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araorganuli da metalorganuli qimia 

oTxCanacvlebuli arsoniumis Semcveli kadmiumis 

da vercxliswylis(II) fsevdohalogeniduri acidokompleqsi 

m. rusia1, n. robaqiZe1, l. arabuli1, m. kikaliSvili2, i. didbariZe2, r. gigauri† 

1iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
2quTaisis a. wereTlis saxelobis saxelmwifo universiteti 

ukanasknel wlebSi fsevdohalogenidebis qimia intensiurad viTardeba. 

mizezi unda veZeboT imaSi, rom isini warmoqmnian TiTqmis yvela elementTan 

qimiur naerTebs sxvadasxva aRnagobiT. ufro metic, erTi da igive qimiur 

Sedgenilobas xSirad gansxvavebuli aRnagoba Seesabameba, rac asaxvas hpovebs 

gansxvavebul biologiur aqtivobaSi. meore mxriv, dadgenilia uaRresad di-

di perspeqtiva metalTa fsevdohalogenidebis gamoyenebisa ferad metalur-

giaSi, galvanoteqnikaSi, element-analogebis erTmaneTisagan dacilebis saq-

meSi da, rac aranakleb mniSvnelovania, axali sinTezuri masalis warmoebaSi. 

xazgasmiT unda aRiniSnos, rom  d10-metalebSi, maT Soris, cxadia, kadmiu-

mi da vecxliswyalic(II), iZlevian metad mravalferovani aRnagobis fsevdoha-

logenidur acidokompleqsebs. ase, magaliTad, vercxliswylis(II) cianiduri 

kompleqsebis wyalxsnarSi gamovlenilia Hg[CH]2, [Hg(CN)3]- da [Hg(CN)4]2- arse-

boba [1]. cianiduri naerTebis dabali koncentraciebisas, rogorc irkveva [2], 

mosalodnelia agreTve [Hg2(CN)]3+, [Hg3(CN)2]4+ da [HgOHCN] tipis kompleqsu-

ri naerTebis arseboba. rac Seexeba maRal koncentraciebs (24-jer meti rao-

denobiT), varaudoben aseTi kompleqsuri anionebis arsebobasac: [Hg(CN)5]3-, 

[Hg(CN)6]4- da [Hg(CN)7]5- [3]. 

aseTive mravalferovnebiT xasiaTdebian kadmiumis cianiduri kompleq-

sebic. saxeldobr, maT xsnarebSi gamovlenilia kompleqsuri anionebi: 

[CdCN]+,  [Cd(CN)3]-, [Cd(CN)4]2-, [Cd(CN)5]3- da [Cd(CN)6]4- [3]. 

rac Seexeba kadmiumisa da vercxliswylis(II) rodanidul acidokompleq-

sebs, am SemTxvevaSi mkvlevarTa umetesoba miiswrafvis rodanojgufis koor-

dinaciis dadgenisaken kompleqswarmomqmnelTan da ara qimiuri naerTebis 
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mravalferovnebis gamovlenisaken. saqme is aris, rom, rogorc cnobilia [3], 

zogi metalis kationi SCdajgufebas ierTebs azotis atomis meSveobiT; zo-

gi — gogirdisa, xolo zogjer ki erTi da igive metali am jgufs ierTebs ro-

gorc `xisti~ (N), ise `rbili~ boloTi (S). 

amrigad, literaturaSi gvxvdeba metad gansxvavebuli monacemebi, ufro me-

tic, xSirad urTierTgamomricxavi Sedegebi, kadmiumisa da vercxliswylis (II) 

fsevdohalogeniduri acidokompelqsebis Sedgenilobisa da, gansakuTrebiT, 

aRnagobis Sesaxeb. mxedvelobaSia misaRebi, rom CamoTvlili yvela anionis 

arseboba dadgenilia mxolod xsnarebSi kvlevis fizikur-qimiuri meTodebiT: 

potenciometruli, kalorimetruli, polarografiuli, speqtrofotomet-

ruli, xsnadobis meTodiT; Seswavlilia epr da iw speqtrebiTa da mxolod 

calkeul warmomadgenelTa individualur mdgomareobaSi gamoyofili da 

Seswavlili, isic mxolod `martivi~ kationebis Semcveli [4]. 

vagrZelebT ra dariSxanmSemcveli koordinaciuli naerTebis sinTezsa 

da gamokvlevas [5, 6], amJamad miznad davisaxeT — qimiurad sufTa mdgo-

mareobaSi migveRo da Segveswavla kadmiumisa da vercxliswylis(II) cianiduri 

da rodaniduli kompleqsebi dariSxanSemcveli kationebiT. 

vercxliswylis(II) gamosaval fsevdohalogenidebs viRebdiT mimocvliTi 

reaqciiT [7]. 

Hg(NO)3 + 2KX → HgX2↓ + 2KNO3, 

sadac X = CN an SCN. aseTnairad miRebul vercxliswylis(II) cianidsa da ro-

danids vxsnidiT Warbi kaliumis Sesabamis fsevdohalogenidSi, im mosazre-

biT, rom wasuliyo reaqcia: 

2KX + HgX2 → K2[HgX]4 
aqve unda aRiniSnos, rom, gansxvavebiT vercxliswylis(II) fsevdohaloge-

nidebisagan, kadmiumis fsevdohalogenidebi individualur mdgomareobaSi, 

rogorc aseTi, ar migviRia. am SemTxvevaSi kadmiumis sulfatis xsnars emate-

boda kaliumis fsevdohalogenidi moluri TanafardobiT 1:4 (ukanaskneli 

TeoriulTan SedarebiT aRebulia ~10%-iT meti), rom wasuliyo reaqcia: 

a) CdSO4 + 2KX → CdX2 + K2SO4 

b) CdX2 + 2KX → K2[CdX4] 
an Sejamebulad 

CdSO4 + 4KX → K2[CdX4] + K2SO4 
paralelurad vamzadebdiT oTxCanacvlebuli arsoniumis nitratebis 
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spirt-wyalxsnars, romlebic Semdegi reaqciis Sedegad warmoiqmneboda: 

2[R4As]I + Pb(NO3)2 → PbI2↓ + 2[R4As] NO3, 

sadac R _ organuli radikalia da icvleba farTo sazRvrebSi. 

rogorc gamoirkva, arsoniumis nitratebis (individualur mdgomareoba-

Si gamoyofis gareSe) spirt-wyalxsnarebis damuSavebiT vercxliswylisa(II) da 

kadmiumis kompleqsuri marilebis xsnarebiT maSinve gamoiyofa wyalSi uxsna-

di kristaluri naerTebi. am ukanasknelTa analizma dagvarwmuna, rom isini 

warmoadgenen trifsevdohalogenidomerkuratebs(II) da tetrafsevdohalo-

geni-dokadmoatebs Sesabamisi oTxCanacvlebuli arsoniumisa, romelTa war-

moqmna, rogorc Cans, unda aixsnas Semdeg reaqciaTa warmarTviT: 

 [R4As]NO3 + K[HgX]3 → [R4As][HgX3] +  KNO3       (1) 

2[R4As]NO3 + K2[CdX4] → [R4As]2[CdX4] + 2KNO3     (2) 

amrigad, Tumca [R4As]NO3 da K2[HgX4]  sareaqciod aiReboda moluri Tana-

fardobiT 2 : 1, rogorc amas adgili hqonda kadmiumis tetrafsevdohalo-

geniduri kompleqsis daleqvisas, miuxedavad amisa, nacvlad mosalodneli 

tetrafsevdohalogenidomerkuratebisa(II) adgili aqvs trifsevdohalogeni-

domerkuratebis(II) daleqvas. maSasadame, am SemTxvevaSi vercxliswylis(II) sa-

koordinacio ricxvi Seadgens 3-s. es faqti imaze metyvelebs, rom vercxlis-

wylis(II) rodanidisa da cianidis gaxsniT jamSi kaliumis fsevdohalogenidis 

Sesabamis xsnarSi ar warmoiqmnebian saerTod tetraciano- da tetrarodano-

merkuratebi(II) an, SesaZloa arsoniumis nitratebiT damuSavebisas adgili 

aqvs gardaqmnas Tanaxmad Semdegi sqemisa: 

 [R4As]NO3 + K2[HgX4] → [R4As] [HgX3] + KNO3 + X    (3) 
imdenad, ramdenadac vercxliswylis(II) iodidisa da Warbi kaliumis iodi-

dis xsnaridan arsoniumis marilebi leqaven mxolod triiodomerkuratebs(II) 

[8], SeiZleba vivaraudoT, rom g(II) halogenidur da fsevdohalogenidur xsna-

rebSi, yovel SemTxvevaSi ZiriTadad, imyofeba samkoordinirebul mdgomare-

obaSi. swored am ukanasknelis daleqvis produqts warmoadgens sinTezirebu-

li arsoniumis trifsevdohalogenidomerkuratebi(II). ase, rom (1) reaqcia, 

rogorc irkveva, ufro saalbaToa (3) reaqciasTan SedarebiT. 

acidokompleqsebis koordinaciuli formulebi dadgenil iqna moluri 

eleqtruli gamtarobiTac. vinaidan sakvlevi naerTebi, rogorc aRiniSna, ar 

ixsnebian wyalSi, maTi μ Seswavlili iqna axlad gasufTavebul da 

dimeTilforfmamidis xsnarebSi. am gamokvlevis Sedegebi mocemulia 1 da 2 

cxrilebSi, saidanac irkveva, rom moluri elgamtaroba triciano- da tri-
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rodanmerkuratebisa(II) meryeobs sazRvrebSi 62-88 omi-1 · sm2 · moli-1, maSin, ro-

desac Sesabamisi arsoniumebis tetrafsevdohalogendomerkuratebis(II) 

eleqtruli gamtarebloba — 140÷150 omi-1sm2 moli-1 farglebSi. es monacemebi 

SesaZleblobas iZleva davaskvnaT, rom dimeTilformamidis xsnarebSi dasin-

Tezebuli naerTebi ganicdian Semdegi saxis elqtrolitur disociacias: 

 

 
 

 
 

maSasadame, pirveli orioniani eleqtrolitia, xolo kadmiatebi — samioniani. 

iw speqtrebis SeswavliT gamokvleuli iqna sinTezirebul koordinaciul 

naerTTa struqtura. koordinirebul CN-jgufs, rogorc cnobilia, aqvs iw 

speqtrebSi sami sistema STanTqmisa: zolebs 1900-2250 sm-1 ubanSi Cveulebrivad 

miakuTvneben CN bmis valentur rxevebs, xolo dabalsixSiriani zolebi 600 sm-1 

ubnamde M_C bmis valantur rxevebs _C=N da C_M_C deformaciul rxevebs. unda 

aRiniSnos, rom Cven mier Seswavlili kadmiumisa da vercxliswylis(II) koordina-

ciuli naerTebis iw speqtrebi erTmaneTs didad emsgavsebian. amitom sailustra-

ciod  nax. 1-ze motanilia tri-m-tolilmeTilarsoniumis tricianomerkurati-

sa(II) (a) da trifenilmeTilarsoniumis trirodanomerkuratis(II) (b) da tetraro-

danokadmoatis(II) (g) iw speqtrebi. miRebuli naerTebis iw speqtrebSi SeiniSneba 

STanTqmis zolebi 430sm-1, 515 sm-1 ubnebSi rac, Sesabamisad, ν(MC) da δ(MCN) axasi-

aTebs. kavSirebs As−Carom. da As−Calif. SeesabamebaT STanTqmis zolebi525 da 640 sm-1 

ubnebSi. koordinirebuli CN-jgufis ν(CN) SeimCneva 2160 sm-1 ubanSi. 

rodaniduli acidokompleqsebis iw speqtrebis detaluri ganxilva gvi-

Cvenebs, rom (nax. 1) NCS-jgufi imyofeba kompleqsis Sida sferoSi da dakavSi-

rebulia vercxliswyalTan da kadmiumTan azotis atomis meSveobiT. marTlac 

sixSireebi ν(CN) ≈ 2080-2100 sm-1, xolo sixSireebi ν(CS) = 770 — 800 sm-1. unda 

aRiniSnos, rom oTxCanacvlebadi arsoniumis tritodanomerkuratebis(II) 

speqtrebSi arseboben singleturi STanTqmis zolebi, maSin, rodesac Sesaba-

mis arsoniumis tetrarodanokadmoatebis(II) iw speqtrebSi SeimCneva ν(CN)  

STanTqmis zolebis gaxleCa or komponentad, rac, albaT, unda aixsnas izoTi-

ocianatojgufebis urTierTgansxvavebuli ganlagebiT kadmoatebSi(II). 

amrigad, dasinTezeba rodanonawrmebis iw speqtrebidan irkveva, rom si-

[R4As] [HgX3] [R4As]+  + [HgX3]- 

[R4As]2 [CdX4] 2[R4As]+ + [CdX4]2- 
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namdvileSi isini warmoadgenen oTxCanacvlebul arsoniumebis triizoTioci-

anomerkuratebsa(II) da tetraizoTiocianokadmoatebs(II). 

SeviswavleT derivatografiuli meTodiT dasinTezebul naerTTa Ter-

molizi. nax. 2-ze nimuSis saxiT motanilia trifenilmeTilarsoniumis tetra-

izocianokadmoatis Termogravigrama, saidanac irkveva, rom 6700-mde nimuSis 

gaxurebisas mimdinareobs metad saintereso procesebi, rac cxadia, axsnas sa-

Wiroebs. masis swrafi kleba iwyeba TiTqmis nimuSis dnobis temperaturis Sem-

deg, saxeldobr 1300-dan (kapilaruli meTodiT — tdn =116 – 1170C) da intensiu-

rad mimdinareobs 3250C-mde. am temperaturaze masis klebis siCqare didad 

mcirdeba da 5500C-ze aseTi kleba Seadgens 70%-s. 

arsoniumis marilebis daSla, rogorc cnobilia, xdeba, ZiriTadad, 140-

2000C-ze, diferenciul-Termuli analizis mrudze 1300C-dan 6700C-mde Seim-

Cneva erTi endoefeqti maqsimumiT 1400C da sami egzoefeqti maqsimumebiT: 325, 

550 da 5900C, Tumca am ukanaknelTa gamovlenis temperaturul intervalSi ma-

sis matebas adgili ar hqonia. imis gamo, rom arsoniumis marilebi 140-1500C-

dan ganicdian Termul disociacias Tanaxmad tolobisa: 

[(C6H5)3 AsCH3]NCS → (C6H5)3 As + CH3NCS 
xolo meTilis izoTiocianatis aorTqlebis (mocilebis) temperatura gacil-

ebiT dabalia trifenilarsinis duRilis temperaturaze (3000C), cxadia, pir-

vel rigSi moscildeba meTilis nawarmi, xolo Semdeg — arsini. es ukanaskneli, 

iseve, rogorc fosfini [9], avlens ligandis Tvisebebs, warmoqmnis ra koordi-

naciul naerTebs gardamaval metalTa ionebTan. 

Tu zemoT naTqvams mxedvelobaSi miviRebT, 1300C-dan 5700C-mde kompleq-

suri naerTis molekulas albaT, scildeba 1 moli arsini (C6H5)3-s da 2 moli 

meTilrodanidi, rac Teoriulad Seadgens 69.97%-s. faqtobrivad ki akldeba 

70.0%, rac karg TanxvdenaSia eqsperimentTan. maSasadame, trifenilmeTilar-

soniumis tetraizoTiocianokadmiatis Termolizi ase warmogvidgeba: 

[(C6H5)3 AsCH3]2[Cd(NCS)4]  Cd(NCS)2(C6H5)3As 

rogorc vxedavT, 5500C-mde kadmiumis rodanidi ikavebs mxolod erT mol 

trifenilarsins. temperaturis Semdgomi momatebisas xdeba masis mciredi 

mateba, rac, albaT, unda aixsnas dariSxanis nawilobrivi daJangviT: 

 
Tumca gaugebaria, ratom ar xdeba temperaturis Semdegi momatebisas masis 
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kleba? 

friad saintereso suraTs iZleva tri-m-tolilmeTilarsoniumis tri-

cianomerkuratis(II) Termolizi. rogorc aRvniSneT, arsoniumis marilis 

daSla iwyeba 1600C-dan, xolo vercxliswylis cianidisa — 3200C-dan. Tu saer-

To Tvisebebs gaviTvaliswinebT arsoniumis Semcveli kompleqsuri naerTebi-

sa, tri-m-tolilmetilarsoniumis tricianomerkuratis(II) Termolizi yvela-

ze saalbaTod ase unda warmogvedgina: 

[(m-CH3C6H4)3AsCH3] [Hg(NC)3] ⎯→⎯t  [(m-CH3C6H4)3As + CH3CN + Hg(CN)2 

magram Termogravigramidan (ix. nax. 2) irkveva, rom  nimuSis wonis kleba 

iwyeba 1700C-dan tdn.=141-1420C. am intervalSi DTA-ze aSkarad SeimCneva endo-

efeqti da swrafad mimdinareobs 3100C-mde, Semdeg siCqare iklebs da 6000C-

mde TiTqmis ar icvleba. masis klebis mrudis (T) aseTi saxe gvafiqrebinebs, 

rom Seswavlili nivTierebis Termolizi sruliad gansxvavebulad unda mim-

dinareobdes sxva arsoniumis Semcvel koordinaciul naerTebTan SedarebiT. 

ar aris gamoricxuli, rom  aq gavlenas axdens — 3000C-ze vercxliswylis ci-

anidis daSla Tanaxmad tolobisa: 

Hg(CN)2 → Hg + (CN)2, 
vercxliswyali (an diciani) katalizur zemoqmedebas axdens mesamadi arsinis 

daSlaze elementuri dariSxanis warmoqmniT: 

4[(m-CH3C6H4)3As → 6m-CH3C6H4 – C6H4 - CH3-m  + As4 
Tu am mosazrebas mxedvelobaSi miviRebT, maSin tri-m-tolilmeTilar-

soniumis tricianomerkuratis Termolizi ase warmogvidgeba: 

4[(m-CH3C6H4)3AsCH3] [Hg(NC)3] ⎯⎯⎯ →⎯ − C0420170  6m-CH3C6H4 – C6H4CH3 – m + 4CH3CN + 

4Hg + 4(CN)2 + As4 
bunebrivia, ar aris gamoricxuli rom dicaini ki ar moexliCebodes sa-

kvlev nivTierebas, aramed, magaliTad, misi mierTebis produqti m-tolilis 

radikalTan: 

2m – CH3C6H4
* + (CN)2 → 2m-CH3C6H4CN 

es faqti Termolizis saerTo suraTs arsebiTad ar cvlis. maSasadame, 

3200C-dan naSTSi rCeba elementuri dariSxani, am faqts naTelyofs wonis kle-

ba, rac praqtikulad 87%-s Seadgens (Teoriulia 88.3%). garda amisa, DTA-ze 

aSkarad SeimCneva ori egzoefeqti maqsimumebiT 4000C da 4800C, rac ganpirobe-

buli unda iyos (endoefeqtTan erTad) elementuri dariSxanis alitropiuli 

cvlilebebiT masis klebis gareSe. 
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unda aRiniSnos, rom aseTive suraTs iZleva trifenilmeTilarsoniumis 

tricianomerkuratis Termolizic. amitom misi detaluri aRwerisagan Tavs 

vikavebT. erTi ram ki cxadia, imdenad sainteresoa arsoniumis Semcveli am na-

erTebis Termuli daSlis es Sedegebi, rom is SeiZleba gaxdes calke kvlevis 

sagani, cxadia, sruliad sxva Sedgenilobis arsoniumis marilebze. es ki di-

dad scildeba Cveni naSromis mizandasaxulobas. 
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nax. 2. [(C6H5)3AsCH3]2[Cd(NCS)4]-is Termogravigrama 

 
nax. 3. [(m-CH3C6H4)3AsCH3][Hg(NC)3]-is Termogravigrama 
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oTxCanacvlebuli arsoniumis Semcveli kadmiumis  

da vercxliswylis(II) fsevdohalogeniduri acidokompleqsi 

m. rusia1, n. robaqiZe1, l. arabuli1, m. kikaliSvili2, i. didbariZe2, r. gigauri† 

1iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
2quTaisis a. wereTlis saxelobis saxelmwifo universiteti 

reziume 

  naCvenebia, rom oTxCanacvlebuli arsoniumis nitratebTan vercxlis-

wylis (II) da kadmiumis fsevdohalogenuri kompleqsebis urTierTqmedebiT 

spirtwyalxsnarebSi maRali gamosavliT miRebulia Sesabamisi oTxCanacvle-

buli arsoniumis Semcveli kationur-anionuri kompleqsebi. 

dasinTezebul nivTierebaTa Sedgeniloba-aRnagoba dadgenil iqna ro-

gorc qimiuri, ise fizikur-qimiuri meTodebiT. 

QUATERNARY ARSONIUM-CONTAINING PSEUDOHALIDES 
ACIDOCOMPLEXES OF CADMIUM AND MERCURY(II) 

M. Rusia1, N. Robakidze1, L. Arabuli1, M. Kikalishvili2, I. Didbaridze2, R. Gigauri† 

1Ivane Javakhishvili Tbilisi State University 2 

Akaki Tsereteli Kutaisi State University 

Summary 

It has been shown that complexes of mercury and cadmium(II) pseudohalides react with 
quaternary arsonium nitrates in water-ethanol solutions to form corresponding cationic-anionic 
quaternary arsonium-containing complexes in high yields. A composition of synthesized compo-
unds has been investigated by chemical, as well as physico-chemical methods. 
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SYNTHESIS OF d -METAL MONOSELENOARSENATES 

WITH PYRIDINE AND ITS STUDY 

M. Rusia, M. Chabukiani, Rus. Gigauri, M.Samkharadze, 

I. Didbaridze, B. Pichkhaia, R. Gigauri† 

Ivane Javakhishvili Tbilisi State University 

The coordination compounds of d -metal monoselenoarsenates with pyridine were 
synthesized and studied. As initial substances for the synthesis were used the water 
soluble salts of transition metals such as: mercury (II) nitrate, the sulfates of zinc 
and copper (II), the chlorides of cadmium and nickel (II) and as an arsenic contain-
ing compound was used sodium monoselenoarsenate(V) - Na3AsO3Se·12 H2O, 
while as a ligand - pyridine (Py). 

In the human body metal is present in the form of coordination compounds. The deficien-
cy or abundance of these substances in the human body destroys the ordinary physiological and 
biochemical processes and causes different diseases. In order to find the effective medicines, stu-
dies for evaluating the role of coordination compounds in biosystems were performed. 

Up to the recent period, complex compounds were used for the elimination of toxic me-
tals from the human body through the selection of ligands with the ability to produce low toxic 
cycles. They form stable complexes with appropriate metals and are easily eliminable from the 
human body. 

The recent discovery of platinum containing complex compounds, such as cis-[Pt(NH3)2Cl2]  
and [Pt(Py)2Br2] characterized by anticarcinogenic qualities, has triggered the study of therapeutic 
means based on coordination compounds. The coordination substances of gold and copper are 
known as antiinflammation compounds and that of zinc and iron complexes - as antianemia.   

The dependence between the composition/structure and properties is well-demonstrated 
in coordination compounds. In case of coordination compounds it is possible to change salts, in 
other words, complexing agents and ligands.  

Together with the changes of a central cation, it is possible to change functional groups of 
a ligand, which allows a synthesis of compounds with preliminarily determined characteristics.  

From this point of view, the pnyctogens - elements of the main subgroup of the fifth gro-
up of the periodic system - have great possibilities. All these elements produce both cationic and 
anionic coordination compounds. In case of cationic complexes, ns2 the unshared electronic pair 
of pnyctogens is most important. The compounds obtained by using this unshared electronic pair 
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are considered to be the compounds with nucleophilic connection/combination. The production 
of anionic coordination compounds is explained by the tendency of the central atom to convert 
into sp3d2 hybridization. Thermodynamically, compounds belonging to this type are in most 
favourable condition – the chemical bond is determined by the acceptoral feature of the central 
atom whose valence grows respectively. 

Arsenates of transition metals, as complexing agents, have one main disadvantage, they 
are insoluble in water and other solvents. This problem was solved in the TSU Inorganic 
Chemistry laboratory by means of using the original method of synthesis of coordination 
compounds of transition metals [1-3]. Today it is possible to obtain and study all types of 
complexes of transition metals if the precipitator is water soluble. 

The arsenates of alkali elements are the best water soluble compounds. Hence, were 
performed investigations for obtaining coordination compounds of d-metal monoarsenates (V) 
with pyridine using physical and chemical methods. For the synthesis as parent substances were 
used water soluble salts of transition metals, such as Hg(NO3)2, ZnSO4, CuSO4, CdCl2 and 
NiCl2, as an arsenate containing compound was used sodium monoselenoarsenate (V) 
Na3AsO3Se·12 H2O and as a ligand - pyridine (C5H5N).  

      The synthesis of d-metal pyridinates was performed through displacement reaction 
between the pyridinates of transition metal salts and saturated solution of sodium mono- 
arsenate, immediately producing acicular crystal substances, which can be depicted by the 
following reactions: 

 
a) MX2 + n C5H5N→ [M(C5H5N)n]X2↓ 
 

b) 3 [M(C5H5N)n]X2 + 2 Na3AsO3Se·12 H2O→ [M(C5H5N)n]3(AsO3Se)2 + 6 NaX +  24 H2O 
 

i.e. totally:  
3 MX2 + 3n C5H5N + 2 Na3AsO3Se·12 H2O→ [M(C5H5N)n]3(AsO3Se)2  + 6 NaX+ 24 H2O,  
where:  M=Zn, Cd, Hg, Cu and Ni; X=Cl  or ½ SO4, and  n= 4 or 6. 
 

The obtained compounds are acicular crystals with different colors not soluble in water, 
alcohols and alkali, except for zinc salt. In case of acid treatment the compounds are converted, 
producing arsenic (V) selenide, e. g. after the reaction of HCl on cadmium monoselenoarsenate 
pyridine coordination compound As4S10  is obtained, which can be depicted by the following 
reactions: 

 

a) [Cd(Py)4]3(AsO3Se)2 +6 HCl→3 [Cd(Py)4]Cl2 + 2 H3AsO3Se 
 

b) 10 H3AsO3Se→As4Se10 +6 H3AsO4 +6 H2O 
i.e. totally:  
5 [Cd(Py)4]3(AsO3Se)2 + 30 HCl →15 [Cd(Py)4]Cl2 + As4Se10 + 6 H3AsO4 + 6 H20 

 

The dependence of synthesized substances on alkali is different, in ordinary conditions (at 
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room temperature and atmospheric pressure) only pyridinat of zinc monoselenoarsenate reacts on 
the sodium and potassium alkali, other synthesized substances are water insoluble, are not 
converted and do not change the color and shape. 
           The dissolving ability of zinc pyridinate in 12 % potassium alkali can be explained by the 
amphoteric nature of  zinc hydroxide: 
 

a)  [Zn(Py)4]3(AsO3Se)2 +6 KOH→3 Zn(OH)2 + 12 Py + 2 K3AsO3Se 
b) 2 KOH + Zn(OH)2→K2[Zn(OH)4] 

i.e. totally:  
[Zn(Py)4]3(AsO3Se)2 + 12 KOH →3 K2[Zn(OH)4] + 12 Py + 2 K3AsO3Se 

The results of chemical analysis of coordination compounds of d-metal monoseleno- 
arsenates(V) is shown in table 1. 

The composition and structure, in addition to element analysis, was studied by using IR 
spectroscopy, roentgenophotography and thermogravimetry.  
            In the spectrum of synthesized compounds [4] the characteristic absorption maximums 
are reflected, namely the valence vibration pyridine –C=C- bonds, as a medium intensity peaks at 
the 1600 cm-1 and 1450 cm-1,  the deformative vibration of C-H bonds is presented at  750 cm-1 
as an intensive absorption line, also the absorption line at 3000 cm-1, which belongs to pyridine 
should be taken into consideration. The aforementioned absorption line is shifted (40 cm-1) to the 
longwave region, this proves the existence of M–Py bond. The absence of the broad line of 
absorption maximum at the region 3600-3200 cm-1 means that the complex compound does not 
contain the crystalization water. 
             Unlike other synthesized complexes, the cobalt pyridinate precipitates  with the 
crystalization water,  which is proved by the appearence of absorption lines (Fig. 1) at the 
regions 3400, 3290, 3180 and 1630 cm-1 on the IR spectrum, these lines confirm the existence of 
water molecules [5, 6].  
           The location of water molecules requires a separate study. It is doubtful that all water 
molecules is present in cation, in such case the coordination number of cobalt (II) should be 5, 
which is very rare. The roentgenograms of Zn, Cd and Co (II) salts describe the diffusion picture, 
which is caused by the metastability of substance structure. On the othe hand, this is a result of 
high dispersity of the above-mentioned compounds. As for the mercury (II) and nickel (II) 
monoselenoarsenate pyridanate, the characteristic reflexes of parent substance on the 
roentgenograms is not discovered (Table 2). 

The physico-chemical behavior of the tested substances was studied under high tempera-
ture using the thermal analysis method. The thermolysis of all of them was conducted equally. 
As an example is attached the derivatogramma of copper (II) monoselenoarsenate tetra-
pyridinate. From this analyses it becomes clear that the process of thermal destruction encloses 
one endothermic effect (Fig. 2) at the temperature range 320-630°C; the decrease of mass is 
64,23 %, which indicates the detachment of  12 pyridine molecules (theoretically 62,37%). 
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 [Cu(Py)4]3(AsO3Se)2                                       Cu3(AsO3Se)2                 

                         

 
 

Figure 1. IR spectra of pyridine complexes of monochelatearsenates of d- metals 
[Cu(Py)4I(AsO3Se)2 (a), [Hg(Py)4I3(AsO3Se)2   (b), 
[Cd(Py)4I3(AsO3Se)2 (c), [Zn(Py)4I3(AsO3Se)2 (d) 

 
Thus, the perfored chemical and physicochemical studies state that synthesized complex 

compounds represent d-metal monoselenoarsenate pyridinates. 

 

320-630°C 

-12 Py 



araorganuli da metalorganuli qimia 
Inorganic and Metalorganic Chemistry 

 

 23

Table 1.  
The results of chemical analysis of pyridine complexes of d-metal monoselenoarsenate(V). 

 

Calculated, % Found, % # Color 

M As Se N 

        Formula 

M As Se N 

1 yellow 37.93 10.72 1.86 7.72 [Co(Py)6]3(AsO3Se)2  37.00 9.78 1.99 6.98 

2 dark green 8.84 7.49 7.89 12.58 [Ni(Py)6]3(AsO3Se)2 8.01 6.88 7.00 11.85 

3 grey 12.61 9.70 10.21 10.86 [Zn(Py)4]3(AsO3Se)2 11.99 9.00 9.89 9.89 

4 dark violet 20.05 8.87 9.34 9.94 [Cd(Py)4]3(AsO3Se)2 19.95 8.01 8.97 9.00 

5 black 35.66 7.67 8.08 8.59 [Hg(Py)4]3(AsO3Se)2 34.67 6.98 7.88 7.98 

6 black 12.63 9.87 10.40 11.05 [Cu(Py)4]3(AsO3Se)2 11.98 9.00 9.60 10.79 

 
Table 2.  

The results of roentgenophasic analysis of monoselenoarsenate(V) 
pyridine complexes of d-metals 

[Hg(C5H5N)n]3(AsO3Se)2 [Ni(C5H5N)n]3(AsO3Se)2 [Cu(C5H5N)n]3(AsO3Se)2 

I/Io dα/n I/Io dα/n I/Io dα/n 

100 7.85 95 7.99 60 7.8 

83 7.40 100 8.4 60 7.06 

30 5.55 15 6.00 100 6.71 

25 5.25 15 6.81 60 5.76 

15 4.30 15 5.55 20 4.87 

15 4.10 25 4.75 25 4.63 

50 3.36 10 4.38 25 4.49 

30 3.20 25 4.30 10 4.23 

68 3.00 20 4.20 15 4.005 

75 3.10 15 3.70 10 3.867 

80 2.88 20 3.15 10 3.613 

50 2.70 30 3.53 15 3.427 

30 2.63 25 3.35 20 3.079 

25 2.49 15 2.68 30 2.84 

50 2.43 20 2.75 30 2.77 

20 2.30 30 2.25 55 2.60 

10 2.15 15 1.99 45 2.44 

17 1.99 15 1.98 45 2.41 

15 1.80 10 1.86 50 2.39 

20 1.85 20 1.99 15 2.23 

20 1.82 10 1.77 10 2.18 

10 1.55 15 1.73 20 2.08 

10 1.52 15 1.69 10 2.03 

20 1.83 10 1.64 15 1.97 

 

 
 
 



iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis Sromebi 
Proceedings of Iv. Javakhishvili Tbilisi State University 

363, 2010 
 

 24 

References: 
 

1. Khelashvili G. K., d-Metal Monothioarsenates and their Coordination Compounds with 
Nitrogen Ligand, Synthesis and Research. PHD, Tbilisi, 1998. 

2. Khelashvili G. K., Gigauri R. I, Indjia M. G., Gurgenishvili L.V., Gigauri R. D., Coordi-
nation Compounds of d-Metal Monothioarsenates with pyridine. Bulletin of the Georgian 
Academy of Sciences. 1996, 157, №3. 

3. Didbaridze I. S., d-Metal Tetrathioarsenic Acid Salts and their Coordination Compounds 
with Mono and Bidentant Nitrogen Containing Ligands, PhD, Tbilisi, 1998. 

4. 4.Webb D.I., Synthesis, Structure and Magnetic Properties of Pave-Earth Zinc Compo-
unds Eu14MnPn11 and E14InPn11 (Pn=Sb, Bi). Chemistry of Materials, 1997, vol. 9, №10. 

5. Nakomoto K.  IR Spectra of the Inorganic and Coordination Substances. Mir, 1966. 
6. Baldwin M.E. Spectrochem Acta, 1963, vol. 19, №1. 
 

d-metalTa monoselenoarsenatebis (V) koordinaciuli 

naerTebis miRebis SesaZlebloba piridinTan 

m. rusia, m. Wabukiani, rus. gigauri, 
m. samxaraZe, z.maCaiZe, b. fiCxaia, r. gigauri† 

 

reziume 

miRebulia da kvlevis fizikur-qimiuri meTodebiT Seswavlilia d-

metalTa monoselenoarsenatebis(V) koordinaciuli naerTebi piridinTan. ma-

Ti sinTezis mizniT gamosaval nivTierebad gamoyenebul iqna gardamaval me-

talTa wyalSi xsnadi marilebi: vercxliswylis (II) nitrati, TuTiisa da spi-

lenZis (II) sulfatebi, kadmiumisa da nikelis (II) qloridebi, dariSxanSemcvel 

naerTad natriumis monoselenoarsenati (V) — Na3AsO3Se·12 H2O, xolo ligan-

dad gamoyenebul iqna piridini.  
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PRODUCTS OF INTERACTION BETWEEN IODMETHYLENETRIALKYL 
(ARYL)ARSONIUM IODIDES WITH COBALT(II)  
CYANATE AND MANGANESE(II) TIOCYANATE  

 

L. Arabuli, N. Lekishvili, M. Rusia, K. Giorgadze, K. Sulaberidze, R. Gigauri† 
Ivane. Javakhishvili Tbilisi State University 

 

 

The reaction between quaternary arsonium iodides with Co(II) cyanate and Mn(II) 
tiocyanate in alcohol-water solutions has been studied. The composition and texture 
of reaction products, cobalt and manganese containing acidocomplexes have been 
investigated by chemical analysis, as well as by using IR spectroscopy and molar 
electric conductivity. As a result, complexes with N-coordinated acidogroups were 
obtained. The synthesis of the new complexes is described in the given article. 

 

 
 

Introduction 

Since Alfred Werner synthesis and research of complexes have become one of the most 
important branches of inorganic chemistry [1].  Until the 1970s, main efforts of researchers had 
been concentrated on the investigation of either cationic or anionic coordination complexes [2], 
and scientists began intensive synthesis and investigation of physicol-chemical properties of 
cationic-anionic complexes, as well as determining the possibility of their practical application 
[3]. In this aspect, coordination compounds containing “onium” ions as cations and negative 
fragments of acidocomplexes as anions are of great interest for their practical applications, for 
example, in medicine, veterinary science [4], etc.  

Recently [5] we have shown that in the interaction of quaternary arsonium salt alcohol 
solution with the aqueous solution of cobalt thiocyanate, Co (II) precipitates immediately in the 
form of cationic-anionic complex with high yield (>90%). It is necessary to emphasize that in 
this reaction instead of thiocyanate complexes, izothiocyanate (N-coordination) compounds are 
produced. This is distinctly confirmed by the detailed study of infrared spectra of the synthesized 
compounds. 

Presented work is a logical continuation of the researches [6,7]. We have already studied 
optimum conditions for the synthesis of iodmethylenetrialkyl(aryl)arsonium iodides [6]. 
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Results and Discussion 
The aim of the research was to investigate the influence of the above-mentioned 

quaternary arsonium salt on the cobalt(II) cyanate and manganese(II) tiocyanate in alcohol-water 
solutions. In addition, we expected that the reaction would proceed in two directions:  

 

                      a. [ICH2As(R)R′2]I + Co(OCN)2  → [ICH2As(R)R′2][Co(OCN)2I] 
b. 2[ICH2As(R)R′2]I + Co(OCN)2  → [ICH2As(R)R′2]2[Co(OCN)2I2] 

 

Taking into account that the coordination number of Co2+ is, generally, equal to four [1], 
we preferred the second possibility (b) between these two reactions. For this reason, reagents 
were taken in the molar ratio [ICH2As(R)R′2]I : Co(OCN)2 = 2 : 1. 

Moreover, in order to shift the equilibrium to the right and, therefore, increase the yield of 
the desired product, the amount of arsonium salt taken for the reaction was 5-10% more than the 
theoretical amount. 

It was established that by mixing alcohol-water solutions of reagents, adducts with 
different colors precipitate immediately. Since these adducts are insoluble in water and common 
organic solvents, their separation from each other is connected with great technical difficulties. 
Nevertheless, in order to determine the chemical composition of the precipitates, we 
scrupulously studied the mass fraction of arsenic, cobalt, iodine and nitrogen in these 
precipitates, but this did not give a result. This may be caused by the fact that such ratio of the 
reagents does not confine the possibility to synthesize acidocomplexes with mixed ligands.  

In order to limit the binding of different ligands with cobalt in anion and, thus, promote 
the formation of tetracyanatocobalt(II) complexes, we preliminarily added potassium cyanate to 
the solution of cobalt(II) chloride in mole ratio of CoCl2 : KOCN = 1 : 4. Moreover, the amount 
of potassium cyanate taken for the reaction was 5-10% more than the theoretical amount.  
 As a result of this approach, Co(II) precipitates almost quantitatively in the form of 
cationic-anionic complex (reaction yield is – 93-95 %). 
 Synthesized compounds are complexes with different colors (Table 1), insoluble in water, 
benzene, diethyl ether and other non-polar organic solvents. After the purification (first by water, 
then by ethanol), they melt at the same temperature. This fact indirectly indicates on the identity 
and purity of the investigated compounds.  

The composition and structure of the target products, in addition to the chemical 
(elemental) analysis, were also studied using physical and chemical methods of analysis: IR 
spectroscopy and molar conductivity of diluted solutions.  

In contrast to the initial substances, in the spectra of cyanatocomplexes new absorption 
bands appear (Fig. 1). It is significant that in the cation that arsonium has a tetrahedral 
configuration and the anion has a shape of a planar square. Such structure of the cation is 
confirmed by the As-C bond stretching absorption bands in 650-671 cm-1 (aliphatic) and 440-470 
cm-1 (aromatic) regions [8]. 
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 The absorption bands in the form of intensive singlet in 2175-2244 cm-1 region 
correspond to the coordinated cyanato-group stretching vibration - ν(CN).  In comparison with 
the absorption bands of uncoordinated NCO- [8], in the investigated complexes the absorption 
bands ν(CN) are shifted to the relatively high frequency region. This indicates that the NCO-
group is in the inner coordination sphere. The absorption bands at 1296 cm-1 (Fig. 1 a, b) and 
1342 cm-1 (c, d) are assigned to δ (CO), at 1211 cm-1 – to 2δ (NCO). Like KOCN, δ(CO) is also 
shifted to the high frequency region, which indicates that in the anion of investigated 
compounds, the ligand (NCO) is bound to the central atom (Co) via its nitrogen atom 
[Co←NCO] [9]. 
 The ionic structure of synthesized compounds is unambiguously confirmed by the study 
of molar electrical conduction of the diluted solutions in dimethylformamide. It was established 
that conductivity of the above-mentioned salts ranges in the interval of 129-142 om-1 cm-1 mol-1. 
This is characteristic of three-ionic electrolytes [10].  

Taking into account the above-mentioned, the formation of reaction products should be 
explained by the proceeding of the following processes: 

1.  Mixing of cobalt(II) chloride and potassium cyanate aqueous solutions produces 
acidocomplexes according to the following equation: 

4KOCN + CoCl2 → K2[Co(NCO)4] +2KCl 
2. The obtained tetracyanatocobalt (II) takes part in the exchange reaction with four-

substituted arsonium iodides alcoholic solutions: 
K2[Co(OCN)4] + 2[ICH2As(R)R′2]I → [ICH2As(R)R′2]2[Co(NCO)4]↓ + 2KI 

 These steps can be summarized as follows: 
4KOCN + CoCl2 + 2[ICH2As(R)R′2]I → [ICH2As(R)R′2]2[Co(NCO)4]↓ + 2KI + 2KCl, 

where R =Pr, i-Pr, Bu, i-Bu, Am, Ph; R’=Bu, Ph. 

 
Figure 1a. IR spectra of iodmethylenetributhylarsonium-tetra-N-cyanatocobaltate(II) 

(a) and iodmethylenetri-izo-buthylarsonium-tetra-N-cyanatocobaltate(II) (b). 
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Figure 1b. IR spectra of iodmethylenetriphenylarsonium-tetra-N-cyanatocobaltate(II) (c)  

             and iodmethylenedibuthyl(phenyl)arsonium-tetra-N-cyanatocobaltate(II) (d). 

 

In adition, the role of the excess amount of potassium cyanate is to ensure optimum conditions 
for the formation of homogenous complexes in the hydrochemical interaction between reagents 
and, therefore, to exclude the synthesis of coordination compounds with mixed ligands, because 
we were not able to separate these coordination compounds from each other.   
   Thus, as a result of the research it was unambiguously established that iodmethylene- 

trialkyl(aryl)arsonium-N-cyanates are synthesized almost quantitatively in the reaction between 

quaternary arsonium iodides and cobalt (II) cyanate. In other words, the arsenic atom in the 

cation of reaction products is in sp3-hybridization state, and the ligand is bonded to the 

complexing agent via the nitrogen atom of the cyanate-group.  

Iodmethylenetrialkyl(aryl)arsonium-N-tiocyanates have been obtained in the same way 

by the interaction of  iodmethylenetrialkyl(aryl)arsonium iodides with manganese(II) tiocyanates 

in water-alcohol solutions: 
 

4NH4SCN + MnCl2 → (NH4)2[Mn(NCS)4] + 2NH4Cl 
 

(NH4)2[Mn(NCS)4] + 2[ICH2As(R)R′2]I  → [ICH2As(R)R′2]2[Mn(NCS)4]↓ + 2NH4I 
 

These steps can be summarized as follows: 
 

4NH4SCN + MnCl2 + 2[ICH2As(R)R′2]I → [ICH2As(R)R′2]2[Mn(NCS)4]↓ + 2NH4I + 2NH4Cl, 
        where: R = Pr, i-Pr, Bu, i-Bu, Am, Ph; R’=Bu, Ph. 
 

           By the study of molar electrical conduction of diluted solutions in dimethylformamide, it 
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was established that the conductivity of the above-mentioned salts ranges within the interval of 
131-143 om-1· cm-1· mol-1. This is characterisric of three-ionic electrolytes [10].  
            Synthesized compounds are complexes with different colors (Table 2), insoluble in water, 
benzene, diethyl ether and other nonpolar organic solvents. 
            In contrast to the initial substances, in the spectra of cyanatocomplexes new absorption 
bands appear (Figures 2 and 3]. The absorption bands in the form of a broad, intensive singlet in 
2059-2067 cm-1 region correspond to the coordinated tiocyanato-group stretching vibration - 
ν(CN).  In comparison with the absorption bands of uncoordinated NCS-, the absorption bands 
ν(CN)  in  investigated complexes are shifted to the relatively high frequency region. This 
indicates that the NCS-group is in the inner coordination sphere. The absorption bands at 802 
cm-1 are assigned to δ(CS). Compared with KSCN, δ(CS) is also shifted to the high frequency 
region, which indicates that in the anion of the investigated compounds the ligand (NCS) is 
bound to the central atom (Mn) via its nitrogen atom [Mn←NCS] [9,10]. For better 
understanding of the obtained results, the corresponding experimental section is presented below. 
 

Experimental  

The IR-spectra of the studied compounds were recorded on a Thermo Nikolet Avator 
spectrometer within the range of 400-4000 cm-1, in KBr tablets. Specific conductivities of the 
compounds in diluted solutions were measured on a conductometer of an impulse mark at the 
accuracy of 1.5% (25oC). Constancy of the temperature was maintained with the accuracy of 
0.5oC. The value of molar electrical conductivity (µ) was calculated by the formula: µ=χ/c   (om-

1· cm2· mol-1), where χ and c are specific conductance and the concentration of the solution, 
respectively,.  

The required solvents – ethanol and dimethylformamide were purified and dried 
according to the procedure described in [11].  

Arsenic was determined quantitatively by Evins method [12], iodine – by mercurymetry 
[13], nitrogen – by Duma's method [14], cobalt and manganese – by complexonometry [15].  
 Synthesis of the iodmethylenetripropylarsonium tetra-iso-cyanatocobaltate(II). The aqueous 
solution of 1.0 g cobalt(II) chloride hexahydrate (CoCl2·6H2O) and 2.1 g (10% excess amount) 
potassium cyanate were mixed with the saturated alcoholic solution of 3.6 g iodmethylenetri-
propylarsonium iodide in 100 ml Erlenmeyer flask. The content of the flask changed color at 
once – pale lilac color turned into dark blue. In addition, the solution became turbid, due to the 
formation of the precipitate. In order to obtain complete crystal shape of the product, the mother 
solution was allowed to stand for 3 days. Then the precipitate was filtrated, rinsed with absolute 
ethanol and water and dried in vacuo containing phosphorus pentoxide and paraffin. As a result, 
3.2 g product was obtained, the practical yield of which constitutes 94.1 %.    
Synthesis of iodmethylenetripropylarsonium tetra-izo-tiocyanatomanganate(II). The aqueous 
solution of 0.11 g manganese (II) chloride tetrahydrate (MnCl2·4H2O) and 0.25 g (10% excess 
amount) ammonium rodanide (NH4SCN) were mixed with the saturated alcoholic solution of 



iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis Sromebi 
Proceedings of Iv. Javakhishvili Tbilisi State University 

363, 2010 
 

 30 

0.53 g iodmethylenetripropylarsonium iodide in 100 ml Erlenmeyer flask.  In order to obtain 
complete crystal shape of the product, the mother solution was allowed to stand for 3 days. Then 
the precipitate was filtrated, rinsed with absolute ethanol and water and dried in vacuo containing 
phosphorus pentoxide and paraffin. As a result, 0.51 g product was obtained, the practical yield 
of which constitutes 93.0%.   
 

 

     

Figure 2. IR Spectrum of Iodmethylenetriphenilarsonium tetra-N-tiocyanatomanganate (II) 
 

 

 

Figure 3.  IR Spectrum of 

Iodmethylenetri-izo-propylarsonium tetra-N-tiocyanatomanganate (II). 
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The bioactivity of the obtained compounds has been studied. It was shown that they are 
characterized with the active bactericide properties. Some of them may be used against phyto-
pathogenic microorganisms. 

Preliminary investigations show that the synthesized arsenic-manganese complexes, 
plotted on the several functional polymer matrixes, may serve as a basis to prepare new bioactive 
materials with regular duration of the action: antibiocorrosion covering of multifunctional 
purpose, foamed polyurethane materials and various dipping compounds.   
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Table 1.  
Some physico-chemical characteristics of 

iodmethylenetrialkyl(aryl)arsoniumtetra-izo-cyanatocobaltates(II) 
 

 

Table 2. 
Some physico-chemical characteristics of 

iodmethylenetrialkyl(aryl)arsoniumtetra-izo-tiocyanatomanganates(II) 

 
 

iodmeTilentrialkil(aril)arsoniumis 

iodidebis kobaltis(II) cianatTan da manganumis(II) 

TiocianatTan urTierTqmedebis produqtebi 

l. arabuli, n. lekiSvili, m. rusia,  
q. giorgaZe, k. sulaberiZe, r. gigauri†, 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
 

reziume 
 

Seswavlilia kobaltis(II) cianatisa da manganumis(II) Tiocianatis urTi-

erTqmedeba oTxCanacvlebuli arsoniumis iodidebTan spirt-wyalxsnarebSi. 

reaqciis produqtebis, kobalt- da manganumSemcveli acidokompleqsebis 

Sedgeniloba da aRnagoba dadgenilia qimiuri analiziT, iw speqtroskopiiTa 

da moluri eleqtrogamtarobiT. naCvenebia, rom orive SemTxvevaSi miiReba 

kompleqsebi N-koordinirebuli acidojgufebiT. aRwerilia axali kompleqs-

ebis sinTezis msvleloba. 

 

№ R R' tmelt, 
0C µ Color Found, % Calculated, % 

      
As Co I N As Co I N 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

C3H7 

i-C3H7 

C4H9 

i-C4H9 

C4H9 

C5H11 

C6H5 

C3H7 

i-C3H7 

C4H9 

i-C4H9 

C6H5 

C6H5 

C6H5 

176-177 

181-182 

140-141 

189-190 

152-153 

132-133 

197-198 

142.2 

139.4 

136.8 

136.4 

134.1 

133.0 

129.7 

yellow 

colorless 

colorless 

violet 

violet 

violet 

brown 

16.60 

16.03 

15.33 

15.41 

14.02 

13.92 

13.77 

6.11 

6.78 

5.79 

5.61 

6.07 

5.63 

5.60 

27.33 

27.90 

25.01 

24.89 

24.14 

23.56 

23.20 

5.90 

6.37 

5.47 

5.41 

5.52 

4.92 

4.74 

16.35

16.35

14.98

14.98

14.41

13.68

13.38

6.42 

6.42 

5.88 

5.88 

5.66 

5.37. 

5.26 

27.67 

27.67 

25.35 

25.35 

24.38 

23.13 

22.64 

6.11 

6.11 

5.59 

5.59 

5.38 

5.10 

4.99 

№ R R' tmelt, 
0C µ Color Found, % Calculated, % 

      
As Mn I N As Mn I N 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

C3H7 

i-C3H7 

C4H9 

i-C4H9 

C4H9 

C5H11 

C6H5 

C3H7 

i-C3H7 

C4H9 

i-C4H9 

C6H5 

C6H5 

C6H5 

148-149 

114-115 

139-140 

193-194 

98-99 

154-155 

160-161 

161.5 

161.3 

160.0 

158.6 

156.3 

152.4 

151.1 

yellow 

green 

yellow 

colorless 

brown 

grey 

yellow 

15.01 

15.80 

13.89 

14.50 

13.18 

13.42 

12.44 

5.39 

5.87 

5.26 

4.90 

4.56 

4.47 

4.34 

26.31 

25.53 

24.39 

23.61 

23.50 

21.90 

21.18 

5.50 

6.02 

5.03 

5.60 

5.35 

4.47 

4.51 

15.35

15.35

14.14

14.14

13.68

13.19

12.70

5.63 

5.63 

5.18 

5.18 

4.99 

4.84 

4.66 

25.99 

25.99 

23.94 

23.94 

23.07 

22.34 

21.51 

5.73 

5.73 

5.28 

5.28 

4.09 

4.93 

4.74 



araorganuli da metalorganuli qimia 
Inorganic and Metalorganic Chemistry 

 

 33

 
iv. javaxiSvilis saxelobis Tbilisis 
saxelmwifo universitetis Sromebi 

Proceedings of Ivane Javakhishvili Tblisi State University 
363, 2010 

 
adamantan-1-karbonmJavis hidrazidis da acetonis 1-adaman-

toil hidrazonis, rogorc d-metalebis koordinaciuli 

naerTebis ligandebis kvantur-qimiuri gamokvleva  

 
n. lekiSvili1, z. faCulia1, x. barbaqaZe1, q. giorgaZe1, g. cincaZe2 

1iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
2saqarTvelos teqnikuri universiteti 

 
Catarebulia adamantan-1-karbonmJavis hidrazidis da acetonis 1-adaman-

toil hidrazonis, rogorc organuli ligandebis da zogierTi d-metalis 

marilebis bazaze axali koordinaciuli naerTebis miznobrivi sinTezi. mode-

luri sistemis gamoyenebiT naxevradempiriuli kvantur-qimiuri AM1 
meTodiT gaTvlilia adamantanSemcveli hidrazidisa da hidrazonis moleku-

lebSi energetikuli da geometriuli maxasiaTeblebi, atomebze efeqturi 

muxtebi da eleqtronuli simkvrive. gamovlenilia ori potencialurad eleq-

tronodonoruli atomi — karbonilis jgufis Jangbadatomi da azotis atomi, 

ris gamoc isini gvevlinebian, rogorc bidentaturi ligandebi da d-me-

talebTan warmoqmnian koordinaciul naerTebs xuTwevriani ciklis saxiT. 

literaturidan [1-5] cnobilia, rom adamantanis zogierTi azotSemcve-

li warmoebuli, kerZod, 4-(1-adamantil)anilini, adamantanis rigis aminomJav-

ebis nawarmebi, adamantan-1-karbonmJavis hidrazidi xasiaTdebian farTo speq-

tris farmakologiuri aqtiurobiT, maT Soris iCenen cofis virusis da adami-

anis imunodeficituri virusis damTrgunvel moqmedebas. amave dros saqar-

TveloSi intensiurad viTardeba karbonmJavaTa hidrazidebis da hidrazon-

ebis bazaze miRebuli koordinaciuli naerTebis gamokvleva, romlebic 

gamosaval organul ligandebTan SedarebiT xasiaTdebian maRali specifi-

kuri biologiuri aqtiurobiT [6-9]. 

zemoaRniSnulidan gamomdinare, perspeqtiulad miviCnieT adamantan-1-
karbonmJavis hidrazidis da acetonis 1-adamantoil hidrazonis, rogorc 
organuli ligandebis da zogierTi  d-metalis marilebis bazaze axali koor-
dinaciuli naerTebis miznobrivi sinTezi rogorc Teoriuli, ise praqti-
kuli gamoyenebis TvalsazrisiT. eleqtronodonoruli da farmakoforuli 
adamantanis radikalis gavlenis Sefaseba miRebuli koordinaciuli naer-
Tebis reaqciisunarianobasa da specifikur biologiur aqtiurobaze.  

Cvens amocanas warmoadgenda adamantan-1-karbonmJavas hidrazidisa da 
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acetonis 1-adamantoil hidrazonis bazaze zogierTi d-metalis koordina-
ciuli naerTebis sinTezis meTodebis damuSaveba. 

kobaltis (II), nikelis (II), spilenZis (II) da kadmiumis (II) zogierTi marilis 

koordinaciul naerTTa sinTezi ganvaxorcieleT or etapad:  

1. organuli ligandis sinTezi:  

adamantan-1-karbonmJavis hidrazidi miRebul iqna adamantan-1-karbon-

mJavis eTerifikaciiT koncentrirebuli gogirdmJavas Tanaobisas da miRebu-

li adamantan-1-karbonmJavis eTilis eTeris hidrazinoliziT dieTilengli-

kolis areSi: 
 

-H2O
H2SO4COOH C2H5OH

H2N-NH2
 . H2O

C

+ COOC2H5

NH2NH

O

DEG

 
 

sqema 1 
 

2. organul ligandTan d-metalTa marilebis urTierTqmedeba: 
a) adamantan-1-karbonmJavis hidrazidisa (L) da d-metalebis marilebis 

(MXn) urTierTqmedebas vatarebdiT eTanol-wyalxsnarSi wylian abazanaze 5-
6 saaTis ganmavlobaSi, duRilis pirobebSi (moluri Tanafardoba MXn: L — 1:1 
da 1:3): 

 
 

eTanol-wyalxsnari

t, 4-5sTC

O

NHNH2
MXn + 3 M

m

Xn 
.  k H2ONHNH2C

O

 
sadac, M = Cu, Cd, Co, Ni; X = Cl–, SO4

2–, NO3–, CH3COO– ;  
n = 1, 2; m = 2, 3; k = 0, 1, 2. 

sqema 2 
 

b) adamantan-1-karbonmJavis hidrazidisa (L) da d-metalebis marilebis 
(MXn) urTierTqmedebas vatarebdiT aceton-wyalxsnarSi wylian abazanaze 5-6 
saaTis ganmavlobaSi, duRilis pirobebSi (moluri Tanafardoba MXn: L — 1:3): 

 

C

O

NHNH2
MXn+ 3 M

m

Xn 
.  k H2ONHNC(CH3)2C

O
aceton-wyalxsnari

t, 4-5sT

 
sadac, M = Co, Ni; X = Cl–, SO4

2–, NO3– ;  n = 1, 2; m = 2, k = 0, 1, 2. 
 

 

sqema 3 
 

dasinTezebuli koordinaciuli naerTebi warmoadgenen sxvadasxva feris 
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wvrilkristalur nivTierebebs. miRebuli naerTebis agebuleba dadgenil 
iqna elementuri analizis, infrawiTeli speqtroskopiuli da Termogravi-
metriuli analizis meTodebiT. miRebul koordinaciul naerTebSi 
gansazRvrulia aseve moluri eleqtrogamtaroba. 

infrawiTeli speqtrebi gadaRebulia xelsawyoze Specord IR-75, vazelinis 
zeTSi da heqsaqlorbuTadienSi, speqtrofotometrze FT-IR “THERMO NICO-
LET”, KBr-is monokristalsa da Ge-is firfitebSi da Spectrum BX FT-IR Perkin 
Elmer (400-4000sm-1) — vazelinis zeTSi. metalis Semcveloba gansazRvrulia 
atomur-absorbciul speqtrofotometrze PerkinElmer 603.  

CavatareT sawyisi ligandebis eleqtronuli struqturisa da kompleqs-
warmoqmnis unaris kvleva naxevradempiriuli kvantur-qimiuri meTodiT AM1 
(Austin Model 1) [CS MOPAC-is (Chem 3D Ultra-version 8.03) saSualebiT] [10, 11]. 
ganvsazRvreT maTi energetikuli da geometriuli maxasiaTeblebi, atomebze 
efeqturi muxtebi da eleqtronuli dasaxleba atomur orbitalebze 
(eleqtronuli simkvrive). 

 
 

naxazi 1. adamantan-1-karbonmJavas hidrazidis 3D modeli 
 

adamantan-1-karbonmJavas hidrazidis molekulaSi (nax.1) atomTaSorisi 
manZilebis sidideTa (cxrili1) analizi gviCvenebs, rom C-C bmis sigrZis mniS-
vnelobebi (Rij) adamantanis birTvSi (C10H15•) Zevs 1.522_1.542 Å-is farglebSi, 
rac miuTiTebs naxSirbadis atomebis (C1-C10) sp3 hibridizebul mdgomareo-
baze. rac Seexeba naxSirbadis C11 atoms, mezobel atomebTan bmis sigrZeebi da 
savalento kuTxeebi (∠C1-C11-O12 = 121.1º, ∠C1-C11-N13 = 123.6º da ∠O12-C11-N13 = 
115.3º) miuTiTebs mis ZiriTadad sp2 hibridizebul mdgomareobaze. Jangbadis 
atomi O12, rogorc misi savalento kuTxeebis mniSvnelobebi gviCvenebs, imyo-
feba sp2 hibridizebul mdgomareobaSi. azotis atomebi savalento kuTxeebis 
mniSvnelobebis (∠C11-N13-N14 = 131.6º, ∠C11-N13-H30 = 116.1º, ∠N14-N13-H30 = 112.3º 
da ∠N13-N14-H31= = 110.4º, ∠N13-N14-H32 = 110.0º, ∠H31-N14-H32 = 106.8º) mixedviT 
imyofebian sp2 (N13) da sp3 (N14) hibridizebul mdgomareobaSi. 

atomebze fardobiTi muxtebis sidideTa (cxrili 2) analizi gviCvenebs, 
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rom potencialurad eleqtronodonorul atomebs warmoadgenen O12 (q12 = -
0.3643), N13 (q13 = -0.3492) da N14 (q14 = -0.1787). atomTa orbitalebis eleqtronuli 

dasaxleba (cxrili 3) gviCvenebs, rom Jangbadis atomis erT-erTi eleqtro-

nuli wyvili imyofeba 2s orbitalze (eleqtronuli dasaxleba 1.91695-ia) da 

mas SeuZlia metalis atomTan σ-bmis warmoqmna donorul-aqceptoruli meqa-

nizmiT. miuxedavad N13 atomis ufro maRali uaryofiTi fardobiTi muxtisa, 

vidre aqvs N14 atoms, mas ar SeuZlia metalis atomTan σ-bmis warmoqmna 

donorul-aqceptoruli meqanizmiT, radganac eleqtronuli wyvili imyofeba 

hibridizaciis gareSe darCenil 2Pz orbitalze (eleqtronuli dasaxleba 

1.76977-ia). rac Seexeba N14 atoms, eleqtronuli wyvili imyofeba erT-erT 

hibridul sp3 orbitalze, romelzec eleqtronuli dasaxleba 1.62247-ia da 

amgvarad, midrekilia warmoqmnas metalis atomTan σ-bma donorul-

aqceptoruli meqanizmiT.  
 

cxrili 1.  
atomTaSorisi manZilebi (Rij) 

atomebi, ij Rij, Å atomebi, ij Rij, Å atomebi, ij Rij, Å 
C1-C2 1.542    C4-H19 1.120 C9-C10 1.526 
C1-C6 1.532 C5-C6 1.526 C9-H27 1.120 
C1-C7 1.530 C5-C9 1.525 C9-H28 1.120 
C1-C11 1.527 C5-H20 1.123 C10-H29 1.123 
C2-C3 1.522 C6-H21 1.118 C11-O12 1.248 
C2-H15 1.121 C6-H22 1.121 C11-N13 1.392 
C2-H16 1.120 C7-C10 1.527 N13-N14 1.349 
C3-C4 1.525 C7-H23 1.118 N13-H30 1.005 
C3-C8 1.525 C7-H24 1.120 N14-H31 1.014 
C3-H17 1.123 C8-C10 1.524 N14-H32 1.016 
C4-C5 1.524 C8-H25 1.120   
C4-H18 1.120 C8-H26 1.120   

 

 
cxrili 2.  

atomTa fardobiTi muxti (qi) da eleqtronuli simkvrive [qi(d)] 

 

atomi, i 
fardobiTi 

muxti, qi 

eleqtronuli 
simkvrive, qi(d) atomi, i 

fardobiTi 
muxti, qi 

eleqtronuli 
simkvrive, qi(d) 

C1 -0.0586 4.0586 H17 0.0958 0.9042 
C2 -0.1378 4.1378 H18 0.0854 0.9146 
C3 -0.1039 4.1039 H19 0.0831 0.9169 
C4 -0.1502 4.1502 H20 0.0927 0.9073 
C5 -0.1012 4.1012 H21 0.0730 0.9270 
C6 -0.1426 4.1426 H22 0.0972 0.9028 
C7 -0.1432 4.1432 H23 0.0687 0.9313 
C8 -0.1503 4.1503 H24 0.0949 0.9051 
C9 -0.1515 4.1515 H25 0.0847 0.9153 
C10 -0.1010 4.1010 H26 0.0834 0.9166 
C11 0.2876 3.7124 H27 0.0863 0.9137 
O12 -0.3643 6.3643 H28 0.0774 0.9226 
N13 -0.3492 5.3492 H29 0.0919 0.9081 
N14 -0.1787 5.1787 H30 0.2578 0.7422 
H15 0.1037 0.8963 H31 0.1376 0.8624 
H16 0.0985 0.9015 H32 0.1326 0.8674 
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cxrili 3.  
atomTa orbitalebis eleqtronuli dasaxleba 

 

atomi 2s 2px 2py 2pz atomi 1s 
C1 1.21010    0.98773    0.89404    0.96671    H15 0.89632    
C2 1.22452    0.90642    0.95956    1.04732 H16 0.90155    
C3 1.21162    0.99956    0.94692    0.94576    H17 0.90419    
C4 1.22229    0.94337    1.00636    0.97817 H18 0.91458    
C5 1.21223    0.96027    0.94784    0.98084    H19 0.91685    
C6 1.22350    0.99516    0.95812    0.96584 H20 0.90730    
C7 1.22310    0.99273    0.96067    0.96668    H21 0.92700    
C8 1.22209    0.94313    1.00697    0.97809 H22 0.90283 
C9 1.22271    0.99956    0.98992    0.93927    H23 0.93126    
C10 1.21230    0.96058    0.94670    0.98142 H24 0.90511    
C11 1.24005    0.81379    0.91192    0.74659    H25 0.91533    
O12 1.91695    1.51656    1.46034    1.47045 H26 0.91660    
N13 1.47071    1.00026    1.10848    1.76977    H27 0.91374    
N14 1.62247    1.18049    1.29435    1.08141 H28 0.92262    

     H29 0.90808    
     H30 0.74215 
     H31 0.86235    
     H32 0.86737 
 

amgvarad, molekulaSi aris ori potencialurad eleqtronodonoruli 

atomi — O12 da N14, ris gamoc is gvevlineba, rogorc bidentaturi ligandi. 

amis gamo, mas SeuZlia d-metalebTan warmoqmnas koordinaciuli naerTebi 

xuTwevriani ciklis saxiT (sqema 4): 

 

C O

HN N

H H

M
CO

NHN

H H   
 

sqema 4 
 

rac Seexeba acetonis 1-adamantoil hidrazonis molekulas (nax. 2), azo-
tis atomebi (N13 da N14) savalento kuTxeebis mniSvnelobebis (∠C11-N13-N14 = 
125.2º, ∠C11-N13-H33 = 114.6º, ∠N14-N13-H33 = 120.2º da ∠N13-N14-C15 = 121.7º) mixedviT 
imyofebian sp2 hibridizebul mdgomareobaSi. igive mdgomareobaSia naxSirba-
dis C15 atomic (∠N14-C15-C16 = 126.8º, ∠N14-C15-C17 = 118.9º, ∠C16-C15-C17 = 114.3º), 
romelic azotis N14 atomTan qmnis ormag bmas.  

atomebze fardobiTi muxtebis sidideTa (cxrili 5) analizi gviCvenebs, 
rom potencialurad eleqtronodonorul atomebs aqac warmoadgenen O12 (q12 

= -0.3585), N13 (q13 = -0.3156) da N14 (q14 = -0.0374). atomTa orbitalebis eleqtro-
nuli dasaxleba (cxrili 6) gviCvenebs, rom Jangbadis atomis erT-erTi eleqt-
ronuli wyvili imyofeba 2s-orbitalze (eleqtronuli dasaxleba 1.91635-ia) 
da mas SeuZlia metalis atomTan σ-bmis warmoqmna donorul-aqceptoruli 
meqanizmiT. miuxedavad N13 atomis bevrad ufro maRali uaryofiTi fardobi-
Ti muxtisa, vidre aqvs N14 atoms, mas ar SeuZlia metalis atomTan σ-bmis war-
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moqmna donorul-aqceptoruli meqanizmiT, radganac eleqtronuli wyvili 
imyofeba hibridizaciis gareSe darCenil 2Pz orbitalze (eleqtronuli da-
saxleba 1.72317-ia). rac Seexeba N14 atoms, eleqtronuli wyvili imyofeba erT-
erT hibridul sp2 orbitalze, romelzec eleqtronuli dasaxleba 1.72500-ia 
da amgvarad, midrekilia warmoqmnas metalis atomTan σ-bma donorul-aqcep-
toruli meqanizmiT. 

 

 
naxazi 2. acetonis 1-adamantoil hidrazonis 3D modeli 

 
 

cxrili 4.  
atomTaSorisi manZilebi (Rij) 

 

atomebi, ij Rij, Å atomebi, ij Rij, Å atomebi, ij Rij, Å 
C1-C2 1.541 C5-C9 1.525 C11-O12 1.246 
C1-C6 1.531 C5-H23 1.123 C11-N13 1.407 
C1-C7 1.531 C6-H24 1.118 N13-N14 1.327 
C1-C11 1.523 C6-H25 1.120 N13-H33 1.009 
C2-C3 1.522 C7-C10 1.527 N14-C15 1.312 
C2-H18 1.120 C7-H26 1.118 C15-C16 1.496 
C2-H19 1.120 C7-H27 1.120 C15-C17 1.498 
C3-C4 1.525 C8-C10 1.524 C16-H34 1.119 
C3-C8 1.525 C8-H28 1.120 C16-H35 1.119 
C3-H20 1.123 C8-H29 1.120 C16-H36 1.117 
C4-C5 1.524 C9-C10 1.525 C17-H37 1.118 
C4-H21 1.120 C9-H30 1.120 C17-H38 1.117 
C4-H22 1.120 C9-H31 1.120 C17-H39 1.118 
C5-C6 1.526 C10-H32 1.123   
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cxrili 5.  
atomTa fardobiTi muxti (qi) da eleqtronuli simkvrive [qi(d)] 

 

atomi, i 
fardobiTi 

muxti, qi 

eleqtronuli 
simkvrive, qi(d) atomi, i 

fardobiTi 
muxti, qi 

eleqtronuli 
simkvrive, qi(d) 

C1 -0.0347 4.0347 H21 0.0820 0.9180 
C2 -0.1433 4.1433 H22 0.0807 0.9193 
C3 -0.1015 4.1015 H23 0.0896 0.9104 
C4 -0.1507 4.1507 H24 0.1032 0.8968 
C5 -0.1004 4.1004 H25 0.0853 0.9147 
C6 -0.1433 4.1433 H26 0.1040 0.8960 
C7 -0.1432 4.1432 H27 0.0851 0.9149 
C8 -0.1508 4.1508 H28 0.0820 0.9180 
C9 -0.1494 4.1494 H29 0.0807 0.9193 
C10 -0.1005 4.1005 H30 0.0803 0.9197 
C11 0.3351 3.6649 H31 0.0830 0.9170 
O12 -0.3585 6.3585 H32 0.0896 0.9104 
N13 -0.3156 5.3156 H33 0.2186 0.7814 
N14 -0.0374 5.0374 H34 0.0904 0.9096 
C15 -0.1200 4.1200 H35 0.0885 0.9115 
C16 -0.2142 4.2142 H36 0.0937 0.9063 
C17 -0.1637 4.1637 H37 0.0870 0.9130 
H18 0.0968 0.9032 H38 0.0966 0.9034 
H19 0.0961 0.9039 H39 0.0869 0.9131 
H20 0.0917 0.9083    

 
cxrili 6.  

atomTa orbitalebis eleqtronuli dasaxleba 

atomi 2s 2px 2py 2pz atomi 1s 
C1 1.20663 0.96887 0.87905 0.98018 H18 0.90322 
C2 1.22522 0.91596 0.96096 1.04119 H19 0.90395 
C3 1.21139 0.99621 0.94586 0.94803 H20 0.90827 
C4 1.22233 0.94905 1.00375 0.97557 H21 0.91799 
C5 1.21212 0.95425 0.95379 0.98021 H22 0.91927 
C6 1.22342 1.01916 0.94786 0.95284 H23 0.91036 
C7 1.22335 1.02020 0.94739 0.95225 H24 0.89684 
C8 1.22230 0.94927 1.00381 0.97537 H25 0.91468 
C9 1.22248 1.00374 0.98441 0.93876 H26 0.89595 
C10 1.21216 0.95409 0.95404 0.98024 H27 0.91485 
C11 1.23915 0.78488 0.91827 0.72259 H28 0.91801 
O12 1.91635 1.53322 1.44607 1.46283 H29 0.91929 
N13 1.47861 1.03813 1.07567 1.72317 H30 0.91974 
N14 1.72500 0.94356 1.24480 1.12405 H31 0.91705 
C15 1.24336 0.91225 0.94865 1.01575 H32 0.91041 
C16 1.22073 1.03064 0.93838 1.02441 H33 0.78138 
C17 1.21622 0.94667 0.98301 1.01778 H34 0.90958 

     H35 0.91149 
     H36 0.90630 
     H37 0.91295 
     H38 0.90336 
     H39 0.91307 
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amgvarad, molekulaSi aris ori potencialurad eleqtronodono-

ruli atomi — O12 da N14, ris gamoc is gvevlineba rogorc bidentaturi 

ligandi. amis gamo mas SeuZlia d-metalebTan warmoqmnas koordinaciuli 

naerTebi xuTwevriani ciklis saxiT (sqema 5): 
 

CO

NHN

C O

HN N

CH3

M

CH3

C

CH3 CH3

C

 
 

 

sqema 5 
 

gamoTvlebis Sedegebi Seesabameba miRebuli naerTebis infrawiTeli 

speqtrebis monacemebs (naxazi 3, 4).  

 marTlac, dasinTezebuli kompleqsebis da adamantan-1-karbonmJavis hid-

razidis STanTqmis infrawiTeli speqtrebis analizma gviCvena, rom organuli 

ligandis molekula metalebis centralur atomebTan koordinirebulia 

karbonilis jgufis Jangbadatomisa da NH2-jgufis azotis atomis meSveobiT 

ciklur-bidentaturad. kerZod, kompleqsnaerTTa speqtrebSi karbonilis 

jgufis savalento rxevis Sesabamisi STanTqmis zolis Semcireba [Δν (C=O) ≈ 30-
40 sm-1] Tavisufal ligandTan SedarebiT miuTiTebs, rom organuli ligandi 

metalis atomTan koordinirebulia karbonilis Jangbadatomis meSveobiT 

M←C=O. meore mxriv, NH2 jgufis Sesabamisi STanTqmis zolebi [Δν(NH2)≈120-200 
sm-1] arakoordinirebul ligandTan SedarebiT gadaweulia grZeltalRian 

ubanSi, rac damaxasiaTebelia NH2→M bmis valenturi rxevebisaTvis. 

naerTebis ML2(NO3)2 · kH2O (k = 1, 2) iw speqtrebSi ~1380-1538 sm-1 ubanSi 

SeimCneva νe(NO3
_) jgufisaTvis damaxasiaTebeli intensiuri, or komponentad 

gaxleCili STanTqmis zoli, rac saSualebas gvaZlevs vivaraudoT, rom NO3
-
 

jgufi uSualod aris dakavSirebuli metalebis centralur atomebTan da 

Sesabamis kompleqsebs aqvT oqtaedruli aRnagoba.  
naerTebis MLmSO4 · H2O (m = 2, 3) iw speqtrebSi ~1080-1110 sm-1 ubanSi SeimC-

neva νe(SO4
2_) jgufisaTvis damaxasiaTebeli intensiuri, singleturi STanTq-

mis zoli. metalis centraluri atomis koordinaciuli ricxvi kompleqsebSi 
MLmSO4 · H2O (M = Co, Ni) aris 6. Sesabamisad SO4

2- jgufebi am kompleqsebSi Siga 

sferul jgufebs warmoadgenen. CdL2SO4 · H2O-Si SO4
2--is Sesabamisi STanTqmis 

zoli Zlierad aris gaxleCili ramdenime komponentad, rac saSualebas 

gvaZlevs davaskvnaT, rom SO4
2--jgufebi am kompleqsebSi pirdapir ukavSir-

debian kadmiumis centralur atoms. 
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naxazi 3. koordinaciuli naerTis Ni(AdCONHNH2)2(NO3)2 · 2H2O iw speqtri 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

naxazi 4. koordinaciuli naerTis Co[AdCONHNC(CH3)2]2Cl2 · 2H2O iw speqtri 
 

 

naerTebis ML2Cl2·kH2O (k = 1, 2) iw speqtrebSi ~1070-1130 sm-1 ubanSi SeimC-
neva νe(Cl-) jgufisaTvis damaxasiaTebeli intensiuri STanTqmis zoli. 

naerTebis ML2(CH3COO)2·H2O iw speqtrebSi SeimCneva CH3COO¯ jgufisa-

Tvis damaxasiaTebeli intensiuri STanTqmis zolebi: νe(COO-) ≈ ~1410-1450 sm-1, 
νe(CH3) ≈ ~1235-1335 sm-1, νe(C-C) ≈ ~900-960 sm-1. 
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cxrili 7.  
adamantanSemcveli hidrazid-hidrazonuli ligandebisa da d-metalebis bazaze 

miRebuli koordinaciuli naerTebis  fizikur-qimiuri maxasiaTeblebi 
 

 
*) iSleba;  LI = AdCONHNH2; LII = AdCONHNC(CH3)2 
**) λM gansazRvrulia dmf xsnarSi 250C, 0.001M, S sm2moli-1 

 
miRebuli koordinaciuli xsnarebis moluri eleqtrogamtaroba 

dimeTilformamidSi icvleba 64-87 S sm2moli-1
 sazRvrebSi, rac Seesabameba 1:1 

tipis eleqtrolits [12].  

kvlevis Sedegad dasinTezebulia zogierTi d-metalis axali koordina-
ciuli naerTebi adamantan-1-karbonmJavas hidrazidis da acetonis 1-adaman-
toil hidrazonis bazaze. aRniSnuli sistemebi Zlieri farmakoforuli jgu-
febis Semcvelobis gamo warmoadgenen saintereso da perspeqtiul obieqtebs 
axali farTo speqtris mqone bioaqtiuri saSualebebis ZiebisaTvis. 
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nivTiereba 
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**

napovnia gamo-
Tvlilia 

1 CoLI
2Cl2 · 2H2O vardisferi >260 84.4 87,6 10,04 10,63 

2 NiLI
2Cl2 · 2H2O cisferi >260 87.2 75,3 10.12 10,65 

3 CdLI
2Cl2 · 2H2O TeTri >230 84.6 68,4 17,93 18,40 

4 CuLI
2Cl2 momwvano >260* 76.2 82,3 11,78 12,24 

5 CoLI
2SO4·H2O vardisferi >260 83.2 85,2 10,00 10,41 

6 NiLI
3SO4·H2O cisferi >230* 64.6 69,3 7,38 7,70 

7 CdLI
2SO4·H2O TeTri >300 78.4 73,5 17,87 18,24 

8 CoLI
2(NO3)2·2H2O vardisferi >300 96.2 76,6 9,18 9,71 

9 NiLI
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QUANTUM-CHEMICAL INVESTIGATION OF HYDRAZIDE  
OF ADAMANTANE-1-CARBONIC ACID AND 1-ADAMANTOYL HYDRAZONE  

OF ACETONE AS LIGANDS OF COORDINATION COMPOUNDS OF d-METALS 

N. Lekishvili1, Z. Pachulia1, Kh. Barbakadze1, Q. Giorgadze1, G. Tsintsadze2 
1Ivane Javakhishvili Tbilisi State University 

2Georgian Technical University 

Summary 

The target synthesis hydrazide of adamantane-1-carbonic acid and 1-adamantoyl hydrazone 
of acetone, as new coordination compounds on the basis of organic ligands and some d-metal 
salts has been carried out. By using model systems and semi-empirical quantum-chemical 
AM1method, energetical and geometrical parameters, effective charges and electronic density in 
adamantane containing hydrazide and hydrazone molecules have been calculated. Two potential 
electron donor atoms − oxygen atom of carbonyl group and nitrogen atom − have been exhibited, 
therefore, they are bidentate ligands and create coordination compounds with d-metals in the 
form of five-member cycle. 



iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis Sromebi 
Proceedings of Iv. Javakhishvili Tbilisi State University 

363, 2010 
 

 44 

iv. javaxiSvilis saxelobis Tbilisis 
saxelmwifo universitetis Sromebi 

Proceedings of Ivane Javakhishvili 
Tbilisi State University 

363, 2010 

analizuri qimia da garemos qimia 
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  g. Caxaia, r. diakoniZe, T. supataSvili,1 f. lorTqifaniZe, n. labartyava1 
   iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

         saqarTvelos wyalTa meurneobis instituti 
 

statiaSi ganxilulia saqarTvelos teritoriaze `trasekas~ sa-
transporto derefnebis ekologiuri mdgomareobis Sefaseba wifa-
xaragaulis monakveTze. 

am mizniT zemoaRniSnuli monakveTis sarkinigzo magistralze, 
md. Cxerimelas wyalSemkreb auzSi, Catarebuli iqna savele samu-
Saoebi, aRebuli iqna wylisa da niadagis sinjebi maTi Semdgomi la-
boratoriuli gamokvlevisaTvis. 

statiaSi mocemulia Catarebuli savele da laboratoriuli 
kvlevebis analizi da sakvlevi regionis ekologiuri mdgomareob-
is Sefaseba. warmodgenilia Sesabamisi rekomendaciebi sakvlevi te-
ritoriis ekologiuri stabilurobis SesanarCuneblad. 

 
 

saqarTvelos teritoriaze gamavali satransporto derefnebis ekolo-

giuri koniunqturis Sefasebis mizniT, erovnuli samecniero fondis mier ga-

mocxadebul konkursSi gamarjvebuli sagranto proeqtis: `trasekas dere-

fanSi mTis ferdobis mdgradobis Sefaseba da uzrunvelyofis RonisZiebebi~1 

farglebSi, transkavkasiuri sarkinigzo magistralis wifa-xaragaulis mona-

kveTze, mdinare Cxerimelas xeobaSi, ganxorcielebuli iqna savele da labo-

ratoriuli kvleviTi samuSaoebi.  

rogorc cnobilia, zemoT aRniSnul regionSi gadis transkavkasiuri saav-

tomobilo da sarkinigzo magistralebi, romliTac aziis, maT Soris, samxreT 

kavkasiis qveynebi Savi zRvis sanapiro qalaqebisa da TurqeTis saxelmwifos 

                                                 
1 aRniSnuli proeqti ganxorcielda saqarTvelos erovnuli samecniero fondis finansuri 

xelSewyobiT (granti GNSF/ST07/8-275). winamdebare publikaciaSi gamoTqmuli nebismieri 
azri ekuTnis avtors da SesaZloa ar asaxavdes saqarTvelos erovnuli samecniero fond-
is Sexedulebebs. 
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gavliT dasavleT evropis qveynebs ukavSirdeba. 

aRsaniSnavia, rom ragind maqsimaluradac ar unda iyos daculi usa-

frTxoebis zomebi, tvirTebis gadazidvisa da mgzavrTa gadaadgilebis (gada-

yvanis) dros ekologiuri riskebis albaToba mainc arsebobs, rac adgilobri-

vi garemos dabinZurebis sawindaria. es problemebi SeiZleba gamowveuli iyos 

navTobsadenebis dazianebiT, an navTobproduqtebisa da sxva Sxamqimikatebis 

transportirebis (gadazidvis) Sedegad. yovelive zemoaRniSnulis gamo, mu-

dam arsebobs garemos dabinZurebisa da ekologiuri problemebis warmoSobis 

safrTxe, risTvisac saWiroa windawin viyoT informirebuli da droulad 

SevZloT mosalodneli ekologiuri problemebis Tavidan acileba, an am 

problemebiT gamowveuli negatiuri Sedegebis Serbileba. 

ekologiur problemebs Soris erT-erTi  umniSvnelovanesia wylisa da ni-

adag-gruntebis xarisxis SenarCuneba, miTumetes, iseTi mcire miwiani qvey-

nisTvis, rogoric saqarTveloa. swored wylis nakadis moZraobis Sedegad 

xdeba dabinZurebuli adgilebis gadarecxva, misi transportireba da bu-

nebriv garemoSi gavrceleba. 

rogorc cnobili rusi mecnieri, akademikosi vernadski aRniSnavda, Cveni 

planetis arsebobis istoriaSi wyali iTvleba aucilebel da ZiriTad kompo-

nentad. ar arsebobs bunebrivi sxeuli, romelsac iseTi mniSvneloba eqneboda 

yvelaze grandiozuli geologiuri procesebis formirebaSi, rogorc es bu-

nebriv wyals aqvs. ar arsebobs dedamiwaze nivTiereba-minerali, Tu cocxali 

sxeuli, romelic wyals ar Seicavs [5]. cnobilia, rom wylisa da niadagebis 

resusrebis, maTi xarisxisa da ekologiuri usafrTxoebis SenarCunebas udi-

desi zogadsakacobrio mniSvneloba aqvs. ra Tqma unda, gamonakliss arc sa-

qarTvelo warmoadgens. misi teritoria mniSvnelovnadaa gadatvirTuli, ro-

gorc transkavkasiuri energoresursebis  gamtari derefnebiT, ise trasekas 

saavtomobilo da sarkinigzo magistralebiT. aqedan gamomdinare, es regioni 

ekologiuri problemebis warmoqmnis riskis zonaSi mdebareobs. erT-erTi 

aseTi rTuli monakveTia wifa-xaragaulis trasekas sarkinigzo magistrali 

mdinare Cxerimelas xeobaSi. imis gamo, rom regionis ekologiuri problemeb-

is SefasebaSi, rogorc zemoTaa aRniSnuli, erT-erTi ZiriTadi piroba wylis 

resursebisa da niadag-gruntebis xarisxis dacvaa, Cveni kvlevis mizans 

zemoaRniSnul sarkinigzo monakveTze, swored am maxasiaTeblebis Seswavla 

da Sefaseba warmoadgens, rac saSualebas mogvcems miRebuli Sedegebi gan-

vazogadoT da miaxloebiT SevafasoT mTlianad trasekas derefnis sa-
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qarTvelos monakveTis ekologiuri mdgomareoba. 

 wylis nakadebis (mdinare, wyalsadinari, droebiTi xevi da sxva) mier 

transportirebuli (gamotanili) xsnadi qimiuri nivTierebebis Seswavla gar-

kveul warmodgenas iZleva garemoze misi zemoqmedebis SesaZleblobaze [3]. Ca-

dinebuli xsnadi nivTierebebis Sesawavlas aqvs rogorc samecniero, ise praq-

tikuli mniSvneloba mravali ekologiuri problemis gadaWris saqmeSi, ag-

reTve, niadagis eroziis winaaRmdeg mimarTuli sxvadasxva RonisZiebis gan-

xorcielebaSi [2]. 

     saqarTvelos teritoriaze zedapiruli wylebis qimiuri Semadgenlobis 

Seswavla 1938 wels saqarTvelos hidrometsamsaxuris mier stacionaluri da-

kvirvebebiT daiwyo  da man saqarTvelos teritoriis garkveuli nawili moi-

cva. ZiriTadad, dakvirvebebi mimdinareobda saSualo da didi wyalSemkrebi 

farTobebis mqone mdinareebze. am mxriv yuradRebas imsaxurebs Sromebi [1; 4; 

7; 8; 9], sadac mocemulia saqarTvelos mravali mdinaris hidroqimiuri maCve-

neblebi. samwuxarod, am SromebSi zemoaRniSnuli sakvlevi monakveTisaTvis 

aseTi saxis dakvirvebebi ar Sesrulebula da, amis gamo, zedapiruli wylebis, 

xarisxze masalebi ar arsebobs. arsebuli deficitis Sesavsebad, sakvlevi re-

gionis, wifa-xaragaulis  rkinigzis monakveTis gaswriv, md. Cxerimelas ramde-

nime Senakadis wyalSemkreb auzSi movaxdineT wylisa da niadag-gruntebis sin-

jebis aReba, Semdgomi laboratoriuli gamokvlevebisaTvis da maTi fizikuri 

da qimiuri maxasiaTlebebis dadgenisaTvis. sul SerCeuli iqna 5 mdinare: (to-

zilaswyali, blixevi, siliRele, barnaliswyali da gorneba) laboratoriuli 

kvlevebi ganxorcielda wyalTa meurneobis institutis da iv. javaxiSvilis 

saxelobis Tbilisis saxelmwifo universitetis laboratoriebSi. kvlevis Se-

degebi mocemulia cxr. 1;2. aqve gvinda aRvniSnoT isic, rom erTjeradi sinj-

ebis aRebiT SeuZlebelia zemoaRniSnuli regionis wylisa da niadag-grunteb-

is qimiuri Sedgenilobis dadgena da Sefaseba, magram miRebuli Sedegebi, sa-

qarTvelos mdinareebis sxva arsebul monacemebTan Sedarebis safuZvelze, 

saSualebas mogvcems garkveuli (zogadi) warmodgena viqonioT xsenebuli re-

gionis wylisa da niadag-gruntebis ekoqimiur Semadgenlobaze. 

rogorc cxr. 1-dan Cans, sakvlevi teritoriis mdinareebi mcired minera-

lizebulia da kalciumis jgufis meore tipis wylebs ganekuTvneba. dabali 

mineralizaciis gamo, mdinareebis wylebs sakmaod dabali sixiste gaaCnia, pH 

normis farglebSia. 

zedapirul wylebSi biogenuri nivTierebebi yvelaze variabelur kompo-
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nentebs ganekuTvneba. wylis qimiuri Sedgenilobis ganmsazRvrel mravalri-

cxovan faqtorebs emateba mZlavri, swrafad mimdinare biologiuri da bioqi-

miuri faqtorebi, romlebic ganapirobeben biogenuri nivTierebebis Semcve-

lobasa da reJims.  

Cveni kvlevis obieqtebSi, biogenuri nivTierebebidan, umniSvnelo raode-

nobiT aRiniSneba amoniumis ionis arseboba (0,4 mg/l). sxva araorganuli for-

mebi ar aris aRmoCenili. 

aseve, dabalia Jangvadobis maCvenebeli md. tozilaswyalis xevisa da bli-

xevis wylebSi, rac saerTod damaxasiaTebelia saqarTvelos zedapiruli 

wylebisaTvis. gaxsnili organuli nivTierebebis deficiti aixsneba saqarTve-

los niadagebSi organuli naxSirbadis mcire maragiT. 

drois xangrZliv monakveTSi bunebrivi da anTropogenuli faqtorebis 

cvalebadobis saerTo tendenciebi (zedapirul CamonadenSi myinvaris 

wylebis wilis Semcireba, regionis urbanizacia, teqnogenizacia, soflis me-

urneobis qimizacia da sxva) aisaxeba zedapirul wylebSi mTavari ionebis Sem-

cvelobaze. amitom, sakmao interess warmoadgens maTi Semcvelobis Sidawli-

uri cvalebadoba, rac Cveni Semdgomi kvlevis amocanas warmoadgens. 

marilovani Sedgenilobis mixedviT, anionebSi Warbobs karbonationi 

(87%), kationebSi ki —kalciumi (57%).  

wylis xarisxisa da misi vargisianobis Sesafaseblad gamoyenebul iqna 

ekonomikuri urTierTdaxmarebis sabWos (СЕВ) rekomendaciebi [6]. rogorc mi-

Rebuli Sedegebis analizma aCvena (cxr. 1, 2), sakvlevi regionis mdinareebis 

wylis xarisxi СЕВ-is rekomendaciebis mixedviT, pirveli klasis wylebs mie-

kuTvneba. Tumca, aucileblad gasaTvaliswinebelia is, rom laboratoriuli 

kvlevebi Catarebulia mxolod da mxolod erTjeradi sinjebis safuZvelze, 

amitomac es Sefaseba, ra Tqma unda, miaxloebiTia. sakvlevi mdinareebis 

wylebi mxolod zogierT SemTxvevaSi aris dabinZurebuli biogenuri naerT-

ebiT, kerZod, amoniumis azotiTa (NH4
+) da nitritiT (NO2

-). es maCveneblebi 

aWarbebs sasurvels da TiTqmis miaxloebulia zRvrul dasaSveb sididesTan. 
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cxrili 1.  

mdinareebis wylis qimiuri analizis Sedegebi 

 

 

 

 

cxrili 2.  

niadag-gruntebis qimiuri analizis Sedegebi 

 

 
 

sakvlevi regionis niadag-gruntebis qimiuri maxasiaTeblebis dasadgen-

ad, Seswavlili iqna mdinareebis — tozilaswylis da blixevis xeoba. nimuSebi 

aRebulia uSualod mdinaris siaxloves, amitomac masSi maRalia qviSis fraq-

ciis Semadgeneli wili. aRebul sinjebSi gansazRvrul iqna makro kompo-

nentebi (karbonatebi, sulfatebi, qloridebi, natriumi, kaliumi, kalciumi, 

magniumi), higroskopiuli wyali, nitratebi, fosfatebi, humusi, TabaSiri, 

agreTve, mJavianoba. cxr. 2. 

mJavianobis maCvenebeli ganvsazRvreT rogorc wyliT, aseve mariliT, 
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kerZod, kaliumis qloridiT. es ukanaskneli (gacvliTi mJavianoba) gviCvenebs 

met mJavianobas da amitom pH ufro dabalia, vidre wyliT gamonawurSi. Cvens 

nimuSebSi pH (wyliT) 6,05-s udris, xolo mariliT gamonawurSi 4,90-5,15. 

saerTod, niadagis fizikur-qimiuri da biologiuri TvisebebisaTvis yve-

laze xelsayrelia neitraluri da odnav tute reaqcia. 

humuss didi mniSvneloba aqvs mcenaris zrda-ganviTarebisaTvis, radga-

nac is didi raodenobiT Seicavs mcenareebisaTvis saWiro sakveb nivTierebas. 

maTgan, pirvel rigSi, aRsaniSnavia azoti, Semdeg fosfori da gogirdi. azoti 

masSi warmodgenilia sxvadasxva cilovani nivTierebebis saxiT. es nivTiereba 

mikroorganizmebis moqmedebiT iSleba da azoti gadadis mcenarisaTvis Sesa-

Tvisebel formebSi. aseve Tavisufldeba humusidan gogirdmJava da fosfor-

mJava marilebi. humusis maqsimaluri Semcveloba zeda fenaSi aRwevs 10-12%-s 

(Savmiwa niadagebSi). Cvens sinjebSi humusis Semcveloba mcirea, gansakuTre-

biT, tozilaswylisa (0,66%) da blixevis xeobis (0,68%) sinjebSi. 

sakvlevi mdinareebis xeobis niadag-gruntebis sinjebi Raribia fosfat-

ebiT. gansakuTrebiT blixevisa da tozilaswylis xeobis gruntebi (0,0003-

0,0004 g/100g). aseve mcirea P2O5-is Semcvelobac. 

saerTo azoti organuli azotisa da mineraluri azotis jamisagan Sedge-

ba. organuli azoti humusis Semadgenel nawils warmoadgens da mis Semcvelo-

bazea damokidebuli. rac metia humusi, miT metia organuli azotis Semcve-

loba. igi humusis 6-8 %-s Seadgens. niadagSi aris mineraluri azotic-amonia-

kis da nitratebis saxiT, magram am azotis raodenoba Zalzed mcirea da saer-

To azotis 1-2%-s Seadgens. saanalizo sinjebSi nitratebis Semcveloba mci-

rea (0,0016-0,0038 g/100g). humusis Semcvelobis gaTvaliswinebiT, (0,66-1,63%) 

saanalizo niadagebSi organuli azotis Semcvelobac Zalze mcirea. amitom, 

es niadagebi azotiT Rarib niadagebs ganekuTvneba. 

rac Seexeba niadagebis karbonatulobas, igi icvleba 0,70-2,16%-is farg-

lebSi. 

niadagis wyliT gamonawuris Sedegebi gviCvenebs, rom masSi mcirea makro-

komponentebis Semcveloba. mSrali naSTis Semcveloba icvleba 0,0307-

0,0645g/100g. 

Catarebulma kvlevebma aCvena, rom sakvlevi regionis mdinareebis wyal-

Semkrebi auzebisaTvis wylisa da niadag-gruntebis ekoqimiuri maCveneblebis 

bunebrivi (genezisuri) foni, iseve, rogorc saqarTvelos zedapiruli mtkna-

ri wylebis umetesobisa, damakmayofilebeli xarisxisaa. isini mcired minera-
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lizebulia da karbonatuli klasis kalciumis jgufis meore tipis wylebs ga-

nekuTvneba. aRniSnuli regionis mdinareTa wylis resursebi, umetes SemTxve-

vaSi, yovelgvari gadamuSavebis (anda, martivi gadamuSavebis Sedegad) gareSe 

SeiZleba gamoyenebuli iyos wyliT momaragebis sxvadasxva daniSnulebis mox-

marebisaTvis. zog SemTxvevaSi isini mxolod biogenuri naerTebiTaa mcired 

dabinZurebuli da amis mizezi anTropogenuli faqtorebia. 

aqedan gamomdinare, Tu gamovricxavT, an SevamcirebT adamianis mavne ze-

moqmedebis masStabebs bunebriv garemoze da gavatarebT garemos ekologiu-

ri problemebis sawinaaRmdego saTanado RonisZiebebs, maSin SesaZlebeli iq-

neba saqarTvelos trasekas satransporto derefnis ekologiuri usafrTxo-

ebis dacva da SenarCuneba. 

Cven mier Catarebulma kvleviTma samuSaoebma saSualeba mogvca trasekas 

satransporto derefnis ekologiuri usafrTxoebis dasacavad warmogvedgi-

na Semdegi RonisZiebebi: 

• rkinigzis moZrav Semadgenlobebze (matareblebi) aucilebelia ganxor-

cieldes vagonebSi arsebuli sveli wertilebis (tualetebis) teqnikuri 

reorganizacia (mowyoba) ise, rom SesaZlebeli iyos fekaluri narCenebis 

droebiTi utilizacia, (Senaxva) moZravi Sedgenilobis daniSnulebis punq-

tebSi Casvlamde da iq ganxorcieldes am narCenebis CaSveba gamwmend nage-

bobaSi, specialurad gamoyofil (SerCeul) adgilebze. mxolod amis Sem-

dgomaa mizanSewonili am narCenebis bunebriv garemoSi dabruneba. winaaR-

mdeg SemTxvevaSi, yovelTvis iqneba mosalodneli zemoT xsenebuli saxis 

transportidan CaSvebuli fekaluri narCenebis (maT Soris, mZime infeqci-

uri avadmyofobiT daavadebuli subieqtisagan gamoyofili) gavrcelebis 

saSiSroeba garemoSi, saidanac zedapiruli wylebis (da aramarto zedapi-

rulis) nakadebis saSualebiT ganxorcieldeba maTi transportireba mdi-

nareTa xeobaSi, rkinigzis magistralis mimdebare teritoriaze da Seiqmne-

ba safrTxe dabinZurebis kerebis did manZilebze gavrcelebisa. 

Cveni mcdeloba, internetis an arsebuli kvleviTi masalebis saSualebiT 

mogveZia analogiuri rekomendacia, (RonisZiebis gegma) uSedego 

aRmoCnda. albaT, swored aseTi rekomendaciis ararsebobaa imis mizezi, 

rom dReisaTvis, msoflios masStabiT, pirdapir bunebriv garemoSi xdeba 

fekaluri narCenebis gabneva da gavrceleba zemoaRniSnuli saxis 

satransporto saSualebebidan. aqedan gamomdinare, misasalmebelia, Tu 

zemoTxsenebuli rekomendacia danergili iqneba praqtikaSi da 
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gamoyenebuli iqneba saxmeleTo (ZiriTadad rkinigza), sahaero da sazRvao 

transportze. 

• saWiroa, trasekas rkinigzis magistralis (da aramarto rkinigzis) gaswv-

riv mdebare dasaxlebul punqtebSi mowesrigdes dazianebuli sakanaliza-

cio qseli da gamwmendi nagebobebi. sadac ar aris, gakeTdes axali. 

• mowesrigdes sayofacxovrebo tualetebi, mecxoveleobisa da frinveleb-

is sadgomebi ise, rom isini akmayofilebdnen dadgenil sanitarul nor-

mebs. 

• saxalxo meurneobis sxvadasxva daniSnulebis obieqtebidan (qarxnebi, 

fabrikebi da sxva) Camdinare wylebSi normirebuli nivTierebebis Semcve-

loba dayvanili iqnas zRvrul dasaSveb koncentraciamde. 

• trasekas satransporto derefnis mimdebared arsebul sasoflo sameur-

neo daniSnulebis savargulebze organuli da mineraluri sasuqebis Se-

tana ganxorcieldes sanitaruli normebis zusti dacviT. 

• maqsimalurad iqnas daculi teqnikuri usafrTxoebis wesebi trasekas 

satransporto derefanSi tvirTebis (gansakuTrebiT,  navTobproduqtebi-

sa da sxva mavne nivTierebebis) transportirebis dros, raTa ar moxdes 

wylisa da niadagebis dabinZureba. 

• saWiroa, satransporto derefnebSi aSendes RvarcofsawinaaRmdego da 

wylis nakadebis mimmarTveli hidroteqnikuri nagebobebi. 

• aSendes kompleqsuri saxis gamwmendi nagebobebi, specialurad gamoyo-

fil adgilebSi, fekaluri da sxva mavne nivTierebebis gadasamuSaveblad. 
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TRANSPORT CORRIDORS ON THE EXAMPLE OF 

TSIPA-KHARAGAULI SECTION OF THE TRUNK RAILWAY OF GEORGIA 
 

G. Chakhaia, R. Diakonidze, T. Supatashvili,  F. Lortkipanidze, N. Labartkava 

Ivane Javakhishvili Tbilisi State University Georgian Institute of Water Management 
 

Summary 
 

The article deals with the issue of estimation of the ecological condition of “Traseka” 
transport corridors within the territory of Georgia on the example of Tsipa-Kharagauli section. 

For this purpose, field works have been carried out on the abovementioned section of the 
trunk railway in the water intake basin of the river Chkherimela and samples of water and soils 
have been taken for further laboratory research. 

The article contains the analysis of the performed field and laboratory research and the 
estimation of the ecological condition of the region, as well as corresponding recommendations 
for the preservation of ecological stability of the territory under investigation. 
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ВЫСОКОКИПЯЩИЕ АРОМАТИЧЕСКИЕ УГЛЕВОДОРОДЫ  

НЕФТЕЙ ГРУЗИИ И ПЕРСПЕКТИВЫ ИХ ПРИМЕНЕНИЯ 
 

Э. Г. Леквейшвили1,2, Н. Г. Лекишвили1, Х. А. Барбакадзе1 

1Тбилисский государственный университет им. Ив. Джавахишвили 
     2Институт физической и органической химии им. Петре Меликишвили,  

Изучены высококипящие ароматические углеводороды грузинских нефтей. 
Разработан комплексный метод, сочетающий процессы выделения и разделения 
ароматических углеводородов из нефтей, основанный на их фотохимическом 
взаимодействии с малеиновым ангидридом. Варьированием условий фотоконден-
сации возможно получение узких фенантреновых, нафталиновых или бензольных 
концентратов. Установлен групповой углеводородный состав выделенных из 
нефтей ароматических концентратов и проведена идентификация целого ряда фе-
нантренов, их бензологов и нафтенологов. Намечены пути применения результа-
тов исследования. 

 
 

Нефть является ценным сырьем для получения самых разнообразных продуктов неф-

техимического синтеза, и наряду с применением нефти как важнейшего топливного ресур-

са, большое внимание исследователей обращено на наиболее полное и рациональное ис-

пользование ее в указанном направлении. В настоящее время большое внимание уделяе-

тся изучению полициклических ароматических углеводородов (ПАУ). Расширение работ в 

этой области связано с проблемами охраны окружающей среды, с возможностью исполь-

зования данных о составе ПАУ при решении ряда вопросов, связанных с прогнозирован-

ием и поиском нефтяных залежей, с генезисом нефтей, с оценкой влияния биодеградации 

и проведения взаимных геохимических корреляций в системах типа нефть-нефть, нефть-

органическое вещество. 

Нами разработан коплексный метод, сочетающий процессы выделения и разделения 

ароматических углеводородов (АУ) из нефтей, основанный на их фотохимическом взаи-

модействии с малеиновым ангидридом (МА) [1-3]. Метод включает три последовательные 

стадии: синтез фотоаддуктов нефтяных АУ с МА; фоторазложение аддуктов на исходные 
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АУ и МА; хроматографическое разделение углеводородов на более узкие ароматические 

концентраты (АК) [адсорбент оксид алюминия; элюирование н. гексаном и бензолом; экс-

тракция бензолом и диоксаном]. Варьированием условий фотоконденсации возможно пол-

учение узких фенантреновых, нафталиновых или бензольных концентратов в соответ-

ствии с целевым назначением. При небольшой продолжительности облучения (1-2ч) в ре-

акцию с МА вступают преимущественно нафталиновые углеводороды; дальнейшее увели-

чение продолжительности облучения приводит к росту содержания фенантренов в полу-

ченных концентратах, которое достигает максимума при 6-часовом облучении; впослед-

ствии с увеличением времени облучения увеличивается содержание бензольных углеводо-

родов, причем их максимальное содержание наблюдается при 28-часовом облучении.  

Показана эффективность успешного применения разработанного метода как в отно-

шении высококипящих ароматических, так и широких масляных и остаточных фракций 

различных по природе малосернистых и сернистых нефтей. Применением указанного ме-

тода в отношении сернистых нефтей показана возможность получения фенантреновых 

концентратов при одновременном отделении их от сернистых соединений нефти [4]. На 

основе разработанного метода из некоторых грузинских нефтей – норийской, мирзаанской 

и самгорской получены высокоароматизированные узкие концентраты, для которых сов-

ременными инструментальными методами исследования – ГЖХ, МС, ГХ/МС, спектро-

флуориметрии, спектрофотометрии установлен групповой углеводородный состав, в элю-

атах и экстрактах бензолом показано высокое содержание фенантренов и их бензологов и 

идентифицирован целый ряд фенантреновых углеводородов (ФУ) [2, 5-9]. 

Методом ГЖХ и ГХ/МС в узких АК, полученных из норийской, мирзаанской и сам-

горской нефтей был идентифицирован целый ряд моно-, ди- и триметилпроизводных: фе-

нантрен, 1-, 2-, 3-, 9-метил-, 9-этил-, 9-пропил-, 9-изопропил-, 9-бутил-, 2,3-, 2,5-, 2,7-, 4,5-, 

9,10-диметилфенантрены, 1-метил-7-изопропил-, циклогексил-, три изомера триметилфе-

нантрена, диметилнафтено-, диметилдинафтено-, бутилнафтено- и бутилдинафтенофенан-

трены и хризен.  

Хотя идентификация АУ в высококипящих нефтяных фракциях является весьма сло-

жной задачей (на хроматограммах получаются „горбы“), тем не менее после обработки 

МА в узких АК удалось разрешить эту проблему даже на шестиметровых насадочных ко-

лонках (рис. 1). В то же время следует отметить, что из некоторых узких АК (фракция 

350-4000С и 450-5000С самгорской и 490-5050С мирзаанской нефтей) путем многократной 

кристализации из различных растворителей были выделены фенантрен (степень чистоты 

97%), 9-метил- и 9-этилфенантрены (степень чистоты 100%). 
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Методом масс-спектрометрии были исследованы узкие АК, выделенные из высоко-

кипящих фракций грузинских нефтей [8, 9]. В таблице 1 приведены результаты масс-спек-

трального анализа экстрактов бензолом, полученных при 6-часовом облучении из фрак-

ции 498-5100С норийской (образец 1), 490-5050С мирзаанской (образец 2) и 450-5000С 

самгорской (образец 3). Как видно из таблицы 1, содержание ФУ, включая алкил- и нафте-

нофенантрены, в образцах 1 и 2 примерно одинаково – 81.8%, мас. и 81.0%, мас. несмотря 

на разную природу исходных нефтяных фракций; несколько ниже содержание фенантре-

нов в образце 3 – 69.5%, мас. 

 

Рис. 1. 

Хроматограмма АК, выделенного из норийской нефти 

(фракция 498-5100С) после обработки МА: 1 – н.гексан, 

2 – фенантрен, 3 – 9-этилфенантрен, 4 – 9,10 диметилфенантрен 

 

 

 
 

Рис. 2. 

Спектры  люминесценции образцов  1, 2, 3, снятых при концентрации 

С = 10-5г/мл  и λвозб. = 270 нм 
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Рис. 3. 

Влияние продолжительности облучения, природы и температуры растворителя на 

эффективность извлечения алкил- и нафтенофенантренов (I) и фенантренов и их бензологов (II) из 

хроматографической колонки в случае мирзаанской нефти:  1 – элюат н.гексаном, 2 – элюат бензолом, 

3 – экстракт горячим бензолом и  4 – экстракт 1,4-диоксаном 
 

Таблица 1.  
Углеводородный состав (мас. %) концентратов фенантреновых  

углеводородов, выделенных из норийской (образец 1),  
мирзаанской   (образец 2) и самгорской (образец 3) нефтей 

 
Образцы № Типы соединений Степень водородной 

ненасыщенности 1 2 3 

1 Алкилбензолы 6 3.5 3.0 5.3 

2 Инданы (тетралины) 8 - - 1.2 

3 Динафтенобензолы 10 3.7 4.3 6.7 

4 Нафталины 12 3.7 2.5 6.7 

5 Аценафтены 14 - 4.1 5.9 

6 Флуорены 16 - 3.8 3.0 

7 Фенантрены 18 59.7 71.2 63.2 

8 Нафтенофенантрены 20 22.1 9.8 6.3 

9 Пирены 22 3.6 1.3 1.7 

10 Хризены 24 3.7 - - 

Фенантрены + Нафтенофенантрены 

Алкилфенантрены + Нафтенофенантрены + Пирены + Хризены 

81.8 

89.1 

81.0 

82.3 

69.5 

71.2 
 

Суммарное содержание фенантренов и их бензологов в образцах 1-3 равно 

соответственно 89.1, 82.3 и 71.2%, мас. Как было отмечено выше, было изучено влияние 



gamoyenebiTi qimia 
Applied Chemistry 

 

 57

продолжительности облучения на состав полученных АК. Наглядная иллюстрация вли-

яния продолжительности облучения, природы и температуры растворителя на эффектив-

ность извлечения фенантренов и их бензологов из фракции 460-4750С мирзаанской нефти 

приведена на рис. 2. Для всех примененных растворителей максимум временной зависи-

мости отвечает  6-часового облучению, а наиболее полное извлечение фенантренов и их 

бензологов обеспечивается элюированием и экстракцией бензолом. Указанная закономер-

ность справедлива и для образцов, выделенных из норийской и самгорской нефтей. 

C использованием масс-спектрального метода, было проведено также исследование 

состава и строения фенантренов, их бензологов и нафтенологов норийской и мирзаанской 

нефтей (Восточная Грузия) по программе моноизотопных масс-спектров. По кривым 

молекулярно-массового распределения установлены число и длина алкильных замес-

тителей в фенантренах и их бензологах; отмечено наличие ФУ как в голоядерном, так и в 

виде моно-, ди-, три- и тетразамещенных алкилфенантренов; мононафтено- и динафтено-

фенантренов, пиренов и хризенов в виде  моно-, ди- и три- тризамещенных производных, 

причем в указанных углеводородах содержится наряду с короткими один длинный 

алкильный заместитель. Среди алкилфенантренов присутствуют также углеводороды с 

короткими заместителями – монометил, диметил-, триметил- и этилфенантрены [9]. 

Был проведен люминесцентный анализ ароматических концентратов как методом 

тонкоструктурной люминесцентной спектроскопии – по квазилинейчатым спектрам лю-

минесценции, так и при комнатной температуре [7,10]. Квазилинейчатые спектры лю-

минесценции были сняты для  образца, полученного из норийской нефти (фракция 498-

5100С). Результаты люминесцентного анализа образца приведены в таблице 2. 

Как видно из полученных данных, в исследуемом образце отмечается присутствие 

очень интенсивных максимумов с полным набором полос спектров флуоресценции 

фенантреновых структур, что указывает на преимущественное содержание их в данном 

образце. В то же время имеются интенсивные полосы нафталиновых структур, наблюда-

ющихся в широком диапазоне длин волн возбуждения. Из более высококольчатых арома-

тических структур отмечено наличие интенсивных полос, принадлежащих пиреновым 

углеводородам (начала спектров 376, 380, 381нм); полос, отнесенных к бензпиреновым 

(400, 410, 420, 428нм) и бензфлуореновым (344нм) углеводородам. Наблюдается присут-

ствие небольшого количества хризеновых, тетрафеновых и бенз/с/фенантреновых  

углеводородов может быть выделено по меньшей мере три люминесценцирующих центра 

с начальными полосами 354, 356 и 359нм. Исходя из спектров флуоресценции индиви-

дуальных ФУ [7], можно предположить в образце наличие ди- и тризамещенных фенан-
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тренов преимущественно в положении 9, 10. 

Наряду со спектрофлуориметрическим исследованием при низкой температуре ме-

тодом Шпольского был проведен и люминесцентный анализ при комнатной температуре 

на примере узких АК, выделенных из высококипящих масляных фракций мирзаанской 

нефти: образец 1 – экстракт горячим бензолом нижней зоны (получен из фракции 410-

4250С); образцы 2 и 3 – экстракты горячим бензолом верхней и нижней зон (получены из 

фракции 460-4750С). В исследуемых образцах с помощью спектрально-люминесцентного 

метода дана качественная и сравнительная количественная оценка состава АУ [10]. 

Спектры  люминесценции образцов 1, 2 и 3 представлены на рис. 3. В указанных образцах 

содержатся в основном ФУ с незначительной примесью нафталиновых углеводородов, 

проявляющихся в виде плеча к основному фенантреновому спектру с λмакс.=325-330нм. 

Интенсивное проявление фенантренов наблюдается при возбуждении излучения в макси-

мумах с λмакс.=255, 270, 298 и 340нм. 

Была исследована также зависимость люминесценции гексановых растворов обра-

зцов 1-3 от длины возбуждающего света. Оказалось, что положение максимумов в спект-

рах возбуждения люминесценции этих образцов не зависит от длины волны возбуждаю-

щего света, что указывает на содержание в них в основном углеводородов фенантренового 

ряда. Последнее подтверждают и УФ спектры поглощения указанных образцов, в которых 

наблюдается четкое проявление максимумов поглощения фенантренов. Исходя из пропор-

циональной зависимости между концентрацией образца и интенсиностью излучения в мак-

симуме, можно провести количественную оценку содержания фенантренов в образцах 1-3: 

Сфен.(1) > Сфен.(2) > Сфен.(3) 

На основании спектрально-люминесцентных исследований узких АК, выделенных из вы-

сококипящих фракций мирзаанской нефти, показано наличие в них фенантреновых, флу-

ореновых и полициклических конденсированных АУ,  причем в экстрактах горячим бен-

золом содержатся в основном фенантрены, что находится в полном соответствии с 

данными, полученными методами газо-жидкостной хроматографии, УФ спектрофотомет-

рии и масс-спектрометрии. 

Методом ультрафиолетовой спектроскопии [6] были исследованы АК, выделенные из 

фракции 498-5100С норийской, 460-4750С мирзаанской и 450-5000С самгорской нефтей. Во 

всех случаях наибольшее количество фенантренов и их бензологов приходится в основном 

на элюаты и экстракты бензолом. В норийской нефти содержание их находится в пределах 

57-76%, мас., в мирзаанской нефти – 64-70%, мас. и в  самгорской –  47-55%, мас. 
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Таблица 2.  

Структурно-групповой состав образца по данным спектрофлуориметрии 

(спектры флуоресценции, н.гексан, 770К) 

λвозб.   

нм 

λфл.   

Jотн. 

λфл.   Jотн. λфл.   Jотн. λфл.   Jотн. λфл.   Jотн. λфл.   Jотн. λфл.   Jотн. λфл.   Jотн. λфл.   Jотн. λфл.   Jотн. 

1 2 3 4 5 6 7 8 9 10 11 

260 

270 

280 

290 

300 

310 

320 

325 

330 

335 

340 

345 

350 

355 

360 

370 

375 

380 

390 

400 

328  

0,23 

328  

0,38 

328  

0,54 

328  

0,41 

328  

0,40 

328  

0,42 

344  0,40 

344  0,38 

344  0,58 

344  0,57 

344  0,54 

344  0,83 

344  0,85 

354*  1,00 

354*  1,00 

354*  1,00 

356*  1,00 

354*  1,00 

359*  1,00 

356*  0,83 

 

353*  0,47 

 

 

 

 

 

 

363  0,89 

365  0,64 

 

 

 

37201,00 

372*0,90 

372*0,83 

372*0,71 

372*0,90 

375*0,82 

376*1,00 

37701,00 

379∆1,00 

376∆0,86 

376∆1,00 

 

 

 

 

 

 

38000,97 

38100,93 

382∆0,50 

381∆1,00 

380∆0,94 

381∆1,00     

381∆1,00 

383/1,00 

384/1,00 

 

 

 

 

 

 

 

38600,69 

38800,71 

387∆0,47 

386∆0,63 

387∆0,81 

 

391*  0,53 

391*  0,42 

391*  0,39 

391*  0,15 

391*  0,40 

393*  0,40 

3960  0,54 

3960  0,63 

398∆ 0,50 

390∆ 0,49 

397∆ 0,83 

390∆  0,34 

391∆  0,48 

 

 

397/  1,00 

 

413*0,23 

 

413*0,14 

 

413*0,12 

 

 

 

 

396∆0,67 

 

400∆0,50 

400∆0,61 

403/ 0,54 

405/ 0,66 

 

400+1,00 

410+1,00 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

418/    0,6 

422+   0,2 

432+  0,18 

420+  1,00 

428+  1,00 

 

Интер-

пре-

тация 

 

Наф-

талины 

 

Бензфлу-

орены 

 

Фенан-

трены* 

 

Хризены 

3,4-Бензфенантрены0 

Пирены∆   Тетрафены/ 

Фенантрены* 

Фенантрены*      Пирены∆ 

Бензпирены+     Тетрафены/ 

 

Следует отметить, что примененные методы дополняют друг друга, а полученные 

данные находятся в полном соответствии. 

Таким образом, разработанный метод выделения АУ из высококипящих нефтяных 

фракций дает возможность провести исследование на молекулярном уровне – идентифи-

цировать отдельные углеводороды, что удается не столь часто при исследовании высоко-

кипящих углеводородов нефти. Выделенные из нефтей узкие АК были использованы для 

разработки методов масс-спектрального анализа высокоароматизированных продуктов. 
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Аддукты ФУ с МА проявляет высокую биологическую активность и перспективны в 

качестве стимуляторов укоренения черенков таких ценных трудноукореняющихся 

древесных пород, как фундук, грецкий орех и др. 

На основе высококипящих АУ, обогащенных бензольными углеводородами, полу-

чены термически стабильные полиимиды; показана возможность применения аддуктов 

фенантренов с МА в качестве сшивающих агентов эпоксидных смол. 

Интерес к ФУ нефти усилился также в связи с применением алкилфенантреновых 

фракций, получаемых каталитическим риформингом, в качестве теплоносителей в 

атомных реакторах. Являясь дешевыми низкоплавкими теплоносителями, стойкими к вы-

соким температурам и облучению, полученные нами концентраты ФУ могут быть приме-

нены для охлаждения бетонных стенок ядерного реактора и в качестве сырья для радиаци-

онностойких консистентных смазочных масел. 

Высокоароматизированные концентраты могут быть использованы также в качестве 

сырья для получения высококачественной сажи, применяемой в производстве резины и 

ответственной за ее качество. 
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HIGH-BOILING AROMATIC HYDROCARBONS OF GEORGIA  
PETROLEUM AND THE PERSPECTIVE OF THEIR APPLICATION  

 
Erna Lekveishvili,2 Nodar Lekishvili,1 Khatuna Barbakadze1 

1Ivane Javakhishvili Tbilisi State University 
2Petre Melikishvili Institute of Physical and Organic Chemistry  

 
Summary 

 
The complex method based on photochemical interaction of high boiling polycyclic 

aromatic hydrocarbons (PAH) with maleic anhydride, combining the processes of isolation and 
separation of PAH, has been elaborated. 
      The method consists of three consecutive stages:  
- Synthesis of photo-adducts of petroleum aromatic hydrocarbons; 
- Their photo-decomposition with the formation of initial hydrocarbons and maleic anhydrides; 
- Chromatographic separation into narrow hydrocarbon concentrates. 
       By a variation of conditions of photo-condensation of aromatic hydrocarbons with the 
maleic anhydride, the narrow fractions of phenanthrene, naphthalene and benzene concentrates 
have been obtained. 
       It was shown that the elaborated method can be successfully used with respect to wide oil 
and residual fractions of “small-sulphureous” and “sulphureous” type petroleum. 
        By using GLC, mass-spectrometry (MS), CMS and spectral-fluorometry, the high content 
of phenantrenes and their benzologues and naphthenologues into investigated concentrates has 
been established and a whole series of the aforementioned hydrocarbons has been identified.  
        It was established that the adducts of aromatic hydrocarbons with maleic anhydride have a 
high biological activity and can be used for the creation of important bio-stimulators.  
        Thermally stable and heat-resistant polyimids based on high boiling benzene fraction have 
been synthesized and studied.  
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fToroplastis safuZvelze damzadebuli membranebis 

gamoyeneba sasmeli wylis filtraciisTvis 
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ganxilulia polimeruli membranebis gamoyenebiT gaWuWyianebuli sasme-

li wylis filtraciis Sedegebi. dadgenilia, rom fToroplastis membrana iZ-

leva sasmeli wylis meqanikuri gasufTavebisa da biologiuri gausnebovnebis 

saSualebas. membrana eqvemdebareba mravaljerad regeneracias, rac zrdis mi-

si filtraciis resurs. 

msoflio jandacvis organizaciis kvlevebis safuZvelze dadgenilia, 

rom gavrcelebuli daavadebebis 80%-s iwvevs cudi xarisxis sasmeli wylis 

gamoyeneba [1]. 

   sasmeli wylis xarisxis SefasebisTvis umTavresia baqteorologiuri 

usafrTxoeba da qimiuri Semadgenlobis uvnebloba, aseve kargi organo-

leptikuri maCveneblebi. 

wylis gawmendis pirvelad safexurebze (daleqva, koagulacia, qviSaSi 

filtracia) xorcieldeba wyalgamwmend nagebobebSi. wyals Sordeba Sewonili 

nawilakebi, koloidebi, nawilobriv mikroorganizmebic. magram avadmyofobis 

gamomwvevi baqteriebis da virusebis 5%-mde mainc rCeba wyalSi. maT SeiZleba 

gamoiwvion umZimesi daavadebebi (qolera, gastroenteriti, virusuli 

hepatiti da a.S). 

sasmeli wylis gausnebovnebisTvis amJamad farTod gamoiyeneba daqlor-

va. qlori klavs mikroorganizmebs, magram qlorirebisas wyalSi warmoiqmneba 

toqsikuri qlororganuli naerTebi. Warbi qlori auaresebs wylis gemos da 

suns. qlorirebuli wylis duRilisas ki warmoiqmneba koncerogenuli nivTi-

ereba dioqsini [2]. 

qlorirebis nacvlad wylis gausnebovnebisTvis xSirad iyeneben: ozons, 
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ultraiisfer (ui) sxivebs, wyalbadis zeJangs da sxv. [3-4]. cnobilia, rom ozo-

ni umdgradia da xilul sinaTleze swrafad iSleba, amitomac misi baqterici-

duli moqmedeba ar aris xangrZlivi da wyalmomaragebis moZvelebuli sistem-

is gavlis Semdeg wyali kvlav binZurdeba. ozonis da ui sxivebis erToblivi  

zemoqmedebis efeqti maRalia, magram ZviradRirebuli meTodia.  

sul ufro mzardi yuradReba eqceva sasmeli wylis gawmendis iseT Tana-

medrove meTodebs, romlebic gamoirCevian usafrTxoebiT, siiafiT, mowyobi-

lobis kompaqturobiT. aseTi meTodebidan dRes yvelaze efeqturi da xelmi-

sawvdomia membranuli filtraciis meTodi [5-7]. membranuli filtraciis   

SemTxvevaSi sasmeli wylis gasufTaveba da gausnebovneba xdeba qimiuri rea-

gentebis gamoyenebis gareSe, amasTan adamianis organizmisTvis aucilebeli 

mineraluri naerTebi wyalSi rCeba ucvlelad [8-9]. 

baromembranuli procesebidan ultrafiltracia da ukuosmosi gamoiye-

neba qimiuri warmoebis, navTobqimiuri, manqanaTmSeneblobis da sxva dargebis 

sawarmoo wylebis gasasufTaveblad warmoebaSi Rirebuli komponentebis dab-

runebis mizniT  [10-12].    

mocemul naSromSi gamokvleulia sasmeli wylis gasufTavebisTvis fTo-

roplastis safuZvelze damzadebuli mikrofiltraciuli membranis gamoyen-

ebis SesaZlebloba. Seswavlilia membranis Tviseba Seakavos sasmel wyalSi 

dispergirebuli koloidebi da mikroorganizmebi. 

membranis dasamzadeblad SevarCieT polimeri — fToroplasti (marka  F-
4). fToroplasti viniluri polimeria, miiReba fTorirebuli eTilenis po-

limerizaciiT [13]. winaswari kvleva CavatareT  polisulfonis, fToroplas-

tis, polivinilqloridis da sxva polimeruli masalebis membranebze. maT So-

ris fToroplasti gamoirCeva maRali Termo da qimiuri mdgradobiT. sxva po-

limerebisgan gansxvavebiT ftoroplastze ar moqmedebs wyalSi gaxsnili 

qlori. is ekologiurad sufTa masalaa da misi gamoyeneba daSvebulia medici-

nasa da kvebis mrewvelobaSi.    

eqsperimenti CavatareT laboratoriul danadgarze. sakvlevi fToro-

plastis membrana movaTavseT ujredSi (nax. 1)  

 

 

 

 

 

 

naxazi 1. mikrofiltraciuli ujredi 

1. ujredis fuZe,  2. ujredis saxuravi, 3. forovani safeni, 4. bade - turbulizatori, 

5. mikrofiltraciuli membrana, 6. hermetulobis safeni. 
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kvlevas vatardebdiT arastandartul, Zlier dabinZurebul sasmel 

wyalze, romlis ZiriTadi fizikur-qimiuri da mikrobiologiuri 

maCveneblebi ganisazRvreboda standartiT dadgenili meTodikis mixedviT 

[14].  

filtraciis procesSi membranis warmadoba (anu drois erTeulSi mem-

branis mier gafiltruli wylis moculoba) mcirdeba 2000 l/m²sT-dan 50 l/m² 

sT-mde (nax. 2). pirveli 2 saaTis ganmavlobaSi warmadoba 2-4-jer mcirdeba, vi-

naidan membrana  ganicdis nawilobriv deformacias wnevis zegavleniT. garda 

amisa, wyalSi gaxsnili araorganuli  da organuli naerTebi aWuWyianeben mem-

branis zedapirs, iwveven forebis gaWedvas da membranis warmadobis Semcireb-

as. qimiuri damuSavebis gziT membranis filtraciuli Tvisebebi da warmadoba 

faqtobrivad mTlianad  aRdgeboda. naxaz 2-ze naCvenebia filtraciis pro-

cesSi  membranis warmadobis cvlileba pirveli ciklis, filtraciisa da re-

generaciis Semdeg (mrudi 1). momdevno ciklebis (mrudi 2,3,4,5,6) ganmavlobaSi 

(wylis nakadis wneva 0,5 mpa) 
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naxazi 2. 

membranis warmadobis cvlileba  filtraciis ganmavlobaSi 

 

gaWuWyianebuli membranis regeneraciisTvis viyenebdiT sxvadasxva kon-

centraciis mJava da tute xsnarebs.  

Seswavlilia  membranis regeneraciis pirobebi.  qimiuri damuSavebis Se-

degad membranebis warmadoba mniSvnelovnad izrdeboda (nax. 2). regeneraciis 

meti efeqturobisTvis viyenebdiT sxvadasxva xsnarebis kompleqsur moqmede-

bas, riTac membranebis warmadoba aRdgeboda 100%-iT. 

miRebuli membranebis mravaljeradad gamoyenebis garda samuSaos mTa-

var mizans warmoadgenda aRniSnuli membranis gamoyenebiT sasmeli wylis me-

qanikuri da mikrobiologiuri gamWuWyianeblebisgan gasufTaveba. eqsperi-

mentis Catarebisas ganvsazRvravdiT membranis seleqtiurobas Setivnarebu-

li nawilakebis mimarT (wylis simRvrivis maCveneblis  mixedviT) da seleqti-

urobas mikroorganizmebis mimarT (koli-indeqsis maCveneblis mixedviT). sas-

meli wylis kvlevis  maCveneblebi filtraciamde da filtraciis Semdeg mo-

cemulia cxrilSi: 
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cxrili 1. 
 
               
    
 
 
 
 
 
 
 

 

 

analizis Sedegebidan SeiZleba davaskvnaT, rom membrana 100%-iT akavebs 

meqanikur minarevebs. fToroplastis membranis gamoyenebiT sasmeli wylis 

filtraciis procesi xasiaTdeba mniSvnelovani baqtericiduli efeqtiT. 

filtratSi aRiniSneba rogorc baqteriebis saerTo ricxvis, aseve Termofi-

luri koliformebis Semcireba, xolo im SemTxvevebSi rodesac koli-indeqsi 

ar aRemateba 1100-s, xdeba wylis sruli gausnebovneba.  

Sedegebis mixedviT SeiZleba davaskvnaT, rom ftoroplastis safuZvel-

ze damzadebuli membranis gamoyenebiT SeiZleba  sasmeli wylis biologiuri 

gausnebovneba. warmadobis Semcirebis Semdeg saregenaracio xsnaris zemoqme-

debiT membrana srulad aRidgens warmadobas. regeneraciis Sedegad izrdeba 

misi eqspluataciis vada. 

cxr. 1-Si mocemulia  ftoroplastis membranis gamoyenebiT gafiltruli 

sasmeli wylis kvlevis Sedegebi.                                                                                                    

mikrofiltraciuli meTodiT gafiltruli wylis analizis Sedegebi:                        

 

cxrili 2. 

 

 

simRvrive mg/l            koli-indeqsi 
filtraciamde filtraciis Semdeg filtraciamde filtraciis 

Semdeg 
0,25 0,00 240 <3 
2,00 0,00 21 <3 
2,00 0,00 >1100 3 
2,00 0,00 460 <3 
2,00 0,00 1100 <3 
2,00 0,00 1100 <3 
0,75 0,00 <3 <3 

 
 

parametri erTeuli  saxelmwifo 
 standartiT 

analizis 
Sedegebi 

                                 saerTo maCveneblebi 
1 PH — 6,5-8,5 7,35 
2 suni bali 2 1 
3 gemo bali 2 1 
4 sixiste mg.ekv/l <7 0,67 
5 mSrali naSTi mg/l 1000 72.5 
6 feradovneba gradusi 20 <5 
7 saerTo tutianoba g.eqv/l  ,5-6,5 2.2 

8 permanganatuli 
damJangveloba 

mg/l 5 1,1 

                                                              mikrobiologia 
9 koli-indeqsi erT/100ml 3 <3 
10 mikrobTa saerTo raodenoba  100erT/1ml <100 21 

11 stafilokoki erT/100ml ar aRiniSneba ar aRiniSneba 
12 enterovirusi erT/100ml ar aRiniSneba ar aRiniSneba 
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rogorc cxrilidan Cans, miuxedavad imisa, rom eqsperimentebi CavatareT 

arastandartul, Zlier gabinZurebul sasmel wyalze, filtraciis Sedegad 

wylis xarisxis maCveneblebi Seesabameba sasmeli wylisaTvis saxelmwifo 

standartiT gaTvaliswinebul normebs.  

sasmeli wylis gafiltvra mocemuli teqnologiis gamoyenebiT SeiZleba 

rekomendebuli iqnas wyalmomaragebis sistemebis bolo etapze, anu mimwode-

bel ubnebze wylis ureagentod gausnebovnebisTvis.  wylis wneva sistemaSi sa-

Sualebas iZleva  filtracia ganxorcieldes tumbos gamoyenebis gareSe. mik-

rofiltraciuli membranebis gamoyenebiT SesaZlebelia damzaddes sasmeli 

wylis  mfiltravi aparatebi individualuri moxmarebisTvis. 
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THE USE OF MEMBRANES BASED ON FLUOROCARBON POLYMER FOR 

THE PURIFICATION OF DRINKING WATER 

                   R. Gotsiridze, N. Lekishvili, S. Mkheidze, N. Mkheidze, M. Pipaishvili  

Scientific and Research Institute of Membrane Technology attached  

to the Department of Technology Engineering of Batumi  

Shota Rustaveli State University 

Tbilisi Ivane Javakhishvili State University 

Summary 
 

A possibility of using the fluorocarbon polymer for the purification of drinking water is 

discussed. The application of membrane technology provides an opportunity for obtaining high 

quality drinking water without the use of chemical agents and also for keeping the water salt 

content unchanged. It was established that these membranes are multireclaimable.  
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qimiis istoria 

qimiur elementTa qarTuli saxelwodebebi  

da maTi gavrceleba  sxva xalxTa enebSi 
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dRevandel kulturul-ekonomikurad dawinaurebul erTa Soris saqar-

Tvelo da qarTveli eri, meti rom ar vTqvaT, erT-erTi uZvelesia. Zvelad 

Cven winaparTa sacxovrisi marto im teritoriiT ar Semoifargleboda sadac, 

axlandeli saqarTveloa ganfenili. qarTveli eri aris STamomavloba xalxTa 

didi modgmisa, romelsac mecnierebaSi protoiberebs uwodeben. adre-

brinjaos epoqaSi, 5-6 aTasi wlis winaT, protoiberebs dakavebuli hqondaT 

ara mxolod amierkavkasia, mTlianad, aramed mcire aziis mTeli teritoria 

da, ase gansajeT, mTeli xmelTaSua zRvis auzic, — ukiduresi pirineis naxe-

varkunZulis CaTvliT. Semdeg gamoCnda indoevropuli rasa, romelmac nawi-

li protoiberebisa fizikurad gaanadgura, xolo nawilis asimilacia moax-

dina. Tu ra vai-vaglaxiT gadaurCnen am dampyroblebs dasavleT evrobaSi bas-

kebi, xolo axlo aRmosavleTSi — iberiul-kavkasiuri modgma, qarTvelebiT 

saTaveSi, — es mxolod ufalma uwyis. 

mecnier-mkvlevarTa umetesi nawilis mtkicebiT, dRevandeli kacobrio-

ba didad aris davalebuli qarTveli tomebisagan metalTa warmoebis xelov-

nebis aRmoCena-srulyofiT. moiZia da safuZvlianad Seiswavla ra qimiisa da 

metalurgiis istoriis gamoCenili mkvlevarebis: r. forbsis [1], l. eCisonis 

[2], h. komlanis [3], v. viteris [4], a. oldbergis [5], St. pSevorskis [6], j. melaar-

tis [7], e. hercafeldis [8], o. Sraderisa [9] da sxvaTa mier gasuli saukunis 80-

ian wlebamde gamoqveynebuli naSromebi-monografiebi, istorikosi g. kvir-

kvelia askvnis [10]: `ucxoel mecnierTa Soris dResac mtkicedaa damkvidrebu-

li azri imis Sesaxeb, rom SavizRvispireTi, kerZod ki pontos raioni, warmo-

adgens zogierTi feradi da Savi liTonebis damuSavebis epicentrs, xolo 
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qarTveluri modgmis tomebi xalibebi, mosinikebi da Tubalebi am metalebis 

pirvelmwarmoeblebi arian mTel msoflioSi~. 

is, rom Zveli qarTveli tomebi metalurgiis — rogorc metalTa warmo-

ebis teqnologiis — fuZemdeblebi arian, imiTac dasturdeba, rom TiTqmis 

yvela elements, romelTa aRmoCenis TariRi dReisaTvis ucnobia da misi gac-

noba-aTviseba uZveles droSi moxda, `wminda qarTuli~ saxelwodebebi aqvT 

[11]. aseTebia, magaliTad: 

oqro — etimologiurad iSifreba, rogorc `uqrobi~, `maradJams bzinva-

re~. da es gasagebicaa: oqro uZvelesi droidan, erT-erTi elementia, romel-

ic araviTar pirobebSi Tavis fers — bzinvarebas ar icvlis, — gacivebisas, ma-

Ral temperaturaze gaxurebisas da sxv. aqedan — saxelwodebac! 

vercxli — vercxli ZvelqarTulSi cnobili iyo  `vercxili~-s saxelwo-

debiT, axal qarTulSi ki `vercxli~-T; megrulad mas  `varCxili~ hqvia, svanu-

rad — `varCxil~ (SeTvisebuli Cans megrulidan) [29]. am sityvaSi amosavali 

qarTul-zanuri forma `verc~ (Tu `verCx~) saxiT unda warmovidginoT. bolo-

kiduri `il~ ki — sufiqsia [16]. dadgenilia, rom `il~ sufiqsis Semcveli li-

Tonebis terminebi Zalze damaxasiaTebelia kavkasiuri da ufro konkretul-

ad qarTveluri enebidan warmoSobili sityvebisaTvis [10].  

erTi sityviT, am elementis (vercxlis) saxelwodeba qarTulia da `nases-

xebi~ ar Cans romelime ucxo enidan.  

spilenZi — elementis es saxelwodeba momdinareobs spirenebisagan — 

erT-erTi qarTuli tomisagan, romelic uZveles droSi dRevandeli TurqeT-

is teritoriaze mosaxlobda da daspecialebuli iyo am liTonis warmoebaze. 

megrulad spilenZs hqvia `linj~, xolo svanurad — `spilenZ~. am elementis sa-

warmoo madnebi `spirenZis~ saxelwodebiT aris cnobili. 

surma — m. WabaSvilis ucxo sityvaTa leqsikonSi [26] surma sparsul si-

tyvad moixsenieba (spars—surme), erT-erTi versiiT [27] ki element surmis sa-

xelwodeba momdinareobs Turquli sityvisagan `surme~, rac `wasmas~ aRniS-

navs, xolo sulxan-saba  orbeliani [28] surmas sxvaTa enas uwodebs, sparsuli 

enis SesaniSnavad mcodne sulxan-sabac, rogorc Cans, ar aris darwmunebuli 

am sityvis warmomavlobaSi da amotomac moixseniebs mas, rogorc, sxvaTa (ro-

meliRac) enidan momdinared. rogorc irkveva dReisaTvis ar aris erTiani az-

ri element surmis etimologiis Sesaxeb.    

aqve unda aRiniSnos, rom megrulSi gavrcelebuli sityva `sumala~, rome-

lic aseve raisime wasmas niSnavs, savaraudod is `surmala~-s saxecvlili 
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forma unda iyos. megrulSi aseve mravlad gvxvdeba `su(r)m~ fuZeze mdgari si-

tyvebi, magaliTad: (megr)`sumala~ — (qarT)`wasma~; (megr)`nasumeli~ — 

(qarT)`wanasvami~; (megr)`qaasumalafe~ —(qarT)`waasmevine~ da a.S. saqme is aris, 

rom am elementis yvelaze gavrcelebuli bunebrivi naerTi — surmis(III) sul-

fidi imTaviTve gamoiyeneboda warbebisa da wamwamebis SesaRebad. 

cnobilia aseve `surm~ fuZeze mdgari gvarebi: surmava, surmaniZe da a.S. 

aseve aRsaniSnavia, rom martvilis raionis erT-erT sasoflo TemSi aris so-

feli `esurme~ — iSifreba rogorc  surmavebis gansaxlebis adgili. 

dariSxani — didi xnis ganmavlobaSi am elementis saxelwodebis etimo-

logia ucnobi iyo. amaswinandeli gamokvlevebiT [13], `dariSxani~-es saxelwo-

deba etimologiurad iSifreba rogorc `dari Sxamisa~ anu `Sxamis Sesadari~, 

`Sxamis msgavsi~. `n~ da `m~ aso-niSnebis Tanamonacvleoba.  

dariSxans vaxtang VI `margimuSkis~ saxelwodebiT moixseniebs [12]. wignis 

gamomcemeli v. kokoCaSvilis SexedulebiT [12], `margimuSki~ sparsulad unda 

iSifrebodes rogorc `Tagvis wamali~. magram dariSxanis aseT saxelwodebas 

qarTuli axsnac moeZebneba [13],—rogorc irkveva, igi Sedgeba ori sityvisagan: 

`margi~ da `muSki~, romelTagan `margi“ ZvelqarTulad sasoflo-sameurneo 

savarguls aRniSnavs, adgils, sadac mosavali mohyavdaT, xolo `muSki~ anu 

`muSqi~ erT-erTi Zveli qarTuli tomis saxelia, dRevandeli TurqeTis teri-

toriaze, rom iyo uwin gansaxlebuli. ar aris gamoricxuli, rom muSqebi da-

riSxans (ufro swored TeTr dariSxans) imTaviTve iyenebdnen soflis meurne-

obis mavnebelTa — Tagvebis winaaRmdeg sabrZolvelad, rac aisaxa kidec am 

elementis rusul saxelwodebaSi — мышьяк (мышь ядь) [14]. 

rkina — lazuri sityvaa da cas niSnavs. Cveni winaprebis warmodgeniT, ca 

rkinisgan iyo gadxurul-moWedili. 

vercxliswyali — erT-erTi marTlac rom morgebuli da saintereso sa-

xelwodebaa. sxva metalebisagan gansxvavebiT, mxolod es elementia oTaxis 

temperaturaze Txevad mdgomareobaSi, wyaliviT. garegnulad feriT, igi 

vercxls mogvagonebs. aqedan saxelwodebac — vercxliswyali! 

amasTan dakavSirebiT, ar SeiZleba ar gagvaxsendes Tanamedroveobis ga-

moCenili poetis — S. niSnianiZis leqsis — Seib maxvili! — strofebi: 

`qarTvelma kacma — mecixovnem da mevenaxem 

Seni simdidriT, silamaziT rom Seinaxe, 

adga sityvaSi gadagmala, sityvaSi Cagsva, 
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mtermoZalebuls raki mainc ar hqonda sxva gza. 

mxolod qarTvelma kacma uwyis RmerTis winaSe, 

ra silamaze, ra ganZi devs qarTul sityvaSi~. 

diax, marTlac, rom amouwuravi ganZi devs qarTul sityvaSi, — mas mxo-

lod gamorkveva-gageba da, amasTan, gafrTxileba unda. 

prof. i. abulaZis [15] leqsikonis mixedviT, vercxliswyali, rogorc ele-

mentis saxelwodeba, pirvelad gvxvdeba grigol noselis X s. xelnawerebSi 

`kacis agebulebisaTvis~. es elementi dafiqsirebulia qananelis `usworo ka-

rabadinSic~. 

TuTia — megrulad `TuTa~ mTvares niSnavs. rogorc Cans, es metali, mar-

tivi nivTierebis saxiT, Cvenma, winaparma mTvares miamsgavsa. 

TuTia — aseTi saxelwodebis gavrceleba qarTul qimiur literaturaSi 

SedarebiT didi intensivobiT am sami aTeuli wlis winaT daiwyo. manamde ki am 

elements ufro saerTaSoriso saxelwodebiT — `cinkad~ moixseniebdnen. aqe-

dan aris nawarmoebi misi gardaqmnis produqtebi qarTul enaSi — `cinkatebi~; 

romelime sagnis cinkiT dafarva — `mocinkva~ (mocinkateba) da sxv. 

TiTberi — spilenZisa da TuTiis Senadnobia. damokidebulebiT imisa, Tu 

ra raodenobiT aris TuTia SelRobili spilenZs an, sxvanairad, rogoria ele-

mentTa procentuli (masis) Semadgenloba Senadnobis feri mkveTrad icvleba 

wiTlidan — e.w. spilenZis feridan TeTr feramde. `TiTberi~, rogorc irkve-

va, megruli `TuTa-feris~ Sekvecili forma unda iyos. 

tyvia — mas ZvelqarTulad `tyvivsac~ uwodeben. tyvias sxvanairad, 

`brhenis~ an prpenis~ saxeliTac moixsenieben.  

gogirdi — etimologiurad dResac gauSifravi rCeba. is rom es saxelwo-

deba qarTuli warmoSobisaa, calsaxad mtkicdeba, Tundac, imiT, rom arc erT 

ucxo enaSi es elementi am saxelwodebiT ar moixsenieba (Sulfurum — laTinur-

ad), ZvelqarTvelebs iqedan, rom esesxaT. 

kala — erTaderTi elementia, romlis saxelwodebis SemoReba-gadmota-

nas qarTul metyvelebaSi `naxevarkunZul malakas qalaqis kalahidan~ varau-

doben [11]. Tumca am saxelwodebis ramdenime toponimia dafiqsirebuli saqar-

Tvelos teritoriaze, maT Soris sofeli — `kala~ — svaneTSi. axla Tu imasac 

gaviTvaliswinebT, rom Zveli saqarTvelo, rogorc aseTi, marto amJamindeli 

teritoriiT ar Semoifargleboda, kacs SeiZleba safuZvliani eWvi gauCndes 

saxelwodeba `kalis~ ucxo enidan Semotana-nasesxobis Sesaxeb. 

piriqiT ki — ramdenic gnebavT! sayuradReboa aRiniSnos, rom sxva xalxTa 
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enebSi, maT Soris, Soreuli evropuli qveynebisac, aSkarad vlindeba zogier-

Ti elementis saxelwodebis ZvelqarTuli warmomavloba. es faqti calsaxad 

mianiSnebs imaze, rom Zveli qarTveli tomebi, vinc, saerTod, metalurgiis Ca-

saxva-ganviTarebis fuZemdeblebad moiazrebian, kulturul-teqnikurad ga-

cilebiT maRla idgnen mezobeli da, ase gansajeT, dRevandeli evropis mosax-

leobasTan SedarebiTac ki. es ki bevris metyvelia. 

modiT, gaverkveT am sakiTxebSi. sxvanairad, romel elementTa saxelwo-

debebzea laparaki? 

metalTagan adamianma sul pirvelad sami elementi aiTvisa da gamoiyena: 

oqro, vercxli da spilenZi.  es ukanaskneli gacilebiT meti raodenobiTaa 

gavrcelebuli bunebaSi (rogorc Tavisufali, ise naerTebis saxiT), vidre pir-

veli ori. garda amisa spilenZs is dadebiTi Tvisebac aqvs, rom — advilad eqvem-

debareba damuSavebas. magram mas gamoyenebiTi-teqnikuri TvalsazrisiT didi 

naklic gaaCnia, — metismetad rbilia. amitom xalasi spilenZisagan damzadebu-

li sagnebi advilad deformirdebian, — sasoflo-sameurneo iaraRi pirveli 

moxmarebisTanave blagvdeba. am udaod didi naklis gamosworebas Zveli qar-

Tveli tomebi spilenZisadmi iseTi elementebis damateba-SelRobiT Seecadnen, 

romelic sagans met sisalesa da simagres mianiWebda. Tavdapirvelad aseTi 

aRmoCnda dariSxani, romelmac ZiriTad masas — spilenZs teqnikuri Tvalsaz-

risiT ramdenime dadebiTi Tviseba SesZina. ase iqna dawyebul-aRmoCenili brin-

jaos warmoeba am eqvsi aTasi wlis winaT adgilobrivi nedleulis bazaze. 

rogorc aRvniSneT, `element spilenZs~ megrulad qvia `linj~ anu 

`blinj~. irkveva, rom am metalis qarTuli saxelwodeba daedo safuZvlad 

brinjaos-spilenZisa da dariSxanis Senadnobis saerTaSoriso saxelwodebas: 

iranulad qvia `birinj~, xolo evropul enebze — Bronse. es Senadnobi aseTive 

saxelwodebiTaa cnobili rusul enaSic, — Бронза. 

ras migvaniSnebs yovelive es? arafers ucxos da miuRebels, — amtkicebs 

imas, rom Zvelma qarTvelma tomebma pirvelebma SeimuSaves brinjaos 

warmoebis teqnologia mTel msoflioSi da rom es saxelwodeba gavrcelda 

Semdeg rogorc mezobel qveynebSi (irani), ise Soreul evropaSic. aqve unda 

aRiniSnos, rom Cvenma winaprebma mogvianebiT brinjaos warmoeba daiwyes 

spilenZisa da surmis, Semdeg ki — spilenZisa da kalis urTierTSednobiT, 

magram — es Sedegs arsebiTad ar cvlis. 

xazgasmiT unda aRiniSnos, rom mtkiceba mTel evropaSi metalurgiis axlo 
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aRmosavleTidan Setana-gavrcelebis Sesaxeb, — es ar aris viRacis axireba, miT 

umetes — qarTveli kacisa, didma rusTavelma erT striqonSi, rom Caatia: 

`magram ityvis Cemi sjobso ucilobobs viTa jori~. am faqts TviTon 

miukerZoebeli mkvlevarebic calsaxad aRiareben [1-9]. `amJamad ukve aRia-

rebulia, — wers r. forbsi [17], rom metalurgia Canasaxobriv mdgomareobaSi 

aRmosavleTidan evropaSi SemoiWra Zv.w. aRricxviT 2500 wels, dunais velisa da 

troas gavliT. am droidan, erTdroulad, centralur evropasa da ungreTSi 

daiwyo bunebrivi da gamodnobili spilenZis aTviseba~, — da iqve dasZens, rom 

`metalurgiam espaneTSi SeaRwia zRviT ara ugvianes Zv.w. aRricxviT 2500 wlisa, 

ris Semdeg Zv.w. aRricxviT 2400-2000 wels oqros, vercxlsa da spilenZs didi 

masStabiT amuSavebdnen alomeriasa da andaluziaSi~ [17]. 

aq ki SeiZleba TviT r. forbsac Seedavo, — qimiisa da metalurgiis 

istoriis am universalur mkvlevars. saqme is aris, rom igi an ar icnobs, sa-

erTod, an arsebiT mniSvnelobas ar aZlevs gamoCenili germaneli mecnieris — 

humboltdis kvlevis Sedegebs, romelic amtkicebs, rom mTeli xmelTaSua 

zRvis auzi, cxadia, pirineis naxevarkunZulis CaTvliT, am 4000-5000 wlis 

winaT protoiberebs hqondaT dakavebuli, da rom isini (protoiberebi) iT-

vlebian metalurgiis fuZemdeblebad mTel msoflioSi. aqedan gamomdinare, 

imdroindel espaneTSi mcxovrebTa mier sxva xalxisagan metalebis warmoebis 

xelovnebis gadaReba-aTviseba, ubralod, rom vTqvaT azrs kargavs. 

g. kvirkvelia [10] msoflio metalurgiis istoriis gamoCenil mkvlevarTa 

naSromebze dayrdnobiT migvaniSnebs, rom Zveli pontos raioni unda Ca-

iTvalos metalTa warmoebis xelovnebis Casaxva-ganviTarebis epicentrad. 

aqedan gavrcelda metalurgia ara mxolod mezobel qveynebSi, aramed 

evropaSic. mis sailustraciod mas mohyavs spilenZis sparsuli saxelwodebis 

etimologia da arkvevs, rom am enaSi spilenZis aRmniSvneli termini `mes~ unda 

momdinareobdes mosinikebis satomo saxelidan, da rom igi (`mes~) am uka-

nasknelis — `mossinoeki Sekvecili mess formaa~. 

a. vulersis cnobiT [19], iranSi dResac SemorCenilia teqnikur-isto-

riuli TvalsazrisiT metad saintereso termini zubal/zurpal, rac metalis 

burbuSelas an cxeli kvervis Sedegad metalisagan Camokeknil nafofs 

aRniSnavs, — metalisa da misi daJanguli formis erTgvarovan narevs. amitom 

xsenebuli informaciis wyaroSi sityva `Tubals~ usaTuod mosdevs spilenZis 

sparsuli saxelwodeba `mes~. ai, am faqtze dayrdnobiT g. kvirkvelia aR-
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niSnavs, rom `zemoT aRniSnuli sparsuli terminebs safuZvlad dasdebia 

meliToneobiT saxelganTqmuli, uZvelesi qarTveli modgmis ori tomis sa-

xelwodeba. aq pirveli sityva `Tubal~ igivea, rac qarTuli Tubali, xolo 

`mes~ ki mosinikebis satomo saxelwodebis Sekvecili forma unda iyos~. 

aseTi mkafio da araorazrovani daskvna metismetad Tamam ganacxadad ar 

unda CaeTvalos qarTvel istorikoss. TiTqmis 70 wliT adre germaneli mec-

nieri o. Sraderic [9] mianiSnebda, rom evropul enebSi messing, massteing, mos-

sondz da sxv. mosinikebis satomo saxelwodebisgan momdinareobs. maSasadame, 

evropeli mecnierebi TviTon aRiareben Zveli qarTveli tomebis ueWvel pri-

oritets msoflio metalurgiis Casaxva-ganviTarebis saqmeSi. 

amasTan dakavSirebiT isic unda aRiniSnos, rom berZnulad spilenZs 

`qalkos~ anu chalkos uwodeben. frangi mecnieri r. diusi Tvlis, rom es sa-

xelwodeba etimologiurad unda momdinareobdes Zveli urartus mkvidrTa 

erT-erTi tomis klaldi (xaldi — qaldi) saxelwodebisgan, sadac kos mianiSnebs 

sagnis sadaurobis aRmniSvnel bolosarTs. maSasadame, berZnuli sityvis — 

`Caikos~ qveS unda vigulisxmoT xalduri anu qalduri spilenZi. 

r. diusis aseTi daskvna, rogorc irkveva, sruliadac ar aris SemTxve-

viTi. saqme is aris, rom berZnebma rkinisa da foladis warmoebac Zveli qar-

Tveli tomebisgan da, saxeldobr, xalibebisgan iswavles. aqedan gamomdinare, 

folads Zvelma berZnebma xalibebis saxelwodebis mixedviT `xalvfs — xal-

vdikos~ daarqves. aseT daskvnas akeTebs gamoCenili qarTveli istorikosi iv. 

javaxiSvilic [18]. 

sayuradReboa aRiniSnos, rom ara mxolod saberZneTSi, aramed Zvel 

mesopotamiaSi da egvipteSic metalebsa da Senadnobebs, ZiriTadad, qarTuli 

warmomavlobis saxelwodebebi hqondaT, radgan im qveynis xalxebsac, berZ-

nebis msgavsad, brinjaosi da xalasi metalis warmoeba xalibebisagan us-

wavliaT. aq sityva `xalasis~ qveS `qimiurad sufTa~ igulisxmeba, Tumca es 

cneba mecnierebisa da teqnologiis ganviTarebis kvalobaze, mudmiv trans-

formacia: ganviTarebas ganicdis. amis Sesaxeb e. bibra jer kidev am 140 wlis 

winaT werda [20]: `miuxedavad imisa, rom berZnebi warmoadgendnen yvelaze 

metad ganviTarebul arielebs, spilenZis Sesaxeb maT araferi icodnen. es li-

Toni maT sxva xalxisagan SeiTvises~. aseTi daskvna mravlis metyvelia. 

metalurgiis Casaxva-ganviTarebis saqmeSi Zvel qarTvel tomTa prio-

ritetze isic mianiSnebs, rom qarTvuli tomis — mosinikebis saxelwodebidan 
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warmoqmnilia evropuli da, kerZod, germanul, inglisur da skandinaviis sxva 

xalxTa enebSi gavrcelebuli `TiTberis~ saxelwodeba. 

ras warmoadgens, zogadad, TiTberi? 

TiTberi, arsebiTad, sxvadasxva Sedgenilobis mqone Sanadnobia — Seicavs 

sxvadasxva elementebs sruliad gansxvavebuli proporcia-steqiometriiT. 

pirvel rigSi ki unda aRiniSnos, rom yvela saxeobis TiTberis safuZvels spi-

lenZi warmoadgens, — am ukanasknels SealRoben sxvadsxva elements, cxadia, 

gansxvavebuli masuri wiliT. dReisaTvis ansxvaveben martiv da specialur 

TiTbers. am ukanasknelis SemadgenlobaSi, garda spilenZisa da TuTiisa, 

Sedis sxva elementebic, rogoricaa, magaliTad, rkina, alumini, kala da 

siliciumi. maTgan amzadeben saaTis meqanizmebis nawilebs, kondensatorebis 

milebs da sxv. Tavdapirvelad ki TiTbers ZiriTadad iReben spilenZisa da 

TuTiis bazaze, — urTierTSednobiT. imis gamo, rom feri aseTnairad 

miRebuli Senadnobisa — TiTberisa didad emsgavseba oqro fers, mas 

(TiTbers) adridanve iyenebdnen saiuveliro da dekoratiul nakeTobaTa da-

samzadeblad, — oqros nakeTobaTa mibaZviT (oqros imitacia) [21] da sxva. 

Zvel metalurg qarTvelebs brinjaosi da TiTberis nawarmebi — sagnebi 

ara mxolod sakuTar moTxovnilebaTa dasakmayofileblad esaWiroebodaT, 

aramed ucxo qveynebSi gahqondaT saeqsportod. isic ar unda gamovricxoT, 

rom arc sxva qveynebi daaklebdnen mcdelobas — protoiberebisgan moeparaT 

an, ubralod, aeTvisebinaT metalebis warmoebis saidumloeba. amis Sesaxeb 

garkveviT gveubneba b-ni konstantine: `rvaliT xuroni~, `liTonis mwrTobni~ 

da memaRaroeni yofilan Zveli kolxebi da iberielebi . . . 

Zvel berZen kolonizatorebs, mogzaurebsa da vaWrebs Sin mihqondaT ara 

marto nayidi, naZarcvi da naqurdali, aramed ucxo tomTagan aTvisebuli ide-

ebica... 

Cvens xalxs arsebobac ar SeeZlo, teqnikuri upiratesoba rom ara hqo-

noda mis iaraR-saWurvels . . . ~ 

arqeologiuri da uZvelesi werilobiTi wyaroebidan aSkarad ikveTeba, 

rom qarTveli tomebi da, uwinares yovlisa, mosinikebi pirvelni daeuflnen 

wiaRiseuli resursebidan (qalkozini, qalkopiriti, malaqiti da sxv.) elemen-

turi spilenZis warmoebis teqnologias, xolo Semdeg am ukanasknelze sxva-

dasxva elementis (ZiriTadad, TuTiis an kalis) SednobiT miuRiaT sxvadasxva 

daniSnulebis TiTberi. faqtobrivad es procesi aisaxa kidec evropul enebSi. 

magaliTad, germanelebi TiTbers uwodeben messianic-s, ingliseli-saqsebi 
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mästling-s, xolo polonelebi — mosiandz-s. aseTive daskvnas akeTebs Cveni sasi-

qadulo istorikosi iv. javaxiSvilic. igi sagangebod aRniSnavs, rom iseTi uZ-

velesi da maRali kulturis xalxs, rogoric berZnebia, rkinisa da foladis 

damzadeba xalibebisagan gadauRiaT, rac aisaxa kidec am elementis berZnuli 

saxelwodebis qarTul warmomavlobaSi. 

zeviT ukve aRvniSneT, rom elementTa Zveli qarTuli saxelwodebaTagan mxo-

lod kalas ar miiCneven etimologiurad qarTuls. sinamdvileSi marTlac asea? 

literaturaSi [1] r. forbssa da fr. enorgans pirvelebs dauyenebiaT sa-

kiTxi kalis uZvelsi saxelwodebis kassiteros (kasitebis qveyana) kasitebis sa-

tomo saxelisagan warmomavlobis Sesaxeb. maTi azriT, saxelwodeba `kala~ erT-

erTi kavkasiuri enis kuTvnilebaa: qarTulad — kala, osurad — kala, Tur-

qulad — kalai, somxurad — klajek da sxv. maTgan mkvlevarebi upiratesobas ufro 

qarTuls aniWeben, Tumca am mosazrebas saeWvod xdis g. kvirkvelia [10], radgan 

Tvlis, rom `kavkasia, rogorc cnobilia arcTu ise mdidaria kalis sabadoebiT. 

rac Seexeba saqarTvelos, CvenSi araa mikvleuli kalis sabadoebi an naRvarevi 

kala iseTi raodenobiT, romelic sakmarisi iqneboda Tundac primitiuli 

metalurgiisaTvis. amitom saeWvoa, rom es termini kavkasiaSi gaCeniliyo~. 

didi pativiscemis miuxedavad, ar SeiZleba g. kvirkvelias daveTanxmoT 

aseT daskvna-SefasebaSi, umTavresad ori mizezisa gamo: 

1. ai, ras vkiTxulobT bevri qimikos-teqnologisaTvis kargad cnobil sa-

xelmZRvanelo wignSi [22]: `Помимо этого имеется и прямое указание в архивных дан-

ных еще XVIII века на наличие в Грузии оловяных руд,  приведеное в географии Вахушти. 

По зтим данным в Тедзамском ущелье близ б. монастыря Ркони добывали олово“.   

amave saxelmZRvaneloSi dasaxelebulia ara erTi gamadneba, romelic Se-

iZleba gaxdes safuZveli kalis warmoebisa saqarTveloSi. da Tu dRes es 

metali saqarTveloSi ar iwarmoeba, — es imas sruliadac ar niSnavs, rom uwin 

mas Cveni winaprebi yuradRebis gareSe tovebdnen, — ar awarmoebdnen. 

2. rogorc Cans, baton giorgis (kvirkvelias) Zveli saqarTvelo, 

samwuxarod, im teritoriiT warmoedgina, axla, rom aris ganfenili. arada, 

rogorc aRvniSneT, protoiberebis samkvidri brinjaos xanaSi, romelTa 

STamomavlebic qarTvelebi arian, mTel axlo aRmosavleTsa da xmelTaSua 

zRvis auzs moicavda; da Tu dRes mxolodRa kavkasions arian SeyuJulni, — es 

marto qarTvelebis brali ar aris! 

zemonaTqvamidan gamomdinare, SeiZleba savsebiT gasaziarebeli iyos uc-



qimiis istoria 
The history of Chemistry 

 

 77

xo mkvlevarTa mosazreba evropul enebSi element kalis saxelwodebis kavka-

siur enaTgan momdinared, Tundac amas iv. javaxiSvilic ewinaaRmdegebodes 

[18]. saqme is aris, rom kalas, TuTiasTan erTad Cveni winaprebi warmatebiT 

iyenebdnen specialuri Senadnobis — TiTberis dasamzadeblad. 

winaaRmdegobrivia g. kvirkvelias Sexeduleba TuTiis Sesaxebac. Tavis 

monografiaSi [10] igi wers: `rac Seexeba TuTias, igi ar arsebobs bunebriv, 

liTonur mdgomareobaSi, Tumca minarevebis saxiT farTodaa gavrcelebuli. 

TuTiis madnebi xSirad gvxvdeba tyviis, vercxlis, spilenZis, anTimonisa da 

dariSxanis madnebTan erTad (yvela es elementi saqarTvelos gamorCeul 

wiaRiseul simdidres warmoadgens — r. gigauri), zogjer ki kompleqsuri 

saxiT. `liTonuri TuTia, — wers r. forbsi, — miiReba Semdegi wesiT: pirvelad 

TuTiis madnisagan gamoadnoben TuTiis karbonats — calaminc (galmci, smitsonite), 

romelic qmnis mZime kristalur naleqs mwvane, cisferi, yviTeli, nacrisferi 

da yavisferi minarevebiT. amis Semdeg TuTiis karbonats naxSiris SemweobiT 

SeuZlia aRdges liTonur TuTiad. aseTi procesiT, — wers r. forbsi, — 

TiTbers iReben pontos raionSi mcxovrebi metalurgi tomebi — mosinikebi~. 

am SedegebiT patara citataSi ramdenime Secdomaa gaparuli, cxadia, 

yvela uneblie, magram mainc Secdoma. daviwyoT imiT, rom avtori citatis 

dasawyisSi asabuTebs: `igi ar arsebobs bunebriv, liTonur mdgomareobaSi~, 

xolo qvemoT ambobs: `TuTiis karbonati naxSiris SemweobiT SeiZleba aRdges 

liTonur TuTiad~. es ori winadadeba-daskvna, bunebrivia, erTmaneTs ga-

moricxavs da srul SeusabamobaSia sinamdvilesTan. pirveli winadadebiT, 

rogorc Cans, avtors surs Tqvas, rom TuTia bunebaSi  Tavisufali, anu ele-

mentur mdgomareobaSi, ar arsebobs, rogorc es damaxasiaTebelia, magaliTad 

oqrosa da vercxlisaTvis. aseT SemTxvevaSi igi, rasakvirvelia, marTalia, 

magram, Tu g. kvirkvelia amtkicebs, rom TuTia aravis miuRiao `bunebriv, 

liTonurad mdgomareobaSi~, — am SemTxvevaSi usaTuod didad scdeba, radgan 

TiTbers — TuTiisa da spilenZis Senadnobs — aramcTu Cveni winaprebi, aramed 

dResac veravin miiRebda. 

citatis SuaSi avtori asabuTebs, rom `TuTiis madnisagan gamoadnoben 

TuTiis karbonats~, — aqac sruli gaugebrobaa. rogorc Cans, igi, Cveni didi 

pativiscemis miuxedavad, ver erkveva qimiur cnebaTa arsSi. saqme is aris, rom 

ar SeiZleba TuTiis karbonati (ZnCO3) `gamoadno~, rom ar moxdes Termolizi 

Tanaxmad tolobisa: 

ZnCO3 →  ZnO↓  + CO2↑ 
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maSasadame, aseT pirobebSi gardaqmnis saboloo produqtebia TuTiis oq-

sidi (ZnO — myari faza) da naxSirbadis dioqsidi (CO2 — airi). arada, g. kvir-

kvelia iqve aRniSnavs, rom `gamodnobis~ Sedegad sxvadasxva feris TuTiis 

karbonati miiRebao, romelsac, Turme, naxSirbadiT aRadgenen. aqac sruli 

gaugebroba-Seusabamobaa, — sinamdvileSi naxSiriT aRdgeba ara cinkis kar-

bonati, aramed am ukanasknelis daSlis produqti — TuTiis oqsidi: 

ZnO + C → Zn + CO 
rogorc Cans, avtori zemoT moyvanili citatis Targmnisas an amaxinjebs 

pirvelwyaros qimiuri cnebebis ucodinrobis gamo (`gamodnobis~ nacvlad iq-

neb `gamdidreba~ — flotacia unda eTqva), an, vin icis, iqneb arc forbsma ico-

da maincdamainc kargad TuTiis warmoebis teqnologia da g. kvirkvelia mas 

zustad Targmnis. 

asea Tu ise, TiTberis saxelwodeba qarTveli tomebisgan rom aqvT 

gadaRebul-aTvisebuli sxva xalxebs, mtkicdeba n. marris [23] etimologiuri 

ZiebiTac. igi wers: `sparsulSi es sityva SeTvisebulia qarTuli ena — kilo-

kavebis sazogado saxelisagan: spilenZi svanuri — spilenZ, megruli — linj, 

somxuri — pRinZ, rac niSnavs spilenZs, spirenZs, spires anu ispiris madans~. 

rac Seexeba sxva elementebs — tyviasa da vercxls, sazRvargareTuli 

mecniereba maT Sesaxeb ufro saintereso mosazrebebs gamoTqvams. r. forbsi 

[1] Tvlis, rom pirineis naxevarkunZulze mcxovrebi xalibebi (isini, uwinares 

yovlisa protoiberebad unda moviazroT) Tavdapirvelad vercxls iReben 

uaRresad primitiulad: tyes wvavdnen, ris Sedegadac tyviis da vercxlis 

Semcveli qanebis temperatura maRla iwevda, da rodesac es ukanaskneli 

miaRwevda dnobis temperaturas, metali iwyebda naRvarevi saxiT Camodinebas. 

gacivebis Semdeg aseTnairad miRebuli myari masa warmoadgenda vercxlisa da 

tyviis Senadnobs. 

am informaciaSi TiTqosda yvelaferi naTeli da gasagebia, magram bevri ram 

mainc miuRebelia. saeWvod migvaCnia rom Ria gruntze yofiliyos am elementTa 

Semcveli iseTi maRali kondiciis mineralebi, rom misgan ubralo gacxelebiT 

metalTa `naRvarevi~ Camodeniliyos. arc tyis ubralo wva mogvcems iseT 

temperaturas, rom vercxli gamdnariyos (t dn = 960,50C). sadac, TviT r. forbsac 

eWvi Seaqvs am elementTa Tavisufali saxiT aseTnairad miReba-warmoebaSi 

teqnologiis metismetad primitiulobis gamo. swored amitom monografiis 

ramdenime gverdis gamotovebiT igi kvlav ubrundeba vercxlis warmoebis 
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epicentris Ziebis sakiTxs da, eyrdnoba ra strabonis cnobas, homerosis mier 

Alybe-s qveynis `vercxlis warmoebis samSoblod~ miCnevis Sesaxeb [1], 

dasabuTebulad Tvlis xalibTa gamorCeul wvlils vercxlis warmoebis 

srulyofili teqnologiis SemuSavebis saqmeSi. aqve igi savsebiT mxars uWers 

Alybes `xalibTa qveyanasTan~ — chalybes-Tan gaigivebis straboniseul versias. 

amrigad, vercxlisa da tyviis warmoebis yvelaze racionaluri xerxis 

SemmuSavebel-aRmomCenad Zveli pontos raionis mkvidri — xalibebi unda 

CaiTvalos. 

kacobriobis ganviTarebis brinjaos xanas `rkinis epoqa~ mohyva. am ele-

mentma (rkinam) Zirfesvianad Secvala sazogadoebis arsebobis wesi da pi-

robebi. amitom uaRresad didia mkvlevarTa daintereseba am metalis war-

sulisa da, maSasadame, damorCilebis epicentris dadgenis mizniT. sxvanairad 

rom vTqvaT, Tu dadgenili iqneba brinjaosi da rkinis pirvelwarmoebis adgi-

li, is xalxi, is eri unda CaiTvalos SedarebiT maRali civilizaciis — rkinis 

epoqis fuZemdeblad mTel msoflioSi. 

rkinis warmoebis dasawyisad miiCneven Zv.w. XIV saukunes. im periodis ma-

Rali kulturis qveynebis — egviptis, Sumeris, CineTisa da indoeTis nacvlad 

Tanamedrove ucxoel mecnierebs xalibebi (xaldebi — qaldebi) miaCniaT rki-

nisa da foladis pirvelmwarmoeblebad mTel msoflioSi [24]. r. forbss moh-

yavs germaneli mkvlevaris heixelhermis citata: `adamianis mier damzade-

buli rkinis dafoladeba, romelmac cxadyo misi upiratesoba brinjaoze, 

aRmoCenili iqna mcire aziaSi, xeTebis imperiaSi mcxovreb xalibur-pontur-

xalduri modgmis xalxebis mier [17, gv. 257] (citata Targmnil-motanilia g. 

kvirkvelias monografiidan). amasve adasturebs l. eiCisinic [2], Tumca 

xalibTa uZvelesi sacxovrebeli adgili — mdinare halisis auzi — Raribi iyo 

sawarmoeblad vargisi rkinis madnebiT. aqve isic unda aRiniSnos, rom si-

magris misacemad xalibebi rkinas amatebdnen `raRac miwas~, rac, Tanamedrove 

gagebiT, sxva ara aris ra, Tu ara manganumi, romelic qarTul rkinas gan-

sakuTrebul simtkices aniWebda. sruliad gansxvavebuli teqnologia qondaT 

SemuSavebuli rkinis sawarmoeblad indoelebs. ase rom, ZvelqarTuli da 

indoeTSi gamoSvebuli rkina-foladi erTmaneTisgan mkveTrad gansxvavde-

boda Sedgeniloba-TvisebebiT. es ki SesaZleblobas aZlevs Tanamedrove 

mkvlevarebs — zRvari gaavlon am ori xalxis mier gamoSvebul nawarmebSi. 

amrigad, eneoliTisa da brinjaos xanis arqeologiuri Zeglebis qimiuri 

Semadgenloba — warmoebis droisa da adgilis dadgena calsaxad naTelyofs, 
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rom Zvelma qarTvelma tomebma pirvelebma SeimuSaves metalebis warmoebis 

xelovneba-teqnologia adgilobrivi wiaRiseuli resursebis bazaze. isini 

Tavdapirvelad brinjaosagan, Semdeg ki — rkina foladisagan amzadebdnen 

farTo asortimentis sagnebs ara mxolod sakuTar moTxovnilebaTa dasakma-

yofileblad, aramed mezobel da Soreul qveynebSi saeqsportodac. ase 

gavida metalTa qarTuli saxelwodebebi ucxo enebSi, maT Soris — Zvel 

saqarTvelodan didad daSorebul qveynebSic ki.  
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mimdinare wels Sesrulda didi qarTveli mecnieris, profesor akaki ga-

xokiZis dabadebidan 100 da gardacvalebidan 45 wlisTavi. 

profesor akaki gaxokiZis mravalmxrivi moRvaweoba Tavdauzogavi mec-

nieruli, kulturuli da sazogadoebrivi aqtiurobis srulqmnilebis 

umaRlesi nimuSia.  

winamdebare statia eZRvneba profesor akaki gaxokiZis xsovnas 

 

profesori a. gaxokiZe qarTvel qimikosTa skolis erT-erTi yvelaze 

TvalsaCino warmomadgenelia. maRali Teoriuli momzadeba, eqsperimentis Ca-

tarebis didostatoba, uCveulo mecnieruli alRo da intuicia mas aZlevda 

imis saSualebas, rom mis mier gavlili samecniero-sakvlevi Tu pedagogiuri 

moRvaweobis gzaze STamomavlobisaTvis didi da naTeli kvali daetovebina. 
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a. gaxokiZis fundamenturma gamokvlevebma saerTo aRiareba hpoves, misi 

Sromebi gamoqveynebulia da vrcladaa ganxiluli rogorc ruseTis, aseve 

sazRvargareTis mraval specifikur literaturaSi, monografiaSi da 

umaRlesi skolebis saxelmZRvaneloebSi. Seqmnilia specialuri paragrafe-

bic saTauriT `gaxokiZis sinTezi~, `danilov-gaxokiZis meTodi~. a. gaxokiZis 

gamokvlevebi safuZvlad daedo Cveni qveynis mravali mecnieris sakandidato 

da sadoqtoro disertaciebs. 

akaki gaxikiZe daibada 1909 wlis 14 agvistos sofel zeda xunwSi, mar-

tvilis raionSi. skolaSi swavlis dros gonieri da  muyaiTi moswavle yofila. 

1924 wels warmatebiT (friadze) daamTavra soflis Svidwliani saswavlebeli. 

1924 wlis 18 agvistos a. gaxokiZe ukve TbilisSia da p. meliqiSvilis sa-

xelobis qimiur teqnikumSi Caricxvis Semdeg didi mondomebiT Seudga swav-

las, kursidan kursze gadadioda mxolod maRali akademiuri moswrebiT. 1928 

wels brwyinvaled amTavrebs teqnikums da muSaobas iwyebs orTaWalis sapnis 

qarxanaSi (SemdgomSi qimiuri kombinati). 1928 wels abarebs misaReb gamocdebs 

Tbilisis saxelmwifo universitetis politeqnikur fakultetze. 

a. gaxokiZe saqarTveloSi Saqris warmoebis sakiTxebiT jer kidev 

studentobis dros dainteresebula. aRsaniSnavia, rom im droisTvis, yofil 

sabWoTa kavSirSi, Saqris warmoebis sakiTxebTan dakavSirebiT q. kievSi ori 

instituti funqcionirebda (erTi saswavlo, xolo meore samecniero-

kvleviTi), romelTa xSiri stumaric yofila studenti a. gaxokiZe. 

Zalze didi iyo misi survili saqarTveloSi Saqris mwarmoebeli qarxnis 

aSenebisa. man q. kievSi daamuSava Saqris qarxnis proeqti, romelic sa-

qarTveloSi unda aSenebuliyo. ai, rogor igonebs am sakiTxs batoni akaki: 

`aqve Sevadgine da davwere qarxnis proeqti. Sevadgine 30 naxazi. moxsenebiTma 

baraTma daikava 400 gv. TbilisSi rom Camovedi, mas sruliadac ar dasWirvebia 

Sesworeba. konsultantma prof. ir. burjanaZem gasinjvis Semdeg xeli 

moawera proeqts sajaro dacvaze. am proeqtis Sedgenam didi codna SemZina~. 

rodesac am proeqts gacnobia q. kievis Saqris mwarmoebeli qarxnis di-

reqtori, avtorisTvis aRfrTovanebiT uTqvams: `ai, TqvenSi, agaraSi Saqris 

qarxnis mSenebloba rom iwyeba, am Tqveni proeqtiT unda Sesruldeso~. 

1932 wlis 29 ivniss a. gaxokiZe brwyinvaled icavs saqarTveloSi Saqris 

warmoebis qarxnis proeqts da aniWeben inJiner-teqnologis wodebas. a. 

gaxokiZe institutis damTavrebisas, rogorc friadosani da warCinebuli 

studenti, datovebul iqna aspiranturaSi. 1932 wlis oqtomberSi igi ukve le-



iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis Sromebi 
Proceedings of Iv. Javakhishvili Tbilisi State University 

363, 2010 
 

 84 

ningradSia, sadac muSaobas agrZelebs organuli qimiis xaziT (naxSirwylebis 

qimiaSi) da miamagres qimiis mecnierebaTa doqtors, prof. danilovs. 

prof. a. gaxokiZis mecnier-xelmZRvaneli, maswavlebeli, akademikosi 

stefane nikolozis-Ze danilovi aRzrdili iyo rus qimikosTa saxelovan tra-

diciebze, iyo msoflioSi aRiarebuli rusi qimikosis, akademikos a. e. 

favorskis mowafe. a. favorski ki, Tavis mxriv, gaxldaT a. butlerovis 

mowafe. butlerovis, mendeleevis, bordionis (gedevaniSvilis) aRmzrdeli 

iyo zinini. amgvarad, prof. a. gaxokiZe warmoadgens msoflio korifeebis (sai-

danac iwyeba mecnieruli organuli qimia) STamomavals: gaxokiZe←  dani-

lovi←  favorski←butlerovi←zinini. 

1935 wlis noemberSi a. gaxokiZe brwyinvaled icavs sakandidato diserta-

cias. es weli batoni akakisaTvis imiTac iyo aRsaniSnavi, rom pirvelad gamo-

qveynda misi sakmaod vrceli eqsperimentuli naSromi, germanul JurnalSi 

`Berichte der Deutschen Chemischen Gellschaft~. am naSromma didi gamoxmaureba hpova 

qimikos mecnierTa Soris. masSi damuSavebuli meTodi Sevida umaRlesi saswav-

leblebis saxelmZRvaneloebSi `danilov-gaxokiZis meTodis~ saxelwodebiT. 

1936 wels, 26 wlis qimiis mecnierebaTa kandidati brundeba saqar-

TveloSi da muSaobas iwyebs docentis Tanamdebobaze Tbilisis industrial-

ur da xe-tyis gadamamuSavebel institutSi. 1937-1939 w.w. ganagebs kaTedras 

Tbilisis stomatologiur institutSi. 1937 wlidan muSaobs Tbilisis peda-

gogiur saxelmwifo institutSi jer dekanad, xolo Semdeg, gardacvalebamde 

qimiis kaTedris gamgis Tanamdebobaze. 

1946 wels leningradis saxelmwifo universitetSi a. gaxokiZe icavs sa-

doqtoro disertacias. igi pirveli qarTveli qimikos-organikosia, romel-

mac sabWoTa periodSi daicva sadoqtoro disertacia. 

1940-1947 wlebSi a. gaxokiZe muSaobs (pedagogiur moRvaweobasTan parale-

lurad) saqarTvelos mecnierebaTa akademiis qimiis institutSi, xolo 1947-1950 

wlebSi Tbilisis samecniero-kvleviT qimiur-farmacevtul institutSi. 

profesori akaki gaxokiZe qarTvel qimikosTa skolis erT-erTi yvelaze 

TvalsaCino warmomadgenelia. maRali Teoriuli momzadeba, eqsperimentis 

didostatoba, uCveulo mecnieruli alRo da intuicia mas aZlevda imis sa-

Sualebas, rom mis mier gavlil samecniero-kvleviTi Tu pedagogiuri mo-

Rvaweobis gzaze STamomavlobisTvis didi da naTeli kvali daetovebina. 

prof. a. gaxokiZis cxovrebiseuli kredo mravalmxrivia, magram aris maT 

Soris gamorCeuli da gansakuTrebuli mniSvnelobis, romelic iZleva am didi 
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mecnierisa da mamuliSvilis Sesaxeb srul warmodgenas. 

maT Soris, batoni akakisaTvis ar arsebobda didi da patara saqme an sa-

kiTxi, igi uwvrilmanessac ki didi sinatifiT, udidesi mondomebiTa da mTeli 

gulisyuriT ekideboda. misTvis ar arsebobda sakuTari da sxvisi gasakeTebe-

li. romel saqmesTanac mas Sexeba hqonda, igi keTdeboda didi niWierebiT, 

srulyofilad da skrupulozuri sizustiT. misTvis ar arsebobda Zlieri da 

susti axalgazrda, axalgazrda iyo adamiani, romlisTvisac unda eswavlebina 

specialoba da aRezarda Cveni qveynis Rirseuli moqalqe. 

batoni akaki brZandeboda is pirovneba, romlis RvTisgan boZebul ni-

Wierebas srul morCilebaSi hqonda sawer-kalami. Zalze Zneli iyo mis mier 

daweril samecniero-naSromSi Tu sagazeTo werilSi raime Sesworebis Setana. 

igi Tavis azrebs gonebis quraSi atarebda, awrTobda da Semdeg lamazi kalig-

rafiiT qaRaldze Zerwavda. 

prof. a.gaxokiZes didi wvlili miuZRvis sabWoTa kavSirSi naxSirwylebis 

qimiis Camoyalibebasa da ganviTarebaSi. am sferoSi misma fundamenturma ga-

mokvlevebma saerTaSoriso aRiareba moipova.  

man daamuSava disaqaridebis sinTezis originaluri meTodi, romliTac 

SesaZlebeli gaxda manamde ucnobi tipis disaqaridebis sinTezi. am tipis nae-

rTebma didi interesi gamoiwvia, radgan maT amave sakiTxebze momuSave sa-

zRvargareTeli mecnierebi ver iRebdnen. am gamokvlevebis safuZvelze a. 

gaxokiZem daamtkica trehalozis, maltozisa da genciobiozis tipis (1,1—; 

1,4— da 1,6—  bmebis Semcveli) disaqaridebis garda axali tipis (1,2— da 1,3—

bmebis Semcveli) disaqaridebis arsebobis SesaZlebloba.    

magaliTisaTvis mogvyavs glukozil-2-glukozisa (soforoza, I) da glu-

kozil-3-glukozis (laminaribioza, II) sinTezis sqemebi.  
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a. gaxokiZem imave meTodebiT miiRo sxavadasxva monosaqariduli naSTis 

Semcveli am tipis disaqaridebi.  

am gamokvlevebidan sami aTeuli wlis Semdeg damtkicebul iqna, rom a. ga-

xokiZis mier aRmoCenili axali tipis naerTebi (soforoza, nigeroza, 

laminaribioza, laminarini, leikozini, skleroglukani, lentinani) farTo-

daa gavrcelebuli bunebaSi da maT maRali fiziologiuri (imunologiuri, 

simsivnis sawinaaRmdego da sxv.) aqtivoba aqvT. am axali klasis naxSirwylebis 

sinTezis meTodebi msoflio samecniero literaturaSi ,,gaxokiZis sinTezis~ 

saxelwodebiTaa cnobili.  

am naerTebma didi gamoyeneba hpova samedicino da biologiur kvlevebSi. 

isini ZviradRirebul nivTierebebs  warmoadgenen da maT cnobili qimiuri 

kompaniebi awarmoeben. magaliTad, erTi kilogrami laminaribiozis fasi ram-

denime milion dolars aRwevs.  

naxSirwylebis sferoSi gamokvlevebis Sedegad a. gaxokiZem daamuSava 

oligosaqaridebis struqturis gansazRvris originaluri meTodika, rasac 

didi mniSvneloba aqvs naxSirwylebis agebulebis dasadgenad. meTodi dafuZ-

nebulia sakvlevi molekulis aRmdgeneli nawilis daJangvaze disaqaridamde, 

romelic ozazons ar warmoqmnis. 
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a. gaxokiZem aseve pirvelma Seiswavla naxSirwylebis izomerizacia Ti-

xebis (askaniti, gumbrini) monawileobiT. es gamokvlevebi garkveul interess 

warmoadgens bunebriv naerTTa qimiuri evoluciis TvalsazrisiT.   

a. gaxokiZem daamuSava hidroqsimJavebis sinTezis axali meTodi mis 
mier aRmoCenili axali reaqciis — ketonebisa da karbonmJavaTa eTer-
ebis kondensaciis — safuZvelze, romelic gamoisaxeba Semdegi sqemiT: 

 

R R''

R'

CO + CH2
COOR'''

R R''

R'
C(OH) CH

COOR'''

R R''

R'
C(OH) CH

COOH  

  

es samuSaoebi Catarebul iqna ormocian wlebSi. mogvianebiT, samocian 

wlebSi, iaponelma mecnierebma am reaqciis safuZvelze ganaxorcieles mTeli 

rigi asimetriuli sinTezebi, rasac didi mniSvneloba aqvs stereoqimiis sa-

kiTxebis, katalizisa da organul reaqciaTa meqanizmis kvlevaSi. 

am gamokvlevebis safuZvelze prof. a. gaxokiZem wamoayena mcenareebSi 

organul mJavaTa warmoqmnis originaluri Teoria. riTac uaryo manamde ga-

botonebuli `duRilis Teoria~. am Teoriis Tanaxmad, magaliTad, limonmJava 

glukozidan warmoiqmneba Semdegi sqemis Tanaxmad: 
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es sqema damtkicebul iqna rogorc qimiuri, ise bioqimiuri sinTeziT. 

sxva organul mJavaTa warmoqmna mimdinareobs agreTve 5-keto-glukonis mJa-

visagan. am dros 5-keto-glukonis mJava ixliCeba 4 da 5 naxSirbadis atomebs 

Soris. 

prof. a. gaxokiZe did yuradRebas uTmobda soflis meurneobisa da war-

moebis narCenebis gamoyenebas. 

prof. a. gaxokiZem simindis narCenebidan miiRo qsilotrioqsi-glutaris 

mJava, romelsac teqnikaSi SeuZlia Secvalos Rvinis mJava. qsilotrioqsi-
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glutaris mJavasgan man miRo sxvadasxva metalTa xelatebi. am samuSaom sa-

fuZveli Cauyara bunebriv naerTTa Jangvis produqtebisagan xelatebis war-

moebasa da soflis meurneobaSi maT sayovelTao gamoyenebas. 

prof. a. gaxokiZem saqarTvelos sxvadasxva raionebSi mozardi Tambaqos 

narCenebidan gamoyo limonmJava. dadgenil iqna, rom lagodexis Tambaqos 

nedleuli saSualod Seicavda 6,37% limonmJavas, gagris raionSi mozardi 

ki — 4,71%-s. 

prof. a. gaxokiZem  tungis Teslis naWuWidan gamoyo ruxi yviTeli feris 

pigmenti da daadgina misi empiriuli formula. 

prof. a. gaxokiZis mier SemuSavebuli samkurnalo saSualebebis glikozi-

lirebis principi, romelic dafuZnebulia ujredul membranebSi naxSir-

wylovani fragmentebis aqtiur transportze, warmoadgens mizanmimarTuli 

moqmedebis efeqtur samkurnalo preparatTa Semqnis axlebur midgomas. 

klinikur farmakologiaSi im preparatebis gamoyenebas, romlebic wyal-

Si ar ixsnebian, aqvT didi nakli, rac imaSi mdgomareobs, rom maTi miReba Se-

saZlebelia mxolod Sinagani gziT an garegani zemoqmedebiT. aRniSnuli gare-

moeba TavisTavad Zalian zRudavs samedicino praqtikaSi maTi gamoyenebis Se-

saZleblobas. 

naxSirwylebTan kondensaciis Sedegad a. gaxokiZem SeZlo mieRo wyalSi 

xsnadi streptocidi, aspirini da sxva samkurnalo saSualebani, romlebsac 

warmatebiT iyeneben samedicino praqtikaSi. man miiRo agreTve xsnadi saxame-

beli.  

didia batoni akakis damsaxureba veterinarul praqtikaSi helminTolo-

giur samkurnalwamlo saSualebaTa miRebis saqmeSi. gansakuTrebiT aRsaniSna-

via rva axali preparatis miReba, romelTa Soris gansakuTrebiT aqtiuri aR-

moCnda WiaTurisa da raWis bunebriv sabadoTa gadamuSavebiT miRebuli manga-

numisa da dariSxanis Semcveli nivTierebebi. 

prof. a. gaxokiZe uTmobda ra did yuradRebas bunebriv naerTa Seswavlis 

saqmes, mis mier dadgenil iqna zogierTi glikozidisa da pigmentis agebuleba 

da amasTan, daamuSava maTi miRebis sinTezis meTodebi. magaliTad, mcenare 

glediCiadan, sxvadasxva mJavebTan da glikozidebTan erTad, gamoyo axali 

pigmentebi — akramerini, olmelini da 3-D-glikozilepikateqini, romelTac 

SemdgomSi didi gamoyeneba hpoves medicinaSi, rogorc sagule da simsivnis sa-

winaaRmdego saSualebebma. 



personalia 
Personal 

 

 89

OH

OH

H3CO O

O

OH

OH

OH

OH O

O

OH

OCH3

akramerini olmelini
 

 

OH

OH

O

OH

OH
O

O

OH
OH

OH

OH

3-D-glukozilepikateqini
 

 

aRfrTovanebas iwvevs is faqti, rom gasuli saukunis 40-ian wlebSi   

prof. a. gaxokiZem SesZlo am urTulesi bunebrivi naerTebis sruli sinTezeb-

is Catareba. 

profesorma a. gaxokiZem safuZveli Cauyara saqarTvelos navTobis qimi-

ur kvlevas, rasac SemdgomSi didi Teoriuli da praqtikuli mniSvnelobis sa-

muSaoebi mohyva. man Seiswavla mirzaanis, sufsisa da Siraqis navTobebi. am mi-

marTulebiT pirveli naSromebi man gamoaqveyna 1941 wels, riTac, rogorc 

mecnierma, Tavisi wvlili Seitana qveynis Zlierebasa da axlad dawyebul meo-

re msoflio omSi warmatebis miRwevaSi. 

1942 wels a. gaxokiZem gamoTqva originaluri hipoTeza navTobis genezis-

is Sesaxeb. man gviCvena, rom naxSirwylebis transformacia, mcenareul da 

cxovelur organizmebSi bioqimiuri gardaqmnebis garda, SesaZlebelia geo-

logiuri metamorfoziTac mimdinareobdes. Tavisi mosazrebis dasamtkiceb-

lad man pirvelma gamoiyena naxSirwylebis qimiaSi metalorganuli sinTezi da 

glukozisagan miiRo benzinis komponenti — izooqtani.  

am gamokvlevas didi praqtikuli mniSvneloba eZleva momavalSi 

energetikuli daniSnulebis produqtebis misaRebad. navTobis warmoSobis 

gaxokiZiseuli mosazreba 40 wlis Semdeg eqsperimentulad daamtkices kana-

delma mecnierebma. aRmoCenilia mikroorganizmebi, romlebic bunebaSi nax-

Sirwylebs navTobad gardaqmnian. 

Cven gvinda aqve Zalian mokled aRvniSnoT batoni akakis kidev erTi didi 

saqmis moTaveoba saqarTveloSi. saqme exeba dRemde naklebad cnobil faqts. 
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rogorc zemoT iyo aRniSnuli, a. gaxokiZem q. kievis Saqris samecniero-kvle-

viT institutSi warCinebiT daicva sadiplomo naSromi. naSromSi damuSave-

buli proeqti safuZvlad daedo saqarTveloSi pirveli Saqris qarxnis mSe-

neblobas agaraSi, radgan aRniSnuli regionis WarxalSi Saqris Semcveloba 

ufro meti iyo, vidre sxva regionebSi mozard WarxalSi. 

didia prof. a. gaxokiZis damsaxureba qarTul enaze saxelmZRvaneloebis 

Seqmnis saqmeSi. mis kalams ekuTvnis organuli qimiis da biologiuri qimiis 

saxelmZRvaneloebi, romlebic ramdenjerme iqna gamocemuli. mis mier Sedge-

nili da gamocemulia laboratoriuli praqtikumebi qimiis sxvadasxva 

dargSi. aseve gamocemuli aqvs qimiis swavlebis sakiTxebTan dakavSirebiT 

mravali meToduri xasiaTis Sroma. aRsaniSnavia misi mecnierul-popularuli 

wigni `qimia adamianis samsaxurSi~. 

Tavmdabali, Rrma moqalaqeobrivi Segnebis, keTilSobili bunebis da fe-

nomenaluri niWis mecnieri, prof. akaki gaxokiZe im WeSmarit mamuliSvilTa 

ricxvs ekuTvnis, romlebic saqmiT da mxolod saqmiT emsaxurebodnen ers, igi 

Tavisi pirovnuli TvisebebiT samagaliTo iyo garSemomyofTaTvis. 

prof. a. gaxokiZis sicocxle moulodnelad Sewyda [gardaicvala 1964 

wels, 55 wlis asakSi] im dros, rodesac igi jer kidev aRsavse iyo axali 

mecnieruli ideebiT, axali samecniero wamowyebebiT. am ideebis ganxor-

cieleba mas aRar dascalda, magram is, risi Seqmnac man moaswro, samudamod 

Sevida qarTuli da msoflio mecnierebis saganZurSi. 
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