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MOJIYYEHUE UMCTOTO CBUHIA DJIEKTPOXUMHUYECKUM
METOJIOM

B mpoMbIieHHBIX MacmTadax METATMYECKUA CBHHEI MOMYYaloT IBYMSI
METOJaMHU: THPOMETAJUTYPTHYECKUM M DJICKTPOXMMHUYECKAM U3  BOIHBIX
pactBopoB. CyIIECTBEHHBIMU HEIOCTAaTKAMHU MHUPOMETAILTYPTHYECKOTO Criocoba
SBJISIFOTCS:  3HAYUTEITHLHOE Ta30BBIACICHUE ¢  MBUICYHOC, OOYCIOBJICHHBIC
BBICOKMMHU TEMIIEpaTypamMu M JIETyYeCThIO CBHHIIA M €0 COCAMHEHHM, OOJBIION
pacxoj peareHTOB  (IEI0YeH, CEeTUTPhl W  XJOPHIOB), HEOOXOJIUMOCTh
THIATEIBHOTO JTA0OPATOPHOTO KOHTPOJISL JUIsl ONPEACNICHUS HYKHBIX KOJUYECTB
peareHToB, MOTEpPs IEHHBIX METAJUIOB C OTPA0OTAaHHBIMU IUIABAMH, CIIOKHOCTD
pereHepaliid ¥ YTWIW3AIMHA PACXOJHBIX MaTepuasioB. [IpupomooxpaHHBIC
MEpPOTIPUATHS, CBSI3aHHBIE C TUPOMETAJUTYPTHUYECKHUMH TEXHOJIOTHUSMHU, BEChbMa
7Ioporu, TpeOyroT OONBIIOTO0 pacxoaa dSIEKTPOIHEPTHUH. DIEKTPOIUTHUECKOE
MOJIYYCHUE CBHUHIIA B MPOMBINIJICHHBIX MacIiTabax MPOU3BOIUTCS B pacTBOpax
KpeMHe()TOPUCTOBOOPOAHOMU, OOpPTOPUCTOBOIOPOTHON U CyIb(haMUHOBOM
KiCIOT. (OCHOBHBIMH HEIOCTAaTKaMH JAaHHOTO CIOco0a SBIAIOTCS HHU3KHE
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MJIOTHOCTH TOKa U BEPOSITHOCTH MACCUBALIMM aHOJOB COEAMHEHUSMHU METAJIJIOB-
IIPUMECEH.

B nanHoli pabGoTe mpeacTaBieHAa TEXHOJOTHS AJIEKTPOXUMUUYECKOTO
MOJIyYEHUs] YHUCTOrO0 CBUHIIA B XJOPHUJIHBIX paciuiaBax. C 1enbio pa3paboTKu
HAay4YHBIX OCHOB TEXHOJOTHUU SJEKTPOXUMUUYECKOTO TMOJYUYEHHUs] CBHUHIA, OBLIU
MPOBEJIEHBI CIAEAYIONIUE UCClIeIoBaHUs. MeToI0oM 3.7.C. UBMEPEHbI PAaBHOBECHbIC
noTeHuuansl craBoB Pb-Sb B uHTepBanme Temmnepatyp 723-923 K npu
coziepKaHuM cBUHIIA B cruiaBax ot 20 10 95 Mon. %. [Tonurepmel 3.4.¢. criiaBoB E
= f(T) uMeroT npsIMOJIMHENHBIN BUJl U OMUCHIBAIOTCS JTUHEHHBIMU ypaBHEHUSIMU.
Paccuntanbl akTUBHOCTH M KOA(DPUIIMEHTHI AKTUBHOCTH CBHHIIA U CYpbMbI B
crmaBax. B oGnactu koHuentpamuit ot 1,0 1o 0,7 MONBHBIX J0JIeM CBUHIIA B
cruiaBe KOd(G(GUIMEHT aKTUBHOCTH fp, OJM30K K €IMHUIIE BO BCEM HHTEpBaje
uccienyembpix Temneparyp. [lpum npanpHeleM yMEHBIIEHWHM KOHUEHTpPALUU
CBHHIIA B CHCTEME CBHHEI-CypbMa MPOUCXOAT HE3HAUYUTEIIbHbIC OTPUIIATEIbHbIE
OTKJIOHEHHST OT 3akoHa Payma. Jlns cypeMmbl B cIlaBax HaOMIOJAIOTCS
OTpHUIlaTEIbHBIE OTKJIOHEHHUS OT HJIealIbHOro TMoBeAeHUs. Bo BceM HHTEpBaie
UCCJIENYEMbIX KOHIIGHTpAIMid W Temmeparyp Ko3(P(GUIMEHT aKTHBHOCTH CYPbMBI
MEHbIIe eMUHUIIBI (fsp < 1).

[IpoBenena  TeopeTHYecKass  OIEHKAa  BO3MOXKHOCTH  IPUMEHEHHS
AJIEKTPOXUMHUYECKOTO CIocoba TMOJY4YeHUsT YHUCTOrO0 CBUHIA B XJIOPUAHBIX
pacriaBax. Ilo ganHbiM [1] 00 3MEKTPOAHBIX MOTEHUHMAIaX CBUHLA, CYPbMbI U
BucmyTa B pacmiaBe KCI-PbCl, u akTUBHOCTEH KOMIIOHEHTOB B KUAKUX CILIaBaX
CBHHIIA C CYpPbMOI M BUCMYTOM PaCcCUMTAaHbl PABHOBECHBIE KOHIIEHTPALIUK HOHOB
npumeceit (Moi1.%), nepexoAsnux u3 cBuHIA B 3nekTponut mpu 500°C. Pacuer
MPOU3BEICH U3 BETMYMHBI KOHCTAHT PABHOBECHUSI OOMEHHBIX PEaKIIHil:

nPb,+2Mel* =nPb’"+2Me,, (1)

Opy  YCJIOBHM, YTO aHOJHAs IUIOTHOCTh TOKa HE TMPEBBIIIAET MPEACIbHYIO
U Py3MOHHYIO TUIOTHOCTH TOKa 1o mipuMecH (Me) — KBa3u-TepMOAMHAMUYECKUN
pexum. Konnentpamuu npuMeceit B ICXOHOM CBUHIIE COCTABIISIIOT (M0J1.%): Sb —
2,0; Bi — 3,0. Pacuersl npoBoawiIn i KOHUEHTPALUN HAKOIUICHUS yKa3aHHBIX
AIIEKTPOIIOJIOKUTENBHBIX PUMECEN B aHOJHOM cBUHIE B KommuecTtBe 10, 50 u 80
Mo01.%. W3 pacueroB creayeT, 4yTo paBHOBecwe peakuuu (1) mms cypbMbl U
BUCMYTa CMEIIIEHO BMPABO. DJIEKTPOJHBIE MOTCHIIMAIBI TUX METauIoB OoJjee
3JIEKTPOIIONIOKUTENbHBIE 10 OTHOMIEHNIO K Pb/Pb™". KosduumenTs! pasneneHus
CBHMHIIA U CYPbMBbI B 3aBUCUMOCTHU OT U3MEHEHUS cojiepxkaHus cypbMbl oT 10 10 50
MOI.% MEHSIOTCS B Tpesenax ot 3-10° 1o 7-10°, pasaesenns CBHHIIA U BHCMYTA B
3aBUCUMOCTH OT U3MEHEHHUS cojiepkanusi BucmyTa ot 10 1o 80 Mmon.% wmeHnstorcs
B peaenax ot 5-10° 10 9-10°.

Jlnsi BBISICHEHUST MEXaHW3Ma aHOJIHOTO pacTBOpeHHs cruiaBoB Pb-Sb-Bi B
pacmiaBe PbCly(50)-KCI1(50) B unTepBane temmeparyp 723-803 K wmeromom
OTKJIFOUEHUS TOKA U3 CTAlIMOHAPHOTO COCTOSIHUSI B FaJIbBAHOCTATUUECKOM PEKUME
MOJIyYEHbl aHOJHBIE TOJISIPU3ALMOHHBIE KPUBBIE JIaHHBIX CIUIaBoB. Ha
KOHIICHTPAIIMOHHBIX M TEMIEPaTypHBIX  3aBUCUMOCTSAX  HAOJIOJAIOTCS
XapakTepHble yyacTKu. Ha HauallbHBIX ydacTKax MpU yBEIUYEHUU IJIOTHOCTH TOKA
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NOJIApU3ALMS MEHSAETCS HE3HAUUTEIbHO B MPEAENIaX HECKOJBKUX MWJUIMBOJIBT OT
PaBHOBECHBIX 3HAauyeHUU. lIpyM AOCTMKEHUM ONPENEIEHHBIX IUIOTHOCTEH TOKa
IPOUCXOUT CIABUT TOTEHIMANIA B IMOJOXKUTEIbHYIO 00JacTh. Y CTAHOBIIEHO, UTO
pactBopenue criaBoB Pb-Sb-Bi nporekaer B ycinoBusix 1udy3MoHHON KUHETUKA
C IMMUTHPYIOLIEH CTaIUEN MAaCCONEPEHOCA CO CTOPOHBI CILIABA.
OKCHepUMEHTAJIbHBIE  HMCCIEAOBAHUS  BJEKTPOXUMHUYECKOTO  MOJIYYECHUS
YUCTOTO CBUHLA IMPOBEJM B DSJIEKTPOJIM3EPE OPUTMHAIBHONW KOHCTPYKLUHU.
Armnmapar  CONEp)KHT, TOMEIIEHHYK0 BO BHYTPEHHIOKO 4acTb  KopIryca
AIEKTPOJIU3epa MOPUCTYI0 KEpaMHUYECKYyl0 auadparmy, BBIIIOTHEHHYIO B BHUE
TUTJIS. BHYTph TUTJIS MOMENIEH >KUJKUM YUCTBIM CBHUHEI, KaK OTPUIIATEIIbHBIN
AeKTpo. Jpyroi KUAKOMETAIUTMYECKUNA BJIEKTPOJ (aHOI) pa3MElIeH MEXIy
KopnycoM u auadpparmoit. /[nadparma u3roToBiieHa MJIa3MEHHBIM HaIbUICHUEM
MOPOIIKAa KOPYHJIOBOM Ke€paMUKU ¢ 0ObEMHON MOPUCTOCTHIO, TPOHUIIAEMON IS
pacIUIaBI€HHOTO  COJIEBOTO  3JEKTPOJUTA,  HO  HEOPOHMLIAEMOM  JUIA
METAJJIMYECKOT0 CBUHIA W ero cruaBoB. [lopel kepamuyeckoil auadparMsl
3anonHenbl pacmiaBoM KCI-PbCl,. Mcnons3oBanue auadparmbl U3 KepaMUKdA C
3aJJaHHOM OOBEMHOI MOPHUCTOCTHIO, MO3BOJIIET ONPEACNATh IUIOTHOCTh TOKa
JIEKTPOJIN3a MPU 33JJaHHON BEJIMYMHE TOKA M, COOTBETCTBEHHO, KOHTPOJIUPOBATH
KauyeCTBO OYUCTKM MeTauioB. KOHCTpYKIMS  XapakTepus3yercs MaJbIMH
MEXAY3JIEKTPOIHBIMU PACCTOSIHUSIMHU, 4YTO CYILIECTBEHHO CHW)XAET YJIEIbHBIN
pPacxo[l AJIEKTPOIHEPTUHU U3-3a YMEHbBILIECHHS HAPSYKEHUS MEXKY SJIEKTPOIAMH.
ConepxaHue METaJUIOB-IIPUMECEN B MCXOAHOM ChIpbe, Mac. %: cypbma —
1,0+2,0; Bucmyt 2,0+3,0. Temneparypa mpouecca cocrasisuia S00°C. Ilo mepe
BEJICHUS AJIEKTPOJIN3a, KATOAHBIM CBUHEI] HAKAIIJIMBAJICS BHYTPU MOPUCTOIO TULJIS,
a aHOAHBIN CIJIaB OO0OTamiajcs MO COACPKAHUIO B HEM CYpPbMBI M BHCMYTA.
Karonnsnii BbIxox mo Toky pasHsuica 100% B pacdyeTe Ha IOBYXIJIEKTPOHHYIO
AIEKTPOAHYI0 peakiuto. Conep:kaHue MpUMECEel B KaTOAHOM CBUHIIE 3aBUCUT OT
CTENEHU W3BJCUYCHMS] CBHUHIIA W3 AQHOJHOIO METalljla, IMPU MPOUYUX PaBHBIX
yCIIOBUSX BeACHHMS Ipoliecca. B ToM ciydae, Korja W3BjlIeUeHUE CBUHIIA BEIETCS B
unrepBaie ot 40% no 60% OT MCXOAHOM Macchl CBHHIIA B aHOAHOM METAJIE,
coJiepKaHUEe CypbMbl MU BHUCMyTa B KaTOJHOM IPOAYKTE€ HAXOJUTCA HA YPOBHE
0,0005-0,001 wmac.%, npu yBenuueHun wu3BiedeHuss cBuHUOA 10 80-90%
coJiepKaHue CypbMbl U BUCMYyTa B KaTOJHOM CBUHIIE YBEIMYUBAETCS 10 MPEJIEIOB
0,004-0,008 mac.%, nanpHeiee yBeIMUEHUE WM3BICUCHUSI METaljia J10 3HA4YCHUMH
Jexanmx B uHTepBaiie 95-98% ypenuuuBaeT coiep:KaHHE CypbMbl U BUCMYTa J10
0,04-0,08 mac.%. Takum oOpa3oM, B 3aBHCUMOCTH OT TapaMeTpOB BEIACHHUS
nporecca  JIEKTPOXMMHUYECKOTO  M3BJICYEHMS CBHMHIIA B PAaCIUIABJICHHBIX
IIEKTPOJIUTAX C KUJIKOMETAJUIMYECKUMU NIEKTPOJAMU MOXKHO I10Jy4aTh CBUHEI] C
ONpEIEIEHHBIM COACPKAHNEM CYpPbMBbI U BUCMYTa B KATOJHOM METAJLIE.
Hcnonb3oBaHue [aHHOM KOHCTPYKLUMH 3JIEKTPOJU3epa Uil MOJTy4YEHUs
CBHHIIA TO3BOJISAT B OJAHOM ammapare, MCIOJIb3ysl IMCEBAONOTEHIIMOCTATUYECKHMA
peXUM TOJydaTb METaul, C KOHTPOJIUPYEMBIM COJEPKAHHEM IPUMECEH,
cootBercTBytomuil Mapke CO mo 'OCT 3778-98 (comepskaHue CBHHIIA HE MEHEE
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99,992 mac. %, COOTBETCTBEHHO). DHEPreTUUYECKHUE 3aTPaThl MPU MJIOTHOCTH TOKA
2
0,3 A/cm” coctaBunu 0,5 kBT-gac/kr.
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KINETIC FEATURES OF MEDIATOR BIOELECTROCATALYTIC
OXIDATION OF GLUCOSE BY «CRUDE» BACTERIAL EXTRACTS

Bioelectrocatalytic processes are one of the most interesting objects in
modern electrochemistry. High selectivity and sensitivity of biocatalysts to the
large number of substrates as well as evident perspectives of their use in sensors
and fuel cell applications are the main reason of such interest. Bioelectrocatalytic
systems can be divided into two types: enzymatic fuel cell working on pure
enzymes and microbial fuel cell. However, the main problem of obtaining pure
enzymes is a very complicated and long procedure of their synthesis and
purification and short lifetime period, which considerably restricts of their
application in real systems due to an economic inexpediency. The production of
microbial catalysts is quite simple in comparison, but the lifecycle and stability of
the microbial fuel cell are restricted and moreover, the waste products in the
electrolyte can affect on the electrochemical cell operation. So, the combination of
advantages of pure enzymes and microbial fuel cells looks very attractive for
practice. Such combination can be realized by the use of protein extracts obtained
from microbial cells.

In our previous work [1] the idea of the use of "crude" protein extract in
biocatalytic reaction has been already checked.

"Crude" protein extract of microbial cells was studied as a bioelectrocatalyst
in glucose oxidation reaction. Such extract obtained from Escherichia coli BB
culture was considered in this work as a model system containing all enzymes of
bacteria lifecycle. This system demonstrated the mediating mechanism of
interaction with an inert glassy carbon electrode in buffer solution with glucose as
a substrate. This work is dealing with study of influence of some experimental
conditions (temperature, co-enzyme content, mediator content, substrate content
and enzyme content) on bioelectrochemical activity of crude extracts obtained
from culture of E.coli BB in glucose oxidation reaction. The obtained experimental
data allowed to establish the kinetic features of the mediator oxidation of glucose
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