
Problem Set #5 

Assigned September 20, 2013 – Due Friday, September 27, 2013 

Please show all work for credit 

To “warm up” or practice try the Atkins Exercises, which are generally simple one step 

problems  

Thermal expansion and isothermal compressibility 

1. Engel - P3.20 (Thermal expansion derivation for an ideal and real gas) 

2. Atkins – 2.32(b) (expansion coefficient) 

3. Atkins – 2.33(b) (compressiblity) 

Joule-Thomson Coefficient 

4. Atkins - 2.20 (Enthalpy change of compressed gas) 

5. Atkins - 2.46 (Joule-Thompson coefficient of tetrafluoroethane from table data) 

Enthalpy and Phase Changes  

6. Atkins - 2.6(b) (Methanol condensation) 

Thermochemistry 

7. Atkins - 2.25 (b) (Enthalpy of formation of NOCl(g) ) * Need Table 2.8 

8. Atkins – 2.19(b) (diborame  formation) 

9. Atkins - 2.18 (Silane oxidation) 

10. Atkins – 2.42 (anerobic oxidation) 

11. Engel - P4.21 (calorimeter calibration) 

12. Engel - P4.24 (Photosynthetic glucose production, H) 

13. Engel – P4.37 (N2 fixation, glycine production) 

Extra, do not hand in 

Good model problems for exam 

1. Engel - P3.14 (Internal Energy derivatives derivation) 

2. Engel - P3.21 (Joule coefficient for ideal and van der Waals gas) 

3. Engel – P3.26 (dCv/dV) T calc 

4. Engel - P3.11 (isothermal compressibilty coefficient for van der Waals gas) 

5. Atkins 2.16(b) (Liquid vaporization) 

 

 

 



Tests of your understanding 

6. Atkins – 2.30(b) ( J-T coefficient calculation) 

7. Atkins - 2.34(b) (Joule-Thompson experiment with CO2) – de-emphasize 

8. Atkins – 2.12 (glucose combustion)  

9. Atkins - 2.43 (Alkyl radicals) 

10. Engel - P3.19 (use Joule coefficient for H calc, ideal and Van der Waals gas) 

11. Engel – P3.22 (derivation suing calculus methods) Engel P4.8 (reaction enthalpy at 

high T, needs tabulated Cp(T) values) 

12. Engel - P4.8 (reaction enthalpy at high T, needs tabulated Cp(T) values) 

13. Engel - P4.5 (CaC2(s) enthalpy of formation) 

14. Engel - P4.19 (Bond enthalpy calculations) * Need Table 4.3 in Chapter 4 and Table 

4.1 and Table 4.2 in back of book – may de-emphasize 

15. Engel – P.4.25 (ecology) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Thermal expansion and isothermal compressibility 

1. Engel - P3.20 

P3.20)  Using the result of Equation (3.8), (P/T)V = /, express  as a function of , and 

Vm for an ideal gas, and  as a function of b, , and Vm for a van der Waals gas. 

For an ideal gas: 
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2. Atkins – 2.32(b) 

The volume of a certain liquid varies with temperature 

V=V’[0.77+3.7 * 10
-4 

(T/K) +1.52 * 10
-6 

(T/K)
2
] 

Where V’ is its volume at 300K. Calculate its expansion coefficient, α, at 310K.  

 

 

 

 

 

 

 

 

 

3. Atkins – 2.33(b) 

 

 

 

 

 

 

 

 

 



Joule-Thomson Coefficient 

4. Atkins – 2.20 

A sample consisting of 1.00 mol of a van der Waals gas is compressed from 20.0 dm
3
 

to 10 dm
3
 at 300K. In the process, 20.2 kJ of work is done on the gas. Given that  

μ= [(2a/RT)-b]/Cp,m, with Cp,m = 38.4 J K
-1

 mol
-1

, a = 3.60 dm
6
 atm mol

-2
, and 

 b=0.044 dm
3 

mol
-1

, calculate ΔH for the process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Atkins – 2.46 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Enthalpy and Phase Changes  

6. Atkins – 2.6(b) 

 

 

 

 

 

 

 

 

Thermochemistry 

7. Atkins – 2.25(b) 

 
 

 

 

 

 

 

8. Atkins – 2.19(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 



9. Atkins – 2.18 

 
 

 

 

 

 

 

 

 

 

 

10.  Atkins – 2.18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

11. Engel – P4.21 

P4.21)  Benzoic acid, 1.35 g, is reacted with oxygen in a constant volume calorimeter to 

form H2O(l) and CO2(g). The mass of the water in the inner bath is 1.240  10
3
 g. The 

temperature of the calorimeter and its contents rise 3.45 K as a result of this reaction. 

Calculate the calorimeter constant. 

 

The reaction is, with n = ½: 

        OH 3g CO 7    g O
2

15
s COOHHC 22256   

        1-1-1-
2

11-

combustioncombustion

mol kJ 11.3228K 298.15mol K J 8.314472mol kJ 3226.87

T Rn ΔHΔU
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12. Engel – P4.24 

6CO2 (g) + 6H2O (l)   C6H12O6 (s) + 6O2 (g).  

 
We first calculate the change in heat capacity: 

       

       
1-1-

1-1-1-1-1-1-1-1-

2mp,2mp,6126mp,2mp,mp,

mol K J 8.279 

mol K J 37.16mol K J 75.36mol K J 218.2mol K J 4.296

g,COC 6O,HC 6s,OHCCg,OC 6ΔC





 

 

The enthalpy of reaction at 298 K is: 

         

       
1-

1-1-1-1-

2f2f6126f2freaction

mol kJ 7.2802 

mol kJ 393.5-6mol kJ 285.8-6mol kJ 1273.1mol kJ 06

g,COΔH 6O,HΔH 6s,OHCΔHg,OΔH 6K 298ΔH





  

 

Then the enthalpy at 330 K is:   

         
1-

-1-1-1

mp,reactionreaction

molkJ  7.2793  

 K32mol J K 279.8-molkJ  2802.0T ΔC K298ΔH K330ΔH



 

 

13. Engel – P4.37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



a) For elements in standard state, H
o

f = 0. So the enthalpy of reaction is: 

         

      1-1-1-

2f3freaction

mol kJ 96.86    mol kJ 8.2853mol kJ 3.802

O,HΔH 3aq,NHΔH 2K 298ΔH



 

 

b) The enthalpy of reaction is: 

 

             

          
1-

1-1-1-1-

3f4f22f2f

reaction

mol kJ 5.1991    

mol kJ 9.451mol kJ 6.742-mol kJ 2.5371mol kJ 8.2853

g,NHΔH 1g,CHΔH 2sCOOH,CHNHΔHO,HΔH 3

K 298ΔH





 




 

c) To calculate the enthalpy for the formation of glycine we use: 

       g O 
2

3
  aq NH 2    OH 3  g N 2322      kJ 8.696ΔHreaction 


 

     

    OH 6 s COOHCHNH 2 

 g O 5  g CH 4g NH 2

222

243




      

 kJ 5.11992ΔHreaction 
 

     

    OH 3 s COOHCHNH 2 

 g O 
2

7
  g CH 4g N

222

242




  reactionΔH 1702.2 kJ   

Therefore, the enthalpy per mole of glycine is: 

 
  -1

formation

1702.2 kJ
ΔH glycine     851.1 kJ mol

2


    

 

 

 

 

 

 

 



Extra, do not hand in 

Good model problems for exam 

 

 

 

 

2. Engel – P3.21 

The Joule coefficient is defined by (T/V)U = 1/CV[P – T(P/T)V]. Calculate the 

Joule coefficient for an ideal gas and for a van der Waals gas. 

For an ideal gas: 
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            For a van der Waals gas: 
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3. Engel – P3.26 

Derive the following expression for calculating the isothermal change in the constant volume 

heat capacity: (CV/V)T = T(
2
P/T

2
)V. 
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The order of differentiation can be reversed since U is a state function. Using: 
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We obtain: 
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4. Engel – P3.11 

Obtain an expression for the isothermal compressibility  = –1/V(V/P)T for a van der    

Waals gas. 
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5. Atkins – 2.16(b) 

 

 

 

 

 

 

 

 

 



6. Atkins - 2.30(b) 

 

 

 

 

 

7. Atkins – 2.34(b) 

 

 

 

 

 

 

 

 

8. Atkins – 2.12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9. Atkins – 2.43 
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         +149.4 
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10. Engel – P3.19 

 

 

 

 

 

 
   

  J 103.06    Pa 10400Pa 101.00

 mol m 1003201.0
K 300K mol J 8.314472

mol Pa m 0.13552

C

1
C

ppμ Cdp μ C ΔH

355
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             For an ideal gas, Hm = 0, because J-T = 0 for and ideal gas. 



11. Engel – P3.22 

 Use the relation (U/V)T = T(P/T)V – P and the cyclic rule to obtain an expression for 

the internal pressure, (U/V)T, in terms of P, , T, and . 
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12. Engel – P4.8 

P4.8)  Calculate 
 
H reaction


 at 650 K for the reaction 4NH3(g) +6NO(g)  5N2(g) + 

6H2O(g) using the temperature dependence of the heat capacities from the data tables. 

   
K

T
d 

K

T
CK 15.298HK 506H

650

K 298.15

pff  







   

       

 

 

 

 

1-1-

mp,3mp,2mp,2mp,p

mol K J 

K

T
7744.267706.243115.160176.15

K

T
3326.562446.448228.263968.25

K

T
0.0259360.0110340.0079560.011875

33.58629.29433.80630.815

gNO,C 6g,NHC 4gO,HC 6g,NC 5ΔC







































 

650 2 3
4 8 -1 -1

p 2 3

298.15 K

650 2 3
4 8 -1

2 3

298.15 K

T T T T T
C  d 38.21 0.00441 2.0053 10 1.4772 10  J K  mol

K K K K K

T T T T
38.21 0.00441 2.0053 10 1.4772 10 d  J mol

K K K K

13.444 0.736 16.585 0.63

 

 

  
         

   

  
      

  

   





  -1 -10  kJ mol     1.775 kJ mol 

 

         

        1-1-1-1-

f

f3f2f2ff

mol kJ 1814mol kJ 3.916mol kJ 5.944mol kJ 8.2416K 15.298H

gNO,H 6g,NHH 4gO,HH 6g,NH 5K 15.298H









 

     -1 -1 -1

fH 650 K 1814 kJ mol 1.775 kJ mol     1812 kJ mol        



13. Engel – P4.5 

 

 

 

 

 

 

 

          OH 2    s CaC   g HC  s OHCa 22222    -1mol kJ 127.9  

       s OHCa    OH  s CaO 22       -1mol kJ 65.2-  

       g Os HC     OH  g CO 3 22
5

2222      -1mol kJ 1299.58  

     g CO 2    g O 2  s C 2 22        -1mol 393.51kJ-2  

     s CaO    g O   s C 22
1       -1mol kJ 635.1-  

     s CaC    s Ca  s C 2 2      
-1

f mol kJ 8.59ΔH   

 

 

14. Engel – P4.19 

 

 

 

 

 

a)      g H 4g C    g CH4   

     

        1-1-1-1-

4fffreaction

mol kJ 3.1663mol kJ 4.67mol kJ 16.77mol kJ 18.024

g,CHHgC,HgH,H 4H



 

 

The average C-H bond enthalpy is then: 

  1-
-1

bond

avrg mol kJ 8.415
4

mol kJ 30.1663
H   



And the average C-H bond free energy: 

       
1-

-1-1-1

reactionreaction

mol kJ 9.1655

K 298.15mol K J 8.3144723mol kJ 663.31T Rn ΔHΔU



 

 

 -1 -1

bond -1

avrg

1655.9 kJ mol  kJ mol
U 414.0 kJ mol

4
    

b)      g H 6g C 2    g HC 62   

     

          1-1-1-1-

62fffreaction

mol kJ 4.2825mol kJ 4.08mol kJ 16.772mol kJ 18.026

g,HCHgC,H 2gH,H 6H



 

 

enthalpy bond C-Centhalpy bond H-C6H reaction    

   -1 -1 -1C-C bond enthalpy 2825.4 kJ mol 6 416.0 kJ mol     329 kJ mol     

       
1-

-1-1-1

reactionreaction

mol kJ 0.2808

K 298.15mol K J 8.3144727mol kJ 4.2825T Rn ΔHΔU



 

 

energy bond C-Cenergy bond H-C6U reaction    

   -1 -1 -1C-C bond energy 2808 kJ mol 6 414.0 kJ mol     324.0 kJ mol     

c)      g H 4g C 2    g HC 42   

     

         
reaction f f f 2 4

-1 -1 -1 -1

H 4 H H,g 2 H C,g H C H ,g

4 218.0 kJ mol 2 716.7 kJ mol 52.4 kJ mol 2253 kJ mol

      

     
 

enthalpy bond CCenthalpy bond H-C4H reaction    

   -1 -1 -1C C bond enthalpy 2253 kJ mol 4 416.0 kJ mol     589 kJ mol      

       -1 -1 -1

reaction reaction

-1

ΔU ΔH n R T 2253 kJ mol 5 8.314472 J K  mol 298.15 K

2240 kJ mol

      



 

energy bond CCenergy bond H-C4Ubond    

   -1 -1 -1C C bond nergy 2240 kJ mol 4 414.0 kJ mol     588 kJ mol      

 



15. Engel – P4.25 

 

 

 

 

 

The number of moles of fixed carbon is: 

 
 

1-2-7

1-3-

-1-2

C

fixedC,

fixedC, year km mol 103.747
mol kg 1012.01

year km kg 450000

M

m
n 


  

With the result from P4.24 we obtain: 

     7 -2 -1 -1 8 2

reaction

18 -1

3.747 10  mol km  year 2802 kJ mol 1.49 10  kmΔH
ΔH

6 6

2.60 10  kJ year

   
 

 

 

 


