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B pabote nonay4eHs MoJMMepHl ¢ MOJICKYJSIPHBIMU OTIIEYaTKaMH OeH30aTa HaTPHS Ha IIOBEPXHOCTH
3JIEKTPOIOB Mbe30CeHCOpoB. lllnpokoe MCmoNb30BaHNE KOHCEPBAHTOB B IHIIECBOM MPOMBIIIJICHHOCTH CIO-
COOCTBYET Pa3BUTHIO SKCIIPECC-METOI0B UX aHAJN3a MOAN(HUIINPOBAaHHEIMHE ITbe30ceHcopaMH. Llens paboTsr:
aHaM3 MOP(OIOTHH MOBEPXHOCTH IMOJIMMEPOB C MOJIEKYISIPHBIMH OTIICYaTKaMH, HMOJXYYEHHBIX Ha OCHOBE
MOJIMAMUA METOAOM CKaHHUPYIOIIEH CHIIOBOI MUKPOCKOIIHH.

[Momumepsl ¢ MOJICKYJIIPHBIMH OTIICYaTKAMH TIOJIYYCHBI HA OCHOBE COIOJHMEpa JIHAHTHUIPUAA
1,2,4,5-0eH30nTeTpaKapOOHOBOI KHCIOTHI ¢ 4,4'-THaMUHOIUPEHUIOKCHAOM, npou3Boactea OAO MUIIIT
HIIO «IInactuxy, r. MockBa. B kauecTBe TeMILIaTa UCHOIb30BaIK OeH30aT HaTpus. [IpennoanMepusanuon-
HYI0 CMECh HAaHOCHJIA Ha MOBEPXHOCTH 3JICKTPOJIOB MHE30CCHCOPOR IIMATENIEM WJIM METOJIOM INTAMIIOBAHUS.
IIpoBoanIK TEPMOUMUTU3AIMIO B CYIIWILHOM IKady B B dTama: nepBbiil dtan npoxoawn npu 80°C, BTo-
poit — ipu 120°C. Tlocne monuMepr3anuy ICHKH, CEHCOPHI OXJIAXKIAIN 10 KOMHATHOW TEMIIEPATyPhl, 3aTeM
TTOMETIANN UX B JUCTIJUIMPOBAHHYIO BOAY Ha 24 yaca /i ynaieHus mabioHa.

HccrnenoBanre MOpQOIOTHH TTOBEPXHOCTH MOJTYYCHHBIX IMOJMMEPHBIX IUIEHOK MTPOBOIMIN C ITOMO-
IpI0 cKaHupytomero cuiaoBoro Mukpockona (CCM) «Solver P47 PRO» mpomssoactea 3AO0 «HT-M/T» B
MTOTYKOHTaKTHOM pexknMme 30HIoM NSGO3 ¢ xectkocthio 1.74 H/m. O6paboTKy m300pakeHUH TPOBOIMIN
mporpammoit @emtoCkan-001.

AHanu3 MOpQOJIOTHH MOBEPXHOCTH IUICHOK MOKAa3all, YTO HAHCCCHHE MPEINOIUMEPH3alIMOHHOMN
CMECH IITaMIIOM MPHUBOAUT K (popMupoBaHHIO O0Jice pABHOMEPHOH MOBEPXHOCTH € MIEpENaioM BEICOT OT 1.4
10 2.6 uM. Mcnonp30BaHue mmnaressi MPUBOAUT K (POPMHUPOBAHUIO OOJIee IIEPOXOBATON MOBEPXHOCTH C BbI-
coramu B nuanazone 0.9-3.4 um. Takum 00pa3oM mpeioKCHHAS METOAMKA HAHECCHUSI CMECH SIBJISICTCS TIep-
CICKTHBHOM MOCKOJIbKY IMO3BOJISICT MOJy4YaTh 00Jiee BOCIPOU3BOIUMEIC IO TOJIIUHE U IIEPOXOBATOCTH IO-
BEPXHOCTH, YTO IO3BOJIUT MOBBICUTh TOYHOCTH aHAJIU3a BEIICCTB MbE30CCHCOPAMH MOTUPHUIIMPOBAHHBIMU
STHUMH TOJMMEPAMH.

[Ipu 3TOM cirexyeT y4decTb, 94TO npH (HOPMUPOBAHNHN TTOTUMEPHON IICHKH MOJEKYJIBI-IIabIoHa Ya-
CTHYHO WJIM TIOJHOCTBHIO 3ariTyOIIAIOTCS B MaTPHUILY IOJIMMEPA, a TAKXKE PacHojaraloTcs Ha €e OBEPXHOCTH,
00pa3ys riIo0yIsapHbIE CTPYKTYPBI. DKCTPaKIHs M1abJI0OHA ¢ TOBEPXHOCTH TOJUMEPA MTPUBOIUT K TIOSBICHUIO
MOJIOCTEH KOMIUIEMEHTapHBIX MOJIEKyJIaM OeH30aTa HaTpHs.

KuroueBble ciioBa: OeH30aT HATPHS, MMOJMUMH]I, TIOJIUMEP C MOJIEKYJISIpHBIM oTredatkoMm (ITMO),
ckaHupyromas cuiosas Mukpockonus (CCM).

BBegeHue

O,Z[HI/IMI/I W3 IOIYJIAPHBIX, B IMOCJICAHCC BPEMS, ABIAKOTCA IMOJIUMCPBI C MOJICKYJIAP-
HbiMU oTriedaTtkamu (IIMO). OcoOblit HHTEpeC K HUM CBsI3aH C X JOCTOMHCTBAMHM, TaKH-
MU Kak: IMPOCTOTa MOJYYCHUS, BBICOKAA CCIICKTUBHOCTD, TepMOCTOﬁKOCTB U XUMHU4YECKasa
CTOMKOCTB K arpecCUBHBIM cpenam [ 1-3].
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Bricokasi ceneKTUBHOCTh 3THX MOJMMEPOB 00YCIIOBJICHA HAJTMYUEM B UX CTPYKType
[IEHTPOB MOJICKYJISIPHOTO PaCcO3HABAHMS, TIPEJCTABIISIONINE COOOH MOJIOCTH, KOMILIEMEH-
TapHbIC MOJIEKynaM-1adaoHam [4,5].

Jlis TOMy4YeHHusI TaKUX MOJICKYJSPHBIX OTIIEYATKOB B MPEINOIMMEPH3AIMOHHYIO
CMECh BBOJAT MOJEKYJbI-IIabioHa (TeMIiaTa) U MPOBOJAT MOJIMMEPHU3ALUI0 MO KOBa-
JICHTHOMY WJI HEKOBAJIECHTHOMY MEXaHU3MY, 4 3aT€M U3 MOTYYCHHOTO OJUMEPA YAAJSIOT
mabJI0OH pa3IMYHBIMU crioco0amu [6-9].

OO6nacTi NpUMEHEHHUS MMOJIMMEPOB C MOJIEKYJIIPHBIMH OTIEYaTKAMH BEChMa Pa3HO-
o0Opa3Hbl: B XpomaTorpaduu, B METoax pa3zfesieHus: 1 KOHLIEHTPUPOBAHUSI, B CEHCOPHBIX
cucremax u 1p. [1, 10]. OcoOslif nuHTEpEC Mpeacrasiser ucnonaszoBanue [IMO B kauecTBe
CEJICKTHUBHBIX MaTEPHUAJIOB B CEHCOPHBIX CHCTEMax C BO3MOXHOCTBIO MIPOBEACHUS CUHTE3a
HEIMOCPEICTBEHHO Ha MMOBEPXHOCTHU 3JIEKTPOI0B ceHcopos [11, 12].

Ananu3 Mophosoruu X MOBEPXHOCTHU SIBISETCS OJHUM U3 STANOB MCCIEI0BAaHUS
CBOWCTB TIOJTUMEPOB U MO3BOJISIET CIIENATh BBIBOJ O CBOMCTBAX MOBEPXHOCTH M MPOIIECCaX,
MPOUCXOAAIINX Ha HUX. B CBS3W ¢ 3TUM, 1enbio paboThl ObLIO: aHaU3 MOP(HOIOTHH TI0-
BEPXHOCTH TOJIMMEPOB C MOJIEKYJISIPHBIMU OTIIEYATKAMHU, IMOJYYCHHBIX HA OCHOBE IMOJIUU-
MHJIa METOJIOM CKaHUPYIOIIEH CUIIOBONH MUKPOCKOITHH.

3KCI19pVIMeHTaJ1bHa$I YyacTb

[TonuMepsl ¢ MOJIEKYISIPHBIMH OTIIEYaTKaMHU MOJIy4ajid Ha OCHOBE COIOJIMMEpa JI1-
aarunpuna 1,2,4,5-6eH30nTeTpakapOOHOBOM KUCIOTHL ¢ 4,4'-mrnaMUHOAU(EHIITOKCHIOM,
npousBoacTBa OAO MUIIIT HITO «Ilmactux» (MockBa). B kauecTBe TemIiaTa UCIOJb-
30Banu OeHzoar Harpus. llpearnonnmepu3alMoHHYI0 CMECh HAHOCHJIM Ha IMOBEPXHOCTD
3JIEKTPOJa MbE30CeHCOopa IIMaTeNIeM WJIM METOJIOM IITaMIIOBAaHUS. 3aT€M MbE30CEHCOPHI
BBICYIIMBAIN B CYIIMJILHOM HIKady, OXJaXIanu 10 KOMHATHON TeMIlepaTyphl U MOMEIa-
JM Ha 24 Jaca B QTUCTHJIMPOBAHHYIO BOJY IS yaaneHus mabioHa. B aHamornyHsix ycio-
BUSIX, HO B OTCYTCTBHH 11a010Ha ObLIH mostydeHsl monuMepsl cpaBHenus (I1C).

Mopdonoruio MoBEpXHOCTH MOJYYEHHBIX OOpPA3IOB HCCIEIOBAIN C IOMOIIBIO
ckanupymomero cuinooro mukpockorna (CCM) «Solver P47 PRO» mpoussoactsa 3A0
«HT-M/IT» B mosrykoHTakTHOM pekume. OO0paboTKy n300paKeHU MPOBOAMIA TIPOTPaAM-
Mot @emtoCkaH [13]. [IneHku 3aKkperisaian B AepaKareiae B TOPU30HTAIEHOM MOJIOKEHUU.
CxanupoBanue ocymiecTBisin 30H10M NSGO03 mmuHoi 150410 MM, xectkocTs 1.74 H/wm.

O6cyxaeHue pe3ynbTaToB

Panee [14] g HaHeceHUs NPEANOIUMEPU3ALUOHHON CMECH Ha CEHCOP MCIOJIb30-
BayM mmarens. OQHAKO TOTydyaeMble TIOBEPXHOCTH MMENTH OOJBIION pa30dpoc Mo BhICOTaM
(o 60 HM!) B pa3BUTYIO MIEPOXOBATOCTH MOBEPXHOCTH MPH HU3KOH BOCTIPOMU3BOJIUMOCTH
Mopdosorun moBepxHOCTH. CCM-mu300paxkeHus MOBEPXHOCTEH IJICHOK IOJMMEPOB Ha
AJIEKTPOJIaX THE30CEHCOPOB, IMOJYYEHHBbIE IITAMIIOBAHMEM M HAHECEHUEM IINaTelieM
MPEeOJIMMEPU3AIMOHHBIX CMECeil, MpeIcTaBIeHbl Ha pUCYHKE 1.

Kaxk BuaHO U3 pUCyHKa, IJICHKA, MOTyYEHHas PU HAHECEHUH MTPEeIMOIUMEPHU3aLIn-
OHHOM CMeCH IITaMIOBaHHEM, 00jaiaeT Oosiee paBHOMEPHOM MOBEPXHOCTHIO C MEPEnaioM
BBICOT OT 1.4 10 2.6 HM, B TO BpeMs KaK C MCMOJIb30BAHUEM IIIATENS MOTyUYeHa TUICHKA C
BeIcoTaMH B auama3one 0.9-3.4 M.

[Ipu cuHTE3e MOIUMEPOB C MOJCKYJISIPHBIMU OTIEYATKAMH, MOJIEKYJbI-I1abI0Ha
MOTYT YaCTHUYHO WJIM MOJIHOCTHIO 3aryOUThCS B MAaTPUILY TIOJTUMEPA, TaK U PACIIONaraThCs
Ha ee TIOBEPXHOCTH, 00pa3ys Ipu 3TOM III0OYIspHbIE CTPYKTYpHI [12] (puc. 2. a).
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Puc.1. CCM-u300pakeHus: TOBEPXHOCTEH MHE30CEHCOPOB, MOTU(UIIMPOBAHHBIX

MOJTUMEPOM CPaBHEHHUS: a — HAHECEHUE MPEIMOTUMEPU3AIIOHHON CMECH
MPOBOIUIIOCH METOJIOM IIITAMITIOBaHUs; 0 — HAHECEHHUE MTPEANOTMMEPH3AIMOHHON CMECH

MIPOBOJIMIIOCH IITIATEIEM
Fig. 1. SFM images of piezoelectric sensor surfaces modified with reference poly-
mer: a — the application of the prepolymerisation mixture was carried out by stamping;
b — the application of the prepolymerisation mixture was carried out with a spatula
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Puc. 2. CCM-u300paxeHus MOBEPXHOCTEH MbE30CEHCOPOB, MOIUPUITTPOBAHHBIX
oJIMMEpOM ¢ 6eH30aTOM HATpHsI (2) U MOJIMMEPOM C MOJIEKYIISIPHBIM OTIIEYaTKOM
O6enzoara HaTpwus (0)
Fig. 2. SFM images of piezoelectric sensor surfaces modified with polymer with
sodium benzoate (a) and polymer with molecular imprint of sodium benzoate (b)

[Tocne ypanmenus mabioHa B MOJMMEpPE OCTAIOTCS MOJIOCTH, KOTOpbIE B Hieale
JOJKHBI OBITh KOMIUIEMEHTApHBI MOJICKYJISIPHOMY OTmedaTky OeHzoaTta HaTpus. OmHaKo
UX pa3Mephl 3HAUUTEIBHO MPEBBIIIAIOT pa3Mepbl MOJIEKYJIbI, YTO, BEPOATHO, CBS3aHO C 00-
pPa30BaHMEM OTIEYATKOB KaK €UHUYHBIMHU MOJIEKYJIaMH, TaK U MOJICKYJSIPHBIMHU accollua-
TaMH.

3akntoyeHune

B pabote ycTaHOBIIEHO, YTO HAaHECEHHE MPEATTOTUMEPU3ATUOHHON CMECH METOIOM
IITAMIIOBAHUS IPUBOANT K (POPMUPOBAHKE PAaBHOMEPHOI MOBEPXHOCTU C HEOOJIBIIUM Tie-
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penanom BeicoT. [Tocne ynanenus madiaoHa ocTaeTcs BHICOKO pa3BUTasi HOPUCTAasi TOBEPX-

HOCTB.
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Surface morphology molecular imprinted polymers
based on polyimide
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In the study polymers with molecular imprints of sodium benzoate on the surface of the electrodes of pie-
zoelectric sensors were obtained. The widespread use of preservatives in the food industry contributes to the devel-
opment of express methods for their analysis with modified piezoelectric sensors. The purpose of the study was the
analysis of the surface morphology of polymers with molecular imprints obtained based on polyimide by scanning
force microscopy.

Polymers with molecular imprints were obtained based on copolymer of dianhydride 1,2.4,5-
benzenetetracarboxylic acid with 4,4'-diaminodiphenyl oxide, produced by JSC MIPP NPO "Plastic", Moscow.
Sodium benzoate was used as a template. The prepolymerisation mixture was applied on the surface of the elec-
trodes of the piezoelectric sensors with a spatula or by stamping. Thermal imidisation was carried out in an oven in
two stages: the first stage was performed at 80°C, the second at 120°C. After film polymerisation, the sensors were
cooled to room temperature, then placed in distilled water for 24 hours for the removal of the template.

The study of the surface morphology of the obtained polymer films was carried out using a scanning force
microscope (SSM) "Solver P47 PRO" manufactured by JSC "NT-MDT" in the semi-contact mode using NSGO03
probe with a stiffness of 1.74 N/m. The images were processed using the FemtoScan-001 software.

Analysis of the surface morphology of the films showed that the application of the prepolymerisation
mixture with a stamp led to the formation of a more uniform surface with a height difference from 1.4 to 2.6 nm.
The use of a spatula led to the formation of a rougher surface with heights in the range of 0.9-3.4 nm. Thus, the
proposed method of the application of the mixture is promising since it allows obtaining surfaces with more repro-
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ducible thickness and roughness, which will improve the accuracy of the analysis of substances by piezoelectric

sensors modified by these polymers.

It should considered that during the formation of a polymer film, template molecules are partially or com-
pletely emerged in the polymer matrix, and they are also located on its surface, forming globular structures. Extrac-
tion of the template from the polymer surface led to the appearance of cavities complementary to sodium benzoate

molecules.

Keywords: sodium benzoate, polyimide, molecular imprint polymer (MIP), scanning force microscopy

(SFM).
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