






CHM202 

Energetics and dynamics of chemical reactions 

Assignment - I 

Solutions: 

A-6  

(a)  Since compression factor is given as: 

 𝑍 =  𝑉𝑚𝑜𝑉𝑚 = 0.9474 dm3mol−10.416 dm3mol−1 = 2.277  
Z > 1 

So, repulsions dominant in these conditions. 
 

(b) Critical compression factor (𝑍𝐶) 𝑍𝐶 =  𝑝𝐶𝑉𝐶̅̅ ̅𝑅𝑇𝐶  

Put the values of critical constants 𝑍𝐶 =  38 = 0.375 

 

A-7 

Since the mass density ρ is related to the molar volume 𝑉𝑚 by 𝑉𝑚 = 𝑀𝜌    

Here M is the molar mass. Putting this relation into the perfect gas law gives: 𝑝𝑉𝑚 = 𝑅𝑇 𝑝𝑀𝜌 = 𝑅𝑇 

 𝑀 = 𝜌𝑅𝑇𝑝 =  (8.314 Pa m3mol−1) × [(100 + 273)K] × (0.6388 kg mol−1)16 × 103Pa  = 0.124 kg mol−1 = 124 g mol−1 

 



We can divide by the molar mass of phosphorus atoms to determine the number of atoms per gas 

molecule: 124 g mol−131.0 g mol−1 = 4 

So the desired formula is P4  

A-8 

The relation between pressure and temperature at constant volume can be derived from the perfect 

gas law: 𝑝𝑉 = 𝑛𝑅𝑇 

    

p  T 

 𝑝𝑖𝑇𝑖 = 𝑝𝑓𝑇𝑓  

𝑝𝑓 = 𝑝𝑖𝑇𝑓𝑇𝑖 =  125 kPa × (12 + 273)K(25 + 273)K  

= 119.55 kPa 

 

A-9 

Since the van der Waals coefficients a and b are given as: 𝑏 = 𝑉𝐶̅̅3̅  

&  𝑎 = 3𝑃𝐶𝑉𝐶2̅̅̅̅  

 𝑝𝐶= 45.6 atm, 𝑉𝐶̅̅ ̅ = 98.7 cm3mol-1, and TC = 190.6 K 

 𝑏 = 98.7 cm3mol−1 3 = 32.9 cm3mol−1 = 3.29 × 10−2 dm3mol−1 

 𝑎 = 3 × 45.6 atm × (98.7 cm3mol−1 × 98.7 cm3mol−1) = 1.33 × 106atm cm6mol−2  = 1.33 atm dm6mol−2 



By interpreting b as the excluded volume of a mole of spherical molecules, we can obtain an 

estimate of molecular size. The centers of spherical particles are excluded from a sphere whose 

radius is the diameter of those spherical particles (i.e. twice their radius); that volume times the 

Avogadro constant is the molar excluded volume b 𝑏 = 𝑁𝐴(4𝜋(2𝑟)33 ) 

𝑟 = 12 ( 3𝑏4𝜋𝑁𝐴)1/3
 

Putting the values of b and NA,  

𝑟 = 12 ( 3 × 32.9 cm3mol−14𝜋(6.022 × 1023)mol−1)13
 

= 12 ( 98.7 cm375.674 × 1023)13
 

= 12 (13.04 × 10−24 cm3)13 = 1.177 × 10−8cm = 1.177 × 10−8m 

 

A-10 Estimate the molar volume of chlorine gas on the basis of the perfect gas equation of state at 

250 K and 150 kPa. Also calculate the percentage difference from the value predicted by the van 

der Waals equation. [Hint: For chlorine gas, 𝑎 = 6.260 atm dm6mol−2 ; 𝑏 = 5.42 ×10−2 dm3mol−1; 1 Pa = 1.01×10-5 atm]. 

For perfect gas equation, 𝑉 = 𝑅𝑇𝑝 =  8.206 × 10−2 dm3atm K−1mol−1 × 250 K1.48 atm = 13.86 dm3mol−1 

 

For van der Walls equation 𝑝 = 𝑅𝑇𝑉𝑚 − 𝑏 − 𝑎𝑉2 

Rearranging for Vm, 𝑉𝑚 = 𝑅𝑇(𝑝 + 𝑎𝑉2) + 𝑏 



Putting the values of a, b T and P, 𝑉𝑚 = 8.206 × 10−2 dm3atm K−1mol−1 × 250 K(1.48 atm) + ((6.260atm dm6mol−2)/(13.86)2) + 5.42 × 10−2 dm3mol−1 

=  20.515 dm3mol−11.5126 + 5.42 × 10−2 dm3mol−1 = 13.616 dm3mol−1 

 

Percentage difference =  (13.86 − 13.616) 13.86 × 100 = 1.76% 
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Energetics and dynamics of chemical reactions 
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A-1 

The difference between the two quantities can be expressed in terms of the pressure and the 

difference of their molar volumes, and the latter can be calculated from their molar masses (M) 

and their mass densities (ρ) by using ρ = M/Vm. 

The change in enthalpy when the transition occurs is 

∆H = H(aragonite) - H(calcite) 

= {U(a) + pV(a)} - {U(c) + pV(c)} 

= ∆U + p{V(a) - V(c)} = ∆U + p∆V 
 

The volume of 1.0 mol CaCO3 (100 g) as aragonite is 34 cm3, and that of 1.0 mol CaCO3 as calcite 

is 37 cm3. Therefore, 

p∆V = (1.0 × 105 Pa) × (34 - 37) × 10-6 m3 = -0.3 J 

(because 1 Pa m3 = 1 J). 

Hence, 

∆H - ∆U = -0.3 J 

which is only 0.1 per cent of the value of ∆U. We see that it is usually justifiable to ignore the 

difference between the enthalpy and internal energy of condensed phases, except at very high 

pressures, when pV is no longer negligible. 

 

A-2 

This is an expansion against a constant external pressure; hence  

w = -𝑝𝑒𝑥𝑡dV 

The change in volume is the cross-sectional area times the linear displacement: dV= (50.0 cm2) × (15 cm) × ( 1 m100 cm)3 = 7.5 x 10-4 m3, 

so w = -(121 × 103 Pa) × (7.5 × 10-4 m3) = -91 J  (as 1Pa m3 = 1J). 
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