
a) K2 > K1

2NH3 ⇔ N2 + 3H2 K1 (25 oC)

2NH3 ⇔ N2 + 3H2 K2 (100 oC)

b) K2 = K1

c) K2 < K1

K = [N2][H2]3 / [NH3]2

2NH3 ⇔ N2 + 3H2 ∆H = + 92 kJ mol-1 at 25 oC



L9

The rate of reaction



The rate of reaction

• is the change of the concentration of reactant 

• divided by the time it takes for the change to occur

• 3 mol dm-3 year -1

• 5 mmol dm-3 s-1



• The rate in first 
second:

• Concentration of 
reactant decreases 
from 10 to 7, 10-7=3

• v=3/1

• The rate from 5.-6. 
second:

• Concentration of 
reactant decreases 
from 2 to 1, 2-1=1

• v=1/1

1 5 6

10

7

2

1

/s

The rate of a reaction 
decreases during 
the course of the reaction



Rates are measured

• by following the time dependence of the 
concentration 

• by spectroscopy, titration, conductivity, 
pH, and pressure or volume 
measurements



Zn(s) + 2HCl(aq) →
Zn2+(aq) + 2Cl-(aq) + H2(g)



(CH3)3C-Br(l) + H2O(l) → (CH3)3C-OH(l) + H+(aq) + Br-(aq)



Rate is measured by spectroscopy

starch + I2 + amylase → glucose + I2 + amylase 



It is not possible 
to estimate 

the order of reaction 
by this curve



• ln[A]= -k1t + ln[A]0

• y = ax +  b

A first-order rate 
equation is rate = k1[A]

k1 is the rate coefficient

The time dependence of
the concentration is 
given by:



10

5

5

2.5

• The half-life of a 
reaction is the time 
taken for the 
concentration to 
decrease to one half 
its initial value. 

• Compare the half-
life, t1/2, that is 
necessary to 
achieve½[A]0 at 
first and second 
graph

• Is it dependet upon 
[A]0 value?



• ln[A]= -k1t + ln[A]0

• ln[A]- ln[A]0= -k1t

• ln { [A] / [A]0} = -k1t

• ln { ½[A]0 / [A]0} = -k1 t½

• (ln ½ = -ln 2)

• -ln 2 = - k1t½

• t½= (ln 2)/k1 = 0,693/k1

• For a first-order reaction the half-life is 
independent of the initial concentration



10

5

2.5

Will reactant be 
totally spent 
after time

2t1/2 ?

Will concentration be 
[A] = 0?

2t1/2

¼[A]0

first-order rate

x x = time



12 = 50% of 24

24

6 
25%

3
12.5%



Second-order 
rate equation

• rate = k2[A]2

• k2 is the rate coefficient. 

• The time dependence of the 
concentration is given by:

• 1/[A]= k2t + 1/[A]0  

• y = ax +  b



y = ax +  b

1/[A]= k2t + 1/[A]0

second-order rate



y = ax +  b

ln[A]= -k1t + ln[A]0

first-order rate:



faster initial
decay

slower later
decay

1 second

8

10

6
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5

2.5

• Compare the half-
life, t1/2, that is 
necessary to 
achieve½[A]0 at 
first and second 
graph

• Is it dependet upon 
[A]0 value?

First-order rate



the half-life
decreases

with increasing
initial
concentration

the rate of
initial
concentration
halving is 
increased
with
increased
initial
concentration

First-
order

reaction

Second-order
reaction



• k1 or k2 ? 
• A first-order rate equation is rate = k1[A]
• A second-order rate equation is rate = k2[A]2

• The rate equation cannot be predicted from 
the chemical equation 

• It must be determined experimentally

CH3COCH3 (aq) + I2 (aq) ⇒ CH2ICOCH3 (aq) + HI (aq)



Iodination of propanone in acid solution

CH3COCH3 (aq) + I2 (aq) ⇒ CH2ICOCH3 (aq) + HI (aq)

a) 2x c(CH3COCH3) ⇒ 2x v

b) 2x c(I2) ⇒ v = const.

c) 2x c(H+) ⇒ 2x v
from 0,1 to 0,2 M

decrease from pH 1 to pH 0,7
v = k2 ⋅ c(CH3COCH3)⋅c(H+)



• Reactions often occur in several steps. 
• If one step is much slower than the others it is termed the 

rate-determining step. 

• A rate equation is explained by proposing a mechanism for 
the reaction, a sequence of individual reaction steps.

CH3COCH3 + H+ ⇒ CH3COCH4
+

+ I2 ⇒ CH2ICOCH3 + HI + H+

v = k2 ⋅ c(CH3COCH3)⋅c(H+)



CH3COCH3 + H+

⇒ CH3COCH4
+

+ I2 ⇒ CH2ICOCH3
+ HI + H+

• This is like two towns being joined by a good road
crossing two bridges

• If the first bridge is narrow the traffic will queue to 
pass over it

• but once they are across, the second, broad bridge 
does not impede them

If one step is much slower 
than the others it is termed 
the rate-determining step. 



• Reaction
rates
increase
sharply with
temperature 

10 K incerase

rate more 
then doubles

rate coefficient



Arrhenius law

rate coefficient:

k = Ae-Eact/RT

Eact, activation energy



• Many more molecules have 
at least Ea at high 
temperature then at low



Ea

• Many more 
molecules have
at least Ea at
high
temperature 
then at low

• Temperature 
= const.

• Ea with 
catalyst

• Ea
without 
catalyst

high T

low T

Number of 
molecules

Number of 
molecules



reactant=
=substrate

product





…providing new lower energy path…



Iodination 
of 

propanone 
in acid 
solution

CH3COCH3 (aq) + I2 (aq) ⇒ CH2ICOCH3 (aq) + HI (aq)

2x c(H+) ⇒ 2x v
from 0,1 to 0,2 M

decrease from pH 1 to pH 0,7

CH3COCH3 + H+

⇒ CH3COCH4
+

+ I2 ⇒ CH2ICOCH3
+ HI + H+





• Movie about Ea


