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1.  (10+10 points)  for the reaction
2 N>Os(g) — 4 NO»(g) + Ox(g)

the currently accepted mechanism is

N>0s5 & NO; + NO; fast, eguilibrium (ky, k)
NO;+ NO3 - NO> + O, + NO slow (k2)
NO+ NO3; — 2 NO, fast (k3)

a)  What is the differential rate law for this reaction?
rade = ki LNO,Y LD

— K\ — CNO2[N0,] =2 LNOgJ ~ KN 0g]
A T | oy

Sab-in vate o'

ra»‘c:kzk[h]zOgJ} K'= Htl’(

vale = E}{ dif;léo;j: ' [N O]

b)  Suppose that the k;, k_; and ks reactions are all slow. Solve for the steady-state concentration of

[NOs].

5%%@33: K, ENOs1 = ko LN, JINOST ~ K, LNoJ (NOy) ~ kyUNoIUNG,]

R e I
ko LNOT + K, CNG + ksCyad

INo,)

(]

Kt [ L\"z_ 05'3

vF «,‘3 ey ¥FXus are Slow
LNO?-J(H-J +Frz) + kgLMD3 \

1‘) ”—\ "‘}\'?_ (( hs

M

Ki CaeOs)
/ggt' "OS/EMDJ

liminade CNO]; 0 =dUD = i LNOINOS) — b, LD NG
&
CNO) = h;;j CNo,)

= [NO3) = W NOc]
INOS (k. 42k, )



Chemistry 1B S’08, Exam I Name 2

2. (5+5+10 points)  For the reaction
N205(g) = 2 NOx(g) + 4 Ox(g)

the rate constant k at 25 °Cis 3.46 X 10° s and at 55 °C itis 1.5x 107 s7\.

a) Calculate the activation energy, E, (kJ/mol).

K, -~ ~-E
M%) = ~Enl, - 12)
3.46 x10-% 5~ - —£
T ( Exos) T ’%&M En ke o 'Jg‘{g)

Ea = 100 K3/4imo)

b) Calculate the fraction of molecules that will react at 300K.
- - 4] |
(_) n " Eapt =cxp ( 102000 Fno (.31%”%3001‘]
) -
_1.6E X0

~1%
e ok 300K 05 107 i

¢)  Write the differential rate law that would be expected at low pressure.

be = dONa0S) = 4 1y 03"
raté d,é, N‘L "

‘ . »
Derivation (Lindemann)’ §icady -stote c{%%@
— K, [LN20) b, DN 05TV
— K2 LN?@?]

=) [Nz()gﬁj = M

ke + ky (N205)

Le = ko LN2OZ] = sz.LNZO‘E]‘Z ]
Y ote = Fa e e g 4 :7 k?, >) H-l LN'{,OZ:,'

ko 4 k—lLN"'os—]
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3. (10+10+5 points)  For the reaction
2NO(g) + 2 Ha(g) = Na(g) + 2 H20(g)

these data were obtained at 1100 K:

Initial Rate

[NO] (mol/L) [H2] (moV/L) (mol L' s7")
5.00X 107 250X 10°° 3.0X 107
150X 107 250X 107 9.0X 107
15.0X 107 10.0 X 107 3.6 X107

a)  Write the differential rate law.

it = KCNO)TCHT™

NO, Vate), 500 — [3:0

ratey — 5.0
H ' vYoate z 25
© reicy 10.
or 4
b) Calculate the rate constant.

i) Vélues . . 1073 A

Plug v ; Mue,s* ; (5(}(1)(’0 5m) (280 )

3.0X%10 ) A |

K:'ZH’U %15

c)  Graph the [NO] concentration vs. time that would be expected if H, were present in large excess.

15 CH(] > ENOJ) rxn will be Pf:ado First ordev

rote = K LNOD, k' = KUTHz]
r ‘9\‘ prde” Lo = NG, ekt

| exp decax
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4.  (5+5+10+5 points) In class, we demonstrated the disproportionation reaction of hydrogen
peroxide (E, = 76 kJ/mol):

’“‘\”zouaq) — 2 H,0(0) + Oy(g)

a) We would expect this reaction to be __ &< Fioabion controlled in the liquid.

b)  What would the “encounter pair” be for this reaction?

R‘zaz ) H-z_oz_

¢)  Use the steady-state approximation with the general liquid state mechanism given in class to derive
the steady-state concentration of the encounter pair in terms of [H,0,].

4 ¥z
He07 + Hybo2 E—%, (Hioz~He0] =7 F

201 Ly, R |
2t
ST

—

£y [u.z.o{f o F-Dfﬂz%“'“'r.‘tj + kqp [ Mzoz - u,,_a.,_j

C“1 - e }11,01’3 =) 'K_D 2:111.01.1

K-o % 14

d) When MnO, powder is added, the reaction rate increases by a factor of 10'°. Estimate the

corresponding reduction in the activation energy effected by the catalyst. Assume T and A are constant;
T = 300K.

(e &
La (1o ) = ‘(‘3-’3”4:.’.114)(?”” 4 )

= E-.\“‘G\{"" 1 L"J'/

Mo |
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5. (5+5 points each)
a)  Sketch the graph of surface coverage vs. pressure expected for non-dissociative adsorption of a gas
onto a surface, if the adsorption rate constant is much larger than the desorption rate constant.

b)  Sketch and label the graph for the reaction rate of an enzyme-catalyzed reaction as a function of
substrate concentration.

R
(‘A-Nf

L5





