
 צבי קורן'  פרופ– 2תרמודינמיקה בהנדסה כימית 
 

  תרגילים–אנטרופיה 
Entropy – Problems 

 

[Problems adapted and edited from:   

Maron S.H. and Lando J.B. Fundamentals of Physical Chemistry, 

Macmillan Publishing Co., NY, 1974, Ch. 8, pp. 318-321] 

 

Note: Unless otherwise indicated, assume all gases in the following 

problems to be ideal. 

 

1. A quantity of ideal gas in an isolated system is expanded isothermally and 

reversibly at 400 K from a volume V1 to V2. During the expansion the gas 

absorbs 200 cal of heat from the reservoir in contact with it. Find (a) the 

entropy change of the gas, (b) the entropy change of the reservoir, and (c) 

the entropy change of the whole system.  

 

2. If the gas in problem 1 is expanded from V1 to V2 isothermally but 

irreversibly at 400 K with an absorption of 100 cal of heat, what will be 

the entropy changes for (a) the gas, (b) the reservoir, and (c) the complete 

system? 

 

3. Suppose the gas in problem 1 expands freely from V1 to V2 at 400 K. What 

will be the entropy changes for (a) the gas, (b) the reservoir, and (c) the 

entire system? 

 

4. Consider again the processes described in problems 1-3, and determine: 

 (a) The changes in H and U for the gas involved in these processes; 

 (b) The work performed by the gas in these processes; 

(c) The qualitative relation between the work done by the gas and the 

entropy change experienced by the isolated system 

(d) The qualitative relation between the degree of irreversibility of the 

processes and the change in entropy of the isolated system. 

 

5. Starting with the Clausius equality definition of dS, deduce the following 

expression for the change in entropy which will attend the heating or 

cooling of n moles of an ideal gas from volume V1 at temperature T1 to 

volume V2 at temperature T2: 

  S  =  
T1

T2

(nCV/T)dT + nRln(V2/V1) 

 



6. Starting with the S equation given in Problem 5, deduce the following 

expressions for the change in entropy which will attend n moles of an ideal 

gas undergoing change from: 

 (a) a pressure Pl at temperature T1 to a pressure P2 at temperature T2; 

 (b) a pressure Pl at volume V1 to a pressure P2 at volume V2. 

  

7. Starting with the fact that the volume of a substance is a function of T and 

P, show that (S/V)T = /, where  is the thermal coefficient of 

expansion and  is the compressibility coefficient, both defined in the 

lectures. 

 

8. Show that (S/P)T = –V. 

 

9. For C6H6(ℓ),  = 1.24 x 10
–3

 degree
–1

 and  = 9.30 x 10
–5

 atm
–1

 at 20 °C 

and 1 atm pressure. Assuming  and  to be constant, find the change in 

molar volume which will be required to produce an entropy change of 

0.500 eu per mole at 20 °C.  

 

10. The density of C6H6(ℓ) is 0.8790 g cc
–1

 at 20 °C. Assuming  and the 

molar volume to be independent of pressure, find the change in entropy 

which will accompany the compression of 1 mole of the substance from 1 

to 11 atm. 

 

11. For a certain ideal gas CP = 2.5R cal mole
–1

 degree
–1

. Calculate the change 

in entropy suffered by 3 moles of the gas on being heated from 300 to 600 

K at (a) constant pressure, and (b) constant volume. 

 

12. Assuming CP for N2(g) to be 3.5R cal mole
–1

 degree
–1

, find the change in 

entropy undergone by 10 g of the gas on being cooled from 100 to 0 °C at 

(a) constant pressure, and (b) constant volume. 

 

13. Show the identity of the two equations expressing the change in entropy 

for an ideal gas: S = f(T,V)  and  S = f(T,P). 

 

14. Assuming that for CH4(g) CP – CV = R, find the entropy change resulting 

from heating 2 moles of the gas from 300 to 600 K at constant volume. 

 

15. Assuming that nitrogen is an ideal gas, calculate S for the compression of 

200 g of the gas from a pressure of 1 to 5 atm at 25 °C.  

 



16. Using the equation for CP as a function of T for CH4(g) given in the last 

chapter, calculate the entropy change which results from heating 2 moles 

of the gas from 300 to 600 K at constant pressure. 

 

17. The atomic heat capacity of solid Mo is given by the equation 

   CP  =  5.69 + 1.88 x 10
–3

T – 0.503 x 10
5
/T

2
  cal mole

–1
 degree

–1
. 

Find the change in entropy which accompanies the heating of 1 mole of 

Mo from 0 °C to its melting point, 2,620 °C.  

 

18. One mole of a perfect gas contained in a 10-liter vessel at 27 °C is 

permitted to expand freely into an evacuated vessel of 10-liter capacity so 

that the final volume is 20 liters. What amount of work is done and what 

amount of heat is absorbed in the process? What is the change in the 

entropy accompanying the process? 

 

19. What is the difference in entropy between 1 mole of N2 at standard 

conditions (STP) and 1 mole of N2 at 200 °C when the molar volume is 50 

liters? Assume that CP is 3.5R and that N2 behaves ideally. 

 

20. Calculate the change in entropy suffered by 2 moles of an ideal gas on 

being heated from a volume of 100 liters at 50 °C to a volume of 150 liters 

at 150 °C. For the gas CV = 7.88 cal mole
–1

 degree
–1

.  

 

21. Calculate the change in entropy experienced by 2 moles of an ideal gas on 

being heated from a pressure of 5 atm at 50 °C to a pressure of 10 atm at 

100 °C. For the gas CP = 9.88 cal mole
–1

 degree
–1

. 

 

22. For a certain gas CP = 12.0 cal mole
–1

 degree
–1

. What will be the change in 

entropy of 10 moles of the gas when it is expanded from a volume of 200 

liters at 3 atm pressure to a volume of 400 liters at 1 atm pressure? 

 

23. For CHC13(g),  CP  =  7.05 + 35.60 x 10
–3

T – 216.9 x 10
–7

T
2
 cal mole

–1
 

degree
–1

. Assuming this gas to be ideal, calculate the change in entropy 

involved in heating 2 moles of the gas from a volume of 100 liters at 500 

K to a volume of 70 liters at 700 K. 

 

24. A heat engine operates in a reversible cycle consisting of the following 

steps: 

 (a) Adiabatic compression from volume V1 at T1 to volume V2 at T2; 

 (b) Heating at constant V2 from temperature T2 to T3; 

 (c) Adiabatic expansion from volume V2 at T3 to volume Vl at T4; 

 (d) Cooling at constant Vl from temperature T4 to T1. 



 Taking the working substance to be n moles of an ideal gas for which CV is 

a constant, show that S = 0 for the complete cycle. 

 

25. Three moles of N2(g), originally at 1 atm pressure, are mixed isothermally 

with 5 moles of H2(g), also at 1 atm pressure, to yield a mixture whose 

total pressure is 1 atm. Assuming the gases to be ideal, calculate (a) the 

total entropy of mixing, and (b) the entropy of mixing per mole of gas. 

 

26. Repeat problem 25 on the basis that the total pressure of the mixture is 10 

atm.  

 

27. One mole of an ideal gas at 0 °C and 1 atm pressure is mixed adiabatically 

with one mole of a different gas at 100 °C and 1 atm pressure to yield a 

mixture whose pressure is also 1 atm. If CP for each gas is 2.5R cal mole
–1

 

degree
–1

, what is S for the process?   

 

28. One mole of an ideal gas, originally at a volume 8.21 liters at 1,000 K, is 

allowed to expand adiabatically until the final volume is 16.42 liters. For the 

gas CV = 1.5R cal mole
–1

 degree
–1

. Calculate values of S for the process 

when: 

 (a) The expansion takes place reversibly; 

 (b) The expansion takes place against a constant pressure of 3 atm; 

 (c) The change in volume involves a free expansion. 

 

29. Derive the expression for the change in entropy experienced by n moles of a 

van der Waals gas on expansion from volume V1 to V2 at temperature T. 

 

30. For the reversible transformation AgI(solid ) = AgI(solid ) at 1 atm 

pressure and 146.5 °C, the heat of transition is 1,530 cal/mole. What is the 

entropy change involved in the transformation of 2 moles of the   to the  

forms? 

 

31. At the triple point of water, 0.01°C, ice, liquid water, and water vapor are in 

equilibrium under a pressure of 4.58 mm Hg. At this temperature the heat of 

fusion of ice is 1,436 cal/mole, while the heat of vaporization is 10,767 

cal/mole. From these data find: 

 (a) The heat of sublimation of ice; 

(b) The entropies of fusion, vaporization, and sublimation per mole of 

substance.  

32. One g of ice at 0 °C is added to 10 g of H2O at the boiling point. What will 

be the final temperature, and what is the entropy change accompanying the 



process? Assume that the heat of fusion of H2O is 80 cal/g and the specific 

heat capacity 1 cal/gּdegree.  

33. What is the entropy change involved in transforming 1 g of ice at 0 °C and 1 

atm pressure into vapor at 150 °C and 0.1 atm pressure? Assume that the 

specific heat capacities of liquid and gaseous water are, respectively, 1.0 

and 0.45 cal/gּdegree. 

 

34. The heat capacities of the solid and liquid forms of a compound A are, 

respectively, 18.3 and 25.2 cal mole
–1

 degree
–1

. The compound melts under 

1 atm pressure at a temperature of 160 °C with a heat of fusion of 2,460 

cal/mole. What will be the entropy change of the process A(ℓ)  A(s) at 

150 °C? 

 

35. Eastman and McGavock [J. Am. Chem. Soc., 50, 145 (1937)] list the atomic 

heat capacities of rhombic S from 15 K to 360 K. From the data of Table II 

in this article determine by a graphical method the entropy of rhombic S per 

mole at 298.2 K. 

 

36. Kemp and Egan [J. Am. Chem. Soc., 60, 1521 (1938)] found that for 

propane at 1 atm pressure Hfus = 842.2 ca1/mole at the melting point, 

85.45 K, and Hvap = 4,487 cal/mole at the boiling point, 231.04 K. They 

found, further, that for heating the solid from 0 K to 85.45 K, S = 9.92 eu, 

while for heating the liquid from 85.45 K to the boiling point S = 21.06 eu. 

For propane Tc = 368.8 K and Pc = 43 atm. From these data find the 

standard entropy of gaseous propane at 231.04 K. 

 

37. From the data of standard (absolute) entropies, find the standard entropy 

changes accompanying the following reactions at 25 °C: 

(a) CO(g) + 2 H2(g)    CH3OH(ℓ) 

(b) 2 HgCl(s)    2 Hg(ℓ) + C12(g) 

(c) MgO(s) + H2(g)    H2O(ℓ) + Mg(s). 

 

38. For a certain reaction S°298.2 K = –59.20 eu, and 

  CP = –7.58 + 17.42 x 10
–3

T – 3.985 x 10
5
/T

2
  cal mole

–1
 degree

–1
. 

 Find from these data S° of the reaction of 400 K. 

 

39. From the data of the respective heat capacities of the substances appearing 

in Problem 37, find S° as a function of T for each of the reactions in that 

problem. 

 

  



Answers 

 

1. (a) 0.50 eu; )b) –0.50 eu  (c) zero. 

2. (a) 0.50 eu (b) –0.25 eu  (c) 0.25 eu 

3. (a) 0.50 eu )b) zero  (c) 0.50 eu 

4. (a) H = U = 0; (b) w1 = 200 cal,  w2 = 100 cal,  w3 = 0;      

(c) S increases as w decreases;  (d) S increases as degree of 

                irreversibility increases  

9.  1.55 cc 

10.  –0.0267  eu 

11.  (a) 10.33 eu;  (b) 6.20 eu 

12.  (a) –0.77 eu;  (b) –0.55 eu 

14.  11.58 eu 

15.  –22.85 eu 

16 .  14.33 eu 

17.  18.6 eu 

18.  w = q = 0;    S = 1.38 eu 

19.  4.33 eu 

20.  5.88 eu 

21 .  0.08 eu 

22.  –26.8 eu 

23.  11.02 eu  

25.  (a) 10.52 eu;  (b) 1.32 eu 

26.  (a) –26.09 eu;  (b) –3.26  eu 

27.  2.87 eu 

28.  (a) T2 = 630.1 K,    S = 0; (b) T2 = 799.8 K,    S = 0.71 eu; 

 (c) T2 = 1000 K,     S = 1.38 eu 

29. S  =  nRln[(V2 – nb)/(V1 – nb)] 

30.  –7.29 eu  

31.  (a) 12,200 cal/mol;  (b) Sfus = 5.26 eu, Svap = 39.42 eu, Ssub = 44.68 eu 

32.   t = 83.6 °C,     S = 0.11  eu 

33.   2.36 eu 

34.  –5.52 eu 

35.  7.62 eu 

36.  60.42 eu 

37.  (a) –79.4 eu;  (b) 43.3 eu;  (c) –13.27 eu 

38.  –60.65 eu 


