXO/IOB B OTBajax, CTAHYT MCTOYHHKOM BPEIHOTO BIMSHUA
Ha OKpy’Kalollylo cpeny. Berep pasHeceT WX 1Mo OKpyre, BbI3bIBasg y MECTHOTO HaceleHHs 3aboiieBaHus
nerkux U rna3. CMbITast JOX/SIMH M TATBIMHA BOJIaMHU TOHKOJMCIIEPCHAS YaCTh HOBOTO KOHTJIOMepaTta OyneT
3arps3HATH NOYBY U TPYHTOBBIE BOJBI, MOMaaas 3aTeM B POJHUKU U Koiofusl. CienoBaTelbHO, BMECTE C
WCIIOJIb30BaHMEM KOHTJIOMEPATOB, MOTYYaeMbIX B Pe3ysIbTaTe JOJITOBPEMEHHOT0 XpaHEHHsI MapTEHOBCKOTO
nuUiaka, B HENsAX OOeCHeueHHs ChIPhEM CTaJIeIIaBHIBHOTO MPOU3BOJCTBA JIOJDKHBI PEIIATHCS BOMPOCHI

®
BLIpa)KaeM HUCKPCHHIOIO IMTPU3HATCIIBHOCTD MHXK. I1I. ITonuamBuiIK 3a IOMOIIb B IIOMCKAX.
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BTOPHUYHBLIX OTXOOOB Ha OCHOBC BBIIIOTHCHHUA YIOMAHYTBIX BBIIIC JBYX OCTaJIbHBIX TpeGOBaHHI?'I,

NPpEABABIACMEBIX K TEXHOI'CHHOMY CBIPBIO.

Ta6amuua 2. PacueTHbIil MUHEPATIOTHYECKUN COCTAB CBESKEr0 U 00pas3IioB JISXKAJIOro 1uiaka [7]

MapreHoBckuil utak mocne ~60 yer,
«IlenbHbIH nepepaboTaHHbIi, Macc.%
['pymmsl MUHEpaoB (COCTMHCHHMIA) LIJIaK», COJIEPIK. COJIEPK. COJIEPK.
Macc.% ~30macc.% ~20macc.% ~10macc.%
Fe203 Fe203 Fe203
CoenmuHeHUS, OTIINYAFOIIUECS BOKYITUMU
CBOICTBaMU - 5.9 2.64 2.64
Otpunrur 3Ca0-Al,05-3CaS0,4-32H,0
®eppoatpunrut 3Ca0-Fe,0;-3CaSO,4-32H,0 -— 6.17 2.76 2.76
gc_>6se_rz1lwl§)pmonoz[o6ﬂbm THAPOCHIUKAT KaJIbITHs, . 26.06 30.02 35.40
Bpayammmiepur 4Ca0O-Al,O5-Fe,O; - 2.09 3.11 2.43
UYerpipexkanbiueblid ¢pocdart 4Ca0-P,0s 3.11 0.58 0.95 1.03
JIByxkanbuuessiii Gpepput 2Ca0-Fe, 04 1.93 - - -
JIByxkanbuuepsiii amomuHat 2Ca0O-Al,O4 6.42 -— -— -—
Jlapuut
B-2Ca0-SiO, 13.40 B B B
Hatpuit (KaJIuii)-KaJIbLIUi-aTIOMHHAT
R,0-8Ca0-3AL,0; 5.33 3.16 4.25 6.91
Bonacronur o-CaO-SiO, 9.04 - - -
Wzsects CaO 1.35 - - -
40.58 43.96 43.73 51.17
Oxcupp! (cynbduabn) . 032 . .
Marremur Fe,0; )
[lepukna3z MgO 4.34 1.62 1.47 0.96
Broctur Fej 50 1.01 --- 0.58 0.69
Kgapu SiO, --- 7.59 8.03 7.00
CaS 1.55 --- --- ---
5.32 9.53 10.08 8.65
[nuuenu
lImamens, MgO-ALO; --- 1.71 2.19 1.17
Turanar maraus 2MgO-TiO, 0.82 0.80 1.20 1.81
I'aycmanut 2MnO-MnO, --- 2.31 4.07 4.32
Marnesnogpepput MgO-Fe,0; 1.20 9.88 5.34 2.40
Marnetut FeO-Fe,04 2.78 18.50 10.95 4.63
®epput maprania MnO-Fe,0; --- 2.58 5.10 1.82
4.80 35.78 28.85 16.15
OCTPOBHBIE CUITUKATHI
Mepsmit 3Ca0-MgO-25i0, 12.79 4.93 9.20 13.15
MounTuuerur CaO-MgO-SiO, 13.51 0.78 1.56 1.56
Oeppumontrueut CaO-FeO-Si0O, 10.87 0.94 1.88 1.50
I'maykoxpout CaO-MnO-SiO, 10.57 1.09 1.50 2.25
KapOonar kanbius CaCOs - 3.00 3.20 5.61
47.74 10.74 16.34 24.04

BepHemcs k Bompocy u3BJeueHMs jkene3a. Kak yke orMedasioch, HauOOJbIIEeH aHOMalMed OBLIO
pasauyne B COAEP)KaHWM OKCHJIOB JKele3a. [IeHCTBUTENIbHO, B CBEXKEM IIIAKE UX KOJUYECTBO COCTABIISICT
10,03 mac. %, Torma Kak B pe3yibTaTe MPEANPHHATHIX MEp IO TOBCACHHIO MaTepHaya JI0 COJSPKaHUS
~10mac.% mnorpeboBasioch «u3bsatue» 10,2 mac. Fe,O;+FeO. Ilomy4aercs, 4To B HCXOAHBIX JICKAIBIX
IJIaKaX OKCHJOB >Keje3a ObUI0 KaK MHHMMYM B 3 pa3a OOJibllle, Y€M B CBEXHX. OTO SBISICTCA
MOATBEPKICHUEM BBICKA3aHHOTO MPEIIOIOKEHUS O HAJUYMK B JIGKAJIBIX [IUTaKaxX KOPOJBKOB W CKpara, a
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TaKXKe MeIbYalINX 3epeH OKCHIHOTO XKelle3a OKaJIMHbI, KOTOpbIe, HapsIy C PSIOM IIITHHENEH, MOTYT OBITH
JIOTIOJTHUTENTFHO U3BATHI U3 IIIJIaKa, TEM CAMBIM YBEINYHMBAsI OO0 MUHEPAJIOB C BSDKYIIMMHU CBOMCTBAMHU.

HecomueHHO TO, YTO MpeNCTaBlICHHBIC B HACTOSAIIEH padoTe CBEJeHUsI HE MOTYT OBITh BOCIIPUHSTHI KaK
MOJHAsE XapaKTePUCTUKA PYCTABCKUX MeTajulypruieckux nuiakoB. OHHM  JUINb  TOATBEPKAAIOT
11e71ec000Pa3HOCTh MPOBEICHUS MPEIBAPUTENbHBIX padoT, BKIIOYAIOMIUX YCTAHOBJIEHHE IIEHHOCTH,
MOJTOTOBIICHHOCTH K TepejesiaM U UX CYTH, J0 MPHHSTHS MPAKTUYSCKUX Mep TIO0 €ro UCIOIb30BAHHIO.
MupoBas TpakTHKa TOKa3bIBaeT, YTO 3aTPaThl HA MpPEABAPUTENbHbIC PabOTHI MONHOCTHIO OKYMAIOTCS C
OomblIel MPUOBUIBIO TS MPOU3BOJCTBA, COAEHCTBYS YIyUIIEHUIO COCTOSHHS OKPYKalOIIeH cpenbl, ueM 0e3
MPOBENICHHUS ITHX PadoT..

R0B3In0BI®S — JUTEPATYPA — REFERENCES

1. bamanun b.C. Bpen u monb3a nuiakoBeix oTBaIOB. JKypHan «IIpupomay», 2003, NelO. c. 27-32.

2. T'opuxos B.C. u op. KommnekcHas mepepaboTka M HCIOIb30BAaHHE METAJUTYPIrHYECKUX IIUIAKOB B
cTpoutenbcTBe. Mocksa, 1985.

3. Ocmpos E.HU. u dp. http://www.masters.edu.ua/2005/fizmet/koncenko/library/article6.htm.

4. Anawxun H.C., Ilasnenxo C.H.. Maptenopckue nuiaku. Hopocuobupck, CO PAH, 2006, 136¢.

5. Karanor npombinuieHHbIX 0TX070B HapomHoro xo3siictBa I'CCP. Munctpoitmat. I'CCP, T'ockom. mo
cuabx. 'CCP, T6., 1985, 30 c.

6. Capyxanuwsunru A.B., I'veewuose M.K., Opucmasu /].B. TeXHOT€HHBIE PECypPChl MUHEPAIBHOTO CHIPHs
I'py3un. Xummuyeckass mpombiuieHHOCTs [py3un, [Ipomutoe, Hacrosmee, Oynmymee. Kuwra,
nocssennas 100-meruro P.U. Armanze. Toummch, 2011, ¢. 233-251.

7. Tveewuoze M. K. OU3NKO-XMMHUYECKHE TPUHLIUITBI OTHECEHHUS TBEPIBIX OTXOOB K TEXHOJIOTHYECKOMY
CBIPPI0O Ha MpUMepe IUIAKOB IUTAKOXPaHWJIHINA PycTaBCKOTO METauIypruyecKoro MpelnpusTHS.
Jluccepranus Ha COMCKaHUE aKaJIeMHUCCKOM crerneHn qoktopa. Toumucu, 2011, 150c.

8. Capyxanuweunu A.B., I'ocuweunu A.I1l., Spucmasu /.B., I'yeewuoze M. K. K Boripocy TepMOAMHAMUKH

B3aMMOJICUCTBUS psJla MUHEpAJIOB B peareHTamu okpyskarwomieil cpensl. U3sectuss AH ['pysun, cepus
xummdeckas, T. 33, Ned, 2007, ¢. 419-423.

AILOS30L 8(MF3IRISINR0 3oABIGNL VORKOL bOS6LO RS LO@ITOROL LO3NMBOLSAIBOL
8.}00 6‘368’8068, Qoao(ﬁﬁm 860’[}0)030, é&)BOQ 1).56'3]5.)50’330;:)0

Z}ojoﬁm&gmomb égj(fo 0)360 U(fn&yﬁlmé&én
®Jb03J3d

6586ddo 3(*)(5.)50@0& oﬁba&amo 8(*)6&(338360 806(@35015 VOQObOBoan ﬁmamﬁe (8)3116”336'360
bgemgnmolsedo  doamdgdols dglsbgd. Fgdmmsgsbgdgmos  Gmlmsgols dsBgbol  Fowgdol  Jodomeo s
dobgMsmmaon@o  Fgoagbormmdol  Legnmsto  asdmgzmgzgdol  Bgonaqgdo. Bshzgbgd0s, 0D bsgs€gddo &3
Fowgdol  bsbgtdmogo dqgbsbzol Bgronase  olobo  dobg@smos  bstolbmdmogse  sbaem  3mbaemdn@sde
0d393% 3s8mmJdnmos dmbsbEgds, ™I 83 3OmEnJdol Bndbmagbn®o byomgnmol Labom  gsdmygbadols

'881)01‘)86 360{1&06‘8@0 66QOV883®0Q363601} aoQObéaQa Oﬂoo@aba@oé 80150 Qoﬁ)ab‘ag‘f\naboh,
33837 353980bmz0ls dbsmdols bstrolbols s 83 gowsdndsggdol sOLol swaqbs.

ON THE QUESTION OF DANGERS AND BENEFITS OF RUSTAVI STEEL
OPEN-HEARTH SLAG
Maja Gugeshidze, Dmitri Eristavi, Archil Sarukhanishvili
Georgian Technical University
SUMMARY
Current information on the approaches to open-hearth slags as technogenic raw materials are given in the
work. Results of in-house researches of chemical and mineralogical composition of Rustavi open-hearth
slags are offered. It is shown that as a result of long-term storage of these slags in the dumps they transform
into brand new conglomerate of minerals. There is an opinion that before taking a practical decision on the
use of this product as technogenic raw material is necessary to establish its value, degree of readiness to the
processing and the essence of this processing.
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Bsdabstyy  Fymgdol  medgmazomo sdmboggbgtgmee  dobebdgfmboros  Bsdwabstry  Fymgdols
s aobemgbo  3s3(dgbwo
3 gmdommmdgdols s bsggdmdgdol  gsdmygabgdom  Fgoddbsl s s0by@gml  Rsdwabsty  Fymagdols  gsfdgbeol
33069 gemasbo o6 qFyme  Bgdbmmmaonco 3Gmglgda. sbgzg Bsdwabsry Fysemo msgobo dgmagbognmdon  beos

Jgeagbommdobs 03093900 gsmgemolbfabgdom, dgmemegdols,

83959ma300098009 5 Lo gsbsgmabszom Jbgem@o Bsdzadol 3ocmdgdls.

88003 36033bgmmgsbos dgbgals ©s Lebolol Foddmgdols Bsdwobsdry Fymol gs§Fdgbool  Bgomenmaondo
36m3950L bgdol ©sdndsggds.
dgbgols @s Lmbobol Fomdmgdol Bgfomemmaonco 36migbols bswogdo gsbbommmos bsbsb 1—%3.

336dsGrm3s = 3303008 - 33 0gq0s
(16-25 39) 2-3 ©my, +4°C
— ©3J7(395(3909 - 3c3dols | 3960Lo;300l of)gbge .
(3-4 33) 3m3%ogga&o Bmﬁ)eom
. Fgdmemgs (60- - dcbshdzs 35303908 3896y || 35330396~
100°C, 30-40¢n) (78-80°C, 12-15G») 36 (3030 Fymom 3599608

6ob. 1. dgbgols ©s Lebolbol Go®dmgdol @Bgdbmmmaon@o dgds

365dBogmmo Imbs(399900L  Laggmdggenby Lafemdme sbsgetgo dgsmanbls 32%-\, Geadols dobgogon bl
30% 8653569315 Fgoanbl dgsemo. sdol asmzemalifobgdom 250000 5a/F 35s68mgdemmdolisl Fatdmgdol gsddondo
Gomdsoeds dgaoggbls 330000 34/F .

3bGogo 1. dgbgzols s Leabolbol LsFatdml dsg@osennéo dsgmsblo

: 1 33 Sﬁ)mggﬂjé%a 530\7@3‘:]@015 (Badét‘rﬂﬁm %’aﬁ&)c\om&ﬂs 30133;1\)3001
N PoritggEe b0, 3/43 brrgaeob babxo, 33/
1. dembol bmezo 0,540 178200
2. ool boeigo 0,325 107250
3. 6dols gbgbogmo 0,01 3300
4. B Joc0 0,0013 429
5. dstr0mo 0,019 6270
6. | NaNO, 0,00007 23,1
7. | 3396¢bo 0,0432 14256
8. | Qg0 Gofsgs 0,0006 198
9. %’nmgg@o %)0%)‘5«5‘5 0,00045 148,5
10. | 6omto 0,0261 8613
11. Lo gdemgdo 0,0265 8745
12. | bdyreo bgbgevo 0,000074 24,42
13. 7L 3ol gs 300 0,00025 82,5
14. | ®g3sbo 0,0074 2442
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LoGoddmdo  Fgomo  godmogabgds  Bodomemmgon®o,  Lsldgem-bedgn@bgm s ©sdbdsdy  sbodbyemgdals
dobggom. dgbgols ©s Lmbobol LsFs@dml Bgfomemmaon®o 3tmzgbol dgregase doowgds 1713 83/$ Rsdabarg

Fgoemo.

gbbomo 2. Fsdrobstry Fymol wsbslosmgds

Badabatrg Bodooischy Gagmols 0535306d7G9b90m 0535306d7G9b90m Yooy ©bsd-ggdo
Fygmols Bogongfoaeadol bogmog@gdsms Bogmogegdsms 150583300
%1523:7 335015 BufggBbengdo /:mm SSM??;)/V dmﬁ(}gﬁ(/f})ﬁmaoa, (brog), o
goro &/ bo (ol
dgbgobs s (3b0do 81,8 0,479 280 0,1
Lerbolols (36 o6 mbrs Fgo(3e309l
Bo§oedm bodl sq3liz0ls Lsboo)
Fgfmbogmo 6sfFomes 3980 58,4 0,342 200 0,75
5963850001 dom Jodomtro 150 6
3cbdstrgds (03)
pH=6,8-8,5

837 3390mos Lafs@dml Rsdrabsty Fymolb  as0fdgbeals Bgfbmmmgondo 36migbols gdwgao bgds
(656, 2): (o68mgdowsb  godmlimmo  Bsdmobstry  Fysmo  Fgfmbormo  Bafoemsigdol  Bmbiszomadmase  gsogmals
gMadaocmbsBmel (1), Gm3gmo gegmnomos o Bsfomse  39OB 0z dseols (3)  LsBnsmgdoo, dswols
geegd0l osdgBeos 60-100 333. Bsdrobstry Fgemo bsddgbom (2) Bgreol gsd3ombsgm®mBo, baesy ogmgs
9698 s FAobos gGs3og0se.  Fgfmbormo  bsfomsggdol  50-80% @Bgds  qbgd  g@sdiosBo.  Bgfmbormo
bofoems3gdolsgsb  asfdgbromo  fgsmo  Bgol  3menbebgsmn®o  (3bodlsgg@ol  Fglslgemgmo  s@bom  (4)
sbsemg]  6sfoemdo  (5), Gmdmol  glggo  Lagseisbeolgdnos.  Lagsizbegddmeolem  omdnmgddo
asbsggdnmos  Gom@tmbgdo  (gmemgsbo  gogodade) (7)), Gmdgmms  J3gd  qdg@segab  dsgdl  dmsgstio
dsgObsgboesb  (8) as63Fmgdagmo  Ludsgdm  ©gstgeol (9)  LaBmsmgdom. sdm@ozdozgdagmo  (3bodo  Bgeols
Polislibdgen  dsd®Bo (10) s Bogmoor (11) gorsols (360dols Bgdzegddo. asbogo ggrogemo (12) Bgel Fymdls
5030l bsGomaggdol  sdm@Bogdoggosls  Rslalbbdgmo  dsdcobsggb  (10). (3b0ddmzomgdagmo  Bsdrpobstry  Fgsmo
293mbsligemgmo 38390l (6) gogmoo s dogmoo (13) as8mmol (3bodlsggmowsh. 3sF3gbmorm Fyeml sd&rmbodgb
LsGs03mdo ob 339096 Lszsbsemabazom Jbgemdo.
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6ob. 2. Bsdrobstiy Fymol asfdgbeol Bgdbmemmaono 36m3gbols dgds:
1 — gMsdiombsBemdols 3m63nbo; 2 — bsddgbo; 3 — dspg; 4 — sébo;
5 — wsbsggdo 6sfoemo; 6 — 338cmbsligemgmo 3839685 7 — gogdmlgdo;
8 — 39Alsgbo; 9 — Ladsghm ©gscgde; 10 — dsdéo;
11 — (36030l 3s8cmbsggebo dogmo; 12 — asbogo ggmgmo; 13 — gs3mbsbgemgmo dogmo.

Badoognco dmbs39d900L dobgregom (3badbagg@do Rsdwabsty Fymol ©segmabgdals baba@dmogmds séols 5-7
Famo  Fygmol bsdgol  dsJlodsern@o  dmeabgdol O™ 3.586)015 bstrxo 13 30bo§dgbe  Rsdwabstg Fymol
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DEVELOPMENT OF TECHNOLOGICAL PROCESS SCHEME FOR CLEANING OF MEAT
PRODUCTS PRODUCTION WASTEWATER

Leila Gverdtsiteli, Julieta Gugeshidze, 1zolda Bazgadze
Georgian Technical University

SUMMARY
The composition is studied and the technological process scheme is worked out for purification of
wastewater in meat products production.

PA3PABOTKA CXEMbI TEXHOJIO'HYECKOI'O ITPOLECCA OUUCTKHU CTOYHBIX
BOJ ITPOU3BOJACTBA MACOIIPOAYKTOB

JL.B.I'Bepauurenn, Jx.D.I'yremunze, U.b.bazramze
I'py3unckuti mexnuueckuu yHugepcumem

PE3IOME

N3yden coctaB u pa3paboraHa cxeMa TEXHOJIOTMYECKOrO MPOIECcCa OYMCTKHA CTOYHBIX BOJ IPOHM3BOICTBA
MSICOTIPOIYKTOB.
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RESULTS OF RIVER ARAGVI HYDROLOGICAL REGEME STUDY

Tamar Sharashidze, Giorgi Metreveli, Leila Gverdtsiteli
Georgian Technical University

SUMMARY
Based on the results of the river Aragvi hydrological regeme survey the runoff of the river and its seasonal
variations are investigated.

PE3YJIBTATBI U3YUEHUSA 'NAPOJIOT'MYECKOI'O PEXKUMA PEKH APAT'BU

T.A.llapammmze, [.C.Merpesenu, JI.B.I'Bepauutenu
I py3uncrutl mexnuyeckuil yHusepcumem

PE3IOME

[lo pesynpraramM HM3y4deHHS THUAPOIOTHYECKOrO peKHUMa PEKH AparBH yCTAHOBIIEHBI CTOK BOJIBI PEKH U
COOTBETCTBEHHO €€ CE30HHBIE BapUALIHH.
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PREPARATION OF THE INTERMEDIATES OF VITICULTURE WASTES FOR SUBSEQUENT
MANUFACTURE OF THERAPEUTIC AND PROPHYLACTIC MEANS

Avtandil Dolidze, Giorgi Davitaia, Irma Mikadze, Nino Kavtaradze, NanaTserodze, Rusudan Uridia
Petre Melikishvili Institute of Physical and Organic Chemistry
at Ivane Javakhishvili Thilisi State University

SUMMARY

For the purpose of expansion of raw materials source of production of medical-prophylactic means,
alternatives of application of wastes of viticulture and winemaking are studied. For receiving of
biologically active components in invariable state, a new method of stimulated natural evaporation is
proposed. That allows to obtain thick, pasty concentrate, in an amount of 2 % from the starting material, at
temperature 40-45°C , with alternation of cooling and with usage of natural precipitator as priming. In
the terms of low-tonnage production the new technology — the method of stimulated natural evaporation is
elaborated. it is justified both by economic and environmental factors.

HOJYYEHME NOJYITPOAYKTOB U3 OTXOJ10B BUHOI'PAJAPCTBA C LHEJIBIO
HOCJIEAYIOWEI'O U3I'OTOBJIEHUSA JIEYEBHO-ITPOPUNJTAKTUYECKUX CPEJACTB

A.B.Jomunze, I'.111.lapuras, .. Mukanze, H.A.Karapanze, H.ILI{eponze, P.3.Ypumus
Unemumym gusuneckou u opeanuveckou xumuu um. 1.1 Menuxuweunu
Tounucckozo 2ocyoapcmeenno2o ynusepcumema um. Mes. [ocasaxuweunu/

PE3IOME

C uenpio pacimMpeHHs ChIPbeBOW 0a3bl BBIPAOOTKH JIeueOHO-IPOPUIAKTHUECKHX CPEICTB,  H3y4YEHBI
aIbTEPHATHUBLl TPUMEHEHUSI OTXOJIOB BHHOTpaJapcTBa M BHUHOHENUs. sl momydeHus: OMOIOTHYECKH
AKTHBHBIX KOMITIOHEHTOB B HEU3MEHEHHOM BHJE, TPEUIOKEH HOBBIH METOJ CTHMYJIHPOBAHHOTO
eCTECTBEHHOTr0 HCMApeHus, YTo Mo3BojseT npu TemmnepaType 40-45°C, ¢ yepemoBanueM OXNaxACHHS U
NpH TPUMEHEHWH B KadeCTBE 3aTPaBKU MPHPOJAHOTO OCAAUTENS MONYYHTh TYCTOH, MacTooOpasHbIi
KOHLIEHTpAT, B KolndecTse 2 % OT UCXOAHOro Marepuasna. B ycioBHsSX MalOTOHHa)XHOTO IIPOU3BOACTBA
pa3paboTaHHasi HOBasl TEXHOJIOTHUSI — METO/I CTHMYJIHPOBAHHOTO €CTECTBEHHOI'0 MCIAapEHUs], ONpaBaaH Kak
HKOHOMHUYECKUMHU, TaK M SKOJOTHIECKUMU (PaKTOpaMH.
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ALTERNATIVES OF PESTICIDE RESIDUES NEUTRALIZATION CONSIDERING LOCAL
CONDITIONS AND POSSIBILITIES

Avtandil Dolidze, Irma Mikadze, Nino Kavtaradze, Liparit Dolidze, Rusudan Uridia, Maia Stephanishvili
Petre Melikishvili Institute of Physical and Organic Chemistry
of Ivane Javakhishvili Thilisi State University/

In the second half of the twentieth century due to intensification of agricultural production in many
countries wastes of pesticides had been accumulated creating problems for environment. In the countries
of the former Soviet Union accumulation of stocks of unfit pesticides was promoted by planned system of
managing, and also a lot of other factors, including change of priorities in national policy of the independent
states.

Changes had caused destruction of existing system of application and storage of pesticides, and in
exchange it was not possible to create efficient system for neutralization of obsolete pesticides and
rehabilitation of the polluted soils. In Georgia existing stocks of obsolete pesticides can be divided into 4
groups: 1. Persistent organic pollutants (POPs), prohibited for application; 2. Obsolete chlorinated
pesticides, which are rather unstable in soil and do not accumulate in alive tissues; 3. Obsolete not
chlorinated pesticides of different composition; 4. Obsolete pesticides containing metals (arsenic, mercury,
etc.).

From the forbidden POPs pesticides generally there are various preparative forms DDT,
Hexachlorobenzene, etc. These pesticides of first generation are in ten ferroconcrete bunkers in the territory
of centralized storage of obsolete pesticides on the mountain lagluja (Marneuli district). Because of
uncontrollable storage, POPs pesticides have been displaced and their separation is impossible.
Ferroconcrete bunkers, especially roofs became unfit for use, slipping of its parts and mixing with pesticides

have happened (fig. 1, 2).

Figure 1. Figure 2.

It is generally accepted that POPs pesticides should be burned in high-temperature incinerators. Such
incinerators are located only in a few developed countries. POPs starts decomposition already at 800°C,
though in this case formation of dioxins and furans is possible. Therefore such incinerators usually have
multistage cleaning (scrubbers, filters, alkaline washing, sorption purification, etc). The Environmental
Protection Agency (EPA) of USA recommends - for incinerators of organic pesticides temperature of the
combustion chamber 1000 °C, and time of stay 2 seconds. That is important for reduction of formation of
incomplete combustion products [1]. According to FAO data during the burning of pesticides gases and
fireproof firm particles (ashes and slag) are formed [2]. Gases of combustion contain water, carbon dioxide,
some acids, metal oxides, etc, which should be subjected to stepwise cleaning. Approximate cost of
combustion in incinerators is 2.5+4.0 USD per kg.

Such tactic of destruction of POPs pesticides demands analysis, repackaging, transportation, various
agreements on export through the third countries and etc. This is very expensive. Besides, separate
repackaging of POPs is impossible. Thus, the current situation and storage conditions of POPs don't meet
the requirements for burning of pesticides in incinerators of the respective countries. As it seems, it is
necessary to find local means for destruction of POPs pesticides.
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It should be noted that according to FAO recommendations in case of a large number of stocks of
obsolete pesticides the following stages are provided [3]: Inventory of stocks; site arrangement for
temporary storage of stocks; liquidation of stocks; prevention of accumulation of obsolete pesticides stocks.
Our work considers alternatives of liquidation of obsolete pesticides considering local conditions and
possibilities.

In the other countries in similar conditions existing in Georgia, primarily local cement rotary furnaces
are used, since it is established that mixing pesticides to 5% doesn’t reduce the quality of cement product.
The temperature in rotary oven 1400-2000°C is sufficient for decomposition of any pesticides. In addition,
formed acid gases and chlorine is absorbed by cement. Thus, entire cleaning process is not required [4].
The cement ovens being in Georgia belong to foreign firms and they aren’t ready to carry out such a work.

In the world practice methods of chemical neutralization are partially used (for ex. the mix of
polyethyleneglycol and potassium hydroxide) [5,6], but EPA USA doesn't recommend application of this
method in case of chloroorganic compounds concentration more than 5% [7]. It should be noted that
during chemical neutralization a large amount of the neutralized solutions is formed and their further
placements causes additional problems.

In case of small quantities of POPs pesticides (up to 500 tonnes) it is considered that use of small fixed
or mobile rotary furnaces with temperature up to 1200°C and capacity 5-10 tonnes per day is rationally.
In this case it is necessary to organize the 3-step cleaning system. Also, POPs pesticides will be diluted by
other not chlorinated pesticides or inert natural sorbents to decrease the content of chloroorganic compounds
in the mix up to 3-5%. It is known that preparative forms of POPs pesticides contains 20-25% of the initial
active substances and by dilution is easily to reduce their content below 5%.

Except ten ferroconcrete bunkers containing POPs pesticides, there are 3 open trenches at territory of
lagluja centralized storage. There are located residues of not forbidden pesticides of general use.
According to preliminary data the number of pesticides containing chloroorganic compounds does not
exceed 2-3% [Fig.3, 4].

Figure 3. Figure 4.

Since 2005, EPA USA recognized the reliability of the stimulated bioremediation method when the
content of POPs pesticides in the soil is below 5% [8] . During the years, our working group is working
in the field of rehabilitation of territory of former military bases contaminated by dangerous substances [9-
11]. During the co-work with International organizations, also in reports presented at various conferences
new approach is developed, which on the basis of soils “self-purification” processes supposes stimulation of
local biological agents (Bacteria, fungi, plant) by creation optimal conditions. At that time for correction of
soil acidity together with slaked lime the preparation made from local plant and mineral materials is
introduced, which ultimately, by effective and accessible cost makes possible the remediation by
environmentally safe method. Thus, in terms of low concentrations of chloroorganic pesticides it is possible
to use developed by us stimulated bioremediation method and its varieties for neutralization of obsolete
pesticides mixtures.
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AJBTEPHATUBBI HEUTPAJIM3AIIMA OCTATKOB IIECTHUIIUIOB C YYETOM
MECTHBIX YCJOBUI U BO3MOKHOCTEN
A.B. Jomumnze, . U.Muxkanze, H.A.Kastapanze, JI.A.JJomuaze, P.3.Ypuausa, M.A.CtenanuiBuiIn
Tounucckuil 2ocyoapcmeennulil yrusepcumem um. M. [ocasaxuweunu/Mucmumym ¢uzuveckoii u
opeanuyeckotl xumuu um. I1.I°. Menuxuweunu

PE3IOME

B cCBA3M ¢ JIMTENBHBIM HEKOHTPOIMPOBAHHBIM XPAHEHHEM, OCTAaTKH HENPUIOMHBIX IECTHLHUAOB C
pPa3JIMUHBIM XUMHYECKMM COCTAaBOM, B 3aXOPOHEHMM SIIyaka CMEIIaHbl U MX Pa3[elICHUE HEBO3MOXKHO.
[epedacoBka Takoi cMecH M TIEpEHOC B JIpyTMe CTpaHbl ISl COKUTAHUS B BBICOKOTEMIIEPATYPHBIX
MHCHHEpATOpax MAJIOBEPOATHO. IIpennoxkenbl HECKOIBKO albTEPHATHB: BEICOKOTEMIIEPATYPHOE CKUTAHUE B
MECTHBIX IIEMEHTHBIX TIeuax; I10Cie T'OMOTEHHM3allMd W pa30aBlIeHHS CXXHTaHHEe B MaJOTOHHAXKHON
BBICOKOTEMIIEPATYPHOH I€YM  TPEXCTYIEHYATOM CHUCTEMOM OYMCTKHM; METOX CTHMYJIMPOBAHHOM
OuopeMequanuy C HCIOIB30BAHMEM MECTHBIX OHMOJIOTHUYECKMX arceHTOB M MPUPOAHBIX MaTepHaJiOB Ha
OCHOBE TIPOIIECCOB ,,CAMOOYHIIICHHS* TIOUB.
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SUPERCRITICAL FLUID EXTRACTION OF NATURAL FOOD COLORANTS FROM TOMATO
SKIN

Mariam Chkhaidze, Mzia Tsitsagi, Ketevan Ebralidze, Miranda Khachidze, Nana Chaganava
Petre Melikishvili Institute of Physical and Organic Chemistry
at Ivane Javakhishvili Thilisi State University

SUMMARY

The carotenoids are natural pigments that provide the natural yellow, orange and red colors of fruits.
According to epidemiological studies carotenoids play an important role in prevention of cancer, cataracts,
and aging diseases. Besides some applications of carotinoids for provitamin A activity, they are widely used
as colorants in food. This work describes the influence of some operative parameters of supercritical carbon
dioxide employed for the isolation of lycopene and B-carotene from the skins of ripe tomato. Optimal
operative conditions are 65-70°C temperature, 250-300 atm pressure, 5% acetone as a co-solvent, static
extraction time 1h, dynamic- 2h.flow rate 2ml/min. extracts were analysed by spectrophotometer in the 350-
550 nm wavelength range.

IKCTPAKIUA CYHEPKPUTHUYECKUMU ®JIIONIAMU HATYPAJIBHBIX ITUIIEBBIX
KPACHUTEJIEN U3 KOXKHIIbI IOMUJI0OPOB

M.II.Yxannze, M.B.[{unaru, K.I'.Eopanuaze, M.M.Xauuze, H.T.Yaranasa
Unemumym gpusuueckou u opeanuueckou xumuu um. 111 Meruxuweunu
Tounucckozo 2ocyoapcmeento2o ynusepcumema um. M. icasaxuwigunu

PE3IOME

KapoTtuHouibl — MpUpOAHBIE MHTMEHTHI, OKpAIMBAMONe (PYKTHl M OBOIIM B HATYpPAJbHBIA JKENTHIH,
opaHmean‘/'I u KpaCHLIﬁ OBCT. Cormnacuo SMNUAECMHUOIIOTHYCCKUM HUCCICAOBAHUAM, KAPOTHHOWABI UI'PAIOT
BaXHYIO pOJb JUIS TPEBEHIMHM KaTapaKThl, KAaHIIEPOrCHHBIX M BO3PACTHBIX 3a0oneBaHuil. [lomumo
IMIPUMCHCHUA KapOTUHOUOAOB JIA A HpOBHTaMHHHOﬁ AKTUBHOCTH, OHU HIMPOKO HMCIIOJIL3YIOTCA B Ka4CCTBE
MHUIIEBBIX KpacuTeneld. B maHHOW paboTe OMUCHIBACTCS BIUSHUE HEKOTOPHIX OMEPATHBHBIX MapaMeTpoB Ha
3KCTPAKIIMIO JIMKOTIEHA M P-KapOTHHA CYMEPKPUTHYCCKUMH (DIIOMAAMH M3 KOXKHIIBI CIICNBIX TTOMHIOPOB.
Y CTaHOBIICHbI ONTHMAJIBHBIE YCIOBUS SKCTPAKIMK: Temieparypa — 65-70°C, mapnenue — 250-300 atm., 5%
alleroHa B KadecTBe MOAM(UKATOpa, CTATUYECKOE BpEeMsl DKCTpakiuu — | 4., TUHAMHYEcKoe — 2 .,
CKOPOCTh MOTOKa — 2 MiI/MUH. CIIEKTpOMETPUYECKUI aHaN3 MPOBE/IEH B JUIMHHOBOIHOBOM obiactu 350-
550 am.
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CORROSION PROPERTIES OF CHROME-MANGANESE DUPLEX STEEL

Eter 1. Gozalishvili, Dali R. Ramazashvili
Ferdinand Tavadze Institute of Metallurgy and Materials Science

SUMMARY

The tendency to local types of corrosion and general corrosion rate of 08X25G15C duplex steel were studied
in model solutions composed according to the plan of the full factorial experiment 2%, in 0.5 M NaCl
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. —
solution and sulfuric acid solutions of various concentrations. The solutions imitating aggressive soil and the
Black Sea water were included in the compositions of model solutions. Studies were conducted by using
electrochemical techniques predicting local types of the corrosion, investigating the dependence of the
corrosion rate on the pH of the solution and the gravimetric method determining the general corrosion rate
through using statistical methods of data processing and working out the linear regression equation. It was
found that the corrosion behavior of 08X25T'15C duplex steel was determined by the formation iron and
chromium hydroxides on the surface of the steel under passivity. The steel is not at risk of localized
corrosion in a solution simulating aggressive soil (0,111 M SO,* and 0,027 M CI') and is characterized by
low value of 0.00 mm / year general corrosion rate; in solutions with a high total molar concentrations up to
0.557 M, there is a risk of pitting corrosion and it is necessary to develop and use the corrosion protection.

KOPPO3UOHHBIE CBOMCTBA XPOMO-MAPI'AHIIEBOM JIYILIEKC CTAJIA

3.N.TI"ozanmumBuiny, J1.P.Pamazamsmmm
Hncmumym memannypeuu u mamepuanogedenus um. @.H.Tasaosze

PE3IOME

N3ydeHbl CKIIOHHOCTh K JIOKaJdbHBIM BHJIAM KOPPO3UH W 00I1ast ckopocTh Kopposun 08X25T15C mymiekc
CTalnu B MOJEIbHBIX PACTBOPAX, COCTABIEHHBIX COITIACHO ILIAHY MOJHOTO (haKTOPHOTro SKCIepuMenTa 22, B
pactBope 0,5 M NaCl u B CepHOKHCIBIX pacTBOpax pPas3IMYHBIX KOHIIEHTpaluid. B cocTaB MomenbHbIX
PacTBOPOB BXOJIWJIM PACTBOPHI MMUTHPYIOLIME arPECCUBHBIN TPYHT U BoAy UéEpHoro mops. MccnenoBaHus
MPOBOIMJINCH C TIPUMEHEHHEM JJIEKTPOXUMHYECKONH TEXHHUKHM IPOTHO3UPOBAHHS JIOKAIBHBIX BHJOB
KOPPO3HH, U3YUEHHUSI 3aBUCUMOCTH CKOPOCTH Koppo3uu oT pH pacTBopa u rpaBUMETPpHYECKHM METOJ0M
onpeseleHnss oOmeld CKOpPOCTH KOPpPO3WM C TNPHUMEHEHHWEM CTATUCTHYECKUX METOJ0B 00paboTKH
pe3yaBTATOB M COCTaBJIEHHS JIMHEHHOT'O YpaBHEHHS perpeccuu. bpulo yCTaHOBIEHO, YTO KOPPO3HOHHOE
noBegenne 08X25T15C mymnekc cranu omnpenensercs GOpMUPOBAHHEM NPU NMACCHBAIIUM HA TTOBEPXHOCTH
CTaJli TUJPOKCHIOB XpoMa M jkene3a. CTajab HE MOJBEpraercs PHUCKY JIOKAIbHOI KOPPO3UU B PacTBOpE,
MMUTHpYIONEeM arpeccuBHbIA rpyHT (0,111 M SO, 1 0,027 M CI°) u xapakTepusyercsi HU3KUM 3HaYeHUEM
0,00 MM /romg oOIiell CKOPOCTH KOPpO3MHM; B pPacTBOpax C 0Oojiee BBICOKOW CYMMapHOH MOJIPHOMH
KoHIleHTpanmel, BmioTh 1o 0,557M, cymiecTByer pHCK NUTTHHTOBOH KOPpPO3WHM M 00Bs3aTelbHA
pa3paboTKa ¥ IPUMEHEHHE aHTUKOPPO3HMOHHOM 3aIUTHI.
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PRODUCTION AND RESEARCH OF ALTERNATIVE ORGANIC ADDITIVES OF LEAD
CONTAINING ANTIDETONATORS

Leila Tatiashvili, Nino Nonikashvili, Nino Karkashadze, Maia Stepanishvili,
Tamar Dgebuadze, Irma Mikadze
Petre Melikishvili Institute of Physical and Organic Chemistry
at Ivane Javakhishvili Thilisi State University

SUMMARY
On the basis of achieved results it is possible to select catalytic systems and technological modes, which will
provide increasing octane number in gasoline fraction obtained from direct distillation of Georgian oil by 8-
12 units. Clinoptilolite modified with trichloride iron provides 60-65% yield of skeleton isomerization at
350° C and natural clinoptilolit modification with different transition metal containing salt increases
paraphine isomerization level up to 70%.

HPOU3BOJACTBO U UCCIENOBAHUE AJIBTEPHATUBHbBIX CBUHELICOAEPXAIIINUM
AHTUJAETOHATOPAM OPI'TAHUYECKHUX ITPUCAAOK

JL.T.Tatnamsuau, H.Y Honukamsuiu, H.I'.Kapkamanze, M.A.Crenanumeuiu, T.I.[Iredyanze,
N.M.Muxkanze
Unemumym gpusuneckou u opeanuueckou xumuu um. 111 Meruxuweunu
Tounucckozo 2ocyoapcmeentoeo ynusepcumema um. M. /icasaxuwigunu

PE3IOME
Ha ocHOBe mony4eHHBIX Pe3yJIbTaTOB BO3MOXKHO MOA00paTh KATATMTHUECKHE CHCTEMbI M TEXHOJIOTMUECKUE
PSKHUMEBI, IPU KOTOPBIX J(P(HEKTHBHO IMOBBIIIACTCS OKTAHOBOE YHCIO Ha 8-12 emeHHI] B OEH3MHOBOI
(dpakiyy, MOoJydeHHONW MPSAMON MEPErOHKOW Tpy3uHCKOM HedTH. KiIMHONTHIONUT, MOAU(HUIMPOBAHHBIM
TPEXXJIOPHCTHIM JKeIe30M, obecrieunBaer 60-65%-HbIi BBIXOJ CKelTeTHOro u3omepu3ata npu 350°C. Bmecre
C TeM, MOIU(PUIMPOBAHKE MPHUPOTHOTO KIMHONTUIIONNUTA COSIMM Pa3HbIX IIEPEXOIHBIX METAJIOB
MOBBIIIAET CTeTeHb n3oMepu3auuu 10 70%-0B.
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ECOLOGICALLY SAFE ORGANIC ADDITIVES FOR CAR GASOLINE
Leila Tatiashvili, Nana Tserodze, Ketevan Kochiashvili, Maia Japaridze, Rusudan Tsiskarishvili, [rma Mikadze
Petre Melikishvili Institute of Physical and Organic Chemistry
at Ivane Javakhishvili Thilisi State University

SUMMARY
Crude oil of Georgian oil fields is mainly paraffin-naphthenic. Gasoline fraction, so called naphta, obtained from
its direct distillation is law octane. To get a high quality petrol it is necessary to use additional processes and
additives. Based on this, it gets important to develop new methods for obtaining organic additives, which are less
dangerous than anti-detonators containing heavy metals. Additionally to that, they do not change gasoline oil
character.

9KOJOI'MYECKHA BE3OINNACHBIE OPTAHUYECKHUE TPUCAIKHU JJIsA
ABTOMOBWJIBHOT O TOIIVINBA
JL.T.Tarnamsumu, H.IT.Iepoaze, K.H.Kounamsumu, M.3.[xxanapuaze, P.I1.1uckapumsuiu, .M. Mukanze
HUnemumym gpuzuueckoti u opeanuveckou xumuu um. I1.1" Meruxuweunu
Tounuccroeo eocyoapcmeentnozo ynusepcumema um. U [picasaxuweunu

PE3IOME
Cripast He(Th TPY3MHCKHX MECTOPOXKACHUI B OCHOBHOM HMeeT napaduHo-HeQTSHOH xapaxtep. beH3mHOBas
¢bpakius, ModydeHHas NPSIMOM IEpPEeroHKoi, Tak HasplBaeMas Ha(Ta, CPaBHUTEIBHO HU3KOOKTaHOBas. Jlis
MOTY4EHHsI BEICOKOKAUECTBEHHOI'0 OCH3MHA TpeOyeTcsl MCIOIb30BaTh AOMOJHUTENbHBIE IIPOIECCH U MPUCAAKH.
Hcxonst u3 aToro, HeoOX0IUMO pa3paboTaTh METOAUKY IPOU3BOJCTBA TAKUX OPraHUYECKUX MPHCATOK, KOTOpPHIE
ropaszio MeHee OIAaCHBI, YeM aHTHACTOHATOPHI, COAEprKaIlue TsDKENbIe METAUIbl, IPU 3TOM HE MEHSSI HeTIHOMH
XapakTep OeH3uHa.
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HHOOPMALUA A1 ABTOPOB

XKypuan "U3Bectuss Hauuonansnoii Axkagemun Hayk I'py3un. Cepusi xumudeckass" myOnuKyer cTaThbH
W KpaTKue cooOIIeHHs B OOJIACTH XUMHUYECKAX HAayK Ha TPY3WHCKOM, aHTJIIMHCKOM U PYCCKOM SI3BIKAX;
0030pHBIE CTaTbU W MaTepHalibl MH(POPMAIIMOHHOTO XapakTepa MyOIUKYIOTCS IO TMPEeNBAPUTEIHLHOMY
COTJIACOBAHMIO C peNakIMOHHON koyuierunedd. O0beMm, GopMmaT M YCIIOBHS TpEACTAaBICHHS MaTepuana s
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cTaTel, pelakius MperycMaTphuBaeT CTaHAapTHBIC 3JCKTPOHHBIE (OpMBI Ha BCeX TpeX SI3bIKax, a TaKKe
JPYryl0 TeXHUYECKylo momuepxkky. s pedepupoBanus crater B Chemical Abstracts (Ha aHrmuiickom
s3b1ke) M [py3uHCKOM pedepaTHBHOM KypHale (Ha aHTITMACKOM M TPY3MHCKOM SI3bIKax) aBTOpaM CIEeIyeT
MPEAYCMOTPETh CoJiepKaTellbHbIE pe3loMe Ha 000MX S3bIKAX.
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