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Question:  State with explanationwhich diagramcorrespond$o k, > k.

Assuminglstorderreactiondor bothof thetwo stepsijt is possibleto solve therate
equationsanalytically* which gives

([A) = [AJoe
B]; = k:ak—a m (—e ket 4 e™Mh) Al
\ C]; = <1 + - kb(kbe_k“t - kae_kbt)) [Alo

Themathematicatlerivation isfar beyondthe assumedevel of this course.Thereason
for shaving theseequationss becauséhe formulafor [C]; is usefulto demonstrat¢he

* Therateequationdor this schemeare:

dA dB ac

i koA, pr koA — ky B, i kyB

Thefirst equaton for A(t) is the sameaswhatwe have seenpreviously in Sec3.1.2.We putthesolution
A(t) = A(0)e k<t in the secondequation. This yields an ordinary differential equationfor B(t), for
which the solutionmethodis well establishedthoughwe have no spaceto expandit here).C(t) canbe
obtainedfrom arelation A(t) + B(t) + C(t) = constant= A(0), which describeghe conseration of
grossmaterials.
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concepiof rate-deter mining step, aswill bediscusseadhext.

4.4 Rate-determining process

The above formulafor [C]; canbe simplified in two limiting caseswhereone of the
rate constantds much larger thanthe other For example,whenk, > k;,, we find
e ket < e~ and1/(k, — ky) ~ 1/k,. Therefore[C], canbesimplifiedas

[Cle =~ (1 —e™")[Alo
This meanghatthe behaiour of [C]; is determinedby the rate constanif the slower
stepksy.
Question: Showthatwhenk, < ky,

[Cle = (1 —e™™")[Alo

In this way, the slower stepdetermineghe overall rate of the productformation.
This is calledthe Rate-determining or Rate-limiting step. The ideais straightfor
wardly generalizedor reactionsinvolving more than two steps,i.e., more than one
intermediates,, Io, - - -, involvedbetweerthereactanR andproductP:

R—-I,—-I—.---—P

5 Steady-state approximation

It is seenin the right panelof the previous diagramthat the concentratiorof B does
not changemuchbut stayslow andnearly constantandtherefored[B|/dt ~ 0, when
k, > k,, i.e., whenthis intermediatespecieis highly reactve. This suggestsa very
usefulandpowerful methodcalledthe steady-state approximation.

Recipe of the Steady-State Approximation

1. Identify reactve intermediates,, |-, - - -, in themechanism

2. Write down [l
dt

d[L;]

3. Setg = 0 andsolwvefor [I;]. (Thesolution will bedenotedy [I;]s.)

from theassumednechanism.

4. Deduceandsimplify if possibletheratelaw by using(I;]s.
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5.1 Application
Let usseehow the steady-statapproximatiorworksfor thefollowing scheme

ky.kp k.

A2 Bhp (49)

which hasbeenexaminedpreviously by invoking the pre-equilibriumapproximation.
The critical assumptiortherewas the reactionfrom B to P is very slow suchthat it

doesnot disturbvery muchthe equilibrium betweenA andB. We will now relax this

assumptionTo this end,let usfollow therecipeof the steady-statapproximation.As

before,we will assumehatall thestepsky, k, andk, arelstorder

1. Weidentify B asthereactve intermediate.
2. NotingthatB is gainedby £, andlostby %, andk, steps,

d[B]

£ = ky[A] = ka[B] — ki [B]

3. Settheaboreto beequalto zero,andsolve for [B].

kf[A] — ky[B] — k,[B] =0 = [Bl, =

4. Theoverallreactionrateis thatof the productformationdescribedy the k, step.
We write down this equationandthenreplace[B] by [B] .

d[p]

Rate=
dt

:mm:mm%—iﬁL

= Al (50)

Comparehis with theresultfrom the pre-equilibriumassumptionkq (45):

Rate(pre-Eq)~ k. K[A] = %[A]
Thedifferences in thedenominatoof theratefactor Remembethatthe fundamental
assumptionn the pre-equilibriumcasewask, < k. This meanghatthe denominator
in Eq (50) may be approximatedas k, + k. ~ k,. We thereforefind that the pre-
equilibriumapproximationEq (45) is reproducedasa limiting caseof the steady-state
approximatiorkEq (50). In otherwords,the steady-statapproximatiorgeneralizesand
thereforecoversbroaderapplicabilitythan,the pre-equilibriumapproximation.
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