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OPI'AHUKAIbIK XUMUA
OPITAHUYECKAA XUMUA

O0X 547.789:547.566

C.0O.Kenxeraena

E.A.Foxemog amuvinoasv Kapazanowr memnexemmik ynusepcumemi
(E-mail: kenzhetaeva58@mail.ru)

2-AMUHO0-4-(PeHMITHA3Z0JAbIH KAHA KYKIPTKYPaM/Ibl
TYBIHABLIAPBIH CHHTE3/ey TyPaJbl

Makanana 2-aMuHO-4-QeHUITHA30IBIH KYKIPTKOMIPTEKIICH opeKeTTecy OapbIChIHIA KaHa KYKIPTKYpamIbl
TYBIH/BUIAPbI CHHTE3/ICNTCHI TYpaibl MAJIIMETTEP KeNTipiireH. JIuTHokapOaMaTThiK TY3/bIH aJKUIACY, allii-
Jiey ’KOHE TOTBIFY PeaKIMsuIaphbl 3epTTENIN, PEaKUUsSHBIH OHTAMIbI XKYPY XKaFJailiapbl KepceTiireH. 3eprrey-
JIep HOTHKECIHAE 2-aMUHO-4-(hEeHUITHA30IIBIH JKaHa KYKIPTKYpaM/Ibl TYBIHBLIAPEI CHHTE3ACI.

Kinm ce30ep: 2-amuHO-4-(heHNIIaMUHOTHA30J1, KYKIPTKOMIPTEK, TUTHOKapOamaTTap, aKWIAey, aliey pe-
aKLIUsIapbl, THYpaMINUCyIbOu.

OpraHuKaibIK KOCBUIBICTAP/BIH IIIIHAE MaHBI3AbI OPBIHIBI TETEPOLMKIl KOCBUIBICTAD allajbl, KOHE
OCBHI ceOernTeH oap opKamaHaa 3epTTEYIIepaiH HazapbeiHaa 6omyma. Onapra gereH KbI3BIFYIIBUIBIK, OipiH-
LIiJIeH, OJIapAbIH OCIMIIKTep MEH jkaHyapjap aF3achlHAarbl MaHbI3Abl poiiiMeH TyciHaipineni [1]. Exixmi
JKarbpIHAaH — TeTEPOIMKIIBI KOCBUTBICTAP (DU3HOIOTHSIIBIK OCTICEHAUTIKTIH allyaH TypJiepine ue 6omansl [2].

I'eTepormkiibl KOCBUIBICTAPABIH 1IIIHAE €peKIIe OPBIHIABI THA30JI XKOHE OHBIH TYBIHIBUIAPHI alajbl.
Tuazon xoHe OHBIH (QYHKIHOHAJABI TYBIHIABUIAPH op TYPJi (hapMaKOJOTHSIIBIK OEJICEHAUTIK KepceTemi.
OnapaplH iOIiHAe aHTUTHCTAMHUHIIK, KbI3Y TYCIPETiH JKOHE MapasuTTepre, reIbMUHTTEpre )KoHE BUPYyCTapFa
KapcCHl IperapaTrap TadbiFas [3].

Tuazon KaTapbIHBIH KOCBUIBICTAphl MyHall ©HIMAEPIHIH aHTHOKCHIAHTTAphl, ByJKAHAAYbIH YICTYILi-
nepi skoHe (POTOXPOMBIK KOCBUIBICTAP PETiHAE KeHIHEH KOIIaHbUIA b

4-DeHn-2-aMUHOTHA30JIIBIH HET131H/1e KaHa KYKIPTKYpaMIbl TYBIHABUIAPBIH CHHTE3ICY JKOHE 3€PTTEY
MakcaTbIMeH, 013 aneTo(eHOHHBIH THOMOYCBMHA MEH HOATHIH KAThICHIHIA SPEKETTECyl HoTHXeciHae 4-de-
HWI-2-aMUHOTHA30JI/IbI CHHTE3Ae K. OHBIH MOJCKYIachlHAa 00C OIPIiHIIIIK aMUH TOOBI OOFAHIABIKTaH, COJI
TOII aPKBUIBI O TYPIIi XUMUSIBIK MOAU(DUKALMSITAPBIH JKYPri3yAl LICHITIK.

Bipiaminik aMmuHAepAIH KYKIPTKOMIPTEKIIEH HETI13/IK OpTaaa opeKeTTecyl JUTHOKapOaMUH KBITITKBLIIA-
PBIHBIH TYBIHABUIAPBIHA OKENETiHI oaeOuerrepaeH oenriui [4]. AutnokapOaMHUH KbIIIKBUIAAPBIHBIH TYBIHIbI-
JapbplHA JIereH KbI3BIFYIIBUIBIK (OYphIHHAH OEMNrini »KoHe KaKchl 3epTTEireHepiHe KapamacTaH) >KbULIaH
JKBUTFa 6Cy YCTiHIE, ce0ebi ojlap FRUTEIM MEH TEXHHUKAHBIH KONITETCH calalapblHIa KeHIHCH KO IaHbIIaIbl.

Jutnokapbamartapapl aimy oaicTepiHiH 0ipi — OiIpIHIIUTIK, EKIHIIUIIK aMUHAEpTe CIITIHIH (Kaauil THI-
POKcHUi, HATPUI TUAPOKCUL) CIIUPTTET] epITIHAICIHAE KYKIPTTI KeMipTekiieH acep eTy. LIIBIFbIMBI KOFapbl
TUTHOKapbaMarTap anudaTTsl, apOMATTHI KOHE TETSPOIMKIIIB aMUHAEPIIH XJI0pohopMIaa TPHITHIAMUHHIH
KaThICHIHAA KYKIPTTI KOMIPTEKIICH 9PEKETTECYl HOTHXKECIHAE TY31LIe .

3epTTeyiMi3IiH alFalliKbl CAaThICBIHAA AJIBIHFAaH 4-()eHNIT-2-aMHUHOTHA30JABIH KYKIPT KOMiPTEKIICH peak-

OUACBIH 3epTTC,Z[iK.
Ph
N Ph—N /S
| cs, I /
NH, — 3 NH—C__
g KOH S SK

4 BecTHuk KaparaHguHckoro yHusepcureTa



2-AMWNHO-4-(hbeHnnTnasonablH xaHa ...

PeakiusiHbl CynBI-CIMPTTI OpTaja Kajduil CUITICIHIH KaTBICBIHAA JKYPri3fmik. Peakuus TONBIK asKrary
YIIiH peakIUsUIBIK KOCIIAHBI KOChIMITIa 3—4 car OeiMe TeMIlepaTypachlHaa apaaacTeIpAbIK. Ty3UIreH quTHo-
KapOaMaTTBIK TY3bIH TYHOACHIH CYy3il KenTipAik. CHHTE3IeNTreH OHIM aKIIbII YHTAK, dTAHOJIA KAKChl €pH-
I, OeH30I1a epiMei .

JnTrnokapbaMuH KBIIKEUIIAPBIHBIH TY3Iaphl op TYpil peakmpsuiapra Tycyre OeiliM, colapablH immiHe
MaHBbI3IbI OOJIBII AUTHOKAPOAMHMH KBIIIKBLIIAPBIHBIH d(UpPIEp] TY31IyiHE OKEJICTiH, alKHIACY YKOHE alln-
NIy peaKusuIapbl OOJBIN TaObBUTAIBL.

JutnokapbaMiH KBIIKBULAAPBIHBIH KYpaemi 3¢upnepi Oeiitapan KyKipTKypamIsl peareHTTep-IKCTpa-
TEHTTEep KaTapblHA jkaTansl. ONapIblH IHAE JIEMEHTTEPAl APKCTPAKIIUSIBIK OO aiyaa KOJITaHBUIATHIH
TYBIHJIBLIAPHI TAOBUIFAH.

JuTtrokapOaMuH KBIIKBUIIAPBIHBIH A(UpIepi ilIiHAe aybll IapyambUIbFbIHAA KOJMIAHBUIATEIH (PyH-
TULMITIK, MHCEKTUIMTIK oHe TepOUIUATIK OJICeH Il 3aTTapAblH Oap ekeHairi Oenrim. MeauiuHaaa THo-
KapOaMUH KBIITKBUIIAPBIHBIH TYBIHABLIAPHI THIIOMUTTHAECMUSIIBIK, THIIOTCH3UBTIK OCJICEHII JKOHE TPHOOKKA
KapChl OPEKET €TETiH KacCUeTTepre e 3aTTap peTiHie Koiaaanbuiansl. CoHbIMEH KaTap Oipkarap autuokapOa-
MaTTapblH aF3aJaFbl a30T OKCUJIHIH 3HJOTCH/II JuraHaa — L-apruHUHAL )KOJIMEH TOTHIKTHIPY CHHTE3iHE
JKayanThl OSIICEH I MHTHOUTOP PETiHAC KOMTAHBUIATHIHEI aHBIKTAIFaH [4].

Cunresnenred 4-heHWI-2-aMUHOTHA30JIBIH JUTHOKAPOAMATTHIK TY3bIHBIH XUMISUIBIK KACHETTEPiH
3epTTey MaKcaTbIMEH 013 OHBIH aJKUJIZICY JKOHE aIlMIIICy PeaKIHUsIIAPbIH 3€PTTEMIK. AJKIIACY PeaKIIUsICHIH-
Jla peareHT peTiHAe OpOMIBI ATHIAI KOJNIAHABIK. PeakImusHbl CIIUPTTIK OpTaga AUTHOKApOaMaTTHIK TY3Fa
OpOMIIbI STHIIAI TaMIIBLIATHIN, 06JIME TeMIIepaTypachiHaa KapKbIHIbI apadacThipa OTBIPHII, KYPri3aik. DK-
30TepMUSIIBIK 3P QeKT Oaiikanmansl. PeakunsHel xykakadaTTsl XpoMoTorpadus ToCimiMeH OakblUiam OTBIP-
JBIK. Peakiyst TONBIK asKTaly YIIH peaklusuIbIK Kocnanbl 1—-1,5 car Memnmiepine cy MOHIIAChIHA KbI3IBIP-

TIBIK.
A _GHsBr
NH— C —KBr NH—C

AnpbiaFaH 4-QeHnn-THa30MIKapOaMiH KbIIIKBUIBIHBIH STHIA1 3pHpi capbl-KOHBIP KPUCTAIABIK 3aT 00-
JIBITT TaOBUTAIBL.

4-DeHn-2-aMUHOTHA30JIIBIH  JUTHOKAPOAMaTThIK TY3BIHBIH AlWIACy PEaKIUsIChIH Kyprisyae, O0i3
AlUIACYII peareHT peTiHae OeH301 KhIIIKbUIBIHBIH XJ'IOpaHFI/IZ[pI/I)_IiH KOJITaHJbIK.

h
N
| | //S CgHs— C—Cl
NH-C -KCl NH—
S Nk

PeaknustHbI CIUPTTIK OpTaja IUTHOKAPOAMATTHIK TY3Fa OCH30MIXIIOPH/ITI TAMIIBIIATHII, O6JIMe TeMITe-
paTypachliHia KapKbIHIIBI apajiacThipa OTBIPHII, KYPri3mik. Peakuus OapbIChIHAA SK30TEPMUSIBIK 3DdexT
OaliKaJIbl.

Anbinrad 4-(heHUITHA30JIMIKApOaMIH KbIIIKBUIBIHBIH O€H30MI1 3(HUpi TYCCIi3, MHE TIpi3aec KpUCTa-
Jlap TYPiH/IE abIHIIEL.

JutrokapO0aMuH KBIIKBUIIAPEl TY3APBIHBIH AIKWIACY KOHE allWIIey PeaKIUsUIapblH in Sifu, SFHU
4-(heHn1-2-aMUHOTHA30JIIbIH KYKIPTKOMIPTEKIICH 9PEKETTECKEH e TY31ICTIH JUTHOKApOaMaTThIK TY3bIH 06-
T anMaii-aK, CoJl peakIMsIIBIK Maccara COMKec, aJIKHI- HeMece aliiITalioreHUITI KOCYy apKbUIbL, XKYpPri3yre

ne 0oJ1aapl.
W /S \
VW C2 H5 Br
S

\s C, Hs

Ns— C—CeHs

Ph

Ns—C, Hs
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C.O.KeHxeTaeBa

Ph N
| | /S CeHs— C—C]
NH, KOH NH— C KCI NH— “
S

JutrnokapbaMuH KBIIKBUIIAPH! TYBIHABUIAPBIHEIH IMIIHAE (IATHOYpETaHAap, THYPaMIHCYIbOUATED,
cynpheHaMuITeDP) BYJIKAaHU3AINSHBI KbUIIAMIaTyFa, CHIHAI JKOHE achll METaliap HOHAAPBIHBIH COPOSHTTE-
pi peTiHae KOJIAaHBUIATBIH KOCBUIBICTap TaObutraH. ConapAblH iMIiHIE MaHBI3ABUIApEl OONBIN THYpaMIu-
cyasbuarep ecenreneni. OnapaplH ilIiHAC dp TYPJIi OHOJOTUSIIBIK OSJICCHALTIKKE Ue 3aTTap aHbIKTaFaH [S].

OchI KOCBUTBICTAp KJIACHIHBIH TaFbl O1p KEHIHEH OCNTiIi oK1l Pe3NHOTEXHUKAIIBIK OHEPKICIIITE BYIKAH-
Jayabl YAeTyre KonaaHsansl. FeuibMu npakTHKana TeTpaMeTHIATHYPaMANCYIb(pu KiIacTepiepai 3epTrey-
Je naiinanansuiaasl. byn kocsuisictap ananortapsiabH KU TC-Ti emaeiTin npenapat peTiHAe YChIHY MYM-
KIiHJIr 3epTTenyae. Al MeJIUIIUHAA THIIEPTOHUSHBI eMJIey e KeHIHEeH KOJIAHBUIBI xypred «Kitodemmny»
npenapaTsl TeTpaMeTHIITHYPaMIuCyIbGUATEH CHHTe3aene i [5].

OcbiHzaii MaHBI3ABUIBIFBIHA KOHE KEH KOJIAHBUIY callallapblHa KapamacTaH, 9/IcOMEeTTIK MolliMeTTep
itrigae Oy canajgarbl 3epTTeyJep TEK IISKTSYJIi aMHHACPl MaiIalaHblll KYPriziireHid kepcereai. Mpica-
Jibl, 013 AMATUIIAMHUHONPOIIMIAMUHHIH HETI31HE, OHbIH AMTHOKApOaMAaTThIK TY3bIH KPHUCTAJIBIK HOMAIEH TO-
THIKTBIPY apKbUTbl N,N-O1c(AN3THIaMUHOIPOIINI) THY PaMANCYIb(QHUATI CHHTE31ereH013:

S— ” —CgHs

s VAl

(CH3CH2)2NCH2CH2CH2NH2K—O;>(CH3CH2)2NCH2CH2CH2NHC\ 2y
SK

—(CH;CH,),NCH,CH,CH,NHCS-S-S-CSNHCH ,CH,CH,N(CH,CH3),

Tuypamaucynbduarep >KeHUT CHHTE3IeTIe Al )KOHE KOJAMIBI albIHy 9ICTEPiHIH IITiHAC TUTHOKapOaMuH
KBILIKBUTAAPBIHBIH TY3AaPbIH TOTHIKTHIPY 9MICiH aTaml KeTyre Oomabl.

bi3 4-pennn-2-aMUHOTHA30IBIH HETI3IHAC >KaHa THYPaMAMUCYIb(QHUI ady MakcaTbIMeH, 4-¢eHun-2-
aMHUHOTHA30J/IbIH AUTHOKApOAaMaTThIK TY3bIH KPUCTAIABIK HOAINICH TOTBHIKTBIPY HOTHIKECIHJE, aiFaml peT
N,N-61c(4-peHnATra3zonuI) THypaMaANCYIbPUITI CHHTE3IE K.

N Ph N S Ph N
N cs, |1 77 |l 1N
NHy —=\ -NH—C_ — >\ 'FNH-C—S-S—C—NH—
. KOH NSk [ I N
S S S
CuHTe37eNTeH KOChUIBICTapAbIH KyphUIbICH K- sxone [IMP-criekTpiepiHiH KOMETIMEH OIS H .

Oxcnepumenmmix 6oaim

Cuntesnenren KocbuisictTapabiH UK-criektprepi «Nicolet Avatar-360» cnektpometpinae KBr Tadner-
Kanapbiaga xassitFan. SIMP'H crextpriepi «Bruker DRX500» crekrpoMerpinie skasbliraH (ilmki cras-
napt — I'MJIC).

Bapneik peakuusiaapabis Kypy OapbIChl )koHE KOChUIbICTapAbIH Aapanbirsl «Silufol UV-254y» cranmapt-
THI TUTACTHHANIAPBIH/IA KYKaKaOaTThl XpoMaTorpadus oficiMeH OakbUIaHFaH.

Kanniinin 4-peHnarnazoaniauTuokapéaMarbl. Y MOHbIHABL KoyOara 3,52 r 2-aMHHO-4-(peHMII-
THUA30JIIbIH JkoHe 1,12 r Kanuii ruapokcuainie 30 MII CIUPTTEr JKoHE 3 MJI CYAarbl epITIHAICIH KYHbII, apa-
nacteipansl. benme Temneparypacsinaa 1,52 T KYKipTKOMIpTEKTiH 2 MJI CIIMPTTET €PiTiHAICIH TaMIIBLIATHIIT
Kocapl. Peakuusiiblk Kocriansl OenMe Temiiepatypackiiia 3—4 car apanacteipaasl. Ty3inreH TyHOaHsI cy3e-
mi xome kentipeni. IleweiMbi: 2,08 T (76 %). Banky Ttemmeparypackr 199 °C. MK-crekTp, Vv, cM
3300-3100 (NH), 580-685, 1206 (C=S), 1306, 1126, 1089 (NH-CS).

4-OeHWITHAZOIWTATHOKAPOAMAH KBIIIKBUIBIHBIH OeH3omuai 3¢upi. Y MoHBIHABL KoOara
3,52 r 2-aMmuHO-4-(heHUITHA30IIABIH KoHe 1,12 r Kanuid ruapokcuainid 30 MII CIMPTTEri XKoHE 3 MJI CyIarbl
epITIHAICIH KYHBIT, apaiacTeipanbl. beame temmeparypacsiaaa 1,52 © KyKIpTKOMIPTEKTIH 2 MJI CHHUPTTET]
epITIHAICIH TaMIIBUIATHII Kocaabl. Peaknusamblk KocraHsl OeMe TeMmneparypachiiaa 3—4 car apanacTbIpa-
JIBL. ApanacThIpy/Ibl )KaIFacThIpa OTBIPHII, TAMBI3FBIII apKUTBI 2,81 T OEH30MII XJIIOpUJIIH Koca bl Peakims-
JBIK KOCTIaHBI OeJIMe TeMIlepaTypachiHaa 2—3 car apanacTeipaabl. Peakiiis HOTHIKECIHAC TY3UITEH CapFBIII
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TyHGanbl cyseni, kerripesi. IIIsrsiMbl 86 %. Banky Temm. 184 °C. UK-crextp, v, cM ': 3300-3100 (NH),
580-685, 1206 (C=S), 1306, 1126, 1089 (NH-CS), 1705 (C=0).

4-OeHWITHAZOIWIUTHOKAPOAMUH KbIIIKbUIBIHBIH 3THIAI 3¢upi. Y1 MolbiHIb Konbara 3,52 T
2-aMuHO-4-(heHUNTHA30IAbIH JkoHe 1,12 1 kanuii ruapokcuaidig 30 M1 cUpTTEri KoHe 3 MJI CylaFbl epiTiH-
TICIH KY#BIN, apajacTeipaasl. benMe Temneparypacbinaa 1,52 r KYKIpTKOMIPTEKTIH 2 MJI CIIMPTTET] epITiHIi-
CIH TaMIIBUIATHIN KOCaabl. Peakusiblk KocnaHbl 0eMe TemrieparypachiHaa 3—4 car apanactelpajabl. Apa-
JIACTBIPYABI JKAIFACTBIPA OTBIPBII, TAMBI3FHIII apKbUTEI 2,18 T OpoMdaTaH Kocaabl. Peakiusiblk KOCIIaHbI Ta-
FBl 2 caraTTail apamacTepaibl, Ty3iireH ak yHTakTel cysedi. UIewemver 72 %. banky temm. 168 °C.
UK-criextp, v, cM ': 3300-3100 (NH), 580685, 1206 (C=S), 1306, 1126, 1089 (NH-CS).

N,N'-0uc(4-peHUITHAZ0INT) THYPAMAUCYIb(UA. YT MOUBIH/IEI Koj0ara (apalacThIPFBIIIIEH KOHE
TepMoMeTpMeH xkabzapikranran) 0,02 monb (2,96 T) 2-amMuHO-4-(hEeHUITHA30JI XKOHE 3 MIJI CyAa epiTUIreH
0,02 moms (1,12 r) KOH kochkutamel. KapKeIHIBI apaiacTeipa OTBIPHII, TaMbBI3FGII apKbeuTel 0,02 Moie CS,
(1,52 mim) 10—15 mut ciupTTeTi KOCTIACHIH aKBIPBIH KOCAIbI. PeakImusbiK MaccaHbl IIaMaMeH 2 caF apanacThl-
pynan keitin 0,02 monb I, (5,08 1) Kocagsl. Peaknus Tonbk askrany yiiiH 6enme Temneparypacbiaaa KKX
OolibIHIIa OaKbUIAI, apanacTeipbuiaasl. COHBIHAH HOJ TYCI )KOMBUFaHINA PEAKIHMSUIBIK KOCIIaFa HAaTPUH THO-
cynbdareIHbIH epiTiHmiciH Kocansl. Ty3inreH TyHOaHBI cy3enmi, kenripeni. Kaiita kpucTanmanasIpyabl dTa-
Honnan xyprizeni. Isrsver 7,53 T (75 %). Banky Temm. 180 °C. MK-cmektp, v, cM : 3300-3100 (NH),
580685, 1206 (C=S), 1306, 1126, 1089 (NH-CS). AIMP 'H cnmextp, 8, m.1.: 3,9-4,0 (H, NH); 7,21-7.4
(C¢Hs, CH). Tabbuasl, %: C 47,52; H 2,48; N 11,31; S 38,76. C,0H4N4S¢. Ecenrrenmi, %: C 47,81; H 2,79;
N 11,15; S 38,25.
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C.O.Kenxeraena

O cuHTe3e HOBBIX CEPOCOIePKAIMX MPOU3BOAHBIX 2-aMUHO-4-()eHNJITHA30J1a

B crarbe maHBI CBeIEHHS O CHHTE3€¢ HOBBIX CEPOCOJACPXKAIIUX MPOU3BOJHBIX 2-aMHHO-4-(peHmnTHa30Ma,
TIOTYYCHHBIX B Pe3yJbTaTe B3aUMOJICHCTBUSI €T0 C CEpOyIIepoIoM. MccaenoBansl peakuy adKHIHPOBAHUS,
AUWIMPOBAaHUS M OKUCIEHHMS AWTHOKapOAMAaTHOW COJIM, NPHUBEJICHBI ONTHMAJbHBIE YCJIOBHS CHHTE3a.
B pesynbTaTe TpPOBEACHHBIX MCCIIENOBAaHUH CHHTE3UPOBAHBI HOBBIC CEPOCOJEPIKAIIME IMPOU3BOAHbIC
2-amMHHO0-4-(heHunTrHa3ona.

S.0.Kenzhetayeva

Synthesis of new sulfur-containing derivatives of 2-amino-4-phenylthiazole

The paper provides information on the synthesis of new sulfur-containing derivatives of 2-amino-4-
phenylthiazole as a result of reaction with carbon disulfide. The reactions of alkylation, acylation and
oxidation of dithiocarbamate salt were investigated and the optimum conditions of synthesis were established.
New sulfur derivatives of 2-amino-4-phenylthiazole were synthesized in the result of studies carried out.
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Rubber flame retardants based on organophosphorus compounds

In the work presented oxyethylidenediphosphonic acid and its ammonium salt were proposed as rubber flame
retardants and rubber formulations were elaborated. The effect of the flame retardant additives on the me-
chanical properties of rubber was studied, and the degree of fire protection was determined. It was shown that
the rubber with the addition of oxyethylidenediphosphonic acid had a higher degree of fire resistance com-
pared to the rubber with oxyethylidenediphosphonic acid ammonium salt.

Key words: flame retardants, oxyethylidenediphosphonic acid, trichlorethylphosphate, oxyethylidenediphos-
phonic acid triammonium salt, vulcanization and scorching.

The use of flame retardants in order to reduce the flammability of rubber has long been known and ef-
fectively used these days. It was given the interpretation of the mechanism of action of individual substances
and synergistic effect of combinations of various substances such as a mixture of antimony trioxide and chlo-
rinated paraffin, or a combination of phosphates and borates, and hydroxides of magnesium and aluminum.
However, the final decision on the effectiveness of certain flame retardants in each case can be made after
the experiment. A direct transfer of data is not possible because of the large variety of rubber grades, rubber
compounding ingredients and rubber mixtures formulations.

The purpose of this study is to search for effective flame retardants for rubbers which are used as in-
flammable rubberized conveyor belts as well as studying the impact of the proposed fire-retardant additives
on the fire and heat resistance and other physical and mechanical properties.

In this work oxyethylidenediphosphonic acid and its ammonium salt were proposed as flame retardants
for rubbers and a number of rubber formulations with the proposed retardants included were elaborated. The
effect of these flame retardants on the mechanical properties of rubbers as well as the degree of their fire pro-
tection was determined.

In order to implement certain formulations in the production it is necessary that the resulting rubbers
comply with all regulations and possess improved physical and mechanical properties; they should be eco-
nomically viable as well [1, 2].

Vulcanization curve(1)
Scorching curve(2)
Viscosity curve(3)
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Figure 1. Kinetic curves of vulcanization and scorching,
viscosity curve of standard rubber of TG grade

According to the vulcanization curve (Fig. 1) vulcanization induction period is 7 minutes, the optimum
of vulcanization is 30 minutes, scorching time is 35 minutes on the basis of the scorching process curve and
the viscosity is 49 Muni units.
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Evaluation of flammability by burning rate of protected polyurethane foam shows that the addition of
even 3-5 parts by weight of oxyethylidenediphosphonic acid (OEDFA) results in combustion stability de-
creasing by 3-3.5 times while traditional trichlorethylphosphate slows burning twice at 20 % filling [3].
However polyurethane degradation process accelerates in the presence of OEDFA, but it is shifted to a high-
er temperature region, thereby increasing the thermal stability as compared with trichlorethylphosphate. The
reason for the effectiveness of OEDFA as a flame retardant is the formation of char residue that protects un-
decomposed polymers in the event of fire. OEDFA and its amine salts in combination with boric acid deter-
mine fireproof of rigid polyurethane foams [4].

OEDFA (I) and its triammonium salt (II) were selected as test objects due to the availability of these
substances produced on an industrial scale, in particular the use of OEDFA is generally known as a chelator
which is widely used in water treatment systems.

O CH;0 O CH;0
ot on ot o,
OH OH OH NH,0 OH ONH,

M) I

OEDFA triammonium salt attracts our attention because it contains a nitrogen atom in addition to the
content of two phosphorus atoms in the molecule, being a potential nitrogen-and phosphorus-containing
flame retardant. The presence of nitrogen-containing compounds in phosphorus-containing polymers facili-
tates the formation of polyphosphoric acid which is a dehydrated phosphorylating agent and a catalyst of
coking process. Also, nitrogen, phosphorous-containing mixtures or compounds formed during their degra-
dation decompose to release water and carbon with the possible formation of volatile nitrogen compounds to
inhibit the combustion. The probability of forming of protective films of heat-resistant phosphorus and nitro-
gen compounds on the material surface is not excluded [5].

OEDFA triammonium salt crystalline hydrate was used as a target for the formulation number 1 where-
in OEDFA was introduced into the rubber blend as the sole flame retardant (33 parts by weight). Samples of
rubber produced by the recipe No.1 failed the fire test. After the removal of fire the samples did not cease to
burn until complete destruction.

80
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204
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Figure 2. The kinetic curve of vulcanization process
for rubber produced by the formulation number 1

The vulcanization induction period decreases compared to the standard rubber and it is equal to 4
minutes (Fig. 2), the optimum of vulcanization is equal to 22 minutes. Then samples of rubber based on the
formulation number 2 which contained a mixture of triple flame retardants, namely, chloroparaffin-70
(CP-70) — 15 parts by weight, antimony trioxide — 5 parts by weight and 10 pbw of ammonium salts of
OEDFA passed the fire tests. Flame decay time was recorded for each sample (6 samples): 2.8 s, 3.6 s, 3.6's,
2.6s,225s,24 s (17.2 s in total; 3.6 s is max). The norm for a shaft rubber of TG grade is 1845 s, thus
yielding rubber has acceptable fire-resistant characteristics. There is a slight deviation from the norm by
conventional tensile strength, and the salt odds badly in the rubber mixture, which is already quite a signifi-
cant disadvantage. Also the vulcanization induction period and the optimum decreases that means an in-
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crease in the flow of various adverse reactions which affects many properties of rubber, especially conven-
tional tensile strength. According to the curve of the vulcanization induction period is equal to 7 minutes, the
optimum of vulcanization is 25 minutes, the process of scorching is 34 minutes, and the viscosity is 40 Muni
units (Fig. 3, 4).

Vulcanization curve(1)
Scorching curve(2)
Viscosity curve(3)

— Vulcanization curve(1)
—— Scorching curve(2)
— Viscosity curve(3)

654
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45+
404
354
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Conventional shear modulus

Time, min Time, min
Figure 3. Kinetic curves of vulcanization process,
scorching process and viscosity of rubber composition ac-
cording to the formulation number 2

Figure 4. Kinetic curves of vulcanization process,
scorching process and viscosity of rubber composition ac-
cording to the formulation number 3

A fire test was carried out on samples of rubber containing flame retardants, comprising OEDFA, as the
same parts by weight as OEDFA ammonium salt in the formulation number 2 (10 pbw) and 15 pbw of
CP-70, 8 pbw of antimony trioxide. Time of flame quenching is measured: 1.6 s, 1.6 s, 1.2, 1.6 s, 1.6 s,
1.4 s (9 sin total; 1.6 s is max.).

Rubber with the addition of OEDFA has a great degree of fire protection. The improvement in flame
retardancy compared to the ammonium salt can be attributed to the fact that acid is well dispersed in the mix-
ture. However, the addition of OEDFA into the rubber composition has a very negative impact on some
physical and mechanical properties; namely, the conditional strength in tension of rubber samples was signif-
icantly lower than normal.

According to the vulcanization curve the vulcanization induction period lasts 5.5 minutes and the vul-
canization optimum is achieved within 20.5 minutes. The scorching process time is 35 minutes and the vis-
cosity is 55 Muni units.

Physical and mechanical properties of the test for fire resistance of rubbers are presented in Table 1.
Characteristics of the vulcanization process of the studied rubbers are presented in Table 2.

Table 1
Physical and mechanical properties of the test for fire resistance of rubbers
. . Elongation Volume loss Hardness on Combustion
Formulation | Tensile strength, MPa at break, % by abrasion, mm Shore units A (ring)
Rate >14,7 >350 <200 55-70 15-45
Series 16,3 400 112 72 12,2-2,2
1 13,5 390 105 66 >>45
2 11,7 320 96 69 17,2-1,6
3 10,9 570 137 55 9,0-1,6
Table 2
Characteristics of the vulcanization process of the studied rubbers
Formulation Induction period, min Optimum, min Time of scorching, min | Viscosity, Muni units
TG Series 7 30 35 49
1 4,5 21 — -
2 7 25 34 40
3 5,5 20,5 35 55
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Experimental part

Synthesis of ammonium salt of oxyethylidenediphosphonic acid (OEDFA)

70 g of OEDFA was dissolved in 100 mL of concentrated aqueous ammonia (28 %) in a 250 mL flask
with a reflux. After dissolving the solution was boiled for 1 hour. The solution was cooled and the precipitate
was filtered off. The product weight is 62.530 g. The yield is 73 %.

Physical and mechanical methods of testing of rubber samples

State Standard 270-75 «Rubber. The method of determining the elastic and strength properties at ten-
sile» 23509-79 «Rubber. The method for the determination of abrasion resistance when sliding on renewable
surface». The standard is widely used in assessing the quality of rubbers.

State Standard 263—75 «Rubber. Determination of hardness on Shore A. «The kinetics of vulcanization
by rheometer «Monsanto» at temperatures 151.120 and 100 °C according to State Standard 10722-76.

Research on fire protection of rubber samples of different formulations was carried out according to
State Standard 12.1.044—89. Rubber belts are considered to have passed the test if the decay time of the sam-
ples does not exceed the standard values and their re-ignition does not occur when blowing.
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®ochopopraHnKabIK KOCBLIBICTAP HeTi3iH/Ae pe3eHKeep
YIIiH KaHy/JAbIH TexKeyuijaepi

Makanazna anFanr peT OKCHITHIHACHAN(POCHOH KBILIKBUIBI XKOHE OHBIH aMMOHHIIIBIK TY3bI PE3CHKEIep YIUiH
AQHTHUIIMPCHACP PETiH/AC YCHIHBUIFAH JKOHE PE3CHKENEp PELENTypallapblHbIH KaTapbl OHICIICH. 3€PTTE/IreH
OTTaH KOpFaylibl KOCIANAp/IbIH PE3CHKEICP/IiH MEXaHUKAJIBIK KaCHETTEepiHe dcepi, COHbIMEH Oipre oiap/iblH
OTTaH KOpFay JeHreili anplkraigraH. OKCHITHINUACHIU(OCHOH KBIIKBUIBI KOCBUFAaH PE3eHKE KypaMbIHZA
AMMOHHMIIBIK Ty3bl 0ap pE3eHKEJIEpPMEH CalbICTBIPFAHAa JKOFapbl OTTaH KOpFay JeHreiire ue ekeHi
KOPCETLIreH.

JLK.CanbkeeBa, I'.T.Xacenosa, E.B.Munaesa, E.K.TaitmmoekoBa,
A.A.Kopraposa, JI.A.CmakoBa, E.T.Caratos, A.K.CaibkeeBa

3amenanTe I ropeHus AJI pe3uH HA OCHOBE (POC(HOPOPraHNYeCKHUX COeTMHEHNI

B crarbe BhepBble OBUIM HPEIUIOKEHBI OKCHATHIHAEHIM(OC(hOHOBAs KHCIOTA M €e aMMOHHHHAsS COJb
B KaueCTBE aHTUIIMPEHOB JUIS PE3UH M pa3pabdOTaHbl penenTyphl pe3uH. M3ydeHo BIusHAE HCCIeyeMbIX Or-
HE3aIIUTHBIX 100aBOK Ha MEXaHHMUYECKUE CBOMCTBA PE3HH, a TaKKe ObLIa OMpe/eeHa CTENeHb UX OTHE3alllt-
Thbl. ABTOPaMH MOKa3aHO, YTO PE3UHA ¢ J00aBICHHEM OKCUITHINICHIN(OCHOHOBON KUCIOTEI 00J1a1aeT BbI-
COKOM CTENEHbIO OTHE3ALIUTHI B CPAaBHEHUU C AMMOHHUMHOM COJIBIO.
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! Eepasuiicxuii nayuonansnsiii ynusepcumem um. JILH.Tyuunesa;
’TOO «L{enmp uccnedosanus 1OMUHeCYEeHMHBIX Mamepuanoey, Acmaua;
Microtracers Inc., San Francisco, CA, USA
(E-mail: enu-2010@yandex.kz)

I/I3yqelme BJIMAAHUS TEMIIEPATYPbI p€aKIIuu Ha (l)n3nqec1me CBOMCTBA
moJiyqyaeMbIX Me.l'laMI/IHO-TO.]'lyO.]'lcy.]'Ib(l)OHaMI/II[O-(l)OpMaJILJIEFI/IIleIX CMOJI,
HCIIO0Jb3YEMBIX /I MOJYYCHUA MECJIKOIUCIICPCHBIX MOPOIIKOB

B craTpe npezncTaBieHs! pe3ynbTaThl HCCIEIOBAHMUS 3aBUCHMOCTH MEXaHUUECKUX M ONITHYECKIX CBOWCTB Me-
JIAMHHO-TOJTYO0JICYIb()OHAMUT0-(hOPMAIIBJIETHIHEIX CMOJ OT TEMIIEPATYphl PEaKIUH TOJMKOHICHCAUH CMe-
CH MeJIaMHHA, n-TONyoJIcyab(oHamMuaa U napadopMaibIernaa MpH MOCTOSHHOM COOTHOIICHUH PEarcHTOB.
KauecTBo momydaeMbIx cMoJ OBUIO ONpenereHo MO CIESAYIONMM MapaMeTpaM: BT MacChl, MPO3pavHOCTh
TOHKOTO CJIOSl ¥ XpyIKocTh. HaiiieHo, uTo onTHManbHas TeMIeparypa IpoLecca HOJMKOHACHCAMU COCTaB-
nsiet 130 °C. IToka3aHo, Kak BIUSAET HEAOCTATOYHAS U MOBBILIICHHAs TEMIEpaTypa HarpeBaHUs PEaKIUOHHON
Macchl Ha ONITUYECKHE U MEXaHMYECKUE CBOMCTBA MOTy4aeMbIX CMOJI.

Knrouesvie cnosa: amuHo-(pOpMalIbIETHAHBIE CMOJIBI, OJIMKOHICHCALUS, TEMIEPATYPHBII PEXKUM, ONTHYE-
CKHUE CBOWCTBA, XPYIKOCTh, U3MEIbUCHUE.

Bseoenue

TpyaHO NEpeoICHUTh 3HAYCHHUE MMOJIMMEPHBIX CMOJI B COBpeMEHHOM Mupe. OHU MOTYT MPUMEHSTHCS
KaK CBS3YIOIINE MaTePHANbI IPH U3TOTOBIICHUH MPECCOBOYHBIX MaTEPHAJIOB, KJIeEB, TIOKPBITHIA, a TAKXKE KaKk
CBIPbE JIJISl M3TOTOBIICHHS JINTHIX KOHCTPYKIWiA [1-3]. B TIOBCceTHEBHOMN JKU3HU MPEMETHI, H3TOTOBJICHHEIC
C WCIIOJIb30BAHUEM CMOJI, MOXXHO BCTPETUTHh IMOBCEMECTHO, HANPUMEpP, B KA4eCTBE KOMIIOHCHTOB MeOeH,
BOJIOOTTAJIKUBAIOIIUX 000EB, KJIEEBHIX KOMITO3MIUN ¥ T.a. OJHO W3 MEPCHEKTUBHBIX MPUMEHEHUH CMOI
BKITIOYAET MPOM3BOJICTBO MOPOIIKOBBIX KPAaCOK M MOKPHITHHA. KauecTBO Takux MOKpHITHH OyneT 3aBUCETh
KaK OT CTOMKOCTH CaMO¥ CMOIIbI, TaK M OT CTEIICHU €¢ M3MeNbueHUs. PaHee HaMu OBUT MIPEIOKEH CIIOCO0
MOJTyYEHUSI BOJO- U CBETOCTOHWKHUX MEIAMHHO-TONYOJICYIb(POHAMUI0-POPMATBACTHAHBIX CMOJ, TOJIA0-
ITUXCSI CBEPXTOHKOMY HU3MeNbueHuIo [4, 5].

JlanHast paboTa MOCBSIIEHA M3YYCHHUIO BIIMSHUS TEMIIEPATyphl PEAKIIMKU HA MEXaHUYECCKHE M ONTHYE-
CKHE CBOMCTBa CMOJI, TIOJYyYaeMbIX ITOJIMKOHICHCAIINEH PEaKIMOHHON CMECH COCTaBa MEJIaMUH: H-TOIYOII-
cynbdoHamu: mapadopMaabIaeTh, B3ATHIX B MOJIBHBIX cooTHomeHusx 0,35:1:2. Ilenmpto paboOTHI SIBIISICTCS
MOJTyYEeHUE CMOJI, COYETAIONIUX B ceO€ MOBBIIICHHYIO XPYIKOCTh, KOTOpask 00ecleYnBaeT UX CIIOCOOHOCTh
K TOHKOMY M3MEJIbYCHUIO, U TPeOyeMble ONTHYSCKUE CBOMCTBA, TAKHE KaK MPO3PAYHOCTh B TOHKUX CIIOSX H
OTCYTCTBHE TIOTJIONICHUS B BUMMOM 00JIACTH CHEKTpPa, T.€. OECIIBETHOCTb.

3KC}’l€le/l€HmaJlea}l yacmov

Peaxmuevt. n-Tonyoncynspamun (TY 6-09-3995-76). T. mn. = 137 °C, comepkaHre OCHOBHOTO Belle-
ctBa He MeHee 98,2 %. Menamun (GB/T9567-1997). ConepxaHue OCHOBHOTO BemecTBa He MeHee 99,9 %.
Mapadopm (TY 6-09-141-03-89), conepkanue BeriectBa He MeHee 93—-98 %.

Obopyoosanue. TloneBoll IMUCCHOHHBIN CKaHUPYIOMIMK 3JIEKTPOHHBIH MHKPOCKOIN YJIBTPAaBBICOKOTO
paszpemtenust JSM-7500F Obin ncmonb30BaH AJS MOMYYECHUS! CHUIMKOB M3MeJbUeHHbIX yacTul. [IpocTtpancT-
BeHHOe pazpemenue: 1,0 am npu 15 kB; 1,4 am npu 1 kB; 0,6 M nipu 30 kB (moctmwkumo). DiIeKTpoHHAS
ITyIIKa ¢ XOJIOMHBIM KaTOJOM Ha T0JIEBOM dMHUCCHH. Y cKopsiroree Hanpspkerue oT 0,1 kB go 30 xB. /mama-
30H TOKOB Iyuka oT 107'% 10 2:10”° A. [Juanason yBenuuenuit ot x25 1o x1 000 000 (B mepecuere Ha POTO-
wIacTuHy 9x12 cm).

IToaroroBky mpo0 mms anektponHoro mukpockomna JOEL JSM-7500F BeimonHsuiM Ha MarHeTpoHE
JOEL JFC-1600 Auto Fine Coater. [{na xaxxaoro o0pasiua, NpeABapuTEIbHO HANBUIEHHOTO CJIOEM 30J10Ta
tommuHoH 15-20 HM, nmemanm mo 3 cHMMKa B pas3HbIX yBenmdeHusix (X800, 2000, 7500). Tepmomapa
TIT1 0198/2 XA (—40...850 °C) ¢ myastumerpom DT-9208. PeakruHas Menbhuiia Jet Pulverizer, paboraro-
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mas npu MakcuMmanbHOM pabodem maeieHuu 900 klla, w3roToBieHa MO WHAWBUAYyalIbHOMY 3aka3y. Bos-
nyiHblid komnpeccop GASFF npuoOperen B kommanuu «Atlas Copcoy.

Memoouxa sxcnepumenma. PeakIMOHHBIN cocy]l BHYTPH KOTOPOTO TepMoIiapa U MpoIesiep MpUBO/I-
HOW MEIIAJKH MOMEIIAIOT B TEPMOCTATUPYIOLINHA COCY[], CHAOKEHHBI TEPMOMETPOM JJISI H3MEPEHUS TeM-
nepaTypel TepMocTatupytomeii cpeapl. CUCTeMy HarpeBarOT JIO JIOCTHIKEHUS TOCTOSHHON TeMIlepaTypbl
TepMocTaTupytomieit cpensl (7y,). Ilpu 3TOM TeMriepaTypa BHyTpH peakImoHHOTo cocyaa (7y;) OKa3pIBaeTCs
CylIecTBEHHO OoJiee HU3KOM, ueM Temneparypa 1., (tadm. 1).

Taonuma 1

TemnepaTtypa cpelibl B peaKIIHOHHOM COCYy/le H TePMOCTATHPYIOLIEH cpeabl
nepen 100aBJeHHEM PeaKIIMOHHON cMecH B peaKIMOHHBIN cocy

Ne sxcnepuMeHTa T (°C) T (°C)
1 168 116
2 136 94
3 155 109
4 106 76

ITocnie gocTmxeHUsT MOCTOSIHHBIX TeMnepatyp 1., U Ty, B peaKIMOHHBINA COCY]l BHOCST PEAKIHOHHYIO
cMech coctaBa: nmapadopmanbaerug — 16 r (0,53 mMons), n-tomyoncynsdonamuny — 46 t (0,27 Monb), Me-
mamua — 11,8 r (0,09 monp). JlaHHBIN MOMEHT SIBIISIETCS HAYAJIOM TIpoIlecca MOoIuKOHAeHcannu. Harpepa-
SICh, PEAKIIMOHHAS CMECh HauMHAeT IiaBuThcs. C TEUCHHEM BPEMEHHU PAacIlIaB HAYMHAET TYCTETh U MOCTe-
MIEHHO 3aTBep/eBaTh. [Ipomecc conmpoBOXkIaeTCs BhIICICHHEM Ta3000pa3Horo (GopMaibIeruja U BOJISHOTO
napa. Peakiiuio mpoBoIsT /10 IOJHOTO 3aTBEPJICBAHUS PEAKIIMOHHON MaCCHI.

Peszynomamot u 0bcyscoenue

Ha pucynxke 1 npuBeneHs! KpuBble 3aBUCUMOCTH TEMIIEPATYPBI OT BpEMEHHU I SKcriepuMenTa Ne 1.
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ee+e++ TepMOCTaTHpYIOIIAs CpeAa Cpena B peakiIMOHHOM coCy/ie

Pucynok 1. 3aBUCHMOCTB TeMIIepaTyphl CPEAbl B PEAKIIIOHHOM COCYE
U TEPMOCTATUPYIOIIEH Cpellbl OT BpEMEHU B 3KkcniepuMenTe Ne 1

Kax BumHO U3 pucyHka 1, Bech mporiecc MOKHO pa3feluTh Ha HECKOIBKO CTaHIA:

1. IloBbIIeHnE TEMIIEPaTyphl CPENbl B PEaKIIMOHHOM COCYZIe U TEMIIepaTyphl TEPMOCTATUPYIOIEH cpe-
Jbl 10 JOCTHKEHUS UMU TOCTOSHHBIX 3HaUCHUU. B TaHHOM 3KCIEpUMEHTE MPOAOJIKUTEIBLHOCTh 3TOH CcTa-
JIUU COCTaBisieT 78 MHH. 3a TemnepaTypoi cieawnu emie 50 MUH, 4TOOBI YOSIUTHCS, YTO OHA OCTAeTCsl MO-
CTOSIHHOM. JIJIT TepMOCTAaTUPYIOMIEH Cpedpl ATa TeMIiepaTypa cooTBeTcTByeT 168 °C, mis cpensl B peakii-
OHHOM cocyne (Bo3myx) — 116 °C.

2. Pe3koe mazeHue TemrmepaTypsl BHYTPH peakuuoHHOro cocyaa (no 64 °C B sxcnepumente Ne 1) B Mo-
MEHT BHECEHHS PEaKIMOHHON cMecu napadopMaliblieruyia, MeJIaMiUHa H 7-TOTY0JICyIb(OHAMUIIA BCIICICTBHE
OBICTPOI OTIAYX TETUTa OT HArPEThIX CTEHOK PEaKIIMOHHOTO COCYy/ja KOMIIOHEHTAaM MOHOMEPHOI CMECH.
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3. Ilepexon peakIMOHHOW CMECH B paciiiaB, KOTOPBIM, MO-BUAMMOMY, HAUMHAETCS MPU TEMIIEpaType
84 °C.

4. lanbHeii1ee IUIaBICHUE PEaKIIMOHHOM CMECH, KOTOPOE COIPOBOXKIAETCS IOCTENIEHHBIM IIOBBILICHU-
eM Temmnepatypsl 10 140,5 °C npu 0JHOBpEMEHHOM MOHM)XEHHUU TEMIIEPATypbl TEPMOCTATHUPYIOIIEH Cperbl
1o 156 °C.

5. OmHOBPEMEHHOE TTOBBIINICHUE TEMIIEPATYPHI PEAKITMOHHON U TEPMOCTATUPYIOMIEH CPe/I.

[Ipouiecc MOHMWXEHUS TeMIepaTypbl TEPMOCTAaTHPYIOIIEH CpeAbl NP OJHOBPEMEHHOM IOBBIIIEHUU
TEMIIepaTypbl PEakKIMOHHON Cpeabl, XapaKTepHbIN s craguil 2—4, o0bscHsIeTcs: OOJbIIeH CKOPOCTBIO OT-
Jlauyl TeIula PeaKLMOHHON cpesie, YeM JI0 MOMEHTAa BHECEHUS PEaKLMOHHON CMECH B PEaKIMOHHBIH COCYI.
IIpu 3TOM A1 KaX10M cTaAuU MOXHO BBIICJIUTh XapaKTepHbIE IIPOLIECCH], HA KOTOPBIE PACXOAYETCs TEILIO,
OTHUMAEMOE PEAKIIMOHHON CMECHIO Y TEPMOCTAaTUPYIOIEH CpEebI.

Cranus 2: yMeHbLICHUE Pa3sHOCTU TEMIEpaTyp MEKAYy BHECEHHOM PEaKLMOHHON CMEChIO U TepMOCTa-
THPYIOIICH cpenoii (YMEHBIIICHHE TEMITePaTypHOTO TPaiueHTa).

Cragus 3: mepexol peakUMOHHOH cMecu B paciuiaB ((pa3oBbii mepexo] — 3HAOTEPMUYECKUI IMpo-
necc). Ha pucynke 1 BUIHO, 4TO, HAUMHAS € TOTO MOMEHTA, CIJIOLIHAS KPUBasi CTAHOBHUTCS O0Jiee MOIOroH.

Cranus 4: mpoIecc peakiiuy MOJTMKOHICHCANH (SHIO0TEPMUYECKUAN MPOTIECC) U yaaJIeHHE TTapOB BOJIBI
13 TOIy4eHHOH cMoibI (Pa3oBbIi mepexo] — IHAOTSPMHUUECKHUM MPOIIECC).

Craaus 5 xapakTepu3yeTcs pacxoJOM TeIlla TepMOCTaTUPYIOIEH cpenol TIaBHbBIM 00Opa3oM Ha Moj-
JepKaHue TEeMIEepaTypbl BHYTPHU PEAKIMOHHOTO COCYZa, YTO MOIATBEpKAAeTcs (akTOM YCTAaHOBICHHUS IO-
CTOSIHHBIX 3HaueHUU Temneparyp I, u T, Ha Ham B3risii, 3T0 CBUETENIBCTBYET O MPAKTUUYECKH MOJHOM
OKOHYaHHH PEaKLuH MOJUKoHAeHcanyd. O4YeBUIHO, YTO 3TOT BBIBOJA MOXET OBITH CAEJaH, TOJBKO NMPHHU-
Masi BO BHUMaHHE OIPaHUUCHHYIO YyBCTBUTEIBHOCTh HCIIOIb3yEMOI0 HAMU METOJIA.

Ha pucynkax 2—4 npencTaBieHbl 3aBUCUMOCTH TEMIIEPATYPhbl CPEbl B PEAaKIMOHHOM COCYJE U TepMO-
CTaTUPYIOIIEH Cpeibl OT BPEMEHU IS SKCIEpUMEHTOB Ne 2—4.

W3 pucynkoB 2 u 3 ciexyer, 4To MPOLECCH], MPEACTaBICHHBIE HA 3TUX PUCYHKaX, COCTOSAT U3 TEX XKe
CTaJuii, 4To U B 3KcriepuMeHTe Ne 1. OCHOBHOE OTIIMYME MEXKIY TPeMsl TeMIIepaTypHbIMU PEKUMaMU COCTO-
WT JIUIIb B 3HAaUeHUU TeMnepatyp T, U Ty

Ha pucynke 4 BuaHo, 4To nocine nepBsix 179 MUH SKCIEpUMEHTa TEMIIEPATypa PEAKIIMOHHOIO pacIlia-
Ba CTAHOBUTCS BBIIIE, UYEM TEMIIEpaTypa TEPMOCTATUPYIOLIEH cpelibl. DTO MOXKET 03HA4aTh, YTO IIPU JAHHON
TeMIIepaType HarpeBa TEPMOCTaTUPYIOIIasl Cpela OCTHIBACT ObICTpee MOydaeMON CMOJIbI BCIEICTBHE pa3-
HOM TENJIONPOBOAHOCTH. DTO YKa3bIBAE€T HA HEAOCTATOUYHBIM HArpeB peaKIMOHHOM Macchl U, KaK CIEJICTBHE,
Ha HEJOCTAaTOYHO I10JIHOE YAAJIEHUE N1apoB BObI U3 PEAKLIUOHHON CpeJIbl.

B tabnune 2 npuBeneHs! JaHHbIE O 3HAYEHUU TEMIIEPATyPbl PEaKIIMOHHON CMECH 1OCJIe YCTAaHOBIJICHUS
ee noctossHHOro 3HaueHus (7)), a TakKe MPOJOJLKUTENILHOCTH PEaKIMH MONIUKOHIEHCAH ¥ (QU3HIECKHX
CBOMCTBaxX MOIyYaeMbIX CMOJL.
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PI/ICYHOK 2. 3aBUCHMOCTh TeEMIECPATyphl CPpeabl B pCaKIIUOHHOM COCYIC
u TepMOCTaTI/IpyIOHIeﬁ Cpe€abl OT BpEMCHHU B SKCIIEPUMECHTE Ne 2
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Pucynok 4. 3aBUCUMOCTb TeMIIEPaTyphl CPEIbl B PEAKLIMOHHOM COCYE
U TEPMOCTATUPYIOLIEH Cpelibl OT BpEMEHHU B dKciepruMente Ne 4
Taonuuma 2
JlaHHbIe 0 3HaYeHHH TemnepaTypbl Tp,, 10cTUraeMoii B 3kcnepumMenTax Ne 14,
NMPOI0TKUTEJIHHOCTH PeaKIMU MOJHKOHIEHCAUH M (PU3HYECKHX CBOHCTBAX MOJy4YaeMbIX CMOJI
Ne sxcnepu- o Bpews peaiciuu . Brenmmi sun MexaHnueckue
T, °C | HOMMKOHIEHCALINY, Buennuii Bug cMOJIBI TOHKOTO CJIOS .
MEHTa * CBOMCTBA CMOJIBI
MUH CMOJIBI
1 140.5 30 JKenras, 6necrsamas, Kenteii, Teepnas,
’ HEIpo3padHast MYTHBIH N3MENBYAeTCs C TPYAOM
’ 117 44 Benas, 6necrsmast, Tpospausbiii TBepnas,
HEIpo3padHast JIETKO U3MEIIbYaeTCs
3 130 50 Benas, Onectsmast, Tpospausbiii TBepnas,
HEIpo3padHast OYeHb XPYTIKas
4 112 75 benas, myrnas, Benprit, MyTHBIH Trepnas,
HEIpo3padHast M3MEJIBYACTCs C TPYIOM

HpuMethue. * Croit TOIIHII/IHOﬁ 1 MM roToBmWIH U3 pacijiaBa CMOJIbI HETIOCPCACTBEHHO IEPE/ 3aBEPUICHUEM ITPOIIECCa TOJIN-

KOHJCHCAIIUH.

Cepust «Xummsi». Ne 4(72)/2013

17



A.H.Wpgpwucos, A.M.BarikeHoB 1 ap.

Kak BumHO U3 TabnMIBI 2, CMOJIa, MOTyYCHHAs B pe3yibraTe skcnepumenta Ne 1, o0nagaer HeynoBie-
TBOPUTEJIBHBIMH MEXAQHUYECKUMH M ONTHYECKMMH CBOWCTBAMH, YTO MOXKET CBHJCTEIBCTBOBATH B IOJIb3Y
BBIBO/Ia O BO3MOYKHOCTH JIOKQJIbHBIX TIEPETPEBOB BO BPEMsI 9TOT'O IKCIIEPUMEHTA.

CMOJTBI, OTyYCHHBIC B pe3yJIbTaTe SKCIepuMeHTOB Ne 2 1 3, MOKa3bIBaIOT yIOBJICTBOPUTEIBHBIC CBOM-
CTBa, IIPH 3TOM B dKcriepumenTe Ne 3 cMorna nosty4yaeTcst 6onee Xpynkoid. JJaHHbIE CMOJIBI OBLUTH H3MEIbUCHBI
Ha PEaKTUBHOW MEJIBHUIIE, C IIENBIO MOJTYyYCHHs MEJIKOIMCIEPCHOTO MOPOIIKa. Pe3ynbTaThl mpencTaBIeHbI
Ha pUCYHKax 5a u 56.

- o

¥

— 10pm JEOL
X 2,000 5.0kv LEI SEM

— 10pm JEOL
5.0kV LEI SEM

a) sxcriepuMeHT No 2 0) skcriepumenT Ne 3

PucyHnok 5. CHUMKH CMOJI, TOJTYYEHHBIX B 9KcriepuMeHTax Ne 2 1 3 u 3aTeM U3MeIbUeHHBIX
B peakTUBHOW MesbHUIE. CHUMKH ITOJTyYeHBI C MTOMOIIBI0 CKAaHUPYIOMIETO AIEKTPOHHOT0 MUKPOCKOIIa
npu 2000-kpaTHOM yBETHUYEHUU

W3 pucyHka 5a BUIHO, 4TO CpPEeIHUI pa3Mep 4acTHUI] COCTABIAET OKOJIO 3,5 MKM U B CMECH IPUCYTCT-
BYIOT AOCTaTOYHO KPYITHBIE YacTHIbI, BIUIOTH 10 10 MKM. B TO ke BpeMsi CHUMOK CMOJIbI, TOJy4YEeHHOH B
skcnepuMenTe Ne 3 U MoKa3aHHOM Ha PUCYHKE 50, CBUIETENbCTBYET O CPEJHEM pa3Mepe 4YacTHll Mopsiaka
2 MkM. Ou€eBHUIHO, YTO YCJIOBUS 3TOI'0 SKCIIEPUMEHTA IIO3BOJIAIOT HOIy4aTh XPYNKYIO CMOJY, KOTOpas Iociie
W3MEJIbYCHHUS B PEAKTUBHON MEJIbHHULIE SIBIISIETCs O0Jiee OMHOPOIHOI 10 pa3Mepy YacTull.

CMmona, nomydeHHas B 3kcniepuMmeHTe Ne 4, He oOnajgaeT yNOBIETBOPUTEIbHBIMU MEXaHUYECKHMU U
ONTHYECKUMH CBOHCTBaMH, OUEBUIHO, BCJICACTBHE HEHOJIHOTO IPOXO0XKIEHHUS PEaKUU MTOJUKOHACHCAlUU U
HEJ0CTAaTOYHOIO YJaJIEHUS BOJBI U3 PEAKIIMOHHOTO PACILIaBa.

Buvisoowt

W3yden temnepaTypHbIA peXUM peakIMy MOJIMKOHJCHCALMH B PacIUlaBe MeJIaMHHa, mapadopmaibie-
THJIA U 1-TONYOJICYIb(OHAMHIA, B3SITBIX B MOJILHOM cooTHomeHuu 0,35:1:2.

[Toka3zano, 4To Tpu BEIOPAHHOM MOJIFHOM COOTHOILEHHH PEarcHTOB CMOJia C ONTUMAaJIbHBIMH MEXaHU-
YeCKUMH U ONTHYECKUMH CBOWCTBaMHU 0Opasyercs mpu Temnepatype paciiaa 130 °C u BpemeHH mpoBeze-
HUSL TOJIMKOHJIEHCAMU 0KoJ1o 50 MUH.

CHUMKU HA CKaHupyrowem 3aeKmpoHHom muxkpockone JSM-7500F 6vinu coenanvt 6 nabopamopuu uH-
arceneprozo npoguns EHY um. JI.H.I'ymunesa, punancupyemou MOH PK.
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cynepoHamuna u napadpopmansaeruna / Hayka n obpasosanue B LlentpansHom Kazaxcrane: Marepuanst MexayHap. Hayd.-IPaKT.
koH(}. — Kaparanna, 2013. — C. 116-119.

5 Tlarent 2013/0564.1 PK. ITonyueHne MenKOM3MeIbUSHHBIX OKPALIEHHBIX aMHHO-(OPMaIbICTHAHBIX CMOJI C Pa3MEpOM dac-
Tui MeHee | Mukpomerpa / Anponrapos A.A., Bapamkos H.H., Uprubaesa 1.C., Mantens A.J1.

A.H.Unpucos, A.M.Baiikenos, A.1.Manrens,
N.C.Mprubaesa, A.A.Annonrapos, H.H.bapamikos

¥Ycak IucnepeTi YHTAKTAP aJIy YIIiH KOJJIAHbUIATHIH
MeJIAMMH-TOJIY0JICY IbGoHaMua-popMasibaeruATi manbIpJaapabiH
(pusukanbIK KacueTTrepine peakius TeMIepaTypacbIiHbIH dCEPiH 3epTTey

Makanaza MelIaMHUH-TONYOJICYIb(OHAMUI-HOPMAIBACTHATI IAWBIPIAPIbIH MEXaHUKAIIBIK JKOHE ONTHKAIIBIK
KacHeTTepi, OChl YIICYiHIH KOCHACBIHBIH TYPAKThl MAacCAJIbIK KaThIHACTA MOJUKOHJEHCALUS PEeaKUUsIChIHAA
TeMreparypara TOYeNIUIr Kailibl HOTHXKENep KeNTipiireH. AJNbIHFAH LIaHBIPIApIbIH camachl KeJeci
rapaMeTpiepMeH aHBIKTaJlFaH: Macca TYCl, JKyYKa KabaT MeIAIpIIri, CHIHFBINTHIFEL [loaMkoHmeHcamus
HOTIDKECIH/IE JIBIHATHIH MaibIpra THiMAl Temneparypa — 130 °C. Temmeparypa >KeTKITIKCI3 JKoHE XKOFaphl
OoyrFaH Karjmala anblHATBIH INAWBIPIApABIH  ONTHKAIBIK JKOHE MEXaHHKANbIK KacHeTTepiHe acepi
KOPCETLITEeH.

A.N.Idrissov, A.M.Baikenov, A.l.Mantel,
I.S.Irgibayeva, A.A.Aldongarov, N.N.Barashkov

The influence of reaction temperature on the physical properties
of the resulting melamine-toluenesulfonamide-formaldehyde resins
used to produce fine powders

Current study represents results on influence of temperature condition of reaction on mechanical and optical
properties of melamine-toluenesulfonamide-formaldehyde resins prepared by polycondensation of melamine,
p-toluenesulfonamide and paraformaldehyde at constant ratio between three starting monomers. The quality
of obtained resins was determined on the basis of the following parameters: color of mass, transparency of
thin layer, and brittleness. It was found that the optimal temperature of polycondensation process was around
130 °C. The effect of low and high temperature of reaction mass on optical and mechanical properties of
obtained resins is investigated.
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Synthesis and characterization of polymeric nanoparticles based on albumin

The influence of different factors (pH of medium, nature and quantity of solvent, etc.) on physicochemical
characteristics of polymeric albumin nanoparticles has been investigated in this article. Using optimal condi-
tions which have been found out empty albumin nanoparticles with satisfactory physicochemical characteris-
tics (particle diameter in the range of 50—-100 nm, polydispersity 0.130-0.180 and {-potential —11,3-31,0 mV)
have been obtained. Synthesized nanoparticles are promising as drug delivery systems.

Key words: albumin, nanoparticles, glutaraldehyde, desolvating agent, immobilization, desolvation, coagula-
tion, polydipersity, particle size.

Prospects of using polymeric nanoparticles as drug delivery systems for the drugs which are used in the
therapy of tumors and tuberculosis has been proved by the results of numerous investigations [1, 2]. Human
serum albumin (HSA) is one of the most frequently used biopolymers in medicine. HSA is known to be used
for treating shock, burns, hypoalbuminemia, after surgery trauma, cardiopulmonary bypass, acute respiratory
distress and hemodialysis [3—5]. Albumin-conjugates are also used in treatment of arthritic diseases, for liver
targeting, and others [3—5]. Albumin is known to be accumulated in malignant and inflamed tissues and na-
noparticles made of HSA were found to be non-toxic and well-tolerated by human organism [3—5]. Owing to
its capability to transport low molecular weight compounds it is a unique carrier for drugs. Binding drugs
with albumin provided prolonged effect of such proteins and peptides as Albuferon and Levemir [5]. Func-
tional groups (carboxylic and amine groups) which are present in the structure of albumin allow to modify
the surface of the particles by attaching the molecules for targeting purposes [5—7]. For these reasons HSA is
a potential drug carrier.

In [6, 7] HSA nanoparticles have been obtained by W/O emulsion polymerization, desolvation, coacer-
vation or by protein denaturation [6, 7]. One of the most effective methods of synthesizing nanoparticles is
obtaining them in emulsion. However this method has some disadvantages that limit its use, such as the re-
moval of stabilizers and the surrounding oil phase from the system after the process [7]. Kreuter J., Langer
K. et al. (Goethe University) suggested the desolvation as an alternative method for the preparation of the
nanoparticles [7]. In this method HSA is dissolved in water and desolvated with ethanol and stabilized by
crosslinking with glutaraldehyde.

The aim of the present work was to study the influence of various factors on physicochemical parame-
ters of polymeric nanoparticles of HSA and selection of optimum conditions of obtaining nanoparticles with
satisfactory characteristics.

Experimental part

10 % solution of HSA (Blood Center), 50 % solution of glutaraldehyde and phosphate buffer 7.4
(Sigma Aldrich, Germany) were used in this work.

Synthesis of empty human serum albumin nanoparticles. Empty HSA nanoparticles were obtained by
desolvation method. pH of 2 % albumin solution was adjusted to 8.0-8.5 using buffer solutions and then cal-
culated amount of ethanol and glutaraldehyde was added at a constant stirring. The suspension was stirred
for 24 hours. The particles of needed sizes were separated from low- and high molecular compounds by re-
peated centrifugation (Mini Spin plus-14500 eppendorf, Germany). Obtained particles were washed with
water and dried to constant weight.

Determination of particle size, polydispersity and surface charge. Particle size, polydispersity and
surface charge of nanoparticles were measured by photon correlation spectroscopy (PCS) at Malvern
Zetasizer Nano S90 (Malvern Instruments Ltd., Malvern, UK) and Malvern Zetasizer 3000HSA (Malvern
Instruments Ltd., Malvern, UK) at a temperature of 25 °C at a scattering angle of 90°.
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Pictures of empty HSA nanoparticles and nanoparticles loaded with drug were made by transmission
electron microscopy (transmission electron microscope CM 12 (Philips)).

The yields of nanoparticles were determined gravimetrically. Empty aluminum cups were weighed on a
balance with accuracy 1-10™* mg and then each cup was filled with 0.05 ml of nanoparticles’ solution and
was evaporated in vacuum oven at a temperature 45 °C. Cups were again weighed after evaporation of water.

Results and Discussion

Synthesis of empty HSA nanoparticles was done by desolvation method [5—7]. With the aim of obtain-
ing particles of nanometric size with satisfactory characteristics a number of experiments have been done to
find out optimal conditions. Initially the influence of pH of medium on particle size was studied. The results
of the study are shown in Table 1.

Table 1
Characteristics of nanoparticles depending on pH of medium
pH of medium

2,0 4,04,5 7,0 8,0-8,5 11,0
Portion of particles with the size
below 1000 nm, % B - 20 95-100 -
Average particle diameter, d, nm — — — 80-100 —
Polydispersity 1,0 1,0 0,8 0,140-0,170 1,0

As it is seen from table 1 the particles of nanometric size were formed only at pH 8.0—8.5 which is most
probably due to aldol condensation of glutaraldehyde which goes in alkaline medium at this meaning of pH.

Among the factors influencing on the formation of particles the nature of desolvating agent plays an
important role. In connection with this a number of experiments directed to find out optimal solvent were
conducted. Ethanol, dimethylsulfoxide (DMSO) and dimethylformamide (DMF) were used as solvents, thus
there were chosen the solvents of which thermodynamic quality was better than ethanol. The rate of addition
of the desolvating agent was controlled using minipump and kept constant (1 ml/min). The particles were
separated from unreacted components by three-fold centrifugation and washing with water.

Physicochemical parameters of synthesized particles were measured by photon correlation spectroscopy
of which the results are given in Table 2.

Table 2
Physicochemical characteristics of empty HSA nanoparticles when using various desolvating agents

No The volume Average particle Polydispersity Portion of particles with
of desolvating agent, ml diameter, d, nm the size below 1000 nm, %
Ethanol
1 8 | 54,76 | 0,095 | 100
DMF
1 8 | 6210 | 0,908 | -
DMSO
1 2 75,66 0,665 53,2
2 4 813,3 1,000 31,1
3 8 2379 1,000 53,1
4 10 590,6 0,800 53,0

The results of experiments when using DMF have shown the inapplicability of this solvent as
desolvating agent as the particles of nanometric size were not formed (average size of obtained particles was
6210 nm with polydispersity 0.9) (Table 2).

According to the results with using DMSO when obtaining empty HSA nanoparticles varying the quan-
tity of desolvating agent (from 2 to 10 ml) it has been found out that the portion of particles of nanometric
size increases with decreasing the volume of DMSO added (Table 2). So when addition of 2 ml of DMSO
the portion of formed particles of nanometric size was the highest and reached 53.2 %. However in spite of
satisfactory meaning of average particle diameter the portion of particles with average size 51 nm was only
18 % (Fig. 1), which points on inapplicability of the sample for loading with drug.
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Size (d.nm): % Intensity Width (d.nm):
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Intercept: 00625 Peak 3: o112 17,9 34,69

Result quality : Refer to quality report
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Figure 1. Particle size distribution when using DMSO (2 ml) as desolvating agent
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Figure 2. Particle size distribution when using DMSO (8 ml) as desolvating agent

Size (d.nmy): % Intensity Width (d.nm):
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Intercept: 0,859 Peak 3: 0,000 0,0 0,000

Result quality : Refer to quality report

Size Distribution by Intensity

Intensity (95
(]
o

o4
04 1 10 100 1000 40000

Size (d.nm)

Figure 3. Particle size distribution when using DMSO (8 ml) as desolvating agent (after processing with US)
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Then it was interesting to investigate the sample obtained when adding 8 ml of DMSO, as the content of par-
ticles of nanometric size (58.59 nm) in the system was more than 50 % (Fig. 2). Therefore these particles were
separated from precipitation and the dispersion was processed by ultrasound (US) within 10 min. (with pauses for
20-30 sec.), then the particle size and polydisperisty were measured again. The results are shown in Figure 3.

As it is seen from Figure 3 the average particle diameter was 590.0 nm and polydisperisty 0.388 which
points on growing of the particles and formation of the system with distribution close to monomodal one.

From Table 2 it is also seen that the use of ethanol of 8 ml for carrying out desolvation process gives
good results: the particles with satisfactory characteristics have been synthesized. So using optimal condi-
tions found out (pH 8.0-8.5, desolvating agent — ethanol, volume of ethanol 8 ml) empty HSA nanoparti-
cles have been obtained.

It was judged about physico-chemical characteristics on the next parameters: particle size (d, nm),
polydispersity (P) and zetapotential (mV). The results of two independent particle samples are summarized
in Table 3.

Table 3
Physicochemical characteristics of HSA nanoparticles
Sample A Average Sample B Average
Parameter Ne 1 Ne 2 Ne 3 meaning Ne 1 Ne 2 Ne 3 meaning
Particle size, nm 2229 164,2 160,6 182,6 85,5 88,3 86,7 86,8
Plydispersity 0,154 0,043 0,033 0,077 0,191 0,184 0,176 0,184
{-potential, mV -11,3 -31,2 —24,2 —22,2 -30,4 —28,5 -23,8 -27,6
Particle yield, % 40,4 39,2

Particle size distribution of the 3" pattern of sample B is shown in Figure 4.

From Figure 4 it can be seen that the system 100 % consists of the particles of nanometric size of which
average diameter was 86.68 nm and polydispersity was equal to 0.176.

When obtaining polymeric nanoparticles the study of aggregative and sedimentative stability of the sys-
tem is of great importance. The surface charge of particles is quantitatively characterized by the value of
{-potential and it determines the possibility and the rate of movement of disperse phase towards disperse me-
dium. (-potential of colloidal system changes essentially when changing pH of medium. It is caused by the
fact that proton (hydrogen-ion) and hydroxyl-ions possess high capability to be adsorbed: protons — owing
to their small radius which allow them to be close to the surface of hard phase; and hydroxyl-ions are ad-
sorbed because of their high value of dipol moment. In the acidic medium {-potential has positive surface
charge and in a basic solution its charge will have negative meaning. As it is known the meaning of
{-potential has to be close to —30 mV or +30 mV, as the system with the surface charge close to zero is prone
to coagulation.

Size (d.nm): % Intensity Width (d.nm):
Z-Average (d.nm): 8668 Peak 1: 94,57 100,0 27680
Pdl: 0,176 Peak 2: 0,000 0,0 0,000
Intercept: 0,629 Peak 3: 0,000 0,0 0,000

Result quality = Good

Size Distribution by Intensity

Irtensity (%)
>
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Size (d.nm)

Figure 4. Particle size distribution of HSA nanoparticles when using ethanol as desolvating agent
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The meaning of {-potential of the 1* pattern of sample A (—11.3 mV) indicates on coagulative origina-
tion of the sample (Table 3). Coagulation of the particles might have taken place during cleaning nanoparti-
cles. In spite of that fact that this sample test was excluded from further investigations, it seemed interesting
for us to observe the changes of parameters of this system when undergoing to the US. With this aim pattern
1 was submerged into the ultrasonication bath. After 5 minutes of ultrasonication the diameter of particles
decreased slightly and polydispersity remained at the same meaning (d =212.4 nm, P = 0.153). This state of
the system is observed in Fig. 5b), from which it is seen that distribution of particle size is still bimodal. Pro-
cessing of pattern with US within 10 minutes allowed decreasing the average particle size to 200.7 nm. And
the polydispersity degree also decreased (P = 0,141) which is in correspondence with monomodal curve of
particle distribution (Fig. 5¢).
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Figure 5. The differential intensity distribution curves of serum albumin particles according to their size

The sample B was chosen from the obtained samples for further investigations as a polymer carrier, be-
cause it has less diameter of particles (86.8 nm) and low meaning of polydispersity (0,184). It should be not-
ed that sample B has very low negative meaning of average surface charge (—27.6 mV) (Fig. 6) which indi-
cates on stability of colloidal system in time.

Zeta Potencial (mV)

Intensity

-100 0 100
Zeta Potencial (mV)
Result
Zeta Potential (mV): —31.2 Mobility (umem/V.s): —2.447
StDev(mV): 6.5 StDev (umcm/V.s): 0.508
Conductivity (mS/cm): 0.00 F(ka): 1.50

Figure 6. Electrical charge distribution on the surface of HSA nanoparticles
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In addition it has been found out that the reverse order of addition of desolvating agent (ethanol) and
glutaraldehyde does not lead to the formation of the particles of nanometric size.

Electron microscopic pictures of prepared samples testify spherical shape of nanoparticles, narrow in-
terval of particle size distribution and of absence of particle aggregation (Fig.7).

Pictures show that the particle size ranged between 80—120 nm.
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Figure 7. Electron microscopy pictures of empty HSA nanoparticles

Thus, there was obtained HSA nanoparticles with the satisfactory physico-chemical characteristics
which allow using them as polymer carriers for drugs.

Obtained nanoparticles were separated from dispersion by repeated centrifugation and washing with
water. Then the particles were dispersed into water using US on ULTRASONIC Cleaner LAUNCH within
10 min (20-30 sec. pause). In this case it was not possible to disperse all the particles into water, therefore
the precipitate was filtered and weighed. And then dispersing degree has been calculated using obtained data
which was equal to 46.74 %.

Size (d.nm): % Intensity Width (d.nm):
Z-Average (d.nm): 2193 Peak 1: 238,0 100,0 70,54
Pdi: 0,068 Peak 2: 0,000 0,0 0,000
Intercept: 0,971 Peak 3: 0,000 0.0 0,000

Result quality : Good
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Figure 8. Particle size distribution of empty HSA nanoparticles dispersed into water

Then the particle size of nanoparticles dispersed in water has been measured. Average particle diameter
was 152.6 nm and polydispersity meaning was 0.244. And the portion of the particles with the size below
1 pm was 96.8 %. With the aim of increasing dispersing degree the processing with US was repeated and
second-time dispersing degree has been determined (Table 4).

As it can be seen from table 4 after 2™ time dispersing of empty nanoparticles into water almost 90 %
dispersing was achieved. Particle size of nanoparticles dispersed into water 2™ time was 219.3 nm and
polydispersity 0.068 (portion of nanoparticles was 100 %) (Fig. 8).
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Table 4
Characteristics of empty HSA nanoparticles
Characteristics of nanoparticles

Average particle . . The yield of na- Dispersing

diameter, d, nm Polydispersity noparticles, % degree, %
Initially synthesized nanoparticles 80,8 0,237 96,8 —
Nanoparticles after 1 time dispersing 152,6 0,244 — 46,7
Nanoparticles after 2" time dispersing 219,3 0,068 - 88,4

So in this article optimal conditions of synthesizing polymeric HSA nanoparticles by desolvation meth-
od have been worked out and empty HSA nanoparticles with satisfactory physicochemical characteristics for
further loading them with drugs have been obtained.
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AnbOYMHUH Heri3iHaeri nojuMepJii HAaHO0OIIeKTePAiH,
CHHTE3l JKOHe CUIIATTAMACBhI

Makanana ansOyMHHHIH ITOJIMMEpPIi HaHOOOIIIEKTEPiHIH (GHU3MKa-XUMHUSUIBIK CHIIATTaMalapblHa p TYpJi
¢axropmapaeiy (pH opTaHbIH, epiTkimTiH TaOWFaTEl MEH MONIIEPiHIH JoHe T.0.) ocepi 3epTTenreH.
AHBIKTaIFaH HaHOOGJIIECKTEPAIH KOJAMIbI XKaFAaillapblH KOJIIAHBII, KaHAaFraTTaHApIIbIK (U3MKa-XUMHUSIIBIK
cumarramanapra ue (oprama emmemi 50-100 wm, mommamcnepcrtimiri  0,130-0,180, C-motenmuan
—11,3-31,0 MB) capsicynbl ans0ymuHHIH 60c HaHOOemmeKkTepi anbiHAbl. O OeIeKTep AopiTiK 3aTTapIb!
TachIMAJIIAFBIITAP PeTiHAe Ooamars! 30p.

1.Kpoiitep, M.JK Bypxkees, E.M.Tax6aes, A.T.KaxmypaTosa,
T.C.Kymaranuesa, JI.XK.J)Kanaposa, A.C.bopcsin6aes, C.M.2Kynycosa

Cunre3 n XapaKTePpUCTUKA MOJUMEPHBIX HAHOYACTUIl HA OCHOBE aﬂbﬁyMI/lHa

B craree u3yueHo BnusiHUE pasnuuHbIxX (akTopoB (pH cpensl, nprpoaa U KOJIUYECTBO PACTBOPHUTENS U AP.)
Ha (QU3UKO-XMMHYECKHE XapaKTePUCTHKH MOJUMEPHBIX HAaHOYACTHIl abOymuHa. Vcronp3ys HalieHHbIE OIl-
THUMaJIbHBIC YCIIOBHSI CHHTE3a HAHOYACTHII, MMOJYYECHBI MYCThIe HAHOYACTHUIIBI CHIBOPOTOYHOrO aib0yMHHA
C Y/IOBIICTBOPUTEIHHBIMHA (DU3UKO-XUMHUYCCKUMH XapaKTEPUCTHKAMH (CO CpPETHHM pPa3MEpOM B Ipeenax
50-100 uM, nomuaucnepcaocthio 0,130-0,180, {-motenmanom —11,3-31,0 MB). CuHTe3npoBaHHBIE YacTH-
bl IEPCIICKTUBHEI B KAYECTBE HOCUTEINEH JICKAPCTBCHHBIX BEIECTB.
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BausiHue HAHOYACTHIL 30J10TA HA JTIOMUHECLHEHTHbIE CBOMCTBA
MOJIMMEPHBIX KOMIIO3ULUI OPraHUuYeCKUX Kpacuresen

B crarbe mosyueHbl MOJMMMEpHBIE KOMIIO3ULIMM HAa OCHOBE IOJMCHIOKCAaHA, OPraHMYECKHX Kpacurelsei
(Ne 2416 n 2748) u HaHOYACTHI] 30710Ta. I3MEpEHBI CIIEKTPHI MOTJIOMECHNUS ¥ CBEYCHHS MOTYYSHHBIX KOMIIO-
suiid. [lokaszano, uro B ciydae kpacurens Ne 2416 nobaBiieHHe HaHOYACTHI] 30JI0TA MOXKET HMPUBOIUTH K
YBEIMYEHHIO HHTCHCHBHOCTU CBEUYCHHS IIPU BO30OYKACHUHU Ha JUTMHE BOJIHBI MAKCHMyMa ITOTJIONIEHHs] HAHO-
YyacTHIl 30J10Ta, B TO BpeMs Kak J0OaBiIeHHEe HAHOYACTHI] 30JI0TA B OJIUMEPHBII pacTBop Kpacutems Ne 2748
MPUBOJAUT TOJIBKO K YMEHBIIEHNUIO KBAHTOBOTO BBIXO/]d CBEUEHHSI.

Kniouesvie crosa: HOBerHOCTHLIﬁ TJIa3MOHHBIN pe€30HaHC, HAHOYACTULBI 30J10Ta, OPraHU4YE€CKUE KPaCUTEIIu,
TTOJIMCHUJIOKCaH.

Bseoenue

KoHTponb CBOWCTB MOBEPXHOCTH HAHOMAaTEpHAJOB cTaj O0JACThI0O aKTHUBHBIX HCCIIEOBAaHWN B TIO-
cnenane mecatunetus [1, 2]. CBolicTBa METANTMYCCKON HAHOYACTHUIIHI B OCHOBHOM OIIPEACIISIOTCS pa3Me-
poMm, popmMoH, KpUCTaNIMYECKON CTPYKTYpOi M KoMmmosuier [3]. MeTaiueckue HaHOYACTHIIBI UTPAIOT
BRXHYIO POJIb BO MHOTHX Pa3jMYHBIX HAYYHBIX M TEXHOJIOTUYECKUX O0JIACTAX, TaKUX Kak (otorpadus [4],
Katanaus [5], MeauiuHa [6], 3JeKTpOHHBIE YCTPOHCTRa [7], XpaHeHue nHdopmMaliuu [8] u criekTpockomus [9].
Ha ceromust nis mMpUrOTOBICHUS METAJUIMYECKUX HAHOYACTHUI[ MCIIOJIB3YETCS MHOXKECTBO METOJIOB, TaKUX
Kak (hOTOJIN3, PAIUOJIN3, UCTIOIB30BAHUE YIBTPA3BYKa, 3aMEIICHHUE JIUTaHI0B B OPTaHOMETAITHYESCKAX KOM-
IJIEKCax, DIEKTPOXUMUYECKII CHHTE3 M XMMHYECKOe BOCCTAHOBJICHHE HATPUEBBIM OOPOTHIIPHIIOM WM CY-
nepruapuaoM [10-16].

HanouacTuipl 6J1aropoHbIX METAIOB 00JIAAAa0T YHUKAIBHBIME ONTHYSCKUMHU CBOWCTBAMU M3-3a UX
MMOBEPXHOCTHOTO Tia3MoHHOro pe3oHanca (III1P), uro mpencraBnseT KONJIEKTHBHOE KOT€pEeHTHOE Koseha-
HUE CBOOOJTHBIX 3JIEKTPOHOB B PE30HAHCE C AJNEKTPOMATHUTHOW BONHOW. [ImazMoHHOE KoebaHue paccMmar-
puBaeTcs Kak (DOTOH, CHJIIBHO CBSI3aHHBIA C HAHOPAa3MEPHBIM MPOCTPAHCTBOM METAJLUTUYECKON YaCTHIIBL.
[11a3MOHHBINM pe30HaHC PUBOAUT K CHIIBHOMY ITOTJIONICHHUIO WJIH PACCESHHUIO CBETa HAHOYACTUIIAMH Ha pe-
30HaHCHOH "yacToTe. KoyutekTnBHOE Kosiebanne CBOOOIHBIX SJIEKTPOHOB CO3/1AET JIOKAJIHHOE IEKTPUIECKOe
noJe.

[Ipu moMernieHny TFOMHUHECIIEHTHOT'O MaTepraiia B 001acTh JEHUCTBUS JIOKAILHOTO 3JIEKTPUYECKOTO T10-
JI. MOTYT H3MEHSTHCS €r0 CKOPOCTH IIOTJIONMIEHHSI U BO30YXKIIEHUS, YTO COOTBETCTBEHHO MEHSET H3Tyd4a-
TENBHYIO U O€3bI3TydaTeNbHyI0 CKOPOCTH 3aTyXaHHUs U KBAaHTOBBINA BBIXOA. Eciu yIriHa BOJIHBI TOBEPXHOCT-
HOTO TUIa3MOHHOTO PE30HAHCA MEPEKPHIBACT CIIEKTP MOTJIONICHUS TIOMUHECIICHTHOTO MaTepuaia, TO IPOHUC-
XOJIUT YBEJIMUYCHUE CKOPOCTEH MOIIIOIICHU W BO30yxaeHus [17]. DT B3auMOAEHCTBUS OBUIM MPEIMETOM
Teoperrueckux [18], a Takke dKCIIepUMEHTATHHBIX [ 19-22] nccnemoBanuii.
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OTOT MEXaHH3M O0CCIIEUYMBACT BO3MOXKHOCTH ISl PACIIMPECHHS TUara30Ha JIIOMHHECIEHTHBIX MaTe-
pHAaJIOB, KOTOPBIE MOTJH OBl OBITH HCITONH30BAaHBI B JIIOMHUHECIICHTHBIX COJNHEYHBIX KOHIIEHTpATOpax s
cOopa JITMHHOBOJIHOBOTO CBETA.

Cunmes

CuHTe3 MOoNMCHIIOKCaHa OBUT OCYIIECTBIICH U3 IBYXKOMITOHEHTHOM PEaKIIMOHHON CHCTEMBI (TIPOU3BO/I-
ctBa kommanuu Rhodia Silicones), cocTosiiei W3 BHHUICOACPIKAIICTO ITOJMCHIOKCAHOBOIO OJIUTOMEpa
RTV141A u otBepautens RTV141B. Meroauka cuHTe3a BKJIIOYaIa B ce0s CISAYIONINE CTa/IUN:

1) cmemuBanue kommoHeHTOB RTV141A u RTV141B B cootHomennu 10:1 (110 Becy);

2) nerazupoBaHHE CMECH B HU3KOM BaKyyMe ISl YAAJEHHS Ta30BBIX My3bIPbKOB;

3) HarpeBaHue NpUTOTOBICHHOM cMecH TTpH 60 °C B TeueHue 12 1.

BBeneHne KBaHTOBBIX TOYCK 30J0Ta OCYIIECTBIUIOCH MO OMYOJMKOBaHHOW MeTomuke [23] myTem
MIPEABAPUTEIHLHOTO CMEIIUBAHUS AaIleTOHOBOTO pacTBopa XiopoaypuHoBoit kmitoTel (HAuCl,, Curma-
Anapumx, Karagor Ne 50790) ¢ momucuinokcaHoBeiM omuromepoM RTVI141A mnpm  KOHIEHTpamuu
HAuC140,0005 % c mocnenyromuM HCIapeHUEM aleToHa npu HarpeBaHuu 10 55-60°C B TeueHue
0,5-1,0 4. ITomyyeHHsIiA GIIeAHO-KENTHIN pacTBOp cMemuBaics ¢ oreepaureneM RTV141B B cooTHomennn
10:1 (mo Becy) u moaBepraics HarpeBanuto npu Temmeparype 60 °C B Teuenne 12—24 4.

Peszynomamot u 0bcyscoenue

[Ipu monyyeHnn MoaMCcHUIOKCAaHA C HAHOYACTUIIAMH 30JI0Ta OBLIO OOHAPYXKEHO, YTO OKpacka oOpasyro-
Ierocs MoJuMepa MEUIEHHO MEHSETCS OT JKENTOW K CepOBAaTO-MaJIMHOBOHW BCIIEACTBHE BOCCTAHOBIICHUS
TPEXBAJIICHTHOTO 30JI0Ta B HOJbBalieHTHOE. OTMEUEHHOE M3MEHEHHE B OKpacKke OOBSCHSCTCS MOSBICHHEM
HIMPOKOI OECCTPYKTYPHOH MOIOCH ¢ MaKCUMyMOM TIpH 540—545 HM B CHIEKTpe MOTIIOMIEHHS TOIUCHIIOKCa-
Ha (puc. 1). Mi3MepeHne CIeKTPOB MOIJIOMICHHS TPOBOAMIOCH Ha criekTpodoToMeTpe GhupmMbl Analytic jena
Mozenb Specord 250 plus, a CrieKTpbI CBEYCHHS U3MEPSIINCH Ha criekTpoduiroopumerpe Dioopar-02 IMaHo-
pama. [1o Mepe yBenuueHHs] KOHLIEHTPALUU KBAaHTOBBIX TOUEK 30J0Ta HHTEHCUBHOCTH 3TOW MOJIOCHI BO3pac-
TaeT U MAaKCHUMYM IIOTJIOMICHUS CABUTacTCs B CTOPOHY AJMHHOBOJHOBOH 4YacTW CIIEKTpa, JocTuras 550-
555 um npu koH1eHTpanuu 3010Ta 0,001-0,003 %.
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Pucynox 1. CekTpsI NOTJIONICHHS TBEPIBIX PACTBOPOB XJIOPOAYPHUHOBOM KHIIOTHI (KpuBas 1)
¥ KBAaHTOBBIX TOUYEK 30JI0Ta C KOHIIEHTpanuei B momucmwiokcane 0,0007 % (xpuBas 2),
0,001 % (xpuBas 3) 1 0,0013 % (xpuBas 4)

[To-BumumMoMy, mpoliecc BOCCTAHOBIIEHUSI B HEKOTOPOH CTEMEHH KOHKYPHPYET C MPOLIECCOM OTBEPIK/Ie-
HUS OJMroMepa, Tak kak npu korneHTpamua HAuCly ot 0,001 % mo 0,005 % nabironaeTcs 3aMeiieHue OT-
Bepkaenus onuromepa RTV141A, u 1o monHoro oTBepkaeHus Tpedyercst 6oiee MpoaoDKUTENFHOE Harpe-
BaHue (ot 18 10 24 u).

[IpoBeneHHoe HcciaeOBaHUE CHEKTPOB (PIyOpEeCUEHIMH NOIY4YEHHBIX KOMIIO3UIMH [T0Ka3al0, 4To 110
Mepe YBEJIMYEHUS] KOHIIEHTPALlMM KBAHTOBBIX TOUEK 30JI0Ta MOSBIISETCS U ITOCTEIIEHHO YCHWJIMBACTCA Majlo-
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WHTEHCUBHAs (pIyopecueHnrs ¢ OCHOBHBIM MakcuMyMoM mipu 585-590 um. U3 pucyHka 2, rne npuBeaeH
CHEKTp (IIyopeceHINH KBAaHTOBBIX TOUCK 30JI0TA B IOJIMCHIIOKCAHOBOM IOJIMMEpE, OOHAPYKUBACTCS TAKKeE
MPUCYTCTBHE MAJIOWHTCHCUBHOM OECCTPYKTYPHOM MOJOCH ¢ MaKCUMyMOM 1ipH 750—800 HM.
®dyopeciieHTHOE MOBEJCHUE MOTUCUIOKCAaHOBBIX KOMITO3UIINH, COEP KAIINX KBAaHTOBBIE TOUKH 30J10-
Ta, HEIUIOXO COTJIACYeTCs C JINTEPaTypHBIMU JaHHBIMU [24], KOTOphIE CBHUAETENBCTBYIOT B MOJIB3Y TOTO, YTO
ucryckanue B obmacta 590 HM 00yCIIOBIEHO SJIEKTPOHHBIMHU Sp-TIEPEX0JaMU MEXKIY Sp-ypOBHSAMH (JIexa-
mmMu Hke PepMu-ypoBHs) U mepBbIM dI-ypoBHeM. Kak u B ciydae ApYrux METaJIOB, 3TOT MPOILECC
HpeACTaBIsIeT co00M OfHY M3 CTaauil CTylmeH4YaToro mpolecca, KOTOPbIH BKIIIOUaeT B ceOs BO3OyKIeHUE
AIIEKTPOHHO-ABIPOYHON MAphl U UCITyCKaHUE BCIICICTBHE IEKTPOHHO-IBIPOYHON pekoMOuHanuu [25].
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Pucynox 2. CriekTp ¢iryopectieHIIuH TBEPIOTO pacTBOpa HAHOYACTHUI] 30JI0TA B MOJIHMCHIIOKCAHE
¢ xonneHrpanuei 0,0013 % npu Bo30yKACHUN H3ITyYCHHEM Ha JUTHHE BOJHBI 540 HM

Jns monmydeHus: KOMIIO3UIMK IMOJUCHIIOKCAHOB ¢ KpacurenssMu N, N'-0wuc[(4-dpenmicynbdonar)-
3.,4,9,10-nepunenaukapookcuumu  (kpacutenb Ne 2416 — puc. 3) u 2,3,6,7,12,13,16,17-okTarumpo-
1H,5H,11H,15H-kcanTeno|2,3,4-ij:5,6,7-1')' | iuxunonusuna-18 terpadropdopar (kpacurenp Ne 2748 —
puc. 4) 7x10™* mons/m 1 1,8x10™* MOJIB/I COOTBETCTBEHHO MPEIBAPUTENHLHO FOTOBUIIH PACTBOPHI KpacHTee
B anetoHutpuie (12 mr kpacurens Ne 2416 B 10 mi) wnu anerone (13 mr kpacurenst Ne 2748 B 10 mi). 3a-
teM 15 mn ommromepa RTV141A cmemmBanu ¢ 0,7 M pactBopa kpacutens Ne 2416 B anleTOHUTpHIIE H
10 M pactBopa kpacutens Ne 2748 — B anerone. [locie 3TOro pacTBOPUTENH yJAISITUCH UCTIAPEHUEM TIPU
HarpeBaHUM Ha BOJSHOU OaHe 0 Temmnepatypsl S0—60 °C.

Pucynox 3. TBepaslii pactBop kpacurenst Ne 2416 Pucynox 4. TBepasiit pactBop kpacurens Ne 2748
B ITOJIMCHIIOKCAHE: clieBa — 03 HAaHOYaCTHUII 30J10Ta; B ITOJIMCHIIOKCAHE: clieBa — 03 HAaHOYACTHUII 30J10Ta;
crpaBa — ¢ HaHouyacTuiamu 3oJ0ta 0,0005 % crpaBa — ¢ HaHouyacTuiamu 3oJ0ta 0,0005 %

Br16op aneToHUTpHIIA B KaUuECTBE pacTBOpUTENs sl KpacuTens Ne 2416 cBs3aH ¢ TeM, YTO KPaCHUTENb
MPaKTUYECKU HE PACTBOPUM B arieToHe. K coxkaneHuio, npy CMEIIMBAHUM alleTOHUTPHUIIA C MOJUCUIIOKCAHO-
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BbIM osiuromepoM RTV141A nHaGmiogaercss 3aMeTHOE IOMYTHEHHE, KOTOPOE IMOCTE OTBEPXKICHUS C TIOMO-
meio RTV141B npuBoanuT K 9aCTHYHOHN MOTEPE ONTHYCCKOW OTHOPOIHOCTH OTBEPKIACHHOTO OKPAIICHHOTO
nommMepa (puc. 3). Kak BumHO M3 pUCyHKa 3, TOMYTHCHHE YCUIIMBACTCS IIPH BBEJACHUN KBAHTOBBIX TOYCK
3osota B onumep. [lo-eugumomy, onuromep RTV141A Gonee uyBCTBUTENIECH K MMOTEPE ONTHYECKON OIHO-
POIHOCTH B TOM CiIydae, KOr/ia KOMIIOHEHTHI TOJIMMEPHOI CHCTEMBI BBOAMWINCH Yepe3 KOMOMHAIMIO PACTBO-
puTenel «aleTOHUTPUI — alleToH». OJHAKO YaCTUYHYIO IOTEPI0 ONTHYECKOH OZHOPOJHOCTH B ClIyyae CHC-
TEMBI «IOJMCUIOKCAH — KpacuTedb Ne 2748 — KBaHTOBBIE TOUKHU 30J710Ta» (puc. 4), KoTopas Obljia MoaydeHa
0e3 yJacTusl alleTOHUTPUIA B Ka4eCTBE PACTBOPHUTEINS, CIEAyeT OTHECTH K APYTHMM (aKkTopam, B YaCTHOCTH,
K BO3MOKHOMY B3aUMOJICHCTBUIO KPACUTENS C XJIOPOAYPUHOBON KUCIIOTOM.

Cremyer OTMETHTB, UTO B Cilydae O0OHMX KpacuTelel BBEJIEHHE MX B MAcCy MOJHCHIOKCAHOBOTO OJIH-
roMepa RTV141A npuBoauT K 3aMETHOMY M3MEHEHHIO B CIIEKTPax MOrjolieHnusd. B gacTHocTH, criekTp mo-
rIomeHuss kpacuteas Ne 2416 B alleTOHUTPUIIE OYEHb OJIM30K K €ro CIEKTPY, M3MEPEHHOMY B 3TaHOJIC

(puc. 5).
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Pucynox 5. Criextps! norsomenus (1) u ¢ryopecuenumu (2) xpacurenst Ne 2416 B araHoNe

W3 pucyHKOB 5 U 6, T IPUBEACHBI CIIEKTPBI TOTIIOMEeHU KpacuTens Ne 2416 B MONMCHIIOKCAHE ClIe-
IyeT, 4TO TMOJIMMEPHAs MATPHIIA CIIOCOOCTBYET MOTEPE KOJICOATeIbHONH CTPYKTYPBI B CIEKTpPax, pacIiupe-
HUIO TI0JIOC TIOTJIONICHUS U MX CIIBUTY B JUTMHHOBOJIHOBYIO O0JIACTh CIIEKTpA.
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1 — 6e3 noOaBieHnss HAHOYACTHI] 30J10Ta;
2 — ¢ nooasnenunem 0,0005 % HaHOYACTHIL 30JI0TA

PucyHok 6. CriekTps! nornonienus kpacurens Ne 2416 (0,7x10™* mMonb/it) B HOMHCHIOKCaHE

AHaJIOTUYHBIA BBIBOJ MOXHO CHENaTh M3 CONOCTABICHUS CHEKTPOB, M3MEPEHHBIX MJISi KPacUTEIs
Ne 2748 B pacTBOpe aneToHa (puc. 7) ¥ B MOJTUCUIOKCAHOBOK MaTpule (puc. 8).
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Pucynox 7. Cniextpsl norsomenus (/) u diayopecuenun (2) kpacureins Ne 2748 B anierone
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Pucynok 8. Ciektp moriomenus kpacutemns Ne 2748 (1,8x10* MoB/1T) B IIOHCHITOKCAHE

CrekTpbl (GIyopecIieHIINE TBEPABIX pacTBOpOB Kpacutenei Ne 2416 u 2748 B IpUCYyTCTBUH KBAHTO-
BBIX TOYEK 30JI0Ta U B UX OTCYTCTBHE MCCIIECIOBAIN NIPU BYX TUMAX BO30yxaeHus: ipu 510 HM u 574 HM,
YTO COOTBETCTBYET MaKCHMyMaM MOTJIOIIEHUS COOTBETCTBYIONIMX KpPACUTENCH B MONMMEPHON MaTpulle
(puc. 6 u 8), a Takke npu 540 HM, YTO COOTBETCTBYET MAKCUMYMY IOTJIOIICHUS B CIICKTPE KBAaHTOBBIX TO-
YeK 30J10Ta.

1. Cnexmpul ¢hiyopecyenyuu meepovix pacmeopog kpacumens Ne 2416
6 NONUCUTIOKCAHOBOU Mampuye

Kak BumHO M3 pucyHKa 9, qo0OaBjieHHEe HAHOYACTHUI[ 30JI0Ta K TBEpAOMY pacTBopy Kpacutens Ne 2416
MPUBOJUT K TYIICHHIO CBEYCHHS KPACHUTENS MPH BO30YKICHUM HA JIIMHE BOJIHBI MaKCHMyMa TOTJIONICHUS
kpacutens 510 am. OgHaKo Mpu Bo30YKISHUH TOTO e paCTBOpa U3IYYCHUEM Ha JTUHE BOJTHBI MAKCUMyMa
TIOTJIONICHHS HAaHOYACTHIT 30710Ta 540 HM IIPOUCXOAUT ycmieHne (QIryopeciieHIIny Mpu J00aBICHUH HaHOYA-
crutt 3o0510ta (puc. 10). JlanHoe ycunenue ¢iryopeciieHIny Moxkao otaect K [TTP.
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Pucynok 9. Cnektpsl ¢uryopecueHimu kpacutes Ne 2416 B MOTUCHIOKCAHE PH BO30YKICHUH
Ha JyirHEe BOJHEI 510 HM (YCIIOBUS perucTpaiuu GIyopecleHINH HACHTHYHBIC)
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1 — 6e3 no6aBIIeHNs HAHOYACTHI] 30J10Ta; 2 — ¢ AobasiaenueM 0,0005 % HaHOYACTHII 30J10Ta

Pucynok 10. Cnextpsr dhiayopecueniin kpacuteist Ne 2416 B monucHIIOKCaHe IpH BO30YKICHUN
Ha JyrHEe BOJHBI 540 HM (YCIOBUS peTUCTpAIiH (IIyOPECICHIINH HACHTHIHBIE)

2. Cnexmpuwl ghyopecyenyuu meepovix pacmeopos kpacumens Ne 2748
6 NONUCUTIOKCAHOBOU Mampuye

B ciydae tBepapix pactBopoB kpacutens Ne 2748 nobaBneHne HAHOUYACTHUI] 300Ta MPUBOIUT TOJIBKO
K TYIICHUIO (DIIyOpPECIEeHIMN KpacHUTelsl BHE 3aBUCHMOCTH OT JJIMHBI BOJHBI BO3OYXAEHUS — 574 HM H
540 am (puc. 11 u 12). TymeHrne cBeUYeHUS B 3TOM CIydae MOKHO OTHECTH K O€3bI3TydaTeIbHOMY TIEPEHOCY
SHEPTUU BO30YKIECHHS C KPAaCUTENs Ha HAHOPa3MEpHbIE KPUCTAILIBI 30710Ta [26].
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Pucynok 11. Cnextpsr dhayopecueniin kpacureist Ne 2748 B monucuirokcane npy Bo30yKICHUN
HA JUTMHE BOJHBI 574 HM (YCIOBUS pETUCTPAINH (ITyOPECICHIINH HACHTHIHBIE)
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Pucynok 12. Cnextpsl dhayopecueniin kpacuteist Ne 2748 B monucuiiokcane npy Bo30yKICHUN
Ha JyirHEe BOJHBI 540 HM (YCIOBUS perucTpaiyu GIyopecleHINH HACHTHYHBIC)

Buvisoowt

1. Benenue kpacurens Ne 2416 B MOJMCHIIOKCAHOBYIO MATPHITYy MPUBOIUT MPAKTUUECKHA K ITOTHOMY
TYIIEHUIO (PIyOpECIIEHITMH MOJIEKYISIpHOU (hOPMBI TIEPHIICHAUUMHTHOTO XpoModopa (3To ciemyer U3 cpas-
HEHHS CIIEKTPOB, IOKA3aHHBIX HAa PUCYHKaxX 3,71 9).

2. BMecTo MHTEHCHBHBIX TOJIOC (PIIyOpeceHIMH MOJIeKy IsIpHON (opMbl KpacuTemst Ne 2416 B obnactu
540-600 HM HaOMIOAACTCS TOSBIICHUE MaJOMHTCHCHUBHOU MONIOCH! pu 730—740 HM, KOTOpas MPOSBISAETCS
npu o0enx anuHax Bo3OyxneHus (510 u 540 HM), KaK Ui CUCTEMBI «ITOJUCHIIOKCAH — KPacuTelb — KBaHTO-
BbI€ TOYKH 30JI0Ta», TAK U B OTCYTCTBUE KBAHTOBBIX TOUYEK 30JI0TA.

3. OOHapy’keHa 3aMeTHas pa3HHIa B (IyOpPECIICHTHOM TOBEACHUH CHCTEMBI «ITOJTUCHIIOKCAH — KpacHh-
Tesb Ne 2416 — KBaHTOBBIE TOYKH 30JI0Ta» M TOM K€ CHCTEMBI 0€3 J00aBJIEHHS KBAHTOBBIX TOYEK 30JI0TA,
KOTOpasi COCTOMT B TOM, YTO MPH BO3OYKACHUU B MaKCUMYM MOTJomeHus kpacureis (510 HM) npucyTcTBre
KBAaHTOBBIX TOUEK AU CHIDKAeT MHTEHCHBHOCTH MOJIOCHI pu 730—740 HM. B TO ke BpeMs mpu Bo30yKIeHUN
B MaKCUMYM IIOTJIOMIECHUST KBAaHTOBBIX TOUeK Au (540 HM) cucTeMa «ITOJIMCHIIOKCAH — KPaCUTENb — KBAHTO-
BBIE TOUYKH 30JI0Ta», HA000pOT, ryopecuupyeT 00jee HHTEHCHBHO.

4. Ilpu BBeaeHuu kpacureist Ne 2748 B MOTUCHIOKCAHOBYIO MaTPUIy XapakTep (IIyopecieHIu: MoJie-
KyJISIpHOM (hOPMBI POJTAMHHOBOTO XpoModopa ¢ MaKCUMyMOM B o0jacTi 595-600 HM NmpakTHYECKU HE H3-
MeHsIeTcsl (3TO celyeT U3 CPaBHEHHS CIIEKTPOB, MOKa3aHHbBIX Ha pucyHkax 5, 11 u 12).

5. Xapakrep B030OyxIeHUs d¢uryopecteHnun kpacutens Ne 2748 B MONHCHIOKCAHOBOW MAaTpPHIIS
(T.e. BO30YXKJeHHE B MOJIOCY TIOTIIONICHUsT XpoModopa nipu 574 HM WM BO30YKICHHE B MaKCUMYM IIOTJIO-
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IICHUS KBAHTOBEIX TOUCK AU npu 540 HM) HC U3MCHACT NPUPOAY BIIUAHUA KBAHTOBLIX TOUCK HAa MHTCHCHUB-
HOCTBb CBCUCHUSA: UX IIPUCYTCTBUEC B oboux ClIydadaX CHMXACT OTY HHTCHCHUBHOCTD.
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OpranukajbIK 00SFBIIITAPABIH MOJMMEPJi KOMIIO3UTTEPiHiH
JIIOMHHECHEHTTI KacHeTTepiHe aJIThIH HAHO0OJIIIeKTePIiHiH dcepi

INonmcunoxcan, opranukanslk GosFermrap (Ne 2416 sxone 2748) MeH anThIH HaHOOOIIIEKTEPIHIH Heri3iHae
HOJIUMEpIIEp KOMIIO3UTTEpi aiblHAbl. OJapIblH JKYTy JKOHE ILIAFbUly CIEKTpiepi eJIeHreH. bosrbi
Ne 2416-ra anTblH HAHOOSOJIIIEKTEPIiH KOCKAH/IA, aAThIH HAHOOOIIICKTEPIHIH TOJKBIH V3BIHIBIFBI MaKCUMYM
KO3yJarbl JKYTYbIH[Aa LIAFbUIy KAPKbIHABUIBIFBI ©OCYIHE aiblll KeJe[i, aJl aIThlH HaHOOeNIIeKTepiH
6o0strpiuThIH Ne 2748 monuMep epiTkKilTepine KOCKaH/Ia, TeK KBAaHTTHIK IAFbUTYbIHBIH KeMyi Oaiikanapl.

N.N.Barashkov, A.A.Aldongarov, 1.S.Irgibayeva, A.l.Mantel

Effect of gold nanoparticles on luminescent properties
of polymer compositions of organic dyes

Polymer compositions were obtained based on polysiloxane, organic dyes (No. 2416 and 2748) and gold na-
noparticles. The spectra of absorption and emission of the obtained compositions were measured. It was
shown that addition of gold nanoparticles to the composition of dye No. 2416 could lead to an increase of lu-
minescence intensity under excitation wavelength corresponding to the maximum of gold nanoparticles ab-
sorption. In case of polysiloxane composition of the dye No. 2748 presence of gold nanoparticles leads only
to decrease in the quantum yield of luminescence.
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Synthesis and biological activity of nitrogen-containing derivatives of a-santonin

The reactions of eudesmanolide a-santonin with primary and secondary amines were investigated. It was
shown that the reactions occured regioselectively at the carbonyl group of y-lactone ring with formation of
the products of aminolysis — hydroxyamides. Furthermore, it was found that the reaction of santonin with
semicarbazide and phenylhydrazine flowed through carbonyl group of cross-conjugated cyclodienone to form
condensation products and the reaction of santonin with hydroxylamine flowed to give tandem reactions
products of Michael-type and condensation. It was revealed that synthetic nitrogen-containing derivatives of
a-santonin had antibacterial and antioxidant activity.

Key words: sesquiterpene lactone, eudesmanolide, cross-conjugation, cyclodienone, santonin, Michael reac-
tion, tandem reaction, desmotropsantonin.

The sesquiterpene y-lactone eudesmanolide a-santonin induces interest for study of nucleophilic addi-
tion reactions of amines and synthesis of new potentially biologically active nitrogen-containing deriva-
tives [1, 2]. The cross-conjugated cyclodienonic system of santonin tends to aromatization. For example, it is
easily exposed to Wagner-Meerwein dienone-phenol rearrangement with the formation of desmotropsanto-
nin [3, 4].

In this article the reactions of a-santonin (1) with different aliphatic and aliphatic-aromatic amines were
investigated. Interaction of a-santonin (1) with primary amines as monoethanolamine, methylamine and
benzylamine in ethanol medium at reflux gave only 6-hydroxy-amides, (2) in 81 % yield, (3) in 74 % yield
and (4) in 50 % yield. The 6-hydroxy-amides are a-santonin lactone ring aminolysis products (‘H-NMR
spectrum data are shown in Table 1). Apparently, low yield of amide (4) is a cause of weak-base properties
of benzylamine in comparison with primary aliphatic amines.

R=- C2H4OH (2)

OH CONHR - Me (3)
-CH,Ph (4)

In the above conditions the reaction of compound (1) with secondary aliphatic amines like
diethanolamine and diethylamine generally leads to y-lactone ring aminolysis products — amides (5) and (7),
in 53 and 58 % yields, and the products of Michael conjugate addition to the cyclodienone system — adducts
(6) and (8) in 14 and 15 % yields.

On the one hand formation of Michael reaction products confirms the hypothesis about cross-
conjugated nature of a-santonin cyclodienone system (not the predominant aromatic character) and from the
other hand the high reactivity with manifestation of the properties of the secondary aliphatic amines bounda-
ry bases. Strong evidence about cross-conjugation of a-santonin cyclodienone system obtained in reac-
tions (1) with hydroxylamine, phenylhydrazine and semicarbazide is presented below.
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Table 1
Chemical shifts (3, ppm) and spin-spin interaction constants (in Hz) of santonin and its derivatives (2)-(4)
Compounds
Protons D @ @) @
Me-4 2,15 broad singlet 2,61 s. 2,69 s. 2,70 s.
Me-10 1,33 s. 1,03 s. 1,04 s. 1,04 s.
H-1 6,28 d. (10) 6,32 d. (10) 6,34 d. (10) 6,34 d. (10)
H-6 4,80 broad singlet (11) | 4,77 broad singlet (11) 4,76 d. (10) 4,72 d. (10)
Other protons - CONH(CH,),0H: —CONHCH;— —COCH,Ph—
3,55 qui. (1H, 7,5; 4Hz); 3,51 qui. (1H, 6,5; 3,50d. (2H, 6,5 Hz);
3,78 qui. (1H, 12,5; 5 Hz); 4Hz); Aromatic nucleus
4,01 t. (1H, 5Hz); 2,92d. (3H, SHz) | 7,06 broad singlet (SH)
5,05 broad singlet (1H)

It is known that the reaction of a-santonin oximation with hydroxylamine hydrochloride leads to the
formation of not only the final E-oxime (9) in 20 % minor yield, but also two products of tandem Michael-
type reactions and condensation — compounds (10) and (11) [5]. The reaction is carried out in the presence
of sodium methoxide in methanol or ethanol in the presence of sodium acetate at reflux (10-12 hours). Pre-
sumably the formation of the reaction products occurred as a result of the Michael conjugated addition and
then only by the condensation reaction. The dominant implementation of the Michael reaction results in the
conjugated addition products (10) and (11). It supports the hypothesis that hydroxylamine is a border basis.
Phenylhydrazine and semicarbazide (analogs of hydroxylamine) are more strong bases because of their inter-
action with a-santonin (1) at the above conditions, leading to condensation products: E-semicarbazone (12)
and E-phenylhydrazone (13) in 60 and 65 % yields ("H-NMR spectrum data are shown in Table 2).

Ig\THOH

H,NOCHN

(12) (13)

For high yield synthesis of the oxime (9), which is a key molecule in the synthesis of new nitrogen-
containing derivatives, it was necessary to increase basicity of hydroxylamine.

A single-step preparative method of synthesis of E-oximesantonin (9) was developed as a result of nu-
merous experiments. According to this method the reaction of a-santonin (1) is carried out with hydroxyla-
mine hydrochloride in pyridine at reflux for 4-5 hours. Finally, E-oximesantonin (9) forms in 96-98 % quan-
titative yield.
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Table 2
Chemical shifts (8, ppm) and spin-spin interaction constants (in Hz)
of santonin and its derivatives (9), (10), (12) and (13)
Compounds
Protons
) ©) (10) (12) (13)
Me-4 2,15 broad singlet 2,06 s. 1,7 s. 2,43 s. 2,43 s.
Me-10 1,33 s. — — 1,14 s. 1,14 s.
H-1 6,28 d. (10) 5,96 d. (10) 5,19 d. (10) 6,05 d. (10) 6,05 d. (10)
H-6 4,80 broad singlet — - 4,87 d. (10) 4,87 d. (10)
€8))
Other protons — =NOH; CHNH-OH —HNCO-NH,; —HN-NH,;
9,21 broad singlet 3,5t. (1H) 5,04 broad singlet | 4,54 broad singlet
(1H) (3H) (1H). Aromatic
nucleus 7,02 broad
singlet (5H)

Thus, it is shown that the interaction of the primary and secondary amines occurs at the carbonyl group
of a-santonin y-lactone ring regioselectively to form products of aminolysis — hydroxy amides. Reactions of
a-santonin with semicarbazide and phenylhydrazine implemented by carbonyl group of cross-conjugated
cyclodienone to form condensation products. The reaction of a-santonin with hydroxylamine generally leads
to products of Michael tandem and condensation reactions. The single-step preparative method of
oximesantonin synthesis was developed for the first time. The oximesantonin is a key molecule in the pur-
poseful synthesis of practically important derivatives of natural compounds.

The biological activity of the synthesized nitrogen-containing derivatives of a-santonin (1) was studied.
It was found that monoethanolamide (2), methylamide (3) and oxime (9) had antibacterial activity against 16
strains of gram-positive bacteria (Staphylococcus aureus, St.epidermidis et al.), gram-negative bacteria (Sal-
monella spp, Klebsiella spp. et al.) and gram positive nonspore-forming anaerobic bacteria (Propioni-
bakterium spp., Eubacterium spp.) and coccus (Reptococeus spp.) and also have fungicidal action against
fungal strains of the genus Candida albicans and Mucor.

Furthermore, it was found that derivatives of santonin (2), (3), (9) and (13) have antioxidant activity.
The relationship between their structure and biological activity was identified (Table 3).

Table 3

Antioxidant activity of a-santonin (1) and its derivatives
(options of initiated chemiluminescence in the presence of synthesized compounds)

No %2?2?221;}:031;2_ H, arbitrary units T, min tg, o H, arbitrary units

1 |SN (1) 2,75+2,01 1,86+0,12 6,64+0,58 6,41+0,44

2 | SN-NOH (9) 2,4+0,11 2,0+0,08 8,0+0,05 15,2+1,2

3 |SN-MA (3) 3,6+0,09 1,0+0,08 9,0+0,08 43,75+2,1

4 | SN-BA (4) 3,0+0,1 2,7+0,07 6,0+0,11 9,0+0,08

5 |SN-MEA (2) 3,5+0,19 1,5+0,06 9,0+0,07 37,5+3,5

6 |Ionol 2,17+0,13 7,64+0,15 2,69+0,13 6,34+0,51

7 | Control 2,6+0,1 2,0+0,09 3,5+0,29 7,1+0,55

Derivatives of (2), (3) and (9) have intensification of pro-oxidant effect when methylamide (3) in the
structure of molecule has the methyl group. In this case the emission intensity of methylamide (3) increases
in 6.16 times compared with the control slowly. A similar effect of initiated emission growth is detected for
monoethanolamide (2) where a hydroxyethyl moiety existed. Moreover, among all the studied substances
a new property was detected. It is not characteristic for exogenous anti — and pro-oxidants. This property is
preservation of the latent period value.

Thus, synthesized biologically active nitrogen-containing derivatives of a-santonin are interesting for
investigating their pharmacological activity and creating effective new drugs.
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0-CaHTOHMHHIH 230TKYPaM/Ibl TYbIHAbLJIAPbIHBIH CUHTE31
JKOHE OHOJIOTHAJIBIK 0eJIceHiIiri

Makanaza 9BISCMAHONMI O-CAHTOHMHHIH OIpIiHIIUNIK JKOHE eKIHIIUIIK aMHHAEPMEH peaKUHsIaphl
3epTTeninai. Peakius perdoceseKTHBTI Y-JIAKTOH CAKHHACBIHIAFbl KapOOHWI TOObI GOMBIHIIA aMHHOJIH3
OHIMI — THIPOKCHAMUATEPAI TY3iN >KypeTiHmiri kepceringi. CoOHbIMEH KaTap CaHTOHMHHIH CeMHKapOa3ui
kKoHE (QEeHUITHIPAa3UHMEH OpEKeTTeCyi HUKIOAMCHOHHBIH KpOCc-KOcapiaHFaH KapOOHMIABI TOObI OOHbBIHIIA
KOHIEHCAIlMsl OHIMIH TY3Ill JKYPETIHJIri, aJl THIPOKCIJIAMHHMEH opeKeTTecyi MmuxXasiab THII >KoHE
KOHZICHCAIlMsl TAaHAEMII peakuus OHIMIepiHe oKeNeTiHAiri aHbplKTadgsl. o-CaHTOHHMHHIH OipkaTtap
A30TKYPaMIIbl TYBIHABLIAPbl AHTHOAKTEPHANIbl JKOHE AHTHOKCHAAHTTHI OCJCEHIUTIKKE He eKeHMIri
AHBIKTAJIJIBI.
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CuHTe3 M 0MO0JIOrHYecKas aKTHBHOCTH
a30TCoAepKallUX MPOU3BOAHBIX O-CAHTOHUHA

B crarbe u3ydeHsI peakyuu 3BIeCMaHOIN A O-CAHTOHIHA C TIEPBUYHBIMH ¥ BTOPHYHBIME aMuHaMu. [Tokasa-
HO, 4YTO PEaKIHUH IPOTEKAI0T PErHoCEeNIeKTHBHO MO KapOOHWIBHOM TIpymme Y-JaKTOHHOTO IUKJIA,
¢ o0pa3zoBaHMEM MTPOJYKTOB aMUHOJIN3a — IMAPOKCHaMKA0B. Kpome Toro, ycTaHOBJIEHO, YTO B3aMOJIEHCT-
BHE CAHTOHHMHA C CEMHKap0asHIoM W (EHWITHIPa3HMHOM MNPOTEKaeT MO KapOOHWIBHOH rpymme Kpocc-
CONPSKEHHOTO IIMKIIOUEHOHA, C 00pa30BaHUEM NPOIYKTOB KOHIECHCAIUH, a B3aUMOJEHCTBUE C THIPOKCHUII-
aMUHOM TIPUBOAMT K NMPOAYKTaM TaHAEMHBIX peakiuil mo Tumy Mwuxasias U KoHAeHcaluu. BeisBieHo, uTo
PSLII CHHTE3MPOBAHHBIX a30TCO/IEPIKAIIUX ITPOU3BOIHEIX 0-CAHTOHHHA 00J1a1aeT aHTHOAKTEpHAIEHON U aHTH-
OKCHJIaHTHOM aKTUBHOCTBIO.
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MBbICTBIH Heri3ri cyab(aThbl AHTJIEPUT MEH MbICTHIH
THAPOOKCOCYJIb(ATHI OPOIIAHTUTTIH TepOesMelti KyilJiepi MeH KbLTy
CHIBIMABLIBIFBIHBIH TEMIIEPATYPAJBIK TIYEJAIITHIH ecenTemeci

Makasiazia aHTJICpHUT IIeH OPOIIAHTHT TaOMFH KOCBUIBICTAPBI YJrUIepiHiH TepOeameni ®KaHe TepMOANHAMHKA-
JBIK KaCHETTEepiHe capanrtaMa >KYpPrisinai. 3epTrey jKYMbICHIHAAFbI MHHEpAIAap/bIH TepOeaMeni )KoHe Tep-
MOJIMHAMHKAJIBIK KaCHETTEPIiHIH ecenTeMeci KpUCTANABIK TOp ANHAMHUKACHI TEOPUSCHIHA HETi3[eNreH, KPHc-
TaJI/IBIK TOPABI ecenteyre apHanran LADY mporpamMMachkl KOMeTiMeH Xky3ere acThl.

Kinm coe3dep: TepMOIMHAMHKAIIBIK KACHETTED, TEPOSIME KYiiiep, aHTIepHUT, OPOLIAHTHT, KBAHTTBIKXUMHS-
JIBIK €CENTeyIIep.

Kipicne

KeitiHri xbugapel Tay-KeH OalbITy KEIISHIHASTT MaHbI3/Ibl MACENIEIEP/IiH 1IIiHIe TOTHIKKAH MHHEPaJI-
Jap TYpiHIe Ke3IeCeTiH MapABIMChI3 KoHEe OalaHCTaH THIC MBIC KCHIEPAl OHEPKICINTIK UTEPY YIKSH MaHbI3-
JIBUTBIKKA Me OOJIBIT OTHIP. ¥Kcac HbICAaHAap bl OAbITy MEH KalTa OHJICY/IIH TeXHOJIOTHSIIBIK CYJI0ACHIH JKa-
cay MEH o0alay Ke3iHJle 0JIap/blH TEPMOJANHAMHUKAIBIK JKoHE (PH3UKA-XUMUSIIBIK KaCHETTEPl KOHIHAC aK-
mapatTrap KakeT. OChl KaCHETTEPIi OLTY TOTBHIKKAH MBIC KEHAEPIH OalbITy MPOIECTEPiHiH THIMAUIITIH apT-
ThIpajbl. Analifa Ka3ipri TaHaa TaOurd TOTHIKKAH MHHEpaIIapIbIH THKIPUOEIIK eJIIey/Iep HEri3iHae aablH-
FaH TEPMOJAMHAMUKAIBIK (DYHKIUSIAPHI KOHIHIC MOITIMETTEP KapacThIPBUIATHIH HBICAHIAPBIH OapIIbIFbIHA
JIEpIiK aHBIKTaIMaraH. byJ1 KeMIIUTIKTI AKETKUTIKTI HAKTBUTBIKKA M€ 3aMaHayH €CEITIiK 9MIiCTeP KOSbI, Oipak
TePMOJIMHAMUKAIBIK (DYHKIUSIIApAbI Oaranay Ke3iHae TOKIpHUOeTiK 9MICTeH a3fgaraH KeMIIUTIK OaiKayibl.
CoHJIBIKTAaH €CEeNTiK SAICTepiH HOTHXENUIIrH apTTBIPAaThIH «KYpaM — KYpBUIBIM — KacHeT» Tiz0eriHzaeri
OalimaHbIC TICH HETi3r1 3aHABUIBIKTAPIbl OPHATY MaHBI3/IbI 9pi ©3€KTi Mocesie OO TaObLIa kL.

AHTIEPHUTTIH KPHUCTAIABIK KYPBUTBIMBI [1] eHOekTe 3epTTenreH. bi3 3epTTey KYMBICBIMBI3Ia CYHEHTeH
Pnma KeHICTIKTIK TOOBIHBIH MoJIiMeTTepi [2] eHOekTe aHbIKTamFaH. KyKipTTiH >KaJFbI3 aTOMBI a3/1all ChIFBLI-
FaH TETPadpIIiK XKaFjaiia OTTEriHIH TOPT aTOMBIMEH KOpIIaja OpHalacKaH. MBIC CBHIFBUFAH TETPadIpIIiK
JKarmaiaa anTel aHHOHMEH KOpPITaiFaH €Ki TO3UIFsIFa ue. AHTICPUTTIH BAJICHTTIK OalIaHbIC ITeH OyphIIITa-
PBIHBIH capanTaMachl eki op Typiai Cu ¢y OKTadApIiepiHiy OaiaHbIc Y3BIHABIKTAPBIHBIH Oipael OosFaHbIHA
kapamactaH, Cu(1) oxrarapi, Cu(2) okrarapiHe Kaparanaa, yJIKeH OYPBITITHIK CHIFBUTYFa He. by OYpBIITHIK
CBIFBUTY, TIYPBIC OKTadApJiepi Oap Mo ockIHIal opTara Kaparanaa, Cu—Cu apakaIbIKTHIFBIHAH €10Yip YIKCH.

BpomaHTUTTIH KPUCTAIABIK KYPBUIBIMBI JJIEMEHTAP YAIIBIKTHIH OKTadAPiHIH OPTAIBIFBIHA OPHATACKAH
Cu xaTHOHBI apKBUTHI KOChUTFaH SO, TeTpadapiepiHeH KypaaraH.

AHTIEpUTTIH TepOeaMen CIeKTpiepi OpOMaHTUTTIH CIIEKTPIEpIMEH oTe YKcac, coll ceberri [3] xy-
MBICTa onap Oip-OipiMeH calbICTBIpMANbl TYPHAE capanTanaabl. AHTIEPUTTIH A€, OpOIIaHTUTTIH A€ 3IeMEH-
Tap YAIIBIFBIHAA TUAPOKCHIIL TOII OOJIFaHIBIKTaH, COMKECIHINIE CIICKTPIEPIHIE OChI (PparMEeHTTEP/IiH BaJICHT-
TIK KoHE IeOopMamFsUIIBIK TepOeIic Moganapsl 6aKaraasl. AHTIEPUT ITEH OPOIIAHTHTTIH KOMOWHAIIASITBIK
manisipay crektpinge 3580 men 3480 cm ' Kes3iHge TMAPOKCHIL TOOBIHBIH BATICHTTIK TepOeTicTepinin %xo-
JaKTapbIH Oalikayra O0ajbl.

OeOueTTepae aHTIICPUTTIH CTAaHAAPTTHI JKBUTY CHIMBIMIBUIGIFEI MEH JHTPOIHUSCH! JKOHIHIIE MOJIMET
JKOK, COHJIBIKTAH YHTPONUSIHBI Oaraliay maMaiapbIHbIH KOJIAHBLTYBIMEH aJIbIHFaH A_,GO (298,15 K) I'u66cTiH
epKiH TY3UIy SHEpPTrHUsCHIHBIH MaFyMaTTapblHa OipiiamMa YKBINTBUIBIKIICH KaparaH keH. bpolmanTuTTiy Tep-
MOJAMHAMHKAJIBIK TYPAKTHUIAPHI KOHIHIEC MOTIMETTED 9eOneTTepAc MYIIEM Ke3eCeii.

Ecenmey orcypeizy

AHTIEpUT Pnma KeHIiCTIKTIK TOOBI 0ap OPTOPOMOTHIK CHHTOHUSIFA aTaabl. DIEeMEHTap YSIIbIFbIHBIH
napametpiepi: a = 8,244, b = 6,043, ¢ = 11,987, ysambIKTarsl atoMuap causl Z = 64 [1].
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BpomanTtutr CusSO4(OH)s P21/a kKeHICTIKTIK TOOBI 0ap MOHOKIWHAI OeTa-CHHTOHUSFA We. DJIeMEHTap
VAMIBIFBIHBIE Tapamerpiepi: a = 13,087, b=9,835, ¢=6,015, B=103,33°, yImpIKTarsl aToMaap CaHbl
Z=28414].

AHTIEpUT TIeH OpOIIAHTUT aTOMIAPBIHBIH 3JIEMEHTap YAIIBIKTarbl opHaitacysl LADY mporpammacsl-
MeH ecenrenai [5] (1, 2-cyp.).
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2-cypeT. BpoImanTUT KypBUTBIMBIHAAFEI AaTOMIAPABIH AIEMEHTApP YSAIIBIKTa OpHAIACYBI

AHTIEPUTTIH dIEMEHTAp YAIIBIFBIHIAFB aTOMIAPIBIH OPHANACYHI XKOHIHIE eCeNTeNreH MaTiMeTTep He-
rizirme MOPAC 2002 v2.3 mporpammanay MakeTiHIH KOJAAHBUIYBIMEH KBAHTTBIKXMMHSUIBIK €CETTEYIep
YIIiH 1Ki KoopAMHAaTajapAa OacTamkbl MaTpHLanap KypacThIpsUIasl. IIporpamMma KpUCTalIABIK KYpBUIBIM
YIIiH ecenTteyiep XKyprisyre MyMKiHAIK Oepeni. AHTIEPUT CalbICTHIPMalibl TYPAC YJIKEH OJIIIeMAl 3JIeMEH-
TapIIbl YAMBIKKA e OOJFaHABIKTaH, 0aCTAIKbl KJIACTep aTOMABIK aHCAMOJIbIIH YJIFAlOBl MEH €CEITiH HaKThI-
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JIBIFBIH JKOFApbUIaTy YIUiH ©3iHe eKileH Kem eMec dJIeMeHTap YAbIK eHrizni. Ce6e6i KBaHTBIKXMMUSIIBIK
ecenTey atomaap caHbl 150-1eH kem OoJica, ecenTeyre KaKeTTi YaKbITTHIH alTapiIbIKTal IIBIFBIHBIMEH Oali-
JIAHBICTHI.

Temenne 1-xecrene antnepur ned OpomanTutTiy MK xone KL cnekrprepiHiH ecenTik mamanapsl To-
KIpUOeITiK MaTiMeTTepMeEH [3, 6—8] calbICThIpMalIbl TYPIE KOPCETUIIEH.

Paman kOMOWHANMSUTBIK IIAIIBIPAY CIIEKTPIHCTI CHI3BIKTAP/IbIH OPHAIACYBI MEH KAPKBIHIBUIBIFGI, HH-
(GpakpI3bUI CHEKTpIEepre KaparaHna, TeK KaHa OChl TYPaKThUIApMEH FaHa €MeC, COHBIMEH KOoca BaJeHTTiK
OaiimaHpIC YILIiH TONSIPU3ALUSIIBIK TapaMeTpiepMeH Jie aHbIKTanaabl. HPpaKbI3bU1 ClIEKTpIIepae CeKTpae-
Tl CBI3BIKTHIH OpHATACybIHA BAJICHTTIK OaiIaHBIC TICH BAJICHTTIK OYPHII YIMH CHI3BIKTHIK KYIITIK TYPAKThI-
Jap, COHBIMEH KaTap BAJCHTTIK OYPBHIMI VIMH CHI3BIKTHIK €MeC KYIITIK TYpakThUIap ocep eTemi. Paman
CHEKTpJIEPiHACT] MIBIHAAPABIH CaJBICTHIPMANIBl OKUIAYJIaHYIIBUIBIK NMEH KapKbIHABUIBIKTAPBIHBIH Oipiiama
JKOFaPBUIBIFBI OHBIH TYCIHIIPUTYiH KOHE aTOM KYITAPBIHBIH TepOeTiCTEpiH aHBIKTATYBIH KEHUIIETE 1, ajtai-
J1a )KYBIKTAJIFaH MapaMeTPICPIiH YIKSHTUITeH CaHbl KeHOip KUBIHABIKTAPIABI TYFBI3aIbI.

A¥iTa KeTepiiri, KBaHTTBIKXUMUSUIBIK €CenTeyiep HOTHKECIHIE alIbIHFaH CIIEKTpPIIep, HAKTHI CHI3BIKTHIK-
Ka KaparaH/a, HeFypJbIM >KOJIAKThl KYPBUTBIMFa Me 0onanbl. Byl KypbUibIM ecenTeri 37eMeHTap YAIIbIKTHIH
CaHBIHBIH apTybIHA OAMITaHBICTBI KYPEIEeHE 11 )KOHE KUK OOMBIHINA CIIEKTP/IIH CHI3BIFBIHBIH KAPKBIH/BLIbI-
FBIHBIH TayCCTBHIK KaJbINTHl OemiHicine xxayan Oepeai. MOPAC cnekTpiepiHiH IIBIHANBI CIEKTPIIH KaJIbl
cypeTTeMeciH FaHa OepeTiHiHe KapamacTaH, aJlbIHFaH KYLITiK TypakTeuiap onapasl LADY ecebinae kongany
KE31HJIe €CENTENITeH ChI3BIKTAPIBIH TOXKIPUOEIIK CIIEKTPICPMEH JKAKChI COUKECTIKKE JKEeTyre MyMKIHIIK Oe-

peni [9].

l-xkecTe

AHTJIepHUT NeH OPOIIAHTUTTIH TepOeaMeli cIeKTPJIEePiHiH ecenTik MxkIHe TIKIpHOeik mamManapbl

AnTICpUT BpomanTur
KIII criextpi HK-criextp KIII ciektpi HK-crexrT
Vecen.» Tep6 Vm)xip.s VTQ)Kiyl).a Vecens Tep6 Vm)xip.s VTQ)Kiyly.a Vecen.» Tep6 VTQ)Kip.> VTQ)Kiyly.a Vecen.» Tep6 VTQ)Kip.> VTQ)Kirl).a
em ! | T06BI | oM cM em ! | 106 | eM ! cM em ! | 106 | e | oM em ! | ToGbI | oM cM
[3] [6] [7] (8] (3] [6] (71 (8]
131 125 135 B 110 B, 124 160 A,
141 208 Bs;, 119 A, 141 191 A,
148 | A, 146 146 223 B, 170 A, 149 198 A,
151 242 Bs;, 184 A, 172 171 201 B,
187 | By, 169 172 244 B 186 B, 204 B,
190 A, 284 By, 194 B, 238 A,
206 | Bs, 293 By, 199 A, 245 B,
217 | By, 231 323 Bs, 205 A, 213 195 248 A,
251 | By, 259 249 339 B, 231 B, 228 255 A,
252 | Bs, 346 B, 243 A, 238 233 257 B,
253 | By, 354 B 244 B, 247 243 271 A,
266 | A, 265 266 369 By, 253 A, 274 B,
275 | Bs, 370 B 255 B, 277 A,
278 | By, 392 B 264 B, 281 B.
288 | Bo, 295 297 400 B, 265 A, 265 289 B,
320 | By, 409 B 275 B, 293 A,
324 | Bs, 415 B, 420 418 280 A, 305 B,
327 | By, 330 451 B 291 B, 315 B,
335 A, 335 339 462 B, 470 462 294 A, 295 321 A,
340 | By, 516 B 490 496 318 B, 319 343 A,
359 | A 520 B, 520 517 326 B, 359 B,
375 | Basg 603 B 585 334 A, 330 364 A,
378 | By, 604 B, 612 345 B, 340 380 B.
388 | By, 624 By, 620 618 360 A, 366 388 A,
396 A, 626 By, 635 641 372 A, 388 B,
403 A, 650 Bs;, 372 B, 413 B,
404 | By, 415 417 652 B 387 B, 389 422 A, 425 421
449 | By, 440 444 656 B, 403 B, 424 A,
455 A, 669 B 670 673 405 A, 441 B, 465
461 | By, 469 469 690 B 690 414 A, 415 429 478 B. 475 473
466 | Bs, 485 483 693 B, 435 A, 484 A, 485 487
514 | By, 501 701 By, 710 441 B, 442 449 491 B.
526 A, 745 Bs, 472 B, 467 501 A,
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I-KCCTeHiH Xalrachl

AnTICpUT Bpomantur
KIII criextpi UK-crextp KIII ciektpi HK-crexrT
Vecen.» Tep6 Vm)xip.s VTQ)Kiyl).a Vecens Tep6 Vm)xip.s VTQ)Kiyl).a Vecen.» Tep6 vTQ)Kip.’ VTQ)Kiyl).a Vecen.» Tep6 VTQ)Kip.’ VTQ)Kirl).a
em ! | T06BI | oM cM em ! | TOGB | cM cM em ! | 106 | e | oM em | ToGBI | oM™ cM
[3] [6] [7] (8] (3] [6] (71 (8]

593 | B, 751 B 473 A, 512 B,

598 | By, 600 762 B, 760 760 485 A, 482 483 513 A, 530 513
600 | A, 606 603 765 B, 485 B, 575 A,

617 | By, 770 B 517 B, 501 506 575 B,

639 A, 629 629 808 By, 800 792 518 A, 517 584 A,

644 | By, 651 818 By, 552 B, 590 B,

662 | By, 820 Bs, 566 A, 599 B,

665 A, 823 B, 597 B, 602 A, 600 602
679 | Bs, 852 By, 598 A, 600 597 607 B, 607
682 | By, 866 B 860 857 608 B, 608 611 623 B,

684 | A, 868 B, 615 A, 625 A,

697 | By, 884 B 885 888 622 A, 628 A, 630 630
706 888 B, 629 B, 629 621 640 A, 640

708 | By, 908 By, 634 B, 653 B, 645 645
722 | By, 1005 Bs, 1000 | 987-90 | 638 A, 655 A,

725 | Basg 1006 B, 641 B, 659 B,

728 A, 1073 B, 1077517 642 A, 661 B,

735 | By, 1074 B;, 649 B, 668 A,

743 | By, 1111 By, 1120 1 11151_ 656 A, 681 B,

755 | By, 759 750 1163 B 1160 ! 155727 659 Ag 684 A, 690

763 | Bas, 1164 Bs, 664 B, 699 B, 700

775 A, 786 785 1570 | 1635 680 B, 728 A,

806 | By, 2088 B, 693 A, 733 A,

815 | B, 2112 B, 696 B, 736 B, 740 734
843 | By, 2141 B 723 A, 739 A,

844 | A, 2198 B 732 A, 746 B,

860 A, 2198 Bs, 734 A, 749 B,

870 A, 2367 B, 735 B, 754 A,

870 | By, 2396 Bs, 743 B, 749 730 755 B.

878 | By, 2401 By, 750 A, 766 A,

886 | B, 2568 B, 752 B, 775 A,

887 | By, 2699 B, 758 B, 775 B,

907 | Bs, 902 2700 B 768 A, 770 769 785 B, 785 780
910 | By, 3351 By, 3484 775 B, 786 A,

1016 A, 985 3578 777 A, 820 A,

1017| By, 990 989 786 A, 786 785 834 B,

1079 A, 1079 | 1078 786 B, 837 B,

1079 | By, 823 A, 845 A,

1116 By, 1135 | 1133 832 B, 850 A,

1118| B, 1148 845 B, 861 B, 865 850
1150 A, 1173 | 1171 848 A, 867 B,

1151 By, 1266 851 A, 869 A,

2088 | By, 1905 861 B, 881 A, 880 873
2089 | Bgj, 869 A, 885 B, 900
2112 A, 871 B, 942 A,

2141 | By, 882 A, 944 B, 950 944
2201 | By, 886 B, 981 A, 988
2205 A 943 A, 911 984 B, 1000

2370 By, 945 B, 1090 A, 1090 |1088-95
2396 A, 982 A, 1090 B,

2413| By, 985 B, 990 974 1120 B, 1130 1119
2413 | B, 1091 A, 1078 | 1078 | 1122 A, 1140 1128
2568 | By, 1091 B, 1098 | 1135 A, 1185
2568 | B, 1120 B, 1135 | 1125 | 1135 B,

2701 A, 1122 A, 1173 1400 1395
2702 By, 1135 A, 1265 1430 1430
3351 By, | 3488 | 3487 1135 B, 1630
3352 B;, | 3580 | 3579 1826 | A,, B, 1814 | A, By
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I-KCCTeHiH Xalrachl

AnTICpUT Bpomantur
KIII ciextpi HK-criextp KIII ciektpi HK-crexrT
Vecen.» Tep6 Vm)xip.s VTQ)Kiyl).a Vecens Tep6 Vm)xip.s VTQ)Kiyl).a Vecen.» Tep6 vTQ)Kip.’ VTQ)Kiyl).a Vecen.» Tep6 VTQ)Kip.’ VTQ)Kirl).a
em ! | T06BI | oM cM cM TOGBI | cM | cM em ! | 106 | e | oM em | ToGBI | oM™ cM
[3] [6] [7] (8] (3] [6] (71 (8]
1854 | A,, B, 1840 | A, By
1923 | A,, B, | 1906 1926 | A, By
1984 | A,, B, 1976 | A, By
2045 | A,, B, 2049 | A, B,
2122 | A, B, 2112 | A, B,
2196 | A,, B, 2156 | A, B,
2224 | A,, B, 2232 | A, B,
2540 | A,, B, 2535 | A, B,
2635 | A,, B, 2629 | A, B,
2681 | A,, B, 2682 | A, By
3252 3180
3369 3267
3489 3382
3501 3400
3621 | A, B, | 3580 3564
3621 | A, B, 3583

TepGenmerni cieKTpiepiHiH ecentemecinie anTaepuT yurin 20003400 cv ' ke3injeri xoHe GpOMAHTHT
yuria 18003650 cM™' Ke3iHzmeri CHI3BIKTAp THAPOKCHIb TOOBIHBIH BATCHTTIK jKoHE Ae(hOPMALISIIBIK Tepoe-
JicTepiHe colikec Kejemi. AHTICPUT IeH OPOIMaHTHTTIH TepOeaMeni crekTpiepiHaeri coikecinme 1079,
1116, 1118, 1150 men 1151 em ™' xone 1091, 1120, 1122 men 1135 cv ™' kesingeri CBI3BIKTAp CYIb(haT-nOH-
narel S—O OalnaHBICBIHBIH AaHTHCUMMETPUSIIBIK BaJCHTTIK TepOemicrepre colikec. AHTiaepurre 840—
1020 cm™' kesinzeri xone Gpomanturre 820-990 cM ' Ke3iHAET] CHI3BIKTAP CYIb(hAT-HOHAAFHI CHMMETPHSI-
JBIK BaJEHTTIK TepbemicTepre THecini Gonca, coiikecinmre 720-820 cv ' sxone 720-800 cM ' kesingeri chl-
3p1kTap OH-TOOBIHBIH nedopMaHsIIBIK, TepOeTicTepine KaThIcThl 0omambl. 590—710 oM | kesine AHTJICPUT
yuris sxone 570-700 cM ' kesiHme GpormaHTHT yuriH ch3bikTap O—S—O BaIeHTTIK GyphImrTapasH gedopma-
LISUTBIK TepOerticine coiikec kemeni. AHTaeput yurin 400-530°cM ' apasIbIFbIHAAFBI XKOHE OPOIIAHTUT YIIiH
400-550 cM ' apaIBIFBIHIAFBI CHI3BIKTApP CYIb(AT-HOHIAFI BAIEHTTIK OYpPHIIITAPILH AehOPMAIHAIBIK Tep-
6emicrepine Trecini. Exi kocsubic ymin ae 400 cM ' TeMEH OpHATaCKaH ChI3BIKTApP JKUBIHTBIFBI — Cu—O
OaiiIaHBICBIHBIH BajeHTTIK TepOemicrepi MeH O—Cu—O BalieHTTIK OyphITap/IsiH Ae(GopManusIbK Tepoetic-
Tepi, COHBIMEH KaTap OJapbl KPHUCTAIABIK TOp TepOemicTepiHe KaTKbI3yFa 00a bl

Homuoicenepoi manoay

LADY MYMKIHIIKTEpIMEH aHTICPUTTIH XOHE OPOITaHTHUTTIH KbITY CHIMBIMIABLIIBIFBIHBIH TEMIIEpaTypa-

JIBIK TOYCIAUTITIHIH MIEKTEYI eCenTeMeCi TeK KBAaHTTHIKXUMHUSIIBIK €CEITEY JKOJIBIMEH KYPTi3ial JKOHE To-
Kipubenik mamimerrepmed [ 10, 11] eH xakcol cotikecTikti PMS Tocini kepcetTi (2-kecte).

2-xecTe

AHTJIEPUT TeH GPOIIAHTUTTIH TEPMOINHAMUKAJBIK (GYHKIHIJIAPHIHBIH €CeNTiK IaMaJjiapbl

AHTIIEpUT Bpomantut
T K MNDO ece6i PMS5 ece0i PMS5 ecebi
’ C, H°—H?°,, C, H°—H?°, C, H°—H?°,
Jx/monn K Jx/mMoib Jx/moms K Jx/mMoib Jx/mons K Jx/mMoin
10 13,581 104,8 11,896 99,00 7,124 47,86
30 27,879 5122 30,878 501,9 32,562 416,5
50 46,339 1249 56,456 1375 64,374 1388
70 67,204 2382 80,022 2745 93,519 2972
90 88,519 3939 101,14 4560 120,18 5112
110 109,04 5917 120,57 6779 145,33 7769
130 128,07 8291 138,59 9373 169,15 10916
150 145,28 11028 155,16 12313 191,49 14525
170 160,57 14090 170,26 15570 212,28 18566
190 174,05 17439 183,97 19114 231,51 23006
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2-KeCTeHiH Xalrachl

AHTIEpUT BponrastuT
T K MNDO ecebi PMS5 ecebi PMS5 ecebi
’ Cp, HorHo(), Cp, HorHo(), Cp, HOrHO(),
Jx/Moms K Jx/MOTTB Jx/mMomn-K Jx/MOTTB Jx/mMomn-K Jx/MOB
210 185,91 21041 196,40 22920 249,26 27816
230 196,39 24866 207,71 26963 265,62 32967
250 205,72 28889 218,02 31222 280,69 38432
270 214,13 33088 227,48 35678 294,56 44187
290 221,79 37449 236,19 40316 307,32 50207
298.15 224,68 39235 239,48 42219 312,14 52685
310 228,85 41956 24423 45121 319,07 56473
330 235,41 46599 251,69 50081 329,87 62964
350 241,55 51370 258,62 55185 339,81 69662

10-man 300 K-re meiiiHTi apaibIKTa €CENTIK HYKTEIep MUHEPATAAPILIH KbITYy CHIMBIMIBUIBIKTEIH Mar-
HUTTIK Kypaymbuiapbiaa [12] sxone 100 K TemeH XKpUTy CHIMBIMIBUIBIKTB ©JIIEY Ke3iHAEri aybITKyJapra
anbin kesetii MOPAC jxybIKTayTapblHbIH 00JIybIHA KapaMacTaH, TOKIPHOETiK KUCHIKKA (3-Cyp.) OTe jKaKbIH
cyperreMe Oepei.
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AnTnepur  Toxipube 2. PMS5 ecebi
Bpormantur o Toxipube *MOPAC PMS5 ecebi

3-cyper. AHTJICPUT NCH OPOIIAHTHTTIH TKIPUOEITIK KOHE €CENTIK KBUTY CHIBIMIBLIBIFBIHBIH
TEeMIIepaTypabIK TOYESIIUTIKTEpi

TepMomuHAMUKAIBIK [IaMalapIblH €CENTIK IaMallapblH TOKIPUOEIIK MOIIMETTEPMEH CaIBICTHIPY
HOTH)KECIHIE CCCNTIK OMICTEpP TIHKIPHUOETIK MAIIMETTEPMEH JKaKChl COMKECTIKTE EKCHMIr aHKbIHIAJIIbI
(3-xecTe).

3-kKecTe

AHTJIEPUT TeH GPOIIAHTUTTIH KbLIY ChIHBIMIBLIBIFBIHBIH €CeNTiK
JK9He TIKipUOesiK maManapbIHbIH CAJBICTHIPMAJIBI MATiMeTTepi

0 _ ) C,(298,15 K)ecen., Jox/MompK

Munepan C, (298,15 K)roxip., Jox/Momp-K MNDO PM5
Amntiepur Cu;SO,4(OH), 246,62+0,26 [10] 224,68 239,48
Bpomantut CuySO4(OH)g 328,30+1,8 [13] — 312,14

Kanmer anranga, 3-cypeTteH, 2- jkoHe 3-KecTeleH Kepill OThIpFaHal, aHTIEPUTTIH KbUTYy CHIHBIMIbI-
JBIFBIHBIH PMS5 omici OoiibiHIa ece0i TaKIpUOETiK HOTHXKEICPMEH KOFaphl COMKecTikTe. JlereHmeH,
50-150 K temneparypa apansirbiaga MNDO opici aHTIAEPHUTTIH JKbUTY CHIABIMABUIBIFBIHBIH TOXKIPUOETIK Mo-
JMETTEePIMEH TOJIBIK COMKEC KeIe/Ii.
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II1.T.Taiimacosa, JI.b.I'orons, M.P.bucenranuera, T.A.Kokerait

Pacuer kos1e0aTe/IbHBIX COCTOSTHUI U TeMIIEPATYPHOM 3aBUCUMOCTH
TEIVIOEMKOCTH OCHOBHOIO cyJb(dara Mmeau aHT/IepuTa
U THAPOOKcoCcyIbdara Mean OPOIIAHTUTA

B cratee mpoBeleH CpaBHUTENbHBIN aHANN3 KOJIEOATEIbHBIX M TEPMOIMHAMHUYECKUX CBOWCTB MPUPOJHBIX
MHHEPAJIOB — aHTIEepUTa U OpomaHTuTa. Pacuer koneGaTenbHBIX M TEPMOANHAMUYECKHX CBOWCTB HCCIIe-
JTyeMBIX MUHEPAIOB MPOHM3BOAMICS C MOMOIIBIO MPOrpaMMbl pacdeTa KpUCTaTMYeCKuX CTpykTyp LADY,
OCHOBAHHOH Ha TEOPUM AUHAMUKU KPUCTATUIMYECKON PEILICTKH.

Sh.T.Taimassova, D.B.Gogol’, M.R.Bissengaliyeva, T.A.Koketai

Calculation of vibrational states and temperature dependence
of heat capacity of antlerite and broshantite

In this work the comparative analysis of vibrational and thermodynamic properties of natural minerals —
antlerite and broshantite is carried out. Calculation of vibrational and thermodynamic properties of investigate
minerals was made by the LADY program for crystal structure calculation based on the crystal lattice dynam-
ics theory.
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PacTrBOopumMocCTh B cucreme
HUTPAT KAJIbIHA — Kap0aMuJ — a30THasA KUCJI0Ta — BoAa npu 25 °C

B crarbe MeTOOM PacTBOPHMOCTH HM3y4eHBI F€TEPOreHHBIC PABHOBECHUS B UETHIPEXKOMIIOHEHTHOH CHCTEMeE
HHUTpAT KaJbLus — KapOaMua — a30THasi KUCIIOTa — BoAa mpu Temmeparype 25 °C. YcTaHOBIEHBI KOHIIEHTpa-
[IMOHHBIE TPaHULBI 00PAa30BaHU HCXOJHBIX TBEPIBIX KOMIIOHEHTOB, 3BTOHHYECKHX COCTaBOB, COCTABIISIO-
IUX TPEXKOMIIOHEHTHBIX CUCTEM, ABOMHBIX COCAMHEHHH, CYIIECTBOBAaHHE KOTOPBIX YCTAHOBJIEHO NPH U3Y-
YEHWH PAaCTBOPHMOCTH B CHCTeMax KapOaMHj — a30THas KUCJIOTa — BOAA M HUTPAT KaJbLuUsA — KapOaMug —
BOJIa, @ TAK)KE HOBOTO COEIMHEHMS, COJICPIKAIIETO B CBOEM COCTaBE OJJHOBPEMEHHO HHUTpAT KaJbIHs, KapOa-
MU/ U a30THYIO KHCIIOTY.

Knrouegvie cnosa: METOJ paCTBOPUMOCTHU, KOOPANHAIIMOHHBIC COCITUHCHUA, ‘{eTLIpéXKOMHOHeHTHaSI CUCTEMaA,
COJIK §-MCTAJJIOB, Kap6aMI/I,II, HCOPTraHNYCCKHUC KHUCIIOThI, aMUAOKUCIIOTHI.

B nmponomxenne nccienoBaHus B3aMMOAEHWCTBUS KOMIIOHEHTOB B CHCTEMax COJb S-MeTajuia — Kapoa-
MHUJ — KUCJIOTa — BOJa W MPOJYKTOB, B Ipolecce 00pa3yroIIuXcs, M3ydyeHa PacTBOPUMOCTH B CHUCTEME
Ca(NO3)2 — CO(NH2)2 — HNO3 — Hzo

MeTton u3y4yeHHs] paCTBOPUMOCTH 3aKIJIFOYAJICA B HACHIIIEHWH 3BTOHHYECKHUX PACTBOPOB CHCTEM, CO-
Jiep KaluX TPU KOMIIOHEHTa — HHUTpPAT KabIlMs, KapOaMu, BOAy W KapOaMuJi, a30THYIO KHCIOTY, BOIY
¢ BO3pacTrarommMu kKonmyectsamu yetBéproro kommnoneHTa (HNO; u Ca(NO;), cooTBeTCTBEeHHO). PaBHOBE-
CHe B CUCTEMaX YCTaHABIMBAIOCH B TEUCHUE CYTOK (IIPU HEMPEPHIBHOM TepeMeniBanmn). [Ipoosl da3 aHa-
JU3UPOBAIM Ha COAEp)KaHWE HHUTpaTa KaibIus (MpsIMOE KOMIJIEKCOHOMETPHYECKOE TUTPOBAHUE TPHIIO-
HoMm b) [1], kapbamuna (meton Keenmbmans) [2], asotHoU kucnothl (turpoBanue 0,1 H. pactBopom NaOH).
Kpome xuMuuecKknXx METOJOB aHallM3a, COCTaB TBEPAOHM (Da3bl KOHTPOIMPOBAIN KPUCTAILIOONTHYECKUM H
peHTreHo(ha30BbIM METOIaMHU.

Pe3ynbTare! Mo pacTBOPMMOCTH B YKa3aHHOI cucteme B % (Mac.) mpHuBeIeHb! HIKE B TAOJHIIE U B BUIE
HEHTPaIbHON MPOCKIUK MMPOCTPAHCTBEHHOW W30TEPMBbI HA pUCYyHKe. DUTYpaTUBHBIC TOYKH Ha MPOCKIIHH
IUarpaMMbl BBIPQ)KAlOT COJIEBOWM COCTAaB CHUCTEMBI, UIA y4€Ta COAEpIKaHHUA BOJABI B CHCTEME PacCUHUTAHBI
3HAYEHUs BOJHOTO YHCTIA.

Ca(NO, ), 4CO(NH,, ), 4HNO,

Ca(NO, ), 4CO(NH, ), 50,

CO(NH, ), HNO,

HNO
0 20 40 60 80 100 NOs

Mac. %

Pucynok. L{eHTpansHas mpoeKius H30TEPMbI PACTBOPUMOCTH B CUCTEME
HUTPAT KaJbIUsI — KapOaMuJT — a30THas KHACIoTa — Boaa mpu 25 °C
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BetBp u30TEpMBI, poXosmias yepe3 TOUKu 1—4, oTBEYaeT HACHIIICHHOMY 3BTOHHYECKOMY PacTBOPY
cucteMbl Ca(NQO;), — CO(NH,), — H,O, maxoasmeMycst B paBHOBECHH ¢ KapOaMHIOM U TeTpakapOaMUIHUT-
paToM Kanelusi. B pesynbrate nprbaBieHus B JaHHBINA SBTOHIHYECKHA PACTBOP BCEBO3PACTAIONINX KOJIHMYECTB
A30THOW KHUCIIOTHI IO KOHIeHTparmu 5,48 % HaOmomaeTcsi yMEHBIIICHHE KOJIMYECTBA B HEll kapOamuma ot
58,12 1o 46,92 % u autpaTa Kameiws ot 19,04 no 7,65 %. Ilpu KOHIIEHTpAITiK a30THOU KUCIIOTH 5,48 % Ha-
psxy ¢ KapOamMHIIOM M TeTpakapOaMHIHUTPATOM KaJbIMA B TBEPAYIO (ha3y BBIIENSETCS HOBOE XMMHUYECKOE
COeMHEHHe — TeTpakapOamuaTeTparuapoHuTpar Hutpara Kansims Ca(NOs),-4CO(NH,),-4HNO;. Bognoe
YHCIIO B 3THX PacTBOPAxX ¢ POCTOM KOHIIEHTPALMU a30THOM KHCIOTHI yBenuuuBaercs ot 1,17 mo 2,42.

BeTBp m30TEpMBI, BKIIIOUArOIIas TOUKH 4—14, COOTBETCTBYET HACHIMICHUIO PacTBOPOB TETpakapOaMu-
JIOM HHUTpaTa Kajablui. KprcTammmsamus 3TOro coennHEeHHs! COMPOBOXKAAETCS YMEHBIICHHEM COIEpIKaHUS
kapOamua B xuakor ¢ase ot 46,92 no 11,04 % u yBennueHueM KOHLEHTPALMU HUTpaTa Kaublus ot 7,65
o 36,59 %. KonHmeHTpamusa a30THOW KHCIOTHI B 3TUX pacTBOpax Haxoawrtca B mpexaenax 5,48-10,36 %,
B HavaJie BETBU HE3HAUYMTENHHO MOHMKasICh 10 4,57 %, a 3aTeM yBennunBasch. BogHOe 4nCio B 11EI0M yBe-
nuuuBaercs ot 2,42 no 4,08, npoxoas yepe3 makcumyM 4,38 B Touke 11. B Touke 14, kpome coenuHeHus
Ca(NO;),4CO(NH,),, B TBEpayI0 (ha3y HaUMHACT BBIACTATHCS TeKCArUApaT HUTPATa KaJbLHsL.

IIpu mpubaBieHnr B 3BTOHUYECKUI PACTBOP CUCTEMBI KapOaMH — HUTPAT KAIbLUSA — BOJA, COJIEprKa-
et 12,19 % CO(NH,), u 60,43 % Ca(NO;),, BO3pacTaronux KOJMYSCTB a30THOW KUCIIOTHI O KOHIICHTpa-
uu 10,36 % momyuyeHa BETBb M30TEPMBI, BKIIOUYaronas TOUku 25-29 u 14, koTopas 0TBEYaeT OJHOBPEMEH-
HOMY HACBIIIEHHIO PAacTBOPOB TETpakapOAMHUIOM HHUTpATa KalbIUS W TEKCATMAPAaTOM HHUTpaTa KalbIIHA.
YBenuueHue comep)kaHusi a30THOW KUCIOTHI B pactBope Ao 10,36 % cHmKaeT pacTBOPUMOCTH HHUTpaTa
kajbuus ot 60,43 10 36,59 %. Conep:kanue kapOamua Mpy 3TOM B KHUIKOH (aze U3MeHsieTcs BecbMa He-
3HaguTenbHO oT 12,19 mo 11,04 %. I1o Xoay BeTBH KpHCTaNIM3alMK JAHHOTO 9BTOHHYECKOTO COCTaBa BOJ-
HO€ YHUCIIO YBeIMuuBaeTcs or 2,66 10 4,08, 4TO CBUACTEILCTBYET 00 YMEHBIICHHU €r0 PacTBOPUMOCTHU
C YBEJIMUCHUEM KOHLICHTPAIIUU a30THOM KUCIIOTHI.

HanpHeiiee yBenuyeHne KOHLEHTpAIMU a30THOM kuciaotsl oT 10,36 1o 46,51 % npuBOaUT K BhIACIE-
HUIO U3 HACBHIIMICHHBIX PACTBOPOB T'eKcaruapara HutpaTa Kaupws (Touku 14—24). Konmentpamnus kapoaMu-
Ja mpu 3ToM ymensiuaercs oT 11,04 no 2,01 %, a 3arem BHOBb yBenuuuBaetcs 10 5,33 %. BogHoe uucio
B TOUKaX 3TOM BETBU M30TEPMBI yBenuuuBaeTcs oT 4,08 1o 5,29, a 3atem ymensInaercs A0 1,78, 94To ykas3bi-
BAET Ha CUJIBHOE BBICATIMBAIOLIEE NEUCTBUE a30THOM KUCIOTHI HA pACTBOPUMOCTD 3TON COJIH.

BBenenue B 9BTOHMYECKHI PacTBOp CHUCTEMBI KapOamMua — a30THAas KUCJIOTa — BOJA, COJIEpIKamiei
62,97 % CO(NH;), u 12,53 % HNO;, BO3pacTarommx KOJWYECTB HUTPATa KajbIMs JI0 KOHIICHTPAIUU
4,43 % compoBOKIaeTCS HACHIIIEHUEM PACTBOPOB KapOaMHIOM M €r0 THAPOHUTPATOM 3KBUMOJIEKYISIPHOTO
cocraBa (touku 30-32). Kpucrammmzanus 3THX TBEpAbIX (a3 MPH YBEIMYCHUHM KOHIIGHTPALMH HUTPATa
KaJblWs MPUBOAUT K YMEHBIICHHIO PACTBOPUMOCTH Kapbammuna ot 62,97 mo 50,15 %, a Taxke He3HA4H-
TEILHOMY CHUKEHUIO COIePKaHUs a30THOU KUCIOThI oT 12,53 mo 10,42 %.

B touke 32 mabmromaeTcs oOpa3oBanue HOBOM TpoitHOH comn — Ca(NOs),'4CO(NH,;),-4HNO;. Kpu-
CTaJUTU3AIMSI 3TOTO COSIUHEHUS MTPOUCXOJUT U3 PACTBOPOB, COJEPKANIMX KapOamMHJ|, B HHTEpBaJIe KOHIICH-
Tpauuit ot 50,15 mo 46,92 %, nutpar kameuus — ot 4,43 no 7,65 %, azorHyto kucinory — ot 10,42 no
5,48 %. PacTBOpUMOCTh TPOWHOTO COEAMHEHHUS YBEINIMUBACTCS C POCTOM KOHIEHTPAIIMH a30THOM KHCIOTHI,
0 YeM CBHJICTEIHCTBYET YMEHBITICHUE BOTHOTO YHCIIa B 3THX pacTBopax ot 2,42 mo 1,89.

VYBenuyeHne KOHIEHTpalUU a30THOM KucaoTel oT 10,42 no 42,75 % npuUBOIUT K BBIACICHUIO B TBEP-
ayto ¢azy ruaponutpara kapbamuga CO(NH,),-HNO; (touku 32, 35-48). Kpucrannuzanus JaHHOW cOH
MPU POCTE KOHIEHTPAIUM a30THOW KHCIIOTHI COMPOBOXKIACTCS YMEHBIICHHUEM COJEpXKaHus Kapbammuia
B xuakon daze ot 50,15 no 8,15 %. Konnenrparust HUTpaTa Kaiablys HA JAaHHOW BETBH U30TEPMBI PaCTBO-
pUMOCTH BHauale ypenuuuaercs ot 4,43 1o 32,04 %, a 3atem camxaetcs 1o 19,10 %.

AHanu3upysl OMHCAaHHYIO BBINIE M30TEPMY PACTBOPHMOCTH CHCTEMBI, MOXXHO OTMETHTBH, YTO B YETHI-
PEXKOMITOHEHTHO# CHCTEME HUTpPAT KalblUs — KapOaMuj — a30THAs KHUCJIOTa — BOZAA MPH OMpPeeIEHHBIX
COOTHOIICHHUSX KOMITOHCHTOB MPOUCXOANT KPUCTAIIN3AIUS MPAKTUICCKH BCEX W3BECTHBIX paHEe JBOWHBIX
COeMHEHHH (CYIIeCTBOBaHUE MX OBUIO YCTAaHOBJICHO MPHU M3YyYEHHH PACTBOPHMOCTH COCTABIISIONINX TPEX-
KOMITOHEHTHBIX cHcTeM). B n3yueHHO# cucteme oOpa3yeTcs Takke HOBOE TPOWHOE COeMHEHHUE, COJepiKa-
Iee B CBOEM COCTAaBE OJTHOBPEMEHHO HUTPAT KaIbIUsA, KapOaMuI U a30THYIO KUCIIOTY.

KucnotHo-ocHOBHOE B3aUMOJEHCTBUE B U3YUCHHON YETBIPEXKOMIIOHEHTHON CHUCTEME, MPUBOJSIIIECE K
00pa30BaHUIO HOBOT'O KOOPJWHAIIMOHHOTO COSIMHEHUS, B COCTABE KOTOPOTO OJJHOBPEMEHHO MPUCYTCTBYIOT
TPHU UCXOIHBIX KOMIIOHEHTA, BOBMOXHO B PE3yJIbTaTe MPOTEKAHUS CICIYIOUUX PEaKLIUN:
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— TIpH IPUOABIICHUY COJIA METaJlIa K SBTOHHUYECKOMY PACTBOPY CUCTEMBI KapOaMUJT — KUCIIOTa — BOJA:
Ca(NOs), +4[CO(NH,;),"HNO;] = Ca(NO;), 4CO(NH,),-4HNO3;

— IIPY IPHOABJICHUH KUCIIOTHI K BBTOHUYECKOMY PacTBOPY CUCTEMBI HUTPAT KaJbIs — KapOaMuI — BOJIa:
Ca(NOs),4CO(NH,;), + 4HNO; = Ca(NO;),-4CO(NH,),-4HNO:;.

B m3y4yeHHOM 9eTRIPEXKOMITOHEHTHOW CHCTEME HAOIIOMAIOTCS CIICTYIONTIE 3aKOHOMEPHOCTH B3aMMHO-
T'O BIIMSHUS KOMIIOHEHTOB M MX BIMSHUS HA PACTBOPUMOCTH KPHCTAUTU3YIOIINXCSI HACHIIIEHHBIX PACTBOPOB
JIBOMHBIX U TPOMHOTO COCTUHCHUM:

— BBEJICHHEC BO3PACTAIOIINX KOJMYECTB KUCIOTHI B SBTOHUYECKUI PACTBOP CUCTEMBI HUTPAT KAITBIUS —
KapbaMuJ — BOJa OKa3bIBaeT BCAJIMBAIOIIEE JEHCTBHE HA PACTBOPHMOCTHh SBTOHUYECKHX CMECEH, MPUBOIS-
IIUX K KPUCTAUIN3AaUH HOBOTO KOOPAUHAIIMOHHOTO COSTUHECHHNS,

— pacTBOPUMOCTh TPOHHOTO KOOPIWHAIIMOHHOTO COCIUHEHHSI C POCTOM KOHIICHTPAIUU KHCIIOTHI YBE-
JIUYUBAETCS, YTO CBUETEIHCTBYET O BCAIMBAIOIIEM JIEHCTBUH KHCIOTHI HA €T0 PACTBOPHMOCTH;

— BBEJICHHE BO3PACTAIONIMX KOJWYECTB HHUTPATa KajblMsd B IBTOHWYECKHI PacCTBOpP CHCTEMBI KapbOa-
MUJ] — @30THAS KHCIIOTa — BOJIA MPUBOJUT K YBEJIUYCHUIO BOJHOTO YKCIIA, YTO YKA3hIBACT HA BHICATUBAIOIICE
JICHCTBHE €ro Ha PaCTBOPHMOCTh SBTOHHYECKOU CMECH

— PacTBOPUMOCTD THIPOHUTpATa KapOaMuaa MpU pocTe KOHIIEHTPALMK HUTPaTa KajbIisl B pacTBOpax
YKa3bIBAET Ha €r0 BHICAIIMBAIOIIEE JICHCTBHE.

YcTaHOBIEHHBIE 3aKOHOMEPHOCTH B3aMMHOTO BIIHMSIHAS KOMITIOHCHTOB CHCTEMBI, XOJ BETBEU KpUCTAJI-
JU3alUu Jaf0T BO3MOYKHOCTH BBIOPATh ONTUMAIBHBIN KOHIICHTPAIIMOHHBIN MTpeIeN KPUCTATN3alliid HOBOTO
KOOPJMHAIIMOHHOTO coequHeHud. [lomydeHHpIe 3aKOHOMEPHOCTH MOTYT CIYXHTh TEOPETUIECKONH OCHOBOU
MOJTyYEHUS IPYTUX HOBBIX PA3HOJIUTAHIHBIX KOOPAWMHAIIMOHHBIX COCTUHCHHIA.

M3BecTHO, UTO COSTUMHEHNS, 00pa3yIOIMKECs B pe3yabTaTe B3aUMOACHCTBHS COJICH S-METalIoB, Kapba-
MHUJIa ¥ HEOPTAHWYECKUX KHUCIIOT, MOTYT COYETaTh CBOWCTBA MCXOJHBIX KOMIIOHEHTOB C BHOBb MPHOOPETEH-
HeIMH. KpoMme Toro, KoopIMHAIIMOHHBIE COSIUHEHUS HA OCHOBE COJICH OMOMETaioB, kKapbaMua U Heopra-
HUYECKHUX KUCIIOT MOTYT OBITh BEChMa MEPCIICKTUBHEI B KAYECTBE OPraHUYECKUX U aHATTUTHUYSCKUX PearcH-
TOB, a TAK)KE UCXOHBIX MMPOIYKTOB B XUMHUIECKOM TEXHOJIOTHUH [3—6].
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P.III.Epkacos, P.M.Hecmesinona, P.I".Prickanuesa, I'.I'. AGaynnuna, A.Konmex

25 °C-peri kaJabuuii HATPAThI — KApOAMUI — a30T KbIIIKbLIbI — CY
JKyHeciHgeri epirimrik

25°C xesinzmeri KajubLUi HHUTpPAThl — KapOaMua — a30T KBIIKBUIBI — Cy TOPTKYpayIIbl >KyHeciHmeri
TeTeporeH K Tere-TeHAIK epiriluTik oficiMeH 3epTTeni. AJFalKbl KATThl KOMIIOHEHTTEP/iH, SBTOHUKAIIBIK
KYpaMJIap/blH, YIIKOMIIOHEHTT )KYHeaepAiH KypacThIPYIIbUIAPbIHBIH KapOaMul — a30T KBIIKbBLIbI — CY XKOHE
KalnbLMd HHUTPAaThl — KapOaMux — cy JKyHenepii 3epTTereHie onapblH OOJybl aHBIKTAIFaH KoC
KOCBUIBICTAp/bIH, COHBIMEH KaTap KypaMmblHaa Oip Me3riige KalbLUid HHUTpaThl, KapOaMHI *XOHE a30T
KBIIIKBUIBI 0ap jKaHa KOCBUIBICTAP/IbIH TY31IYiHIH KOHIICHTPALMSUIBIK LIeKapanapbl aHbIKTAIIIBL.
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R.Sh.Yerkassov, R.M.Nesmeyanova, R.G.Ryskaliyeva, G.G.Abdullina, A.Kolpek

Solubility in system calcium nitrate — carbamide — nitric acid — water at 25 °C

Heterogeneous equilibria in quaternary system calcium nitrate — carbamide — nitric acid — water at a tempera-
ture of 25 °C were studied by the solubility method. There were determined concentration limits of forming
the initial solid components, the eutonic composition, the components of the three-component systems, dou-
ble compounds, the existence of which was ascertained during the study of solubility in the system
carbamide — nitric acid — water and calcium nitrate — carbamide — water, as well as two new compounds that
simultaneously contain calcium nitrate, carbamide and nitric acid.
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298,15 K xone 101,3 klla kbIchbIM KargalibIHIA
Ca(AsO,), — Ca3(AsQy); — H,0 xyiiecinin Eh-pH koopanHaTacbIHAAFbI
TEPMOJAMHAMHUKAJBIK CapanTaMachl

Aunramn per Ca(AsO,), — Caz(AsOy), — H,O xyitecinig 298,15 K sxone 101,3 kIla KpIchIM jKaFJalibIHIAFbI
Eh—pH nmarpammacsl ecentenai *oHe TYPFBI3bUIABL. Byl nnarpaMma KeMeriMeH KypAeni eHIMHIH TOTHIFY
peTiH, KaTThl, CYHBIK (ha3a MeH 6acKa /1a op TYPJIi KOCBUIBICTHIH TYPAKTBUIBIK aliMaFbl MEH Telle-TeHIIK KaThl-
HACBHIH XOHE JIe YPAICTIH BIKTHMAIIBI OaFBITHIH KOFaphl MonaitikneH aHbikTam, Ca(AsO,), — Caz(AsOy), —
H,O >xyiiecinneri TOTBIFY — TOTBIKCBI3IaHy YPAICIHIH THIMII XKaFraiapbiH 60ipkayFa 60aibl.

Kinm ce30ep: MbIC 31eKTpoNuTi, Kanbuuid apceHarsl, Eh—pH nnarpammacel, Metaapcenar, Menmubsk, [Typ6o
JMarpaMMachl.

MBeIC 3neKTponu3i ypaici Ke3iHae IEKTPONINTTE MBIIIbSIKTBIH KHHATYBl KaTOATHI KaJIbIKTap/bIH Jlac-
TaHybl MCH KalTa eHJCYiHe, DJICKTPOIUT KOJIEMiHIH VIFalObIHA oKel corambl. OChl MakcaTTa DIICKTPOJIUTTE
Oec BaJGHTTI KyHze jKoHe KaKEeTci3 Kocma TypiHAe OO0JaThIH MBIMIBAK (KYIIOJIa) KYPaMBIHBIH ©CYiH TeXey
Ka3ipri TaHJa 63€KTi MOCeere alHaIIBII OTHIP.

DJIEMEHTApPJIbI MBIIIBSIKTBI O€C BaJCHTTI KYHIe ACHiH TOTBHIKTBIPY MEXaHM3Mi OipHeIle caThlAaH Typa-
aul. byn ypaicre As (III) ToThIFyBI ayana oTTeri KaThICBIHAA KYpeai, Oipak Oip BaJCHTTI MBIC HOHIAPbIMEH
As (III) Ty#tickeH TOTBIKCHI3IaHY MYMKiHJIT1H )OKKA IIbIFapMaiIbl.

DJIeMEHTapPJIBI MBIIIBIKTHIH aHOATH TOTHIFY YPIICIHIH KYHEIK Ke€3¢HIHEe YCHIHBUIFAH KOCHIMIIIA MOJIi-
MetTep any yuiiH, xxyhene As (III) xumusansik ToTeFysr 3eprrenmi: As (III-MeSO,—H,0, As (II)-H,SO,—
MeSO4—H,0, mynnarst Me — Cu_ Ni, Co, Mn, Zn. AropnapmeH [1] GipHemie mapaMeTpriepi, MbICaJIbl, Yp-
TICTIH XKYPY Y3aKTHIFBI MEH TeMIIepaTypaHbl TYPICHIIPYMEH TOKipuoOeep kypriziinmi. EpiTinaire ayans! yp-
ney Kesinae amcopoupreytr 6errtiH (Pt-timimmieci) 6omran Hemece 6onmaran karmaibraaa As (I11I) ToTeIFysI
3epTTEIIL.

Bapneik Toxxipubenepzae 3epTTeleTiH Kyliene OHBbIH KelOip caHbIHBIH OipAeH TeMEHAEyiHE OKeJeTiH,
As (II) «peTciz» ToThIFYbI OaiKanabl. «PeTci3» TOTHIFATHIH MBIIIBSIKTBIH CaHbl aybICIIaabl METAIAap HOHIA-
PBIHBIH KATBICBIHAA JKOFapblIaiasl. bysl KyObUIBIC YII BaJ€HTTI MBIMIBAK €PITIHAICIHE KYKIPT KBIIIKBIIBIH
KOCKaH Ke3Jie Oaiikanabl.

AsO;* + H,S0, [0] = AsO,* + H,SO,

Y paicTiH >KamFacybl MEH TEMIIEpaTypa «PEeTCi3» TOTHIFY YPIICIHIE alTapIbIKTall peJr aTKapManIbI.

As (II)-nix As (V)-Te neitiH TOTBIFYBI €H aJIBIMEH €PITIH/IIEe epireH OTTETiHIH O0OyBIMEH JKOHE OHBIH
KBUIIAMIBIFBIHBIH 6Te ToMeHiriMed Tycinaipineni. As (III)-HiH TOTBIFY ASpEKECiHIH elayip KOFapbUIaybl
oTTeriHi GailIaHBICTHIPYFa jKOHE GenceHnipyre Kabinerti keiibip aybicmansl MeTangapasy nounapsH (Cu’’,
Ni*", Co*", Mn*", Zn*") epitingire Kocy Ke3iHae MyMKiH 60Ia anasL.

AsO; + Me* [0]— AsO,” + Me*"

As (III)-nig As (V)-Tre neifiH TOTBIFY TOPEKECIHIH XKOFaphl MOHIHE 3ePTTEIICTIH XKYHeae ancopOIrsITbIK
oetriy (Pt-timiMimnecinin) 6onran karmaipiaga 60°C Temneparypana xeryre 6onaasl. COHBIMEH, 3 CaFaTThIH
imiHae TOThIFY Aapexeci 55—60 %-ra, an «perciz» ToThIFy 3 dexrici 30-35 %-nb1 Kypaimb.

ABTOpIapIBIH anFaH MoTiMeTTepi [ 1] KepceTKeHAeH, 3epTTENTEH KYieIe MBIIILIKTHIH BaJCHTTIK KyHiHe
Gipkatap (akTOpIap acep eTemi, MpIcaibl, epireH OTTeri MEH aybicmambl MeTamn noHmapbiabiH (Cu®’, Ni*',
Co*", Mn*") Gomysl, TemnepaTypaHbis sxorapbiiaybl As (III)-Hig As (V)-re aybICy KbUIIAMIBEbIH AHBIKTAIIEL.

Byn ypaicre MBIIBAKTBIH Oec BaJIeHTTI KyHiHE aybICybl YIIIH KOJaiibl )kaFaaitnap 6ap: aysicraisl Me-
TaJIapabIH 00JIYEI (MBIC, HUKENH), SPAANBIM KYPETIH YPIICTE MBICTBIH epyi (OTTETiHIH METaUT HOHIAPBIMEH
Oemncenaipinyi onapaslH epyi Ke3iHae Kypeli), epireH OTTeriHiH 0omysl (KajlblHa TYCIpeTiH ObulaynapablH
eceOiHeH).
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TepMoaMHAMUKAIIBIK ClITEMENep YPAICTIH BIKTUMAJAbl OaFbITHIH, KYPEi OHIMHIH TOTHIFY PETiH, KaT-
ThI XKOHE CYUBIK (pa3za MeH 0acka /a op Typili KOCBUTBICTHIH TYPaKTBUIBIK aiiMarbl MEH Tere-TeHAIK KaThlHa-
CHIH aHBIKTayFa kemekreceTini oenrini. Ca(AsO,), — Caz(AsOy), — H,O xyiecinaeri 6apiabIK OCHI ciiTeMe-
nepai Eh—pH nuarpammace! apkbuibl Oaranaii anaMsi3. JluarpamMa Heri3iHAE TOTBIFY-TOTBIKCHI3IaHy YPAICiH
JKYPTi3yAiH THIMII )KaFdaiIapelH KOpyTre MyYMKIHIIK aJlaMbI3. TOTBIFY-TOTHIKCEI3any moTeHInans! (Eh) men
optadblH pH KepceTkilili MBIMIBIKTBI (a3aHblH TY311yl YIIH MaHbI3AbI (haKTopIapabH Oipi OOMBIN TaObLIA-
nbl. YKcac quarpammansl anram pet [Iyp0s Temip, MbIC IEH XpoM YLIIH eCenTen, TYPFbI3FaH.

Eh—pH nuarpammacen (I1yp6s auarpammackr) MeTaul MEH TOTHIKTapIbIH CYJIBI €piTiHAige 00y Kacue-
TiH 3epTTey YIIiH KojmaHaasl. [lyp6o auarpamMMackl coi KYHEHIH TYPaKTBUIBIFBIH )KOHE OHJAFbl KaHal ga
0ip peakuusHBIH (HeMece OaFbITTaFaH CHHTE3IIH) )KYPY MYMKIHIIITIH IIETITyTe KOMEKTECEI].

Herizi xanpimii apceHaTTapbIHBIH (U3UKA-XUMUSIIBIK KACHETTEPiH 3epTTEyIiH TEOPUUIBIK KaHa eMec,
MIPaKTUKAJIBIK Ta MaHBI3BI 30D, c€0€01 MBIIBIK METALTYPTHSUIBIK IMUKIIaH TYCTI MeTaimap oHMIpici KaThl-
CBIHJIA IIIBIFapbIIAAbI, COHBIMEH KaTap aFbIHIIbI CYJIap/Ibl MBIIIBSKTAH Ta3alay CyAa epiMEeNTIH KaJblui apce-
HaTHI TYPIHAE 3aJIAJICHI3IaHABIPBLIA B

Kelibip apceHaTTapblH TEPMHSUIBIK TYPAKTBUIBIFBIH 3€PTTEYre KONTEreH XYMBICTap apHairaH [2, 3].
3eprrey HoTmkenepi 6oibHIIA Caz(AsOy), 1455 °C koHrpy»HTTI Typae 6amkumsl, an Ca,As,O; 800 °C bac-
Tamn BIABIPAUTHIHEI aHBIKTAIABL. CayAs,O; TepMmusibik auccormanuscel 1190 °C temmepaTypana Kypei.
Ca(AsO;), meraapcenar 500-600 °C temneparypama binsipaiias, an 900 °C temmnepatypaga Ca,As,O7,
MBITIBSK (I1I) TOTBIFBI MEH OTTEK TY3Ei.

Cyna epuTiH OapiblK apceHaT HOHIAphl (apceHaT, THapoapceHaT, apceHUT, TMAPOAPCEHUT, 00C KyHiH-
neri Mbibsik): H;AsO4, HyAsOy HAsO,*, AsO,* kepcerinren Ca(AsO,), — Ca;(AsO,), — H,O xyliecinin
Eh—pH nuarpammace! KymTi KeIIIKBUIABIK OPTafa, SIFHU, MBICTBI KYKIPT KBIIIKBUIIBI JIEKTPOIUTTE MBIIIBSIK
H;AsO,4 Typae 6ec BaneHTTI Kyiine 00JaTHIHBIH KOPCETE I,

As—0,—H,0 xyiieciniyg 25 °C meH xanmbl KeickiMHBIH 101,3 k[1a xarnaiteiagarsl Eh—pH quarpammacsr
OipHelIe FanpIMIApMEH 3€pTTeNiN TYPFRI3BbUIFaH 0OJaThIH. ATaafaH JuarpaMMaHbl TYPFBI3Y YIIiH, albIHFaH
MAJTIMETTepre CYWeHe OTHIPHII, CYTET1 NOHBIHBIH KOHIICHTPAUACHIHA TAYeN i OPTOMBIIIBAKTHI KbIIIKBUIIBIH
OapnbIK KYHiHIH Memmepi aHbIKTaIAbl. TOTHIKTBIpFbI opTaga pH = 0-2,19 apanbiFbiHaa HETi3r1 MBIIIbSIK-
ThIH KY#i — H3AsO, Monekynanapsl ycak Kypamuaapra OemiHin biasipamaras, pH = 2,19-6,79 apaneirsiana
H,AsO4 pH =6,79-11,51 moninme HAsO,> -nousI ycrem Oomamel. pH = 11,51 xorapel OonraHma AsO,>
AHUOHBI YCTEM Ooassl [4].

Taoicipubenix 6onim

Temengmeri cyperte 25 °C xoHe sxammbl KeIckIMHBIH 101,3 kI1a xxarmaiieraga Ca(AsO;), — Caz(AsOy), —
H,O xyitecinin Eh—pH auarpamMmacer kepcetinreH. JluarpaMMaHbl TYPFbI3Y OapbhIChIHIA ajiFall PeT Kajlb-
IUHTIH MBIIIBSIKIIEH KOCBUTBICTAPBIHBIH [ 00C SHEprusichbl, COHBIMEH KaTap JAHarpaMMaHbl TYPFBI3Y/IbIH HE-
Ti31 OOJIBIT TAOBUIATHIH TOTHIFY-TOTHIKCHI3IaHy TOTEHITHABI €CENTEIIHII.

Huarpammana (cyp. kapa) 1, 2-CBI3BIKTap Cy TYPAKTBUIBIFBIHBIH KOFAPFHI KOHE TOMEHT1 aiMarbIH KOp-
ceTeni. 1-CBI3BIKTaH KOFaphl OpHATACKAH aliMaK TOTBHIKTBIPFBIII OpTara, ajl 2-ChI3bIKTAaH TOMEH OpHaJIaCKaH
aliMaK TOTBIKCHI3JAHJIBIPFBINI OpTaFa colikec Kenexi. Jlumarpamma TYpFBI3y YIIIH ajbIHFAH MOIIMETTEP
TOMEHJIET1 KecTeie OepiITeH JKOHEe JuarpaMMasiarbl ChI3BIKTApIBIH HOMIPI KeCTee KOPCETUITeH TeHILYIepre
colikec Kemei.

KpIIKBIT TOTHIKCHI3JAaHFAH OpTala KypaMbIHIIA MBIIIBSIK Oap TYPaKThl KOMIIOHCHTTI MOJICKYJajiaphl
ycak Kypamuapra Oemninin siasipamarad H3AsO; — MBIIBSKTBUIAY KBIIIKBUTEI 00BN TaObu1aabl, oi pH op-
Tachl Korapel Oonranna 7-9 TeHaeyine corikec HryAsO;, HAsO;* sxone AsOs> aybIcanbl. TOTBIFY-TOTHIK-
ChI3NIaHy TOTCHIIMATBIHBIH MOHJEpiHIH e3repyi kesinge H;AsOs; rtorerrysl H3;AsO,; H,AsO, Hemece
HAsO42_ WOHNIAPBIHBIH Ty3inyiHe; an HyAsO; noHBI HAsO42_ MEH AsO43_ ’KOHE Tarbl OacKachIHA JICHIH TO-
TBIFY MYMKIiH.

Kpucranasl MBIIIBIKTBIH OcJICeHALIIr Oipre TeH OoiraHabIKTaH, apoip 9, 11, 15, 16, coHbIMEH KaTtap
17 Tenneyre Oip CBHI3BIK COlKeC Keleli, 07 KapacTHIPBUIBIT OTBIPFaH €pireH KOMIIOHEHTTIH OeNCeHiIIr
(10™") MoHiHe TeH GONATBIH Ke3[eri KAaThIHACTBI CHIATTaimbl. OChUIANINA, aTAIFAaH OEC CHI3BIK KPHUCTAIIbI
MBINIBAKTBIH aMarblH aHBIKTAUEL.

CoHBIMEH KaTap JKOFapblia KOPCETUINeH KYMBICTHIH MOIIMETTEPI TOTHIFY-TOTHIKCHI3/IAaHY MOTEHITHAIIBI
(Eh) men cynel epitinginin pH kepceTkimi KeMeriMeH MBILIIBSKTB KOCBUIBICTAPIbIH EPIrillTiriH XoHe Ta0u-
FaTTa TapalyblH aHBIKTayFa OOJIATHIHABIFBIH KepceTeli. MBIIbSIK KeHAep MEH dp TYpJi KOHIEHTparTapia
KE3/IECKCH/IIKTEH, KalbIIMH apCCHATHI YIIIH aJIbIHFAaH TEPMOJUHAMUKAIBIK MaiMeTTepi MeH 25 °C MeH kai-
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el KbicbIMHBIH 101,3 k[1a sxaraiieiaga typreisuiran Ca(AsO,), — Ca;(AsO,), — H,O xyitecining Eh—pH au-
arpaMmachl MBIIIBSIKTBI OO alyMeH OalIaHbICThl TEXHOJIOTHSUIBIK YPIICTI (PU3MKa-XUMUSIIBIK jk00ajay

VIIiH KaXeT O0JBIT TaObIa b

Eh.B
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Cypert. Ca(AsO,), — Ca3(AsQ,), — H,O xyiiecinin Eh—pH muarpammMacsr

Kecte

25 °C temneparypaaarsl Ca(AsQ,); — Ca;(AsOy), — H,O kyiiecinaeri apekerTecyiepain TeHaeyaepi

Ne XUMUAIIBIK peaKius

DIIEKTPOATHIK PEaKIIHS

2

3

HQO(C) = Oz(r) + 4H+(C) + 46

E=1230,059pH

E=—-0,059pH

1
1
2 Hz(ﬂ = 2H+(c) + 28
3 H3ASO3(C) + HzO(c) = H3ASO4(C) + 2H+(c) +2¢

E=0,586 + 0,029 Ig[H;AsO,] —
0,029 1g[H;As0;] — 0,059pH

4 H3ASO4(C) = HzASO47(C) + H+(c) ngp = lg[HzASOA;] — lg[H3ASO4] — pH,
pH=2,19

5 H,AsO5 = HAsOs" o+ H' g 1gK, = 1g[HAsO;" ] — 1g[H,AsO;] — pH; pH = 12,10

6 HAsO;” (= H '+ AsO5” 1gK, = 1g[AsO;° ] — 1g[HAsO;* ] — pH; pH = 13,41

7 HzASO3(c)7 + HzO(C) = ASO437(C) + 4H+(c) + 28

E=0,925 - 0,029 Ig[H,AsO; ] +
+0,029 1g[AsO,> ] - 0,118pH

8 HASO;" )+ HoO)= AsOy™ (o + 3H ) + 28

E=0,567-0,029 1g[HAsO;" ] +
+0,029 1g[AsO,>] — 0,088pH

9 AS(K) + 3H20(c) = HASO327(C) + 5H+(c) + 3e

E=0,647 + 0,019 Ig[HAsO,> ] — 0,098pH

10 ASO337(C) + HQO(C) = ASO437(C) + 2H+(c) + 28

E=0,170+ 0,029 1g[AsO4 ] —
— 0,029 1g[AsO5* ] — 0,059pH

11 Asgy+ 3H,0 = AsO5” )+ 6H ¢+ 38 E=0912+0,0196 1g[AsO;* ] - 0,118pH
12 HAsO,” (= H '+ AsO,” 1gK, = 1g[AsO,” ] — 1g[HAsO,” ] — pH; pH = 11,51
13 H,AsO, = HAsO,  (+ H' 1gK, = Ig[HAsO," ] — 1g[H,AsO, ] — pH; pH = 6,79
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KecTtenin xanracsl

1 2 3
14 HzASO3_(c) + HzO(c) = HASO42_(C) + 3H+(c) + 28 E= 0,585 + 0,029 lg[HASO42_] —
—0,029 1g[H,AsO;] — 0,088pH
15 AS(K) + 3H20(c) = HzASO{(C) + 4H+(c) + 3¢e E= 0,4085 + 0,0196 lg[HzASO{] — 0,078pH
16 AS(K)+ 3H20(c): H3ASO3(C)+ 3H+(c)+ 3e E= 0,226 + 0,0196 lg[H3ASO3] — 0,059pH
17 AsHz= Asq+ 3H + 38 E=-0,6268 — 0,059pH
18 |  H3AsOs+ HyO(y= HASO, (o + 4H () + 28 E=0,858+ 0,029 Ig[HAsO," ] -
— 0,029 Ig[H;AsO;] — 0,118pH
19 H;As05= H,AsO5 (o + H ' 1gK, = 1g[H,AsO; ] — 1g[H;AsO5] — pH; pH = 9,24
20 H3ASO4(C) = HzASO4_(c) + H+(c) ngp = lg[HzASO4_] — lg[H3ASO4] — pH, pH = 2,19
21 3Ca” + 2H;As0, = Cas(AsO,), + 6H" 1gK, = -3 1g[Ca”'] — 2 1g[H;As0,] — 6pH;
pH =237
22 3Ca(AsO,), + 8H,0 = E£=0,3354-0,059pH
= Cag(ASO4)2 + 4H3ASO3 + 41‘14r +4e
23 | Ca” +2H;As0;= Ca(AsO,),+ 2H,0 + 2H | IgK, = —lg[Ca’"] — 2 Ig[H;AsO;] — 2pH; pH = 4,26
24 3Ca” + 2H;As0; + 2H,0 = E=0,97975 -0,1475pH
= Ca3(ASO4)2 + 10I{Jr +4¢e
25 Ca” + 2As + 4H,0 = Ca(AsO,), + 8H' + 68 £ =10,34983 - 0,07867pH
26 Cas(AsOy), + Ca’ + 6H,0 = 1gK, = —1g[Ca*"] - 2pH; pH = 11,20
= Ca3(ASO4)2X4H20 + Ca(OH)2 + 2,H+
27 Caz(AsO,4),x4H,0 + 2H,0 = 1gK,=2 1g[AsO,” ] — 6pH; pH = 14,20
=3Ca(OH),+ 2AsO,> + 6H"

OcpIHaal muarpaMMaHbl 0acka 3JIEMEHTTEP YIIIiH J¢ Typrbi3yra 6osaabpl. Ce6eOi OHBI KOJIaHa OTHIPHIII,

CyJIBl €PITIHAIACH 9p TYPJIi a3 epUTiH KOCBUIBICH TYpiHAe Oeminm ady MeH Oellin aly >kaFJaiiapblH XKoHE TY-
PaKTBUIBIFBIH aHBIKTAyFa 00Ja bl

1
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Tepmonunamuveckuid anaau3 cucrembl Ca(AsQO,), — Caz(AsOy), - H,O
B koopauHaTtax Eh—pH npu 298,15 K u 101,3 xIla

B crarbe BnepBrie Obuta paccuutana u noctpoeHa Eh—pH muarpamma cucremsr Ca(AsO,), — Caz(AsO,), —
H,0 npu 298,15 K u 101,3 x[la. C momo1mpio JaHHOH AMarpaMMbl MOXKHO C BBICOKOH TOYHOCTBIO OIpese-
JIUTh BEPOSITHYIO HAIPABICHHOCTh MPOIIECcCa, HMOPSAI0K OKHUCICHHUS CIIOXKHBIX MPOAYKTOB, 00IaCTH yCTONYH-
BOCTH U PaBHOBECHBIC COOTHOLICHHS TBEPBIX, XHUIAKHX (a3 ¥ APYrux pa3IMIHBIX COSTUHEHUH, TAKKe MPea-
cKa3ath Haubojee OJIaroNpHATHBIC YCIOBUS MPOBEACHUS OKHCIUTEILHO-BOCCTAHOBHUTEIBHBIX MPOLIECCOB B
HA3BaHHOM BBIIIE CHCTEME.
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298,15 K »oaHe 101,3 klMa KbicbIM XafganbiHaa

A.B.Siyazova, Sh.S.Seitzhanova, Kh.B.Omarov, Z.B.Absat,
S.K.Aldabergenova, N.Zh.Rakhimzhanova, A.B.Karimova

Thermodynamic analysis of the system Ca(AsQO,), — Ca3(AsO,), — H,O
in coordinates Eh—pH at 298,15 K and 101,3 kPa

For the first time there was calculated and plotted Eh—pH diagram of the system Ca(AsO,), — Ca3(AsOy), —
H,0 at 298,15 K and 101,3 kPa. A probable orientation of process, the order of oxidation of complex
products, areas of stability and equilibrium correlation of solid, liquid phases and other various compounds
are possible to determine with high accuracy by means of this diagram. It is also possible to predict optimum
conditions of carrying out oxidation-reduction processes in the system Ca(AsO,), — Caz(AsO,), — H,0.
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The impact of ultrasonic cavitation on the chemical transformations
of model compounds

The effect of ultrasonic cavitation on various organic compounds in the presence of catalysts is investigated
in order to identify the chemistry of reactions. In addition, practical applications of cavitation for cracking
hydrocarbons in technological processes of oil-refining industry are considered and estimated. These findings
indicate that the use of cavitation for destruction of organic compounds is effective for technological and
economical aspects.

Key words: ultrasonic cavitation, destruction, isomerization of hydrocarbons, chemical transformation of
model compounds.

Currently, due to the oil depletion and increase in prices of liquid fuel the interest in high-performance
technology of oil is growing. At this point, the cavitational method is a great practical interest to processing
of petroleum fuels. In general, cavitation can be defined as the phenomena of the formation, growth and
subsequent collapse of microbubbles or cavities occurring in an extremely small interval of time
(milliseconds) releasing large magnitudes of energy. The local effects of the cavitation phenomena can be
given as generation of very high temperatures (of the order of 1000 to 5000 K) and pressures(100 to
5000 bar). The magnitudes of the pressures and temperatures are astrong function of the operating
hydrodynamic and geometric constructional features of the reactor. Thus the resultant effects are really
spectacular and such events simultaneously occur at millions of places in the reactor [1].

Many researchers, engaged in cavitation processing of different materials, have observed a number of
physical and chemical transformations, especially in the ultrasonic cavitation. Approach to boosting the effi-
ciency of cavitation is carried out by ultrasonic excitation in the presence of an electric field [2]. Electrostatic
charge generated within the bubbles assists radical formation due to covalent bond breaking, which generate
chain reactions in hydrocarbons with the end-result being low molecular-weight compounds and aromatics.
The influence of the direct impact of cavitation on chemical reactions of alkanes is observed by cracking of
hexadecane (Ci¢Hs4) under the action of ultrasound. In this case, the gaseous products were H,, CH,, C,Hy,
C,H, [3]. Only the first steps have been done in the learning of cavitation’s effect on the physico-chemical
transformations in liquids, because in many cases a clear explanation of the observed phenomena have not
found yet [4].

Thus the aim of this study is to investigate the effect of cavitation on a variety of organic compounds in
the presence of catalysts with the identification of the reactions’ chemistry, as well as clarification of possi-
ble practical applications of cavitation for cracking hydrocarbons in oil refining.

The compounds of different nature, accordingly, different reactivity are selected as research objects for
more detailed study about organic compounds’ chemistry by cavitation processing. Linear alkanes — hex-
ane, decane, and more stable against degradation of polyaromatic hydrocarbon- anthracene are used as initial
organic substrates. These compounds are assumed to display different reactivity to cracking process allowing
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to make rigorous scientific basis for discussion about impact of cavitation on chemical conversion of model
compounds.

Experimental part

Experimental studies were carried out in air atmosphere using the ultrasonic cavitation which allows to
conduct the high-intensity processing of small volumes of liquid with a capacity about 600 watts. The inten-
sity of the ultrasound processing — 250 W/cm?, the operating frequency is +22 kHz.

To study the influence of cavitational processing on model compounds chemically pure decane,
decane—hexane, toluene—antracene—hexane were investigated in the presence of various catalysts. The cata-
lysts were FeS,, NiO and iron nanoparticles Fe,Os, prepared according to the procedure [5]. The processing
time was 1 min 30 sec, the volume of processed samples — 50 ml, the ratio of compounds in the mixture
were 1:1.

The qualitative and quantitative analysis of liquid organic compounds were done by gas chromatograph
HP 5890/5972 MSD firm Agilent (USA). Conditions of chromatograph: column — DB — (5.30 m x
x0.25mm x X 0.5 mkm), gaz — helium, 0.8 ml/min, thermostating 50 °C — 4 min, 50-150°C —
10 °C/min, 150-300 °C — 20 °C/min, 300 °C — 4 min at vaporizer’s temperature 250 °C.

Identification of compounds were produced by the mass spectral database NIST 98.

Discussion of Results

The contents of compounds detected in the model liquids after the cavitational processing in the pres-
ence of catalysts are given in the Tables 1 and 2.

Table 1
The contents of compounds detected in the hexane after the cavitation processing
Without catalyst In the presence of NiO In the presense of nanoparticles Fe,O3
Compounds Mass O/coonc., Compounds Mass (ycoonc., Compounds Mass O/coonc.,
3-Ethyl-4-methyl- 1.65 |4-Methylpentene-2 003  |>Fthyl-4-methyl- 0.01
hexane hexane
3,5-Dimethyloctane 6.79 Decane 70.17 Nonane 1.04
Decane 50.16 3-Methyldecane 2.26 Decane 94.15
3-Methyldecane 0.62 Undecane 12.42 3-Methyldecane 0.02
6-Ethyl-2-methyl- 2.92 4,6-Dimethylundecane 11.28 Undecane 3.25
decane
2,4,6- Triethyldecane 2.5 Dodecane 0.62 4,6-Dimethylundcane 0.19
Undecane 12.6 Tridecane 0.25 Dodecane 0.11
4,6-Dimethylundecane 15.11 Tridecane 0.05
Dodecane 0.56 Tetradecane 0.08
Tridecane 0.19 Hexadecane 0.3
Hexadecane 1.94
Oxygen-containingcompounds
2-Nonanone 0.05 2-Nonanone 0.48 2-Nonanone 0.27
2-Decanone 0.96 2-Decanone 0.9 2-Decanone 0.2
4-Decanone 0.9 4-Decanone 0.93 4-Decanone 0.16
3-Decanone 0.63 3-Decanone 0.66 3-Decanone 0.15
2-Methylheptanone-4 0.52
Isooctane, 1.9
(ethenyloxy) )

Analysis by gas chromatography-mass spectroscopy detects the contents of paraffin hydrocarbons from
Cs to Cy7 in the model compounds, both normal and isomers. The isomerization proceeds on freely radical
mechanism. There are more isomers in case cavitational processing without catalysts. About 6.79 % of
3,5-dimethyloctane, 3-ethyl-4-methylhexane, also 12.6 % of undecane, 15,11 % of 4,6-dimethylundecane are
formed in case cavitational processing without catalysts. In the presence of NiO the contents of undecane is
12.42 % and 4,6-dimethylundecane — 11.28 %. The 1.04 % of nonane and 3.25 % of undecane are formed
in the presence of Fe,O;. Also oxygen-containing compounds are detected after cavitation processing and
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their contents depend on concentration of dissolved oxygen in the liquid. Such auto-oxidation processes are
typical for heating of organic liquids, the cavitation is accompanied by heating.

Table 2
The contents of compounds detected in the mixture of decane and hexane after the cavitation processing

Without catalyst In the presence of NiO In the presense of nanoparticles Fe,O3
Compounds Mass (ycoonc., Compounds Mass 0/zonc., Compounds Mass (ycoonc.,
3,5-Dimethyloctane 22.55 Decane 82.77 2,2,3-Trimethylbutane 0.7
Decane 59.91 3-Methyldecane 0.39 2,3-Dimethylbutane 3.1
3-Methyldecane 0.4 2-Methyldecane 0.98 2,3-Dimethylpentane 42.98
Undecane 11.53 Undecane 12.69 Hexane 4.67
Dodecane 0.28 Dodecane 0.38 Decane 43.01
Tridecane 0.11 Tridecane 0.09 Undecane 1.85
Dodecane 0.12
Tridecane 0.23

Oxygen-containingcompounds

2-Methyl-2-pentyl-

. 0.25 2-Nonanone 0.13 2-Methoxyoctene 0.12
oxirane
2-Nonanone 0.23 3-Decanone 0.62 2-Nonanone 0.23
3-Decanone 0.57 5-Decanone 0.56 3-Decanone 0.09
5-Decanone 0.5 2,5,8-Tr1'methyl— 0.58 5-Decanone 0.09

nonanedione-4,6

1,1'- Oxybisdecane 3.58 1,1'-Oxybisdecane 2.81
Hexanoic acid 0.09

About 22.55 % of 3,5-dimethyloctane, 11.53 % of undecane are formed in case cavitational processing
without catalysts. In the presence of NiO the contents of undecane is 12.69 %. The 42.98 % of
2,3-dimethylpentane and 3.1 % of 2,3-dimethylbutane, 1.85 % of undecane are formed in the presence of
Fe,0;. The cavitation processing of model liquids consisting of decane and hexane is more effective in the
presence of Fe,O; and without catalyst.

The obtained findings allow to conclude that reactions of degradation are occurred intensively in the
process of cavitation. As a result of these processes «activated» particles accumulate in the system [6].

Usually lifetime of activated formation is short. However, some of these formations possess the deter-
mined stability and are capable to exist for definitive time. Process of radicals’ disappearance takes place by
two ways: as a result of disproportionation and recombination.

Describing the destruction of decane and hexane by ultrasonic cavitation it can be compared with the
findings of research [7].

1. Originally, destruction of model compounds’ proceeds on freely radical mechanism, initiated by the
cavitation phenomenon. The bond breakage C—C occurs more intensively in the middle and at the first
carbon atom of a molecule:

H, H, )
H,yC C C = 2 HiC CH,
e e T T \\C/f
c " CH,
Hg Hg H2
H
H, H, . 2 ;
Hao o C = CH; + HiC c CH,
B e T \C/ \C/’
C c CH, ¢ ¢
H2 H2 ) 2

2. Lifetime of formed radicals extremely short, the break of a kinetic chain proceeds according to the
following scheme:

H2 _ N
H,C ¢ cH,  HO C
S S
C > + C
Hg Hg H2

H; Hy Hy Hy
H.C [ C C
a7 \\C e ‘x\c/ \\'C e \\'CH
Hy Hy Hy ’
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Hy A i Hy
H,C c CH,  Hy C CH;
\“C e ‘“\C - + \“C -~ \‘C - —
Hy Hy Hy H;
Hy Hy H, Hy
H.C [ C C [
— B e e e T
c c C C CHz
Hy Hy Hy Hy

As a result of repeating stages of growth and chain breakage the number of n-alkanes accumulates in
the reaction system.

In the system of antracene—toluene-hexane about 3 % of 9,10-dihydroanthracene and 1 % of phenan-
trene are formed without catalyst. In the presence of the FeS, the content of 9,10-dihydroantracene is 3.61 %,
fenantrene — 2.38 % and 1,2,3,4-tetrahydroanthracene — 0.75 %. It can be concluded that anthracene is
hydrogenated in the presence of hexane which can be hydrogen donor. It is obvious that the obtained
contents is not limiting and it is possible to increase it by selection of optimum conditions.

The obtained experimental findings show the positive impact of cavitation. Cavitational processing of
liquid products can be used in technological processes of oil-refining industry, particular for receiving light
fractions from heavy oil and increasing the octane number of oil fuel by an isomerization.
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YabTpaabIObICTHIK KABUTAIUAHBIH MOJEJbIIK
KOCBLIBICTAPABIH XUMHSJIBIK aifHAJBIMIApPbIHA cepi

VbTpaabIObICThIK KaBUTALMSAHBIH Op TYPJi OPraHMKAJbIK KOCBUIBICTAPABIH XUMHUSIIBIK alHaIbIMIapblHa
TYpJII KaTalu3aTopiapiblH KaThICHIHIA acepi 3eprrenreH. COHBIMEH KaTap KaBHUTAIMSHBIH MyHail eHuey
caJachlHa KOMIPCYTEKTepAiH KPEKHHT YPJIICIH KYpri3yre MYMKIHJIri OaramaHraH. AJIBIHFaH MAJIMETTEp
OOMbIHIIA, OPTraHUKAJIBIK KOCHUIBICTApPABIH NECTPYKIHS YPIICIHAE KaBUTALMSHBI KOJNIAHY TEXHOJOTHSIIBIK
JKOHE HIKOHOMHKAIIBIK TYPFBIIAH THIMII.

M.U.BbaiikenoB, A.b.TareeBa, A.JK.Maraesa, /[.A.banaGekona,
b.O.Ece6aeB, A.b.Tneybeprenosa, P.C.bepxanoBa

Bo3neiicTBue yJIbTpPa3ByKOBOW KaBUTAIUMU
HA XUMHYeCKHUe MpeBpalleHnsi MOJeJIbHbIX COeIMHEeHU

HccnenoBaHo BIMsSHME yIbTPa3ByKOBOI KaBUTAlMM Ha Pa3lUYHbIE OPTaHUUECKUE COETUHEHUS B IMPHCYTCT-
BUM KaTaJIU3aTOPOB C BBIABICHUEM XUMM3Ma IPEBPALICHUM, a TaKKe BBIICHCHUEC BO3MOKHOCTH IIPAKTUYE-
CKOTO IPHMCHEHHUS KaBHUTAILlMH JUIS KPEKHHTa YIIICBOAOPOAOB B Hedremepepadorke. [lomydeHHsle naHHbIE
MO3BOJISIIOT CEIATh BBIBOJ O TOM, YTO UCIIOJIb30BAHUE KaBUTALUU JJI ACCTPYKLUU OPraHUYECKUX COCTUHE-
HUH SABISIETCS TEXHOJIOTHUECKU d((PEKTHBHBIM U SKOHOMHYECKH BBITOXHBIM.
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