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Thermodynamics of chemical processes 

Chemical thermodynamics describe the energetic balance 
of chemical processes. This tells us which processes can 
principally occur and whether they consume or release 
energy. 

Kinetics of chemical processes 

Reaction kinetics describe at which rate chemical reactions 
occur. 

Thermodynamics – does a reaction take place? 

Kinetics – how fast does a reaction proceed? 



RATE How much concentration changes with time. It is the equivalent of velocity. 

MEASURING THE RATE 
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•  the rate of change of concentration is found from the slope (gradient) of the curve 

•  the slope at the start of the reaction will give the INITIAL RATE 

•  the slope gets less (showing the rate is slowing down) as the reaction proceeds 

THE SLOPE OF THE GRADIENT OF THE 

CURVE GETS LESS AS THE 

REACTION SLOWS DOWN 

WITH TIME 





Chemical Kinetics 

Reaction rate is the change in the 

concentration of a reactant or a 

product with time (M/s). 

A          B 

rate = - 
D[A] 

Dt 

rate =  
D[B] 

Dt 

D[A] = change in 

concentration of A over           

time period Dt 

D[B] = change in 

concentration of B over 

  time period Dt 

Because [A] decreases with time, D[A] is negative.  
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The Rate Law 

The rate law expresses the relationship of the rate of a reaction 

to the rate constant and the concentrations of the reactants 

raised to some powers. 

aA + bB          cC  

Rate = k [A]x[B]y 

reaction is xth order in A 

reaction is yth order in B 

reaction is (x +y)th order overall 
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22 O 2NO          2NO 

Experiment 

Initial Conc. 

[NO2]

Rate  [O2] 

Formation

1 0.01 7.1 x 10
-5 

2 0.02 2.8 x 10
-4 
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 General: 

 

 

 Substituting: 

 

 

 Solution: 
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F2 (g) + 2ClO2 (g)          2FClO2 (g) 

rate = k [F2]
x[ClO2]

y 

Double [F2] with [ClO2] constant 

Rate doubles x = 1 

Quadruple [ClO2] with [F2] constant 

Rate quadruples y = 1 
rate = k [F2][ClO2] 

overall order of the reaction = 1+1= 2 



Run # Initial [A] 
 ([A]0)  

Initial [B] 
 ([B]0) 

Initial Rate (v0) 

1 1.00 M 1.00 M 1.25 x 10-2 M/s 

2 1.00 M 2.00 M 2.5 x 10-2 M/s 

3 2.00 M 2.00 M 2.5 x 10-2 M/s 

 

 

What is the order with respect to A? 

 

What is the order with respect to B? 

 

What is the overall order of the 

reaction? 

0 

1 

1 



Determine the rate law and calculate the rate constant for 

the following reaction from the following data: 

S2O8
2- (aq) + 3I- (aq)          2SO4

2- (aq) + I3
- (aq) 

Experiment [S2O8
2-] [I-] 

Initial Rate 

(M/s) 

1 0.08 0.034 2.2 x 10-4 

2 0.08 0.017 1.1 x 10-4 

3 0.16 0.017 2.2 x 10-4 

rate = k [S2O8
2-]x[I-]y 

Double [I-], rate doubles (experiment 1 & 2) 

y = 1 

Double [S2O8
2-], rate doubles (experiment 2 & 3) 

x = 1 

k =  
rate 

[S2O8
2-][I-] 

= 
2.2 x 10-4 M/s 

(0.08 M)(0.034 M) 
= 0.08/M•s 

rate = k [S2O8
2-][I-] 
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Figure 1: Comparison of reaction orders based on the generic 

reaction: A → C. 
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[A]t 

Time 

Rate = k 

[A]t = -kt  +  [A]0 

[A]t = -kt  +  [A0] 
(M) = -(k)(s) + (M) 

 
therefore 

(k)(s) = (M) 
 

so 
(k) = M/s 

or 
(k) = mol·L-1·s-1 
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ln[A]t = -kt + ln[A]0 

log[A]t = -kt / 2.303 + log[A]0 
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therefore 

(k)(s) = __ 

 

so 
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2nd 

order 
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1/[A]t = kt + 1/[A0] 

(1/M) = (k)(s)+(1/M) 

 

therefore 

(k)(s) = (1/M) 

so 

(k) = 1/(M•s) 

or 

(k) = mol-1·L·s-1 

(k) = M-1·s-1 
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