Rate-controlling step

A rate-controlling (rate-determining or rate-limiting) step in a reaction occurring
by a composite reaction sequence is an elementary reaction the rate constant for
which exerts a strong effect — stronger than that of any other rate constant — on
the overall rate. It is recommended that the expressions rate-controlling, rate-
determining and rate-limiting be regarded as synonymous, but some special
meanings sometimes given to the last two expressions are considered under a
separate heading. A rate-controlling step can be formally defined on the basis of
a control function (or control factor) CF, identified for an elementary reaction

having a rate constant K; by:
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where r is the overall rate of reaction. In performing the partial differentiation all

equilibrium constants K; and all rate constants except K;are held constant. The
elementary reaction having the largest control factor exerts the strongest

influence on the rate r, and a step having a CF much larger than any other step
may be said to be rate-controlling. A rate-controlling step defined in the way
recommended here has the advantage that it is directly related to the
interpretation of kinetic isotope effect. As formulated this implies that all rate
constants are of the same dimensionality. Consider however the reaction of A
and B to give an intermediate C, which then reacts further with D to give
products:
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C + D—%— Products (2)
Assuming that C reaches a steady state, then the observed rate is given by:

k—l + k2 [D]

Considering k,[ D] a pseudo-first order rate constant then k,[D] > k_,, and
the observed rate

r=k[A][B]

and k, =k, . Step (1) is said to be the rate-controlling step. If k,[D] < k_,,
then the observed rate:



s _KRLAIBID) o ooy

-1

where K is the equilibrium constant for the pre-equilibrium (1) and is equal to

k
—L,and k , = Kk, . Step (2) is said to be the rate-controlling step.

-1

NumnTtnpyowan cragus

Jinmutumpytowen ctagmen (ctagnen onpeaensatolen Nnm KOHTponupyoLwen
CKOPOCTb) CINOXHOW peaKkunn Ha3biBaeTCs AfieMeHTapHasa peakums, KOHCTaHTa
CKOPOCTM KOTOPOM OKa3sblBaeT CyLeCTBEHHOE BNUsHME, bonee cyLlecTBeHHOe,
YeM KOHCTaHTbl CKOPOCTEN APYINX 3fieMEHTaPHbIX peakumin, Ha OBLLYYI0 CKOPOCTb
npowecca B uenom. TepMuHbl onpedernsowas CKopocme, KOHMposupyrouwas
CKOpOCMb N luMumupyrow,asi Ctragusi Mbl pEKOMEeHAYEM CYMTaTb CUHOHUMaMMU,
XOTS ABa MnocneaHnx TepMmHa MHoraa UCnosb3yTcd B MIHOM 3Ha4YeHUn (CM.
cooTBeTCTBYHOWME pasaens!!). JiumuTmpytowwyto ctagnio dopmanbHO MOXKHO
onpeaennTb C MOMOLLbK KOHTPOSTbHOM (PYHKUMKN (M KOHTPOSBHOro dhaktopa)
K®, 3agaBaemon ans aneMeHTapHOM peakunm ¢ KOHCTaHTOM CKOPOCTU

ki Bblpa>KeHNeM:
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[[oe ¥ - cKOpOCTb peakuumn B Lenom. [pu pacyeTe YacTHOM NPON3BOAHOWN BCe
KOHCTaHTbl paBHOBECUS Kj N BCE KOHCTaHTbl CKOPOCTU, BXOAsLLNE B

BblpaXkeHne ansg 7 3a UCKNYeHnem ki CHMNTAKTCA NOCTOAHHBLIMMW.

OneMeHTapHas peakumsa nmerolast HamdonbLUMN KOHTPOSbHbLIN hakTop
OKa3blBaeT caMoe CyLLEeCTBEHHOE BIIMsIHWE Ha cKopocTb. CTaguio, Ana KOTopou
K® cyuwiectBeHHO Gonblue, YeM ANst OCTanbHbIX CTaaui, Ha3biBatoT
numnTupytowen. NMogobHoe onpegeneHne NMMNTUPYIOLWEN CTaaNN XOPOLLO TEM,
YTO OHO MOXeT ObITb MPSAMO UCNONBb30BAHO NPU NHTepnpeTaunum KUHETUYECKOro
N30TOMHOro acppekta. B npuseneHHON OpMyNMPOBKE NpeanonaraeTcs, YTo
BCE KOHCTaHTbl CKOPOCTU MMEKT OAMHAKOBYO pa3MepHOCTb. MOXHO
paccMoTpeTb, OAHaKo, U apyron cnyyan. lNyctb pearmpytotT A u B, obpasyetcs
npomexyTodHoe coegmHeHune C, koTopoe 3atem pearmpyet ¢ D, nasas
NPOAYKTbI peakuuu:
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C + D—*— Products (2)

[Mpennonoxmm, 4To KoHUeHTpauua C gocturaeT ctaumMoOHapHOro 3HavyeHus (T.e.
nepecraeT 3aBMCETb OT BpeMeHN). Toraa CKOpoCTb BCEW peakuum
onpenensieTca COOTHOLLUEHNEM:

k—l + k2 [D]

BennunHy k2 [D] MOXHO paccMaTpuBaTh Kak KOHCTAHTY CKOPOCTM

nceedonepsoro nopsaka. Ecnn k,[ D] >> k_;, To Habnionaemas ckopocts
paBHa

r=k[A][B]
nk, =k.

Ctagmn4a (1) B aTOM cnyyae HasblBaeTCs NIMMUTUPYHOLLEN.

Ecnu, HaoBopor, k, [D] < k_,, 10 Habniopaemas ckopocTb paBHa:
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roe K koHcTaHTa paBHOBecus ans kBasmpasHoBecust (1). OHa paBHa —1, n
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k bs = Kkz. B aTom cnyyae nuMmuTtupytowen cnyxumt ctagms (2).
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KoMMeHTapun. A Hurge He BCTpevan pacueToB KOHMPOIbHOU gyHKyuu. Ecnm
dopmaneHo paccuntatbh KO B npuBognmMmom npumepe (ypasHeHue 3), To
nony4yaeTca crneaytoulee:
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cnydyae nNMMUTUPYET nepBas Ctagnd, 4HTo coBnagaeT ¢ HallnMn NpuBbIYHbIMA
npeancrtaBieHnAMN.

>0, 1.e. B aTOM

Mpu k2 [D] >> k_l npon3BoaHas
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Mpu k,[ D] << k_, , nao6opor,

>0, nMMnTUpyeT

BTOpad ctagun4.

KOHTpOJ'IbHaFl beHKLI,I/IFl cpa6aTb|BaeT, NOHATNE KITMMUTUPYKOLWAA CTagana»
cTaHoBuTCH bonee CTpOrmm, matemMmaTmn4eckmn 060CHOBaHHbIM.
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