Chemistry2710Spring2003Test2 Solutions

1. At equilibrium,

ki[HOBI[Br J[H"] = k_1[Bry].
[Bra] ke
[HOBI|[Br-][Ht] k.1
1.6 x 10*°L?mol ?s 1
= TTosT = 1.5x 10°L?/mol*.

This valueis in reasonablagreemenwith the thermodynamiequilibrium constant,con-
sideringthe numberof significantfiguresin the calculation.

S Ko=

2. Therearethreepossiblesolutionsto this problem.All of themstartwith a consideratiorof
thestoichiometry

(NO used)= 2(Cl, used = (NOCI produced)
In mathematicaform, we get
INOJo — [NO] = 2([ClJo— [Cl]) = [NOCI. (1)

Whatyou do next depend®n whetheryou wantto work from therateequationfor NO, Cl»
or NOCI.

Using [NOJ] asthevariable. Therateof changeof [NO] is

% = —2k[NOJ?[Cly]. )

Usingequationl, the concentratiorof Cl, is
1
[Clz] = [Clzlo — 5 (INOJo — [NOY)).

We substitutethis concentrationnto equation2, andthencarry out the separatiorof

variables:
% = —2k[NO]2{[Clz]o—%([NO]o—[NOD}-
co—2kdt = diNO

INOJ*{[Cl2]o— % (INOJo— [NO)) }”

t , [NOJ dx
sex [ = f . .
0 INOJo X2 {[Cl2]o— 5 (INOJo—X) }
—1 rINQO] dx
2k Jinoly X2 {[ClaJo— 3 ([NOJo—x) }

1



Using [Cly] asthevariable. Therateof changeof [Cly] is

d[Cly]
dt
Usingequationl, the concentratiorof NO is

[NO] = [NOJo — 2([Cl2]o— [Cl2]).

= —KINOJ[CI2]. (3)

We substitutethis concentrationnto equation3, andthencarry out the separatiorof

variables:
d[gt'z] — —K[Cl5] {[NOJo— 2([Cla]o — [Cla])}2.
—kdt = ace 2
[Clo]{[NOJo— 2([Clz]o — [Cl2])}
t B [Cle] dx
ok Odt N /[clz}o x{[NOJo—2([CloJo—x)}*
—1 rlCl] dx

K Jicido x{[NOJo—2([ClaJo—X)}*

Using [NOCI| asthevariable. Therateof changeof [NOCI] is
d[NOCI]
dt

Using equationl, the concentration®f NO andof Cl, expressedn termsof [NOCI]
are

= 2kNOJ?[Cly]. (4)

[NO] = [NOJo—[NOCI|,

and [Cly] — [Clg]o—%[NOCI].
We substitutethis concentratiorinto equation4, andthen carry out the separatiorof
variables:
d[NdCt)C'] = 2k([NOJo— [NOCI))? ([Clg]o—%[NOCI])
J2kdt = d[l\iOCI] T .
(INOJo — [NOCI))* ([Clz]o — 3[NOCI)
t [NOCI]
o [a = [ ox —
0 o ([NOJo—x)*([Cl2Jo— 3X)
o 1/[NOCI] dx
B 2k Jo (INOJo—x) ([ClzJo— 3x)



(@)

da 2
do-_ 2kja— 2k_1b% — kob.
dt

dc

(b) A—2C
(c) If thesecondstepis slow, we canusethe EA for the (fast)first step:

kja ~ k_ib%
. ;kla

ldc 1
V= éa = §k2b

Substitutingin our approximatevaluefor b, we get

~He [k
V& > k_la .

(d) v= —‘gj—f‘, sowe have asimpleratelaw with anorderof % with respecto a. Substituting
this orderof reactioninto the generaintegratedratelaw, we get

Therateof thereactionis

al/zzaé/z—%kt,

ke |k
k—E [1.

If we performanexperimentin which we follow a asa functionof t, we canthenplot
yvavst. We shouldgetastraightline of slope—k/2. Notethatwe can’t getary of the
individual rateconstantsWe only getthe combinatiornamedk above.

(e) We have thevelocity vector

where

V= (—kia+k 1b% 2kja— 2k 1b? — kzb) .



Thea nullcline is the curve on which

—kja+k 1b%> = 0.
J.a = lL]_bZ/k]_.

(You'll seein aminutewhy I'm solvingfor a ratherthanb.)
Theb nullclineis thecurve

2kja—2k 1% —kob = 0.
b
2k,

_ k_]_ 2 k2

S.a =
The a andb nullclinesareboth parabolasn b passinghroughthe origin. Comparing
theformulafor theb nullclineto theformulafor thea nulicline, we seethatatany given
valueof b, theb nullcline correspondso a largervalueof a. If a is on our horizontal
axis,this meanghattheb nuliclineis below thea nulicline.
At smallvaluesof b (nearthea axis),v — (—kia, 2kja) ~ (—,+). At smallvaluesof
a (neartheb axis),v — (k_1b? —2k_1b? — kob) ~ (+,—). Betweerthenuliclines,the
velocity vectorhasto point towardsthe equilibrium point, soit shouldbe of the form
(—,—). Thismakessensdf we considerthat(e.g.) we have to crossthe b nulicline to
getfrom theregionwherev ~ (—, +) to thespacebetweerthenullclines. Thevelocity
field is showvn below:
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b nullcline

b
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Theres nothingto do now but to draw thetrajectories:



a nullcline

b nullcline

a

We now know thattheres a slowv manifold betweernthe two nullclines. The ratelaw
derivedin partc is consistentvith our sketchprovided the slow manifoldis closerto
thea nullcline thanto theb nullcline.



