Chapter 12 Chemical Kinetics
12.1 Reaction Rates
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consider the decomposition of NO 2 into NO c
and O» time, seconds
2NO2(g) = 2NO(g) + O2(g)
see pg. 557 table 12.1 and pg 558 fig. 12.1
. [NO2]2 - [NO2]1
the average rate betweent 1 and to is rate = th-t1
. (0.0055 M) - (0.0079 M) 5 1
between 50 s and 150 s the rate is r = 1505-50 s =-24x10" " Ms

we say rate of reaction = the rate of disappearance of NO o, sor=2.4x 10'5 M s'1

the instantaneous reaction rate at time t is found by taking the slope of the line at t

, 0.0026 M ] .
(see figure 12.1) slope = “110s - 24x10°Ms™t

12.2 Rate Laws

Study how the initial rate of t he reaction depends on changes in concentrations of
the reactants.

Reaction Rates and Stoichiometry
notice that the rate at which O 5 is produced is 1/2 the rate at which NO s is
consumed or NO is formed.
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for 2A — B, rate =

and, in general, for the reaction aA + bB — cC + dD,
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Consider the reaction
Fo +2ClIO2 — 2FCIO»

[F2] [ClO 7] Initial Rate
0.10 0.010 1.2 x 10-3
0.10 0.040 4.8 x 10-3
0.20 0.010 24 10-3

rate = K[F 2][CIO 5]

the reaction is first order in F 2 and first order in CIO 2 or second order overall.
In general, rate = k[A] X[B]y this is called a differential ra te law

reaction order, X th orderin A,y th order in B, x+y order overall
12.3 Determining the Form of the Rate Law

Method of Initial Rates B measure instantaneous rate before initial concentrations
change significantly

[A] [B] Initial Rate
0.10 0.10 0.20
0.20 0.10 0.40
0.30 0.10 0.60
0.30 0.20 2.40
0.30 0.30 5.40

reaction is first order in A, second order in B; rate = K[A][B]

2NO +2H 2 — N2 + 2H-20

[NO] [H 2] Initial Rate
0.10 0.10 1.23 x 10-3
0.10 0.20 2 46 x 10-3
0.20 0.10 4.92 x 10-3

reaction is second order in NO, first orderin H 2; rate = k[NO] 2[H 2]
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12.4 The Integrated Rate Law

-l Alo Alo K
kit = J[A—A]]— SO kt = |n% or '09[[A]] :2.3to3

First order reaction A — product, rate =

In[A] = -kt + In[A] o is straight line with slope -k and intercept A o

0.951229 I R
0.05] I
-k i
a(t) b — InCa(t))
— i
‘—\51 l
.0.00673795 | 0 5 10
0.1, t Jdo, 0.1, t Jdo,
Example
C12H22011 + H20 — CeH 1206 + CeH 1206
sucrose glucose fructose

The reaction is first order withk = 6.2 x 10 >s™ If [A o] is 0.40 M, what i s [A] after 2

hours?
In[A] = -kt + In[A] o = -(6.2 x 10 s )(7200 s) + In(0.40) = -1.36
[A] = exp(-1.36) = 0.26 M

How long will it take for the concentration to drop to 0.30 M?

A
Ao _, 040 _ 29 t=—2%— = 4640's = 77 min
Al 0.30 6.2x107s

kt=1In

half-life tq/, is the time required for the concentration to decrease by 1/2
1 [Alo 1 _0.693

taz =) N oA, Tk M2= Ty

The half life of the sucrose reaction is (0.69 3)/(6.2 x 107 s'l) = 11,177 sec = 186 min
= 3.1 hrs.

. . Po
for a gas-phase reaction, P « concentration, kt = In )
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Second Order Rate Laws

A — product rate = k[A] 2 second order in A

A+ B — product rate = k[A][B] second order overall

for A — product ot 5 = kdt, integration yields

AL _ a2 or?m]‘ =

1
W + C =kt

or integrating from [A] o to [A]

1
[Al " [Alo

+ kt

_ 1 _ 1 1
to get the half life, 12810~ [Alo +kt12 so tip= KA o

Problem: 2NOCI — 2NO + Cl, rate = (0.020 M ‘s)[NoCI] 2

If the initial concentration is 0.050 M, what is the concentration after 30 min?

1 1 o
[NOCL] ~[NOCL], ' (0.020 M *s™)(30 min)(60 s/min)
1 1

_ 1 1 _
[NOCI] ~ 0.050 M +36M " =56 M [NOCI] = 0.0179 M

What is the half life if this reaction?
1

t12 = = 1 -
KIAlo  (0.020 M™s)(0.050 M)

=1000 s =16.7 min

Zero Order Rate Laws

Reactions which occur on the surface of a catalyst, or which are cataly zed by an
enzyme, often exhibit zero order kinetics

Rate = k[A] © =k
The integrated rate law is
[Al = -kt +[A] o

Integrated Rate Laws for Reactions with More Than One Reactant

12-4



for the reaction aA + bB + cC — products,
rate = k[A] ¥[B]Y[C]?,

if Band C are present in excess, so that [B] and [C] are essentially constant, than
rate = k QA]*

the reaction follows pseudo -x-order kinetics

12.5 Rate Law Summary

12.6 Reaction Mechanisms

Most reactions proc eed by a sequence of steps. The rate of each elementary step is
given by a simple rate expression.

For the reaction
2NO + O2 — 2NO>
a possible mechanism is
2NO — N20O» bimolecular reaction
N2Oo + O — 2NO2 bimolecular reaction
molecularity Bthe number of species that must collide in a given step
rate 1 = k1[NO] 2
rate 2 = k2[N 202][O2]

The overall rate of the reaction depends on which step is the  rate limiting
(determining) step . If step 1 is the rate -determining step,

rate = k 1[NO] 2

If step 2 is th e rate-determining step, then step 1 will reach an equilibrium
2NO = N70»
where the rate of the reverse reaction rate .1 = k_1[N207]
Since there is equilibrium, rate 1 = rate .1 and k1[NO] o= k_.1[N202], so
k1

N202] = [NOJ? so

kK1 2
rateo =rate =k » k_l [NO] "[O2]
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For the reaction
2H202(aq) = 2H20() + O2(g)

rate = k[H 202][l ] iodide ion is a catalyst for the reaction

1 Hpop+1” X H0+o0I
2 H,05 + Ol "_3 H20(|)+02(g)+|-

Step 1 is the rate determining step, so rate =k 1[H202][l ]

For the reaction
2NO2Cl — 2NO; + Cl,  rate = KINO 2Cl] (first order)

1 NO2Cl — NO» + Cli (slow)
2 NO,Cl + Cl — NO3» + Cl» (fast)

For the reaction
H2(g) + I2(g) = 2Hl (g)
rate = kK[H 2][l 2]

k1
1 Io k<—_> 2l this reaction reaches equilibrium
-1
2 Ho + 2l kg 2HI this termolecular reaction is slow
rate = k o[H2][I] 2 [I] is determined by equilibrium in step 1

Kall 2] = k-all] ®
k
m* =3 02

kiko
so  rate=" " [H2][l 2] = k[H 2][I 2]

12.7 A Model for Chemical Kinetics

rate of reaction o« number of collisions per second
not all collisions result in a reaction

Activation energy E,: the minimum amount of energy required to initiate a

chemical reaction.

Activated complex: temporary species formed by collision prior to formation of

products.
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A+B —-AB* -C+D

AB* is the activated complex. The rate of formation of activated complex controls

the rate of the reaction.

Activated Complex

C+D

Arrhenius Equation

Activated Complex

O2NCl + Cl — OsN---Cl---Cl = O2N + Cl »
successful reaction occurs when Cl collides with ClI

k= Ae

where

Ink = R_Ta +1In A so plot of In k vs 1/T gives a straight line with slope =

-Ea/RT

E 4 = activation energy in kJ/mol
R = gas law constant, 8.314 J/K mol

T = temperature in K
A = frequency factor

intercept=1In A

Problem: Data for the reaction 2NO 2 — 2NO + O»

k
7.8
10
14
18
24

T (iC)
400
410
420
430
440

In K
2.05
2.30
2.64
2.89
3.18

1T (K)
0.001486
0.001464
0.001443
0.001422
0.001403

12-7

-E4/R and



3.2 \ f(x) = -1.369214E+4*x + 2.237797E+1

0.00141
0.00142
0.00143
0.00144
0.00146
0.0o47
0.00149 2

0% K

L
=
—
=
=
=

1

0 Eqa = (1.4 x 10%(8.314 J/K mol) = 1 16,000 J = 116 kJ

SN

slope =-Ea/R =-1.4 x

(7]

12.8 Catalysis

Catalyst: a substance that increases the rate of a reaction without itself being
consumed. The catalyst may react to form an intermediate, but is regenerated in

the reaction.

A+B L C + D without catal yst

A+B k_ﬁ C + D Kkcis the catalytic rate constant

C+D C+D

Heterogeneous Catalysis - catalyst is usually in solid phase.
Homogeneous Catalysis - usually liquid (solution) phase.

Enzyme Catalysis - very reactive and very specific.
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