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SINTEZI VO BOZI CEVRILMO REAKSIYALARI

BABAZADO ©. OLIYAR

Uzvi kimya kafedrasi,
Baki Dovlat Universiteti,
Z. Xalilov 23 kiig., Baki, Azarbaycan

gumusqiz91.sg@gmail .com

XULASO

Son dovrler polifunksional fizioloji aktiv birlosmolerin sintezi 6z aktualligi ilo {izvi sintetiklorin diqqet
moarkoazindadir. Bu sintezlords asason melum fizioloji aktiv birlosmalorin polifunksional toéremolorinin sintezinin
hayatakegirilmasi naticesinds yeni fizioloji aktiv xassalorin meydana gelmasi miiayyen edilmisdir. Darman preparati
kimiistifads olunan fenilsirke tursusu toremslerinin funksionallasdirilmasi olduqca aktual moesalodir. Biitiin bunlar1
nozorealaraq  (E)-4-(2,2-dixlor-1-((4-nitrofenil)diazenil)vinil)-N,N-dimetilanilin =~ maddssinin ~ spirt = miihitinda
hidrolizindan (E)-metil2-(3-(dimetilamino)fenil)-2-(2-(4-nitrfenil)hidrazon)asetatin E/Z izomerlari sintez edilmisdir.

Acar sozlar : katalitik olefinlosma reaksiyasi, dixlordiazadien, fenilsirks efirinin toramalari.

CHHTES3 (E) -4- (2,2-AUKCAOP-1 - (4-HUTPODEHNA) AMA3EHIA) =N,
N-ANUMETUAAIIVIN HA OCHOBE 4- (AMMETNAAMMHO) BEH3AAbAETVIAA
Y X HEKOTOPBLIX KOHBEPCYOHHBIX PEAKIIVT

PE3IOME

B mocaeanee BpeMs CUHTe3 MOAMPYHKIIMOHAABHBIX (PUBMOAOIMIECKN aKTUBHBIX COEAVIHEHNII ¢ TOUKM 3PEeHVsT
aKTyaAbHOCTU HAXOAUTCS B LIEHTpe BHYMaHIs OpTaHMJIeCcKIX CUHTETUKOB. B 9TMX ciHTe3ax B pesyAbTaTe OCyIllecTBe-
HIA CMHTe3a MOAM(PYHKIIMOHAABHBIX IIPOM3BOAHBIX YoKe M3BECTHBIX (PU3MOAOTIMECK) aKTUBHBIX COEAVIHEHNII OBLAM
BBISIB/EHBI HOBBIE (PUBMOJOTMYECKY AaKTUBHBIE CBOVICTBAa. (PYHKIIMOHaAM3aIlMsA ITPOM3BOAHBIX (PEHMAYKCYCHOI
KICAOTHI, IIPUMEHAIONINXCS B KadecTBe AeKapCTBEHHBIX IIperapaToB SIBASETCS BIIOAHE aKTyaAbHON IIPOOAEMOIL.
YauTtsiBast Bce CKa3aHHOe, Hamu Obrau cuHTe3uposansl E/Z usomepst (E)-merna2-(3-(anmernaamuno)penna)-2-(2-(4-
HUTpO(EHNA)IApa3OH)alleTaTa Ha OcHOBe peakuym rvapoansa (E)-4-(2,2-auxaop-1-((4-Hurpodenna)avaseHna)su-
Hma)-N,N-aumMeTnaannanHa B cpege crimpra.

KarogeBble caoBa : peakums KaTaAUTIYECKOTO OAe(UMHUPOBAHUA, AVXAOPAMA3aAVieH, IIPOM3BOAHBIE
(peHMAYKCYCHOT KMCAOTHL.

SYNTHESIS OF (E) -4- (2,2-DIXLOR-1 - ((4-NITROFENIL) DIAZENIL) ~-N, N-DIMETILATION BASED
ON 4- (DIMETILAMINO) BENZALDEHID AND THEIR SOME CONVERSION REACTIONS
ABSTRACT

Recently, the synthesis of polyfunctional physiologically active compounds from the point of view of relevance is
in the focus of attention of organic synthetics. In these syntheses, as a result of the synthesis of polyfunctional
derivatives of already known physiologically active compounds, new physiologically active properties were
revealed.The functionalization of phenylacetic acid derivatives used as drugs is a very urgent problem. Considering all
the above, we synthesized the E / Z isomers of (E) -methyl 2- (3- (dimethylamino) phenyl) -2- (2- (4-nitrophenyl)
hydrazone) acetate based on the hydrolysis of (E) -4- ( 2,2-dichloro-1 - ((4-nitrophenyl) diazenyl) vinyl) -N, N-
dimethylaniline in alcohol.

Key words: catalytic olefination reaction, dichlorodiazadiene, phenylacetic acid derivatives.

Bildiyimiz kimi {izvi sintezds divinil qrupu olan, diaza qrup saxlayan birlagsmalerin sintezi
onlarm boyaq maddalari kimi tetbigine imkan yaradir. Bu sahade svvelki tetdiqatlarimizda
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ugurlu neaticaler alde olunmusdur [1-3]. Belo ki, benzoy aldehidinin miivafiq toramslerinin
fenilhidrazinlarls reaksiyasindan fenilhidrazonlar sintez edilmis, sonunculardan ise katalitik
olefinlesmo reaksiyasi soraitinds, CuCl-un katalitik miqdarinda, CCls-Ie reaksiyasindan miivafiq
dixlordiazadienlor sintez edilmisdir [4-6].

CCl,, CuCl (1%) cl
TMEDA (2.5 eq,)
Ar Ar1 DMSO, rt. Ar AI'1

Sxem 1. Dixlordiazadienlarin fenilhidrazonlardan alinmasmn iimumi sxemi.

Sintez edilmis dixlordiazadienlarin tarkibinde aromatik halgenin, halogen atomlarmnin
olmas: onlarda fizioloji aktivliyin olmasma ilkin ehtimallar verir. Bu ssbabden da onlarmn
bakteriyalar, gobalarlare qarsi aktivliyini 6yrenmeak magqsadi ils ilkin tedgiqatlar aparilmis ve
muiisboat naticalor alda edilmisdir [7-10].

Eyni zamanda polifunksional birlesmalar olan dixlordiazadienlar ¢ox sayl tatbiq sahasine
malik olmasi ilo yanasi tizvi sintezde olverisli sintonlar kimi do totbiqi terofimizden
aragdirilmigdir. birlasmalorden heterotsiklik birlosmalerin, triazollarmn, fenilsirks tursusunun
toromolarinin ve digar birlosmalarin alinmas: terafimizden Syrenilmisdir [11,12]. Bu birlosmalar
yiiksak fizioloji aktivliys malik olmasi da miisyyen edilmisdir [13].

Biitiin bunlar1 nezero alaraq 4-dimetilamino benzaldehidin 4-nitrofenilhidrazin ile
reaksiyasindan (E) -N, N-dimetil-4 - ((2- (4-nitrofenil) hidrazono) metil) anilin sintez edilmis,
katalitik olefinlosmo reaksiyasi soraitinde (E)-4-(2,2-dixlor-1-((4-nitrofenil)diazenil)vinil)-N,N-
dimetilanilin alinmigdir. Sintez edilmis dixlordiazadienlarin {izvi sintezda slverisli sintonlar
oldugunu nazare alaraq sonuncunun spirt miihitinds hidrolizi aparilmig va fenilsirks tususunun
toramalari sintez edilmigdir.

_CH3;CO0H O/\ \©\ ?
EtOH reflux

(E )-N,N-dimethyl-4-((2-(4-

(dlmethylamlno) (4-nitrophenyl) Nitroohomiihvd e
hydrazine phenyl)hydrazono)methyl)aniline
benzaldehyde \ )
CCly, CuCl (1%) _ /@I \©\
TMEDA (2.5 eq) (2.5 eq) {0
DMSO, rt

(E)-4-(2,2-dichloro-1-((4-nitrophenyl)
diazenyl)vinyl)-N,N-dimethylaniline

2
N N
N \©\ + HN@NOZ
\T NO, /N
(Z)-methyl 2-(4-(dimethylamino) (E)-methyl 2-(3-(dimethylamino)
phenyl)-2-(2-(4-nitrophenyl) phenyl)-2-(2-(4-nitrophenyl)
hydrazono)acetate hydrazono)acetate
3 4

Sxem 2. (E)-4-(2,2-dixlor-1-((4-nitrofenil)diazenil)vinil)-N,N-dimetilanilinin alinmast va onun bazi gevrilma reaksiyast



4-(DIMETILAMINO)BENZALDEHID asasinda (E)-4-(2,2-DIXLOR-1-((4-NITROFENIL)DIAZENIL)VINIL)-N,
N-DIMETILANILININ sintezi va bazi ¢evrilma reaksiyalari

Sintez edilmis meti- 2-(4-(dimetilamino)fenil)-2-(2-(4-nitrofenil)hidrazon)asetatm E vo Z
izomerlarinin ayrilmasi kalonka xromotoqrafiyas: metodu ils hayata kegirilmisdir ve sonda E va
Z izomerloari 1.5 : 1 nisbatinds alinmigdir.

Sintez edilmis birlosmalerinin quruluslart NMR metodu ilo miisyyon edilmisdir.
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Odabiyyatlardan E izomerinin digerine nisbeton hemise daha yiiksak ¢rxaimla alinmasi
moalumdur. Verilon reaksiyada iss tam aksi miisahide olunmugdur. Sebab ise Z izomerinds efir
qrupunun oksigen atomu ilo imin qrupunun H ils giiclii hidrogen rabitesi yaratmasidir. Bu
rabitonin yranamasinin asas gostoricisi Z izomerinds imin qrupunun hidrogen atomu 'H
spektrinda 12.38 Hz sahasinds, E izomerinda iss NH qrupu 8.08 Hz-ds miisahids olunmasidir.
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Belalikls, dorman preparati kimi istifade olunan fenilsirks tursusu téremslarinin funksional-
lagdirilmasi noaticasindo (E)-4-(2,2-dixlor-1-((4-nitrofenil)diazenil)vinil)-N,N-dimetilanilin maddo-
sinin spirt miihitinde hidrolizinden (E)-metil2-(3-(dimetilamino)fenil)-2-(2-(4-nitrfenil)hidra-
zon)asetatin E/Z izomerloari sintez edilmisdir.

TOCRUBI HiSSO

NMR 'H va C spektrlori Bruker Avance 300 (is tezliyi uygun olaraq300 Mhzspektrometrin-
do CDCls vo DMSO-da da geyds alinmigdir. Daxili standart kimi SiMes istifads edilmisdir. NTX
Silufol 16vhasinde UB-254 aparilmis, amsala galmis lakaslarin aydmn goriinmesi tiglin ise
tursulasdirilmis KMnO: mohlulundan ve UB lampa siialarmindan istifade edilmisdir. Kolonka
xromotoqrafiyast Merk firmasmin (63-200) silikogelinds aparilmisdir. Elemental analiz analizi
Carlo Erba 1108-ds analizator Carlo Erba 1108-da aparilmisdir.

3.1 Hidrazonun sintezinin iimiimi metodikasi:

Ucbogazli yumrudibli kolbaya alave edilmis (5 mmol) fenilhidrazin iizerine etanol (20-50
ml) ve 0.820q CHsCOONa (10 mmol) alavs edilir. Kolba aks soyuducu, damc qifi ve termometr-
Is birlagdirilir. Damar qifi vasitesile 5 mmol aldehid slave olunur ve reaksiya qarisig qarisdirila-
raq qizdirihir. Temperatur 78°C-ys catdiqda qarisiq 5-10 dagige qaynadilir. Daha sonra reaksiya
qarigigl otaq temperaturuna qadar soyuduldugdan sonra onun tizarine 50 ml su alave edilir.
Intensiv qarisdirmagla temperatur yeniden 60°C-ya catdirilir vo qizdirilma dayandirilir. Otaq
temperaturuna qodar soyudulmus reaksiya qarisigy filtrden kegirilir. Lazim golorse mahsulun
qalig: su ils yuyulur. Alnmusg hidrazon otaq temperaturunda qurudulur (15-20 saat). NMR 'H ve
3C spektrlari adebiyyat gostaricilari ils uygunluq tegkil edir.

1.(E)-N,N-dimetil-4-((2-(4-nitrofenil)hidrazon)metil)aniline.4-(dimetilamino)
y benzaldehidin (4-nitrofenil)hidrazinle reaksiyasindan alinmisdir.
Sy Cohrayr rongli bark madds (87%); Ter =195 °C. Analitik
- g \©\ hesablanmig CisHisN4O2 (M = 284,31): C, 63.37; H, 5.67; N, 19.71; ;
\ NO:2 tapilib C, 63.35; H, 5.70; N, 19.68. TH NMR (300 MHz, DMSO-ds) 0
11.04 (s, 1H), 8.10 (d, ] = 9.2 Hz, 2H), 7.94 (s, 1H), 7.68 — 747 (m,

2H), 7.09 (d, ] = 8.3 Hz, 2H), 6.74 (d, ] = 8.8 Hz, 2H), 2.96 (s, 6H). *C NMR (75 MHz, DMSO) d
151.52, 151.26, 143.64, 137.91, 128.30, 126.70, 122.53, 112.35, 111.15, 99.98

((2,2-dixlor-1-fenilvinil)diazenil)fenil)metanin sintezinin iimumi metodikas1

Kolbaya 1 mmol baslangic hidrazon, {izerine 10-12 ml DMSO, daha sonra (290 mg; 1,25
mol/ekv) TMEDA olavs edilir. Bundan sonra CuCl (6 mq; 3 mol %) slave edilir. Sonuncu olaraq
CCls (4-5 mol/ekv; 1.5 q) alave edilir. Maqgnit qarisdirici ise salinir. Reaksiyan1 NTX ile yoxlayiriq.
Adatan reaksiya 1,5-3 saata basa catir. Reaksiya qarisig1 ayiricr qifa kegirilir. 50-60 ml su slave
edirik. Metilen xlorid (3*15 ml) il ekstraksiya edilir. Uzvi faza (3*50 ml) su ilo yuyuludugdan
sonra bir dafe do doymus NaCl (1*50 ml) mahlulu ilo yuyulur. Na:SOs (MgSOs ) ilo qurudulur,
filtrdon kegirilir vo vakuumda rotor buxarlandirici ilo dixlormetan qovulur. Qaliq (eliient
dixlormetan/heksanin 1:5) kalonka xromotoqrafiya iisulu ile yeniden temizlsnir. Nazik tebagali
xromotoqrafiya ilo ayird edilmis asas reaksiya mohsulu olan fraksiyalar toplanaraq yeniden
rotorda buxarlandirilmis va ¢ixim hesablanmigdir.



4-(DIMETILAMINO)BENZALDEHID asasinda (E)-4-(2,2-DIXLOR-1-((4-NITROFENIL)DIAZENIL)VINIL)-N,
N-DIMETILANILININ sintezi va bazi ¢evrilma reaksiyalari

2. (E)-4-(2,2-dixlor-1-((4-nitrofenil)diazenil)vinil)-N,N-dimetilanilin. (E)-N,N-dimetil-4-((2-
(4-nitrofenil) hidrazon)metil)aniline CCls-lo reaksiyasindan

¢l | ¢l almmusdir.Sar1 rongi bark madds ¢xam 50%; Ter= 87°C.
/©;[ N//N Analitik hesablanmis CisH1«CLN4O2 (M = 364, 05) C, 52.62;

- \©\ H, 3.86; Cl, 19.41; N, 15.34; O, 8.76 tapilib: C, 52.65; H, 3.82;
N NO, (I, 19.39; N, 15.37 %. 'H NMR (300 MHz, Chloroform-d) &

| 8.31(d, J]=9.0Hz 2H), 791 (d, ] =9.0 Hz, 2H), 7.07 (d, ] = 8.8

Hz, 2H), 6.75 (d, ] = 8.7 Hz, 2H), 3.03 (s, 6H).*C NMR (75 MHz, CDCls) d 144.77, 143.77, 135.73,
130.95, 124.60, 123.74, 121.53, 119.82, 111.35, 110.09, 18.80.

(Z)-etil 2-fenil-2-(2-fenilhidrazon)asetatlarin sintezinin iimumi metodikasi

10mg 1.1-dixlor diazadien gotiiriiliir ve 30ml etanol mahlulunda 2 saat miiddstinds maqgnit
qarisdirici vasitesi ilo temperaturda qarigdirilir. Toyin olunmus miiddst bittikden sonra mahlul
rotorla qovulur . Kalonka xromotoqrafiyasi vasitesi ilo reaksiya mohsullar1 ayr1 ayriliqda secilir.
Bunun tigtin istifads edilmis eliientlar dimetilxlorid ve n-heksan (1:1), dimetilxlorid ve etanoldur.
Nazik tabaqgali xromotoqrafiya ils ayird edilen asas reaksiya meshsulu olan fraksiyalar toplanaraq
yeniden rotorda buxarlandirilir ve ¢pxam hesablanilir.

3.  (Z)-methyl-2-(4-(dimethylamino)phenyl)-2-(2-(4-nitrophenyl)hydrazono)acetate(E)-1-
(2,2-dixlor-1-fenilvinil)-2-fenildiazenin CH3OH ilo reaksiya-

- H sindan alimisdir. Sar1 rongli bark maddadir, Crxam 30%, Sar1
N~ rongli bark maddadir, Coam 35%, Te= 123°C. Analitik
~N NO hesablanmis CisH1sN202 (M= 268,12) C, 71.62; H, 6.01; N,
2
|

10.44; tapihib C, 71.65; H, 6.05; N, 10.40; 'H NMR (300 MHz,

Chloroform-d) d 12.45 (s, 1H, NH), 7.72 — 7.62 (m, 2H, arom),
748 — 7.25 (m, 3H, arom), 7.31 — 7.11 (m, 4H, arom), 3.90 (d, | = 1.0 Hz, 3H, CHs), 2.35 (s, 3H,
CHs).BC NMR (75 MHz, CDCls) d 158.63, 135.28, 126.55, 124.30, 123.05, 122.32, 121.92, 108.69,
46.11,17.21

4. (E)-methyl 2-(3-(dimethylamino)phenyl)-2-(2-(4-nitrophenyl)hydrazono)asetat

(E)-1-(2,2-dixlor-1-fenilvinil)-2-fenildiazenin CHsOH ila

—N reaksiyasindan alinmigdir. Sari rengli bark maddadir, Coam

\ HN ONOZ 30%, To= 154°C Analitik hesablanmis CisH16N202 (M= 268,12) C,
/N 71.62; H, 6.01; N, 10.44; tapiib C, 71.69; H, 6.02; N, 10.42. '"H
NMR (300 MHz, Chloroform-d) d 8.11 (s, 1H, NH), 7.55 (dt, ] =

10.6, 5.7 Hz, 3H, arom), 7.36 (d, | = 6.7 Hz, 2H, arom), 7.08 (q, ] = 8.5 Hz, 4H, arom), 3.88 (s, 3H,

CHs), 2.31 (s, 3H, OCHs). BC NMR (75 MHz, CDCls) o 161.41, 134.67, 129.89, 128.23, 126.29,
126.23, 126.01, 125.93, 125.51, 110.47, 48.77, 17.13.
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ABSTRACT

A simple, highly selective and non-extractive spectrophotometric method for the determination of trace
amounts silver(I) has been developed. In the water media 2,2 ', 3,4-tetrahydroxy-3'-sulfo-5"-nitroazobenzene(R)
reacts with silver to give reddish brown chelate with a molar ratio 1:2(Ag: R) The reaction is instantaneous and
the maximum absorption was obtained at 490 nm and remains stable for 24 h. The average molar absorptivity
and Sandell's sensitivity were found to be 2.3x10* I mol! cm™ and 5.0 mkg cm of silver(I), respectively. Linear
calibration graphs were obtained for 0,384-4,612mkg ml™ of silver(I). A large excess of over 30 cations, anions and
complexingagents do not interfere in the determination. The method is highly selective for silver(l) and was
successfully applied a number of water samples. The method has high precision and accuracy (s = + 0.01 for 0.5
mkg 11). Therefore, this method may be use for monitoring to establish trace level of silver(I) in difficult matrices
water samples.

Keywords: spectrophotometry; silver; 2,2 ', 3,4-tetrahydroxy-3'-sulfo-5'-nitroazobenzene; determination;
water.

SADO SPEKTROFOTOMETRIK METODLA GUMUSUN (I) 2,2, 3,4-TETRAHIDROKSI-3'-SULFO-5'-
NITROAZOBENZOL ILO SU NUMUNOLORINDO TOYINI

XULASO

Giimiisiin (I) iz miqdarin tayin etmak {iclin sads yiiksak secici vo eksraksiyasiz spektrofotometrik metod
hazirlanmigdir. Sulu miihitds 2,2 ', 3,4-tetrahidroksi-3'-sulfo-5"-nitroazobenzol (R)giimiisle reaksiyaya daxil olaraq
1: 2 (Ag: R) nisbatinda qirmizi-gehvaeyi rengli xelat amala gotirir. Reaksiya ani olur, maksimum udulma 490nm
dalga uzunlugunda miisahids edilir vo 24 saat sabit qalir. Molyar udma amsali ve Sandell hassasligr miivafiq
olarag2.3 x 10* L mol! sm? ve 5.0 mkg sm? oldugu miisayyen edilbdir. Daracali qrafikde xattilik 0.384-4.612
mkq/mlAg(I) intervalda miisahides olunur. Boyiikmiqdarda 30-dan ¢oxkation, anion vekompleksagentlaritayinata
mane olmur.Metod giimiis (I) tigiin ¢ox segicidir ve bir sira su niimunalsrinds ugurla tetbiq edilmisdir. Metod
yiiksek daqiglik ve diizgiinlitys malikdir (0.5 mkq/1 {iciins = +0.01 ). Buna gora de bu metodu miirekkeb tarkibli
su niimunolarinda giimiisiin (I) iz miqdarinin teyini ve monitoringi tiglin istifads etmak olar.

Acar sozlar: spektrofotometriya; giimiis; 2,2 ', 3,4-tetrahidroksi-3'-sulfo-5"-nitroazobenzol; toynat; su.

ITPOCTBIE CITEKTPOIIOMETPMYECKUE METOABI OITPEAEAEHUSICEPEBPA (I) C
NCITIOAb30OBAHMEM2,2 ', 3,4-TETPATNNAPOKCH-3'-CY Ab®O-5'-HUTPOA3OBEH301A
B BOAHBIX MATEPMAAX

PE3IOME

AAas onpejeaeHns cAeA0BBIX KoandecTs cepebpa (I) Ob1a pazpaboTaH IIpOCTOit CIEKTPOPOTOMETPIUIECKII
METOJ C BBICOKOJI CeAe€KTUBHOCTBIO 1 Oe3 sKcTpakiun. B BogHoit cpeae 2,2 ', 3,4-teTparuapoxcu-3'-cyap¢o-5'-
HUTpoa3o0eH304 (R) pearupyert c cepeOpoM c oOpaszoBaHIeM KpacHO-KOPUUHEBOTO xeaaTa ¢ cocTaBoM 1: 2 (Ag:R).
Peaxnua mpoTekaeT MIHOBEHHO C MaKCMMAaAbHBIM IIOTAOIIEHMEM IpU AauHe BoaHbl 490 HM M oOcTaercs
IIOCTOSIHHOJI B TedeHuu 24 Jaca. br1ao onpeseseHo, 94T0 MOASPHBI KOS(PGUIINEHT ITOTAOIIEHUS U YyBCTBUTEAb-
Hocth Sandell cocrasaser 2,3 x 104 2 Mmoap™ cm! u 5,0 MKT cM? COOTBETCTBEHHO. /lMHEITHOCTh Ha TpajMpOBOYHOM
rpa¢uke Haba10Aaercs B uHTepBade Ag (I) 0,384-4,612 mkr / Mma. Boaee 30 KaTMOHOB, aHMOHOB 1 KOMILAeKcoOOpa-
30BaTe/ell He MeIIaloT ONpeAeAeHNIO. DTOT MeTOJ, IBAAETCs BLICOKOCeAeKTUBHBIM A4s cepedpa (I) 1 Ob1a ycrer-
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HO IIpUMeHeH B psie IpoOsl BoAbl. MeToa 004ajaeT BBICOKOV TOYHOCTBLIO M HpaBUABHOCTBIO (s = + 0,01 aax 0,5
Mkr/2). CaeaoBaTeABHO, DTOT METOA MOYKeT OBITh MCIT0Ab30BaH AAsl OIpeAeAeHV ¥ KOHTPOAS CAeJOBBIX KOAIeCTB
cepebpa (I) B c2105KHBIX ITpOOaX BOABL.

Karouesble caosa: ciektpodoromeTpust; cepebpo; 2,2 ', 3,4-TeTparngpoxcu-3'-cyabdo-5'-HuTpoazobeHso;
toynat; Boaa.

Introduction

Silver is a useful element in many respects, other than in currency and as an investment
medium, silver is used in solar panels, water filtration, jewellery, ornaments, high-value
tableware and utensils, in electrical contacts and conductors, in specialized mirrors, window
coatings, in catalysis of chemical reactions, as a colorant in stained glass and in specialised
confectionery[1]. Thus, separation, preconcentration and determination of silver ion is of
increasing interest.

Although many sophisticated techniques, such as electrothermal AAS [2-3], flame AAS[4-5],
graphite furnace AAS[6], liquid chromatography[7], electrophoresis[8] are available for the
determination of silver at trace levels in numerous complex materials, factors such as the low
cost of the instrument, easy handling, portable, lack of any requirement for consumables and
almost no maintenance, have caused spectrophotometry to remain a popular technique,
particularly in laboratories of developing countries with limited budgets.

The aim of the present study is to develop a simpler direct spectrophotometric method for
the trace determination of silver(I) with media 2,2 ', 34-tetrahydroxy-3'-sulfo-5'-nitroazoben-
zene(R) in aqueous solutions. The method described here has recorded for the first time the non-
extractive direct spectrophotometric determination of silver(l) in aqueous media without the
recourse of any “clean-up” step. This method is far more selective, non-extractive, simple and
rapid than all of the existing spectrophotometric methods [9-14]. This method is very reliable and
a concentration in the mkg ml range in an aqueous medium at room temperature can be
measured in a very simple and rapid way.

EXPERIMENTAL SECTION
Instrumentation

The absorbance of solutions was measured with a Perkin Elmer (United States) (Model:
Lambda-40) double-beam UV/VIS spectrophotometer and with a KFK-2 photoelectrocolori-
meter (Russia), with 1 cm matched quartz cells. The pH values of solutionswascontrolled on
theionomer I-121 withglasselectrodecustomizedby standart bufer solutions.

Chemicals and Reagents

All of the chemicals used were of analytical reagent grade or the highest purity available.
Distilled deionized water, which is non-absorbent under ultraviolet radiation, was used
throughout. Glass vessels were cleaned by soaking in acidified solution of KMnOs or KoCr20y
followed by washing with concentrated HNOs and rinsed several times with deionized water.
Stock solutions and environmental water samples (1000 ml each) were kept in polypropylene
bottles containing 1ml of concentrated HNOs. More rigorous contamination control was applied
when the silver(I) levels in the specimens were low.
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2,2", 3,4-tetrahydroxy-3'-sulfo-5'-nitroazobenzene

The reagent was synthesized according to the known method [15]. The solution was prepa-
red by dissolving the requisite amount of media 2,2 ', 3,4-tetrahydroxy-3'-sulfo-5'-nitroazoben-
zene in a known volume of absolute ethanol. More dilute solutions of the reagent were prepared
as required.

Standard silver solution (1x102 M)

A stock solution 1x102 M, 100 ml of silver (I) was prepared by dissolving 0.1575 g of silver
nitratein 100 ml of distilled deionized water and added 0.1 ml con. HNOs . The working
standard of silver solution was prepared by suitable dilutions of this stock solution.

EDTA solution

A 100-mL stock solution of EDTA (0.01%) was prepared by dissolving 10 mg of A.C.S. grade
(290%) ethylenediaminetetraacetic acid, dissodium salt dehydrate in (100-ml) deionized water.

Tartrate solution

A 100ml stock solution of tartrate (0.01%) was prepared by dissolving 10 mg of A.C.S. grade
(99%) potassium sodium tartrate tetrahydrate in (100ml) deionized water.

Dilute ammonium hydroxide solution

All solutions of ammonium hydroxide was prepared by diluting some ml concentration
NH4OH (28-30% A.C.S. grade) to 100 1 with deionized water. The solution was stored in a glass
bottle.

Other solutions

Solutions of a large number of inorganic ions and complexing agents were prepared from
their analytical grade or equivalent grade, water soluble salts. In the case of insoluble substances,
special dissolution methods were adopted.

General Procedure

To 0.1-1.0 ml of a slightly acidic solution containing 2x10° M of silver(I) in a 25-ml
volumetric flask was mixed with 1.0-4.0 ml (preferably 2.0 ml ) of 1 x10°M 2,2, 3 4-tetrahydroxy-
3'-sulfo-5'-nitroazobenzene solution (preferably 2.0 ml). The mixture was diluted up to the mark
with pH solutionto attain the necessary acidity, acetate ammonia buffer solutions (pH 3-11) and
fiksanal H2SO4 (pH 0-2) were used . After 5 minuts the absorbance was measured at 490 nm
against a corresponding reagent blank. The silver(I) content in an unknown sample was
determined using a concurrently prepared calibration graph.

Results and discussions
Absorption spectra

The absorption spectra of reddish brown color of the silver - TSNAB system in presence of
pH 8 solution were recorded using Lambda-40 double-beam UV/VIS spectrophotometer. The
absorption spectra of the silver - TSNAB is a symmetric curve with maximum absorbance at 490
nm and an average molar absorptivity of 2.3 x 10* I mol' cm™. The reagent blank having
maximum absorbance wavelength at 380 nm. In all instances, measurements were made at 490
nm against a corresponding reagent blank. The reaction mechanism of the present method is as
reported earlier.
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Effect of acidity

Of the various pH 0-10 of the solution studied, pH 7-9 was found to be the optimal for the
silver - TSNAB system. The maximum and constant absorbance of the silver - TSNAB system
was obtained in the presence of pH 8 at room temperature (25+5)°C. The absorbance of the
reagent solution and the silver - TSNAB system depends on the medium pH; therefore, the
absorption spectra are studied relative to a blank experiment (TSNAB ).

Effect of time

The reaction is fast. Constant maximum absorbance was obtained just after 5 min of the
dilution to volume at room temperature (25 +5°C), and remained strictly unaltered for 24 h.

Effect of temperature

The absorbance at different temperatures, 0-80°C, of a 25 ml solution of silver - TSNAB was
measured according to the standard procedure. The absorbance was found to be strictly
unaltered throughout the temperature range of 10-40°C. Therefore, all measurements were
performed at room temperature (25 +5°C).

Effect of the reagent concentration

Different molar excesses of TSNAB were added to a fixed metal-ion concentration and the
absorbance was measured according to the standard procedure. It was observed that a 1 mkg ml-
1 of silver metal (optical path length 1 cm), the reagent molar ratios of 1:10 to 1:50 produced a
constant absorbance of Ag - TSNAB system. A greater excess of the reagent was not studied. For
all subsequent measurements, 2 ml of 2 x10* M TSNAB reagent was added.

Stoichiometry.The component ratio in the complexes was found using the isomolar series
method, the relative yield method by Starik and Barbanel', and the equilibrium shift method. All
the methods showed that the component ratio was 1:2 in the the silver - TSNAB system. The
number of protons displaced upon complexation was determined by the Astakhov method, and
the indicated component ratio in the complexes was confirmed.

Analytical performance of the method
Calibration curve

The effect of silver(I) concentration was studied over 0.01-100 mkg I}, distributed in four
different sets (0.01-0.1, 0.1-1, 1-10, 10-100 mkg 1) for convenience of the measurement. The
absorbance was linear for 0,384-4,612mkg 1" of silver(I) in aqueous media. From the slope of the
calibration graph, the average molar absorption coefficient was found to be 2.3x10* 1 mol"! cm™ in
aqueous media. Of the four calibration graphs, the one showing the limit of the linearity range
and the selected analytical parameters obtained with the optimization experiments are
summarized in Table 1.
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Table 1.Selected analytical parameters obtained by optimization experiments.

Parameters Studiedrange Selectedvalue
Wavelength / Amax (nm) 200-800 490

pH 0-11 8
Time /h 1-24h 5-10 min
Temperature /°C 0-80°C 25+5°C
Molar absorption coefficient /1 mol”! cm! 1.5x10%-5.8x10* 2.3x10*
Linearrange/mkg I'! 0.001-100 0,384-4,612
Detectionlimit /mkgl! 0.01-100 0.01
Sandell'ssensitivity /mkgem? 0.1-10 5
RelativeStandard - 0-2

Effectofforeignions

The effect of over 30 cations, anions and complexing agents on the determination of only 1
mkg ml? of silver was studied. The criterion for interference was an absorbance value varying by
more than 5% from the expected value for silver(I) alone. The foreign ions whose tolerance limit
has been studied, their tolerance ratios are mentioned in Table 2.

Table 2. Tolerance limitsa of foreign ions, tolerance ratio [Species(x)]/Ag (w/w)

Tolerance ratio Reference[10] Species x | Tolerance ratio Reference[10]
Species x [Species (x) /Ag [Species (x) /Ag
(w/w)] (wiw)]

Na() 150 100 Au(IIl) 45 25
K(I) 150 10 Ga(IlI) 135 100
Mg(II) 165 100 La(1II) 120 100
Ca(II) 60 20 Ta(IV) 130 100
Cr(III) 250 200 Ni(IT) 165 100
Fe(1IT) 45 25 Pb(II) 120 100
Cu(1I) 80 50 Cl 100 20
Cddn 100 50 HCOs 162 100
Hg(IT) 95 50 co’ 145 100
Mo(II) 125 100 EDTA 1200 1000
Co(III) 130 100 tartarat 1300 1000
Zn(II) 55 10 CHsCOO 1200 1000
Be(III) 120 50 Sr(I) 35 20
Sn(IV) 40 10 phosphate 135 100
Mn(Il) 150 100 cyanide 135 50
V(V) 30 10 AN(TI) 45 10

Precisionandaccuracy

The precision of the present method was evaluated by determining different concentrations
of silver(I) (each analyzed at least five times). The relative standard deviation (n =5) was 2%—0%,
for 0,384-4,612 mkg of Ag(l) in 25 ml, indicating that this method is highly precise and
reproducible. The detection limit (3s of the blank) and Sandell’s sensitivity (concentration for
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0.001 absorbance unit) for Ag(I) were found to be 1 mkg ml™, 5 mkg cm?, respectively. The
reliability of our Ag-chelate procedure was tested by recovery studies. Regression analysis of
Beer’s law plots at 490 nm revealed a good correlation (R2=0.999).. The results for silver recovery
were in good agreement with added values . The average percentage recovery obtained for the
addition of silver spike to some oil water samples were quantitative. Hence, the precision and
accuracy of the method were found to be excellent.

Applications

The present method was successfully applied to the determination of silver(I) in series of
synthetic mixtures of various compositions and also in a number of drink water samples.

Determination of silver(I) in synthetic mixtures

Several synthetic mixtures of varying compositions containing silver(I)(Il) and diverse ions
of known concentrations were determined by the present method using EDTA as a masking
agent and the results were found to be highly reproducible. The results are shown in Table 3. The
accurate recoveries were achieved in all solutions.

Table 3. Determination of silver(I)(Il) in synthetic mixtures.

Siver(I) (mkg/ml)
Composition of mixture (mkqg/ml) Added Found Recovery +
s°(%)
A Agt 1.5 1.48 97+0.3
2.0 1.98 98+0.2
B Asin A + Ca? (25)+Fe*(25) 15 1.52 102+0.3
2.0 2.04 1040.2
C As in B +5r% (25)+Co® (25) 1.5 1.51 101+0.2
2.0 2.02 102+0.2
D As in C +Cr3(25)+ Ba>* (25) 1.5 0.52 102+0.4
2.0 1.03 103+0.2
E Asin D +Cu?(25) +Na*(25) 15 1.49 98+0.2
2.0 1.02 102+0.1

Determination of silver(I) in drink and tap water samples

Each drink and tap water samples (1000 ml) was mixed with 10 ml of concentrated HNO:s
and 2ml of concentrated H2S0O4 in a 2000 ml distillation flask. The sample was digested in the
presence of an excess potassium permanganate solution following a method recommended by
Greenberg et al. [16]. The solution was then cooled and neutralized with dilute NH4OH solution.
The resulting solution was then filtered and quantitatively transferred into 50 ml calibrated flask
and made up to the mark with deionized water. An aliquot (1-2 ml) of this solution
preconcentrated drink water was pipetted into a 25 ml calibrated flask and the silver(I) content
was determined as described under the general procedure using EDTA or tartrate as a masking
agent. Analyzed drink and tap water samples were taken from markets of Baku city and Baku
State University (BSU), respectively. The results of analyses of environmental water samples
from various sources for silver(I) are given in Table 4.
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Table 4 .Determination of silver(I)(II) in some drink water samples.

Siver(I) (mkg/ml) Recovery + s(%)

Sample Added Found Sr(%)
BonAqua 10 10.2 102+0.4 0.15
25 28 103+0.2 0.18

50 48 97+0.3 0.20

100 98 98+0.2 0.28

Sirab 10 10.3 103+0.2 0.16
25 26 101+0.2 0.29

50 52 102+0.3 0.33

100 104 104+0.2 0.17

Badamli 10 9.7 97+0.3 0.21
25 27 102+0.2 0.23

50 51 101+0.2 0.15

100 102 102+0.2 0.16

Tap water (BSU) 10 9.9 98+0.2 0.22
25 26 101+0.2 0.18

50 55 105+0.2 0.25

100 103 103+0.2 0.28

Conclusion

In the present work was developed a simple, selective non-extractive and inexpensive

method for the determination of silver(I) in water samples. This method was successfully
applied to the monitoring of trace amounts of silver(I) in water samples. Therefore, this method
may be use for monitoring to establish trace level of silver(I) in difficult matrices oil water

samples.
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DA300OBPA3OBAHME B CUCTEME Cu25nS3-Sb2S3
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PE3IOME

C nmomomipio MeTo08 AuddepentaapHo-TepMmrdeckoro(4TA), pentreno- ¢paszosoro(PPA), MUKpOCTPYKTYpPHO-
ro anaan3oB(MCA), a TaKke HU3MepeHHEM MUKPOTBEPAOCTM M IIAOTHOCTM WU3ydeHBI (a3OBble paBHOBECU B
KBasUTpoIHOI cucreMe CuzS-SnS-SbaSs 1o cevennio CuzSnSs-SbaSs. YeranosaeHo, uto crcrema CuzSnSs-Sb2Ss siBastercs
KBa3MOVHApPHBIM CedeHneM KBa3UTpoiHOi cucteMbl Cu2S-SnSx-SbaSs M OTHOCUTCA K ©BTEKTUYECKOMY  THILY.
Koopannarts! sBTekTHKY co0TBeTCTBYIOT 30 M0A.% Cu2SnSs m Temniepatype 750 K. Ha ocHOBe 11cXOAHBIX KOMITOHEHTOB
B paspese OblLAM OIpeeleHbl 001acT! TBePABIX pacTBOpoB. ITpyu xomHatHOI TeMmepartype(300K) BbLIBAEHBI 004aCTU
TBEpPABIX pacTBOPOB Ha ocHoBe Cu25nSs(4 M0a% Sb2Ss) 11 Ha ocHOBe SbaSs (12M041.% Cu2SnSs). Paspabotana MeToanka 1
BBIOpaHbI TEXHOAOTMYIECKIEe YCAOBISI BBIPAIMBAHIII MOHOKPIICTaAA0B 13 001acTy TBEPABIX PAaCTBOPOB Ha OCHOBe Sb2Ss
MetogoM Bpnaxmena — Crokbaprepa.

Karouesble caoBa: 9BTekTIKa, Cl2SnSs KBazuOMHapHas1, SbaSs, TporiHas cucteMa, TBepAbIX pacTBop, CuzSnSs-SbaSs
PHASE FORMATION IN THE Cu2SnS3-Sb2S; SYSTEM
ABSTRACT

Using the methods of differential thermal (DTA), X-ray phase (XRD), microstructural analysis (MSA), as well as
measuring the microhardness and density, phase equilibria in the quasi-three-dimensional Cu2S-SnSz-Sb2Ss system over
the Cu25nSs-Sb2Ss cross section were studied. It was established that the Cu2SnSs-Sb2Ss system is a quasibinary section of
the quasiternal system Cu25-SnS-Sb2Ss and is of the eutectic type. The eutectic coordinates correspond to 30 mol.%
Cu25nSs and a temperature of 750 K.Based on the starting components in the section, the regions of solid solutions were
determined. At room temperature (300 K), regions of solid solutions based on Cu25nSs (4 mol% Sb2Ss) and based on
Sb2Ss (12 mol% Cu2SnSs) were identified. A method was developed and technological conditions for growing single
crystals from the region of solid solutions based on Sb2Ss by the Bridgman - Stockbarger method .

Key words: eutectic, Cu2SnSs, quasibinary, Sb2Ss, ternary system, solid solution, Cu2SnSs-Sb2Ss

Cu2SnS3-Sb2S: SISTEMINDO FAZA OMOLOGOLMO
XULASO

Kompleks fiziki-kimyavi analizin metodlari ilo (RFA,DTA MSA, mikrobarkliyin ve sixligin 6lculmasi) Cu2S-SnSz-
Sb:Ss kvaziiiglii sisteminin Cu2SnSs-Sb2Ss kesiyi genis qatiliq intervalinda tedgiq olunmusdur. Cu2SnSs-SbaSs kesiyi
kvazibinar olub, evtektuk tipdadir. Evtektika noqtesinin koordinatlar1 750K temperaturda 30 mol% Cu25nSs terkiblidir.
Sistemda ilkin komponentlar asasinda avez olunma tipli bark mahlul amale gelmesi toyin olmusdur. Miiayyen
olunmusdur ki, otaq temperaturunda( 300K) Cu25nSs asasinda 4 mol% Sb2Ss vo Sb2Ss asasinda ise 12mol% Cuz2SnSs
torkibli bark mahlul sahasi emsals galir. Elektrofiziki va optiki xassalorin 6lsiilmasi magsadilo Cu2SnSs-Sb:Ss sisteminda
Sb2Ssasasinda amols galon bark mahlulun Bricman-Stokbarger metodu ilo monokrisstal yetisdirilmisdir.

Acar sozlar: evtektika, Cu2SnSs, kvazibinar, Sb2Ss, tiglii sistem, bark mahlul, Cu2SnSs-Sb2Ss

BBEAEHUE

OcoOb1i1 MHTEpec MpeACTaBASIOT IMOAYIIPOBOAHMKIL CO CAOMCTON CTPYKTYPOI, K KOTOPBIM
OTHOCSITCSI CuzS, SnSz u Sb2Ss, sBAsIOMIMECST KOMIIOHEHTaMU MCCAeAyeMOIt cucTeMBl. JHTe-
pec k ¢pazaM CO CAOMCTOI CTPYKTYpPOIi 00yCAOBAEH UCIIOAb30BaHNEM CAOVICTHIX TIOAYITPOBOAHM-
KOB B OIITOD/1€KTPOHMKE ¥ HaAM9/eM Y HUX CIieIinpuaecknx PprsmKo-XMMIIecKnX CBOVicTs [1].
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IToaynposoguuky rpynmel VaVIs, mpusaekaloT BHMUMaHMe JiccAejoBaTeleli,0aarojaps
YHMKaABHBIM CBOJICTBaM B ITePCIIeKTVBe MPUKAaAHBIX IpMeHeHuni1 [2-6]. B wactHocTy, ¢assl Ha
ocHoBe Sb2Ss BBI3BIBAIOT MHTEpeC C TOUKY 3PEeHNS UX IPYMeHeHNs B MUKPOBOAHOBBIX, KOMMYTa-
LIMIOHHBIX U B OIITHKe DAeKTPOHHBIX ycTporicTBax. Coeamnenne Cu2SnSs, oTHOCsIIeeCs K KAaccy
TPOJHBIX aAMa30II0A00HBIX ITOAYIIPOBOAHMKOB, IpMBAEKaeT BHUMaHNe, KaK IepCreKTUBHbII
Martepuaa AAsl IIpUMEeHeHUs B ONTOaKyCTMKe, B HeAMHeMHBIX ONTUYecKMX Hpudopax u
¢PorosaexTpruecknx saemenTax [10-12].

Coeaymennst CuzS, SnSy, SbeSs m rpaHmuHble KBasuOuHapHbIe cucteMbl CuzS-SnS: SnSe-
Sb2Ss,Cu2S-ShaSsmccaeayemort  TpoviHovt  cucteMbl  CuaS-SnS>-SboSs,  11ogpoOHO  M3ydyeHBI B

auTeparype.

ITo garupmv [10] B cucreme CuzS-SnS: obpasyiorcs Tpu coearHeHnst: CusSnSs KpUCTaAAU3y-
eTcsl B poMOMYecKOll CMHTOHNI, TapaMeTpaMI peleTKy sBAoTcs a=13.558, b=7.681, ¢=6.412 A
np.rp. Pnma [11]. Coeamnenne Cu2SnSs maasutca konrpysHtHo npu 1127 K [ 11,12] un
KPUCTaAAM3yeTCsl B MOHOKAMHHOM cTpyKrype np.rp. Cc; a=6,653 , b= 15,87 , c=6, 665 A, p=109°,
Z=4 [12]. Coegunenne Cu2SniSy Kpucraaamsyercs B KyOmdeckoir crpykrype, a=10.40 A
[13,c1.2670]. Cnucrema CuzS-S5nS: Tak >ke mnccaegoBaaach B padorax [14-16] 1 oOHapy>keHO TOAbKO
O/ZHO U3 BbIIleyKasaHHbIX coedyHeHMIT Cu2SnSs. B [17] aaa coeambennsa Cu2SnSs npusoasArcs
pasAnyHbBle 3HaueHIs TemIlepaTypbl IAaBaeHms. Asropsl [13,c1.2670] ompeaeaman, 4ro B
cucreMe CuzS-SnSz 00pasyrorcs yeTslpe TpoiHbIX coeauHenst. Coeannenne Cu2SnSs maasuTcs
koHrpysHTHO npu 1123K [13,cT.2671]. OcraabHble Tpu coearHeHne MMeroT cocrasbl CusSnsSe,
CusSnSs, CuzSnuSe, aapsTcs MHKOHTPysHTHO pu 1063, 1083 1 938K, cooTBeTCTBeHHO.

Coeamnenne Sb2Ss naasurcs kourpysurHo npu 820 K n xpucraaansyercs B poMOMIeckon
CMHTOHII C ITapaMeTpaMU DAeMeHTapHoI sderiku: a=11,20, b=11,28, C=3,83A [ 18-21].

Cucrema SnS:-SboSsusyuena B paOote[22]. BoisiBAeHO, 9TO paspes sBAsETCS KBa3UOMHAp-
HBIM CeyeHIeM TPOIHON cucTeMbl Sn-Sb-S. B cucreme oOHapy>keHO coeAMHeHNe COCTaBa
SnSbaSs, koTOpOe 1aaBUTCsE MIHKOHTPY®HTHO I1pu 735K.

B cBa3u ¢ mpakTmyeckoil LIEHHOCTBIO MaTepualoB Ha OCHOBE XaAbKOTeHUAOB MeAu U
CypbMBI BO3HIKaeT HeOOXOAMMOCTh 00Aee TAyDOKOTO M3yJeHIs VX B3alMOAEIICTBIAL.

Ileapio Halrero mccaejOBaHUsI SIBASETCS IIOCTpoeHue (a3oBOil AvarpaMMBbl paspesa
Cu2SnSs-Sb2Ss cucrembr CuzS-SnSz-Sb2Ss.

SKCITEPUMEHTA/ABbHASI YACTDb

Aas mpoBeJeHMsT UCCAeAOBaHMII OBLAM CHHTE3UPOBAaHBI MCXOAHBIE CyAbPUABL (Sb2Ssu
Cu25nSs) 13 91€MeHTOB BBICOKOM CTEIIeH! YMCTOThHI B BaKKyMupoBaHHbIX 40 0.133 Ila xBap1ieBbix
amrryaax. YersepHble criaaBpl cucreMbl CuSnSs-Sb:Ss cunTesmpopaam u3 auraTyp IHpu
temneparype 850-1150 K B 3aBucumocTut ot cocrasa. /451 ToMOreHM3auum CriaaBoB IIPOBOAVIAN
orxur Ha 50-60K Hipke coangyca B teuenne 240 yac.

Bsanmogericteue B crucrema Cu2SnSs-Sb2Ss mayyaanm metogamu AnddepeHIinaabHO-Tep-
muaeckoro (ATA), pentrenodasosoro (POA), mukpocrpykrypaoro (MCA) aHaam308B, a Takke
M3MepeHreM MUKPOTBepAOCTH U ollpejeAeHreM I1A0THOcTI. PPA nposoguan Ha peHTTeHOBC-
koM rpudope mogean / 2 PHASER ¢ ucnnoasszosannem CuKa- nzaydenun Ni-puastp.

ATA criaaBop cucremMnl 1posoauan Ha npubope HTP-73 co ckopocreio Harpepanmst 10
rpaa/mMyH. Vicrioan3oBaaym KaamnOpOBOYHBIE XpOMeAb-aAlOMe/JeBble TepMOIIaphl, STaA0HOM
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cayxuna AbOs. Tlpu mccaegoBaHuy MMKPOCTPYKTYPBI CIIAaBOB JMCIIOAB30BaAU TpaBUTeAb
cocraba NH4NOs3(3-8 Bec.%)+ KoCr207(0,02-0,5 Bec.%) + xonr. H2SOs, Bpemst TpaBaenns — 20 c.
MuKpoTBepa0CTh CIAaBoB M3Mepsian Ha Muxporsepgaomepe IIMT-3 mpu mnarpyskax 0,01n
0,02H. MCA crniaaBsoB cucreM 1ccaeAoBaan Ha MeTaaaorpadudaeckoM mukpockore MVIM-8 Ha
IpeABapUTeABHO ITPOTPaBAEHHbIX IT1AM(ax moaAnpoBaHHbIX nacToi 'OV

Ha ocHoBaHme pe3yAbTaTOB McCA€AOBaHNS BDKCIIEPMMEHTAAbHBIMU MeTodaMu (PU3NKO-
xummdeckoro asHaamsa (ATA, MCA, PDA, mnsmepeHme MUKpPOTBEPAOCTM U ILAOTHOCTM)
rocTpoeHa (pazosast Anarpamma cricremsl Cu2SnSs-SbaSs

PE3YAbTATDBI DKCITEPUMEHTA

Aas nsyyenns ¢asosoro pasHosecusi B padpese Cu2SnSs-SbaSs cunresuposaan 11 obpasiios
pazamuspix cocraBoB. [lo ganueiM ATA, POA m MCA mocrpoman ¢as3oByio Ayarpammy
crcreMbl Cu25nSs-Sb2Ss (puc.1.).

el —
a atp B
(<100 I
=%
i i 1 ] i
b5, 20 40 &0 & Cu;SnS,
Mome s — CuxSnSy

Pnc.1. Pazosas guarpamma cucteMsl Sb2Ss-Cu2SnSs

Kak Buano m3 pucyHka, cucrema Cu2SnSs-Sb2Ss siBAsteTcsl KBa3uOMHAPHO M OTHOCUTCS K
DBTEKTMUECKOMY THUIIy C OOpa3OBaHMEM TBEepABIX pacTBOpoB Ha ocHOoBe CwSnSs m Sb:Ss.
Koopaunaramn sBTekTmdeckoir TOUKMABATIOTC 30 M0A.% CuSnSsm 750K. W3 aannbix ATA
BI/AHO, YTO B3aMMOJelicTBe MexXAy coeauHeHmAMM CuSnSs m SboSs HOCUT He CAOXKHBIN
xapakrep (Ta0.1.)

Tab6amma 1. Cocras, pesyabTatsl AT A, ITAOTHOCTS M MMKPOCTPYKTypa cr1aaBos cucteMbl Cu2SnSs-Sb2Ss

Cocras M0ab% Sb2S3 Tepmrrgeckue edpdextrr, K ITaorHOCTS, T'lcM® Koanaecrso ¢a3
100 820 4,640 a(oaHO(A3HBIN)
90 790, 815 4,672 a
80 755,805 4,721 a+p
70 750 4,753 a+p
60 750, 930 4,731 a+p
50 750,990 4,811 a+p
40 750,1020 4,881 a+p
30 750, 1050 4,922 a+p
20 750, 1100 4,951 a+p
10 750, 1110 4,980 o+B
0,0 1123 5,020 B(oaHodasHbI1)

Pesyabrarer POA 1 MCA cniaaBoB mccaeayeMori CUCTeMBI COrAacyloTcs ¢ ganHbmu ATA n
MIOATBEP>KAAIOT CyIIleCTBOBaHMe TBePABIX pacTBOpoB Ha ocHoBe Cu2SnSs m Sb:Ss. YcranosaeHo
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9T0, AUQpPaKLIMOHHbIE AVHUI CI1AaBOB, cogepxKammx 0-4M04.% Sb2Ss, mMaeHTHMUHBI C
audpakrorpammort CuSnSs. OHM  ABAAIOTCS TBEpPABIMU pacTBopamy Ha ocHope Cu2SnSs.
AnQpakIMOHHble AMHUM CIAaBOB cOcTaBoB 4-88 M04.% Cu2SnSs cOCTOAT M3 COBOKYITHOCTH
AvHUI oTpakeHns a(Sb2Ss) u 3(Cu25nSs) ¢as. AudpakrorpaMMEI CI1aBOB 113 001aCTU TBEPABIX
pactBopoB 0-12 Moa. % Cu2SnSs maeHTHYHBI ¢ AMIPPaKTOrpaMMOIt SbaSs 11 SBASIOTCS TBEPABIMU
pacTBopamu Ha ocHOBe Sb2Ss(puc.2).

2-Theta - Scala

Puic.2. AudppaxrorpaMma criaaBoB cucTeMbl SbaSs-CuaSnSs

1- Sb2Ss; 2- 12 M04.% Cu2SnSs; 3- 20 M04a.%Cu25nSs; 4- 96 M04.% Cu2SnSs; 5- Cu2SnSs

Aas onpeseaeHNs TpaHNUL] TBEPABIX pacTBOPOB AOIIOAHUTEABHO CHHTe3MPOBAAN CILAABBI C
98, 96,94, 92, 90, 88 M04.% c 0Oenx CTOpOH. DTH CILAaBBl OT>XKuraance B redenue 320 vac ripu 600,
450 K u sarem 3akaasamch. [locae Ttakoil TepMOOOpaOOTKM TIATEABHOTO M3YUeH
MMKPOCTPYKTYPbI STUX CIL1aBOB OIIPeAeAsIANCh TPaHULIbl paCTBOPUMOCTIL.

Vsyuenne MUKpPOCTPYKTYpPHI IIOKa3aAo, YTO criaasbl ¢ cocTaoB 0-4M04.% 188-100 Moa.%
Sb2Ss oanodasnrie. Criaasbl coctaBoB 4-88 Moa. % CuSnSs asyx¢pasHeie. BrplmeykasaHHble
CILAaBBI MIMEIOT CTPYKTYPY TBepABIX PaCTBOPOB.

TBepaple pacTBOpEl Ha OCHOBe Sb2Ss KpHCTaAAM3YIOTCA B POMOMYECKOV CHHIOHMY, a
TBepAble pacTBOpbl Ha ocHoBe Cu2SnSs KpHUCTaAAM3YIOTCSI B MOHOKAMHHON cuHroHmm. C
yBeardeHueM, cogepkaHms Cu:SnSs mapameTp pomMOMJecKOll peeTKN yBeANdMBaeTcs AAs
qucroro Sb2Ss (tada. 2).

Tabammia 2. TTapamMeTpnI KpUCTaAAMIeCKO PeIIeTKI TBepABIX pacTBOPOB Ha OCHOBe SbaSs

Cocras M0ab% CuHronms ITp.rp ITapametpsr perrerku, A°
Cu25nSs
0,0 PomOnueckmin Pnma a=11,20; b=11,28; =3,83
2,0 PomOnueckmin Pnma a=11,23; b=11,30; = 3,84
40 PombOuuaeckuin Pnma a=11,25; b=11,33; c=3,86
6,0 PomOnueckmin Pnma a=11,27; b=11,35; =3,88
8,0 PomOnuecknin Pnma a=11,30; b=11,38; =3,89
10 Pom6rraeckuit Pnma a=11,32; b=11,40; c=3,92
12 PomOnuecknin Pnma a=11,34;b=11,42; c=3,95

Aas BRIpalllVBaHMSI MOHOKPMCTAAAOB TBEPABIX PacTBOPBI COCTaBOB (SbaSs)1x(Cu2SnSs)«
IpeABapUTEeAbHO CUHTE3MPOBAANCh IIOAMKPIUCTAAANMYEeCKIe CILAaBbl B KOAYeCTBe 7 I. KOTOphle
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IIOTOM M3MeAbJaAll ¥ IIePEHOCUAN B aMITyAy C Cy>KeHHBIM KOHIIOM, ITOCAeAHsAsI DBaKylpoBaach
U TIOMeIla4ach B AByX TeMIIepaTypHYIO Iedb C 3apaHee yCTaHOBAEHHO pa3HULIel TeMIieparyp.
JBIDKeHre Ieuy OCyIIecTBASAOCh CO CKOPOCTBIO 3 MM/Jac, TOrja KakK amIlyJa OcTaBalach
HernoABVKHOM. Takas KOHCTPYKIN ITO3BOASET YCTPaHUTh IIOMeXY, CBS3aHHbIe C COTPSICeHNeM
aMITyabl. B pesyabraTte HEOAHOKPATHBIX OITBITOB YTOYHAAM TeMIIepaTyphl 30H Ileyeil 1 CKOPOCTh
ABVIKEHIS ITeUIA.

Tabavmia 3. OrITMMaABHEIN PeXXIM BBIPaIUBaHVI MOHOKPIICTaAA0B TBepPABIX PacTBOPOB Ha OCHOBe Sb2Ss

Ckopoctb Pasmep Macca
CocraB Ti-T2, K MepMelIeHne 1€y, | MOHOKPVCTAAOB, MOHOKpUCTaa
MMm/gac MM 0B, T
(Sb2S3)0,999(Cu2SnSs)o001 750-800 3,0 7x18 7,3
(Sb2S3) 0,998(Cu2SnSs) 0,002 750-800 3,0 7x18 7,5
(Sb2S3) 0,997(Cu2SnSs) 0,003 750-800 3,0 7x18 7,6
(Sb2S3) 0,995(Cu25nS3) 0,005 750-800 3,0 7x18 7,8

C IIOMOIIIBIO paspa60TaHHoro pe>XrMa BbIpallieHbl KadeCTBE€HHbIe MOHOKPUCTAAABL. B
Ta6/lI/ILIe 3. AA€TCI PeXVM II0Ay4deHM:sI MOHOKPNCTaAAOB, YCTaHOBAeHHbIﬁ Ha OCHOBaHIIA
MHOTOYVICA€HHBIX OITBITOB.

BbIBOABI

1. Bmepsrle nocrpoeHa AguarpamMma cocTostHMS pasdpesa Cu2SnSs-SbaSsp mmpokoM uHTepBase
KOHLIEHTpAIMii ¥ yCTaHOBAEHO, YTO OHa SIBASeTCSI KBa3UOMHAPHBIM CedeHIeM KBas3UTPOIi-
Hou cucrtemMbl Cu2S-SnS-Sb:Ss. Yeranosaeno uto, paspes Cuz2SnSs-Sb:Ss sBTeKkTIgecKoro
THUIIa, KOOPAVHATEI DBTEKTUKI TOUKM cOOTBETCTBYIOT 30 M. % Cu2SnSsu 750K.

2. OmnpeaeaeHsl 00aacT TBEPABIX pacTBOpOB Ha ocHOBe Cu2SnSs-SbaSs. TBepable pacTBOpPHI Ha
ocHoBe Cu25nSs mpu komHaTHOI Temriepartype (300K) obpasyiorcs 4 Moa%, a Ha OCHOBe
Sb25312 M04%. YcraHoBaeHO, 4TO TBepable pacTBOPLI Ha OCHOBE Sb2Ss KpUCTaAAU3YIOTCS B
POMOIYEeCKON CMHTOHMM, a TBepAble pacTBOphl Ha ocHoBe Cu2SnSs KpMCTaAAM3YIOTCS B
MOHOKAVHHONM CMHIOHIIA.

3.  MoHokpucTaaasl ObLAM BbIpallleHbl Ha OCHOBe TBepAbIX pacTBOPOB Sb2Ss MeTogom bpmaxk-
MeHa-CTokOaprepa.
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XULASO

Toqdim edilon moqaloeds akril ve metakril tursularmimn, mono-, bitsiklik quruluslu ve terkibinds bazi funkional
qruplar saxlayan akril vo metakrilatlarin genis istifade olunan efirlorinin miixtolif sorait, katalitik sistem istirakinda
somarali tisullarla sintezine dair son illarin adebiyyat materiallar1 - diinya ve o climladen, azarbaycanli alimlarinin bu
istiqgamoatda apardif1 genis todgiqat islorine dair adebiyyat melumatlari arasdirillaraq timumilesdirilmisdir. Alinms
mohsullarin fiziki - kimyevi xasseleri dyranilmis, terkiblari miixtelif analiz tisullari il tesdiq edilmisdir. Gostorilmisdir
ki, akril tursusuna nisbaton metakril tursusunun terkibindeki metil qrupu ikiqat rabitenin reaksiya qabiliyystini azaldir.
Sintez edilmis (met)akrilatlar asasnda polimer vo nano kompozitlorin alinmasi, onlarmn forgli saholords tetbigi,
hamginin monomerlar kimi istifadasi ve golacek perspektivlar gostorilmisdi.

Acar sozlar: akril tursusu, metakril tursusu, monomerler, efirlogms, tsikloalkil efirlari.

COBPEMEHHOE COCTOSHME U ITEPCIIEKTVBBI CMHTE3A
CAOXXHBIX DPNPOB (MET)AKPNAOBBIX KUCAOT

PE3IOME

B npeacrasaenHoI cTaThe ONMCAHBI AMTEPATYPHbIE 4QHHBIE ITIOCACAHUX A€T II0 CUHTe3Y IIMPOKO UCIIOAb3yeMBIX
5}UpPOB, MOAYIeHHBIX DPEPEKTUBHBIMY CITOCODAMU MPU Pa3ANMIHBIX YCAOBUAX VM B IIPUCYTCTBUM KaTaAUTUIECKUX
cncreM. ODOOILIEHD! TakKe AUTepaTypHble JaHHbIe 10 MCCAe]0BaTeAbLCKUM paboTaM, IIMPOKO IIPOBOAMMBIM B DTOM
HaIpaBAEHIY MUPOBLIMI 1, B TOM 4ICAe, a3epOali KaHCKIMI YaeHBIMI. VI3ydeHs! (pr3IKO-XMMITdecKiie XapaKkTepric-
TUKU ITOAYYeHHBIX IIPOAYKTOB M Pa3AM4YHBIMM MeTOJaMM aHaAM3a yCTaHOBAeHBI Mx cocrasbl. IlokaszaHo, yto 110
CpaBHEHMIO C aKPVLAOBOM KNCAOTOI, MeTHABHAs TPYIIa MeTaKpIAOBOI KCAOTLI YMEHbIIaeT PeaKIIMOHHYIO CIIOCO0-
HOCTb ABOVHBIX cBsizeli. [TokazaHO 11oAyJeHNe M0AMMEepPOB 1 HAHOKOMIIO3UTOB Ha OCHOBE CHHTe3MPOBaHHBIX (MeT)akK-
PHUAATOB, VX IIPVIMEeHeHMe B pa3ANJHBIX 004acTsX, a TakKe, VCI0Ab30BaHNe B KauecTse MOHOMEPOB U AaAbHelIe
IIePCIIeKTUBBL

Karouesvie cro6a: akpur06as KUCAOMA, MEMAKPUAOBAS. KUCAONA, MOHOMEPDL, IMepUPUKaius, LUKAOAAKUAOSbIE dPupol
CURRENT STATUS AND PROSPECTS FOR THE SYNTHESIS OF ESTERS OF (METH) ACRYLIC ACIDS
ABSTRACT

In the presented article, recent scientific literature data on the efficient synthesis methods of widely using esters of
acryl and methacrylic acids with mono-, bicyclic structure and acrylates, methacrylates containing some functional
groups under various conditions and catalysts were given. Apart from the studies conducted by world scientists,
research studies carried out by Azerbaijani scientists were summarized in the review. The physical and chemical
properties of the obtained products have been studied and their contents have been confirmed by various analysis
methods. It has been shown that the methyl group contained in methacrylic acid reduces the reactivity of the double
bond in comparison with acrylic acid. To obtain of nanocomposites and polymers based on the synthesized
methacrylates and application of them various field, using as monomers and the future prospects has been shown.

Keywords: acrylate acid, methacrylate acid, monomers, etherifacion, cycloalkyl ethers

Miiasir dovrds kimya elminin siiratli inkisafi senayeds vo xalq teserriifatinda, elaco do,
polimer materiallarimin istehsalinda genis tatbiq olunan xiisusi terkib ve toyinatli, asasen tsiklik
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quruluslu, funksional qrupa malik yiiksok reaksiyaqabiliyystli birlosmalorin (monomerlarin)
somorali sintez {isullarmnin hazirlanmasini talob edir. Belo hoyati shomiyyet kasb edon maddslars
akrilat monomerlori do daxildir. (Met)akril tursusunun ((M)AT) miirokkeb efirlori reaksiyayaqa-
biliyystli monomer va birgamonomerlar olub moisatds, tibbds, elektron sanayesinds genis istifa-
dos olunan praktiki giymatli oliqomer vo polimerlarin alinmasinda, eloco ds, nanokompozitlarin
hazirlanmasinda genis istifads olunur [1-4].

Miiasir dovrds (met)akril efirlorinin tatbiq sahalarinin genislonmosi, elaco ds, iqtisadi ba-
ximdan daha slverisli sintez tisullarmin islonib hazirlanmasi istiqgamatinde genis islor aparilmag-
dadir. Diinyanin bir sira inkisaf etmis: ABS, Almaniya, Fransa kimi 6lkalorinde akril efirlorinin
sintezinin samorali tisullarmin islenib hazirlanmas: istiqametinde genis tedqiqatlar aparilir [5-7].

(M)AT vo onun toramalarinin irimiqyaslh idxalgis1 Almaniya vo ABS-dir.
Oton onillikde akrilatlara olan talobat siiratlo Cinde artmusdir [8-10].

(Met)akrilatlar kimya sanayesi tiglin qiymatli mahsul hesab olunur. Bels ki, molekulda olan
aktivlesmis, reaksiyaqabiliyyetli ikiqat rabits sayesinds onlardan tizvi birlegmalorin miixtalif
siniflorinden olan bir ¢ox miihiim maddslerin sintezi tiglin ilkin birlosmas, hoamg¢inin xalq
tosarriifatinin miixtalif sahalerinds istifads edilir. Genis spektrds polimer vo birgapolimer almaq
tglin ilkin monomer kimi istifade olunan bu birlogsmolar, polimer materiallarin xassalorinin
(adgeziya, onlarm sulu mahlulunun strukturlasma qabiliyyetini va s.) yaxsilagdirir, polyarligin
artirir.

Bu baximdan terkibinds reaksiyaya hessas qruplar saxlayan (M)AT efirlarinin sintezi va
onlarm tatbiq sahslerinin miisyyen edilmesi tedgiqatgilar1 cox maraqlandirir.

(Met)akril tursusunun efirlori asason iki tisulla: tursularin spirt ilo efirlasmasinden vo asag1
alkilakrilatlarin  yiiksok atomlu spirtlorlo pereefirlosmasindon almir. Barda Schmitt veo
amokdaslar1 terofinden toqdim edilon ixtirada katalizator istirakinda (M)AT ¢oxatomlu spirtlorle
pereefirlosmasine  hosr olunmusdur. Qalaymn ditizvioksidlori ve tizvii halogenid
katalizatorlarinin istirakinda (M)AT ¢oxatomlu spirtlorlo efirlosmasi vo pereefirlogsmasi
moalumdur. Bu reaksiyanin miiddati 14 saat davam edir ve mshsulun ¢pami 78% teskil edir.
Taqdim edilen ixtirada maqgsad coxatomlu spirtlerle (met)akrilatlarin pereefirlasmasindan qisa
zaman miiddatinds yiiksak tomizliye malik mahsul almaga imkan veran iisulu gostarmoakden
ibaratdir. Bu maqgsadls littumamid asash katalizator istirakinda dord ve ya daha ¢ox efirlosmoa
qabiliyyatli hidroksil qruplari saxlayan spirtlarlo (M)AT pereefilosmosi aparilmisdir. Litiumamid
asash katalizatorun istifadasi ile (M)AT coxatomlu spirtlarle pereefirlosms reaksiyasimnin miiddati
shemiyystli dereceds azalmisdir. Hamginin, miisyyen edilmisdir ki, bu yolla yiiksek temizlik
doaracasine malik efirlor alinir [11].

Monbadas [5] tokmillogmis tisulla (M)AT miirekkab efirlorinin alinmasi tesvir olunmusdur.
Qeyd edildiyi kimi genis istifade olunan bu monomerlor asasen spirt ilo (M)AT pereefirlosmo
reaksiyasindan almir. Hal-hazirki dévre gadar bu reaksiyalarin selektivliyini artirmaq ve ¢rxami
yiiksaltmak moagqsadi ilo miixtelif katalizatorlardan istifade edilmisdir. Lakin bu tedqgiqatlarin
catismayan cohati katalizatorun reaksiya qarisigindan ¢atin ayrilmasidir ki, bu da aksar hallarda
katalizatorun tokrar istifadesini miimkiinsiiz edir. Bu baximdan miivafiq tedqiqatlar [5] yiiksek
iqgtisadi gostoricilora malik, ¢ox clizi miqdarda araliq mohsul ve katalizator saxlayan,
tokmillosmis tisulla (M)AT efirlorinin alinmasma hasr olunmusdur. Reaksiya spirt ilo asag:
temperaturda qaynayan (M)AT efirinin qarsihqh tesiri ilo aparilir. “Asagl temperaturda
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qaynayan” (M)AT efiri dedikds ilkin birlesms kimi qaynama temperaturu pereefirlosmo reaksi-
yasindan alman miirokkab efirin qaynama temperaturundan asagi olan miirokkeb efir nozarda
tutulur. Osasan bu reaksiyalar {iclin karbon atomlarinmn say1 1-den 4-s qadar olan spirtlarden
amala golon (met)akril efirlari istifads olunur. Bu spirtlers asasen metanol, etanol, n-propanol,
izopropanol, n-butanol ve {iglii butanol aiddir. Osasen etil(met)akrilat vo ya metil(met)akrilat,
daha ¢ox ise metilmetakrilatlara tstiinliik verilir. Qeyd etmak lazimdir ki, pereefirlosms
reaksiyast 50-140°C temperatur intervalinda aparilir. Alinmis mehsulda ciizi miqdarda araliq
mohsul ve katalizator qalig1 olur. Katalizatorun asanhqla ayrilmasi miimkiindiir.

Xiandai Huagong ve amsakdaslari terafinden akril tursusu il tsikloheksenin katalizator
olaraq makromesamali polistirolsulfonat kation miibadils katalizatorunun istirakinda
efirlosmasindon tsikloheksilakrilat sintez edilmisdir. Reaksiyaya temperaturun, katalizatorun
miqdarmin, ilkin birlogsmalerin (alken:akril tursusu) mol nisbetinin ve reaksiya miiddatinin
konversiya vo selektivliys tosiri Oyronilmisdir. Noticoloro asason reaksiyanin optimal soraiti:
temperatur 85°C, katalizatorun miqdar1 5%, reaksiyanin miiddati 5 saat ve tursu alken nisbati 2:1
miisyyanlogdirilmisdir. Reaksiyanin miisyyoan edilmis optimal geraitinds tsikloheksilakrilatin
selektivliyi miivafiq olaraq 90.1% taskil edir [12].

Ixtira [13] 1-etiltsikloheksilakrilatin alinma isuluna hasr olunmusdur. Usul 6ziinda asagl-
daki marholaleri birlesdirir: brometan vo reaksiya halledicisinden ibarat olan qgarisiq maye magq-
nezium spirallara verilir, brometan maqnezium spirallar ilo reaksiyaya moruz qalir. Belsliklo,
Qrinyar reaktivi almir. Tsikloheksanon toluolda hall edilir ve mahlul Qrinyar reaktivine, dama
amoalagelmasinin qurtarmasina gors reaksiya sabit temperaturda davam etdirilir. Qrinyar
reaksiyas1 qurtardiqda reaksiyanin temperaturu 0-40°C qoeder endirilir va tursuslagslandirici
agent olave edilir. Dixlormetanda propionilxlorid damci mahlulu ve efirlosms reaksiyasi; damci
amole golmoasinin bitmosi ilo reaksiyanin miiddati 1-5 saat miiddatinds 10-70°C temperaturda
aparilir, alinan reaksiya moahlulu sondiirmoak iigiin suya tokiiliir, mahlulun ayrilmasi aparilir, su
fazasi dixlormetanla ekstraksiya edilir, tizvi fazalar birlssir, yuyulur ve qurudulur, halledici
kenarlagdirilir ve naticoade xam mahsul alinir. Polimerlasma inhibitoru qovulma kolbasma slave
edilir, xam mohsul asag1 tozyiqds qovulur va distillat 98-100°C temperaturda 60 mPa tezyiq
altinda elo yigilir ki, naticada 1-etiltsikloheksilakrilat alinir. Toqdim edilen ixtira asag1 sorfiyyatli,
asan hazirlanan ve genis istehsal {i¢lin yararhdir. Alinin mahsulun temizlik daracesi 99.5% taskil
edir. Usul boyiik tetbiq imkanlarina malikdir.

Belova T.P. vo amoakdasglar tersfinden C2-C8 alifatik spirtlorden akril tursusu efirlarinin
alinmasi hayata kegirilmisdir. Usul Alcaligenes denitrificans C-32 VKM 2243 D bakteriya
stamminn istifadssi ile akrilonitrilin akril tursusunun ammonium duzuna gadar hidrolizini aks
etdirir. Daha sonra sulfat tursusunun istiraki ilo ammonium duzunun akril tursusuna ¢evrilmasi
(mol nisbati 1:0.5), miivafiq spirtle akril tursusunun ekstraksiyasi, sulfat tursusu ve polimerlosma
inhibitoru istirakinda akril tursusunun efirlosmoasi hayata kegirilir. Son mahsul malum tisulla
ayrihr. Usul sulfat tursusu ve polimerlasma inhibitoru xerclerini, enerji sarfiyyatimi azaltmaga,
miivafiq olaraq slave mahsullarin amsale gslmasinin va qurgunun korroziyaya ugramasmin
qarsisimi almaga imkan verir [14].

Yun Sun Soo tsikloheksilakrilat vo tsikloheksilmetakrilat miirakkab efirlarinin sintezi zama-
n1 polimerlagma prosesinin qarsisini almagq {i¢itin CO2 qazindan istifads etmisdir ve yiiksak ¢ixim
alda etmisdir [15].
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Sistemds heterogen katalizator olaraq KU-2-8 ve naftalin-1,5-disulfotursudan istifads
etmokls tsikloheksanolun (M)AT ils efirlosmo reaksiyasi dyronilmisdir. Miiayyenlosdirilmisdir
ki, istifade olunan katalizatorlarin istiraki ilo yiiksok-88.9-95.6% c¢iximla tsikloheksil (met)ak-
rilatlar alinur [16,17]:

R
R O
OH Kat Il
+ CH,=C-COOH —tgm O-C-C=CH, (1.3.6)
L -H,0 R1
_pl_ .
R=R"=H; CHz

Reaksiya hamginin tsikloheksenla ds, aparilmis ve naticeda tsikloheksil(met)akrilatlar sintez
edilorak torkib vo xasselori Oyronilmisdir. Bu iisulla tsikloheksil(met)akrilatlarmn alinmasinin
uistiin cohotlari gostarilmisdir [17]..

Aparilan tadgiqatlar naticasinda tsiklopenten ilo (M)AT qarsiligh tesir reaksiyast da genis
Oyronilmis ve noticode miivafiq (M)AT efirlori sintez olunmusdur. Reaksiyada BFs-O(CzHs)2
katalizatorundan istifads edilmis ve stibut olunmusdur ki, bu reaksiyada ytiiksok ¢rximla miiva-
fig monomerlar amols golir [18].

0
[
Q + CH,= (I:-COOH > QO-C—CIZ=CH2 (1.3.7)
-2
R

R
R=H; CHy

A.H.9zizov, Z.H.Osadov vo G.A.0hmadovanin miallifliyi ilo yazilmis “Makromonomer-
lar” monogqrafiyast doqquz sinif birlosmalare dair diinya elmi-texniki adsbiyyatinin bdyiik
hacmli melumatlarini 6ziinde aks etdirir. Bu sinif birlesmalar olaraq akrilat miirakkab efirlorinin
makromonomerlorina dair adsbiyyat materiallar1 verilmisdir. Monoqrafiyada akrilat makromo-
nomerlorinin miixtalif tisullarla: (M)AT ilo efirlosmo vo miixtalif katalizatorlarin istiraki ile
efirlorin spirtlor ilo pereefirlosmasi, (M)AT mono-, bi- ve tritsiklik karbohidrogenlars birbasa
birlosms tisulu alinmasi 6z aksini tapmisdir. Kitabda hemginin, akrilat makromonerlarinin miix-
talif inisiatorlarn istiraki il polimerlagsmasine ve oliqomerlosmasing, bu proseslarin kintekasinin
todqiqine dair adebiyyat materiallarinin genis tahlili verilmisdir [19].

Monoqrafiyada [20] polimerlasms vo polikondenslasms reaksiyalar: tigiin yiiksek molekul-
lu birlagsmalarin alinmasinda istifade olunan monomerlarin, o ciimladan, akril ve metakril turgu-
larinin, elaco da, onlarin miirakkeb alkil efirlorinin almmasi, xassalori, totbiq sahaleri 6z oksini
tapmisdir.

Assimetrik Dils-Alder reaksiyas: asasinda xiral katalizator istirakinda bitsiklo[2.2.1]hept-5-
en-2-karbon tursusunun tsikloalkil efirlarinin stereo- ve enantioselektiv sintezi hoyata kegiril-
misdir. Onlarin fiziki-kimyavi gdstericilori toyin edilmisdir. Alinan birlogmalarin strukturu IQ-
va NMR-spektroskopiya metodlar ils tosdiq olunmusdur [21].

Bir sira karbon tursular1 TiCls katalizatoru istirakinda, 20°C-temperaturda yiiksak ¢iximla
miirakkab efirlora gevrilirlor, gostorilon katalizator birli spirtlerin karbon tursular: ilo selektiv
efirlosmasini aparir, aromatik tursu istirakinda ise efirlosmani yiiksak ¢ixima catdirir. Bu tisul
yiiksak ¢ixam, yumsagq serait, yiiksak selektivliyi ilo basqa tisullardan farglanir [22].
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Reaksiyayaqabil monomerlsr almaq moagsedi ilo BFrO(Et): katalizatorunun istirakinda
bitsiklo[2.2.1]hept-2-ens  etan-1,2-diolun, propan-1,2-diolun, butan-1,2-diolun  birlosma
reaksiyasimndan 91.0-96.0% ¢oamla bitsiklo[2.2.1]heptil-2-oksialkanollar sintez edilmisdir. Tkinci
moarhslods sintez edilmis bitsiklo[2.2.1]heptil-2-oksialkanollarin KU-2-8 katalizatorunun istiraki
ilo (M)AT ilo efirlosma reaskiyas: aparilmis 87.5-93.0% ¢iximla reaksiyaya qabil (met)akril
monomerlari alinmisdir [23].

Torkibinda sian funksional qrupu olan bitsiklik metakril monomerlarinin sintezi tsiklopen-
tadienin akrilonitrills tsiklobirlosma reaksiyasi vasitasilo alinan 5-sianbitsiklo[2.2.1]hept-2-ena
akril tursularmin birlasdirilmasi yolu ilo hoyata kegirilmisdir. Reaksiyanin optimal seraiti
tapilarag, maddalerin qurulusu miiasir analiz tisullari ils tesdiq olunmusdur [24, 25]. Miialliflor
torafindon eyni zamanda xlormetilnorbornens katalizator BFsO(Et): istiraki ilo akril vo metakril
tursulari birlesdirarak 86-90% ¢iximla miivafiq (met)akrilatlar sintez edilmisdir [26, 27].

Istor monotsiklik, istorsada bitsiklik propionatlar iylerine gore ot ve nana iyli birlosmalordir
va onlardan moigetds toravetlondirici maddslerin hazirlanmasinda istifade etmak miimkiindiir
[28].

Tsiklopentadienin, yaxud onun dimerinin alkilakrilatlar ve alkilmetakrilatlar ilo termiki,
hoamg¢inin miixtalif katalizatorlarm: Lyuis tursularmnin, ion mayelorinin istirak:i ilo bitsiklik
quruluslu monoefir olan alkoksikarbonilbitsikloheptenlorin alinmasma dair bir sira moaqalo vo
patent manbalarins rast gelinir [29-31]:

CO0X
@ ( CO0X
_— /
coox H

endo ekzo

X=CHj-, CH;(CH,)-, CH; CH,);-. CH;CH(OH)CH,-

Norbornenin endo- vo ekzo- toromsalora ¢evrilmasinin konversiyas: vo stereoselektivliyi
tsiklopentadienin alkilakrilatlarla Dils-Alder reaksiyasinda Oyrenilmisdir. Reaksiya katalizator
olaraq trifliiormetansulfonatlarin istifadasi ilo metallarin xloridlerinin istirakinda pirrolidin ion
mayesinds aparilmugsdir. Adi tizvi hellediciler istirakinda aparilan analoji tsiklobirlosma
reaksiyalarindan fergli olaraq bu reaksiyanin getms miiddeti daha az, cevrilms daracesi ise daha
ytiiksakdir. Miixtalif anionlar ve 1-butil-1-metilpirrolidin kationundan ibarst ion maye istirakinda
da reaksiya aparilmigdir. Anion ion mayesinin ve katalizatorun konversiyaya tosiri miiayyen
edilmisdir [32].

M.K.Mammoadov vo amakdasglar torofinden (met)akril tursularinin tsikloalkil miirokkeb
efirlori sintez edilmisdir. Sintez edilmis (met)akrilat monomerlarinin fiziki-kimyavi xassalari
Oyranilmisdir [33].

MBalumdur ki, (met)akrilat monomerlari asasinda alinan polimerlasrin tatbiq sahalari oldugca
genisdir. Belo ki, onlarin inisiatorlarmn istiraki il polimerlasmasinden ve miixtslif quruluslu
monomerlarls birge oliqgomerlasmasindan alinan yiiksok molekullu birlosmalar - stini diglarin
hazirlanmasinda, yapisqanlarin, suya davaml ronglarin, matbaada isladilon boyalarin [34-36] vo
s. alinmasinda genis istifada olunur.

Son illards metalkomplekslar istirakinda lazimi molekul-kiitle gostaricilsrine malik makro-
molekullarin alinmas: tiglin tenzimlenan radikal polimerlasme mexanizmi iizrs polimerlsrin
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tonzimlanan sintezi genis yayilmus v inkisaf etmis istiqamatlardendir. Bu prosesler daha ¢ox
akril vo vinil monomerlari o ctimladan, (met)akril tursusu ve onun monomerloari, stirol, akrilo-
nitril va s. tiglin hayata kegirilmisdir [37-40].

Manbads [41,42] muslliflor torafindan sintez edilmis mono- ve bitsiklik(met)akrilatlarin mis
(I) torkibli nanokompozitin istiraki il tenzimlenen radikal polimerlosmo reaksiyas1 tedgiq
olunmus, naticods miixtalif molekul kiitlo paylanmasia malik oliqgomerlar alinmisdir. Alinmig
oliqgomerlorin qurulus ve xasselari atrafli dyranilmis ve miixtelif analiz tisullar ils tasdiq olun-
musdur.

(Met)akrilatlar asasinda nanokompozitlerin almmas: istiqamatinde genis tedqiqat islori
aparilmaqdadir [2]. Akrilatlar ssasinda alman nanokompozitlor xalq teserriifatinin miixtslif
sahalorinds - optiki Ortiiklorin optoelektronika qurgularinda material, yiiksok sixligh videodis-
Klar tiglin ortiik, mayekristallik ekranlar {iciin isiqlandirici kimi istifads olunur [43-45].

Beloalikls, (met)akril tursularinin miixtslif katalizatorlarin istirakinda miirokkeb efirlarinin
sintezi istiqamatinde aparilan todqiqat islorinin naticasi gosterir ki, bu reaksiyalarin selektivliyini
artirmagq, asag1 sorfiyyatini tomin etmsak, yiiksok tomizlik deracasine malik, genis istehsal {ictin
yararli olan mahsul almagq {iclin diinya ve o climladan, azarbaycanli alimler genis todqiqat islori
aparmis vo bu efirlarin reaksiyayaqabil monomerler oldugunu 6z tadqiqat islerinds goster-
miglar.
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FES-IN:S3-PBS KVAZIUCLU SISTEMININ FE15PBssIN10S2-PBS
VO FEu5 PBs5IN10S2-PBIN2S: KOSIKLORI UZRO TODQIQI

U.A. HOSONOVA
AMEA akademik M.F.Nagiyev adina Ktaliz ve Qeyri-iizvi kimya institutu,
Azarbaycan, Az 1143, Baki, pr.H.Cavid 113.

inulviyy@mail.ru; azxim@mail.ru

XULASO

Fiziki-kimyevi analiz metodlarinin kompleks naticolarine asasen Feis PbssIni0Sz- PbS(PbIn2Ss)kasiklorinda
faza tarazlig1 oyronilmisve onlarin T-x diaqramlari qurulmusdur. Miiayyen edilmisdir ki, har iki kasik FeS-In2Ss-
PbS kvaziiiglii sisteminin kvazibinar kesiyi olub, evtektik tiplidir vo komponentlor asasinda mahdud hallolma
sahasi ilo xarakterizo olunurlar.

Acar sozlari: Faza diaqrami, kvazibinar kasik, hallolma sahasi, evtektika, PbS, PbIn2Ss, sinqoniya

NCAEAOBAHUE KBA3UTPOVMHOM CUCTEMBI FeS-In:S:-PbS ITO PA3PE3AMU
Fe1,5Pbs5In10S22-PbS m Fe1,5PbssIn10S22-PbIn2Sa

PE3IOME

KomnaekcHpiMu MeToJaMy (PUBMKO-XMMUYECKOBO aHaAM3a M3ydeHHI (pa3oBble paBHOBECUS B paspesax
Fe1,5Pbs5In10S22- PbS (PbIn2Ss) n moctpoens! ux T-X AnarpaMMBI COCTOSIHMA. Y CTaHOBAEHO, 4TO 00a pa3pesnl ABA-
I0TCsI KBa3MOMHAPHBIMY CEYeHMSAMHU KBa3UTPOMHON crcTeMbl FeS-In2Ss-PbS n sprexTimyecoro tmma. YkasaHHEIE
paspesnl XapaKTepu3yloTcs oOpasaBaHueM y3KIX 0DAacTell TBepAbIX pacTBOPOB Ha OCHOBE MICXOAHBIX KOMIIOHEHTOB.

Kaiouesble caoBa: PasoBrle AmarpaMMEbl, KBasMOMHAPHBIN paspe3, 001acTbl PacTBOPUMOCTY, DBTEKTMKA,
PbS, PbIn2Ss,cunroxmst

INVESTIGATION OF THE QUASI-TRIPLE FeS-In:S;-PbS SYSTEM BY SECTIONS
Fe15Pbss5In10S22-PbS and Fe15PbssIn10S22-PbIn2Sa

ABSTRACT

Using complex methods of physicochemical analysis, phase equilibria in the Fe1sPbssIn0S»-PbS (PbInaSs)
sections were studied and their T-x diagrams were constructed. It was established that both sections are quasibi-
nary sections of the quasi-triple system FeS-In253-PbS and of the eutectic type. These sections are characterized by
the formation of narrow regions of solid solutions based on the starting components.

Keywords: phase diagrams, quasibinary section, solubility regions, eutectic, PbS, PbIn2Ss, syngony

Odebiyyat materiallariin analizi gostarir ki, qurgusun sulfid, hemginin terkibinde maqnit
ionu dastyicist olan ¢ox komponentli sulfid birlesmalari (Fe InzSs, FeGazSs,

FexGasSs vas.) perspektiv funksional materiallar olub, IQ-spektroskopiyada (PbS), maqnit
optik cihazlarin hazirlanmasinda istifads olunur [ 1-5 ].

Fe15PbssIni0S2 birlogmasi FeS-PbsInioSa kasiyinin tadqiqi zamani miisyyen edilmisdir [ 6 ].

Bu birlesme 1150K temperaturda konqruent ariyir ve monoklin sinqoniyada kristallagir. Onun
kristal qofes sabitlari asagidaki kimidir: a=14,558, b=3,8556, c=15,558A°, 3=96,87°, v=867A%, z=1

PbS kubik qurulusda kristallasir (a= A) vo qadagan olunmus zolagmin eni 0,42 ev olan
yarimkegiricidir [7].

Isin moagsadi Fe1s5PbssiniSx-Pbln:Ssve FeisPbssiniiSx»- PbS sistemlarinds faza tarazligmin
Oyranilmasindan ibaratdir.
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TOCRUBI HISSO

Gostarilon sistemlards qarsiligh tesirin dyranilmasi maqgseadils baslangic madda kimi xiisusi
tomiz elementlorden istifade olunmugdur. Niimunslerin sintezi havasi qovulmus ve agzi
oksigen-qaz alovunda baglanilmis kvars ampulada aparilmisdir. Sintezin maksimal temperaturu
1250-1400K olmusgdur. Sintezin gedisi zamani ampula niimuns tam qarissmn deye vaxtasiri
olaraq vibrasiya edilmisdir. Orinti maksimal temperaturda 40-45 daq. saxlanildiqdan sonra 60-
65%/saat stiratile 900K-ns kimi soyudulmus ve bu rejimds 320 saat miiddstinds homogenlos-
dirildikden sonra fiziki-kimyavi analiz metodlar ilo todqiq edilmisdir. Qarsihigh tesir naticasinda
tiind qara rongli kompakt kiitlo alinmusdir.

Orintilor DTA (xromel-alyumel termociitii, qizma stirati 8-10%/daq, etalon ALOs), RFA ( D2
Pilsener , CuK»- siialanma Ni- filtri), MQA (MIM-7 mikroskopu) ve mikrobarkliyin dlgiilmasi
(PMT-3 cihaz1) metodlar ilo Oyranilmisdir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Yuxarida geyd olundugu kimi, FesPbi1In2eSsu(Fe15PbssInioSz) birlesmasi konqruent ariyir vo
FeS-In2Ss-PbS sisteminde qarsiliqh tesirin dyranilmasi magsedile yuxarida gosterilen texnoloji
rejimla 15 arinti sintez olunmusdur.( cod.1)

Orintilorin faza torkibini dyronmok maqsadile asindirici reagent kimi nitrat tursusunun zaif
mohlulundan istifade olunmusdur. Mikroqurulus analizinin naticalerine gora torkibinds 0-12 vo
97-100mol% PbS olan orintilor birfazali, qalan arintilor ise ikifazalidirlar.

Mikrobarkliyin tarkibden asili olaraq teyininda iki sira giymotlor alinmisdir: 2850+2890 vo
720750 MPa . Bu giymatlar Fe1sPbssIniS2 ve PbS asasinda amales galon a vo 3 — bark mahlulla-
rin mikrobarkliyine uygun galir. Sistemda yeni birlosme amalo goelmadiyinden sixligin terkibin-
dan asili olaraq qiymetinds kenara ¢ixma miisahids olunmur ve onun giymsati d=5,893 q/sm? -
dan (Fe15PbssIn10S2) 6,61q/sm3-a qadar (PbS) qanuna uygun olaraq artir.

Cadval 1. FesIni1In20Ss—PbS sisteminin orintilorinin termiki,
rentgenfazve metallografik analizlerinin naticalari

Torkib, mol%PbS Qizma istilik Sixhg, q/sm? Mikroberklik, MPa Faza torkibi
effektlori, K
0,0 1150 5,893 3200 - o (birfazal)
5,0 1090, 1140 5,90 3270 - a
10 1050, 1125 5,93 3300 - a
20 1015, 1080 5,97 3300 - a+p
25 1015, 1065 6,00 3300- a+p
30 1015, 1040 6,12 - a+p
35 1015, 6,15 evtektika a+p
40 1015, 1060 6,20 3300 750 a+p
50 1015, 1150 6,32 3300 750 a+p
60 1015, 1220 6,37 3300 750 a+p
70 1015, 1290 6,44 - 750 a+p
80 1015, 1350 6,50 - 750 a+p
90 1015, 1380 6,56 - 750 a+p
5,0 1110, 1390 6,58 - 750 a+p
100 1400 6,61 - 720 B (birfazali)

Termiki, rentgenfaz vo metallografik analizlarin naticalari rentgenfaz analizi ilo da tesdiqlen-

misdir (sok.1).
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Sakil1.1. FeslniiIn2Su-PbSsisteminin faza diaqrami

Rentgenfaz analizinin naticalarins gora 12-97mol% PbS qatihiq intervalinda o + 3 fazalar1 bir-
likda kristallagirlar. Tarkibinds 12mol% PbS olan arintinin rentgenoqramimnda miistavilar aras1 me-
safonin giymeatlori vo difraksiya xattlorinin intensivliklori xattlorinin intensivliklori FesPbuln20Su
birlosmasinin rentgenoqramina tamamile uygun golir ki, bu da onun asasina 12mol% dayisen
torkibli faza («) emals galdiyini tesdiqlayir.

Fiziki-kimyavi analiz metodlarimin naticalarine asasen FesPbulnaSu sisteminin T-x faza
diagrami qurulmusdur (sek. 2). Sekilden goriindiiyti kimi FesPbiiln20S.s-PbS sistemi FeS-In2Ss—
PbS kvaziliglii sisteminin kvazibinar kosiyi olub, evtektik tiplidir. Evtektik noqtenin
koordinatlar1 asagidak: kimidir: 35 mol%PbS ve T=1015K.

Sistemin likvidusu baslangic komponentlar asasinda amols gelon o — va - bark mehlullarmn
ilkin kristallagma ayrilsrinden ibaratdir.

Termiki analizin naticelarine gora FesPbiilnoSa - Pbin:S: sisteminde sado qarsiligh tesir bas
verir. Orintilorin termoqraminda iki sira istilik effektlori miisahids olunur (cad.2)

Cadval 2.Fe15Pbs5In10S2-Pbin:Ss sisteminin arintilorinin DTA, POA vo metallografik analizlerinin naticalari

Torkib, Qizma istilik Sixlig, g/sm? Mikroberklik, MPa Faza torkibi
mol%Pbin:Ss effektlori, K

0,0 1150 5,893 3200 - o (birfazali)

5,0 1100, 1140 5,894 3250 - a

10 1060, 1125 5,896 3300 - a

15 1020, 1115 5,898 3350 - a

20 985, 1110 5,900 3350 - a+p

30 980, 1060 5,904 3350 - a+p

40 980, 1020 5,908 3350 - a+p

50 980, 5,912 evtektika a+p

60 980, 1020 5,916 2200 a+p

70 980, 1065 5,920 2200 a+p

80 980, 1100 5,924 2200 a+p

90 1035, 1140 5,928 2200 a+p

95 1090, 1165 5,930 2200 B

100 1168 5,932

5,933 2150 B (birfazal)
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Onlardan 980K temperaturdaki istilik effektlori; sistemin solidusuna , 1030-1165K-daki
istilik effektlori igo sistemin likvidusuna uygun gelir. Cedvaldan goriindiiyii kimi, sistemda iki
stra mikro barklik alinir. 3200+ 3450 va 2150 + 2200 MPa . Onlardan birincilar dordlii birloasma
asasimda amalo galon a-bark mahlullarin, ikinci giymatlar ise PbIn2Siosasinda amalo galon 3-bark
mohlullari mikrobarkliklarine uygun golir.

Alman ve bir-birini tasdiqleyen fiziki-kimyevi analiz metodlarmin naticelorine asasen
Fe15PbssIn10S2- PbInaSssistemininT-x faza diagqrami qurulmusdur.(sok.2)

TK

nw
e &

1000 |- &

800 -

0 -

400 |-

Fe Ph Ins. 20 © o 80 P,

Soakil.2. Fe15PbssIniSx»- PbinsSusisteminin faza diaqrami

Sistem kvazibinar olub evtektik tiplidir. Nonvariant evtektik tarazliq 50mol%PbIn2Ss vo 980
K-do MS « + {3 reaksiyasi iizra geden iki fazanin birlikds kristallasmast il basa ¢atir. Sistemin
likvidusu baslangic komponentlar ssasmda smale gelon o ve 3 — bark mahlullarin ilkin kristal-
lagma ayrilerinden ibaratdir.

Otaq temperaturunda Fei1sPbssInioSz asasinda 15mol%, PbInzSs asasinda ise 8mol% bark
mohlul amals galir. Fe1sPbssIniSz asasinda amols goalon bark mahlullar monoklin sinqoniyada
kristallasir vo PbIn:Ss—iin arintide miqdar1 artdiqca qofes parametrlori ganunauygun olaraq artir:

Fe15PbssIn10S22a=14,558 b=3,8556 c=15,558 3=96,87°
Fe1,485Pbs455IN9.92521,82 a= 14,554 b=3,8550 c=15,554 3=96,87°
Fe1,425Pbs275In9,6521,1 a= 14,55 b=3,8520 ¢=15,550 3=96,8°
Fe1.305Pbs,185In9,4452074 a= 14,50 b=3,850 =15,520 3=96,75°
Fe1.35Pbs 05 Ino2S202 a= 14,48 b=3,822 ¢=15,50 3=96,7°
Fe1275PbsssInssSi93 a= 14,46 b=3,818c=15,488 [3=96,4°

PbIn:Ss ssainda smals gelon B-bark mahlullar iss rombik sinqoniyada kristallagirlar Har iki
tip bark mahlul svezolunma tiplidir ve goriindiiyii kimi , ikinci komponentin miqdar artdiqca
gefes parametrlorinin torkibdan asili olaraq dayismesi xatti olub,Veqard qanununa tabedir.

Belaliklo , ilk dafe olaraq FesPbulnzSu -PbS (PbInzSs ) sistemlari dyranilmis ve onlarin T-x
faza diaqramlar1 qurulmusdur. Miiayyen dilmisdir ki, har iki sistem kvazibinar olub, evtektik
tiplidir vo komponentlar asasinda mahdud bark mahlul sahalerinin amola golmasi ilo xarakteriza
olunurlar.
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PE3IOME
MccaeaoBaHB! peaknyy CHHTe3a OMIIMKAMYIECKMX MOHO- U AUD(UPOB AMKAaPOOHOBBIX KICAOT TEPMUUYECKNM U
KaTaAUTIIeCKUM ITIpICcOeAVHEHeM HOPOOpHEHa 1 eTo 5-MeTIA 3aMeIlleHHOTO ITPOM3BOAHOIO K IfaBeAeBOl, Maao-
HOBOIJ1, IHTApHOI ¥ MaAeMHOBOI KICAOTe. VI3yueHsl BAVSHNSL pa3ANIHBIX (PaKTOPOB - TeMIIepaTyphl, COOTHOILIEHISI
JICXOAHBIX KOMIIOHEHTOB, KOHIIEHTpaLNy KaTaAu3aTopa U MPOAOAKUTEABHOCTI peaKIMy IIPMCOeAVHEHIST Ha BBIXOZ,
OUIIMKANYIEeCKX MOHO®(UPOB U HaliAeHBI ONTHMAaAbHBIe YCAOBYS MX CMHTe3a. Peakiiuert sTepruKaIium moayJdeH-
HBIX MOHO®(MPOB C HACBIIIIEHHbBIMI 0AHOaTOMHBIMI criipTamu C2-C7 ocyIecTBAeH CUHTE3 OMIMKANIeCKIX 3PUpoB
HOpOOpHeHa B IIPUCYTCTBUM TeTeporeHHoro Karaamsatopa KVY-2-8 B H-gopme. Iloaydennsle Omnmkandeckvie
AnsPUPHL IPeACTaBASIOT CODOI BA3KIE JKMAKOCTH € OaAb3aMUYECKIIM 3aIIaXOM.
CTpyKTypa 1 cOCTaB CHHTe3MPOBaHHBIX MOHO- 1 Ana¢gupos noArsep>kAeHa VK-, IMP "H u C criekrpaabHBIMI
METOAaMI U DAEMEHTHBIM aHaAV30M.
Karouesbie caoBa: HOpPOOpHeH, 5-MeTMAHOPOOPHEH, AVKApOOHOBbIE KICAOTHI, OWMIIVIKAMYECKIe MOHO- U
AVDPUPEL.
NORBORNEN 9SASINDA DIKARBON TURSULARININ BiTSIKLiK EFIRLORININ SINTEZi
XULASO

iki asasl karbon tursularmin bitsiklik mono va diefirlarinin norbornen ve onun 5-metil avozli toramesinin oksalat,
malon, kehroba, malein tursular: ilo termiki ve katalitik {isullarla qarsiligli tesir reaksiyasi asasinda sintezi tadqiq
olunmusdur. Bitsiklik monoefirlorinin ¢pxamima miixtelif amillarin - temperaturun, ilkin maddalerin mol nisbatinin,
Kkatalizatorun miqdarinin tesiri dyrenilmis ve sintez reaksiyasmin optimal seraiti tapimisdir. Monoefirlarin doymus
biratomlu C>-Cr spirtlorlo efirlosma reaksiyast KU-2-8 (H*forma) katalizatorunun istiraki ila bitsiklik norbornen
efirlorinin sintezi aparilmisdir. Alinmus bitsiklik diefirlar 6z1ii, balzam iyl maddaslardir.

Sintez olunmus mono- ve diefirlorin qurulusu ve terkibi IK-, NMR 'H va 13C spektral vo element analiz iisulu ilo
tosdiq edilmisdir.

Acar sozlar: norbornen, 5-metilnorbornen, dikarbon tursular, bitsiklik mono- vo diefirlor.

ABSTRACT

The reactions of the synthesis of bicyclic mono- and diesters of dicarboxylic acids by thermal and catalytic
addition of norbornene and its 5-methyl substituted derivative to oxalic, malonic, succinic and maleic acids were
investigated. The effects of various factors — the temperature, the ratio of the starting components, the concentration of
the catalyst and the duration of the addition reaction to the yield of bicyclic monoesters were studied and optimal
conditions of their synthesis were found. The synthesis of bicyclic esters of norbornene was performed by the
esterification reaction of the obtained monoesters with saturated monohydric alcohols C2-Cz in the presence of a
heterogeneous catalyst KU-2-8 in H-form. The resulting bicyclic diesters are viscous liquids with a balsamic odor.

The structure and composition of the synthesized mono- and diesters was confirmed by IR, 'H and *C NMR
spectral methods and elemental analysis.

Key words: norbornene, 5-methylnorbornene, dicarboxylic acids, bicyclic mono and diesters.

BBeaenue

Paspaborka ®PPeKTUBHBIX CIIOCOO0B cMHTe3a DPUPOB AUKAPOOHOBLIX KUCAOT SBASETCS
OAHOVI M3 Ba’KHENMIINMX ¥ HPUOPUTETHBIX 3a4a4 COBPEMEHHOV OpraHmM4YecKon xummnu. B sTtom
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acriekTe ITpakTIUeCKMII MHTepec IpeJcTaBAsieT paspaOoTka 9(PPeKTUBHBIX IperapaTUBHBIX
Cr1Ioco0O0B CMHTe3a OMIMKANYECKUX PUPOB AMKAPOOHOBBIX KICAOT HOpOOpPHEHa Ha OCHOBe
ITPOMBIITLA€HHO- AOCTYITHOTO He(PTSHOTO CHIPhsI-AUILIMKAOIIeHTa- AveHa. [Iponssoanbie HOpOOp-
HeHa HaIllAl IPOKOe IpMMeHeHe BO MHOTUX 0DAACTsAX YeA0BedecKoil AeATeAbHOCTH, B JacT-
HOCTH, B IIPOM3BOACTBE CMHTETUYeCKIX AYIIVCTBIX BeIIIeCTs, B MeAUIIIHe, CeAbCKOM XOBSIICTBe, B
paKkeTHOJI TexHNUKe, B KayecTBe MOHOMepa A4s CHMHTe3a BBICOKOMOAEKYASPHBIX COeAVHEeHNUI C
YHUKaAbHBIMM cBOVICTBaMM [1-3].

CriocoOpl  TIOAy4YeHUsI CAOXKHBIX 9(PUPOB AMKAPOOHOBBIX KMCAOT aAnpaTUIecKnx I
apoMaTHyYecKNX psAO0B, X IIpUMeHeHe B KadecTse I1AacTUPUIMPYIONX 400aBOK K IoAMMep-
HBIM MaTepuajaM, a TakKXKe K CMHTeTMYeCK/M MacJaM OMMCcaHbl B paborax [4-5].

VI3BecTHBI TakKe CIIOCOOBI CHMHTe3a OMIIMKAMYIecKnX 3PupoB HOpOOpPHEHa TepMUIECKUM
IIpUIcOeAVIHEHIEM COOTBETCTBYIOIINX KICAOT K HOPOOPHEHOBBIM yIAeBoopodam [6-8].

OOcy>xaeHs1 1 pe3yAbTaTbl

B aanHOII cTaThe 13A0KeHbI Pe3yAbTaThl MCCAeAOBaHMIA 10 CUHTe3Y CAOXKHBIX OMIIVKAMYec-
KX A1D(PUPOB HOPOOPHEHOBLIX YTA€BOA0POAOB Ha OCHOBE AMKApOOHOBBIX KUCAOT - IIJaBeAeBO,
Ma/IOHOBOM, SIHTAPHOV UM HeIlpeAeAbHOV MaJAeMHOBOM KucaoThl. IIponecc ocymecrsaeH B Ase
craaun. Ha mnepsoit cragum mpoBejeH CUHTe3 MOHOD(pUPOB peakiiyeil B3alMOAEIICTBIS
BBbIIIIeyKa3aHHbIX KIICAOT C HOpPOOPHEHOBBIMU YTA€BOA0POAaMI:

O-C-(CH,).--OH
+ HOOC-(CH,),-COOH ——» Ab’ 2

I II-1IT

n=0,1,2
. HG-COOH OCOCH=CHCOOH
R H
—_—
HC-COOH
H H 1

R=H, CH,

B nmpoBoAMMBIX 1CCA€40BaHIIX B KadeCTBe VICXOAHOTO BellecTBa MCII0Ab30BaH: HOPOOPHEH -
1.kt 96°C, T.1a. 46°C 1 ero mponsBoAHbII-5-MeTrAHOpOOopHeH- T.kui.115.5°C, d3°-0.8602, n3°-
1.4625, B KauecTBe AMKapOOHOBBIX KIMCAOT MCIIOAb30BaHBI- IaBeeBas-T.114.100°C, maaoHOBas
T.11a 135°C, sinTapnas 1.114 183°C 1 masennosas kucaora T.11a 135°C.

Cunres OuMKAmdeckx MoHO®pUpoB IaBeaepoil Kucaotsl (IIK) 6muimkao[2.2.1]rerr-2-
ena (BLIT) u ero MmeTna npounssogHoro-5-metna- ounmkao[2.2.1Jrenr-2-ena (MBLIT) ocyiects-
A€H TepMIJECKIM B3alIMOAENICTBIIEM KOMIIOHEHTOB.

IIponecc cuHTe3a IPOBOAMACS B aBTOKJAaBe C IIPYMEHEHVeM B KadyecTBe pacTBOpUTeAs
ncxoaHpix koMrtoHeHTOB CCls ¢ 11€4B10 OOecIteueHns1 FoMOreHn3almy peakinoHHo Maccsl. I1o
OKOHYaHUN peaKlU! yAaleHye HellpopearnpoBaBIX COeAVIHEHNI Y pacCTBOPUTEAS 13 COCTaBa
KaTaAm3aTa OCYIIleCTBAeH IIepPeroHKOi CHavalda Py aTMOC(epHOM JaBAeHNM, a 3aTeM —II0/
BaKyyMOM.
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B ycraHOBA€HHBIX ONTMMAaABHBIX YCAOBMAX —TemIleparype peakiun-150°C, mMoaspHom
COOTHOIIIeHNN HOpOOpHeHOoBOro yraepogopoga K IIIK pasupix 2:1 M IpoAOAKUTeABHOCTU
peaxim 4 yaca BBIXOABI CHHTE3MPOBAaHHBIX MOHOD(MPOB MPAKTUIECK! OAVMHAKOBHI I B CAydae
9Kk30-BLITOIIK gocturaer 90.0% macc, a B caydae 9k30-5-MBLITDIITK-89.5% [9].

C 1ieap1o ympoImeHns Impoljecca, B YaCTHOCTY CHYDKEHIST TeMITePaTyphl peaKIy IIporiecc
B3alIMO/EVICTBISI YKa3aHHBIX YI1€BOA0POA0B MaAOHOBOM, SHTAPHON 1 MaJAeMHOBO KICAOT ObLA
OCyIllecTBAeH B IIPUCYTCTBUM KaTaausatopa s¢upata Tpexdropucroro Oopa (BFs:OEt).
DpPexTuBHOCTy IpUMeHeHN:T ddupara Tpex(pTopucroro Oopa B KadecTBe KaTaAm3aTopa B
peaKIusxX MIPUCOeAVHeHMs >KMPHBIX KICAOT K HOPOOPHEHOBBIM YIA€BOAOpOJaM OIMCaH B
pabotax [10-11].

ITpoBegeHHBIM IIMKAOM MCCA€AOBaHMUIL, B YaCTHOCTU M3ydeHMeM TeMIlepaTyphbl peaKIlu,
COOTHOIIIEHNs VICXOAHBIX KOMIIOHEHTOB, KOHIIEHTpallMy KaTaausaTopa U MPOAOAKUTEAbHOCTI
peaxIm IIpucoeAHeH s ObIAM yCTaHOBAEHbI OIITMMaAbHbIe YCAOBM MaKCMMaAbHOTO BBIXOAQ
OuIKANgecKx MoHoa¢pupos (puc 1).

Y
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Puc.1. 3aBucuMOCTh BBIXOAA IIaBeAeBOI (a), MaaoHOBOI (0) (Kp.1), ssHTapHOI (Kp.2),
MaAeMHOBO KMUCAOT (Kp.3) OT TeMIlepaTyphl.

IlokasaHO, 4TO MaKCMMaAbHBI BBIXOZ - 95.6% Macc OMIIMKAMYECKOIO MOHO®(pUpa
MaJ0HOBOJ KUCAOTBI AOCTUTAeTCsl IIPU MOASPHOM COOTHOLIeHMM Ouimkao[2.2.1renr-2-eHa K
MaJAoOHOBOI Kucaote, Temmneparype 90°C, xoHLeHTpamuu sdupara Tpexdropucroro Oopa
paBHOM-1% U MpOAOAKUTEABHOCTU peakiiun - 44. [Ipy yKasaHHBIX YCAOBUSAX BBIXOJ OMIIVIK-
AMYEeCKOro MOHO®(Upa SHTAPHO KMCAOTH HECKOABKO HIpKe 1 coctabasieT 90.5% [12].

KaraanTtigeckoe mipucoeanHeHe MaAeMHOBO KICAOTBI K HOpPOOpHeHY 1 5-MeTiAHOpOOp-
HeHy ¢ 0Opa3oBaHMeM OMIIMKANMYIeCKIX MOHOD(]UPOB IIpoTeKaeT P MOASPHOM COOTHOIIEHNUN
KOMIIOHEHTOB, KOHLIeHTpauuu s¢guparta Tpexgpropucroro 6opa pasHoMm 0.7% macc, TeMiiepary-
pe 80°C u nmpogoaxuteabHoctu peakiuu 4 gaca. [Ipy 9TOM BBIXO4 MOHO®(pMPaA MaAeMHOBO
KMCAOTHI Ha ocHOBe OuInkA0[2.2.1]rerrr-2-eHa (BLITOPMK) cocraBastetr 80% macc, a Ha OCHOBE €To
5-metnanponssogHoro (5-MBLI'OMK)-82.% macc [13].

OUBNKO-XMMITUYECKIIe TIOKa3aTeANn CHHTE3VPOBaHHbIX MOHOBCl)I/IPOB IIpBEAEHDI B Ta6/H/H_Ie 1.
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Ta61mua 1. ®Pu3UKO-XUMUYECcKIte KOHCTaHThHI CHTE3MPOBaHHBIX MOHOBCI)I/IPOB

ﬁooow:c»—ccom
H,C

Txun, °C /10 MM. Broixog,
CrpoeHnne coeanHeHUIA Moa. macca pT.cCT dfo n&? %
( i ﬁ (,:,’ 184.19 99-100 1.0418 1.4690 90.0
0-C-C-OH
&o LN oy 198.22 109-110 1.0192 1.4725 89.5
o O
| | 198.21 106-107 1.0316 1.4708 95.6
0-C-CH,-C-OH
T
0-C~(CH,),-C-OH 212.24 122-123 1.0225 1.4762 90.5
OCOCH=CHCOOH 210 121-122 /5 mm
1.0191 1.4798 80.0
224 85-88 /2 mm 1.1122 1.5185 82.5

CrpykTypa cHTe3MpOBaHHBIX OMIIMKAMYeCKUX MOHOD(pUpoB ycraHosaeHa VIK- u SIMP 'H

u ¥C-crieKTpaabHBIMM METOJaMI aHAAM3a.

B VIK criektpe MoHO®(dupa I11aBeAeBOil KICAOTHI MPOSIBASIOTCS XapaKTepPHBIE IT0AO0CHI
rorAomeHnst 8 ooaacty, coorsercrsyiomye 1050 [d(OH)], 1302, 1357,1443, 2956 [v,0(C-H)], 1164

[v (C-O)], 1717, 1740 em[v (CO-CO)].

Criextp SIMP 'H, xapakrepusyercst HaamdaueM 1oaoc: O, m.A: 'H-2.62, 2H-4.2, °H-1.85, ‘H-

1.55, %¢H-1.35-1.60, 7"H-1.90-2.25, H-11.0
Crrextp SJMP 13C: 1C-42.3, 2C-79.0, 3C-39.2, 4C-35.0, °C-31.6, °C-25.4, "C-37.5, 8C-155.6, °C-161.0

C eApio ITOAYyYeHVsI ZI,I/IBCIDI/IpOB nuccaeayemMbpIx AI/IKap6OHOBbIX KNca0T nmccaed0BaHbl
peaxkunn B3aIMOAEVICTBUST CUHTEe3MPOBaHHDBIX 6I/II_II/IKAI/I‘~IeCKI/IX MOHOBCI)I/IPOB C HaCbIILI€HHbIMI

oaHoatoMHbIMU crinpTamu Co-Cr. B kauecTse kataansartopa rcrioan3osad KY-2-8 8 H-gpopwme.

O-C-C-OH

I
O-C-C-OH

HaC—
IX

R-OH t°

Hlb

1-V1II

e
HaC—
X-XVI

0-C-C-O-R

(o)e]
Il
O-C-C-OR

R=C,H (I, X), n-CyH; (111, X1), i-C5H; (IV, XI1), n-C4Hq (V, X111),

i-C4Hg (VI, XIV), n-CgHy1(V1I, XV), n-CgHya(VII, XVI)
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(0] (0]
Il kat Il
O-C~(CHy)n-COOH + ROH ——— g 0O-C-(CH,)n-COOR
-H,0

XVIL XVIII n=1,2 P

R= C,H; (XIX, XXVI), i-C3H; (XX, XXVII), n-C,H, (XXI, XXVIII), n-C,H, (XXII, XXIX), n-
CsH,, (XXIII, XXX), n-C4H 5 (XXIV, XXXI), n-C,H, 5 (XXV, XXXII)

_ OCOCH=CHCOOR
OCOCH=CHCOOH Kkat R Y
R ¢ + ROH % R

XXXV-XLVIII
-
XXXIII; XXXIV R'=H, CH,

R= C,Hs (XXXV, XLII), i-C;H, (XXXVI, XLIII), n-C;H, (XXXVII, XLIV), n-C,H, (XXXVIII,
XLV), n-CsH,; (XXXIX, XLVI), n-C¢H,3 (XL, XLVII), n-C;H, s (XLI, XLVIII)

ITporecc cuHTe3a COOTBETCTBYIOIIMX AMD(PUPOB OCYIIleCTBAeH sTepuduKalyeil MolyJeH-
HBIX MOHO®(UPOB CO CIMpTaMU Ha yCTaHOBKe, CHaOXKeHHOI AoByikon AuHa-Crapka B cpege
6enzoaa mpu 80-85°C a0 mpeKpalrieHns! BplAeAeHIsI OOpa3yIoLIelicsl peaKkIjMOHHOI Boawl. I'ete-
porennsi kataansarop KY-2-8 8 H-popme otgeasan ¢puasrposanmem, 6eH301 11 HeIIpopearu-
POBABIITYIO KIUCAOTHI YAaAs1AM aTMOC(EPHOI IIePeroHKoit. Jasee ocTaTOK peakLVIOHHOM Macchl
1oABepraaut BaKyyMHOJ IIePeroHKe U IOAYYMAN YUCTBI AuDPUp.

[IpoBeseHHBIM IIMKAOM MCCA€AOBaHMM YCTAaHOBAEHO, YTO HPU HalAEHHBIX YCAOBUSIX
CUHTe3a: MOAbHOM cooTHomeHnn 1:1, temneparype 80°C, 11poa0a>KuteabHOCTA 4 4 1 KOAYIeCT-
Be KaTaamsatopa 5% OT B35ITOT0 MOHOD(pMpPa BHIXOAbI CMHTE3MPOBAaHHBIX 9(UPOB KOAEOAITCS B
npeaeaax 87.1-91% macc.

DJeMeHTHBIII COCTaB UM HEKOTOpble (PUBMKO-XMMIYeCKre KOHCTaHThI CHHTe3MPOBaHHBIX
An»(pUpPOB pescTaBAeHbl B TabAmIe 2.

Tabamma 2. D1eMeHTHBIN cOCTaB ¥ PUIMKO-XMMIIecKy e KOHCTaHThI CMHTe3MPOBaHHBIX AD(UPOB

Tam
No °C/5mm dz° n3d Haitaeno, % Dopmyaa Brrancaeno, % Brrxoga,
pT.CT. C H C H %
II 69-70 1.1428 1.4938 62.02 7.48 CnHi604 62.24 7.59 91.0
III 79-80 1.1380 1.4994 63.16 7.82 Ci2H1804 63.69 8.01 90.5
v 73-74 1.1401 1.4982 63.19 7.88 Ci2H1804 63.69 8.01 89.9
\ 89-90 1.0670 1.5029 64.22 8.15 Ci3H2004 64.97 8.38 87.1
VI 74-75 1.0981 1.5019 64.25 8.18 Ci3H2004 64.97 8.38 87.8
VII 100-102 1.0441 1.5045 66.05 8.26 C1sH2204 66.11 8.71 86.5
VIII 119-121 1.0403 1.5186 67.03 8.86 CisH2404 67.13 9.01 85.6
X 81-82 1.1100 1.5048 63.45 7.81 C12H1504 63.69 8.01 91.0
XI 89-90 1.1020 1.5081 64.79 8.25 C13H2004 64.97 8.38 90.0
XII 78-79 1.0116 1.5086 64.82 8.32 Ci13H2004 64.97 8.38 89.1
XIII 100-101 1.0404 1.5101 65.95 8.62 C1sH2204 66.11 8.71 90.6
X1V 95-96 1.0091 1.5008 65.98 8.66 C1sH2204 66.11 8.71 89.0
XV 115-116 1.0011 1.5185 67.03 8.91 Ci1sH2404 67.13 9.01 92.0
XVI 125-127 0.9981 1.5201 67.94 9.18 Ci16H2601 68.05 9.28 92.5
XIX 117-118 1.0311 14725 64.01 8.06 C12H1s01 63.69 8.01 92.5
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XX 120-121 1.0288 | 1.4732 65.01 8.56 Ci13H2004 64.98 8.38 91.0
XXI 127-129 1.0225 | 1.4780 65.01 8.56 C13H2004 64.98 8.38 91.6
XXII 138-140 1.0205 | 1.4802 66.33 8.85 CuH204 66.11 8.71 90.0
XXII 147-148 1.0155 | 1.4800 67.25 9.23 CisH2404 67.13 9.01 87.5
XXIV 157-158 1.0102 | 1.4825 68.53 9.34 Ci16H2604 68.05 9.27 88.6
XXV 166-168 1.0082 | 1.4838 68.92 9.78 Ci7H2804 68.88 9.52 90.1
XXVI 128-129 1.0228 | 1.4782 65.03 8.52 Ci13H2004 64.98 8.38 91.3
XXVII 132-133 1.0188 | 1.4796 66.22 8.85 CuH204 66.11 8.71 90.5
XXVIII 137-138 1.0126 | 1.4848 66.22 8.85 CuH204 66.11 8.71 91.6
XXIX 153-154 1.0105 | 1.4861 67.28 9.15 CisH2404 67.13 9.01 89.7
XXX 157-158 1.0085 | 1.4864 68.35 9.31 Ci16H2604 68.05 9.27 90.0
XXXI 168-169 1.0054 | 1.4869 68.96 9.64 Ci7H2804 68.88 9.52 92.1
XXXIT 176-178 1.0032 | 1.4872 69.71 9.79 Ci18H3004 69.64 9.73 91.8
XXXV 132-133 1.0181 | 1.4801 65.43 7.45 Ci13HisOu 65.52 7.61 90.2
XXXVI 135-136 1.0163 | 1.4835 66.58 7.86 C1aH2004 66.64 7.98 90.6
XXXVII 143-144 1.0125 | 1.4878 66.55 7.88 C14H2004 66.64 7.98 88.5
XXXVIIT 155-156 1.0118 | 1.4897 67.56 8.23 CisH204 67.64 8.32 89.2
XXXIX 166-167 1.0112 | 1.4902 68.48 8.53 C16H204 68.54 8.62 88.3
XL 176-177 1.0105 | 1.4908 69.15 8.82 Ci7H2604 69.35 8.90 90.8
XLI 185-186 1.0095 | 1.4915 70.03 9.07 CisH2s04 70.10 9.15 89.5
XLII 141-142 1.0102 | 1.4858 66.59 7.78 C1aH2004 66.64 7.98 92.6
XLIIT 144-145 1.0142 | 1.4903 67.54 8.22 CisH2204 67.64 8.32 91.5
XLIV 151-152 1.0123 | 1.4923 67.59 8.12 CisH2204 67.64 8.32 91.8
XLV 160-161 1.0112 | 1.4946 68.45 8.56 C16H204 68.54 8.62 90.6
XLVI 166-167 1.0106 | 1.4975 69.25 8.63 C17H2604 69.35 8.90 88.6
XLVII 175-176 1.0095 | 1.4982 70.02 9.05 Ci1sH204 70.10 9.15 89.3
XLVIII 183-185 1.0086 | 1.4997 70.65 9.29 CioH3004 70.77 9.37 90.4

Crpykrypa cuHTe3poBaHHBIX Au»(pupos noarsepxdena SIMP 'H u BC criexTpaabHbIM
aHaamsoM. B wactHOCTH, TIpuBeJeHHble B TaOAuile 3 moaocsl HabaioAaeMble B SIMP 'H n 13C
criekTpax Ounukao[2.2.1]renT-2-ua ®TMAOBOrO Ams¢dupa MaAOHOBOI KUCAOTHI ITOAHOCTBHIO
COOTBETCTBYeT yKa3aHHO CTPYKType.

Tabanma 3. Xumuaeckue capuru SIMP 'H n ¥C 6urinkao[2.2.1]rent-2-14 5T1110B0TO Anddrpa MaA0OHOBOVI KIMCAOTHL

O, M. 2
Crpoenne ansdupa 'H BC
! H'-2.44, H2-3.83, 3-1.84, H*143, | C-42.5, C?-77.3, C3>-394, C+-34.7, C>-
0 Q H56-1.35-1.55, H? - 3.20, H- 4.11, | 28.6, C®-24.4, C’-35.5
g O-g-%Hz-ﬁ)-O-?le-(l?zHa H™2-1.35 (C8-165.0, C°-40.9, C10-164.5, C1'62.1,
" Cr-15.2
s 3

CocraB 1 cTelleHb YMCTOTHI CUHTE3MPOBAaHHBIX D(PUPOB OlpeseleHbl ¢ rnomoInsio I7KX
aHaamsa Ha xpoMarorpade AXM-8MA (kxmaxast Ppasza-10% moAUSTUAEHIAUKOABCYKIIMHATA Ha
cepoxpome, aamHa KOAOHKM 1.5M, Temmeparypa wucnaputeas-250°C, koaonku-180°C u
Aetextopa -120°C, Tok getektopa 120 MA, CKOpOCTB raza-HocuTeAs reans-60MA/MyH.

VIK-criexTps! cHATH Ha ciekTpodpoToMmeTpe IQ Alpha Furye Bruker, criextpsr AMP 'H n °C-
Ha npuoope «Bruker AV 300» Ha yacrote 300 MI'11, pactBOpHUTeAD arieToH-ds.

Boisoawr: [ToayuenHsie Ouikandeckne AnspuUphl IPeACTaBASIOT OO0 BA3KIe SKUAKOCTU
¢ Daap3aMIJecKiM 3aIrlaxoM, YTO TOBOPUT O BO3MOXKHOCTM WX MCIIOAb30BaHMS B KauecTBe
A00aBOK K CMHTeTIYEeCKIM MacAaM C I1eAbI0 YAYUYIIIeHIs X KaueCTBeHHBIX ITOKa3aTeell.
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XULASO

MBogqalade miixtslif sothi aktiv maddalerin, tobii neft tursularmin etanol amin komplekslori ilo kopozisiyalarmmn
kopiikemologatirma qabiliyyetinin neticelori OSyrenilmisdir. Miisyyen edilmisdir ki, tebii neft tursularmmn
monoetanolamin (MEA) kompleksinin 40%-li mahluluna miixtolif sathi aktiv maddalerin alave edilmosi ilo hazirlanmis
kompozisiyanin kopiikemslogalma qabiliyyeti kopmleksin 6ziinden daha ytiksak olur.

Acar sozlar: kopiikemslogatirmaqabiliyysti, neft tursularinin etanolamin komplekslori,sathi aktivlik.

NCCAEAOBAHME BAVISTHNSI IIOBEPXHOCTHO-AKTVMBHBIX BEITECTB HA IIEHOOBPA3YIOIIYIO
CIIOCOBHOCTDb 5TAHOZAMUMHOBBIX KOMIIZIEKCOB ITPPOAHBIX HEDTAHBIE KMICAOTDBI

PE3IOME

B cratee mccaeAoBaHBI pe3yABTaTHl CIIOCOOHOCTM IT€HOOOPA30BaHII Pa3ANIHBIX ITOBEPXHOCTHO-AKTMBHBIX
KOMITO3UIINI, ITPUTOTOBAEHHBIX C A00aBAeHMeM STaHOABHBIX aMIHOKOMIIAEKCOB ITPUPOAHBIX HeTSIHbIE KVUCAOTHL.
BbL10 0OHapy>KeHO, YTO CIIOCOOHOCTh ITIEHOOOPA30BaHIs KOMITO3UIINY, KOTOpasl ObL1a ITOAydeHa IIyTeM A00aBAeHVIs
Pa3AMIHBIX TIOBEPXHOCTHO-aKTMBHBIX BerrectB K 40% -HOMy pacTBOPY MOHO®TaHOJAaMMHOBOro (MDA) KoMILiekca
HaTypaAbHBIX He(pTSIHbIE KIICAOTHI, BBIIIIE, €M Y CAMOIO KOMILAEKCa.

Karouesble caoBa:rieHo0OpasyIoras ClIoCOOHOCTD, STAHOAaMIHOBbIE KOMILAEKCHI He(TSHBIX KUCAOT, TIOBEPX-
HOCTHAasI aKTUBHOCTbD.

THE RESEARCH OF THE IMPACT OF SURFACTANTS ON FOAMING ABILITY OF ETHANOLAMINE
COMPLEXES OF NATURAL OIL ACIDS

ABSTRACT

The results of the ability of the foaming of different surfactants compositions, which were prepared with the
addition of ethanol amino complexes of natural oil acids, were studied in the article. It was found out that the ability of
the foaming of the composition, which was produced by the addition of various surfactants to the 40% solution of the
natural oil acids monoethanolamine (MEA) complex, is greater than that of the complex itself.

Key words:foaming ability, ethanolamine complexes of oil acids, surface activity.

Giris. Inkisaf etmis sanaye dlkalorinds yanginla miibarize problemi giinii-giinden aktual-
lasir. Yangin vo partlayislar naticosinda illik maddi zararin va itkilarin say1 durmadan artir vo elo
bir hadds ¢atir ki, onlarla miibarize an vacib dovlst shemiyyati kesb edir. Yalmz ABS-da yangin
va partlayislar naticesinds dayen illik zarerin 5 mlrd. dollar tegkil etdiyini misal gostermek
kifayotdir.Olkemiz neft ¢ixaran dlkalor sirasindadir ve bu problem bizim dlkemizde de var.
Yangin toromo tohliikasi olan neft emal1 vo neft kimyasi sanayesinds, neftin naqli prosesinda va
neft moahsullarinin tutumlarda saxlanilmasizamani bas vers bilacak yanginlar1 sondiirmak {igiin,
xtisusi kopiikemalagatirici torkiblarden istifads olunur. Diinya praktikasinda bu név yangimlari
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sondiirmak tigiin ¢oxlu sayda ve miixtslif torkibli kopiikemolagatiricilorden istifade olunmasi
moalumdur [1-4], kopiikemalagsatiricilar asasen kompozisiya tarkibli olub sath-aktiv maddslar
qarigigindan ibarst olurlar [5-9].Qeyd olunanlara ssaslanaraq demsak olar ki, neftcixarma ve neft
emali sanayelari genis inkisaf etmis 6lkemizds, yangma qarst kopiikemslagatirici terkiblarin
yaradilmasi xiisusi onem kasb edir.

Yangmsondiiriicii vasitonin effektiv tesiri kopiik amsalagetirici kompozisiyanmn torkibi ile
miisyyon olunur. Kopiikomsloagatirici torkiblors asas komponentlorden biri neft tursularmin
duzlar1 ve aminospirt téramaleridir. Kopiikemsalagatirici terkiblarin alinmasi tigiin yerli xammal
olan neftin emal1 prosesinds alinan araliq mahsullarindan ( neftden ayrilan tursulardan) istifade
olunmasi miisbat haldr.

Osas hissa. Neft tursularimin aminospirtlarlo kompleksinin sathi aktivliyinin tadgigi Neft tursula-
rinin aminospirtlorls adi temperaturdaistilik ayrilmaqgla kompleks amalo gatirmoasi adebiyyatdan
moalumdur [10,11].9sas maqgsad neft tursularinin miixtslif aminospirt komplekslarinisintez edib
onlara sathi aktiv maddaler qarigdiraraq kompozisiyalar hazirlamaq ve bu kompozisiyalarm
koptlikemalagatirms qabiliyyeti dyrenmakdir.

Bu moagsadle monoetanolamindan, dietanolaminden ve trietanolamindan istifade etmakla
asagidaki sxem tizra neft tursularinin aminosprit komplekslori alinmisdir.

1) HO-CH2-CH:- NH2 +RCOOH—[HO-CH>-CH>-NHs5*|RCOO

2) HO-CH:-CH:HO-CH- CH2 \
NH +RCOOH —NH2* RCOO /
HO-CH>-CH> HO-CH»- CH2

3) HO-CH»-CH2 HO-CH»- CH>
HO-CH>-CH2N + RCOOH—HO-CH2- CH2 NH1*RCOO
HO-CH>-CH2 HO-CH>- CH:>

Alnmis komplekslorin igmali suda 2,4 va 6 % mahlulu hazirlanaraq kopiikemolagatirma
qabiliyyati Oyrenilmisdir. Alinmis naticaler cadval 1 —da verilmisdir.

9dabiyyatdan malumdur ki, aminospirtlerin 6zii do sathi aktiv maddsler sirasmna aiddir.
Ona goro do kompleks alarkan reaksiya tokco 1:1 mol nisbatindes deyil, eyni zamanda 2:1 nisbatin-
ds aparilaraq miihitden artiq qalan sarbest aminospirtlarin kopiikemelagstirmas qabiliyyetids
Oyrenilmisdir.

44
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Cadval 1.Neft tursularinin aminospirt komplekslarinin igmali suda meahlullarinin képiikemslagetirme qabiliyyatlori

. Mbohlulungatiligr %
Kompleksin Kopiikemsalagatirmaqabiliyyati 2 4 6
torkibi, 40%-1i mohlul g BoHImMaqabLlyy
1:1 2:1 1:1 2:1 1:1 2:1
Kopiiyiinartimi, sm?3
Nefttursusunun MEA kompleksi 450 | 640 | 690 | 720 | 720 | 750
Kopiiytindavamliligy, san 200 | 220 | 230 | 250 | 240 | 250
Koptiyiinartimi, sm? 430 | 480 | 500 | 540 | 560 | 600
Nefttursusunun DEA kompleksi prysn
Kopiiyiindavamliligs, san 190 | 200 | 210 | 225 | 225 | 230
Nefttursusunun TEA Kopiiyiinartimi, sm? 150 | 200 | 200 | 450 | 400 | 500
kompleksi Képtiylindavamliligi, san 90 110 | 140 | 180 | 145 | 200

Qeyd: 1:1, 2:1 - kompleksi sintez edarkan gétiiriilon amidlerin tursuya olan mol nisbatidir.

Aminospirt komplekslarinin toqdiqi zamani miisyyan edilmisdir ki, birli, ikili ve tiglii ami-
nospirt komplekslari arasinda an ytiksak keyfiyyatli kopiikemsalogatiron monoeteanolamin komp-
leksidir.Ikili ve {iglii aminospirt komplekslori zoif kipiikemalagotirme qabilliyystinamalik olmast
ilo barabar ozliiliiytli ¢ox oldugu tigiin suda hall olma qabiliyysti zeifdir.Bu iss kopiikemalagstiri-
ci tictin cox mithiim gostaricidir.Buna gors de kompozisiya terkibli kopiikemslagatirici yaratmaq
tiglin aminospirtlor arasinda an oalverislisi monoetanolamindir. Monoetanolamin kompleksi
yaxs1 kopiikemalogatirmasine baxmayaraq asagl temperaturda yiiksak ozliiliiys malik olur ve
suda hall olma qabiliyysti zsifloyir.Ona gore dasintez olunmus neft tursusunun MEA komplek-
sindan istifads edarak todqgiqatlarimizi davam etdirmisik. Ovvalco bu komplekss 1,2,3,4,5 va 6%
etilenglikol slave edarak bu kompoziyalarin kopiikemsalagatirma qabiliyysti dyrenilib (Sekil 1.).
Alinmis naticoalor cadval 2 -da verilmisdir.

Sokil 1. Monoetanolamin kompleksi ilo natrium duzunun miixtelif nisbetlarde kompozisiyalar: hazirlanaraq
kopiikemalagpatirici terkibin yoxlanilmasi
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Cadval 2.Monoetanolamin kompleksi ilo natrium duzunun miixtelif nisbatlards kompozisiyalar:

Mbahlulun gatilig, %

Képtiikemalagatiricinin torkibi, % Képtiikemalagatirms qabiliyyati 2 4
1:1 2:1 1:1 2:1
1 g 99 Kopiiyiinartimi, sm? 900 1000 1000 1200
'L/” Képiiylindavamliligs, san 210 230 230 250
» ,&é 08 Kopiiyiinartimi, sm3 800 850 900 1000
© & i’g Kopiiytindavamhligy, san 190 200 240 260
= 3 ::‘ °:; 97 Kopiiyiinartimi, sm3 700 750 800 1000
= E = Képiiylindavamliligs, san 180 190 200 240
g 4 é é 9% Kopiiyiinartimi, sm? 680 740 760 900
E g 2 Kopiiytindavamhlig, san 160 180 190 210
5 R g5 | Kopliytnartimi, sm® 620 680 750 800
3 Kopiiytindavamhlig, san 140 160 180 200
6 ‘*é o4 Kopiiyiinartimi, sm? 600 650 700 740
Koépiiyiindavamliligs, san 130 140 160 180

Qeyd: 1:1 vo 2:1 - komplekslori sintez edarken aminospirtin tursuya olan nisbatidir.

Cadval 2-den aydin goriiniir ki, slave olunmus etilen glikol kompleksin kopiikemalagetirme
qabiliyyatini giiclondirmisdir. Bunu cadval 1 vo 2-da 2 vo 4 %-li mahlullarin kdpiikemalogatirma
qabiliyyatlarine baxsaq daha aydin goriinar.

Eyni zamanda neft tursusunun MEA kompleksinin 40%-li mahluluna olein tursusunun
natrium duzundan 1,3,5 ve 7 % olave etmaklo do onun kopiikemslagetirma qabiliyystine
keyfiyyatlorinin tasiri Oyranilib. Alinmis naticaler cadvel 3-ds verilmisdir.

Cadval 3. Monoetanolamin kompleksi il olein tursusunun natrium duzunun miixtalif
nisbatlerde kompozisiyalarminkopiikemslagetirma qabiliyyatleri

CizH33COONa, % Monoetanolamin MEA moahlulun Kopiiyiin artimi, sm? Kopiiyiin
kompleksi, % qatiigy, % davamhligy, san
4 1200 255
1% 9% 2 800 200
4 1200 250
3% 7% 2 800 180
% 5% : w00 200
4 850 260
7% 93% 2 750 210

Cadval 3-dan goriindiiyii kimi neft tursusunun MEA kompleksinin 40%-1i mahluluna olein
tursusunun Na duzundan 1,3, ve 5% slave edilerss, alinmis kompozisiyanin kdpiikemologatirma
qabiliyyati kompleksin 6ziiniin kopiikemsalagstirma qabiliyystinden xeyli yiiksek olmusdur.
Masalan, 2:1 mol nisbatinde alinmis neft tursusunun MEA kompleksinin 40%-1i mahlulunun
ismoali suda 4%-li mahlulunun képiiytintin artimi 750, davamliligr 250 saniys oldugu halda,
hamin komplekso 1,3,5,7 %-li olein tursusunun Na duzu slave edildikds bu kompozisiyalarin
4%-1i mahlullarimin kopiiyiiniin artimi uygun olaraq 1200, 1200, 900, 850, davamlilig: ise 255, 250,
255 va 260 san olmusdur.

Natica.Neft tursular ilo aminospirtlarin kompleksleri sintez edilerak onlarin kopiikemsls-
gotirici qabiliyyetlori dyrenilmis ve miioyyen edilmisdir ki, neft tursusunun MEA kompleksi
yliksok vo davaml kopiikemalagatiricilik gabiliyyestine malikdir.Bu kompleksa az miqdarda
etilen glikolun va olein tursusunun Na duzunun slavas edilmasi ils hazirlanmis kompozisiyanin
kopiikemsalogatirma gabiliyyati xeyli giiclonir.
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Tabii neft tursularinin etanolamin komplekslarinin kéopiikamalagatirma qabiliyyatina sathi aktiv maddalarin tasirinin tadqiqi
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ABSTRACT

(E)-1-(1-(4-bromophenyl)-2,2-dichlorovinyl)-2-(4-methoxyphenyl) diazine has synthesized in a presence of CuCl-
catalyzed olefination and the structure was confirmed by structural determination by X-ray Structural Analysis.
Hirshfeld surface analysis was used due to the crystal structure of the title compound, to investigate weak N—H--O
hydrogen bondings and weakerC—H-Cl, C—Cl--- Cl halogen bondings and O--- mstacking interactions which have an
important role of crystal packing. Also, torsion angles have calculated to determine the conformation of the molecule.
Also, energy of intermolecular interactions was calculated and found that, main effect to the intermolecular interactions
is dispersion energy, and electrostatic and polarization interactions are weaker (so weak) and interchanging energies
have pushing character.

Key word: Cataliticolefinlation reaction, dichlorodiazadiene, Hirshfield surface analysis.

PACS numbers: 61.66.hq, 61.05.c

(E)-1-(1-(4-BROMOFENIL)-2,2-DIXLOROVINIL)-2-(4-METHOKSIFENIL) DIAZENIN
KRISTALQURULUSUVOHIRSFELDSOTHANALIZI
XULASO

Katalitik olefinlosmo reaksiyasi sgeraitinde ,CuCl-un katalitk miqdarinda (E)-1-(1-(4-bromophenyl)-2,2-
dichlorovinyl)-2-(4-methoxyphenyl)diazen sintez edilmis vo qurulusu RQA metodu vasitasi iladyrenilmisdir. Kristal
qurulusa istinaden Hirsfeld seth analizi aparilmis ve bu analizi vasitssile zaif N—H:-+O hidrogen rabitslarinin va gox
za3if C—H:, CClhalogen rabitelarinin ve O steking qarsiliqhislagesinin bu qurulusun yaranmasinda rolu oldugu
miilayyan edilib. Bundan basqa, molekulunkonformasiyasimi miisyyen edan torsion bucaqglar hesablanib. Homginin
molekullararas: qarsiligh tesirinenerjilori do hesablanib ve malum olub ki, molekulararasi cazibe xarakterli qiivvays
asas pay dispersiyaqiivvalarinden galir ve elektrostatik ve polyarlasma qarsiiqh tesirleri ¢ox zsifdir ve miibadile
qiivveleriitelome xarakterlidir.

Acar sozlar: Katalitik olefinlosma reaksiyasi, dixlordiazadien, Hirsfeld soth analizi.

KPUCTAAANYECKAS CTPYKTYPA 1 AHAAN3 ITOBEPXHOCTU XUPIIIPEABAA (E) -1- (1- 4-
BPOM®DEHNA) -2,2- AUXAOPBUHNA) -2- (4-METOKCUDPEHNA) ANNASEHA

PE3IOME

B ycaoBmsx peaxuym KaTaAUTIYECKOro 04epUHMPOBAHN B IIPUCYTCTBUM KaTaauTideckoro koamdecrsa CuCl
6612 cunaTesuposan (E)-1-(1-(4-0pomodenna)-2,2-Anxa0posuHmA)-2-(4-MeTokcrdenna) AnaseH, CTPYKTypa KOTOPOTO
66112 n3ygena metogoM PCA. Bria mposeeH HOBEpXHOCTHEIN aHaAn3 Xupiideabja Ha OCHOBaHUY KPYICTaAAIeCKOM
CTPYKTYpBI 1 Oblaa ycTaHOBAeHa poab caadbix N—H--O Bogopoansix cesseit, ouens caadbbix C—H--Cl, C—Cl--- Cl ra-
AOTEHOBBIX CBsA3el 1 O+ T CTeKMHI-B3aIMOJEVICTBI: B 00Opa3oBaHMI DTOM CTpYKTyphl. Kpome 9T0TO, OBLAM paccumTa-
HbI TOPCHOHHEBIE YTAbl, OITpeJeAsSIoniyie KOHPOpMaIIO MOAEKYABL Taxke paccamTaHbl SHEPIMI MEKMO.AEKY A PHOTO
B3aMMOAEIICTBIS U YCTaHOBAEHO, YTO OCHOBHAsI 9acTh MEXKMOAEKYASPHON CHUABI MPUTSDKEHMS TTPUXOAUT Ha 40110
AVICTIEPCHOHHBIX CIA, DAEKTPOCTaTUYeCKIe U MOASPU3alIMIOHHbIe B3aUMOACICTBIST OUeHb cAabble, a OOMEeHHbIe CUADI
MMEIOT XapaKTep OTTaAK/MBaHILL.

KaroueBbie caoBa: peakius KaTaAMTHYIECKOTO 0Ae(pUHUPOBAHIS, AUXAOPOAMa3ajyieHbl, ITOBePXHOCTHBIN
aHaan3 Xupiideapa.
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Crystal Structure and Hirshfeld Surface Analysis of (E)-1-(1-(4-BROMOPHENYL)-2,2-DICHLOROVINYL)-2-(4-METHOXYPHENYL) Diazene

1. INTRODUCTION

Last years Hirshfield surface analysis method is used widely. “Finger plot” of title
compound is investigated by Crystal Explorer program due to crystallographic information file
(CIF) and Hirshfield surface. This analysis have a great role in determination of internuclear
distances and angles, diagrams of the crystal packing of different structures and similar
interactions [1]. Thus, due to our research (E)-1-(1-(4-bromophenyl)-2,2-dichlorovinyl)-2-(4-
methoxyphenyl) diazene has synthesized and its structure was confirmed by structural
determination by X-ray Structural Analysis. Hirshfield surface analysis was used according to
the crystal packing.

2. EXPERIMENTAL
2.1. Materials and instrumentation

The X-ray analysis of the (E)-1-(1-(4-bromophenyl)-2,2-dichlorovinyl)-2-(4-methoxypheny]l)
diazene was carried out using of Bruker APEX II CCD diffractometer (T = 273 K, AMoKa-
radiation, graphite monochromator, ¢- and w-scanned). The NMR 'H and ®C spectra were
obtained by the Bruker Avance 300 (working frequency 300 and 75 MHz solvents CDCls and
DMSOds).TMS was used as a standard, and TLC was carried out on the Silufol on UB-254, for
visualization of the spots was used the KMnO4 solution and UB lamp. Column chromatography
was carried out using silica gel (Merck 63-200).

2.2 The preparation method of (E)-1-(1-(4-bromophenyl)-2,2-dichlorovinyl)-2-(4-
methoxyphenyl)diazene

Cl Cl
L
Br 0/

(E)-1-(1-(4-bromophenyl)-2,2-dichloro-vinyl)-2-(4-methoxyphenyl) diazenewas synthesized
according to the reported method [2-7]. A 20 mL screw neck vial was charged with DMSO (10
mL), (Z)-1-(4-bromobenzylidene)-2-(4-methoxy-phenyl)hydrazine(Immol), tetrame-
thylethylenediamine (TMEDA) (295 mg, 2.5mmol), CuCl (2 mg, 0.02 mmol) and CCls (20 mmol,
10 equiv). After 1-3 hours (until TLC analysis showed complete consumption of corresponding
Schiff base) reaction mixture was poured into ~0.01 M solution of HCI (100 mL, ~pH=2-3), and
extracted with dichloromethane (3x20 mL). The combined organic phase was washed with water
(3x50 mL), brine (30 mL), dried over anhydrous Na:SOsand concentrated in vacuo of the rotary
evaporator. The residue was purified by column chromatography on silica gel using appropriate
mixtures of hexane and dichloromethane (3/1-1/1), and correspondingit was obtained. Substance
yield 52% red solid substance, Tmer =140°C, '"H NMR (300 MHz, Chloroform-d) o 7.78 (d, ] =9.0
Hz, 2H), 7.57 (d, ] = 8.4 Hz, 2H), 7.07 (d, ] = 8.4 Hz, 2H), 6.95 (d, ] = 9.0 Hz, 2H), 3.88 (s, 3H). 1°C
NMR (75 MHz, CDCls) o 162.72, 151.18, 147.27, 131.76, 131.39, 125.32, 122.95, 114.25, 90.33, 77.29,
55.62.
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RESULT AND DICSUSSION

3.1. Structural commentary

Picture 1. Numbering of atoms in molecules

This molecule has a planar structure, C2-N1-N2-C9, N2 -N1--C2-C3, CI1-C1-C2-C3, N2-C9-
C10-H10, N2-C9-C14-C13 torsion angles are 176.3(8), -3(1), 177.9(6), 0, vo 179.1(8)°, respectively.
Bond lengths and angles are within normal ranges and are comparable to related structures. [10]

Lengths (A°) and angles (°) of main interactions
D—X-—A D—X XA LD—X-A

CI9A—N2A--HBAA 1.420 2.530 103.68
Related interactions in compound
Interaction Distance (A?) Simmetry

1
CI2A-H4AA 2.902 1- x5 49,152
CI2A-O1B 3.149 XYz

3.2. Supramolecular properties and Hirshfield surface analysis.

drom value of the title compound is between—0,1898A4%nd 1,22524°, skew is between -
4,0000 and -4,0000 norms. In the structure of this crystal weak C—Cl--0, C—H---Clhalogen bon-
dings and weak C—H --- N hydrogen bondings have an important role (Photo 3). Also, O - wstec-
king has a great role in packing of structure.

Picture 2. Molecules in cristal packingC—Cl-+-0, C—H--Cl halogen bonding and C—H --- N
hydrogen bonding (Figure of Mercury 3.3).
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Crystal Structure and Hirshfeld Surface Analysis of (E)-1-(1-(4-BROMOPHENYL)-2,2-DICHLOROVINYL)-2-(4-METHOXYPHENYL) Diazene

The red points on the Hirshfeld surface (Pic.3c) represent the presence of C—H --- N-hyd-
rogen bonding. The lengths of C—H --- N-hydrogen bonding and difference of total atomic radius
of N and H atoms(—0.220A4°) show this evidently. In the Picture of 3a and 3b, light-red (pale)
points represent weak C—Cl--0, C—H--Cl halogen bondings, respectively. The same difference
in C—Cl--0, C—H--Clhalogen bondings is accordingly —0.1214% —0.0484%nd C—H--Cl inte-
ractions is weaker than C—Cl--0 interactions, and it shows itself from Hirshfield surface too.

In Hirshfeld surface analysis closer contactsappearas red colour, far contactsappearas blue
colour, and the oblast between these coloursappearas white colour. Thus, in the intermolecular
interactions,contribution of interatomic contactsto the Hirshfeld surface doesn’t characterize the
distance, but theinteraction oblast resolution. The red colourrepresents strong interactions and
the blue colourrepresents that there are no interactions.

Table 4. Contributions of interatomic contacts to the Hirshfield surface in the intermolecular interactions

Interactions Contribution percentage
H---H 243
C.--C 2.1
Cl.--c/C.-dl 17
O---H/H---O 13
N---O/O---N 2.5
H---Cl/Cl---H 23
N---H/H---N 29
N---C/C---N 4.2
C---H/H---C 18.5
C-+-N/N---C 1
Br---H/H:--Br 12.5
Br---Cl/Cl---Br 3.1

£ ¢

@ ) © -
Picture 4.Hirshfield surface: for (a) O---Cl, (b) H-+Cl (c) H---N.

Pick in Pic.4, represents O---Cl interaction.In Pic. 4b, not very long pick, showsweak H---Cl
halogen bonding. In Pic. 4c, long pick shows stronger H:--N interaction than the other interactions.
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10]

3.3 Intermolecular interactions

Intermolecular interactions between two molecules is calculated downbelow.

Efull = kelecEelec + kpolyEpoly + kdispEdisp + kintEint
Egiec — intermolecular electrostatic interactions
Epoiy — intermolecular polarized bonding interactions
Eg4isp — intermolecular dispersion interactions
Ein: — intermolecular interchange interaction energy, k-s are constant.

In this, R is a distance between the center of two molecules (A?). The center of the molecule
means the center of coordinates of atoms in molecule, not the center of mass of the molecule.

Calculated values of interaction energy of molecular structure of the compound (Picture 6,
yellow colour) with adjacent molecules are given below (Pic.7, Crystal Explorer, HF/3-21G). As it
is shown, full interaction energy decreases when the distance of the centers of molecules incrises.
According to Picture 7, we can say that, main effect to the intermolecular interactions is
dispersion energy, and electrostatic and polarization interactions are weaker (so weak). Also,
intermolecular interaction energy depends not only on the distance between centers of
molecules, also state of molecules to each other in a space.

Picture 6. Molecules represented as different colours around choosen molecule.

N |Sma.|R Eleldron sexlidy | E_ele |E_pol | E_dis | E_mib E_fam
. 1- 475 | HF/3-21G 42| 38| 770 92| 495
1]- 9,81 [HF/3-21G 58| -10| 224 102 -18.3
1 10.83 | HF[3-21G -L7| 06| 97| 68| -5.4
. 1]- 18.00 | HF/3-21G 20| 06| 58| 33| 49

Picture 7.Interaction energy between choosen molecule with other coloured molecules (kc/mol)
(Table has calculated in Crystal Explorer Programme by HF/3-21G model).
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4. CONCLUTION

Hirshfield surface analysis was used due to the crystal structure of the title compound, to

investigate weak N—H:-O hydrogen bonds and weaker C—H--Cl, C—Cl-- Cl halogen bonds
and O--- wstacking interactions which have an important role of crystal packing. Also, torsion
angles have calculated to determine the conformation of the molecule. Also, energy of inter-
molecular interactions was calculated and found that, main effect to the intermolecular interac-
tions is dispersion energy, and electrostatic and polarization interactions are weaker (so weak)
and interchanging energies have pushing character.

10.
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XULASO

Yarpaglarinda xlorofil a, b, (a+b), a/b gostericilori ve karotinoidlerin miqdarmin deyismasine goéra Oyranilon
yumsaq bugdamn (Triticum aestivum L.) 16 noévmiixtalifliyinden 33 niimunenin quraglq ve duzluluq streslorine
davamliliq daracalari teyin edilmisdir. Xlorofilin ve karotinoidlerin migdarndaki deyisikliklare goéra tedqiq edilon
niimunalordenerythrospermum k-31, miltrum k-6, lutescens k-29, barbarossa k-45, v.murinum k-71, ferrugineumk-12
niimunsleri ham quraqhiga, ham doe duzluluga davaml kimi geyd edilmislar.

Acar sozlar: bugda, quraqhq, duz, xlorofil, karotinoid.
OOTOCHHTETUYECKASI AKTUBHOCTD Y OBPA3LIOB MSITKOM IIIEHULIBI (TRITICUM AESTIVUM L.)
PE3IOME

Orpeseasian cTelleHM YCTOIMMBOCTY K 3aCyXe U 3aCOAEHNIO Y UCCAeJ0BaHHBIX 33 00pasLioB 16 pasHOBIMAHOCTENL
msrkont mmeHutrst (Triticum aestivum L.) 1o M3MeHeHMsM ITOKa3aTelell cojep>KaHuii xaopodmaaa a, b, (atb), a/b u
KapOTMHOMAOB B AUCThAX. [10 M3MeHeHnIO cogep>KaHms XA0poduaan KapOTMHOMAOB OOpasIIsl var.erythrospermuim k-
31, var. miltrum k-6, var. lutescens k-29, var. barbarossa k-45, var. murinum k-71, var. ferrugineum k-12 6p1411 OTMe4eHBI
KaK yCTOIYVBBIE K 3aCyXe U 3aCOAEHIIO.

Karouesbie ca0Ba: ITITIeHNIIa, 3acyXa,3acoeHne, XA0podpuil, KapOTUHOUABL
PHOTOSYNTHETIC ACTIVITY IN SAMPLES OF BREAD WHEAT (TRITICUM AESTIVUM L.)
ABSTRACT

Degrees of resistance to drought and salinity were determined in the 33 samples studied of 16 varieties of bread
wheat (Triticum aestivum L.) from changes in chlorophyll a, b, (atb), a/b, and carotenoid content in leaves.By changing
the content of chlorophyll and carotenoids, the samples var.erythrospermum k-31, var. miltrum k-6, var. lutescens k-29,
var. barbarossa k-45, var. murinum k-71, var. ferrugineum k-12 were noted to be resistant to drought and salinity.

Keywords: wheat, drought, salinity, chlorophyll, carotenoids.

Giris

Bugdanin bir cox novlarinin vateni Azarbaycan, Rusiya ve Italiyadir. Bugda bitkisi eranmiz-
dan avval 6-7-ci minilliklerds Orta Asiya, Yunanstan ve Bolqaristanda meslum idi. Bugda ¢ox
mithiim taxil bitkisi olub, Yer kiirasi oshalisinin oksariyysti iiglin esas arzaq kulturasidir.
Diinyanin har torafindes 80-dan ¢ox 6lkads bugda becarilr. XX-ci asrden baslayaraq, asas qgidasinu
diiyii toskil edan Cin, Yaponiya, Hindistan kimi 6lkalards emal edilmis bugda mehsullar1 genis
yayilmaga basladi. Bugda deninin dayari ondadir ki, o, ¢érak va ¢drok mamulatlarmin bisirilme-
sinda boyiik shamiyyat dasiyan kleykovinani emols gotirir. Digar taxillardan farqli olaraq, bug-
da unundan hazirlanan ¢orak daha ytiksak keyfiyyats, dada ve asan hazm olma gabiliyystine ma-
likdir. Bugda ununu ve nisastasini tibbi, kosmetoloji ve texniki magsadlarls da istifds edirlar [1].

Bugda bitkisi birillik kultura olub, ag, qurmuzi, agiq boz, qara renglarde miirekksb siinbiil
¢igok qrupuna malikdir. Stinbiilii bugumlu gévdadan va stinbiilciiklorden ibaratdir. Becarilma-
sina gora qishq ve yazliq bugdalar forqlondirilir. Qisadavamh bugda kimi qishq bugdan miila-
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yim iglim zonalarinda akirler. Biitiin akin sahalarinin 55-60% yazliq, 40-45% isa qisliq bugdanin
payma diisiir.

Bugdanin 28 névii melumdur. Bunlardan ikisi: yumsaq bugda (Triticum aestivum) ve bark
bugda (Triticum durum) xiisusi praktiki shomiyyet kasb edirlor. Yumsaq bugda ¢orok ve ¢orak
moamulatlarinin istehsalinda istifade edilir, bark bugda ise makaron unu ve yarmalarm
istehsalinda istifads edilir. Mahsuldarligina gore yumsaq bugda tistiinliik togkil edir.

Insanlarin gidasinda bugda memulatlarinin ¢ox béyiik ve mithiim yer tutmasmi, iglim
dayismalarini, artmaqda olan stres amilleri nazare alaraq, davamli bugda sortlarmin alinmasi
daim aktual masalo kimi tedgiqatgilarin ve seleksionerlarin diggat merkezinds durur. Bununla
slagadar olaraq, miixtelif nov ve névmiixtslifliklarindsn olan bugda bitkilerinin stres amillerin
tosirlarine qarsi cavab reaksiyalarini ve davamliliq deracelarini 6yrenmeak boyiik maraq dogurur.

Tadqiqat metodu

Yumsaq bugdanin (Triticum aestivum L.) 16 novmiixtelifliyinin niimunaleri ve 2 standart
niimuna (Aran ve Bezostaya) tadqiqatda istifade olunmusdur.Yarpaqlarda xlorofilin ve
karotinoidlerin miqdarinin dayismasine gore Oyrenilon bugda niimunslerinin quraqhq va
duzluluq streslorine davamliliq dareceleri teyin edilmisdir. Yumsaq bugda genotiplarinin
duzluluq va quraqliq streslorine davamlilig: ilo xlorofilin miqdar arasindak: slageni dyrenmok
{iglin Genetik Ehtiyatlar Institutunun agiq tarla sahasinden toplanmis tacriibs variantlarmin {ist
yarpaq nimunolori gotiiriilmiis ve laboratoriya seraitinde {i¢ tekrarda olmagqla, har smaq
stisasine diametri 0,6sm olan bes dairacik kesintisi alave edilerak, onlara davamliliq haddine
uygun duz ve quraqliq (saxaroza vasitasilo) stresi verilmisdir. Stres amillor olaraq, 2%-li NaCl
(14 atm) vo 20 atm. saxaroza mohlullarindan istifade edilmisdir. Spektrofotometrds (UV-3100
PC) xlorofilin optiki sixlig1 665 nm (xI a) ve 649 nm (x1 b), karotinoidlarin optiki sixlig1 ise 450 nm
dalga uzunluglarinda olglilmiisdiir. Duz ve quraqliq variantlarindaki pigment qatiliginin
nazarata gora faizls nisbeti tapilmis ve bu nisbet duza, quraghga davaml formalarin secilmasi
tigtin bir 6l¢li vahidi kimi gebul olunmusdur. Alinmis naticalar na gadar yiiksok olarsa, niimuna
bir o gadar davamli forma kimi qeyd edilmisdir [2]. Tadqiq edilen yarpaglarda xlorofilin va
karotinoidlerin miqdari deyiskenliyi sokil 1 ve 2,cadval 1-ds verilmisdir.

Tadqiqat isinin miizakiresi ve onun naticalari

Malumdur ki, respublikamizin sksar okin sahslerinin torpaglarinda duzluluq seviyyaesi
normadan xeyli yiiksekdir. Bu amil eyni zamanda quru vs isti iglim seraiti ile miigsayist olunur.
Bu sababdan bitkiler vegetesiya dovriinds ham quraqligin, hoam de duzlulugun tasirine maruz
qalirlar. Bu zaman ilk ndvbada su balans: dayisikliye ugrayir ve bitkiler susuzlugdan aziyyet
cokirlar [3]. Isti iglimda su itkisina yol vermamok iigiin bitki orqanizmindes miihafize mexanizm-
lari faaliyyete baglayir ki, bunlardan birincisi transpirasiyanin qarsisini almaq maqsadils agizag-
larm baglanmasidir. Lakin malumdur ki, agizaglar vasitssils tekce suyun tenzimlsnmasi yox,
ham ds qaz miibadilssi bag verir. Uzun miiddst agizciglarin bagli qalmasi bitkilare COz-nin daxil
olmasina mane olur, naticoda fotosintezin intensivliyinin asag1 diismasine, xloroplastlarda sintez
olunan tizvi maddalerin miqdarinin azalmasma sabab olur. Bu ise bitkilarin boytime ve inkisa-
fin1 langidir [4]. Fotosintez prosesini hayata kegiran va fotosistemin asas strukturunu tagkil eden
fotosintetik pigmentlerin normal ve stres amillsrin tesiri saraitinds ne kimi dayisikliys ugramasi
maraq kasb edir. Bu sebabdan tadqiq edilen bitki obyektlorinds stres saraitinds xla ve xl b-nin
miqdarmdabag veran deyiskenliklerin dyranilmesi 6nemlidir.
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Yumsaq bugda niimunslarinds quraqliq va duzluluq seraitinds tadqiq edilmis xI a, xI b va
xl (a+b), xI a/b gostaricileri cadval 2-ds, karotinoidlerin miqdar: ve bunlarin nezarste nisbati
(faizlo) sokil 1 ve 2-da verilmisdir.

X1 (a+b). Nozarat bitkilarinds bu gosterici 1,95ve 8,82ug/mm? arasinda doayisir. Maksimal
qiymet erythrospermum k-17, minimal ise barbarossak-43 novmiixtslifliklori niimunalarine
moaxsusdur. Quraqliq seraitinde xI (atb) 4,35 va 8,57 arasinda, duzlu miihitds iss 4,33-8,93
intervalinda yer almigsdir. Nazarate gore faizle nisbatde maksimal gosterici erythrospermumk-31
niimunslarine (quraqhiqda 120%, duzda ise 123%), minimal naticalar ise miltrum k-3, ferrugineum
k-27, erythroleuconk-36 vo glaucolutescensk-75 niimunsalorine (uygun olaraq, 87%; 80%; 67%, vo
80%) xasdir. Soranliq seraitinds xlorofilin ve karotinoidlerin miqdarmin quraqhga gors bir qadar
cox artmasi nazar diqqati calb edir. Duzlu miihitds xlorofilin miqdarinin quraqliga nazeran daha
¢ox artmasii duzun hiiceyra vakuollarinda toplanaraq, osmotik aktiv maddes funksiyas:
dagimaqgla, hiiceyrenin su potensialim asagi salib, osmotik tezyigi artirmasma ve suyun
toxumalar terafinden sorulmasma va hiiceyrads su balansmin qorunmasma yardim etmasi ilo
alagalondirmoak olar. Bu ciir mexanizmin faaliyyati su stresinin inkisafinin erkan morhalalarinda
taxillarda yarpagqlarin sululugu va fotosintetik aktivliyin miidafisasi ve funksionallig1 ti¢iin zemin
yaradir [5]. Bizim tocriibslarimizde goranhq seraitinde erythrospermum k-31 bitkileri nezarate
gore on yiiksak (123%), miltrumk-3 ve glaucolutescens k-75 tacriibs variantlar ise en asag1 naticelar
gostermisler (uygun olaraq, 70%; 77%).

X1 a/b. Tacriibs miiddatinde xlorofil a vo b-nin comi kimi nisbati do miixtalif giymatlor
almisdir. Eksperimentin nazarst variantlarinda x1 a/b nisbati 1,95-4,66 intervalinda doayiserak, an
yliksok gostorici barbarossak-43 (4,66), on asag1 qiymsat ise miltrumk-3 ndvmiixtalifliyine aid olan
bitki niimunslarinds olmusdur (1,95). Sonuncu niimunads har iki stres amilin tesiri altinda xI a
va xtisusile do xl b-nin miqdarmn (nazarstds 2,92; quraqhqda 2,1; duzlulugda 1,62) daha gox
asag1 diismoesi diqqgeti calb edir. Bu sababdandir ki, stres zamani xI a/b nisbati yiiksok olsa da,
pigmentlarin comi asag1 qiymst almigdir. Quraqhiqda bu dayiskenlik 2,13 (erythroleucon k-34) -
3,74 (hostianum k-59); duzlu miihitds ise 2,09 (hostianum k-59) - 4,15 (ferrugineum k-27) arasinda
bas vermisdir. Duzluluq seraitinde xlI a/b-nin nozareto faizlo nisbetine goratedqiq edilon
variantlardan barbarossak-45 (110%), delfik-79 an yiiksok faiz deracesinae (114%), hostianumk-59,x1
b-nin xI a-ya nazeran daha ¢ox artmasisebaebile (nazarstda xl a 4,5, xI b 1,23; soranliqda xI a 4,66,
x1 b isa 1,78), on asag1 faiz daracesine (72%) malik olmuslar.

Karotinoidlar.Toedqiqat isinds stres seraitds xlorofil a ve b-nin miqdarindaki dayisiklikls
yanas, bitkilorin pigment sisteminda shamiyyatli yer tutan karotinoidlerin do miqdar1 dyranil-
misdir. Karotinoidlar biitiin fotoavtotrof orqanizmlerds istirak eden komakgi fotosintetik pig-
mentlar olub, qoruyucu ve struktur funksiyalarin dagiyicilaridirlar: 1) slave pigmentlar kimi
isigin asag1 dalga uzunluglarindaki spektrlorinin udulmasinda istirak edir ve isiq enerjisini
xlorofil a-ya miqrasiya edirlar; 2) oksigeni ve xlorofil molekullarini fotooksidlasmadan qoruyur-
lar. Karotinoidler triplet seviyyesinds olan xlorofillo reaksiyaya girarak, onun geridénmoez
oksidlesmasinin qarsisin alir, xlorofil singlet saviyyaye qayidir[3]. Eyni zamanda yosunlarda vo
ali bitkilords fealiyyet gostoran ekstraplastid ve ekstratilakoid lokalizasiyali karotinoidlsrin isigin
dagidicr tesirine davamli formalar1 izafi sialanmanin qarsisi kesmokls fotomiidafie
mexanizmina malik olmas fikri do nazarden kegirilir. Bir sira islords fotosintezin qorunmasinda
va antioksidant miidafiads karotinoidlarin shamiyyatli rolu olmasi barads malumat verilir [6].

Stres goraitde karotinoidlerin miqdarmin toyini burada keskin dayiskenliklarin oldugunu
gostordi (Cadval 1). Belo ki, nazarato gora dofslorle artim ve azalmalar miisahide edilmisdir.
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Qeyd etmak lazimdir ki, quraqhq seraitinds daha gox artmalar, duzluluqda iseazalmalar miisa-
hids edilmisdir. Quraqhqda karotinoidlarin miqdar1 nazarats gors faizls 82-236 % intervalinda
doayisikliys ugramsdir. Maksimum gosterici k-12 ferrugineum, minimal qiymet ise k-24
ferrugineummévmiixtalifliyi niimunalarine meaxsus olmusdur. Soranliqda karotinoidlarin miqdar:
44-152% diapazonunda dayismisdir. Burada gostericilorin an yiiksek qiymeti yens da k-12
ferrugineum, oan asag1 qiymoti ise k-27 ferrugineum névmiixtalifliyi nlimunslarine aid olmusdur.
Ham quragliqda, hem soranhqda karotinoidlsrin miqdarmin maksimum ve minimum qiymat-
larinin ferrugineumailasina maxsus olmasi diqqpati calb edir. Karotinoidlerin migdarmin bu gadar
genis diapazonda doayismasi ferrugineum-un bazi niimunslorinin stres amillorin tesirine qarst
davamli, bazilerinin ise hessas olmasimna dslalst edir vebu névmiixtslifliyinin qgeyri stabilliyi

barado diistinmaya asas verir.

Cadval 1. Yumsaq bugda ( T. aestivum L) niimunalerinin yarpaglarinda karotinoidlarin migdar1

Nov miixtaliflik- | Vahid yarpaq sahasinda Nozaroats gora karoti-
'7% - lorinin adi. karotinoidlarin migdar1 mkg-la noidlarin miqdar1 %-ls
5 % Nozarot Saxaroza NaCl Saxaroza NaCl

St. Aran 0,646 0,52 0,66 80 103
St. Bezostaya 0,5 0,39 0,66 78,4 132
k-1 graecum 0,63 0,705 1,0 112 160
k-2 miltrum 0,62 0,58 0,94 93 152
k-3 miltrum 0,60 0,73 0,68 122 113
k-6 miltrum 0,73 0,69 0,89 94 121
k-8 miltrum 0,66 0,63 0,66 94 100
k-12 ferrugineum 0,317 0,48 0,75 152 236
k-17 erythrospermum 0,81 0,62 0,77 77 95,5
k-23 ferrugineum 0,51 0,68 0,53 133 104
K24 ferrugineum 0,59 0,49 0,48 82,9 82
k-27 ferrugineum 0,39 0,17 0,46 44 119
k-29 lutescens 0,48 0,56 0,63 116 132
k-31 erythrospermum 0,42 0,40 0,52 94 123
k-34 erythroleucon 0,46 0,25 0,62 55 134
k-35 erythroleucon 0,66 0,72 0,90 107 135
k-36 erythroleucon 0,43 0,45 0,87 104 202
k-43 barbarossa 0,44 0,33 0,53 76 121
k-45 barbarossa 0,40 0,53 0,62 132 154
k-48 albidum 0,54 0,45 0,72 83 132
k-57 hostianum 0,42 043 044 103 105
k-59 hostianum 0,61 0,69 0,55 113 91
k-62 velitinum 0,25 0,25 0,45 98 180
k-63 leucospermum 0,63 0,58 1,12 91 177
k-65 leucospermum 0,65 0,47 0,74 72 113
k-66 ps.meridionale 0,85 0,54 0,72 63 85
k-67 ps.meridionale 0,51 0,42 0,71 82 139
k-71 v. murinum 0,55 0,73 0,98 131 176
k-72 cianotrics 0,52 0,49 0,53 95 103
k-75 glaucolutescens 0,54 0,45 0,74 83 138
k-78 delfi 0,58 0,69 1,0 119 172
k-79 delfi 0,50 0,44 0,72 89 144
k-96 hostianum 0,60 0,7 0,95 116 157
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Belaliklo, stres goraitde fotosintetik piqmentlorin miqdarma gora erythrospermum k-31,

miltrum k-6, lutescens k-29, barbarossa k-45, v.murinum k-71, ferrugineum k-12 niimunelarini
davamli, digar niimunalari iss orta davamli ve hassas kimi geyd etmak olar.

160
140
120
100
80
60
0
20
o0

140
120
100
80
60
40
20

ODOBIYYAT

www.wikipedia.com

Metod1 opredeleniya ustoychivosti rasteniy k neblaqopriyatrim usloviyam sredi. L., 1976, p.46-61 (Metoamr
oIpejeAeHs yCTOMIMBOCTY pacTeHMii K HeDAaTOIIPIsATHBIM YCAOBMAM cpeapl. /1, 1976, c.46-61)

Polevoy V.V. Fiziologiya rasteniy. Visshaya shkola, M., 1989, p.464. (IToaesoit B.B., ®usnosorns pacrenmii,
Bricmmast mkoaa, M., 1989, 464 C)

Kusnetsov VLV, Dmitriyeva G.A. Fiziologiya rasteniy. M., Abris,2011 (Kysnenios Ba.B, Amurpuesa I'A..
@usnoaorus pacreHuit. M., Abpuc, 2011)

fvanov A.A. Sovmestnoye deystviye vodnogo i solevogo stressov na fotosinteticheskuyu aktivnost listyev
pshenits1 raznogo vozrasta. Fiziologiya i bioximiya kulturmix rasteniy, 2013,T.45,No2,p 155-163 (VBaHoB A.A.
CoBmecTHOe JeiiCTBIIe BOAHOIO ¥ COAEBOIO CTPeccoB Ha (POTOCHHTETHYECKYIO aKTMBHOCTb AVCTHEB ITIIEHNITbI
passorO Bo3pacTa. Pr31oA0TMs 1 OMOXMMILA KyABT.pactenuii, 2013, 1.45, No2, c. 155-163.)

Radyukina N.L. Funksionirovaniye antioksidantnoy sistemi dikorastushix vidov rasteniy pri kratkovremennom
deystvii  stresorov. Doktorskaya dissertasiya. Moskva,2015. (Pagioxmna H.A. ®ynkimonnposaHue
AHTMOKCHMJAHTHON CHCTEMBI AVMKOPACTYIIMX BUAOB pacTeHMiT IIPY KPaTKOBpPEMEHHOM JAEVICTBUM CTPECCOpPOB.
Aokropckas auccepranyst. Mocksa, 2015.)

58



JOURNAL OF BAKU ENGINEERING UNIVERSITY - CHEMISTRY AND BIOLOGY
2020. Volume 4, Number 1 Pages 59-65

YAK 631,8

INVESTIGATING THE EFFECTS OF ORGANIC COMPOUNDS ON
BEAN SEEDS AS STIMULANT IN LABORATORY CONDITIONS

R.A.ASADOVA
Y.H.Mammadaliyev Institute of Petrochemical Processes of Azerbaijan National Academy of Sciences,
Az 1025, Baku, 30 Khojaly Avenue

r.asadova88@mail.ru

ABSTRACT

The salts and complex compounds of oil acid and herbal acids, as well as nitrate and phosphate complex
compounds of dialkylamines have been synthesized in the article. The different concentrations of these compounds
have been prepared and their stimulating effect on the bean seeds has been studied in laboratory conditions. As a result
of the experiments, it was determined that, 0,001-0,0001% solutions of the synthesized compounds accelerate
germination of the seeds and provide a higher germination percentage than the control option of the seeds.

Key words: climate change, bean plant, plant stimulants

LOBYA TOXUMLARINA BOZi UZVi BIRLOSMOLORIN LABORATORIYA SORAITINDO
STIMULASDIRICI KiMi TOSIRLORININ ARASDIRILMASI

XULASO

MBagqalads neft tursusunun ve bitki mangeli tursularin duzlarmmn ve kompleks birlogsmolarinin, eyni zamanda
dialkilaminlarin nitrat ve fosfat kompleks birlosmalari sintez edilmis, bu birlosmalarin miixtelif qatiligli mehlullarmin
laboratoriya seraitinds lobya bitkisinin toxumlarina stimulagdiric tesiri dyrenilmisdir. Aparilmis tacriibslar naticesinda
milayyan edilmisdir ki, sintez olunan bu birlesmalerden 0,001-0,0001%-li mahlullar bitki toxumlarmmn ciicormasini
tezlasdirir ve toxumlarin nazarst variantina nisbaten daha yiiksek ciicarms faizini temin edir.

Acar sozlar: iqlim deyisikliyi, lobya bitkisi, bitki stimullagdiricilar:
VCCAEAOBAHME CTUMY ASLIVIOHHOT'O AEMCTBUS HEKOTOPBIX OPT AHMYECKIX
COEAVIHEHUI HA CEMEHA ®ACO/S5 B AABOPATOPUI

PE3IOME

B crathe cuHTe3MpOBaHBI COAM M KOMILAEKCHBIE COeAMHEHNS HeTAHBIX M PacTUTeABHBIX KICJAOT, a TakKe
HUTpaTHBIe U PpocdaTHbIE KOMILAEKCH AMaJKMAaMUHOB, MICCAAOBAaHO CTUMYAUPYIOIee AeVICTBUE PacTBOPOB BTUX
COeAVIHEHUI Pa3AMYHON KOHLIEHTpAaIMM Ha ceMeHa (acoay B AaOOpaTOPHBIX YCAOBMAX. DKCIIEPUMEHTHI ITOKa3aal,
gro 0,001-0,0001% pacTBOpBI STUX CHHTE3MPOBAHHBIX COeAVHEHMII YCKOPSIOT ITpopacTaHue CeMsIH PacTeHUI I
obecrreunBaloT 00ee BRICOKYIO BCXOXKECTh, YeM KOHTPOABHBIN BapuaHT ceMsH. KaroueBrie c10Ba: M3MeHeHe KAuMara,
(acoan, cTMMYAATOPHI pacTeHNIA.

Karouesbie ca0Ba: u3MeHeHNe KAuMara, (pacoab, CTUMYASITOPH PaCTeHNIA.

1. Introduction

Increasing the productivity of agricultural crops, which are an important component of the
population's food needs always remains a topical issue. Due to climate change, the reduction in
the productivity of agricultural plants requires more attention to this area. Over the past decade,
the planet's climate change problems have a significant impact on the development and
productivity of agricultural products [1, 2].

In addition to complying with agrotechnical rules to increase productivity of agricultural
crops, there is a need to develop science-based approaches [3]. Obtaining and applying plant
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stimulants in recent years is of great interest. Stimulants affect the root and hull systems of
plants, causing drought and harsh climatic resistance and productivity increase [4].

Plant stimulants are natural or synthetic physiologically active compounds, causing minor
changes in plant growth and development. They are powerful biostimulants that increase the
immunity, rooting of the pens, the number of the sprouts of the seeds, and also the adverse
environmental conditions - cold and drought resistance. [5-6].

Preserving the seeds for a long time in the solutions reduces the seed germination energy
and germination percentage [7, 8].

Most of these substances are taken biologically, but this does not cover their needs. Creating
a base for the plant growt in the country is a very important issue.

In our institute there are works in this direction and some results have already been
achieved. From the point of view of easy access to raw materials, works have been carried out
primarily for obtaining oil-based stimulants.

It has been tested in plants as stimulants by taking many water-soluble compounds based
on natural petroleum acids. It has been revealed that, when soaked plant seeds and tree fibers in
the 10°-104% solution of these substances over a period of time and then planting, the
germination begins more quickly and the germination rate is higher than that of control. There is
an increase of 70-80% in the root system of plants, which leads to the increase growth and
productivity of planted plants. The observations on peas, corn seeds and pomegranate seedlings
used by the compounds of these compounds show that the synthesized compounds are an
effective plant growth [9, 10].

Recent experiments with agricultural crops have shown that, sowing and irradiation of
seeds with various microelement solutions before their sowing improves their germination
ability and creates drastic changes in the life activity of the seedlings [12].

The sowing of plant seeds before planting is the technology used to obtain the favorable
economic indicators of plants in agriculture. This technology is widely used in some foreign
countries. This leads to increased productivity and quicker results. The irradiation of seeds
before their sowing affects the subsequent development of the plant [13]. The irradiation of plant
samples creates changes in the germ and plasma of the seeds, which shows the positive and
negative aspects of the plant's life activity [14].

As a continuation of the work, we have investigated the effects of salts and complex
compounds of natural petroleum acids and herbal acids, as well as synthesis of nitrate and
phosphate complex compounds of dialkylamines and their effects on the seeds of the bean plant.

In practice 1, we have examined the effects of the synthesized compounds on the seeds of
the bean plant. For this purpose, 6 seeds were placed in each Petri dishes, distilled water was
given as a solution and a control option. 15 ml of solution and 15 ml of distilled water was added
as a control solution in each Petri dish. Seeds soaked in Petri dishes are shown in Figure 1 below.
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Figure 1. Bean seeds soaked in solutions in Petri cup

The dry mass of the seeds was measured and the mass of the seeds was re-measured after 24
hours of irrigation, the number of sprouts studied and is shown in Table 1.

Table 1- The dry mass of the seeds and the mass of the seeds after 24 hours of irrigation, the number of sprouts

e B | B =
§ 2 2 & a % 5
_ £ 5| & | g8 | g | &3
Ne Practice 2 JE ) E %‘ 5 ﬁ % § g
The name of the substances g £ P 2 k= s
g E g I A -
J s E &% &
e & | & =
1 NPA+Na salt 0.0001 6 3.02 5.964 2.944 1
1 NPA+Na salt 0.001 6 3.01 5.446 2.436 1
2 NPA+K salt 0.0001 6 3.01 5.371 2.361 1
2 NPA+K salt 0.001 6 3.01 5.679 2.669 -
3 NPA+MEA comp. 0.0001 6 3.03 5514 2.822 3
3 NPA+MEA comp. 0.001 6 3.06 5.882 2.522 1
4 NPA+DEA comp. 0.0001 6 3.03 5.535 2.505 3
4 NPA+DEA comp. 0.001 6 3.04 5.742 2.702 2
5 NPA+TEA comp. 0.0001 6 3.00 5.855 2.855 2
5 NPA+TEA comp. 0.001 6 3.01 5.589 2.579 1
6 NPA+ isopropylamine comp. 0.0001 6 3.02 5.581 2.561 1
6 NPA+ isopropylamine comp 0.001 6 3.01 5.453 2.443 3
7 NPA+ isobutylamine comp 0.0001 6 3.05 5.612 2.562 3
7 NPA+ isobutylamine comp 0.001 6 3.05 5.291 2.241 -
8 NPA+ isobutylamine comp 0.01 6 3.05 5.671 2.621 2
8 Control - 6 3.04 5.310 2.270 4
9 Dipentylamine nitrate comp. 0.001 6 3.01 5.802 2.792 1
9 Dibutylamine nitrate comp. 0.001 6 3.03 5.218 2.188 3
10 Dipropylamine nitrate comp. 0.001 6 3.03 5.555 2.525 3
10 | Dipentylamine phosphate comp. 0.001 6 3.04 5.640 2.600 3
1 Dibutylamine phosphate comp. 0.001 6 3.02 5.517 2.497 1
1 Dipropylamine phosphate comp. 0.001 6 3.04 5.531 2419 1
12 | SunOA+Na salt 0.0001 6 3.02 5.966 2.946 1
12 | SunOA+Na salt 0.001 6 3.04 6.165 3.125 -
13 | SOA +Na salt 0.0001 6 3.06 5.823 2.763 2
13 | SOA+Na salt 0.001 6 3.03 5.158 2.128 6
14 | OA+Na salt 0.0001 6 3.01 5.655 2.645 2
14 | OA+Na salt 0.001 6 3.01 5.281 2271 5
15 | AZOFOSK 103 0.001 6 3.06 5.229 2.169 5
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15 | The diethanolamine comp. of oscipropyl 0.001 6 3.07 5.591 2521 5
derivative of Laurine's acid
16 SOA+TEA comp. 0.0001 6 3.01 5418 2.408 2
16 SOA+TEA comp. 0.001 6 3.06 5.232 2.172 6
17 | SunOA+TEA comp. 0.0001 6 3.03 5.368 2.338 5
17 SunOA+TEA 0.001 6 3.02 5997 2.977 2
18 OA+TEA 0.0001 6 3.01 5.595 2.585 1
18 | OA+TEA 0.001 6 3.02 5.321 2.301 3
19 SunOA+MEA 0.0001 6 3.01 5.567 2.557 2
19 SunOA+MEA 0.001 6 3.08 5.133 2.053 1
20 | SunOA+DEA 0.0001 6 3.04 5.979 2.939 1
20 | SunOA+DEA 0.001 6 3.06 5.400 2.340 1

Figure 2. Bean seeds soaked in the AZOFOSK 107 solution in Petri cup

It is understood from experience that, the seeds soaked the AZOFOSK 107 solution have
improved better.

In Practice 2, we examined the effects of the physiological activity solution we gained from
experience 1 on the irradiated seeds in different doses.

15 bean seeds in each of the Petri dishes radioactive irradiated in the REXUND 20,000
radiation device (Cos-radiation source) of the Scientific research department of "Isotope origin
beam sources" of Radiation Problems Institute. Then, it was maintained at 0,0001% of the
AZOFOSK 10°%, which was a good result in practice 1. The seeds we took as a control variant
were not radiated and Control 1 was used only in distilled water, Control 2-Physiological
Solution (AZOFOSK 10?). The dry mass of the seeds was in the range of 8.20-8.52 gr.

The number of germinating seeds and sprouting percentage is calculated, it was noted in
Table 2.

Calculation of germination percentage:
n
a=—100
m

a- germination percentage, n- germinating seeds, m- total seeds
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Table 2 - The number of sprouts and germination percentages are given

~ < .

2 % The number of sprouts Germmaho?

g 8 percentage %
No Gr 2 ?‘2

é’ 2 22.02.19 24.02.19 22.02.19 24.02.19

s

1 6 12 14 80 93
2 6 12 14 80 93
3 10 6 12 15 80 100
4 50 6 11 14 73 93
5 100 6 12 14 80 93
6 200 6 10 14 66 93
7 300 6 7 7 46 47
8 Control 1 6 13 15 86 100
9 Control 2 6 14 15 93 100

pH has a positive and negative impact on the development of plants. Plants easily absorb
nutrients at optimum pH levels, and if the pH is not at a suitable level, the plant loses its ability
to absorb some key elements needed for healthy growth, and it leads to the destruction of the
plant. There is a certain level of pH that provides optimal results for all plants. For some plant
species, it should be approximately 6.8 - 7.5 [15]. pH is better developed in the 6.2-7.5 for the
development of the bean plant. pH of solution is - 7. The pH of the solutions in each container is
measured and is shown in Table 3.

Table 3. The pH of the solutions in seedlings was measured

No Gr pH
1 1 8
2 5 7.9
3 10 7.9
4 50 7.6
5 100 8
6 200 7.5
7 300 7.3
8 Control 1 8.8
9 Control 2 8.5

The total mass and total length of the sprout in different radiation doses was measured and
the results were noted in Table 4.

Table 4. The total mass and total length of the sprout in different radiation doses

No Gr Meplany) gr Lplant)cm

1 1 4.67 65
2 5 349 40
3 10 3.86 62
4 50 4.46 63
5 100 2.75 43
6 200 3.90 31
7 300 - -

8 Control 1 4.49 60
9 Control 2 4.62 65
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Figure 2. Bean seeds irradiated in different doses in AZOFOSK 103

Result

According to the literature, we can say that the effects of low doses of radiation on
germination of seeds of cultivated plants usually do not produce negative results. However, in
very high doses, radiation can cause various harmful effects on plants, which can be an example
of the increase in the sensitivity of the nucleus, the structure of membrane proteins and the
molecular structure to be affected more than 10 times. Research shows that, the seeds stored in
the 0.001% solution of the AZOFOSK 1072 have a high total mass of the sprouts of the seeds and a
large total length. Experiments show that, activity is observed in the physiological processes of
the sprouts of the seeds irradiated in low-dose of 0.001% solution of AZOFOSK 10 - seeds and
has a positive effect on biometric indicators.
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ABSTRACT

Taxonomic characteristics, environmental protection and the problem of the protection of vegetation at
biogeocenosis, as well as flora is a topical issue from the scientific point of view in modern times. Taking into account
this modern problem, ecological-phytocenological characteristics of the Shirvan National Park (hereinafter referred to
as SNP), established in the territory of the Caspian Sea in the area of 54373.5 hectares, were studied on the basis of
progressive geobotanical methods.

Scientifically non-protection of natural phytocenoses which is spread over the SNP, soil and climate. Environ-
mental factors, as well as adverse anthropogenic and technogenic impacts of vegetation covering (wind erosion and
salting), wane of psammophytes desert vegetation, flooding or transfer are observed.

Keywords: taxonomy, biogeocenosis, formation, association, dominant, subdominant, edificators, psammophytes.

9KOA0I'O - PUTOLNEHOZOIMYECKNUE OCOBEHHOCTH 1 OXPAHA PACTUTE/ABHOCTU
MIMPBAHCKOI'O HAIIMOHAZIbHOT'O ITAPKA

PE3IOME

TakcoHOMITUECKAsT XapaKTePIICTIIKA, OXpaHa OKPY>KaIOIIell cpeAsl 1 IIpobaeMa 3aIfuThl pacTUTEABHOCTH Orore-
OIIeHO03a, a TaKKe pacTUTEABHOTO MUpa SABASETCS aKTyaAbHON IIP00AeMOTI ¢ HayJIHON TOUKM 3peHNs B Halrle BpeMs. C
YJeTOM 9STOl COBPeMEHHOI IMpoDAeMBLI Ha OCHOBE IIPOTPECCHBHBIX TeOOOTaHIIECKMX MEeTOA0B M3YYeHBI DKO.J0TO-
¢urorienosormyeckne xapakrepucruku IllupsaHckoro HamyoHaapHOro Imapka (dazee - IITHIT), cosaanHOTO Ha
teppuropuu Kacrimiickoro mops Ha raomaau 54373,5 ra.

C Hay4HOJI TOUKM 3PeHIT He3allMIIeHHOCTh eCTeCTBEHHBIX (PUTOIIeH030B pactipocrparsercs Ha [ITHIT, mousy u
kamMat. Habaiogarorest 9Koaormdeckme (PakTophl, a Takke HeDAarompusATHBIE aHTPOIOTEHHLIE VI TeXHOTeHHEBIe
BO3JEJVICTBYSI PAacTUTEABHOTO IIOKpOBa (BETpOBas DPO3NUsA U 3acOo]eHMe), yObLAb IICAMMOQUTHONM pacTUTEeABHOCTU
IIyCTBIHY, 3aTOILAEHE LAY IIePEHOC.

Karouesbie caoBa: TakCOHOMILS, O1OTeorieHos, popMaryisl, acconyarnys, AOMIHaHTa, CyDAOMMHaHTa, DAvrKa-
TOPBI, IICAMMOQMTEL

SIRVAN MILLi PARKIN BITKIiLIYININ EKOLOJi - FITOSENOLOJi XUSUSIYYOTLORiI VO MUHAFiZosi
XULASS

Otraf miihitin qorunmasi ve biogeosenozda bitki Ortiiyiiniin, eloco ds, floranin miihafizesi problemi miiasir
dovrde elmi-praktiki baximdan aktualliq kesb edir.

SMP-in arazisinde yayilan tebii fitosenozlarn diizgiin qorunmamasi ve miihafize edilmamasi sebabinden,
torpag-iglim va s. ekoloji amillerin, habels manfi antropogen va texnogen tosirlorden bitki ortilyii deqradasiyaya (kiilok
eroziyasi ve sorlasmaya) meruz qalmisdir. O climladen, erazinin deniz sahili psammofit sehra bitki ortiiyiiniin daha da
seyroklosmasi, su basmasi ve yaxud transfressiyasi miisahide edilmisdir. Bu ciir proseslarin garsisinin alinmasi ve
ceyranlarm yem menbayinin miihafizesi ilo bagh Azarbaycan Respublikasi Prezidenti conab flham Sliyevin 2003-cii il
05 iyul tarixli 1298 sayli sarencamui ila Conub-sarqi Sirvanda Sirvan Milli Parki 54373,5 hektarliq sahadas yaradilmigdir.

Acarsdzlar: taksonomiya, biogeosenoz, formasiya, assosiasiya, dominant, subdominant, edifikatorlar, psammofitlar.

Object and method of research. Main purpose of the establishment of the SNP is to refine the
favorable environmental for the semi-desert and desert landscape of the area, as well as the
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gazelles (Gazella subgutturoza) and birds fallen into the "Red Book of Azerbaijan" and for
conservation of other fauna species.

The Shirvan State Nature Reserve and the Bandovan reserve, which is part of the

SNP, have been carried out in geobotany studies (ecological profile) during 2019-2020. It has
been discovered that the soil cover has been poorly developed in the region. There are 117 650
hectares of saline and saline gray-meadow, gray-meadow soils and the Caspian seashore: 24150
hectares or 20.5% belong to blown sands [10]. The sands were formed as a result of littoral
sediment and abrasion. [14]. The direct and immediate environmental impact of the formation of
psammophytes in the sandy hills is the wind; At the result of the strong wind, those plants stay
under the sands, and their roots dry, on the contrary, wind-resistant plants complete the
vegetation on the sand. Here are some types of halophytic or saline plant species [12, 18]. Humus
and other fertility indicators in the sandy land are low. Therefore, the productivity of the SNP
vegetation is declining and the gazelle’s feed stocks are exhausted.

The reason for the difference climate between the northern and southern parts of the SNP
area is the uneven distribution of atmospheric precipitation. This difference, depends on the
relief of the area and the average annual temperature [5]. Ecologicalphytocenological studies of
the SNP (2019-2020) were conducted for the first time on a routine method based on the 1: 25000
scale state land subsidy plan.

In this regard, identification of the following is suggested:

- registration of species composition and structure of phytocenosis;

- the classification of the modern classification of vegetation on the principles of domination;

- preparation of scientific and practical recommendations on plant protection measures in the
territory of SNP, based on relevant researches and investigation results.

During the field research, the herbariums collected from the Caspian coastal vegetation on
the territory of SNP were reported by Flora Azerbaijan [19], EIM. Gurbanov [8] identified
systematic taxon in the nomenclature of species identified as "International Botanical Codexes",
as well as S.Kerepanov [21] was taken into account , as well as floristic indicators were revealed.

Research shows that there are 7 endemic plants spicies in the SNP flora:

These species are spead - Calligonumbakuense, Taraxacumdesertorum, Artemisia
szovitsiana — Endemics of Azerbaijan; endem species of the Caucasus - Astragalus hyrcanus,
Medicago caucasica , Carduusseminudus and Astragalus stevenianus [15].The aforementioned
species have reached the limit of destruction at the result of anthropogenic factors and
technogenic effects, and such adverse effects pose a threat to gazelles and birds [11]. Therefore,
SMP's vegetation protection has a great importance as the actual problem [5].

As seen from the scheme of phytocenology-ecological classification, SNP's plant has 13
formation classes of 5 types and 30 associations on 25 formation groups.
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Ecological phytocenology classification scheme of the shirvan national park

TYPES Formationclasses | Formationgroups Associations
1 2 3 4
L1.Desert Dry subtropical and phytocenosis of semi-desert zone
Coastal L. Marine desert vegetation on the shore
psammophytes . . . .
Desert psammophytes— 1. Melilotusetum-— 1. MelilotusetumpolonicuArtemisiosum
Artemisiosu m Artemisiosum arenaria
2. Ephemeretum-— 2. Ephemeretum—Artemisiosumscoparia
Artemisiosum
LITTORAL- 3. Ephemeretum-— 3. Ephemeretum —
Convolvulusosum | Convolvulusosum Convolvulusosumpersicum
LITTORAL- 4. Argusieta 4. Argusieta
Argusiosum 5. Efemeretum— 5.Ephemeretum-Arquziosumsoqdiana
Argusiosum
L 2. Coastal II. Halophyte phytocenoses, which extend to salty and grayish grasses
halophyticdesert bushy — 6. Halocnemeta 6.Halocnemeta Strobilaceum
halophyte 7. Halocnemetum— 7.Halocnemetum strobilaceum-—
Halostachysosum Halostachysosumbelangeriana
8. Ephemeretum-— 8.Ephemeretum-
Kaediolosum KalidiosumCaspicum
9. Suaedaetum-— 9.Suaedaetum dendroides—
Haloestachysosum Halostachysosumbelangeriana
Salicornietumeurop | 10. Petrosimonieta 10.Petrosimonieta brachiata
aca 11.Climacopteretum- | 11.Climacopteretum crassa—
Pertosinoniosum Petrosimoniosum
brachiata
12. Climaceptereta 12. Climacopteretacrassa
13. Salicormieta 13.Salicormieta europaea
1L III. The semi-desert spread on salty gray-meadow lands
/Semideserta/ Ephemeretum- 14. Ephemereta 14 Bromus japonicus,
III. 1. Sea coastal Artemisiosum— LoliumrigidumHordeumleporinum
semideserta erennial . .
P 15. 15. Ephemeretum-Artemisiosumlerchiana
Artemisietum Ephemeretum-
Artemisiosum
16.Artemisie| 16.Artemisietum lerchiana—Salsolosum
tum-— dendroides
Salsolosum
17.Artemisie| 17.Artemisietum lerchiana—
tum— Salsolosumericoides
Salsolosum
IV. Meadow IV. Hole-meadowvegetation spread on the open gray -grass soils
1 .Sea‘ coastal bushy- herbivorous | 18 Tamarixeta— 18.Tamarixetum ramosissima—
-herbivorous Alhagietum— Alhagiosumpseudoalhagi
Cynodonosum 19.Alhagietum pseudoalhagi—
Cynodonosumdactylon
bushy- 19.Tamarixeta— 20.Tamarixeta Hohenackeri—
variousgrass- salsoletum— salsoletumdendroides—
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herbivorous Limoniosum limoniosumcaspicum

21.Tamarixetum ramosissima—

Salsolosumdendroides
22.Salsoletum dendroides—
Limoniosummeyeri
bushy-bean- grassy | 20.Tamarixeta— 23.Tamarixeta- ramosissima-Alhagietum-
Alhagietum— pseudoalhagi—-ArtemisiosumSzovitsii
Artemisiosum 24.Alhagietum- pseudoalhagi—
Artemisiosumszovitsii
V.Water-swamp V. Water-sawmoplant spreading in the Subasarsoils
grass-wetland 21.Phragmiteta 25.Phragmiteta australis
22.Calamagrosetum | 26.Calamagrosetum epigoios-
—Phragmitosum Phragmitosum
australis

PhragmitetumCarexo| 23.Phragmitetum 27 Phragmitetum australis—

sumswamp Carexosum Carexosumriparia

Bushy- 24 Tamarixeta— 28.Tamarixetum ramosissima
Tamarixeta— Phragmitetum- 30.Phragmitetum australis—
Phragmitetu m Carexosum Carexosumdivusa

Bushy- 25.Tamarixeta— 31.Tamarixeta hohenackeri-
Phragmitetum— Phragmitetum— Juncusosummaritimus
Juncusosum Juncusosum

Result. The phytocenological characteristics, their species composition, ecological groups,

and the distribution areal have been studied individually according to the phytosanological
classification of the Caspian coastal vegetation reflected in the scheme and growing in SNP area
and characterized as follows:

1.

Melilotuspolonicus, Artemisia arenaria, A.scoporia species in Hashabulliwormwood
formation group belonging topsammophytes -wormwood formation group registered in the
psammophytesphytocenosis has edificators, as well as dominating and subdominance in its
composition. The sea coastal psammophytes are mainly found on sandy soils, as well as in
sandy hills. Approximately 3 species of desert-type plant species are concentrated. Here the
same kinds of psammophytes dominate.

Marine coastal or halophytic desert plant is found in saline and saline grassland soils.This
plant contains 8 form groups of bloom-halophyte and one-year saline form: Halocnemeta,
Halocnemetum-Halostachysosum, Kalidieta, Ephemeretum—-Kalidiosum, Suaedaetum-
Halostachysosum; one-year saline belongs -

Petrosimonieta,Climacopteretum — Petrosimoniosum, Climacepterieta and Salicornieta.

3.

Semi desert vegetation as a halophytic desertousphytocenosis of the Caspian

Sea coast is spread in gray-meadow soils,as well as Ephemereta, Ephemeretum-Artemisiosum

and Artemisietum — Salsolosumericoides grouping belonging to Ephemeretum-Artemisiosum
can be found.

4.

Meadow plants vegetation includes Tamarixeta-Alhagietum-Cynodonosum, Tamarixeta-
Salsoletum-Limoniosum and Tamarixeta-alhagietum-Artemisiosum growing in gray-
meadow soils.
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5. The wetlands vegetation (in the SNP territory) are spread over the Caspian Sea coast and in
the land around the "Chalagol". Here formation of groups such as Phragmiteta, Calama-
grosetum-Phragmitosum, Phragmitetum-Carexosum,

Tamarixeta-Phragmitetum-Carexosum and  Tamarixeta-Phragmitetum-Juncusosumbe-
longing to grassy-marshy have been identified.

From the natural phytocenosis mentioned above, the most extensive range of sea
coastalpsammophytes and halophytic desert, as well as biomorphological (life forms) and
ecological analysis of composition, structure (abundance, lightness and design cover) of the main
forms of semi-desert, grassland and water-wetland plantscharacterized by drawings.

We conclude that in recent years, the phytocenoses have been exhausted in their plantation
on the territory of the SNP, and their structure thinned and there is a rederivation or secondary
plant cover.

We recommend the following safeguard measuresin order to prevent environmental
hazards associated with wind erosion (deflation), salinization, and degradation, which may
occur in the Shirvan National Park on the coastal of Caspian Sea, as well as for the protection of
vegetation.

UsingTamarixromosissima, Calligonumbakuense, Salix australis, Juncus littoralis, Phragmites
australis, Carexriparia species in strengthening of the blown sandstone at the seaside and
organization of forest strip.

- Conducting ecological-phytocenological investigations and floristic investigations of the
area in "stationary" conditions on a regular basis to improve the living conditions of gazelles
and birds as well as the living environment;

- Creating a buffer zone within the park, as well as prohibition of cattle grazing, anthropoge-
nic factors and man-made effects

In this regard, it is possible to improve the favorable climatic and soil ecological conditions
by planting the mentioned plant species in the area. Thus, it is advisable to organize wind-
protective forest strips in the explored SNP.

One of the most important measures in the area to weaken wind erosion and plant
development, as well as to live gazelles in order to improve plant protection and ecological
conditions in the National Park ecosystem is a phyto-meliorative measure [5, 10, 11, 15].

There are two basic groups of phytomeliorative measures:
1) Forest melioration; 2) Amelioration or phytomelioration at the expense of herbs.

It is also necessary to add that the planting of coniferous trees and shrubs has been observed
in the SNP territory, especially on the edge of the Baku-Astara highway (in Salyan region).

However, the fact that the livestock, which is wintering in the south-eastern Shirvan plains
and used as winter pastures, as well as competing in the feeding of gazelles , has a positive
impact on the protection of the vegetation.

Implementation of the above mentioned scientific-practical and biotechnical activities will
provide protection of gazelles at Shirvan National Park, as well as protection of natural
phytocenoses and flora.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Journal-Chemistry and Biology" accepts original unpublished articles
and reviews in the research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(journal@beu.edu.az) of the Journal. The submitted article should follow the following format:

Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

. UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva 1.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine dith zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

Conference paper: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information — Commu-nication
Technologies in Science and education. II International Conference.”Higher Twist Effects In Photon- Proton
Collisions”, Baki, 01-03 Noyabr, 2007, ss 384-391

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University-Kimya va Biologiya”- ovvallar nagr olunmamis orijinal asarlori vo
miisllifin tadqiqat sahasi iizre yazilmis icmal maqalalari gobul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) tinvanina gondorilmalidir. Gondoarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Maqalada bashiq hor xiilasadan avval ortada, gara vo boyiik horflo xiilasslorin yazildigi hor ti¢ dildo
olmalidir.

Xiilasa 100-150 soz araliginda olmagla, 9 punto yaz: tipi bdyiikliiyiinds, moqalonin yazildig: dilde vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Magalonin har {i¢ dildo yazilmug xiilasasi bir-birinin eyni olmalidir.
Agar sozlor uygun xiilasalorin sonunda onun yazildig: dilde verilmaklo on az1 ii¢ s6zdon ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadqiqat metodu

Tadqiqgat isinin miizakirasi vo onun naticalori,

Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyystds va matn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarin altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilinds géstorilmoklo mogalonin sonunda motn daxilindoki
sira ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds avvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moaqalo va s.) asili olaraq verilmolidir. Elmi ma-
qalslora, simpozium, konfrans, vo diger niifuzlu elmi tadbirlorin materiallarina v ya tezislorine istinad edarkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Monbalar 9 punto yaz1 tipi bdyiiklitytinds olmalidir.

10.

11.
12.

Sohifo ol¢iilori: tistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boyikluytinds, Palatino Linotype yaz: tipi ils vo tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqalls an az1 iki eksperto gondarilir.
Ekspertlorin tovsiyalorini nazors almaq ti¢iin moaqalo miiollifo géndorilir.

Mogqalas, ekspertlorin tonqidi geydlori miisllif torafindon nozors alindiqdan sonra Jurnalin Redaksiya Heyati
torafindon ¢apa togdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Kimya ve Bioloji" 6nceler yayimlanmamis orijinal ¢aligmalari ve
yazarin kendi arastirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler Ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her ii¢ dilde yazilmis &zeti birbirinin aynt olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildig: dilde verilmekle en az ii¢ sozciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartisma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gdsterilmelidir. Aym kaynaklara tekrar basvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirli de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
miracaat ederken makalenin, bildirinin veya bildiri dzetlerinin ad1 da gosterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, VVol.51, No.5, p.824-832, 2010

Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.I. Appligation of Information-Communication Technologies
in Science and education. Il International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiyiikliigi 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; Ust: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
likte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editoér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak igin makale yazara gonderilir.

Makale, uzmanlarm elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yayin Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gdnderilen ve yayimlanacak olan makaleler icin,(derginin kendilerine gonderilmesi za-
mani posta karsiligr) 30 ABD Dolar1 veya karsiligi TL, T.C. Ziraat Bankasi/Uskiidar-Istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu {iniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - Xumunu u 6uonornu myOIuKyeT OpUrHHATBHBIC, HAYYHbIC CTATHU
U3 00IaCTH KCCICI0BAaHMUSI ABTOPA U PaHEe HE OIyOIMKOBaHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomucHu TOMKHBI OBITh HaOpaHs! cornacHo mporpammbl Microsoft Word u otripaBiiesb! Ha 3JIeKTpOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJIKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3arjiaBue CTaThHU NHIICTCS I KOKIOW aHHOTAIMK 3arjlaBHBIMU OyKBaMH, )KUPHBIMU OyYKBaMU M pacrioJiara-
eTcsl TI0 LEHTPY. 3arilaBue W aHHOTALINH OJDKHBI OBITh IIPEICTABICHBI HAa TPEX S3BIKaX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEPKaHUIO0 OopUruHaia. KitoueBble ciioBa JOJKHBL ObITh MPEACTABIEHBI
mocyie KayKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHee 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3bIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(haBUTE.

PuCyHKH, KapTHUHKH, TpaGUKH 1 TAOHIBI JODKHBI OBITH YETKO BBIMOJIHEHBI M Pa3MEIEHbI BHYTPH CTATHH.
TNoamucu K pUCyHKaM pa3MEIIaloTCsl MO PUCYHKOM, KapTHHKON Wi rpadukom. Ha3BaHue TaOIMIBI MHIIETCS
HaJ TaOJIHLEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBaIPaTHBIX CKOOKAX U PACIIONAraloTCs B KOHIIE CTAThH
B TIOPSIZIKE IUTHPOBAHMUS B TeKCTe. ECITM Ha OJIMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO yKa3aTh COOTBETCTBYIOILYIO CTPAHHILY, COXPAHsS MOPAAKOBLIA HOMep muTHpoBaHus. Hampumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHMKA (MOHOTpadust, y4eOHHK, HAydHas CTaThs U Jp.). [IpH CCBUTKE Ha HAYYHYIO CTAThIO, MATEPHAIBI CHM-
no3uyma, KOH(GEPEHIINH WK IPYTHX 3HAUNMBIX HAYYHBIX MEPOIPHATHI TOJDKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmamuws: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, VVol.51, No.5, p.824-832,
2010

Knuza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenyusa: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepsb! crpaHunbl: cBepxy 2.8 cM, cHu3y 2.8 cm, cieBa 2.5 u cripaBa 2.5. Tekct neyaraercs mwpudtom Pala-
tino Linotype, pasmep mwpudra 11 punto, uaTepBan-oauHapHbliid. [laparpadsl T0KHBI OBITH pa3lieicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHUIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBneHue cTaThbu K MEYaTH NPOU3BOJUTCS B HIKE YKA3aHHOM IMOPAIKE:

Kaxxmas cTaTes mockIIaeTcss HE MEHEe ABYM JKCIIEpTaM.

CraTbs MochUTaeTCA aBTOPY AT yUeTa 3aMEeYaHni SKCIIEPTOB.

CraTps, TIOCIIE TOTO, KaK aBTOP yd4eN 3aMEYaHHs KCIIEPTOB, PEIAKIIMOHHON KOJUIETHEH XypHama MOXET
OBITh PCKOMCH/IOBAHA K MICYATH.
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