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Kinetics Problems

Given the following data:

[A] [B] Rate
(M) (M) (M/s)
0.20 0.10 1.12x 103
0.20 0.20 4.48 x 102
0.40 0.10 2.24 x 107

Determine the:
(@) rate expression for the reaction.
(b) rate constant.

(© reaction rate when [A] =0.12 M and [B] = 0.10 M.

Dinitrogen pentoxide decomposes as shown below.

2N,0s(g) > 4NO2(g) + O2(9)

At 70° C, the value of the rate constant is 2.3 x 10°/s. If the initial
concentration of N2Os is 0.38 M, how much N,Os remains after 2.5 minutes?
Nitrosyl bromide decomposes as shown below.

2NOBr(g) = 2NO(g) + Bra(g)

The activation energy for the reaction at 130° C is 78.6 kJ/mol. How many times
greater is the rate constant when the temperature is increased to 160° C?
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Dinitrogen tetraoxide reacts with carbon dioxide as shown below.
N204(g) + 2CO(g) > 2COx(g) + 2NO(9)

(@) What is the rate of reaction in terms of N,Oy4 ?

(b) How is the rate of N,O, disappearance related to the appearance of NO?

(©) If N,O4 reacts at the rate of 11 M/s, what is the rate of NO formation?

Phosphine decomposes as shown below.
4PH3(g) > Pu(g) + 6H2(Q)
This reaction takes place at 100° C and the rate constant is 0.372 M/min.

(@) How long does it take for the phosphine to drop to one-fifth of its
original concentration?

(b)  Whatis k at 70° C if the activation energy is 73.2 kJ/mol?

Given the following data:

[A] Rate
(M) (M/s)
0.10 0.010
0.20 0.042
0.30 0.097
0.40 0.158

Determine the reaction rate when [A] = 0.15 M.



Solutions

1) (@) Rate = k[A]"[B]"

(b)

Rate; = k(0.20 M)™(0.10 M)"

Rate; = k(0.20 M)™(0.20 M)"

Rate,/ Rate, = k(0.20 M)™(0.10 M)" k(0.20 M)™(0.20 M)"

(1.12 x 107 Ms)/(4.48 x 10°° Mis) = k(0-20-M)™(0.10 M)"/ k(0-20-M)Y™(0.20 M)"
0.25 = (0.10/0.20)"

0.50"=0.25,n=2

Rate; = k(0.20 M)™(0.10 M)?

Rate; = k(0.40 M)™(0.10 M)?

Ratey/ Rate; = k(0.20 M)™(0.10 M)% k(0.40 M)™(0.10 M)?

(1.12 x 107 Mis)/(2.24 x 107 Mis) = k(0.20 M)™(0-20-M)?/ k(0.40 M)™(0-10-M)?
0.50 = (0.20/0.40)"

0.50"=0.50,m=1

Rate = k[A][B]’

Rate = k[A][B]*

1.12 x 10° M/s = k x (0.20 M) x (0.10 M)?

k=0.56 M?s*!

¢) [A]1=0.12M [B]=0.10M k=056 M?3s
© [A] [B]

Rate = k[A][B]* = 0.56 M x 0.12 M x (0.10 M)?

Rate = 6.7 x 10 M/s
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T=70°C [N2Os]o=0.38 M

k=23x10%s t = 2.5 min

IN[N20s]; - IN[N2Os]o = -k x t
IN[N20s] = -k x t + IN[N20s]o

IN[N2Os]; = -2.3 x 10%/s x 2.5 min x 60 s/1 rain + In(0.38)
In[N2Os]; = -1.31

[N2Os]i = e =0.27 M

E. = 78.6 kd/mol T:=130°C+273=403 K

R =8.31 J/mol-K T,=160°C+273=433 K

In(ka/Ky) = Eo/R X (T12 = T2h)

In(ko/ky) = 78.6 kI/mek/(8.31 I/met-K x 1 k3/10° J) x (403 K — 4331 K)

In(ka/ky) = 1.63
Kok, =% =51

kz =51 k1

(@) Rate =-A[N,O4]/At
(b)  Rate =-A[N,O4]/At = A[NO]/2At
(©) Rate =-A[N,O4]/At = A[NO]/2At

A[NOY/At = 2 x 11 M/s = 22 M/s

[NzOs]t =7
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T=100°C k =0.372 M/min

[PHs]t = 1/5 x [PHzs]o

(@  In([PH3]/[PHs]o) = -k x t
In(0.20 x fRH3}o/(FPHs)) = -0.372 M/min x t
-1.61=-0.372 M/min x t
t=4.33 min

(b)  In(ko/ky) = Eo/R(1/Ty - 1/T))
In(ka/ky) = 73.2 kI/mel/(8.31 ImekK x 1 k3/10° 3)(1/373 K — 1/343 K)
In(ko/ky) = -2.07
Ko/ky = €2 =0.12

k, =0.12 x k; =0.12 x 0.372 M/min = 0.045 M/min

Rate, = k[A]™

0.042 M/s = k(0.20)"

Rate,; = k[A]™

0.158 M/s = k(0.40)™

Rate,/Rates = K[A]™/K[A]™
0.042 M/s/0.158 Mis = k(0.20)™/k(0.40)™ = (0.20/0.40)™ = 0.50™
0.27 = 0.50™

m=2



Rate, = k[A]™

0.042 M/s = k(0.20 M)?
k = 0.042 M/s/(0.20 M)?
k=10M"s?

Rate = k[A]?

Rate = 1.0 M™*s™ x (0.15 M)? = 0.022 M/s



