Activated complex

An activated complex, often characterized by the superscript 1, is defined as that
assembly of atoms which corresponds to an arbitrary infinitesimally small region
at or near the col (saddle point) of a potential energy surface.

AKTUBMPOBaHHbLIN KOMIMJIEKC.

AKTUBMPOBAHHbIN KOMMEKC, YacTo 0603Ha4YaeMblt BEPXHUM UHAEKCOM T,
onpegensieTcsl Kak KoHdgurypaumsa atToMmoB, KOTopasi oTBe4aeT HEKOTOPOMY
BGeCckoHeYHO ManioMy OTpesKy B CefrloBOM Touke (UM BONM3n ceanoBON TOYKN)
Ha NOBEPXHOCTU NOTEHLUMANBLHON SHEPTUN.

Transition state

In theories describing elementary reactions it is usually assumed that there is a
transition state of more positive molar Gibbs energy between the reactants and
the products through which an assembly of atoms (initially composing the
molecular entities of the reactants) must pass on going from reactants to
products in either direction. In the formalism of 'transition state theory' the
transition state of an elementary reaction is that set of states (each characterized
by its own geometry and energy) in which an assembly of atoms, when randomly
placed there, would have an equal probability of forming the reactants or of
forming the products of that elementary reactions. The transition state is
characterized by one and only one imaginary frequency. The assembly of atoms
at the transition state has been called an activated complex. (It is not a complex
according to the definition in this Compendium.) It may be noted that the
calculations of reaction rates by the transition state method and based on
calculated potential energy surface refer to the potential energy maximum at the
saddle point, as this is the only point for which the requisite separability of
transition state coordinates may be assumed. The ratio of the number of
assemblies of atoms that pass through to the products to the number of those
that reach the saddle point from the reactants can be less than unity, and this

fraction is the 'transmission coefficient', K. (There are also reactions, such as the

gas-phase colligation of simple radicals, that do not require 'activation' and which
therefore do not involve a transition state.)

NepexogHoe cocTosiHMeE.

B Teopusx, onncbiBaloLLMX 3NeMeHTapHble peakuumn, obbIYHO npeanonaraeTcs,
YTO MEXAY peareHTaMun U NpoayKTamu CyLLLECTBYET r1epexodHOe COCMOSIHUE C
BGonbLuen aHepruen Mbbca. ITO COCTOAHME KOHUrypaums 3 aToMoB
(mnepBoHa4varnbHO NpegcTasBnstoLwas cobor Monekyrbl peareHToB) A0SKHa
NPOWTM NpU Nepexoae OT peareHToB K NPOAyKTaMm (MM B NPOTUBOMOMOXKHOM
HanpasneHun). B Teopum NnepexogHoOro COCTOSAHUS NEPEXOAHOE COCTOAHUE As
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3NIEMEHTapHON peakunmnm — 3To Habop COCTOAHUN (KaXKaoe U3 HUX
XapakTepusyeTcsl CBOW SHEPrUEn N reOMeTpPUEN) TaknX, YTO eCrn KOHdUrypaums
aTOMOB Clny4yanHo nonagaet B o0y U3 3TUX TOYEK, BEPOATHOCTb
npesBpaLlleHnsa eé B npodykmbl unn peaceHms! 6yaeT oanHakoBow. [NepexogHoe
COCTOSIHME XapaKTepusyeTcs O4HOM N TONMbKO O4HOM MHMMOMW 4YacTOTOM
konebaHus. KoHgurypauma aTomoB B NepexogHOM COCTOSIHUM Ha3blBaeTCs
akmueupogaHHbIM KoMririekcom. o onpeaeneHnto akTMBMPOBAHHbBIN KOMIIEKC
He ABMSIeTCS MOSIEKYSIon. 3aMeTUM, YTO pacyeT CKOPOCTEN peakuuin MeToaoM
nepexoaHOro COCTOAHMA Ha OCHOBE PacCUYUTaHHbIX NOBEPXHOCTEN
noTeHUMasrbHOM 3HEPrMn OTHOCUTCA K MakCMMYMYy NOTeHUMaribHOM 3HEPrnn B
cennoBoun Toyke. TOSbKO B 3TOW TOYKE BO3MOXHO pasfefiuTb KoopauHaThl
nepexogHoro coctosiHma. OTHOLLEHNE KONMMYeCTBa KOHUrypauwmm,
npeBpaTMBLLUMXCH B MPOAYKTbI, K KONIMYECTBY KOHMUIypaunmn, 4OCTUMLINX

Nepexo4HOro COCTOAHNSA, Ha3bIBAeTCA MPaHCMUCCUOHHbIM KO3ghuUUeHmMoM, K.
(CywecTByIOT peakummn, Ana KOTOpbIX akTuBaumsa He TpebyeTcs, u nepexogHoe
COCTOSIHME He cywecTByeT. [MpnmMepom MOXET CRyXUTb pekoMbuHaLms
pagukanos B ra3oBon gase).

KommeHTapumn.

ABTOpPbI YTBEPXKAAKOT, YTO NEPEXOQHOE COCTOSIHME BKtOYaeT B cebst Habop
cegnoBblx Tovek. OgHako, no onpeaenerHuto IUPAC, anemeHTapHasa peakums
AOIKHA NPOXOANTb Yepel OAHY CceasioByto TOYKy. MMo-Bnaumomy, aTo cearnosas
TOYKa C MUHUManbHOW 3Heprnen. Cuctema «cama NOMMET», YTO UATU HYXKHO
MMEHHO Yepes Hee.

O6paTtnTe BHUMaHWE Ha (hpasy «...ecnu KoHurypaumst aToMoB Criy4anHo
nonagaet B Nobylo U3 3TUX TOYEK, BEPOSATHOCTb NPEBPALLEHNSA €€ B MPOJYKMbI
nUnu peazeHmsl ByaeT oAMHAKOBOW». OTO O3HAYaeT, YTO CKOPOCTU NPOXOXOEHUS
nepexoHoro COCTosiHUA B NPAMOM M 06paTHOM HanpaBfiEHUN PaBHbI.
«lMpamble» n «obpaTHbIEe» aKTUBMPOBAHHbLIE KOMMMEKCHI O4MHAKOBbI, O4HAKO
«NpsiMble» MOTYT NPEeBPaTUTLCS TOSbKO B MPOAYKTLI, @ «0BpaTHbIe» - TONbKO B
peareHTbl.

Transition state theory

A theory of the rates of elementary reactions which assumes a special type of

equilibrium, having an equilibrium constant KT, to exist between reactants and
activated complexes. According to this theory the rate constant is given by:

KeT
h

K = K’
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where Kg is the Boltzmann constant and h is the Planck constant. The rate
constant can also be expressed as:

where ASO’T, the entropy of activation, is the standard molar change of entropy

when the activated complex is formed from reactants and AH O’T, the enthalpy
of activation, is the corresponding standard molar change of enthalpy. The

quantities Ea (the energy of activation) and AH 0’Tare not quite the same, the
relationship between them depending on the type of reaction. Also:

AGO,T
_ kB_Te_ RT
h
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where AGO’T, known as the Gibbs energy of activation, is the standard molar
Gibbs energy change for the conversion of reactants into activated complex. A
plot of standard molar Gibbs energy against a reaction coordinate is known as a
Gibbs-energy profile; such plots, unlike potential energy profiles, are
temperature-dependent. In principle the equations above must be multiplied by a

transmission coefficient, K, which is the probability that an activated complex
forms a particular set of products rather than reverting to reactants or forming

alternative products. It is to be emphasized that AS®", AH®Tand AG®"
occurring in the former three equations are not ordinary thermodynamic
quantities, since one degree of freedom in the activated complex is ignored.
Transition-state theory has also been known as absolute rate theory, and as
activated-complex theory, but these terms are no longer recommended.

Teopusi nepexogHOro COCTOAHUS.

Teop|/|s=| CKOpOCTeIZ AJIEMEHTAPHbIX peaKqu7|, KOTOpad rnpegnonaraeTt
cywiecrsoBaHne paBHoBeCHA ocoboro Tmna Mexagy peareHtamm m
aKTBMPOBAHHbIM KOMIMJ1EKCOM. 3TOMy paBHOBECUIO OTBEYAET KOHCTAHTa

T
paBHoBecus K ' . Teopus gaeT cneaytollee BolpaxeHue AN KOHCTaHThI
CKOPOCTW:
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roe Kg — koHcTaHTa BonbumaHa, a h — KoHcTaHTa [nadka. Ons
KOHCTAaHTbl CKOPOCTU TaKXe CrnpaBensinBo Bblpa>XeHne:

0,1 .
roe AS - QHTpPONUA akKtnBauummn, CtraHgapTHoe M3MeHeHe MOJNAPHON SHTPOMNNA

5 0,
npeBpaLLeHns peareHToB B akTUBMPOBaHHbIN koMnnekc, a AH ™' - sHtanbnus
aKTMBaLUMK, T.e. COOTBETCTBYIOLLLEE CTAaHOAPTHOE N3MEHEHNE MOJISIPHOW

0t
SHTanbnMu. BenuumHeol Ea (aHeprus aktuBauun) 1 AH ™' - 310 He ogHo 1 TO
xe. COOTHOLIEHNE MeXay 3TUMW BENMYMHAMM 3aBMUCUT OT TUNa peakummn. Takke
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roe AG™ HasbiBaeTcs aHeprven MM66ca akTMBaUMn. To cTaHOapTHOE
Nn3MeHeHne monsipHon aHepruun 'mbbca npu Nnepexoae OT peareHToB K
aKTMBMPOBAHHOMY KOMMiekcy. ["paduk 3aBUCUMOCTM CTaHAAPTHOW MONSIPHOM
9Heprum 'mMb6ca oT KoopaMHaTbl peakunn HasbiBaeTcs Npounem aHeprum
'mMb6ca. NogobHble Npodunn B oTIM4YMe oT npodunen NoTeHumanbHOM aHepPrnm
pas3nun4yHbl NPU pasnuYHbIX TemnepaTypax. B npuHuune npaebie YacTu BCeX
NPUBEAEHHbIX BbllLe YpaBHEHNSA OOMKHbI ObITb JOMHOXEHbI Ha

TPAHCMUCCUOHHBLIN KO3 PULUMEHT K. TPAaHCMUCCUOHHBIN KO3 MPULIMEHT — 3TO
BEPOSATHOCTb TOr0, YTO aKTUBUPOBAHHbIN KOMMJIEKC NPeBPaTUTLCH B
onpegeneHHbIn Habop NPOAYKTOB, a He BEPHETCS Ha3aj B COCTOSAHNE peareHToB
N HE NPeBPATUTLCS B KAKOM-TO MHOW Habop npoayKkToB. MNogyepkHeM, 4To

ASO’T, AH®T 1 AG®" - 5710 He 0BbluHbIE TepMoAVHaMMyeckne BenuuuHbl. B
HUX HE BKNKOYEHa O0gHa cTeneHb cBOOOAbI aKTMBMPOBAHHOIO KOMMMEKCa.
Teoputo NepexogHOro COCTOSIHMSA Ha3biBanu Takke Teopuen abContoTHbIX
CKOPOCTEN N TEOPUEN aKTUBUPOBAHHOIO KoMmnsiekca. Ho aTn HasBaHus Bornblue
He peKoMeHAYTCA.

KommeHTapum.

O6paTtuTe BHUMaHUe, YTO ANst 06CyXOAeHUs TEOPUN NEPEXOHOr0 COCTOSAHUS
BblOpaHbl ypaBHEHNS TEPMOANHAMUNYECKOIO, a HE CTaTUCTUYECKOrO «acnekTa
Teopun. lNogobHoe onpeaeneHne BNosHe NOAXOANT U AN BapUaLMOHHOMO
BapuaHTa TAK (BcnomHuTe nekumn !). B HemM KOHpUrypaumst akTuBMpoBaHHOIo
KOoMrekca onpenenserca He MakCMMyMOM 3HEpPrumn Ha nyTn peakumm npu T =
0K, a makcumymom aHeprumn M'mbbca akTuBauum, NonoXxeHne KOToporo dyaer



MEHATLCA C TeMnepaTypon. B onpeaeneHnn cneyunanbHO OTMEYEHO, YTO
npodunun aHeprum MMb0Oca akTMBaLUKM 3aBUCAT OT TemnepaTtypbl, Npodunn
noTeHUmMasnbHOM aHeprumn (NPUBbIYHBLIE HAM «MYTU peakunmn») — HeT.
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