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AnHoTtanus. C 1esblo MoTydeHHs psiia JaHHBIX O BO3MOKHOCTH ITOTJIOLIEHUS] aMUHOKHUCIIOT cyTniepabcopOeH-
TaMH ¥ BIMSIHUHM TEMIIEPaTyphl P MPOBEIEHUN COPOIMOHHOTO MPOIIEcca Ha BEJINIHHY MOTJIOMEHHS UCCIe-
JIOBAaHO B3aMMOAEHCTBUE TIIMIIMHA THAPOTEIEM Ha OCHOBE COIOJIMMEpa aKpuiIaMuIa U aKpuiaTa Kajusl Ipu
296 u 280 K B BOAHBIX pacTBOpax B auanaszone kKonuenTpamuii 0.005-0.1 mons/mv>.

YcraHoBneHo, uro npu Temneparype 280 K konndecTBo MOTIOMIEHHOTO TIMIMHA MEHBIIIE 10 CPAaBHEHUIO C
copbuueii mpu 296 K. ITokazaHo, 4To 3aBUCHMOCTH K03(p(puitnerTa pactpenenacHns OT paBHOBECHBIX KOHIICH-
Tpalyi TIIMIKMHA TPOXOIAT Yepe3 MakCUMyMBbl. PocT koadduirenTa pacnpeaeneHus CBsi3aH ¢ HaKOIUICHHEM
AMHUHOKHUCIIOTHI B (ha3e COpOCHTA MPH HU3KHX KOHIICHTPAIUSIX PacTBOpa, B JajbHEHIIIEM MPOUCXOIUT 3a10Ji-
HEHHE COPOIMOHHBIX IIEHTPOB U CTPYKTYPHPOBAHKHE BHYTPEHHEI'O PAacTBOPA, YTO MPUBOJUT K YMEHBIICHHIO
k03(hunreHTa pacrpeaeneHus.

AMMHOKHCIIOTa B BOJHOM PacTBOpE HaXOJWUTCS B BUJE OWIOIISIPHOTO MOHA, UCKIIOYAETCs Mepe3apsiika CH-
CTEeMBI «(pYHKIMOHANbHAS TPYNIA-IPOTHBONOH» B JAHHBIX YCIOBUSIX, TAKMM 00pa3oM, MpeIoaraeTcs mo-
TJIOLICHHUE 110 MEXaHN3MY HeOOMEHHOH copOunu. OCHOBBIBAsICH Ha IIPEIIOIOKEHNH O TOM, YTO COPOIIMOHHBIM
LIEHTPOM B JaHHOH copOruonHoi cucreme 6yner COOK-rpynma, He criocoOHas kK OOMeHy B JaHHBIX yCIIO-
BUSIX, TEPMOJMHAMHUYIECKOE OMICAHNE POBEIIN COTJIACHO MPEACTABICHUSIM O CTEXHOMETPHUIHOCTH TIpolecca.
Paccunransl k03¢ GUINEHTH aKTUBHOCTH, TEPMOANHAMUYECKHE KOHCTAHTHI U AU depeHnnansHble SJHEpruu
I'm60ca, KOTOpbIE UIMEIOT OTPUIIATENBHBIE 3HAUYCHHUS, YTO CBHJICTENBCTBYET O CAMOIIPOU3BOJIBHOCTH M 3HEpTe-
THYECKOU BBII'OJHOCTH ITPOLECCOB. HeO6XO}]I/IMO OTMCTUTH, YTO U3MCHCHUC )IaHHOﬁ BCJIIMYMUHBI BO BCCX CH-
CTeMax TpH COpOLHUH HCCIETyeMOM aMHUHOKHMCIOTHI IPOUCXOMUT B JAMama3oHe 3HaueHuidl ot -13 mo
-5 kJ[»x/MOJIb, UTO CBHICTEIBCTBYET O CIA0OM B3aUMOCHCTBUY MOTJIOIIAEMOM aMUHOKUCIIOTHI ¢ (ha3oi THI-
pores.

C ucnonp3oBanueM nporpamMmbl Gaussian 09W metomom rubpuaHoro ¢yHKImoHana miotHoctd B3LYP B
6asuce 6-31G++(d,p) ObLIO POBEACHO MOACTMPOBAHNE HAOYyXaHHS THAPOTEIIs, C BAPhUPOBAHUEM KOJIMICCTBA
MOJIEKYJI BOABI OT 9 1o 15, mpuxosuuxcs Ha (yHKIHOHAJIBHYO Tpymiry. [IpoBeileHHOEe KBaHTOBO-XUMHYE-
CKO€ MOJIETMPOBAaHHE ITOKA3bIBAET, YTO IOTJIOLIEHUE IIIMIMHA THAPOTeIeM CONPOBOXKIIAETCS Iiepepacipee-
JICHUEM MOJIEKYJI BOJIBI MEK/1y aMHUHOKHCIIOTOM M (PyHKIIMOHAIBHBIMHU TPYIIIIAMH THAPOT eI
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Abstract. To assess the possibility of absorption of amino acids by superabsorbents and the effect of the tem-
perature of the sorption on the degree of absorption, we studied the interaction of glycine with a hydrogel based
on a copolymer of acrylamide and sodium acrylate at 296 and 280 K in aqueous solutions with the concentration
range of 0.005-0.1 mol/dm3.

The study determined that the amount of absorbed glycine is smaller at 280 K than at 296 K. The dependences
of the distribution coefficient on the equilibrium concentrations of glycine pass through maximums. The
growth of the distribution coefficient is explained by the accumulation of the amino acid in the sorbent phase
at low concentrations of the solution. The sorption centres are then filled and the internal solution is structured,
which results in a decrease in the distribution coefficient.

The amino acid is present in the aqueous solution in the form of a bipolar ion. This prevents the recharging of
the system “functional group - counterion”. Therefore, the absorption proceeds according to the non-exchange
sorption mechanism. Assuming that the sorption centre in the system is COOK, i.e. A group incapable of
exchange under the said conditions, the thermodynamic description was based on the idea of a stoichiometric
character of the process.

We calculated the activity coefficients, thermodynamic constants, and Gibbs differential energies, which were
negative, which indicates that the processes are spontaneous and energetically favourable. We should note that
this value varied from -13 to -5 kJ/mol in all the systems during the sorption of the studied amino acid. This
indicates the weak interaction of the absorbed amino acid with the hydrogel phase.

Using the Gaussian 09W software by the DFT method at the B3LYP/6-31G (d, p) basis we performed computer
modelling of the hydrogel swelling with the number of molecules of water in the functional group varying from
9 to 15. Quantum-chemical modelling demonstrated that absorption of glycine by hydrogel is accompanied by
redistribution of molecules of water between the amino acid and the functional groups of the hydrogel.
Keywords: hydrogel, glycine, non-exchange sorption.
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BBeaenune

B nacrosimiee Bpemsi IIMPOKOE pacmpo-
CTpaHEHHWE MOy CcynepadcopOupyro-
e TOJUMEpPHbIE MaTepuaibl B KauecTBE
MOTJIOTUTEIIS KUJKUX PacTBOPOB, 0011310~
1€ YHUKAJIbHBIMUA KaueCTBaMU BIIUTHIBATh
BOoy B 00beme 10 400, a B HEKOTOPBIX CITy-
gasx n0 1000 pa3 mpeBblmaronemM cod-
CTBEHHYIO0 Maccy. biaromaps cBOMM CBOWi-
CTBAaM OHHM HaXOAST CBOE NMPUMEHEHHE HE
TOJIBKO B CEILCKOM XO3SIUCTBE B BUE HAKO-
MUTENS KUAKOCTA U MUHEPAJIbHBIX y100pe-
HHI, HO TaK)KE€ U B KaUuE€CTBE HOCHUTEJICH JIe-
KapCcTBEHHBIX cpelcTB [1, 2]. Mmeromuecs
JUTEPATYPHBIC JTAHHBIE CBUICTEIBCTBYIO O
BEeChMa 3HAYUTEILHOM BIIUSHUU PA3IUYHBIX
¢dakTopoB, Takux kak pH u Temmneparypa Ha
MPOIECCHl TOTJIONICHHS BELIECTB Cymnepao-
copOeHTaMM pa3au4yHOW Tpupoasl [3-5].
CnocoOHOCTh TUpOTeNiel CBSI3bIBATh MUHE-
pajgbHBIE PacTBOPHI M3BECTHBI, OIHAKO
OOJIBIION MHTEpEC MPEeICTaBIsSeT PaccMoT-
pEHUE B3aUMOJACHCTBUN OPTraHUYECKHUX Be-
HIECTB C THJPOTEJeM, OCOOCHHO C aMHHO-
kuciotamu. [lostomy 1iens paboThl - ncce-
JIOBaHME BIHSIHISI TEMIIEPATyphl Ha MPOLIECC

IOrJIOICHHUA AaMHWHOKHUCIIOT Ha IMPUMEPEC
HpOCTGfIHIGfI AMHMHOKHUCJIOTHI I'NNTMIKHA.

JKCNEePUMEHTAIbHAS YaCTh

B pabote ucnosnb3oBaH rugporeib «Ax-
BaTeppa» Ha OCHOBE COIOJIMMEpa aKpuiia-
MUJIa U aKpuiata Kajius, SBISIOLIMICA 1o
CBOEH mpupojie c1abOKUCIOTHBIM KaTHOO0-
MEHHHMKOM, MMeeT TuapoduiIbHbIe He3aps-
xennbie Tpynmsl -CONH2 u runpoduibHbe
3apspkeHHble 3BeHbs -COOK [6]. B kauectBe
copbara KCI0JIb30BajIach MpoCTeiias aMu-
HOKHCJIOT IJIMIUH B BOJAHOM pPAacTBOpE B
BHJIe OWITOJISIPHOTO MOHA, TAKHM 00pa3oM,
OTCYTCTBYET MOHHBIH OOMEH B CUCTEME U
MpearoaraeTcsl MOMJIOUIEHHE 10 MeXa-
HU3MY HeoOMeHHO# copbiuu [7]. Paccmot-
pEeHre B3aUMOJACICTBUI C TJIMLUHOM IT03BO-
JWUT B JajbHEUIIEM MCIIOIb30BaTh JaHHYIO
CUCTEMY B KaueCTBE CHUCTEMbl CpPaBHEHHS
IIPYU U3yYEHHUH B3aWMOJICHCTBUU TUAPOTEIs
C IpyTUMU aMHUHOKHCIIOTaMHU.

PaBHOBecue B uccieayembIx COpOIMOH-
HBIX CHCTEMaX MCCIEA0BAaHO B CTATHUECKHUX
YCIOBHUSAX METOJOM IEPEMEHHBIX KOHIIEH-
Tpauuii B Auana3one KoHueHtpamuii 0.005-
0.1 moms/mM>. Jlns BBISABICHMS BIHSHHS
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TEeMIIepaTypHOTo (GakTopa COpOIHIO MPOBO-
nuy ripu 296 u 280 K. Konnentpauuio B
PaBHOBECHBIX PacTBOpax OMpenesui Goro-
MeTpuuecku mpu 670 HM, IIpeIBapUTEIBHO
MEPEBOJISI PaCTBOPHI B KOMIUIEKC C MEAbIO
[8]. ConepxkaHue aMHUHOKHMCIOTHI B COp-
OeHTe HaXOIMWINW MO Pa3HOCTHU KOHIIEHTpa-
U1 B MCXOJIHBIX PAacTBOpax M PacTBOPOB
MocJIe COPOIMK ¢ YYEeTOM 00bheMa M MacCChI
KOHTaKTHUPYIOUIHX (a3.

O0cy:xneHne pe3yibTaTOB

B pabote uccnenoBana cuctema ««AKBa-
Teppa» + BOJHBIM pacTBOp MIMIKHA» MpPU
296 K u mpu 280 K. M3orepmbl copOumu
npeacTaBieHsl Ha puc. 1. Kak BugHO U3 pu-
CYHKa, BeJIMYMHA MTOTJIOMIEHUS TJIUIUHA TPU
temnepatype 296 K Boiie, yem mipu 280 K.

HHTEpecHO OTMETUTH, YTO 3aBHCHMOCTH
KO3 PUITMEHTOB pacnpeeeHus: OT paBHO-
BECHBIX KOHIICHTPAIMHA TIUIMHA TPOXOJSIT
yepe3 MakcuMyMmsl (puc. 2). Poct koaddu-
[IUEHTA pacIpe/eNIiCHNs CBA3aH C HaKOILIe-
HUEM aMUHOKHUCIIOTHI B ¢aze copOeHTa mpu
HU3KHX KOHIICHTPAIMSIX PAacTBOpA, B Jallb-
HEHIleM MPOUCXOIUT 3aloIHeHHe copOLu-
OHHBIX [IEHTPOB U CTPYKTYPHUPOBAHUE BHYT-
PEHHET0 pacTBOpa, 4TO MPUBOJIUT K YMEHb-
HIeHuIo K03 uimeHTa pacupeaeneHus.
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MOJB/T
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Puc.1. U30Tepmbl copObunu TIUIMHA U3 BOJI-
HOT'O pacTBOpa TUAPOreieM «AKBaTeppa»
MIPH PA3INIHBIX TEMIepaTypax:
1-296K,2-280K.

Figurel. Sorption isotherm of glycine from
an aqueous solution on an Aquaterra hydro-
gel at various temperatures:
1-296K,2-280K.

Jis  TepMOAMHAMMYECKOTO OIMUCAHUS
paBHOBeCUs] HEOOMEHHOM COpOLUMU aMHUHO-
KHCIIOTBl W3 WHAMBHUIYaJbHBIX PacTBOPOB
KaTHOHOOOMEHHHMKOM HCIIOJIb30BaH TOJ-
XO0Jl, OCHOBaHHBIA Ha IMpPEICTaBICHUIX O
CTEXUOMETPUIHOCTH HEOOMEHHOTO TIOTJIO-
meHus [9]. OCHOBBIBasICh Ha MPEIOI0XKE-
HUU O TOM, YTO COPOLIMOHHBIM IIEHTPOM B
JAHHON COPOIIMOHHON CHCTEME SIBJISICTCS
rpynna COOK, He crocobHasi kK 0OMeHy B
JTAaHHBIX YCJIOBUAX Mpoliecca.

W3 pucynka 3 BUIHO, 4TO 4eM OoJbIie
copO1Msl BellecTBa, TeM CHIIbHEE OTKJIOHS-
€Tcs OT COCTOSIHUSI CpaBHEHUS KO3 uIu-
€HT aKTUBHOCTH CBOOOIHBIX COPOIIMOHHBIX
LIEHTPOB U TeM Onmxke K 1 crpemurces kodg-
(UIUEHT aKTUBHOCTH, CBSI3aHHBIX C aKTHB-
HBIMH COPOIIMOHHBIMU IICHTPAMHU.

bbun paccunTaHbl TEpMOJIMHAMUYECKHE
koHcTaHThl 1.33+0.02 u 1.20+0.02 g5 Tem-
neparypsl 296 K u 280 K cooTBeTCTBEHHO.
Huddepenumansupie sHeprun ['nb60ca s
HCCIIElyeMbIX CUCTEM HMMEIOT OTpUIATElNb-
HbIC 3HAYCHUS, YTO CBHUJIETEIILCTBYET O Ca-
MOIMPOU3BOJIBHOCTH M DHEPIeTUYECKOUN BBI-
rOJHOCTU TporeccoB. HeoOxommmo orme-
TUTh, YTO W3MEHEHHE JTaHHOW BEJIMYMHBI B
0o0enx CUCTeMax MPOUCXOTUT B JHANA30HE

k 2,
1.8 4
1.6 1
1.4 1
1.2 4
0.8 A
0.6 1
0.4 4 2
0.2 1

0 0,02 0,04 0,06 0,08 0,1 0,12
Cp (Gly), moas/ am?®

Puc.2. 3aBucuMOCTh KO3(Q(PHUIIMESHTOB pac-
MIPEICIICHUs] OT PABHOBECHOW KOHIICHTPAIIUU
TJIUIIMHA B BBOJHOM PACTBOPE MPHU Pa3ind-
HbIX TemnepaTtypax: 1 —296 K, 2 — 280 K.
Fig, 2. Dependence of the distribution coeffi-
cients on the equilibrium concentration of
glycine in an aqueous solution at various
temperatures: 1 —296 K, 2 — 280 K.
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Puc. 3. 3aBucuMocT K03 GUITHESHTOB aKTHB-
HOCTH, CBSI3aHHBIX C aKTUBHBIMH COPOLIOH-

HBIMH [EHTPaMH (Yra) U KOODPHUIMEHTOB aK-
TUBHOCTH CBOOOIHBIX aKTHBHBIX COPOIHOH-
HBIX LEHTPOB, HECBS3aHHBIX C MOJICKYJIaMH

cop0aTta (Yr) OT paBHOBECHOM KOHIIEHTPAIIUH
BOJIHOTO PACTBOPA TJIMIIMHA MTPU TEMITEPATY-
pax: 1 =296 K, 2—-280 K.

Fig. 3. Dependences of the activity coefficients
of active sorption centres (YRA) and the activ-
ity coefficients of free active sorption centres

not bonded to the sorbent molecules (YR) on

the equilibrium concentration of the aqueous

solution of glycine at the following tempera-
tures: 1 —296 K. 2 — 280 K.
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Puc. 4. 3aBucumocTs aud hepeHITHATBHON
sHepruu ['nb6ca HeoOMeHHOI copOLuH OT co-
JieprKaHus TIIUIMHA B COPOEHTE MPH TTOTIIONIe-
HHUH TUAPOTENIEM NP Pa3IMIHbIX TEMIIEpaTy-

pax: I —296 K, 2 —280 K.

Fig. 4. Dependence of the Gibbs differential
energy of non-exchange sorption on the con-
centration of glycine in the sorbent during ab-
sorption on hydrogel at various temperatures:
1-296K,2-280K.

fx

Puc.5. Buzyanuzanuus cuctems! ««Axateppa» (12 H,O) + roumus (3 H2O)»
Fig. 5. Visualisation of the system “Aquaterra’’ (12 H,O) + glycine (3 H,O)”

3HaueHudt ot -13 go -5 xx/mons (puc. 4),
YTO CBHJETEIBCTBYET O C1a00M B3anMOIeHi-
CTBHH TIOTJIONIAEMBIX AMUHOKHCIIOT ¢ (ha3oi
THJIPOTEIISL.

M1t Gosiee TOTHOTO MOHUMAaHUS B3aUMO-
NEHUCTBUS aMUHOKHUCIIOT C THIPOTEIIeM
NPEJICTAaBIISICT WHTEPEC KBAHTOBO-XHMMHYEC-
CKO€ MOJETHPOBAHUE B HCCIETYyEMBIX CH-
CTeMax.

Bbruto mpoBeaeHo MozenupoBaHue Haly-
XaHUSI TUAPOTENs C PA3IMYHBIM KOJU4e-
CTBOM MOJIEKYJI BOJbl, C MCIOJIb30BaHUEM
nporpamMmbl  Gaussian 09W wmetogoM TH-
OpuaHoro GpyHkuuoHana maotHoct B3LYP
B Oaszuce 6-31G++(d,p) [10].

OcHOBBIBasACh Ha JIMTEPATYpHBIX [aH-
HBIX, KOJIMYECTBO MOJIEKYJ BOABI, IPUXOJIS-
HIMXCS Ha QyHKIMOHAJIbHBIE TPYIIIIbI, MEHSI-
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muck ot 9 o 15 [11,12]. CraproBsie par-
MEHTBI ITPEIBAPUTEIILHO ONITUMU3UPOBAIIU U
pacronarajiy pa3JIM4HbBIM 00pa30M OTHOCH-
TeabHO ApyT apyra. Ha Bcex stamax ontu-
MHU3UPOBAHHBIMH CUUTAJIUCh CTPYKTYPHI,
XapaKTEepU3yIoluecs HauMEHbIIeH 3Hep-
rueit. Taxke ObUTO MPOBEACHO MOACIUPOBA-
HUE CHUCTEM «THUIPOreiab+aMHUHOKHUCIOTaY.
[Ipu mpoBeaeHUN HUcCleqOBaHUN ObUIH HC-
MOJIb30BaHEl BBIYHMCIUTCIIHFHEIC MOITHOCTH
Cynepkomibrorepa BI'Y.

Becbma MHTEpECHBIM SIBIISIETCS BBISIBIIC-
HUE BJIMSHUS MOJIEKYJ] aMHUHOKHCJIOTHI Ha
COCTOSTHUE (PYHKIIMOHATBHBIX TPYII TUIPO-
rensi. Ha pucynke 5 npencraBieHa onTUMHU-
3UpOBAaHHAS CHUCTEMa ««AKBaTeppa»+riu-
[IUH» C KOJMYECTBOM MOJIEKYJ] BOIbI 12+3
cooTBeTcTBeHHO. [0 maHHBIM MoOjEnUpoBa-
HHS HEOOXOJUMO OTMETHUTh, YTO AMHUHOKHC-
JI0Ta U3MEHSIET THAPATHYIO CTPYKTYpPY KaTH-
OHa KaJus, PU STOM IPOUCXOIUT Iepepac-
Mpe/IeJICHUE BOJIBI.

3akiaroueHue

Taxum 06pa3om, UCCIET0BaHO MOTIIONIE-
HHE TJIUIMHA TUAPOTeIEM Ha OCHOBE COIIO-
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