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CHAPTER 3 
Chemical Dynamics – I 
 Effect of Temperature on Reaction Rates

The temperature of the system shows a very marked effect on the overall rate of the reaction. In fact, 
it has been observed that the rate of a chemical reaction typically gets doubled with every 10°C rise in the 
temperature. However, this ratio may differ considerably and may reach up to 3 for different reactions. Besides, 
this ratio also varies as the temperature of the reaction increases gradually. The ratio of rate constant at two 
different temperatures is called as “temperature coefficient” of the reaction. Although we can determine the 
temperature coefficient between any two temperatures for any chemical reaction, generally it is calculated for 
10°C difference. 

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =
𝑘𝑇+10
𝑘𝑇

= 2 − 3 
(1) 

Where 𝑘𝑇 and 𝑘𝑇+10 are rate constants at temperature T and T+10, respectively. Now, if once the temperature
coefficient is known, you can determine the relative increase or decrease in the overall reaction-rate by using 
the following relation. 

𝑅2
𝑅1
=
𝑘2
𝑘1
= (𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡)

𝑇2−𝑇1
∆𝑇𝑡𝑐  

(2) 

Where R2 and R1 are the reaction-rates at temperatures T2 and T1, respectively. The ∆𝑇𝑡𝑐  is the temperature
range for the temperature coefficient. 

         In order to illustrate the dominance of the effect of temperature change on the reaction rate, consider 
a reaction in which the temperature of the system is raised from 310°C to 400°C. Now, if the temperature 
coefficient for 10°C temperature-rise is 2, the relative increase in the rate constant or rate will be 

𝑅2
𝑅1
=
𝑘2
𝑘1
= (2)

400−310
10

(3) 

𝑅2
𝑅1
=
𝑘2
𝑘1
= (2)9 = 512

(4) 

𝑅2
𝑅1
= 512 (5) 

Hence, a 90°C rise in temperature increases the rate of reaction 512 times, which is definitely huge. Now the 
question arises, why is it so? What did the temperature do that made this happen? In this section, we will 
answer these questions. 
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  Fundamentals of Temperature-Rate Correlation 

               Before we discuss the effect of temperature on the reaction rate, we must understand the cause of a 
reaction itself first. The primary requirement for a reaction to occur is the collision between the reacting 
molecules. In other words, the reactant molecules must collide with each other to form the product. Therefore, 
if we assume that every collision results in the formation of the product, the rate of reaction should simply be 
equal to the collision frequency of the reacting system.  

              For a reaction between A and B, the collision frequency (Z) is the number of collisions between A and 
B occurring in the container per unit volume per unit time. 

 
𝑍 = 𝑛𝐴 𝑛𝐵 𝛩𝐴𝐵√

8𝑘𝐵𝑇

𝜋𝜇𝐴𝐵
 

(6) 

Where nA and nA are the number densities (in the units of m−3) of particles A and B, respectively. The term ΘAB 
is the reaction cross-section (in m2) when particle A with radius rA and B with radius rB collide with each other 
i.e. ΘAB = π (σAB)2 = π(rA + rB)2 = π(σA/2 + σB/2)2. kB is the Boltzmann's constant (m2 kg s−2 K−1). T represents 
the temperature of the system. The term μAB represents the reduced mass of the reactants A and B i.e. μAB = 
mAmB/mA+mB. From equation (6), it follows that when we heat the substance, the particles collide more 
frequently and hence increase the collision frequency. Now one may think that this collision frequency would 
result in a larger rate of reaction, and therefore, the mystery is solved. However, this isn’t sufficient to 
rationalize the experimental observations. For instance, if we increase the temperature from 300 K to 310 K, 
the relative increase in the collision frequency (nZ), and hence in reaction rate, from equation (6) can be 
determined as given below.  

 
𝑛𝑍 = √

310

300
= 1.0165 

(7) 

This is only 1.65% increase for a 10° rise in temperature. This is pretty far from the reality i.e. reaction-rate 
almost gets double (100% increase). So, the actual mechanism is still behind the scene and must be understood. 

               At this point we must introduce the concept of activation energy, otherwise, the concept cannot be 
discussed further. The collision of reacting molecules would result in the chemical reaction only if they possess 
a certain amount of minimum energy i.e. threshold energy. Since every molecule does have some energy, the 
energy it needs to reach the threshold is less than the actual threshold energy. The energy required by reactant 
molecules to cross the barrier is called the activation energy or the enthalpy of activation for the reaction. A 
simple equation can be used to deduce their relationships as given below. 

 Activation energy = Threshold energy – Energy actually possessed by the molecules   

The rate of a chemical reaction is inversely proportional to the magnitude of the activation energy i.e. larger 
the activation energy, slower will be the reaction and vice-versa. 
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Figure 1. The reaction coordinate diagram for a typical chemical reaction. 

 

Hence, we can say that only effective collisions would result in the chemical reactions, but how can we find 
the number of molecules having energy high enough to react with each other. For this, we need to go into the 
basics of energy distribution among a large number of particles i.e. Maxwell’s distribution of energies. 

 

Figure 2. The Maxwell-Boltzmann distribution of energies at temperature T. 

 

After marking the activation energy on the Maxwell-Boltzmann distribution curve, the particle with sufficient 
energy to react can easily be found from the area under the corresponding curve i.e. dashed area. The undashed 
area at a particular temperature is quite large, and therefore, represents the number particle whose collision 
would not result in any reaction chemical change.  It can be clearly seen that most of the particles don't have 
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enough energy, and hence, are unable to yield the product. The reaction-rate will be very small If there are 
very few particles with enough energy at any time. 

               However, if the temperature is raised, the maxima of the Maxwell-Boltzmann distribution curve shifts 
towards higher energy. This makes the number of “efficient particles” to increase and thereby increases the 
number of effective collisions too. Consider the Maxwell-Boltzmann energy distributions at temperature T and 
T+10.  

 

Figure 3. The Maxwell-Boltzmann distribution of energies at temperature T and T+10°C. 

 

               Now although the area under the whole curve remains the same, the dashed area is doubled. Thus, 
the primary reason for almost 100% rise in the overall rate of reaction for every 10°C is the 100% increase in 
the number of effective collisions. 

 The Arrhenius Equation 

               In 1884, the famous Dutch chemist Jacobus Henricus Van't Hoff realized that his equation (Van't 
Hoff equation) could also be used to suggests a formula for the rates of both forward and backward reactions. 
In 1889, Svante Arrhenius immediately noticed the importance of this invention and proposed an empirical 
equation based on Van't Hoff’s work. This equation is extremely useful in the modeling of the temperature 
variation of many chemical reactions. The equation proposed by Arrhenius is 

 𝑘 = 𝐴 𝑒−𝐸𝑎/𝑅𝑇 (8) 

Where the symbol k, R and T represent rate constant, gas constant and temperature, respectively. A is popularly 
known as the pre-exponential factor or Arrhenius constant with the units identical to those of the rate constant 
used, and therefore, will vary depending on the order of the reaction. The term Ea represents the activation 
energy measured in joule mole−1. 
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Another popular form of the Arrhenius equation is 

 𝑘 = 𝐴 𝑒−𝐸𝑎/𝑘𝐵𝑇 (9) 

The only difference in the equation (8) and equation (9) is the energy units of Ea; the former one uses energy 
per mole, which is more common in chemistry, while the latter form uses energy per molecule directly, which 
is common in physics. The different units are accounted for in using either the gas constant, R, or the Boltzmann 
constant, kB, as the multiplier of temperature T. If the reaction is first order, A will have the units of s−1 and can 
be called as collision frequency or frequency factor.  

               The physical significance of k is that it represents the number of collisions that result in a reaction 
per second; A is the number of collisions (leading to a reaction or not) per second occurring with the proper 
orientation to react. The exponential factor is the probability that any given collision will result in a reaction. 
It can also be seen that either increasing the temperature or decreasing the activation energy (for example 
through the use of catalysts) will result in an increase in the rate of reaction. Taking the natural logarithm of 
both side of equation (8), we get 

 ln 𝑘 = ln 𝐴 + ln 𝑒−𝐸𝑎/𝑅𝑇 (10) 

 
ln 𝑘 = ln 𝐴 −

𝐸𝑎
𝑅𝑇

 (11) 

Rearrange the above equation, we get 

 
ln 𝑘 = −

𝐸𝑎
𝑅𝑇
+ ln 𝐴 (12) 

The equation (12) has the same form as the equation of straight line i.e. 𝑦 = 𝑚𝑥 + 𝑐; which means that if we 
plot “ln k” vs 1/T, the slope and intercept will yield “−Ea/R” and “ln A”, respectively. 

 

Figure 4. The Arrhenius plot of ln k vs 1/T. 
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In addition to the equation (12), one of the more popular forms of the Arrhenius equation can be derived by 
converting it to the common logarithm as given below. 

 
2.303 log 𝑘 = −

𝐸𝑎
𝑅𝑇
+ 2.303 log 𝐴 (13) 

or 

 
log 𝑘 = −

𝐸𝑎
2.303 𝑅𝑇

+  log 𝐴 (14) 

The equation (14) also has the same form as the equation of straight line i.e. 𝑦 = 𝑚𝑥 + 𝑐; which means that if 
we plot “log k” vs 1/T, the slope and intercept will yield “−Ea/2.303R” and “log A”, respectively. 

 

Figure 5. The Arrhenius plot of log k vs 1/T. 

 

              To obtain the integrated form of the Arrhenius equation, differentiate the equation (12) as given below. 

 
 
𝑑 ln 𝑘

𝑑𝑇
=
𝐸𝑎
𝑅𝑇2

 
(15) 

Now integrating the above equation between temperature T1 and T2, we get 

 
ln 
𝑘2
𝑘1
=
𝐸𝑎
𝑅
[
1

𝑇1
−
1

𝑇2
]      𝑜𝑟     log 

𝑘2
𝑘1
=

𝐸𝑎
2.303𝑅

[
1

𝑇1
−
1

𝑇2
] 

(16) 

The above equation can be used to find the activation energy if rate constants are known at two different 
temperatures. 
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