144 Time(s)

MolA (a) Mol B A Mol A (b) Rate (A mol Als)

0 0.100 0.000
40 0.067 0.033 0.023 B3 x 10"
80 0.045 0.055 -0.022 E5x 107
120 0.030 0.070 -0.015 2.8x10"
160 0.020 0.080 -0.010 25x=x10"
(c) The volume of the container must be known to report the rate in units of concentration
(mol/L) per time.
1410 (a) rate = -A[HBr)2At = A[H, )AL = AlBr. At
(b} raie = -A[SO,)/24t = -AJO,JAt = A[SO,)24t
(c) rate = -AINOY2At = -A[H,[/2At = AIN,J/At = A[H,0)24t
o 14 44 Aralirmailnm [ 1aa Cmiimbimm 4d 8 ae coru. mn . -
/f 1412 (a) -A[C H VAt = A[CO, )24t = A[H,0)/24t
-2A[C,H,)/At = A[CO, /AL = A[H,O)/At
C.H, is burning, -A[C,H,J/At = 0.23 M/s
€0, and H,0 are produced, at twice the rate that C;H, is consumed.
A[CO,)/at = A[H,OV/AL = 2(0.23) M/s = 0.46 Mls
(b) In this reaction, pressure is a measure of concentration.

-A[N;H /AL = -A[H At = ANH, /24t

NH, is consumed, -A[N.H, VAt = 45 torr/hr

H, is consumed, -A[H,)/At = 45 torr/hr

NH, is produced at twice the rate that N."",z "l are consumed,
A[NH VAL = -2A[N.H, )AL = 2(45) torr/hr = 80 torr/hr

AP /AL = (+80 torr/hr - 45 torr/hr - 45 terr/hr) = 0 torr/hr

i

14.15  Analyze/FPlan. Fellew the logic in Sample Exercise 14.6. Solve:

(a) rate = k[N,O,] = 4.82 x107 5™ [N,O.]
(b) rate =4.82 x 10 57 (0.0240 M) = 1.16 x 10~* MIs
(c) rate = 4.82 x 107 57" (0.0480 M) = 2.31 x 10~ M/s

When the concanirztichef 10,7 doutie the rate cf i-2 r1zclicn Joublee,

14.21  Analyze/Plan. Follow the logic in Sample Exercise 14.6. Solve:
(a) From the data given, v.hen [OCI] doubles, rate doubles, When [I"] doubles, rate
doubles. The reaction is first order in both [OCr]and [I']. rate = [ocriy
(b) Using the first set of data:

k= rate  _ 1.35 x 10°M/s
[ocrji-] (1.5 x1073M)(1.5 x 1073 )

=6.0444 x 10°=6.04 x 107 pM's~'
© rate = 5:044 x 10°
Me

= (1.0 x 107 M)(5.0 x 10~ M) = 3.02 x 10° M/s

14.24 (a) Deubling [NH,] while helding [BF,] constant doubles the rate (experiments 1 and 2).
Coubling [EF,) while helding [NH,] constant doubles the rate {experiments 4 and 5).
Thus, the reaction is first order in both BF; and NH,; rata = K[BF,][NH,].

(t) Tne reaction is secend order overall.

; 0.2130 M's
c From experiment 1: k= —C130MS 4 00 400
© 4 (0.250 A (0.250 ) s

(Any of the five sets of initial concentrations and rates could be used to calculate the
rate constant k. The average of these 5 values is Kag =341 M's™)



14.30

14.47

(@  1,;=0693k=06937.0x 105" =930 = 9.9 x 10 g

0693 _ 0693 _ 1min
b) k=053 x =0 = 2,052 x 102 2,06 x 105"
R t,; 56.3min  60s ©ies

1434 ts) Peupuc In Peunc : .|_1||“|i —T
1
0 502 6.219 IR IER|
2000 335 5814 [
5000 180 5.183 %) ~ g
8000 855 4550 k2 et
12000 417 3731 3] L1
o !
15000 224 3.109 2 T
A graph of In P vs t is linear with a __|I“|.|"
slope of -2.08 x 10~ s™. The rate 8 10 12

constant k = -slope = 2.08 x 10~ 5-',

3 Time (sec) x 102
Half-life =1,, = 0.693/ = 3.33 x 107,

Analyze/Plan. Given k. at T,, calculate katT,

. Change Tto Kelvins, then yse the Ahrrenius
equation [14.21] to calculate k. Solve:

T,=20°C+273=293 K T,;=60°C+273=333 Kk =2.75 x 102~

k E
ay In|2 .;.I.T_I-LI* 75.5 % 10 Wmel
k] R |33 283 8313 Imer (100 % 10%)

In(kfk,) = -3.7229 = .3.72; ky/k; = 0.0242 = 0,024: k= 0.02755 -

=1
002s2 - 1%
k 3
) n| 2105210 umal ( 1 1) _ .
k2] 8314Umal | 333 253) = 51776=5.18
Kk, = 5642 x 109=55 x 10°; k,= 0.02755
5.642x 107

=495

14.50

14.61  Analyze/Plan. Given a proposed mechanism and an observed rate law, determine which slep

k Ink T(K)  1T(x 10%)
0.028 -3.58 600 167
0.22 -1.51 650  1.54 M
13 0.26 700 1.43 2
6.0 1.79 750 133 0 1] 3
23 314 800 1.25 = m_ m /
Using the refationship In k = In A - ERT, 2| /
the slope, -15.94 x 10 =16 x 10°, is -E/R. m 1 .
E, =15.94 x 10 x 8.314 J/imol = 1.3 x 10 kJ/mol. 12 13 14 15 16 17

To calculate A, we will use the rate data at 700 K.
From the equation given abave, 0.262 =
InA-15.94 x 10%700; In A = 0.262 + 22.771.
A=1.0x10"

1/T(x103)

Is rate determining. Solve:

(a)

(b)

If the first slep is slow, the observed rate law is the rate law for this step.

rate = k[NOJ(CL]

Since the observed rale law is second-order in [NO), the second step must be slow
relalive lo the first step; the second slep is rate delermining.

1473 Analyze/Fiza. Letk = the rale constant for the uncatalyzed reactn,

k. = the rate constant for the catalyzed reaction

According to Equation [14.22), In k = -E,/RT+InA
Subtracting In k from In k,,

__.__m._nxu.Tmr.ﬂ.ag_ .sp_ ﬁ 25 M ._EL. Solve:

(a)

(b}

R RT

RT=8.314 J/K+molx 298 K x 1 kJ/I1000 J = 2.478 kJimol; In A is the same for both
reaclions.

95 kJ/'mal - 55 kJ/mol H
I k)= s kk=10x10
(ke ) 2.478 kJ/mol k

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

RT = 8.314 J/K+molx 398 K x 1 kJ/1000 J = 3,309 kdimol

40 kJ/mol
3.309 kJmol

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

In (i, /i) =

s kek=18x10°
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