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A graph of In P vs t is linear with a . } E : ! } i =
slope of -2.08 x 10 s™'. The rate 0 2 4 & 8 10 12 14
constant k = -slope = 2.08 x 107 s™. Time (sec) x 103
Half-life = t,,, = 0.693/k = 3.33 x 10°s.
14.47 Analyze/Plan. Givenk,, at T,, calculate k, at T,. Change T to Kelvins, then use the Ahrrenius
equation [14.21] to calculate k,. Solve:
T,=20°C+273=293K; T,=60°C+273=333K; k,=2.75 107%™
k E 3
@ | 5] =Bt 1) o 755x10°Umol 44004 104
K, R | 333 293 8.314 J/mol
1
In(ky/k,) = -3.7229 = -3.72; k,/k, = 0.0242 = 0.024; k,= 202708 4 4 &
0.0242
k 3
g )] etE0dmey 81 ) es e s
K, 8.314 J/mol 333 293
-1
kJk,=5.642 x 10°=56 x 10°; k,= 202798 - 494
5.642 % 1073
1450 k Ink T(K) 1/T(x 107
0.028 -3.58 600 1.67 .
0.22 -1.51 650  1.54 g
1.3 0.26 700 1.43 2
6.0 1.79 750 1.33 “ 11
23 3.14 800 1.25 £ ?
Using the relationship In k = In A - E,/RT, -2
the slope, -15.94 x 10° =-16 x 10%, is -E,/R. -3
= 3 -
E, = 15.94 x 10° x 8.314 Jimol = 1.3 x 107 kdimol. ™, 5™ 3™ T g
To calculate A, we will use the rate data at 700 K. 11T (x 103)

From the equation given above, 0.262 =
In A-15.94 x 10%700; In A= 0.262 + 22.771.
A=1.0x10%,



14.61 Analyze/Plan. Givena pr-oposed mechanism and an observed rate law, determine which step
is rate determining. Solve:

(a) If the first step is slow, the observed rate law is the rate law for this step.
rate = k[NO][CI,}
(b) Since the observed rate law is second-order in [NOJ, the second step must be slow

relative to the first step; the second step is rate determining.

14.73  Analyze/Plan. Let k = the rate constant for the uncatalyzed reaction,
k. = the rate constant for the catalyzed reaction

According to Equation [14.22], In k = -E, /RT + In A
Subtracting In k from In k.,

m,m:{M +.nA] -[_gﬁyﬁm

. Solve:
RT

(a) RT =8.314 J/Kemolx 298 K x 1 kJ/1000 J = 2.478 kd/mol; In A is the same for both
reactions.

oty SIS, | e 11y

The catalyzed reaction is approximately 10,000,000 (ten million) times faster at 25°C.

(b) RT = 8.314 J/Kemol x 398 K x 1 kJ/1000 J = 3.309 kJ/mol

40 kJ/mol
I ky=—""""- -k /k=1.8x10°
ks /K) 3.309 kd/mol ke

The catalyzed reaction is 180,000 times faster at 125°C.
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