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HINTS AND INSTRUCTIONS TO CANDIDATE(S):  

• Purpose of assessment is to determine not only if you can write down an answer, but also 

to assess whether you understand the concepts, principles and expressions involved. Set 

out solutions in a logical and concise manner with justification for the steps followed. 

• ATTEMPT ALL QUESTIONS. Please answer each question to the best of your ability. 

• Write your details (module name and code, ID number, student number etc.) on script(s). 

• Number each question clearly; questions may be answered in any order. 

• Make sure that you read each question carefully before attempting to answer the question. 

• Show all steps (and units) in calculations; this is a ‘closed book’ test.  

• Ensure your responses are legible, clear and include relevant units (where appropriate). 
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Question One                    [Total: 21 Marks] 

One mole of air at initial conditions of 250 K and 2 bar undergoes the following mechanically 

reversible changes. The air is compressed isothermally to a pressure of 3 bar, then is heated 

at constant volume to a pressure of 5 bar and a temperature of 350 K. The air is then returned 

to its initial state by an adiabatic process.  

Assume air to be an ideal gas with constant heat capacities, CV = (5/2) R and CP = (7/2) R 

and R = 8.314 J/mol K.   

1.1 Sketch the path of all processes on a single PV diagram.                                                          [2] 

1.2  Calculate the work required, heat transferred, and the changes in internal energy and 

enthalpy of the air for each process.                                                                                                  [15] 

1.3 Calculate the work done, heat transferred, and the changes in internal energy and 

enthalpy during the entire process.                                                                                                       [4] 

 

Question Two                   [Total: 12 Marks] 

2.1 What can be noticed about the chemical potential and fugacity of a system 

approaching ideality at low pressures?                                                                                               [2] 

2.2 Estimate the fugacity and residual Gibbs energy (GR) of toluene as a gas at 635.29 K 

(362.29°C) and 25 bar using Virial equation generalized correlations.                             [10] 

All data required can be found in the appendices.  

 

Question Three                   [Total: 13 Marks] 

3.1 Calculate the Hfg and Sfg of steam at 155°C using the Clapeyron equation.                   [10] 

3.2 Compare the answer obtained in 3.1 with tabulated values.                                                     [3] 

Resources required can be found in the appendices. 

 

Question Four                   [Total: 28 Marks] 

Ethylene gas (C2H4) is burned with an excess of 5% air. Combustion is incomplete, with only 

95% of the carbon in the fuel being converted to CO2, the remainder appears as CO. The fuel 

is supplied to the burner at 25°C, while the air enters at 450 K. the final temperature of the 

combustion products is 1600 K. Make appropriate assumptions. 

 

The following reactions take place: 

𝐶2𝐻4 + 3𝑂2 → 2𝐶𝑂2 + 2𝐻2𝑂(𝑔) 

𝐶2𝐻4 + 2𝑂2 → 2𝐶𝑂 + 2𝐻2𝑂(𝑔) 

 

Data required can be found in the appendices. 

 

Determine the magnitude and direction of any heat transfer in kJ/ kmol of fuel.                           [28] 
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Question Five                               [Total: 14 Marks] 

The PVT behaviour of a certain gas is described by the equation of state provided below: 

𝑃(𝑉 − 𝑏) = 𝑅𝑇 

Where b is a constant and Cv is constant.  

5.1 Show that U is a function of T only if 𝑑𝑈 =  𝐶𝑣 𝑑𝑇 + [𝑇 (
𝜕𝑃

𝜕𝑇
) − 𝑃]  𝑑𝑉.                                [10] 

5.2 Explain the significance of the fundamental property relations and provide the 

fundamental property relations for internal and Gibbs free energy.                                       [4]                                                                   

________________________________________________________________________ 

END                  [Total: 88 Marks] 
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APPENDIX A 

USEFUL EQUATIONS AND FORMULAE 

𝑃𝑉 = 𝑛𝑅𝑇; 
𝑃1𝑉1

𝑇1
=

𝑃2𝑉2

𝑇2
; 𝑣 =

𝑉𝑡

𝑚
;  �̇� = 𝑢𝐴𝜌; �̇� =

𝑢𝐴

𝑣𝑀
; 𝜌 = 𝑣−1; �̇� =

𝑉

𝑡
 

t(oC) = T(K) – 273.15;  t(oF) = T(R) – 459.67;  t(oF) = 1.8t(oC) + 32;  

𝑃𝑔 =
𝐹

𝐴
=

𝑚𝑔

𝐴
=

𝜌𝑉𝑔

𝐴
=

𝐴ℎ𝜌𝑔

𝐴
; 𝑃𝑎𝑏𝑠 = 𝑃𝑔(𝑜𝑟 𝜌𝑔ℎ) + 𝑃𝑎𝑡𝑚 

Interpolation: 𝑀 = (
𝑋2−𝑋

𝑋2−𝑋1
) 𝑀1 + (

𝑋−𝑋1

𝑋2−𝑋1
) 𝑀2  OR 𝑀 =

𝑀1(𝑋2−𝑋)+𝑀2(𝑋−𝑋1)

𝑋2−𝑋1
 

Double Interpolation:  

 

∆𝐸𝑢𝑛𝑖𝑣 = ∆𝐸𝑠𝑦𝑠𝑡 + ∆𝐸𝑠𝑢𝑟𝑟 = 0;   =
𝑊𝑖𝑟𝑟𝑒𝑣𝑒𝑟𝑠𝑖𝑏𝑙𝑒

𝑊𝑟𝑒𝑣𝑒𝑟𝑠𝑖𝑏𝑙𝑒
; 

𝑑𝑚𝑐𝑣

𝑑𝑡
= ∆𝑚 = �̇�𝑜𝑢𝑡 − �̇�𝑖𝑛 

Energy balance for open systems: 
𝑑(𝑚𝑈)𝑐𝑣

𝑑𝑡
= −�̇�∆ [𝑈 +

1

2
𝑢2 + 𝑔ℎ] + �̇� + �̇� 

Energy balance for steady-state flow processes:  ∆�̇� (𝐻 +
1

2
𝑢2 + 𝑔ℎ) = �̇� + 𝑊𝑠

̇  

Single Phase:ln
𝑉2

𝑉1
= 𝛽(𝑇2 − 𝑇1) − 𝜅(𝑃2 − 𝑃1) 

Mechanically reversible closed system processes: 

Constant V: 𝑄 = 𝑛∆𝑈 = 𝑛 ∫ 𝐶𝑣𝑑𝑇
𝑇2

𝑇1
= 𝑛𝐶𝑣∆𝑇 

Constant P: 𝑄 = 𝑛∆𝐻 = 𝑛 ∫ 𝐶𝑝𝑑𝑇 = 𝑛𝐶𝑝∆𝑇
𝑇2

𝑇1
;  𝑊 = −𝑅(𝑇2 − 𝑇1) 

Constant T: 𝑄 = −𝑊 = 𝑅𝑇1 ln
𝑉2

𝑉1
= −𝑅𝑇1 ln

𝑃2

𝑃1
= 𝑃1𝑉1 ln

𝑉2

𝑉1
= −𝑃1𝑉1 ln

𝑃2

𝑃1
 

Adiabatic: 
𝑇2

𝑇1
= (

𝑉1

𝑉2
)

𝑅
𝐶𝑉

⁄
;  

𝑇2

𝑇1
= (

𝑃2

𝑃1
)

𝑅
𝐶𝑃

⁄
;  

𝑃2

𝑃1
= (

𝑉1

𝑉2
)

𝐶𝑃
𝐶𝑉

⁄
;  𝛾 =

𝐶𝑃

𝐶𝑉
; 

Adiabatic: 𝑊 = ∆𝑈 = 𝐶𝑉∆𝑇 =
𝑅∆𝑇

𝛾−1
=

𝑅(𝑇2−𝑇1)

𝛾−1
=

𝑃2𝑉2−𝑃1𝑉1

𝛾−1
=

𝑃1𝑉1

𝛾−1
[(

𝑃2

𝑃1
)

𝛾−1
𝛾⁄

− 1] =
𝑅𝑇1

𝛾−1
[(

𝑃2

𝑃1
)

𝛾−1
𝛾⁄

− 1] 

Virial equation truncated to 2 terms: 𝑍 =  
𝑃𝑉

𝑅𝑇
= 1 +

𝐵𝑃

𝑅𝑇
;  truncated to 3 terms:𝑍 = 1 +

𝐵(𝑇)

𝑉
+

𝐶(𝑇)

𝑉2 ; 

Lee/ Kesler correlation: 𝑍 = 𝑍𝑜 + 𝜔𝑍1; 

Generalized Pitzer correlation: 𝑍 = 1 + (𝐵0 + 𝜔𝐵1)
𝑃𝑟

𝑇𝑟
 ; 𝐵0 = 0.083 −

0.422

𝑇𝑟
1.6 ; 𝐵1 = 0.139 −

0.172

𝑇𝑟
4.2  



Chemical Thermodynamics 2A CTDCHA2: SSA 

Page 5 of 12 
 

IG:𝑄 = 𝑛∆𝐻 = 𝑛 ∫
𝐶𝑝𝑖𝑔

𝑅
𝑑𝑇

𝑇1

𝑇0
= 𝑛 [𝐴𝑇𝑜(𝜏 − 1) +

𝐵

2
𝑇𝑜

2(𝜏2 − 1) +
𝐶

3
𝑇𝑜

3(𝜏3 − 1) +
𝐷

𝑇𝑜
(

𝜏−1

𝜏
)] =

𝑛
⟨𝐶𝑃⟩𝐻

𝑅
(𝑇1 − 𝑇0);where,  

⟨𝐶𝑃⟩𝐻 = 𝑅 [𝐴 +
𝐵

2
𝑇𝑜(𝜏 + 1) +

𝐶

3
𝑇𝑜

2(𝜏2 + 𝜏 + 1) +
𝐷

𝜏𝑇𝑜
2] 

Clapeyron equation: ∆𝐻 = 𝑇∆𝑉
𝑑𝑃𝑠𝑎𝑡

𝑑𝑇
  

Rackett equation:             𝑉𝑠𝑎𝑡 = 𝑉𝑐𝑍𝑐
(1−𝑇𝑟)

2
7⁄
 

General entropy change: ∆𝑆 = 𝐶𝑝 ln
𝑇2

𝑇1
− 𝑙𝑛

𝑃2

𝑃1
 

Entropy change for IG: 
∆𝑆

𝑅
=

⟨𝐶𝑝
𝑖𝑔

⟩
𝑆

𝑅
ln

𝑇

𝑇𝑜
− ln

𝑃

𝑃𝑜
; 

⟨𝑐𝑝
𝑖𝑔

⟩
𝑆

𝑅
= 𝐴 + [𝐵𝑇𝑜 + (𝐶𝑇𝑜

2 +
𝐷

𝜏2𝑇𝑜
2) (

𝜏+1

𝜏
)] (

𝜏−1

ln 𝜏
) 

 

For residual properties: ;  ;  𝐺𝑅 = 𝑅𝑇 ln  

); 
𝐻𝑅

𝑅𝑇𝑐
= (

𝐻𝑅

𝑅𝑇𝑐
)

0

+ 𝜔 (
𝐻𝑅

𝑅𝑇𝑐
)

1

 ; 
𝑆𝑅

𝑅
= (

𝑆𝑅

𝑅
)

0

+ 𝜔 (
𝑆𝑅

𝑅
)

1

 

𝐻𝑅

𝑅𝑇𝑐
= 𝑃𝑟 [(0.083 −

1.097

𝑇𝑟
1.6 ) + 𝜔 (0.139 −

0.894

𝑇𝑟
4.2 )] ; 

𝑆𝑅

𝑅
= −𝑃𝑟 [

0.675

𝑇𝑟
2.6 + 𝜔 (

0.722

𝑇𝑟
5.2 )]; 

 

Fugacity and fugacity coefficient:  = (0)(1)
𝜔

;𝑓 = 𝑃; ;𝑙𝑛  =
𝑃𝑟

𝑇𝑟
(𝐵0 + 𝜔𝐵1)

 

Raoult’s law: 𝑦𝑖𝑃 = 𝑥𝑖𝑃𝑖
𝑠𝑎𝑡 where 𝑃 = ∑ 𝑥𝑖𝑃𝑖

𝑠𝑎𝑡
𝑖  or 𝑃 =

1

∑ 𝑦𝑖𝑖 𝑃𝑖
𝑠𝑎𝑡⁄

 

Modified Raoult’s law: 𝑦𝑖𝑃 = 𝑥𝑖𝛾𝑖𝑃𝑖
𝑠𝑎𝑡 where  𝑃 = ∑ 𝑥𝑖𝛾𝑖𝑃𝑖

𝑠𝑎𝑡
𝑖  or 𝑃 =

1

∑ 𝑦𝑖𝑖 𝛾𝑖𝑃𝑖
𝑠𝑎𝑡⁄

 

 

0T

T
=

igR VVV −=
igR HHH −=

1

2ln(
P

P

Mr

R
SSS igR +−=

σβ)β)(Z(Z

β)(Z
qββ1Z

++

−
−+=

=
i

iiX  lnln



Chemical Thermodynamics 2A CTDCHA2: SSA 

Page 6 of 12 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



Chemical Thermodynamics 2A CTDCHA2: SSA 

Page 7 of 12 
 

APPENDIX B 
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APPENDIX C 
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APPENDIX D 
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APPENDIX E 
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APPENDIX F 

 


