Chemistry2710Spring2001AssignmenB Solutions

1. (a) 203(9) — 302(9)
(b) We applythe EA to thefirst reaction giving ustheequation

k1[N20s] =~ k_1[NO2|[NO3]. Q)
We mustalsoapplythe SSAto thenitrogentrioxide concentration:
d[NO
[ gt 3 = k1[N205] — k_1[NO2][NOg3] + k3[NO,][O3] — 2k4[N03]2 ~ 0.

Notethatequationl impliesthatthefirst two termsof this lastequationcancelout.

- ka[NOo][03] ~ 2k4[NO3]>.

. _ 2kg[NOg)?
S [NOy =~ 7%[03] ) (2)
If we substitutethis lastequationinto equationl, we get
2k 1ks[NO3)3
ki[NoOg] ~ ————>.
1[N20s] k303
~.[NGs] =~ <2k1k4[N205][03]> : ()

Substitutingequation3 into equatiorn2 andsimplifying, we get

1/3
2K2ky [N20sJ2
ka]_kS [03] .

[NOy] ~ (

We now have theconcentrationsf NO, andof NO3 expresseaxclusively in termsof
the concentrationsf dinitrogenpentoxideandof ozone.We shouldbe ableto getthe
ratein termsof thelattertwo concentrationsaow:

d[dotg] —k3[NO,][O3]
2A2K2 13
~ —( liikzl[Nzos]z[O?,]z) :
1d[Og]
v 2 dt

1/3
k%k§k4 2r~ 12
N ;
( 5, [N205]“[Og]



(c) Theratelaw we obtainedabove is in a simpleform with ordersof reactionof % with
respecto eachof N>Os andOs.

(d) If we usedthe SSAfor bothintermediatesye would solve the pair of equations

d[thO3] = kl[N205] — k_l[NOZ][NO3] + kS[NOZ] [03] _ 2k4[N03]2 ~ 07
d['!toz] kl[N205] — k_]_[N02][NO3] — k3[N02] [03] + 2k4[N03]2 ~0.

If we addthesetwo equationsye get
2k1[N20s] — 2k _1[NO2][NO3] ~ 0

which is equivalentto equationl. Solvingthis equationalongwith d[NO3]/dt ~ 0 is
exactlywhatwe did in questionlb soapplyingthe SSAto bothcatalyticintermediates
would give exactly the sameratelaw in this case.

(2) Mechanism 1. CI, Cl3
Mechanism 2: Cl, COCI
(b) Mechanism 1.
Initiation: Clyg) — 2Clg)
Chain propagation:

Clig)+Clyg — Clgg

Termination: 2Clg) — Clyg)

None of the above: Clzg) — Cl(g) + Clyg)
M echanism 2:

Initiation: Clyg) — 2Clg)

Chain propagation:

C|(g) + CO(g) — COC|(g)
COC|(g) + C|2(g) — COCIZ(g) + C|(g)
Termination: 2Clg — Clyg
None of the above: COClg — Clg) +COg
(c) Mechanism 1. We will usethe SSAfor bothradicals:

% 204 [Cly] — 2k 1[CIJ* — ko[ CI][Cla] + K 2[Cl3] + k3[Cl3][CO] ~ O,
d[((j:tb] ko[CI)[Cl2] — k_»[Cls] — k3[Cl3][CO] = O. @
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If we addtheseequationsyve get

ki[Clo] ~ k_4[CI]%.
k1 [Cl3]
S Cl = . 5
c] < )
Fromequatiord, we have
ka[CI][CI2]
Chl~ ————=_.
)~ T klCo
If we now substitutan equationb, we get
k: ky[Cl5]3
(Cla] ~ 2 1[Cl]
k_2+k3[CO] ko1
Therateof thereactionis therefore
_d[coch] . keks[CO  [k[Clp]?
=g = klCECO~ R e\ Tk,
Mechanism 2: In thiscasewe wantto applythe SSAto Cl andto COCI:
% = 2ky[Cly] — 2k_1[Cl]? — kp[CI][CO] + k_5[COC]
+k3[COCI|[Cl;] ~ 0,
dic d(t)C” Io[CI[CO] — k_o[COCT — ks[COCI[Cl] ~ 0. (6)
Thesolutionproceedsxactlyasbefore.If weaddthetwo equationandrearrange,
we get
[Cl] ~ kl[C|2].
(]

Equation6 canberearrangedo

k[Cll[CO  k[CO ki[Cl2]

COCl =~ o~ .

[ I] K o>+ k3[C|2] kK o+ k3[C|2] k 1
~ dicoch]  kkg[CO  [k[Cl?
SV = —a - k3[COCI|[Cly] ~ K 5+ ko[Cho] Ky

Comparison: It is perhapseasiesto seehow thetwo couldbedistinguishedy com-
paringthe predictionsmadeby the two mechanismst high andlow pressuresf
thetwo reactants.



low [CI] | high[Cl] | low[CO] | high[CO]
vi O[CLI¥? | v O[CL)*? | viO[cO | vi O[CO]

v O[Cl]*2 | v, O[CL)Y? | v, O[CO] | v, O[CO|

The two mechanismshereforepredictdifferentdependencesn the Cl, andCO
pressuresln mechanisni, the orderof thereactionwith respecto Cls is always
%. However, the orderchangedgrom % to % in mechanisn® goingfrom very low
toveryhigh pressuresf Cl,. Furthermorein mechanisni, theorderwith respect
to CO changedrom 1 to 0 asthe CO pressuras increasedvhile mechanisn?
predictsa constantorder of reactionof 1 with respecto this reactant. The two
mechanismshereforecanbe distinguishedexperimentallyby carryingout exper
imentsover arangeof pressuresf thetwo reactants.




