














































Extra Problems

Take R = 8.3 4 J K−  mol− . All gases are ideal.
( ) 2.00 mol of an ideal gas at 298 K expands

isothermally from V  = 0.0 L to V2 = 25.0 L.
(a) Calculate Ssys.
(b) For a reversible expansion, calculate qrev, Ssurr

and Stotal.
(c) Repeat for an irreversible expansion into

vacuum between the same initial and final
states.

(a) S is a state function use a reversible
isothermal path. For an ideal gas dU = 0, so

δqrev = −δwrev = nRT
V  dV

Ssys = 
2

δqrev
T  = nR ln

V2
V

= (2.00 mol)(8.3 4 J K−  mol− ) ln 25.0 L
0.0 L

 = 5.2 J K−

(b) Heat absorbed along the reversible path:
qrev = T Ssys

 = (298 K)( 5.24 J K− )
 = 4.54 kJ



This heat is taken reversibly from the surroundings
at the same T

Ssurr = − 
qrev
T  = − 5.2 J K−

Stotal = Ssys + Ssurr = 0
(c) Same initial and final states, so

Ssys = + 5.2 J K−

Expansion into vacuum: w = 0 and U = 0 (T is
constant), so q = 0. The surroundings do not change.

Ssurr = 0
Stotal = 5.2 J K−  + 0  > 0

Ssys is the same in (b) and (c). Only Ssurr, and
so Stotal, is different.



(2) 3.00 mol of N2 and .00 mol of O2, both at 298 K
and .00 bar, are in two compartments separated
by a partition. The partition is removed and the
gases mix isothermally.
(a) Calculate the mole fraction of each gas.
(b) Calculate the molar entropy of mixing, S.
(c) Calculate the total entropy of mixing, S.
(d) Calculate SN2

and SO2
and show that they

add up to the answer in (c).

(a) N = nN2
 + nO2

 = 4.00 mol

xN2
 = 3.004.00  = 0.750

xO2
 = .00

4.00  = 0.250
Both gases start at the same T and P, so volume
fraction = mole fraction

VA
VA + VB

 = xA

(b) Molar entropy of mixing:
S = − R ∑

i
xi ln xi

 = − R [0.750 ln 0.750 + 0.250 ln 0.250]
 = − (8.3 4 J K−  mol− )(−0.5623)
 = 4.68 J K−  mol−



(c) Multiply by the total number of moles:
S = N S
 = (4.00 mol)(4.675 J K−  mol− )
 = 8.7 J K−

(d) Each gas expands isothermally into the full volume
Si = − ni R ln xi

SN2
 = − (3.00 mol)(8.3 4 J K−  mol− ) ln 0.750
 = 7. 8 J K−

SO2
 = − ( .00 mol)(8.3 4 J K−  mol− ) ln 0.250
 = .5 J K−

7. 75 + .526 = 8.70 J K−   
O2 expands 4-fold but N2 only by 4/3, so O2

contributes more even though there is less of it.



(3) Two identical blocks, each with CV = 385 J K−

(independent of T), are at Th = 400 K and
Tc = 300 K. They are brought into thermal contact
in an insulated container. No work is done.
(a) Calculate the final temperature Tf.
(b) Calculate Sh for the hot block.
(c) Calculate Sc for the cold block.
(d) Calculate the total S and check it against

the formula in the notes.
(a) Isolated and no work, so the energy lost by the

hot block is gained by the cold block
CV (Tf − Th) + CV (Tf − Tc) = 0

Tf = 
Th + Tc

2  = 400 K + 300 K
2  = 350 K

(b) The heat flow is irreversible, but S is found over
a reversible path with δqrev = CV dT

Sh = 
Tf

Th

CV dT
T  = CV ln

Tf
Th

 = (385 J K− ) ln 350 K
400 K

 = −5 .4 J K−



(c) Similarly,

Sc = CV ln
Tf
Tc

 = (385 J K− ) ln 350 K
300 K

 = +59.3 J K−

(d) Small difference of two larger numbers keep an
extra digit

S = Sh + Sc

 = −5 .4  J K−  + 59.35 J K−

 = +7.94 J K−

Check with the formula from the notes:

S = CV ln
(Th + Tc)2

4 Th Tc

 = (385 J K− ) ln (700 K)2

4 (400 K)(300 K)
 = (385 J K− ) ln ( .0208)
 = 7.94 J K−   

S > 0, as expected for a spontaneous process in an
isolated system.




