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PaBHOBeCHbIe XapaKTepuCcTUKN copoumnm BaHMNMHa
nonugyHKUNOHaNIbHbIM HU3KOOCHOBHbLIM
AaHNOHOOOMEHHUKOM

Bopontok U.B., JIo6osa H.A., Yepnukosa W.10O., Ennceea T.B.

Boponeoiccrkuii cocyoapemeennviil ynueepcumem, Bopowneoic
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AHHOTaUMA

B Hacrosiieit pabote mpoBeaeHO MCCICIOBAHNE CUCTEMBI HU3KOOCHOBHBIM aHHOHOOOMEHHHK —
pacTBOp BaHWJIMHA B PaBHOBECHBIX YCIOBUAX. Ha ocHOBe aHanm3a M30TEpM COpOLMH 3aMENEHHOTO
THIPOKCUOEH3ITB/IETH/Ia YCTAHOBJIEH ITOJMMOJIECKYISIPHBIA XapakTep €ro MOIJIOMIEHHs COPOEHTOM.
PaccunTaHbl paBHOBECHBIE XapaKTEPUCTHKH COPOIIMOHHOTO MpoIiecca.

KiroueBble cjioBa: THIPOKCHOCH3ANBICTUI, BaHWIMH, HHU3KOOCHOBHBIH aHHOHOOOMEHHUK,
XeMocopOIwsl, pu3udeckas COpOIUs, SHEPTHS COPOITUH

A system weak-base anion exchanger — solution of vanillin in equilibrium conditions is studied
in this article. Based on the analysis of the sorption isotherms of the substituted hydroxybenzaldehyde the
multilayer nature of the uptake is shown. The equilibrium characteristics of the process have been
calculated.

Keywords: hydroxybenzaldehyde, vanillin, weak-base anion exchanger, chemisorption, physical
sorption, sorption energy

BBepeHue

AHNOHOOOMEHHbBIE MaTepHalibl CIIOCOOHBI M3BJIEKATh M3 KUAKUX Cpell OOJblIoe
YHCJIO OPraHUYECKUX COETUHEHUH, MpuYeM copOLrs MOXKET UATH KakK 110 0OMEHHOMY, TaK
u HeoOMeHHOMY MexaHu3My. VccnepoBaHue 0coOEHHOCTEH HEOOMEHHOTO MeXaHHM3Ma
MOTJIOLEHUS] BEIIECTB HMMEET Ba)KHOE 3HAUEHHME IPU HM3YyYEHUU MPOLECCOB cOpOLUU
c1a00OMOHU3UPOBAHHBIX COCIMHEHHUM, HE CIIOCOOHBIX K PEaKIMH HWOHHOTO OOMEHa ¢
(GYHKIIMOHATBHBIMU TpyNnaMu copOeHTa. B Takux ciydasx ynep)kuBaHue copOTHBa B
aHMOHOOOMEHHUKE MOKET OCYILECTBISATHCS, BO-IIEPBBIX, 3a CUET BO3HUKHOBEHUS CJIa0BIX
CBs3e (Hampumep, BOJOPOJHBIX) B HCCIEAYEMOM CHCTEME, BO-BTOPBIX, BO3MOXKHO
MPOTEKAHUE XEMOCOPOLUU B CUCTEME AHHOHOOOMEHHHK — pacTBOpP OpPraHHUYECKOTO
coenuHeHus. M3yueHue mnomoO0HBIX MEXaHU3MOB M3BJICUEHUS OPraHMYECKHX BELIECTB
ABJIIETCS  aKTyaJlbHOM  3ajaded, Tak Kak pacluupsier o01acTb MPUMEHEHUS
AHMOHOOOMEHHBIX MaTepUaJIOB.

Panee ycraHOBJI€HO, YTO AHHMOHOOOMEHHHMKH, HMMEIOIME B CBOEH CTPYKTYype
MEPBUYHbIE Y BTOPUYHBIE aMUHOTPYIIIbI, IPOSBISIOT CENIEKTUBHOCTh K COEAUHEHUSM C
KkapOooHuabHOM rpynnoi [1-7]. Llens HacTosimielt paboTbl — OIpeiereHre pPaBHOBECHBIX
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XapaKTepUCTUK Ipolecca CcopOLMM  BaHWIMHA  (3aMELIEHHOTO  apOMaTH4eCKOro
TUAPOKCUOEH3IbIETH/1a) HU3KOOCHOBHBIM aHUOHOOOMEHHUKOM.

TeopeTunyeckasa 4yactb

UccnenoBanme copOnuM BaHWIMHA HU3KOOCHOBHBIMH aHHMOHOOOMEHHUKAMH
3aTPyIHSACTCS TEM, YTO B CTPOCHUHU JJAHHOTO COSAMHCHHS TIOMUMO KapOOHWIBHOW TPYIIITBI
MPUCYTCTBYIOT THIPOKCH- W METOKCHUTPYIIIBI, KOTOPBIE TaKXe MOTYT y4acTBOBAaTh BO
B3aMMOJICHCTBUSAX c COpOCHTOM. [Tornomenune paccMaTpuBaeMoro
THIPOKCUOCH3AIBJIETHIA BO3MOXKHO KaK I10 TYTH XHMHYECKOTO B3aWMOJICHUCTBUS C
o0pazoBaHuEM HUMHUHOB [5-6], Tak M MO MEXaHW3MYy HEOOMEHHOTO TOTJIONICHUS 3a CUET
o0pa30BaHUs BOJOPOIHBIX CBS3CH MEXKIY a30TOM aMHHOTPYIIIBEI COPOCHTA U BOJIOPOJIOM
TUIPOKCHIIBHOM TIpynmnbl copOTuBa mofo6Ho ¢enonam [8-9]. Kpome Toro, BaHWINMH
sBisieTcs: cnaboit kucnoroit (pK,=7.40), TO ecTh B CHJIBHONIIEIOYHBIX Cpeaax HeJb3st
npeHeoperaTh J0JIeii 0OMEHHOTO B3aMMOICUCTBHUSI C aHUOHOOOMEHHUKOM.

Takum 00pa3om, COpOIMOHHOE HW3BJICUEHHE JAaHHOTO COCAMHEHHUS BO3MOXKHO Ha
AHMOHOOOMEHHUKAX PA3IMYHOTO THIIA W OCHOBHOCTH. K BaHWIMHY MPOSBISIOT
OTIPEJICICHHYI0  CEJICKTUBHOCTh KaK BBICOKOOCHOBHBIC, TaK W HHU3KOOCHOBHEIE
aHnoHooOMenneie  cmosibl  [10-13]. B pabore [13]  ycraHOBi€HO,  4YTO
oM YHKITMOHATbHBIE HU3KOOCHOBHBIE aHHOHOOOMEHHUKH C TIEPBUYHBIMU, BTOPUYHBIMA
Y TPETUYHBIMU aMHUHOTPYIIIAMU SBJISIOTCS () ()EKTUBHBIME COPOCHTAMU TPU M3BJICUCHUN
THIPOKCUOCH3AIBJIETHIA W3 €r0  WHAWBHIYyaJlbHBIX  PAacTBOpPOB.  Meroaom
HK-cnektpockonuu ycTaHoBiIeH (akT oOpa3oBaHUS MUMUHOB B (¢a3e copOeHTa moclie
COpOIMHM BaHWIMHA, YTO BBI3BAHO B3aWMOJICHCTBHEM IEPBUYHBIX aAMHHOTPYIII
aHMOHOOOMEHHUKaA ¢ KapOOHMIbHOM rpynnoi copOTuBa. B HacTosiel padoTte nposeeHa
OIICHKA PaBHOBECHS B CUCTEME HM3KOOCHOBHBIM aHHOHOOOMEHHHK — PACTBOP BaHMJIMHA BO
BCEM JIMana3oHe KOHICHTPAIMH ITaHHOTO albJeruja JO Ipejaeia ero pacTBOPUMOCTH
B Boze (0.07 Moub/m’).

AKCNepuMeHT

B KayecTBe HU3KOOCHOBHOTO aHMOHOOOMEHHHKA UCII0JIb30BAIU
nonudynkuuoHanbHbelii copOeHT Purolite A 830 Ha ocHOBE MONMMAKPUIOBON MaTpPHUIBI C
NIEPBUYHBIMH, BTOPUYHBIMH U TPETHYHBIMU (QYHKIIMOHATIBHBIME Tpynnamu. VccienoBanue
copOIMM BaHUJIMHA MTPOBOWIA HA aHHOHOOOMEHHUKE, IIPEIBAPUTEIBHO MIEPEBEIECHHOM B
dhopmy cBOOOIHOTO OCHOBAHUS.

PaBHoBecue B cucreme aHnoHOOOMEeHHHK A 830 — pacTBOp BaHWIMHA W3ydald
IyTeM aHaju3a M30TE€PM COpPOIMM albJeruja, MOJYYEHHBIX METOJIOM IEePEMEHHBIX
KOHLIEHTpauui npu temmneparypax 298, 308, 318 u 328+2 K. Jlng cobntoeHust ycaoBus
HEOTPAHMYEHHOr0 00beMa HaBecKy HOHOOOMeHHHKa 0.5+0.0002 r 3ammBamm 200 cM’
BOJIHOTO PACTBOPA aTbJerHAa B Auanasore Koumenrpamuii 2-10™-7-107 moms/av’. Tlocme
JOCTHXKEHHUS] pPAaBHOBECHUS B CHCTEME pacTBOp copOTHBa — COpPOEHT MPOBOIMIN
omnpejiefiecHne KOHIIEHTpAlMM BaHWJIMHA BO BHemHeM pactBope. KommuectBo
THUIPOKCUOCH3ANIbJIETHIa, COPOMPOBAHHOTO AHMOHOOOMEHHMKOM, pPAaCCUUTHIBATIU I10
yOBLITM €r0 KOHIICHTPAllUM BO BHEITHEM pacTBOpe B mpoiecce copOimu. KoHmenTpanuio
BAaHWJIMHA  OMNpEAEIsUIM  CIHEeKTPOPOTOMETPUUECKMM  METOJOM  Ha  mpubope
cnekrpodoTomerp «CD-56» npu anuHe BoIHbI 280 HM.

Boponiox w np. / Copbrmonnsie u xpomarorpaduueckue npoueccst. 2012. T. 12. Beim. 6



968

O6cyxaeHve pe3ynbTaToB

HccnenoBanue H30TepMbI COPOLIMN THAPOKCHOCH3AIbIETHIA U3 BOJAHBIX PACTBOPOB
¢ koHmeHtpammeii g0 9-10° Momb/IM’ MO3BONMIO YCTAHOBUTH CEIEKTHBHOCTD
annoHooOMenHnka A 830 x copO6ruBy [13]. OpHako s HKCHOJIB30BAHMS
AHMOHOOOMEHHHUKOB IIprU HU3BJICYCHHMU BaHUJIIMHA U3 OoJtee HACBIIIICHHBIX pPacTBOPOB
HEOOXOIMMO HW3ydeHHE COpOLMM aibpAeruja BO BCEM [HAla3oHe KOHICHTPAIHH,
OTPaHUYEHHOM €r0 PacTBOPHMOCTHIO B Boje. B Hacrosmieii pabote mosrydyeHa m3orepma
copOLMM BaHWIMHA TIPH €ro COJACPKAaHHHM B aHAIM3HPYEMOM pPACTBOpPE B JHara3oHe
1:10™*-7-107 moms/mm’ (puc. 1).
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Puc. 1. U3oTepma copOuun BaHWJIMHA aHHOHOOOMEHHUKOM A 830

OtmedeHo, yTo copOIusi U3y4aeMoro TUAPOKCHOEH3aNlbJeruia HU3KOOCHOBHBIM
aHMOHOOOMEHHUKOM UMEET MOJUMOJIEKYIIpHbIN XapakTep. [Ipyu KoHLIEHTpaluy BaHWINHA
eimre 8107 Mous/mM’ MIPOUCXONUT JTOTIOJIHUTEIHLHOE TOTJIONIEHNE COpOTUBA, TIPH 3TOM
MaKCHMAJIbHAsi eMKOCTh aHHOHOOOMEHHHKA 10 BaHIIHHY cocraBiasier 4.4-107 Mous/T.
VYBenuueHue eMKOCTH copOeHTa 00yCIIOBIEHO CBOMCTBaMU BaHWIMHA. [Ipu ero BBICOKHX
KOHLIEHTpALUAX B pacTBOpE NOJUMOJIEKYJspHas copOLMs MOKET ObITh BbI3BaHa Kak
o0pa3oBaHMEM acCOLMATOB MOJIEKYJ BAHWJIMHA, TaK M JOMOJHUTEIbHBIM CBSI3bIBAHUEM
TUAPOKCUOCH3AIBACTHIA 3a CUET €ro MOJICKYJISIPHON copOuMM HAa aHMOHOOOMEHHHKE C
o0pa3oBaHHMEM BOJIOPOJHBIX CBsI3€M MeXAy a30ToM (YHKIMOHAJIBHOW TIpYyNIbl U
BOJIOPOJIOM THAPOKCUTPYIINBI BaHWINHA (puUc. 2).
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Puc. 2. Cxema HEOOMEHHOTO B3aUMOJICHCTBHUS BaHWINHA C (YHKIIMOHATbHBIMU
rpyniaMyu aHHOHOOOMEHHUKA

CopOuust ruApoKCUOEH3Ib/IErH/1a HA HAaYaJIbHOM y4acTKe U30TepMbl 00YCIIOBIIEHA
peaiMzaledl MPEeuMyIIECTBEHHO XEMOCOPOLMOHHOIO MEXaHH3Ma, 4YTO MOJTBEP:KICHO
HK-cnektpamu copOeHTa mOcae MOIVIOIIEHHsS BaHWIMHA IPH €ro KOHLEHTpalWU B
pactBope Meree 810~ moms/mv’ [13].
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B nacTosimieit paboTe mpoBeAeHO MCCIIEIOBAHUE COPOIIMHM BaHWJIMHA HA HaYaIbHBIX
ydyacTKax HM30TCpM, IOJYYCHHBIX IIPpHU PA3JIMYHBIX TCEMIICpATypax, 4YTO IIO3BOJIMIIO
YCTAaHOBHUTH HCKOTOPLIC PaBHOBCCHBIC XapaKTCPUCTHUKHU IIOTJIOIICHU A
TUAPOKCUOCH3AIBACTH IA 32 CUET 0Opa30BaAHMS UMHUHOB.

OpHuM U3 BaXHEHIIMX COPOLMOHHBIX NApPaMETPOB CHCTEMBI B COCTOSSHUU
paBHOBECHS SIBJISIETCS] KOHCTAHTa PaBHOBECHS UCCIIEYEMOTrO Ipoliecca. BBuly cioxHoCTH
I/I3y‘{aeMOI\/’I CHUCTEMBbI OLICHUTH TEPMOJUHAMHUYCCKYIO KOHCTAHTY IMPAKTUYCCKH
HEBO3MOXKHO BCJIEJICTBHE BO3HHMKAIOUIUX TPYAHOCTEH IpH ompeneieHuu kod3hduineHton
AKTUBHOCTH PCarupyromunux KOMIIOHCHTOB. I[J'ISI OILICHKU PABHOBECHA B CUCTEMC BOI[HBII71
pacTBOp BaHWUJIMHA — HU3KOOCHOBHBIM aHHMOHOOOMEHHHMK B HacTosIeld paboTe pacuer
MIPOBOJIMIICS IO YpaBHEHHUIO Tuma JIeHrmiopa:

Q = Qmax b . CpagH . (1)
1+b5-C,,,,
rie Q — BenuuuMHa CoOpOLMM TIpU  PABHOBECHON KOHLEHTpauuu Cpue, MOJIB/T;

Quax — BEIMYWHA TIPEICITHHON COPOIIMU, COOTBETCTBYIOIIAS MAaKCUMATHbHOMY 3aIl0OTHCHHIO
BCEX aKTUBHBIX IIEHTPOB, MOJIb/T; b — KOHCTaHTa COPOIIMOHHOTO B3aUMOICHCTBHSI.

[Tpn nuHeapu3anMyM HAYAIHLHOTO YYacTKa M30TEPMBI C HCIIOJIb30BAHHEM JIAHHOTO
YpaBHEHHS T'pagUUeCKUM CIIOCOOOM PACCUHMTHIBAIOT BEIMYMHY b, XapaKTePU3YIONIYIO
KOHCTaHTY cOpOLMOHHOIO paBHOBecHs (puc. 3). JIuHeapusaius u30TepMbl IPOBOAUIIACH C
WCII0JIb30BaHUEM ypaBHEHU (1), MPUBEICHHOTO K CIICIYIOIIEMY BUIY:

C' C' 1
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pasu pasu
= b : ()
g;? g;znlax ’ g;?n]ax
rne C),, — DPaBHOBECHas KOHIEHTPAlMs AalbJETHIa B PAcTBOPE, HOPMHUPOBAHHAS
C

pasH

! o
OTHOCHTEJBHO cTaHaapTHOTO cocTosHus C pasn — 5 > Korma d .., =1 Moss/v’. B aTom

0
pasH

clydae BeJMYMHA b, OompejesieHHas B pe3yibTaTe JIMHeapu3aluu, Oyner Oe3pa3zMepHOi
BEJIMYHUHOM.

/Q, r/MMOnb

paeH

c'

paBH
Puc. 3. JluneaprzoBaHHbIC H30TEPMBI COPOITUY BaHWIMHA HA aHUOHOOOMEHHUKE
A 830

Boponiox w np. / Copbrmonnsie u xpomarorpaduueckue npoueccst. 2012. T. 12. Beim. 6



970

Koranrenc yria HakioHa NpsMOM IO3BOJISIET OLIEHUTh BEJIMYMHY MpeAebHON
copbuuu. Ilo oTpesky, oTcekaeMoMy MpSAMON HA OCH OPJAMHAT, PACCUMTHIBAIU 3HAUEHUS
KOHCTAHTBI COpPOIMOHHOTO paBHOBecHs (D).

JluHeapu3anyss W30TEPM COPOIMH, CHATBHIX TPH PA3IUYHBIX TEMIepaTypax, C
LENbI0 ONpPENENICHNUs KOHCTAaHT COPOLMOHHOTO paBHOBECHS bt IMO3BOJSET OLIEHUTH
BIIUSIHUE TeMIIepaTypHOro (akropa Ha HCCIEAYEMYIO0 CHUCTEMY, a, CJIEeJI0BaTEIbHO,
paccuuTaTh HE TOJIBKO KaXyIylocs JSHepruto copouuu (3), HO U BEJIUYUHBI
SHTATBIUWHOTO U SHTPOIMUMHOTO BKJIAJA0B B 3Ty 3HEPruto (4)-(5).

AG'=—RT Inb, (3)
RTT, (b
=2k (4)
T, -T, le ’
AG'=AH' —TAS', (5)
rae AG' ~— Kaxymascs JHeprus  copOmmoHHOro  mporecca,  KJ[x/Moib;

le — KOHCTaHTa COpOIIMOHHOTO PaBHOBECHS IIPH Temreparype cuctemsl T;, K.

[TonydeHHblE  paBHOBECHBIE  XApAaKTEPUCTUKW  COPOIMM  BaHWJIWHA  HA
annoHooOMeHnHuke A 830 otpaxensl B Tab. 1.

Tabnuna 1. PaBHOBecHblE XapakTEpPUCTUKH COPOLUMU B CHUCTEME BOJHBIA pacTBOP
BAHWJIMHA — HU3KOOCHOBHBII aHHOHOOOMEHHUK

Pacuer paBHOBECHBIX TapaMeTPOB C

PaBHOBecHbIE TapameTpbl UCI0JIb30BAHNEM KOHCTAHTbI
COpOIMOHHOTO PaBHOBECHS b
Kaxymasicst sHeprust copouuy BaHUINMHA, 17
kJ[>x/MOTTB
OHnranenus, KJ[>x/MoIb -32
OuTponus, KHx/(Monb-K) -0.05

OHeprus copOLUU BaHUIMHA HU3KOOCHOBHBIM aHMOHOOOMEHHUKOM OTpHILIATEIbHA,
YTO CBUJETENBCTBYET O BBIUIPHIINIE B SHEPIHH MPU B3aUMOJECUCTBUSX, NMPOTEKAIOIIUX B
cucteMe pacTBop copOtuBa — copOeHt. [Iporiecc mormomenusi THAPOKCUOCH3ATbICTHAA
COIMPOBOXKIAETCA BbIACICHUEM TEIUIOTHI (IIPOLECC AK30TEPMHUUECKUI), JTaHHOE SIBJICHUE
XapaKTepHO Uil OOJIBIITMHCTBA CUCTEM OPraHMYECKUN COPOTUB - COPOEHT.

XeMOCOpOLIMOHHBIM MEXaHU3M MOTJIOMIEHHS THAPOKCUOEH3aIbAET 0B BIUIET Ha
SHEpreTUYecKUe  XapakTepUCTUKH  cuUcTeMbl. B cioywae  copOuuMu  BaHWIMHA
HU3KOOCHOBHBIM  aHMOHOOOMEeHHHKOB A 830, Korma TMOIJOIIEHHE HAET II0
XeMOCOPOIMOHHOMY MEXaHHU3MY U MEXaHU3MY MOJIEKYISIPHOM COpOLMH, ONpeAestonuM
SHEPruio0 copOuuu sBISETCA SHTANbNUIHBIN (akrop (Tabn. 1). B To ke Bpemsa mnpu
pPaccMOTPEHUH CUCTEMbI BOJHBIM pacTBOP BaHUJIMHA — HU3KOOCHOBHBIN aHHOHOOOMEHHUK
MBII-3 (pyHkuuoHanpHas Tpymna - NUPUAMHUEBOE OCHOBAHHE), I/E IOIJIOIIEHUE
copOTHBa MAET TOJBKO 32 CUYET MOJIEKYJISIPHOU COPOLMH, OTMEUYAETCS, YTO SHTPOIHIHBIN
(GakTop OKa3bIBAE€T CYLIECTBEHHOE BIJIMSHUE HA HM3MEHEHUE DSHEPIUU COPOLMOHHOTO
mporecca [12].
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3aknrouyeHue

[IpoBenenHble B paboTe HCCIEIOBAaHUS TO3BOJSAIOT OLEHUTH 3()(PEKTUBHOCTH
MIPUMEHEHHS] HU3KOOCHOBHOI'O NOJU(YHKIIMOHAIBLHOTO aHMOHOOOMeHHuKa A 830 mns
HCII0JIb30BaHUS B KaueCTBE COpOEHTa IPU U3BJICUCHUH BAaHWIMHA U3 BOJHBIX PacTBOPOB.
Brbicokue 3HayeHHs] €MKOCTHM AaHMOHOOOMEHHHMKa M KO3()(UIMEHTOB pacrpeaeacHus
TUIPOKCUOCH3ANIBJIETUIA  XapaKTEPU3YIOT BBICOKYIO CEJIEKTUBHOCTh HHM3KOOCHOBHBIX
AHMOHOOOMEHHUKOB C MEPBUYHBIMU M BTOPUYHBIMU (PYHKIIMOHAJIBHBIMU aMUHOIPYIIIAMU
HE TOJIBKO K Psiy anu(paTHUeCKuX ajlbJeruoB [5-6], HO U K THAPOKCUOEH3aIbAETUAAM.

AHanu3 paBHOBECHBIX XapaKTEPUCTUK COpPOLMM BaHUJIMHA M3 PACTBOPOB C
KOHIICHTPALMEN HMKE 8:10” moms/mM’ mo3BOIAET TOBOPUTH O CYILECTBEHHOM BIIMSAHHUU
SHTAJIBIIMUHOTO (PaKTOpa HAa FHEPTHUIO IIpoliecca.

Paboma evinonnena npu gpunancosoii noooepoicke OLI1 «Hayunvie u nayuro-

neoazoeuyeckue kaopvl unHosayuoruou Poccuuy na 2009 — 2013 200w1
Grant-00020/8/711/2012-1.2.1-12-000-1003-036.
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