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 צבי קורן'  פרופ– 1תרמודינמיקה בהנדסה כימית 
 

  תרגילים–החוק הראשון בתרמודינמיקה 
First Law of Thermodynamics - Problems 

 
[Problems adapted and edited from:  Maron S.H. and Lando J.B. Fundamentals of Physical 
Chemistry, Macmillan Publishing Co., NY, 1974, Ch. 7, pp. 288-295.] 
 
1. Consider a solution composed of three constituents. (a) How many 

independent variables will be required to express the total energy of the 
solution? (b) How many independent variables will be required to express 
the density of the solution? 

 
2. In Eqs. (13), (14), and (15) of this chapter, what is the significance of the 

parameters a, b, and a/n 1 ? 
 
3. Starting with Eq. (14) for V2, deduce the expression for Vl without 

employing Eq. (13). How does the result obtained compare with Eq. (15)? 
 
 
4. For a certain binary solution at constant T and P 

V2  = a2 + 2a3m + 3a4m2 
where m is the molality and a2, a3, and a4 are constants. Deduce the 
expression for the total volume of solution, V, as a function of m. 

 
5. A weight of 1000 g falls freely to a platform from a height of 10 meters. 

What amount of heat will be evolved when the weight strikes the platform? 

6. A piston whose area is 60 cm2 moves through a distance of 20 cm against a 
pressure of 3 atm. Calculate the work done in (a) Joules, and (b) calories. 

 
7. A gas in expanding against a constant pressure of 2 atm from 10 to 20 

liters absorbs 300 cal of heat.  What is the change in the internal energy of 
the gas? 

  
8. A gas expands against a variable opposing pressure given by pex = 10/V in 

units of atm, where V (in L) is the volume of the gas at each stage of the 
expansion. Further, in expanding from 10 to 100 liters, the gas undergoes a 
change in internal energy of ∆U = 100 cal. How much heat is absorbed by 
the gas during the process? 
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9. For a certain ideal gas Cv = 6.76 cal mol–1 deg–1. If 10 moles of the gas are 
heated from 0 to 100 °C, what will be ∆U and ∆H for the process? 

 
10. Two liters of N2 at 0 °C and 5 atm pressure are expanded isothermally 

against a constant pressure of 1 atm until the pressure of the gas is also 1 
atm. Assuming the gas to be ideal, what are the values of w, ∆U, ∆H, and q 
for the process?  Calculate the efficiency of this process. 

 
11. Calculate the work done by 5 moles of an ideal gas during expansion from 

5 atm at 25 °C to 2 atm at 50 °C against a constant pressure of 0.5 atm. If 
for the gas Cp = 5.0 cal mol–1 deg–1, find also ∆U, ∆H, and q for the 
process.  Calculate the efficiency of this process. 

 
12. Three moles of an ideal gas at 1 atm pressure and 20 °C are heated at 

constant pressure until the final temperature is 80 °C. For the gas Cv = 7.50 
+ 3.2×10–3 T cal mol–1 deg–1. Calculate w, ∆U, ∆H, and q for the process.  
Calculate the efficiency of this process. 

 
13. Assuming CO2 to be an ideal gas, calculate the work done by 10 g of CO2 in 

expanding isothermally and reversibly from a volume of 5 liters to 10 liters 
at 27 °C. What are q, ∆U, and ∆H for the process? 

 
14. Calculate the minimum work necessary to compress 20 g of O2 from 10 to 

5 liters at 0 °C. How much heat is evolved in the process? 
 
15. Two liters of N2 at 0 °C and 5 atm pressure are expanded isothermally and 

reversibly until the confining pressure is 1 atm. Assuming the gas to be 
ideal, calculate w, q, ∆U, and ∆H for the expansion. 

 
16. Using the van der Waals equation of state, derive the expression for the 

isothermal reversible expansion of n moles of gas from volume Vl to 
volume V2 at temperature T. 

 
17. For a certain gas the van der Waals constants are a = 6.69 atm⋅L2/mol2 and 

b = 0.057 L/mol. What will be the maximum work performed in the 
expansion of 2 moles of the gas from 4 to 40 liters at 300 K?  

18. For CO2 the van der Waals constants are a = 3.59 atm⋅L2/mol2 and b = 
0.0427 L/mol. (a) Find the minimum work required to compress 1 mole of 
CO2 from a volume of 10 liters to 1 liter at 27 °C. (b) How does this work 
compare with that obtained on the assumption that CO2 is an ideal gas? 
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19. Employing the Beattie-Bridgeman equation of state explicit in volume, 
deduce the expression for the maximum work performed in the isothermal 
expansion of n moles of a gas from pressure Pl to P2 at temperature T.  

 
20. Eight grams of O2 at 27 °C and under a pressure of 10 atm are permitted to 

expand adiabatically and reversibly until the final pressure is 1 atm. Find 
the final temperature and the work done in the process. Assume that Cp = 
3.5R for O2. 

 
21. Ten grams of N2 at 17°C are compressed adiabatically and reversibly from 

8 to 5 liters. Calculate the final temperature and the work done on the gas. 
What are ∆U and ∆H for the process? Assume Cp = 3.5R. 

 
22. For a certain ideal gas CP = 8.58 cal mol–1 deg–1. What will be the final 

volume and temperature when 2 moles of the gas at 20 °C and 15 atm are 
allowed to expand adiabatically and reversibly to 5 atm pressure? 

 
23. Find w, q, ∆U, and ∆H for the process given in problem 22. 
 
24. Consider again the gas in problem 22, but suppose that now the expansion 

takes place adiabatically against a constant pressure of 5 atm. What will be 
the final volume and temperature of the gas? Calculate the efficiency of 
this process. 

 
25. Find w, q, ∆U, and ∆H for the process in problem 24. 
 
26. Deduce the expressions for ∆U and ∆Cv accompanying the expansion of n 

moles of a van der Waals gas from volume Vl to V2 at temperature T. 
 
27. (a) Using the gas described in problem 17, calculate ∆U and ∆Cv involved 

in the given process. (b) What would be the values of ∆U and ∆Cv for the 
process with an ideal gas? 

 
28. A gas obeys the van der Waals equation with a = 6.69 atm⋅L2/mol2 and b = 

0.057 L/mol. For the gas Cv = 7.00 cal mol-1 deg-1 .  What will be ∆U for a 
process involving the compression of 5 moles of the gas from a volume of 
100 liters at 300 K to a volume of 10 liters at 400 K.   

 
29. What will be the value of ∆H for the process described in problem 28? 
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30. Suppose that a gas obeys at low pressures the equation 
  PVm = RT + (A+ B/T2)P 
 where A and B are constants independent of pressure and temperature, and 

Vm  is the molar volume. Derive the expression for the change in enthalpy 
which will accompany the expansion of n moles of gas from a pressure P1 
to a pressure P2 at temperature T. 

 
31. What will be the expression for the change in CP accompanying the 

process described in problem 30? 
 
32. For CO2(g) at 300 K and 1 atm pressure (∂H/∂P)T = –10.2 cal mol-1 atm-1 

and CP = 8.919 cal mol-1 deg-1. Calculate the Joule-Thomson coefficient of 
the gas for the given temperature and pressure conditions. 

 
33. Ascertain from the data given in Table 7-1 the pressure at which N2(g) 

undergoes a Joule-Thomson inversion at 300 °C. 
 
34. From the data given in Table 7-1 determine the temperature range over 

which N2(g) undergoes cooling on adiabatic Joule-Thomson expansion at 
200 atm.  

 
35. At 300 °C and at pressure range of 0–60 atm, the Joule-Thomson 

coefficient of N2(g) can be represented by the equation 
µ = 0.0142 – 2.60x10-4 P 

 Assuming this equation to be temperature independent near 300 °C, find 
the temperature drop which may be expected on Joule-Thomson expansion 
of the gas from 60 to 20 atm.  

 
36. A certain fuel furnishes 7000 cal of heat per gram. (a) Calculate the 

maximum work which can be obtained from this heat in an engine which 
operates with mercury between its boiling point, 356.6 °C, and 40 °C. (b) 
How much maximum work can be obtained from this heat in an engine 
which operates with water between its boiling point and 40 °C? 

 
37. What are the thermodynamic efficiencies of the processes described in 

problem 36? 
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38. Compare the thermodynamic efficiencies to be expected: (a) When an 
engine is allowed to operate between temperatures of 1000 and 300 K. (b) 
When an engine is allowed to operate between 1000 and 600 K, and then 
the waste heat is passed on to another engine which operates between 600 
and 300 K. 

 
39. What will be the minimum amount of work required to operate a 

refrigerating machine which removes 1000 cal of heat at 0 °C and rejects it 
at 50 °C? 

 
40. The molar heat of combustion of naphthalene (M.W. = 128.17) is –1228.2 

kcal/mol. If 0.3000 g of naphthalene burned in a calorimeter causes a rise 
in temperature of 2.050 °C, what is the total heat capacity of the 
calorimeter? 

 
41. If 1.520 g of an organic compound burned in the calorimeter in problem 40 

cause the temperature to rise 1.845 °C, what is the heat of combustion of 
the compound in calories per gram? 

 
42. A 0.500-g sample of n-heptane(ℓ) burned in a constant volume calorimeter 

to CO2(g) and H2O(ℓ) causes a temperature rise of 2.934 °C. If the heat 
capacity of the calorimeter and its accessories is 1954 cal/°C, and the mean 
temperature of the calorimeter is 25 °C, calculate: 

 (a) The heat of combustion per mole of the heptane at constant volume; 
 (b) The heat of combustion of the heptane per mole at constant pressure.  
 
43. For the following reactions state whether ∆H will be significantly different 

from ∆U, and tell whether ∆H will be greater or less than ∆U in each case. 
Assume that all reactants and products are in their normal states at 25 °C. 

 (a) The complete combustion of sucrose (C12H22O11) 
 (b) The oxidation of solid naphthalene (C10H8) with gaseous O2 to solid 

phthalic acid, C6H4(COOH)2 
 (c) The complete combustion of ethyl alcohol 
 (d) The oxidation of PbS with O2 to PbO and SO2.  

44. For the reaction 
  NH3(g)    ½ N2(g) + 1½ H2(g), ∆H°25°C = 11,040 cal. 
 Find the value of ∆Uo of the reaction at 25 °C. 
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45. The heats of the following reactions at 25 °C are 
  Na(s) + ½ Cl2(g)  =  NaCl(s)   ∆H0 =    –98,230 cal 
  H2(g) + S(s) + 2 O2(g)  =  H2SO4(ℓ)           ∆H0 =  –193,910 cal 
  2 Na(s) + S(s) + 2 O2(g)  =  Na2SO4(s)   ∆H0 =  –330,500 cal 
  ½ H2(g) + ½ C12(g)  =  HCl(g)          ∆H0 =    –22,060 cal 
 From these data find the heat of reaction at constant volume at 25 °C for 

the process 
  2 NaCl(s) + H2SO4(ℓ) = Na2SO4(s) + 2 HCl(g) 
 
 46. From the following equations and heats of reaction, calculate the standard 

molar heat of formation of AgCl at 25 °C. 
  Ag2O(s) + 2 HCl(g) = 2 AgCl(s) + H2O(ℓ)  ∆H0 =  –77,610 cal 
  2 Ag(s) + ½ O2(g) = Ag2O(s)                 ∆H0 =     –7,310 cal 
  ½ H2(g) + ½ C12(g) = HCl(g)                ∆H0 =   –22,060 cal 
  H2(g) + ½O2(g) = H2O(ℓ)                        ∆H0 =  –68,320 cal  
 
47. For the reaction 
  2 NaHCO3(s) = Na2CO3(s) + CO2(g) + H2O(g),  ∆H°25°C = 30,920 cal. 
 Find the standard heat of formation at 25 °C of NaHCO3(s) in calories per 

mole.  
 
48. From heats of formation data calculate the heats of the following reactions 

at 25°C: 
 (a) Fe2O3(s) + CO(g) = CO2(g) + 2 FeO(s) 
 (b) 2 NO2(g) = 2 NO(g) + O2(g) 
 (c) 3 C2H2(g) = C6H6(ℓ). 

49. From the heat of combustion of n-butane calculate the standard heat of 
formation of this compound per mole at 25 °C. 

 
50. From heats of formation data calculate the heat of combustion of 

C2H5OH(g) at 25 °C. 
 
 
 
 
66. Using the heat capacities Cp as functions of T, calculate the amount of heat 

required to raise the temperature of 200 g of CO2 (g) from 300 to 500 K at 
(a) constant pressure and (b) constant volume. Assume CP – Cv = R. 

  
67. One mole of N2(g) and 3 moles of H2(g) at 25 °C are heated to 450 °C and 

subjected to a pressure which results in the conversion of 0.1 mole of the 
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N2 into NH3(g). The gases are then cooled rapidly back to 25 °C. From the 
thermal data given in this chapter find how much heat is given up or 
absorbed in the whole process. 

 
68. A mixture of gases contains 40 % of CO2,  30 % of CO, and 30 % of N2 by 

volume. Calculate the amount of heat necessary to raise the temperature of 
1000 g of this mixture from 300 to 500 K at constant pressure. 

 
69. Calculate the heat of vaporization of H2O at 120 °C and 1 atm pressure. 

The heat capacity of H2O(ℓ) may be taken as 1.0 cal/g⋅degree, CP for the 
vapor as 0.45 cal/g⋅degree, and the heat of vaporization at 100 °C as 540 
cal/g. 

 
70. One mole of steam at its boiling point under a constant pressure of 1 atm is 

condensed to liquid water under the same conditions. What are the values 
of ∆H, q, w, and ∆U for the process? 

 
71. For the reaction            ZnO(s) + CO(g) = Zn(g) + CO2(g),   
  ∆Ho  =  47,390 – 0.69 T – 3.29x10–3 T2 + 1.25x10–6 T 3. 
 (a) Deduce the expression for ∆U° as a function of T.  
 (b) Find the values of ∆H° and ∆U° at 500 K. 
 
72. Find ∆Ho as a function of T for the reaction   

CO2(g) + C(s, graphite) = 2 CO(g)  
given that ∆H293 K = 41,400 calories. 

 
73. Find the expression for ∆Ho as a function of the temperature for the 

reaction 
  N2(g) + O2(g) = 2 NO(g) 
 given that ∆H°293 K = 43,000 cal. 
 
74. The expression for ∆Ho of formation of CO2 as a function of temperature is 

∆Ho = –93,480 – 0.603 T – 0.675x10–4 T2 – 1.091x105 T–1 
 Find ∆C°p for this reaction as a function of T. 
 
 
75. For the reaction CaO(s) + CO2(g) = CaCO3(s) 
  ∆Ho= –42,500 – 0.66 T + 2.155x10–3 T2 + 4.1x103T–1. 
 Find ∆U°, ∆C°p, and ∆C°v as functions of T. 

76. Suppose that the reaction 2A(g) = A2(g) proceeds very rapidly and 
completely at 300 K with the liberation of 50 kcal of heat per mole of A2 
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formed. Under such conditions the process can be considered to be 
essentially adiabatic. If for the system Cp is constant and equal to 8.00 cal 
mol–1 deg–1, and if A2 is stable with temperature, what is the maximum 
temperature attained by the system as a result of the of the formation of 
0.500 mole of A2? 
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 שובות ת–החוק הראשון בתרמודינמיקה 
First Law of Thermodynamics - Answers 

 
1. a) five;        b) four                                                         __ 
2. a = volume of 1000 g of pure constituent one;    b) b = V2 at m=0; 
 a/n1  =  molar volume of pure constituent one.    

3. V1 = (a - cm2)/n1;  same 
4. V  =  a1 +a2m  +  a3m2  +  a4m3, where a4 is a constant 
5. 23.4 cal 
6. a) 365 J;    b) 87.2 cal 
7. w = –484 cal;   ∆U = –184 cal 
8. w = –558 cal;    q = 658 cal 
9. ∆U = 6760 cal;    ∆H = 8750 cal 
10. –w  =  q  = 194 cal;    ∆H = ∆U = 0  
11. ∆U= 375cal;    w  = –510cal;    q = 885 cal;    ∆H = 625 cal   
12. ∆U = 1536 cal;    ∆H = q = 1893 cal;    w = –357cal     
13. ∆U = ∆H = 0;      –w = q = 93.9 cal 
14. w = –q = 235 cal 
15. ∆U = ∆H = 0;    –w = q = 390 cal 

16. 
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17. wmax  =  –2640 cal 
18. a)   wmax  = 1320 cal;      b)   1370 cal 
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20. t = –117.7 oC;            w  = –179.6 cal 
21. t  = 76.7 oC;     w  =  109.5 cal;    ∆U = 109.5 cal;   ∆H = 151.9 cal  
22. V2 = 7.45 L;       t2  =  –46 oC 
23. ∆U = –865 cal;    w  = –865cal;    q = 0;    ∆H = –1130 cal   
24. V2 = 8.15 L;       t2  =  –25.0 oC 
25. ∆U = –595cal;    w  = –595 cal    q = 0;    ∆H = –774 cal 

26. 0,
12

122 =∆






 −
=∆ vC

VV
VVanE  

27. a)    ∆U = 146 cal;    ∆Cv = 0;      b)    ∆U = ∆Cv = 0 
28. ∆U = 3140 cal   
29. ∆H = 3870 cal 
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32. µ = 1.14 deg atm–1 
33. P = 54.3 atm 
34. –112 oC   to 230 oC 
35. ∆t = –0.152 oC 
36. a)   3520 cal    b)   1130 cal 
37. a) 50.3 %;   b) 16.1 % 
38. a) 70.0 %;   b) 70.0 % 
39. 183 cal 
40. 1402 cal/deg 
41. –1701 cal/g 
42. a) ∆U = –1149 kcal;    ∆H = –1151 kcal 
43. a) ∆U = ∆H;        b) ∆U > ∆H;        c) ∆U > ∆H;         d) ∆U > ∆H   
44. ∆Uo = 10,450 cal 
45. ∆Ho = 15,750 cal;     ∆Uo = 14,560 cal 
46. –30,360 cal/mol 
47. –226,540 cal/mol 
48. a) 270 cal;      b) 27,020 cal;     c) –150,850 cal 
49. –29,820 cal/mol 
50. –336,760 cal/mol 
 
66. a) 8880 cal;     b) 7080 cal 
67. –2,208 cal 
68. 47,500 cal 
69. 529 cal/g 
70. ∆H = q = –9,720 cal/mol;    ∆U = –8,990 cal/mol;    w = 740 cal/mol 
71. a)   ∆Uo =  47,390 – 2.68 T  –  3.29x10–3 T2 + 1.25x10–6 T3 ; 
        b)   ∆Ho =  46,380 cal;    ∆Uo =  45,390 cal 
72. ∆Ho = 40,810 + 5.361 T – 7.697*10–3 T2 + 31.93x10–7 T3 – 0.565x10–9 T4  

–  1.169x105 / T   
73. ∆Ho =  41,210 + 2.58 T  – 0.373x10–3 T2 – 0.87x10–7 T3 + 3.12x105 / T   
74. ∆Cp =  –0.603 – 1.35x10–4 T + 1.091x105 / T2   
75. ∆Uo =  –42,500 + 1.33 T + 2.155x10–3 T2  + 4.1x103 / T                                          

∆Co
p = –0.66 + 4.310x10–3 T – 4.1x103 / T2                                                               

 ∆Co
v =  1.33 + 4.310x10–3 T – 4.1x103 / T2 

 


