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onmmonls o  Lb3osobbls  Mgg0d300L  BgLod-
mdmdol  goms  abss, mMm3  3MmEabobozol
0ygbg096 oo domBm Myog96@L, sModge 3MmEgLdo
Pomdmgdadbom sofml, Mmgmmy 96gMaaB0gnm fysmmb.
smbodnem  mydgmdo  dgbodmydgmons  Lb3ssLbls
BImMIMmbBed833amo  8gmMoo  ByEEMyymol
899mygbgds. 8gomeby domadnmos LajoMmozgmmb
3087360 [9]. odbswldnmos  3mMabmbGomyMmoa
mydgmo Mygnmomgdsn My1080L dgbodmgdmmmdoocm
(byf.1).

LpMmoomo 1. 3aMmmBs3xd(333mmo dgmMmocen

630 mMNEsb domomon b3zgMnoo Byeasdnmals djmbyg
65630Md>EM3560 AsLogmals domxdol msdmMsGmMmanmo
©3650a5M0l - Mdgamn; 2 - JsMmon3zob dOemmgn; 3 -
063MEGmo so0Mab dsembo;
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3bMmogmo 1. 6obInMOSIEM3360 sbagmal 3MmEgbGmMo 838500376 mMOS

6008100 608137000 Jodoymo dgdsoaggbenmods %
C (0] Ca Si K Al Fe S Zn Cr Ni Cu F
“bau-a” 86.8- 7.36- 0- 0.64- 0.04- 0.22- 0.09- 0.02- 0.01- 0.01- 0- 0.04- 0.4-
91.16 11.18 0.56 0.74 0.4 0.36 0.3 0.08 0.3 0.15 0.03 0.38 0.3
obomol 82.03- 11.49- 0.3- 2.09- 0.23- 0.92- 0.39- 0.19- 0.2- 0.01- 0.09- 0.13-
bogngo 83.55 12.76 0.09 2.66 0.56 0.77 0.63 0.29 0.3 0.08 0.27 0.2
bols 87.70-  5.95- 0.00- 0.45- 0.00- 0.04- 0.00- ) 0.00- 0.01- 0.03- 0.03- 0.01-
BobgMmbo 94.67 10.55 0.25 0.63 0.36 0.31 0.27 0.32 0.05 0.07 0.13 0.06
Bygdstnbo 91.21- 6.33- 0.07- 0.09- 0.14- 0.16- 0.24- 0.07- 0.09- 0.01- 0.02- 0.03- 0.00-
J 92.50 7.49 0.2 0.13 0.22 0.25 0.34 0.12 0.16 0.16 0.12 0.07 0.03
0000nbomgy Lodndomdn dgsMmgdobm3nl smgdymo  dsbomol  obogyMmo  3oModx&Mmgdn.  bBogMnsbmods

8393306 A336L bgmo sMmLydnmo MnLbymo Homdmgodals
8903&03309mo bobdoMo (bau-a).

gbomdn 1 8mEydnmos smbndbymon dgomeoom
bb3osbbzs  FIMIYMMBe8I0333m0  BIEMINMNEsE
0009010 bobdoMmodsmM3sb0 Fobognals s Jombbymo
Pofmdmgoal good®n330man bobdofol, hA3g6L GogMm,
05b3560M70gmgmydEMmMbye dnzmmbim3by (HITACHI
TM 3000), goBmdogmon dgd3sa3bemmodo.

gbomdn 2 o 3 ImEgdymos bobdoMmodsm3sbo

3bMmogmo 2. 6obInMxdsEmM3560 Aobogmol zabBoznMmo
3aModgBMmyodo

&9600- B BboyosMmo
6037930 bmoy, Bmds. % Lod33M03),

% v alLd:

LEObsMmEN
6217.74 < 10.00 <6.00 <0.24
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ACTIVATED CARBON MATERIAL OBTAINED ON THE BASIS OF SECONDARY CELLULOSE-CON-
TAINING MATERIAL

Z. Samkharadze*, T. Marsagishvili, M. Gachechiladze, J. Metreveli

Rafiel Agladze Institute of Inorganic Chemistry and Electrochemistry, lvaneJavakhishvili Tbilisi State University
samkharadze.zura@yahoo.com

Abstract.

Waste management is one of the most important problems in the world, in the solution of which an increasing role is assigned to the
development of technologies for obtaining new materials from waste. A one-stage thermal conversion technology for the production
of carbon material with a high specific surface area from various cellulose-based raw materials has been developed.

The advantage of this method, in addition to one-stage and the possibility of implementing different modes, is that the process uses
various gases generated during this process as an energy source. Different cellulose-containing raw materials can be used in this oven.
An activated carbonaceous material was obtained from cheap, constantly renewable secondary raw materials (hazelnut shells, nec-
tarine kernel, and sawdust). The composition and physical parameters of the resulting product were studied. Carbonic material can
be used as an adsorbent, as well as to obtain antifriction composite coatings.

Keywords: ecology, waste management, carbonaceous material, new technology, new materials.
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NEWEST ASPECTS OF THE SYNTHESIS OF 2-PHENYLINDOLS (REVIEW)

A. Tsutskiridze*, M. Turiashvili, I. Chikvaidze

Ivane Javakhishvili Thilisi State University
armaz.tsutskiridze9062 @ens.tsu.edu.ge

Abstract. In this review, we are intending to show modern trends of 2-phenylindole synthesis. It is noteworthy to said
that over the past years organometallic catalysis, stoichiometric organometallics and photocatalysis have achieved an
important place in the arsenal of organic chemists involved in the construction and functionalization of 2-phenylindole
derivatives. Methods are usually tolerant of a wide range of functionalities and they provide the significant advantage of
avoiding protection groups. In general, it is apparent from a synthetic perspective that this application to 2-phenylindole
chemistry has had a considerable impact on the synthesis of this important class of compounds. It is used almost rou-
tinely in today’s preparation of a vast number of 2-arylindoles, ranging from simple to complex molecular targets. Sever-
al areas of the metal-catalyzed 2-phenylindole chemistry have been the object of an increasing number of studies, which
include the development of new synthetic strategies, the optimization of reaction conditions (ligands, bases, additives,
solvents), and the application to the synthesis of bioactive derivatives. Despite the impressive number of contributions
and results obtained, however, many challenges remain. A better understanding of various mechanisms in the process of
synthesis and functionalization of 2-arylndoles is necessary, and there is space for improvement in both scope and mild-
ness of the reaction conditions for some of the methods described. Achieving higher turnover numbers of the catalytic
cycles to favor a major impact on the industry can also be expected to be an area of major interest.

Keywords: Indole, cyclization, catalysis, 2-arylindoles
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dgLodmgogmos  dMmo3zsmo  LonbEgMabm  ™30L700L
97mbg sbaon Baghamal domgde.

9300332000 3oblyxo

Pomdmeggbogmo bosdmdo gdm3bads obosmmo  IMo-
35Mm00Mm30560 39B&aMmEoidmyMma bagmogdols — 096-
BodosBmmomnbommmobommabs s 036%08008%
momogbBm3nmmemabomaol Lobmgbl. Ladydsmls
00%506L  Jgoagbs  096B0dnsBmmol  doMo3al
05353300705 g 87006373530 0bememmobmmabs
s 8gmMy Jg0mbzg3sdn dx6Bm3nMmmmobommals
00MM306.

500Lom30L A336 o30Mh0gon 076B0BnsBMEMOL dof-
030l LobmgBobsm3zal gMmoboxgbyMmosbo Ggomeon —
0bemmmobmmobs s  d36Bm3nMmmmobommals
39MOMboamMo bahomIgdol (sena3nn, 30MdMB3539)
1hongmogddgegds mMhom-3360mg6e05806056
Lb3oslbzs  Jo@omoBaBmmydnl 399mygbgdom,
Lb3oEslb3s &7d3gMo&nmab 30Mmdyddo.

domooo  bLogzmmgz  ULJgloe  dgfhgnem  0gbs
0bemmm([7,6-globommol  semeegdnegdol 1 o 2
yhongmogddgegdols Mgedangdal dglbfozms mMmorm-
B3960mM7603006056 3 Lb3sobbzs  30Mmoy0d0.
bmanm 036Bm3nmmamobmmal 50mb3g35d0 Lafyal
3MmmeYd@s smadnm oym nlsmdmgbo 6ofoMmdn 4 o
d0bo YMonyhmng8yegds mmom-B760mMybnsd0bmsb

>
14
|
L
=
L
=
©)
c
P
<
o
14
O
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(bggBo 1).

fomdmeagbomon LJgdol dobg3nom Mgsdsns JoMmOM-
boamym  Boghogdls o mMmom-3760mgbnsdnbl
dmfol o0 30Mmodg0dn Pbs dmbgl 3mbgbLsgnnl
dyomywnmo  3Mmeyidob ,0080L  3ydol”  (1-
a) (omMAmJdboon o dobn godmymxyzal  goMgdy
303m0Bsgnnm 036B08nsBmanmo 3o3emyMo bogh-
o0l 5 domgdoom (bggds 2).

M30J30900L M3BndsgyMmo 30mMmd]xo0l sbowggboe
3mbgblognols o ghoemmymo  gozmobsgool
3mEgLgon  hoBoMmadynmm 0gdbs  Lb3sLLBE3S  35Go-
moBo@mmgools  godmygbgdoom. dmLobyxymo  0gbs
05303m0B707mM0 5896700 - ynbnyemmszsbn ddomayo3y,
3mmM0BMbaMmMA7935 S BMmbazmmab JeonmMgsbagon.

3-gmMmdom-0bomemm([7,6-glonbomanols (1) [4] yfhoo-
1M Jd7g0s  mMmom-3360mgbnsdnbmsb  ynby-
mm356 ddomaxo3000 dn8nbomgnds 80-85 °C-Bg 3
bor—0b gobdozmmodsdn. Mlaggnol 3hmend@o gobnas-
0033090 0gbs Jhmds@mamoxzoym b33&B, hodo-
Mydnmns gedmymxyzngmo bozmogmgdol L3gd@Mmymo
Sbsgmanbo.

hoBoMmgdnmo 0g6s 3-gmMmdogmnbmem[7,6-g]

0bommol  yMmoogmngddgegdol  Mgejsns  mmoim-
B9b0Mg6Ns8006sb  obg3y 3meormMbazmmadzge3580

HN NH,
H
\ ©:NH2
DOR
\_NH
1

HOOC

NH

NH,
COOH 3

N ZT
P4
R

A

80-85 °C-%67 30 fon-0b gobdozemmodsdon. bomgsdzom stob
fyamoos s GG0o ©sdnds3zgdol dg8cgs, oMol pH-
ol 360d36gemmo0l  3mbEMmmoom  (Ybo3zgmbamymo
0603o@GMMalL Jomomen) godmymazomo 0gdbs Mgogd-
goolb 3mmenddo Onjdo sguMobzgmo—dmysznbGmm
x13b360mMab Laboo. ob dbgamo nbLlbgds 3odblbgmyddn

(gogfo, L3oMmGo, goomosyBe®n), dyEsMIdOM
13900 obLbbgods GydMmodnMmmezyMmobdn. gl vdbgmgolL
3obnBme3300L  3MmagLl.  bBymo  3meEyd@ol

890mbo3NSbmMds 8750a76L 94%-Us.

boghono 5-0b nbxzmo—fHoogmm L3gd®mAn Abgds NH
00700L6  d;obmngddol  dobolnscgdgmn  Modgbndg
8omMMyoYmn  bBmemo 3409, 3159, 3062 UL3?
105600, L3g3d®mMAn JMmgds semeyidneal C=0 xguxsnb
3obsbnomgdgmn Bmemo 1630 LA™ s 3eMNbgds C=N
090L 8056 Jdnb bmenn 1609 LA™ Nds6T0.

boghonol 5 yam@monobzgm bL3gd®mMAn BogLoMEIdS
0010600 d80L 3 8ogdbndydo 210, 230, 330 63— YoObyO-
00,mMmA3gmoE ©adsbsbnomgdgmos shmdos@nmo Lob-
&g080bo3ab.

boghool 5 3MmEmbnom dogbodyMmo MIBmMbBLLLOL
L3gd®&mAn 33mob  LYLE 7Osbdn dxnbndbgds ULsDo
LobagmaBMo 3030, MmABxmog dgodegds 3n353Nbmm
MmgmMi  obommyMmo  sbJ3g  036%B0dnsbmeals
o030 NH 03300l 3Mm@Embydl. yzgmoby LyLE

HN \ H
Cry WO
\_NH

bgd8s 1. 06emem[7,6-g]lobommoal seng3neldol 1 s 2 yhonlmmnlddgegdel MxsjEngdo mMmom-33600m360058060156 3

Lbb3oaLb3s 30MmoYd30




J. Geo. Chem. Soc. 1 (2021) 17-22

HN\ H

\_NH

NH
QNHE

3

NH,

HN
N\

\_NH

1-a

H
N

\ Vo
\_NH

5

Lg8s 2. 076B00sBMMYMo 303enMa Bagmamol 5
Lobogbo

05630 goxsMmormgdnmao Lnbgmy®on (12.80 86) 803o-
390036700 080sBmmal NH 3Mm@mbyol.bmem go-
BRamomydymo bobgmyBgoo Logbomydn 11.72 36 o
10.03 36 90393901367500 nbommmnbmmol doMmo3zoL
NH 3mm@&mbgdl dgLbodsdobs hsbsgzmadnm s hsy-
6533t ydgm 3nMmanob doMon3]xddo.

SthmdsEymo 3mmEmbdal Posbdn 3706036705 ghmoon
LobagmaBMo Logbosgmo,Mmdgmog Gn3539mbgo 076-
B000sBmmoom hsbsazmgdymo 3ommaob domMmamzolb
SaMa3d 3MmEmMBUL (7.36 86). Aombogzmgdgmn 3nmmanals
o030l 3MmEGmbnymo  Logbomgdn  3eM0bgds
(7.49-7.51 86 mods63n). L37J®MAn 3MNbrgds oLY39
bommomnbol  doMmo30L  shmds@namo  Logbsmmgdo
Lodg®monmo  EYOMIBIO0L Loboom  L306-L3n6yMo
yMhongmongddgegdol mmom 3mbLEsbGoom (8.8 3g).
000sBmmob 303emdn dgdszsmo 036Bmmal domaznl
3hmEMbId0E 8100360y ©EPOMIG— ©EYOMIGHIONL
Loboo (7.11-7.14 36 ds630).

dgbhosmoamn  0gbs,  oLJ3], 0bemmmobmmaob
cnsmeEgdnealb - 3,8-coxzmmdnmobomem(7,6-g]nb-
commolb 2 [2] nhonghoddgegdol Misdgos mmorm-
B960mM760N5806056 LB3SESLB3IS 3nMmogxddn. m—i3)-

b60mybnodnbn y3zgms 970006333530 SMIOPMNO 0ym
Lodxghon LogoMdoo.

di0oMmdgo35dn  Mgoadsns AosGomgdnem  ogdbs  dolo
cymomol $g03xMmadmobg, 2 Losmalb gobdszmmosdo.
LofgadEom oMysb godblbgmals smmangmgdal 3308
8o0m3MmnbBomes MJodznnl 3mmemnddo 6 sgnmobagi—
yo30bzgmo 3360l baboo.

096%B080sBmaol  Lobogbol gBIIGYM Tyoymeb
Pofmdmoagbl 3mbgbLognol mMgodgool hs@omyds
Bmbammol Jonmmgsobgnl sMydo, MmAgmaz gedmeonl
Mmmgmmg 3o@omaobo@mmol, aby godblbgmo mMmado.
M357d300L AsEGSMIdNL eMmmb BmEgdnmo onsmegdnnl
bLBsEMBONL godm Bmbammab JanmMmgsbado gobLbol
0016000  ©o31ndodgon ndgomnmammdsdoEn o
353bgmgon 105-110°C &gd3gMmo@nmaby, LafMmgadisnm
sthob &&nom adynds3zgonl 9708 do8moym bagngdo
09do yo30LbxyzgMmo xbzbomol Loboom, ol PbLbsENY,
dofmomo mMmgsbym godblbgyamgddo.

nomEgdnEaol 2 ©d m—x3360mMxbnsdnball  3mb-
©96Ls3ns 3mmoxrmMbazmmadgezsdo hAs@omixdym 0gbs
70°C &3033gMmo@nma®y 1 Losomolb gobdszemmodosdan. bo-
Mmaodgom ool fymoo ©odnde3z30ol 97038 8o-
dmymazonm 0gdbs Mgoaggnal 3mmenido, dmHomsmm-—
dmys30bxgmo BbB36omob Loboom. ngn, gobLb3s3g00m
gmbammol Jonmmgobgdo hoGoMmgdnmo  Mysgdionlb
3Mmond@0bogeb, 3JoMmasw obLbgds o33BmMbdn o
cndgoombnmamgbodo gosbymgdno.

bb3oalbzs 30Mmogddn domadnmo 3mbgbLsisnol
3Mm©NdBJ00bs30L 6 Foomadym 0dbs 0.§. ©o
1.0. 1333&M700 O EIEILEYMIONMO 0dbs Toomo
00096@MmModY.

3mbgbLognal 3mmemnddab 3,8-00l((0g6B0dnsbmm-
2-0an)-1H,6H-06comemm([7,6-g] nbommo (6), 1H-00M
L3gd®Mmo, Logbomadol mMomabmdnm dggLodsdgds
Lodg®monam  LEMNIGYMSL.  bL3gd®Mab  y3zgmoby
I3mMm LnLbE Mosbdo 3mnbyds d76n08nsbBmmoabs
©s 0bommolb NH xanxgool 3MmEmbgool 303700
LobagMgBg00lL Lobono dgLodsdnlbo, 12.98 o 10.07
06-b3. L3gd®MAdn dgxnbndbgds Lobgmg®o 8.4 36—
By, mdgmoi 00353906500 3nMmanol doMmo3300b
SmBo-3MmEmMbJdL.  bmmmm  boxyoomnbols o
096%bmmal  dnmm3g00L  smBs@nmo  3MmEmbydo
09003600700 8.30—-8.2136 10s680. s3Mngsce domgdymo
0mbog0dgdn o  9Hnboomdmiaggds dmfmeg  Oym
00L(096B080sBMmMom)nbommmanbomamals 6
LESMYIGNML.

3mbgbLognal 3mmemnddab 3,8-00l((0g6B0dnsbmm-
2-0an)-1H,6H-06comemm([7,6-g] nbommo (6), 1H-00M
L3gd®Mmo, Logbomadol mMomeybmdnm dggLodsa70S
Lodg®monam  LEAMNIGYMSL.  UL3gdBMab  y3zgmoby
I3mMm bnLbE Mosbdo 3mnbids d76n08nEsbBmmoabs
©s 0bmmolb NH xanxgool 3MmEmbgool 303700
LobgMgBg00lL Loboo dgLodsdnbo, 12.98 o 10.07
06-b3. UL37J®Mdn 870bndbgds Lobgmmg®on 8.4 06-
By, mdgmoi 00353906500 3nMmaol doMmo3700b
SmBe-3MmEmMbydl.  bmmmm  boxyoomabalbs o
096bmmalb  dnmm3300L  smBs@nmo  3MmEmbydo
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01003600700 8.30-8.2136 10s6dn. sdMngsce domgdymo
0mboggdgdn o  9Hnboomdmyaggds dmfmeg Oy
00L(096B08nsBMmMoOm)nbommmnbmmol 6 LGmy-
J&nMmob.

096bB0ndnEobmmomodgbbm3nmmmmobommaob
00000L  30Bboo  hoBoMmadynmoas  0736Bm3nmmenm-
0bommol  ©03omMdOMBAxo30L 4 [5] 3mbgbLagnnl
M35d300  mMMmBIbomybnsdobmsb POCL-0l oo-
Bomonlol, Mmdgmos ghorehmymse  SbMYmMIOL
39@omaBodmmobs s godblbgamol Mmab. Mysadgos
hoBomgdnmans POCl:—ob ymomob @g83gMmo@nmaby.
Lbofgodsom ool GnGoo  ed7ds3700L TgEgaeE
godmymaznogm  0gbs  Mgogsool 3Mmeyddo 7
yo30bxzgmn x3b3zbomal Loboo, Myoggonol 3Mmeyd@o
8oLmB™MO3701Mm  0gbs  ghmds@mamoxzonam  L3xEBY.
096bm3nmem  nbmmol Eozomombage3sl 4
3mbgblognol Myodans mMomxyz3gbomgbnsdnbosb
b33 hoBomadymons 3mmoxzzmbgmmal 8303530 130
°C-Bg 01535L dbgmo bLBsMONL godm. dogMmod o0
ommb swgomon 3Jmbs bBofommmomonz  Igxznbizol
s  3mmenddol  godmbozmosbmdal  d7830Mgdsb.
3hmwnd@0 gosdmengdomo ngbs 330 fymoon.

8o0smy0m 0gbs domadymo 3Mmeyidob 7 o0.§.—
L3gd®Mmo. DJomadymo  boghool  L3gd&MAn  JMmgds
39MOmMbogmol Xanaol doboboscgdgmno dmsbomgdol
bmamo  (1683.9) o 3m0bElds  goxrsmomgdymo
Bmen NH-300L 305680 3438 LA™ sLJ3], 033700700
dgnMy 0b@3bLozmoal Bmemo 1797 LA s o
00637bL03MoONL  goxrsmomyxdymo bBmenn 1538-1357
L8 nosbdo0.

boghool 7 J.0. L33JBMalL TgEsmadabsl Lofyobo
©035MOMB37035L L3gJBMSb 83060367905 Bnsbagdnls
05903737000 os@mgmmadymo 890065333ty 0
©s  agmdgm@ommnsb  oobdn. 01mo3b6gds  dbo-
oo 3ogbnByndgxdn, Mo ImbLsmmebymo  LEMYJ-
Gnmosbd  dgymmgdol xog30L ogMmdyamadol
©53505LEYMIOIMON0.

boghonal 7 3Mm@mbnam — dogbodyMmo MIBmMbLLLOL
L37d®MAn  Logbomgdals MomEgbmods  JggLodsa7dS
Lodg&monmm LEBMNIBGYML. L3gd&Mmab yzgmoby LLE
39 dn 30gLboMmgds nd0sBmEabs (1’-H) s 3oMmanals
00Mo3300L (1-H, 10-H)-NH 3Mm@Embgdool Lngbsgngdo
07L050500bo 11.75 s 10.21 36 H0s6dn. LobgmgByMo
bogbomab Lobnor 3eMNbEgds 3nMmaolb dofMo3zal B
3mEmbgoan (3-H, 8-H) 6.87 36-b7. sgMmgmn3y, bL3gd&Madn
83630705 076B0dnobmmoal 076Bmmoal domm3znls
(4’-H, 5’-H, 6’-H, 7’-H) o 036%m3nMmmmmabommoab
096%mmab dommnsob (4-H, 5-H, 6-H, 7-H) ondmg@nmo
©s ©EYOMIG-ENOMIGYMo Lngbsggdo 7.54-7.83 o
6.21-6.54 096 0b6@gM35M7xddn, MMAgmMmoms EFombsby
00310136900 3odbyamgdymas. mmammy L3gd&mosb
hobl, dmeginmol Londy&Mmoymo smbogmoal godm
dmang3ymoal HomBmbobznon bobgzmal 3MmmEmbidnl
bogbaggdn gdmb3g3s dgmmg Babgzmal bLngbogngol.

37L39M0076BG 0 bofoamo

Mgogdsool 8L3mMammonbs s Bagmooal LolyBoszol
3mbEMmml sbghgb Lomonlsggamol @omBanBloby
silufol-254. Bogmoos Jhmds@mamoxzomydols commb
SLMMOYbGs dodmygblydnmons  Lomogsggmo  bo-
fomoggool  Bm8ooy  100/250838. 0bamsfomyman
L33Jd&MION BoEIMIONMNS nbGMsfomgma L3gdGMmm-
97®Mmoon Varian 660 FT-IR spectrometer, ©0s35bmbo:
400-4000 b3, KBr —obs $odmy@&gddo.

JmGmonob@ghmo  L3gJEMId0  goomIdNMoNs  bBgm-
Lofymby Agilent 8453-UV-VIS (Gommmol Logmdy: 190-
1100 68). 1H-d8M UL33J®MId0 gosmadnmos b3gJd-
&Mmmdg&mbg Bruker AM 400 (400 0333) DMSO-d6,
00653560 LEGSbsME0 TMS.

3(096B0303BM-2-00m)-1H,6H-06cMmmm[7,6-g]
0bomo (5).

djomeon 5: 3—-gmmdom—1H,6H-06ommm[7,6-glabom-
0ol 3mbgblsgns m—x3360mybens806msbddsmagszsls
5M3d0. 0.108 g (1 30mamn) m—x3960m 603306l bLBNSO
5 9 yobyanm3sb dB8omMIg53580, 0196msb N8s@7076
0.234 3 (1 d8maenn) dmbmommeogdnconls byL3dgbbosls 15
dem ddoma153580 s S3bgm096. 70 °C-By sema3no
doamnobo nbLbgds. Lafmgeggom ofgl SEbymyoyb
80-85 °C-Bg 3Lo—0b gobdszmmosdn. LaMmgadsom sMmgls
5ym369096 ghmoo mod). domadnm bLbsMml go303700L
3000m050d0 88185390906 10%—0560 GyGolb bLbsMoo.
pH 14-%3 0gnggdgds 8ngdo i3gMmoabl bogmgdo. Bom@ma3]b,
MyEbs336  fymoom  BgoGMmommym  MJoJEnedEy  ©o
58Mmd76.90009058170653MobBgM0oBE3I60MN. 600
3MmmeEd@ol godmbszmnsbmds Momgbmdmnzns. ngn
39Mga abbbgds ndgmomammdsdndn s dbgmo
bLboNy  ESbsMAE  mMasbym  gsdbLbgmgoddo.
3MmEIAL sLYBRMS37070 JMmBsEmamoxzoym b3g@b).
5LMMO76E0-bnm0lsgamn, 3ang6GJ00—sbshyolidn
LoLEAs BxbbBMmo—gnomaoisydedon, 1:1, 93033 30
bnxos goomsga@e@. Jhmds@mamoxrnmgools 9903
bnxos 3mmend@ob gedmbszmnsbmods dgowagbl 0.114
3(32%).T_,>277. 0.§. bagd®tn, v b8: 3409, 3159, 3062,
1609. 3. 0. b3gd®M0, A__ 68 (D): 210.0 (2.83), 266.0 (1.97),
330.0 (3.22). "H-08M L3gJ&Mn, (DMSO-Ds), 6(8.6.), J(33):
12.80 (1H, ab, 1’-H), 11.72 (1H, gL, 1-H), 10.03 (1H, ab,
6-H), 8.22 (2H, @, J, =), ,=8.4, 4-H, 7"-H), 7.99 (2H, ,
J,5=)y o= 8-8, 4-H, 9-H), 7.49-7.51(2H, 8, 7-H, 8-H), 7.36
(2H, b, 2-H), 7.13, 7.12 (2H, @, Jm=6.0, 5’-H, 6’-H), 6.93
(2H, @, J; ,=J,,=8.8, 5-H, 10-H).

djomgon o: 3-gmmdom—1H,6H-06ommm[7,6-g]labom-
ool 3mbgbbsgns mM—-x3360mMybnsdnbmsb 3mamo-
BmbxzmmIgo35L 5MJ380n.0.234 5 (1 88mon) 3—xgmmMBom—
1H,6H-06comamm[7,6-g]lnbomamls 7fg3g6 0.108 g (1
99mann) m—x3760mMybns30bL s NBsEJd0 Gob 2.5 8
3mmoxzmbzmmdge3zsl. YMIx396 cygmdmdgdMmoo o
0506 53bgm096. 75-80 °C—Bg semeg3nwon dongmnsbo
obLbgods. Lafmgedgom oMy oMol dyjo BmHocmsmnm—
yo30bazgmo. s3bgmgdgb Lafmgsggom ofgls 80-85 °C-
By 15-50 for—ob gobdszemmosdn. sym3bg096 mosbol
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&97039M3@MBY 3 Losmb. bLomgagzom Tobs godmajzo
Pymoob Fndodn s 9b670@MomMydg6 KOH-0b 10%—05b0
bLboMoo demngh &1nEg Myodins8]. 030 MVBPIMSD
VBIMYEIdS s 0emMIJIds Hoogmo Bymol bagngdo.
5ym367096 madnm. dgmMg omgb BomEmo3g0, hgabsezgb
fymoo  bgo@dmomy  M7oJd3nod®y o  s3Mmogb.
000m70s dgnMobygmn—dmyszobgmm xbzbogno godm-
bLo3mnobmdnm 0.303 g (94%). goomadynm ogdbs o.§.
L3gd&mo.

3,8—-00L(076%000@3BMmM-2-00m)-1H,6H-06coM-
m([7,6-g]abemao (6)

0.131 g (0.5 8dmean) 3,8—oxmmIomobommm-
0bemmob Lyb3gbboslt L3nMEGdn MsBg09b 0.162 g
(1.5 88menn) m—x3360mgbnsdnbals BLESML L3nMEdo
s 8 9 ddsMmdgezsl. 5EYMI036 gMmon  Lssonb
896853emmodsdn. onosmei3nn domosbo abLbgds.
Am39096 modom. dgmmy cmgl L3nMEob smMmogmgdals
89893 8o8mymxzom boangdl BomGHMo336, MyEbs336
930My Pnxes L3nMEG ©s s3MMOY6. dnomgds
5g9Mobgm—ys3obxzgmo i3bznmo godmbszmnsbmdom
0.03 3 (13.7%). 0.§. L3gd®Mn, v L™ 3420-3360 (gocs.
bmeon), 2963.1, 1634.5, 1558.7, 1469.7, 1398.3,
1374.8, 1326.4, 1260.4. 3. o. L3gy®Mmo, A__ 60 (D):
206 (0.19766), 275.0 (0.55116), 332.0 (0.17038), 350.0
(0.12). 1H-606 UL3gd®Mon, (DMSO-D,), 6(8.6.), J(3p):
12.98 (gb, NH n80gsbmamals), 10.07 (gL, NH 3ofmanals)
8.4 (b, a-3ammmyMan), 8.30 - 8.21( Ar 3mmEmbyon
Boxmsmnbols s 096BMmmoal doMmc3dn).

3,8—ccogizmmIomobmmmabommol  yhonghmoldy-
705 Mm—3360M3bns80b6nsb POC—al sMmgydn. 0.131
3 (0.5 30mo) 3,8—oxmmdnmaobommmobommabs
5 0.162 g (1.5 80mamn) m—x3360mybonsdnbal bomysL
190587096 5 8gn POCls o s3bgemydgb 105-110 °C-d¢o).
3-Ho—0l 370073 185&7096 7 em cndgonomammsdncols
semeegdncenl goblbol dn0bboo, obgs ogbgmgdgb. 1.5
bo—ob gbgamgdol (105-110 °C ) 897933 Lomysdsom
5y gobs gMmmag3smmssbo dasb@En d1gdo dmfomsmm—
go3obggho  gmazgmoo.  Mgedgool  sdms3zmydol
07093 boMmg3l sLbsdgb 303 Hysendn, HomdmIabngos
3o0330Mm35mmg foomgmo xgmol bLBsMo. 53793537090
10%—0560 GyBolb bLEsMoo. godmymazonm bogngdL
BomBGme336,  MEbo3d6  fymoo  BgoBmomym
M90J3000©] o 33MmMOY6. g3o8mbLozamnsbmds 0.19 g
(86.8%)

3,8—ccogizmmdomobmmmobommol  yhoongmoldy-
705 M—x3360mMx603806056 3MmmoBmbzMmmago35L
sMydn. Jodonmo Fododnnmy3g60.09 g (0.34 80mamn) 3,8—
coxzmm3omobemmmobommbs ©s 0.1 3 (1 3dmeno)
m—39600M7b053006U, 135370796 asbammydom
2 3 3mmoxnmbammdzgezsl, dmMmg3zsl oHomBmgogb
09MImByBMmoo s obEsmsb sEbgmgdgb. 70°C-
By bogmgdo LMo gonblbs. s3bgmxdgb 70 °C-By
gfmoo Losoal gobdszmmdsdn. Lamgagdaom Bobs oMol
dmfHomsmm—ys30La39M0.85(303900L3707558108537076
fymom. godmymagom Bomadl GomEMs396, MYEbs336
58Mmdg6. dnnmgds dmHoomsmmm—ys3nbazgmo i3b36nmn
0.12 3 (80%) godmULozmnsbmono.

2,9-00L(080>bBMmM-2-0¢m)d76Bm[e]3nMmmmm([3,2-g]

nbomamo (7)

0.49 3 (1.4 80mo0) 2,9-c033MdMILNdgEBM3nmmmm-
0bemmb 18537096 0.36 3 (3 88men) m—x3760_gngb-
©05806L, 6 8gm cndgomnomammdsdol s 15 3¢ POCL.
5369096 4 Losol 105-110 °C-By. mggde396 NaOH-ab
10 %-0560 bLBSMOO (pH 10), BoEMS396, MyEbe30
Pymoo s s8Mmdgb. Gonmads ys3znbygmn 33600,
899mLO3MNbmds 0.5 g (68.5%). 0.§. L3gd®Moa, v LA™
3697.9, 3438.8-3428.5 (gox.bmaenon), 2918.2, 2850.0,
2514.9, 2360.0, 1797.8, 1538.2(db), 1419.7, 1357.0,
1074.2, 872.3. 9. 0. b3gJ®o, A__63 (D): 201.0(0.25325),
256.0(9.9037E-2), 303.0(8.7822E-2), 355.0(9.2765E-2),
376.0(0.10100), 398.0(9.2755E-2), 465.0(2.2634E-2),
576.0(1.8130E-2), 581.0(1.8579E-2), 655.0(2.3095E-2).
H-336 L3gd®Mn, (DMSO-D,), §(3.6.), J(3a): 11.75 (a.b,
NH - 08000%.), 10.21 (8., NH -3ofmmmnMan), 6.87 (U,
B-30fmamals), 7.54-7.83 (Ar- 4’-H, 5’-H, 6’-H, 7’-H), 6.21-
6.54(Ar 4-H, 5-H, 6-H, 7-H).
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SYNTHESIS OF BENZIMIDAZOLYL DERIVATIVES OF INDOLO [7,6-g] INDOLE AND BENZO[e]
PYRROLO[3,2-g]INDOLE

M. Trapaidze*, N. Nikoleishvili, Sh. Samsoniya

Ivane Javakhishvili Tbilisi State University
marina.trapaidze@tsu.ge

Arstract. \Waste management is one of the most important problems in the world, in the solution of which an increasing
role is assigned to the development of technologies for obtaining new materials from waste. A one-stage thermal con-
version technology for the production of carbon material with a high specific surface area from various cellulose-based
raw materials has been developed.

The advantage of this method, in addition to one-stage and the possibility of implementing different modes, is that the
process uses various gases generated during this process as an energy source. Different cellulose-containing raw materials
can be used in this oven. An activated carbonaceous material was obtained from cheap, constantly renewable secondary
raw materials (hazelnut shells, nectarine kernel, and sawdust). The composition and physical parameters of the resulting
product were studied. Carbonic material can be used as an adsorbent, as well as to obtain antifriction composite coatings.

Keywords: ecology, waste management, carbonaceous material, new technology, new materials.
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SYNTHESES AND RESEARCHES OF 1N,3N-BIS(4-(1H-BENZO[D]IMIDAZOL-1-YL)THIAZOL-2-YL)
NAPHTHALENE-1,3-DIAMINE

T. lashvili, N. Nikoleishvili, E. Katsadze*

Ivane Javakhishvili Thilisi State University
Elene.katsadze @tsu.ge

Abstract:

New hetero cyclic system 1N,3N-bis(4-(1H-benzo[d]imidazol-1-yl)thiazol-2-yl)naphthalene-1,3-diamine has been synthesized in
stagedprocess transformation of 1,3-di-Aminophenylnaphthalene. Oxo- and Halogen-containing Thiazo-Naphthyl-di-amine sys-
tems were synthesized and characterized as Intermediary products. Preparative Method of delivering 1,1'-(naphthalene-1,3-diyl)
bis(thiourea) has been processed and optimal conditions for these reactions are determined.

There has also been conducted the condensation of 1,1'-(naphthalene-1,3-diyl)bis(thiourea)with Ethyl Bromine of Acetate with for-
mation of relevant 2,2'-(naphthalene-1,3-diyl-bis(azanediyl)-)bis(thiazol-4(5H)-one). Here has also been determined the optimal
conditions of the Cyclization reactions. Reactions of Chlorinating 2,2'-(naphthalene-1,3-diylbis(azanediyl))bis(thiazol-4(5H)-one) with
Phosphorus Oxychloride were carried out. It has been established that productivity of chlorinating reaction is the highest for initial
Oxy compounds Phosphorus Oxychloride and Pyridine in case when taken in equimolar correlation.Condensation of 1N,3N-bis-(4-

chlortiazol-2-yl)naphthalene-1,3-diamine with benzimidazole was performed the final compound.

Keywords: Naphthalenediamine, Naphthalene-bis-thiourea, Thiazole, cyclization reactions, chlorination

We carried out the implementation of syntheses of new
Naphthalene ring containing biologically active compound
which consists of different Hetero cycles. In particular, via
staged process, transformation of naphthalenediaminewe
have synthesized new di-Thiazo-naphthyl-amine,contain-
ing ring of Imidazole. As Intermediary products are charac-
terized naphthalene-bis-thiourea, Oxo- and Halogen-con-
taining systems which in turn are interesting because of
their structural likeness to other, well known biologically
active compounds.

Studies of naphthalene-bis-thiourea have attracted in-
creasing attention due to their potential use in agricul-
ture insecticidal, herbicidal, and pesticidal activities;
Some thiourea derivatives arewidely used in many fields
including pharmaceutical industry due to the biological
properties such as antimicrobial, antibacterial, antifungal,
anticancer, etc.[1-8]. Furthermore, aryl and acyl thiourea
derivatives are attractive model compounds for studies in
solid-state chemistry due to their tendency to form intra-
and intermolecular hydrogen bonds of the N-H proton-do-
nor groups to sulfur and carbonyl oxygen atoms. Recently,
compounds of thiourea in coordination with metal com-
plexeshave been reported by many researchers such as
NLO materials [9].

Our aim on first stage was to produce Naphthalenedi-
amine di-Thiocarbamide. From publications we are aware
of two exit ways of obtaining Thiocarbamide from Aromat-
ic amines: one staged method of syntheses as well as multi
staged-we used both these ways. It turned out that in case
of 1,3-Naphthalenediamineone stage reaction in progress.
Is characterized with low productivity in other words it has
low outcome compare to replacing Anilines, mentioned
in publications. This can be explained on the huge size of
Naphthalene’s nucleus creates steric obstacles.

In order to increase the productivity, outcome of
1,1'-(naphthalene-1,3-diyl)bis(thiourea) (5)we conduct-
ed the stageby stage reaction (scheme 1), via interac-
tion of Benzoyl Chloride (1) and Ammonium Thiocyanide
in Acetone environment. We at first got intermediary
product Benzyl Thiocyanate (2) by interaction of which
with1,3-Naphthalenediamine (3) (in molar correlation
2:1) obtained product N,N'-((naphthalene-1,3-di-yl-bis-
(azanediyl))-bis-(carbonothioyl))--dibenzamide (4) as a
result of alkaline hydrolyses. We produced corresponding
di-Thiocarbamide (5) at outcome percentage accordingly.
The structure of the product we got resolved by electronic
spectrum.
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Cl NH,SCN N=C=S

B —

Scheme 1. Synthesis of Dithiocarbamide 5.
On the following stage we proceeded with cyclization

(Scheme2) of Naphthalene di-Thiocarbamide (5). Ethyl
bromoacetate has been used as cyclizating agent. Reaction
was conducted at temperature of 80 OC in Ethanol envi-
ronment Oxo-substances (6) are obtained in 55% (Scheme
2).

BrCH,COOC,Hs
C,HsOH / 60°C

Scheme 2. Preparation of 2,2'-(naphthalene-1,3-diyl-
bis(azanediyl))bis(thiazol-4(5H)-one)

On the third stage of work we carried out desoxychlo-
rination. There are many descriptions of such cases in
publications. As most of them are characterized with low
outcomes, our aim was to find out optimal conditions of
desoxychlorinationreactions in order to increase the pro-
ductivity.

We carried out desoxychlorination experiment changing
concentration of interactive substances, temperature and
the time of the reaction. The outcome of targeted product
was still low in all cases. By heating 6 substance and POCI,
mixture at 60 °C with correlation of Pyridine 1:1:1 we ob-
tained 23% outcome of the final product (7) (Scheme 3)

O CI

A
HN/k

HNTSST o .
COE T Co b
6 7

Scheme 3. Preparation of1N,3N-bis-(4-chloro-4,5-dihydrothi-
azol-2-yl)naphthalene-1,3-diamine

We were unsuccessful in increasing the productivity even
when we replaced Pyridine with N, N-dimethylaniline.

It is known from publications that reactions of desoxy-
chlorination are conducted in Phosphorus Oxychloride
without base. In our case even in likewise conditions we
got resinous mass and final product was formed only as
a trace. From our point of view above mentioned results
can be explained by fact that in case of exceeding amount
of Phosphorus Oxychloride we may get an intermediary
products O-Phosphates as well as Dimer (0,0)-Phosphates
(scheme 4) [10].

Cl\ﬁ’\[ NH
ey
TQ’

O-Phosphate

N O\(‘i/o N
HN‘</SJ/ 5 \[\ NH
o &S
H\gj/\t\g \E?/H

0,0-Phosphate

Scheme 4. Structure of intermediary products O-Phosphates
and (0,0)-Phosphates

On the last stage of synthesis product 8 were obtained
by nucleophilic aromatic substitution in DMF solution,
using thebenzimidazole in excess as reagents and bases
(Scheme 5).

The reaction was carried out at the temperature 80 0C
for as long as 24 hours at constant mixing and resulted in
reaching 35 % of productivity of targeted product (8).

Was studied of a preparative method for the production of
1,3-Naphthyl di-Thiourea is approved. The optimum con-
ditions for the reaction are established;
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Scheme 5. Preparation of 1N,3N-bis(4-(1H-benzo[d]imidaz-
ol-1-yl)thiazol-2-yl)naphthalene-1,3- diamine

Was carried out Condensation of Naphthalene di-Thio-
carbamide with ethyl bromoacetate corresponding to
2,2'-(naphthalene-1,3-diyl-(azanediyl))-bis-(thiazole-
4(5H)-one). The optimal conditions for the cyclization re-
action.Have been establishedthe oxychlorination reaction
was carried out. In order to increase the yield, the opti-
mal reaction conditions were selected: the best yield is
achieved when the initial oxo-compounds, phosphorus
oxychloride and pyridine are taken in equal proportions.

Condensation of 1N,3N-bis-(4-chlortiazol-2-yl)naphtha-
lene-1,3-diamine with benzimidazole was performed. Op-
timal reaction conditions are established.

The date of the IR and NMR spectras are given in the ex-
perimental section.

Experimental Part

Chemical Procedures. General. NMR spectra were record-
ed with a BrukerAvance 400 MHz spectrometer at 300 K,
using TMS as an internal standard. IR spectra (KBr) were
measured with a Bruker Tensor 27 spectrometer.

2,2'-(naphthalene-1,3-diylbis(azanediyl))bis(thiazol-4(5H)-
one) (6). The Naphthylthioureas (5) (27 mmol) were dis-
solved in 90 mL of ethanol pa at 45 °C. To this solution
ethyl bromoacetate (70 mmol) was added, and the mix-
ture was stirred at this temperature for 2 h. After cooling
to room temperature, the mixture was neutralized with
aqueous ammonia. Drop wise addition of water when
stirring led to precipitation of the product, which was re-
moved by filtration and dried. Yield: 55%; white crystals.
Mp: 255-257°C;*H NMR (DMSO-d,): & (ppm) )11.97 (s, 1H),
10.35 (s, 1H); 7.91(trip, 2H, J= 7.8; J= 8.2), 7.70 (d, 1H,
J=8.2), 7.55-7.45 (m, 2H), 7.05 (d, 1H, J=7.16), 4.05 (s, 2H);
3.97 (s, 2H). *C-NMR (400 MHz, CDCls): 175.22; 126.44;
134.38; 128.41; 127.57; 126.88; 126.44; 126.26; 124.82;
123.45; 116.44; 34.78; IR (KBr, v, cm): 3383, 1299 (N-H),
3091 (C-H), 1689 (C=0), 1562, 1470 (C=N, arom. C=C).

1N,3N-bis(4-chloro-4,5-dihydrothiazol-2-yl)naphtha-
lene-1,3-diamine (7). A mixture of the appropriate com-
pound 6 (4.8 mmol), 3 mL of POCls, and 0.4 mL of pyridine
was refluxed for 3 h. After the mixture was cooled to room
temperature, the solvent was removed under reduced

pressure. The residue was dissolved in ether, and the solu-
tion was washed twice with 5% aqueous NaOH, brine,
and water. The solvent was dried (Na:S0.) and removed
under reduced pressure. The crude product was purified
by column chromatography (Hexane:Diethyl ether, 5:1).
Yield: 23%, Mp: 185°C, R= 0.35(Hexane:Diethyl ether
3:1), *H NMR (DMSO-de): 6 (ppm) )10.33 (s, 1H), 10.28 (s,
1H), 8.20-8.18 (m, H) 8.00 (d, H, J= 7.28), 7.96-7.94 (m
H), 7.72 (d, H J=8.2), 7.57-7.50 (m, 2H), 6.81 (s, H); 6. 34
(s, H). 3C-NMR (400 MHz, CDCls): 174.63; 143.91; 133.84;
127.87; 127.03; 126.35; 125.74; 124.33; 122.90; 115.97;
34.75.IR (KBr, v, cm -1): 341, 3326, 3030, 2968, 1599, 1508,
1353, 1299, 768, 716

Synthesis of Target Derivates 8. The appropriate compound
7 (3.6 mmol) and the benzimidazole (36 mmol) were
stirred in 7.5 mL of DMF at 80 °C for 2-8 days (TLC control).
The mixture was cooled to room temperature and poured
into 300 mL of 5% aqueous Na2CO3. The crude product
was filtered off, dried, and purified by column chromatog-
raphy (SiO, ethyl acetate). Yield: 35%; Mp: 272°C, R=0.40
(Hexane:Diethyl ether 3:1),

H NMR (DMSO-ds): & (ppm) ) 10.51 (s, 1H), 10.28 (s, 1H),
8.55 (dd, 2H), 8.08 (d, 2H); 7.99-8.00 (m, 4H); 7.21-7.31
(m, 7H); 6.79 (s, 1H); 6.50 (s, 1H); 5.78 (s, 1H);**C-NMR(400
MHz, CDCh): 174.63; 143.91; 134.67; 133.84; 130.50;
128.15; 127.87; 127.03; 126.35; 126.26; 125.90; 125.74;
124.33; 122.90; 120.47; 119.67; 115.97; 34.75.IR (KBr, v,
m-): 1585, 1630, 1700, 3225.
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053356dm L0BY3700: BOBNOMNBENTN60, boBMIMNB-00L-N0MBsMEM356s, MNdBMEMON, 303eMm0BsENOL MJSJE0s, JommMnoMmyds
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MmyBomnady

95367 803MmmMmagsaboBadgdol dogh MabBoLEIbEMOOL Nbsma Lsd3YMbsemm Ladnsmadgdnl dndsmo ghm-gho sJ@ysmmymo
3MmmomMy8sl Homdmoagbl ;mebsdgemmsg dgnnbobomsznl. BbmBmomlb XsbsEznl mMagsbobsgnol Bobgyezom gl 3IMmdmMyds
X3M 3000933 MAJ0s JMO-gMo gamosmnm godmf3g3s. 033M0 36EN30MYLYMO bodysmgds smef shol obgon gxyzidnMo,
Mmammog sMg nym. s6@n80zMmdnmo MaboLEGIbEMOOL eMmml dog&IMns, 30M7L0 s LB3s 3000Mggbol LEMNIGNMS 0(33¢MY0S
08335Mmoe, MmAd obobo smom MJsg0M7096 LLAIYMBsM LEdNSMYdg0BY o Moo blds sMLJdYm LTYSMIdION
93nMbosemmos. gl 30 09333l ©os3500g00L Molgol do3MEgmgdsl. 8Jgweb asdmadnbsmy, 860836gmm3sb0n gobs nLgmo
b6030109Mgxd7900L LobmyBn, MMBMIdNE NBMM Josmsmo s3&oMmmonm Ybws gedmamhymbyb. 33cmg30L B0BobL HomBmocggbls
096%080sBMMOL S 505856560l dnMN3300L 73(339eMm0 MMES6YM0 Bo3mngMgdgd0L Lnbogbo, Mmagmms LGmYIGIMYmo
05300909Mx000306 godmB8nbsMmy, dsmomo Bwomasimmmannmo dmJdxegdom Pbes babnocgdmembgb. 33cm330lL 3MmEgLdo
dmbos 0966080sBMMOL Bmanghamo Homamgdnmoal Lobmgbo s Gscn dgbhozme..

053356dm bnBY3900: 3356560, 096%B080sBMMON, 3g9&IMME303mMId0, 300Mb LHNBsMIEIaM LEBYIMI0J00, 356G 03sMsbBoGymo
bodyomgdgd0

dgLozamo Mmdmgdog BomomE  godmayybgds  870nEnbsdn,
99mE3g Loygnbal 60-0560 HaMYONELD 8EEFsBEHSBNL 39 IM0bsMNsTn, bmmal BgnMbymosdo s bbs. [4].
6ogM00L sdmhgbsd, MMIMYdNE babnomgdmwbyb

obGn30Mglymo s 35M30BLmBoL  LOFNBsOMBEIZM  ssBBESE B3833gmn  d36B0BnEsbmmal  Bomgds

8mJ833000), 833609Mms oo 06GIMILO 3oBMNf30s.  3nMmzgmoo aebbmMmEagmMadnmo 0gbs 1969 Faml Ls-

50 om8mhgbod Loxyyd3zgmo honyshs 5s3sbESbal
Boghmgool  LOboBL, ©ESTSBESbAL  BohoaMmIgdnls
053933000M705L LsdgEnENbm Jndnsdo s Bsmon dom-
ommannmo sgd&onmmogool dgbfozamals [1].

55356@3b0l  §omdmadnmado godmomhg30sb dom-
ommaonmo  sJ@onmmool Bomom L3gddMmoom. Gom
00B0B) odBOEIOYMNS 3Mx3oMaBgdn, MmImMIdLsg
SbabnoMgdm S6EN30MYLno (doon dmMol ghmodals A,
39M33L0L, C-3935&0@0nbl, doamamoonl LohobssmBgam),
08116m@Mmm3ymo, sLbogmE&mm3ymo, 3odmb Lahobssm-
900gam s Lb3s sJGoyMmods) [2].

096%B080sbmmydn  BaLNsMEIONSD  domemagayMa
3J&oyMmmodnl omom L3gdBMmoom. d36%n8nsbmmal
LEMYIGNMAL, MmgmMg JoBomogmsdoymo Lbsdnsmy-
00b, d0dsfmo 0bE ML anfym 1950-0560 fmngdosb,
Mmmgs  smdmohobgl, MmI  5,6-ccndgomnom-1-(a-D-
MmodMBYMbMbBom)-096%B03nsbmmn sfal 30&s8060
B12-0b 878508369mo0 LEMYIGYMImo Jhogymo [3].
096%B080sBMmmab dsbsbg 373J860mns 3Mg3sMmoBgodn,

Logoby S M8Bs33EMMYdL dngMm [5]. 2-(1-9008356E0m)
096%080sBmMmM0 30000 5FS6ES03oMdMBT 535l
Jmmmmob3nmoal  Mmonymogddyegdomn  mmom-
®3960mM7603806016, 50U. JogMmals sMgdn, Mojymom-
500006 05bomoalol, Bomgdymn N-(1-5s3s6@nm—
39MdmMbogm)-m-x3360mybnsdnbol 303mM0BsE00m
(3mamoxzmbammadzgsezsl gogmal sbosmoabsl) Jonm-
MHmgmmdob shgdo.

9600369mm3560 33033000 Aos@omadnmo Jommszgmo
973609M700L dngMm ©835bESb- 3733339em0 d96%Bnd0-
©5_bmmgool 330my30L bLgmmdn . ByMsdnd3nmals
0 8. bLyALMBNSL baeMddm3sbgmmdnm [6-7].

930033200 > 3500 gobLxs

330m330L 3gMomedn sbnbomybgdonm o0gbs dxdcogan
6030m09M70900 (Lggds 1):
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2}
=
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Z
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o 1-50050506@506d3sMT1530.

o 2-(1-5005356&0mdgonm)-1H-056B030sbBmm-
5(6)-096%ma3gbmbo

e Jgoom-2—(1-09033560omadgmom)—-1H-
076%B080sBMmM-5(6)-30MdM7JLomMs@n

o 2-(1-5005356@0mdgonm)-1H-056B080sbBMmm-
5(6)-30MdmM3nMmsBon

e N'-2-30@mmgbn-5-0Mm30736B0mngb-2-(1-
5©o356@0mAdgomom)-1H-056b000@sBmm-5-
39MdmM3nMsBnn

e N'-2-300cmmdbon-3,5-CndmMma3dgbbBomngb-2-
(1-000356@nmAgmom)-1H-0756%B080sBmm-5-
39MdmM3nMsBon

1-5003056&06ddsM3go35L Lobangbo.
1-005056&0bd8sMg035(2) 80gdymo 0gdbs 1-3ncoMmmg-
B05BS6ESBbNEB(1), Boln 3oMmdMILn dgongomgdno.
Myodos Ao@omadymo ogbs 3mbis. gmanMmdgsznbs
©s 1,1-ccogjanmfgomomgbol godmygbgdoom 0-10 °C
&9039Ms@Mobg 7 Losoal gobdszmmosdn. dnmyxdym
07460 1-5005856@6d8oMAx039,MmTgmog godmyybgdym
0g6s dgdgmadn Myogdngdolbomsnb.

2-(1-5003956G0m3gmon)-1H-096%030sBmMm-5(6)-
036%Bmx376mboL Loborgbo.
LBMYBNIMNES3LLOALESENSL. 1-500585@o0dBsMBgo30L
JonmMmoeb3nmonl  dnomgds 930306 EIMadom
oombomimmMoedo (SOCL,) ©s 338am8n goblboom
S0L.  539&MB3n.  830bm-580n  (4)  Bobomyds
3,4-005306md76BMB76mboL (3) nMongmogdgwydom
55356 506d8sMB1035L  JammMmob3nMmomasb,  o39-
A&mbob osMgdn GM0gn0omsdnbobmsbomonliol. dgledy
90317 580b6m-3800nl 3n3mobagool 3Mmoenddo (5)
0000305 PPSE 015bamdobol 160-170 °C-B3 10 Lasool
896853mmdsdon.

930m0mm-2—(1-505356G0mdgoom)-1H-
036%0300sbBMmm-5(6)-30MOmJLomsGob Lobogbo.
ho@omadnamo 0dbs Mgadans 1-9008856@sb6ddsMTgo35L
(2) 9Mhonoghngddygdoom 3,4-005806modgbbmols 815356
dgooamol  gbBYMob (6) PPSE  oobomodobsl 140-
160 °C &p083gmo@dnmoby 10 Losonl asbdszmmmdsdon,
Mmmdmolb  Jdgwagesi  domadnam  ogbs  dgomom-2-
(1-0000856&0mBgmom)-1H-036%B080sBmm-5(6)-
39momgdLboams@o (7).

95000m-2—(1-33356@0mB8gomom)-1H-096%B000000s-
Bm-5(6)-39M0m7LomsGols 3oMmsbobmmoboom
ongmomgbamoagmmdn 100°C  @g83gMmo@nmoty 0o-
909 0gdbs 39MOm 3oMmsbocn (8) domomo godm-
LozaMNsbmdnom. JoMmdm3nceMmsbools yMongmoldy-
30000 5-0Mmabagmosomol  senidnmsb (9) o
3,5-0d0Mmmabsgmogomol  senEa30msb  (9.1) soL.

90bmmob sMydo 78 °C-B7 2-4 Lysmab gobdszmmodsdo
000709 0g6s dgLodsdobn doxknlb ydygdo (10, 11).

domgoymo  bogmogdool of o 08M  L3gd@Mmadob
dmbog0700 dmEgdymos ggb3gMndgbGnm bahomda.

37L39M 0036 m0 bofoamo

0bx3msfoogmo L3gdBMId0 goomadnmoas bgmbof-
ymbg Varian 660 FT- IR b3gd@mmum@mdy@&mby, KBr-do.
096 L373dBMI00 gosMIdNM 0gbs bamboHymbg Bruker
400. nbn30NsMMOS I©a]bnmns Mbgmazgbm3sbn
Jmmds@mamoxznom  gomxzodsbg  Silicagelon  TLC
Al-foils. @mmool  83gMmo@dnms  gobLsbmamymos
bgambohymbg Boetius, 30BnsmyMmo dmHymdommdooc
PHMKOS.

1-3005356&06ddoM3 49350 LobogBo.

009096  LLBygms  JmdSl, mMmIgmoi  JJEag0s
1310530300, 93d96039Mn LoMgzgmol o Lsh3gomo
dodMmobasb o dsbdn v;o3Lg096 150 dgm (2.8 dmanon)
3mb6@. H,S0,. 330¢033, yobymom goEn3300L 30fMmdgddo
9053705 303856 0b-1-mma obgoo Lohjosmoo, Mmd
&2039M3@M 5M 30071 10°C-B7050mM . 55856 8b-1-
Mol sds@ds 3Mdgmgds 1 bssmal gobdszammosdo.
500l 87000738 yobnamoom goEn3300L 300Mmdgddn J8s@J0
40 9gm (0.5 8mena) 1,1-ogammymomgbn Loh3gon
dodmno 1 bdsonb gebds3emmosdo 0-10° C 0b@gm3semdo.
Lomgodisom LobEGIds ndmgds ynbymydoom. domydym
Bogmgdl 90s&Jd> 5% NaOH-ob bLBsto, pH 8-9-
000). 03930 goowal blbsn domomol xymmMAsdo,
Mmmdgmog oxsomEGMmgds. bmanm gonblbgmo 6sfomo
Mmhgds  dodMmBy. Jomadnm GomE&moBGL 9053700
20% amgnmdge3s 93930L abomgdse. domydnma
Boamgdl MgEbo3gb Hamoo bgodmoomnm Mgodnsdcog
s 53MmoO76. .G0madmo 371035 dos3MobEGomMEgds
39JLsboo. Bomadymo 3mmeyd@o dsbssmal 13.86 3
(38%). goa3mabBsmyoymao bamygol T 137-138°C.

2-(1-5005956&0gm3gonnm)-1H-076%03003bBm-5(6)-
036%m376mbal domgodo.

9Mygms 3mmosdn s0s3L7076 1 g (5 8dmn) ss3sb-
&ob-d8sMBge30L o 3 8gm SOCI,. 3mmdsL 535gmI06
Pyamob 5056065167 1 Lo 50 °C &33gMoB&Moby. FoMmodon
SOCI, mfMgds LoMmgsagaom LoLEIsL sdLMEYEGIMO
076%mmom. domadymo Jommmsb3neMmnwon nbbbgds 30
am 533@mbao.

bodygams  3mendsdn, Mmdgmog SsmFgM3zomos 13Y-
0o303Mmo0 s 33706039M0 LofMg3zgmom, 5mMa3L7076
1.10612 g (5 d8maon) 3,4-c00580bmO76BMa36mbL;,
Mmmdgambsg NBs@g0gb 20 dem ddMmomm 53g@MBL. v3nb
070073, LoMmaaggom LobEGAsL PFsBJ096 0.7 dem TEA
(&mog;momosdnbl).  Lamgojgom bBoMg3L, yobymom
85303300L0L, Lo§3gmn dodmnsb, dyedn3n dmMmg3als
30mmogddn, 2 Losonl gobdszmmmodsdn 73076
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19900 1. 2-(1-0005356G0M370000M)-1H-076%B080IBMM-5(6)-30MOMInMIBon s Jobin 3MbIBLLENNL 3MmEN]Bgdo

03000-§300000 30 dgm 3o S33EMBIn  goblLbo
JonmMob3nMmol, o80b 970033, LoaMmysggom Lob-
G905l o3bgamgdgb 75 °C &7039Mo@nmaby 3 Losmob
8906003emmosdn. Lomgsdgom Hofmgal demnsb yobymby
sbbdoo. godmymazngmo Bogmgdo BonEMmozgb dm-
Gob  dodfmBy, MyEbo3zgb bgodMmomym mMmyodansdcey
5 S8MMOL6 309Mb). MgOYMmodgb 1.463 g (75.31 %)
yzomgmo ggymob bogmgdu, T 173-175 °C.

50 Om-08b6 mfygms dMmg3smdoms 3medsdn, Mm-
dgamog  smdnm3znmmos 377sbngyMmo  LoMgzgmoo o
09MIMBEMm0o 3003L7096 0.3872 § (1 d8menn) N-(2-
5806m-4-076%Bmngna3gbo) 558506@0magmnom-1-
39MdmMJLbnsdnElL s Y3s@Jdg6 4 dam PPSE. s3byamgdgb
160° - 170° C 10 Losool gobdszmmmodsdn. omydnm
6oM73L AgMnsb ynbyamal bo@gbgoty, 10s@7096 NaOH-
ob 10 % bLboML (pH 8-0]). gesdmymazngma BoemgydL
BomEmMoe336  dmEol  dodfmby, Mgeboezgdb Hymoom
6g0@MommyMm Mgodino8ey s sdMxdomogb. domgyds

0.357 g (96%) Too 208-210 (aosbman/fyomo). R, =
0.58 (9o0moEgBsBn:39JLsbn = 2:1). 0§ L3gdBMon, LA™
(KBr): 3160 (N-H), 2901,2846 (C-H Ad), 1658.6 (C=0 Ar
30&mbyMmon), 1619.9(C=N).

973m0m-2—(1-505356G0madgoom)-1H-
036%030005Bm-5(6)-35MOmJLogmsGol domgods.

50 8m-006 dMa3zsmdofms 3mamdsdn, Mmdgmos om-
Fa3zomos 937obagnMmo  LoMy3zgmomn s 0gMmdm-
099¢Mom, s003L7dg6 0.85 g (5 ddmenn) 8jyomom-
3,4-005006mdg6BmoBl o 1 g (5 089mao)
5005356@506dBsMg030L. 970093 N05&7096 6 dem PPSE.
Lomgodisom  bofmg3l oEbymadgb 3oL SdSBIbNM,
10 Losool  dobdezmmosdn  140-160°C  gMmoeyLob
BRoMmgmgddo.  dmosb  yobnymosdb  fyoamdo o
S&YB0569096 10 % NaOH-o» pH 8-3c0g. aodmymeznmm
Boamagdl BomEMo396 ImE ol dodmBy, Mybazab Hymoom
Bgo@MmomyMm sMy8g s S3MmMOJ6 353913d0. nmy036
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1.53 3 (93%) ogonfo 3gmal bo3zmnymygdsl T 121-123°
C. 0§ b3gd&Mmoa, v, b3 (KBr): 3567.6 (N-H), 3099.9 (C-H Ar),
2900, 2845 (C-H Ad), 1730 (C=0), 1624 (C=N).

2-(1-5005956& 0emdgonnm)-1H-076%B090IbBM-5(6)-
3oMmdm3nMmoboal domgodo.

1008¢m-056 mfygms 3mamodsdo, HmdgmoismdyM3zamos
0370b03yMo  LoMgx3amom s cyM3mdg@mom, so-
539096 0.5 g (1.5 88mon) dgoonm-2—(1-55856-
Gomdgoom)-1H-096%b000sBmMmM-5(6)-30MOM-
Juogmo@l, 5 g 30MobBnbInMmo@l(70%) s 5 dam
©nymomgbamagmmb.  gosbgmgosl o  dmMmy3sl
58Mdgamgdgb 9 Lo-ob  3obdszemmdsdn  100-110°C-
Bg. Lomgsgdsom Bomg3l dansb yobymosb Hysmndo.
godmymazogmo bamggdo o@om@EGmaos dm@al dodmBy
30399000 Lodyomgdnm. 0MyEbIOS fymoo byo@Mmomnm
oMydeg o sdMmogb dgd3nMmydnmo §bg30L J33d.
d00m)0s 0.405 3 (81 %) dysfo 3Mmeyd®o mm.@&. 263-
265° C. 0f L3g3d@Mo, v, b3 (KBr): 3445.5, 3319 (NH),
3300-3200 (NH), 2897, 2844 (C-H, Ad), 1614(NHCO).
H-08M L3gd@Moa: 12.34 (1H, s, NH), 12.29 (1H, s, NH);
9.66 (1H, s, NHCO), 9.64 (1H, s, NHCO); 8.03 (1H, s, Ar),
7.9 (1H, Ar), 7.67, 7.61 (2H, m, Ar), 7.54 (1H, d, j=8), 7.43
(1H, d, j=8); 4.5(4H, s, 2CH:); 2.56 (4H, s, NHz), 1.91 (6H, s,
Ad),1.72-1.6 (7H, m, Ad), 1.6 - 1.45 (17 H, m, Ad).

N™-2-30comm]jLo-5-0Mm3dx6Bomoy6-2-(1-

3 356@0mIgonne) -1H-096%080sBMn-5-
3oMmom3ncMmsBogon.

9fMmaabdgngMmol 3mmdsdn smo3Lgdgb 0.101 g (0.5
00mano) 5-0mm3 Lamogomolb omE)30000,0.162 3
(0.5 80mmo0) 2-(1-5008356&0mBymom)-1H-036%000-
3BMM-5(6)- oMOMIneMmsBoel s 30 G  osoL.
J0obmal. dmMma30L 30Mmdgddo Bomasl sEgbymadgb
(78 °C) 2 Losomolb aobdszammosdn. Mysdsool dndcon-
BofmgmdoLsl godmoymazs ysznomgmo kMol Bosgmggo,
Mmmdgamog o abbbgds goomol b3nmEdn. Bomydnmo
boamadl  BomEMY6  dmBGol  dodfBy, MYEboazgb
39JLoboon s SAMMOYL 39311M8by. Goomgds 0.029
3 (43.87 %) boanggo. T_ 205-207° C. R 0.52 (CCl,/
532@mb0,1/1). of L3gd®Ma, v, LA (KBr): 3447.6 (O-H),
3328.3 , 3204.9 (N-H), 3077.5 (C-H Ar), 2905.4, 2843,9
(C-H Ad),1625 (C=N), 1620 (NHCO), 735,4 (C-Br). *H-086:
12.45, 12.41 (1H, s, OH);12.15 (1H, s ,NH), 11.49 (1H, s,
NHCO),8,61 (1H,s,CH=N), 8.3-8(1H, m, Ar) ,7.85 7.7 (2H,
m, Ar), 7.69, 7.5(1H, m, Ar), 7.42(1H,dd,j=2.56,k=8.8),
6.91(1H,d,j=8.68); 2.6(2H,s,CH2), 1.93(3H,s,Ad) 1.7-1.6
(3H,m,Ad), 1.6-1.52(9H, m, Ad).

N*-2-30cofmm7jbo-3,5-cc00mmaddg6bBomag6-2-
(1-005356&0mdgonnm)-1H-076B000sBmMa-5-
JoMmodm3ncoMmobocon.

9 g63g09Mal  3maodsdn smo3L9096 0.140 g (0.5
00mano) 3,5-ccndmmadbsgmogoaols semeg3ncol,
0.162 g (0.5 ddmaon) 2-(1-503356E0mIgono)-1H-
096%B080sBMM-5(6)-30Mdm3neMmsbool s 30 dm
50U, 9dbmMmaL. BafMg3L oE3byMyxdgb 78 °C-B63. 4 Lvsoal
80b6003emmosdn dydn3n dmMg30L  30Mmogddo.

0000 3MmeEYddL BomEMo336 dm@alb dodmby.
3hmnd@o abbbgos L3nMEGdn s80@MTsz LaMmgadinm

LobBg0s 3mMbisgbBMnMmyds. Tdoomgds 0.120 3
3OmeEnd®o (40.95 %). T . 235-237 °C. R = 0.52 (CCls/
539&mb60,1/1). 0f b33:j®ﬁm v, Lo (KBr) 3204 (O-H),
3068 (C-H Ar), 2930 ( CH2), 2967, 2896.9, 2842.2 (C-H Ad),
1664 (CH=N), 1650 (NHCO), 731, 689 (C-Br).

s 3360:

LBy BMxOdYM 0765 5ESFS6ES0-1-ddoMT o35
558506@5bmmnsb dobn 3ncemmgjbndgmomomgdom
3mb3. 3Manmdze35L s 1,1-ccodanmgamnngngbols
Lodnomgdno.

e LobogBoMmydnm 0gbs dgmonm-2—(1-5s856@0m-
97000 )-1H-076%080@obBMm-5(6)-30MOMY-
Loamo@n Lofyobo 3,4-005806mMO76BMOL Tgo35L
dgoomol  gbBghol o  5EsdsbESb-1-ddsMm-
015306 Monghoddgegdnm  s@osmoabsdmmals
0365mdOLSL.

e Jomgydymo 0g0m0m-2—(1-0005356E 0mA3gonm)-
1H-096%08000bBMmm-5(6)- 3omomgboamo@nl
3neMmobobmmobBoo domgxdym 0gdbs 2-(1-5008356-
Gomdgomom)-1H-096B080sBmm-5(6)-30MOM-
dncoMmobocon.

o A3BoMIdymo 0gbs Jomgdymo bo3zmoymyxdgool

oomemannmo 5JB0hmodnls 0d70mHag0s
ogmmoyamo  gboom, mbmonb  3MmmaMmadals
(PASS)  LoTyomgdom, Jd7xEIaJ0ds  OE35bsby,

Mmd  omom3nemsboal yMhoongmogdygdals
3MmeNdB00s S Eg30EJIOMSL  godms3zmnbgl
domomo sb@nznMmybymo SJB0Mhmoy
303mMbs  30M7L0bL (Picornavirus) dndomm
(Pa = 0.675) HoMmOmocg)bgb HMGCS2 ggbols
dmg0gegdol  3Mmdm@mMmb  (Pa=0.750). o300
39MdmM3nMmobBnds 30 Jdomomo  dJB0Mmos
890mo3mnbs, Mmagmmi 0b30d0@MM3s Joobmam
58060 mjLosBobm3nl (Pa = 0.844) s d3@°-
0606 5,6-0806m31EsBobom30l (Pa = 0.839).

mo@gmoGnmo
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SYNTHESIS AND STUDY SOME DERIVATIVES OF 2-(1-ADAMANTYLMETHYL)BENZIMIDAZOLE

A. Vanishvili*, D. Zurabishvili, Sh. Samsonyia

Ivane Javakhishvili Thilisi State University
alexsandre.vanishvili@gmail.com

Abstract: The drugs resistance by various harmful microorganisms is actual problem in the scientific community. The problem still
remains one of the global challenges according to the World Health Organization. Many antivirus drugs are no longer as effective as
the used to be. Therefore, the synthesis of substances that should have a higher biological activity became essential. The purpose of
the study is the synthesis of benzimidazole and adamantine rings containing organic substances, due to the structure of which should
be characterized by high pharmacological action. Some derivatives of benzimidazole were synthesized and studied. The structures of
the obtained products were examined by infrared and NMR spectroscopic methods.

Keywords: adamantane, benzimidazole, heterocycles, anticancer, antiparasitics
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Abstract:

Diazotization and azo coupling reactions are versatile tools of fine organic synthesis. Azo dyes have very interesting physical, spectral
and chemical properties and are widely used in the different fields of the science and technology. Moreover, some of them have very
significant biological activity and are used in the healthcare or medical diagnostics. Coumarin belongs to chromene type dyes, but it
may be used as an azo partner in the azo coupling reaction for the synthesis of azochromenes dyes.

In the current research we have obtained four new dyes bearing two m-conjugated azo and chromene chromophores. The target
compounds were synthesized by diazotization of 6-aminocarine (1) and with following azo coupling to 2-hydroxybenzoic acid (3a),
naphthalen-2-ol (3b), 4-amino-5-hydroxynaphthalene-2,7-disulfonic acid (3c) and (E)-3-(4-hydroxyphenyl)acrylic acid (3d). Obtained
azo dyes have been used for dyeing wool fiber and various technical and spectral properties have been studied.

Keywords: azo dyes, diazotization, azo coupling, dyeing, wool

Introduction

Diazotization and azo coupling reactions are versatile tools
of fine organic synthesis. These consecutive reactions
commonly are used for the generation of azo chromo-
phore and colored materials, having ability to color other
substances. Azo dyes have very interesting physical, spec-
tral and chemical properties and are widely used in the
different fields of the science and technology. Moreover,
some of them have very significant biological activity and
are used in the healthcare or medical diagnostics. Azo dyes
usually are in close contact to human body and potential-
ly may penetrate into organism in some quantity and un-
dergo metabolism process forming mutagenic and toxic
primary aromatic amines. Therefore, it is very important
to choose the non-toxic, eco- or biofriendly diazo and azo
partners during azo compound construction. On the other
hand, the conjunction strategy of different chromophores
into one molecule structure for the aim of physical, chemi-
cal and biological properties synergizes, is another modern
technique in the design of the dyes.

Coumarin belongs to chromene type dyes, but it may be
used as an azo partner in the azo coupling reaction for the
synthesis of azochromenes dyes [1, 2]. While 6-amino-
coumarin easily reacts to sodium nitrite in the presence
of hydrochloric acid and gives corresponding diazonium
salt, able to couple aromatic substances and form azo
compounds. A series of sulfocoumarin-, coumarin-, and
4-sulfamoylphenyl-bearing indazole-3-carboxamide hy-
brids with the selective Inhibition properties of tumor-as-
sociated carbonic anhydrase isozymes IX and Xl have been

synthesized by S. Angapelly and co-workers [3]. Moreover,
coumarin azo derivatives which may be used as a dyes [4],
fluorescent probes [5], antimicrobial [6-9], gelling [10], an-
tithrombotic [11] agents, Xa inhibitors [12], etc [13].

Results and Discussion

In the current research we have obtained four new dyes
bearing two m-conjugated azo and chromene chromo-
phores. The target compounds were synthesized in accor-
dance with two sequential stages of diazotization-azo cou-
pling, as shown on scheme 1. 6-aminocoumarin (1) was
chosen as the diazo partner, and 2-hydroxybenzoic acid
(3a), naphthalen-2-ol (3b), 4-amino-5-hydroxynaphtha-
lene-2,7-disulfonic acid (3c) and (E)-3-(4-hydroxyphenyl)
acrylic acid (3d) for azo partners.

Diazotization of 1 has been carried out in the diluted hy-
drochloric acid media by the action of sodium nitrite at 0-5
°C under stirring for a period of 60 min. The finishing of the
process was checked by the positive test on starch-iodine
paper (generation of blue color indicates the excess of ni-
trous acid). The excess of nitrous acid has been removed
by the addition of solid urea until terminating gas evalua-
tion from the reaction mass. Finally, diazonium salt in the
form of water solution was filtered off quickly on the filter
paper in the ice bath for avoiding decomposing of 2. Pu-
rified solution of 2 has been used immediately in the azo
coupling reaction with preliminarily prepared and cooled
to 0°C alkali solutions of azo partners 3a-d.
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The azo coupling reactions were caried out by adding di-
azopartner solution to the azo partner solution under
vigorous stirring and carefull monitoring of pH value. To
convert phenolic and naphthol compounds into more re-
active forms of phenolates and naphotates, it is imperative
to maintain a slightly alkaline pH value of about 9-10. Thus,
a constant pH was adjusted from time to time by adding a
10% NaOH solution throughout the azo coupling process.
The final compounds have been precipitated by adding
10% hydrochloric acid solution to pH value of 7 and isolat-
ed by filtration. The solid remains have been washed out

(0] (0] NaN02
~ NH,  05C 5°C Ney

1 2

3a-d |

TD

COOH

3a
OH
OH
3" 99

NH, OH

"
HOS5S SO4H
o OH

scheme 1. Synthesis of azo-coumarin dyes by diazotization-azo
coupling reactions

Table 1. The yields and properties of 4a-d

by cold water on the filter paper, transferred to Petri dish
and dryed at ambient temperature in the vacuum.

The isolated azo dyes have been used for dyeing without
The isolated azo dyes have been used for dyeing without
additional purifications except of 4d, which was recrystal-
lized in 1% HCI solution. The yields of final products were
40-55% (table 1, fig. 1.).

Analysis of the UV-vis spectra shows, that all obtained dyes
have absorption in the visible range. 4c absorbs on the
520 nm wavelength because of longest m-conjugated sys-
tem and bearing two strength electron donating groups
(OH and NH2). The absorption of 4d is bathochomically

10T
0.9
0.8
0.7+
0.6

0.5+

Optical dansity

0.4
0.3
0.2
0.1

300 4IIZIIZI I S00 GO0
Wavelength, nm
Fig. 1. UV-vis spectra: 1 - 4a, 2- 4b, 3-4c, 4- 4d

shifted in comparison of 4a absorption value which caused
by participation of exocyclic double bond in the m-conju-
gated system.

Coumarin-Azo dyes have been used for dying of wool fiber
iCoumarin-Azo dyes have been used for dying of wool fiber
in accordance with the method described by M. Toussirot
et al [14]. The preliminarily washed up, dyed and weight
up fiber was put and soaked in pre-dyeing bath, containing
potassium aluminum sulfate (0.3% weight of fiber). The
temperature of the bath was increased up to 60°C and
kept for 45 min. Then the dying bath was cooled to room
temperature. Mordanted fiber was washed out with tap
water to remove the excess of potassium aluminum sul-
fate.

For the dyeing bath, a M:L (material to liquor ratio) at 1:40
was used. The mordanted wrung out fiber was put in the
dyeing bath and heated again up to 60 °C for a period of 45

N Dye Yield, kmax(s), nm, solvent Dye uptake, Lab-coordinates
% %

1 4a 55 440 (1.50%x10°), water 80 L=78, b=1, b=62

2 4b 53 480 (1.486%10°), ethanol 60 L=50, b=31, b=56

3 4c 54 520 (1.9412x10°), water 75 L=11, b=27, b=2

4 ad 40 460 (1.7647x10°) water 74 L=78, b=1, b=70
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min with manual periodical stirring. The fiber in bath were
allowed to cool down, and then rinsed with tap water and
left for drying at room temperature.

Dye uptake properties of all dyes 4a-d have been deter-
mined. For this aim, the absorbance of the dyeing bath has
been measured before and after dyeing. The dyebath was
cooled to room temperature prior to measures. The per-
centage of dye exhaustion (DE) was calculated according
to the given formula:

DE = [(A, - A))/A,] x 100

where A, and A_ are absorbances of the dye bath, before
and after dyeing respectively.

TThe color strength and color depth of the dyed samples
were determined in CIELab coordinates. L* corresponds
to the brightness (100 % white, 0 — black, a* is red-green
balance (+a* =red, -a* = green) and b* is the yellow-blue
balance (+b* = yellow, -b* = blue). For the aim of color co-
ordinate measurement, the high-resolution standardized
screen has been used with graphical software. The dyed
samples have been positioned on graphical square of the
horizontally located screen surface. The color of the graph-
ical square was changing programmatically until achieving
corresponding color and the Lab-coordinate values have
been recorded (see table 1).

The dyed samples have been studied light fastness and
stability against wet treatment. For the light-fastness test
4 cm?dyed fiber sample was places of the white surface, ir-
radiated by UV light for 2 hours and re-measured the color
according to above described method. Finally, the fastness
has been calculated using the following relationship:

AE = \[(AL)? + (Aa)? + (Ab)?

Ab =Db*

before’ after

—| * _* . =% -
where AL =L after L before’ Aa=a after
- b*

before

The fastness against wet treatment has been performed
and resistance against extraction by Soap, HCIl, NaOH and

Table 2. Light fastness and stability against wet treatment of
4a-d

N Dye Light Soap, HCI, NaOH, Organic
fast- 5% 5% 5% Sol-
ness vents

% (EtOH)

1 4a 90 94 92 86 94

2 4b 85 93 92 88 94

3 4c 80 91 90 81 96

4 4d 93 95 93 87 94

ethanol have been carried out. The color changes have
been calculated as described above and the results are
listed in the table 2.

Experimental Section

All of the chemicals used were of commercial grade and
were further purified be recrystallization and redistilled
before use. The solvents were spectroscopic grade. UV-Vis
absorption spectra were measured on spectrophotometer
Shimadzu UV-1900 (Japan). Fastness to light, sublimation,
respiration and wash fastness were assessed in accordance
with valid state standards [15, 16]. The dyeing of wool fi-
ber was carried out and exhaustion of the dyed fibers was
determined according to the literature [17].

2-ox0-2H-chromene-6-diazonium chloride (2). 1.24 mmol
(0.2 g) 6-aminocoumarin (1) and 1.46 ml 10% hydrochlo-
ric acid was placed in the chemical beaker, equipped with
magnetic stirrer and thermometer, and dissolved. After
complete dissolving of amine 1, the reaction mass was
cooled up to 0°C by using ice-water bath. 1.3 mmol (0.09
g) NaNO, in 2 ml water was added dropwise for a period
of 30 min under vigorous stirring and keeping temperature
below 5°C. The excess of nitrous acid was checked after
30 min of complete addition of NaNO, solution and was
removed by addition of solid urea in the case of necessar-
ily. Finally, the solution of 2 was filtered quickly and used
immediately in the azo coupling reaction.

Azo coupling reaction (General method). The solution of 2
was added dropwise to a solution of 3a-d (1.20 mmol) in
minimal amount of sodium hydroxide (10%, 25 mL) over
a period of 15 min with constant vigorous stirring. The re-
action mixture was further stirred for a period of 1 hour
and neutralized with hydrochloric acid (10%). The solids,
formed after neutralization, was filtered, washed with wa-
ter, dried and crystallized from ethanol.

4a: Yield 0.66 mmol (0.204 g, 55%). A__ (&), nm, solvent:
440 (1.50%x10°), water. Yellow crystals (L=78, b=1, b=62).

4b: Yield 0.64 mmol (0.201 g, 53%). A__ (&), nm, solvent:
480 (1.486x10°), ethanol. Dark reddish-brown crystals
(L=50, b=31, b=56).

4c: Yield 0.65 mmol (0.318 g, 54%). A__(€), nm, solvent:
520 (1.9412x10°), water. Dark brown crystals (L=11, b=27,
b=2).

4d: Yield 0.48 mmol (0.168 g, 40%). . __ (), nm, solvent:
460 (1.7647x10°) water. Dark yellow crystals (L=78, b=1,
b=70).

Conclusion

We are able to suggest that 6 -aminocoumarin may be used
as a diazo partner in the azo coupling reaction for obtain-
ing dyes, bearing both coumarin and azo chromophores
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M3B0783. ©3BMENMgdNLS s SBMIgYmaMgdals Myegdangdo mMasbymoa Lnbmgbol ghmo-gho 86093650mm306 gonmel
Pomdmoagbl. sBm Lamgdmadl goshbosm LsnbEgmabm Babosnmoa, b3gd&Mmnmo s Jodonmo m30L70700. 0B BsMmoyme
890m0yg690056 373609M700Ls s &3d6030L LB3sILL3S LazgMmmdn. YBMM IgB0E, sMeghma sBMLLMIdSML 8J3L Bonsfan
00manmanynmo 030L70700, Mol godmE800mnygbgd056 dgn30bsls s NsgbmbiEnisdn. 398sMnbo 80739036705 JMmagbnamo
3mabob Lomgomgodl, cdiEs dgbadmadgmoans dobo godmygbgods sbm 3smEGbomma sbMIgymmadal Mysdisngddn, Mm3mol
mMmmbsi 00mgds sBmImmagbymo Lomgdmyodo.

$0bsdgdsMy 33emg3580 domydymos mobo sbagmo Lamgdsmo, MmAmMIdnE dmMoEs336 dgnmmIdym mM Jhmdmummym
-3Bm s JMhmagbym Jhmamazmml. 80Bbmomnzn bagmogdn Lobomgbomgdnmos 6-5806m3ndsmnbol (1) osBmEnMmgdams
5 sBmMIgymmadoo 2-300MmgbndgbbBMIJe35bmMsb (3a), 2-6sxzoMmM™sb (3b), 4-580bm-5-3ncommIbnbsxrdmMNB-2,7-00-
U xi3M135L086 (3¢) o (E)-3-(4-3ncommglbnazgboa)s3momaxo356056 (3d). Bomgdnmo sBm LomldMado godmygbgdnmoas
domal dmF3mb dgbomgds s dgLHozmamos bb3slbzs Gadbngnma ws L3gd&MmYmo m30LgxdgdN.
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Mmybomady:

dgLhozmomos sBmMm@GTg9339em0  semogndanmo by3mamxzzomydol a-dnemmgdbo(seminm)BghmEgbgdnom N-senzomoamgodols
M90J300 MMBB0sH LobEBJFsBo: mMgsbymo aodblbgmo - odmmmymsbo, JmmMmammdo/Jommmdgezsl 70%-0s60
PyomblLbomo. a-xaaMmEgbomominmamyds dodwnbomgmdl LEsdomMMo dyomgEnMmo  a-BIMmEgdbomsMOM3sSGoMbal
PomImgabob bEonolgsozmom. 33¢m330L g9 EsLNbmgBIdNMNdgLodsdnln N-(a-ggMmmEgbomaomnm)3gmdmmms@gools
5 5806700l 87008760MMOs S SMBOgMOS Eoagbomos 0§, M0, doMM3mM-85360@M0 MIBMBLBLOLS (*H, *C) o Bob-
b3g9dBMMLIM3YmMo Sbsmabol dgomegdam. dobBbmdMn30 LNbmyBol dgIas domgdmo, JMhommymase Bghmagbol s
SaM03030mYMo BMeadgb@ ol 8303330 sbago domamannma s3d@onmo baghmydn dgdeamdn 33emg3300Lsm30L LanbEaMgLm
m0033&J0L HoMmdmoalbl MmamMi cgmMonmo, dsgsmoms, Jodoym bEGMYIGYMLY s dommmaoym sg&oymmdsl dmMmols
Yho0gMoaszmgbol dgbfezmols AbMmo3, oby 3MadB03mo M3smMmbsBMobom, 8oc dmMmal, BosMmBsgmamanynmo sgGoymmdol
Bsmom B3gdEMob dJmbg sboga LG 3NMbsM LadsmMyd]d0L dogdal Bndsmomydoo.
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dabo3zommo

67130mgmzznamnmo Bogfongdol a-x3gmEgbog-
semzomofgool  Myoggool  dgbfosmobodn  o-
©0 0bByMmabo o353d0MxdYmos MmamMy o- RBJ-
MmmEgbomsmoms@ombals ombogmonlo o
M35J300bYbsMsbmdal ;gmfoypmao  sb3gd@godnb
5090537305506,  oby  Gomgdnmo  BogMhogdol
890mygbgool womom L3gJdEMmoom dgEbogMmgdol Lb3s-
©sbb3s oMmadn, dgnEnbodn, dMaH3gEMmMOsls o
&9db03000  [1-3]. smbndbymo Myogdgonl LobomybyMmo
dgLodmgommogdn, M30Mm3gaglb  ym3zmobs, gobo-
LoBM3Myds  dgbodsedolbon  JgBommMmasbymmn  3ma-
3mbyb@ol  bymdobohzomdmdom s o BwIMME]-
bogmgomomgza®ombgool  domomo daMmomonm,
Moy 39630Mmdgdymos 3oBombyMo 326& Ml
a-degmdsfmgmdsdo gmad@mmbmembmmymo Ggm-
3960mal 3mMOagdgb@ ol sMlbgdmonom. 860336gmmm35600
obg3g 89dbLBgMol Mmeno. senzngmofMgodis MgadEos
89307000 IBIJGNMO s MdNMO© 3ndnbsmMymdls
mMBoBosb  LobEdsdo: mmasbymo  gadblbgamo
(CH2Cl2, C2HaCl2, CHCls, CCla, CGHG) / 815306 HX (X = BF,,
Clo,, I fyomblbsma (45-70%). 8Lao3bn mMasbyamo
899bLbgamgdnl Hysemdn dgnfg BLBbsMONL dygasc,
Lbofgadsom oMmgdn 0dd6300 mMBsBosbo LoLEGDY,
Mmmdmolb Hymoosb omydo 0dymezgds 81035, Hyosamdo
bbbowo Mgodgnol 3MmeEyd@adn (NaX, KX, MgBrX, @
5.0.) s 37@smmMmasbymo bndLEMmo@al 3mmsmymo

docemmgbomol xanxon, Losg bymboyMmgmo bgds
dobo 3MmEmbamyds. dgmmy 3bMn3, BoBoms godymaz
Bye3nmBy oMmbgdymo domoma 3153 gomgdm (pH 7
+ 9) bygamb PHymob ogmdmenbsdninfmo dgmon
BghmEgbomismdmizsBombol  Homdmdadbsls in  situ
530 xgmmdsdn. foMmdmgdbomo 0b@gMmdgensdols
sthadmmomymo  bofomo (w®gMmEgbols  dofo3n)
mMaabym wobodo MAgods, Moz 3oModxbondol 33b&mMab

dgLo0500L  BYIMaMBoM M753306¢MS0 JB3IEIM

NMhon0gMmongddggost  gobsdnmmogol.  smbodbymo
LobEJ8700L godmygbgdaliol semznmamydals Mysgzngdo
moobol  Bg03gMmoBMmoby,  Mdogm  30Mmol0d0

0000bsMmgmoL, shdmombm3bddmaomngsdblbgmgdobs
©s 0bgm@nmo 5EHIMLBIMML  godmygbgdsl. odsb-
006, oMLydym  goMmgdmdo 3MmogdBosnmo  godm-
Mmogbymos BgMmEabomsmomis@ombgdoabsm3nls
©33565b050x073M0 Mobod] goMeslddbidn (gowox-
8933700, ©0dgMmnBogns, 3mmadgmabBogns s bB3.) o
BgMmEgbomominmomixdymo 3hmend@gonb 356a30.

hsdmozmomon P3oMmo@almogdn xkxmmEgbgdols o
by3mamxzomymo  MJ103306@¢700L BoMmoime  godm-
ygbgoal, oLJ3y Bo0MLL3EMNSObMONL  gobBMEnly o
domoamo  Lobyxmozalb 8jmby 3MmeENIEgo0l  do-
ma00L  LsTdYomadsl odmgzs. s3sLoSb, a-xymm-
39bomomminmomgds obgon boghogool Lobogbol
dgLodmgdmmosl ndmg3zs, Mmdgmoms domgosy bb3s
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d700mejd0m dgydmydgmaos.

0700933000L gobboam3s

fomdmeggbomo  33ma30L  dobobos  ggm@y-
Bobo @  5s856GbAL  semognimyMo  doMon3g-
ool gfhormmymo  dxdg3gmo  osbsgmo  dom-
mmagonmosd@oymo BogMongdals 00BbmoMn30
Lobogbn, mMmMAgmoms gMo  dmeginamado  gog-
Mo0sbg00  LonbBgyhgbms  Jodoy  LEMNIGYMSLY
©d  @oMmdsgmmmaonym  sGopmmoslt dmMols -
009Moge3mabol  dgbfozamol dbMn3. Boh356900,
fmad mfMasbymo bogMmongdols dmang3ymyddo
senogodanymo  LBMNIGYMIOoL  dgy3zebs  Sbgbl
doomn  domenmagonmo  oJ&onmmdol dmeoxnlsEnsl
s godmngMmgodsl, Mog gob3nmmdgdnmoas Lozmsnomo
SaM0E03enyMo BM33836@ 0L mM03MmBOMON
©s  00ybm@Mmm3nmmdom.  sbY3)  Eaealbomoy,
Mmd  5s056@06070333m0  boghogdn  dmgddgcegol
396&mMomyo  bgMm3ymmo  LobGgdol BgoMmdgons-
Gmmnam 3hmagLbgdby [4-6].

dfMmozommogbmasbo  godmyg3zmg3gool  doybgs3sco,
5mb0dbmo LnbEg8gd0 bozmads sl Aglhozmomo,
580@ma 58 dndsMmonmydom 33eg3s 39ML3gJE0nmo
s bLonbBymgbms  mMmgmfbg  ogmMoymo, oby
3ModG03nmo  035mbsbmoboo, 3060000506 domby
BRahoms a-xgxhmEgbomaminmomydnmo baghomgdol
3Mod@nsnmo godmygbgool L3gd®Mmo, oo dmMabos
do3mobGoxyosnmydgmo  Lodnomgogdn,  dMs3jxdnlb
bof3o30L f30L 3MmEgLgdol  MganmMeBmMydo,
MyB0bob LEGSOaMOBOGMMYON, Fomomybymag@niymo
boghongdn, Moomoddoymo godmLbo3godol 0bgo-
39¢mMyon, bgmmzbymo Lobbmol 3m33mbybE00,
BRomdozmmmmanymo s3Gonhmdol wosmom b3gJd&Mab
0Jmbgy  LLT3Mbomm  Lodnomgdgdn, doo  dmMob
Sb@nosg&amoymo, sb@ndnzmmodymo, sbongodanl,
LodLN3boL Lofnbossmdwyam s LB3s EbNAbYEgdNL
Lod3nmbogmm 3My3sMmoBgdn [7-12].

a-3ncemmdjbo(saninm)xgmmEgbydn bgamboymgmm
©s  39ML3IGHYm  FosmznmoMmydgm  MJeadbBGIOL
foMmdmoagbl, godmamhgzs domamo bBsdoMYMMONm
moobol  Gg83gMmoByMmoby, bmmmm  Zocemmgbomol
X389B0 35M3339em 30Mmog0d0 s30mee gsbnswab
613mgmzzomnm AsbsE3mMYdSL. 33335Mo, a-igmmEy-
Boamominmomgdol Mgsgsnobam3zal Lafyob gmmEgb_
070337 3m33mbbE g0 dgMmhgnmo ngdbs gmmgbol
Mmogolb L3oMEJ00 — BIMmEgbomdgmsbmeno (1) o
a-x3gMmEgbomgmnsbmao (2), MmAmydoy domgdymo
07460 B3gMmEg639MOMBIF35Ld s s3x&NMBIMME3360L
moo0dol semmdm3nMmooo smeggbooc ddMmomo
cogoomgongmob oMmgdo, 2-4 Lssoolb gobdszmmosdo
0b@3bLbonmo  mMmg30bs s  dogn3700L  (15°C)
30Mmo70dn s gedmymaxzzngmo 0gbs dg@n@nsbydnmo
Lafgadsom BaMmg3ob ogmomamgmoo gjbEMadisnob
8bom; M7oJdins 800nbomymdl  Logdomg Bomomo
(90%) 8odmbLo3zMNbMONO:

©\§O LiAIH,
F —_—
= =0

1:R=OH,R = H;
2:R=CH,; R'= CH,

OH
Fe g
<=
1-2

Lgads 1. 3gMmEgboMAgzmnsbmaabs s a-3gmmEgbom-
790036mmob bobgbo

bn3mamxnmgds dgmhgnmo boghomgdo - 4-(1- so-
956@0)sbomabo (3), 4-(1-5005856&0m)-2-608-
Mmmsbomnbo (4), 4-dg00mjLbo-2-bo&mmsbogmnbo (5) o
4-(1-5005856@ 0ammgLn)-2-bo&mmsboomnbn  (6) domg-
oo 0gbs dgLsdsBnbo SEIBGNMIbomMoEidal G133
Jommmoboon Igosbmaenol oMmydo 0.5-1 Losoab
896853mmosdn goEbgmgdnl 3oMmdgddo:

Ac -
X NH "0 x NH,
R CHOH R

36
3:R=1-Ad, X=-,R'=H
4:R=1-Ad, X=-, R =NO,
5:R=CHy, X =0, R/ = NO,

6: R=1-Ad, X=0, R =NO,

Lg8s 2. sBMEIJIE3gm0 613egamBomgxdal Lobogbo
(Ad = 5©5356@ 0ol Moo 3sen)

N-(1-505856@&0m)d36%B0mogbndnbo (7) (bJgds 3)
domadnmo 0gbs 056bBsmeg3noly o s3nbmogos-
05635060l Hmamymmdo  EHmomom, bmmmm  sS-
056@506-1-30M0MBIg030L 3neMmobon (8) (bJgds 3)
- 33856 sb-1-30MOMBB1535 gmomaoghmol s 80%-
0360 30MoBnb3neMmoBol ymomom njmomgb-
3mogmando 36 Lysool gobdszammosdo.

330m930L dg0ceamad JB&s3bg aobbmMEngmes a-3nco-
mgbo(smznm)BzammEgbgonts s byzmymaomymo
LbnoLEMIBGIONL a-@ghmEgbomaominmomydol Mgagd-
300l dgbhozams (Ldgds 3, 4) mosbal Bg03gMoBMaby
mhnobosd LobEGJGsTn: mMasbymao gsdbLlbyamo -
odommgomsbo, Jonmmmammao / Jonmmdgezsl 70%-
03560 fysamblbomn, 06@7bLbonmo dmMgzol 3nmmogddon:

a-x3yMmEabomomznamomydol Mysdisns 4-dgomgLo-2-
Bo@Mmmobomnbmsb,  N-(1-5005856@0m)dg6%B0mocg-
6000601506 ©o 9836BS0-1-30MOMBTFo35L  3ngoMmo-
B0omob 908nbsmgmol  dglodsdolbo  dsmomgdals
9, 14-15 §omImJdboom, bmmmm 4-(1-5s356@0m)

Sbognbal, 4-(1-5005856@ 0am)-2-b0@Mmmabognnbols
o 4-(1-0005856@ 0emm7bin)-2-bo&mmabogmnbols
07006333580,  Lafgodgom  bofgzol  BsGMmoydal




J. Geo. Chem. Soc. 1 (2021) 36-41

HaN
Me  HCIO :@\ < .
e b 0% #@/\5,% co, - g 2©x R| . -
S OH  chgp, 2 4 — e Me R clo,
- ICHCly (e |
9-10
= OH
R=CH
o: 3 X=0,R'=NO, j
10,11:R=1-Ad1X=_’R'=H .
12: %= TADXE R oo, ,g©\( ,KD\X.R
13, RETALX=0. R _ o e Me R
’ -2
1113
Me ;
: \g @\ HCIO,, 70% | @)\}'\( Clo,
/\© CH,Cl,/CHCI] F'Ie
Y
14
i Me H
: \E HCI0, 70% ©/I\N’N o
2 CracicHon Fe H, 4
I
v
15

L4930 3. N-by3engmaz30emxo0L a-3gmmEabomycmsbmeno a-ggmmEgbomamznmomyds

HCIO,, 70% @CHz i
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30eMm3smdmba@nl boxafo Dysamblbsmoo
50905370000 300070 dSbY37 dgbodsdabo 5806700
11-13.  5©5856@00-1-30MOMbBIF535L  3nceMmobonls
s  a-xymmEgbomymsbmmol  gjzndmeymo  0obo-
BRomemdalbsl Mgejsns dndnbosfgmol dmbm- o
00b-g39MmEgbomamnmomydnls 3hmEnd&adnlb
Bomag3nl Homdmgdbom. N-a-xzgMmmEgbomaomom-N/-1-
55856 Mom3nmsBnbol 3ghgammMms@o 15 dnomgods
558506@)56-1-35M0OMbBTF535L dncMmoboabs s
a-x3gMmEgbomgmnsbmmob yhoongmogdggdabsl 2:1
admmyMmo mobosxgsmomono.

0§, 10, H s BC 0dMm L37J&Madal BmMbsE)d70n Sb-
G&1nmadl sbnbmgBgdnmo BogMmomgdal ©83307EgosL.
domgdymo bogMmogdnls 9-19 0bxzmsfoogam
L3gd®Mmddn  T7060386705 dobogddol  d78cJan
bO357bEM o yBMMAsE0NMO Bmengdn: 2923-2908
b3, 2854-2846 1A' (C-H 5©s856@b60L), BogMogdnls
9-13 UL37Jd&Mdn xwogLoMmeyds dgnMg 06E7bLO3IMONL
8obongddols bmengdo 2970 LA™ (CH,), 3098-3030 LA™
(C-H smds&amn); 1270-1230 13! (C-0-C); bogMogdals
9, 12, 13 UL37d®M3n hsbL boBMmm-xgyB0lomsznl
©33565b05070730m0  d;sbongdol Bmenn  1558-1566
1™, 1350 b sb3g 3600-3200 LAY, 2723-2661 (NH.),
Bogfongdol 9, 10, 14-16, 18 L3gddmMmBo hsbL CIO,
X89B0boM30L sBsbLNYOIMN d;sbogdol Bmano
1100-1110 L3'-by. bogMgdal 9-19 YamEMonnbiazgMmo
L373d®MIdn  bobnomEgdy Tmsbogddol dojlodydom
105600, Amax: 246-256 63, 262-283 63, 320 63, sby3g
0005600J80L xwomoxm  Bmmoo  bL37dEMol  bognym
105600 — 438-450 60.

a-x3gMmEgbomominmomydnl  3Mmeyd@&gool  9-19
H 08M L37Jd®Mm]ddn NH-}xagnx0lL 3MmEmbo odmg3s
MyBmboblyam  Logboemlb  Jodommo  Hoboszmgdom
8.15-8.55 3.0.6.-b7 yomgydol Lobom; 333MG3G0
390l 6.63-7.50 8.6.-By dggLodsdgds sthmds@nm
3mEmbgol, ©yomydn 33mol  1.50-1.58 48.6.-6)
099L005870s dgoomab xanazol 3hmEmMbydlL, bmenm
Oym@n3my&nmo Logbomo Jodonmo Hoboszmgdom
1.75-2.11 3.8.6. p0sb680 — 5©s356E MOl Monzsmoab
15 3mm@Embl; L3gd®madn 87306036708 AnaMmEn3mgdo
390l 4.31-4.53 8.6.-Bg, Mmdjgmog d7gLodsdgds CH
3mEmbgol; i3gmmEgbol Asybogzmadgmon domo3als
3mEmbgdn ndamgzs bogbseml 3gemab 4.14-4.22 8.6.-69
LobgMgB ol Lobonom, bmam Asbsa3zmgdymao doMmo30L
3mEmbgon 4.20-4.30 3.08.6.-67 3nen&o3mg@ob baboo.

1BC  dM L399&MA3n  J70bndbyOs  ©IASBEHNMONL
Mon3omabomsznl  adsbsbnomgdgmn  dmsbmgdnl
bogbsangdn 39mol 28.8-42.9 8.6. Ydo630n, CH_-x3yB0L
07L50530b0 Logbsemn 39l 20.74 8.6-67 s CH-Xgx30L
07Ls0500b0 Logbosgmo 33mob 91.80 3.6-By, saMym3g
}gbomal  xanBol  bobdoMmodswal  s&MAxdnLbom3nls
©50565L05017073m0  d;vbogdal Logbsgngdn 112.86-
145.08 13.0.6. 30b67000; B}yMmMEg6al Asybsg3zmaydgmo
©s  hobogzmgdymo  doMmo30b  Esdsbsbnomgdgmo
0015600380 Logbsmgdn, dgbodsdnbaco, 68.46 3.9.6. o
66.29-67.76 3.9.6.-0.

©sbnbmyByOMO bogMhongdol 0ob-b373BMg0NL
0mbog0dgdn, 3gMmdme, dmmogymunmo  (M+) o
BMe3336&nmn ombgdals dsbgdn, sLg3g d7LodSAYdS
fofmdmaggbom LEMYIEMOL.

33m330L 39385 EsLNBMIBIOYMOs JMhnEMmyma
BMmEgabol s smogoimyMmo BMegdgb@gonls dgo-
3300 sbogma  Bofomdgdn: a-xggmmigbomymom-4-
0700mgjLo-2-bo@mmazgbomsdnbol 3ghgmmmModo, a-
}yMhmEgbomgmnom-4-(1-50s356@G0m)z3gbomsdnbals
3ggammmo@o, a-x3gMmEgbomgomom-4-(1-5sds-
6&0m)x3360mMs30b0, a-x3gMmEgbomgonom-4-(1-
SodobBHom)-2-bodymmxygbomodnbo,
a-x3ghmagbomymom-4-(1-5s8560mmgbo)-2-
bo&mmaxgbomsdnbo, N-a-3gmmEgbnmgonm-
N/-(1-005056@0m)036B0mogbndnbols
3gjammmo@o, N-a-g39mEgbomgonm-N/-(1-o-
3356 mom)3nMmstnbols 39hdanmMo@n, N-(1-
33856@Mnm)-N/-393MmEgbomagomominmsbnbals
3gjammo@o, N-(1-005856&mnan)-N/-33-
MmmEybomdgomnominmsbnbo, 4-(1-5005056&0@n)-N-
BgmEgbomdgmnomsbomnbol  3ghgmmMmodon,  4-
(1-000356@0m)-N-3gMmEgbomdgonmsbomonbo.
00mgoyamo boghogon Homimoag)bgb LonbEgmgbm
m0033&0L:  TgBommmasbym Lobogbdo - Toomo
domoamo  Mgodi3nobybomnsbmdnll gsdm, s dom-
mmagonm  sJBopmmosty dgbfozmobomzal — gom-
dogmmmaonymo  dmgJdggdol  xwomom  L3gJ&Mob
0Jmbg  LOdYomgdgxdal  godm3mgball dnBboom. o0
8boo  Jomadyma  3MJ3oMaBgodnl  godmygbgdoobsls
BafmmEgbol  838330mmds  goM33g9me  8393L70L
M3000b axogodL, byl JgnHymodl mmgsbaBdnlb
MyBoLEIbGMONL godmngMgosl s BoMmds3memanymo
0mg0gceg00b g33d@MmMO0b 5850mmMYdsbL.

1BC  v8Mm L377J@M3n  T70b0dbJds  SESFSBENMNL
Mon3omabomznl  adsbsbnomgdgmmn  dmsbmgdol
Logboggdn 33aal 28.8-42.9 8.6. Nds6Jn, CH3-xanx0L
09L50580b0 Logboemn 39emnls 20.74 8.6-67 s CH-xgx30L
09L0o0500b0 Logbosgmo 33mob 91.80 3.6-By, sgMym3g
Bgbomal  xanBol  bobdoMmodswal  s&MAxdnLbom3nl
©50565L0507073m0  dvbogdal Logbsgngdn 112.86-
145.08 13.0.6. 30b67000; ByMmMEgbal Asybsg3zmydgmo
©s  hobogzmgdymo  doMmo30b  Esdsbsbnomgdgmo
0015600330L Logbsggdn, dgbodsdnbaco, 68.46 3.9.6. o
66.29-67.76 3.9.6.-%.

©sbnbgBydmMO bogMongdol 05L-b373&MgoNL
8mbo3d8g0n,  3oMdme,  dmmogymythoe (M) o
BMe3336&nmn ombgdnls BsLgdn, sLg3g 97LodSAYdS

fofmdmaggbom LEMYIEMOL.

33330l 39389 EsLBMIBIOMOs JhEMmyms
RomEgbol o  smognimumo  B3Mgdgb@adnl
0703300 sbagna bofomdgon: a-xzymmigbomgonm-
4-3g00m7gbn-2-boBMmmxzgbosdnbols 3gMjammmodo,
a-x39MmEgbomgonm-4-(1-5s856E& nm)x3960mMs30bols
3ghjammmo@o, a-x39MmEgbomgmom-4-(1-5s-
056 0m)x3360mM30b0N, a-x3gMhmEgbomgomnom-4-
(1-000306@0mM)-2-60@Mmmxzgbomsdnbao,
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a-x3ghmEgbomomom-4-(1-5s856¢0mmgbo)-2-
bo&Mmmaxgbomsdnbo, N-a-3gmmgbnmgonm-
N/-(1-005056B0m)036B0mogbndonbols
3gjammmo@o, N-a-a3gmmEgboemgmom-N/-(1-
55356 mom)3nMmobnbol  3ghjommmodn,  N-(1-
53856 mMom)-N/-39MmEgbomagomnminmsbnbals
3gjammmo@o, N-(1-005856@mngm)-N/-3gMmm-
3960m3gonominmsbnbo, 4-(1-505056@&0@n)-N-
BoMmEgbomdgmnomsbomnbols 39hgamMo@n,
4-(1-5005356&0m)-N-3ghmEgbomadgoomsbomanbo.
d0mgdymo boghogon Homdmoaggbgdb LanbEgMmgbm

m003J&70UL: 97 ommMasbnm LobonyBdn -
doonn  domommo  M35J300bYbsMsbmoal godm, o
oommmaonm  sJGonmmodsty  dgbhozmabocmzal -

BRomdsgmemmanymo Imgdgegdol xsmorm b3gJd&Mab
0Jmbg  LOdYomgdxd0l  3odm3mgbal dnBboom. o0
8boo  Jomadymo  3MJ3oMmaBgodnl  godmygbgdoolsls
BafmmEgbol  338330mmds  goM33g9mo  d303L70L
M3000b ayx0godL, byl JgnHymodl mmgsbnBdnb
MyBoLEIbGMONL godmngMgosl s BoMmds3memanymo
0mg0gg00b g33d@nMmMOL S35mmMgdsL.

97L39M0076BG 0 6ofoemo

Mgogdsool  Ab3mammdol, Bogmooms  LolyBomszol
3mb@Mmmao s Rf-ol 36033650mm0g00L goblobmams
3obbmMmEnymes Jhmds@mgmozoymo xzBomBo@gd0b
(Silufol UV-254, Silufol, Alufol) 8os8mygbgdoo. gmmdol
&2039Mmo@Mms goblobmamymons bgmbohymby Meet-
ing Point Meter MPM-HV2, Germany. obgfmsfomyman
L33J&Mgo0  goomgadmMoNs  L3gJEMmBMEMIgEMYBY
FT-IR “THERMO NICOLET”, KBr-ols 8mbmzMmob@Esmdo.
ymGmosnobyymo L3gd&Mmydn 3903MIONMONY
L3gdHMMBMEMIgEMBY  UV/VIS,  “Varian”  CAR-
RY-100 CHCls-3n. dnoMmo3nm-8sgb0@yma MyBmbsbLol
L3ggd&Mgdn 89005MJONMNY L3gd&MmBgEMydbY
BRUKER AM-360 (300 83@), UNITY-400 uppkemws 2 (400
833), ©J0BGIMoMIOYm  ©odyonmbymamitodo
[(CDs3).SO] o  yo@dymomydymo  Janmmmammdols
bLBsMAn [CDCls], JoBoymo Hobogzmydgdo gsBmaamas
90608560 LESbsMBNL Ga®¢Mmsdgonmbnmsbals
d08smon 0.01 3.8.6 LoBYLEN:, bmenm L3nb-L3nbyMmo
yhonoghongddgwaool 3mbbBsbEs 0.1 33 LobyLEoo.
9ob-L3gdBMdn  goomadnmons bymbohymby Riber-
mag 10-10B s MMX-1321A, bodydol 3oMmes3nfMa
97®96000 850mboBoMmgdgm sMgdn, BsombabBomydgamo

Jamyd&mmbgoals gbgMans 70 93.

a-3gmmEgbosmznmomadol  LEGSbEsMEGYma Mmm-
BaEYMms: 1 30mm a-3oemmibo(semznm)xzgammiEgbl
905®7096 1 ddmgem  dgLodsdal  ByImMgmBamym
bnOLEMOBL MMBSB0SE bLobEYBsdn: 1-2 I 0j-
onmm8oobo, 0.3-0.5 3en JonmMmazmmdn, Jenmmago35L
(70 %) HysemblLboma. Myodins 80dnbsmgmdl mosbol
&2039Mmo@Mmaby 0bGbLoyMmo dmmy3zal 30mmodgddo.
Mgodzonl  obfyamgdol 85073, 3aMIJmmMeBgdonls
07006333580, Lafmgodgom boMmg3L 1BsB7096 35 B
9dMmoom ogonomgmngml s sym3bgogh 10-15 Losoo
5-10 °C &g933ghmo@nmoby. Homdmddboem Bogmggdu
BomEMmoe396, Mysbozgb 8dmomo ojmomgoghmom;
bmenm 58063006  Bomgdol  80Bboo;, Lomysgdsom

6ofg3lb 1BoBg036 15 O ddMogm engonmgonymu,
5013537096 bo®Mmondol 3nMmmisMmoOmbodol boxg-
Mo Hyoamblbomno, mMasbnm xsBol MyEboezgb byo®-
Moamnm Myodinody, sdMmdgb s d530mMIdg6 goo-
bLbyMU.

N-(a-33MmmEgbomomzom)3gMmImmmsgoon
330b6700:

©

a-39mmagbnangoom-4-dgoomybo-2-60@Mmma3y-
boansdnbols 39Mmganmmsdo (9): 76%, T, 123-125°C
(ccngonogngongon), R, 0.84 (337Lsbo/cngmnm-
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STUDY OF ALKYLATION OF NITROGEN-CONTAINING ALICYCLIC NUCLEOPHILES WITH
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Abstract

N-alkylation reaction of nitrogen-containing alicyclic nucleophiles with a-hydroxy(alkyl)ferrocenes in two-phase system: organic sol-
vent - dichloroethane, chloroform / 70% aqueous solution of perchloric acid was studied. a-Ferrocenylalkylation proceeds via an
intermediate formation of the stable a-ferrocenylalkyl carbocation. The composition and structure of the corresponding N-(a-ferroce-
nylalkyl)perchlorates and amines synthesized as a result of the research were determined by the IR, UV, nuclear magnetic resonance
(*H, 3C), and mass spectroscopic analysis methods. New biologically active compounds simultaneously containing ferrocene and
alicyclic fragment obtained as a result of targeted synthesis present interesting objects for further investigations in terms of both as
theoretical, e. g., for study the mutual influence between chemical structure and biological activity, and in a practical point of view,
including the direction of search of the new medicaments with the broad spectrum of pharmacological activity.

Keywords: ferrocene, alkylation, nucleophile, alicyclic fragment, biological activity.




J. Geo. Chem. Soc. 1 (2021) 42-45

JOURNAL OF ISSN 1512-0686

THE GEORGIAN CHEMICAL SOCIETY

STUDY OF INFLUENCE OF OIL PHASE AND CO-SURFACTANT ON THE MICROENVIRONMENT
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Abstract:

The microenvironment of reverse micelles of polyoxyethylene (4) lauryl ether (Brij 30) was studied by UV-visible spectroscopy on the
basis of methyl orange as molecular probe. The influence of different factors, viz. concentration of surfactant Brij-30, nature of oil
phase (hexane and decane) and co-surfactant (n-butanol and n-heptanol) on the changes in electronic spectrum of methyl orange
was investigated. An influence of the mentioned factors on the value of association degree of optical probe with reverse micelles were
studied. Profile of dependence of methyl orange absorption maxima versus water content indicates the existence of three types of

water (primary bound water, secondary bound water and free water) in the water pockets of reverse micelles..

Keywords: Brij-30 reverse micelles, Methyl orange, association degree, water pockets, co-surfactant

Introduction

A microemulsion consists of at least three components:
an oil phase, an aqueous phase and a surfactant. In some
cases, it also contains a fourth component, co-surfactant.
Depending on the ratio of the components, various lim-
iting types of microemulsions are selected in accordance
with the microstructures, which vary from very small wa-
ter droplets in the oil phase (w/o microemulsion) to small
oil droplets in the aqueous phase (o/w microemulsion).
Microemulsions play an important role in a person’s daily
life. Colloidal domains with their self-aggregating systems
have long been considered the most attractive and import-
ant area of research [1-3].

Among amphiphilic molecules, nonionic surfactants are
of particular industrial, biological, and physicochemical
significance. Ampbhiphile of polyoxyethylene non-ionic
surfactant is the subject of numerous studies. Special at-
tention is paid to the non-ionic structures of micelles and
their dynamic properties over the past two decades [4].
Non-ionic micelles exhibit a variety of aggregation, and
their behavior differs in two-phase and three-phase sys-
tems, depending on concentration and temperature.

Once confined in the nanoscale pockets of reversed mi-
celles, the already complex structure of water becomes
more complex; therefore, the study of the properties of
water droplets of reversed micelles is one of the most ur-
gent problems today [5]. Non-ionic reversed micelles are

studied by molecular methods. The microenvironment
of reversed micelles are characterized using special spec-
tral parameters, namely spin, luminescent and UV-visible
probes. The interaction of optical probes with surfactants
includes hydrophobic and electrostatic interactions, hydro-
gen bond interactions and interactions induced by Van der
Waals forces [6-9]. However, the interaction of the molec-
ular probe with the micelle surface causes changes in the
electronic spectrum of the probe [7-8]. The interaction of
molecules of an optical probe with reversed micelles has
been studied in detail [10]. However, the mechanisms un-
derlying the interaction of molecular probe-surfactant in
reversed micelles have not been fully established [7, 11].
The study of the microenvironment of reversed micelles
by ultraviolet-visible spectrometry using optical probes
provides a unique opportunity to study the properties of
water aggregates near the polar ends of a surfactant. This
means that additional information can be obtained on the
nature of the polar core of reversed micelles [7,9,11].

The aims of the presented work were: a) to study the mi-
croenvironment of reverse micelles prepared on the basis
of polyoxyethylene (4) lauryl ether (Brij-30) using UV-vis-
ible spectroscopy via molecular probe methyl orange
(MO); (b) evaluation the effect of both the oil phase and
co-surfactant, also surfactant concentration on the degree
of association of the optical probe to polyoxyethylene po-
lar groups of Brij-30.
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Experimental

Reverse microemulsions were prepared on the basis
polyoxyethylene (4) lauryl ether (Brij30, Fluka, BioChem-
ika, Switzerland), hexane, decane, n-butanol, n-heptanol
and water. The Brij-30 (C_E,) has a molecular formula of
C,,H,.(OCH2CH.)4OH (Figure 1, a). The hydrophilic-lipophil-
ic balance (HLB) of Brij-30 is equal to 9.7 and the critical
micelle concentration (CMC) is in the range of 7 to 14.52
mgL™.

Transparent one-phase solutions were achieved through
gentle shaking. For systems of low water content, the solu-
tions became one phase quickly. All spectroscopy exper-
iments were performed on stable, one-phase systems at
room temperature.

UV-vis absorption spectra were recorded in a UV-visible
spectrophotometer Optizen POP using cells with 1 c¢cm
path length. Methyl orange (MO) was used as optical
probe (Figure 1, b).

/\/\/\/\/\/\O/\/OH

(@)

NaOSS@N Me
O
Me
(b)

Figure 1. (a) The structure of polyoxyethylene (4) lauryl ether
(Brij-30); (b) the structure of Methyl orange.

The influence of water on the association degree of methyl
orange with reverse micelles was studied [9]. Association
degree of MO with Brij-30 reverse micelles was calculated
by absorption data of MO at wavelengths of 408 and 416
nmin 0.125 M Brij30 solution in hexane at different water/
surfactant ratio (W) by equation:

o= MO
[MO) 4 [ MO, (3)

Concentrations of free and bound MO were determined
by solution of equation systems at intermediate concen-
trations of Brij-30:

& ?ﬂg x [MD]I +E;ﬂg x [MG]E - J‘qq_ug (4)
By % [Mﬂ]f +85 0 x[MO], = Ayse

Results and Discussion

The absorption spectra of methyl orange (MO) in Brij-30
reversed micelles at different water/ surfactant ratios (W)
are shown in Figure 2. Possible states of water in the polar
core of a nonionic reversed micelle (water pocket or water
nano pool) when water is added to the Brij-30 solution in
oil include: a) water that directly interacts with the oxyeth-
ylene groups of the surfactant (primary bound water), b)
bound water located next to hydrated oxyethylene groups
(secondary bound water), and c) bulk water, i.e. free water.

Wavelength/nm

Figure 2. Absorption spectra of MO in Brij-30/heptanol/dec-
ane microemulsions at different values of W. (¢)-W=0 ; (CJ)-
W=0.22; (A)-W=0.44; (O) - W=0.66; (®)- W=0.88; (H)-W=1.11;
(A) -W=1.33; (9) - W=1.77; (x) - W=2.22. [MO]= 2.5x10°M

Ama'nm

Figure 3. Variation of Amax of MO in reverse micelles Brij/hep-
tanol/decane as a function of W.

As shown in Figure 3, the MO absorption maximum (which
is a measure of micropolarity) increases from 411 nm to
414 nm (primary bound water) within 0-0.5 W. The growth
of the MO absorption maximum (secondary bound wa-
ter) slows down with a further increase in W until its val-
ue reaches 416 nm at W = 0.9 (water nanodroplets are
formed).

The study of the effect of the nature of the oil phase on
association degree of MO with polyoxyethylene groups of
Brij-30 showed that in the case of n-decane, the complete
release of MO occurs at a value of W = 2.2 i.e. water nan-
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odroplets are formed at lower value of W than in the case
of hexane (W = 3.5) (Figure 4, curves 3 and 4). This refers
to the use of n-butanol as a co-surfactant.

Figure 4. Dependence of the association degree of MO to Brij-
30 reverse micelles on the W value.

[Brij-30]=0.125 M in the presence of hexane and butanol (H),
decane and butanol (e);

[Brij-30]=0.250 M in the presence of hexane and butanol (0),
decane and butanol (o).

When n-heptanol is used in combination with this system
instead of n-butanol, the complete release of MO (forma-
tion of water nanoparticles) occurs in both cases at W =
0.9 (Figure 5, curves 2 and 4), i.e., the difference between
W corresponding to the values of the complete release of
MO is no longer observed for reversed micelles prepared
on the basis of hexane and decane, which was found in the
case of butanol (Figure 4, curves 3 and 4).

%,

o 02 oa oG os 1
w

Figure 5. Dependence of the association degree of MO to
Brij-30 reverse micelles on the W value. [Brij-30]=0.125 M
in the presence of hexane and n-heptanol (l), decane and
n-heptanol (e); [Brij-30]=0.250 M in the presence of hexane
and n-heptanol (0), decane and n-heptanol (o).

As to the effect of surfactant concentration on association
degree of MO with polyoxyethylene groups of Brij-30, it
was found that an increase in surfactant concentration
promotes the formation of aqueous nano-pockets at a
lower value of W, with an oil phase in the form of hexane
(Figure 4, curves 1 and 4), as well as in the case of dec-
ane (Figure 4, curves 2 and 3). This concerns to the use of
n-butanol as a co-surfactant. In the case of n-heptanol as a
co-surfactant, the formation of water nanodroplets occurs
at the same value of W (W = 0.9) at both low (0.125 M Brij-
30) and high (0.250 M Brij-30 ) surfactant concentrations
(Figure 5). However, the curves of association degree of
MO versus W in the case of hexane (Figure 5, curves 3 and
4) at both concentrations of Brij-30 are arranged under the
curves obtained in the case of n-decane (Figure 5, curves
1and 2).

Conclusions

- The structure of reversed micelles of polyoxyethylene
(4) lauryl ether was studied by UV-vis spectroscopy us-
ing n-hexane and n-decane as oil phases, n-butanol and
n-heptanol as a co-surfactant, and methyl orange as a mo-
lecular samples.

- The absorption maximum of an optical probe of meth-
yl orange in reversed micelles is shifted bathochromically
within 407-416 nm with an increase in the water / surfac-
tant molar ratio.

- It was found that the formation of water nano pockets in
reverse microemulsions in n-decane medium begins at a
lower water / surfactant molar ratio (W = 2.2) compared
to hexane (W = 3.5), at a fixed surfactant concentration of
0.125 M Brij-30.

- It was found that the association degree of methyl or-
ange with reversed micelles of Brij-30 decreases less with
an increase in the water / surfactant molar ratio in the
presence of butanol as a co-surfactant than with heptanol.
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ON THE LOGARITHM OF THE DETERMINANT OF THE ANB-MATRIX AS A FUNCTION OF THE
SIGNLESS LAPLACIAN: 1. CONTRIBUTIONS OF FUNCTIONAL GROUPS

G. Lekishvili**, M. Gverdtsiteli?, I. Gutman?3

Tbilisi State Medical University

21, Javakhishvili Tbilisi State University, Georgia
3University of Kragujevac, Serbia,
g.lekishvili@tsmu.edu

Abstract:

Logarithm of the determinant of ANB matrices has been fruitfully used for QSAR/QSPR modeling. We have shown that the
ANB matrix (') can be expressed by using the signless laplassian matrix of the graph and has the following shape for modeling
saturated hydrocarbons: ' = 2| + Q . Once the signless Laplacian is positive semi-definite, all eigenvalues of I are positive here,
therefore the logarithm of its determinant equals to the trace of the matrix logarithm. Application of a helper matrix with a
suitable spectral radius, its expansion into the Taylor-Maclaurin series, and taking into account that the kth trace of the matrix
yields the k™ spectral moment that allows for calculations of embedding frequencies of sub-graphs leads to the following:
GG ~0.3663n +0.2366m - 0.0267|K, | +0.0005|K, ,| - 0.000036|D, | - 0.0005|C, | - 0.00012|K,| - 0.00004|C, | - 0.000072|C,]| +
0.000008|D, | +0.000096|K, ,| +0.000008|C, | +0.000008|®, | +0.000008|C,| +0.000016|C, | +0.000032|®,|

It is notewosrthy that, in principle, the GG index can be approximated at an arbitrary precision once the corresponding spectral mo-
ments are calculated.

Keywords: chemical graph, adjacency matrix, topological index, signless Laplacian, logarithm of a matrix
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Abstract.

Analysis of the IR spectra of weathered films exposed at different periods of the year reveals that, the main regions of the IR spectrum
affected by solar irradiation and temperature variation are the complex carbonyls and unsaturations composite absorption bands.
Their respective kinetics vary in different manner according to the period at which the exposure is started. Curve fitting has been per-
formed to refine the analysis of the IR spectra and to identify all the chemical species constituting the complex absorption bands. The
analysis of the results let appears that whatever the exposure period of the year is, it does not affect the type of developing products,
but it has strong effect on their kinetic rate of formation. The warm season is the more effective in terms of carbonyl formation and
crystallinity index. This indicates that the Norrish type | (NI) process is very important in this season and it adds to the Norrish type Il
(NII) process. Both contribute to the carbonyl and vinyl groups formation via chain scission reactions; however the NIl process is active

during all the period of the year.

Keyword : LDPE, Photooxidation, FTIR, Curve fitting, Crystallinity index.

Introduction

The most widely used material for greenhouse covering
is Low-density polyethylene (LDPE), because of its good
physicochemical, mechanical and optical properties, for its
cheapness and ease of processing. This makes it the leader
material in the agricultural field [1]. This polymer is very
sensitive toward much of the climatic parameters such
as, solar radiations (ultraviolet rays), temperature, atmo-
spheric oxygen, humidity, rain, sand wind, and pollutants
etc... These environmental factors affect adversely the me-
chanical, chemical and optical properties [2]. As a matter
of fact, solar irradiation in the UV range [290-400 nm] is
certainly the most aggressive parameter interacting with
the structural defects, acquired during polymerization and
processing, leading to molecular structure modification
responsible to the lowering of the mechanical and phys-
ical properties [1,3]. Temperatures closely related to solar
energy are other significant climatic factors acting on the
degradation process, contributing to drastically increase
the formation rate of the photo-oxidation products [4].
Environmental pollution, wind forces ca also contributes
in the reduction of the lifetime of the material [3, 5].

Ageing being mainly a polymer chain degradation process
characterized by the oxidation of the macromolecules and
accompanied by morphological changes[5]. As such, FTIR
spectroscopy can be regarded as a powerful technique to
identify the different oxidation products developing during

ageing and allowing also to quantify their changing con-
centration. The oxidation mechanism being very complex,
an exhaustive analysis of the evolution of all the spectrum
regions could highlight the respective contribution of most
of the different chemical species [6].

It remains still difficult to distinctly identify the different
chemical species constituting most of the complex absorp-
tion bands, because of the close vicinity of their respective
signal which most of the time overlap. This makes neces-
sary to refine the spectra analysis by means of mathemat-
ical treatments [7, 8].

Another aspect of ageing seldom discussed by others is
the effect of the exposure period on the formation and
growing of the carbonyl species or unsaturations.

Verdu has studied the effect of the period on the film deg-
radation exposed in France for three different periods. In
this work, the effect of exposure period in the kinetics of
the oxidations products of the greenhouses plastic films
has been checked. The exposition took place in Sub Saha-
ran region (Laghouat- Algeria). The carbonyl and vinyl rate
formation and the crystallinity index have been used as
comparative indicators to highlight the effect of the period
on the degradation process.
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EXPERIMENTAL
A. Material

The raw material (LDPE pellets) usedin this study are sup-
plied by the Saudi Basic Industries corporation (Sabic) as
(LDPE 2100 T NOOW).The films are produced bythe So-
fi-Plast Companyat Sétif, (Algeria).This polymer is a neat
grade exempt of stabilizing agents. The melt was extruded
at about 175°C and blown in a continuousprocess charac-
terized by a bubble diameter of 4.4 m, a wall thickness of
180 um, and a drawing speed of 15 cm/s.

B. Weathering protocols and sampling.

Films cuts were mounted on metallic frames facing south
accordingto the ISO 4607 standard.Exposure to solar radi-
ation has been performed at Laghouat (33°48’ N,20°56’E),
Algeria. Seven ageing protocols have been started at dif-
ferent periods of the year (Table I). The average duration
of a protocol is seven months.For each protocol amonthly
sampling is done.

Table 1: The ageing protocols

Protocol Beginning of the End of the
Number protocol protocol
1 Jan Jul
2 Feb Aug
3 Mar Sept
4 Apr oct
5 May Nov
6 Jun Dec
7 Jul Jan

C. Fourier transforms infrared spectroscopy (FTIR).

An FTIR spectrometer, maintained by Perkin Elmer (Spec-
trum Two), was used for the infrared analysis.The infrared
spectra were collected in transmission mode over the
range from 4000-400 cm™ at a 4 cm™ optical resolution
and using 32 scan repetitions. In this study, the represen-
tation of the spectra using the absorbance mode is most
suitable to calculate the optical density of allthe chemical
species developing duringageing, and to highlight their ki-
netic evolution [9].

Mathematical curve - fitting

To identify the species constituting the complex absorp-
tion bands in the different regions of the IR spectrum a
mathematical curve fitting was performed to deconvolute
and identify the entire initial existing products and those
evolving during exposure.The curve fitting was performed
using the second derivative method in the OriginPro soft-
ware package (version 8.6).The second order derivatives IR
spectra were obtained using the Savitzkye Golay algorithm
(9-point smoothing). However, the curve fitting method

has been described in details in a previous work [8]. The
curve fitting not allow the identification of all the chemical
species developing during ageing, and further its compari-
son regardless the exposure periods.

For polymers, the simplest way to follow the evolution of
the chemical species during ageing is to measure their ab-
sorbance at different exposure times [10, 11]. According
to the Lambert-Beer law, the concentration C of a species
is given by:

C=A/elL (1)

where, Ais the IR absorbance of the chemical species; Ob-
tained by the maximum of the peakof absorption band. L
(cm) is the sample thicknessand e (l.cm-1 mmol-1) is the
extinction coefficient [12, 13].

D. Crystallinity index

The crystallinity index at the different stage of the ageing
protocol has been determined thanks to the FTIR data got
from the absorption bands at respectively 720 and 730
cm?, using the following relationship:

C% = 100 — (B/(1+K)x100) (2)

where K=IA__ /1A, , B =(1-K)/1.233, and , IA_, and IA
are the integrated area of the absorption band at 730 cm™?,
and 720 cm™ corresponding to the rocking mode vibration
of a (—-C-H) bond in the crystalline and the amorphous re-
gions respectively. The constant 1.233 corresponds to the
relation of the intensity bands of a fully crystalline polyeth-

ylene [14,15].

RESULTS AND DISCUSSIONS
A. Identification of the chemical species by curve fitting

The IR spectra reported in fig. 1 of unexposed and exposed
film from January to July corresponding to the protocol (1)
has arbitrarily be chosen from the others to identify the
chemical species which develop during ageing. The sam-
ples have been named AO (unexposed film), and Al to A7
for the exposed films where the number from 1 to 7 refer
to the duration of exposure (months).

The aging process of the exposed film is governed by a
complex mechanism of chemical reactions. This is reflect-
ed by the growth and disappearance of absorption bands.
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Fig.1 The IR spectra of LDPE films (A0 to A7 samples) for differ-
ent ageing time

The spectral regions which are the most affected, are
those of the hydroperoxides (3700-3300 cm), carbonyl
groups (1800-1680 cm-1), (C-O) groups (1220-1000 cm-1),
and unsaturations (985-880 cm-1). Curve fitting applied
to these different respective spectral regions for the most
aged samples are reported in figs 2 to 5.

hydroperoxide region (3700 -3300 cm™)

The hydroperoxides region can be divided into two differ-
ent regions; the first ranging from 3700 cm™ to 3580 cm™
(fig. 2.a; solid line) and the second one from 3550 cm-1 to
3300 cm-1 (fig. 2.b; solid line), both of them consist of a
broad absorption band with two maxima.

After curve fitting:
0,15 = . . r -
a b
0,104 4 1
5 1
= |
&
] |
- |
0,08 4 {4 1 1
0,00 T T T
3700 A 00 550 2500 M50 MO0 3350 W
Wavenumber em ) Wavenumber icm™ 1

Fig.2: Curve fitting of the hydroperoxide region:

a) 1% region, b) 2" region[3550-3300cm™].

(- solid line before curve fitting; - -dashed line after curve
fitting), Carbonyls region (1800 — 1680 cm™)

e |t appears three maxima in the first region (fig. 2.a;
dashed line). Two of them coincide with the previous
maxima 3650 cm-1 and 3600 cm-1 while the third ap-
pears between them at 3645cm-1 all belong to the
O-H stretching of alcohols [16]'T'hese absorbances
correspond to primary and tertiary alcohols for the
two firsts and to secondary alcohols for the last [17].
It can be still noticed that the envelope encompassing
their absorbance do not change noticeably with ex-
posure time, probably because of their simultaneous
formation and consummation. This has been checked
for all the others protocols and the same results have

Absorbance

024 =

oo

100 1780 1760 1740 1720 17 1680

Wavenumber -cm'1 i

Fig.3: Curve fitting of the carbonyl absorption band of the
most aged film (- solid line before curve fitting; - -dashed line
after curve fitting).

Table 2: Peak position and assignment of carbonyl species after
curve fitting

Compo- Peak
position Assignment
nent no
(cm-?)

1 1686 Keton, acide a, unsaturat-
2 1697 eda,b
3 1702 y ketoacide, keto groupa,b
4 1709 Conjugated ketonesa,b
5 1713 y ketoacide, keto groupa,b
6 1722 Carboxylic acid (associat-
7 1734 ed)a,b,c
8 1739 Ketonesa,b,c
9 1750 Aldehydesa,b
10 1756 Estersa,b,c
11 1761 Peracidesa,b
12 1767 Carboxylic acid (free)a,b,c
13 1777 not identifieda
14 1785 Carboxylic acid (isolated)
15 1790 a,b

Perestersa,b

y —Lactonesa,b,c

not identifieda

a Separated by derivative analysis in this work
b Assignment according to Ref [8-12].
¢ Assignment according to Ref[7]
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Fig. 4 Curve fitting of the C-O region of the most aged film

(- solid line before curve fitting; - -dashed line after curve
fitting ).

Table 3: Peak position and assignment of the C-O bonds high-
lighted by curve fitting [12,16,17 and 21]

Components Peak posi-
tion Assignment
no (cm?)

1 1007 not identifieda

2 1031 not identifieda

3 1050 Primary  alcohols

4 1063 with g,h,l,j

5 1078 Secondary alcohols
ghlj

6 1090 Tertiary alcohols g
h,l,j

7 1114 not identifieda

8 1130

9 1156 not identifieda

10 1178 Ether (R-O-CH,) g,,j

11 1187 Ether (R-O-R) g,1,j

Esters g,,h,j,k
y —Lactonesg,h,j,k

g Separated by derivative analysis in this work
h Assignment according to Ref [17]
| Assignment according to Ref [16]
j Assignment according to Ref [21]
K Assignment according to Ref [12]

been found.

e It appears for the second region (fig. 2.b; dashed line)
a number of other peaks corresponding to different
types of hydroperoxide products. However, it re-
mains difficult to attribute all these vibrations to their
respective structures. Only three of them are recog-
nizable the maximum at 3432 cm® belonging to O-H
stretching of the associated hydroperoxides and that

at 3372 cm™ to the unassociated hydroperoxides. The
last one at 3533 cm™ has been identified belonging to
O-H stretching vibration of free hydroperoxides (most
probably that of carboxylic acid) [18, 19 and 20].

The most indicative absorption band of ageing is that of
carbonyls. Nonexistent in the unexposed sample, it signifi-
cantly increases with ageing and becomes a massive ab-
sorption band pointing at 1713 cm (fig. 3). Itis bordered
by many shoulders on its left side which reveals that it is
composed by many species (fig. 3 solid line). In fact, curve
fitting has revealed that it encompasses no less than 11
different peaks (fig. 3 dashed line). However, a further
analysis (second derivative and fourth derivative) has al-
lowed finding the presence of 15 different products. The
peak positions and their corresponding chemical struc-
tures are reported in table 2 [7, 8, and 12].

C-0 bonds (1220-1000 cm™)

This region displayed various shoulders indicating the
presence of the multiplicity of hidden peaks (Fig. 4). The
hidden sub-peaks derivate from the curve fitting (fig.4
dashed line) and its assignment are presented in table IIl.
Some of them increase through ageing; the absorptions
at 1178, 1187cm™corresponding to the esters and v-lac-
tones groups respectively increase progressively to what
has been observed in the carbonyl region [18, 12].

Unsaturations (985-880cm™)

These types of chemical species are visible in the regions
of the spectrum [880-980 cm™]. The curve fitting of these
regions does not reveal the presence of absorption bands
other than those corresponding to the existing and visible
maxima (fig. 5).
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Fig. 5 Curve fitting of region of unsaturations absorption band
of the most aged film (- solid line before curve fitting; - -dashed
line after curve fitting).

The peak positions and their corresponding chemical
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Table 4: Peak position and assignment of the unsaturations [7,

17, 20, 22 and 23]

Components no | Peak position Assignment
(cm)
1 888 Vinylidenel,m,n
2 909 vinyl I,m,n
3 965 t-vinylene |,m,n

| Separated by derivative analysis in this work.
m Assignment according to Ref [7]

n Assignment according to Ref [17,20]

O Assignment according to Ref [22, 23]
structures are reported in table 4.

B. Effect of the exposition period on the kinetic of the
chemical species

Kinetic of Carbonyls group

Natural exposure is the occurrence of the formation of
a variety of photooxidation products (Table 5). However,
those which are the most important in term of concentra-
tion are the aldehydes, the ketones, the carboxylic acids
and the esters [7, 8]. The representation of their formation
kinetic, according to the different protocols gives a good
insight on the season effect (fig. 6).

Natural weathering is the occurrence of the formation of a
variety of photooxidation products (Table V). However, the
most important ones in terms of concentration are the al-
dehydes, the ketones, the carboxylic acids and the esters.
The representation of their kinetic formation, according to
the different protocols gives a good insight on the period
effect (Fig.6). It can be observed that the period affects the
variation of carbonyl species concentration as a function
of exposure time. Moreover, the induction time was found
to be maximum for the protocol started in the cold season
(i.e. protocol 1and 2), and to progressively decrease until
to practically disappear in the case of protocol 7 (started in
July). The protocol 4 (started in April) displays a particular
behavior. Because, after a very short induction time, their
formation become auto-accelerated to be slightly saturat-
ed at the end with the higher concentration comparatively
to the others (rapid degradation). This clearly means that
the protocols started in Springer are more harmful in term
of oxidation than the others.

For each experimental run, the curves of chemical spe-
cies concentration were plotted with the maximum and
the minimum values achieved at the end of aging process
(Fig. 6-7). The reproducibility of all the other experimental
points is in the same range.

Kinetic of Unsaturationsgroups

The variation of the unsaturation concentration of the vi-
nylidenes and the vinyls is reported in Fig. 7. Vinylidene
groups are present with a noticeable concentration at the
beginning of exposure, then they are progressively con-
sumed until their total disappearance. However, the rate

of consumption is somewhat different from one protocol
to another. The drop of the curve at the beginning of expo-
sure becomes progressively more abrupt as the protocols
shift from winter toward summer. Since, they are found to
be totally consumed in the protocol 4 (Fig. 7a).

Vinyl groups, showing a small initial concentration grow
rapidly with ageing time. Their kinetics deeply differ from
one protocol to another (Fig. 7b). Their s-shaped curves
show an induction time decreasing from the protocol
started in winter to that of summer (i.e. protocol 1 and 7)
as observed for the curves of the carbonyls species.

C. Crystallinity index

The variation of the cristallinity index determined for each
protocol is represented in fig. 8. The exposure period af-
fects notably the progression since it can be observed that
the variation is very low when starting in the cold season
and becomes progressively more important when the
protocols shift toward the hot season. The aspect of the
curve is affected by the exposure period. For the protocols
(starting in January and February) the curves look like lin-
ear to progressively become s-shaped when going toward
summer.
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Fig. 6 Variation of the concentration of carbonyl groups for
different protocols; a) Aldehydes, b) Ketones, c) Carboxylic
acids, d) Esters.
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The progression in April is singular since it starts auto-ac-
celerated and speed-up more just after July and stays that
way until the end of the protocol showing the highest crys-
tallinity ratio in comparison to the other protocols. After-
ward, the following protocols show saturated curves at the
end of exposure.
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Fig. 7 The absorbance variation for the different protocols of
the unsaturations a) vinylidenes (888 cm), b) vinyl (909 cm?),
d) t-vinylene (965cm™).
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Fig. 8 Variation of the crystallinity ratio for the different proto-
cols.

The photo-oxidation of polyethylene is known a complex
oxidation process where chain-scission and crosslinking
reactions are in competition. The impact of such chemical
reactions changes the original polymer molecular struc-

ture and morphology.

The incidence of the exposure period revealed a difference
in the kinetic and rate of the production and consumption
of the different chemical species. For all the ageing
protocols, curve fitting of the FTIR spectra shows that the
chemical species are practically the same, but their rate
and final concentration are dramatically different. It has
also been revealed that the dominant carbonyl species
are aldehydes followed by ketones, acids and esters
respectively. Also, the photo-oxidation rate is highly
related to the exposure period, depending on temperature
and solar energy [11-12], [23] [27-28].

Indeed, among all the ageing periods in this exposure
site the one starting in April is certainly the most harmful
since the carbonyl and vinyl concentrations as well as the
crystallinity index are the highest. April being followed by
summer one can expect that this hottest period of the year
contributes to increase the degradation rate. Moreover,
compared to the other protocols starting in the cold
season the material shows a shorter induction time, which
seems to promote the growth of the different chemical
species (Fig. 6). The polymer is therefore more oxidized
and the chain scissions seem to be the more relevant
feature according to the concentration of vinyl groups (Fig.
7b). Crystallinity increases as well, consequently to the
diffusion of the short chain segments towards the existing
crystalline lamellae. It is well known that chain scissions
are responsible for the loss of mechanical properties,
while crystallinity makes the material more brittle and
stiffer [15-16], [20].

Inversely, protocol 1 seems to be less deleterious in terms
of final concentration of photo-oxidation products [12]
(Fig. 6 and 7b).

A comparison between the oxidation kinetic curves and
those of the crystallinity index shows that their variation
are somewhat related. Therefore, oxidation followed by
chain scissions leads to the reinforcement of the crystallin-
ity degree (Fig. 8) via a chemo-crystallization process [29].

CONCLUSION

Solar energy is radiant light and heat delivered by sun. It is
the most important factor affect the plastic films outdoor
exposed. Such photonic energy can interact with the weak-
est sites of the macromolecular chains, leads to structural
modifications mainly identified as oxidation, crosslinking
and chain scissions. Additionally, to that, the overheating
of the contact zone of plastic films with the greenhouse
metallic support is another factor promote a rapid failure
of the material.

A full analysis of the FTIR spectra has allowed the identi-
fication of most of the chemical species and to show how
they are consumed or develop throughout ageing.

Curve fitting has been found to be a powerful tool for the
identification of the chemical species constituting the
complex and composite absorption bands of the carbon-
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yls, and unsaturations. It revealed that the exposure of
the films at different periods of the year does not affect
the type of developing oxidation products but it is rather
their kinetic which differ. It has also shown that aldehydes,
carboxylic acids, ketones, and esters are the main oxida-
tion products formed during ageing. A good correlation has
been found between the just-mentioned carbonyl species
and the vinyl groups. This feature seems to suggest that
their formations are closely related and the mechanisms
supposed to be common to these different species are the
NI and NIl process. Indeed, the kinetic formation of car-
bonyl groups is higher during the warm season and it is the
same for the crystallinity degree. This argues for a higher
chain scission activity which tends to follow the path of
the oxidation mechanism passing essentially through the
NIl process, to which is added the contribution of the NI

during this period.

References

1. Ly, Y, Huang, Y., Yang, J., Kong, M., Yang, H., Zhao, J., &

Li, G. (2015). Outdoor and accelerated laboratory weath-
ering of polypropylene: A comparison and correlation
study. Polymer Degradation and Stability, 112, 145-159.

2. Briassoulis, D., Aristopoulou, A., Bonora, M., & Verlodt,

I. (2004). Degradation characterisation of agricultural
low-density polyethylene films. Biosystems engineer-
ing, 88(2), 131-143.

3. Briassoulis, D. (2005). The effects of tensile stress and the
agrochemical Vapam on the ageing of low density polyeth-
ylene (LDPE) agricultural films. Part |I. Mechanical be-
haviour. Polymer degradation and stability, 88(3), 489-503.

4.  Verdu, J. (1984). Vieillissement des plastiques. Afnor.

5. Chabira, S. F., Sebaa, M., & G’sell, C. (2008). Influence
of climatic ageing on the mechanical properties and the
microstructure of low density polyethylene films. Journal of
applied polymer science, 110(4), 2516-2524.

6. Tavares, A. C., Gulmine, J. V., Lepienski, C. M., & Akcelrud,
L. (2003). The effect of accelerated aging on the surface
mechanical properties of polyethylene. Polymer Degrada-
tion and Stability, 81(2), 367-373.

7. Gardette, M., Perthue, A., Gardette, J. L., Janecska, T.,
Foldes, E., Pukanszky, B., & Therias, S. (2013). Photo-and
thermal-oxidation of polyethylene: Comparison of mech-
anisms and influence of unsaturation content. Polymer
degradation and stability, 98(11), 2383-2390.

8. Yagoubi, W., Abdelhafidi, A., Sebaa, M., & Chabira, S. F.
(2015). Identification of carbonyl species of weathered
LDPE films by curve fitting and derivative analysis of IR
spectra. Polymer Testing, 44,37-48.

9. Chabira, S. F., Sebaa, M., & G’sell, C. (2012). Oxidation and
crosslinking processes during thermal aging of low-densi-
ty polyethylene films. Journal of Applied Polymer Sci-
ence, 124(6), 5200-5208.

10. Colin, X., Audouin, L., & Verdu, J. (2007). Kinetic modelling
of the thermal oxidation of polyisoprene elastomers. Part
3: Oxidation induced changes of elastic properties. Polymer
degradation and stability, 92(5), 906-914.

11. Gugumus, F. (2006). Physico-chemical aspects of polyeth-
ylene processing in an open mixer. Part 22: Mechanisms
and kinetics of vinyl and vinylidene group consump-

tion. Polymer degradation and stability, 91(9), 2061-2078.
12. Salvalaggio, M., Bagatin, R., Fornaroli, M., Fanutti, S.(2006).

Multi-component analysis of low — density polyethylene

oxidative degradation. Polymer Degradation and Stability,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

91,2775-2785.

Gulmine, J. V., & Akcelrud, L. (2006). FTIR characterization
of aged XLPE.Polymer testing, 25(7), 932-942.

Moez, A. A,, Aly, S. S., & Elshaer, Y. H. (2012). Effect of gam-
ma radiation on low density polyethylene (LDPE) films: op-
tical, dielectric and FTIR studies.Spectrochimica Acta Part
A: Molecular and Biomolecular Spectroscopy, 93, 203-207.
films by multiple internal reflection infra-red spectroscopy.
Polymer, 30(12), 2324-2327.

Coates, J. (2000). Interpretation of infrared spectra, a prac-
tical approach.Encyclopedia of analytical chemistry.
Gugumus, F. (2000). Physico-chemical aspects of polyeth-
ylene processing in an open mixer 2. Functional group
formation on PE-LD processing. Polymer degradation and
stability, 67(1), 35-47.

Kondyurin, A., Kondyurina, I., & Bilek, M. (2013). Radiation
damage of polyethylene exposed in the stratosphere at an
altitude of 40 km. Polymer degradation and stability, 98(8),
1526-1536.

Setnescu, R., Kaci, M., Dehouche, N., Setnescu, T., Nasri, L.,
& Zaharescu, T. (2015). Hydrothermal Ageing of Metallo-
cene Polyethylene Films in Presence of Grafted Amine Sta-
bilizers. Arabian Journal for Science and Engineering, 40(1),
69-80.

Gugumus, F. (1990). Contribution to the photolysis of
hydroperoxides in polyethylene. Polymer degradation and
stability, 27(1), 19-34.

Mistry, B. D. (2009). A handbook of spectroscopic data.
New Delhi: Oxford Book Company.

Carrasco, F., Pages, P., Pascual, S., & Colom, X. (2001).
Artificial aging of high-density polyethylene by ultraviolet
irradiation. European polymer journal,37(7), 1457-1464.
Tireau, J. (2011). Propriétés a long terme des gaines de
polyéthyléne haute densité utilisées pour les ponts a hau-
bans (Doctoral dissertation, Arts et Métiers ParisTech.
Benitez, A., Sanchez, J. J., Arnal, M. L., Mdller, A. J., Rodri-
guez, 0., & Morales, G. (2013). Abiotic degradation of LDPE
and LLDPE formulated with a pro-oxidant additive. Polymer
degradation and stability, 98(2), 490-501.

Dilara, P. A., & Briassoulis, D. (1998). Standard testing
methods for mechanical properties and degradation of low
density polyethylene (LDPE) films used as greenhouse cov-
ering materials: a critical evaluation. Polymer testing, 17(8),
549-585

Satoto, R., Subowo, W. S., Yusiasih, R., Takane, Y., Wata-
nabe, Y., & Hatakeyama, T. (1997). Weathering of high-den-
sity polyethylene in different latitudes. Polymer Degrada-
tion and Stability, 56(3), 275-279.

Fernando, S. S., Christensen, P. A., Egerton, T. A., & White,
J. R. (2007). Carbon dioxide evolution and carbonyl group
development during photodegradation of polyethylene and
polypropylene. Polymer Degradation and Stability, 92(12),
2163-2172.

Tidjani, A. (2000). Comparison of formation of oxidation
products during photo-oxidation of linear low density poly-
ethylene under different natural and accelerated weath-
ering conditions. Polymer degradation and Stability, 68(3),
465-469.

Roy, P. K., Surekha, P., Rajagopal, C., Chatterjee, S. N., &
Choudhary, V. (2007). Studies on the photo-oxidative deg-
radation of LDPE films in the presence of oxidised polyeth-

ylene. Polymer degradation and stability, 92(6), 1151—1160]
Mendes, L. C., Rufino, E. S., De Paula, F. O., & Torres Jr, A. C.
(2003). Mechanical, thermal and microstructure evaluation
of HDPE after weathering in Rio de Janeiro City. Polymer
degradation and stability, 79(3), 371-383.




J. Geo. Chem. Soc. 1 (2021) 59-64

JOURNAL OF ISSN 1512-0686

THE GEORGIAN CHEMICAL SOCIETY

30063IC0L LOBIG®AML 30IM 3. 30BMIMITIIL C606dIGHIBNL 0)3603IOMHM3I
303M3dHIMdY

3. 30360dJ"™, . 393WN33002, 3. 333530

1b595Mm039emmb 35M7dmb s5330Ls 5 bmazanls d9nMmbImonl b33nbobBMmU
35Mm90mb 9Mm36man0 L>3376dM

2by9smo39ammb B397603mM0 16033MLoBEIG0L 300MMAIgBEIMMMmanmanol 06LBG0BEYG0
h.bakradze@gmail.com

MmyBomady:

ommbolol  83bogndsmoBg®do  8mgddgwo  Fobaymal  LsfoMmdm  MolLg-Boddmmlb  HomOmeagbgb Mygnmbol g3m
LobEGYB]00LoM30L.  doMgdmL  JodopMmo  S3006dYMYOMIONEID 830560l X3b8Mmgmmoolo3znl  aoblLogyommydnm
Ls30dMMgosl Homdmocggbl — 8dndg moomblydol dxdE3ammdol dgbodemm Amds@gds gosmxdmlL modngd®godon. 2019-
2020 Hamgodo dgbhozmogmo oym Bobynmol LoGomAml Bndadsfmy Gymodmmosty sMmbgdmo d1nbgdoMmonzn Hymgodol
doMmmgndonmo s ozMmdommmanymo obsbosmyds. smnbodbs 3dndg moombydal - Cd, Fe, Zn s Cu-is 879333emmo0ls
dmB35®905 076730M03 fymgddo Bm3mNmo sLdd370 3MbEIBEMIE05BY; sBsMAZHN ddndy MocMbgdn bmm3nL BoMmamgddony;
899m3mgbomons Lobdgam s shBgboynmo fymgddo M3060L Fomamo 3738333MMMOJ00; gobLesNNMgdYMO sE30Mm3s dmeals
000.30BMy1nmsbBg. 2020 famb Lofomdma 8. 3oBMgoms Imadins 3oBLYMdn, Loy bgds Bnbsmol fymab go§dgbs.
sx0gdbomes ol Bogdon, Mmd nbsmol EsdNbdMIdal mMby dgysmgdno dx8gnMmadnmas, Moz dogmmonmenmaoynmo
56omM0BIO0mS3 EILEBNMEYDS, J.0. dom IMS33mMBIMM361058 SNhym smea]bs. domgdymo dgwIagdn fomdmmagbomons
31336700l Loboon.

053356dm bnGyYy3300: d1nbxdM030 Hymgdon, . 30BMIYms, ddndy Moombldn, ESdNBIYMYd..

9gLs33em0 Lodofmozgammlb  gofmydml  Jodoyfmo  sdNbdyMadals
09630M030 fymgdol g3mdodoymo s domemmaonmo 860036gemm3sb0  Hystms 8370050  ALB3oEMLO

dmbo@mMmnbgn gfmosymoon Jgbodmaommoss, 3mmadgdsmymo dobol dm3m3gdol s sg&oyMo

Mmmdmolb Hysemmodomsi dgbadmgdgmos o8 mon)J-
&a00lb  sMLgdYmo  g3memaonmo  dgmdsmgmodnl
070mHag0s. gomgdmlL masg3cenbldgmo  Loaxwmobgs
5006d7M70s, Mol dggassi dnMgds (035Mggds)
00ma3Mmo3omxyymm3bgos, Mmdmol Ggmdobols J3gd
0moobmyds ©JEsdnfoby omLgdymn  Logmabaol
xymmdgool  (83gbofggdol, Ebm3gangdol o  dog-
Mmmmmgsbnbadgonl) 0Mo35MmBgMm36900. y39-
By  ddmosmo  gB3JG0 30 dnbomygdls o
&090b) ©o330M3300 bmandy. 8@3060M0  Hymgdol
®}oybolb  Mmogbszn 1970 fomol 990y  81%-om
ool 87030Madamon, Mo  doMmoooss  Hymoal
0beybEMoymo, Lobmazem-bedgymbym o
Loymasabmzmgdom 80Bbydnm godmygbgdoals dgc0ga00
[1]. ombodbymo  3Mmomgds  3obLognomMmydom
06003690mm35600 Logdommzgmmbom3nb, Moaseb
13500L36g0m  3ghomedo  LagMdbmdmoe  gsnbomes
Logofmmzgammb  93mbobE80%y  sbofmm3maggbnmo
Bg0mg0ggdnl  bobonosmn o 0b6EI6LO3MOS, 83939
Mmmb, 860336gmm3bse dmadsds dmbLobangmdsdo
Logmebaobosm3znl domoamo Mobzol dJmby
0055350070700l MOMEmbmMdSA.

8900539053700l 8mgdgen Lofomdm J330m Jofmaendo,
ommbobol  8bogn3smo@a®dn. Bobgymol  Lo-
ooom  Homdmeggbomos doMmomooe  bLodo  Labol
doboon - mJmm-b3nmybda-3mmhgsbymo, mgmm-
03M0B-3mmadydomymo s  mImm-335ME30@GYmo.
LodoEmb  sd1do3x0s 80dnbomgmdl Moo  Jofng-
ymo  Habooy, Mol Fggasce Homdmldbommos
SbonMm3magbymo 890033e70700. 9obgnmals
LofGomBmlL  Bogfh  O353307M0  (sB0sbydYmN)
90folb  xkyoMOIMON 87000836l  osbenmgdnom 500
39J&oMmb. dolo Hamoymo Loddmozmys (Bm3m3gds -
8900539053700)—ssbemmgdnm 2 dmb Gmbs dobals
d9m3m3g0s [2]. sbgomo Bo3aL LshoMmImgdn Lozdsme
o Molb3-Bog@mml HomMdmeagbgb mMmygnmbols g3m
LoLEYAIOOLEM30L, 3obLOINNMYON BYEs3nMmnmo s
90§0bg3308s Hyamgdobomszol [3-6]. 3MomMody&nmo
535006d1MadMIdn sMnob 8dn83 moombgdo o
90000 870(333ammd0L dmMBs@g0s gofmgdmlb mdnyld@&gddo
s 85000 By0mgdgegds Labnmbsom 3Mmenl@&gdoby
[7,8] 8obLoInMydNE Lododmmgosl §oMmdmocagbl
5530560l X563Mongmmdobmsnb.

ECOCHEMISTY



J. Geo. Chem. Soc. 1 (2021) 59-64

Lo33mmg30 Bmbo s dgomeyon

07@o 9860336g0mm35605  Fobgymal goedsdy-
9939090 LofomBmbL  Bodgdsmy  GamodmMmosby
SMLdYmo dnbaMmygxdals s shGgbonmo fymgdals
3oMmmgodoyMmo, BozMmmoommmanyMmo obosboomyds
©s Gomndn domIMmozomxygmmsbadol 3mbGmmmabs
s dgbomhybgdnl  Logombydol dgLHozms. 83939
mmb, dmmbalbo Logommzgmmmlb gmo-gMmon dbnd-
369emm396g9L0 LabmMmBmm-LodgyMmbgm Mygombos, Mm-
dgamog d0mLEBDbgmMom sdsMsgladl J3gybol gL
B6ohoml, Mog m33mbscmng goblLabmaMasl 3o@sb-
&Mmmaznl 8sL3BS070U.

sbobymo  s3mEsbadol  goshyszgdolbomzal 2019-

2020 §9 339mBomdn ghobgm hs@omes  Lo3zgmg
Lodydomgdn: Sbamabgdo hoGomos ™sbsdymm3g
0900meo0bs [9,10] o s33MsByMmal godmygbgdom,
MmImyo0E 9385ymBomgdlL s dggbadsdgds g3hm3ym
LEObIMEJOUL, 3gMdmco:

e UL33d&MmxMmEMAIxEMos SPECORD 205 ISO7150-1:
2010;

e 0700Msbnmo gom@Mmons 1ISO9308-1;1SO 7899-2;
o 3mobBdyMm-gdnboymo L3gd&MmdgEmo ICP-OES;

e bo33mmg dmdoumo baambsHymagdon - Hanna Combo
pH/EC/TDS/PPM Tester HI98129;

e pH dg@Mmo- Milwaukee-Mi 150;

0700933000 3oblixo

Bobobgobg 1-2 dmEgdymons 8dndy nombydnsb
3MmomMmo@Gadnmo sdsdnbdnmydamadol 3odnndobs
5 M3060L 3MBEIbEMIE00L 335tMgdsEMdS 2019 Hamb.

o/

0.0025
0.002
0.0015
0.001

0.0005

Mmmgmmi ho@omadynmo sbsemabol dggagdo a3nh3g-
690L 2019 -0 0gdgM3mals AmbsEgdgdool doby3znm
0. 30BMyoymob fysendon, 3odnndol d70333MdS
0700876  0.0018 dg/em (1.8 b3) ©o M3060L
9594bn8seymo 3mbEgbEMmogns - 0.7675 8g/am (2.5 B3).
M3060L 3MBEx6EMOENS AMBSEIONMNS (2Bo3) 53Mg039
0. 000s39Mo80 3obBMmgoymsl dggmogdols dxdwmya.
SthEgboym Hymgodo smnbndbgds M30bol dm3sEgos
1.7 B3-b Bofmamyddn. sbsmhgbn ddndy cnoombgdo
bmMmdol @oMamyddns. donlobs ©o bmgdomal
0mbogdg0ol  Odobj3znmm  3odoydol 9703330mMdS
0ombgdmnsg Hymaddo 1dbnd3zbgmms s oM smYdo@ds
B3-b. bmgnm M3060L dogbndoemyMno 3MbEgbEMIE0S
Lobdgam Hyomdo EsxrnjLoMmes bmyddmol o33do
97508065 3 8g/em (10 B3).

©30006d7Mo00L  ;M35ebsBMabom Loynmomgdom
dgmdomgmodss 2019  Hamob  Lgd&gddMmols  o30bL
9mboig8700L Bnbge3zno (gbM. 1). 8enbsMmggdnsb
y39amobg ©odnbdyMadnmns 3. 3oBMImms, bosy
dgLHo3maamo ddndy cnoombgodn 8gMygmol: 3odondo
- 0,0628 (62,8 b3); b3nebdo - 34,5028 (34,5 BE3);
3060 - 9,7415 (32,5 Bo3); ovyomns - 10,8028 83/am (10,8
b3).

©s006d7M700L  N3ombsBMolboo dgmfg scegnambgs
0c0. 050039Ms 8. 30BMgoamol dggMmongdol dxdwmya.
57 8. 3595379M530 306086705 3o30700L, M3060L Y
oomool 3mbab@®moEngdn. dysmixdnm Lnxomss dc.
050039M3L 3mMbyMo sagnmMdn s 3. BmmssyMma,
Loos oM ghoo @mooxmbol 860036gemmods o
507058700 Bo3-L.

bmaz. MoFalydbolb Lobdgmo fysendo smnbndbs M3nbal
0m3sB701mMm0 3mbEab®moEngdn (M30bs - 21.4 B3) s
300 30BMgmab shGgboym Hyosmo (M30bs - 1.3 By).

famgoal  dobdogmbg  3oMmogmnamo hodnbsfg

o

Cd

Xl

— -
: F
_3‘2}}? QA.*:\“P A
WS R &
o 3
P o3
& aF
& e
E.}\Sg\ =
= a7
e +F
o S
&+*k &
45 &

6obaBo 1. 300030130l 3x33339MMdNL 065303s 2019 femal 11, V s XI 00377000 B3 - 0.001 33/ om




J. Geo. Chem. Soc. 1 (2021) 59-64

/e

Fe-2019

Xl

6obabo 2. M3060L393(337MMdNL N63B03s 2019 Femals II, V o5 XI 00379080 ( B3 - 0,.83/m)

fyamadn  hogmnbgomes J. obBMhgomodo Mo
ombgdMmnzns 0§3330s dob Jodonm s00bdYMgosL
0dnd3 ammonombgonom, Gobals bomhgbgdnom, cnbgdom,
foom, o Lb3s. dgEgas 0. 3oBMgomsdo smoM
Shlgdmds  gmaboamo  do3mMmmmasbaBdgdn  ©o
00mIMe35mMB3Mm3b70s, Molog osLbEYMIOL h370L
009 As@omadymo dogmmoomemaonmo Sbsemabob
070038900. 9737 16 5MnbndbmL ol Bog&0n, Mmd dco.
000030Msl x3mbnmo HamBGomo 0bsmhybgol oo30b
00mdMmo3om3gMmm3badsl, Lowos  dgboademgdgmos
073%60b oggMmais 30 (3bM.2).

2020 fanoll dmbogdgonl dobgznm. denbofggddo
0dn83 cmnoymbms dgd;333emmos bmmanl zomamgddn.
890mbo3mobl 8700876L J. JobBMmgoygms. Loog
3500d0mdoL d903330Mmmos Y360336gmmmeE  smgdo@gds
B3-b s 97900376L 0.0011 83/ (1.1 beo3) (bsb.3).
2020 fanol ogodgm3mol o33d0 Hymolb Lobygdolb
50700l Mmb. s3sxzndboMmyom ol Bog@n. MmA de.
30BMgonms dgeoMmlxdnm Lbyxsoms ©o goddznmszsmy
oym §obs Hamol 01g0gm3mal 033006 dgsfmgdno.
Mol  035mbocmng  sobobs  domadynmm  Sbosgmobob
8900939030.

sbMmomo 1. Bgs3amym, sMmEgbonm ©s Lobdgm Fymgddo ddndg moormbxdal xd337cMos,UgdEgd03Ma, 2019 §.

| - 2 &
— © ] 2

S By =& =y & 5

€ Q © o 86

3 ~ € 9 c © 25 c .

Py 134 £ 5 € 2 c 3 & S

2 pe] [=] £ A g(
# 063Ma0g6G 300 s g3 € £ &5 &5 c 2

P € 3 & & E 2 g( c

€ £ B 9 € 3 g‘f’: S e 9

3 I 2 S ;o € o € 8 € 0

2 & R &UE e fag) &) © £ e}

© & © e o 3 e

© & © & €7 3é o

1 39fMbenn, 83/ 0.0016 0.0009 0.0008 0.0007 0.0005 0.05 0.0006  0.0008
2 oMndbobn, 83/ 0.0024 0.0142 0.0015 0.0038 0.0033 0.05 0.0025 0.0051 0.01
3 390080180, 83/ <0.00003 0.0628 0.0099 0.0003 0.0002 0.001 0.0004 0.0002 0.003
4 3mdsam@n, 8/ 0.0009 0.0997 0.0162 0.0002 0.0001 0.1 0.0008 0.0025
5 dfmadon, 83/ 0.0019 0.0038 0.0002 0.0004 0.0014 0.1 0.0003  0.0001 0.05
6 L3ngmgbdo, 83/am 0.0052 34.5028 0.9793 0.0322 0.0051 1.0 0.0001 0.0021 2.0
7 M30b6s, dg/am 0.0403 9.7415 0.0512 0.1045 0.0242 0.3 0.3764 6.4214 0.3
8 956356130, 93/ 0.0178 4.4172 0.8309 0.0273 0.0221 0.1 0.0612 1.2761 0.4
9 ®ys309, 83/am 0.0048 0.0088 0.0022 0.0060 0.0015 0.03 0.0057 0.0016 0.01
10  ooos, dg/am 0.0023 10.8028 1.4004 0.0210 0.0110 1.0 0.0011 0.0231 3.0
11 boggamo, 83/ 0.0009 0.0011 0.0010 0.0008 0.0007 0.1 0.0012 0.0007 0.07

Bo3* - B3mMPmMo© Esbad3z]x00 3MBEI6EMIE0S Bysdomymo Hymol G&gagbosznmo Maamasdgb@ol dglbodsdobsc
(bogsmanzganmlb Bonozmmdnl salbomgods Ne425, 2013 fnolb 31 ©)39809M0, J. domalin)

Bog** - Bozmnmo ©sbd3700 3mbaabEMmosns Lobdgymo Hymal &adbosnmo Mygmsdgb@Eol 8gLsdsdnbo (Logsmmzgmml
9053Mmonbsag)bnmgyds Ne582014 fanal 15 nsb3sMa J. odamoln)




J. Geo. Chem. Soc. 1 (2021) 59-64

3bMmogmo 2. dnzgmmdommmanymo s6semobol 3ggagon

2D 1 .
[=; ) 2 c 9
2 2 S 3 €
5 g g 5 § € % 385 g & 2 e
) Ko 0 ~ 2 2 c B
&) ! £ € o 5\ c 9 e O 3
0 27<c S R[S 8 I € 2 * c € &.3 *
© € 5 © S &1 29 & ] - £ e} 23 X
1* < € & R3S g° & 2 & o ) 5
& P o 2 ) & 2 ) e 2 &
g g€ 3 CES jes 2T ¥ S. =% 0¥
k3 © s &6 & 2 g5 292 &g
r e S o ) ) 4 o/ S
© O‘g ©3 e % € =2
2 3 & g 3
1 39Mabamo, 83/m 0.0016 0.0009  0.0008 0.0007 0.0005 0.05 0.0006 0.0008
2 ©sMdbsbo. 33/m  0.0024 0.0142  0.0015 0.0038 0.0033 0.05 0.0025 0.0051 0.01
3 Jocedondn. 83/em  <0.00003 0.0628  0.0099 0.0003 0.0002 0.001 0.0004 0.0002 0.003
4 Jmdsm@o. 83/em  0.0009 0.0997  0.0162 0.0002 0.0001 0.1 0.0008  0.0025
5 Jfmado. 8a/am 0.0019 0.0038  0.0002 0.0004 0.0014 0.1 0.0003  0.0001 0.05
6 L3oggbdo. 83/am  0.0052 34,5028 0.9793 0.0322 0.0051 1.0 0.0001  0.0021 2.0
7 M306s. 83/am 0.0403 9.7415  0.0512 0.1045 0.0242 0.3 0.3764 6.4214 0.3
8 056396180. 93/an  0.0178 44172  0.8309 0.0273 0.0221 0.1 0.0612 1.2761 0.4
9 &y309. 83/ 0.0048 0.0088  0.0022 0.0060 0.0015 0.03 0.0057 0.0016 0.01
10  oyoons. 33/ 0.0023 10.8028 1.4004 0.0210 0.0110 1.0 0.0011  0.0231 3.0
11 boggmo. 3a/am 0.0009 0.0011  0.0010 0.0008 0.0007 0.1 0.0012  0.0007 0.07

st@gboymm Gymgoddo smnbndbyds M3nbol dmas@gde.
Mmdgmog d5Lodsdnbse 8700890L 9.7601 dg/em (32.5
B3) o 1.9824 33/ (6.6 Bog) (656.4). sbsMmhybn
9dndy moombion bmMmdol Bomamyddns. LagMomeo.
ynobomgdns  Lsbdgmo  fymal  sdnbdyMmgdals
Logoombo. MmgmMg ddod) moombjdom. oby ULb3
0bgMy036@ d00.

Mmgmmy AsGomaoymo sbsmobgdonsb hsbl. 2019
s 2020 §%-000L  Bmbosgdgdo  MognisemnMmoc
8ob6Lb303070 9M3sbgm0Ligsb. smbndbymon
0535330030790 08 BJEMS6. Mmd Lohom3mlL dngMm
8930y 9. 33BMgoymasl dmJsg3zs  JoBbnmsdo.
Loog boyds dnbsmal Hymolb gohdgbos s 2020

8p/a

0.0014
0.0012

0.001
0.0008
0.0006
0.0004
0.0002

cd

Panob ogdgMhzsemdo 2019 Gamol 0gn3g 3gMmom@onsb
d700Mgd0m esxngboMmes ol Bog@n. MmE y3gmsby
006dyMmo  BnboMmy. Loseg bgds LsHomMIM®sb
hoBnbomy  Hymgdal  hs83700 o  Mmdgmog
dngmmdommmanymo fomBmoa)beos 0330M
000bofgl. 5810050 33oMyd0m  Lyyoss. Moy
dogmmdommmannmo  sbsamnBgo0msE  EsLGNMEgds
(gbM. 2). 8gLoOSBNLS. dmbes 8. JsBMgorymsdo.
gm@bsmo  dngmmmmagsbaBdgdaol  Gomdmgdbs. Mo
90LsboaMB709m00.

By

60ba%B0 3. 300080130b 3x3(333MMdNL 0653035 2020 femols 1. Vien377080 (B3 - 0.001 dg/om)




J. Geo. Chem. Soc. 1 (2021) 59-64

aafqm
12

10

N A v

Fe-2020

|vi

6aobobn 4. M3060L 879(339eM0O0L 653035 2020 foamals 11. VI 00399080 (o3 - 0.3 3g/mm)

©ol3360

dgLhozmoamo dnbgdMmo3zn Hymgdol Zncmmgindoynmo
5  Jdogmmoommmagoymo  sbsmabydol  domydnmao
0700937006 Lomwnd3zgamby  dgodmgds  godmomgssl
0700930 ©sli336900:

5n0b60dbs ddndg amoombgool - 3odondob. M3060b.
oymool s L3ogmybdol dgxdi3gamonl AmAs@ds
onbydMmonsg fyamayddo Bmzmymo ©sbsd390
3mb336&Megnsby; 390m3mgbomns Lbb3oEsbb3s
0dnd3 mnombgdnm odnbdyMmydoymo dnbosmygdo
©o sm@Gaboymo Gymado; 90boMygdnEsb y3gmeby
©3006d7My0mMoNs 3. 3obBMgoyme.. bosg 2019 §-ob
LydBg80xMdn EsxngdLoMydYMNS 3ocdoyndol - 0.0628
93/ (62.8 63); L3neMgbdal - 34.5028 g/ (34.5 b3);
M30bob - 9.7415 93/am (32.5 Boy); ovyooal - 10.8028
93/ (10.8 By) 8ojLodsamymo  3mbEgb@Moins.
SthEgboym fymgodo smnbndbyds M3060L dmds@gos
1.7%03-b BoMmagmgddn. sbsmhgbn ddndy cnoombgdo
bmM3dol BoMmgmgddoy;

©30006d7My00L  M35mbsBMoboo dgmfy scegnmbgs
0c0. 350537M0 3c0.35BMgnnamasl dggmogdanls dgdwga. o
0c0. 358939Modn BogboMmadmes 3odnyndol. M30baby
s Oyon0nl 3mbigbEMoingodo;

0gomydnom  Lnxoos 0.  0s003)Mob a3mbymo
530mMJ00 o dE.z3mmosyMmo. Losg oMz gMmomo
moombols 3603367mMdS oM sm7Fo@JOS Bo3-b.

bmaz. Mogolyobols Lob3gmo Hyomdo. oN330M370S
M3000b3smammo  3mbEgbBMmogngdn  BogjLodsmmyMmo
(21.4 By) 3mbgabdMogns omnbndbyds; M30b0bL
3mb336@Mogns Fomamns 93MIM3] 0 JsBMgmab
St Egboym fyomdog o dgoaxbl 1.3 Bos-b.

2019 Hanal Ao@omgadnmo sbsmobol dgyagd0wsb
hobL. ma8 Gyamal sf ghor Lobxdo st coxngLnMydYMS
doghmoommmaoynmo  3sh3g630amadol  Bobgsnm
35006d7Mg00. 898mbs3amalls 0d90003960L 0c.
30BMgoame. Loy Jo8oyMmo ELdNbdYMgds ndggboc
domagmos. Mmd dsbdo gmEbsamo GozmMmmMasbnb8ydo
SM oMmligdmogb;

2020 §-b LahoMAmL Bogh go3gons Bg. 39BMgomMsl
0mJEa3d  oxrLmedo.  Lowog bJds  dabsmal
Pymol 3ohdgbs o 2020 G- 2019 fHmob 0gn3)
39Mhomemob dgsmyoom oxadbomos ol Gaddo.
Mmd s006dMIOYmMo dnbsm). Losy bydmes
LoHOMIMESD AsBnbsmy Hymgdal Aszsmmbs 88758500
LyBovs. Mg ho@omidnma s6smaBgdnl 3g33700053
obEnMmegds. 2020 fHmob  dogMmdomemagaymMa
0mbs3g8300L dobg3nm 8. JsBMyomnmsdo 33)
ogagdboMmes E-coli s Gm@smymo jmmogmmadgdol
Momegbmos (1500 1 0d3-dn).

Lodydomgdn gobbmMmEngmesblngd - dmmsmylboszgm
obgmm3bmobadgabogmmamboabbgmdghymoonm.
3Mob@nNe YS-18-888.

modamoGnms

1. https://on.ge/story/19754-E183A0E18390

2. 3.358Mnbsdznmo. M. hsggmndznmo s Lba. -
9o0bgymob dsMmo@-mimmb dg8333mo dobydnl
8900537353700 - Lagdomo3zgmmb dgEboggdsms
5390098000 ,,d5363“ JoBoob LgMmos. 2004.

3. N.Loria. N.Labartkava. D.Dugashvili. The content of arsenic
and cooper in environmental objects of river poladauri
gorge. Georgian chemical J. 4 (2) (2009) 177e179 (in Geor-
gian).
7.053Msdy. denbofmg 8o8537MsLs © 58nbsMy
Bmmesnmol Hysmdgdimgdn snBgdol ggmaim-
mmgnnmo Imbo&mmobagon - cobgMm@sisns.
bagommazgmmb &gdbosnmo ybo3zgmbo@a®o. 203 33..
2012.

5. V.Gvakharia. G.Samarguliani. N.Machitadze Influence of




J. Geo. Chem. Soc. 1 (2021) 59-64

Anthropogenic Factors on the Distribution of Heavy Metals Science 9 (1) (2011) 111e1109.

in Waters and Soils of Bolnisi Region.// Bull of Georgian 8. . nmsd30am0 ,,sMndbsbnL gobsfomgods

Academy of Sciences. 156. #1. p.81-85. (1997). bogdomm3gamml 83gbsmaynam Log3g03Mmmeyd@gddn.
6.  Shavliashvili L.. Bakradze E.. Arabidze M. and Kuchava G.. 33&mMgxrghsdn. mdomobon. 2006.

Arsenic pollution study of the rivers and soils in some of 9. ®omuHI.C.. bomuH A.T. — Boga. KoHTponb

the regions of Georgia”.International Journal of Current KayecTBa M 3KONI0rMYecKoM 6e30nacHoCTM No

Research Vol.9. Issue. 02. pp.47002-47008. February 2017. MeXAyHapogHbIMCTaHgapTaM. CnpaBoyYHMK. MOCKBa.
7. P.Felix-Henningsen. M.A.H.A. Sayed. E.E-Narimanidze-King. 2001.

D.Steffens.T.Urushadze. Bound forms and plant availability 10. PyKoBOACTBO MO METO4AM rMApPOHUONIOrMYECcKOro

of heavy metals in irrigated.highly polluted kastanozems aHa/n3a NOBEPXHOCTHbIX BOA U AOHHbIX OT/IOKEHUN. —

in the Mashavera valley. SE Georgia. J. Annals ofAgrarian mapomeTteounsgar. SleHmHrpaga. 240 cT.. 1983.

THE MODERN STATE OF POLLUTION OF THE RIVER KAZRETULA BY MADNEULI ENTERPRISE

E. Bakradze', L. ShavliashviliZ, G. Kuchava?

1 National Environment Agency of the Ministry of Environment and Natural Resources
Protection of Georgia

2 Institute of Hydrometeorology. Georgian Technical University
h.bakradze@gmail.com

Abstract: JSC Madneuli acting in the Bolnisi municipality is somehow a risk factor for the ecosystems of the region. A possible increase
in heavy metals in environmental facilities can have a special threat to human health.

In 2019-2020 years. hydro-chemical and microbiological characteristics were studied in natural waters near the enterprise. Were the
increased heavy metals (Cd. Fe. Zn and Cu) content were observed; other parameters were within the norm (maximum permissible
concentrations); The high concentrations were identified in drinking and artesian waters; Special load comes from the river Kazretula.
In 2020 enterprise made some steps in the river Kezretula. in particular the river water was capsuled and is now cleaning and the fact
that the contaminated river is currently relatively clean. which is also confirmed by microbiological analysis. Biodiversity started to
recover. The obtained results are presented in the form of conclusions in the study.

Keywords: natural waters. river Kazretula. heavy metals. pollutions
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PHITOREMEDITATION OF BOLNISI REGION FOLLUTED GRAUNDS BY USING OF PLANT ARA-
MANDA (AMARANTHUS VIRIDIS)

G. Avkofashvili*’, A. Gongadze?, R. Gakhokidze?
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Abstract: The world modernization, global development, maximum utilization of minerals and ruthless treatment of the environment
by humans have created many environmental problems around the world, and Georgia is no exception.

One of the richest deposits in Georgia are in Bolnisi, where the RMG (formerly Madneuli) mine is functioning, located in Kazreti, on
the right bank of the Mashavera River. An open-pit mining process causes soil and water contamination, which do harms to human
health and ecosystem. Remediation projects are necessary to be implemented. One of the effective remediation techniques is Phy-
toremediation, this method, where hyperaccumulator plants are used for cleaning up contaminated soil or water, is safe and efficient.
During the research greenhouse experiments were carried out in Bolnisi to study Amaranthus Viridis phytoremediation potential. Cd,
Cu and Zn were analyzed in the plant. According to the results Amaranthus Viridis phytoremediation ability was determined.

Keywords: cadmium, cupper, zinc, Amaranthus Viridis
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bogMol 83c0g7600MmmodY
©3b6535M3700 3obyfgool 41
CRICHERI
Fe,O, 4.2-53*
6. A|203 24.3 - 34.1*
Sio, 15.4
Cao 2.8
MgO 0.39
SO 0.6 -5.2*

3
*,bogbobdomali“ bamobbol LyMEoxrnlzs@nl dmbsEydg00

97L39M0376BG 0 bofoemo

8" 856 30L &yodymal mognon bobdomob godmygbydom
hmfol  dofodolb  3mbab®modol  smea)bol
3MmEgL0L dggagdn Homdmmaggbomans gbModon 4.

Mmmagmmi gbMomo 4-0ob hAsblL, AmMmeoal dsmo@ob
omEa36s Gyndymobl ,3“ domzal Mogonmo bobdoMmols
890mygbgdo0m madmMmoGmManm 30Mmog0dn
fofmondomms ads3doymaznmgogmo doh3zgbgdmgdno.
oomondol  Lymazoal  d703330mmods  Bobmoddo
doomfg3s  58-69  %-ob  BRofmamgddn, dsMoGol
omeagbol  bofmobbo 30 9700876l  80-83  %-U.
domoommons, gL OmboEgdgdn  dsmNs  Jombbym
00h37670mMx0sb (65 -75 %) OdgoMmydnm, BsgMmsd,
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3bMmomo 4. AmMmeab doMmod ol 3mbi3g6G MG 0L smeagbal dsh3g6g0mad0GYndnmal babdoMmal 3mb336E&MIGL

890mygbgdom
# 35580l 8303060mmdY, 3 BaS-ob BaSO,-ab
dsMmo@al Baob3aMals Fe.(504) t,°C 1o aaaesa@mboo om@aat?n:’
3mB36BMaG0  3mbEabEMmoB0 2 3 650b6m030,% bamobLbo,%
1 224 72 - 950 90 54.2 713
2 224 72 2.2 950 90 52.7 68.6
3 224 72 2.2 950 60 46.6 85.0
4 224 72 - 950 60 45.0 61.8
5 224 72 2.2 950 120 62.6 81.1
6 224 72 - 950 120 63.4 82.7
7 224 72 2.2 900 120 58.3 80.8
LogzsMmonmy, Mmma aoomazmbol §omdmgoals 10, odoanobn, bagdomazganmb LM 8gbngMmadsms

MyamsadgbBol dmobm3bgdol o330l 30Mmogddo,
&yYyodymab bobdnmoo Ammeolb domo@nb smmagboliol
000010 0gbgds YBRMm domomo &JxJbmenmagnymo
05h370670mmgd0. 3gMmdme, G30839Mo@Mmal  gobBMmes
©s  30B00b dmMmg30Lb  0bBbLN3zMONL  SBsmgdyY,
3303Mmom, 360836730mm3560 BogEmMgdns LabyM3gmo
&396mmmanymo 8mbssgdgonl dnbomydsco.

303360

@admMGmMoyao 3333900l boxyd33mBY
©533060mos AmMol  dsMmoBGobs ©o Gyndymol
bobdomol  LodsMIdOL  d5BobY  LogoMozgmmmdo
monmBmbol  §omdmadol mysemumo  3gMbL3gdBnso.
0smo@obs S babdomols ©om)y356gmo
07030M009amo  3oMogldog 30 Lszdsmolo  0gbgds
Logdommzgammdn, dnbo-Jombbgdol s8mJdggdabsm3nls
3Mdam3onsb  3gMomedo dogs dmombm3zbogmgodol
3b5305YyMBOMYOMS, M3 sMsdsmEm moomxambals
Pomamgosl nBMNb3gmymayl, gowsgmol Mygombdo
3b5gd8300L 3MmdMYBSLSG.
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ABOUT THE PROSPECTS OF PRODUCTION OF LITHOPONE IN GEORGIA BASED ON LOCAL
RAW MATERIALS

R. Dundua

Institute of inorganic chemistry and electrochemistry,
Ivane Javakhishvili Thilisi State University
r.dundua.@yahoo.com

Abstract. According to geo-economic assessment of mineral resources, some resources of Georgia have strategic national signifi-
cance. These resources include barite and coal. As it is known, these minerals are the main raw materials for obtaining mineral white
pigment - lithopone. Growing rates of global market demand on lithopone and the availability of strategically important resources,
provide an opportunity for Georgia to produce lithopone using local raw materials.

The presented research is aimed on identifying the feasibility of production of lithopone based on local raw materials - Chordi barite
and Tkibuli-Shaori coal ore. In the laboratory, one of the main technological processes of lithopone production - the production of
barium sulfide (BaS) from barite — was studied, taking into account the technological parameters known in practice.

There has been applied barite concentrate (BaSO, - 96.8 %) and coal concentrate (carbon - 75 -80%). Restoration of barite by coal
was performed by the ratio of 4:1 in sealed iron crucible at 900-950 °C inside a muffle furnace during 1-2 hours. Composition ob-
tained as a result of recovery contains 58-63 % of barium sulfide, the degree of barite extraction reaches 80-83 %. The obtained
parameters are close to indicators of the regulation. In factory conditions, they are expected to increase upto standard indicators.
Based on this, we believe that on the basis of existing barite and coal ores in Georgia, it is advisable to produce a white pigment —
lithopone. This is expected to make a big difference to the country’s economic growth.

Keywords: Georgian barite deposit, Georgian coal deposit, barium sulfide production, lithophone production.
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