Problem Set #3 — Solutions

33.  The second order rate constant for the following reaction is 0.0442 M's™.
2 CoF4 — CyFs

If one starts with 0.135 mol in a 2.0 L container...

a. What will the concentration of C>F4 be in 1 hour.
Note that initial concentration is 0.135 mol/2.0 L = 0.067 M

1/[CoF 4] = 2*(0.0442 M's™)(1.00 hr)(3600 s/hr) + 1/(0.067 M) = 333 M
[CoF4:=3.0x10° M

b. What will the concentration of C4Fg be in 1 hour?

A[C2F 4]t = 0.067 M — 0.003 M = 0.064 M
[C4F8] = (1 M C4Fs/2 M C2F4)(0.064 M) =0.032 M

C. What is the half-life of C.F4 given the concentration in “a”?

For 2™ order reactions: ti = 1/ak[A], = 1/2*(0.0442 M's™")(0.067 M) = 169 s
d. What is the half-life of C,F4 given the concentration in “b”?

ti2 = 1/ak[Alo = 1/2%(0.0442 M's™)(0.0030 M) = 3800 s

39.

The rate constant for the first order disappearance of N,Os is 1.20 x 102 s™'. The initial
concentration of N2Os is 0.01500 M.

a. How long until the conc. is 0.01000 M?
In(0.01000M) = -kt + In(0.01500M)

-0.405 =-(0.0120 st

t=338s

b. How much longer until is is 0.000900 M?
In(0.000900M) = -kt + In(0.01000M)

-2.41 =-(0.0120 st

t=201s

53. A reaction has an activation energy of 173 kJ/mol. How many times faster will
the reaction occur at 40°C than at 10°C?
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69. Derive rate laws for mechanisms a-e and determine if it agrees with the
experimental rate law: rate = k[O3][NQO].

a. yes: rate = k[O3][NO]

b yes: rate = k[O3][NO]

C. no: rate = k[O3]

d. no: rate = kK[NO]

e no: rate = K[INO][O3])/[N]

71.  Consider the following mechanism

L! 21

|+ Hy! Hol

Hol +1" 2 HI slow
a. Derive the rate law

rate = ka[Hal][I]
ka[l][H2] = k-2[H2l]
[Hal] = (ko/k2)[1][H2]
rate = ka(ka/k2)[][H2][I] = K[H2][IT*
ki[l2] = k.[I]?
(17 = (ka/k1)[l2]
rate = k[Hz](k1/k1)[12] = k[H2][l2]

b. ID intermediates
Intermediates are |, Hol

1. At 600 K, ethanol decomposes in a first order process with the following
stoichiometry.
C2oHsOH(g) " CaHa(g) + H20(g)

After 10 s, a flask containing 0.250 M ethanol initially has only 0.235 M remaining.
a. What is the rate constant for the reaction?
In(0.235 M) =In(0.250 M) — k(10 s)
k =0.00619 s™
b. What is the half-life for the reaction?
t12 = (0.693/0.00619 5'1) =112s
C. How much ethanol will remain after two minutes?
In[ethanol] = In[0.250 M] — (.00619 s'1)(120 s)=-2.13
[ethanol] = 0.119 M



2. | assume a temperature of 298 K here (other temps are OK)

Sunny day
#= [SOz]/k1[SOz][Oz] = 1/k1[02]

[O2] = n/V = P/RT = (0.21 atm)/(0.08206 Latm/molK)(298 K) = 8.6 x 10° M
#=1/(3.00 x 10° M"'hr’")(0.0086 M) = 39,000 hr

Rainy day
#=1/( k(O3] + kz) = 1/[(3.00 x 10° M'hr'")(0.0086 M)+(0.03 hr")] = 33 hr

3. Consider the following mechanisms for the decomposition of NO,Cl. The
following mechanism has been proposed.

NO,CI! NO, + ClI

Cl+ NO,CI" NO, + Cl,

a. What is the overall reaction?
2 NO,CI" 2 NO, + Cl,
b. Identify the reactant, products, catalysts and intermediates.

No catalysts, but NO,Cl is a reactant, NO; and CI; are products, and Cl is an
intermediate.

C. What is the predicted rate law if the first step is slow?
rate = k1[NO2CI]
d. What is the predicted rate law if the second step is slow?

rate = ko[CI][NO.CI]
k1[NO2CI] = k4[NO2][CI]
[CI] = (k/k-1)(INO2CIJ/[NO2])
rate = ka(ki/k.1)([NO2CIJ/[NO2])[NO2CI] = KINO,CI]¥/[NO]
e. What is the predicted rate law when applying the steady state assumption?
rate = ko[CI][NO.CI]
k1[NO2CI] = k4[NOZ][CI] + ka[NOCI][CI]
K1[NO2CI] = (k-1[NO2] + ka[NOCI])[CI]
[CI] = ka[NO2CIJ/(k-1[NO2] + ka[NO2CI])

rate = k1k2[N02C|]2/(k-1[N02] + kz[NOzC”)

¢ HEE IRT SulEF #EC). $4(+E,).

a. kf% —7271om =R = exp&—( ) = epr( a)
K220 Ae™& /RT & RT & RT
In(7.2 x 10°) = -AE,/RT

AE, = -(8.3145 Y/,,,x)(220 K)*In(7.2 x 10°) = 17,400 J/mol



The CI catalyzed reaction proceeds more rapidly at 275 K (the temperature at the
top of the stratosphere), with a rate constant measured as ko7s= 1.1 x 107"

M3/ molec-sec. What is the activation energy for the chlorine-catalyzed reaction?
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E.=2,100 J/mol
What is the activation energy for the fluorine catalyzed reaction?

Since AE, = EF, — E®', = 17,400 J/mol,
EF, = 17,400 J/mol + 2,100 J/mol = 18,500 J/mol = 18.5 kJ/mol



