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Welcome to this second lecture of other techniques attributed to the initiation polymerization 

under the head of radical chain polymerization. If you recall that in the previous lecture, we 

discussed about the electrolytic polymerization.  
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We had a discussion about the plasma polymerization. We discussed about the mechanism of 

sonication for this initiation protocol. We had a discussion about the chain transfer protocol for 

this initiation technique. And we discussed the various mathematical equations along with the 

advantages and few disadvantages. Now, in this particular chapter, we are going to discuss with 

the determination of absolute rate constant.  

 

Now, this absolute rate constant plays a very vital role in radical chain polymerization. You 

can have a look and we will discuss the mathematical approach and development of 

mathematical equations which are useful for this particular absolute rate constant concept. 

Now, see, we have discussed all the things attributed to the initiation other techniques. So, we 

can conclude that in radical chain polymerization, there are 5 different type of rate constants.  

 



 

 

If you recall that in the various lecture, we discussed about all these rate constants. Now, there 

are 5 different type of rate constants which determine the overall rate of reaction. 

– Rate constant for Initiation (ki) 

– Rate constant for Propagation (kp) 

– Rate constant for Termination (kt) 

– Rate constant for Chain transfer (ktr) 

– Rate constant for Inhibition (kin) 

 Now, these we have enlisted that is the rate constant for initiation will describe the rate constant 

for propagation of various protocols; the rate constant for the termination and if you see that 

during the concept of chain transfer, we introduced another rate constant for chain transfer that 

is ktr. And then in due course of time, we discussed the rate constant for inhibition that is 

referred to as kin. Rate constant for Initiation can be evaluated using the polymerization data 

obtained under steady state condition.  

Rate constant for Propagation can be determined through rotating sector method (old method) 

and pulsed laser polymerization–size exclusion chromatography (PLP-SEC) (new 

method) 

This is a newer concept for the determination of rate constant for the propagation step. Now, 

let us have a brief outlook for this rotating sector method.  
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• If τs denotes the average lifetime of a growing radical under steady state condition 

which can be defined as the ratio between the radical concentration [Ms∙] to rate of 

disappearance: 



 

 

𝜏𝑠 =
[𝑀𝑠∙]

2𝑘𝑡[𝑀𝑠∙]
2 =

1

2𝑘𝑡[𝑀𝑠∙]
    or 

𝜏𝑠 =
𝑘𝑝[𝑀]

2𝑘𝑡(𝑅𝑝)𝑠
 

If we draw a relation between τs and rate of polymerization, then the ratio of kp/kt can be 

determined 

Let us have a look about the PLP-SEC method.  

This is like the rotating sector method; this involves a non-steady state photo-polymerization. 

Under pulsed laser irradiation, primary radicals are formed in very short times (≈10 ns pulse 

width) compared to the cycle time (≈1 s).  

So, this pulse laser protocol photo-polymerization SEC method for the measuring of the rate 

constant for propagation, this requires the reaction conditions be chosen so that no significant 

chain transfer is usually present.  
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Now, this PLP-SEC method for measuring the rate constant for propagation, it requires that 

reaction condition which needs to be chosen, so, that there will be no significant chain transfer 

is present. The degree of polymerization for chains terminated by primary radicals is given by  

 

 𝑳𝒊 = 𝒊𝒌𝒑[𝑴]𝒕𝒑 ; tp represents multiple dark periods in i cycles  
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• Each of the rate constants for initiation, propagation, and termination can be expressed 

by an Arrhenius-type relationship: 

𝑘 = 𝐴 exp (−
𝐸

𝑅𝑇
) 

Where, A is the collision frequency factor, E is the activation energy 

The plot between ln(k) and 1/T allows the determination of A and E 

The related terms of A and E for initiation, propagation and termination is represented as; Ai, 

Ap, At, and Ei, Ep, Et, respectively. 
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So, if you recall that we discussed that initiation, propagation and termination.  
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Now, the temperature dependence of thermal decomposition can be given by; this is the 

temperature difference dependence for thermal decomposition, this can be given by 

• The temperature dependence for thermal decomposition can be given as  

ln [𝑘𝑝 (
𝑘𝑑
𝑘𝑡
)

1
2
] = ln [𝐴𝑝 (

𝐴𝑑

𝐴𝑡
)

1
2
] −

[𝐸𝑝 + (
𝐸𝑑
2 ) − (

𝐸𝑡
2 )

]

𝑅𝑇
 

The overall activation energy for rate of polymerization ER is; 

𝐸𝑅 = 𝐸𝑝 + (
𝐸𝑑
2
) − (

𝐸𝑡
2
) 
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• Therefore; 

ln(𝑅𝑝) = ln [𝐴𝑝 (
𝐴𝑑

𝐴𝑡
)

1
2
] + ln [𝑓[𝐼]

1
2[𝑀]] −

𝐸𝑅
𝑅𝑇

 

ER and 𝐴𝑝 (
𝐴𝑑

𝐴𝑡
)

1

2
 can be calculated by slope and intercept of the plot between ln(RP) vs 1/T 

 

So, this is again, this is very important factor through which you can calculate the slope and 

intercept of the plot. So, you need to plot these things and by this way, you can calculate the 

same.  
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• considering a thermally catalyzed polymerization where transfer reactions are 

negligible 

• The effect of temperature on the molecular weight can be  determined by using the 

degree of polymerization factor 
𝑘𝑝

(𝑘𝑑𝑘𝑡)
1
2

 

• The variation of this ratio with temperature is given by: 
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• [𝐸𝑝 − (
𝐸𝑑

2
) − (

𝐸𝑡

2
)] is the overall activation energy for the degree of polymerization 

𝐸𝑋𝑛̅̅ ̅̅  
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• For bimolecular termination; 

𝑙𝑛𝑋𝑛̅̅̅̅ = ln [
𝐴𝑝

(𝐴𝑑𝐴𝑡)
1
2

] + ln [
[𝑀]

(𝑓[𝐼])
1
2

] − (𝐸𝑋𝑛̅̅ ̅̅ /𝑅𝑇) 

 

 

 (Refer Slide Time: 16:35) 

 

So, by this way, we discussed the different rate equations and we discussed the 5 different type 

of rate constant attributed to the all aspect of this radical chain polymerization. And in this 

lecture, we discussed the generation of the different other rate constants with the help of 

Arrhenius equation. So, in case if you have any query and other things, you may refer the 

different references which you have listed in this particular slide. Thank you very much. 


