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Sheet 2

For the reaction between nitrogen and hydrogen
N2 (g) + 3 Hz (g) — 2 NH:z (g)

the rate of formation of ammonia was measured as 10 mmol dm 2 s 1. What was

the rate of consumption of hydrogen?

Strategv

Use the stoichiometry of the reaction to determine the rate at which hydrogen is

consumed relative to that at which the ammonia is produced.

Solution
For every 2 mol of NHz (g) produced, 1 mol of N2 (g) and 3 mol of Hz (g) are

consumed. Thus

Rate of consumption of hydrogen = 3/2 X rate of formation of ammonia
= 1.5 x 10 mmol dm=3s~!

= 15 mmol dm—3s~1!

The decomposition of N,Os in the gas phase was studied at constant temperature.

2N,05(g) —> 4NO,(g) + O,(g)

20 In[N,0O] Time (s)
. —2.303 0
S, 40 —2.649 50
=, —2.996 100
E —3.689 200
_6.0 —4.382 300
—5.075 400
0 100 200 300 400
Time (s)
The following results were collected:
[N,04] (mol/L) Time (s)
0.1000 0
0.0707 50
0.0500 100
0.0250 200
0.0125 300
0.00625 400

Using these data, verify that the rate law is first order in [ N,Os], and calculate the value
of the rate constant, where the rate = —A[N,O5]/Af.
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Solution

We can verify that the rate law is first order in [ N,Os] by constructing a plot of In[ N,Os]
versus time. The values of In[N,Os] at various times are given in the table above and the
plot of In] N,Os] versus time is shown in Fig. 12.4. The fact that the plot is a straight line
confirms that the reaction is first order in N,Os, since it follows the equation In[ N,Os] =
—kt + In[ N,Os],,.

Since the reaction is first order, the slope of the line equals —k, where

changeiny Ay  A(In[N,Os])

Sl =—=
ope change inx  Ax At

Since the first and last points are exactly on the line, we will use these points to cal-
culate the slope:

—5.075 — (—2.303) —2.772
= = - — -' 3 b4 -3 _‘_1
Slope 2005 — 05 200, s 6.9 10 s

k = —(slope) = 6.93 X 107 s~

A certain first-order reaction has a half-life of 20.0 minutes.

a. Calculate the rate constant for this reaction.

Solution
a. Solving Equation (12.3) for k gives

L — 0.693  0.693
t)2 20.0 min

= 3.47 X 102 min~'

Consider the reaction
4PH;5(g) — Pi(g) + 6Hx(g)

If. in a certain experiment, over a specific time period. 0.0048 mol
PH; is consumed in a 2.0-L. container each second of reaction,
what are the rates of production of P, and H, in this experiment?

Solution
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The coefficients in the balanced reaction relate the rate of disappearance of reactants to the
rate of production of products. From the balanced reaction, the rate of production of P4 will

be 1/4 the rate of disappearance of PHs, and the rate of production of H, will be 6/4 the rate
of disappearance of PHs. By convention, all rates are given as positive values.

~A[PH,] _ (0.0048 mol/2.0L)

Rate = =24 x 107 mol/LXs
At S

AP, _ 1 APH, | 24x107°/4=6.0x 10" mol/LXs
At 4 At

AH,] _ 6 A[PH;]

= — 32 6(2.4 %107 )/4=3.6 x 10 mol/LXs
At 4 At

In the Haber process for the production of ammonia,

N,(g) + 3Hy(g) — 2NH;(g)

what is the relationship between the rate of production of ammo-
nia and the rate of consumption of hydrogen?

Solution
AMH;] _ jANoT AINHL] L AINGT o LATHG] 1 AINHL]
At At At At 3 At 2 At

AINH;] _ 2 A[H,]
At 3 A

(O

Ammonia 1s produced at a rate equal to 2/3 of the rate of consumption of hydrogen.
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At 40°C, H,Os(aqg) will decompose according to the following

reaction:

The following data were collected for the concentration of H,O,
at various times.

Time (s) [H,0,] (mol/L)
0 1.000
2.16 X 10* 0.500
4.32 x 10* 0.250

a. Calculate the average rate of decomposition of H,O, between
0 and 2.16 X 10* s. Use this rate to calculate the average rate
of production of O,(g) over the same time period.

b. What are these rates for the time period 2.16 X 10* s to
4.32 X 10% s?

Solution

— A[H,O0,] _ —(0.500 M —1.000 M)
At (2.16 x10* s — 0)

=2.31 x 107 mol/LXs

a. average rate =

From the coefficients in the balanced equation:

AlO,] _ _ 1 AIHL0:1 4 16 % 105 mol/I.Xs
At 2 At
b. —A[H,O, | _ _(0'25(4) _O'SOO)JM: =1.16 x 10 ° mol/LXs
At (432%x10" —2.16 x107) s
A[O, ] =1/2(1.16 x 10*5) =5.80 x 10 ° mol/LXs

Notice that as time goes on in a reaction, the average rate decreases.
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]
A certain reaction has the following general form:
aA — bB

At a particular temperature and [A], = 2.00 X 107> M. concen-

tration versus time data were collected for this reaction. and a plot

of In[A] versus time resulted in a straight line with a slope value

of =2.97 X 107> min~".

a. Determine the rate law, the integrated rate law, and the value
of the rate constant for this reaction.

b. Calculate the half-life for this reaction.

¢. How much time is required for the concentration of A to de-
crease to 2.50 X 107> M?

Solution

a. Because the In[A] vs time plot was linear, the reaction is first order in A. The slope of the
In[A] vs. time plot equals 'k. Therefore. the rate law, the integrated rate law and the rate
constant value are:

Rate = k[A]; In[A]= 'kt + In[A],; k=2.97 x 107> min "

b. The half-life expression for a first-order rate law 1s:
h2 06931 _ 0.6931

]

—, = ———— = 23.3 min
k k 2.97 x10™" mm

lin=

c. 2.50 x 107M is 1/8 of the original amount of A present, so the reaction is 87.5%
complete. When a first-order reaction 1s 87.5% complete (or 12.5% remains), the reaction
has gone through 3 half-lives:

100% — 50.0% — 25% — 12.5%: t=3xt1p=3x23.3min=069.9 min
tin tin ti2

Or we can use the integrated rate law:
£ 2.5 2 .
P (LY —OXI0_2 M| 212,97 x 102 min ™) t
[A], 2.00x107" M

_ n(0.125)
—297x102 min*

= 70.0 min
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The radioactive isotope **P decays by first-order kinetics and has

a half-life of 14.3 days. How long does it take for 95.0% of a

sample of **P to decay?

Solution
n Al = kt: k= 2 _ 9'69"1 — 4.85 =< 102 d!
rAl, ty, o 143d

If [A]lo = 100.0. then after 95.0%0 completion. [A] = 5.0.

5.0 P e |
In =14 .85 = 10 d " =t, t= 62 davs
100.0

For the reaction A — products, successive half-lives are observed
to be 10.0, 20.0, and 40.0 min for an experiment in which
[A]y = 0.10 M. Calculate the concentration of A at the following
times.

a. 80.0 min

b. 30.0 min

Solution

Successive half-lives double as concentration is decreased by one-half. This 1s consistent
with second-order reactions so assume the reaction is second order in A.

| 1 1

K[A] t,,[Al, 10.0mmn (0.10 M)

= 1.0 L/molXmin

o

: kt + : = LOL % 80.0 mm +
[A] [A]

: =90.M7, [A]=11x10"M
mol mimn 0.10 M
b. 30.0 min = 2 half-lives, so 25% of original A is remaining.

[A]=0.25(0.10 M) =0.025 M
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