ChemE 2200 - Physical Chemistry Il for Engineers — Spring 2025
Solution to Homework Assignment 5

1. (A) For expansion against a constant external pressure, w = —P,
1 atm. Because the gas is ideal and the temperature is constant,

_ NnRT _ (2.0 9)(2mol/16 g)(0.0821 L -atm/(K - mol))(298 K)
P latm

oAV, We need to determine the final volume, when P =

\ =3.06 L

101J
L-atm

W= —P, AV =—(1atm)(3.06 L-1.17 L) =-1.89 L -atm 1 =-191J

(B) For the isothermal reversible expansion of an ideal gas,

3.06L

W= —nRT In final_ —(2.0 g)(1 mol/16 g)(8.314 J /(K - mol))(298 K) In = -2981

inital 1

Exercise adapted from P. Atkins, Physical Chemistry, 6! edition, 1997.

2. Foran ideal gas U depends on temperature only, so AU = 0 for an isothermal process. Thus q =-w = 1.0 kJ. The work
done by an ideal gas in a reversible isothermal expansion is

W= —nRT In Jfinal
inital
Solve for T and substitute the specifics.

-w 1000.J

T - — ~174K
NRINV finat / Viitiar ) (L mol)(8.314 J /(K -mol) IN(2Vinisiar / Vinitiar)

Exercise adapted from K. J. Laidler and J. H. Meiser, Physical Chemistry, 39 edition, 1999.
3. (A) The work done on the gas in cylinder section B during the isothermal compression is

Vv .
Wg =—NRT |nv—1 =—(2.0 mol)(8.314 J /(K - mol))(300 K) |n% =35x10%J

2
(B) Because the temperature in cylinder section B is constant and because the gas is ideal, AU, = 0.
(C) Begin with the expression for AU and solve for .
AUg =(Qg +Wg
Js = AUg —wg =0-3.5x10% J =-3.5x10%J
(D) Because the piston moves reversibly, wg = —w,. Thusw, =-3.5x 103J.

(E) To calculate AU for the gas in cylinder section A we need only calculate the change in temperature because the internal
energy for an ideal gas depends only on the temperature. We know the final volume of cylinder section A (3.0 L), so we
only need to find the pressure in cylinder section A to calculate the temperature. The volume of cylinder section B
decreases by a factor of 2 at constant temperature (300 K). Therefore the pressure in cylinder section B doubles; Py ..,
= 2Pg initiai- Because the piston moves freely the pressure in each section must be equal; Pg iitiai = P, initial @19 Pg_ final =
P A, final» SO Pa final = 2Pa. initia- USE the ideal gas law to obtain a ratio of the state of gas A initially to the state of gas A
finally.
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PV =nRT

I:)A,initiaIVA,initiaI _ TA,initial

l:)A,finallvA,final TA,finaI

PainalVa i 2Py iniiat (3.0 L
Tafinal = TAjinitial —Afnal_Afnal__ (300 K)M
PainitiatV ainitial Painitial (2.0 L)

=900 K

 J— .
AU, =n j i €, AT =NCy (Trinar = Tinitiat) = (2.0 Mol)(20 J /(K - mol))(900 K —300 K) = 2.4x10* J

it
(F) Begin with the expression for AU and solve for g,.
AU, =(Qp +Wpu
ga =AU 5 —Wy = 2.4x10% J—(-3.5x10% J) = +2.75x10* J
As expected, g, is positive because heat flowed into section A.

Exercise adapted from P. Atkins, Physical Chemistry, 6t edition, 1997.

4. Begin by calculating the temperatures for states 2 and 3. For 1 — 2 the volume of the gas doubles at constant pressure.
Because this is one mole of an ideal gas, PV = RT. Thus P,V, =RT, and P,V, = RT,. Divide these two equations to
yield

Vi _ Ty
F)2\/2 T2
T =T, PNa _ 273K) (LOatm)(4481L) _ o

PV, (2.0 atm)(22.4 L)
Because the path from 3 to 1 is isothermal, T, =T, = 273 K.
(A) The path 1 — 2. The gas expands against a constant external pressure of 1.0 atm. Use the equation for work.

0.101kJ

Wy = ~PoqAV = ~(L0M)(44.8 L~ 224 L) =224 L-atm -~ =-2.26 k)

Calculate AU. Because the gas is ideal, U depends only on temperature and because the gas is monatomic, C_:V = (3/2)R.
T, —
AUy, = nITZ C\dT = ng R(T,-T,)=(.0 mol)g(8.3l4 J/(K-mol))(546 K - 273 K) = 3.40 kJ
1

We can now calculate g.
For a process at constant pressure, AH =q.

AHy 5 =0y, =5.66 k]

(B) The path 2 —» 3. Because the volume does not change, w,_,, = 0.
T, 3
Op3 =AU, 3= nJ.T CydT = nE R(T3-T,)
2

= (1.0 mol)g(8.314 J/(K -mol))(273 K —546 K) = —3.40 kJ
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-3 -
Use the definition of enthalpy to calculate AH,__,.
AH, 3 = AU, 3 +A(PV)y,3 = AU, 3 +nRAT, 5
—3.40 kJ + (1.0 mol)(8.314 J /(K -mol))(273 K —546 K) = —5.66 kJ
Alternatively, one could note that AU and AH must be zero for a complete cycle.

AUgye = AUy, +AU, 3+AU5 4 = 0
AHeee = AHi, +AH, 3 +AH; ,; = 0
Because the path 3 — 1 is isothermal and the gas is ideal, AU, ., = AH; ., =0. Thus
AU, ,; = =AU, ,, = —3.40kJ
AH, ;s = —AH; ,, = —5.66kJ
This agrees with our calculation above.
(C) The path 3 — 1. As stated above, because the path is isothermal, AU, ,;, = AH; , =0.

1L
05L

=-1.57kJ

O3,1 = —Ws_,; =—NRT In://—1 =—(1.0 mol)(8.314 J /(K -mol))(273 K) In
3

(D) The cycle. As stated above, AU, = 0 and AH . = 0 because internal energy and enthalpy are state functions. For
heat and work, the net cycle is the sum of the paths.

Weyele = Wiy +Woy3 + W,y =—2.27+0+1.57=-0.70 ki
This reversible cycle converts 0.70 kJ of heat into 0.70 kJ of work.

Exercise adapted from P. Atkins, Physical Chemistry, 6% edition, 1997.

5. We need to find the intersection of an isotherm that passes through the initial state and an adiabat that passes through the
final state. The equation for the isotherm is

_nRT _ (1mol)(0.0821 L -atm /(K -mol))(298 K) _ 245 L
Vv Vv Vv

The equation for a reversible adiabatic expansion of an ideal monatomic gas is

&_ V_1 1+R/Cy,
AR V2

For an ideal monatomic gas,
= 3

P

1+_i:1+g:E
Cy 3 3

Thus
Pl ) V2 5/3
I:)2 - Vl
We need to determine the volume of the final state. Use the ideal gas law.

_ NRT _ (Imol)(0.0821 L -atm /(K - mol))(253 K)
P 2.0 atm

\ =10.39L

We can now derive the equation for the adiabat that passes through the final state (P = 2 atm, V =10.39 L).



P 10.39)“3
2

98.94
P="50
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Find the intersection of the isotherm and the adiabat by setting the pressures equal.

245 98.94
vV - V5/3
V23 =404

V =4.04%2 =81L
Find the pressure of the intermediate state by using the equation for the isotherm (or the equation for the adiabat).

P:&:&:&Oatm
\ 8.1L

Of course, the temperature of the intermediate state is 298 K. (The intermediate state is on the same isotherm as the
initial state.)

Summary: the intermediate state on the reversible path is at 3 atm, 8.1 L and 298 K.

The isotherm and adiabat are shown in the graph below. The intermediate state is the intersection of the isotherm and the
adiabat. The reversible paths are shown by the solid lines.
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Exercise adapted from K. J. Laidler and J. H. Meiser, Physical Chemistry, 3" edition, 1999.
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