Steady state (stationary state)

1. In a kinetic analysis of a complex reaction involving unstable intermediates
in low concentration, the rate of change of each such intermediate is set
equal to zero, so that the rate equation can be expressed as a function of
the concentrations of chemical species present in macroscopic amounts.

For example, assume that X is an unstable intermediate in the
reaction sequence:
k
— 1\
Aék_l X

X +C—2>D
Conservation of mass requires that:
[Al+[X]+[DI=[A],
which, since [A]0 is constant, implies:

d[A] , d[D]__d[X]
dt dt dt

Since [ X ] is negligibly small, the rate of formation of D is essentially

equal to the rate of disappearance of A, and the rate of change
of [X] can be set equal to zero. Applying the steady state approximation

dix]
dt

whereupon the rate of reaction is expressed:
d[D] _ d[A] _ kk,[A][D]
dt dt k., +k,[C]

=0 allows the elimination of [ X ] from the kinetic equations,

Note:

The steady-state approximation does not imply that [ X ] is even
approximately constant, only that its absolute rate of change is very much
smaller than that of [ A] and [ D] Since according to the reaction scheme

M =K,[ X][C], the assumption that [ X ] is constant would lead, for
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the case in which C is in large excess, to the absurd conclusion that
formation of the product D will continue at a constant rate even after the
reactant A has been consumed.

2. In a stirred flow reactor a steady state implies a regime so that all
concentrations are independent of time.

CTtauuoHapHoOe COCTOsIHUeE.

1. Tpn KNHETUYECKOM aHanu3e CroXHbIX peakuuin, BKITHYaroLLnX
obpasoBaHMe HeCcTabunbHbIX MPOMEXYTOYHbIX NPO4YKTOB,
NMPUCYTCTBYKOLWNX B CUCTEME B MallbliX KOHUEHTPaAUMAX, MOXHO CHNTATb
CKOPOCTb USBMEHEHNA KOHUEHTpaUnn 3TUX NMpOaYyKTOB paBHOVI HYy-nto. Tor,ua
CKOPOCTb peaKunm MOXHO Bblpa3nUTb 4Yepel3 KOHUEeHTpaunn XMMN4YeCKUX
YyacTuy, (NPOAYKTOB, peareHToB) NPUCYTCTBYIOLLNX B CUCTEME B
MaKpOCKONuyeckux konudecrsax. [pegnonoxum, Hanpumep, 4to X —
HecTabunbHoe npomMmexXxyTo4yHoe coeaHeEHNE B CIOXXHOMN peakunn

A K
k4

X+C—* 3D

YCroBye NoCTOSIHCTBA Macchl AaeT:
[Al+[X]+[D]=[Al],
u, nockonbky [ Al, nocrosHra, nonyyaem

d[A], d[D] _ _dIX]
dt  dt dt

Ecnn [X] npeHebpexxnumo Mana, ckopocTb obpasosanus D npaktnyecku

paBHa CKOPOCTM Uc4e3HOBEHUS A, 1 CKOPOCTb M3MEHEHUS KOHLIEHTPALMH
[ X] moxHo cuntath pasHoii Hynio. McnonbaosaHmue cTaumoHapHoro

d[X]

npubnmkerns (——= = 0) nossonset nckniounts [ X | na kunetnyecknx

ypaBHeHI/IVI. CKOpOCTb peakuunn Torga MO>XHO Bblpa3nTb COOTHOLLUEHUEM
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d[D] _ d[A] _ kik,[AI[D]
dt  dt  k,+k,[C]

2) B peakTopax naeanbHOro CMeLlleHus cmayuoHapHoe cOCmosiHUe
O3Ha4vaeT pexuMm, NP KOTOPOM KOHLIEHTpaLMM BCEX YHACTHUKOB peakunmn He
3aBUCAT OT BPEMEHMN.

lNpumeyaHue.

CrauunoHapHoe npubnumxkeHne He npegnonaraeT, YTo [X] ABseTCH
NOCTOAHHOWN BENUYNHOW Aaxke NpubnmnanTenbHo. BaXxHO nNub To, YTO
a6contoTHas ckopocTb nameHerus [ X ] snauntensHo menbiie

cootsetcTaytowmx ckopocten ana [ A] u [B]. Cornacro cxeme peakunm

d[D] _
T—kz[X][C]

NnO3TOMY npeanonoXxeHme o NoOCToAHCTBE [X] npmnBeneT Hac B Criy4ae,

korga C npucyTcTBYeT B U3bbITKe, K abcypaHOMY 3akntoyeHuto, 4yto D Byaer
obpasoBbIBaTbLCS C NOCTOSIHHOM CKOPOCTbLIO Aaxke Torga, korga npopearumpyet
Becb A.

KommeHTapui. B nyHkTe (1) peyvb ngeTt o kgazucmayuoHapHOM
npubnuxeHuu AnNa peakuuun, npoTeKkarLlen B 3aKpbITON CUCTEME, B MYHKTE
(2) — 0 cTaunMoHapHOM COCTOSIHMM B MPOTOYHOM peakTope.
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