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OPI'AHUKAIbIK XUMUA
OPITAHUYECKAA XUMUA
ORGANIC CHEMISTRY

YK 547.97; 667-12

AM. MaM6eTOBal, n.C. I/Ipm6aeBa1, AWM. Manrens’

! Eepasuiickuii nayuonanonviii ynusepcumem um. JIH. I'vmunesa, Acmana, Kasaxcman;
’[Tenmp uccnedosanus momurnecyenmuvix mamepuanos, Acmana, Kasaxcman
(E-mail: individ_93@mail.ru)

Cnoco0 nosryyenusi (p1yopeciieHTHBIX MATMEHTOB, 001212101 X
BbICOKOH CTOMKOCTBHIO K ICUCTBUI0O OPraHUYECKUX PaCTBOPHUTEIeH

B crartpe ommcan MeTo[ MOIydeHUS! TEPMOIUIACTHYHBIX (IyOPECHEHTHBIX MUTMEHTOB U HCCIIEOBAHEI Pa3-
JIMYHBIE COCTaBbl MOJYYaeMBbIX 1O JAHHOMY METOJY HMHMIMEHTOB. ABTOpaMH IO pa3pabOTaHHOH METOAMKE
ObUIO TOJYYEHO HECKOJIBKO THUIOB (DIyOpPECHEHTHBIX MUIMEHTOB Da3IMYHOIO XMMHYECKOTO CTPOCHHS.
HccnenoBaHo BIMSHUE N-TONYONCYIb()OHAMMIA, KAK OTBEPAMTENs, HA KAUeCTBO IOJIYYECHHBIX MHUTMEHTOB.
VYCTaHOBIIEHO, YTO YBEJIMYEHHUE KOJIMYECTBA 7-TONYONICYIb()OHAMKIA IPUBOANT K YMEHBIICHHIO TEMIIEPaTy-
PBI IUIaBJIEHUS TEPMOIUIACTHYHBIX MUTMEHTOB. CTOMKOCTh IOJIy4eHHBIX IMMTMEHTOB K OpPraHHYECKUM pac-
TBOPUTENSIM H3ydal 110 UX BBIMBIBAHUIO U3 TIOJIMMEPHON MacCHI-HOCHUTEINS. Y CTAaHOBIICHO, YTO HAHOOIbIICH
CTOMKOCTBIO K JIGHCTBHIO OPraHWIECKHX PacTBOPHUTENCH 00JIaIaloT MUTMEHTHI, B IIPOLIECcCe MOIYIeHHsT KOTO-
PBIX B KadecTBEe OTBEpAMTENEH OBUIM HCIIOJIB30BaHEI SKBUMOJSIPHEIE KOJIMYECTBA aMHHOB. [ JTaBHBIMU TIpe-
HUMYIIECTBAMH IOJy4aeMbIX TMIMEHTOB SBJIAIOTCS BBICOKAS TeMIIepaTrypa IUIaBJICHHUS, CTOMKOCTh K OpraHu-
YECKUM PacTBOPHUTEISIM M HU3Kas MOJUANUCIIEPCHOCTH pa3MepoB YacTHIl B mpeaenax 3,0—4,8 MxM.

Knrouesvie crosa: GpiyopecueHTHBIN TUTMEHT, TEPMOIUIACTUYHOCTh, CTOMKOCTb K PaCTBOPHUTENAM, AUCIIEPC-
HOCTb, CTIEKTPBI TTOTJIOMIEHHS], Pa3Mep YaCTHII.

Bseoenue

Hcropus BCTOIp30BaHNs MMUTMEHTOB OepeT HadaJio ¢ OYeHb JAaBHUX BpeMeEH. IIepBBIif CHHTETHYICCKUI
murMeHT 061 m300peTeH eme B 3000-M roxy mo H.3. B Ermmnre u mpeacTaBisul co0oil CHHEE CTEKIIO, M3T0-
TOBJICHHOE U3 IECKa M MEIH, NepeMoioToe B mopomiok. B XVI Beke 3TOT MUrMEHT 3aMEHWIIM CMalbTOM,
a B XIX — xob6anmpToM. Ha BceM MpOTsSKEHUH UCTOPUH UCTIOIB30BAHUS U MPUTOTOBICHHS MUTMEHTOB K HUM
MPEBSBISUICS MIMPOKUH CIIMCOK TEXHHUYECKHX TPeOOBaHUH, KOTOPBIN 3aBHCEI, B MEPBYIO OYepelb, OT MX
KOHEUYHOT0 npumMeHnenus [1, 2]. B coBpeMeHHOM MUpE CHEKTP NPUMEHEHUS MUTMEHTOB YPE3BBIYAITHO BBHICOK.
[IurMeHTHl UCTONB3YIOT CErOMHS B TEKCTWIBHON MPOMBIIUICHHOCTH, JAKOKPACOYHOW MPOMBINUICHHOCTH,
MATIEBOH u T.1. [3].

Opranudeckne MUTMEHTHI, UCIOIB3yEeMbIE B MIACTMACCOBOM NMPOMBINIIEHHOCTH, TOJDKHBI, B MEPBYIO
odepellb, UMETh BHICOKHE TEMIIEPATyphl TUIABJICHUS W TEPMOCTONKOCTh JUIsl TOTO, YTOOBI OBLJIO BO3MOXHO
BBOJWTD WX B IMOJMMEPHBIE MAacChl METOAAMHU SKCTPY3UH U JTUTHS, a TAKXKE TaHHBIE TUTMEHTHI JOJKHBI OBITh
CTOMKUMHU K JIEHCTBHUIO PACTBOPHTENCH, BO M30C)KAHWE BBIIBETAHMS TOJUMEPHBIX H3ICIUNA ITOCPEICTBOM
MUTpauu Kpacutens u3 m3nenus [4]. Hemanoe 3HaueHne Takke WrpaeT ACKOPATHBHBIN 3PQekT momydae-
MBIX KOHEYHBIX W3JICIHA, YTO HANPSMYIO 3aBUCUT OT I[BETA, OTTCHKA W HACHIIICHHOCTH HCIOJIL3YEeMOTO
nurMenTa. COBMECTHTh B OPTaHUYECKOM NMHUTMEHTE TPH KauyecTBa — BBICOKYIO TEPMHUYECKYIO CTOHWKOCTD,
CTOWKOCTh K JICHCTBHUIO PACTBOPUTENCH M JEKOPAaTUBHBIA 3(PPEeKT — odUeHb cloxkHas 3amada, TpeOyromas
3HAHUS KaK XUMHYECKUX OCOOCHHOCTEH MOMyueHHUs] KOHKPETHOTO BUA MUTMEHTA, TaK U TEXHOJIOTHYECKOTO
OCHAIIICHHSI ITpoTiecca MoIydeHus [5].

Hawnboree BBICOKOMIaBKMMU HA CETONHSLIHHUHA JEHb SIBIAIOTCA MUTMEHTHl Ha OCHOBE IMOJUYPETAHOB,
COJIepKaIUX B CBOCH CTPYKType OpraHMYSCKHE KpacuTenu. TemIiieparypa IUIaBICHHs TaKUX MUTMEHTOB
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MoxkeT nocturath 270 °C, 9TO MO3BONSET KCIIOIB30BaTh UX B OKPAIIUBAHUY MOJUKAapOOHATA, IIUPOKO MPH-
MEHSEMOTO CETOJHs B Ka4eCTBE 3alIUTHBIX MOJUMEPHBIX MOKPBITHH, a TAKXKE JJIS1 H3TOTOBIICHHS TUH3 OYKOB
Y Pa3IMIHBIX ONTHYCCKUX MPHOOPOB [4, 6].

ABTOpaMU NTaHHOW CTAaThbU pa3paboTaH METOJ| MOJYYCHUS TEPMOIUIACTUYHBIX ()IIYOPECIICHTHBIX ITHT-
MEHTOB, XapaKTepU3YyIOLINXCSl BLICOKON JTIUCTIEPCHOCThIO, TEPMOCTOMKOCTBIO U YCTOHYUBOCTBIO K JIEUCTBUIO
pacTBOpHTENeil Giarogaps TOMy, 4TO MPOLECC MOMYYEeHUS POBOIAT B ABe cTainu. Ha mepBoi craguu mo-
JYyYaroT XKUJKUM OKPAIICHHBIH MPEMOMMEp peakiiueil n30bITKa TUU30IMaHaTa ¢ CyJIb(OHAMIIOM U MOCIIe-
IyromuM 1o0aBiaeHreM (UIyOpPECIICHTHOTO KpacuTens. BTopyro cTafuio MpoBOAST B 3apaHee MPUTOTOBJICH-
HOM 3aIl[ITHOM KOJUIOHMJE, Ha3HaYeHHE KOTOPOr0 — YBEINYCHHE CTOHKOCTH MOJIYYaeMOro MUTMEHTa K Op-
TaHWMYECKUM PacTBOPHUTEISIM. B mporecce BTOpoH cTaauy AMCIIEPCHS OKPAIICHHOTO MPEroJnMepa OTBep-
KIACTCS IEHCTBUEM SKBHMOJIIPHOTO KOJIMYECTBA AMaMUHA WM TPHAMUHA WK 0€3 HUX — IO/ JCHCTBHEM
BOJIBI, B PE3yJIbTaTe YEr0 OCAXKIACTCS MOTNYPETAHOBBINA (DITyOPECIEHTHBIH MUTMEHT.

ABTOpamMu 1o pazpaboTaHHON METOAMKE OBLIO MOTYYEHO HECKOIBKO THUTIOB (hIIyOPECIIEHTHBIX MTUTMEH-
TOB Pa3IUYHOIO0 XMMUYECKOTO CTPOCHHUSA, M3YUYEHBl OCHOBHBIC XaPAKTECPUCTUKU MOJYUYCHHBIX MUTMEHTOB:
pasMep 4YacTull, MOJIUAUCIIEPCHOCTD, TEMIIEpATypa MIABICHUS U CTOUKOCTh K IEUCTBUIO OPTaHUYECKUX pac-
TBOPUTEIIEH.

YcTaHOBIEHO, YTO HAWOOMbIIEH CTOWKOCTHIO K JCHCTBUIO OPTaHMYECKUX PACTBOPHUTENEH 00IanaroT
MMUTMEHTHI, B MTPOIECCE MOIYICHUSI KOTOPHIX B KAY€CTBE OTBEPAMUTEIICH OBLITN MCIIOJIE30BaHbI SKBUMOJISIPHBIC
KOJIMYECTBA aMHUHOB.

3K0n€puM€HmaJlea}l yacmov

Peaxmuevt. I3odoponaumzormonat (Homep CAS: 4098-71-9), conmepkaHue OCHOBHOTO BEINECTBA HE
menee 98 %. n-Tonyoncyrpponamuz (TY 6-09-3995-76), T,,=137 °C, comep:kaHne OCHOBHOTO BEIIECTBA HE
MmeHee 98,2 %. Menamun (GB/T9567—-1997), conepanue 0oCHOBHOTO BemiecTBa He MeHee 99,9 %. Tpuatni-
amuH (Homep CAS: 121-44-8), cogeprkaHue 0OCHOBHOTO BemlecTBa He MeHee 99 %. IlonMBUHUIIHPPOINAOH
(mHomep CAS: 9003-39-8). Solvent Yellow 160 (mHomep CAS: 94945-27-4), T,,=209 °C. U3odoponanamMux
(romep CAS: 2855-13-2). Mouesuna (Homep CAS: 57-13-6). IToaucunokcan mapku Bluesil, mocraBisieMblit
¢upmoii Bluestar Silicones, B Buae onuromepa RTV 141 A u otBepaurenst RTV 141 B (kat. Ne 3264601).

Obopyodosanue. Iucneprarop T65 basic ULTRA TURAX mpousBoactsa kommanuu «IKAy; pexymas
Menbpauna SM 300 mpousBoacTBa komnanuu «Retschy»; aspopeaktuBHas Menpauna JetMill mpousBoacTBa
koMmmanuu «Jet Pulverizer»; cnekrpodoromerp Specord 250 plus mpousBoactsa ¢upMmbl «Analytik Jenay;
npubop U ompexaeieHusl Touku riaBienus M-560 mpousBoxactBa ¢upmbl «Buchi»; rpurgomerp BYK
Mpou3BoCTBa KommaHuu «Gardcoy.

Memoouka nonyuenus nuemenmos

[Iponecc nomyueHust TEPMOILTACTHYHBIX CTOWKUX K OPraHUYECKUM PACTBOPHUTENSAM IIMT'MEHTOB COCTOUT
U3 IBYX OCHOBHBIX YaCTEH: MOMyYeHHE KHUIKOTO MPeToimMepa U MPOLEecC CIIMBAHUS KHUIKOTO MPETOIUMe-
pa B 3aIIUTHOM KOJUTOH/IE.

s mosrydeHust )KUIKOTO TpenojiuMepa B KPYTIIOAOHHYIO KO0y, CHa0)KEHHYIO TIPUBOIHOMN MEIIaKOH,
00paTHBIM XOJIOJMIEHIUKOM M TEpMONapol, BHECTH PEakIHOHHYIO cMech n3odoponanuzounonata (IFDI),
n-tonyoicynbdonamuaa (TSA) u tpustminamuna (TEA) B konudecTBax, npuBeAeHHBIX B Tabmuie 1. CMmech
nHTeHCHBHO nepeMeruBany mpu 70 °C B teuenue 1,5 4. B pesynpTrare Oblia momydeHa mpo3padHas Oec-
LBETHAsl TycTas >KUAKOCThb, MOX0Xas Ha TNHLEpUH. B moiydeHHOM mpemonumepe pacTBOpwin (ryopec-
ueHTHBIA Kpacutens Solvent Yellow 160 (SY160) mpu temneparype 50-60 °C B konudecTBax, MpUBEICH-
HBIX B Ta0uIe 1.

OTnenbHO TOTOBWIIM PACTBOP 3AIUTHOTO KOJJIOMAA PACTBOPEHHEM ModuBHHWINUppoingoHa (PVP) B
Bozae npu temmeparype 70 °C. Ilocne monnoro pactBopenuss PVP no6aswnu TEA, mouesuny (Ur), mena-
MuH (M) u nzopopormuamun (IFDA) B KoaudecTBax, yKa3aHHBIX B Tabnuie 1. PacTBOp 3alMTHOIO KOJI-
JIOWTa TIepeMeIuBaIl Ha nuctieprarope T65 co ckopocthio 7000 060pOTOB B MUHYTY U MEIJICHHO JTOOABIISI-
JIM TIOJTyYeHHBIH paHee mpernoiauMmep B TeueHne 30 MUHYT — B pe3ylbTaTe MOJydalach SPKOOKpalleHHAs
cycnensus. [locie momHoro J100aBIeHus MpenouMepa CYCIICH3HIO ITEPEeMEINBAI Ha MPUBOHON MEIIaiKe
B Teuenue 2,5 4 nmpu 80 °C co ckopocthio 2000 00/MuH.

[lony4yeHHsIll B pe3ynbTaTe MPOAYKT (PUIBTPOBANH, CYIIMIN CyXOW ocTaTok mpu Temmeparype 150 °C
710 TTIOCTOSTHHOW Macchl M MOJABEPralii cHavyana rpyooMy JpoOJIeHUIO Ha pexyIled MeJIbHHUIIE, a 3aTeM Ooee
TOHKOMY TIOMOJTY ITPH ITOMOIIY a3pOPeakTUBHOMN MeabHUIIbI JetMIill.
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Tabnuma 1
CocTaB peaKIIMOHHBIX cMeceii 1Jisi moJyYeHust QuIyopecieHTHBIX MUTMEHTOB

No Macca HCXOIHBIX BELIECTB, T

} IFDI TSA TEA IFDA Me PVP Ur SY160 Boga
1 108,20 20,82 10,81 - - 3,24 - 4,06 2000
2 108,20 20,82 10,81 - - 3,24 22,47 2,03 2000
3 108,20 20,82 10,81 63,70 - 3,24 - 2,03 2000
4 108,20 20,82 10,81 - 47,17 3,24 - 2,03 2000
5 108,20 90,01 10,81 - - 3,24 - 2,03 2000
6 108,20 41,64 10,81 - - 3,24 - 2,03 2000
7 108,20 20,82 10,90 - - 6,48 - 2,03 2000
8 108,20 20,82 10,81 - 14,25 6,48 - 2,03 2000

Onpedenerue cmoukocmu K Op2aHuyeckuM pacmeopumenim

CTOMKOCTh TOJTYYCHHBIX TUTMEHTOB K OPTaHUYECKUM PACTBOPUTEIISIM MU3yUYaId TIO0 MX BHIMBIBAHHIO U3
MOJIMMEPHOI MacChI-HOCUTENS. B KadecTBe MOJIMMEPHOM MacChl ObLT BEIOpaH MOIMCHIOKCAH, KaK Hauboee
MPOCTON B MPUMEHEHUH, ONTHYECKH MPO3PAYHBIN MMOIUMED, MOTyIaeMblil U3 HETOKCHYHBIX NCXOAHBIX KOM-
MTOHEHTOB.

Memoouka noJjy4enus 06pa31406 NOJIUCUNIOKCAHA, OKPAULEHHbIX d)ﬂyOpeCi{eHWlelM nucmeHmom

B npoOupky momecTriin KoMmrnoHeHT nmonucuiokcada RTV-141A maccoii 13,0 r, nodaswiu 0,3 r dayo-
PECIIEHTHOTO MMUTMEHTAa W NIePEMEIINBAII Ha TIPUBOJIHON MeEIIajKe 10 MOIHOW oxHoponHocTH. K momyden-
HOW OKpAaIlIeHHON cMecu N00aBUIM KOMIOHEHT nojiucuiaokcana RTV-141B B komuuectse 1,3 T (10 % 1o
Macce oT komrnoHeHTa RTV-141A) u TojarensHo mepememany Npy MOMOIIX NpUBOAHON Memranku. [lomy-
YeHHYIO CMECh BaKyyMHPOBAJIH C IIENIbI0 YAAJIEHUS My3bIPbKOB BO3/IyXa, 3aTEM TIOMECTHIIN B TI€Yb U BbIIEP-
»kuBanu Teuenue 48 u npu Temneparype 50 °C.

[Tocie MOMHOTO OTBEPXACHUS MOJUCHUIOKCAHA MTPOOUPKY pa30UBAIA ¥ U3BJICKAIU OJTHUMEPHBINA 00pa-
3€ll.

Memoouxa U3y4erust cmouxocmu NOJIYYEHHbIX NUCMEHRNIO6 K OPcAHUYECKUM pacmeopumeim

Ha o6pasiel monucunokcana, cojepxaniue (IyOpeCICHTHBIH MUTMEHT, BO3CHCTBOBAIM OpraHHYe-
CKHM pacTBOPHTEIIEM JAUXJIopITaHoM IpHu Temmeparype 50 °C B teuenne 24 4. Jluxmopstan ObLI1 BRIOpaH B
KadecTBE PacTBOPUTEN Onaromapsi CBO€H MOCTYIMHOCTH, XOPOIIEH PacTBOPSIONIEH CIIOCOOHOCTH MO OTHO-
IICHUIO K OOJBIIMHCTBY MOJIMMEPOB, OOJBIICH TeMmepaType KUIIEHUS W MEHBIICH JETy4eCTH, YeM Y JIH-
XJIOpMETaHa U XJIOpoopMa, TAKKE IMHUPOKO MPUMEHIEMBIX ISl PACTBOPEHUS MOIMMEPOB. B mporiecce Bo3-
nercTBrs KpacuTenb SY 160 BEIMBIBAJICS U3 MTOJIMMEPHON MaTPHITHI M MTEPEXOAMI B pacTBop. o ucreuennu
24 9 00pa3Ilbl U3BJICKAIH U3 PACTBOPHUTEIS, & C PACTBOPUTENSI CHUMAJIH CIICKTPBI MTOTIIOMICHHSL.

Obcyorcoenue pe3yrbmanmos

Js oueHKH CTOMKOCTH NMUTMEHTOB K PACTBOPUTENIO B KaUeCTBE CTAHAAPTHBIX OOpasloB CPaBHEHHS
ObUTH BBIOPAHBI JKEITHII MUTMEHT HAa OCHOBE MEIaMHUHO-TONYOJICYTb(HoHaMHI0-(hOPMaTbACTHIHON CMOJIBI
(MT® nurMeHT), KaK MOJTHOCTHIO PACTBOPUMEIN B IUXJIOPITAHE, U KEIITHIA MUTMEHT HA OCHOBE TIOJIMYpeTa-
HoBoro nonumepa (ITY murMeHT), Kak MoJTHOCTBIO HEPACTBOPHUMEIH B TUXJIOP3TAHE.

Ha pucynke mokazaHbl CIIEKTPHI MOTJIONMIEHHS PACTBOPOB AUXJIOPITaHA TIOCE BO3ACHCTBHUS Ha KaXIbIil
Y3 MOJTYYEHHBIX MTUTMEHTOB, a Takxke Ha MT® u [1Y nurMeHTs!.

Kak BUAHO U3 pUCYHKA, CIIEKTPHI MOTJIONICHHS PACTBOPOB ITOCIIE BO3ACHCTBUS HA 00PA3IIhl MOTUCHIIOK-
caHa, OKpaIICHHBIEC TUTMEHTOM, UMEIOT IHK IOTJIOMIEHHUS ¢ MakcuMyMoM oT 430 1o 450 HM, KOTOpEI 00y-
cioBiieH HammaueM kpacuteniss SY 160 B auxiopaTtade. Uem BhIme KoHIEHTparus kpacurens SY 160 B mu-
XJIOpATaHe, TeM WHTCHCHBHOCTh JAHHOTO MHKa BbIme. CIEKTp pacTBOPUTENS Tocie Bo3jaeicTBus Ha [1Y
MMATMEHT HE MMEET MHKA, XapaKTepHOTO IS Coneprkamerocs B HeM kpacurelis SY 160, 9To TOBOPHT O €Tro
MIOJTHOW CTOWKOCTH K JaHHOMY pacTBOpHUTENt0. CTOHKOCTh K AUXJIOPITaHy JNaHHOTO MUTMEHTa MPHUHATA Ha-
mu 3a 100 %. CnekTp pactBopuTens nocie Bozneictsus Ha MT® nurMeHT, HAaNpOTUB, UMEET MAKCUMAIIb-
HYI0 UHTCHCHUBHOCTb, paBHYIO puMepHO 2,1. CTONKOCTh K AUXJIOPITaHy JAHHOTO MUTMEHTA MPUHATA HAMH
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32 0 %. CTOHKOCTh K UXJIOPITaHy OCTAIBHBIX MOJYYCHHBIX HaMU MMUTMEHTOB OblIa pacCYMTaHa OTHOCH-
TeJIbHO cToiikocTh ITY 1 MT® nmurMeHTOB.
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B Tabmune 2 06001eHpl OCHOBHBIE CBOMCTBA MOMyYEHHBIX MTUTMEHTOB: TEMIIepaTypa TUIaBlICHUs, pa3-
Mep YaCTHII ¥ CTOHKOCTb K JUXJIOPITaHy.

Tabnuma 2
TeMnepatypa maBJeHHs U Pa3Mepbl YaCTHI] CHHTE3MPOBAHHBIX MUTMEHTOB

Ne oOpasna 1 2 3 4 5 6 7 8
T, °C 265-278 | 190227 | 270-293 | 260-320 | 130-170 | 220-240 | 240-277 | 245-280
Pasmep yactui, MKM 4,8-4,5 4,7-4,5 4,5-43 4,5-42 3,0-2,8 3,0-2,8 3,2-3,0 3,5-3,2

CTOHKOCTL K XIOP-| - 5 4o 94,76 84,76 94,76 89,05 77,14 65,24 66,67
aTany, %

Kak BuaHO M3 TaOIuIel 2, HAUOOJIEe JIyUIeH CTORKOCTBIO K AUXJIOPITaHy 00JaaaoT 00pasubl Ne 2—4,
9TO 00YCIIOBIICHO HCIIOJIb30BaHUEM aMHHOB JIJIsl OTBEP>KACHHUS IMTMEHTOB Ha BTOPOH CTaHH, a Takke o0pa-
3en; Ne 5, BBuny Oosbinoro cogepskanust TSA B peakIIMOHHON cMecH, H30BITOK KOTOPOTO BBICTYIIWI B Kade-
CTBE OTBEPAMTENS Ha BTOpOil craguu. Hanbosnee xymiire mokaszarenu y oopasia Ne 1, 4To MOKHO 0OBsC-
HUTH ABYXKPATHBIM H30BITKOM B PeakIMOHHOW cpeme kpacutens SY 160 mo cpaBHEHHIO C OCTaIbHBIMHA 00-
paslaMy U HETOJNHBIM yIEPKAaHUEM MOJIEKYJ KpacHTeNls B IOJIMMEPHON CEeTKe MUTMEHTa. Takke MOKHO 3a-
METUTh HU3KYIO TEMIIEpaTypy IIaBiacHusS y obpasma Ne 5, 9To 00yCIOBIIEHO BRICOKUM cojepkanneM TSA B
PEaKIMOHHON CMeCH, TIPUCYTCTBHE KOTOPOTO MOHMXKAET TEMIEPaTypy IUIABIECHUS KOHEUHBIX MPOJYKTOB.
Take BO3MOXXHOM NMPUYMHON MOYKET CITY’KUTh HETIOJIHOE pearupoBaHue TSA B mpoliecce peaklyu U MpH-
CYTCTBHE HEKOTOPBIX KOJIUYECTB UCXOAHOTO TSA B KOHEYHOM NMHIMEHTE B KadeCTBE MPUMECH, YTO TOXKE
BJIEYET OHM)KEHHUE TEMITEPATyPhI ILIABICHHUS.

Baxnouenue

B pesynbraTe nmpoBeneHHON paboTHI ObLUIa pa3paboTaHa METOMUKA MOMyYeHHUS (IIyOPECIICHTHBIX ITHT-
MEHTOB C BBICOKOH TEMIIEPATypOH ILUIaBJICHUS U CO CTOMKOCTBIO K OPraHHYECKUM PACTBOPHUTEIIAM, OJIM3KOM
K CTOWKOCTH TOJIMYPETAHOBBIX MUTMEHTOB. Pa3zMeps! 4acTHIl MOTyYeHHBIX TUTMEHTOB BapbUPYIOTCS B TIpe-
nenax 3,0—4,8 MKM.

[Tommygaemsie Mo pa3paboTaHHOW METONWKE MUTMEHTHI MOTYT OBITH MCIIONB30BAHBI I OKPAITUBAH
MTOJIMMEPHBIX U3JENINH, B MPOLIECCEe IKCIUTyaTaI[i KOTOPHIX BO3MOXEH KOHTAKT C OPraHMYECKUMHU PacTBO-
pUTEISIMHU.
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ITo pe3ynbraTam npojienanHoi paboThl MOXKHO CICHATh CIICIYIOIINE BBIBOIBL:

1. Ucnonp30BaHNe aMHHOB B TPOIECCE OTBEPXKACHUS MUTMEHTOB CIIOCOOCTBYET OONBIIEH CTOWKOCTH
MOJTy4aeMBIX IIMTMEHTOB K JIEWCTBUIO OPraHUYECKUX PACTBOPUTENEH.

2. KonnaecTBo (prryopeciieHTHOTO KpacuTesl, BHEIPSIEMOTO B MMUTMEHT, OTPaHUYCHO, YTO 00YCIIOBIICHO
OTPaHUYCHHON YACPKUBAIOMICH CITOCOOHOCTHIO MOJIEKYJI KPACHUTEIIS ITOJIMMEPHOM CETKOM MUTMEHTA.

3.B xadecTtBe OTBepauTeNs HAa BTOPOH CTaJAWM TONYYECHHS IHUTMEHTOB MOXXHO HCIOJH30BATh
N-TOJTyOJICYNb(QOHAMU, OJHAKO €ro CJleIbl B KOHCUYHOM IMPOIYKTe BEAYT K YMCHBIICHHIO TEMICPATYPhI
IJIABJICHUS] TUTMEHTA.
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Opra"nukajbIK epiTKilITepre sKorapbl TO3IMALIIrI
0ap ¢uryopecueHTTi MUTMEHTTEPAI ay dfici

Makanaza TepMOIUIaCTUKAIBIK (BIyOpPEeCHeHTTI MUIMEHTTEePIi aly OMiCi )SHE OCHI S/iC apKbUIbI AIbIHFAH
MUTCMEHTTEPIIH Sp TYpJIi KYpambl 3epTTeired. ABTopiap a3ipyieret oic OOMbIHIIA XUMUSIIBIK KYPBUIBICHI 9P
TYpai (IyopecleHTTiK MUIMeHTTepAiH OipHelre Typiepin cuHTe3neai. KaTalTKpi peTiHAe KONAaHbUIAThIH
N-TONYOJICYIb(OHAMHITIH ATBIHATHIH IUTMEHTTEPre acepi 3epTTeiret. 71-TonyoncynbGpoHaMUTIH MeJILIepi-
HIH apTybl TEPMOIUIACTHKAJBIK TMIMEHTTEP/iH OalKy TeMIlepaTypachlHbIH TOMECHACYIHE acep TETiHi aHBIK-
TaJFaH. AJBIHFaH MUTMEHTTEPAIH OpraHUKAIBIK ePITKIIITepre TO3IMALTIr oap/AbIH MOJIUMEPIIK Macca-Tacy-
IIBIAH JKYBUTYB! OOMBIHINA 3epTTeNreH. OHMIpy yAepici Ke3iHae KaTaWTKBIII peTiHae aMUHISPAiH SKBUMO-
JISIPIIBI MeJIIIEpi KOJIaHbUIFaH MUTMEHTTEP OPTaHUKAJIBIK epTIKIIITep/e KOFaphl TO3IMIUIIKKE e OO0JIaThIHBI
anpIKTanFan. JKorapsl 6alKy TemrepaTypackl, OpraHHKAIBIK epITKIMTepre TO3IMIUIIT jkoHe OeIIek Mee-
pinig 3,0-4,8 MKM apaJibIFbIHAAFEl TOMEH MOIHUCIIEPCTIIIr ajJbIHFaH MUTMEHTTEP/IH Heri3iri apThIKIIbLIbI-
FBI OOJIBIN TAaObLIA b,

Kinm co30ep: (payopecueHTTi MUTMEHTTEP, TEPMOIUIACTUKAJIBIK, ePITKIIITepre TOIMIUTIK, TUCIICPCHUS, KYTY
CIIEKTPi, OOIILIEKTEPAiH MOJILIEp].

A.M. Mambetova, 1.S. Irgibaeva, A.l. Mantel

A method of producing fluorescent pigment
having a high resistance to organic solvents

The article describes a method for the preparation of thermoplastic fluorescent pigments and studied various
compounds produced by this method pigments. The authors developed methods for several types of fluores-
cent pigments of different chemical structure was obtained. The effect of p-toluenesulfonamide as a hardener,
on the quality of the pigments. It is found that increasing the amount of p-toluenesulfonamide reduces the
melting temperature of the thermoplastic pigments. Resistance derived pigments to organic solvents was stud-
ied by their leaching from the polymer mass of the carrier. It has been established that the greatest resistance
to organic solvents have pigments, in the preparation of which equimolar amounts of amines were used as
hardeners. The main advantages obtained pigments are high melting point, resistance to organic solvents and
low polydispersity of the particle sizes in the range of 3.0-4.8 microns.

Keywords: fluorescent pigment, thermoplasticity, resistance to solvents, dispersion, absorption, particle size.
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KauecTBeHHOE U KOJIMYECTBEHHOE UCC/IeI0BAaHUE OHOJIOTHYECKH AKTHBHBIX BellleCTB
KopHeii Rheum tataricum L. u3 FO:xxuoro Ilpudanxambs

B crarse nmpuBeneHs! pe3yIbTaThl UCCIIEAOBAHHUS XUMHUIECKOTO cocTaBa KOpHEH Rheum tataricum L., co6-
paHHBIX HA JICBO- U TIpaBoOepexbax p. Vimm B 2015 r. IIpoBesieH kaueCTBEHHBIH U KOJIWYECTBEHHBII (GruTOXH-
MHYECKHUI aHaIN3 OCHOBHBIX TPYIII IIEPBUYHBIX M BTOPHYHBIX META0OJIHTOB H3y4aeMOro Busia. Y CTAHOBIIEHO
HaJIM4ue B KOPHSX PEBEHs TaTapCKOro aHTOIMAHOB, AMHHOKHCIIOT, YTJIEBOJOB, MOJICAXapoB, adKaIoH/0B,
TyOWIIBHBIX BEIIECTB TUAPOIU3YEMOTO0 M KOHJICHCHPOBAHHOTO THUIOB, AHTPAXHHOHOB, KyMapHHOB,
(1aBOHOMIOB, KaTeXWHOB K (eHoI0KHCI0T. OOHApYKEHbI OTINYUS B KOJMISCTBEHHOM cojepkaHud BAB,
3arOTOBJIEHHBIX Ha JIEBOM U IpaBoM Oeperax p. Mnu. BrepBbie OblT MpOBEIeH CPABHUTENbHBII KOMIOHEHT-
HBII aHaNMM3 OMOJIOTMYECKH aKTHBHBIX BEHIECTB Ka3aXCTAHCKOTO BUIa Rheum tataricum L. M BBISIBICHBI J10-
MHHHUPYIOIIHE KOMIIOHEHTHL.

Knioueswvie crosa: Rheum tataricum L., OM0JI0THYeCKH aKTHBHBIC BEIIECTBA, CPABHUTEIIBHBIA KOMIIOHEHTHBIN
aHaJM3, KOJIMYECTBEHHBIN QUTOXMMUYECKIN aHAIIH3.

Bo ¢dnope Kasaxcrana npeacrasurenau poja Rheum L. cemelictBa Polygonaceae Juss. mpencTaBiIeHbI
(mo manneiM M.C. BaiitenoBa [1]) 9 Bumamu, aBa u3 Kotopwix (Rheum altaicum Losinsk u Rh. Wittrockii
Lundstr.) 3anecens! B «Kpacnyto kaury Kazaxcrana» [2] 1 OTHOCSTCS K HEIOCTaTOUHO W3yYeHHBIM. MHOTHE
BHJBI PEBEHS MMEIOT MPAKTUIECKOE 3HAYCHHE, MPEXK/Ie BCET0, KaK TyOUTEeNHn, HO OTHOCSTCA TakXe H K Je-
KapCTBEHHBIM, MHUINEBHIM U KOPMOBBIM PacTeHHsIM. BBeAeHBI B KyIbTypy Kak OBOIIHBIE (Rheum compac-
tum L.), nekapctBeHHblie (RA. palmatum L.) n nyounwusie (Rh. wittrockii Lundstr.) pactenus [3].

WnTepec k Rheum tataricum L. BRI3BaH TeM, 9TO 3TOT BHJ UMeET OoJiee MIMPOKOE paclpoCTpaHeHNE Ha
tepputopun PecnyOnuku KaszaxcraH, o0ecrieueH ChIpbeBOH 0a30i [4], MEPCIEKTUBEH IS yriyOJIEHHOTO
XUMHAYECKOTo u3ydeHus [3, 5] 1 MOXKET CITyKUTb UCTOYHUKOM CHIPbsI IS TOJMYYCHHUS] OTEUECTBEHHBIX (pUTO-
npenapaToB MPOTHBOBOCHAIUTEILHOTO, BSDKYLIETO, CIa0UTENbHOT0, KPOBOOCTAHABIMBAIOLIECTO, MPOTHBO-
OTIYXOJIEBOTO JAeHCTBUS [5—7].

Rheum tataricum L. fil. (peBeHb TaTapCKWil) — MHOTOJIETHEE pacTEHHE, KPUNTO(MUT, BCTPEUACTCS T10-
BCEMECTHO Ha paBHMHAX M B MYCTBIHX, IPEKPACHO MPHUCIIOCOOICHHOE K CYPOBBIM 3KOJIOTMYECKUM YCIIOBHU-
SIM TTYCTBIHU. JIUCThS M TUTO/IBI CO3PEBAIOT K KOHILy Masi — Havainy uioHs. B [Ipubanxarnibe BcTpedaeTcs B co-
CTaBe CEPONOJIBIHHBIX, OMIOPTYHOBBIX, OOSIIBIYEBBIX, OEJI0- 1 YEPHOCAKCAYTOBBIX PACTUTENBHBIX TPYIITHPO-
BOK [3, 4].

CornacHo IUTEpaTYpHBIM JAHHBIM, PEBEHb TaTAPCKUHA CONEPIKUT YIJIEBOABI, OpraHUYECKUe KUCIIOTHI, de-
HOJIBI, KAaTeXUHBI, TyOMIIbHBIC BEIICCTBA, aHTPAXHUHOHBI, BBICIIHE aTru(aTHIeCKUe yrieBoaopoas [3, 5, 8—12].

Lenp HacTosmeil paboThl — HM3y4YeHHE KAYECTBEHHOI'O KOMIIOHEHTHOTO COCTaBa M KOJIMYECTBEHHOTO
CoJiepKaHusl OCHOBHBIX IPYI OMOJOrMYECKH aKTHBHBIX BELIECTB B KOPHAX PEBEHS TATAPCKOTO.

Mamepuanvt u memoobvl ucciedosanus

PacturensHOE ChIpbe (KOpHH peBeHsS TaTapckoro — Rheum tataricum L.) ObUTO COOpaHO B KOHIIE
anpeins 2015 roga B MecTax ecTeCTBEHHOTO npou3pactaHus B banxamickom paiione AJIMaTHHCKON 001acTH
Ha TIpaBoM u JieBoM Oeperax p. W (FOxuoe [Ipubanxarmibe).

Hns mpoBeneHuss (UTOXMMHYECKOTO aHAIN3a pPACTUTENBHOTO CHIPbS CTEONMM W JHUCThA Rheum
tataricum L. BBICYyIIMBaJIH, NU3MENIbYAIN A0 pa3Mepa YacTHL 3—7 MM U UCTIOJIb30BaIN I SKCTPAKIMHA WHIU-
BUAYaJIbHBIMH M CMEIIaHHBIMU 3KcTpareHTamu (50 % BOOHBIM 3TAHOJIOM, AWOKCAHOM, XJIOPO(OpMOM,
1:5 v/v, 4 4 npu TemnepaType KHIICHUS SKCTPAreHTa).

KavecTBeHHBIH cOCTaB pacTUTENBHBIX 00pa3loB U (paKyid ONpenesuli MEeToIaMH XpoMaTtorpaduu Ha
Oymare c UCIIOJIb30BaHMEM CIEHU(PUUECKUX peakUuii Ha OCHOBHBIC TPYMITBI NIPHUPOJHBIX coeanHeHui. Konu-
YECTBEHHOE OTIpe/ieieHHe OOHAPYKEHHBIX TPYII MPUPOIHBIX COSTUHEHUI MPOBOIMIN IO MeTonukam [ ocy-
JapCTBEHHON (hapMaKoIiey U pa3pabOTaHHOM aBTOPaMHU METO0I0IMH (PUTOXUMHYECKOro aHam3a [13—16].
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OnpeneneHne KOMIIOHEHTHOTO COCTaBa BBISIBICHHBIX NEPBHUYHBIX M BTOPUYHBIX METa0OIMTOB Rheum
tataricum L. npoBoauiock Ha BOXKX xpomarorpade DuPont 8800 B ycimopusix oOpaiieHHO-()a30BOT0 Mpo-
recca, ¢ MCIOJIb30BAaHUEM AayTEHTHYHBIX 00pa3ioB Merck (aMUHOKHCIOTHI, (PeHOIOKUCIOTHI, YTJICBOIBI),
a TaKKe ayTeHTHYHBIX 00pa3ioB Oanka BAB kadenpbl XuMuM U TEXHOJIOTHH OPTaHUYECKUX BEIIECTB, MIPH-
pPOMHBIX coenuHEeHMM M mmonmMepoB KasHY um. anp-®apabu (aHTOIMAHBI, aHTPAXUHOHBI, THAPOIH3yEMbIC
TaHWHBI, KATCXWHBI, KyMapuHbl, (pIaBoHOUIBI). AMUHOKHUCIIOTHBIA cocTaB Rheum tataricum L. onpenensum
C UcToNb30BaHueM HenoABmkHOHN (a3sl (HD) — Inertsil ODS-Cy u noasmxkuo# daser ([1D) — A: CH;CN —
0,1M CH;COONHy (5:95); B: CH;CN — 0.1M CH3COONHy, (60:40) npu rpagueHTHOM 3nroupoBanun: A/B
ot 100:0 go 0:100 3a 14 muH, pu Y @-gerextupoBannu — 254 M [16]. [na ucciiemoBanus coctaBa aHTO-
[IMaHUAHOB PEBEHS TaTapCKOr0 MCIOB30BANN Ty ke KoJoHKY U I1D cuctemy: A (oprodochopHas Kucio-
ta—Boga 1,5:98,5) u B (oprodocthopHas kuciaoTa — YKCycHass KUCIIOTa — aUETOHHTPHI — BOJa
1,5:20:25:53,5) nmpu yBenmueHun conepxanus B B A ot 15 mo 35 % 3a 25 muH, ¢ ucnonszoBanueMm Y D-
nerekropa — 520 M [17]. AHTpaXHHOHOBBIE KOMITIOHEHTHI HICHTU()UIIMPOBAIH C UCIIONB30BaHHeM HD —
Lichrospher100 RP;s u II® — cMech auneToHUTpHia, BOABI U MYPaBbMHOH KHCIOTHI B COOTHOIICHHUHU
25:72:3, ¢ ananu3oM koMrnoHeHToB mpu 270 HM [18]. KoMIOHEHTHBIN cOCTaB THAPOIU3YEMBIX AYOUIBHBIX
BEIIIECTB OTPEICIUIA Ha TOH K€ KOJIOHKE C MCIIOIh30BaHUEM dJTtoeHTHOH cucteMbl 0,01M meTtadocdopHas
kucinota — 0,01M gurunpodocdar kanus — auetoHuTpun (42,5:42,5:15) u Y®-perextopa npu 280 um [19].
Jns aHanmu3a KaTeXWHOB W (DIAaBOHOMAHBIX META0OIHMTOB PEBEHS TAaTapCKOTO HCIOJIb30BAJIH CHCTEMY:
H® — p-Bondapak Cig, [I® — meranon — Boga — ykcycHas kuciora (10:88:2) u YD-nerekTupoBanue
komroHeHToB Tipu 280 HM [17]. KymMapuHBI peBeHs HASHTHGUIINPOBAIA ¢ UCITOJIb30BaHUEM Toi ke HD B
noroke cMmecH nquokcana u 0,01M pactBopa runapodocdara Harpus (36,3:63,7) (pH=7,3) u ucnonszoBanuem
Y®-nerexropa (340 am) [20]. g vcciaemoBaHus cOCTaBa YIJICBOIOB M3y9aeMOT0 BHIa IPUMEHSUTH Ty JKe
KOJIOHKY ¥ BOJY B Ka4eCTBE MOJIBIKHOM (ha3bl, ¢ UcIob3oBanueM Y D-nerektopa — 192 uMm [16]. denoro-
KHUCJIOTHBIM coctaB Rheum tataricum L. omnpenensny ¢ HCIONb30BAHUEM HEMOJABIKHOW (a3el —
Lichrospher 100 RP 3 u moasmxknoii dpazer — KH,PO, — KoHPO, — atanon — stunanerar (42,5:42,5:10:5),
pu Y O-netextupopanuu — 276 uMm [21].

Peszynomamer uccredosanus u 0o6cysxcoenue

KauectBennslii ¢puroanann3 ocHOBHEIX Tpyni BAB B KOpHSIX peBEHsI TaTapCKOTO C HCIOJIb30BAHHUEM
creru(UUECKUX peareHTOB-posiBUTeNel [22] mokasal HaJIM4YUe B MCCIACIyeMBIX OOpasliaX pa3HbIX MECT
MIPOM3PACTAHMSI, BOCCTAHOBIICHHBIX (KpacHOE OKpammBaHue ¢ 2,4,5-TpHHATPOPEHOIOM B MIEIOYHOU Cpejie)
W OKHCJICHHBIX (MHTEHCHBHOE XXENTO-3eJICHOe OKpalluBaHUe ¢ 5 % pacTBOPOM XJOpHIa alioMHUHUS) (HOopM
(h1aBOHOWIOB, AaHTOIMAHUIMHOB (SIpKO-KpacHOe okpamuBaHue ¢ 10 % pacTBOpoM IIaBeneBOW KHUCIOTHI B
aIleToHe), THAPOIN3YEMBIX (CHHE-depHOoe OKpamuBaHue ¢ 1 % pacTBOPOM Kene30aMMOHHEBBIX KBACI[OB) U
KOHJICHCHPOBAaHHBIX (KeITO-KOpU4HEBBIH ocagok ¢ 40 % pactBopoM (opmanbpaeruia B KOHIEHTPUPOBAH-
HOW XJIOPOBOJOPOAHOM KHCIIOTE) NyOMIBHBIX BEIIECTB, KyMapuHOB (M3MEHEHHE OKPACKH OT XKENTOH yepe3
3€JIeHyI0 K CHHEH B IPUCYTCTBHUHU ILEJIOYHOI'O pacTBopa mupuamHa U 1 % pacTBopa OpOMTHMOJIOBOIO
CHHET0), aJKaJIOHJI0B (OpaHXEeBBIA 0CaZOK, MPU CTOSHUM Tepexosaimuii B cunuid, ¢ 1 % pactBopom doc-
(hOopHO-MONMOICHOBOW KHCIIOTHI), aHTPAaXHMHOHOB (KpPacHO-(MOJIETOBOE OKpaliMBaHue ¢ 3 % CIUPTOBBIM
pacTBOpoOM aleraTa MarHus), aMHHOKUCIJIOT (BHUILIHEBO-KPAaCHOE OKpAIIMBAaHHE C IIEJOYHBIM PAacTBOPOM
B-HadTonma) u monmcaxapumoB (0CagOK C STHIOBBIM crmptoM, 1:5 v/v). Ilpu s3ToM KopHH Rheum tatari-
cum L., 3aroTOBJICHHBIE Ha JIEBO- U NpaBoOepexbsix p. MM, okazanuch ONM3KH IO COCTaBY BBISABICHHBIX
rpynn BAB, HO ornmuanuce ot o0pasuoB 1967-1968 rogoB [5] oTCyTCTBHEM KCAaHTOHOB, 3HAYUTEIHHO
MEHBIINM COJeP)KaHUEM AJIKAJIOUI0B U HETIPEISIbHBIX COCAMHEHH.

W3y4enne gaHHBIX XpoMaTOrpaduuecKoi MoJBIKHOCTH KOMIIOHEHTOB 50 % BOJHO-CIIMPTOBOTO, THOK-
CaHOBOI'0 M XJIOPO(POPMHOI0 3KCTPAKTOB KOpHeH Rheum tataricum L. Ha miactunax Silufol UV254 B cuc-
Temax: A — H-OyTaHON — yKCycHas kuciota — Bofa (40:12,5:29); b — 2 %-Has ykcycHas KHCIOTa, B cOde-
TaHWU C JaHHBIMU Ka4eCTBEHHOTO (huToaHanm3a, MoKas3ajio, 4TO B M3y4aeMOM BHAE NMPe0OIIalatoT TIINKO3H-
IUpOBaHHBIC (JOPMBI AHTOIMAHOB, (HITABOHOJIOB M KyMapHHOB, B OTJIIMYME OT aHTPALCH-TIPOU3BOIAHBIX, IJIS
KOTOPBIX TIIMKO3UIUPOBAHIE MOJIEKYJ OKa3al0Ch MEHEe XapaKTepHbIM. KaTeXUHbI peBeHs TaTapcKoro ObLUTH
MPeICTaBJICHBI, TTIABHBIM 00pa3oM, TaJUIOMIBHBIMU dbHUpamMu (+)-KaTexuHa U (—)-3MUKaTeXUHa; IS alKaio-
UAHBIX METabOJIMTOB Haubosee XapaKTEPHBIM OKa3aJOCh HAJIUYHE B CTPYKTYpE CTEPOMIHOIO CKeJeTa; AT
THAPOIN3YEMBIX TyOMIIBHBIX BEIIECTB — (hparMeHTa reKCaoKCUIU(PEHOBOW KUCIOTHI.
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P.A. MysbiukuHa, [0.K0. KopynbkuH 1 gp.

CBojHbBIC JaHHBIE [T0 KAYECTBEHHOMY KOMIIOHCHTHOMY M KOJIMYECTBEHHOMY (DUTOXMMUYECKOMY OTIpe-
JIEJICHUIO OCHOBHEIX Tpynn bAB kopuelt Rheum tataricum L. B 3aBUCUIMOCTH OT MECT IIPOU3pACTaHUs pac-

TEHHSI IPUBEICHEI B TaOIHIIC.

Tabaumna

KomnoHeHTHBII aHAaIM3 0CHOBHBIX rpynn BAB xopHeii peBenst Tatapckoro (B %)
B 32aBHCHMOCTH OT MecTa MPpou3pacTanns (B nepecuere Ha a0COTIOTHO CyX0e ChIpbe)

Kommnonentsr Rheum tataricum L.

JleBobepexse p. Vnn

[IpaBoGepesxbe p. nn

1

2

3

AJIKAJIONBI

0,11

0,23

AMHMHOKHCJIOTBI

4,19

3,96

Jletinun - +
AcmaparnHoBasi KHCIIOTa +
MeTtuonuna
M3omeiinun
Tpunrodpan —
I'munun
AnanuH
I'myramMmuHoBas KucioTa —
JIm3unr — -
Bamun
dernnanaHuH
ApruHuH —
TIponuna +
AHTOIHAHUINHBI 0,09 0
3-O-B-D-ranakTonupaHo3u 1 [IHAHNIHHA
3-O-B-D-rirokonupaHo3y I EOHUIHNHA
3-O-B-D-ranakronupaHos3u IeabQHUHAINHA —
3-O-B-D-rirokonupaHo3u; MeJlaproHuaHA
AHTpPaxXHHOHBI 1,78
Xpuzodanon +
+
+
+

++|+
\

||+ +

++H|+]+

—
N

+

+
|

OMOJUH

DuCIoH

Peun

AHTparamion

2-OKCHMETHIIAHTPAXUHOH-3-O-B-D-rIIroKonnpaHosu
JyouabHble BellecTBa 17,43 16,85
2,3-JIu-O-ramnomi-D-riroko3a + +
1,2,4-Tpu-O-rayutonn-B-D-riiioko3a + -
1,3,4-Tpu-O-rayutomn-B-D-riiioko3a
3,6-O-rexcaokcuauderomn-D-rimoko3a
1,4-JTu-O-rammonn-3,6-O-rexcaokcuanderomnn -B-D-rimoko3a
2,3-O-rekcaokcuaudenonn-4,6-O-canryncopomi-D-riroko3a
Karexunsl

Karexun

T"annokatexun

Karexunramiar

7-O-B-D-rimoxonupaHo3u KaTeXuHa

7-0-0.-L-pamMHONIMpaHO3UA KaTeXUHA
Kymapunbl

Kymapun

4,5-Jlnokcukymapus

7-OKCUKyMapHUH

6-MeToKCH-7-0KCUKYMapHH —

6-MeTokcukymapuH-7-O-3-D-Kcunonupanosu -

7-Oxcukymapui-6-0-f-D-KcHtonupatosus +
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IIpogonxeHnue Tabdaui bl

1 2 3
Hoaucaxapuabt 2,82 1,71
YriaeBoanl 5,06 4,77
I'moko3a + +
ApabuHo3za + —
T"anakroza + +
DpykTo3a + -
Kcuosza - +
Pamno3za + +
DeHO0JT0KUCIOTHI 1,29 1,15
TayoBast + +
ITporoxarexoBas + +
Kodetinas + +
CupeneBas - +
Kopuunas -
n-OkcuOeH30HHast + —
D1aBoOHOUIBI 1,71 3,36
Kemndepoun + _
3-0O-a-L-pamHonmpano3u kemideposia + +
Ksepuerun + +
3-O-B-D-rimrokonupaHo3u KBEpLETHHA + +
3-0O-a-L-paMHONIIpaHO3WT KBEPIIETHHA + +
3-O-PyTrHO3U]1 KBEpUETHHA + +
Mupunerrn — +
3-0O-0-L-paMHOTIIPaHO3HT MUPHIIETHHA - +
M3opamueTHH + +
ABUKYISIPUH + —

W3 cpaBHeHUs MaHHBIX TAONHIIBI CIEIYET, YTO KOPHU M3y4aeMOTO BHJIA, BHE 3aBHCHMOCTH OT MECTa
MIPOM3PACTaHUs PEBEHS, COAEpX AT OJHU U T€ XK€ CTPYKTypHbIe THIBI bAB, omHaKo WX KOTMYeCTBEHHOE
colep)kaHue B 3HAYUTEIHLHON CTEIICHH 3aBHCHUT OT MECT Ipom3pactanus Buna. Kopau Rheum tataricum L.,
3aroToBJICHHBIE Ha JeBoOepexbe p.Mim, Ha 0,12 % Ooraue mo coxepxanuio ankanonnos, Ha 0,07 % — mo
coaep:kaHuio aHTounanuauHoB; Ha 0,41 % — mo copepxkanuto anTpaxuHoHoB; Ha 0,09 % — mo comepxa-
Huto KatexuHoB; Ha 0,43 % — mo copepkaHnio KyMapuHOB 1 Ha 1,65 % — 10 cofepKaHUIO OKUCICHHBIX
¢dbopMm ¢draaBonouoB. [IpaBoOepexHbIe aHAIOTH OOTavye MO COoACpX)aHui0: aMHHOKUCIOT Ha 0,23 %; ruapo-
nmu3yeMmbIx TaHuHOB Ha 0,58 %; momumcaxapunoB Ha 1,11 %; yraeBogo Ha 0,29 % u (deHomokucmor Ha
0,14 %.

AHanu3 KOMIIOHEHTHOTO COCTaBa MOKA3bIBAET, YTO MPH €r0 3HAYUTEIFHOM CXOJICTBE B PAa3IMYHBIX 00-
pastax ChIpbs HAOIIOJAIOTCS CTPYKTYPHBIC Pa3iHyusl MO KAKIAOMY M3 HISHTH()UIIMPOBAHHBIX THUIIOB BAB.
B wactHOCTH, B cocTaBe J1eBOOEPEKHBIX 00Pa3IOB PEBEHS OTCYTCTBYIOT TPHOKCH3aMEIICHHBIE TT0 KOJBIY A
(h1aBOHOMIIBI, B TO BpeMs Kak MpaBOOepeKHbIe aHAJIOTH 0OTaThl MUPUIIETHHOBBIMU MPOU3BOAHBIMA. Ty ke
3aKOHOMEPHOCTh MOXKHO TIPOCIICIUTh U B COCTaBe PEHONIOKUCIOT Rheum tataricum L. (OTCYTCTBUE B coCTa-
BE JIEBOOCPEIKHBIX 00pa3IlOB CUPEHEBOH KHUCIOTHI). [l mpaBoOepEeKHBIX 00pa3IOB OTMEUYACTCS HU3KOE CO-
JepKaHNe HE3aMEUICHHBIX W MOHOOKCH3aMEIIEHHBIX MO KOJbIy A CTPYKTYp (OTCYTCTBHE aBUKYJSPHHA,
kemriipepona, n-OKCHOCH30MHON U KOPUIHOU KUCOT). OTCYTCTBUE aBHKYJISIpUHA B TIPaBOOEPEIKHOM PEBEHE
TaK)Xe JIOTIOJIHSAETCS JaHHBIMH KOMITOHEHTHOTO COCTaBa YIJIEBOJOB, B KOTOPOM OTCYTCTBYeT apaOWHO3a,
BXOJISIIIAsl B COCTaB YKa3aHHOTO (PIIAaBOHOM/IA, B TO BpeMsI Kak B JIEBOOEPEIKHOM 00pasie 00a KOMITOHEHTa —
Y aBUKYJIAPHUH, U apabrMH03a — MPUCYTCTBYIOT. /111t 060uX 00pa31oB ChIpbs JOMUHHUPYIOIIUM CTPYKTYPHBIM
TUTIOM JTYOUJIBHBIX BEIIECTB SBISIOTCS TAaHWUHBI THIPOIM3YEMOTO THIIA, COACPIKAIINe KaK reKCcaoKcHIude-
HOBYIO KHCIIOTY, TaK H JIM- U TpU3aMelleHHbIe TaJUIOTaHUHBI. OTIHYUTENFHON 0COOEHHOCTHIO aHTPAXHUHO-
HOBBIX METa0OJIMTOB PEBEHS TATapCKOro siBisgercs mpeobmamanue 1,3,8-pu- u 1,3,6,8-reTpazaMenicHHbIX
CTpykTYp 9,10-aHTpaxmHOHA, OJHAKO IJIS JEBOOEPEKHOro 0o0pas3la OTMEUCHO HAJMYUE TIUKO3UIAUPOBAH-
HBIX aHTPAICHITPOU3BOAHBIX, B OTJIUYHE OT PEBEHS, 3arOTOBJIICHHOTO Ha mpaBoM Oepery p. M. B otnuune
OT aHTPaxXMHOHOB JIJIs1 KyMapHHOB, aHTOIIMAHOB U KATEXMHOB MPaBOOEpeXHOTO 00pasua Rheum tataricum L.
TJINKO3UIUPOBaHUE Oojiee XapaKkTepHO, TaK )K€ KaK W HaIWYhe METOKCHIMPOBAHHBIX MPOU3BOJHBIX
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(6-MeTOKCH-7-0KCHKYMapuH U 6-MeTOKcuKyMapuH-7-O-f-D-kcumonupanosun). OOIUM CTPYKTYPHBIM 3JIe-
MEHTOM JJI1 KyMapUHOBBIX MPOU3BOJHBIX PEBEHS TaTapCKOTO CIEAYEeT MPHU3HATh HAIMYHE TaJTIOWIBHOTO
(parMenTa, a Takxe npeodiananue 3QpUPOB B CPAaBHEHUH C TIIMKO3UIMPOBAHHBIMU (hOpMaMHU.

[MockonbKy JUIsl peBEeHsI TATAPCKOTO MPUCYIIEC MPOTHBOOIMYXOJIEBOE, IPOTHBOIUXOPAIOUHOE, KPOBOOC-
TaHABJIMBAIOIIICE, BSOKYIIEE, CTAOUTEIPHOE U BUTAMUHHOE JICHCTBUE €TI0 DKCTPAKTOB [3, 7], MPUHIUITHAIEHO
B2)XHBIM SIBJISICTCS MPABWIBHBIN BHIOOP MECT MPOMBIILUICHHON 3arOTOBKH JICKAPCTBEHHOTO PaCTHUTEIHLHOTO
CBIpbs. TakuM 00pa3oM, OCHOBBIBASICH Ha TIPE/ICTABICHHBIX JAHHBIX (UTOXUMHUYECKOTO aHAIIN3a, JJIS MOy~
YeHus1 (PUTONpEnapaToB MPOTUBOOIYXOJIEBOTO, MPOTHBOJIMXOPATOYHOTO, CIA0UTEILHOTO U BUTAMHHHOTO
NCHCTBHS CIENYyeT PEKOMEH/IOBATh 3ar0TOBKY KOPHEH pEeBEHs TaTapCKoro Ha JieBoOepexne p. M. Kpome
TOT0, BBISIBIICHHBIE B 9THX 00pa3iax KOMIIOHEHTBI Rheum tataricum L., HCXOAS U3 UX CTPYKTYPHBIX OCOOCH-
HOCTEH, MOTYT OKa3aThCs MEPCICKTHBHBIMU MPOTHBOBOCIAINTEILHBIMH, TE€MATONPOTESKTOPHBIMU U aHTHOK-
CUJIaHTHBIMU CpeJCTBaMH. {11 TOMY4YeHHUS MPOTHUBOOMYXOJCBBIX, PAHO3AKUBIAIOIINX U BKYIUX (HUTO-
MperapaToB CIeAyeT PEKOMEHAOBaTh IMPOMBINUICHHY) 3arOTOBKY HW3y4aeMOTo BHUAAa Ha MPaBOOEPEKbE
p. Wnmn. Kpome TOro, CTpyKTypHBIE OCOOCHHOCTH MPABOOECPEKHBIX 0OPA3IOB PEBEHS YKA3bIBAIOT HA BO3-
MOXKHYIO TIEPCIIEKTUBHOCTD UX B KAUYECTBE MMMYHOCTUMYJISTOPOB M aHTUBUPYCHBIX CpeACTB. B 11emom, kop-
HU PEBEHs TaTapCKOTro, OJiarojaps BEICOKOMY COJICPKaHUIO B HUX TAHWHOB, BHE 3aBUCUMOCTH OT PETHOHA UX
3arOTOBKH, MOTYT OBITh PEKOMEHJIOBAHBI B KaueCTBE CHIPhS JJIsl MPOHM3BOJICTBA PACTUTEIBHBIX IyOHTENCH
JUTSL KOYKEBEHHOM MPOMBIIIUICHHOCTH.
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Onrycrik baakam MaHbIHbIH Rheum tataricum L. TaMbIPpBIHAAFbI OMOJIOTUSLIIBIK
OeJiceH/Ii 3aTTapAbl CANAJIBIK KIHE CAH/BIK 3epTTey

Maxkanazna 2015 xbputel Ine e3eHIHIH cON KoHE OH JKaK >KaralaylapblHAH KUHAIFaH Rheum tataricum L.
TaMBIPBIHBIH XMMHSJIBIK KYPaMbIH 3€PTTEY HOTHIKENIEpi KEeNTipiIreH. 3epTTesinm OThIpFaH TYPAIH Herisri
TOMNTAPBIHBIH OACTalKbl KOHE EKiHII MeTabOoJIMTTEpiHE CamajblK JKOHE CaHABIK (QUTOXHMUSIIBIK Tajiay
oTki3innmi. Tarap payrallbIHBIH TaMbIPbIHIA AHTOLMAHBIHBIH, AMHH KBIIKbULIAPBIHBIH, KOMipCyIapiblH,
HOJIUCaXapUITEPAIH, aTKAJIOUITAPABIH, THIPOIU3/ICYLII )KOHE KOHACHCALMIIAYIIB] YIITiJeri UK 3aTTap/bIH,
AQHTPaXUHAEP/IH, KyMapHHICPAIH, (UIaBOHOMATEPHIH, KaTeXWHJEP MEH (EHON KBIIKBIIBIHEIH OOIybI
aHBIKTAJABL. [7Ie ©3€HiHIH COJI XaK >KOHEe OH JKaK JKarajaylapblHaH >KHHAIFAH JadbiHpamanapiasH, bBb3
CaHABIK MeJIIepiHAeri aiblpbIMa aHBIKTANABL. AJFam per Rheum tataricum L. Ka3akcTaHABIK TYPIiHIH
OMONOTHSIIBIK  O€JICeHAl 3aTTapblHa CAIBICTBIPMANbl KOMIOHEHTTIK Tajjay >kKacajgsl JKoHe OachIM
KOMITOHEHTTEP1 aHBIKTAJIIBL.

Kinm ce3dep: Rheum tataricum L., GnonorusbiK GenceH/i 3aTTap, CajabICThIPMaibl KOMIOHEHTTIK Tajiaay,
CaHJIbIK (PUTOXUMUSIIBIK TaJIZIAy.

R.A. Muzychkina, D.Yu. Korulkin, N.G. Gemedzhieva, N.V. Kurbatova

Qualitative and quantitative analysis of biologically active compounds
of Rheum tataricum L. Roots from Southern Balkhash

The results of the chemical composition of roots of Rheum tataricum L. collected from the left and right bank
of the Ile river in 2015 are provided. The phytochemical screening, which involves both the qualitative and
quantitative analysis to investigate the presence of primary and secondary metabolites of the studied species,
was conducted. The research revealed the presence of anthocyanins, amino acids, carbohydrates, polysaccha-
rides, alkaloids, hydrolysable and condensed types of tannins, anthraquinones, coumarins, flavonoids,
catechins and phenolic acids in Rheum tataricum L. roots. Moreover, the results showed a quantitative differ-
ence of biologically active substances between samples harvested on the left and right banks of the river Ili.
A comparative component analysis of biologically active substances of Kazakh species, Rheum tataricum L.,
was conducted for the first time; its dominant components were determined.

Keywords: Rheum tataricum L., biologically active substances, comparative component analysis, quantitative
phytochemical analysis.
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Conformations of calix[4]arenes — an investigation based on CSD data.
Part I. Cone conformers of methylene- and heteroatom-bridged calix[4]arenes

Conformations of calix[4]arenes with methylene and heteroatom bridges from the Cambridge Structural Da-
tabase (CSD) were investigated with the help of the previously introduced parameters o, B and 8. The useful-
ness of these parameters in describing the conformations of the scaffolds of the above mentioned compounds
was demonstrated. The dependence of the values of these parameters on inter- and/or intramolecular interac-
tions present in the structure was investigated in order to discover how the geometry of the calix[4]arene moi-
ety depends on the above listed effects. Structures with C,, symmetry in the cone group have both  and &
close to 0°. With deformation of the calix[4]arene symmetry towards C,, (flattened cone structures), the
[ parameter increases. Deformation towards C, symmetry is best reflected by increase of the parameter 8. Pa-
rameter o reflects the degree of 'opening' of the calix[4]arene cavity; structures with four OH groups at the
lower rim tend to have lower o and therefore more open structure.

Keywords: calix[4]arene, macromolecules, conformation, torsion angle, distorsion parameter, intramolecular
interactions.

Introduction

Calix[4]arenes are a class of macrocyclic compounds which has recently attracted a lot of attention be-
cause of their possible utilization in many areas of research and industry. Because of their potential, the
chemistry of calixarenes has in the last few years developed into a wide and well-explored area [1]. These
macrocycles have been used principally as spacers bearing functional groups in a well-defined arrangement,
allowing their desired cooperation [2].

The utilization of calix[4]arenes as molecular platforms possesses a few advantages. First, the synthesis
of these macrocycles can be easily accomplished by a well-known procedure in good yields. The size of the
macrocycle can be successfully controlled by the reaction conditions [3]. The starting materials (p-tert.butyl-
phenol and formaldehyde) are inexpensive and common. Calix[4]arenes can be easily modified both on their
upper and lower rim [3], which allows their chemical and physical properties to change as required. Finally,
the four possible conformations of the calix[4]arene macrocycle, easily immobilized by lower rim substitu-
tion [2], are the main reason for the advantage of using calix[4]arenes as molecular platforms.

Recently, calix[4]arenes with heteroatom bridge groups have been synthesized [4]. These compounds
contain a heteroatom (S, O) or a functional group based on a heteroatom (SO, SO,, NR, SiR,) instead of the
methylene bridge, which often results in higher conformational flexibility [5].

The conformation and symmetry of the calix[4]arene molecule is important for its function as a spacer
bearing substituents in a defined arrangement, which allows their interaction, interaction with cations, anions
or neutral molecules, cooperation in ion pair binding etc. [2, 6]. The rigidity or flexibility of the calix[4]arene
base skeleton is an important factor controlling the distances among functional groups on the calix[4]arene
upper and/or lower rim. Another important factor is the rigidity or flexibility of the substituents on the ca-
lix[4]arene skeleton. The rigidity of the calix[4]arene skeleton can be achieved by bridging the upper or low-
er rim of the calix[4]arene molecule, effectively locking its movements [2]. Furthermore, the conformation
of the calix[4]arene platform can be influenced by the interactions of its hydrophobic cavity or aromatic
rings with cations or neutral molecules by the means of cation-n interactions, T,mt-interactions or Van der
Waals interactions. The substituents on the upper or lower rim may also participate in shaping of the ca-
lix[4]arene molecule. The possible interactions (beside the above mentioned ones) may involve inter- or
intramolecular hydrogen bonding, electrostatic interactions, donor-acceptor interactions (cation complexes or
Lewis acid-base pairing) and sterical hindrance. In conclusion, the final shape of the calix[4]arene platform
results from the combination of all these effects. Effective control of the stereochemistry of the calix[4]arene
platform (e.g. fine tuning of the geometry of these molecules) is essential for its utilization in functional mol-
ecules such as allosteric receptors possessing both positive and negative allosteric effect and molecular ma-
chines [2].
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The four possible conformations for calix[4]arenes (both methylene- and heteroatom-bridged) [1] are
depicted in Figure 1.

calix[4]arenes

OH HO

1,2-alternate
OH HO
1,3-alternate L?©/

Figure 1. The four basic conformations of calix[4]arenes (X ... CH, or heteroatom/heterogroup)

To elucidate the influence of the substitution on the upper and lower rim of the calix[4]arene and inter-
or intramolecular interactions on the conformation of the calix[4]arene molecule, we decided for the Cam-
bridge Structural Database [7] as the largest source of information (more than 1,800 of calix[4]arene struc-
tures). The conformation of the calix[4]arene molecules and inter- or intramolecular interactions of these
compounds can be easily determined from the crystal structure data. Nevertheless, this information might not
fully correspond to the conformational behavior of the calix[4]arene molecules in solution.

The conformation of the calix[4]arene base frame (e.g. hydrocarbon skeleton without upper rim and
lower rim substituents) can be fully described by the values of torsion angles at the Cyrom-Corigee bonds. In the
case of calix[4]arenes, the relevant torsion angles visible on Figure 2 are the angles C28-C1-C2-C3, C24-C1-
C2-C3, C1-C2-C3-C4 and C1-C2-C3-C25. There are obviously two torsion angles at each bond Cyrom=Chridges
so there are altogether 16 (sexteen!!) relevant torsion angles to describe the conformation of the calix[4]arene
(or backbone of heteroatom-bridged one). Similar approach based torsion angles on has been recently used
by Schneider B. et al. to describe the conformation of the backbone of nucleic acids [8].

C28 C25

Figure 2. Torsion angles at the calix[4]arene skeleton

However, having sixteen parameters to describe the calix[4]arene conformation is rather tedious and
inconvenient. There is a need for reduction of the number of relevant parameters. The most convenient way
to achieve this seems to be the approach published by Arnaud-Neu F. et al. [9], using the plane of the four
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bridge carbon atoms as a reference plane and the values of the angles of the four phenyl rings to this
reference plane as parameters to describe the calix[4]arene conformation. A variety of other geometrical pa-
rameters can be calculated (e.g. the distances between the oxygen or carbon atoms on the lower or upper rim,
the angles of the planes of the phenyl rings etc.), but none seem to be such natural and convenient as the pre-
viously mentioned one [9].

Therefore, we have decided to describe the calix[4]arene geometry by the defining of a reference plane to
which the angles of the four phenyl rings are related. This reference plane is the plane of the four bridge groups
[9] (for the vast majority of structures from CSD [7], the deviations of the bridge atoms from this plane are be-
low 0.1 A). The angles of the phenyl rings (o, i = 1-4) are calculated in the scale 0-360° (see Fig. 3).

the angle of the phenyl ring

to the reference plane
s
A

the reference plane of the /
bridge groups R R R R

Figure 3. The definition of the phenyl ring angles o;

The previous sixteen torsion angle parameters have been successfully reduced by this approach to four
parameters o;,—0. However, the assignment of these four parameters is not unambiguous and depends on the
numbering of the calix[4]arene base frame; problems such as which calix[4]arene phenyl ring will be as-
signed as ¢, if the following numbering will run clockwise or counterclockwise etc. have to be solved.
Moreover, four parameters form a four-dimensional space, which is very difficult to imagine and work with.
It would be therefore more convenient to further reduce the number of parameters from four to three, since
3D space is much easier to describe. To achieve these two objectives, the next step in the description of the
calix[4]arene conformations is the definition of geometrical parameters o, B, & [10]:

o= 1/4*(0(1 + 0+ 03+ OC4);
B=1(0ou+o03)—(0n+oyl;
=0y —0os|+[0op—0yl

The parameter ¢ is the average value of the phenyl ring angles o — 0y (numbering reflects the order of
the phenyl rings in the calix[4]arene molecule, e.g. oy, 0O, corresponds to adjacent rings, ¢/;, 03 to opposite
rings etc.). The parameter B (for calix[4]arenes in the cone conformation) reflects the distortion of the ca-
lix[4]arene molecule towards C,, symmetry. Finally, & reflects the distortion towards C; symmetry (again,
for calix[4]arenes in the cone conformation). Some examples of model values o — o4 and of parameters o, B
and & for cone, partial cone, 1,2-alternate and 1,3-alternate calix[4]arenes are shown in Fig. S-1 in the Sup-
plementary Materials.

It is necessary to emphasize that the parameters o, B, & are independent on the 'order' of the ca-
lix[4]arene rings with respect to which of them the o angle is assigned (they do not depend on the number-
ing scheme of the molecule). However, the value of the o parameter in the case of /,2- and 7,3-alternate ca-
lix[4]arenes depends on the assignment of the 'positive’ and 'negative' angles. The dependence of the parame-
ter o on this assignment can be demonstrated on the absolute values of the sum of the "positive' and the sum
of the 'negative' angles (the 'negative' angles are taken as 0;-360° for this calculation). If for a given molecule
the absolute value of the sum of the 'negative' angles is greater than the sum of the 'positive' ones, we get
o lower than 180°; in the case of opposite assignment, o is greater than 180°. Since these numbers differ
from 180° by the same value (added to or subtracted from 180°), we decided to define the 'positive' angles as
those which sum is in absolute value greater than the absolute value of the sum of the other two. Therefore,
all o values for 7,2- and 1,3-alternate calix[4]arenes are equal to or greater than 180° according to this con-
vention . The calculation of the parameter o in the case of cone and partial cone calix[4]arenes is unambigu-
ous since there is no 'megative' angle in the case of cone and only one in the case of partial cone ca-
lix[4]arenes.

* In our previous publications [10], we did not always abide by this convention!!
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Thus, the parameters o, B, d reflect the conformation and symmetry of the calix[4]-arene scaffold and
can be used for the description of the geometry of these molecules.

The conformations of the larger calixarenes are impossible to describe by similar parameters because of
their greater conformational flexibility and therefore significant deviations of methylene bridge atoms from
the reference plane — average deviation 0.0000 A in the case of p-tert.butylcalix[4]arene (structure
BHPMYC [7]), 0.1911 A in the case of p-tert.butylcalix[5]arene (structure LAZZAN [7]), 1.5261 A in the
case of p-tert.butyl-calix[6]arene (structure KAHJUY [7]), 1.6504 A in the case of p-tert.butylcalix[7]arene
(structure YACHIT [7]) and 1.5704 A in the case of p-tert.butylcalix[8]arene (structure DOVHIF [7]), re-
spectively. The larger calixarenes were therefore not included in this investigation.

Results and discussion

The number of hits obtained from CSD [7] including the distribution of calix[4]arenes according to
their conformation is shown in Table 1. The total of 1,826 hits was obtained from [7] and their conformation
was determined. Three hits were impossible to classify and are included separately in the table. Table 1 also
shows the number of crystallographically independent molecules in complete cif files, number of incomplete
cif files (atom coordinates not included in the file) and the sums of relevant data in all groups. The sum of
complete and incomplete cif files in the described groups does not correspond to the total number because
some structures belong to more than one group.

Table 1
The distribution of calix[4]arenes from [7] according to their conformations
Number of .
Type Conformation | T\umber of com- % independent % Number of in- %
plete cif files complete cif files
molecules
cone 1182 64.73 1442 70.07 87 -
partial cone 93 5.09 106 5.15 3 -
CH,-bridged 1,2-alternate 56 3.07 65 3.16 5 -
calix[4]arene 1,3-alternate 171 9.36 192 9.33 13 -
not determined — — — — 2 —
total 1500 82.15 1805 87.71 110 6.02
cone 112 6.13 137 6.66 3 -
Heteroatom- partial cone 11 0.60 14 0.68 1 -
bridged 1,2-alternate 26 1.42 29 1.41 3 -
. 1,3-alternate 57 3.12 73 3.55 6 —
calix[4]arene .
not determined — — — — 1 —
total 204 11.17 253 12.29 14 0.77
Total 1702 93.21 2058 100 124 6.79
total 1826 100

The group of calix[4]arenes with methylene bridges is significantly larger than the groups of ca-
lix[4]arenes with heteroatom bridges (see Table 1). There are altogether 1610 cif files belonging to this
group (88 % from the total of 1,826 cif files in [7]); the number of 218 cif files for calix[4]arenes with het-
eroatom bridges amounts to about 12 %. Therefore, almost nine tenths of all calix[4]arene structures in [7]
belong to calix[4]arenes with methylene bridges.

In the number of independent molecules, 1805 hits belong to calix[4]arenes with methylene bridges
(88 % of all 2058 hits) and 253 hits to calix[4]arenes with methylene bridges (12 %).

From these numbers, it is obvious that cone calix[4]arenes with methylene bridges are the group which
has attracted the most interest in research. Calix[4]arenes with heteroatom bridges are not so numerous prob-
ably because these molecules have emerged relatively recently compared to the methylene-bridged group;
moreover, there are difficulties in their selective substitution, their greater conformational flexibility and di-
minished stability towards aggressive chemical agents [5].

The above mentioned effect of substitution in the group of methylene- and heteroatom-bridged ca-
lix[4]arenes is given in Tables 2 and 3. Structures where conformation was not determined are not included.
Duplicite cif files (structures belonging to more than one group) are included in all relevant groups.
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Table 2
Distribution of substitution patterns of methylene-bridged calix[4]arenes
Conformation Type Number of cif files % Number of independent molecules %
symmetrically
Cone tetrasubstituted 607 475 701 48.6
other 672 52.5 741 51.4
symmetrically
Partial cone tetrasubstituted 24 251 27 253
other 72 74.9 79 74.5
symmetrically
1,2-Alternate tetrasubstituted 16 26.2 17 26.1
other 45 73.8 48 73.9
symmetrically
1,3-Alternate tetrasubstituted 42 22.8 43 224
other 142 77.2 149 77.6
symmetrically
Total tetrasubstituted 689 425 788 437
other 931 57.5 1017 56.3

From Table 2, it can be seen that in the group of cone methylene-bridged structures there is almost
50 % of symmetrically tetrasubstituted structures whereas in other conformations the percentage of symmet-
rically tetrasubstituted structures is about 25 %.

However, the underlying principle in the group of heteroatom-bridged calix[4]arenes is the presence of
a relatively large number of symmetrically tetrasubstituted structures (Table 3); even in the case of partial
cone and 1,2-alternate conformers (compared to their methylene-bridged counterparts). The reason behind
this observation is probably that the synthetic methods for selective substitution of heteroatom-bridged ca-
lix[4]arenes are less developed than in the case of methylene-bridged calix[4]arenes (for selective substitu-
tion of heteroatom-bridged calix[4]arenes, see e.g. [11]).

Table 3
Distribution of substitution patterns of heteroatom-bridged calix[4]arenes
Conformation Type Number of cif files % Number of independent molecules %
symmetrically
Cone tetrasubstituted 89 774 106 774
other 26 22.6 31 22.6
symmetrically
Partial cone tetrasubstituted 9 750 9 64.3
other 3 25.0 5 35.7
symmetrically
1,2-Alternate tetrasubstituted 23 7.3 23 .3
other 6 20.7 6 20.7
symmetrically
1,3-Alternate tetrasubstituted 40 63.5 47 64.4
other 23 36.5 26 35.6
symmetrically
Total tetrasubstituted 161 733 185 731
other 58 26.5 68 26.9

The parameters o, B, 8 were designed to reflect the conformation of the calix[4]arene molecules (see
Fig. 1); each calix[4]arene molecule represents a dot in a 3D space defined by parameters o, B, 8. The 3D
depiction of parameters o, B, & for all calix[4]arenes from [7] is given in Figure 4.
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Figure 4. 3D plot of parameters ¢, B, 8

From the above plot, it is obvious that 2D -8 plots showing the deformation of the calix[4]arene scaf-
fold are the most informative ones. The B-8 plot is illustrated on the group of calix[4]arenes with CH, bridg-
es (Fig. 5), calix[4]arenes with heteroatom bridges (Fig. 6) and all these structures (Fig. 7).
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Figure 5. The distribution of the B, 8 values in the group of calix[4]arenes with methylene bridges from [7]

26 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Conformations of calix[4]arenes ...

550
500
450
400
350
300
S 250
200
150
100
50

>y P

D> b D

>

r~1rr 1T ~T 17T 17T 1T 1 17T 17 77717
o
O
0]

0O — cone; o0 — partial cone; A — 1,2-alternate; V' — 1,3-alternate conformation

Figure 6. The distribution of the B, 8 values in the group of calix[4]arenes with heteroatom bridges from [7]
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Figure 7. The distribution of the B, 8 values in all previously mentioned structures from [7]

The average values of parameters o, B, & and their standard deviations (in °) in the respective groups
(position of data-clusters) of four conformers (see Table 4) give us useful information, too. They reflect the
rigidity or flexibility of the calix[4]arene skeleton as well as the distribution of the parameters o, 3, d.
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Table 4

The average values of parameters o, B, d and their standard deviations (in °)

Type of bridge Conformation Parameter Average value AV Standard deviation SD SD/AV
o 59.19 6.46 0.11
cone B 55.61 43.03 0.77
) 9.29 9.59 1.03
o 119.37 7.36 0.06
partial cone B 172.99 69.20 0.40
CH, ) 248.26 21.00 0.08
o 182.73 4.34 0.02
1,2-alternate B 13.14 21.24 1.62
) 503.36 36.25 0.07
o 182.71 6.11 0.03
1,3-alternate B 408.02 44.79 0.11
) 9.10 9.28 1.02
o 59.35 6.69 0.11
cone B 56.58 4491 0.79
) 14.03 13.27 0.95
o 115.83 8.18 0.07
partial cone B 158.81 47.48 0.30
Heteroatom ) 238.46 17.08 0.07
o 180.23 0.61 0.00
1,2-alternate B 4.84 11.48 2.37
) 460.75 31.35 0.07
o 186.74 12.12 0.06
1,3-alternate B 419.76 46.90 0.11
) 7.91 8.86 1.12

From Table 4, it is obvious that the o parameter in all structures is relatively uniform because of the low
value of its standard deviation. It can be demonstrated on the group of cone structures with average value of
the o parameter of about 59° in calix[4]arenes with methylene- or heteroatom-bridged groups and its stand-
ard deviation of about 6.5°; the value of the standard deviation of o is slightly higher in calix[4]arenes with
heteroatom bridge groups because of their greater conformational flexibility caused by a larger cavity (the
C—S—C bridge in the majority of these structures is significantly longer than the C—CH,—C bridge in meth-
ylene-bridged structures). The B parameter is significantly more flexible according to higher values of its
standard deviation; the & parameter is similarly flexible as can be demonstrated on partial cone and
1,2-alternate structures of the calix[4]arenes with methylene or heteroatom bridge groups (see Table 4). The
high standard deviation of the B parameter in the group of cone methylene- and heteroatom-bridged ca-
lix[4]arenes is caused by possible deformation of the base frame towards C,, symmetry; a relatively large
number of both cone and flattened cone structures answers for the wider range of parameter .

Our next work will be dedicated to evaluation of inter- and intramolecular effects which affect the ge-
ometry (and therefore the geometrical parameters o, B, d) in the previously discussed cone group. This group
will be futher divided according to the type of the bridge into cone calix[4]arenes with methylene and het-
eroatom bridge groups. The partial cone, 1,2-alternate and 1,3-alternate groups will be discussed in a sepa-
rate article (Part II).

Methylene-bridged cone calix[4]arenes

The group of cone conformers of calix[4]arenes with methylene bridge groups is the largest one (1182
complete cif files with 1442 independent molecules, 87 incomplete cif files, see Table 1). This group con-
tains about 48 % of symmetrically tetrasubstituted structures. The substitution patterns and the corresponding
percentages of the cone group are given in Table 5 (10 duplicite hits are excluded from the total number).
Metal-coordinated structures form 44 % of these entries.
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Table 5
The substitution patterns and the corresponding percentages of the cone group
Type of substitution Nof._ of cif 9 No. of independ- %
iles ent molecules

Symmetrically tetrasubstituted 607 47.83 701 48.61
Distally substituted lower rim, symmetrically tetrasubstituted upper rim 303 23.88 332 23.02
Distally substituted upper rim, symmetrically tetrasubstituted lower rim 106 8.35 126 8.74
Distally substituted upper rim and lower rim 61 4.81 68 4.72
Proximally substituted lower rim, symmetrically tetrasubstituted upper rim 33 2.60 33 2.29
Mono/trisubstituted lower rim, symmetrically tetrasubstituted upper rim 81 6.38 90 6.24
Mono/trisubstituted upper rim, symmetrically tetrasubstituted lower rim 14 1.10 17 1.18
Other 74 5.83 75 5.20
Total 1269 100 1442 100

Since there are over 1200 hits in this group and nearly a half of these hits are complexes, uncomplexed
and metal-coordinated structures are discussed separately.

Uncomplexed methylene-bridged cone calix[4]arenes

The a-f plot for the uncomplexed structures is depicted in Figure 8. The legend to this figure is:
e symmetrically tetrasubstituted structure; e distally substituted lower rim, symmetrically tetrasubstituted
upper rim; A distally substituted upper rim, symmetrically tetrasubstituted lower rim; ¥ distally substituted
both rims; o proximally substituted lower rim, symmetrically tetrasubstituted upper rim; A mono/tri-
substituted lower rim, symmetrically tetrasubstituted upper rim; o other substitution patterns. The a-8 plot is
depicted in the Supplementary Materials (Fig. S-4). Since the B- plot contains little information beyond the
o-f and o-8 plots, this figure is not reported.
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Figure 8. The o-B plot for the group of uncomplexed cone calix[4]arenes

From Figure 8 (a-f plot), it can be seen that the symmetrically tetrasubstituted uncomplexed structures
form two groups: one with lower & and 8 and the other with higher a and B. The same is true for all distally
and lower rim proximally substituted structures. Lower rim mono/trisubstituted structures form similar two
groups, the one at lower o reaches beyond the 'main' group towards higher .
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Since the vast majority of structures in Figure S-4 have low 8 and the value of the & parameter seems to
depend mostly on weak inter- and/or intramolecular interactions, this parameter is not discussed in the fol-
lowing chapters unless a clear correlation is found.

Symmetrically tetrasubstituted uncomplexed methylene-bridged cone structures

These molecules form two distinct groups in Fig. 8: one at 50° < ot < 60° and B < 80° (‘cluster' 9-1; 160
cif files with 203 independent molecules), the second one at & > 60° and B > 60° (‘cluster' 9-1I; 81 cif files
with 94 independent molecules). The distribution of structures into these two groups depends primarily on
lower rim substitution (see Fig. 9).
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Structures containing four hydroxyl groups at the lower rim have solid symbols,
structures with alkylated/acylated lower rim phenolic oxygen atoms have hollow symbols,
m O structure substituted by nonpolar alkyl/aryl groups at the upper rim;

e O upper rim unsubstituted structure;

A A structure substituted by polar groups at the upper rim

Figure 9. Effect of substitution on the symmetry of the calix[4]arene scaffold
in symmetrically tetrasubstituted uncomplexed structures

The first 'cluster' at lower o and B (‘cluster' 9-1; center at [o; B; 8] of [55.43; 18.42; 6.01], standard de-
viation of [1.90; 19.79; 7.12]) is formed principally by structures with unsubstituted lower rim hydroxyl
groups. These molecules contain a cyclic array of hydrogen bonds at the lower rim; this arrangement has the
lowest energy when the molecule is symmetrical (e.g. C,, symmetry) and therefore the most symmetrical
arrangement of the calix[4]arene scaffold is preferred in these structures. Deformations of this base frame are
usually small (B < 60° for the vast majority of structures) because disruption of the lower rim hydrogen
bonds is energetically unfavorable. Moreover, because of the array of hydrogen bonds and lack of sterical
hindrance at the lower rim (no bulky lower rim substituents), more open structures are possible; these mole-
cules therefore tend to have lower o (< 60°) than structures substituted at the lower rim phenolic oxygen at-
oms (> 60°); see Figure 9.

There are also a few structures with substituted lower rim phenolic oxygen atoms close to 'cluster' 9-I;
because of the lower rim substitution and therefore the resulting sterical hindrance at the lower rim, the o
parameter is > 60° in these structures. These structures are mostly clathrates which accounts for their low 3.
Among the structures from 'cluster' 9-1, there are clathrates of 5,11,17,12-tetrakis(z-butyl)-25,26,27,28-
tetrahydroxycalix[4]arene (52 complete cif files) and of similar calixarenes containing nonpolar upper rim
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substituents (17 complete cif files). Clathrates with small, symmetrical aliphatic molecules tend to have the
most symmetrical C,, geometry (see Fig. I-1, structure ZAHMOK [7]). Clathrates containing flat aromatic
molecules inside the cavity tend to be slightly deformed in B (usually < 20°) because of the presence of in-
termolecular 7, m-interactions. However, even clathrates containing large nonsymmetrical and aromatic mol-
ecules inside the calixarene cavity have the C,, geometry in case the solvent is disordered. Because of the
symmetrical calixarene conformation the disorder in this case is probably dynamic. Specific class of
clathrates are those containing aliphatic amines; these structures tend to have larger B (< 40°) and & (< 30°)
because of deprotonation of lower rim hydroxyl groups by the basic amine and the resulting effect on the
cyclic array of hydrogen bonds at the lower rim (destabilization of the symmetrical C,, geometry). Structures
where the calixarene has no solvent inside the cavity are also slightly deformed (B, 8 < 20°); however, the
cyclic array of hydrogen bonds present at the lower rim keeps the calixarene geometry close to Ca,.

Figure I-1. Structure ZAHMOK [7]

Next group of the lower rim hydroxyl-substituted structures are clathrates of 25,26,27,28-
tetrahydroxycalix[4]arene (24 complete cif files). The rules in the previous paragraph apply also to these
clathrates; however, because of the missing 7-butyl group and therefore no sterical hindrance at the upper rim
the above-mentioned effects are more pronounced and these structures tend to be more deformed towards C,,
geometry (B < 50°).

Polar substituents at the upper rim bring the possibility of intramolecular interaction between these sub-
stituents on opposite calixarene phenyl rings and therefore further deformation towards C,, symmetry. The
largest group among these structures is formed by structures of 5,11,17,12-tetrasulfonato-25,26,27,28-
tetrahydroxycalix[4]arene (39 complete cif files). These structures are clathrates with a wide range of geome-
tries; the bigger and less symmetrical molecule in the cavity, the more C,,-deformed is the structure
(Fig. 1-2). The P parameter is usually lower than 60°, three structures have this parameter above 70°.

Figure I-2. Structures RADGUZ, DALSEO [7]

Structures alkylated or acylated at the lower rim hydroxyl groups do not possess the energetically fa-
vorable arrangement of cyclic hydrogen bonds at the lower rim and can therefore have higher B values. The
majority of these structures forms the group at higher o, B in Fig. 9 (‘cluster' 9-II; centered at [66.86; 103.29;
8.00] with a standard deviation of [2.36; 20.31; 7.74]).
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All structures from 'cluster' 9-11 have substituted lower rim phenolic oxygen atoms and therefore o >
60° because of sterical hindrance of four lower rim substituents. B ranges from 60° to 150° and the
calixarene base frame is therefore significantly deformed towards C,, geometry. These structures contain no
solvent in the cavity and thus display unhindered &, m-interaction between one pair of calixarene opposite
phenyl rings. This effect is best observable in structures which do not contain any substituent at the upper
rim and especially in structures which contain polar upper rim substituents which are subject to 7w, 7- or other
interaction (NO,, CN, C=CH etc.). Such structures have > 100°. On the other hand, nonpolar and branched
upper rim substituents (z-butyl) do not allow these phenyl rings so close because of sterical reasons and such
structures have 60° <3 < 100°. An example of the above-mentioned effects is given in Fig. I-3.
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= S I‘
LAJPAO /

:
/
%

LAGQEQ

Figure I-3. Structures LAJPAO (B ~ 80°, t-butyl groups at the upper rim), LAGQEQ (B ~ 110°, unsubstituted upper
rim) and ICTYAU (B ~ 120°, NC groups at the upper rim) [7]

There is one structure with o0 ~ 40° which has not been included in 'clusters' 9-1 and 9-1I (structure
HEMHUC [7] with a four-fold bridge at the lower rim, see Fig. 1-4). The rigid arrangement of bonds at the
phosphorus heteroatom forces the structure more open and the o parameter is therefore very low.

Figure I-4. Structure HEMHUC [7]

From the group of clathrates which contain substituted lower rim phenolic oxygen atoms (the small
group of structures at o > 60° and B < 40°) it is obvious that solvent molecule inside the calix[4]arene cavity,
which prevents the opposite calix[4]arene phenyl rings from coming to a close proximity, can have a signifi-
cant impact on the calix[4]arene geometry. This effect of a filled/empty cavity can be demonstrated in
Fig. 10 (a-B plot). The majority of structures with empty cavity and B < 60° have also unsubstituted lower
rim hydroxyl groups (compare to Fig. 9); it therefore seems that the effect of the cyclic array of hydrogen
bonds at the lower rim overrides the effect of a filled/empty cavity in calix[4]arene structures. This finding is
in accordance with the relative strength of hydrogen bonds and van der Waals interactions.

Several types of clathrates in cone calix[4]arene structures are possible: the cavity may be filled by a
small molecule (usually solvent), by a lower rim substituent from another calixarene molecule, by a upper
rim substituent from another calixarene molecule or even from the parent calixarene molecule, or, in the case
of upper rim unsubstituted calixarenes, the upper rim from one calixarene may reach into the cavity of the
other calixarene. These types are distinguished in Figure 10.
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o — solvent molecule inside the calixarene cavity; © — upper rim substituent inside the calixarene cavity;
A — unsubstituted upper rim from another calixarene molecule inside the cavity; ® — empty calix[4]arene cavity

Figure 10. Effect of a filled/empty cavity on the symmetry of the calix[4]arene scaffold
in symmetrically tetrasubstituted uncomplexed cone structures

Lower rim distally substituted, upper rim symmetrically tetrasubstituted uncomplexed
methylene-bridged cone calix[4]arenes

The group of lower rim distally substituted, upper rim symmetrically tetrasubstituted uncomplexed cone
calix[4]arenes contains 169 cif files and tends to be somewhat more deformed in parameter B than the sym-
metrically tetrasubstituted group, one reason probably being less symmetrical substitution at the lower rim.

There are two distinct groups in Fig. 8: 'cluster' 8-1 at high a (> 60°) and B (> 70°) and the second,
somewhat diffuse 'cluster' 8-II at o < 62° and < 80°. 'Cluster' 8-I contains 56 cif files with 61 independent
molecules, is centered at [64.12; 93.17; 10.30] with a standard deviation of [2.77; 12.76; 8.48]. 'Cluster' 8-11
contains 105 cif files with 120 independent molecules, is centered at [58.57; 42.45; 7.41] with a standard de-
viation of [2.07; 23.76; 5.54]. Since the lower rim hydroxyl groups of these structures are at least partially
substituted and the cyclic array of lower rim hydrogen bonds is therefore disrupted, profound deformation
towards C,, symmetry (as in 'cluster' 8-I) is possible in these molecules. As a rule of thumb, structures with
all lower rim phenolic oxygen atoms alkylated or acylated tend to be in 'cluster' 8-I; structures retaining two
lower rim hydroxyl groups and therefore some hydrogen bonds at the lower rim are usually more symmet-
rical (Fig. 11). Clathrates tend to be in 'cluster' 8-II thanks to their lower B (effect of a filled cavity, see
Fig. 12) whereas structures with empty cavity where intramolecular 7, m-interaction between two opposite
calixarene phenyl rings is not disrupted are deformed towards C,, geometry and fall into 'cluster' 8-1.

There are 13 structures in this group which contain two calix[4]arene molecules connected by covalent
bonds; one structure with distal upper rim — lower rim bridge and 12 structures with distal lower rim —
lower rim bridge. The geometry of the calixarene base frame in these structures is mostly governed by the
effect of filled/empty cavity (see above).

There are also 41 structures which contain one lower rim distal bridge (two lower rim distal bridges
were not observed because of sterical reasons). The geometry of the calixarene base frame in these structures
is again mostly dependent on the effect of filled/empty cavity. The vast majority of these structures contain
long and flexible crown ether bridges at the lower rim and the geometry of the calix[4]arene molecules is
therefore little affected by the presence of lower rim bridge.

The rest of this chapter will deal exclusively with nonbridged structures. First, the effect of the upper
rim substituent will be discussed. There are 80 structures which contain #-butyl groups at the upper rim, 33
structures with unsubstituted upper rim and only two structures which contain other substituents at the upper
rim.
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Figure 11. The effect of lower rim substitution on the symmetry of the calix[4]arene scaffold)
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o — small solvent molecule inside the cavity; o — lower rim substituent from another calixarene molecule
inside the cavity; A — unsubstituted upper rim from another calixarene molecule inside the cavity;
m — empty calixarene cavity

Figure 12. The effect of a filled/empty cavity on the symmetry of the calix[4]arene

The structures with unsubstituted upper rim have somewhat bigger flexibility due to lack of sterical
hindrance at the upper rim. All these structures have o < 60° and B < 90° and belong therefore to 'cluster' 8-I1

34 BecTHuk KaparaHgmHckoro yHusepcurteTa



Conformations of calix[4]arenes ...

in Figure 8. The parameter B seems to depend on the type of clathrate the structure belongs to (see Fig. S-5 in
the Supplementary Materials), no dependence on the lower rim substituent was observed.

Similar dependence can be plotted for the group of upper rim #-butyl-substituted structures (Fig. 13).
It can be seen that the group of calixarenes with empty cavity forms the majority of 'cluster' 8- in Figure 8
(high o and B). Structures which have all lower rim hydroxyl groups alkylated or acylated belong entirely
into this group along with some structures which are substituted on two distal hydroxyl groups only. On the
other hand, clathrates belong entirely to 'cluster' 8-II with lower o and B in Fig. 8; clathrates which contain
large and/or aromatic molecules inside the cavity tend to be more deformed towards C,, symmetry than
clathrates with small aliphatic molecules.

Since these structures contain bulky #-butyl groups at the upper rim, clathrates in which one upper rim
of calixarene molecule reaches into the cavity of another calixarene molecule were not observed.

As in the group of upper rim unsubstituted calix[4]arenes, no distinct dependence of parameters o, B on
the type and size of the lower rim substituents was observed for the group of upper rim #-butyl substituted
structures.
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m — no molecule inside the cavity; o0 — small solvent molecule inside the cavity;
o — lower rim substituent from another calixarene molecule inside the cavity

Figure 13. The dependence of the parameter B on the type of clathrate in upper rim #-butyl substituted structures

In the group of lower rim distally substituted, upper rim symmetrically tetrasubstituted uncomplexed
calix[4]arenes, the vast majority of structures has & < 25° and is therefore little deformed towards C, sym-
metry. However, there are five structures with 8 > 30°; the C,-deformation in these structures is caused by
nonsymmetrical inter- and/or intramolecular CH-wt and m, m-interactions (Fig. I-5).

Figure I-5. C,-deformed structure AZOMIL [7]
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Upper rim distally substituted, lower rim symmetrically tetrasubstituted uncomplexed
methylene-bridged cone calix[4]arenes

This group contains 89 cif files with 104 independent molecules. From Figure 8, it can be clearly seen
that the vast majority of upper rim distally substituted, lower rim symmetrically tetrasubstituted uncom-
plexed cone calix[4]arenes tends to cluster at high o (> 60°) and B (> 80°). This result is no surprise because
the vast majority of structures in this group has substituted all lower rim phenolic oxygen atoms. However,
there are several structures with lower o and B and therefore less Cy,-deformed calixarene scaffold; these
structures are clathrates and those with unsubstituted lower rim hydroxyl groups. Because of less symmet-
rical substitution and because the majority of the structures from this group contain polar substituents at the
upper rim these effects are slightly blurred. Furthermore, all structures from this group have & < 30°
(Fig. S-4) and are therefore little deformed towards C, symmetry.

The above-mentioned effects of substitution and filled/empty cavity are summarized in Figures 14, 15.
It is obvious that structures retaining lower rim hydroxyl groups and clathrates tend to have lower B, as ob-
served for previously discussed groups.
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0 — nonpolar groups at the upper rim, lower rim 0 — no molecule inside the cavity;
hydroxyl groups; m — nonpolar groups at the upper rim, m — solvent molecule inside the cavity;
substituted lower rim phenolic oxygen atoms; A — polar e — upper rim substituent inside the cavity

groups at the upper rim, lower rim hydroxyl groups;
A — polar groups at the upper rim, substituted lower
rim phenolic oxygen atoms
Figure 14. Effect of substitution on the geometry Figure 15. Effect of a filled/empty cavity
of the upper rim distally disubstituted, on the geometry of the upper rim distally disubstituted,
lower rim symmetrically tetrasubstituted calix[4]arenes lower rim symmetrically tetrasubstituted calix[4]arenes

There are 11 structures in this group where two or more calixarene units are connected by covalent
bonds: one lower rim — upper rim connected structure and 10 upper rim — upper rim connected structures.
There are also 17 structures which contain a distal upper rim bridge. Linear dependence of the symmetry of
the calix[4]arene scaffold on the length and rigidity of this bridge in structures containing aliphatic bridges is
depicted in Figure 16. Short upper rim bridges force the calix[4]arene opposite phenyl rings closer and the
structure is therefore significantly deformed towards C,, geometry (large B).

The rest of this chapter deals with nonbridged structures. There are altogether eight clathrates in this
group (structures in Figure 8 with ot < 65°, B < 80°). The rest of the structures contain no molecule in the
calixarene cavity and are strongly deformed towards C,, geometry (B > 90°). The majority of these structures
possesses polar upper rim substituents and have B > 100°; however, in the case of nonpolar bulky substitu-
ents on the upper rim of the closer pair of the calixarene phenyl rings the resulting sterical hindrance pre-
vents these rings from coming to such a close proximity and the parameter B is usually between 90° and 100°
in this type of structures.
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Figure 16. The dependence of parameter B on the length (number of atoms)
of the upper rim distal bridge (aliphatic bridges only)

The majority of structures with > 90° which are distally substituted on only one pair of upper rim p-
positions have these substituents on the more distant pair of the calixarene phenyl rings which minimizes
sterical hindrance at the upper rim (intramolecular wt,n-interaction is present between the pair of upper rim
unsubstituted calixarene phenyl rings); however, in the case of substituents capable of some interaction
(NO,, COOH, C=C etc.) these substituents may be present on the closer pair of the calixarene phenyl rings
and further enhance the intramolecular 7t,t-interaction (see Fig. 1-6).

IXAKOH

Figure I-6. Upper rim formyl-substituted structures IXAKOH (B = 115°) and QADVAT (B = 138°) [7]

There are altogether 39 structures with empty cavity (B > 90°) which contain 1-propoxy groups at the
lower rim; however, no correlation between parameters o, f and the type and size of upper rim substituents
was found.

Uncomplexed methylene-bridged cone calix[4]arenes distally substituted at both rims

This group contains 34 hits with 39 independent molecules. As in the group of lower rim distally substi-
tuted, upper rim symmetrically tetrasubstituted uncomplexed cone calix[4]arenes, this group of structures
tends to be somewhat more deformed in parameter B than the symmetrically tetrasubstituted group, probably
because of less symmetrical substitution at the upper and lower rim. All structures from this group have
0 < 20° and are therefore little C,-deformed.

From Figures 8 and S-4 it can be seen that this group is very diffuse (varying greatly in ) and does not
form any distinct 'clusters' as observed in previous chapters.
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There is one structure which contains two calix[4]arene units with covalently connected lower rims, one
structure with covalently connected upper rims and one structure with two calix[4]arene units distally ap-
pended by their lower rims to another calix[4]arene upper rim. There are also four distally bridged structures:
one at upper rim, one at lower rim and two at both rims (on the same phenyl rings).

The dependence of parameter B on the type of the clathrate in nonbridged structures is depicted in Fig.
S-6 in the Supplementary Materials.

Since there are only a few structures in this group and these structures vary widely in substitution, no
correlation between the size and type of upper/lower rim substituents and parameters o, B was found. How-
ever, structures with no solvent molecule inside the cavity and only one pair of upper rim p- positions substi-
tuted tend to have these substituents on the more distant pairs of calixarene phenyl rings and thus minimize
sterical hindrance at the upper rim (see previous chapter).

An interesting effect was observed among structures with no solvent molecule inside the cavity. Struc-
tures with all lower rim hydroxyl groups substituted have B > 105° whereas structures with only one distal
pair of hydroxyl groups substituted have B < 95° and less deformed calixarene base frame. Similar effect has
been observed in the lower rim distally substituted, upper rim symmetrically tetrasubstituted group. It seems
that although the cyclic array of lower rim hydrogen bonds in these structures is broken, its remnants in
structures which retain some hydroxyl groups at the lower rim contribute to stabilization of the less deformed
conformation.

Lower rim proximally substituted, upper rim symmetrically tetrasubstituted uncomplexed
methylene-bridged cone calix[4]arenes

This group contains 28 cif files with 28 independent molecules. From Figures 8 and S-4 it can be seen
that these structures form two very diffuse groups: one with B < 40° and the second one with f > 60°. The
structures in these groups vary widely in parameter o (especially in the second one). Molecules from the first
group are mostly clathrates with less deformed calixarene base frame whereas molecules from the second
group have usually empty cavity.

There is also a very large number (78 %) of lower rim proximally bridged structures (18 out of 23 com-
plete cif files). Structures with short (one atom) proximal bridges tend to have or < 60° compared to struc-
tures with longer aliphatic bridges which have o > 60°. The parameter B depends on whether the structure is
a clathrate or not (clathrates usually have lower B) and is therefore not informative.

There are also 6 structures (26 % of complete cif files) with 8 > 20°; it seems that less symmetrical
proximal lower rim substitution is reflected in parameter d as compared to the distal one. The structures with
O > 20° display intermolecular m,m- or CH-m interaction between different calixarene molecules or
intramolecular 7, m-interaction between calixarene phenyl rings and lower rim aromatic substituents.

Lower rim mono/trisubstituted, upper rim symmetrically tetrasubstituted uncomplexed
methylene-bridged cone calix[4]arenes

There are 39 cif files with 45 independent molecules in this group. In Figure 8, three distinct groups can
be observed: 'cluster' 8-III at B < 50° and o ~ 58° (14 cif files with 16 independent molecules, centered at
[58.68; 20.55; 15.76], standard deviation of [2.44; 15.33; 7.27]), 'cluster' 8-IV at a0 < 55° and B > 50° (14 cif
files with 18 independent molecules, centered at [50.31; 78.34; 32.47], standard deviation of [2.02; 14.83;
9.83]) and 'cluster' 8-V at o > 60° and B > 70° (11 cif files with 11 independent molecules, centered at
[64.56; 90.71; 15.96], standard deviation of [2.57; 16.74; 9.81]).

'Cluster' 8-1II is almost entirely formed by lower rim nonbridged clathrates; two types of clathrates
(small aliphatic or aromatic organic molecules, aliphatic and aromatic lower rim substituents inside the cavi-
ty) fall into this group. Clathrates with aromatic molecules inside the cavity tend to have somewhat larger
B (~ 40°) than those with aliphatic ones.

Structures which retain three hydroxyl groups at the lower rim tend to have more symmetrical confor-

mation than those with three or all hydroxyl groups substituted because these structures retain most hydrogen
bonds at the lower rim. Such structures usually belong to 'cluster' 8-II1.
'Cluster' 8-V is formed by lower rim nonbridged structures with empty cavity. Structures with substituted
three or all hydroxyl groups at the lower rim usually belong to this group. Since the majority of these struc-
tures has bulky 7-butyl substituents at the upper rim, the parameter B tends to be somewhat lower (between
70° and 100°) because of sterical hindrance at the upper rim.
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Lower rim single atom 'triple-bridged' structures form 'cluster’ 8-IV. There is one monomeric structure
with lower rim single atom 'triple bridge' (ABIHICO1 [7]) and two structures with a longer lower rim 'triple
bridge' (ABOYAR(01), QIFHOC [7]). Structure ABIHICO1 has a very open cavity (o ~ 52°) because of the
short bridge at the lower rim which forces it more open; however, structures with longer bridges which tend
to be much more flexible do not fall into 'cluster' 8-IV and have o ~ 63° (Fig. I-7).

Figure I-7. Structures ABIHICO1, QIFHOC [7]

Other lower rim single atom 'triple-bridged' structures (13 cif files) belonging to 'cluster' 8-IV contain
two calixarene units covalently linked by their lower rims as shown in Fig. I-8 (structure TAYJOS [7]); all
these structures are clathrates (mostly with aromatic molecules). As shown in ABIHICO1, this type of bridge
forces the structure more open and these structures have o < 55°.

Figure I-8. Structure TAYJOS [7]

There are also two structures which contain two calixarene units covalently connected by one phenolic
oxygen atom substituent of their lower rims. Both these structures have empty cavities and belong to 'cluster’
8-V.

There is a large number of structures with & > 20° in this group (49 %). All lower rim single atom
'triple-bridged' structures have increased & which is probably imposed by the rigid nonsymmetrical bridge.
Weak inter- and/or intramolecular interactions (CH-mt; mt,7-) combined with less symmetrical substitution are
behind increased d in the rest of the structures.

Uncomplexed calix[4]arene molecules belonging to less symmetrical substitution patterns (70 cif files)
are discussed in the Supplementary Materials.

Heteroatom-bridged cone calix[4]arenes

The group of cone heteroatom-bridged calix[4]arenes comprises of 115 cif files containing 137 inde-
pendent molecules; symmetrically tetrasubstituted structures form more than 77 % of these hits (Table 3).
The number of complexes in this group is relatively large (50 cif files with 66 independent molecules); one
of the reasons being probably easy coordination on the heteroatom bridges. The vast majority of these com-
plexes (3 exceptions only) belong to the symmetrically tetrasubstituted group. The only bridge groups that
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occur in this group are S, SO (four structures) and SO, (seven structures). All structures containing other
bridge than S are symmetrically tetrasubstituted; these structures are emphasized in text.

The o-f plot of the group of cone heteroatom-bridged calix[4]arenes is depicted in Figure 20. The a-0
plot is depicted in Fig. S-16 in the Supplementary Materials. Complexes are denoted by hollow symbols in
these plots (since there are relatively few hits in this group, complexes are not depicted separately).

From the a-B plot (Fig. 20), separation of the hits into two distinct groups can be observed. The group
at lower a0 and B consists almost entirely of symmetrically tetrasubstituted structures whereas the one at
higher o and B contains all uncomplexed lower rim distally and proximally substituted structures along with
some symmetrically tetrasubstituted ones.

The groups of lower rim distally and proximally substituted structures differ significantly in the 8 pa-
rameter which can be observed on the -0 plot (Fig. S-16 in the Supplementary Materials). This plot is oth-
erwise not informative.

Since the bonds C-heteroatom in bridges are usually longer than C-C bonds in the methylene-bridged
group, the cavity of heteroatom-bridged calix[4]arenes is accordingly larger which is reflected in bigger flex-
ibility of the calixarene base frame. The bigger flexibility of heteroatom-bridged calix[4]arenes is confirmed
by wider range of parameters o, B (especially o) compared to the methylene-bridged group (see Fig. 20).

The role of the § parameter is not so transparent; as in the methylene-bridged structures, this parameter
tends to reflect weak inter- and intramolecular interactions present in the structure and is therefore more dif-
ficult to interprete. In the following text, this parameter will not be taken into account unless a clear correla-
tion between 9 and a structural effect is found.
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Figure 20. The o-f plot of the group of cone heteroatom-bridged calix[4]arenes

As in the group of the methylene-bridged structures, the role of upper/lower rim substitution of the ca-
lix[4]arene skeleton and the role of a filled/empty cavity can be evaluated. Figures 21, 22 depict the o3
plots of all cone heteroatom-bridged calix[4]arenes in dependence on these effects.
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Figure 21. The dependence of the symmetry on the substitution of the calix[4]arene scaffold

As can be seen from Figure 21, structures which retain some hydroxyl groups at the lower rim tend to
be closer to C,, geometry than those with these groups alkylated or acylated exactly as in the case of their
methylene-bridged counterparts (Fig. 9). Structures with lower rim unsubstituted hydroxyl groups and
B ~ 80° have these groups deprotonated and the stabilizing cyclic array of hydrogen bonds at the lower rim
therefore nonexistent. Also, upper rim unsubstituted structures tend to reach higher B values than upper rim
substituted ones because the 7, m-interaction between two calixarene opposite phenyl rings is unhindered in
this case (exactly as in the methylene-bridged structures). When compared to a similar plot for cone meth-
ylene-bridged calix[4]arenes, the bigger flexibility of heteroatom-bridged structures is confirmed.
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Figure 22. The dependence of the symmetry of the calix[4]arene scaffold on the effect of a filled/empty cavity
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When compared to similar plot for the methylene-bridged cone structures (Fig. 10), it can be seen that
these plots convey essentially the same information.

Next part of this chapter deals with the symmetry of the calix[4]arene base frame and the effects which
cause its deformation. Since coordination can have a profound effect on the geometry of the calix[4]arene
scaffold, complexes are discussed in a separate chapter.

Uncomplexed symmetrically tetrasubstituted heteroatom-bridged calix[4]arenes

There are two distinct groups of symmetrically tetrasubstituted uncomplexed structures in Figure 20
with o0 < 65°: 'cluster' 20-I with B < 30° and 'cluster' 20-II with B > 40°.

'Cluster' 20-1 contains 21 cif files with 21 independent molecules, is centered at [57.65; 4.90; 8.34] with
a standard deviation of [4.21; 7.06; 11.34]. For the most part, these structures are clathrates of 5,11,17,23-
tetrakis(z-butyl)-25,26,27,28-tetrahydroxy-2,8,14,20-tetrathiacalix[4]arene with various solvents (14 cif
files). Clathrates with small symmetrical solvent molecules which have at least C; axis possess C,, geometry.
Larger and less symmetrical clathrate molecules such as 1,2-dichloroethane tend to produce slightly de-
formed calixarene base frames. Some of these molecules contain a disordered solvent molecule inside the
calixarene cavity; since the cavity in these cases is C4,-symmetrical (B, & = 0°), we consider the disorder be
dynamic (see clathrates of 5,11,17,23-tetrakis(z-butyl)-25,26,27,28-tetrahydroxycalix[4]arene). Represent-
ative example is structure QIKSUY [7] (see Fig. I-17).

Figure I-17. Structure QIKSUY [7]

Apart from large, nonsymmetrical clathrate molecules, there is another possible type of deformation of
the base 5,11,17,23-tetrakis(z-butyl)-25,26,27,28-tetrahydroxy-2,8,14,20-tetrathiacalix[4]arene skeleton:
deprotonation. Monoanions of this calixarene (e.g. TETNAH [7]) have slightly increased & (18-38°) proba-
bly because of different arrangement of hydrogen bonds at the lower rim hydroxyl groups (see Fig. I-18).
Similar effect has been already observed within the methylene-bridged group.

TETNAH % j

\

Figure I-18. Structures of monoanion TETNAH and completely protonated TETMAG [7]

Absence of any clathrate molecule inside the 5,11,17,23-tetrakis(z-butyl)-25,26,27,28-tetrahydroxy-
2,8,14,20-tetrathiacalix[4]arene cavity does not have almost any effect on the symmetry of the calixarene
scaffold thanks to a presence of a cyclic array of hydrogen bonds at the lower rim; slight deformation in &
parameter of the base skeleton in this case is caused by intermolecular CH-7 interactions between calixarene
molecules.
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Another class of molecules with C,, symmetry are clathrates of 5,11,17,23-tetra-sulfonato-25,26,27,28-
tetrahydroxy-2,8,14,20-tetrathiacalix[4 ]arene. Small and symmetrical clathrate molecules tend to produce more
symmetrical calixarene base frames (two structures) whereas large and flat aromatic clathrate molecules usually
result in a B- and d-deformation of the calixarene scaffold; such structures belong to ‘cluster' 20-II (see similar
effect in the group of cone symmetrically tetrasubstituted methylene-bridged calix[4]arenes).

In the case of long upper rim aromatic pendant arms, one of them can reach into the cavity of another
calix[4]arene and form a 'clathrate’. The result is a slightly deformed C,, conformation (structure VATJEG
[7], Fig. I-19).

Bulky upper rim substituents (e.g. adamantyl) result in more open cavities with a0 ~ 52° (the average o
for cone heteroatom-bridged calix[4]arenes is 59°, see Table 4), the cause being probably sterical hindrance
at the upper rim.

Since all above-mentioned structures in this group contain unsubstituted lower rim hydroxyl groups and
therefore a cyclic array of hydrogen bonds at the lower rim, it is no surprise that the calixarene base frame
has geometry close to C,, which is unaffected even when no solvent clathrate molecule is present. Defor-
mations to this conformation caused by weak intermolecular interactions or large unsymmetrical clathrate
molecules are usually slight; more profound changes can be achieved by affecting the cyclic array of lower
rim hydrogen bonds, e.g. by partial deprotonation.

The only structure with alkylated lower rim hydroxyl groups in 'cluster' 20-I is structure MAZNEG(01).
The C,, symmetry of the calixarene scaffold is probably caused by presence of solvate acetonitrile molecule
inside the calixarene cavity. This structure contains four SO bridges, all oxygen atoms are arranged in equa-
torial positions with regard to the macrocycle.

Figure 1-19. Structure VATIJEG [7]

'Cluster' 20-1I contains 6 cif files with 7 independent molecules, is centered at [55.02; 67.05; 22.56]
with a standard deviation of [1.97; 17.95; 15.02]. This group mostly contains clathrates of 5,11,17,23-
tetrasulfonato-25,26,27,28-tetrahydroxy-2,8,14,20-tetrathiacalix[4]-arene with large aromatic molecules (see
above). Representative example of this group is structure FAZYAH [7], very large solvent molecule causes
big deformation observable even in § parameter (Fig. I-20).

Figure 1-20. Structure FAZYAH [7]
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There are two distinct groups of symmetrically tetrasubstituted uncomplexed structures in Figure 20
with &> 65°: 'cluster' 20-I1I with B < 110° and 'cluster’ 20-IV with f > 140°.

'Cluster' 20-1I1I contains 8 cif files with 8 independent molecules, is centered at [68.59; 93.32; 8.94] with
a standard deviation of [2.36; 10.51; 9.89]. This group contains upper rim z-butyl-substituted structures with
alkylated lower rim hydroxyl groups and empty cavity. Empty cavity enables energetically favorable
T, m-interaction between two opposite calix[4]arene phenyl rings; relatively bulky ¢#-butyl groups at the upper
rim of all these structures do not allow the opposite rings to come to close proximity and the B parameter is
therefore somewhat lower than in structures of 'cluster’ 20-IV.

There is one SO-bridged structure in this group (LUXYAE [7]). All oxygen atoms are again in equato-
rial positions with regard to the macrocycle.

'Cluster' 20-IV contains 3 cif files with 4 independent molecules, is centered at [70.70; 152.77; 10.93]
with a standard deviation of [1.57; 6.94; 11.41]. As in 'cluster' 20-II1, these structures have substituted lower
rim hydroxyl groups and no solvent inside the calix[4]arene cavity; however, molecules from 'cluster' 20-I11
have #-butyl at the upper rim whereas molecules from 'cluster' 20-IV have unsubstituted upper rim. No
sterical hindrance at the upper rim in the second case allows the opposite phenyl rings to come to close prox-
imity and the parameter B is therefore larger. Representative examples of 'clusters' 20-1II and 20-IV are de-
picted in Fig. I-21.

BADGAO
MARBOW

Figure I-21. Structures BADGAO, MARBOW [7]

Uncomplexed lower rim distally substituted heteroatom-bridged calix[4]arenes

All lower rim distally substituted uncomplexed calix[4]arenes with symmetrically tetrasubstituted upper
rim (11 cif files, 13 independent molecules) belong to the group at higher o and B in Figure 20. These struc-
tures form a diffuse group in Fig. 20 (‘'cluster' 20-V, centered at [65.37; 103.76; 28.50], standard deviation
[3.43; 16.91; 14.06]). The calix[4]arene cavities in all these structures are empty; all structures have hydro-
gen atoms or z-butyl groups at the upper rim; upper rim unsubstituted molecules tend to have larger B than
upper rim ¢-butyl substituted molecules (the same reasons as for symmetrically tetrasubstituted molecules).
Moreover, all structures have the bulkier lower rim substituents at the closer pair of the calixarene opposite
phenyl rings which minimizes sterical hindrance at the lower rim. Since there are only a few structures in this
group, no correlation between the parameters o, B, 8 and type of the lower rim substituent was found; like-
wise, no correlation between parameter § and the number of remaining hydroxyl groups (two or none) at the
lower rim as in the methylene-bridged group was observed.

Uncomplexed lower rim proximally substituted heteroatom-bridged calix[4]arenes

Lower rim proximally substituted structures have o > 65° and B > 75° and form a diffuse 'cluster' 20-VI
in Fig. 20, centered at [67.82; 104.57; 7.44] with standard deviation [2.37; 24.77; 2.33] (5 cif files containing
6 independent molecules). All structures in this group contain twice proximally bridged lower rim. All of
them have also empty cavities and #-butyl groups at the upper rim; only structure QEXLUA [7] has
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unsubstituted upper rim in this group (see Fig. [-22). The value of the B parameter is influenced by these ef-
fects just as in the previous cases; however, dependence on the length of the proximal bridge was also ob-
served.

Structures with very short proximal bridge have lower o (short proximal bridge forces the structure
more open in C,, symmetry); structures with very long bridges have larger o because of sterical hindrance
caused by large substituents at the lower rim and therefore more closed cavity. Short bridge also causes
marked deformation in the B parameter; deformation to C,, geometry is further enhanced by the presence of
7T, T-stacking between the calixarene opposite phenyl rings. Upper rim ¢-butyl-substituted structure QEXLIO
[7] displays lower B (106°) than its upper rim unsubstituted counterpart (QEXLUA, ~ 135°) as discussed
earlier.

JAVYOV
Figure 1-22. Structures QEXLUA, JAVYOV [7]

Since other substitution patterns contain only a few structures each, they are not explicitely discussed.
Conclusion

The utility of parameters o, B, 8 in describing the conformation of cone calix[4]arenes and the impact of
inter/intramolecular interactions present in the structure on the symmetry of the cone calix[4]arene base
frame has been evaluated.

Structures with C,, symmetry in the cone group have both B and 8 close to 0°. With deformation of the
calix[4]arene scaffold symmetry towards C,, (flattened cone structures), the  parameter increases. Defor-
mation towards C, symmetry is best reflected by increase of the parameter 8. Parameter o reflects the degree
of 'opening' of the calix[4]arene cavity; structures with four OH groups at the lower rim tend to have lower o
and therefore more open structure. The arrangement of four hydrogen bonds at the lower rim may have some
impact on this behavior; the four hydrogen bonds may cause the lower rim phenolic oxygen atoms come
closer to each other and therefore the cavity is more open. On the other hand, in structures with alkylated or
acylated lower rim a certain degree of sterical hindrance at the lower rim is present; the lower rim phenolic
oxygen atoms therefore tend to ,,keep distance» from each other and the cavity is more closed. Structures
with alkylated or acylated lower rim have therefore bigger a.

Among uncomplexed symmetrically tetrasubstituted structures in the methylene-bridged calix[4]arenes,
the Cy4y-symmetrical molecules are those with unsubstituted lower rim hydroxyl groups (stabilizing effect of
a cyclic array of hydrogen bonds at the lower rim), bulky nonpolar upper rim substituents (such as #-butyl;
sterical hindrance at the upper rim) and cavity filled by small, symmetrical solvent molecules. Alkylation of
all four lower rim hydroxyl groups, removal of #-butyl groups from the upper rim, introduction of polar
groups to the upper rim, large (especially aromatic) clathrate molecules or missing clathrate molecules (emp-
ty cavity) all contribute to deformation towards C,, geometry which is reflected by higher B.

Among the less symmetrically substituted uncomplexed molecules in the methylene-bridged ca-
lix[4]arenes, short distal upper rim bridge, short lower rim proximal bridges and lower rim single atom 'triple
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bridges' are ways how to severely affect the calix[4]arene conformation towards flattened cone (C,,-
deformed) geometry and, at the same time, to prepare rigid structures.

Cone calix[4]arenes with heteroatom bridges that possess unsubstituted hydroxyl groups at the lower
rim tend to have symmetrical C4, conformation thanks to energetically favorable cyclic array of hydrogen
bonds. Alkylation or acylation of these groups usually leads to a calix[4]arene scaffold deformed towards C,,
symmetry (see similar effects in the methylene-bridged group).

To sum up, when the lower rim phenolic oxygen atoms are substituted and thus energetically favorable
array of hydrogen bonds thus disrupted deformation towards C,, symmetry becomes much more feasible.
Clathrates usually display more symmetrical arrangement of the calix[4]arene base frame whereas empty
calixarene cavity enables 1, T-interaction between two opposite calix[4]arene rings to come into play and the
resulting calix[4]arene conformation is strongly deformed towards C,, symmetry.

Since calix[4]arenes with heteroatom bridges are more conformationally flexible than their methylene-
bridged counterparts, it is much more difficult to immobilize these molecules in the desired conformation
[5]. One possibility to immobilize the calixarene in flattened cone conformation is lower rim double proxi-
mal bridge.

The effect of coordination at upper or lower rim substituents on the calixarene geometry will be
disscused in the following part of this review.
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J1. KimmenTtoBa, M. Magiosa, I1. Hemeukona,
JI. ITanatunycosa, I1. Boitumexk, W. JIykem

Kanuxkc[4]apenaepain konpopmanusnapsl — CSD magsimerrepine
Herizneiaren 3eprrey. [-0eaim. Kanukc[4]apenaepain MeTuieHn-
JKOHE reTepoaTOMAbI-KOIip TIPi3ai KOHYCThI KOH(popMepJiepi

Mertunenai xKoHe reTepoaToMIbI Kemipierni kanukc|[4]apennepain kondopmarmsitapsl KeMOpHIDK KyphUTbIM
6ankinin (CSD) monimerrepi Heri3iHae anjblH ana eHrisiareH o, 3 xxoHe 8 mapameTpiepi apKbUIbl 3ePTTEIII.
Byn mapamerprepmiH JKOFapblia KOpPCETUITeH KOCBUIBICTApABIH KOMIPCYTEKTI HETi3Ti KYpBUIBIMBIHBIH
KOH(OPMAaIMACHIH ~ 3epTTeyleri maigacel  kepceTinmi. KypbeUIbICBIHIAFBl — apaiblK  JKoHE/HeMece
MOJIEKYJAIIIITIK dpeKeTTeCyIepinaeri Oy mapaMeTpliepiHiH TOyeNAiTiK KepceTKimTepi Kanukc[4]apeHHin
TEOMETPHACHIHBIH KOFApbla alThUIFaH dcepiepre TOYENUNriH aHBIKTAY YIIiH KapacThIpbliabl. KoHyCTHIK
torrrarsl Cy, CHMMETPUSUTBI KyphutbicTap 0° xysIK [ sxone & ne. Kamikc[4]apen cummerpusichitbiy C,, Kapaii
esrepy kesinge P mapamerpi skorapbutaiimel. C, CHMMETPHSCBHIHA KATBICTHI ©3repyi O IapameTpiepiHiH
JKOFapbIIaybIMEeH alKbIH OaliKaiaJpl. O TapaMeTpi Kaaukc[4]apeH KyBICHIHBIH «allbLTy» JASHIeHIH KOpCeTTi;
TeMeHri meHbep OolibHma TopT OH TOOBI 6ap KYpBUIBICTAp TOMEHTI O He, COWKECIHIIe, alfTapIbIKTal alIbIK
KYPBUTBICTA OOTambL.

Kinm co30ep: xanukc[4]apennep, KoHGpopMaILHs, TOPCHOHIBI OYpBIII, OypMaiaHy mapameTpi, MoJIeKynaimi-
JIK 9peKeTTecyep.

J1. KimmenTtoBa, M. Maggosa, I1. Hemeukona,
JI. ITanatunycosa, I1. Boitumex, W. JIykem

Kondopmannu kanunkc[4]apeHoB — uccie10BaHue, 0OCHOBaHHOe HAa JaHHBIX CSD.
Yacre 1. KonycHbIe KOH(OpMEPBI METHIIEH- H TeTePOoaATOM-MOCTHKOBBIX
KaJukKc[4]apeHoB

Kongopmannn kanukc[4]apeHOB ¢ METUIICHOBBIMHU H T€TEPOaTOMHBIMU MocTHKamMu 13 KemOpumxckoro 6an-
Ka CTpYKTYpHbIX HaHHBIX (CSD) ObUIH HCCIICOBAaHBI C MOMOIIBIO paHee BBEJCHHBIX MapaMerpoB o, B u J.
Brima mokazaHa MONE3HOCTh ATHX IApaMeTPOB B ONMCAHWM KOH(GOPMAaIUH YIJICBOZOPOIHONH OCHOBHOM
CTPYKTYPHI JUISl YKa3aHHBIX BBINIEC COCIMHCHHH. 3aBHCHMOCTH 3HAYCHHH STHX MapaMeTpoB B MEX- H/WIH
BHYTPHMOJIEKYJISIPHBIX B3aMMOJEHCTBHAX, NMPUCYTICTBYIONIUX B CTPYKType, OblIa HCCIeJOBaHA IJISI TOTO,
4TOOBI BBISICHUTH, KaK T€OMETpPHsI KaJIHKC[4]apeHa 3aBUCHT OT MepeurcIeHHbIX BbIlie 3G dexToB. CTpyKTypbl
¢ C4, cuMMeTpueil B KOHHYECKO# rpyrire umerot u B, u 8, 6muskue x 0°. [lpu nedopManmu cHiMMETpHH Ka-
mmkc[4]apena k C2v (YIUTOIEHHBIX KOHYCHBIX CTPYKTYP) mapametp 3 Bo3pacraet. [leopMalius 1o OTHOIIe-
HEio K cumMeTpun Cs JydIle BCEro OTpaXkaeTcs ¢ yBeNMUeHneM mapamerpa O. [lapamerp oL oTpaxaer cre-
TIeHb «PACKPBITHS» IMOJOCTH KaJdHuKc[4]apeHa; CTpyKTypsl ¢ deTslpbMs rpynmamu OH mo HibkHeMy o6oxy,
KaK IIPaBUJIO, IMEIOT OoJiee HU3KYIO Ol M, CIIIOBATENEHO, O0JIee OTKPHITYIO CTPYKTYPY.

Knioueswie cnosa: xanmkc[4]apeHsl, MaKpOMOJIEKYIIbI, KOH(GOPMAaIHUs, TOPCUOHHBIN YroJ, mapaMeTp HUCKaxe-
HM$1, BHyTPUMOJIEKYJISIPHBIC B3aUMOJICHCTBHSL.
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Kinetic characteristics of crystallization in prototypes of human blood plasma

This paper presents the results of studies on the kinetics of nucleation and growth process of crystals in solu-
tions simulating the composition of human blood plasma. By using optical density, conductivity and pH rang-
es of the identified properties of the system that simulates the blood plasma, depending on the
supersaturation: 3—15, 15-30, 30-90. The order and the constant nucleation (n = 1.6; k = 88.61) calcium
phosphate forming in model solution of blood plasma. A comparison of model types crystallization solutions
for plasma systems with different initial supersaturation. And the presence of octocalciumphospate calcium-
deficient hydroxyapatite in the composition of the sediment was found. It was found that when the
supersaturation changes the composition of the precipitate — calcium octophosphate in converted into hy-
droxyapatite. The influence of some inorganic (magnesium ions) and organic (alanine and glucose) additives
on the crystallization kinetics of human plasma prototype was shown.

Keywords: kinetics of nucleation and crystal growth, solution of blood plasma, order and constant reaction,
inorganic and organic additions, supersaturation, calcium phosphate.

Introduction

Crystallization processes of slightly soluble compounds have always attracted the attention of research-
ers [1, 2]. Interest in the study of these compounds due to the fact that they are part of the pathogenic and
minerals are human diseases such as arteriosclerosis that is disease associated with the deposition of calcium
salts in the blood vessels. This disease is the second of the prevalence of all sclerotic lesions of blood vessels
after atherosclerosis. That's why researches of the Pathological Cardiovascular Deposits (PCD) possess high
priority nowadays. Structure and chemical composition of PCD themselves have been already reported in a
considerable amount of papers. It is common knowledge now that PCD consist of mineral and organic com-
ponents [3—5]. Main mineral of the PCD is carbonated hydroxyapatite [5—11], but other minerals like
Mg-containing whitlockite (B-TCMP) or calcite can also be presented [12]. PCD apatites as other biological
apatites are non-stoichiometric, with high amount of Na*, Mg®" and vacancies at Ca sites, carbonate- and
hydrophosphate ions at PO, sites and with water at OH™ sites [4]. Their crystallite size are about 20—60 nm
[5, 12].

Furthermore, the study of these compounds is of interest for the synthesis of the promising biomaterials
[13]. Information about the crystallization of pathogenic and necessary for human body slightly soluble
compounds from biological fluids is very few in number [14]. The main difficulty of the study of such sys-
tems is their composition. Biological fluids consist of inorganic and organic compounds [15].

For example, blood plasma is the link between all located outside the blood vessels fluids, that is why it
was chosen as a model environment. Blood is liquid tissue in the body carries out transportation of chemi-
cals. In addition, blood performs a protective, regulatory, and other thermoregulatory function.

The plasma occupies 55-60 % of blood volume. Plasma contains 90-91 % water and 9-10 % of dry
substance. Low molar mass organic compounds (urea, uric acid, amino acids and so on) are very large and
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complex structure of protein molecules, partially ionized inorganic salts is among the substances dissolved in
the plasma [15].

Percentage of pathogenic mineral formation in the blood vessels and heart valves increased in recent
years. This is due to several factors as exogenous and endogenous nature [1, 16]. Therefore, the study of the
processes of crystallization of poorly soluble compounds formed in the human body for the purpose of pre-
vention and disease prevention is a promising area of research.

The purpose of the research is to study the kinetics of crystallization from simulated solutions of human
blood plasma under near physiological conditions.

Materials and methods

The solutions containing ions, which joint presence does not yield in slightly soluble compounds, were
used to study the crystallization of a solution simulating the composition of human blood plasma [15].

The choice of the initial reagents and their ratio in the solution was determined so that the concentration
of ions and the ionic strength of the solution were as close as possible to the given parameters of the simula-
tion system. Supersaturation was obtained due to the chemical reaction (1), which was realized through mix-
ing the solutions of slightly soluble compounds of calcium chloride and hydrophosphates of ammonium and
potassium in a crystallizer.

CaX2 + MQHPO4 + 2H20 — CaHPO42H20l +2MX (1)

The initial reagents were salts of analytical and reagent grades and distilled water. For each series of the
experiments, the solutions containing cations and anions, which joint presence does not form slightly soluble
compounds under these conditions, were prepared. In each series of the experiments, the pH values were cor-
rected to physiological pH (from 7.0 to 8.0 £ 0.01) by adding a 20 % solution of NaOH (KOH) or HCI (con-
centrated). After mixing equivalent volumes of solution, the following parameters were determined: induc-
tion periods, optical density, electrical conduction and calcium concentration in solution. Following
supersaturation: 5, 10, 20, 30, 40 were selected for kinetic studies. This is based on data obtained by determin-
ing the induction period. The pH was varied from 7.0 to 8.0 in increments of 0.1 during the subsequent experi-
ments.

To study the influence of inorganic and organic compounds the following components were added to
the simulation system (Table 1) in physiological concentrations and exceeding their pH.

Table 1
Concentrations of variation of the studied additions
Substance Concentration, mmol/l
Conys Cohys*50 Conys¥100
Lactic acid 1.15 57.5 115
Glucose 4.55 227.5 455
Citric acid 0.125 6.25 12.5
.. Conys ™2 Conys™4 Conys¥6
Magnesium ions 19 3.8 57
Substance Concentration, mol/l
Conys Conys ™50 Conys 100
Alanine 0.495 24.75 49.5
Glycine 0.250 12.5 25

The visual method to measure the induction periods was used to determine the parameters of nuclea-
tion. The regulation of the nucleation process was carried out by observing the uniformity of conditions of
mixing. The time of the turbidity of solutions was determined with a stopwatch, 4-5 parallel measurements
were performed for each concentration. The obtained data were processed using equation [17]. The depend-
ence of the induction period on supersaturation enables to experimentally determine the free surface energy
of the forming nucleus. The value ¢ was found by equation [17].

The crystallization rate was assessed by different methods (turbidimetric, potentiometric). The meas-
urements were carried out with KFK-2, and distilled water was used as a blank reagent. The measurements
of the optical density of solutions were made at a wavelength A = 670 pm in Baly tubes with light path
/=2.007 cm. Three parallel measurements were made for each experiment. The error did not exceed 5 %.
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The potentiometric method (ionomer «I-150-MI») was used to study partial dependencies of the kinet-
ics of crystallization by deposit-forming ions (calcium ions). The calcium ions concentration in the crystalli-
zation process was determined by the direct potentiometry method using an ion-selective electrode. The crys-
tallization was conducted in a temperature-controlled solution at 25 £ 0.5 °C. The potential in the sample so-
lution was measured after certain time periods, and the concentration of Ca*" ions was determined using the
calibration curve. This experiment was repeated three times. The measurement error was 5—10 %.

In solid phase the end of the experiment filtered, dried and analyzed by X-ray diffraction analysis
(XRD) qualitative and quantitative phase analysis. XRD was conducted with the Bruker D8 Advance X-ray
diffractometer (Germany) in monochromate Cu-k, radiation. The qualitative analysis of the phase composi-
tion of the sample was carried out by comparing the experimental values of the interplanar spaces and rela-
tive intensities of the diffraction peaks with a set of corresponding values for each of the proposed phases in
the international database obtained by powder diffractometry PDF-2. IR spectra of the precipitates were rec-
orded on a spectrophotometer FSM-2202. The scanning range was 400—5000 cm™, the resolution was 8 cm™.
The samples were prepared by compression into tablets with KBr. The surface morphology was studied us-
ing optical microscopes MBS-9.

The statistical data processing was carried out using software StatSoft Statistica 6.0.

Results and discussion

1. Nucleation parameters

As the result of the research of the dependence of the induction time on supersaturation (Fig. 1), it is es-
tablished that the curves are not linear and consist of three parts: for higher supersaturations, the induction
times are very small; for average supersaturations, the induction times range from several seconds to several
minutes; and for small supersaturations, the induction times increase rapidly, tending to infinity. This regu-
larity can be explained by the fact that with the increase of supersaturation, the concentration of deposit-
forming ions increases. The obtained values of the induction periods were used to calculate the overall order
of the reaction by the graphical method [18]. The value of the order indicates the number of particles that
make up the composition of the nucleus, and the constant value e characterizes the total number of the
formed particles [18].

1200

10,00

t, sec

Figure 1. Dependence of the induction period on supersaturation in simulated solutions of blood plasma

In the first section of the induction time is changing quickly. In the third section the induction does not
depend on the degree of supersaturation of the system and is practically unchanged.

Calculated overall reaction order is fractional and is equal to 1.62+0.11. The set value of the rate con-
stant was 87.09+0.68 mole"l™s™. It is well known that a value of the order indicates the number of particles
entering into the embryo, and the constant value describes the total amount of particles formed [17].

The specific surface energy was calculated according to the Gibbs-Volmer theory based on the data of
dependence of the nucleation on supersaturation [19]. As a result, it was discovered that at low
supersaturation, specific surface energy is low, and at high supersaturation, it increases (Table 2). This points
to the fact that with the increase in supersaturation, the transition from heterogeneous nucleation of crystal-
lites to a homogeneous one is observed. Herewith, a smaller value of the specific surface energy is «effec-
tiven, reflecting the adhesion of the nucleus in the active centre.
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Table 2
Dependence of the nucleation parameters from the supersaturation
S Induction period, s | 6, mJ/m> | Rgy, nm
3 Stable system 0.52
5 10.56 0.35
10 8.48 2.2 0.24
15 5.02 0.21
20 3.54 0.21
30 0.92 24 0.18
40 0.80 0.17
50 0.70 0.20
60 0.52 32 0.20
70 0.10 ’ 0.19
90 0.06 0.18

On the basis of the thermodynamic model of nucleation and the calculated value of the specific surface
energy, the size of the critical nucleus can be calculated according to equation (4) [17]. The nuclei with a size
greater than the critical one are capable of further growth since their free energy decreases.

S 20 . )
RTInS

The obtained results show that the size of the critical nucleus for two systems is in the range of
3-20 pm, and with the increase of supersaturation in the solution, the size of the critical nucleus reduces,
which is in agreement with the data reported in [17, 19].

It was found that in the simulated solution of blood plasma, the pH variation does not influence the in-
duction periods. In our opinion, this is due to the presence of powerful buffer systems in the blood plasma-
carbonate and phosphate. Additionally incorporated H™ and OH’ ions interact with the components of the
buffer systems, and at that, no significant changes in the pH value and, therefore, in the properties of the sys-
tem can be observed. The values of the constants are independent of pH both in the first and in the second
regions. Thus, the change of pH in the range 7.0-8.0 is found to have no influence on the parameters of the
process of crystallization of the simulated human blood plasma system.

It is known that inorganic and organic additions influence the processes of crystallization in biological
matrixes [19]. In the study of the influence of magnesium ions on the stage of nucleation for two simulation
solutions, it was found that the inhibitory effect of this additive increases as the ion concentration increases.
Effect of the additions on the nucleation rate is shown in Table 3. It should be noted that for blood plasma,
the influence of magnesium ions does not depend on supersaturation. The inhibitory effect of magnesium
ions can be due to the formation of slightly soluble compounds of magnesium — Mg;(PO,), (,PR=13).

Table 3
The magnitude of induction periods when various concentrations of additions (S =10, pH =7.4)

Substance Concentration, mmol/l Induction period, s o, mJ /m? R, NM

1 2 3 4 5
Without additions - 8.48 2.2 0.24
Chys. 2 10.56 0.08
Magnesium ions CpthA*4 15.52 1,7 0.08
Cohys. 6 23.22 0.06

Cohys. 5.24 —
Lactic acid Cphvs,*SO 15.65 3,2 0.21
CpthA*IOO no precipitation 0.17

Cohys. 10.26 —
Citric acid Chys. 50 17.41 2,5 0.16
Comys. 100 no precipitation 0.14

CthsA 375.48 _
Glucose Chys. 50 461.94 2,1 0.14
Cohys. 100 737.21 0.12
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Continuation of Table 3

1 2 3 4 5
Conys. 365.24 —
Glycine Conys. 50 368.32 0,6 0.37
Cyhys. 100 365.94 0.31
Coys. 384.41 _
Alanine Conys. 50 626.39 2,3 0.15
Cis. 100 925.58 0.13

Thus, it is experimentally found that all of the selected additions effect on the nucleation step, namely,
reduces the nucleation rate. By comparing the effect of additions, they can be ranked in a series to reduce the
effect on the induction time: alanine > glucose > glycine > citric acid > lactic acid > magnesium ions.

In our opinion, organic supplements can provide two-way influence: organic molecules may adsorb on
the surface of the formed crystals, thereby poisoning their growth and slowing growth; they can form sus-
tainable integrated compound with calcium ions.

2. Kinetics of crystallization

To study the kinetics of crystal growth, a range of supersaturation was selected and the kinetic curves
were taken (Fig. 2). In all the observed dependences for both considered systems, two distinct parts can be
observed: first section corresponds to the increase in the number of particles in the volume; second section
corresponds to the growth of the formed particles.

0,8

0,7

o
=2

=2
v

Optical dencity

0 50 100 150 200 250 300 350

Time, s
Figure 2. Example of the kinetic curves

The order reaction was determined by the graphical method for each of the sections (Table 4). Both for
the first and for the second sections, the order is equal to zero which is characteristic of ion-exchange
heterogenous reactions that occur in the solution.

Table 4

The crystal growth rate constants, depending on the pH and supersaturation

Section | Supersaturation | Order | A*10°, mole/l*s
5 18.36
10 6.50
1 20 0 6.60
30 6.90
40 6.85
5 4.45
10 0.20
2 20 0 0.25
30 0.15
40 0.15
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The rate constants were found. The calculations showed that for the first section, the rate constant is by
an order of magnitude greater than for the second section for all considered supersaturations. The observed
dependences and statistical processing of data indicate that an increase in supersaturation over 10, it does not
influence significantly the magnitude of the rate constant. In our opinion, this is due to the high content of
deposit-forming components: their concentration is so high that the expenditure of concentration on the for-
mation and growth of crystals does not affect their contents.

Experimental dependence and statistical processing of data indicate that the increase in supersaturation
ceases to significantly influence the value of the constant. This, in our opinion, due to the high content of
sediment-components: their concentration is so high that the rate of formation and the growth of crystals do
not affect their concentration.

It is noted that the dependence of the constants on the pH, and the supersaturation but the order of the
values of the constants are not much different.

In our view the pH dependence of the constants associated with finding a form of phosphate ions in the
solution. Hydrogenphosphate and dihydrogenphosphate ions present in the range of pH 7 to 8, therefore cal-
cium octophosphate (pH 5.5-7.0), calcium-deficient hydroxyapatite (pH = 6.5-9.5), and amorphous calcium
phosphate (pH = 5-12) can crystallize in this pH range. This confirms the complexity of the processes.

To compare the crystallization processes that occur at different supersaturations, the value of the effi-
ciency of the crystallization behavior (conversion o) was used [18]. The second section is of greatest interest
in the study of kinetic curves (Fig. 2). It corresponds to the crystal growth, so it was used to calculate the
basic kinetic characteristics. The order of the rate constant (for the second stage) obtained in the experi-
mental data processing is shown in Table 5.

Table 5
Kinetic characteristics of the crystallization process in blood plasma
Supersaturation, S Order Rt R, 1gK®
5 0.59+0.12 0.6585 | 2.56+0.20
10 0.58+0.14 0.7641 | 2.01+0.35
20 0.46+0.11 | 0.514 | 0.8035 | 2.00+0.53
30 0.41+0.17 0.6367 | 2.04+0.58
40 0.324+0.09 0.8452 | 2.00+0.46

The analysis showed that the particular order by calcium ions for simulated systems does not exceed a
unit; this value is typical of the systems where heterogencous nucleation and further growth prevail. The so-
lutions with supersaturation were used to study the influence of various additions on the stages of crystal
growth: blood plasma S=10. The data processing showed that the order for the systems in the presence of
additions, as well as for the system in the absence of additions is less than a unit. The value of the rate con-
stant is less than that for the system in the absence of additions.

The constants of the order of the reaction and the rate is determined by the graphical method for obtain-
ing kinetic curves. The equation for the second-order reaction describes the growth kinetics in studied system
most adequately. Accordingly, the rate constant was calculated (Table 6).

Table 6
The rate constants of crystal growth in the presence of additions
Substance Concentration | Rate constant, 1/s*10°

Without additions - 37800
Cohys. ¥2 5.00
Magnesium, mmol/l Conys. *4 5.00
Cohys. *6 5.00
Cohys. 2.50
Alanine, mol/l Cohys. *50 3.33
Conys. ¥100 5.00
Cohys. 1.67
Glucose, mmol/l Cohys. *50 3.33
Conys. ¥100 16.7
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Magnesium ions, at concentrations of five or ten times exceeding the value of biological pH, reduce the
rate of crystallization proportionally to the increase in the content of this component, but herewith do not
influence the corresponding constants and the order. If the concentration fifteen-fold increases, not only the
rate of crystallization, but also the constants in each of the plots decrease. Glucose enhances the rate of crys-
tallization in the simulated solution of saliva, and its effect appears for both studied stages. This may occur
because of the formation of complex compounds of calcium ions with glucose.

For the simulated solution of blood plasma, it was found that the greater the concentration of glucose
and alanine in the solution, the lower the concentration of calcium ions in solution.

Comparing the influence of additions on the nucleation phases and on the crystal growth, it should be
noted that the effect is more distinct at the stage of nucleation.

The pH of the solution plays an important role in the formation of a mineral component from the
biolifluid prototypes. It is known [20] that in a three-component system Ca(OH),—H;PO,—H,O, can be found
eleven known unsubstituted calcium phosphate with atomic ratio of Ca/P in the range 0.5 and 2.0. The most
important parameters are the value of the atomic ratio of Ca/P, basicity/acidity and solubility. These parame-
ters strongly depend on the pH of the solution. The lesser the value of Ca/P, the more acidic and water-
soluble calcium orthophosphate is. Due to the three-fold ionic equilibrium in the solution containing phos-
phate ions, the pH change leads to the change in relative concentrations of the four polymorphic forms of
phosphoric acid, and hence, the chemical composition and the amount of calcium orthophosphate, which are
formed as a result of direct deposition.

In the study of kinetic regularities depending on the pH, we found that as pH grows, the order and the
constant of crystallization remain the same, but the rate of the deposit formation changes. Thus, at the
pH=6.80+0.01, the rate of crystallization in both regions for two systems is reduced on average by 1.3 times,
while as pH increases to 7.1040.01, the rate increases in both stages in 1.3—1.6 times that can be explained
by the predominance of one of the forms of the phosphate ions in the solution.

3. The results of XPA and IR spectroscopy

X-ray diffraction analysis of the synthesized solid phases obtained from the simulated solution of the
blood plasma showed that carbonated hydroxyl-apatite (Cajg..»(PO,4)s.(CO;3),(OH),) and whitlockite
(CagMg(PO,4)s(POs0H)) are found in the deposit. Low intensity and half-width of the diffraction reflections
indicate low crystallinity of the obtained powders (Fig. 3). The crystallite size was estimated from the pa-
rameters of the most resolved peaks, it was 8.2 nm.
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* — the peak of whitlockite; ** — the peak of carbonate hydroxylapatite

Figure 3. The results of X-ray phase analysis of sediments from supersaturation 10
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The diffraction patterns of solid phases, synthesized in the presence of the investigated additions, were
obtained, wherein the peaks on the diffraction patterns of the samples in the presence of additions become
more fuzzy as the additive ratio increases. The size of the crystallites in the presence of additions and without
them was calculated. It was found that the size of the crystallites in the presence of additions decreases by an
order of magnitude. This may be due to the adsorption of molecules on the surface of the faces, crystal face
poisoning and deceleration in growth of the rate of crystallites which is in agreement with the previously ob-
tained kinetic data.

Examination of the samples by IR spectroscopy allows making adjustments to the composition and
structure of the prepared samples. Interpretation of the data was carried out by qualitative identification of
the absorption bands of oscillations groups in the IR spectra of the samples (Fig. 4).

Absorbance

Wavenumber [em™]

Supersaturation — 50; experiment time, weeks: A—2; B—4; C—10; D — 12
Figure 4. Typical IR-spectra of the synthesized apatites

Thus, the composition of the obtained solid phase is detected the mixture of whitlockite and carbonate
hydroxylapatite A-type. It is known that whitlokite is a precursor of hydroxyapatite. Consequently phase
mixture may be formed due to insufficient crystallization time.

The obtained results are confirmed by optical microscopy of the test solutions. With a large
supersaturation inclusions of hydroxyapatite aggregates are well observed in the images (Fig. 5).

Figure 5. Optical microscopy results of supersaturation 5 (a) and 20 (b), 40 (c), increase x120

The obtained results are confirmed by optical microscopy of the test solutions. With a large
supersaturation inclusions of hydroxyapatite aggregates are well observed in the images (Fig. 5).
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Conclusion

As the result of this research, the crystallization process from solutions simulating the composition of
human plasma under near physiological conditions is studied. The kinetic characteristics of the processes are
obtained: defined order and constant of nucleation; found that with increasing supersaturation transition from
heterogeneous nucleation of crystallites to a homogeneous is observed; estimate the critical size of nuclei;
defined order and constant crystallization; at the nucleation stage and the stage of their growth n = 0.

The influence of a number of additions in biological fluids on the processes of crystallization in the pro-
totype of blood plasma is found. By comparing the effect of additions, they can be ranked in a series to re-
duce the effect on the induction time: alanine > glucose > glycine > citric acid > lactic acid > magnesium
ions.

In composition of the obtained solid phase is detected the mixture of whitlockite and carbonate
hydroxylapatite A-type.
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O.A. T'oxoBanosa

AlaM KaHbI IU1a3MAaCbIHBIH MPOTOTHIITEPiH/Ae KPUCTAIAHYABIH
KHHETHKAJIBIK CHIIATTAMAJIAPbI

OnTHKANBIK THIFBI3ABIK, JIEKTPOTKI3TINTIK >koHe pH KepceTkimTepiHiH KeMeTiMeH KaH IIIa3MachIHBIH
KYpaMbIH YITICYINi JKYHeCiHIH KAacHETTepiHiH IIamaJaH ThIC KaHBIKTBIPHUTYbIHA OallaHBICTBI ©3repy
apanbikTapel 3—15, 15-30, 30-90 aiikpipanapl. KaH rua3machelHBIH YIITi epiTiHAiciHAe maiina OonaThiH
KaybIMil pocdaTTapbIHBIH HYK/ICAUUSIChIHBIH TYPAKTBUIBIFBI XKoHe peTTiniri (n = 1.6; k = 88.61) aHbIKTan b1
bacrankpl mamaziaH ThIC KaHBIKTBIPYJIaphl op TYPJI Kyiienep YIIiH KaH IJIa3MachIHbIH YT epiTiHAUIepiHiH
KpHCTAIJaHy TYpJIepiHe calbICTHIpyIIap >KYPri3ini, TYHOAHBIH KypaMbIHaa (ocdaTThIH OKTOKANBIHNI jKoHE
TaNIIBI-KATBIMN THAPOKCHANATUTTIH Oap eKeHMIri Oenriimi 6oiael. ATaMHBIH KaH IUIa3MaChIHBIH TYNTYJIFa-
CBIHBIH KPHCTJJIaHy KHHETHUKACBhIHA KelOip OeiffopraHukanslk (MarHuii MOHOAPHIHBIH) JKOHE OPTaHUKAIBIK
(aTaHWHHIH >KoHE TIIOKO3aHbIH) KOCIAIaphIHBIH 9Cepi 3ePTTENiM, KOpCeTUI .

Kinm ce30ep: kpuctanmapiblH Taiina 0oy >koHE ©Cy KHMHETHKAchl, KaH IUIa3Machl epITiHIICI, peaKIus
JKBIIJAM/IBIFBIHBIH, PETi )KOHE TYPAKTBUIBIFbI, OCHOPraHUKaIbIK JKOHE OPraHUKAJIBIK KOCIanap, amMa/iaH ThIC
KaHBIKTBIPBLTY, KaJIbIHil (hocharsl.

O.A. T'oxoBanosa

KuHeTnyeckne XapakTepUCTUKH KPUCTAIH3ALUA
B IPOTOTHIIAX MJIA3MbI YeJI0BeYeCKOH KPOBHU

B crarbe mpencraBieHE pe3ynbTaThl HCCIENOBAHUN KMHETHKH HYKJICAI[MX M MPOIecca pocTa KPUCTAIIIOB B
pacTBOpax, MOJCIHUPYIOIINX COCTAB IUIa3Mbl KPOBHU denoBeka. C MOMOIIBIO ONTHYECKOH INIOTHOCTH, DJIEK-
TPOIPOBOAHOCTH M pH BBISBIICHBI MHTEPBaJIbl H3MEHEHHS CBOMCTB CHCTEMBI, MOJICIUPYIOLIEil cocTaB Ia3-
MBI KPOBH, B 3aBUCUMOCTHU OT mepechienus: 3—15, 15-30, 30-90. Onpenenensl NOPSI0K U KOHCTaHTA HYK-
neatmu (n = 1.6; k = 88.61) docdaroB kaiplus, oOpa3yroOMMXCs B MOJCIBHOM PacTBOpE IIa3Mbl KPOBH.
ITpoBeneHO cpaBHEHHE THIIOB KPHCTAIUIH3ALMU MOJCIIBHBIX PACTBOPOB IUIa3Mbl KPOBH ISl CUCTEM C Pa3iIny-
HBIM HCXOJHBIM IIepechimieHHeM. B cocTtaBe ocagka OOHapyX€HO INpPUCYTCTBHE OKTOKambmmiipocdara n
KaNbIUH-Ie(UINTHOTO TUAPOKCHANATUTA. YCTAHOBIICHO, YTO IPH HW3MEHEHUH IEPECHICHNS H3MEHSeTCS
COCTaB 0caika — OKTO(ochaT KalbIys NMEPeXOAUT B THIPOKCHANaTUT. [lokazaHo BIMSHHE HEKOTOPHIX He-
OpTaHNYEeCKHX (MOHOB MarHUs) U OPraHNYEeCKUX (aJaHWHA W TIIIOKO3BI) J0OABOK Ha KHHETHUKY KPHCTAIIN3a-
LIMY IPOTOINTA IIa3Mbl KPOBH YEIIOBEKa.

Kniouesvie criosa: KMHETHKA 3apobllIe00pa30BaHys U POCTA KPUCTAIUIOB, PACTBOP IUIa3Mbl KPOBH, HOPSIOK
U KOHCTaHTa CKOPOCTH DPEaKIMH, HEOPraHWYEeCKHe M OpraHMYecKkue I00aBKH, HepeHacklieHue, (pocdar
KaJIbLHs.
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The oral fluid chemical composition of professional sportsmen-badminton players

We have explored the oral fluid composition and the structural features of qualified sportsmen-badminton
players after two interval trainings. It has been established that on all occasions, after the physical activity, the
definite (P = 0.95) decrease of Ca*" and glucose is present, the protein and orthophosphate content increases,
alkalinization of the saliva occurs, as well as its structural features worsen. We have pointed out that after the
second training, there are more significant changes in the chemical composition, with that a sportsman'’s or-
ganism does not restore to originate level and, as consequence, needs appropriate restorative remediation.

Keywords: saliva, oral fluid, sportsmen-badminton players, calcium ions, total protein, glucose, micro-
crystallization.

Introduction

It is known that the work-out session of a professional sportsman is always connected with growing
physical activities. So that it is very important to conduct a package of restorative procedures in time to
achieve high results. For the purpose it is necessary to diagnose regularly sportsman’s organism state before
and after physical activity. Since even small strain may cause disruption of the adaptative powers of organ-
ism, the diagnostic methodology should respond to changes in functional status at once.

In this regard, the saliva is the advanced diagnostic fluid in sports and restorative medicine. The oral
fluid (saliva) is total secretion of all salivary glands, including also the microflora of the mouth cavity, perio-
dontal pocket contents, crevicular fluids, waste products of soft calculus deposit microflora, the degradation
of white blood cells migrated from mucous membrane and discharging with saliva, food debris and etc. It has
a variety of advantages [1-3], in the oral fluid, it is possible to measure biomarkers reflecting influence of
the stress and the physical activity of varying intensity.

The purpose of the scientific research — exploring of the oral fluid chemical composition and structural
features of a group of sportsmen-badminton players before and after the training.

Experimental

Badminton players of age group of 20-25-year-old took part in the experiment: 4 girls and 6 boys; the
athletic title — Master of Sport and Master of Sports of International grade. The experimental subjects” oral
fluid was collected into a sterile test glass with close lid within two hours after meal and mouth rinsing with
tap water and distilled water during two trainings: before and after strenuous exercise. In the obtained saliva
samples we determined pH medium (pH-150MMN), content of calcium ions [4], orthophosphate-ions [5], pro-
tein [6], glucose [7], established type of microcrystallization in accordance with six-point scale (Fig. 1) [8].

The mathematical treatment of all data was carried out with the use of programmes Static2 and
Statistica.10 from statistics package StatSoft.

Results and Discussion

The quantitative characteristic analysis of the saliva composition of sportsmen who are Masters of Sport
and Masters of Sports of International grade revealed significant differences in the content of defined com-
ponents before and after physical activity (Tables 1 and 2).

So, in the course of the training there is alkalinization of the saliva, decrease of calcium ions concentra-
tion. The decrease of calcium ions concentration is explained both with outwashing of calcium as a result of
the fluid loss and with its direct involvement in energy processes. So, forming organic complexes, it takes
part in nerve impulse conduction in muscle cells, and often it is an energy processes catalyst.

Besides, after training the content of orthophosphate-ions increases. Obtained results can be explained
by the fact that during strenuous exercise the speed and quantity of oxidable adenosine triphosphoric acid
increase, such that orthophosphate acid and large amount of energy product. All of this causes violation of
the electrolytic composition of all organism, including the saliva, that has appropriate impact on the change
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of Ca/P ratio. In this case it is necessary to elaborate recommendations for the sportsmen of the nutrition
which supply the reservoirs of calcium and/or phosphorus next the training.

a—5;b—4;¢c—3;d—2;e— 1, f— 0 points respectively

Figure 1. Types of microcrystallization

60

Changing of basic biological criteria in the process of training, in %

Criterion Training 1 Training 2
pH +16.2 +18.2
Ca™ -25.9 —24.8
PO,” +73.6 +79.5
Ca/P -57.8 -58.3
Protein +92.0 +100.0
Glucose -53.5 -70.5

Note. «+» — increase; «—» — decrease.

Table 1
The oral fluid chemical composition of qualified competitive sportsmen
(average among the group)
N Training 1 Training 2
Criterion Before After Before After

pH 6.8 +0.4 7.9 £0.7 6.6 +0.4 7.8 £0.4

Ca’", mmol/l 3.51 £0.38 2.60 £0.31 3.23 +0.25 2.43 +£0.33

PO,”, mmol/l 2.20+0.22 3.82 +£0.25 2.00 +0.22 3.59 +£0.27

Ca/P 1.61 +0.14 0.68 +£0.09 1.63 +0.15 0.68 +£0.09

Protein, mg/ml 0.88 +0.09 1.69 +0.10 0.89 +0.10 1.78 £0.13

Glucose, mmol/l 0.316 +0.024 0.147 £0.039 0.251 £0.028 0.074 +0.018
Table 2
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Also, after every activity the total protein content increases significantly, that is connected with remark-
able fluid loss of organism.

It is interesting to monitor the change of content of such important carbohydrate as glucose in the
course of training. It is known that the main role of the carbohydrates is determined with their energy func-
tion. The glucose is an immediate source of energy in organism.

The speed of glucose degradation and oxidation, as well as possibility of extraction from the glucose
formation provide urgent mobilization of source of energy under condition of dramatically rising of energy
costs, in the cases of emotional exiting, under condition of intense muscular loads and etc. The experimental
data (Tables 1 and 2, Fig. 2) show that after significant physical activity the glucose concentrate in saliva
decreases more than two times.

0,35 ~
0,30 -
0,25 1
0.20 A
0.15 ~
0.10 -
0,05 -

0-00 T T T T
Before the training 1 After the training 1  Before the training 2 After the training 2

Glucose, mmol/fL

Figure 2. Diagram of glucose concentrate changing in the course of training
for the group of competitive sportsmen

Especially significant change is in process of the second training. At this time, there is not original level
restoring of glucose content which says about significant energy costs of a sportsman, for that reason it is
necessary to supply carbohydrates.

The changes of the content of saliva main components before and after physical activity influenced type
of microcrystallization of the oral fluid (Fig. 3-5).

Before the training : After the training

a — training 1; b — training 2

Figure 3. The microcrystallization changing in the course of the trainings
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Figure 4. Diagram of type of microcrystallization changing in the course of the training 1

O Before
3 A m After
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1 - ’_‘
]
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Figure 5. Diagram of type of microcrystallization changing in the course of the training 2

As part of the study, we have found out that after training the crystallization of the oral fluid in principle
worsens. The dependences for two trainings are equal but after the second one the changes are more signifi-
cant.

Conclusion

So, we have explored the influence of physical activity on the oral fluid composition and the structural
properties of a sportsman-badminton player of high qualification. We have examined the perspectives of the
use of the data about the composition of human saliva for diagnostic purposes. The possibility of the use of
laboratory diagnostics of the physical activity level of human organism with the purpose of finding out of
adaptedness level and the organism safety margin has been showed.
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BinikTi cnopTimibI-0aAMHMHTOHIIBLIAP/ABIH aYbI3
CYHBIKTBIFBIHBIH XUMHSIBIK KYPaMbl

JKyMmbIc GapbIChIH/A €Ki apalbIK XKATTHIFYaH KeHIHrT MaMaHJaHFaH CHOPTIIBI-0aIMHHTOHIIBUIAP/bIH aybI3
CYHMBIKTHIKTAPBIHBIH XUMHSIBIK KYPBUIBICHI KOHE KypaMbl EpeKIICTIKTepi 3epTTeiii. bapiblk karmaiina
dusnkansik kykremenen keiiin Ca’’, rmroxosamsi CgHj,O¢ KOHNeHTpamusmapsiHbH aHeik (P =0,95)
TeMeHZIeTeHl OaifkanraH, oprodocdaTTapiblH, aKybI3AApAbIH KYpPaMbl >KOFApBUIAWTHIHEL, CLICKEHTiH
CLITiNIeHyl JKYpETiHi, COHBIMEH KaTap OHBIH KYPBUIBICTHIK KAaCHeTTepi HaIlapiIaifiThIHBI aHBIKTAIIBI. ExiHmIi
JKATTBIFY/IaH KeHiH XUMHUSJIBIK KypamJa eayip e3repicTep KypeTiHi Oenriii Goiipl, anaia CHOpPTIIBIHBIH
ar3achl OacTamnKpIIail KaumblHA KeIMeH i, coll ceOenTi KalblKa Kely MapaiapbiH KaKeT eTe/.

Kinm ce30ep: cinexel, aybl3 CYHBIKTBIFBI, CIOPTIIbI-0aJMUHTOHIIBLIAP, KaJbLMii HOHIApHI, opTodocdar-
HOH/IAPBI, XKaJIIbI aKybI3, TII0K03a, MUKPOKPUCTAIIAHY.

O.A. T'onoBanoga, E.C. Uukanosa, B.I'. Typmanuaze

XUMHYECKHUA COCTAB POTOBOM KUIKOCTH
KBAJIN(UIMPOBAHHBIX CHOPTCMEHOB-0aIMUHTOHUCTOB

B xone paboThl H3y4eH XMMHYECKUH COCTaB M CTPYKTYPHBIC OCOOCHHOCTH POTOBOH KUAKOCTH KBAIU(UIIHU-
POBAHHBIX CIIOPTCMEHOB-0aJIMHHTOHHCTOB IOCIE JBYX MHTEPBAJIbHBIX TPEHHPOBOK. YCTAHOBJIEHO, YTO BO
BCEX CiTy4asx mocie Gpu3nveckoil Harpy3ku HaOmonaercst nocroseproe (P = 0,95) cHmkeHrne KOHICHTPAIMU
Ca®*, rmokossr CgH,,0, yBemmunBaercs coepxanue oprodocdaTos, Geika, MPOUCXOTUT MOLICTATHBAHAC
CIIFOHBI, @ TAKXKE YXYAIIAIOTCS €€ CTPYKTYpHBIE cBOicTBa. OTMEUEHO, YTO NOCiIe BTOPON TPEHUPOBKH IPOHC-
XOILIT OOJIee 3HAYNTENbHBIC H3MEHCHHUS B XMMHYECKOM COCTaBe, IPU STOM OpraHU3M CIIOPTCMEHA HE BOCCTa-
HABJIMBACTCS IO IIEPBOHAYAIBLHOTO YPOBHS H, CIICJIOBATENBHO, HYK/IACTCSl B COOTBETCTBYIOIINX BOCCTAHOBHU-
TETBbHBIX MEPOIIPHATHSX.

Kniouesvie cnosa: cioHa, poToBast KUAKOCTh, CIIOPTCMEHBI-08 IMUHTOHUCTBI, HOHBI KaJblws, opTodocdar-
HOHBI, 001Hil GeJI0K, TIIF0K03a, MUKPOKPUCTAIUTH3ALIHS.
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Berrik Oesiceni 3aTTapaAbIH 0-Ka3eWHHIH CYJIbI epiTiHaiIepiHiH
KYPbLIBIMIaHYbIHA dCepi

o-KasenHHIH Ccyabl epiTiHAIIepiHiH KypBUIBIMIAHYbIHA OETTIK OelCeH.i 3aTTapAblH acepi aKybl3 KOH-
HeHTpauusceiHa, OerTik Oencenni 3arrapapiH (BB3) Memmepi MeH TaOuFaTbHA TOYENALTINT 3ePTTENrEH.
Annonzael  BB3  o-kazewHHIH Cynbl  epiTIHAUIEPiHIH KOMMADKBIHIAHYBIH TE3IETEeTiHi, ipKingekTepmi
Oepikrenaiperini Genrini Gomnapl. Aunonasl BB3 Meiepi, MoJieKynaublK Maccachl apTKaH CafbIH KOHE
KYPbUIBICHI KYPJIEJIEHI'€H CailbIH KYPBUIBIMAYIIbI dCepi KYLIeHeTiHI aHbIKTaJIbI.

Kinm cesdep.: KypbuibiMaaHy, OeTTik OeJCeH[i 3arTap, O-Ka3ewH, ipKilieKk, OepiKTikK, KOWMaDKbIHIAHY
YaKBITBI, MOJICKYJIAJIBIK Macca.

o-KazenHHiH Cynbl epiTiHAUIEPiHIH KYpPBUIBIMAAHYBIH 9p TYPJdi KOCHIMIIaNapAblH, JKEKe ajfaHsa,
Oertik Oencenni 3artapabiH (BB3) kemerimen perreyre Oonanpl. BbB3 TexHomorusublk ypaictepai
KAapKBIHAATy MaKCaThIHJA JXOHE OHEPKACINTIH OaplbIK cajanapbl MEH aybUIIapyamlbUIbIFbIHIA OHIMHIH
carachlH apTTHIPYyIa KeH KOJAay TaybIt oTeIp [1].

BB3 epitinainepi TinTi a3 KOHIEHTpaLUsa TYTKbIP-CO3BUIMANIBI KacueT TaHbITagsl. Bb3 acep eryiHin
MaHbI3Ibl MEXaHU3M/IEPiHIH Oipl — OJIapAblH MaKpOMOJICKYJIadapbIHbIH ePITIHAI KoJIeMiHe koHe (a3zamap-
IbIH O6JiHy OETIHIE TINTI CabICTHIPMAIIbI JKOFaphl eMec OeTTIK OCICeHIUIIKTEe HMIMHAPI MUIIEUIaTapaaH
TYpaTblH KEHICTIKTIK Topiap Ty3yre KaOimertinmiri. BB3-meiH Typnepi kemren kesaeceni: aHHOHIBIK,
KaTHOH/IBIK, aM(OIHUTTI, HOHOT'SHII eMeC, TaFbl 0ackKa arayyapsl Oenriii [2].

Bi3 a-ka3enHHIH CyJbl epITIHAUICPIHIH KYPbUIBIMIAHYbIHA aKybl3 KOHIICHTpaluschiHa, b3 memiiepi
MeH TaburatbiHa Toyenni bb3 acepin 3eprrenik. a-KasenH xazemHHiH Herisri Kypam Oemiri (75 %) Gonbin
tabbutanpl. KaszeumnniH Oacka, 01 Kypam OeNiKTepiHEH JHM3MH, aclaparuH KbIIKbUIbI, THPO3UHHIH
MOJIIIEPIHIH KeO0ipek, JIeHIUH, NpoJuH, (EHWIAJaHUHHIH a3blpaK OOJYbIMEH, LHUCTCHHHIH MYJIIe
0osMaybIMEH epekieneneai [3].

BB3-HBbIH KypBUIBIMAAYIIBI areHTTEep PETiHAe KOJAAHBUTYBIHBIH aiKbIHIAIFaH (U3NKa-XUMHSIIBIK
MPUHLIAINTEPI TYPFBICBIHAH TYNKUIIKTI o7e0M Tajjay »oHE alJblH ajla jKacalraH TakipuoOenep Oi3adiH
MakcaThIMbI3 YiiH BB3 1meHOepin TapeLITyFa %KoHe TEK Cy/a epirillTiriMeH eKTeayre MyMKiHIiK Oepai [4—
9]. Connpikran 0i3 aHUOH-OEICECH II: HATPUIIIH OJICHHATHI, MATbMUTATHI, cTeaparhl xoHe OIl-7 (noHOTEeHITI
emec, dopmynacsr O(CH,—CH,—0),CH,—CH,—OH) BBb3 ammsik. Monorenni Bb3 enrisrenpe, kaseun
epitiHaiciniy pH-bI e3repeTiHAIKTeH, OapibIK aHBIKTayJIap calikec Oydepiaepae oTKi3.

KoceiMmanapasiH acep €Ty THUIMAUITIH aHBIKTAaWTBIH alfblH alla eJIeyJep peTiHAe 3epTTeyIi
Ky#enepIiH KypbUIbIMAaHy YaKbIThl aHBIKTAIIbI (1-KecTe).

l-xecTe

o-Ka3zenHHiH cyJbl epiTiHaiiepiHin KypbUIbIMIaHY YaKbITBIHBIH OI1-7 KOHIEHTpanuscbIHA TIYeJIiIiri,
Cias=26 %; pH=12,9; T=20 °C

OI1-7 KoHLEHTpauusCchl, % 0 2,6 6,5 13 19,5 26
T, MHH 880 1126 1170 1242 1290 1302

ConbiMeH, OII-7 o-ka3edH CyJbl €PITIHAUICPIHIH KypbUIBIMIAHYBIH Oipiiama OasylaTaibl >XoHE
KYPBUIBIMIAHYABIH MaHBI3IbI MIapThl OON TaOBUIATHIH aybICANbl KOHICHTPAIMSICHIH TOMEHACTIICHI.
Ocputaiiia, o-kazenn OII-7 sxyienepinne Kypam OemikTepAiH apakaTsiHachiH 1:1-men 1:10-ra neilin key
ayKbIMJIa ©3TePTKEHJIE 0-Ka3eMHHIH KOHIEHTpanuschl 1—16 % apanbIFblHIa KYphUIBIMIAHY XKYypMeiai. bipak
KOMMAaJDKBIHJAHY YaKbITBIH aHBIKTay aTajifaH YPIICTIH IIbIH MOHICIHACTI MEXaHHU3MIH OcHHelemeil,
conppiktan BB3-HbIH kyiienepaiH TYTKBIPIBIFBEI MeH OepiKTiriHe acepi 3epTrenai (2-kecTe).
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2-xecTe
o-Kazeunnin cyinl epitinainepinin OII-7-HiH 9p TYp.i MeJimepiHae caabICTBIPMAJIBI
TYTKBIPJIBIFBI 03repiciHiH KbLIIaMABIFbL, C, ;=2 %35 pH=12,9; T=20 °C
OIl-7 CapICTRIPMABI TYTKBIPIBIK, Ncar; T, TOYIIK
KOHIIGHTPALHUSCHI, %o 0 1 2 3 4

0,00 1,50 1,48 1,47 1,46 1,45

0,25 1,53 1,52 1,51 1,50 1,49

0,50 1,57 1,56 1,53 1,52 1,51

1,00 1,64 1,63 1,58 1,57 1,56

5,00 2,19 2,07 1,97 1,95 1,94

o-Kaseunniy cyisl epiTiHainepidid TYTKbIpiabirbl OI1-7-HIH MeJiepi apTKaH caiiblH ©CETiHI KOPIHII
Typ. EpiTiHAinepaiH TYTKBIPABIFE YaKbIT ©TKEH caiiblH Oipiiama a3asThIHbl OalKanaigbl, Ol O-Ka3eHMHHIH
©31HIH MaKpOMOJIEKYJIAIapbIHbIH EPITIHAIAC Ae3arperupieHyiMeH TYCiHAIpiiea.

a-Kaszeunniy ipkinaexrepiniy Oepikririne OIl-7-HiH oacepi OoaMariisl FaHa (3-kecte).

3-kecTeE
o-Kazeun ipkingexrepinin Makcumasnsl 6epikririnin OII-7-Hin Me1mepine Tayesniniri,
Cooxeas= 20 %; pH=12,9; T=20 °C
OI1-7 xoHeHTpanuschl, % (Ka3enHIIKiHEH) 0 25 50 75 100
JKBUDKYBIHBIH ekTi kepHeyi (Pm), kr/ M 1050 1092 1111 1143 1162

Annonapl bb3: HaTtpuiifiH onenHaThl, ManbMUTATHI, cTeaparbl HoHOTeH Al emec BB3-man epexmeniri,
0-Ka3eUHHIH CYyJIbI ePITIHIUIePIHIH KYPBUTBIMIAHYbIH KblIIaMaaTass (4, S-kecte.).
4-xecTe

o-Ka3zenHHiH cyJbl epiTiHaijiepiHiH KOWMAKbIHAAHY YAKBITHIHBIH HATPUHA 0J1€HHATHIHBIH
KOHIeHTpanusicbiHa Toyeaaiiiri, C,,,=26 %, T=20 °C

Hatpuii onenHaTBIHBIH KOHLIEHTPAUICHI, Yo 0 0,3 3,0 15,2 22,8 30,4
KypbuiblMJaHy yakbIThl, T, MUH 880 827 513 421 413 404
5-kecrTe
o-KazeunHin cyJsibl epiTiHainepiHiH KYpPbUILIMIAHY YAKBITBIHBIH HATPUIl NAJTbMHUTATHI
MeH CTeapaTbIHbIH KOHIEeHTpauuschbiHa Tayeaiiri, C,,,=26 %, T=20 °C
BE3 KyppuibiMaany yaksitel, T, MUH Cggs, %
0 0,125 0,250 0,375 0,500
HaTtpuil mansMuTaTh! 880 821 768 648 600
Hatpuii cteapaTsl 880 811 747 613 560

Harpuiinin nmanbMHUTAaTBIMEH CalBICTBIPFAHA HATPUH cTeapaThl KATBHICHIHAA KYPBUIBIMIAHY YaKbITHI
Oipmrama Keickapaabl. Monorenai emec Bb3 OI1-7-nen epekieriri — annoHabl bB3 eHrisrenae ojapasiH
ocepi casIbICTBIpMaNbl a3 MeJIIepiHeH-aK OipaeH Oaiikaiansl skoHe Bb3 KoHLEHTpauuscsl MeH THAPOPOOTHI
Ti30eTiHiH y3apybIMeH Kymiedeni. Ocbuiaiiina, 0-Ka3enHHIH CyNbl epiTiHALIep] KYphUIBIMAAPBIHBIH OCpIKTIr
apTajpl.

CoHbIMEH KaTap O-Ka3eMHHiH ipkingektepi OepikririniH Bb3 koHOeHTpanusicbiHa, Cyabl epiTiH-
JiJIepiHiH calbICTRIPMAaITbl TYTKBIPIBIFBIHBIH aHuoHAbI BB3 Menmepine Toyenainiri seprrengi (6, 7-kecte).

o-KaseuHHiH CyHbITBUIFAH €PITIHALICPIHIH TYTKbIpIbIFbl ockl BB3 KatbichiHAa 1:1 apakaThIHachIHA
neiiH ToMeHaen .
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6-kKecTe

o-KazeunHnin ipkingexrepinin 6epikririnin Bb3 koHuenTpanuscoina Tayeagiiiri, C,,=20 %, T=20 °C

Pm, kr/ M°
Bbb3 xonuenTpanuscel, % > > v
Hatpwuii onenHatsl Hatpwuit maneMuTaThl Hatpwuii creapaTsl
0 1400 1400 1400
0,125 1440 1450 1480
0,250 1480 1500 1550
0,375 1530 1570 1620
0,50 1570 1630 1700
7-xecTe
o-KazeunHin cyJibl epiTiHainepiHiH caJbICTHIPMAIBI TYTKBIPJIBbIFbIHBIH
aHuoHabl BB3 Meamepine Tayenainairi, Cy 2;=2 %3 T=20 °C
BB3 konmerTpatmscer, % _ CaJ‘ILICTLIpN{aJ‘ILI TYTKBIPIIBIK, Tcay _
Hatpwuii onenHatsl Hatpwuit maneMuTaThI Hatpwuii creapaTsl
0 1,50 1,50 1,50
0,125 1,45 1,48 1,46
0,250 1,41 1,45 1,43
0,375 1,38 1,44 1,39
0,50 1,33 1,41 1,35

BB3 ocepi OHBIH MOJEKYyJIachIHBIH T'HAPOGOOTH OOJIIriHIH ©JIIeMIMEH aHBIKTAIaThIHABIKTAH, OJIap
aKybI30eH OainaHbicapl Aemn 00MkKay KHbIH eMec.

Onedu MomiMeTTepre cai, JeTepreHTTep oyapAblH TUAPo(oOTH TiZ0EKTEepl aKybI3ABIH OCHIHIAM
yJiecKiiepi apachiHa €Hyl apKachlH/a, aKybl3 MAaKPOMOJICKYJIalaphlH xKapThliai Tapkatanbl [10]. CoHabIKTaH
BB3 akyb3gapna KOHPOpPMAIMSIBIK e3repicTep ally YIIiH €H BIHFAMIbI peareHTTep peTiHae KapacTbl-
PpBLTAIbL.

ConbiMeH, aHMOHABI BB3 o-ka3ewHHIH CyJabl epIiTIHALICPIHIH KOMMa/DKBIHAAHYBIH TE3AETE/Il,
ipKingexrepai OepikTeHaipeai. beTTik OeiceH i 3aTTapablH MOJIIIEPi, MOJICKYJIAJIbIK Maccachl apTKaH CailbiH
’KOHE KYPBUIBICHI KYPJCJICHI'CH CaliblH, KYPBUIBIMIAYIIIBI 9Cepi KyLIeHe .
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A.C. XXonb6onceiHoBa, A.Y. bektemucona, /I.E. CepranmueBa, A.T.Kaxmyparosa

BiinsiHue MOBEPXHOCTHO-AaKTUBHBIX BEIECTB
HA CTPYKTYPHPOBaHHE BOIHBIX PACTBOPOB (-Ka3eHHA

W3ydeHo BimsHHE NMOBEPXHOCTHO-akTUBHBEIX BemiecTB (ITAB) Ha cTpykTypmpoBaHHE BOJHBIX PacTBOpPOB
0-Ka3erHa B 3aBHCHMOCTH OT KOHIIGHTpalMu Oenka, coxepkanusi W npupoisl ITAB. YcraHoBieno, 4yto
aHnoHHble [TAB yckopsitoT mpolecc 3acTyIHEBaHUS BOJHBIX PAacCTBOPOB (-Ka3eMHA U YNPOUHSIOT CTYIHU.
C BO3pacTaHHeM KOJIMYECTBAa, MOJEKYIIpHOH Macchl IIAB u ycnoxHeHHEM CTpOEHUs! CTPYKTypHpyroLee
JIEHICTBUE YCUITUBAETCA.

Knrouegvie cnosa: CprKTypOOGpa?)OBaHI/Ie, TMOBEPXHOCTHO-aKTUBHBIC BCIIECTBA, (-Ka3€WH, CTYACHb, IIPOY-
HOCTb, BpEMs CTyIIHeO6pa30BaHI/I$I, MOJICKYJIIpHas Macca.

A.S. Zholbolsynova, A.U. Bektemisova, D.E. Sergalieva, A.T. Kazhmuratova

Influence of surface-active substances on the structuring
of aqueous solutions of a-casein

The influence of surfactants on the structuring of aqueous solutions of a-casein depending on the protein
concentration, content and nature of the surfactant. It is established that anionic surfactants accelerate the
gelling of aqueous solutions a-casein and strengthening the jellies. With the increase in the number,
molecular weight surfactants and complexity of the structure of the structuring effect is amplified.

Keywords: structuring, supfactants, a-casein, jelly, solidity, time derivation jelly, molecular weight.
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CpaBHeHue agcopOuum peHoJia HA PA3JIMUYHBIX OPOAX I PeBeCHHbI

B crarbe m3ydena agcopOius ¢eHoNa Ha pa3IMYHBIX MOPOJaxX APEBECHHBI. [T MpoBeneHus SKCIepuMeHTa
HCHOJIb30BAIUCH TaKHe JPEBECHBIC MOPOJbI, KaK JIMCTBEHHHIIA, B3, KiIEH, Oepe3a, COCHA, TONOJb, BETIa U
ocuHa. B pesynbrare NpoBEACHHBIX 3KCICPUMEHTOB ObLIO BBIABICHO, YTO OOJBLIMHCTBO MOPOA JPEBECHH
HOTJIOIIAET BOJY B OOJIBbILIEM KOJIMYECTBE, YeM (DeHOI, H, BCISICTBHUE ITOr0, KOHLEHTpalMs GeHosa B UCXo-
HOM pacTBOpe Bo3pacTaeT. M3 nccnenyembIx mopoJ ApeBECHH JIydlline pe3ynbTaThl o copOimu denomna no-
Ka3aya cocHa. ABTOpaMH IIpe/ICTaBlIeHa CPaBHATEIbHAS XapaKTepUCTHKA aIcOPOIMOHHBIX CIOCOOHOCTEH He-
CJICIOBAaHHBIX ITOPOJ IPEBECHHBI. Pe3ylbTaThl MCCiIeOBAaHNS HAIIPABJICHBl HA OYHCTKY CTOYHBIX BOJ HedTe-
niepepabaThHIBAIOINX 3aBOJIOB U, KaK CJIEJICTBUE, Ha YIIydIIeHHE SKOJOTHIecKoi cutyaruu B [laBmogapckom
peruone. HayuHoli HOBM3HOM HACTOSIIETO NpPOEKTa sSBIAETCs pa3paboTka Merona amcopbuuu (eHoma u3
CTOYHBIX BOJ] HE)TEXMMHUYECKOH MMPOMBIIIIEHHOCTH Ha IPEBECHHE C TIOCJISIYIOLIECH ero MONMUKOHACHCALlHEH.

Knouesvie cnosa: ancopbums, GpeHon, xpomarorpadust, KOHIEHTpALUs, IPEBECHHA, CTOYHBIE BOJBI, MUKDPO-
CTPYKTYpa, COCHa, COPOLIMOHHAsI EMKOCTb, 3aMauHBaHHE.

®DeHOJT OTHOCHUTCS K 3KOJIOTUYECKH OMAcCHBIM COEANHEHUSM, TaK KaK IPUBOJUT K HAPYIICHUIO (QYHKIIUHA
HepBHOH cuctembl. OTpapieHne (HEHOIOM MPOSBISIETCS B PE3KOM KPAaTKOBPEMEHHOM BO30YXKIEHHH C TO-
CIICAYIOIIMM YTHETEeHHUEM, CYA0POTaMH U apauiioM AbIXaTelbHoro uneHTpa [1].

Cryck B BOJIOEMBI U BOJOCTOKH (DEHOJIBHBIX BOJ PE3KO YXYAILIAeT UX 0OIee CaHUTapHOE COCTOSHUE,
OKa3bIBasl BIMAHME HA KUBBIE OPTaHU3MBI HE TOJIBKO CBOEH TOKCHUYHOCTBIO, HO U 3HAYUTENIbHBIM H3MEHEHHU-
€M pexuMa OHMOTCHHBIX JIEMEHTOB W PacTBOPEHHBIX ra3oB (Kuciopoja, yriekucioro rasa). [IJIK ¢enona
JUISL BOIOGMOB CAaHUTAPHO-OBITOBOTO 10JIb30BaHMs cocTariser 0,001 Mr/aM’ 10 OpraHoOIENTHYECKOMY HOKa-
3arento [2].

Kpome toro, ¢eHon siBIseTCsl peaIIecCTBEHHIKOM OoJiee OMacHbIX coeauHenuil. [Ipu xmopupoBaHun
BOJIBI OH CIIOCOOEH OOpa30BHIBATH IajOreHCOACpIKAIINE COSOTUHEHUs, 00najarome BEICOKOH Omoioruye-
CKOW aKTUBHOCTBIO, YTO CIIOCOOCTBYET Pa3BHTHIO 3JI0KaYECTBEHHBIX OITyXOJIeH, T€HEeTHYECKHX OoJie3Hei
[1,3].

AncopOuus (eHosa Ha MOBEPXHOCTH JIMCTBEHHOW M XBOHHOW JIPEBECHHBI HCCIIEJOBaHA B paboTax
H.A. MamieeBoii [4]. B xauecTBe ONBITHBIX 00pa3LoOB UCMOIB30BaUCh OmWikH (ppakuus 0,315-0,63 mm)
TIOPOJ IpeBeCUHbI OCUHBI (Populus tremula) n cocHbl (Pinus silvestrus) npu temmeparype 25 °C. 3HaueHus
YACTBHOW TOBEPXHOCTH M M3OBITOYHOM YIENBbHON ajcopOuuu ¢eHona s oOpa3loB OCHHBI COCTABWIIN
45 m*/r 1 180x10° mons/r 1 cocubl — 85 M*/r 1 360%x10° MOIB/T.

s npeBecHHBI COCHBI M OCHHBI cOpOuus ()eHOJIa OCYIIECTBIISIETCS Ha JOCTYMHBIX y4acTKax MOBEpX-
HOCTH BCIIE/ICTBUE B3aHMOJICHCTBUS T-CUCTEMBI (DEHONA C T-CUCTEMaMH apOMaTUIECKUX CTPYKTYP JIMTHOYT-
JIEBOAHOTO KOMIUIEKCA, & TAKXKE AUNOIb-AUIOIBHBIX B3aMMOIEHCTBUIN ¢ THIPOKCHIBHBIMHU TPYIIIAMU yIJie-
BOJIOB [4].

CrenaH BBIBOII O TOM, YTO Pa3iIUYHe aICOPOITMOHHBIX XapaKTEPUCTHK 00pa3IlloB OCHHBI M COCHBI 00Y-
CJIOBIIEHO OCOOCHHOCTSIMHA MUKPOCTPYKTYPHI JINCTBEHHON ¥ XBOWHOM JIPEBECHHEI [5].

Jns ompeneneHus KOHUIEHTpauuu (eHola B pacTBOPE MOCHE 3aMadyMBaHHUA HEOOXOOUMO MOCTPOUTH
rpaduK KOppeJsIIUU TUIOIAM MHKa OT KOHIeHTparmu (eHona. B cBs3u ¢ 3THUM ObLIO pemieHo MpoBECTH
CEepUIO 3aKO0JIOB CTaHAapTHBIX MPO0O pacTBopa (heHona.

PaboTsl o onpeneneHnio KOHUEHTpaUuU (eHoIa IPOBOAMINCE HA XKHUIKOCTHOM Xpomarorpade «JIio-
Maxpomy, OCHAIIEHHOM criekTpodoTomerpuyeckuM aetekropom CDJ[ 3220 ¢ ycTaHOBICHHOM IIMHON BOJ-
Hbl 248 M. [ToaBwkHas (asza momaBanach mmpuieBbiM HacocoM H 1730 yepes npeakononky KromasilC18
10x2,1 u xomonky KromasilC18 120x2,1 [6]. B kauectBe moasmxHOH (ha3bl Obla BbIOpaHa CMECh BOIBI,
aneToHuTpuiIa U pocopHoi KUCIOTH B 00beMHOM cooTHOImeHuu 79,9:20:0,1 [7]. [ns mocTpoeHust KpUBOH
3aBUCHMOCTH KOHIIEHTpanuu (heHoJia B PacTBOpe OT TUIONIAH KA ObLIH TPOBENICHBI aHAIHM3bI PE3yJIbTATOB
3aKO0JIOB CTaHIAPTHBIX pacTBOpOB (heHONa ¢ KoHeHTpanusamu oT 0,001 mo 5 %. Ilomydennsrii rpaduk npearo-
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CpaBHeHune agcopbuun deHona ...

JIaraeTcsl MCIONb30BaTh IS OIPE/IeNieHHs KOHIEHTpauu (eHoa mocie ajcopOiuu Ha IPEBECHBIX OpyCKax.
B Tabnuie 1 mpuBeneHb pe3yabTaThl XpoMaTorpadueckoro aHainmu3a CTaHAapTHBIX pacTBOPOB (eHoa.

Tabnuma 1

Pe3ysbTaThl XpoMaTorpaguueckoro aHaJIu3a CTAaHJAAPTHBIX PACTBOPOB (heHOJIa

Konnenrpanus
¢denomna, %

Ne 3akoima

IInomanp nuka,
mAU-¢

Cpennee apudmerrue-
CKO€ TUIOIIA/IN TTHKA,
mAU-c

CraHnapTHOE
OTKJIOHEHUE

JloBepuTenbHBIN HHTEpBAI
IpU AOBEPUTEILHON BEpPO-
atHOCTH 95 %

0,1

18763,93

19121,05

19957,11

19280,70

612,40

18587,71;19973,68

0,3

42037,44

43203,65

41528,48

42256,52

858,81

41284,71;43228,34

0,5

55189,71

53387,27

56548,33

55041,77

1585,71

53247,40;56836,14

0,7

67111,98

65807,34

65681,96

66598,00

66299,82

676,46

65636,90;66962,74

81778,98

83678,32

85498,65

83670,50

83661,19

1518,69

82168,32;85144,90

127531,37

123448,17

125954,72

125644,75

2059,17

123314,62;127974,88

154327,09

156835,35

W= W= || WIN =AW= W [—=]|W|N|— W[N] —

156019,14

155727,19

1279,36

154279,49;157174,90

HyTeM aHaJIn3a MOJYYCHHBIX 3KCIICPUMCHTAJIBHBIX JAHHBIX C MOMOINBIO AJITOPUTMOB IMOCTPOCHUS HC-
JIMHEHHBIX MaTEMaTUYSCKUX MO)ICJ'ICI;’I IMOCPEACTBOM CBCACHHA UX K HHHeﬁHOMy BULY ObL1a MoJriy4CHa npu-

Ommkaromast creneHHas GyHkims Buga y = 74500,2435-x

0,5205

, TJIe X — 3Ha4YCHHE IUIOIIAaHd (PEHOIBHOIO

MUKa, a Y — KOHIIEHTpanus ¢eHoya B pacTBope. Kpusas, mocTpoeHHas Ha OCHOBE SMITUPUYECKUX JAHHBIX, U
KpHBast MpuOIMKaronen GyHKIMH MOKa3aHbl Ha PUCYHKE 1.
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A.K. Ceugepckun, L.LL. XamanHa v gp.

[MapamnensHO ¢ cocTaBieHHeM rpaduka 3aBUCUMOCTH TUIOIIAIN MHKa OT KOHIIEHTpaIuK )eHOoIa B pac-
TBOpPE IMPOBOJIWIINCH OMBITHI TI0 AHAIN3Y COPOIMOHHBIX CBOWCTB JPEBECHBIX IMOPOJ METOJOM OpoMaro-
METPUYECKOTO THUTpOoBaHUs. [loiydeHHbIe pe3ynbTaThl MOKA3all CHIDKEHHE pacxojia THOCYJIb(ara HaTpus,
YTO MOTJIO OBITH BBI3BaHO JIMOO IMOBBIIEHHEM COJiepKaHusl ()eHOIa B pacTBOpe, JIMOO SKCTParupoBaHUEM
OpPraHWYECKUX BEIIECTB U3 JPEBECHHBI B PACTBOP, KOTOPHIE BBI3BAJIIM CEPhe3HbIE OTKIOHEHUS B Pe3ybTaTax
skcniepumenTa. CpaBHEHHE MMOKa3aTelleld pacxojia THOCYIb(ara HATPHsI Ha TUTPOBAHHWE CTAHIAPTHBIX pac-
TBOpPOB (heHOJa U pacTBOPOB (heHOa MocIie acopOLUuK Ha IPeBECHHE PUBEACHBI B Ta0IuUIIe 2.

Taonuma 2

CpaBHeHHe noka3arteeil pacxoaa Tuocyab(aTa HATPHA HAa TATPOBAHHE CTAHAAPTHBIX PACTBOPOB ¢eHoIa
U pacTBOpoB ()eHOJIa MocJie a1copOINN Ha IpeBecHHe

- Pacxox THocynbdara HATpHsi HA TUTPOBAHKE, MIT Topora nepesa
1 % pactBop (eHona PactBop mocine 3amaunBaHus
1 11,8 7,8 Knen
2 11,2 8,2 Tomnosb
3 11,6 8,3 Ocuna
4 9 7,7 Betna
5 11,6 7,6 B3
6 12 7,6 Bepesa
7 12,6 6,2 CocHa
8 13,2 5,3 JIncTBeHHMIIA

s BEISICHEHUSI IPUYMHBI OTKJIOHEHHS PE3yIbTaTOB OMBITH OBUIO PEHICHO MPOBOIUTH METOIOM BBHICO-
K03(DPEeKTUBHOM KHIKOCTHOM Xpomarorpadum.

Jlnst aHanu3a aacoOpOLMOHHBIX CBOMCTB PA3IMUHBIX OO APEBECHHBI OpyckH obbemoM 100 cM’ mo-
rpyxanuch Ha cytku B 200 cM’ pacTBopa derona kouuenTpammeii 0,1 %. Jls NpoBeICHHs IKCIEPUMEHTA
UCIIOJIb30BAJINCH TAaKHUE JIPEBECHBIE IIOPOAbI, KaK JUCTBCHHUIIA, BA3, KJI€H, Oepe3a, COCHA, TOIOJb, BETIa U
ocuHa. Kak BUIHO U3 puCyHKA 2, pe3yibTaThl TOKA3alIH, YTO IPEBECHHA JIMCTBEHHBIX MOPOJ B OOJIBIIEM KO-
JI4YeCcTBEe COPOUPYET BOAY, yeM (HEeHOI, B UTOTe KOHIEHTpalus (heHosa B pacTBOpE BO3pocIa.

B AUCTBEHHUUA BA3  MKneH MEAbepesa OcocHa Brtonons  Beetna m ocuHa
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Pucynox 2. /luarpamMmma n3MepeHuni miomaau nuka ¢gexosa nocne norpyxenus opyckos B 0,1 % pactsop deHona

B Tabnuie 3 npuBeaeHsI pe3yabTaThl H3MEPSHUH TUIOIAIN MMKa (eHoNa Tociie MorpyKeHust OPYCKOB
B 0,1 % pacTtBOp peHOMA.

Tabnuma 3

Pe3yabTaThl H3MepeHuii NJI0omMAaau NuKa (peHosa nociae norpys;xxeHus opyckos B 0,1 % pactBop denosa, mAU-c

OmpIT HP:;ESH_ CocHa Bas Kien bepesa Tonons Betna OcuHa
1 33558,55 | 25669,65 | 30646,83 | 38392,31 | 32170,92 | 39615,16 | 37334,73 | 42130,3
2 36433,49 | 24141,74 | 31440,11 | 38502,07 | 33044,41 | 39860,11 | 37771,92 | 41912,99
3 36243,6 | 24554,1 | 31461,12 | 38456,39 | 33400,47 40232 37653,29 | 41834,67
Cp. apudm. 35411,88 | 24788,5 | 31182,69 | 38450,26 | 32871,93 | 39902,42 | 37586,65 | 41959,32
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CpaBHeHune agcopbuunn deHona ...

Pe3ynbTarhl mpoBeIEHHBIX HCCIICIOBAHUN TO3BOIMIIN BBIYUCIUTH COPOIIMOHHYIO €MKOCTh KKIOH Ape-
BECHOH MOpObI IO (heHOTy, KOHCTAHTHI aJICOPOIIIOHHOTO PaBHOBECHUS U CTEIIEHh OYHCTKU MOJICITBHBIX pac-
TBOpOB (eHoua. JlanHple npuBeaeHbl B Tabmie 4. HecMOTpst Ha yKa3aHHbIE B TaOJHIE BEINYHHBI CTEIICHN
OUYHUCTKHU MOJIEIBHBIX PACTBOPOB, JIPEBECHBIEC OPYCKH MOTJIOMIAIOT TAKXKe OOJBIIIOE KOJIMYSCTBO BOJBI U3 pac-
TBOpA, B Pe3yJIbTaTe Yero KOHIEHTpanus (eHoma B pacTBOpe Bo3pacTtaeT. TONBKO B ciiydae ¢ OpyckaMu co-
CHBI HaOJII0JIATIOCh YMEHBIIICHNE KOHIEHTPAluK (peHoa B pacTBOpe IMocie MPOBEICHHs mpolecca ancopo-
1017078

Taonuma 4
XapakTepHcTHKA aACOPOLMOHHBIX CIIOCOOHOCTEl Pa3JIMYHBIX JPEBECHBIX MOPOJ

ITokazarenu JluctBennuna | CocHa B3 Kren bepeza | Tomomb Betna OcuHa
Macca 6pycka, r 62,26 45,43 68,96 68,47 61,14 47,24 36,92 44,28
Copbumonaz 0,63 1,14 0,80 0,59 0,73 0,45 0,31 0,29

€MKOCTb, MI/T

Koncranta copbmon- 0,48 1,24 0,69 0,41 0,60 0,30 0,22 0,18
HOT'O PaBHOBCCHSL

Crenenp ounctku, % 29,53 38,99 35,77 30,17 33,55 21,40 11,49 12,71

U3 uccnenyeMbIx mopoJl APEeBECHH JyYIIUE pe3yabTaThl Mo copOnuu ¢eHona nokaszaia cocHa. B mans-
HeWIIeM 3KCIePUMEHTHI 10 aIcCOpPOIMH (eHOIa U3 CTOYHBIX BOJ OyIyT HPOBOIUTHCS B OCHOBHOM C MCIIOJIb-
30BaHMEM ATOH IpeBecHOW mopozbl. s yiydmeHus: aacopOUHOHHBIX CBOMCTB IUIAHUPYIOTCSI UCCIIE0Ba-
HUS TIPU HU3KHX TEMIIEpaTypax, BO3AEHCTBUM MAarHUTHOTO M 3JEKTPOMArHUTHOTO TOJIS, YIAbTPa3BYKOBBIX
BoJH. [TomyueHHast B pe3ynabTaTe METOAMKA ONpeaeneHus (eHoma OyaeT COBepIICHCTBOBATHCS B 3aBUCHMO-
CTH OT cOCTaBa HCCIEIyeMbIX pacTBOpOB. B nampHeiimem mpeanosnaraeTcs MpPOBECTH XpoMaToMacc-
CHEKTPOCKOMUYECKUN aHaJIN3 APEBECHUHBI C LENBI0 NCCISIOBAHUS CIEKTPa BEIIECTB, yYaCTBYIOIIUX B XEMO-
copOruu deHoa.

CreytommM 3TaroM Hay4HOW padoThI SABISIETCS MOAM(HKAIMS JPEBECHHBI IMyTEM HOJIMKOHICHCAIINN
azncopoupoBanHoro ¢enona ¢ popmanpaerugoM. Obpasyromrecs B pe3ynbTare peHoapopManbIeruaHas cMo-
Jia YIPOYHUT CTPYKTYPY JiepeBa U MO3BOJIHUT HCIONb30BATh €€ B KaUeCTBE KOHCTPYKIMOHHOTO MaTepHuara.
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A K. Ceunepckuit, IILIII. Xam3una, A.B. CugopeHko,
O.C. Tana6aes, /I.K. Mayceim6baeBa, b.K. Jlrocenanina

@DeHOJIBIH TYPJIi aFalll CypeKTepiHae acCOPOUUsAIAHYbIH CAJIBICTBIPY

Maxkanazna (heHOIBIH TYPI aFall CypeKTepiH/e agcopOIsIaHybl 3epTTeNreH. AICOpOIUSIBIK KacCHETTepiH
aHBIKTAy YIIH TYpJi aFall CYpBIITaphIHbIH KemeMi 100 cM’ GonaThiH TaKTailiamapel Oip TOyIiKKe
konuentpauusckl 0,1 % Gomatein 200 cM’ (eHoN epiTiHmiciHe 3eprTenii. IKCIEPUMEHTTI OTKi3y YIIiH
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Gankaparaii, meripiris, yieHki, akkaiblH, Kaparad, Tepek, 603 Tajl JKoHe BIPFail CHUSIKTBI aFall CYPBINTaphl
KOJIIaHBUIABL. OTKI3UIreH 3epTTey HOTIKECIHIE arall CYpPeKTepiHiH Kelnl Typi, (eHOoNFa KaparaHaa, CyIbl
ko0ipeKk CiHipeai e, OCBIHBIH CcajlapblHaH 0acTamKbl epiTiHIige (EHONIBIH KOHIEHTPAIMICH OCeTiHi
AHBIKTANABI. 3ePTTEIreH CYPEK CYPBINTAPBIHBIH IIIHAC €H KaKChl aJCOPOLMSIBIK KacHeTKe Kaparail ue
Oonel. ABTOpIIAp aralll CYpeKTepiHiH aacopOIMsUIBIK KaCHSTTePiHiH CalbICTEIPMAITbl CHITaTTaMachlH OepreH.
KoJmKeTKi3IreH HOTWXKeNepi MyHail eHAeY 3aybITTapbIHBIH aFbIMIbl CYbIH Ta3apTyFa, COHBIMEH KaTap
TaBnonap aiMarbIHBIH OSKOJOTHSUIBIK JKaFlaiblH jKaKcapTyFa OaFbITTaigbl. HaKTel jKOOQHBIH FBUIBIMH
JKaHAJIBIFbI — MYHai ©HJIey OHepKaCiOiHIH aFbIMIbI CyIapblH ()CHOJIAH aFalll CyperiHe aacopOuusiay jxoHe
OHBI OJIMKOH/ICHCALIMSIIAY apKbUIBI Ta3apTy.

Kinm co30ep: ancopbuust, ¢enon, xpomarorpadusi, KOHLEHTpaLUs, aFalll Cyperi, aFblH Cyjap, MHKPO-
KYPBUIBIM, Kaparaif, COpOLHUSIBIK CHIMABUIBIK, BUIFAIAAY.

A K. Svidersky, Sh.Sh. Khamzina, A.V. Sidorenko,
0O.S. Tanabayev, D.K. Mausymbaeva, B.K. Dyusenalin

Comparison of phenol adsorption on different wood species

The article studied the adsorption of phenol on the different types of wood. For the analysis of the adsorption
properties of different wood bar types with volume of 100 cm® were immersed for a day in the 200 cm® solu-
tion withphenol concentration of 0.1 %. For the experiment were used tree species such as larch, elm, maple,
birch, pine, poplar, willow and aspen. The experiments revealed that the majority of wood species to absorb
water in greater quantities than phenol, and phenol concentration in the initial solution is increased. The best
result of phenol sorption showed pine. The article presents a comparative description of the adsorption capac-
ity of the studied species of wood. Results of research focused on the treatment of refineries wastewater, and
consequently to improve the environmental situation in the Pavlodar region. Scientific novelty of this project
is to develop a method of adsorption of phenol from petrochemical industry wastewater on wood with its sub-
sequent polycondensation.

Keywords: adsorption, phenol, chromatography, concentration, wood, waste water, microstructure, pine, sorp-
tion capacity, soaking.
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Pa3paboTka meToaa onpenesieHusi HU3KUX KOHIEeHTpauuu (penosa
B CTOYHBIX BOJAX KUAKOCTHOH XpomMaTorpaguei

DKCIepuMEHTalIbHO pa3paboTaHa METOJMKa omnpezneneHus (eHona Ha xpomartorpade «JIromaxpom». B ka-
YeCcTBe JCTEKTOPa UCIOJb30BaH crnekTpodoromerpuueckuii nerexkrop COJI 3220. B pesynbrare pa3paboTku
MeTo/1a ObLIM OIPEAENICHBI ONTHMAJBHbIE YCIOBHS IIPOBEICHHS XpOMAaTOrpa)ueckoro aHanu3a: JUIMHA BOJI-
HbI CIEKTPODOTOMETPHUECKOTO JETEKTOPa — 248 HM, CKOPOCTH HOJA4M HOABIKHOM (asbl — 100 MM’ /MuH,
COCTaB MOABIKHOI (ha3bl — BOJa, alleTOHUTPWI U (ocopHas Kuciota B cootHomennn 79,9:20:0,1. Cpen-
Hee BpeMs npoBeeHus aHanu3a — 30 muH. JlaHHas METOAUKA IMOAXOJUT Ul ONpEJeIeHUs KOHIICHTPaluu
denona Binots 10 0,01 mr/cm® mpu Temmeparype 20 °C B IPHCYTCTBUH SKCTPArMPOBAHHBIX H3 JIPEBECHHEI
BEIECTB. AHAIM3 TIOMYYEHHBIX NAHHBIX TPOBEJIEH C MOMOIIBIO MporpaMMHOro obecrneueHus: «MynbTH-
Xpomy». Tonyuyennass Meroanka ObUla MCIIOJIB30BaHA Ul ONpENEICHUS KOHLEHTpauu (eHosa mocne aj-
copOLMU Ha OpYCKaX JIMCTBEHHBIX U XBOWHBIX APEBECHBIX TIOPOJI, TAKUX KaK JUCTBEHHHLIA, B3, KJIEH, Oepesa,
COCHA, TOMOJb, BETIa U OCHHA.

Knrouegwvie crosa: (beHon, IoaABHIKHasA (1)8.33, CTOYHBIC BOJBI, XpOMaTOFpa(i)H‘IeCKI/Iﬁ MCTO/[ aHaJIn3a, alcTo-
HUTPpUJI, JpEBECHUHA, CHeKTpO(i)OTOMeTpI/I‘{eCKHﬁ JACTCKTOp, AJIMHA BOJIHBI, pa3ACjICHUEC MNUKOB, SKCTPArupo-
BAaHHBIC BCUICCTBA.

OuncTKa CTOYHBIX BOJ| HedTenepepadaThBAIONINX MPEANPHUITANR OT (heHONa SBISETCS aKTyalbHOM
npobnemoii IlaBrogapckoro permoHa B CBA3M C HaXOXKACHUEM Ha Tepputopuu oOmactu [laBromapckoro
HEPTEXUMUYECKOro 3aBoja. JlJs mociaeayonmx UCClieI0BaHUN B 00IaCTH OYMCTKU CTOYHBIX BOJ TpeOOoBa-
JIOCH ITPOBECTH TOYHBIC aHAIN3bI P00 (eHoJIa.

HUccnenoBanus 1o onpeneneHnio KOHIEHTPalud (eHoa IPOBOAWINCEH Ha KUIKOCTHOM XpoMaTorpade
«Jlromaxpom». [lomBwknas ¢asza mnomaBanmach mmpuueBbM HacocoM H 1730 depe3 mnpenkonoHKY
KromasilC18 10x2,1 u xomonky KromasilC18 120%2,1. B kauecTBe aeTekTopa ObLT UCIOIB30BaH CIEKTPO-
dhoromerprueckuit getexrop CDJ] 3220. st 06paboTKu pe3yabTaTOB aHAIN30B MPUMEHSIIOCH IPOTPaMM-
Hoe obecrieuenue «MynbTuXpom» [1].

Ha xpomatorpade «JIromaxpom» OblIa 3KCIIEPUMEHTAILHO pa3paboTaHa METOAMKA ompeneicHus de-
Hona. [IpoBesenue psjia SKCIEPUMEHTOB MI0Ka3ajo0, YTO HanboJiee ONTUMAIBLHOMN JIJTMHOW BOJIHBI CIIEKTPO-
thotomeTpuyeckoro aerekropa CDJ[ 3220 snsercs 248 HM.

B xauectBe moxBmkHoOM (assl ([1D) Obuta BeiOpana cMech Bojwl (B), aneTonuTtpuna (A) u pocdopHoii
kuciotel (PK) B 00beMHOM cooTHOmeHun 29,9:70:0,1 [2]. XpomaTorpaduueckuii aHaau3 pacTBopa GpeHoa
npu coctaBe noABmKHOHN (asel B:A:PK = 29,9:70:0,1 nmoka3zan Ha pucyHke 1.

Onpenenenue coaepkanusi (eHONa B paCTBOPE OCIOKHSIIOCH IPUCYTCTBUEM MPUMECH, KOTOpasi mpel-
CTaBIIsieT COOON pacTBOPEHHEIEC B BOJIE HU3KOMOJICKYJISIPHBIE (DParMEeHTHI JIPEBECUHBI, TPOAYKTH YACTUIHOTO
THIPOJN3a U SKCTPAKTUBHBIE BemlecTBa. [Ipu onpenenennn KoHIEeHTpauu (GeHoIa OJIWH U3 THUKOB JaHHBIX
BEIIECTB HAKJIAAbIBAIICS HA (PCHOJBHBIN MUK. J[Is1 ymydIieHus paselieHusl MUKOB CKOPOCTh TOJadu IOJ-
BIOKHO# (ba3bl Gbla MoCIeq0BaTEIbHO CHIDKEeHA cO 100 My’ /MuH 10 20 MM’ /MuH. [IpOBOIMIOCH TPH aHAIH-
3a Ha JJAHHOM Xxpomarorpade ¢ KaxJbIM U3MEHEHHEM CKOPOCTH TOAauM MoJBHKHOW (a3el. Ha pucynke 2
MPUBEICH XpoMarorpauuecKkuii aHalW3 pacTBopa (EHONAa TMpPH  COCTaBe IOABIIKHOM  (pa3wl
B:A:®K =29,9:70:0,1.

ITo xpomarorpamme BUAHO, 4TO Ha HUK (heHosa (puc. 1, muk 11 u puc. 2, nuk 13) HakIaaAbIBACTCS MUK
AKCTPArupoBaHHOTO BelecTBa. Tak Kak MOHMKEHUE CKOPOCTH IMOJIA4M IOJBMKHOW (a3bl HE CIIOCOOCTBO-
BaJIO Pa3JeNICHUIO MUKOB, AJISl PeIleHHUs] JAaHHOW MpoOjIeMbl HE0OXO0IUMO OBUIO U3MEHHUTH COCTAB IMOJBHK-
Hoit (asel. [Ipu mpumeHneHnuu moaBmwkHOU ¢asbl B:A:DK = 69,9:30:0,1 nabaroganaces 3ametHas auddepeH-
[MaNys MHKOB, HO TIOJTHOTO pa3IelIcHUs TUKOB HE TIPOU30MLIO (puc. 3).
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Pucynox 1. Xpomarorpaduueckuii anaians pactBopa (eHosa mocie 3aMadyiBaHus B HeM OpycKa JIMCTBEHHHIIBI
npu ckopoctu noxaun 100 mv’/mun (1D B:A: @K = 29,9:70:0,1)
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Pucynox 2. Xpomatorpaduueckuii anaian3 pacTBopa (eHosa mocie 3aMadyiBaHus B HeM OpycKa JIMCTBEHHHIIBI
npu ckopoctu nogaun 50 mm’/mun (I B:A: DK = 29,9:70:0,1)

mAU 15
]
800-
600-
400- 24
[
200- »
: 101112 43 16 17
[ ; | |
—— \|I|| \‘\ I

|
T T T T I T T T T T —
0 2 4 6 8 10 12 14 16 18 20 22 2LI 26 2|8 30 32 34 36 MHH

Pucynok 3. XpomaTorpaduueckuii aHanu3 pactBopa (peHoa mocie 3aMadyuBaHus B HEM OpyCKa JTHCTBCHHHUIIBI
TIPY IPUMCHEHUY MTOIBHKHON (a3sl coctaBa B:A: @K = 69,9:30:0,1 u ckopoctu nogauu 100 MM’/MHH

74 BecTHuk KaparaHgmHckoro yHusepcurteTa



PaspaboTka MmeToaa onpeaeneHus ...

Ha pucynke 4 mokasaH XxpoMaTtorpapHuecKHii aHaau3 pacTBopa (eHoga MpU CKOPOCTH MOAaYH
3
50 MM’/MUH.
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PucyHnok 4. XpomaTorpadpuueckuii aHanu3 pactBopa (peHoa mocie 3aMayiBaHus B HeM OpyCKa JTHCTBCHHHUIIBI
IIpU IPUMEHEHUH MOABIKHOI dassl coctaBa B:A: DK = 69,9:30:0,1 u ckopoct moxaun 50 MM*/MuH

OnrtuManbHOE pasfielieHHe IMUKOB IPOM30ILI0 NPH TNPHMEHEHHH TOABIKHOM (as3bl cocTaBa
B:A:®K =79,9:20:0,1. JanHblil cocTaB MOABMXHOHN (Da3bl MO3BOIMI BEPHYThCA K IEPBOHAYAIBHON CKOpO-
ctu mofaun 100 mv’/mun. Takas METOIMKa MPOBEPAIACh Ul AHATHM3a PACTBOPOB (hEHOMIA TOCIe Ipolecca
afcopOnum Ha npeBecruHe. beul mpoBeneH xpoMarorpadUdecKuil aHAIN3 IEBITH MOJOO0HBIX pacTBOPOB (he-
HOJIa IO TpH NpoOHI (puc. 5). Bo Bcex ciyuasx HabIromanocs moyHoe oTaeneHne GeHOIBHOro MUKa Ha XPo-
MaTorpamMe.
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Pucynok 5. Xpomatorpadudaecknii aHamm3 pacTBopa GpeHoa mociie 3aMadyuBaHus B HeM OpycKa JTUCTBESHHUITBI
TP IPMMEHEHHH MOABIKHOI (a3bl cocTaa B:A:®K = 79,9:20:0,1 u ckopocTu noaaun 100 Mm’/Mun

B pesynbrare pa3paboTku MeTona ObLTH OMpEeSicHbl ONTHUMAILHBIC YCIOBUS MPOBEICHUS XpOMAaTo-
rpadUuecKoro aHaM3a: JUIMHA BOJHBI CIIEKTPOGOTOMETPUIECKOTO IeTeKTopa — 248 HM, CKOPOCTh OJIa9n
TOZBIDKHOM (hasbl — 100 MM'/MHH, COCTaB MOABIKHOMN (hasbl — BOAA, AlETOHUTPUI U GocOpHAS KHCIOTA
B cooTHouienuu 79,9:20:0,1. Cpennee Bpems mpoBeneHus ananuza — 30 muH. J[aHHass METOIMKA MOIXOIUT
JUIS OTIpeesIeHNs KOHIEeHTpauun (exona Bmioth 10 0,01 Mr/cM® mpu temmeparype 20 °C B HPHCYTCTBHH
SKCTParupoBaHHBIX W3 JIPEBECHHBI BelecTB. Hacrosimas MeToinka HCIONMb3yeTcs JIIs ONpeielieHHs] KOH-
LEHTpaIuH QeHoIIa TOCTe acCOPOIUU Ha IPEBECHBIX OpyCKax.
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A.K. Ceunepckuii, LI, Xam3una, A.B. Cugopenko,
0O.C. Tanabaes, /I.K. MayceimbaeBa, b.K. [lrocenanux

AFpIMABI cyJdapAarbl (PeHOIAbIH TOMEH KOHIEHTPAIUAIAPbIH CYHBIKTBIKTBIK
xpomaTorpadgusMeH aHbIKTAY AICiH KAJBbINTACTBIPY

OKCIepuMeHTAIABIK Typae (eHonasl «JIromMaxpom» xpomarorpadblHia aHBIKTAY 9fici KaJIBIITACTHIPBIIIBL.
Herexrop peringe COJ] 3220 crekTpodOTOMETpIiK AETEKTOp KOJIAHBUIABL OMICTI KAIBIITACTHIPY
HOTIDKECIH/IE XPOMATOTPAaQUSIIbIK TAIAAyAbl OTKI3YMiH OHTAMIBI IMIAPTTaphl aHBIKTAIABL CHEKTPO(OTO-

METPJIK JETEKTOPABIH TOJKBIH Y3BIHIBIFBI — 248 HM, Ko3ranMansl (asaHbl Oepy KbULIAMABIFBI —
100 MM*/MIH, KO3FanMansl (a3aHbIH KypaMbl — caiikecinme 79,9:20:0,1 KaTHIHACBIHAAFEI CY, ALETOHUTPHI
xoHe (ochop Kpimkputbl. Tanmmay eTKi3ymiH oprama yakbiTel — 30 MHH. ATanMblll omic (eHONABIH

KoHIeHTpamuscsl g0 0,01 mr/cm® Gorramra meifin Temmeparypa 20 °C skarmaifblHga aFamn CyperiHeH
IKCTpaKIMsUIaHFAH 3aTTapIbl aHBIKTayFa JKapaiiapl. AJBIHFaH HoTbKedepai Tainmay «MynbTuXpomy»
OarmapiaMalbiK KaOIBIFBEIHBIH KOMETIMEH OTKIi3imi. OmicreMe Oanmkaparail, METipIIiH, YHEHKI, aKKaiblH,
Kaparaii, Tepek, 603 Tal )KOHEe BIPFail CHSIKTBI JKAIBIPAKTHI JKOHE KBLUIKAH JKAMbIPAKTHI aFalll CYPhINTAPbIHAH
JKacallFaH TaKTalllanapra arbIMIbl CydaH ajacopOuusuiaHfaH (EeHONBIH KOHIIEHTPAIMSCHIH AHBIKTAyFa
HalIaHbUIIEL.

Kinm coe30ep: ¢enon, xosranMansl (asza, arbIMABI CyJgap, TaJIayAbIH XpoMaTorpadusuibIK omici,
AIICTOHUTPWJI, aFaml Cyperi, cnekTp()OTOMETPIIiK AETEKTOp, TOJKBIH Y3BIHABIFBI, IIBIHIAPABIH OeiHyi,
3aTTap/IbIH IKCTPAKIHSUIAHYBL.

A K. Svidersky, Sh.Sh. Khamzina, A.V. Sidorenko,
O.S. Tanabayev, D.K. Mausymbaeva, B.K. Dyusenalin

Development of method for determining low concentrations
of phenol in wastewater by liquid chromatography

Experimentally developed the method of determining phenol on «Lumachrom» chromatograph. As a detector
was used spectrophotometric detector SFD 3220. As a result of method development were determined the op-
timal conditions for the chromatographic analysis: spectrophotometric detector wavelength — 248 nm, mo-
bile phase flow rate — 100 mm®/min, mobile phase — water, acetonitrile and phosphoric acid in a ratio of
79.9: 20: 0.1. The average time of analysis — 30 min. This method is suitable for determining the phenol
concentration up to 0.01 mg/cm? at 20 °C in the presence of substances extracted from the wood. Data analy-
sis was performed using the software «MultiChrom». The resulting technique is used for determining the
phenol concentration after adsorption onto the bars of deciduous and coniferous tree species such as larch,
elm, maple, birch, pine, poplar, willow and aspen.

Keywords: phenol, mobile phase, waste water, chromatographic analysis method, acetonitrile, wood, spectro-
photometric detector, wavelength, separation of the peaks, extracted substance.
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ITaHOJI OPTACHIHAAFbI AHTPANEHHIH KATAJUTUKAJBIK I'HIPOreHU3ausiChl

KaranuzaTop KaTbIChIHIA 3TaHON OPTAChIHZAA AHTPALCHHIH THAPOICHU3ALMACHIH HKYPTi3y HOTIXKeNIepi
kentipinai. Karanmusarop HerisiHae HHUKeENb XOHE TEMip KeMipii MUKpocdepatapblHa KOHABIPBUIFAH TEMip
JKOHE MbBIC HAHOOJILIEM/i YHTAaKTapbl KoyiaHbUIAbl. CanbICTHIpMalbl KaTajau3aTop HETi3iHIe IKOFaphl
qucrepcti temip ToThiFbl — retuT P-FeOOH anbmael. ToxipuOenep jxoFapbl KbICBIMABI PEaKTOpAa
xyprizinmi. IIIuki3aTTelH KOHBEpCHsl ASpEeXeci KaJAbIKThl aHTpaueH OoibiHIIA Oaramanjabl. Temipaix
HAaHOYHTAarbIHBIH 1,5 Geuierid eHrisy GapbIChIHAa a3 MeJIep/ie KaTaTUTHKAIBIK acep OaiKanabl.

Kinm ce30ep: anTpaueH, KeMipii Mukpocdepagap, THIPOTCHH3AIMsNAY, KaTAIUTHKAIBIK dcep, TeMip
HAHOYHTAFbI, CAJIBICTHIPMAIIbI KaTaIH3aToP.

Kipicne

OneMIiKk MyHall eHJIEY >KOHE KOMipXUMHs eHAipiciHzmeri 0acTbl TEHACHUMUSCHI OJI JKOFaphl Camalbl
MaKCaTThl OHIMIEPIIH OHIIPICI YIIIH KOMIPCYTEeKTI MIMKI3aTThl (KOMip, IIbIMTE3EK, IIaibIpiap, aybIp
MYHaiIap, ayslp MYHall KaaAbIKTaphl JKoHE T.0.) MakCHMaNbl MaifaiaHy YIIiH aHa TEXHOJOTHSIIApIbI
CHri3y OOJBIN TaObUIABI. 3aMaHayH 3ePTTEYJICP TOMEH MOJICKYJIANbI CATMAKThI apOMATTHI KOCBUTBICTApIbIH
MaKCHMAaJIJIbl IIBIFBIMBIH allyFa MYMKIHIIK O€peTiH, KACHSTTEPiHIH THIMII YHJICCIMALIITIMEH CHITaTTaJIaThIH
KO YHKITUSITB KaTaaTu3aTopiiapabl i31eyre OarbITTaFaH.

CyTeri MOHOpPBI KATBICHIHIAA aybIp KOMIPCYTEK MIMKI3aThIHBIH THIPOTCHH3ANUANIAY MEXaHU3MIH,
KaTaJIn3aTop TaHJaMaJbUIBIFEI MEH OCJICCHIUTITIH 3ePTTeY MAaKCaThIHAAa MOCbII KOCBUIBIC — aHTpareH
aJIBIH/IbI, OJ1 KOMIP/iH OpraHMKaJIbIK MacCAChIH a3fall CHIaTrTayra MyMKiHIIK Oepeni. OcbiraH OaiIaHbICThI
KOMIp/Ii CYWBUITY YPAICI MEH ajblHFaH CYHBIK OHIMACP/l THAPOTA3aNIayAblH FHUIBIMU HET131 — MOJUIUKII
apoOMaTThl KOCBUIBICTAP/BIH THUAPOTCHU3AIMSICHIH 3EPTTEY JKOHE OCBHI JKYMBICTA 3TaHON OPTAChIHIA
aHTpaIeHHIH THIPOTeHU3AIUAICHIHA KaTAIN3aTOP IbIH TaHIaMaIbIIBUIBIFBIHA 3EPTTEY KYPTi3iii.

Taoicipubenix 6enim

AHTpalleHHIH TUAPOTSHU3AIMS YPICIHE KeNeciell KaTanuTUKaIbIK xyhenep 3eprrenai: Cu xone Fe
HaHOYHTaKkThl ejmeMaepi; Ni, Fe cdepanbik karanuzaropiapbl >koHe caibicThipMa yimiH [-FeOOH
Kataau3aTopbl. [1] omeOuMeTTe KOPCETUINCH HAHOOIIIEMJl KaTaau3aTopiiap Kejieci omicreMe OOMbBIHIIA
QIBIH/IBI JKOHE IWKi3aTka 1-2 % Memmepze eHri3iami. belnceH/i KOMIOHEHT KYJIiH TapalfaH OefiriHeH
IBIHFaH KeMipili MHKpocdepanapra eHrizingi. Mukpocdepanap 10 %-apl Ty3 epiTiHAiciMeH eHIeNimN,
kenripinim, 600 °C (60 MuH) TeMepaTypaaa KyHaipiiai. DTaHOJ OpPTAaChIHIAFbl aHTPAllCHHIH FHIPOreHHU3a-
LUSCHl KaTajM3aTOPChI3 KOHE CYTEKCi3 opTajga »Xyprisinmi. CanpicThipMa VIIIH KaTajlu3aTtop peTiHae
TEeMIpAiH >KOFaphl aucnepcTi ruapoToTeirbl — retuT (B-FeOOH) aneinapl. HIuki3aTTbiH KOHBEpCHUs
JIopereci KaJIIBIKThI aHTpalieH OOMbIHIIA OaFranaH bl EPITKIII peTiHae 3TaHOJI aJIbIHIbI.
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Mopnenbai YATiIHIH THAPOTEHU3AIMACH OoiibiHmA ToxipuOe 0,05 11 Kememai KOFaphl KbICHIMIIBI
peakTopaa Kypriziiai. AJFallKbl KOMIIOHEHTTEpl (aHTpaleH — 2 T JKOHE 3TaHOJd — 5 T) ajablH aja
apajacThIPbUIbIN, COJaH KEHiH Oaphlll peakTopra €Hri3iimi. ABTOKIAB >KaObUIBIN, CYTEriMEH YPJICHIIL,
2,0 MIla apTeIK KbIchIMFa AeliH cyTeriMeH ypienai. Kocna kakerTi Temmeparypara ACHiH KbI3IbIPBUIABI
(320 °C). Kp3apipeiny sxbimaMabirbl — 10 °C/MuH. M30TepMHSIIBIK KBI3ABIPHUTY Y3aKThiFbl — 240 MUH,
COJlaH KEHiH aBTOKJIAB 06JMe TeMmIepaTypachbiHa JCHIH CYBITHUIBIN, THAPOTrCHU3ALMSIHBIH CYHBIK OHIMAEpPI
3epPTTEI/II.

a— Cu; 2 — Fe; 6 — B-FeOOH

1-cyper. KaranuzaTop G6eTiHiH MHKpOCYpeTTepi

AHTpalleHHIH THIPJICHYIHIH 6HIMAEp KypaMbl Xpomaro-Macc-crekrpomerpus (XMC) omicimeH
«Amxunent» ¢upmaceiabiH HP  5890/3972 MSD kougsipreiceiHna DB-5MS, 30 mx0,25 MM*0,5 MkM
KamuuIApIibl OaraHbIHa 3epTrenin skone «Kpucrammoke 4000M» xpomatorpadsiaga [THM]] nerekropbIMeH,
7ZB-5 30 mx0,32 mmx0,5 MmkM  kamuuisapibl - Oaradbiaa ['CX  omicimen 60300 °C  apajblfblHAaFbI
Temneparypa Oarmapiamamer 15 °C/MuH KpuUIZaMIbIKIeH >kyprisinmi. Karammzatopmap Mira 3LM
KOHJIBIPFBICHIH/IAFBI AJICKTPOHBI MHUKPOCKOIIIEH 3EPTTeNi. l-cypeTTe KaTaim3aTop OeTiHiH MHKpPOQOTO-
JIapbl KOPCETIIIEH.

Homuoicenepoi manoay

AHTpaleHHIH THAPOTeHU3aLUsIChl THIpIEY (TMAPOaHTpaleHaep) KoHE THAPOreHoNn3 (HadTaauHaep)
OHIMJIEPIH TY3y apKbUIbl CAThUIBI JKYPETIHAIr Oenriai [2]. AnpIMEH aHTpaLEHHIH [Od-, TeTpa- >KOHE
OKTaruapoaHTpaleHaepre ACiiH rumpienyi xypemai. ['mapoaHTpalieHHIH HHKIONEKCaHIbl CaKUHaIaphl Oec
MYILeN caKkuHanapaa AeHiH U30MepleHin, api Kapail HapTanuHaepre Aelin kpekunrreneai. Hapramunaep
03 TapanTapblHaH THIPJICHIN, W30MEpJICHEIl 1e, opl Kapal caKuHajJapIblH Oipeyl aakuinOeH3oyra ACHiH
KpekuHrreneni. ToxipuOe OapbIChIHIA allbIHFAH T'MAPOICHU3AT HETi3iHEH THAPJCY XKOHE THUIAPOICHOJIN3
OHIMJICPIHEH TYpaThIH aJKHJIapOMaTThl KOCBUIBICTapaaH Typasl (1-kecte).

l-xecTe

Typai kaTaau3aTopJap KaTbICbIHIAFbI AHTPALICHHIH I'MIPOreHU3aNHusACBIHBIH 6HIMIeP Kypambl, %

KommoHeHT Kar-cei3' | Hy-ci3 Cu— | Nigy — | Fee —|FeOOH —| Fe— | Fe— | Fe—
1,0% | 1,0% | 1,0% 1,0 % 1,0% | 1,5% | 2,0 %
1 2 3 4 5 6 7 8 9 10

Hadramuu 1,08 0,77 0,83 0,58 1,15 1,07 0,99 1,52 | 1,03
Terparuaponadramua — — 0,33 — 0,09 — — 0,04
1-MetunHadranna 4,10 1,34 1,51 1,93 4,30 4,09 4,15 | 5,63 | 3,74
1-DtunHadTanuy 4,58 1,04 1,80 2,10 4,33 4,68 4,71 6,82 | 4,38
2,3-JlumetriHadTaATHH 0,44 0,17 0,08 0,26 0,49 0,45 0,49 | 0,36 | 0,44
2-DrunHadTanuy 0,42 — 0,19 0,19 0,42 0,48 0,41 0,40 | 0,40
1-Metnn-2-heHnn-MeTHIOeH30T 5,07 1,33 2,08 2,85 4,55 4,87 4,94 9,61 5,30
2-byrunHadranun 1,39 0,24 1,70 0,99 1,13 1,83 1,31 2,69 | 1,59
2-Metnn-1,1-nmudernn 5,39 1,47 3,05 2,61 5,26 4,80 543 | 5,54 | 5,01
2-DrunaudeHna 14,10 2,07 6,96 8,71 12,6 13,67 11,85 | 13,14 | 14,34
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I-KCCTeHiH XKalrachl

1 2 3 4 5 6 7 8 9 10
Jurunpoanrpaiex 14,16 10,20 | 8,29 13,22 13,9 14,45 11,69 | 19,07 | 15,76
OKraruapoaHTpaleH 0,12 — 0,13 0,11 0,62 0,02 0,10 — 0,03
TerparuapoanTpalex 15,11 2,76 12,8 13,1 12,82 17,16 14,40 | 24,71 | 17,34
deHaHTpeH 1,22 0,34 0,68 0,64 1,21 0,22 1,06 | 0,29 1,29
AHTpaneH 22,67 | 71,78 | 49,65 | 39,91 | 25,6 18,42 24,88 | 7,96 | 18,00
AHBIKTaJBIHOAFaH OHIMICD 10,142 6,53 9,92 12,87 11,5 13,7 13,60 | 2,27 | 11,32

*Eckepmy. CyteritiH 6actarnks! KpicbiMbl 2 MITa.

TI'mapneny >keHinmiri OeHzonm < Toiiyoll < aHTpalleH KaTapblHAa >KOrapiaimel. llommapenmepmin
OCH30JIMEH CANBICTHIPFAH/IAFBI CYTETeHIH JKOFaphl KBICHIMBIHJIAFBI THIPICHY >KBIIIAMJIBIFBIHBIH JKOFApPhI
00JIyBI KBICBIM >KOFapiiaraH CallblH CyTETIMEH OpBIH OachbUIFaH KaTajau3aTop OCTiHIH yIeci >KoFapiaiabl 1a,
cyTeri 6apibIK KbICKapThUIFaH OaiylaHBICTap YILIiH KOJDKETIMI OOJIBIT Kajla bl

Typni katanu3aTtop KaThIChIHIA albIHFaH THPOTeHU3ATTHIH KOMIOHEHTTI KYpaMbl 6Te YKcac. Auaiina
a3 memmiepaeri Mpic Katanuzatopiapsiaaa (0,325 %) xoHe Temip karamm3atopiapeiHaa (B-FeOOH >xone
Fe — 2,0 %) Terparugponadranuy naiina 6onaasl (1-kecre).

onebuerTepaen Oenrimi OonFaHmait [3, 4], TOMEH MOJEKYJalbl CIHPTTEP THAPOTCHU3AIMSIIAY
ypaicingae H-moHopnblk KaOineTTimikke ue Oonazpl. AnudaTThl COMPTTEPAIH TYPAKTaHIBIPFBIII KACHETI
peKOMOMHAIMAFa Kelepri KeNTipeTiH OelceHAl paguKalabl OpTaIbIKTapMEH opeKeTTecy KabijeTiHe
HeriznenreH. TypakTaHABIPY CyTeri aTOMBIMEH KaTap TUApJCHY cainapblHaH kypedi. CroupTrep colikec
aNbJICTH] XKOHE KETOHFa JeHiH, [3, 4] kyMmpIcTapia moneniereHaeld, ToTeiraapl. CIupTTepal maiganany
KaTaJn3aTop >KOHE MOJIEKYJajbl CyTeri KaTBICHIHCHI3 CYWBIK OHIMAEPHAl alyFa MYMKiHAiK Oepeni. OcbiFan
0aifIaHBICTHI aHTPAIICHHIH THJIPOTCHU3AIUSCH OCHI JKaFaaiIapaa Kypri3iii.

CyTeri KaThICBIHCHI3 aHTpaIleHHIH THAPICHY1 6TE QJICI3 KYpEei: THIPOAHTpaIleH XoHe HadTaTuHHIH
(anTpamneHHiH TepeH THAPOKPEKUHTICIHIH OHIMIEP1) IIBIFBIMBI OT€ a3, aHTPAICHHIH TUAPJICHYIHIH OHIMI —
THIPOAHTPAlCHHIH (CYTeTiHiH iIKi KOPBIHBIH OONybIHAH Jem >ko0alaHalsl) Ty3ulyi Oaiikamansl (1-kecte).
TeMeH KBICBIMIBI JKarmainapja IOJMAPOMATTH  KOBICBUIBICTAPJBIH THAPIEHYlI KHUBIHIANAIbI, Ol
aHTpaleHHIH JXoFrapbl MHIFBIMBL (71,78 %) MeH THuApOaHTpalleHHIH a3 [IBIFBIMBIMEH JQJeN ICHEe Il
[[Iuki3aTThIH KOHBEPCHS IOPEIKEC] aTaFaH Karnainapaa ete a3 (2-cyp.).

Konsepcust napexeci, %
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1 — xaranmmzatopcbis; 2 — cyrekciz; 3 — Cu— 1,0 %; 4 — p—FeOOH — 1,0 %; 5 — Fe — 1,0 %;
6 —Fe—1,5%; 7—Fe —2,0 %; 8 — Nigy — 1,0 %; 9 — Fecp. — 1,0 %

2-cypeT. AHTpalleHHIH KOHBEPCHUS IOPEKECIHE KaTaIN3aTOPbIH acepi

XpoMaTo-Macc-CIeKTPOMETPHUsT 9JIiCi apKbUIbl Ta3zabl (ha3aHbIH Kypambl aHBIKTAJBI, OHBIH INIIHIC
6acem kermistiri CHy, CO,, C,H,4, C,Hg, CsHg 6ombin kemeni. XKeHin KeMipCyTeKTi KOMIIOHEHTTEP KPEKUHT
Oapriceiana Ty3inem. ['azmer dazamarer CO, 6ap OOIIYBI CIIUPTTEPIIH ASCTPYKIHSICH OaphICBIHAA TY31JICTIH
CO xone H,0 oceprnecyinen maiijga 0omapl €M 5K00aIaH k.
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AHTpaleHHIH THIPOTeHU3aLlMsIChIHA TEMip HEri3iHIeri KaTaau3aTopiaplblH YJIECiH aTam KeTy KaKeT
(1,0 %). Karamuzgik ocepi a3 maiibi3epMeH eumieHeai (2-cyp.), ON THIPOTeHHW3alus YpAICiH TeMeH
MOJIEKYJIallbl CITUPTTEP KATHICHIH/A KOHE KaTalM3aTop KaTBICBIHCHI3 XKYpri3yre MYMKIHAIK Oepemi, sSFHU
3THUJ COHUPTI KOC OalnaHpIcTapAbl THAPIACHII. bapiblK 3epTTenred KaTanusaTopiap YiliH Oipael mMemnmepae
(dbeHaHTpeHHIH Ty3inyl Oalikananbl (1-kecte), o1 M30MEpH3alMs cajmapbiHaH Maiiaa 0ojaabl, al alblHFaH
HOTIDKEJICD aTaliFaH KaTalu3aTopiiapbliH Oipael n3oMepiieHy KaOijieTiHe OaiIaHbICThI JCT aliTyFa 0oapl.

MuxkizaTTeIH KoFapsl KoHBepcusa gapexeci f-FeOOH — 1,0 % xaTtanuzatopslH KoigaHy OapbIChIHAA
Oaifkanajpl, SFHH O Ke3feri ruapieny eHiMi (31,91 %) men ruaporenonus iy (34,87 %) moFaphl MIBIFIMBI
anbIHanbl, Oy 6acka katanuzaropiapasiH 1,0 % mamaceiHaa HeMece KaTalu3aTop KaTBICHIHCHI3 aJIbIHFaH
HOTHOKEJCpACH J>KOFapbl Oosbin kenemi (2-kecte). EH Haimap HOTKeNep CHOUPTTEPAIH ISTUAPJICHYI
OapeicbiHna Oencenaimik kepceretin Cu — 1,0 % kaTann3atopbl KaThIChIHAA OaliKayiaJbl: KOHBEPCHUSHBIH
TeMeH Jopexeci, ruapiey (21,55 %) sxone ruaporenonms (17,37 %) OapbIChIHIAFBl OHIMIHIH TOMEH
IIBIFBIMBI OaiiKaTapl.

I'uapraeny (26,19 xone 31,91 % coiikecinme) xone ruaporenonus (33,29 xone 34,87 % coiikeciHmie)
OaprIchiHAa anbiHFaH Oipaelt memmepaeri enimaep Fe — 1,0 % xone B-FeOOH — 1,0 % karanuzatopnapsl
yurie ansiHgsl. f~-FeOOH — 1,0 % xone Fe — 2,0 % katanm3aTopiap >KakbIH KaTATUTHKAIBIK OEICeHIITIK
KepceTeTiH OipAel IWIMKI3aTThIH KOHBEpCHS AdpekeciMeH cumartanaabl (2-cyp.). Karammzgin Oipneit
HOTHKEJIEPiH KoMIpJiH MUKpocdepachiHa karburral (Fe — 1,0 %) xone Feqy. — 1,0 % HaHOYHTaKTHI TEMIp
Oepei.

2-KecTe

I'uaporeHN3aTTHIH TONTHIK KYPAMbIHA KATAIN3aTOPIBIH Jcepi

Kommnonentrep, %

T'mppney | [umporeHon | AHBIKTaIBIHOA-

Karammsatop Hadranmuanep Tuapo- Awntpauen | Judenunnap | enimaepi, % | eHiMzaepi, % | Fan enimMaep, %
aHTpaueHaep
Kat-cb13 12,02 29,69 22,67 19,49 29,69 36,62 10,42
H,-ci3 3,55 12,94 71,78 3,54 12,94 8,42 6,25
Fe—1,0% 12,05 26,19 24,88 17,28 26,19 33,29 13,60
Cu—1,0% 6,15 21,22 49,65 10,0 21,55 17,37 9,92
B-FeOOH 12,59 31,63 18,42 18,47 31,91 34,87 13,70
Fe—1,5% 17,4 43,78 7,96 18,68 43,77 44,18 2,27
Fe—2,0% 11,61 33,13 18,0 19,35 33,17 35,20 11,32
Nigy, —1,0% 6,05 26,38 39,91 11,32 26,38 19,63 12,87
Fesy—1,0% 11,82 27,34 25,67 17,9 26,79 33,13 11,50
Niy, — 1,0 % xartanmzaTopsl ©3iHiH OenceHmiiri OoibIHIIA MBICTBIH HaHOyHTarbiHa (1,0 %) >kakblH

(2-cyp.). lukizarTeiy sxoFapsl KoHBepcHs napexeci Fe — 1,5 % (92 %) xartanuzaTtopsiH eHrizy OapbIcbIHIA
Oalikananpl, sFHU THApieHy (43,77 %) xone ruaporeHonus (44,18 %) eHIMEpiHIH NIBIFBIMBI JKOFAphI
OoFaHaa opeiHAananbl. MbICc KaTanu3aTOpeIHBIH KaThickiHAA (1,0 %), KepiciHine, aHTpaleHHIH KOHBEpCHUs
JIOpexeci TOMECHICHII.

AHTpaleHHIH THApJCHY OapBICBIHAAFBl KaTalu3aTopiapAblH OelceHminiri kemeci karap OoibIHIIA
xorapiaiael: Cu — 1,0 % < Nigy —1,0 % < Fegy. — 1,0 % < Fe — 1,0 % < B-FeOOH < Fe — 2,0 % <
<Fe — 1,5 %.

Kopvimuinowbl

KaranuTvKanblK ocep CHII3UICTIH Karajau3aTop MeJiepiHe OaimaHbICThl. Temip HeriziHzeri
karanuzatopsl (1,0 %) eHrizy 6apbeichiHna enoayip THIMIUTIK Oalikanassl. [IIMKi3aTThIH XKOFapbhl KOHBEPCHUS
nopexeci 1,5 % menmepae HaHOeMIIEM Il TEMip KaTallM3aTOPBIH eHrizy OapbichiHaa Oaiikanaabl. f—FeOOH
xone Fe — 1,0 % karamuzatopnapsl aTajraH ypjicre Oipjedl KaTaluTHUKAIBIK OEJCEHIUTK KepceTe.
CyiiblK 6HIMIEP/iH calaiblK KYpaMbl a3 MOJIIIIEPIe ©3rePETIHIIN aHbIKTAIIbI.

JKyprizinren 3eprreynep HoTHXeciHAe dTaHoNAbH H-1oHOpibIK QyHKOMACH KepceTinai. [ mapienynig
ra3Topi3ai eHiMzaepi CHMPTTIH AecTpyKuusichl OapwichiHaa anbsiHathiH CO sxone H,O acepnecyi kesiHnme
TY3IJICTIH KOMIPTEri IUOKCUIIHEH TYPabl.
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M.U. Bbaiikenos, 3.C. XanukoBa, E.B. Koueruna,
3.b. A6car, A.b. Kapumona, H.)K. PaxumxanoBa

KaraanTuyeckasi ruiporeHn3amnus aHTpameHa B cpeje 3TaHOJa

B craTtpe mpuBeneHE! pe3yabTaThl THAPOTCHU3ANNH AHTpalleHa B Cpejie ATaHOJa. B kadecTBe Karamm3aropa
OBbUIM MCIIONB30BaHbl HAHOKATAIM3aTOPBI — JKEJIE30 U HUKEJb, KOTOPbIE ObUIM BBEACHBI B MUKpPOC(hEpY YIIIs.
B xauecTBe CpaBHHTEIBHOTO KaTalM3aTopa MPUMEHEH BBICOKOJIUCIEPCHBIH TMAPOKCHA >Kejle3a — TeTHT
-FeOOH. OmnbiThl OBLIM NPOBEICHBI B PEAKTOPE BHICOKOTO AaBiicHUs. CTereHb KOHBEPCHH OLICHUBAIH IO
ocTatoYHOMY aHTpaueHy. HeGonbImoli karanmutuaeckuit 3 ekt Habmoaancs npyu BBeIeHun 1,5 HaHOYACTHI]
KeTesa.

Kniouesvie cnosa: aHTpalCH, JKCJIC3HBbIC MI/IKpOC(i)epI)I, TUApOreHus3anus, KaTaJluTU4YCCKOC BO3Z[CI71CTBI/IC,
HaHOIIOPOIIIKH JKEJI€3a, CpaBHHTeJ’IBHLIﬁ KaTajms3aTop.

M.I. Baikenov, Z.S. Khalikova, E.V. Kochegina,
Z.B. Absat, A.B. Karimova, N.Zh. Rakhimzhanova

Catalytic hydrogenation of anthracene in ethanol medium

The article presents the results of the hydrogenation of anthrcene in ethanol medium. As a catalyst
nanocatalytic agents used were iron and nickel, which were introduced in microspheres of coal. The bench-
mark of catalyst used was highly dispersed iron hydroxide — getit f-FeOOH. Experiments were conducted in
high pressure reactor. The degree of conversion was estimated by residual anthracene. A small catalytic effect
is observed with the introduction of 1,5 nanoparticles of iron.

Keywords: anthracene, iron microspheres, hydrogenation, catalytic effect, iron nanopowders, benchmark
catalyst.
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Thermodynamic systems analysis Cr—As—H,0O based on E-pH diagrams

After studying the problem of environmental pollution, it was found that the most dangerous contaminant is
arsenic. Due to the fact that the properties arsenates little studied, the analysis of published data showed that a
growing need for thermochemical data from each year for new manufacturing processes involving arsenic
compounds. This article first introduced the E-pH diagram of the system Cr—As—H,O at standard conditions
(25 °C and 1 atm. Total pressure), where the range of existence of arsenate chromium, considered the chemi-
cal and electrode reactions produce chromium arsenate compounds of chromium and arsenic. The outcome of
the conclusion about the possibility of the use of chromium compounds to output arsenic from solution in the
form of a soluble, stable chromium arsenate.

Keywords: thermodynamic systems, diagrams, copper, hydrometallurgical, arsenates, chromium arsenate.

Today copper-concentrating and metallurgical enterprises are serious polluters of the environment in
particular, and the hydrosphere. Some of the most dangerous pollutants are arsenic, that exists in the form of
arsenates, wherein the trivalent form of arsenic compounds are the most toxic and widespread in nature [1].

In the extraction, enrichment and metallurgical processing of copper sulphide ores, arsenic is concen-
trated in waste of production, especially in a copper electrolyte, used during the refining copper and
wastewater [2]. Due to the small demand for arsenic it’s necessary to excrete it to low-toxic and poorly solu-
ble forms, that useful for disposal or recycling.

During the burial there is a risk of toxicants entering the groundwater and surface water. In open water,
located in areas of occurrence of buried waste content of toxic arsenic compounds can reach several milli-
grams per liter units, and in groundwater — tens and even hundreds of milligrams.

At the present time, experimentally established the enthalpy of formation, combustion heat, Gibbs ener-
gy, entropy and other thermodynamic characteristics of many, but not all chemical compounds. The number
of experimental thermochemical work from year to year increases significantly, but to an even greater extent
there is growing need for thermochemical data for new technological production processes and to settle other
issues [3].

The gap between the required and available type of this information constrains not only development of
the synthesized compounds, but also the development of many of the theoretical sections of chemistry, espe-
cially the theory of the structure of relationships and properties of substances. This leads to an increase in the
role of computational methods that are based on are based on a small number of experimental sufficiently
reliable data allow us to calculate the thermodynamic characteristics for other compounds in the same class.

The aim of this study is to prove the existence of the thermodynamic insoluble precipitate chromium ar-
senate (CrAsQ,) and determination of the region of stability of the compound.

In accordance with the objectives of the study purpose of this system were as follows:

— calculation based on thermodynamic data, according to a known method described in [4], participat-

ing in the system of ions and molecules of redox potential using the Nernst equation;

— building on the basis of the calculated data chart E-pH Cr—As—H,O system.

Thus, the object of study is the system Cr—As—H,0, and the subject of study evaluation thermodynami-
cally probable behavior of the chemical elements and their compounds, including the minerals in contact
with aqueous solutions, setting the limits of capacity and pH, in which the compound element must be sus-
tainable, identify the chemical nature of the oxidation products.

Application of thermodynamic analysis, including charts and E—pH in the research process for the hy-
drometallurgical production and experimental validation of the results, given the development of a new sci-
entific direction in the field of heterogeneous systems.

In this case, the system chosen for the thermodynamic study of the possible deposition of copper elec-
trolyte in the form of soluble arsenic, chromium oxide stable compound (I1I).
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In the figure first presented diagram E—pH of system Cr—As—H,O under standard conditions (25 °C and
1 atm. of total pressure) by combining the private diagram of system As—H,O [5] with private diagram of
system Cr—H,O [6].

All the lines on the diagram E—pH of system Cr—As—H,O strictly correspond to the numbers of
chemical equations, listed in table.

Table

Calculated equations diagrams reactions E-pH of system Cr-As-H,0

No. Chemical reaction Electrode reaction
1 |2H,0() = Oy t4H oy H4e E =1.23-0,059pH; Po,=1atm.
2 |Hyg=2H"( +2e E = -0.059/21gPy, 0.059pH; Py,=1atm.
3 |Cr = Cr*yy+ 2e E =-0.913 +0,02951g[Cr*]
4 |Cr+3H,00=Cr(OH)s o +3H (3¢ E = -0.654-0,059pH
5 |Cr* o F3H,04=Cr(OH)s+3H" y+e =-0.136-0,0591g[Cr*]-0,177pH
6 |Cr—e=Cr", E = 0.4+0,0591g[Cr**]-0,0591g[Cr*']
7 |Cr" o+ 3H,0() = Cr(OH)s, + 3H ) 1gK = 1g[Cr*"] - 3pH; pH = 1.2
8 |HCrO4 g +H' o= CrOs ™ 1gK = 1g[CrO,”]-1g[HCrOy]
9 [HyCrOyu) = HCrO4'(D+H+(l) 1gK = 1g[HCrO4 -1g[H,CrO,]; pH=0.75
10 |AsHs=As+3H (+3e E =-0.24-0,059pH
11 [H3As040=H,AsO, o +H ' 1g[H,As0,7] /lg[H3As0,]=2.2-pH; pH=2.2
12 HZASO4_(1):HASO42_(1)+H+(1) lg[HAsO42']/lg[H2AsO4']:7.07pH; pH=7.0
13 [HAsO,” (=AsO, o +H' 1g[AsO,*)/Ig[HAsO,>] =11.54—pH; pH=11.54
14 |CrAsOy+4H,00=AsO,” 17 +CrO,7(+8H () +3e  |E = 2.32-0.0971g[Cr0,7]-0.0971g[AsO,>1-0.157pH
15 |CrAsOyq+4H,00=HAsO,” 1) +CrO, >+ 7H +3e  [E = 2.09-0.0971g[Cr0,>1-0.0971g[HAsO,*1-0.138pH
16 |CrAsOy+4H,00=HyAsOy 1 +CrO,>(+6H (1 +3e  [E = 1.96-0.0971g[Cr0,>1-0.0971g[H,As0,1-0.118pH
17 |CrAsOq+4H,00=H,As0, () *HCrO, +5H" +3e  |E = 1.83-0.0971g[HCrO,]-0.0971g[H,As0,1-0.098pH
18 |CrAsOy+4H,00=H3As04*HCrO, o +4H 3¢ |E = 1.79-0.0971g[HCrO,1-0.0971g[H;As0,]-0.079pH
19 |CrAsOy+4H,00=H3As040*H,CrO4+3H (3¢ [E = 1.86-0.0971g[H,Cr04]-0.0971g[H3A50,]-0.059pH
20 |As+Cr(OH)sHHy0=CrAsOy i+ 2H (i +2e =-0.06-0.059pH
21 [As+Cr  +4H,0= CrAsO,+8H  (+5e E = 0.12+0.01181g[Cr*"]-0,094pH

Diagram analysis of E-pH system Cr—As—H,0 can draw the following conclusions. Arsenic in the oxi-
dation area is advantageously in the form of arsenic acid and its derivatives, which are also quite stable com-
pared to arsenous acid and in the area of water sustainability, but in reducing area it’s occupies by solid arse-
nic and arsenic.

From the chromium compounds in the field of oxygen stability coexist H,CrO, (line 9), HCrO, (line 8),
CrO4* (line 13), that is most stable valence of chromium compounds (VI). In the water area chromium is
predominantly as hydroxide (Cr(OH);), which can also exist in the reducing region, while metallic chromium
(line 4) and ion Cr’* (line 6), is stable only in the reducing region.

How can be seen from the chart at standard conditions, as chromium arsenate is stable mostly in water
and oxidizing environment (In the ranges of potential from —0.7 to 1.8). In an environment of stability oxy-
gen chromium arsenate is decomposed into arsenic acid and its derivatives (H;AsO, (line 18), H,AsOy4
(line 17), HAsO4* (line 15), AsO,> (line 14)) and chromic acid and its derivatives (H,CrOy (line 19), HCrO4
(lines 18, 17), CrO,* (lines 16, 15, 14)). Nevertheless, it should be noted that a test compound may also be
marginally stable in a reducing environment. In hydrogen the chromium arsenate mainly decomposes into
elemental arsenic and chromium oxide (III) (line 20) and in the acidic into an ion Cr’" (line 21). pH medium
does not affect the stability of the chromium arsenate, which occupies a large pH range (0 to 14).
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Figure. Diagram E—pH system Cr—As—H,0 at 25 °C and 1 atm.

Thus, the thermodynamic analysis system Cr—As—H,0O under diagram E—pH can be concluded that se-
creted arsenate chromium exhibits stability over a wide pH and potential range, and allows the use of chro-
mium oxide (Cr,O;) as a precipitant arsenic and consequently dispose acid solutions of copper production.
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H.N. Komnbutos, X.b. Omapos, 3.b. O6cor, C.K. AnmabepreHona,
H.K. PaxumxanoBa, M.b. AGenpaunoBa, ['.A. MelipbekoBa

E-pH nnarpamma Herisinae Cr—As—H,O xkylieciHiH TepMOAMHAMHUKAJIBIK TaJ1Aaybl

Kopiiaran opTaHblH JacTaHy MOCEJIECiH 3epTTey OaphIChIHIA HETi3Ti JIacTaylIbuIapablH Oipi Kylona eKeHmIiri
aHBIKTAJIBL. ApCEHATTap/AblH KacHeTTepi a3 3epTTENreHAIKTeH, oleOM IOy KYprizy KesiHie Kyluana
KOCBUIBICTApbl KATHICHIHAAFBI KaHA OHMIPICTIK ypAicTepre TEPMOXHMUSUIBIK HOTHXKENEp KaKeT eKeHIIri
Genrini 6omapl. Makanazia anrain peT cTaHAapTTh xkargainapaa (25 °C sxxone 1 aT™. xanmbl KbickiMaa) Cr—
As—H,0 xyitenin E—pH nuarpaMmacs! TYpFBI3BUIBII, XPOM apCEHATHIHBIH TYPAKTBUIBIK aliMarbl, XpPOM JKoHE
KYLIdJIa KOCBUTBICTAPBIHAH XPOM apCEHATBIH AlTy/IbIH XUMUSJIBIK )KOHE JICKTPOATHIK PEAKIHsIAPbI 3ePTTEI.
Hormxecinne KyLIoNaHbl XpOM TOTHIFBIH MaifaNaHy apKbUIbl epiTiHALIEPICH KUBIH epirilll, TYPaKkThl XpoM
apceHaThl TYpiH/e altyFa GOJIaThIHABIFI Typalibl KOPBITHIHIBI JKacayFa 00Jaibl.

Kinm ce30ep: TepMOAMHAMUKANBIK >KyHenep, AuarpaMMainap, MbIC, THIPOMETAJLTyprHs, apceHaTTap, XpoM
apCeHarTsl.

H.N. Komneutos, X.b. Omapos, 3.b. A6car, C.K. Angabepresona,
H.K. Paxumxanosa, M.b. AGenpaunoBa, ['.A. MelipbekoBa

Tepmonnnamuueckuii anaans cucreM Cr-As—H,0O nHa ocHoBe gfuarpamm E-pH

Wzydena mpoOieMa 3arpsisHEHHsT OKPYXAIOIIEH cpensl. YCTaHOBIEHO, YTO HamOoJiee OMAaCHBIM 3arps3HU-
TeJIeM SBJISIETCS. MBIIIBSK. B CBA3M ¢ TeM, 4TO CBONCTBA apCeHATOB MAJI0 M3y4EHbI, B Pe3y/IbTaTe aHaIn3a JIu-
TEPATYPHBIX IAHHBIX BBIBIEHO, YTO C KaXIBIM T'OJOM PAcTeT HOTPEOHOCTh B TEPMOXUMHUYECKHX AHHBIX
JUISL HOBBIX IIPOU3BOJICTBEHHBIX IIPOLIECCOB € YUaCTHEM COCAMHEHHUH MBIIIbSIKA. B cTaThe BIEpBbIE MpECTaB-
nena auarpamma E—pH cucremsr Cr—As—H,O npu cranpaptaeix yenosusx (25 °C u 1 atm. obuiero naeie-
HUST), TA€ OlpejieNieHa 001acTh CyIEeCTBOBAaHUS apceHaTa XpoMa, PACCMOTPEHBI XUMHIECKHE U 3JIEKTPOIHEIE
peaKIMy TOy9IeHHs apceHaTa XpoMa U3 COeJUHEHNH XpoMa M MbIbsiKa. [1o uroraMm paGoTHI cieslaH BEIBOJ
0 BO3MOJKHOCTH HCIIOIb30BAHHS COSIMHCHUH XpOMa AJIsI BEIBOJA MBIIIBSIKA U3 PACTBOPOB B BHJE TPyIHOpAC-
TBOPHMOTO, YCTOHYMBOTO apceHara Xpoma.

Kniouegvie cnosa: TepMOAMHAMHUYECKHE CHCTEMbl, IUArpaMMbl, Melb, THIPOMETALTYPIHs, apCeHaTHl,
apceHar Xpoma.
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XUMUAHDbI OKbITY SAICTEMECI
METOAUKA OBYYHEHUA XUMUN
METHODS OF TEACHING CHEMISTRY

O0X 372.854

C. Uninmas, I'.C. bexenona

Cynetimen [Jemupen amvinoagel Ynueepcumemi, Kackenen, Kasaxcman
(E-mail: halit.yilmaz@sdu.edu.kz)

XuMHsA NIHIH KeHlCTIK dicneH OKbITY Tdciaaepi

Makanana npobiaeManblK OKBITY TEXHOJOTHSUIAPHI, COHBIH IIIiHIE KEHCTIK OKBITYABIH THIMILUIr Kepce-
TiNreH. ATanMblll oiC MEIMIMHA, KYKBIK JKOHE 0acka Ja oJIeyMeTTIK-TYMaHWTapiblK cajanapjaa Kui
KOJIJIaHblJIca, KepiciHile, XKapaThUIBICTaHy FHUIBIMIAPBIH OKBITYJa 6Te CHpeK NaiinaHbuianbl. OcbFaH opai
opra MeKTenTepAe KEeHCTIK OKBITY OICiH KapaThUIBICTaHy CallaChlHIa KOJIaHYIbl KEHEHTY MakcaTbiHAa
3epTTeyiep Kyprizuna. XvuMus MoHiHIH MYFalliMIIepiHe KOMEK MaKCaThIH/Ia KEHCTIK OKBITY d/iCi XUMHSIIBIK
TIEPHOATHUIBIK TAKBIPBIOB! yiriciHne kepcerinmi. KelcTi maiiblHay, TONBIKTBHIPY, TAIKbUIAY >KOHE MIEHIIM
Taby Ke3eHJepiHe TOKTAIIbII, OKYIIBUIAPMEH Oipre )yYMbIC KacayIblH YITiCi TCOPHSIIBIK )KOHE TIPAKTUKAJIBIK,
TYpFbIIaH OasHmanabsl. BypelHFBI 1oCcTYpii cabak yirinepi Myraiimre )oHE OHBIH KbI3METiHIH OeiceHimiri
MeH OachIMIBUIBIFbIHA OaFbITTajca, OKBITY TEXHOJIOTHACHI PETiHAE MPOOJIeMANIbIK OKBITY, COHBIH IIIiH/E
KEHCTIK 9iCTi KONJaHy OKYIIBIHBIH OKY-TaHBIMIBIK KbI3METiHIH OCJICEHIUIrH apTThIpyFa, ONapAbIH OimiMIi
o3 OeriMeH i3ZieHyiHe Heri3aenin, oiiay kabineTiH mambITThl. OChl 9/lic OKYLIBUIAP/BIH ©3iH-031 IaMBITYFa,
OLIiM HeTi3ZIepiH TepeH WrepyiHe, IIOHre JereH KbI3BIFYIIBUIBIFEIH apTTBIPYFa UIi ocepiH Turizai. 3eprrey
HOTIDKECIHJC XHMHS IIOHI YITICIHAE JKapaTbUIBICTAHY IOHAEPIH OKBITYIa abGCTPaKThUIBI YFBIMAAP/IBI
MeHrepyre 00JIaThIH/IBIFbI aHBIKTAJI/IBL.

Kinm ce30ep: xefic TEXHOJOTHSIAPHI, MPOOJIEMANBIK OKBITY, MEPHOTHIK KecTe, oiiiay KaOileTiH NaMeblITy,
©31HiK )KYMBIC, a0CTPaKTaJbI YFBIMIAP.

Kipicne

JlocTypii OKBITY JKy#eci OOHBIHIIA OKYILIbI MyFajliMHIH OepreH OLIIMIH COJ KalllblHIa ©3repiccis
KaObUIIayFa JaFAbUIaHabl. SIFHU OKYIIBIHBIH JKeKe OelceHiumiri Oalikanmainasl. Byn Kasipri OKBITYIIBIH
Tajga0bIHA CcoliKeC KeaMmeimi. ByriHri KyHi i3JeHIMIIa3, ©31HIIK JKyMbICTapra OeiiM jKoHE ajfaH TCOPHSUIBIK
OUTIMIH MMpaKTHKaaa KojjaHa OUIETIH OKyIIbUIapra OackIMIbIK Oepineai. MyradiMHIH cabakTa ©3iHIH FaHa
TyciHmipreni tuimci3. Erep wmyramiM cabakTbl OKyIIbUIapAblH cabak YcTiHae OesiceHIIi KaThICYbIH
YIBIMAACTBIPY apKBUTBI OTKI3CE, O THIMJII HOTHXKETe OKENIETIHI CO3Ci3.

OJICMHIH KOINTEreH MEMJICKCTTEPiHiH OiiM Oepy YHbIMAapbIHIAa THIMII, 9pi O3BIK OKBITY KyHenepi
KoJmanbuiaabl. COHBIH IMTH/E KEH TaparaH Mpo0JIeMalblK OKBITY TEXHOJOTHICHI, all COHBIH IIIHJETI dIic-
TepliH O0ipi — KeHCTIK OKbITYy. [Ipo0reManbiK OKBITYBIH MaKCaThl OKYIIIBI MEH OKBITYIIBIHBIH 1C-OpPEKETI,
MOCeJIeHI TyCiHe Olnyi, Iienim ypaicinae Oipire aiysl OOJbIN caHagaabl. MyH/a OKYIIBIHBIH TEK OlTIMIiHIH,
ICKEPJIITiHIH, JaFIbICBIHBIH KYHWEIUIIrH FaHa eMeC, aKbUI-OMBIHBIH JKOFaphl A9PESIKEC KalbITacyblHa, ©3
Oerinme OimiMiH TepeHaeTyre centirid Turizeni [1; 70]. bapabik neHreliaeri nexarorTapaplH MHHOBAIUSITBIK
iC-OpEKETKE MAAPIIBIFBIH KANBINTACTBIPY CTPATCTHSACHIH TYJIFAHBI JAMBITY JKOHE ©31H-031 JaMBITY TYXKBIPBIM-
JlAMAachIH aHbIKTai B [2; 5]. [IpobieMaliblK OKBITY TEXHOJIOTHSCH asIChIHIA KEHCTIK OKBITY OKYIIBIHBI TYJIFa
PETiHIE JaMBITyFa anapaspl.

Kelic omici HakThl axyajablH jKa30achlH KOPCETETIH TEXHUKAIBIK OKBITYIBl HEMECEe axyalap/bl
Tajjayra KOMEKTeCy[i Ke3aehi. AHaJUTHKANbIK IICIIIyl MYMKIH €MeC KypAedl KYpbUIBIMCHI3
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XnMus NaHiH KENCTIK aAicneH OKbITY Tacingepi

mpoOJyieManap/pl IIeNryre yupery — Kelc oficiHiH Herisri (ynkuuscel. Kelic TexHONOTHsIIaphl Keneci
1eOepIIiKTi JaMbITaIbl:

— MOcCeJIeHi Tanjiay KoHe TYPaKTaHIbIPY;

— ©31HIH KO3KapachlH HAKTHI TYKBIPBIMIAY, alTy HKoHE JANIETIEY;

— TiJIaeCy, MKIpTaaacThIpy, BepOasibl )KoHE BepOaliabl eMec aKlapaTThl KaObLIIay jKoHE Oarajay;

— HaKThI aFIaiappl eCKepyMeH MienrimMiep KaObUIay »oHe HaKThI aKnapaTThiH OOIybl.

KelicTik OKBITY 9JlicCi OKBITYIIBI TaparblHAH JalbIH aKIMapaTThl JKETKI3Y/AiH OpHBIHA OKYIIBLIApIbIH
©31H-631 TaHybIHA OACBIMJIBIK OCpE/Ii XKOHE OJIapbIH OCIICSHIUIITH eCKepeIi.

Keiictep HaKThI JKarmaiapl CHIATTAW/IbI, MICIILIYl KAUBIH MAceseep KEIIeHIH KaMTH bl OpOip KEHCTIK
TarchlpMa OKYIIBIHBI Mpo0sieMa OOMBIHINA MICIIIM KaObUIAAYIIBIHBIH POJIIH aTKapyFa JKOHE JYPBIC IISIIiM
HIBIFapyFa YMThUIATBIHAAN eTin Kypeuiansl [3; 1]. KedicTik oxic OoiibIHIIa HAKTHI iC KY3IHIEr! AepeKTepre
HETI3JeNTeH KelleHAl mpoOieManap KapacTelpbuiaabl. Onap aniblH aja CHIHBINTA MYFaJTiMHIH YHBIM-
JACTHIPYBIMEH OKYIIBUIAP/IBIH TAIKbUIAYBIH KOHE Oipliecin TanjayblH KaMTaMachl3 eTeTiHIeH o3iplieHyl
kepek Oomanmpel. OKBITY TpoOLECiHIE OKYy MaKcaTTapblHa KOJDKETKi3y YILIIH OKYIIBUIAPIABIH AepeKTepmi
TangaybIMEH BIKTUMaJl HIeHIiMIEepl jKacayblHa OarbITTaliFaH XYMBIC kacanaisl. OKymbuiap Kedcrep MeH
OHJIa KOPCETUIIeH HAaKThl JKarJaiblH MOHIH TYCIHIN, IICMIIMIH TayblIl, IIBIFAPFaH IICIIMICPAl ISJeIaep
KEJTIpe OTBIPBIN, TyCiHaipeai. KefcTep cTyaeHTTEpIiH TEOPUSIIBIK OLTIMIH TOJNBIKTRIPYFa, Talaay KaOiaeTiH,
YKBIMMEH OipJecin )KyMBIC aTKapa any KoHe KOMMYHHUKATHUBTIK AaFAbUIAPBIH JaMbITYFa MYMKIHIIK Oepei.
Keiicrep apkpUibl KelleHII IpoOjeMaliapibl CTYASHTTEPAIH Talgaybl MEH albIHFaH TYPJi HOTHKEIEP.i
alllbIK KOPCETE OTHIPHII, KEHiH TaFbl JIa KOJIIaHyFa 00N Ibl.

Xumust oH1 OOWBIHIIA OKBITYAAFbl Ke3JecKeH mpolieManapra OaillaHbICThI JalbIHIAIATBIH KercTep-
MEH OKBITY 9JIiCi OKYIIBUIAPABIH XUMUSIIBIK OLTIMICPIH JCHTeii TypAe MeHrepyine kemekreceni. Cedeoi
OKBITYIBIH MYH/JIAH 91ici OKYIIBLIAP/IbIH TAHBIMIBIK Ka0iaeTTepiH jkaKcapTaasl. MYHBIH eH 0acTBICHI «Oiiay
KaOlJeTiH HaMbITy» OOJIbIN TaObUIaAbl. OKBITY 9MiCi OKYLIBLIAPIBIH KOHE MYFATIMICPIIH OKBITY/IbIH
MaKcaTbIHa XKeTyre OarbITTaIFaH 1C-OpEKETTEPiHiH KUBIHTHIFbIHA Heri3aene . MyraniMHiH anaslHAa TYpFaH
YJIKEH MIHACTTEPIAiH Oipi — OKYIIbIFa OKY MaTe€pHalblH MEHIEPYAIH BIHFAMJIBI TACUIAECPIH KOPCETYMEH
KaTap, oFaH ©31H/IiK OH-MKIipi O0ap TYIFa eKeHiH Ce3iHIIpy, 13eHIC OaphIChIHIA TYbIHIAFaH Macelie OOHbIHIIA
miKipTajac TYFbI3BII, OKYLIBIFa AYphIc OarbIT KepceTy. KeilcTik ofic MyFalliMHIH OCHI MiHAETIH OpbIHAAYbIHA
KOMEKTeCe 1.

KeiicTik omic amraH OLTIMIL iC KY3iHIAE KOJNJaHyFa KOMEKTECEl, CTYACHTTEPAIH KbI3BIFYIIBLIBIFBIH
apTTHIPBIN, HBICAHANBI OKBITY VINIH mMaiaaianbuiagel. OChl 9IiC CTYIEHTTEpHi CHIHM TYPFBIOAH OHayFra
BIHTAJIAHABIPBITN, HETI3rl YFeIMAApAbl TYCIHETIHACH eTin, anfaH OUTiMiH HBIFAlTy YLIIH KOJAaHBLIAIBI.
Keiibip cTyaeHTTEp TeOpHs MEH IIbIHAMBl eMIpjeri jKaraaiyiapibl YINTACTHIpyFa KHUHAIaabl. ATajaraH
OMICIIEH OKBITY OCBHI IMpoOJieMaHbl Ja miemre amanasl. Kelc omici MpakTHKAIbIK MACEIeNepal IICIIyre
TEOPHSUTBIK, O1TiMII KOJAaHyFa MYMKIHIIK OepeTiH Kypan O0ibIn TaOblaIbl.

XUMUSITBIK, KEWCTEP apKbUIbl OKBITY TPOIIECIHIH OKBITYIIBI )KOHE OKYIIbUIAP YIIIH THIMJII XKaKTapbIHBIH
OipiHIrici — Oipiecin sxyMbIc atkapy. Kasipri Tanma Oiaim Oepy ypaiciHae HHTEPaKTUBTI )KaHalla d1icTepai
KOJIJAHbIN, MYFaJiMHIH peiH YHBIMIACTBIPYLIBI peTiHAE KYMIEHTY KakeTTiri Oenrimi. YHbIMOacThI-
PYLIBUIBIK KYMBIC KOl jKarJaiiia >KayalKepIIUliKTi Tajlan eTedi, eMTKeHI OKBITY YpHICiHAE OKYIIbI MEH
OKBITYILIBI ~apachlHAAaFrbl KapbIM-KaThIHAC I3[CHYIIUIIKKE Herizmeneni. MyHzaai karmaidga Myraiim
TYCIHIIpyLIi FaHa eMec, OaFbITTayIlbl, OAKbUIAYIIBI JK9HE Oipiiecin KYMBIC aTKapyLIbIHBIH POJIiHE KOIIei.
Ocbiran OalinaHBICTBl KEHUCTIK OMICIIEH OKBITY MYFaliMHIH OKYIIBIHBI OaFbITTal OKBITYbIHA MYMKIHAIK
Oepeni. OKyuibLIapAbIH OIpJecim KYMBIC Kacaybl apKblUIbl Ojap OKYy MaTepHalIblH camajibl MEHIepei,
OJNIAp/bIH JIOTHKANBIK Oiiay, YHBIMIACTHIPYIIBUILIK KaOileTi apTajbl, MYFaIiM MEH OKYIIBIHBIH e3apa
OaliaHpICBl MEH KapbIM-KaTBIHACHI >KaKcapaabl, OKYIIbLIAp ©3[iriHEeH KOPBITHIHIBI JKacayfa, 137eHyre
JKaTThIFa bl Bipirin »yMbIC skacayablH Oip TOCLIi — TONTHIK XMMHUSJIBIK KYMbICTap. TONTHIK JKYMBICTAPIbI
VKBIMIBIK €HOeK aen artayra na Oomanel [4; 289]. Tyiora memarorukachl TEOPHSUIAPBIHBIH PYXBIHIIA
YUBIMAACTBIPBUIFaH OKBITY YPAICIHAETI HETi3ri aybIpibIK MYFaJliMHIH KbI3METIHEH OKYIIBIHBIH iC-OpeKeTiHe
aybIcazibl, Oipak MenarorThliH >KETEKIi peil aTKapysl cakranaasl [S5; 218]. KelcTik omic apKpLIbl YKBIMIBIK
€HOEKTI KOJIJIaHy XHUMHUS MOHIHE JETSH KbI3BIFYIIBUIBIKTEI aPTThIpabl, OLIIM alylIbIHbIH OLTIMIH ©3IiriHeH
KETUIOIpYiH, ©3iH-631 TopOueneyiH Kamramachi3 eremi. OKyIIbl MyFaaiMMEH Oipre J>XYMBIC jKacay
OapbIChIHA ©3[IriHeH OUTiM aldy KaKeTTiriH TyciHedi. OCBIHBIH HOTMXKECIHIE OKYIIBI €MTHXaH TaIChIpy
YIIIH FaHa eMec, IIbIH HUETIMEH OLIiM ally YIIiH TaJlnbIHaae! [6; 321].

Exinmn taiMaimiri — jkaHa akmapar eHmipy. JKaHa 3amaHfa JaMbIKTBI OOJIYIBIH KOJIBI aKIapaTThl
TONTaN >XKMHAY FaHa €MeC, OHBbI KOJJaHY >KoHE OJaH jKaHa aKmapar ajly MYMKIHLIUIiriHe ue Oony. AnFaH
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OUTIMIH KOJAAHBIN, KOPCETIITeH XMMUSUIBIK TaKbIpBINTApFa apHAJFaH KeWCTepAl WIelry >KOJIapblH Taby
JKOHE TaIChIpMalap/bl OpbIHJAY OKYIIBIHBIH PEMpPOJIyKTHBTI oliay KaOineTiH TyFbi3ansl. OKyIibUIap kKaH-
JKaKTBl OWJIAHBII, aKMapaTThl MaiIanaHbll, Tajlaam, memiMidn e3aepi taba anaabl. By omapsiH KaHAIBIK
alllybIHA, J)KaHa MIKip KaJbIITACTHIPYbIHA KOMEKTECETI.

YuriHmnici — e3iH-e31 Tekcepy, Oakpliay »oHe Oaranay. KeHCTiK ofic CTyAEHTTEpIiH MEHrepreH
MaTepHalFa )KoHe 0acKa CTyIESHTTEpIiH jKayanTapblHa Kapall, CaIbICTRIPHIT, peQICKCUBTI )KOHE ChIHU TYPJIE
03 O-IiKipJepiH TeKcepyl KaraalbIHAA YCHIHBIIAIBL.

JKanmpr keHCTIK OKBITY 9/iCiHIH THIM/II XKaKTapblH KOPBITHIHABUTAUTHIH O0JICAK;

— CTYACHTTEPIIH ©3/epl 3epTTeN TajJKbliay apKbUIbl YHPEHreH OLTIMICPIHIH XKOHE darablIapbIHBIH

TYPaKThl 0OJTybIHA KOMEKTECEI];

— KOPBITBIH/IBI IIIBIFAPa aiyFa YHpeTe/i;

— npo0JieMaHbl TeK Oip KOJIMEH ILIENTy eMec, )KaH-KaKThl Kaparl, Ielyre KOMEKTecel;

— OackamapabplH OW-TIKIpiH, CO3IH THIHIAN, OJIAPJLIH OHTIMECi asKTaJFaHHAH KEHiH OWMJIAHBIN MiKip

Oinagipyre yipereni;

— OKHFa HeMece KeHCTiK mpodiieManap/pl 3epAesieyre skoHe oTe MYKUAT KapayFa YHpeTei;

— Ka)xeT OOJIFaH jKariaiija OYPhIHBIPAK aFaH aKIapaTThl )KOHE MAJIIMETTI KOJI/IaHa alTyFa KOMEKTECe/Ii;

— CTYIEHTTIH 3epTTEYIli KoHE MIbIFapMAIbUI TYJIFa PETIH/E KAJIBINTACybIHA CENTITH THTi3€1;

— i3meHiMNIa3, MIBIFapMaIIbUIBIK KYMBICTapFa OciiiM OONybIHA XoHE alFaH OUTIMIH KoJJaHa amyblHa

KOMEKTECE/];

— MaWbIH OLTIM/II KOJIJAHBII KaHa eMec, 63 eHOer apKbUIbl aKIapaT )KHHAYbIH JJa KAMTaMachl3 €Te/Ii;

— TOMIICH Oipre XKYMBIC iCTeyTe YHpeTe/i;

— ©31H-031 OarayayblHa JK0JI Oepei;

— CBIHHU OWJIayFa MyMKIHIIK Oepeni;

— IIBIHAKBI OMIpJIe Ke3/IECEeTiH KaFaiIapMeH allJIbiH ajia TaHbICThIPAJIBL;

— OeJICCeHILTIrHE BIKIAJ €TIIl, KOCINTIK Oaraap aayblHa XKopaeM Oepei;

— OKBITYIBIH OCJICEH 11 9JICTepiH YhpeTei;

— clieHapuil Kypy apKbUIBI aKIapaTThl eMipJie KOJIIaHy bl YHpeTeIi;

— OKBITYIIBIMEH O1pJIECIIT )KYMBIC ’Kacay apKblIbl OKBITY YPIICIH THIMIII, HOTHXKEIII €TEIl.

KeiicTik aicTiH KeHOIp KEMIITIKTEPIH A€ )KOKKa LIbFapyra OOJIMalbl, aTal alTKaHaa:

— TaKBIPBIIT MaTePUAJIBIH TONTAFbl OAPJIBIK CTYACHTTEP/IH alAbIH ajia Oip AeHrekae oiiMeyi;

— OKYIIBLIAPABIH KAXKETTI akmapar Taba aaMaysbl;

— JIepeK KO3/epiHiH a3 O0IyHI;

— YaKBITTBIH JKETKIJIIKCi3 OOMYHI.

MekrenTe >KoHE KOFapFbl OKY OPBIHIAPHIHAA XUMHS IIOHI OOWBIHINA KEWUCTIK OAICTIH THIMAUITIH
apTTHIPY MAKCAThIH/Ia MEKTEIITE MAHBI3/IbI TYP/E OKBITBUIBII KATKAH MEPUOTHUIBIK TAKBIPHIOBI TypalTbl KEHC
KYpacThIpy JKOHE 93ipJiey 9[ICTEMECIH KapacCThIPhII, XUMUSIIBIK OacKa Ja TaKbIPbIITAPAbl KEHCTIK diCIeH
OKBITY JKOJIIAPBIH KOPCETIN TATKbUIAYFa THIPBICTBIK.

XUMUSIIBIK TaKBIPBIITAPFa apHAIIFaH KeHCTep Il KYPacThIPY JKOHE 931piey OCHI 9/IiCTEMEINIK KYMBICTHIH
€H MaHBI3Iel Oeuiri Oonbm Tabputambl. KelcTepmi KypacThIpy JKYMBICBIH «FBUIBIMH ©HEp» eI aTayFa
0osanel. Onap OOBEKTUBTI TYp/e 93ipJCHEl KOHE IIbIHAKBI OMipAe Ke3IeCyli MYMKIH MpoOiieManapabl
KaMTH/IBI.

Ketictepae OepineTiH MaiMeT HAKTHI XoHE KypJeli 001ysl Kepek. CTyIeHTTEepAl KETKIUTIKTI JeHrene
JKOHE KYpJei Typae OKbITaThIHIal O0ysl THic. KelicTep OKpITyFa apHaJFaH mpobiaeManapasl HAKTHI alTbiK
TYPJE KOPCETiM, Kyp/eili OKbITYIbIH ITeAarorukajiblK Kypajisl peTiHie 00aybl kepek [7; 63].

Ketic TanceipManapbid 93ipJieylIiHiH MiHAETI OKUFalIapAblH OapbICHIH KeWC TaKbIPHIOBIHBIH IIETiHEH
IIBIKITAWTRIHAAN 00BEKTUBTI TYpae OassHaay O0JIbI TaObLIaIbI.

KeiicTi sxa3yapIH HETI3T1 Ke3eHaAepl MbIHAIak:

— KeHCTIK OKY/IBIH MaKCaThl MEH MiHJICTIH aHBIKTAY;

— JIepeKTep KHUHAY;

— KEHCTI HeMece iCTi ka3y Ke3eHi,

— IEpEKTEP/Ii XKYyHeley ®oHe KSHCTI TeKCepy Ke3eHi.

KeticTepain MiHaeTTepi OKbIATHIH cabakK TYpiHIH MiHIETTEpiHE JKOHE OKY MakKcaThbIHAa COHKec OOyl
kKaxeT. Keiicti naiipianay Ke3eHiHje, €H aIbIMEH, KSWCIIEH OKBITY HOTIDKECIHAC OKYIIbLIAP/IbIH aJIaThIH
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XUMUSUTIBIK OiNTiMiH JKOHE MakcaTbl MEH MiHIETTepiH aHbIKTay Kepek Oomanbl. IlepnoAaTBUIBIK Typajbl
KEWCTIeH OKBITY apKbUIbI OKYIIBLUIAPABIH TOMEHJIE KOPCETIITeH YFhIMIAPAbl MEHrepy JKOHE MEPUOJTHUIBIK
Typajbl TYCIHITIH KaJIbIITACTBIPY, KAaT€ TYCIHIKTEpIl KOK CHIKTHI MakcarTap ke3meiareH. byn kedcre
npobJeMara Heri3en KOWbUIFaH cypakTappl eIy YIIiH OKYIIbUIapAbIH ©3iriHeH i31en Ta0y KYMBICTaphl
OapbIChIHIA DJIEMEHTTEPAIH KaCHETTEPiH IEPUOATHI TYpPAC ©3Tepy/AiH HEre Toyesal €KeHIH HAKThl TYCIHY
OKYIIBIHBIH 0acThl MiHIETI O0JIbINT TaObLTa bl Byi1 KeHcTiH OipiHII Ke3eHi OONBIN caHaIabl.

Exinmn ke3eHae MoJiMeTTep >KMHAYy OpBIH anaabl. byid Ke3eHAe MEKTeNTe OKBITBUIFaH XHUMUS
OKYJIBIFBIHJIA YKOHE JKATTBHIFyJIapAa Ka3bUIFaH MEPUOATHUIBIK TaKbIPHIObI OOMBIHINA MAIIMETTEp >KUHAKTAII-
Ibl. DJIEeMEHTTEPIH MEPHOATHUIBIK KacHeTiHe OaiIaHbICThI 0acThl YFbIMAAp OOJBINT TaObUIATHIH JEMEHT,
SO 3apsbI, PETTIK HOMIpP, aTOMJIBIK Macca, CAIBICTBHIPMAJIbl Macca, XUMUSUIBIK KACHET, MEPHOI, TIEPHO/I-
THIK KECTE€ CHSKTHI YFbIMAapra OepifreH aHbIKTamanap >KUHACTHIPBUIBIN Keic KypacTeipbuiraH. OcCbl
KEe3eHHIH Herisri Tajgalbl (akTiaepAiH OOBEKTHUBTUIIN O0Jbil TaObLIambl. KelcTi KypacThIpaThiH amam
JIEPeKTep i )KUHAY Ke3iHAe 63 OMbIH KOCHII TYCIHIIpMeyl KaxkeT. bapislk ManmiMerTep, dakTinep, OKuraiap
MeH MiKipJiep, TaFbl Oackajgap HaKThl KOPCETLTN, KykKaTka Herizgenyi Tuic. Keiic ka3ymibl mpakTHKaIBIK
CHUIATTaFbl KUBIHIBIKTAP KE3AECKEH Xaraalaa opOip HaKTHI JKarAalbl eCKEpill, KOCHIMILA JEPEKTep KUHAY
KakeT. KeHCTiH JIOruKablK KYPhLIIBIMBIH/A OIpI3AUTIKTI cakTay Kepek 0oj1aibl.

YuriHm ke3eH — KeWcTi kazy. byn keseHAe OKyFa KOWBUIFAH MIiHIETTEP CSCKEpLTiN, MATiMeTTep
Oipikripinai. KelicTi Hemece icTi a3y YIIiH KaHIail MaTepHaIlapblH €HIi311yl HeMece aJbIHBIN TaCTalybl
Typajibl IIemimM KaObuigaHysl kKepek. Ochl Iremnimal KaObUigay TOMEHAETI KpHUTEpHiijiepre OalIaHbICTBI
Oonazpl:

— KEHCTIH MaKcaThl MEH MIiHACTTEpI;

— KEHCTiH KeJeMi MEH KYPBLIbIMBI;

— iCTiH TYpi MEH ClieHapuiii ’KoHE OHBIH YCHIHBLTYBI.

CoHFBI Ke3eH KeHCTe KOpCeTUIreH MOJIMETTepAl JKyieney Ke3eHi OoJblm, KeHCTi jKas3bll KypacThIpy
Ke3iHJie apThIK HeMece KaWTallaHFaH MOJIIMETTEp Ta3aJlaHbIM, JIOTUKANBIK TYPFBIIaH KapacThIPHUIBITT
Oipiktipiieni. KelcTiH COHFBI )k00achl AalbIHIaIFaAHHAH KEHIH, OHbI THICTI YHBIMHBIH MYIICII OacIIblIaphl
HeMece MylLIesepi Kapaysl Kepek. Ic xy3iHae nepexrep xkuHay Ke3eHiHIe HeMece IOy YPIiCiHae KUHAIFaH
aKnmapaTTapsl MyAJei OaciblIapAblH HeMece MyIIeNepiH TeKcepyl KelcTi skazyMeH Oip yakbITTa OOyl
Ja MYMKiH [8; 79].

Byn aranran xe3eHzep MyFaliMHIH XYMBICBI HEMECE XUMHS MaMaHAAPBIHBIH OipIECTIriHIH >KYMBICHI
Oonbin TaObUIaABl. AJ OKYILIBUIAPIBIH KYMBICHI TPOOJIEMAIIBIK KEHCIIeH TaHBICKAHHAH KeWiH MyFajliMMeH
Oipre OKymIbpIIap HEMece alIbIH ajla KYPBUIFaH OKYIIBI TOOBI ©3 apa TaJKbUIall, KOFaphlga KOpCeTUIreH
CYpaKTapJiel JaibiHnainel. by cypakrap i3/ieHy apKbUIbI OJIap]ibl MIEITy KOJIAAPhIH Ta0y MEH MPOOJIEeMaHEI
LICIyTre THIPBICY KE3EHIHIEe OKYyIUbIIapra KOMbUIFaH MiHZETTEepHi opblHAayra Kemekrecedi. OKymIbLiap
CYpaKkTap apKbUIbl Taljiaylap acam e3JIrHEeH TYCIHAIPY KYMBICTapbl HOTHIKECIHJIE IEePHUOTHUIBIK
TaKbIPBIObI OOMBIHIIA O1TIMIACPIH HAKTHI OCKITE ajabl.

Homuoicenepoi manoay

[lepronTBUIBIK TakKbIPBIOBI OOMBIHIIA OKYJBIKTApAa KE3IECKEH MOIIMETTEp OHE OOCTYPNdi OKBITY
OOMBIHIIIA OKYIIBUIAPABIH ajifaH OLTIMIH Tekcepin Oakpuiay OOMBIHIIA KE3CCKEH KEMIIUIIKTED >KOHE
npobaeManap Typaibl OYKiI MOTiMETTep KWHACTHIPBUIBIIN YIIT1 peTiHAe XUMISUTBIK Keiic aaibiHganabl. Keiic
XUMHS TIOHIH OKBITY OapbhIChIHA KE€3/IECKeH KEMIIITIK, KaTe KOHE JOJICICi3 MoiMeTTep OipiKTipineni skoHe
oJIap apachIHIaFbl KapaMa-KaWIIbIIBIKTap KOPCETUI i, COHBIMEH KaTap MpobieMa peTiHAe YCHIHBUIBII KelcC
NANBIHIAIIIE].

Ocpl yiri petiHze NalbIHIAIFaH Kec OKYIIBUIAPAbIH MEPHOATHUIBIK TAKbIPHIObIHA TOyeNAl OUTiKIeH
KaMThUIFaH. KepceTiiren MoniMeTTep op KbUI YIIIH >KapHsjaHFaH OKYJBIKTapAaH >KUHAJIFaH OOJaThIH.
KeiicTiH imiHAe MEpUOATHIIBIK YFBIMBIH TYCIHYre apHajraH KeHOip MaHbI3Abl YFBIMIAP apHaibl
KepceTireH. MakcaT ochl Y¥bIMIAp/bl TYCIHY apKbUIbI SIEMEHTTEPAIH MEPUOATHUIBIK KACHETiH 01Ty 60bII
tabbutanpl. Keiictep Ko0aJblKk HYCKackl TYpiHAE Kacamaibl >XOHE AYPBICTHIFBL, TOJNBIKTHIFBI MEH
aWKBIHIBUIBIFBI CBHIHBIN IMIHIE QIAbIH aja TaJKbUIAHbIN, Tekcepijeni. OckFaH opail OKBITYHIBI KOHE
OKyIIBUIap Oipre »KyMbIC jKacar OChl KEHCTI TaJIKbUIANl TOJBIKTHIPY Kepek Oosaznbl. TONBIKTBIPY Ke3eHIHIe
OackanapIblH OBl )KoHE ©3re JIe TYCiHAipMenep Kocbuimaysl kepek. Keicri ctyaenTrepain Oiim aeHreiine
Kapa¥ jkacail OTBIPBII, OHBIH THIMILIITIH KOPCETy MiHAETTI O0bIN TabbL1amsl [9; 76].
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KEHC (nepuoomuinsix mypanst): Xumusivlk d1eMeHmmep, 01ap My3emin ocaii dcoHe
KypOoeii 3ammapovly Kacuemmepi 31eMeHm amoMblHblY S0p0 3apsaoblHa RepUuoomvl mypoe
mayendi 60aadvl. XuMUusnvlK daeMeHmmiy PemmiK HOMIpI, OHbIY AMOMbIHLIY 50PO
3apsObIHLIY CAHOBIK WaMacbiHa mel 001a0bl. CanblcmbipManbl amomMoblK MACCANAPLIHLIY
ecy pemi OOUBIHULA OPHANACKAH eMeHMMmepOil XUMUSLIbIK Kacuemmepi nepuoomuvl mypoe
o3eepedi. Ilepuod decenimiz — amomOblK MACCANAPBIHBbIY 6CY pemi OOUbIHUA OPHALACKAH
anemenmmep Kamapol. lIlepuoomeix sicyiiede Keilbip snemeHmmepoiy, pemmik Hemipiepi
OHbIY — amoMOblK —Maccanrapvina calikec emec. Ilepuoomuvlx kecmede — amomovly
MaccanapviHvly ocyine Kavulbl OpHALACKAH d1emenmmep 6ap.

Yevimoap: snemenm, a0po 3apsaodvi, pemmix HOMID, aAMOMOBIK MACCA, CATLICIbIPMATbL
Macea, XuMusiiblK, Kacuem, nepuoo, nepuoomulivblk, RepuoomvlK Kecme.

MyraniMHIH JKETEKIIUIINIMEH OKYIIbUIapMeH Oipre TadKbUIaHBIN TOJBIKTHIPY MOHE TYCIHYIIH
apKachIH/Ia OJIAPJbIH MEPHOATHUIBIK Typaibl ajlFaH KOHE ajlaThlH O1TIMI KEHEH TN, KalTalaHbIn OEKiTiae 1]
KeiiGip cypakTap apKbUIbI OKYIIBI TOOBIHBIH OeciiceHaiuniri kesmeneni. Tom imriHme OpbIH ajdFaH OYKin
OKYLIbUIAp MYFaJiMHIH IYPBIC KETEKUIUIriMeH OeJICeHIi TYpAE AaTCalbICHIN, ©3ICpiHiH OWIapblH epKiH
Typae aWty kepek Oomambl. TakeIpbIll asChIHAH IIBIKIIAH KEHCTE KOPCETUITeH MpoOJieMaHbl KEeH TypIe
TYCiHyT€ ThIpbICabl. MaceleHi TYCIHIII, MMM XKoHe HIeimMAep TadyFa opeKeT jKacaiibl.

Oxymbl TOOBI imIiHAE onapAblH OeJCeHAl apajacybl Ke3eHIHIe KeJeciepAi KaMTaMachl3 €Tyl Kepek
[8; 78]:

— OapIBIK MYIICNIEPiHIH KaTbICYbIH KOTECPMEIICY;

— KOl COMIICHTIH MyIlIeepiH 0acKkapy;

— TAKBIPBITITAH THIC OacKa coieMIep i TOKTaTY;

— XKeKe coilreyre Ko OepMeii;

— aHBIKTAJFaH MICKTE TaKbIIAYIbl YCTaY;

— miKip OLIAIPYAl €pKiH YCTall MaHbBI3/bI MIKIpJIEPre TOKTAIYhI.

Bimimai OekiTydiH TaFbl Oip >KOJBI KEWCTI TalKpuiay OOJbIN TaObuTafgbl. TalKpLIay OKYIIBIHBIH
OeJiceHAlTITiHe Heri3nenreH OKbITY omici aen artanmaabl [10; 2]. OkeITymisl ic OOHMBIHINA OKYMIBLIAPIBIH
MEPCIEKTUBACHIH KO3[BIPATaThIH CYpaKTap KOsAbl. AJaiija CTYACHTTEp ojlap icTi asKTaraHia ACHiH He
YHpEHIeHIH Ce3iHe alMaiibl, COHIBIKTAH MyFaliM KaTejaepii ko yiriH 1ebdep Oomysl tuic [11; 106].
Temenne ynrici kepceTiireH cypakTapAbl JalbIHAAI, KEUCTI TAJIKbUIayFa KOMEKTECE Il JKoHe jKaHa akmapaT
anbiHaabl. Cypakrap apKbUIbl KEHCTE KOPCETUIreH Macelle eliMi TaOblIa bl )KoHe OKYIIbUIApAbIH OeJICeHal
KaThICybIHA KOMEKTECE/II.

CYPAKTAP

— Amomovix pemmix HOMIp Oe2eHiMi3 He?

— Amomowvix macca oezen He?

— Canvicmbipmansbt amomovlK Macca 0ezeH te?

— AmomHbly pemmix HOMIPI XUMUANBIK dJIeMEeHMMIY Kacuemmepin CUnammaiob.
AMOMHBIY CATLICMBIPMATBL  MACCACHL XUMUSLIbIK dAeMeHmmiy Kacuemmepin
cunammauovl. Kaiicvicol Oypoic, Henikmen?

— llepuoomuwix Kecmede amoMObIK MACCANAPLIHGIY OCYIHe Kaliuibl OPHANACKAH
anemenmmep 6ap ma? Onapovr amanvizoap. OnapoviH amomMOblK MACCACHIH,
PpemmiK HOMIPIH CANbICMbIPLIPA OMBIPLIN, MYAHCLIPLIM JHCACA.

— Onemenmmepoin Jucylieci Hece nepuoomsi 0en amanaovt?

— Onemenmmepdi nepuoOmsix Kecmede KaHOAU pem OOULIHUIA OPHANACMBIDY
Kepek bonaowl? Henikmen?
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Kopvimuinowbl

KopeiTa Kenrenae, ocbl KEHC apKblUIbl OKBITY KE3CHIHIC OKYIIbUIAp 63 OeTiHIIe 13[AeHi, COHaai-aK
oJlap TaKbIPBIIT Typajibl TYbIHIAFaH MpoOJeMaliapabl KYHedl MoIiMaeni, olapibl IIemy YIIiH OeIceHml
TYPAC KATBHICTBI. ATAIMBIII OMiC OKY MAaKCATTapblHA KETyre JKOHE jKaHa OiMiM HWrepyre KOMEKTECTi.
CryneHTTepiH oinay JaFabUIapbiH JaMBITYFa, bIHTAJAHBIPYFa BIKIAT €TTi. DIEMEHT, sIIPO 3aps/ibl, PETTIK
HOMIp, aTOMJIBIK Macca, CajbICTHIPMAIIbI Macca, XUMHSIBIK KACHET, TEPHOJ, MEPUOIATHUIBIK, MEPHOATHIK
KECTE CHUSIKTBI a0CTPAKTHUIBI HEMeCe 0aCThI YFBIMIIAP/IbI dKAKChI MEHI€PYTe CEMTITiH TUT131I.

OKpITY yaepiciHae mpoOIeMabIK OKBITY 3JIEMEHTTEPIH KOJAaHy eMipre JEreH IIbIHAWBI KO3KapacThl
TYJIBIPAJIBI J)KOHE JIe OKY KE3iHJe MaKcaT KOWBII, HHTEILICKTYaJIJIbl dKYMBIC YKacall, OMipJliKk TpodiieManap;ibl
memyre yipereai [12; 139]. BypbiHFbl OoCTypii cabak Yiriiepi MyFaliMre >XOHE OHBIH KbI3METiHIH
OeJiceHATiri MeH OachIMIBUIBIFBIHA OaFbITTalica, OKBITY TEXHOJOTHSCHL PETIHAE NPOOJIEMAIbIK OKBITY,
COHBIH IIIHAE KEHCTIK OMICTI KOJJaHy OKYIIBIHBIH OKY-TaHBIMIBIK KBI3METIHIH OCJICEHAUIINT MeH
MIOPMEHIUTINIH apTThIpyFa, OJapIblH OuUIIMAI e3diriHeH TaOyblHA HeEri3feieil JKOHE Oiay KaOilneTiH
naMbITyFa OarbiTTanansl. CTyIEHTTEp/l MIbIHAWBI TpobiieManap apKbLIbl YHpeHyTre, MICHliM KaObuUiaayra
XKoHe Oonamrakrarbl 1amybiHa kemekreceni [13; 73]. OkywsmapablH €3iH-e31 AaMbITyFa, OlTiM HerizaepiH
TEPeH UrepyiHe, MOHIe AeTeH KbI3bIFYIIBUIBIFBIH apTThIPYFa jKoHEe OoJjialliakTa KaHaai aa Oip Oenenal MamMaH
OoJybIHA UTi 9CEepiH TUTi3emi.
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C. Urinmas, I'.C. bexenona

Cnoco0bI nnpenogaBaHusi XMMUM KeHCOBBIM METO0M

B crarse mokazana »¢(heKTHBHOCTH POOIEMHOTO, B TOM UHCIIE U KeiicoBoro, oOydenus. B GompmmHCTBE
CJIly4aeB 3TOT METOJ IIUPOKO KCIONB3YyEeTCS B MEAMIUHE, IPAaBOBEJCHUH, a TAKXKe APYTUX I'yMaHUTapHBIX
cdepax, HaIPOTHB, MEHBIIIE BCETO IPIMEHSIETCS B c(hepe eCTECTBEHHBIX HayK. [IpoBeneHs! nccIenoBaHus B
LeNAX OOIIMPHOTO MPHMEHEHH KeHCOBOrO METO/a B 00111€00pa30BaTebHbIX IIKONAX MPH 00YYCHHN eCTeCT-
BCHHBIM HayKaM. B craThe M3/10)keH KeHCOBBIt MeTOa 00y4eHHs Ha IIPUMEPE TEMBbI IEPHOJUIHOCTH SIIEMEH-
ToB Tabmuie! JI. MeHeneesa, B ie/sX MOMOIIM B MIPENOAaBaHUH XUMHUH B IKoJe. ITokasaHbl TeopeTndeckue
U IIpaKkTH4ecKue (hOpMbI IIPOLIECCOB MOATOTOBKH KEHCOB, OTIOIHEHHS, 00CYKACHUS U HAXOXKICHHS PELICHUH
3a1a4d. B To BpeMs Kak TpagMIUOHHBIE METOAbI OPUECHTUPOBAHBI HA JEATEIbHOCTh U aKTUBHOCTb IIPENOJaBa-
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Tels, KeHCOBBII METO/] OCHOBAaH Ha Pa3BUTHH Y4eOHO-TIO3HABATEIBHOMH NEATEILHOCTH U CIIOCOOHOCTH MBIII-
JeHus y4eHUKOB. C IOMOIIBIO 3TOT0 METo/la YYEHHKH UMEIOT BO3MOXKHOCTh CaMOPa3BUTHS M ITyOOKOro 1o-
3HAaHMS LIKOJIBHBIX MpeaMeToB. 1o pe3ynbraTaM HCCIEA0BaHUH MTOKAa3aHA BO3MOXKHOCTh OCBOCHHS a0CTPAKT-
HBIX MOHATHI XUMHH.

Knrouegvie cnosa: keiicoBast TEXHOJIOI' U4, HpOGHeMHOe 06yquI/Ie, nepuoanveckas Ta6n14ua, MBIIIJICHUE,
CaMOCTOsATECIIbHAsA pa60Ta, aGCTpaKTHI)Ie TIOHATHA.

S. Yilmaz, G.S. Bekenova

The ways of teaching chemistry on the basis of case study

In this article the benefits of problem based learning and case method on teaching process are determined.
They have mostly used in teaching of medicine, law and social sciences, It is seen that this method has been
used less on the teaching of natural sciences. We investigated the ways of use of case method on chemistry
subjects in order to increase teaching methods for secondary education. Therefore, case method in school
chemistry about periodicity is explained in order to help chemistry teachers as a teaching method. In all steps;
preparation, replenishment, discussion and find solutions, self-working of students and working with the
teacher about the stages laid out in the form of theoretical and practical ways. While traditional methods are
focused on teachers’ activity, problem based learning, including the use of the case method is based on
student learning and cognitive activity to improve their knowledge and development of thinking abilities. By
this method, students will have a profound influence on increasing interest and the development of self-
education in school subjects. The results show that case method can be used on the teaching of chemistry or
natural science especially for abstract terms or knowledge.

Keywords: case technology, problem based learning, the periodic table, thinking, independent work, astract
terms.
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