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pentreHorpadHuecKux CTPYKTYP, HX €IHHCTBeHHas obuasg ocobeH-
HOCTb COCTOWT B TOM, UTO BHYTPEHHSsS MOBEPXHOCTb NMOJOCTH o6pa-
30BaHA NpeUMYILeCTBEHHO HENOJASpPHbIMH octatkamH. Bcaegcreue
raipodoBbHHX B3aUMOAEHCTBHH NOJADHbIE OCTATKH BbIBELEHBI Ha-
pyxky (cm. ctp. 223). Henoasproe «HyTpo» O€IKOBOH MOJEKYJbl
HMeeT MAaJjaylo JHU3JEKTPHUECKYI0 MPOHHIAEMOCTb, 4YTo o6Jerdaer
5MeKTpHYeCKye B3aumoaeicTus [88]. 3HaueHHe 3T0ro0 paccMOTpeHO
nanee (cMm. crp. 403).

§ 6.6. BNMUAHHE pH GPELbI HA EPMEHT

OueBugHo, uTo (epMeHTATHBHAS AKTHBHOCTL JOJXKHA Cylle-
cTBeHHO 3apuceTh oT pH cpexbl. Makpomosekyan Genka cogepxar
HOHH3yeMble Ipynnbl. 10 Ke OTHOCHTCSI K GO/IbHIHHCTBY Cy6CTpaToB,
Moguduxkatopos u Kopepmenrtop. IlogpobHasi kaaccubukanus Bo3-
MOXKHbIX BausHuil pH Ha depmenTn nana Ys366om [16] (cMm. Takke
[68]). ViameHenne pH MoXKeT H3MEHHTb COCTOSIHHE HOHH3YEMBIX
Ipynn B aKTHBHOM HEHTPE HJH COCEICTBYIOIIHX C HUM; OHO MOXKeT
TaKXKe BJAHATL HA COCTOSIHHE He(epMEHTHBEIX KOMIIOHEHT CHCTEeMbl H
Ha CTPYKTYDPY ra00yabl OKaJAbHO UIH B LEJOM.

@depMeHT MOKeT CyLIeCTBOBATbL B PA3JIHUHBIX COCTOSHHAX HOHH-
3anHH, HAXOASAILHXCH B DaBHOBEeCHH APYT ¢ apyroM. PaccMorpum
MPOCTEHINIYI0 MOAEJNb CHCTEMBl C JBYMSI COCTOSIHUSIMH WOHH3aUMH
[96]. Takosa a06ast neyxocHoBHAs KucaoTa. MMeem

AH, == AH- == A",
K K2

rae K n Ko—mepsast W BTOpas KOHCTaHTHl HoHH3anuun. OGosHa-
YHM CYMMY KOHUEHTpauuil scex Tpex ¢opM uepes A,

A;=[AH,] 4 [AH"] 4 [A™]. (6,59)
Koucrantn K; u Kp pasHbl
[AH"][HY] [A=1[u*] _ [A*][HP
Ki="mar— K="TmmT = @mig - 660
CrnenoBaresbHo,
Ay =[AH)f=[AHT|f=[A"]f7, (6,61)
rae f, f-, [© — tak pasviBaemume pH-dpyuruuun Muxasnuca:
== Kl M& —_ _[_Hi K2
=T Y e =1+ % Ty
2— 0] | 0P (6.62)
f = 1 + K2 + Kle .

IlpuMenum 31y rpybyio Mojgenb K gpepMeHTy, IPUHSB, YTO AKTHB-
Hplfl LEHTP MOXKET CyIUeCTBOBATh B TPeX YKA3aHHbIX (opMax, HO
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Jautitb oftia U3 HUX AH— peakunonnocnoco6xa. Torna cKopocTb pe-
aKIHH 1PONIOPLUIHOHANbHA KOHLIEHTpaUHH 3TO# OpMBI, T. €.

o=k[AH], (6,63)
I/E MBI nony‘{aeM

v—kA /(1 + K,] +%) (6,64)

I'paduk sapucumoctu v ot [H*], 7. e. or pH, npoxoaur uepes mMakcu-
MyM, oTBeuawomuii yeaosuio [HY]= VKK, 1. e.
- pH="/,(pK, + pKy). (6,65) -

L[enc-rBHTeano BO MHOTHX CJyYasix 3aBHCHMOCTb AKTHBHOCTH
_depMenta“or pH umeer komokonoo6pasnyio dopmy. Hanoxennas
(heHOMEHOJIOTHYECKasl TeOPHs 3T0 OODLSICHIeT H NPHBOAHT K yI00-
HbIM 1Js pacuyeros ¢popmyaam [15, 16]. Oxnako 3aBHCHMOCTb CKOPO-
ctd peakuuu ot pH MoxHo ucronkosarts u unade. Kupksyx u Illo-
MeliKep paccMoTpend GAYKTYyalHH 3JAeKTPHUECKHX 3apsijoB B MoJe-
Kyne depmenta [97, 98] Ecan cBo6GoaHble 3Heprun pasiH4HBIX CO-
CTOSIHMH HOHH3AIHH MOJEKYJb MAaJjo OTIHYAlTCA APYr OT Ipyra,
TO 3apsibl MOTYT nepeMeliatscs, (GAYKTyHpoBaTb. IJTH (JIYKTya-
L[HH MOTYT NMPHUBECTH K n106ABOYHOMY 3J1eKTPOCTATHUECKOMY B3aHMO-
JeHCTBHIO pepMenTa ¢ CyGCTpaTOM,

ITyctb U — norennuanvHas sueprus ®CK npu nanHoM pacnpe-
JeNeHHH 3apsinoB. YCPELHHM 5TY 3HEPTHIO 110 BCeM pacnpegee-
HUSIM 3apsiIOB

exp (— W/kT) = (exp (— U/kT)). (6,66)
Hmeem

W =) — 5z U) — WY1+ ... (6.67)

B orcyrcteue daykryauuit (U?) = (U2 u W = (U). Hony-
CTUM, YTO GellOK CONEpPKHT 71 OCHOBHBIX Tpyll ¢ 3apsizaMu Ze,
O6Go3naunp nUMONbHBI MOMEHT MOJEKyJabl cy6cTparta uepes p, pace
CTOSIHHe MeXJy i-H Tpymmnoll aKTHBHOrO LeHTpa H cy6cTpartoM uve-
pes R;, yron Mexzay p 4 R uepes y; H nH31eKTpHUECKYIO TIPOHHUIIde-
MOCTb 4epe3 g, MOJIYyYHM

U= i Gt roepcosy, (6,68)

2
i=1 SRi

Bennunna x; paBsHa | uau O B 3aBHCHUMOCTH OT TOTO, TPHCOEIHHEH
JY K i{-i Tpynne npotoH uau Her. Beruncaum W. Hmeem

v 2,+ %
)= 2‘ ——‘W ep cos vy (6,69)

i=1
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H
. [AH] [H*]
= = ’ ) O
i [AH] 4+ 1A [} + Ky (6,70)
rae
1Ayl
Ki——['m]—- (6,71)
AnanoryuHeiM 06pa3oM HaAXOAUM
2 2
U2)—2(22+22x +x)w+
- e2p? cos y, oS y
+ ¥ R Ty LN (6,72)
i e RiR;
npuueMm
_ PR o H+]2
X '_X?, X; ]=xx _T[-H_E]——I-—W' (6,73)
CaenoBarefbho,
N — 292 cos?
W~ (Up= Y8 — )~ (6,74)
] i
rie
— [H*] ( [H*] ) [H*] Ky
P (] — = . (6,75
" N L B ¢ [H*]+ K/ ([H]+Ky)? (6.75)
TaK, .

[H epcosy
V= Z(z + [H+]+Ki) ERf_i -

i==]
1 < K, [H*] e?p? cos? y,
_m;([ + ... (6,76)

H' I+ K} R

SHeprmo, CBSI3AHHYI0 C (PAYKTyauHsMH 3apsioB, MOXHO 3aNnHCcarh
B BUIAEC '

2 2 +
AW = — nge™ p Ka[H ] . 6,77
4e’RikT ([H*]1+ K, ) 6,77)

3neco ng, Ry, Ko — sppexTupHble BeaHUHHEL

Beneacrsue daykryanuii 3apsiioB AOMKHBI H3MEHATbCH H Kou-
cTanTa Muxasauca (¢M. cTp. 363) H KOHCTaHTa CKOPOCTH ko B (hH-
HaJbHO! peakuuu o6pa3oBaHUs NMpoAyKTa. MoXHO NPHHSATH, 4TO

m———— - = —— (6,78)
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rae W' 1 W{— 3Hepruu akTHBAUUH NP HanAMUHR GJAYKTyanuil sa-
panos u B orcyTcTBHe aykryauunii. Ecain AW* Bupaxaercs gopmy-
aof tuna (6,77), to

TR T @R ([ + K,

ndz _ _ractAp _ KelH'] (6,79)

rae Ap? — pa3HocTb KBaApaToB [HIOJIbHHIX MOMEHTOB cybcTpaTa B
aKTHBHPOBAHHOM M HeaKTHBHpPOBAHHOM cocrogHuax. Popmyna
(6,79) naer koaokoJ006pa3Hyio 3aBUCUMOCTb kg or pH. Makcumymy
ko coorBetcrByer pH = pK,,.

GuesunHo, uto gopMa Kpusoh ka(pH) obbsicHsercs B 3710# TeO-
pHE OpHYHHAMHE, COBEPUIEHHO OTMHYHBIMH OT paccCMaTpPHBAaeMhix B
teopun Muxasanca. [lpsiMble J0KasaTeabCTBa CYIIECTBOBAHHS
baykTyauuii sapsajgoB noka He noaydennl, Kupkpyn u llowmeiikep
[IOKa3anH, 4To GpAYKTYaluHd A0JXKHB IPHBECTH K MOSIBAEHHIO n06a-
BOYHBIX KOMIIOHEHT B CIEKTpe BpeMeH pesnakcauud. Ilo3nHee Gbiio
YCTaHOBJEHO, 4To 3TO He tak [99), u cefiuac TpyAHO yKasarth crnocob
SKCIEPHMEHTANbHOr0 OGHAPYXEHHS H H3YYeHHs 3ap;{11013b1x bayk-
Tyanut.

Kupksyn cudta;n MexaHusM (QJyKTyanHoHHOrO Baanmoaeucmnﬂ
(epMeHTa M cybcTpaTa yHHBEPCAJbHBIM H ONpEAEsIOIINM SABJeHHe
(epMeHTAaTUBHON akTHBHocTH B nesoM [97, 98, 100). Bee usnoxen-
HOe TOKa3blBaeT, YTO 3a (epPMEHTATHBHYIO aKTUBHOCTb OTBETCTBEH
psn ¢hakTopoB, W 3[eCh BeCbMa BaXXHb KOHpOPManHOHHbIE SIBJACHHS.
Teopuss KupkByna He pemaer npobaemy, BMecte ¢ TeM U MexaHuaM
Muxasnuca, u MexaHuaM KHpKBYja OTpamxaloT peajbHbie CBOHCTBA
TONH3IeKTPONUTHOH cucreMb. OcTaeTcs HesICHBIM, B KaKol Mepe,
TaK KaK OTCYTCTBYIOT CTPOTHE KOJHYECTBEHHHIE OUEHKH H MOJYyYHTb
HX TPYAHO.

Cnenyer paccMoTpeTsb ellle ofHH MexaHu3M Bauanus pH Ha dep-
MeHT — npAMoe BausiHHe pH Ha KoHpOpMAaUHOHHYIO CTPYKTYypY
fenka. Ecan cuutaTth, YTO peanu3yercs HHAYUHDOBAHHbIH KOHTAaKT
tdepMeHTa ¢ cy6CTpaTOM, TO NOBOPOTH CBf3ell CONPOBOXKAAIOTCS Me-
peMemeHHeM 3apsinoB. KoHeuHo, sjeKTpocTaTHYeCKHe B3aHMOjel-
CTBUsS (BKJIOYasi o6pa3oBalde HOHHBIX NMap) MeXAy GOKOBLIMH IpH-
BeCKaMH MOTYT MIpaThb He MeHbUIYIO pojib, YeM COCTOsiHHE BOJOPOX-
HbIX cBsizeH B a-cnupansix u P-dopmax. SIcHO, YTO KOHUEHTPALHUS
BOJOPOAHHX HOHOB JOJXHa BAHATh HA KOH(OPMalNHOHHbIE CBOHCTBA
G6eska. OHa He.MOXET He CKa3niBaThCAa TaKXKe Ha THAPO(POGHBIX
B3aHUMOLEHCTBUAX, (QOpMHpyOIUX rao6yay. 3aBHCHMOCTb THIpPO-
bobHbIx BzanMosaeficTBHi ot pH Mano usyuena.

Kak yxe ckazano Bume {cM. cTp. 215--218), uMeercss Bo3aMoXK-
HOCTb CTPOroro aHaJjuaa BausHusi pH cpenb Ha cremedb CHoHpasu-
3auun posunentuga. CoOTBeTCTByIOLU[HE MOJE/AbHLIE pacyeTh,
nposenenHsie B paborax [101], mokasanu, 4To popma 3aBHCHMOCTH



358 rJ. 6. ®H3UKA PEPMEHTOB

CTeleHM cnupaJjbHocTi or pH olpeneasiercss xapaktepoM mnocneno-
BATEJbHOCTH KATHOHHBIX H aHMOHHBIX Ipynn UelH. Ecan sty rpynns
peryJisipHo 4epenylorcs, GyIyu¥ pasjiefeHbl MOCTOSHHBIM YHCJAOM
HefITpaJabHbIX TPYI, TO KpHBAs UMeeT POpMy CHMMETPHYHOro KoJjo-
kona ¢ makcumymom npu pH = !/p(pKa + pKi) (cM. crp. 217).
B npyrux cayuasix Bo3MOXKEH MMHHMYM, a He MakCuMyM, # Golee
CJ0OXHbI€ (OPMbl KPUBBIX.

Uccnenosanne OB anakrtatgernaporedass (JIAI) nokasano
KOJIOKOI006pa3Hyl0 3aBUCHMOCTb KOHCTaHT B (dopMmyaax [pyne u
Moddurra (cm. crp. 304, 305) or pH. Ha puc. 6.24 nsobpaxeHn
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Puc. 6.24. Bausuue pH u€a nosepeune JIOT.

I—3asncuMocTh Ay (dopMyna IHpyae) or pH, 2—sazasucumocts K (hopmyna Hpyne (5,113)) or
pH, 8 —3asucuMoctb A¢ o1 pH ans JAT + HAJ-H, 4— 3asucuMocTh pepMeHTaTUBHON aKTHB-
Hoctd JIAT ot pH Ais peaknuu nupysatr -———>» JakTarT, §—TO Xe i o6paTHOH peaknud.

COOTBETCTBYIOIMEe KPMBHE, a TaKXKe KpUBble 3aBHCHMOCTH CKOpO-
cTelt mpsMoli W oOpaTHOH peakuuu (mHpyBaT ==Jakrtar). or pH.
IOns npsMofi peaku¥u HMeeTCsT KOppessiiust MeXAy (epMeHTATHB-
Holl aKTMBHOCTBIO U CT€MeHbIO a-CnupanabHocTh hepmenra. Hanboanb-
miasi CKOPOCTb OTBeYaeT MAKCHMaJbHON CIHpPaJbHOCTH. JTa Koppe-
JsInKs CTaHOBMUTCSA CyILeCTBEHHO Jyyllle B MPHCYTCTBHU KOoepMeHTa
HAJ. HA]Jl mensier BTOPHYHYIO CTPYyKTypy depmenTa (cM. crp. 390),
npuyeM 3TH u3MeHenus sasucar or pH. Asanus JOB no Baoyry —
lextepy (cM. ctp. 318) mnokasbiBaeT, 4YTo 3KCIepHMeHTalbHble
TOYKH NMONAJ4loT Ha JMHedHbH rpadHk 3aBHCHMOCTH Gas0 OT Gioso,
orsevalouiuil & < 30, T. e. oprasuyeckoMy pacTtBopurenio. Tem ca-
MbIM, -CIIHpajibHble yYaCTKH HaXOffTC B I'MAPO(POOHOM OKpyXKe-
Hun. Ilpn usMesenun pH 3KCrnepHMeHTa/nbHBIE TOYKH NepeMellaloTcs
BIO/Mb TOH Ke MpsiMoH. 3HAYMT, M3MEHEHHS CTEeNneHH o-CIHPaJbHO-
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cTH, BbI3BaHHble n3MeHeHneM pH B uccregosanHHOM HHTepBaie, He
COINPOBOXKAAITCS Pa3BepThiBaHHEeM T00YJIbI.

CxonHble pe3y/abTaThl MOJMYYeHH 174 TJHNepanbieruadocdarie-
rHAPOTEHA3bl, HO 3/eChb HET TaKOf 4YeTKOH KOppeaduuH, Kak AJs
nepBoro gepMeHTa (zasapHeluine noxpo6GHocTu cM. B [68, 87]). Psx
JaHEBX o BaHsAHAM pH cpeasl Ha BTOPHYHYIO CTPYKTYpy OenKos
npusoaut YKoan [102].

OnucauHble BHIIIE Pe3yabTaThl MOATBEPXKAAIOT OOILlHe NpeacTas-
BJEHHS 06 onpenesollell poad KOH(GOPMANHOHHBIX SBJeHUN B dep-
MEHTATHBHOH aKTHBHOCTH U B 3TOM CMBIC/IE COIVIACYIOTCS C TeopHel
Komnanna. YcranosneHEass 1/ JaKTaTAeTHIPOreHa3bl KOPpPesLus
CTelleHH CIHPAJbHOCTH U CKOPOCTH peaKuHH BecbMa MOKAa3aTelbHa.
KoHe4uHo, HeT OCHOBaHHH CUHTATb TOAOOHYIO Koppeasuur o6s3a-
TeJbHOH BO BCEX CJAyYasiX.

Ho mnoka He cymecTByeT MeTona — TEOPeTHUECKOTO HJH 3KCIe-
DHMEHTAJBHOTO — /151 yueTa OTHOCHTENbHOH POJIH BCEX TPex Mexa-
HH3MOB: MeXaHH3Ma, PaCcCMOTDEHHOro B (peHOMEHOJOTHUeCKoH Teo-
pun Muxasauca u Iasugsona (cm. crp. 394), mexammsma Kupk-
Byna u UloMefikepa u KoHdopmaiuonHoro mexanusma. Caenyer or-
MEeTHTb, 4TO HApSAY C GJAYKTyauHsIMH 3apsijloB, HCCJeJOBAHHBIMH
KHpKBYAOM, AOJMHBI CYILEeCTBOBATb NPOCTPaHCTBeHHble (JayKrTya-
L[HH, ompelenseMble TMOABHXHOCTbIO NOJHNENTHAHBIX LEHeH.

§ 6.7. ®USUYECKUE ACHEKTDI
®EPMEHTATUBHOH AKTUBHOGTH

OcroBHAas HepelleHHast 3ajgavya (U3HKH H (PH3HYECKOH XHMHH
(hepMEeHTOB COCTOHT B KOJHUYECTBEHHOM OODBACHEHHH HX BBICOKOH
KaTaauTHYeCcKOH aKTHBHOCTH. ) .

Hecomuenso, 4To Bce pacCMOTpeHHble Bbille 3¢ eKTh AaIOT CBOH
BKJaAb B (pepMEHTATHBHYIO aKTHBHOCTb. OJHAaKO KOJHUECTBEHHbIE
OLEHKH 3JeChb HEeJLOCTATOUHO NOCTOBEpPHbl H He pelllaloT npobiaeMy.

B ¢dusnueckoM acrekre ZOMIXKHO NOCTABHTL BONPOC 06 €1HHOM
mMexaHH3Me (epMEeHTATHBHON AKTHBHOCTH, olpenensieMoM (uaHde-
CKHMH CBOHCTBAMH TJ106yJ/bl KaK 11€JOCTHOH chcTeMbl. Mbl He 3HaeMm
TIOKa, CYIIeCTBYeT JH TAKOH MeXaHH3M HJH (epMeHTATHBHAS AKTHB-
HOCTb MOJHOCTBIO OHpeJessieTCsl yXKe pacCMOTPEHHBIMH XHMHYECKH-
MH ¥ (H3HKO-XUMHYecKHUMH dakTopaMu. OueBHAHO, UTO 3]€Chb HHTe-
peceH W TOJIOXKUTEIbHbIA, H OTPHLIATEJNbHbI OTBET Ha BOIPOC O Cy-
LIECTBOBAHUK €JIHHOTO (PH3UUECKOT0 MeXaHH3Ma.

Caenyer MoAYePKHYTb, UYTO CBOHCTBA IJ100yJbl Kak 1e/0r0, 3a
ACKJIOUEHHEeM HAJHYHsA B HeH MOJOCTH C HENoJspHbIMH OCTATKaMH,
He yudThiBaloTCsl HU B Teopun Komaarna, Hu, TeM 6oJee, B XHMU-
Y9eCKHUX TEeOpHsAX B3aUMOAEHCTBHUI B AKTHBHHIX LEHTPAX (epMeHTOB.

Bpaxg au ocMbicjeHHO HCKaTh 3TOT MeXaHU3M B CHElHaJbHBIX
NOJyNPOBOLHUKOBbIX HJH HHBIX 3J€KTPOHHBIX CBOMCTBAX IJ106YJIHL,





