3AHSATHUE Ned
«XHUMHUYECKASA KUHETHUKA»

Bomnpocskl K 3aHATHIO:
OcHOBHBIE IOHATHSA U IPEAMET XUMUYECKON KUHETUKHU.
CKopocTh TOMOT€HHOM peakuuu. MeToasl ONpeneacHusl CKOPOCTH PEaKLUH.
3. 3aBUCUMOCTb CKOPOCTH XMMHYECKHMX pEaKUUi OT KOHLIEHTPALMU (3aKOH JEHCTBYIOIUX
Macc).
4. MonexynsapHocTh peakiyyi. KnuHeTnueckue ypaBHEHUs AJIs peaklMi HYJIEBOro, IEPBOrO
1 BTOPOTO MOPsIIKA.
3aBUCHMOCTh CKOPOCTH PEAKIIUU OT TemrmepaTypsl o Bant-I'oddy.
[TonsTHe 00 sHEprun akTUBaLKU. Y paBHeHUe AppeHuyca. Pacuer sHeprun akTUBaLMH.
Teopus aKTUBHBIX COYIAPEHUN U IIEPEXOJIHOTO KOMIUIEKCA.
CI10o’xHbIE XUMUYECKHE PEAKLIUU U UX THIIBI.
Karanus.
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§1. OcHOBHBIE MOHATHUS U NIPEAMET XUMHUYECKOH KHHETHKH.

YyeHue 0 XMMHMUYECKHMX IPOIECCaX COCTOUT M3 JIBYX 4YaCTEW: YUEHHUS O COCTOSHUSX —
XAMHYECKasl TEPMOJMHAMUKA M YYEHHUs IepexoAax U3 OJHOr0 COCTOSHHS B JIpyroe —
XMMHYECKash KHHETHKA.

[IepBast oTBeUaeT Ha BONPOCHI O MPUHLMIUAIBLHONW BO3MOXHOCTH MPOTEKAHUS JTaHHOU
XUMUYECKON PEaKLUU B TAHHBIX YCIOBHIX U O KOHEYHOM PaBHOBECHOM COCTOSIHUU CHUCTEMBI.
Bropas — xwummuyeckas KHHETMKAa — T[IOCBSIIEHA pealu3alid ATOM NPUHUUIHAIBHON
BO3MOJKHOCTH, T.€. COOCTBEHHO IMPOTEKAHUIO TIPOIIecca.

Kunetnka mo croco0y peanu3anuu mporecca JeIUTCS Ha JiBa pasiena. B ¢popmanbHON
KMHETUKE CHOPMYIHPOBAHBl 3aKOHOMEPHOCTH, IO3BOJISIIOIINE OMKCHIBATH XHMHUYECKYIO
PEAKLIHIO0 MAKPOCKOITMYECKHA HA OCHOBE AKCIIEPUMEHTAIbHBIX TaHHBIX. MOJEKYJIApHas KHHETHUKA
M3Yy4aeT NPEeBpallEHUE Ha OCHOBE MOJIEKYJISIPHBIX JaHHBIX O CBOMCTBAX YacCTHULI.

Ha nepBoii craguu wH3ydyeHHsT pEaKUUHM HAI0 IMPEXKJE BCEro OMPEACNSTh CKOPOCTh
MPOTEKaHUsl H3y4aeMou peakuuu. Jlanee W3yduTh 3aBUCUMOCTH CKOPOCTH PEaKUUU OT
KOHIIEHTPAILlUH PEArNPYIOIINX BEMIECTB, TEMIIEPATYPHI U JaBICHHUS.

BemecTBa, BeTymaromue B IPOLECC XUMHYECKOTO INIPEBPALUEHHUs, HA3bIBAKOTCSA
HCXOJHBIMU BEIIECTBAMH WJIM PEarcHTaMu.

BemecTtBa, oOpa3yroomuecs B TMpolecce XHWMHUYECKOTO TPEBpalleHuss U He

MPETEPIICBAIOIINE B XOJI€ ATOr0 MPOIECCa NATbHENIINX XUMHUUYECKUX WU3MEHEHUH, HA3bIBAKOTCA
MPOAYKTAMU PEAKLIUH.
BemectBa, oOpasyromuecs B OJHHX CTaJUiX IMpoIecca XUMHUYECKOTO IMPEBpalleHUs |
pacxoAyroumecs B JIPYTHX CTagusX OTOTO KE IPOLecca, HA3BIBAIOTCA IPOMEKYTOUHBIMU
BEILIECTBAMH, a PEAKI[MU C YyYaCTHEM MPOMEKYTOUHBIX BEIIECTB HA3bIBAOTCS MPOMEKYTOUYHBIMU
BEIIIECTBaAMHM.

XuMudeckasi peakius, IpoTeKarolas B npejenax oJHoH (a3bl, Ha3bIBaeTCsI TOMOTE€HHON
XUMHUYECKON peakiueil. XuMu4ecKkash peakilus, MPOTEKarollas Ha TpaHule pazaena ¢as,
HAa3bIBAETCS T€TEPOTr€HHON XMMHYECKON PEAKIUEH.

B rereporeHHbIX peakUMsAX poOJb NPOMEKYTOUHBIX MIPOAYKTOB HIPAOT MOJEKYIIBI,
XUMUYECKH aJICOPOMPOBAHHBIC HA TIOBEPXHOCTH.

Ecnu peakuust uAeT B OJHY CTAa/IUIO0, TO €€ HA3bIBAIOT MPOCTOU. CIOKHBIE PEaKIUU — 3TO
MHOTOCTaauiHbIe Tpotiecchl. Ctamusmu, B 00Jiee MIMPOKOM CMBICIE, MOTYT OBITh HE TOJBKO
XUMHUYECKHE, HO TaKke mporiecchl quddy3uu, nepeaadn SHEPTUU IPU CTOIKHOBEHUH MOJIEKYIT U
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Yame peakuuu OBIBAIOT CIOXHBIMH, M CHMBOJM3HPYIOLIME WX YPaBHEHHUS OTPAXKaroOT
JIMIIB KOHEYHBIN UTOT XUMUYECKHUX IIPEBPAICHHN.

§2. CkopocTh rOMOTeHHOM peaKIuu.
MeTtoabl onpeieieHnsi CKOPOCTH PeaKIUH.

CKOpOCTh XMMHUYECKOW pEAKIMU ONpPENENseTCS YKCIOM MOJIEKYJ, pearupyrolux B
€IMHUILY BPEMECHH B €AMHUIIE 00BeMa.
Tak Kak 3TO YMCIO PKBUBAJCHTHO M3MEHEHUIO KOJIMYECTBA BEIIECTBAa (MCXOMHOIO WIH
MIPOJIYKTA), TO MOXKHO 3aIUCaTh:
Wt A
VAT
Opmnako, mis peaknuu N, + 3Hp,— 2NH;3 yObuTe BOJIOpOJA MpEBBINIACT YyOBUIH a30Ta
BTPOE, MOATOMY TOYHEE CIIEAyeT TOBOPUTH HE O CKOPOCTH XMMHUYECKOI0 Ipoliecca BoooIie, a o
CKOPOCTH TIPEBpAIICHUS KaKoro JHOO KOMIIOHEHTa WM O CKOPOCTH TI0 HEKOTOPOMY
KOMITOHEHTY:

W=
VAT

B xumuueckol KHHETHKE IIMPOKO MCIIONB3YyeTCs IpadUuecKuil MEeToa H300pakeHus
(GyHKIIMOHAIBHBIX 3aBUcUMOcTell. KpuBas, oTpaxatomiasi "3MEHEHHE KaKoro-110o BelecTBa BO
BPEMEHU B X0JI€ XUMHUECKOTO IIPEBpAILlEHHs], HA3bIBAETCSI KNHETUYECKOM KPUBO.

Pucynok 4.1
Kunernueckas KpuBas 17 IPOJYKTOB peakLuu
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Pucynok 4.2
Kunernueckas kpuBas A peareHTa
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[TonyunB KHMHETHYECKYIO KPHUBYIO JJIsi KakKOro-in0Oo KOMIIOHEHTa, MOXHO JIETKO
OIpEAEINTh CKOpPOCTb €ro HaKOIUICHHUS WIM  PACXOJOBaHUS rpadpu4ecKuM
muddepeHIMpoBaHNEM KMHETUYECKOM KPUBOH.
CKOpOCTh XMMHYECKOH peakIUH 3aBHCUT OT MLEeJOoro psaga (akTopoB: NPUPOIbI
pearupyromux BelIeCTB, UX (PA30BOr0 COCTOSIHHS, TEKYIIMX KOHIIEHTpPAlMil MCXOJHBIX H
KOHEYHBIX BEILECTB, TEMIIEPATYPHI U IP.

§3. 3aBHCHMOCTH CKOPOCTH XMMHYECKUX PeaKIUil 0T KOHIEHTPALMHU
(3aKOH e CTBYIOIIUX MACC).



KoanuecTBeHHO CBSI3b MEXKIY CKOPOCTBIO PEAKIMM M KOHLEHTPALUSMU pearupyrommx
BELIECTB ONPEIEIACTCA 3aKOHOM JICHCTBYIOIIMX MacC:

IIpy mocrosiHHOM TeMIiepaType, NaBJICHUH, PEAKLIMOHHON Cpele CKOPOCTh XMMHUYECKON
peakuuu IMpsMO IPONOPLUOHAIBHA JEHCTBYIOIIMM MaccaM — MOJISIPHBIM KOHLEHTPaLUsIM
pearupyromux BELIECTB, B3ATBIM B CTEINEHU COOTBETCTBYIOIIUX CTEXMOMETPUYECKHUX
KO3 PHUITUEHTOB.

OTOT OCHOBHOHM MOCTYJIaT XMMUYECKOH KUHETUKU BBITEKAET M3 (PU3NUYECKU OUYEBUIHOTO
IPEIIIOJIOKEHAS O TOM, 4YTO PEarupyroT T€ MOJIEKYJbl, KOTOpbIE CTaJKMBaroTcsa. Yucio
CTOJIKHOBEHUH 3aBUCHUT OT KOHLICHTPALIMKA MOJIEKYJ, IIO3TOMY U CKOPOCTh XUMHUYECKOU pEeaKLuu
JIOJDKHA OTIpesiensTes: TeMH ke (hakropamu JIpumeHeHue 3Toro NpuHIMNIA IPUBOAUT K 00ILEMY
BBIPAKECHUIO U1 CKOPOCTH PEAKLIUH, IIPOTEKAOLIEH 10 YPABHEHUIO.

aA + BB — npoayKThl.
W=k -C} -Clb3 ,TIIe
k — KOHCTaHTa CKOPOCTH, OHA 3aBUCUT OT IIPUPO/Ibl PEATUPYIOLINX BEILECTB U TEMIIEPATYPHI.

ITokazarenu cTeneHu a U B Ha3bIBAIOT IOPSAKOM peakluu 1o BeuiecTsy A u B.

CyMMa NOpsIKOB a+B Ha3bIBAlOT OOIIMM HOPSAKOM peakluu. DTO CTEXHMOMETPHUECKUI
nopsiok. Kpome crexnomerprudeckoro nopsjika MMeeT MeCTO KHHETHYECKUHI NTOPSAI0K, KOTOPBIN
OIpPEAEIIAETCS TONBKO IKCIIEPUMEHTaNbHO. [103TOMY Ul BBILIE NIPUBEAEHHONW PEAKLIMU CIELYET
3aIUCaTh:

w=k-C} -C};
I[J_Iﬂ OOJIBIIMHCTBA peaKHI/Iﬁ KHMHCTUYCCKHUC IMMOPAJAKHU HE COBNAAAIOT CO CTCXUOMETPHUICCKUMMU.
TTOpANIOK PeaKiMi MOKET ObITh JTHOOBIM YHCIIOM: 1EMbIM, APOOHBIM, TOIOKUTENLHBIM U
OTpUIATCIIbHBIM. Bo3moxHEI p€akuun W HYJICBOI'0 Iopsgaka, Korjga CKOPOCTb PpCaKIUH HE
3aBUCHT OT KOHLEHTpalH. [TOps/IOK pEeaklMu 3aBUCHAT OT MEXaHH3Ma Peakluu, T03TOMY
(akTOpHI, BIHUSIOIINE HA MEXAHU3M Ipoliecca (KOHIIEHTPAIIUS, TEMIIEpaTypa), MOI'YT BIHATH HA
BEJIMUMHY TIOPS/IKA PEAKIUH.

§4. MouekyasipHocTh peakuun. Kunernieckue ypaBHeHus VISl peaKIUil HYJIeBOIO,
NepBOro U BTOPOro mopsiaKa.

BaxxHOW XapaKkTepHUCTUKOW pEaKLUUU SBISETCS €€ MOJEKYJIApHOCThb. Ui mpocToin
peakuuy MOJEKYJISPHOCTb — DOTO YHCIO YacCTHULl, KOTOPBIE COIVIACHO YCTAHOBJICHHOMY
MeXaHU3My ( a He 10 HallMCaHHOMY YPaBHEHMIO) YYaCTBYIOT B OJTHOM 3JIEMEHTAPHOM aKTe.
Peaxiuu GbIBaroT:

— MOHOMOJICKYJISIPHBIMH =T+
— OUMOJIEKYISIPHBIMU CH;3;Br +KOH—CH;0H + KBr
— TPUMOJIEKYJISIPHBIMU 2NO + 0,—2NO;

Yyactue B D9JeMEHTapHOM akTe Oojiee TpeX YacTUIl KpalHe MalloBEPOSITHO.
Kunernueckuii mOpSIOK 3JIEMEHTAPHOM pEAKIMM paBeH €€ MOoJeKylIsipHOocTh. I[loaTomy
MPEIOCTaBIEHHBIE B KaueCTBE MpUMepa PEaklid COOTBETCTBEHHO OYIyT peaklUsMU TEepPBOTO,
BTOPOTO U TPEThEro nopsiaka. Jist CI0KHBIX peakiui, MPOTEKAIIMKNX B HECKOJIBKO CTa/INi, HET
CMBICJIa TOBOPUTH O MOJIEKYJISIPHOCTH B LIEJIOM, T. K. 3TO TMOHSTHE NIPUMEHHMO TOJBKO K
OTAEJIBHBIM CTaIUSIM.

Kuneruveckue ypaBHeHHs peaKuii
PaccmMoTpuM  KHMHETHYECKHE 3aKOHOMEPHOCTH HEOOpaTUMBIX peakuuid. Peakunus
XapaKTEepU3yeTCsl KUHETHUYECKUM YpPaBHEHHMEM, KOTOPOE II03BOJIAET PACCUUTATh KOHCTAHTY

CKOpOCTH B JIF00OI MOMEHT BPEMEHH OT €€ Hayaja U IepHo/ OJyIpEeBpaIEeHuUs.

Peakuuu Hy1€BOro nopsiaika.



Peakuuii HyneBoro nopsjaka o4eHb Majo, 0OJbIIas UX YacTh SABJSETCS I'€TEPOr€HHBIMU
peakuusaMu. HyneBoll mopsaok peakiuu yKa3bIBaeT Ha HE3aBUCUMOCTb CKOPOCTH PEaKLHUU OT
KOHILIEHTPALlUN PEarceHToB.

Taxast 3aKOHOMEPHOCTb BO3MOKHA KOT/1A:

— KOHLIEHTpAIMsl peareHTa MoIep>KUBaeTCsl OCTOSHHON (HACBILEHHBIM pacTBOp).

— KOT/Ia peaklys IPOTEKAeT HE COBCEM OOBIYHBIM MyTeM ((POTOXMMHYECKHE, KATATUTHUECKHUE).
Jlis peakiuu A — IPOIYKTHI BBIPAKEHHE CKOPOCTH KaK (DYHKIIMU KOHLIEHTPALUH UMEET BUJI:

dC
_ Aok,
dr
Pa3nenus nepeMeHHbIE TOTYYHUM,
—dC, =k dt

3anuiinemM UHTErpall, B3sB Mpeaesbl KOHIEHTpaluu B HHTepBaie BpemeHu (0 u 7 ):

C T
—[ dc=k, [dr
Cy 0
HpOI/IHTeI‘pI/IpOBaB, MOJIYyYnM:

1
C’-C=k,t; k,==(C"-C),
T
['ne ko — KOHCTaHTa CKOPOCTH PEaKIMK HYJIEBOTO TOPSIIKA, MOJIB/ (I C)

BaxHOi1 KOJMYECTBEHHON XapaKTEPUCTUKOM MPOTEKAHMS PEAKIUM BO BPEMEHH SBJISAETCS
BpEMs IOJIyIPEBPAIIEHUs T 1, PeareHra.

OTa BeJIWYHHA OIPCACIICTCA INPOMCIKYTKOM BPEMCHH, B TCUCHHUEC KOTOPOI'0 HavdaJlbHAA
KOHIICHTpanu-d CO YMCHBIIACTCA B XOA€ PCAKIIUU B IBA pasa.

Ecinu ypaBHEeHHME KMHETHMKHM pPEAKLUUU WM3BECTHO, BpeMs IOJYNPEBPALIECHUS HETPYIAHO
BBIPA3UTh 4Y€pPe3 KOHCTAHTYy CKOPOCTU. B pe3ynbrare U3 ypaBHEHHMS KHUHETUKU DPEAKLUU
HYJIEBOTO MOPSAIKA MTOIYYarOT:

CO
T,=——
%2k,

Peakuuu nepsoro nopsiika

B peaknum mnepBoro mnopsjaka CKOPOCTh IPONOPLMOHAIbHA KOHIEHTPALMU OIHOIO
pearenTa. Jlyis TakoW peakiuu, Kak A — TMPOAYKTHI BBIPAXKEHUE CKOPOCTH Kak (DYHKIIMH
KOHLEHTPALlUu UMEET BUL:

dc,

dt
Jlanee cxeMa paccyk/IeHUI aHAJIOTMYHA MPEeAbIAYyIIEeH: pa3iednuM nepeMeHHbIe, 3aUIIeM

HHTCrpajl, HPOUHTCTPUPYEM U ITOJTYIUM BBIPAKCHUC JJIS1I KOHCTAHTBI CKOPOCTH PCAKIUU IIEPBOTO

~onA—]
nopsiika, nac .

=k, -C,

C T
_9C dn - 9 [do
Co 0
ln&=klr; k1=lln&.
C T C

Ilepnon nomymnpeBpamieHus: He 3aBUCUT OT HaYaJIbHOW KOHIIEHTPALlUY U PaBEH:



§5. 3aBucHMOCTH CKOPOCTH peakmuM oT TeMneparypsl no Baut-I'odpdy.

Harnsguele mnpeactraBieHuss O 3aBUCHUMOCTH CKOPOCTH XMMHMYECKOH peakiuu OT
TeMreparypsl naet npaBuio Bant-I'odda, cormacHo KOTOpoMy MpH MOBBIIEHUN TEMIIEPaTyphl
Ha 10 rpaaycoB CKOpOCTb XMMHYECKOW pEaKIUM YyBEJIMYMBaeTcs B 2—4 pasza. ITO HpaBUIIO
MEePBOHAYAILHO OBUIO YCTAHOBJICHO JJISl PEaKIIHiA, MPOTEKAIOIINX B PACTBOPAX MPU HEBBICOKUX
TEMIIEpaTypax, U CBSI3aHO C MOHATHEM TeMIepaTypHOro Kod(h(duIMeHTa CKOPOCTH pEeakiuu v,
OIPEEIIIEMOT0 COOTHOLIEHUEM:

UZ = Ulv(TZ_Tl)/lo'

I7I€ Vv, U V| - CKOPOCTU peakuuu npu temmeparypax 71> u 71, y - Ko3pduUIUEHT, 3HaUCHHE
KOTOPOTO I 3HAOTEPMHYECKOM PEAKLIHMM BBIIIE, YEM I 3K30TepMuyecKou. it MHOrmx
peaKkuii y JISKUT B mipeaenax 2 — 4.

[Ipy KOHIEHTpAIUAX PEArHPYIONINX BEIIECTB | MOJB/JI CKOPOCTh PEAKIMH YHCICHHO
paBHa KOHCTaHTe ckopocTH k. [IpaBuno Bant — 'odda 3anumiercs tak:

k, = klv(TrTl)/lo.

ypaBHeHI/Ie IMOKAa3bIBACT, UYTO KOHCTAHTA CKOPOCTHU 3aBUCUT OT TCMIICPATYPHI TAK K€, KaK
M CKOPOCTH IIponecca.

§6. IlonsiTHe 00 JHEepPruM AKTUBALMH.
YpaBHenue Appennyca. Pacyer 3Heprum akTuBanmu.

B 1889 r. mBenckuil yuenoiii CBaHTe AppEeHUYC Ha OCHOBAaHUU 3KCIEPUMEHTOB BBIBEI
ypaBHEHHUE, KOTOPOE HAa3BaHO €r0 UMEHEM

k= Ae
r7ie k — KOHCTaHTa CKOPOCTH peakiiu; 4 — NpeIdKCIOHEHIINAIbHBII MHOXKUTEIIb; € — OCHOBAaHUE
HATypaJIbHOTO Jorapudma; £, — MOCTOSIHHAS, HAa3bIBaeMasi SHEPTHEl aKTHBAILIMH, OIpeesseMast
OPUPOJION peakiu. 3HaueHus E, A1 XUMHUYECKUX peakiuil jgexar B npeaenax 40 — 400 x/x/
MOJIb.
[Tocne norapugmMupoBanusi ypaBHEHUE UMEET BU/I:

Ink =-E,/RT +nA
Ecnu npencraButh rpaduueckyro 3aBucuMocts Ink = f(1/7), To ona umeer Bua (pucyHok 4.3).
Pucynok 4.3
3aBUCUMOCTB Jiorapr(Ma KOHCTAHTbI CKOPOCTH PEAKLIUU OT OOpaTHOM TeMIepaTypbl

- E,/(RT)

Ink

/T



3nech tga = -Eo/R u E,= - Rtgo. OTpe30K, OTCEKaeMblil Ha OCH OpMHAT paBeH InA.

WNtak, KOHCTaHTa CKOpPOCTH peakuMu (M CKOPOCTb) BO3pAcTaeT C YBEIMUYCHHEM
TEMIIEPATYpPbl MO S3KCIIOHEHIMAIBHOMY 3aKOHY. B COOTBETCTBUM C ypaBHEHHMEM AppeHuyca
KOHCTaHTa CKOPOCTH PEaKLUU YMEHbIIAETCS C POCTOM OHHEPIUU aKTHBALMU. YpaBHEHUE
AppeHnyca IO3BOJISIET PACCUMTHIBATH KOHCTAHTBI CKOPOCTM (M CKOPOCTH) IPHU pa3iIMUYHbIX
TeMIeparypax.

Jnst 00bsicHeHHS (U3NYECKOTO CMBICIA BEIWYMHBI E, AppeHnyc Npeamnonoxui, 4ro B
pEaKLMI0 CHOCOOHBI BCTYNATh HE BCE YacTUIbl, a JIMLIb T€ W3 HUX, KOTOpbIE HAaXoIATCA B
AKTHBUPOBAHHOM COCTOSIHHM.

Morekysbl B aKTUBUPOBAHHOM COCTOSTHMM BO30Y’KICHUU 32 CUET U30BITKA SHEPIUU U HE
YCTOMYUBBL, @ B HOPMaJbHOM — CTAaOMJIBHBL. MeXIy HOPMaJbHBIMH M AKTUBUPOBAHHBIMH
MOJIEKyJaMH  CYyLIECTBYeT paBHoBecue. Jlons wyactuly B BO30YXKIEHHOM  COCTOSIHUM
OTHOCHUTEJIBHO Masa. UYKcio e 4acTull B HOpMaJIbHOM COCTOSIHUU NPAKTUYECKU PaBHO OOIIEMY
yucay yacTull. [1ocKoibKy mpolecc akTUBALMM 3HIOTEPMUYECKHM, TO KOHCTAaHTa pPaBHOBECUS
JUI 9TOTO Ipoliecca pacTeT ¢ yBeIudeHUueM Ttemneparypsl. [loaTomy Bo3pacTaeT KOHIEHTpaLus
YacTUIL] B aKTUBUPOBAHHOM COCTOSIHUM M CKOPOCTb peakiuu. DHepruto E, MOXHO onpenenuTsb
KaK Tery1oBoi 3¢ (eKT mporecca aKTUBALUH.

OHeprusi akTUBAIMM — 3TO Ta HSHEPIus, KOTOPYIO MTOJDKHBI HAKONHUTh HOPMasbHbIE
MOJIEKYJIbI, YTOOBI IMETh BO3MOXXHOCTH ITPOPEArHPOBATH.

MeToabl pacueTra JHEPIrud aKTUBAIIMU U MPEIIKCIIOHCHIHAJIBHOT0 MHOKUTE/ISA A.

Jnst pacuera sHepruu aktuBanuu E, 10 3KCriepuMEHTaIbHBIM JAHHBIM HCIOJB3YIOT YpaBHEHUE
AppeHunyca B 1orapu()MH4ecKOM BUJIE:

InK=1nA - E—A
RT

CrnenoBarenbHo, InK nuHEHHO 3aBHCUT OT 00paTHON abCOFOTHON TeMIepaTypsl (pUCYHOK 4.4).
Pucynok 4.4

3aBUCHUMOCTH Jiorapr(Ma KOHCTAHTBI CKOPOCTH PEAKIIUU OT 00PAaTHOU TeMITepaTyphl
InK

uT
3HaueHue Ea HaXoJ ST I10 TAHT'CHCY yTJla HaKJIOHa: Ea = —R- tga
[IpempkcroneHIIMaIbHBIN  MHOXUTENh (A) ONpeAensercss OTPE3KOM, OTCEKaeMbIM
IpOI0JDKEHUEM NpsAIMON Ha ocu opAuHAT npu 1/T=0.
DHepruo akTUBALlMM MOKHO OIPENEIUTh MYyTeM H3MEpPEHUs CKOPOCTH PEAKIUH IpU
JIBYX Pa3JIMYHbIX TEMIIEPATYpax:

E, _ E.
k,=A-¢ " w  k,=A-e "
Jlenast paz IpeoOpa3oBaHMmid, IOTy9aeM:
T, =T k
A=-2""1R.In-2
TZTI kl

§7. Teopust aKTHUBHBIX COYAAPEHUI U NEPEXOAHOI0 KOMILJIEKCA.



B ocHOBe coBpeMeHHOW XMMHMYECKON KHMHETHKH JIeKaT JIB€ TEOPHH: TeOpUs aKTUBHBIX
COyZlapeHUl 1 TEOpHUs IEPEXOTHOTI0 KOMILIEKCA.

Teopusi akmuenwix coyoapenuii

Teopust akTUBHBIX coynapeHuit 6puta chopmynuposana C. Appenuycom B 1889 rony. B
OCHOBE 3TOW TEOPHH JICKUT MPEJICTABICHUE O TOM, YTO Ui MPOTEKAaHUs XMMHUYECKON peakuuu
HEOOXOUMO COYyJIapeHHE MEXIy MOJEKYJIaMHU MCXOJHBIX BEIIECTB, a YHCIO COYAapeHUi
OTIpeIeIIAeTCS MHTEHCUBHOCTHIO TEIJIOBOTO ABM)KEHUS MOJIEKYII, T.€. 3aBUCUT OT TEMIIEPaTyphl.
Ho He xaxnoe coynapeHue MOJEKYJd HPUBOIUT K XUMHUYECKOMY IPEBPAILLEHUIO: K HEMY
MPUBOJUT JIUIIb AKTUBHOE COYAapEHHE.

Axmuenvle coyoapenusi — 3TO COYIAapEeHMs], KOTOpbIE MPOUCXOMAST, HAIpPUMEpP, MEXIY
MoJiekynamMu A u B ¢ 6omibiimm 3anacoM 3Hepruu. TOT MUHUMAIBHBIHN 3a1ac 3HEPTHH, KOTOPbIM
JOJDKHBI 00J1a1aTh MOJIEKYJIbl MCXOAHBIX BEUIECTB U TOTO, YTOOBI MX cOydapeHHe ObLIo
aKTHUBHBIM, HAa3bIBAETCSl SHEPreTHUecKHM OapbepoM peakiuu. HarnmsgHoe mpezacraBieHue 06
PHEPTreTUUECKOM Oaphepe peakiuu JaeT rpaduieckoe M300pakeHHe YHEPreTHKH XUMHUYECKON
peakuuu (pucyHok 4.5). {uarpamMmy, CXOAHYH C H300paKCHHOW Ha pHUCYHKE 4.5, MOXKHO
MOCTPOUTH JIJIs JTF000H peaklny, eClii U3BECTHBI €¢ OOl YHepreTudecKuil 3 (HeKT u SHeprus
AKTHBALIUU.

To pomnosHUTENBHOE KOJIMYECTBO IHEPTHH, KOTOPOE HAA0 A00aBUTh K CPEAHEN SHEPruu
MOJIEKYJI HMCXOJHBIX BEIIECTB, YTOOBI COYIapeHHE MEXKIY MOJIEKYJaMH HUCXOIHBIX BEIIECTB
OBLIO aKTUBHBIM, Ha3bIBaeTCs dHeprueit aktupanuu (E,).

DHeprus aKTUBALMU OLIYTUMO BIIUSET HA 3HAYEHUE KOHCTAHThI CKOPOCTH PEAKIUU U €€
3aBHCUMOCTH OT TeMIlepaTypsl: 4em Oombine E,, TeM MeHbIe KOHCTaHTa CKOPOCTH U TeM
3HAYUTENIbHEE BIMIECT Ha HEee U3MEHEHHE TeMIIePaTyphI.

Pucynok 4.5
OHepreTuyeckas guarpamMma peakuuu A + B=C + 1

JHEpPreTH4YecKuii 0apbep peakuuu
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KOOPAMHATA PeaKkuu

Teopust akTUBHBIX COyapeHU TIO3BOJISIET, 3HAsI SHEPTHIO aKTHUBAIIUH, PACCUUTATh 001IIee
qrcio 3G GEKTUBHBIX COYAApEHHA, a OTCI0Za — CKOpOCTh peakuuu. Ho Ta Teopust He 0OBsCHSET
MEXaHU3M CaMOTr'0 COYAAPEHMs, UTO SBISAETCS €€ HEJJOCTATKOM.

Teopus nepexodno2o Komniexca (nepexooHo20 cOCMosIHUA)

Ota TeopHus — MPOCTEHIINN U UCTOPUYECKH MEPBbIM BapHaHT CTATHCTUYECKOH TEOpHH
XuMHueckux peakuui. Pazpaborana O.Burnepom, M.Ilonsuu, I'.Diipunrom, M.OBancom B 30-x
rojiax JABaJIaToro Beka.

B ocHOBY Teopum Takke TOJOXEHO TNPEACTABICHHWE O CTOJKHOBEHHHM MOJIEKYN Kak
HEMPEMEHHOM YCIIOBHM pEaKIMHM, HO IMPH 3TOM PACCMATPUBACTCS MEXAHU3M CTOJKHOBEHUS
MOJIEKYII.



Ecin Mbl paccmoTpum Takyro peakuuioo: A + B = C, To ucxoas U3 TEOpUM INEPEXOAHOTO
COCTOSIHUS, MOXKHO CKa3aThb, YTO TA PEAKLHs NPOTEKAET TaK:

A+B=X >C,
rae A u B — ucxonusle Bemecta, X — Iepexoaublil komimieke, C — IPOLYKT pEaKIUH.

Urto ke co0oii mpeAcTaBiIsIeT MepexoaHbiii komiuieke? Cpasy ke Mociie CTOJKHOBEHUS
AaKTUBHBIX MOJIEKYNT A u B HaumHaeTcs nmepepacrpenencHiue XUMUYECKUX CBsI3el U 00pa3oBaHue
NepexXoHOro KoMIuiekca. [lepexoHbIil KOMILIEKC — 3TO TAKOE COCTOSIHUE B3aMMOICHCTBYIOIINX
MOJICKYJI, KOTJIa CTapble CBS3U €IIe HE pa3opBaJICh, a HOBBIE emle He 00pa30BalMCh, HO
nepepaclpeeieHue CBsI3er yxke Hadanoch. [lepexoqHblil KOMIUIEKC — 3Ta KOT1a MOJIEKYbl A 1
B yrpatunu cBOr MHAMBUIYATBHOCTh U Mbl HMEEM COYETAHHE aTOMOB, IIPOMEKYTOUYHOE MEKTY
A, B u C. IlepexoHoe COCTOSIHUE XapaKTepU3YyEeTCsS HENPEPHIBHBIM M3MEHEHUEM PaCCTOSHUHN
MEXIy B3aUMOJCUCTBYIOIIMMU aToMaMH. B 3TOM CyIIECTBEHHOE OTIUYHE IEPEXO0JIHOTO
KOMIUIEKCa OT OOBIYHON MOJIEKYJbl, B KOTOPOHl CpelHHE PAcCTOSHHUS MEXIy aTOMaMH He
3aBUCAT OT BpeMeHHU. llepexoaHblii KOMILJIEKC HE CIIEAYeT TaKKe MyTaTh ¢ MPOMEKYTOUHBIMU
MIPOJIYKTaMH, Y KOTOPBIX PACCTOSIHUS MEXAY aTOMaMH TOKE OCTAlOTCS HEU3MEHEHHBIMU.

Cnemyer OTMETHTH, 4YTO (OPMHUPOBAHHE MEPEXOJHOTO KOMIUIEKCAa TpeOyeT 3aTpaTrhbl
SHEPruu. DHeprus, HeoOXoaumas JUIsl MPEBPAILEHUS PEarupyrollux BEIIECTB B COCTOSHUE
MEePEXOTHOTO KOMILUIEKCA, HA3bIBAECTCS IHEPTUeH aKTUBAIMU. TaK KaK MCXOJHbIC MOJIEKYIIbI €IlIe
HE pachaiuch, a yKe Hadaau (OpMHpPOBATHCS CBSI3U, XapaKTEpHBIC AJISI MOJIEKYJ MPOJYKTOB
peakiu, TO, €CTECTBEHHO, PHEPrus mepexoia B akTuBHpoBaHHOe coctosiHue (E,) meHbine
SHEPruM paspbiBa CBSI3€M B MOJIEKYJIaX HMCXOAHbIX BemecTB: E, < E nmuccoumanuu. Takum
o0pa3om, o0pa3oBaHHE MEPEXOJHOTO KOMILIEKCa — MPOIECC IHEPreTUYecKu 0oJiee BBITOIHBIMN,
YeM TIOJIHBIM pacrmajl BCTYHAIOMIMX B pPEaKIuio MojeKkyl. [lpeBpaiieHne axkTUBUPOBAHHOTO
KOMILJIEKCA B MPOAYKThI PEAKIIMK BCET/Ia SBJIAETCS MPOLECCOM 3K30TEPMUUECKUM.

OCHOBHOH TOCTYyJIaT TEOPUH MEPEXOTHOTO COCTOSIHUS COCTOMT B TOM, YTO HCXOIHBIC

BEIECTBA BCETJla HAXOIATCS B PABHOBECHH C MEPEXOIHBIM Kommuekcamu: A+B = X —C.
Torna KOHCTaHTa XMMUYECKOTO paBHOBECHUS! 00pa30BaHMs IEPEXOAHOTI0 KOMIUIEKCA paBHa!
#*
. _ [X7]
X.p.
[A][B]
W3 371010 BBIpaX€HUS KOHLUEHTpALUs IEPEXOJHOT0 KOMIUIEKCA PaBHA!
# _ #*
X =K, [A][B]

B ornumume OT TEOpHMM AKTHBHBIX COYNAPEHUW TEOPHUS IEPEXOJHOTO COCTOSHHS
COIOCTABJISIET Pa3IMYHbIE BO3MOXKHBIE KOMIUIEKCHI, BBIABISET OOJBIIYI0 WM MEHBIIYIO HMX
JOCTHXKUMOCTD U OIIPEJETSET B pe3ysIbTaTe SJHEPreTUUECKN Hanboiee BHITOAHBIN MYTh PEAKIIUH.

Takum 06pa3om, B OCHOBE XUMHUECKOM KUHETUKU JIEKaT JIB€ TEOPUH, KOTOPbIE B3aUMHO
JOTIOJIHAKOT ApYT Apyra. Eciu Teopust MepexoIHOro COCTOSIHUS IPUMEHSETCS JJIsl BBIYMCICHUS
abCOJIIOTHBIX CKOPOCTEH 3JEKTPOJHBIX IMPOLECCOB, MPOIECCOB AUPPY3UU U T.O., TO TEOPUSL
AKTHUBHBIX COYAapEeHUHN XOPOIIO ONMMCHIBAET, KaK MPaBUJI0, PEAKIIMHU B ra30BOi (asze.

§8. CiokHbIe XUMHYECKHE P€aKIlUM U UX THIIBI.

Ecnu peakiust ClioKHas1, TO IS U3y4SHHs 3aBUCHMOCTH €€ CKOPOCTH OT KOHIICHTPAIMU
pEareHTOB HEOOXOJMMO 3HATh KHHETHUECKHUI MEXaHW3M, T.€. 3JIEMCHTapHbIC CTaJuu dYepe3
KOTOPBIE OCYIIECTBISICTCS H3y4aeMOe ITPEeBPAICHHUE.

[To KMHETHYECKOMY MEXaHU3MY BCE CIIOKHBIC PEAKIIUU TOAPA3CISIOTCS Ha CIIEAYIOIINE THITBI:
1. mocnemoBaTeIbHbIE;

2. mapaJuleIbHBbIE;

3. oOpatumsle;

4. conpsKEHHBIE,

5. ¢doroxumuueckue;
6. TIenHbIe;



7. TETEepOreHHBIE;

Ilocnedosamenvrbimy HA3BIBAIOTCS CIOXKHBIC PEAKIMU, B KOTOPBIX MPOAYKT MEPBOW CTaJUU
BCTYIAET B PEAKIIMIO BTOPOM CTAJMH, IPOIYKT BTOPOW CTaJWU BCTYIMAET B TPETHIO H T. JI. MTOKA
He 00pa3yeTcsi MPOAYKT PEaKIIHH.

A—h sp b so b 5 SP




Hapannenvuole peakyuu. Peakiimy Ha3bIBAIOTCS TaKOBbIMH, €CJIM B KaXJI0M M3 HUX NpUHHUMACT
ydqaCcThue OJHO M TOXE HCXOJHOC BCHICCTBO, KOTOPOC OJHOBPEMEHHO II0 PAa3JIMYHBIM
HaIpaBJICHUAM IIPEBPAIIACTCA B PA3HBIC ITPOAYKTHI.

2®
ke

D

B0O3MOXXHOCTE TakuMx peakuuil OIpenensercs TEPMOAMHAMUYECKONW BEPOATHOCTHIO
(AG<0), HO OTHOCHUTEJIbHBIE KOJIMYECTBA IHPOAYKTOB PEAKLUU ONPEACIAIOTCS BCELEIIOo
COOTHOLIEHUEM CKOpPOCTEH, @ HE COOTHOILIEHUEM MX TEpMOAMHAMUYECKON ycToWumBoctu. [Ipm
3HAYUTEIIBHOM Pa3jIM4UU CKOPOCTEW IapajulIeIbHBIX PEaKLUi ITIaBHOW Ha3bIBAIOT Ty, KOTOpas
uMeeT OOJIBIIYI0 CKOPOCTh. [Ipr HEOOIBIIOM pa3IMYMK B CKOPOCTSIX PEAKIHMA ITIABHOW CYUTAIOT
Ty, KOTOpasi IPUBOAUT K 00pa30BaHUIO HYKHBIX TPOAYKTOB.
Obpamumvie (0gycmoponnue) peaxyuu. IloHsatue oOpaTtumasi peakuus cienyeT OTJINYaTh OT
TEPMOJIMHAMMUYECKOTO MOHATUS OOpaTHMBIH Ipolecc, KOTOPbIM XapakTepu3yercsi OECKOHEUHO
MaJIbIM Pa3InYMeM CKOPOCTEH IPSMOro U 0OpaTHOTO MPOLIECCOB U, CIEI0BATEIBHO, OECKOHEYHO

MaJIol CKOPOCTBIO PE3YIILTUPYIOIIETO MPOIECCa.
ky

-‘E‘-—'h.

k.

A

JIByXCTOpPOHHSISI XUMUYECKasl peakiusi 00paTiMa B TEPMOJUHAMUYECKOM CMBICIIE TOIBKO
B HEMOCPEACTBEHHON ONU30CTH K COCTOSIHHMIO XHMHYECKOTO paBHOBecHs. B cocrosHHM Ke,
JAJIEKOM OT PaBHOBECHS, KOTJda CKOPOCTH MPSIMOTO U OOpaTHOrO MPOIIECCOB CYIECTBEHHO
pa3iMyHbl M CyMMapHas CKOpPOCTb  pPEaKUUU 3HAYUTEIbHO OTJIMYAeTCsl OT HyJsl, OHa
TepMOJUHAMHUYECKH He oOpatuma. [loaTomy 001IacTh NMPUMEHCHHS TOHSTHS JBYCTOPOHHSS
peaxius Mupe, 4eM TePMOIMHAMUYECKOe TOHITHE 00paTHMast peaKiusl.
Conpsoicennvle peakyuu. Tak Ha3bIBAIOTCS JIBE€ pEAKIMU, OJIHA U3 KOTOPBIX Oyaydu
CaMONPOU3BOJIbHOM, BBI3BIBAET MPOTEKAHUE B ITOM K€ CUCTEME BTOPOW XMMHUYECKOW pEeaklMH,
HEOCYIIECTBUMOM B OTCYTCTBHE IEPBOil. SIBIIEHHE, JIe’KaIlee B OCHOBE CONMPSKEHHBIX PEAKLIUM,
HA3bIBACTCS] XUMHUECKON MHAYKIHEH. OCOOCHHOCTHIO CONMPSKEHHBIX PEAKIUi ABISETCS TO, YTO
00€ peakiuu JODKHBI OBITh CIOXKHBIMU, T.K. DJIEMEHTapHas pPEakius HE MOXET ObITh
WHAYIUPOBaHA APYroil peakiuei, U MpOTEeKalT OHM Yepe3 OOIIre aKTUBHBIC MPOMEKYTOUHBIE
BEILIECTBA.
Domoxumuyeckue peakyuy. IT0 0COOBIN KIACC CIOXKHBIX PeaKIHid, UAYIIUX O] BO3JACHCTBHEM
cBera. Bece poroxmmudeckue mpoieccsl MOaUMHSIOTCS 3aKoHy ['poTTyca:
XUMHYECKOE MPEBpaIlleHNE BEIIECTBA MOXKET ObITh BBI3BAHO TOJILKO TEM CBETOM, KOTOPBIN 3TUM
BEILIECTBOM IOIJIOMIAETCS.
KonnuecTBeHHO (POTOXUMUYECKHI MPOIIECC BBIPAXKACTCS YPABHECHUEM:

m=k -W-r

rJ€ M — Macca NpopearupoBaBLIEro BEIIECTBA;
W — MOIITHOCTH CBETA;
T — BpeMms;
k — xodpdunmeHT mnpOmOpHUUOHATBEHOCTH, KOTOPBIM COOTBETCTBYET Macce BEIIeCTBa,
MPUXOSALIEHCS HAa €UHUILY ITOIVIONIEHHOM CBETOBOW SHEPIUH.

DTO ypaBHEHHUE CIIPaBEIJIMBO TOJBKO Il TEPBUYHBIX (DOTOXMMHUYECKHX PpPEaKIIUM.
PaccmoTpum Mexanu3m (OTOXUMUYECKON pEeaKINu:
1-s cTanus — oOpa3oBanue HOTOBO3OYKICHHBIX MOJIEKYI

A+hv—A", rae

A — MoJeKysa B UCXO/THOM COCTOSIHHH;

A" — MonekyJa pearenra, MOTJIOTHBINAs KBAHT CBETA C SHEPTHEH EG =hv.

Bo30yxneHHble MOJIEKYJIBl paclaJaroTcsl WIM BCTYMAIOT B PEaKIMHM C APYTMMHU peareHTamu,
00pa3ys paauKaibl WIK HOHBI X| U Xa:



A"+ B-=X+X,

OTa peakiys Ha3bIBACTCS NEPBUYHOM.

AKTHUBHBIE 4acTHLbl (MOHBI WIHM paJMKalbl) BCTYHNAIOT BO BTOPUYHBIE pEaKLUH, B
KOTOPBbIX 00Pa3yOTCsl KOHEYHbIE TPOJYKTHI:

X1+B —C
X,+¥B —D

Mexay KOIMYECTBOM JIyYUCTOM OHEPIrWM, IOIJIOIIEHHOM YaCcTULIAMM BEIECTBA U
KOJINYECTBOM, (DOTOXMMHYECKH IPOPEarMpoOBaBIIMX 4YacTUL, CYILECTBYET COOTHOILICHHE,
BBIpa)KAIOIIEe 3aKOH (POTOXMMHUYECKON SKBUBAIIEHTHOCTH DWHIITEHHA:

Yucao 4YacTul, NOABEPrIIMXCH NEPBHYHOMY (POTOXHMMHYECKOMY INpPEBPAIICHHIO
PABHO YK CJIY NOIJIOIIEHHBIX MMM KBAHTOB CBeTa.

JUis CyXJIeHUs O TOM, INPUMEHMM JM K JaHHOM (OTOXMMHUYECKOW PEAKIMU 3aKOH
HKBUBAJIEHTHOCTU DUHIITEHHA, MOJIb3YIOTCS MIOHATUEM O KBAHTOBOM BBIXOJIE PEAKIIUU:
KBaHTOBBIM BBIXOAOM 7Y Ha3bIBACTCA OTHOLIEHME uYncaa N  4YacTUL, OPETEpHEBLIMX
XUMHYECKOE IIPEBPALLICHNE, K YACITY ITOIVIOIIEHHBIX KBAHTOB:

N
Q/hv

’Y:

Q — sHeprus NorJIOIEHHOTO U3TYYEeHHUS.

KBaHTOBBIN BBIXOJ HE A BCeX (POTOXMMHUECKUX peakuuil paBeH enuHune. OH MOXeET
OBITH OOJIBIIIE MIJIM MEHBIIE €AMHUIIBL.

K ¢doroxumuueckum peakuusM OTHOCATCS (OTOCHHTE3, 3PUTENBHBIA Mpolecc,
o0Opa3oBaHuE 3arapa KOxHu.
Llennvie peakyuu. [lpu 00pa3oBaHMM XJIOPOBOJAOPOAA KBAaHTOBBIM BBIXOJ OYEHb BEIHUK H
cocrapmser 10°, B cs3u ¢ >tuM M.Bonenmreiin MPEUIOKUIT LENHOW MEXaHU3M I0I00HBIX
peakuuii, Mpxu KOTOPOM (OTOXUMHUYECKAsi PeaKlMsl TOJIbKO HAUMHAET 1IeNb U B JajibHEeHIIeM He
Urpaet HUKakou poau. Hanpumep,

Cl,+hv — 2CI’;
CI'+H, — HCHH’
H +Cl, - HCIH+CI'

U T.JI.
Ilepsas cmaous - 3apoXKJIeHUE LN PeaKkUil - MPOUCXOUT HE TOJIBKO MO/ BIUSHHEM CBETa, HO
U TI0J1 IEUCTBUEM PAIMOAKTUBHOTO U3JIy4€HUsl, BBEJICHIE CBOOOJHBIX aTOMOB.

Bmopasa cmaous — pocT 1eNH — MOXET HOCUTh MPOCTOH M pa3BETBICHHBIA XapakTep.
B3aumoneiicteue H2 u Cl2 sBnsercs npuMepoM MpOCTON LEMHON peaKkiuu.

B peaknusx ¢ pa3sBeTBICHHOM LIETbI0 HA Ka)KIbl MCYE3AIOLIUN AKTUBHBIA LIEHTP, BO3HUKAET
HECKOJIbKO HOBBIX. CXEMaTH4HO 3TO MOXKHO IPEACTaBUTh CIIETYIOIUM 00pa3oM:

h
H2+02 ’

MHorue peaknuu, NMpoTEKalOIIUe B OpPraHU3Me MO JAeWcTBHEM (DEpMEHTOB, HOCST IEMHOMN
XapakTep.
Tpemwvsi cmaous PEeACTABISIET COOOM MpoIiecc THOETN aKTUBHBIX YaCTHII.
Ipuuunvl 0bpwisa yenu:
1. noGaBieHWe WHEPTHOTO Ta3a;




2. B3aUMOJICMCTBUE aKTUBHBIX YACTUI] CO CTEHKAMH COCY/IOB;
3. oOpa3oBaHme HEYCTOMYMBBIX coenuHeHui Tuma HO2, COOTBETCTBYIOMIETO TETPAOKHUCIM
MeTamioB NaO2, KO2;
Omauyumenvhvie 4epnbl YenHblX PeaKyuil.
1. 0O0abIION KBAHTOBBIM BBIXOJ;
2. BBICOKas YyBCTBUTEIBLHOCTH K IPUMECSM;
3. 3aBHUCHUMOCTH CKOPOCTH OT ()OPMBI U Pa3MEPOB PEAKITHOHHBIX COCY/IOB;

§9. Karaums.

Kamanuzamopamu Ha3plBalOTCAd BEIIECTBA, M3MEHSIOIIUE CKOPOCTh XHMHYECKHUX
peakuMii, HO COCTaB M KOJIMYECTBO KOTOPHIX B KOHIIE PEAKLHMH OCTACTCS HEU3MEHHBIM.
N3MeHeHne CKOPOCTM XHMHUYECKMX PEAKIUHA B MPHUCYTCTBUU KaTaJIU3aTOPOB HA3bIBAETCS
KaTaJlu30M, a CaMH pPEakUHUH, MPOTEKAIOIIHUE B NPUCYTCTBUU KaTaIU3aTOPOB, HA3bIBAKOTCS
KaTaJIUTUYECKUMU.

KaranuszaTopbl 0OKa3pIBalOT pa3IMYHOE BIMSHUE HAa CKOPOCTh XMUMHUYECKHX PEaKIIMii:
OJIHU YCKOPAIOT — MOJOJACUMENbHbIE KAMAaau3amopsl, IPYrue 3aMEeMIIT — Oompuyamenvhble
kamanuzamopul. Karanu3atopom MOXKET CIYKUTh OAUH M3 NPOAYKTOB PEAKIUU U ITO SIBJICHUE
Ha3bIBACTCS agmokamanuzom. ECIIA KaTaIM3aTOp U PEarupyrolIye BEIECTBA HAXOAATCS B OHOU
U TOM ke (paze, TO KaTajan3 HAZBIBACTCS 20MO2EHHbIM, €CIIU B Pa3HbIX (pazax — eemepoceHHbiM
KaTaJIN30M.

Karanuzatop He BiMSeT Ha HCTUHHOE paBHOBECHE, T.€. HE MEHSAET KOHCTAHTY
paBHOBECHsI M pPAaBHOBECHBbIC KOHILEHTpanuu. OH B paBHOM CTENEHH YCKOPSET M TMPAMYIO U
00paTHYIO peakiuu U JIMIIb U3MEHSET BpeMsl JOCTHKeHHsI paBHOBecHs. [locTopoHHue BeliecTBa
OKa3bIBAIOT PA3JIMYHOE BJIMSHHUE HA KaTaJIU3aTOp: OJHU HEUTPAIbHBI, JIPYTU€ YCUIUBAKOT
NEeiCTBUE  Karajau3aTopa; TPeTbH €ro OclalNfioT WIM MPEeKpallamT. Y CKOPUTENIU
KaTaJIUTUYECKUX MPOLIECCOB HA3BIBAIOT HNpOMOmMoOpamu WA aKTUBaropamu. Bemectsa,
CHIKAIOIINE CKOPOCTh PEaKlUu, Ha3bIBAIOTCS UHSUOUMOPAMU.

Teopuu karanusza

JleficTBHE MONOKUTEIBHBIX KaTAIU3aTOPOB CBOJUTCA K CHUKEHUIO SHEPTUH aKTUBALIMU B
CHCTEME pearupyromux BemecTB. KaranmuThuueckue peakiuyu NPOTEKAIT C IOBBIIIEHHOU
CKOPOCTBIO UMEHHO MTOTOMY, YTO OHU TPEOYIOT MEHBIIIUX SHEPTUI aKTUBAIIH.

CymecTByeT psii TEOpHi, OOBSCHAIONIMX MEXaHW3M JACHCTBUS KaTaiu3aTopoB. st
IMOHMMaHUs MEXaHU3Ma TOMOIEHHOIO KaTaliu3a MPEIIOKEHAa TEOpUs NPOMEKYTOYHBIX
coeuHeHU. CyIIHOCTh ATOM TEOPHUH 3aKIIIOYAETCS B TOM, YTO €CJIM MEIJICHHO MPOTEKAIOUTyI0
peakunto A + B = AB Bectu B mpucyrcTBUM Karainuzatopa K, To kaTanuzaTop BCTyNaeT B
XUMHUYECKOE B3aUMOJICHCTBUE C OJHUM W3 HCXOJHBIX BEIIECTB, 00pa3ys HEMPOYHOE
npomexytounoe coenuHenue: A + K = AK. Peakmus mporekaer ObICTpO, T.€. DHEpPrus
aKTHBAIIMU ATOTO TMpoIecca Maya. 3aTeM ImpoMekyTouHoe coenuuenne AK B3anmmonencTByer ¢
JIPYTMM UCXOIHBIM BEIIECTBOM, MPH 3TOM Kartanu3aTop ocBoboxmaercs: AK + B = AB + K.
DHeprusi akTHUBAllUM OSTOTO TMpoIecca TakKe Majla, a IO0ITOMY peakKIHs TMPOTEKaeT ¢
JIOCTaTOYHOM CKOpocThi0. VIMEHHO ¢ TOMONIbIO 3TOH Teopuu OOBSACHSIETCS 0Opa3oBaHUE
CEpPHOT0 aHTUJIpUAa B MPUCYTCTBUU KaTaim3aTopa NO 1Mo peakiuu:

280, + 0, —= 2S0;
WM 00pa30BaHUE XJIOPUCTOTO AMMOHHS B IPUCYTCTBHH ITAPOB BOJIBI:
NH; + HCl —222 5 NH,Cl

HexoTopsie peaknuu MOTyT KaTaIM3UPOBATHCS KUCIOTaMU W OCHOBaHUSIMH. COTIJIACHO
MPOTOHHON TEOPUM KHUCIOT M OCHOBAHMM KHUCIIOTAa — ATO COEIWHEHHUE, CIIOCOOHOE OTIICTUIATH
MPOTOH, OCHOBAaHHWE — BEIIECTBO, CIOCOOHOE TPHUCOSTUHATH NPOTOH. B Xome karammsa
MPOUCXOIUT  TepepaclpenesieHre dSJIEKTPOHOB B MOIEKylne cyOcTpaTa, BO3HHKAIOT
MPOMEKYTOUHBIE COCIUHEHHS C TIOBBIIIICHHON AaKTUBHOCTBIO (KapOOHWEBBIE  HWOHBI,




KapOOaHUOHBI, TIOJSIPHBIE KOMIUIEKCHI). [Ipr 3TOM CHHKAETCSl YJHEPTHsI aKTUBAIIUU U YCKOPSETCS
peaxIusl.

KucnoTHO-OCHOBHOM KaTanu3 00s3aTENIbHO BKIIIOYACT CTAAMI0 MEPEeHOca MPOTOHA OT
OJIHOM MOJICKYJIBI K JPyroi. B peaknMOHHOW CHUCTEME JOJIKHBI OBITH JOHOPBI M aKIEHTOPHI.
Eciu xucnory ob6o3naunth HA, cybctpar HX, B u A~ ocHoBanwus, HXH" u X -
MOHHM3UPOBaHHBIC (OpMBI cyOcTpaTa, XH — MPOAYKTHI peakIyu, TO KaTajld3 MOYKHO 3aIliCaTh
CIEeIyIOIUM 00pa3oMm:

-KaTaJu3 KMCIIOTOM:

HX + HA = HXH + A~
B+HXH = BH +XH

BH "+ A = B+HA
-KaTaJIn3 OCHOBAHUEM.:

B+HX=BH + X
X +HA = XH+A

BH +A = B+HA

I"'OMOreHHBIX KaTaTUTUYECKUX PEaKlUil B pacTBOpax, yCKOPSAEMbIX MOHAMU THIPOKCHIA
U BOJOPOJA, JOBOJBHO MHOTO. K peakmusiM 3TOro THUHa OTHOCSTCS PEaKIHH STepUPUKAIIH,
MHBEPCHUS CaxapoB, OMbUIEHHUE CI0XKHBIX 3(PUPOB U Jp.

B ocHOBe 00BsCHEHHS MeXaHW3Ma TeTEPOr€HHOTO KaTalln3a JIeKHUT aJCOPOLMOHHAS
Teopus Kataiu3a. COrjgacHO 3TOM TEOPHM MOJIEKYJbl PEarHpyrolX BELIECTB aJcoOpOUpYOTCS
MIOBEPXHOCTHIO KaTaJau3aTopa, €€ TaK Ha3blBaEMbIMHM aKTUBHBIMHU LIEHTpamH. B pesynbTare Ha
IOBEPXHOCTH KaTaJln3aTopa CO3/1aeTcs MOBBILICHHAS KOHIIEHTPALUS ITUX BEILECTB; 3TO OTYACTH
TaK)Ke IPUBOJUT K YCKOPEHHMIO peakiuu. Ho TIiaBHONM NpHUYMHOM BO3pacTaHus CKOPOCTH
peaKkUMU SBISETCS CHUKEHUE PHEPIUU aKTUBALMM BCJEJICTBUE OOpa30BaHMs MOBEPXHOCTHBIX
IIPOMEXKYTOUHBIX COETUHEHUI.

®epMeHTBI Kak 0M0JIOrHYecKHe KATAIU3aTOPbI
XUMHYECKHE TPOLECCH B KUBBIX OPraHU3Max OCYILECTBIISIOTCS IPHU IMOMOIIM OMOJIOTHYECKUX
KaTaJln3aTopoB — ¢pepmenmos. Bce W3BecTHblE B HacTosllee BpeMs (EpPMEHTHI SBIISIOTCA
OenkaMM, MHOTHE U3 KOTOPBIX COAEpkKAT HOHBI METAJIJIOB.
[Tpocreiimass cxema (epMEHTATHBHOTO KaTajlu3a BKJIIOYAaeT oOpaTuMoe oOpa3oBaHue
npoMexxyTouHoro komiuiekca gepmenta (E) ¢ pearupyromum BemectBom (cyocmpamom, S) u
paspyleHe TOro KoOMIIIeKca ¢ 00pa3oBaHHEeM NPOoAYyKTOB peakuuu (P):

ky ka
E+3 ?— E: —= E+P

-1

OCHOBHBIM ypaBHEHHEM (HEPMEHTATUBHOW KHHETHUKU SIBISETCS ypaBHeHHe Muxajanca—
M¢EHTeHa, OIMUCHIBAET 3aBUCUMOCTh CKOPOCTH PEaKIUH, KaTaIu3UpyeMou (EepMEHTOM, OT
KOHIIEHTpaluu cyocrpata u hepMeHTa. Y paBHEHUE UMEET BU/I;

VS
- S+ Ky,

1

rae
pr— MaKCHMaJbHasi CKOPOCTh PEaKLMy, paBHas Ji‘%:mEﬂn;
K pr— xoncranra Muxasnuca, paBHasi KOHLIEHTPAIUK CyOCTpaTa, Ipu KOTOPOi
CKOPOCTh PEaKIIMH COCTABISET MOJOBUHY OT MaKCUMaIbHOM;
S— KoHIeHTpanus cybcrpara.

[To cBoeit >pdexTuBHOCTH (PepMEeHThl B MUJUIMOHBI M MMJUIMAPABI pa3 MPEBOCXOMAT
3P PEKTUBHOCTh XUMUYECKUX KaTaIN3aTOpoB. Takue yCKOPEHMs PeaKlUu CBSA3aHBI C TeM, YTO
(bepMEeHThl pe3KO CHUXAIOT JHepreTnyeckue Oapbepbl Ha peakuuoHHOM myTtu. Hampumep,
SHEPrus aKTUBALMU JUIsl PEAaKLIMM paclaja MNepoKCcHaa BOAOpOJa MO JEHCTBUEM MOHA JKele3a


http://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%B1%D1%81%D1%82%D1%80%D0%B0%D1%82

(I) u Momekynbl Karana3el paBHBI COOTBEeTCTBeHHO 42 u 7,1 kx/[X/Monb, s TUApOIH3a
MOYEBHUHBI KUCIIOTON U ypea3oi — cooTBeTcTBeHHO 103 1 28 kJ[>k/MOIb.

@epMeHTHl OTJIMYAET BBICOKAs CHENU(PUYHOCTH M HAINPABICHHOCTh JAEHCTBHA. Tak,
amMuIIasa, CoJIepKalasics B CIIOHE, JIETKO U OBICTPO pacHICIIseT KpaxMall, MOJIEKyJia KOTOPOTro
COCTOMT W3 OrPOMHOI'O 4YHCJIa OJMHAKOBBIX IJIFOKO3HBIX 3BEHbEB. HO OHA He Karanusupyer
IIPOLIECC pacmaja caxapo3bl.

Karanutuueckoe neiictBue (EpMEHTOB MPOUCXOMUT B CPABHUTEIBHO «MATKUX)
ycioBusX (mpu Temmneparype 37 — 40°C, HEBBICOKOM JaBIICHUHU U onpeneraeHHoM 3HaueHun pH),
T.e. KaXKAbIH (EpMEHT TMPOBOAUT OINPENEICHHYI0 XUMHUECKYI0 pEakiuio 0e3 IOHCKOB
«ONTUMAIIBHBIX TEXHOJIOTMYECKUX PEIIECHUN».

BcnenctBue uM3MeHeHME aKTHBHOCTH (DepPMEHTOB BO3HUKalOT Oone3nu. Hampumep, B
pe3ysbTaTe CHUKEHHUS aKTHUBHOCTHM (pepMEHTa THUPO3MHA3bl, KaTAIM3UPYIOMIEH pPEaKIHIo
NpEeBpaICHHs THPO3WHA MUTMEHTHBIX KJIETOK B MEJIAaHWH, BO3HUKAET O0JIE3Hb AIbOMHU3M.



