
CHM202 

Energetics and dynamics of chemical reactions 

Solutions Assignment – V 

 

Q.1 Methane gas is heated from 25 ºC until the volume has doubled. The pressure is constant at 1 

bar. The variation in molar heat capacity with temperature has been measured and the results of 

those experiments can be summarized by the equation- 𝐶𝑃 = 𝑎 + 𝑏𝑇 

where a = 22.34 JK-1mol-1 and b = 48.1 × 10-3 JK-2mol-1 . Calculate ∆H and ∆U per mol. Assume 

the system follows the ideal gas behaviour.  

Sol. 

 The final volume is twice of the initial volume and pressure is constant, 

so, 𝑉2 = 2𝑉1 and 𝑃2 = 𝑃1 
The initial temperature is 𝑇1 = 298 𝐾, so the final temperature can be found (assuming ideal 

gas behavior) 𝑇2𝑇1 = 𝑃2𝑉2𝑃1𝑉1 = 2 𝑇2 = 2𝑇1 = 596 𝐾 ∆𝑇 = 298 𝐾 ∆𝐻 = (𝜕𝐻𝜕𝑇)𝑃 𝑑𝑇 = ∫ 𝐶𝑃(𝑇)𝑑𝑇 = ∫ (𝑎 + 𝑏𝑇)𝑑𝑇𝑇2𝑇1
𝑇2𝑇1  

= [𝑎𝑇 + 𝑏2 𝑇2]𝑇1𝑇2  = 6.657 𝑘𝐽 𝑚𝑜𝑙−1 + 6.407 𝑘𝐽 𝑚𝑜𝑙−1 = 13.06 𝑘𝐽 𝑚𝑜𝑙−1 
The change in internal energy ∆𝑈 = ∆𝐻 − 𝑝∆𝑉 =  ∆𝐻 − 𝑝∆𝑇 = (13.06 − 2.48)𝑘𝐽 𝑚𝑜𝑙−1 = 10.59𝑘𝐽 𝑚𝑜𝑙−1 

 

Q.2 Compute change in Gibbs free energy for the process H2O (l, -10 ºC) = H2O (s, -10 ºC). Specific 

heat of water and ice over the temperature range is 18 and 9 Cal.mol-1K-1, respectively and  ∆𝐻𝑓𝑢𝑠273 = 1440 Cal.mol−1. Predict whether the change is spontaneous or not. 

Sol. For the given transformation, ∆𝐻 & ∆𝑆 are calculated separately. From these values, ∆𝐺 can 

be calculated as follow: ∆𝐺 = ∆𝐻 − 𝑇∆𝑆 ∆𝐻273 − ∆𝐻263 = ∫ (𝐶𝑃𝑠 − 𝐶𝑃𝑙)𝑑𝑇263
273 = (9 − 18) 𝐶𝑎𝑙.𝑚𝑜𝑙−1(263 − 273)= 90 𝐶𝑎𝑙.𝑚𝑜𝑙−1 ∆𝐻263 = ∆𝐻273 − 90 𝐶𝑎𝑙.𝑚𝑜𝑙−1 = 1350 𝐶𝑎𝑙.𝑚𝑜𝑙−1 

 

 



To calculate ∆𝑆, the following reversible path is considered: 

 𝐻2𝑂(𝑙, −10°𝐶) ∆𝑆1→ 𝐻2𝑂(𝑙, 0°𝐶) ⇌ 𝐻2𝑂(𝑠, 0°𝐶) ∆𝑆3→ 𝐻2𝑂(𝑠, −10°𝐶) 
 ∆𝑆1 = 𝑛𝐶𝑃𝑙 ln 𝑇𝑓𝑇𝑖 = 18 𝐶𝑎𝑙. 𝐾−1 ln 273263 = 0.672 𝐶𝑎𝑙. 𝐾−1 ∆𝑆2 = ∆𝐻𝑇 = 1440  273 𝐶𝑎𝑙. 𝐾−1 = 5.275 𝐶𝑎𝑙. 𝐾−1 ∆𝑆3 = 9 × ln 273263 𝐶𝑎𝑙. 𝐾−1 = 0.336 𝐶𝑎𝑙. 𝐾−1 
So ∆𝑆 = ∆𝑆1 + ∆𝑆2 + ∆𝑆3 = 6.283 𝐶𝑎𝑙. 𝐾−1 ∆𝐺 = ∆𝐻263 − 𝑇∆𝑆 = 1350 − 263 × 6.283 𝐶𝑎𝑙 = −302.43 𝐶𝑎𝑙 
As ∆𝐺 is negative, the process is a spontaneous process. 
 

Q.3 Calculate entropy change per litre of the solution when pure N2, H2, NH3 gases are mixed to 

form a solution having the final composition 15% N2, 55% H2 and 30% NH3 (all at STP). 

Sol.: 

 
 

Q.4 Establish the condition for spontaneous vaporization of water, given ∆H = 9590 Cal.mol-1 and 

∆S = 26 e.u. for the process. 

Sol.: For spontaneous vaporization, ∆𝐺 < 0  

     or ∆𝐻 − 𝑇∆𝑆 < 0 

     ∆𝐻 < 𝑇∆𝑆 

     𝑇∆𝑆 > ∆𝐻 

         ∆𝑆 = 26 𝑒. 𝑢. =  26 𝐶𝑎𝑙.𝑚𝑜𝑙−1𝐾−1 



𝑇 > ∆𝐻∆𝑆 = 959026 °𝐾 𝑇 > 368.85 °𝐾 

So, here for spontaneous vaporization T should be greater than 368.85 °K. 

 

Q.5 Describe a reversible process by which one mole of water at 100 ºC can be converted to vapour 

at 0.5 atm and 100 ºC. Calculate ∆H and ∆G for the process. How far these quantities would be 

affected if the operation were performed irreversibly? Assume water vapour behave ideally and 

latent heat of vaporization of water = 540 Cal.gm-1. 

Sol.: 

 

Q.6 Calculate the change in Gibbs potential when 36 gm water initially at 100 ºC and 10 atm pressure 

are converted to vapour at 100 ºC and 0.01 atm pressure. Assume water vapor behave ideally. 



Sol.: 

 

 

Q.7 One mole of benzene at the normal boiling point of 352.2 K vaporizes into a gaseous state at a 

pressure of 0.1 atm. Calculate ∆S and ∆G. Given the enthalpy of vaporization is 7364 Cal.mol-1. 

Sol: Let first one mole of Benzene be vaporized at its normal boiling point i.e. 352.2 K and 1 atm 

and then the vapor is isothermally expanded to 0.1 atm. 

Then in the first step 



∆𝑆1 = ∆𝐻𝑇𝑏 = 7364  352.2 𝐶𝑎𝑙. 𝐾−1 = 20.91 𝐶𝑎𝑙. 𝐾−1 
And ∆𝐺1 = 0  as vaporization at normal boiling point is a reversible process where liquid and 

vapor are in equilibrium.  

In the second step, ∆𝑆2 = 𝑅 ln 𝑃1𝑃2 = 1.987 ln 10.1 = 4.58 𝐶𝑎𝑙. 𝐾−1 
and  ∆𝐺2 = 𝑅𝑇 ln 𝑃2𝑃1 = 1.987 × 352.2 × ln 0.11 𝐶𝑎𝑙 = −1615.97 𝐶𝑎𝑙 
So ∆𝑆 = ∆𝑆1 + ∆𝑆2 = 20.91 + 4.58 𝐶𝑎𝑙. 𝐾−1 = 25.49 𝐶𝑎𝑙. 𝐾−1 

and ∆𝐺 = ∆𝐺1 + ∆𝐺2 = −1615.97 𝐶𝑎𝑙 
 

Q.8 Determine the change in entropy when 1 kg ice at 0 ºC and 1 atm is heated to 373 ºC and 2 atm 

pressure. Given ∆𝐻𝑓𝑢𝑠273 = 80 Cal. g−1; ∆𝐻𝑉𝑎𝑝373 = 540 Cal. g−1; 𝐶𝑃𝐿 = 18 𝐶𝑎𝑙. 𝐾−1𝑚𝑜𝑙−1 
and 𝐶𝑃𝑉 = 8 𝐶𝑎𝑙. 𝐾−1𝑚𝑜𝑙−1. 

Sol.: 

 

 
 



Q.9 One mole of O2 (𝐶𝑉 = 52𝑅) initially at 546K and 10 atm expands adiabatically against a constant 

pressure of 1 atm until the volume becomes doubled. Calculate ∆U, ∆H and ∆S for the process. 

Sol.:  

 

 

 



Q.10 One mole of an ideal gas (𝐶𝑉 = 52𝑅) is taken reversibly from 400K, 5 atm to 600K, 2 atm. 

Calculate ∆U, ∆H and ∆G for the process. Given: 𝑆2̅980 = 4𝐽−1𝐾−1𝑚𝑜𝑙). 
Sol.:  

 
 



CHM202 

Energetics and dynamics of chemical reactions 

Solutions Assignment –VI 

Q.1 When a certain liquid freezes at -3.65 ºC its density changes from 0.789 g cm-3 to 0.801 g cm-3. 

Its enthalpy of fusion is 8.68 kJ mol-1. Calculate the freezing point of the liquid at 100 MPa. 

Sol. The change in molar entropy of the system will be ∆𝑓𝑢𝑠𝑆 = ∆𝑓𝑢𝑠𝐻𝑇𝑓        

Fusion is accompanied by a molar enthalpy change ∆𝑓𝑢𝑠𝐻 occurs at a temperature T. So, the 

Clapeyron equation becomes ∆𝑃∆𝑇 = ∆𝑓𝑢𝑠𝑆∆𝑓𝑢𝑠𝑉          
 ∆𝑇 = ∆𝑓𝑢𝑠𝑉∆𝑓𝑢𝑠𝑆 × ∆𝑃 = 𝑇𝑓∆𝑓𝑢𝑠𝑉∆𝑓𝑢𝑠𝐻 × ∆𝑃 

= 𝑇𝑓∆𝑃∆𝑓𝑢𝑠𝐻 ×M × ∆(1𝜌) 
Here 𝑇𝑓 = −3.65 + 273.15 = 269.50𝐾 ∆𝑇 = (269.50𝐾 × 100 𝑀𝑃𝑎8.68 kJ 𝑚𝑜𝑙−1 ) × M × ( 10.789 g cm−3 − 10.801 g cm−3) = (3.1048 × 106𝐾𝑃𝑎 𝐽−1𝑚𝑜𝑙) × M × (0.018987g−1 cm3) × ( 𝑚3106 cm3) = (0.058951 𝐾𝑃𝑎 𝐽−1𝑚3g−1𝑚𝑜𝑙) × M = (0.058951 𝐾g−1𝑚𝑜𝑙) × M 

(Since 1 Pa = 1 Kg m-1 s-2 and 1 J = 1 Kg m2 s-2) 

Since the initial density is given as 0.789 g cm-3, so M = 46.07g mol−1. ∆𝑇 = (0.058951 𝐾g−1𝑚𝑜𝑙) × 46.07 g mol−1 = 2.716 𝐾 

So the freezing point of the liquid 100 MPa is 𝑇𝑓 = 269.50 𝐾 + 2.716 𝐾 = 272.22 𝐾 

 

Q.2 The partial molar volumes of two liquids A and B in a mixture in which the mole fraction of A 

is 0.3713 are 188.2 cm3 mol-1 and 176.14 cm3 mol-1, respectively. The molar masses of A and B 

are 241.1 gmol-1 and 198.2 gmol-1. What is the volume of a solution of mass 1.000 kg? 
 

Sol.  Total volume 𝑉 = 𝑛𝐴𝑉𝐴 + 𝑛𝐵𝑉𝐵 = 𝑛(𝑥𝐴𝑉𝐴 + 𝑥𝐵𝑉𝐵) 
   Total Mass 𝑚 = 𝑛𝐴𝑀𝐴 + 𝑛𝐵𝑀𝐵 = 𝑛(𝑥𝐴𝑀𝐴 + (1 − 𝑥𝐴)𝑀𝐵)  

Where 𝑛 = 𝑛𝐴 + 𝑛𝐵 
 𝑛 = 𝑚𝑥𝐴𝑀𝐴 + (1 − 𝑥𝐴)𝑀𝐵 



= 1 𝑘𝑔(103𝑔/𝑘𝑔)0.3713 × (241.1 𝑔𝑚𝑜𝑙−1) + (1 − 0.3713) × 198.2 𝑔𝑚𝑜𝑙−1 = 103 𝑔214.1287 𝑔𝑚𝑜𝑙−1= 4.67 𝑚𝑜𝑙  
 𝑉 = 𝑛(𝑥𝐴𝑉𝐴 + 𝑥𝐵𝑉𝐵) = 4.67 𝑚𝑜𝑙 × [(0.3713 × 188.2 cm3 mol−1) + (1 − 0.3713) × 176.14 cm3 mol−1] = 4.67 × 180.6178 cm3 = 843.49 cm3  
 

Q.3 Consider a container of volume 250 cm3 that is divided into two compartments of equal size. In 

the left compartment there is argon at 100 kPa and 0 ºC while in the right compartment there is 

neon at the same temperature and pressure. Determine the entropy and Gibbs energy of mixing 

when the partition is removed. Assume that the gases are perfect. 
 

Sol. The Gibbs energy of mixing ∆𝑚𝑖𝑥𝐺 = 𝑛𝑅𝑇(𝑥𝐴 𝑙𝑛𝑥𝐴 + 𝑥𝐵 𝑙𝑛𝑥𝐵) 
Here 𝑛𝐴𝑟 = 𝑛𝑁𝑒;  𝑥𝐴𝑟 = 𝑥𝑁𝑒 = 0.5 

So, 𝑛 = 𝑛𝐴𝑟 + 𝑛𝑁𝑒 = 𝑝𝑉𝑅𝑇 ∆𝑚𝑖𝑥𝐺 = 𝑝𝑉 (12 𝑙𝑛 12 + 12 𝑙𝑛 12) = −𝑝𝑉 𝑙𝑛2 

= −(100 × 103Pa) × 250𝑐𝑚3 × ( 𝑚3106 cm3)  𝑙𝑛2 = 25 Pa  𝑚3 × 0.69314 = −17.329 𝑃𝑎 𝑚3 = −17.329 J 
The entropy of mixing ∆𝑚𝑖𝑥𝑆 = −∆𝑚𝑖𝑥𝐺𝑇 = 17.329 J273 𝐾 = 0.06348 𝐽𝐾−1 = 6.348 × 10−2 𝐽𝐾−1 
 

Q.4 At 373.6 K and 372.6 K , the vapor pressure of water is 1.018 and 0.982 atm, respectively. 

Evaluate the molar entropy of vaporization and ∆V, the change of volume per mole when liquid 

water vaporises at 373 K. Assume the vapor behaves ideally. 

Sol.: 

 



 
 

Q.5 Heavy water boils at  101.42 ºC and its molal elevation constant (𝐾𝑏) is 10% higher than that of 

pure water. (a) How does its latent heat compare with that of pure water?, (b) What will be vapor 

pressure of pure 𝐷2𝑂 if its 𝐿𝑉 = 9960𝐶𝑎𝑙.𝑚𝑜𝑙−1? 

Sol.:  

 
 



 

 
 



Q.6 An aqueous solution contains 5% by weight of urea and 10% by weight of glucose. What will 

be its freezing point? [Given: 𝐾𝑓 = 1.86 ºC g mol-1]. 

Sol.:  

 
 

Q.7 Blood is said to be isotonic with 0.85% NaCl solution at 40 ºC. Assuming complete dissociation 

of NaCl; calculate total concentration of various solutes in blood. What is its approximate 

freezing point? [Given: Cryoscopic constant 𝐾𝑓 = 1.86 ºC g mol-1]. 

Sol.:  

 



 
 

Q.8 A mixture which contains 0.550 gm of camphor and 0.045 gm of an organic solute (containing 

93.46% C and 0.6.54% H) freezes at 157 ºC. Find out the molecular formula of the organic 

compound. [Given freezing point and Cryoscopic constant for camphor are 178.4 and 37.7 ºC g 

mol-1, respectively]. 

Sol.: 

 



 
 

Q.9 If boiling point of an aqueous solution is 100.1 ºC, what is its freezing point? Given 𝑙𝑓 and 𝑙𝑉 

for water are 80 Cal.gm-1 and 540 Cal.gm-1, respectively. 

Sol.:  

 

 
 

Q.10 Chemical potential of O2 at 300 K is supposed to be 10 𝑘Cal.mol−1 at 1 atm. A 1:4 (mole ratio) 

mixture of O2 and N2 is prepared at 1 atm and 300 K. The pressure of the mixture is increased to 

5 atm. Calculate the chemical potential of oxygen in the mixture and in the pure state at 5 atm 

and 300 K. 

Sol.:  

 



 
 

Q.11 Calculate the change in free energy when 2 moles of H2, 3 moles of O2 and 5 moles of N2 are 

mixed at 1 atm, 300 K. Also determine ∆G when the pressure of the mixture is increased to 5 

atm. Calculate ∆𝑆𝑚𝑖𝑥 and ∆𝐻𝑚𝑖𝑥.  

Sol.: 

 

 



 


