1. (15%) 2.25 moles of an ideal gas with Cy,n = 3/2 R undergoes the transformations
described in the following list from an initial state described by T = 310.K. and P =
1.00 bar. Calculate q, w, AU, AH, and A4S for each process.
(a) The gas is heated to 675 K at a constant external pressure of 1.00 bar.
(b) The gas is heated to 675 K at a constant volume corresponding to the initial
volume.
(c) The gas undergoes a reversible isothermal expansion at 310.K until the
pressure is one third of its initial value.

Soln.

(a) The gas is heated to 675 K at a constant pressure of 1.00 bar.
nRT;  2.25mol X 8.314Jmol 'K~ x 310K

V.= =5.80 X 1072m3
=7 P 5.80 x 10~2m
vo= Ty 28K 80 % 10-2m = 0.126m?
FET T 310 " me = Saebm

W = =Py rrernatlV = —10%Pa x (0.126m3 — 5.80 X 1072m?) = —6.83 x 103]

3 X 8.314Jmol 1K1
2
q=AH =AU—-w =10.2 X 103] + 6.83 x 103] = 17.1 x 103]

AU = nC, ,AT = 2.25mol X X 365K = 10.2 x 103]

AS = nC. 10t = 2.25 1x<3+1>><8314 I-1g-11p 272K
—np,mnTi— .25mo > .314Jmo NZT0K

(b) The gas is heated to 675K at a constant volume corresponding to the initial
volume. w=0 because  V=0.

= 36.4JK!

3 X 8.314] mol *K™?

AU = q = nCy , AT = 2.25mol X > X 365K
=10.2 x 103]
5 X 8.314] mol 1K1

AH = nC, AT = 2.25mol X X 365K = 17.1 x 103]

2

AS = nCoIn L = 2.25 lx<3)><8314 -1k 072K
—nv,mnTi— .25mo > .314Jmo n310K

(c) The gas undergoes a reversible isothermal expansion at 310K until the

= 21.8JK!

pressure is one third of its initial value. U= H=0 because T=0

v
Wreversible = —q = —nRTlnvf = —2.25mol x 8.314Jmol K~ x 310K x In3

L

= —6.37 x 103]



Py Ty
AS = —nR lnFl + TlelTlTL

1 5
= —2.25mol X 8.314Jmol 'K~ x ln§ + 2.25mol x (E) x 8.314Jmol'In1

= 20.6JK!

2. (15%)Consider the reversible Carnot cycle with 1.25 mol of an ideal gas with Cy
= 5/2 R as the working substance. The initial isothermal expansion occurs at the hot
reservoir temperature of Tpe = 740.K from an initial volume of 3.75 (V,) to a volume
of 12.8 L (Vp). The system then undergoes an adiabatic expansion until the
temperature falls to T¢oig = 310.K. The system then undergoes an isothermal
compression and a subsequent adiabatic compression until the initial state described
by To = 740.K and V, = 3.75 L is reached.

(a) Calculate V¢ and V4.

(b) Calculate w for each step in the cycle and for the total cycle.

(c) Calculate £and the amount of heat that is extracted from the hot reservoir to

do 1.00 kJ of work in the surroundings.

Soln.
a. Calculate V. and V4

1 1
V.=V, (TC>ﬁ 12.8L (310'1()1_1'4 113L
= —_ = . X =
¢ UPAT, 740.K
1 1
V=V (Td)l_y 3.75L (310'1()1_1'4 33.0L
=V, (= =3.75L X [—— = 33.
a7 AN\, 740.K

b. Calculate w for each step in the cycle and for the total cycle.

v, ot 12.8L
Wap = —nRTaana = 1.2omol X 8314/mol K x ln3.75L

= —9.44 x 103]
Whe = nCV,m(Tc - Tb)
= 1.25mol X 2.5 x 8.314Jmol *K~* x (310.K — 740.K)

=-11.2 x 103
v, I 33.0L
Weg = —nRTaanC = 1.25mol X 8.314Jmol™" K™ X In 1131
= 3.96 x 103J



Waa = nCV,m (Ta - Td)
5
= 1.75mol X E X 8.314]m0l_1l(‘1 X (740.K — 310.K)
= +11.2 X 103/
Weorar = —9.44 X 103] — 11.2 X 103] + 3.96 x 103] + 11.2 x 103]
= —5.49 x 103]
c. Calculate & and the amount of heat that is extracted from the hot reservoir
to do 1.00 kJ of work in the surroundings.

3
2
m.
Il
w
—_
Il
>
S

~1.00 x 10°]

— 3
ctgr = 172x10°)

3.(15%) 3 mole of an ideal gas with Cy = 3/2 R undergoes the transformations
described in the following list. (Initial state T =298 K and P = 4.5 bar.)
Calculate g, w, AU, 4H, and A4S for each process.
(@) The gas undergoes a reversible adiabatic expansion until the final pressure is
one third its initial value.
(b) The gas undergoes an adiabatic expansion against a constant external
pressure of 1.50 bar until the final pressure is one third its initial value.
(c) The gas undergoes an expansion against a constant external pressure of zero
bar(free expansion) until the final pressure is equal to one third its initial
value.



Soln.

Part(a)
4 71

T (Vi)Y (P
Ti - Vi - Pf

2
Tf =298K x(3.00)° =192K
AU =w=3xC, (T, -T;)=-3.96k]
AH =§AU =-6.6kJ

AS =0 becauseq,, =0

Part(b)
Wirr =AU
—PextAV =3xC, x(T; -T))

T, T
—3Rx Pext(P——E') =3xC, , x(T; -T)

f i

Cv,m + Pext
T =T| —gp— |=2185K

Cvm+ ext

) Pf

=>W,, =AU =3xC, , x(218.5K — 298K = —2.974k]
AH :ZAU =—4,956kJ
qirr:o
AS = 0!l

AS is hard to measure, but we can choose two reversible process
to reach the same final state.

P T
AS=-nRIn—+nC, . |n—f=—3R|n1+3c:pm 228> _g ogoc
P, T 3 " 298

Part(c)



free expansion: P,,, =0 and AT=0
AU =0,w=0,9=0
AH =0

Pf -1
AS =-nR InF =27.4JK

(15%) A gas sample behaves like the ideal gas containing 2 moles for which Cy =
5/2 R undergoes the following reversible cyclical process form an initial state :
T =275K and P =1.00 bar.
(@) Itis expanded reversibly and adiabatically until the volume triples.
(b) Itis reversibly heated at constant volume until T increases to 275K.
(c) The pressure is increased in an reversible isothermal compression until
pressure recover to 1.00bar
Calculate q, w, AU, AH, and A4S and AS . for each process and whole cycle.

Soln.

Part(a)

T (V, 7
Ti - Vi

2
T, =(3) 5 x275K =177K
w=AU =2C, (177K - 275K) = —4.07kJ

AH = %AU =-5.66kJ

0,,=0 AS=0 AS,=0 AS,=0



Part(b)
w =0 (constant V)

q=AU =2C,, (275K —177K) = 4.073k]
2xRT,

SOP, =
f

AH = gAU =5703.4kJ

Vf -1
AS=2RIn| =~ | =18.20K

_—q _4.073kJ
T 275K

sur

AS, =3.39JK

AS =-14.81JK™

and so far you have P, =0.33bar = % R

TV, T,V
because -2 =—"" and T,=T, V,=3V,
0 f

Part(c)
reversible isothermal process
AU =AH =0 (AT =0)

w=-nRT jv_f jldv o 2x8.314x 275 In(-2) = 5.0kJ
vi By Vi

g=-w=-5.0kJ

1

d 1
as= [T =g

q=nRIn (gj =-18.2JK™

ASsur = J‘% =-AS = 182JK1

AS,, =0

tot

For whole cycle:

AU, =0 AS,. =0

AH,, =0 AS,, =-14.8T3K 182JK
qcyc =927] ASt = ASSW +0=3.4k]J

W, =—927J

(20 %) The first law states that the energy of the universe is a constant (AU = q + w)
while the second law states that the entropy of the universe tends always towards a

6



maximum (AS,, =AS+AS_,, >0). Answer the following questions only based on

surr —

the conditions it is provided.

, determine the

(a) Assuming that the entropy change of the system is AS = q_lf_ev

relationship of AS_,. interms of gy and T. (3%)

(b) If only PV-work is considered, prove that the inequality of work (dwye, < dwiy)
is always valid (e.g., expansion or compression). (5%)

(c) Prove dqrev > dgir based on dwye, < dwiy. (2%)

(d) Based on dqry > dgir to prove the Clausius inequality, dS Zd—q, where the

equality holds only for reversible processes. (3%)

(e) Following (c) and (d) to prove that the entropy change of any irreversible
process is always greater than zero in an isolated system. (3%)

(f) Assuming that the system is no longer isolated, i.e., the surroundings are a
reservoir of energy and the heat entering the system is equal to the heat leaving
the surroundings. Show that the Clausius inequality can be deduced to a more
general expression for the 2" law, i.e., dS_ =dS+dS,. >0. (4%)

surr —

Soln.

surr —

(8) AS+AS,, >0 = ASSUWZ—AS:% = Assu,rz—%

(b) dWrev =-PdV

d-Vyrr:_ Peg
@ If expansion, P>P, anddV >0

} d—vvirr _d—Wrev :(P_Rax) dv

#(P-P,) dV >0
@ If compression, P<P, anddV <0

&(P-P,) dv >0

In any case, (P-P,)dV >0

7T dvvirr - dWrev >0
7 e dvvrev < d\-Nirr

(C) dU = dqrev + dWrev = dqirr + dW

'arqm'_argiﬂ =d—|“rin' - 'ﬂhm =0
dq:‘aﬂ.‘ > argiﬂ



surr

:lfc TsurrdS > dqirr
and T,dS =dq,,

:>d52d—q

sur

(d) dg,, =TdS=T,,dS

TsurrdS 2 dq

(e) dS > 94, _ 0 (dg,, =0 forisolated system) = dS (isolated system) >0

surr

(0 ds,,, = D %
TSUI'I’ TSLIIT
dS,, =dS+dS,,, ajjﬁ+ﬂ =0=>dS,, 20

(20%) You wish to construct a fuel cell based on oxidation of a hydrocarbon fuel. The
two choices for a fuel are methane and octane. Calculate the maximum work available
through the combustion of these two hydrocarbons, on a per mole and a per gram
basis at 298.15 K and 1 bar pressure.

Useful thermodynamic data are the following:

CHa(g) | CgHis(l) | CO2(9) H,O(l) 02(9)
AH
I mol ™ -891 -5471 — — —
Sp?
1| 1883 | 3611 | 2138 70.0 205.2

Avre there any other factors that should be taken into account in making a decision

between these two fuels?




Soln.

dG =Vdp — SAT +dwW'’
dA =—SdT +(dW,, +dW’)
=— PdV - SdT +dw’

Fuel cell: turning the chemical energy into electric energy.

You might choose one of them to represent the maximum electric energy you can get.
constant T,V =>dW'=dA

constant T, P =>dW'=dG (this one will be better)

At constant T, P

dG =dH -TdS

AG =AH -TAS

here AH = AH?

And AS =Z S, product Z S?" reactant

m

For CH, :
AG — -891K]— 298x(2x70+213.8—-2x205.2-186.3) _ 818k /mol = —36k] / L
1000J /kJ
For CgH,, :
AG = —5471K]— 298x(9x70+8x213.8-12.5x205.2-361.1) _ _5294k] / mol = —815k] / L

1000J / kJ
And when we talk about the storage

We want to know k_LJ

Because the liquid is much easier to storage and more stable,
We will choose the Octane.



