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BBEJIEHME

HonooOMeHHBIE MEMOpaHbI 0011a1al0T HEOAHOPO/I-
HOHM M LIEPOXOBATON MOBEPXHOCTBIO, YTO BIMSAET Ha
UX KCIUTyaTalMOHHBIE, PU3NKO-XUMHUYECKHE, TPAHC-
TTOPTHEIC B PaBHOBECHBIC XapakTeprucTuku [1-5]. Cy-
[IECTBYIOT HECKOJIBKO CIIOCOOO0B M3yUE€HHUS CTPYKTYPBI
MOBEPXHOCTH HOJIMMEPHBIX MEMOpaH: aTOMHO-CHJIO-
Bass Mukpockonus (ACM), ckaHUpyIOIIas 3JIeKTPOH-
Hast Mukpockonus (COM), MeToasl CBETOpacCesHUS
V3ITyYeHVs B Pa3IMYHBIX JUIMHAX BOJH U T. 1. [6-11].
ATOMHO-CHIIOBasi MUKPOCKOIHS IIO3BOJISIET BBISIBISTD
0COOEHHOCTH TeOMETPHUHU IIOBEPXHOCTH MaTE€PUaJIOB C
HaHOMETPOBBIM pa3pelIeHueM Oe3 MpeBapUTeIbHOM
00pabOTKH ¥ CHEIHAIBHON MPOOOMOATOTOBKH, YTO
0COOEHHO Ba)KHO TP UCCIIEIOBAHNH HOHOOOMEHHBIX
MeMmOpaHn. Takum oOpa3zom, MeMOpaHbI He TpeTepIie-
BAalOT CTPYKTYPHBIX IIPE0Opa30BaHUM U U3ydaroTCs B
HEM3MEHEHHOM COCTOSHMU. MeTtox obiagaer BBICO-
KHM pa3peleHreM, TOUHOCTBIO U BOCIIPOU3BOINMOC-
Tht0. [Tocnenyromas udporas oopadorka ACM-nan-
HBIX /1a€T BO3MOXXHOCTH TNTyOOKOTO aHali3a pasiind-
HBIX XapaKTepUCTUK NoBepxHocTH. KonnuecTBeHHas
OLIEHKa [IIEPOXOBATOCTH MOBEPXHOCTH HOHOOOMEHHBIX
MeMOpaH UMEEeT BaXXHOE PAKTHIECKOE 3HAYCHUE, TaK
KaK MO3BOJISICT BBISIBUTH BIUSTHUE Pa3IMUHBIX (PaKTO-
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POB Ha MPOIECCHI IEPEHOCA HOHOB U MOJICKYJI B MEM-
OpaHHBIX mponeccax [12-16].

B pabotax [17, 18] mokazaHo, 4TO MOCJIe KOHTAK-
Ta C aMUHOKHCIIOTaMU YBEINYHBACTCS IIEPOXOBATOCTh
MTOBEPXHOCTH TOMOT€HHBIX MEMOpaH U, HalIPOTUB, TI0-
BEPXHOCTh FeTEPOTeHHBIX MEMOPaH CTAaHOBUTCS OoJiee
maakoir. ACM-aHaan3 MOBEpXHOCTH aHMOHOOOMEH-
HBIX rereporenHoil MA-41 u romorennoit AMT mem-
OpaH B aMHHOKHCIIOTHOH (hopMe BBISBUJ BBITIICHUE
KPUCTAJJIOB TUPO3UHA MPH €ro MOIVIOUICHUH HOHO-
O0OMEHHBIM MAaTEPUAIOM U3 JOCTATOYHO KOHIICHTPH-
POBaHHBIX PAaCTBOPOB, YTO MPHBOAHUT K H3MEHEHHUIO
TPAHCHOPTHBIX U AIEKTPOXUMHUICCKUAX XaPAKTCPUCTUK
aTux Membpas [19].

ens marHON pabOTHI — YCTAHOBJICHUE BIIASHHUS
ANKIIIAPOMAaTHYECKOM aMHHOKHUCIIOTHI (peHMIIaIaHnHA
Ha CBOMCTBA IMMOBEPXHOCTH (MHKPOPEIbEed U IIEPOX0-
BaTOCTh) F'€TEPOTCHHON MPO(QUIMPOBAHHOMN CyIb(O-
KaTnoHOOOMeHHOM MeMOpaHsl MK-40.

JKCHHEPUMEHTAJIBHASA YACTb

Obwvexmul uccanedosanuss. OOBEKTOM HCCIEIOBA-
HUS SIBIISUIACH TETepOreHHast cyIb(POoKaTHOHOOOMEH-
Hast MmemOpana MK-40 ¢ reomeTpuiecKky HEOTHOPO/-
HOH (TpoMIMPOBAHHOH ) TOBEPXHOCTHIO. [ eTeporeH-
HbIE HOHOOOMEHHBIE MEMOpPaHBI IPEICTABIIAIOT COOO0M
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KOMITO3UTHI FOHOOOMEHHBIX CMOJI, TOJTUATHIICHA HA3-
KOTO JIaBJI€HUS U apMupyrolleil Tkanu (karpoH). Ka-
tHoHOOOMeHHast MemOpana MK-40, n3roroBineHnHast Ha
OCHOBE CHITbHOKHCIIOTHOTO CYJTB(OKATHOHOOOMEHHU-
ka KY-2x8, npencrasnser co00ii KOMIO3UIUIO U3 TIO-
JUATUJICHA U CYJIb()HPOBAHHOTO COMOIMMEpA CTHPOIA
u nuBuHWIOEH307a. Crioco0 mpouIMpOBaHUs TeTe-
pOTeHHBIX MeMOpaH B Ha0yXIIIeM COCTOSTHUH pazpado-
tad B OO0 «VHHOBanmonHoe npeanpusitue «Memo-
panHas TexHonorus» (r. KpacHomap) u 3amuieH na-
tenToM (puc. 1) [20].

OO0pas3ibl TpoPIMPOBAHHBIX MEMOPaH U3TrOTaB-
JIUBAJIACH METOJIOM TOPSTYEro IPECCOBAHMS C TIOTyde-
HHUEM 33aJJaHHOTO TeOMETPHUECKOTO pelibeda MmoBepx-
Hoctu nipu Temneparype ot 20 no 140 °C, napnenuun
10—13 MIIa n BpeMeHU BBIACPKKH TIOJ] JABICHHEM
ot 10 ¢ no 10 mun. [ToBepxHOCTH IPOHUIHPOBAHHOM
MeMOpaHBI B CyXOM COCTOSTHUH OOBIYHO TTPEICTAaBIIs-
eT co00i COBOKYMHOCTB nonycgep panuycom 0.5 mm,
PaCHOIOKEHHBIX APYT OT Ipyra Ha pacCTOSIHUU 1.5 MM
B IaxMaTtHOM Topsske [21]. Bo Bmanunax mexmy mo-
nycdepamMu Ha TOBEPXHOCTH MeMOpaHBI HAXOMATCS
BBIXOZIbI apMmupyromei cetku. [locne Habyxanus B
BOJE B MeMOpaHe o0pa3yloTcs OTAeNbHbIe Qa3bl: ak-
THUBHAs! HOH-TIpoBOAAIIas (pas3a, B KOTOPOil TOKaITH30-
BaHBl HOHOTEHHBIE TPYNIbI ((a3a reis WK HOHHUTA)
Y HENpoBosIas (ha3a HHEPTHOTO CBA3YIOMIETO MOJH-
stunena. [lopoBoe mpocTpaHCTBO MEXIY STHMHU (a-
3aMH 3aIIOJTHEHO PAaBHOBECHBIM PACTBOPOM, KOTOPBIN
obpazyet TpeThio (asy.

CpaBuutensubiii ACM-aHanu3 mpoBoauics Ha
BO3IYIIHO-CYXHUX 00pasiax MeMOpaH IMocie XWMH-
YECKOro KOHIWIIMOHMPOBAHUS U IMOCIE KOHTaKTa ¢
(enmnanaanaoM B TeueHne 80 yacoB. XUMHUYECKOE

KOHIUIIMOHUPOBAHUE MEMOPaH MPOBOIMIN 0 001ITe-
MPUHATON MeTonuke [22] mociieoBaTelIbHOM 00pa-
0OTKOH pacTBOpaMu KUCJIOT U IIEI0YeH U TIepPEeBOIOM
B TpeOyemyro HOHHYI0 (Gopmy — BogopomHyto. Mo-
JIBHBIA BOJTHBIA pacTBOp (peHMIIalaHMHA KOHIIEHT-
panuu 0.15 Mois/mM® TOTOBHIIM U3 PEaKTHBA KIIACCH-
(dUKaIUK «4.7.2.%.

Hccnedosanue membpan. VIsyuenne MAKpOpPEITh-
e(a moBepxHOCTH MeMOpaHbI MPOBOAMIN METOIOM
ACM ¢ noMoUIbl0 CKaHUPYIOUIETO 30HIO0BOTO
mukpockomna kopropamud NT-MDT mognenu Solver
P47 Pro (Poccus, 1. 3eneHorpan) B HOITyKOHTAaKTHOM
pexXuMe Ha BO3IYITHO-CYXHX oOpasrax. CkaHupoBa-
HUE OCYIIECTBISIN KanTuiaeBepamu tuna NSG20 nu-
HO#1 90 £ 5 MKM, pezoHaHcHOH yacToToi 260-630 k"1
Y paJinyCcoM KpUBU3HBI OCTpHs 30H1a He Oosee 10 HM.
Kanrunesep 6bu1 HO100paH ¢ y4eTOM MSTKOCTHU CTPYK-
TypPBI TOBEPXHOCTH MEeMOpaH. DKCIIEPUMEHTHI IIPOBO-
JIUIIM Ha Bo3yXe NpH Temneparype 25+1 °C. UyBcTBu-
TEIHHOCTH 30H/Ia U TOYHOCTH CKaHEPa aTOMHO-CHIIO-
BOT'O MHKPOCKOTIA [TO3BOJIUIIH IOy YHTh H300paKeHHS
MMOBEPXHOCTH C JIaTepallbHBIM pa3pemnieaneM 10 10 Hm
Y BEPTUKAIBHBIM 10 1 HM.

WzyueHne noBepXHOCTH HOHOOOMEHHOM MeMOpa-
HBI TIPOBOIMIIH B ABYX PEKUMaX: Tororpaduu u ¢hazo-
BOTO KOHTpacTa. B pesxkume Tonorpaduu Gpukcupopa-
1 penbed moBepxHocTu. Pexxum ¢pazoBoro koHTpac-
Ta TO3BOJISIET PACO3HATH OONACTH, OTIIMYAIONIHECS
0 XUMUYECKOMY COCTaBY, aJIF€3UNOHHBIM U YIIPYTUM
cBoiicTBam [23, 24]. Eciiu oTnenbHbBIE y9acTKH TIOBEP-
XHOCTH HMEIOT Pa3JIMYHbIE CBOMCTBA, TO H300paKeHUE
OyIeT IMeTh JOTIOTHUTENFHBIA KOHTPACT, 3aBUCSIIIAN
OT TIPUPOJIBI MaTepHalia Ha OTIENbHBIX yuacTKax. OH
MIPOSIBIISIETCS. B U3MEHEHUH (a3bl KOJIICOaHUH 30H/a,

Puc. 1. Mukpodororpagun KOHIUIIMOHUPOBAHHOTO 00pa3iia NPoGHIMPOBAHHON CYIb()OKATHOHOOOMEHHOW MeMOpa-
HBI MK-4Onp B CyXOM COCTOSIHUH
[Fig. 1. Micrographs of the conditioned sample of the profiled MK-40_ sulfocation-exchange membrane in the dry state]
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B TO BpeMs KaK aMIUTUTYJa KoJeOaHwi OTpa)kaeT To-
norpaduro mopepxHocty. JlerekTupoBanue Ga3bl Ko-
neGaHui OJHOBPEMEHHO C TONy4YeHHEM Tororpadun
MOBEPXHOCTH TIPH aMILTUTYTHOM JIETEKTUPOBAHHH TIO-
JIOKEHHS 30H1a B 00OpaTHOM CBSI3U MTO3BOJISIET U3 CPaB-
HEHUS aMIUTATYIHOTO U (ha30BOTO N300paskeHUH IOy~
yuTh HH(pOpMALUIO 0 ha3oBOM cocTaBe obpasiua (Tak
Ha3bIBaeMBIH (ha30BbIil KOHTPACT).

Buzyanuzanus penbeda npeacrasisiachk B BHIE
JIBYMEPHBIX U TPEXMEPHBIX MH(PPOBBIX H300pake-
Hu# moBepxHOcTH [25]. Ha Ttomorpaduueckux xap-
Tax (BBICOTa OTOOpaKaeTcs LIBETOM ) POBOIMIIH ceye-
HUS, BIOJb KOTOPBIX CTPOMIICS TMPOQHIH TOBEPXHOC-
. AHanu3 noyrydeHHbIx ACM-u300paxeHuii ocy-
MIECTBIBSLICS C TTIOMOIIBIO TPOTPaMMHOT0 00ECTIeUeHHS
ACM Solver P47 Pro Nova RC1 u 3aktouasics B onpe-
JIeTICHUH aMIUTMTYAHBIX CPEHECTaTUCTHUECKHX Mapa-
METPOB MIEPOXOBATOCTH MOBEPXHOCTH B COOTBETC-
TBUE C MEXIyHapOoIHBIMHU cTanmapramu [SO 4287/1
u ANSI B. 46.1: Ry — pa3Max BBICOT (MaKCHMaIbHBIHA
nepernaz BEICOT MEXKAY CaMOW BepXHel U HIKHEH TOU-
KaMM IIOBEPXHOCTH POoduIIs), R — cpennss apudme-
THYECKasl [IEPOXOBATOCTh, R — CPeHsIs KBaAPATHY-
Hasl IIEPOXOBATOCTh, R_— IEPOXOBATOCTH NOBEPXHOC-
TH IO BEIOPAHHBIM JIECATH MaKCUMAIIbHBIM BBICOTAM
Y BOaaguHam [26].

[IpoGomoaroroBka 3akiodanach B 3aKpEIUICHUU
(parMeHTa MEMOpPaHbI Ha MPEAMETHOM CTOJIMKE C T10-
MOUIBIO JBYXCTOPOHHETO YIJIEPOAHOTO CKOTYA U 00pa-
O0TKe MMOBEPXHOCTH STHJIOBBIM CIHPTOM ISl yalie-
HUS THOPOIHBIX YACTHL OKpysKatomei cpeasl. ACM-
M300paKeHHsT CHUMAITH Ha BRICTYIaX POQIIIS TOBEP-
XHOCTH MEMOPAaHBI.

PE3YJIBTATBI 1 UX OBCYXKXIEHUE

Ha puc. 2 npeacrasnens! pe3ynsrarel ACM-ckanu-
pPOBaHUS B peXKUME TOTIOTpa K MTOBEPXHOCTH 00pa3-
IIOB MEMOpaH MK-40np JIO U MOCJIe KOHTaKTa ¢ (heHu-
JamaHuHOM KoHieHTpanuu 0.15 Monb/aM® B TeueHue
80 gacoB. Ha TpexMepHBIX N300pakeHISIX TIOBEPXHOC-
TH MeMOpaH BHIHO, YTO UX MOBEPXHOCTh HE SIBIISET-
Cs TUIOCKOM, Ha Hel UMEIOTCSI HEPOBHOCTH, pacipesie-
JIEHHBIE Xa0TUYHO. MHOTOYHCIIEHHBIE TEMHBIE yYacT-
KH, T.€. CaMble HU3KHE TI0 BBICOTE, HHTEPIPETHPYIOT-
cs kak nmopsl. CpaBHUTENbHBIN aHamu3 ACM-u3o0pa-
JKeHUH TOBEPXHOCTH MeMOpPaHBbI MK—4OHp Ipu pas-
JUYHBIX pa3Mepax TUIOMIa N CKAaHUPOBAHWS BBISBHII
HU3MEHEeHHUs1 penbeda MOBEPXHOCTH MPH M3MEHEHUH
MacimTaboB ckaaupoBaHus. [Ipu momanyu ckanupo-
Banus 10x10 MKM 3aMeTHBI O0Jiee KpyIHbIe (hparMeH-
THI penbeda Mo CpaBHEHUIO C TUIOMIA/IBI0 CKAaHUPOBA-
HUS 2X2 MKM.
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st memOpaHBI TIOCIIe KOHTaKTa ¢ (peHrIaIaHu-
HOM yCTaHOBJIEH OoJiee CIIaKeHHBIN penbed MoBepX-
HOCTH 110 CPAaBHEHHUIO C KOHAUITMOHUPOBAHHBIM 00pa3-
IIOM U3-3a COPOLIMU aMUHOKHCIIOTHI BCJIE/ICTBHE AJIEKT-
pOCTaTn4ecKuX B3auMOAEHCTBUI OUIONSPHBIX HOHOB
apoMaTUYeCKOM HENTpaIbHON aMUHOKHUCIIOTHI C 3apsi-
JKCHHBIMY (PUKCHPOBAHHBIMH IPYIIIAMHU CYJTb(OKATH-
OHOOOMEHHHKA KaK Ha MOBEPXHOCTH, TaK U Ha CTEH-
Kax B mopax memOpanbsl. ABTopamu padot [17] npu
OIICHKE BIIHSIHHUS COPOIIMHA OCHOBHON aMHHOKHUCIIOTHI
JM3UHA HAa COCTOSIHHE MOBEPXHOCTH T'€TE€POTeHHOM
cynbdokarnonoooOMeHHoH MemOpanbsl MK-40 ¢ rnan-
KO TIOBEPXHOCTBIO TAKXKE YCTAHOBIICHO MTOBBIIIICHHE
OJIHOPOJTHOCTH €€ TOBepXHOCTH. [10 MHEHUIO aBTOPOB
IpHu COPOLIMM aMUHOKHUCIIOT T€TEePOTEHHON KaTHOHO-
00MeHHOH MeMOpPaHOM TPOUCXOANUT YMEHbIIIEHHE KO-
JMYECTBa U Pa3MEepOB KaK HAHOIOP, TaK U KPYIHBIX
ne(EeKToB.

AHanu3 MUKponpoduiel Ha BBICTyNax MOBEpPX-
HOCTH MeMOpaHBI MK—4Orlp (puc. 3) moaTBEepKIaeT
(hakT yMEHBIIEHHSI LIEPOXOBATOCTH IMOBEPXHOCTU B
AMUHOKHCIIOTHOHM (hOopMe, UTO CBSI3aHO C yYMEHbIIIe-
HHEM pa3MepOB KPYITHBIX 1O, MPECTABISIONINX CO-
001 MPOMEKYTKH MEKIY YaCTHLAMH HOHOOOMEHHU-
Ka | TTOJIMATIIICHOBO 0CHOBOI MeMOpanbl. B paborax
[27-29] npu ouenke ruaparanun Memopansl MK-40
B (hopMax OCHOBHBIX AMUHOKHCIIOT YCTAHOBIICHO, YTO
B3aUMOJICHCTBHE aMHHOKHCIIOT C MEMOpPaHOU BBI3HI-
BaeT CHIKEHHE Biaroconepxanust MemOpansl. [lomy-
YEHHBIE HAMU METOJIOM TPaBUMETPUH PE3yJABTaTHI IO
BJIarocoAepKaHuIo UCCllelyeMbIX 00pa31oB MpoQuiIn-
pOBaHHON MeMOpaHbI MOATBEPKIAIOT (PAKT YMEHBIIIe-
HUSI COZIEpKaHuUs BOABI B MEMOpaHe MOcie KOHTaKTa ¢
(henmnananmaoMm [9, 30]. K Tomy ke, mporiecc He orpa-
HUYUBAETCSI HOHHBIM OOMEHOM, BRXKHYIO POJTb UTPAIOT
ruznpodoousie 3hdextsi [30]. AncopOLMOHHEIE CIIOH,
COCTOSIIIHIE U3 HOHOB aMHHOKHCIIOT, THAPOodhoOH3upy-
0T TIOBEPXHOCTh YaCTUI] HOHOOOMEHHHKA, TIOBBILIAS
aJIre3I0 K HETIONSIPHOM TONMUMEpHO# MaTpuiie (TIoH-
atuiieH). [Togo0HbIi 3¢ dekt HadmroaaICs TaKKe IPU
COpOLMY aJKUIAMHUHOB U Y€TBEPTHYHBIX aMMOHHEBBIX
OCHOBaHMI reTepOreHHBIMH MeMOpaHaMy Ha OCHOBE
noHooOMeHHUKOB KY-2*8 [31]. CopOrust aMUHOKHC-
JIOT CITIOCOOCTBYET MHTEHCUBHOMY CTPYKTYpPOOOpa3o-
BaHMIO B CHCTEME HOHOOOMEHHHK — ITOJIMMEPHBIH HO-
cutenb [30, 32—-34], uTo BRI3BIBAECT YMEHBILICHUE Pa3-
Mepa KpYIHBIX MOp B MECTaxX KOHTaKTa JBYX (a3.

JononHuTensHy0 HHPOPMALIUIO O COCTOSHUHU HC-
CIIeTyeMOH MTOBEPXHOCTH OOpa3I[OB MEMOpaH IOCie
XHMHYECKOTO KOHAWIIMOHUPOBAHMUS U ITOCIIE KOHTAKTa
¢ (eHHUIIAIAHMHOM JIaeT aHAIHN3 H300pakKeHUH, MMoIy-
YEHHBIX B pekuMe (Ppa3oBoro koHTpacta (puc. 4). [Ipu-
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Puc. 2. Tpexmepubie ACM-n300pakeHns Ha BHICTYIIAX TIOBEPXHOCTH POMMIMPOBAHHOH CYIIb(OKaTHOHOOOMEHHOM
MeMOpaHbI MK-40_ o (a, ¢) n nocie (b, d) xontakra ¢ penunananuHom konuenTpauu C,= 0.15 Mons/aM* B TeueHUH
80 yacos [Tomans ckanupoBanus 2x2 MkM (a, b) 1 10x10 mxm (c, d)

[Fig. 2. Three-dimensional AFM images on the protrusions of the surface of the profiled MK-40__sulfocation-exchange
membrane before (a, ¢) and after (b, d) its contact with phenylalanine concentration C, = 0.15 mol/L for 80 hours. The
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Puc. 3. Mukporpoduim Ha BEICTyTIaX TOBEPXHOCTH
Cynb()OKaTHOHOOOMEHHOM MeMOpaHbI MK—4Onp bi (o)
(kpusas 1) n mocne (kpusaa 2) KOHTaKTa C
(heHMITaTaHMHOM KOHIICHT PN C0 =0.15 mons/mM>
B TeueHnn 80 gacoB. [Imomans ckaHUpPOBaHUS
10x10 MM
[Fig. 3. Microprofiles on the protrusions of the
surface of MK-40__sulfocation-exchange membrane
before (curve 1) and after (curve 2) its contact with
phenylalanine concentration C; = 0.15 mol/L for 80
hours. The scanning area is 10x10 pm]
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Puc. 4. da3oBble N300pakeHNs] HA BBICTYNAX HMOBEPXHOCTH NMPOQHUIMPOBAHHON CYIb()OKaTHOHOOOMEHHOH MeMOpaHBI
MK—40rlp 10 (a) m mocne (b) KoHTaKTa ¢ PeHUITATAHUHOM KOHIICHTPAIIAH C,=0.15 Mons/am° B Teuenuu 80 yacos. [Imomaas
CKaHHUPOBAHMS 2X2 MKM
[Fig. 4. Phase images on the protrusions of the surface of the profiled MK-40 sulfocation-exchange membrane before (a)
and after (b) its contact with phenylalanine concentration C; = 0.15 mol/L for 80 hours. The scanning area is 2x2 um]

MEHEeHHe MeToia (pa30BOTro KOHTPACTA TO3BOJIMIIO BU3Y-
aJIM3UPOBATh Pa3INYHbIE IIOBEPXHOCTHBIE H3MEHEHHA,
KOTOpBIE HE UMEIOT TONOTrpapuIecKOro NposIBICHUS 1
BBISBIISIIOTCS] TOJIBKO Ha M300payKEHWU JETEKTHPOBA-
Hus (ha3bl koeOanuil. [TomyyeHne n300paskeHus cMe-
mieHus (a3l koieOaHmii KaHTHIIeBepa (puc. 4) mapai-
JIETLHO C TONOTpapuIecKUM U300paKEHNUEM TTOBEPX-
HOCTH (pHC. 2a) TO3BOJISIIOT MOMYYHUTh JAOOTHUTEIb-
HYT0 HH(POPMAITHIO 00 N3MEHEHHUH Pa3IMIHBIX CBOHCTB
MOBEPXHOCTH 00pasia (B YaCTHOCTH, CBA3aHHBIX C U3-
MEHEHHEM JUCCUTIAINN YHEPTUU KOJIeOaHNH KaHTHJIe-
Bepa OT OTHOM TOYKH IMMOBEPXHOCTH K JpyToif). MeTon
otoOpaxeHus Pazbl (Ppa3oBbIl KOHTPACT) TO3BOIHII 32~
PETUCTPUPOBATH HEOAHOPOTHOCTH CBOMCTB HCCIIEIye-
MO MOBEPXHOCTH MEMOPaHBI (XUMHYECKast TeTepOreH-
HOCTH). [Ipr 5TOM Ha H300paKSHHSIX IIOBEPXHOCTH T'e-
TEpOTeHHON MeMOpaHBI TPaHUIIBI paszena a3 coBma-
JTAFOT C KPYITHBIMH MTOBEPXHOCTHBIMH Jie)eKTaMu (pa3-
PBIBBI, MUKPOTPEIIMHBI), YTO BUIHO IPH CPABHCHHUU
puc. 2a, 2b u puc. 4a, 4b cCOOTBETCTBEHHO.

Ha (hazoBbIx n300pakeHUIX O0JIee CBETIIBIE 00JTac-
TH COOTBETCTBYIOT OOJIBIINM 3HAYEHHUSM JHUCCUITALIUH
SHEPruH M OOJNBIINM 3HAYEHUSIM CIIBUTA (ha3bl Koje-
OaHUs 30H/1a B pe3yybTaTe B3anMOJICHCTBUS C UCCIIe-
JyeMOI IOBEpXHOCTBIO, YTO XapaKTEPHU3yeT ee CBOMC-
TBa, B TOM gucie runpodoorocTs [17, 35]. B padorax
[17, 28] moka3aHO, YTO BaxKHBIM (PaKTOpOM, Ompesie-
JISTFOTIIAM KOHTPACT (Da30BBIX M300paKCHHIHA, SBIISIOT-

Cs pa3iauuus B aATE3UU 30HJA U3-3a HEOXHOPOJHOIO
pacipeziesIeHus HIOBEPXHOCTHON BOJIbI HA ITIOBEPXHOC-
TH NEepPTOPUPOBAHHBIX CYIb(HOKATHOHOOOMEHHBIX
memOpan. [Ipu mepexome OT BOMOPOAHOW K aMHHO-
KUCJIOTHOU (popMe 3Ha4YeHUE caBUTA (a3bl yBEIHYH-
BAJIOCH B TPHU-YETHIPE Pa3a, YTO YKA3bIBACT HA U3MEHE-
HUE CBOMCTB MTOBEPXHOCTH. DTO ABISAETCS MOATBEPIK-
JeHHeM Tuapo¢oOHu3aluy MOBEPXHOCTH, yMEHbIIIE-
HUSI BIAarocofiep>KaHus, a TaKkXKe U3MEHEHUs pacipe-
JeTIeHHsI 3apsiia Ha MOBEPXHOCTH MeMOpaHbl B (op-
M€ aMUHOKHCIIOTBI.

KonnuecTBeHHO reomeTrpuyueckas HEOJHOPOI-
HOCTb ITOBEPXHOCTEH HccaeqyeMbIX MeMOpaH Oblia
0XapaKTePHU30BaHA C IOMOLIBIO BEJIMUUH MAKCUMAJIb-
HOTO Mepernaja BhCOT R, cpenHeapuMeTHIECKOM
HIEPOXOBATOCTH R , CPENHEKBAIPATHYHOM IIEPOXOBA-
TOCTHU Rq H [IIEPOXOBATOCTH IIOBEPXHOCTH R_T10 IECSITH
MaKCHMAJIbHBIM BBICOTaM M BIIaJMHAM, IPUBEJCHHBIX B
Ta0. 1. [ToBepXHOCTh KOHAUITHOHUPOBAHHOTO 00pa3-
1a MeMOpaHsI MK—4Orlp SBIIIETCS] pa3BUTOM XaOTHU-
HOMW CTPYKTYPOH C IIEPOXOBATOCTHIO B MUKPOMETPU-
YecKOM MacIITade: CpeTHIi MacTad mepoxoBaToc-
TH BBIIIE, YEM AJIs1 MEMOpaHbI IOC/Ie KOHTaKTa ¢ (e-
HUJIAIAHUHOM, U R cooTBeTcTBYeT 186.4 HM npu
IIEPOXOBATOCTH MOBEPXHOCTH R = 953.1. Biusnue
(eHunanaHuHa OPUBOJIUT K CHI)KEHHMIO BEJIMYMH
BCEX aMIUIUTYAHBIX MapaMeTPOB MOBEPXHOCTHU IO
CPaBHECHUIO C KOHIWITMOHHPOBAHHONW MeMOpaHOM
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Tabéauna 1. [TapaMeTpbl MEpOXOBATOCTH MOBEPXHOCTH MPOPIITUPOBAHHON CYIh(POKATHOHOOOMEHHONH MeMOpaHbI
MK-40llp B BO3IYIIHO-CyXOM cocTossHUU. [lmomans ckanupoBanus 10x10 MM

[Table 1. Surface roughness parameters of the profiled MK-40 sulfocation-exchange membrane in the air-dry
state. The scanning area is 10x10 pm]

OO6pazenr MeMOpaHbI Ry, HM R, am R, am Rq, HM
[Membrane sample] [Ry, nm] [R, nm] [R, nm] [Rq, nm)
KonaunuonupoBaHHbIi
[Conditioned] 1901.7 953.1 186.4 239.5
[Mocne koHTakTa ¢ QeHUTATaHUHOM
[After contact with phenylalanine] 1487.8 743.0 172.8 217.9

MK-4OHP. ITocne koHTakTa ¢ eHUITATAHUHOM
MOBEPXHOCTh MEMOpaHBI MK-40np CTaHOBUTCH
OTHOCHUTENBHO OJHOPOXHOM: HIEPOXOBATOCTH
MOBEPXHOCTH R cooTBEeTCTBYET 745.0 HM, a CpenHui
maciTab mepoxoBaroctd R — 172.8 um.
['mcrorpaMMBl TIOTHOCTH paclpezesieHns 3Ha-
YEeHHWH BBICOT Ha MOBEPXHOCTH MPOQPUINPOBAHHOM
Cynb(pOKaTHOHOOOMEHHON MeMOpaHbI MK—4OHP pH-
BeZieHbI Ha pHc. 5. COMoCTOBIEHNE TUCTOIPaMM ITOT-
HOCTH pacipeieneH st 10 BEICOTaM [TOBEPXHOCTH BbI-
SIBUJIO, YTO JUIsi KOHAWIIMOHUPOBAHHOTO 00pasiia Xa-
paxTepHo Oolee y3koe pacnpeeneHue BeIcoT. Camast
BBICOKast TIOTHOCTE (500) COOTBETCTBYET cpemHe-
My 3Ha4eHHio 1epoxoBaroctu 1:10° m. [{ns oOpaz-
11a MeMOpaHbI MK_4OHp MmocIie KOHTaKTa ¢ peHmana-
HUHOM THCTOTpaMMa XapaKTepU3yeTcs Pa3MbIThIM

600 r Number of segments

2 1

500

400

300

200

100

0

00 02 04 06 08 10 12 14 16 18 20

Roughness, 105 m

Puc. 5. ['ucTorpamMmsl MIOTHOCTH paclpenesieHus
3HAYEHHUH BBICOT Ha BHICTYIAxX IMOBEPXHOCTH MEMOpPaHBI
MK-40,_ ' 1o (1) m mocxe (2) xoHTaKTa ¢ (PeHMIATAHUHOM

KOHIIEHTpaIuu COZO.IS Monb/aMm® B Tedenuu 80 4acos.
IMnomans ckanupoBanusa 10x10 Mxm
[Fig. 5. Histograms of the density of the height value
distribution on the protrusions of the surface of MK—40lDr
membrane before (1) and after (2) its contact with
phenylalanine concentration C; = 0.15 mol/L for 80 hours.
The scanning area is 10x10 um]

MaKCUMYMOM C YMEHBIIEHHEM CPEIHEro 3HAYCHUS
mepoxoBaTocT 10 6:107—-8-107 M npu 3HaYCHUU
MaKCHMAaJBHOM MIoTHOCTH pactpeneneHus (500).

3AK/IIOYEHUE

MeTonoM aTOMHO-CHIIOBON MHKPOCKOIIUH BBISIB-
JIEH XapaKTep BO3JCUCTBUS apOMaTUYECKOW aMUHO-
KHCJIOTHI (peHMIIaTaHUHA HA CBOMCTBA MOBEPXHOCTH
npoGUIUPOBAHHON CYIb(POKATHOHOOOMEHHOW MEM-
Opanbl MK—4OHP. YCTaHOBIIEHO CIIa)KUBaHUE MHUKPO-
penbeda MOBEpXHOCTH MeMOpPaHBI IMOCIIe KOHTAKTa C
AMUHOKHCIIOTOM, CBSI3aHHOE C YMEHBIIEHHUEM KOJIH-
YecTBa U pa3MEPOB MAKPOIOP U KPYHHBIX Ne(EKTOB
MOBEPXHOCTH MEMOpaHbl BCIEICTBUE COpOLUM (e-
HUJIATaHUHA. AHAJIU3 MOMYYEHHBIX MUKPOIIPpOQHIeH
MOBEPXHOCTH MeMOpPaHbI TO3BOJIIII YyCTAHOBUTD, YTO
OTZAEIbHBIE HEOJHOPOJHOCTH penbeda KOHANINOHH-
pOBaHHOU MeMOpaHBI MK-4Orlp B BO3IYIIHO-CYXOM
COCTOSIHMM MMENTH MOIYJISIIMU 10 BbicoTe 0.19 MKM,
a IIEepOXOBaTOCTh ITOBEPXHOCTH XapaKTEpU30Bajach
pasmepom 0.95 mMkm. Y 00pasma MeMOpaHbl TOCIIS
KOHTaKTa ¢ (PeHUIAJTaHNHOM OTMEUCHO YMCHBIICHHUE
pa3Maxa BBICOT M CTETIEHH IIEPOXOBATOCTH TOBEPXHOC-
TH, CPEIHUE BEINYNHBI KOTOPBIX cocTaBmwin 14.9-1077
u 7.5:107 M coorBeTcTBeHHO. [loNy4eHHbIE THCTOT-
pamMMBI TUIOTHOCTH pacIipe/ieIeHus BHICOT Ha TOBEp-
XHOCTH MEMOpPaHbl JEMOHCTPUPYIOT MOCIIE KOHTAKTa
C aMHUHOKHCIIOTOM CMEIEHUE paclpeieleHns B CTO-
POHY MEHBIINX BEJIHYHH.

Paboma svinonuena npu ghunarncosoi noodepoicke
PODU (npoexm Ne 18-08-01260).

ACM-u3obpasicenuss nogepxnocmu memoOpansl
6bLIU noyuenvl Ha 0bopyoosanuu Llenmpa koniexmus-
HO020 Nob308anusi Boponescckozo 20cyoapcmeennozo
yrusepcumema. URL: http.//ckp.vsu.ru.
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AFM-ANALYSIS OF THE SURFACE OF THE PROFILED
SULFOCATION-EXCHANGE MEMBRANE AFTER ITS CONTACT WITH
PHENYLALANINE

© 2018 E. A. Goleva, V. 1. Vasil’eva, E. O. Abramova

Voronezh State University, 1 Universitetskaya pl., 394018 Voronezh, Russia
e-mail: vorobjeva_ea@mail.ru
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Abstract. The AFM analysis of surface roughness of ion-exchange membranes is of great practical
importance, since surface properties affect operational, physico-chemical, transport and equilibrium
characteristics. The purpose of this work is to find out the influence of alkylaromatic amino acid
phenylalanine on the surface properties (microrelief and roughness) of the heterogeneous profiled
sulfocation-exchange membrane MK-40.

Heterogeneous sulfocation-exchange membrane MK-40pr with geometrically inhomogeneous (pro-
filed) surface was employed as an object of investigations. Investigations of the surface micro-relief
of the membrane were performed by atomic force microscopy (AFM) with the use of scanning probe
microscope produced by NT-MDT Corporation (model Solver P47 Pro) (Russia, Zelenograd) per-
formed in semi-contact mode applied to the air-dry samples.

The geometrical inhomogeneity of the surface of the profiled sulfocathion-exchange membrane MK-
40 after chemical conditioning and its contact with aqueous solutions of phenylalanine concentration
0.15 mol/L for 80 hours was studied by atomic-force microscopy. For membranes after contact with
phenylalanine, an increase in the homogenous of the surface is found in comparison with the condi-
tioned membrane sample. This is due to a decrease in the number and size of macropores and large
defects on the surface of the membrane due to the sorption of the amino acid.

The analysis of the microprofile surfaces of the membrane MK-40 confirms the fact of a decrease
in the roughness of its surface in the amino acid form due to the decrease in the water content of the
membrane. Absorption of the amino acid promotes the hydrophobization of the membrane surface
due to the intensive structure formation in the ion-exchanger - polymer carrier system. Evidence of
the hydrophobization of the surface and the decrease in the water content of the membrane in the
form of an amino acid is information obtained in the phase contrast regime. Upon transition to the
amino acid form, the value of the phase shift of the probe oscillations and the number of light regions
characterizing the hydrophobicity of the membrane surface sharply increase.

The effect of phenylalanine on the properties of the surface is in the decrease of all the amplitude
roughness parameters of the surface of the conditioned membrane MK-40 . Image of the surface for
the conditioned sample of sulfocation-exchange membrane MK-40pr appears as a developed cha-
otic structure with micrometer-scaled roughness: arithmetical mean roughness R_fits with 186.4 nm
at R =953.1 nm. Surface of the MK-40 membrane after its contact with phenylalanine has a more
smoothed relief: surface roughness R _fitted with 745.0 nm, while ariythmetical mean scale of rough-
ness R —172.8 nm.

The correlation of the histograms the heights density distributions on the surface revealed that the
narrower distribution of heights is typical for the conditioned membrane sample. As for the condi-
tioned sample of MK-40pr membrane the maximum density corresponds to the mean value of the
surface roughness equal to 1 pm, while for the sample of membrane after its contact with phenyl-
alanine histogram is characterized by a spread maximum and a decrease of the mean roughness
value up to 0.6 — 0.8 pm, as well.

Keywords: profiled sulfocation-exchange membrane, atomic force microscopy, phenylalanine.
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