Chemical Kinetics, Reaction Rates, and the Rate Law

1. Consider the following reaction
CO(g) + NOz(g) — CO2g) + NO(g)
The kinetic data of initial reaction rate were collected for the initial concentration conditions. The

rates are average initial rates, obtained graphically from the original kinetic data. Use the method
of initial rates to determine the rate law and rate constant.

[CO]Jo [NO:]o Initial Rate
(M) M) (M/h)
51x10* 035x10% 3.4x10°®
5.1x10% 070x10* 6.8x10®
5.1x10% 018x10* 1.7x10%
1.0x10° 035x10* 6.8x10°
15x10° 0.35x10* 10.2x10%
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Rate Law:
Rate = K[CO]*[NO, ]’

To get x, pick 2 reactions where [NO, ] is held constant...
Rate, _ k[COJ/[NO,T
Rate, Kk[COJ];[NO,J’

3.4x10°M/h [5.1><104 M ]

6.8x10°M/h | 1.0x10°M
050=051" x=1
now repeat the analysis, holding [CO] constant:
6.8x10°M/h  0.70x107*M
1.7x10°M/h  0.18x10°M
40=3.9’
y=1
finally, get the rate constant using any experiment:
Rate = kK[CO][NO,]'
B 3.4x10°M/h
 (5.1x10*M)(0.35x107* M)

=1.90 M*h*




2. A first-order reactions proceeds with a rate constant of 0.020/s. If the initial concentration of the
reactant is 0.012 M, what will be the concentration after 30 s?

k=0.020s"
C =C,e ™™ =(0.012 M)e %)% _ 00066 M

3. Referring to the previous question, what fraction of starting material remains after 15 s?

. C _ _ 1
fraction = C—t =g =g 00059 = 0,74
0

That is, 74% of the reactant remains after 15 s.

4. What is the half-life of this reaction?

[ 0693 0693 ..

'k 0.020st




5. Radioactive isotopes decay obeying a first-order kinetic rate law. Tritium, a radioactive isotope of
hydrogen, has a half-life of 12.3 y. It has a natural abundance of 10™*® percent (by mol). What mass
of tritium (atomic weight 3.016 u) is present in 1000 kg of water? After 100 years, what mass of

tritium will remain?

0693

=5.63x102y™
123y

t

N

10 atoms *H
100 atoms H

. 3 1mol H,0 2 molH « 10 8atoms °H g°H
m,,, =1000x10°g x 18015 g H,0 X molH,0 X 100atomsH X 3.016 mol °H

abundance =

m,,, =3.35x10"°g *H

My =3.35x1075g x @100V —1 9107



