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Dynamics and Kinetics. Exercises 11-12: Solutions 

Problem 1 

We want to use the TST to estimate the rate constant for the reaction H + HBr → H2 + Br. 
We know from the class that 

 
See Fig. 1. 

	

Figure 1: Transition state 

(1) First of all we consider the reactants: H + HBr. 

Masses: 

 

Moment of inertia of HBr:  

 

(2) Now, let us consider the collinear transition state H···H···Br:  
Mass:  

 
m‡ = 2mH + mBr = 1.37 × 10−25kg. 
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Center of mass (see Fig. 2): 

 

Therefore the moment of inertia is 

I‡ = (mH × 283.32 + mH × 133.32 + mBr × 8.72)pm2 = 1.74 × 10−46kg m2. 

(3) It is now possible to compute the partition functions: 

For the H atom we have 

𝑞"!,# =	𝑞!,# =	𝑞!,#,$% =	%
2𝜋𝑚#𝑘&𝑇

ℎ' ,
(
')

= 9.90	 ∙ 10'*	𝑚+( 

 
For molecule HBr we have 

q"v,HBr = qV,HBr,trqHBr,rotHBr,vib, 

where qV,HBr,tr and qHBr,rot  do not have a ZPE (it is exactly zero), while we get 𝑞"HBr,vib by measuring energies from 
the ZPE levels: 

𝑞!,#&%,$% =	%
2𝜋𝑚#&%𝑘&𝑇

ℎ' ,
(
')

= 7.10	 ∙ 10('	𝑚+( 

𝑞#&%,%,$ =	
8𝜋'𝐼#&%𝑘&𝑇

ℎ'
= 24.6 

𝑞#&%,-./ =	
0

0+1!"
	≈ 1     since 𝑥 = 	 2345

6#7
= 12.7 

 

 

Hence 

𝑞"V,HBr = 7.10 × 1032m−3 × 24.6 × 1 = 1.75 × 1034m−3. 

For the transition state H···H···Br we have 

, 

 
where  𝑞-,

‡
tr and 𝑞%,$,

‡
t qV  do not have a ZPE (it is exactly zero), while we get 𝑞"-./,

‡  by measuring energies from 
the ZPE levels. It is now easy to compute the quantities that we need: 

𝑞!,$%9 =	%
2𝜋𝑚9𝑘&𝑇

ℎ' ,
(
')

= 7.32	 ∙ 10('	𝑚+(	

𝑞%,$9 =	
8𝜋'𝐼9𝑘&𝑇

ℎ'
= 129.7 
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Figure 2: Center of mass 

 

. 
Altogether, the TS partition function is 

. 
(4) Collecting all the intermediate results for partition functions, the TST rate constant is 

finally 

 
 

Problem 2 

𝑞-,
‡

tr = 1032m−3  

𝑞%,$
‡

 = 10 

q"-./
‡  = 1 

 

products 

 
Reactants: 

qV,A = qV,tr [atom: only translations] 

qV,B = qV,trq2rotqvib b [diatom: 3 translations, 2 rotations, 1 vibration.] 

Transition state: 
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Explanation: It is a linear molecule so we have 3 translations, 2 rotations, 3N − 5 vibrations, but 1 vibration 

becomes reaction coordinate! ⇒ 3N − 6 vibrations remain in the transition state.  

Rate constant 

 

 

 

 

 

We are given q"vib = 1, not qvib. 

Since qvib =                         , we have 

 

where 

  
 

Pre-exponential factor is 

 

 

Problem 3 

Given the reaction H2 + D2 → 2HD, the equilibrium constant is: 
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Note that in this case Keq = KN = Kρ = Kc = Kp since ∆ν = νH2 + νD2 + νHD = −1 − 1 + 2 = 0. 
The partition functions per unit volume for H2, D2 and HD are: 

 

where I = µr2 and                       . Substituting the translational and rotational partition functions in the expression 
for Keq, we find 

 

Note that many terms in the translational and rotational partition functions cancel out. In particular, in the 
Born-Oppenheimer approximation, the bond length r is the same for the 3 molecules. Let us compute the 
required ingredients: 

 

 

 

 

 

 

Substituting the ingredients and using the fact that mD  ≅ 2mH, we find: 

 

 

 

 

Problem 4 
	
Reaction 1:                              ; 
Reaction 2:                                                                         mol−1 
Using the general thermodynamic formulation of TST for a reaction of any order, we have 
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where c◦ = 1mol · dm−3 is the standard-state molar concentration. 
Relating TST to the Arrhenius law by setting 

kTST = Ae−Ea/RT 

 (1) 

we found that the activation energy is related to the standard enthalpy of activation by 

Ea = ∆H‡◦ + (1 − ∆n‡)RT 
  

with the pre-exponential factor 

  (2) 

Considering that the reactions are of the same order, i.e., ∆n‡ is the same in both cases, the ratio of the rate constants 
is: 

  
 
 
Problem 5 
	
We know kTST = 2.34 × 10−2dm3mol−1s−1, Ea = 150kJ/mol, and that the order of reaction n=2 

 • ∆G‡◦: From TST: 

 

where c◦ = 1mol · dm−3 is the standard-state molar concentration (note that it is necessary to keep consistency 
in the units). 

  
 
 
 
 

• ∆H‡◦: From the expression for the activation energy: 

 Ea = ∆H‡◦ + (1 − ∆n‡)RT; ∆n‡ = n‡ − nreact = 1 − 2 = −1 

(since there are two molecules of reactants and 1 molecule of TST) 

∆H‡◦ = Ea − 2RT = 138.8kJ/mol 

• ∆S‡◦: We know that 
 G = H − TS ⇒                                             mol−1 · K−1 
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• A: From kTST = Ae−Ea/RT we easily find that 

 


