Order of reaction, n.

If the macroscopic (observed, empirical or phenomenological) rate of reaction (v)
for any reaction can be expressed by an empirical differential rate equation (or

rate law) which contains a factor of the formk[ 4]” [B]ﬂ (expressing in full the
dependence of the rate of reaction on the concentrations [ A],[ B]...) where
a,ﬂ... are constant exponents (independent of concentration and time) and &
is independent of [ A],[ B] etc. (rate constant, rate coefficient), then the reaction
is said to be of order & with respect to A, of orderﬂ with respect to B, ..., and

of (total or overall) order n = & + [3...The exponents &, [3...can be positive or

negative integral or rational nonintegral numbers. They are the reaction orders
with respect to A, B, ... and are sometimes called 'partial orders of reaction'.
Orders of reaction deduced from the dependence of initial rates of reaction on
concentration are called 'orders of reaction with respect to concentration'; orders
of reaction deduced from the dependence of the rate of reaction on time of
reaction are called 'orders of reaction with respect to time. The concept of order
of reaction is also applicable to chemical rate processes occurring in systems for
which concentration changes (and hence the rate of reaction) are not themselves
measurable, provided it is possible to measure a chemical flux. For example, if
there is a dynamic equilibrium according to the equation:

aAd = pP

and if a chemical flux is experimentally found, (e.g. by NMR line-shape analysis)
to be related to concentrations by the equation:

Lt — kA1 [L)

then the corresponding reaction is of order & with respect to A ... and of total (or

overall) order 7 = & + A +.... The proportionality factor £ above is called the
(7 -th order) 'rate coefficient'. Rate coefficients referring to (or believed to refer
to) elementary reactions are called 'rate constants' or, more appropriately
'microscopic' (hypothetical, mechanistic) rate constants. The (overall) order of a
reaction cannot be deduced from measurements of a 'rate of appearance’ or 'rate
of disappearance' at a single value of the concentration of a species whose
concentration is constant (or effectively constant) during the course of the
reaction. If the overall rate of reaction is, for example, given by:

r=k[A1"[BY
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but [B] stays constant, then the order of the reaction (with respect to time), as
observed from the concentration change of A with time, will be & and the rate of
disappearance of A can be expressed in the form:

Yy =k, [A4]"

obs

The proportionality factor kobsdeduced from such an experiment is called the
'observed rate coefficient' and it is related to the (& + f3) th — order rate
coefficient K by the equation:

k, =k[B)

For the common case when & =1, kobs is often referred to as a 'pseudo-first

order rate coefficient'. For a simple (elementary) reactions a partial order of
reaction is the same as the stoichiometric number of the reactant concerned and
must therefore be a positive integer (see rate of reaction). The overall order is
then the same as the molecularity. For stepwise reactions there is no general
connection between stoichiometric numbers and partial orders. Such reactions
may have more complex rate laws, so that an apparent order of reaction may
vary with the concentrations of the chemical species involved and with the
progress of the reaction: in such cases it is not useful to speak of orders of
reaction, although apparent orders of reaction may be deducible from initial
rates. In astepwise reaction, orders of reaction may in principle always be
assigned to the elementary steps.

NMopapok peakuuu

Ecnun makpockonnyeckas (Habniogaemas, amnmpuyeckas,
dheHomeHonornyeckas) CKOpoCTb peakumm MOXeT ObITb onnucaHa SMMNUMPUYECKUM
anddepeHumanbHbIM ypaBHEHNEM («3aKOH CKOPOCTMY ), KOTOpOe npeacraBnseT

coboli COOTHOLLIeHMe BMAaa k[A]a[B]ﬂ ....  MOSTHOCTBIO OMUCbIBAET

3aBUCUMOCTb CKOPOCTU peakumn OT KOHLEHTpaLnm [A],[B] ...... , roe a,ﬂ...-
NOCTOSIHHbIE MOKasaTenu cteneHun ( HesaBuCALLME OT KOHLEHTPaAUWIA N BPEMEHN
)u k - He 3aBucuT OT[A],[B] N T.4. ( KOHCTaHTa CKOPOCTU, 3P EKTUBHAS
KOHCTaHTa CKOPOCTW), TOrA4a roBOpAT, YTO peakumns UMeeT nopsaok & no A,
nopsigokK ,B - no B, u cymmapHbIv nopsagok 11 = o + ,B [MokasaTtenu cteneHn

0(,,3 MoryT ObITb NONMOXNUTENBHLIMU UNK oTpudaTteribHbiMA LerbIMU

yucnamm, a Takke paumoHanbHbIMK He uenbivu ynucrnamu. OHu Ha3biBaOTCA
nopsiakamu peakuum no A, B, ... a nHorga «4acTHbIMWU NopsiAKkamMu peakumumy .
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Mopsigkn peakumin, onpeaensieMble U3 3aBUCUMOCTEN HayarbHbIX CKOPOCTEN OT
KOHLEHTPpaLMM, Ha3blBalOTCH «NOPSAKaMU peaKkL U Mo KOHLEHTPaLUNy ; MOPSOKM
peakuuu, onpenensemMble Mo 3aBUCUMOCTU CKOPOCTEN peakuuii OT BPEMEHU
peakumm, HasbIBalTCH «rnopsiakaMu peakuuii No BpemMeHny. MNMoHsaTUe «nopsaok
peakuumny NPUMEHUMO TaKKe K CKOPOCTAM XMMUYECKUX NMPOLIECCOB,
NPOMCXOASLWMNX B cUCTEMAX, NSt KOTOPbIX U3MEHEHMS1 KOHLeHTpauui (a,
crieqoBaTeribHO, M CKOPOCTU peakuuii), He MoryT ObiTb N3MepeHbl. B aTom
cry4yae [oKHa CyLecTBOBaTb BO3MOXHOCTb U3MEPEHUS XUMUYECKUX TOMOKOS.
Hanpumep, ecnu cyllecTByeT AMHaMU4eckoe paBHOBECKE, OTBEYatoLLEee
ypPaBHEHWIO:

aAd = pP

N €CINU XMMUYECKMI NOTOK «13 Ay, onpeaeneHHbIn 3KCnepumMeHTasnsHo,
(Hanpumep, nytem aHanusa opmbl MHUK AMP) cBA3aH C KOHLEHTpaLsamMu
ypaBHEHNEM:

S = KAL)
a

TO peakumsi UMeeT NopsiAoK ¢ No peareHTy A 1 obLwuii Nopsiaok

n=ca+A+.... KoadnumeHT nponopLmoHansHocT! K HasbiBaeTcs
«KoahpunumeHToM cKopoCTU» (PYCCKNIN TEPMUH «3dPPEKTUBHAA KOHCTAHTa
CKOpPOCTU») nopsiaka 1. KoadduumeHTbl CKOPOCTU, OTHOCALLMECS K
3fieMeHTapHbIM peakuusm (MM peakumsim, KOTopble Mbl CHATaAEM
afieMeHTapHbIMM), Ha3bIBAOTCHA «KOHCTAHTaMM CKOPOCTMY», Unn 6onee TOYHO
«MUKPOCKOMUYECKUMUNY (TMNOTETUYECKMMU, MEXAHUCTUHECKUMUN) KOHCTAHTaMM
ckopocTn. OBLNIM NOpsSAoK peakunn Henb3sa onpeaennTb N3 N3MepeHun
CKOPOCTM 06pasoBaHNS UM NCHE3HOBEHUS YaCTUL, KOHLUEHTPaLUUsS KOTOPbIX
NOCTOSAHHA (MITN NPaKTUYECKN NOCTOAHHA), eCnNn U3SMEPEHNA NPOBOAATCS Mpu
OAHOM 3HaYeHUM ITUX KOHLEHTPaUMin. ECrin ckopoCTb peakummn B LLEeNoM
OnuncbIBaeTCHa ypaBHEHNEM:

r=k[A]"[BY

HO [B] - nocTosiHHa, TO NOPSiAOK peakunn (Mo BpeMeHK), onpeaeneHHbIn no
N3MEHEHNIO KOHUEHTpauMn A BO BPEMEHU paBeH X , N CKOPOCTb NCHE3HOBEHUS
A MOXeT ObITb BblpaXkeHa COOTHOLLEHNEM:

rA = kHa6 [A]a



KoagppmumeHT nponopumoHansHOCTH kHa6, onpenensemMbl U3 Takoro
ypaBHEHMs1, Ha3blBaeTCcAa «HabnogaeMblM KO3IMPUUNEHTOM CKOPOCTU». OH
CBAA3aH C KO3 (PULMEHTOM CKOPOCTM peakuum nopsaka (0{ + ﬂ) paBEeHCTBOM

k. .=k[BY

B cnyyae o =1, kHa6 Ha3bIBalOT KO3 PULNEHTOM CKOPOCTUN peakLummn

ncesgonepsoro nopsaka. [na anemMeHTapHbIX peakunn nopagok no KOMMOHEHTY
coBMagaeT C COOTBETCTBYHLLUNM CTEXMOMETPUYECKNM KOIPPULNEHTOM U
OOJTKEH ObITb LEeNbIM NONOXUTENbHBIM Yncriom. ObLmin NOPSAOK B 3TOM crny4yae
coBnagaeT C MOoJIeKyiapHocmbro. B nocnenoBaTenbHbIX peakunsx
cTexmomeTpudeckme KoagruUNeHTbl 1 NOPSALKM MO KOMMOHEHTAM He CBSA3aHbI.
B Takux peakumax ypaBHEHUS NSt CKOPOCTU MMELDT Bonee CnoXxHbI BUA.
Habnogaemble nopagku peakuum MorytT MEHATLCS NPy MU3MEHEHUU
KOHLEHTpaLuuMm peareHToB 1 C Te4eHneM BpeMeHu. B aTux cny4vasix HeT cMbIcna
roBOPUTb O NOpPSAAKE peakunmn, XoTs HEKOTOpble «Habrnogaemble NOpPsSaKN» MoryT
ObITb OnpeaeneHbl 3 HaYanbHbIX CKOPOCTEN peakuun. B nocnegoBaTenbHOM
peakuMn B NpUHUMNE BCcerga CyLecTByeT BO3MOXHOCTb CBA3aTb MOPALKM
peakuumn ¢ arieMeHTapHbIMU CTaansIMu.

KommeHTapuu.

Kasanocbk 6bl, NpoCcTOoe NOHATUE, U Kakoe BAPYr NPOCTPaHHOEe onpeaeneHue.
KoHua emy HeT!

OTMEeTUM HECKONbKO BaXKHbIX MOMEHTOB.

Ob6paTtnTe BHUMAHNE, YTO Npu onNpeaenieHNn NOHATUSA «NOPSAOK peakumum»
aBTOpPbl BO3BPALLAKTCS K NPUBbLIYHOM AJ1 MHOTMX 3anMcu « OCHOBHOIO 3aKOHa
XUMUNYECKOM KNHETUKNY» . HKaknx dpobet 3aeck HeT! (cM. « OCHOBHOWM 3aKoH
XUMNYECKOM KNHETUKNY ). Korga nosaBnsawoTca opobu, nopsaakn peakunmn cumtaTb
HeyaobHo. OgHako, oT apoben nerko n3daBnTbCS, caenas COOTBETCTBYHOLLME
npeanonoXeHnst OTHOCUTENbHO COOTHOLLEHUSA CraraeMblx B 3HameHarterne. Tak
Mbl C BaMW NocTynanu, Hanpumep, Npu aHanmM3e KUHETUYECKOro ypaBHEHUS 415
peakumn bogeHwTenHa-JinHae.

B crnoxHon peakumm YacTHble NOPsaKM 1 oBLwmnIr NOPSAOK peakumm MoryT
MEHATLCSA NO Mepe npoTekaHus. NoaTomy B onpeaeneHmmn yrnommHaroTcs
«NOPSAKM NO KOHLEHTpaLmny (OHK onpegenatoTcs no metogmke BaHT-Iodda) u
«NOPSAOKN NO BPpEMEHM» (OHM ONPEeaEnsaTCA N0 BPEMEHU NonynpespaLLeHns).
Mopsagku, onpeaeneHHbIe No-pa3HOMY, MOryT HE coBnaaaTth.

B onpeaenennn ncnonb3yeTcs HE3HAaKOMOE HaM MOHATUE «XMMUYECKMIN MOTOK»
(CM. KOMMEHTapPUI K TEPMUHY « XMMUYECKUI MOTOKY ). 34ecb caenaemM Tonbko



OAHO 3ameyvaHue. Ecnuv KoHUEeHTpauun BeLwecTB B CUCTEME HE MEHSIKOTCH CO
BpeMeHeM (paBHOBECHOE COCTOSAAHWE, CTalMOHapHOe COCTOSIHUE), TO, COrfnacHoO
«OCHOBHOW 3aKOHY XMMUYECKON KUHETUKNY, BCE CKOPOCTU peakumi popmasribHO
paBHbl Hyr0. Mbl MOHMMaeM, 4YTO Ha CaMOM [efe, CKOPOCTU HECKOSMbKNX
peakumin KOMMEHCUPYIOT ApYr Apyra, HO N3MepPATb CKOPOCTU 1 OnNpeaensTb
NOpPsSIAKM CTAHOBUTCS HEBO3MOXXHO.

Bce onpenenenus aaHbl Ans naeanbHbIX cucteM. BoamoxkHast 3aBUCMMOCTb
KO3 PULIMEHTOB CKOPOCTU OT KOHLIEHTPALIUKN, BO3MOXXHOCTb BBEAEHUS
aKTUBHOCTM B YpaBHEHWE OJ1S1 CKOPOCTU - He obcyxaatoTcs.
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