Chemistry 2710 Spring 2004 Test 2 Solutions
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The steady-state approximation can be used if the factaipiyihg the derivative is small,
l.e. if ky < ko, which is just what we would have expected in this very singalge.
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(b) For the overall reaction,
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For the four reactions which make up the mechanism, we have
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Multiplying these four equations together, we get
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(c) From the kinetic data, we have
_ (1x10°Lmol~1s71)(5x 10°Lmol~1s71)(7.5571)(7.5571)
~ (055 1)(0.155 1)(5x 103Lmol-1s 1)(5x 103L mol 1s 1)

This is larger than the separately measured equilibriunstemn, so there’s something
wrong with the rate constants.
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3. Equilibrium approximation for step 1:
ka[NOy(g)]* ~ k_1[N20yg) . (1)

Equilibrium approximation for step 2:

kz[N204(g)] ~ k—z[N204(surface]- (2)
SSA for ONONQ:
d[ONONOy(syrfacal
ot (surfacy = kS[N204(surface)] - k4[ONONOZ(surface)][N02(g)]

- k5[ONONOZ(surfac$][HZO(surface)] ~ 0. 3)

We're going to use these three equations to eliminate theesdrations of the intermediates
N2O4 (both gas-phase and on the surface) and ON@NRBom equation 1, we have

[N204(g)] ~ ka[NOyg)]?/K 1.

Equation 2 gives
[N204(surface] ~ k2[N204(g)]/k—2-
Combining the two, we get

kika[NOy(g)]?
[N2O4(surface] ~ ?k_;g)-

We can substitute this last relation into equation 3, and swdve for the ONON@concen-

tration:
kake[NOy(g))?

SW - k4[ONONOZ(surface][N02(g)] - kS[ONONOZ(surface][HZO(surface)] ~0
kakoka[NOy(g)*

kK_1k_2 (k4[NO2 ] + kS[HZO surface])

Note that the fourth reaction doesn’t contribute to the all@eaction. All it does is turn the

intermediate ONON®@back into NO4. The overall reaction is therefore

[ONONoz(surface)] ~

2N02 + Hzo (surfacg — HONO( )+ HNOg(g).

The rate of reaction is thus

d[HNOg(g)]
vV = g = k5[ONONOZ(Surfacg][Hzo(surface)]
_ k1k2k3k5[HZO(surface)] [NOZ(g)]2 (4)
k 1k o (M[Noz(g)] + kS[HZO(surfaceD




Sinceky andky are both proportional to the area, these rate “constantt’ingirease in
containers with larger surface areas. The exact dependeitideowever depend on the
concentrations. Iky[NOy(g)] > ks[H20(surfacs ], the rate reduces to

v kikoksks[H20(surface] [NO2(g)]
K_1k_2kg ’

which should be roughly independent of area since kptndk, increase with area. On the
other hand, iks[NOy(g)] < ks[H20surface]

_ fakeko[NOy(g
- k_1k_»

which will be proportional to the area sinkgis proportional to the area. If the two terms in
the denominator of the rate expression 4 are of similar sthes the best we can say is that
the rate will depend on the area in a complicated way.



