Problem: Calculate the entropy
change that results from mixing 54.0
g of water at 280 K with 27.0 g of
water at 360 K in a vessel whose
walls are perfectly insulated from the
surroundings. Is this a spontaneous
process?

Consider the heat capacity of liquid
water a constant over the
temperature range from 280 K to 360
K and to have the value 4.18 JK* g™



Draw a picture

Look inside the system only, and
Imagine the system to be in two
parts, separated by a thermally
conducting interface, each part doing
Its own system accounting of g (and
w , had there been any work).
Consider each part reversibly heating

or cooling the other part.

surr subsystem subsystem

ound Ab4g insulated Ab54¢g

Ings water L water

at 280 K at Ty K
_______________ N
subsystem subsystem

B27g B27g

water water

at 360 K at Ty K
Initial final




Jsur = O  since insulated, no g can
pass across the boundary between
system and its surroundings

Jsystem = O SINce Iinsulated, no q can
pass across the boundary between
system and its surroundings

Recall the definitions of concepts and
terms:

Second law of thermodynamics,

dS = dqe /T
definition of heat capacity:
dg=CdT
qA system

=5409gx4.18JK*g* x (T; -280)
qB system

= 27.0gx4.18J K" g™* x (T; -360)
T = ?



qsystem =0= QA system + qB system
=54.0 g x 4.18 J K g x (T; -280)+

27.0gx4.18JK glx(Tf -360)
Solvefor T: : T; =306.67 K

dS = dqg, /T = CdT /T . Integrating
gives ASp,=C In (T¢ /T; )
ASA system
=540gx4.18JK"g"
x In (306.67 /280 )
= +20.54 J K™

ASB system
=27.0gx4.18JK"g"

x In (306.67/360 )
=-18.10 JK*



ASsystem — ASA system + ASB system
= +20.54 -18.10 = +2.44 J K™

ASq,rr = 0 since no g passed across
the insulated boundary

ASuniverse = ASsystem + ASsur
= +2.44 JK™*

spontaneous process ? YES
because ASuniverse > O
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Example:

Consider the following cycle using 1
mole of an ideal gas, initially at 25° C
and 1 atm pressure.

Step 1: Isothermal expansion against
zero pressure to double the volume.
Step 2. Isothermal, reversible
compression from 7z atm to 1 atm

Questions:

(a) Calculate the values of § dq/T
(b) Calculate AS for step 2

(c) Find AS for step 1



ideal gas (oU/oV)r=0

V IRRE)V(1) 2V
298 K =0 298 K
pop - 1
1 atm _ Y2 atm
d7i =0
1 mol 1 mol
T |
REV(2),dT =0

Step1 +Step 2 = a cycle

Since d7 =0 and (oU/oV)+ = 0 for
both step 1 and step 2,

AU1 =0, dquEvm dW, dW = “O.dv

S.dgirrey = 0

AUQ =0, dqREV = - dWhkey = RT/VedV
(a) $dq /T = 0+RIn(1/2)= -1.38 cal K™
(b) ASz = qRE\//Tz -1.38 cal K_1
ASCyde =0 = AS1 +ASZ — AS1 -1.38
(c) AS; = +1.38 cal K



EXAMPLE:

1. Calculate the change in entropy when
50 g of water at 80°C is poured into 100 g
of water at 10°C in an insulated vessel
given that the molar heat capacity of
liquid water is 75.5 J K" mol™" at 1 atm.



1. Vessel is insulated, net g = 0.
Find the common final temperature T .
qg=qg:+q,=0 (insulated, therefore
an adiabatic process)
Since C, is given as a constant,
Q1= ny C,[Ts- Ti1)]
Q2=n, C, [T~ Tio)]
Do the algebra to get
Te ={ns Ty + Ty} 1 { ny + N5}
= {(1/3)x353K + (2/3)x283K} = 306K

By definition,

AS; =]dS=]dqe/T=n,]C,dTIT
=ny Cp, In[T;/Ti1)]

AS2 =Ny Cp In[Tf/T,(z)]

AS =AS1 + ASQ

AS =755JK " mol x
{[50 g/18.02 g mol™"] In(306/353)

+[100 g/18.02 g mol™"] In(306/283) }
=+28JK"



EXAMPLE:

2. Calculate the difference in molar
entropy (a) between liquid water and ice
at -5°C, (b) between liquid water and its
vapor at 95°C and 1.00 atm. Distinguish
between the entropy changes of the
sample, the surroundings, and the total
system, and discuss the spontaneity of
the transitions at the two temperatures.

Given: The differences in heat capacities
on meltm? and on vaporization are
37.3JK "mol " and - 41.9 JK " mol ™",
respectively.

ArsH = 6.01 kJ mol™ at 273 K

AvapH = 40.7 kJ mol™" at 373 K

This means
Cy(liq) - Cy(s) =37.3 J K mor1
C,(9) - Ci(lig) =-41.9 JK " mol™



. l
Sur roundi ngs

| I atm accounting |
(llqa-SC)_)(Sa a"SC)
System
i accounting
—q

_?
AS= AS= 2
Jmol" K '

| Jmol' K

ASumv‘verse = ASsystem + ASsurr

= 7 Jmol™ K
spontaneous change ?



2.(a) The transition being considered is

lig at -5°C — solid at -5°C AS=?
This is not a reversible process. In order
to find AS we need to imagine achieving
this net result via a reversible process.
Or, by constructing a cycle in which this
step is a part of the cycle while the
remaining steps in the cycle are carried
out reversibly. Because entropy is a state
function, AS can be determined indirectly
from the following cycle:

b
lig at 0°C « solid at 0°C
cl T a
lig at -5°C — solid at -5°C
d

Now AS,e = 0 since S is a state
function. so
0=AS, +AS, + AS.+ AS,
Then solve for AS; which we want.



For the reversible heating and cooling,

with no change in phase,

AS = [8qe/T=n[C,dTIT

AS; = Cy(lig) In (268/273)

ASa = Cp(s) In (273/268)

For the reversible change in phase at that

transition temperature at which the two

phases are known to be in equilibrium

at 1 atm:

AS =[0Gl T= qp /T = AyansH | Trans
solid at 0°C — ligat 0°C  AssH

ASy, = ApsH [ 273

Then, by difference,

ASy =0- (ASa + AS, + ASC)
=-{ Cy(s) In (273/268)
+AnsHI273 + Cp(liq) In (268/273)}
= - [Cy(liq) - Cp(s)] In (268/273)

-Ar,sHI273

=-37.31n (268/273) - 6010/273
=-21.3JK " mol™




For the surroundings, when the system
changed:
lig at -5°C — solid at -5°C at 1 atm
the surroundings gained
q= Qp = AfusH268 1
which is a number we do not have.
But since H is a state function, we can
find AssHosg from the same cycle:
For stepa & c, AH= | C, dT since dp =0
For the cycle, AH = O for the system:
AH e = 0 = AH, + AH, + AH, + AHy
0 = C,(s) (273-268) + Ag,sHo75
+Cp(liq) (268-273) - AgysHoss
Then by difference, for the system,
ArsHaes = -[Cp(liq) - Ci(s)] (273-268)
+ AgsHoz3
-37.3 (273-268) + 6010
5823.5 J mol™’
Thus, the surroundings gained
g = 5823.5 J mol™



To find ASgroundings We need to think of
this amount of heat being transferred
reversibly to the surroundings at 268 K
ASs:.urrm,mdings = qrev/T

=5823.5/268 = +21.7 J K mol™
ASuniverse = ASsystem + ASsurroundings

=-21.3 + 21.7 = positive
Therefore the transformation of water

lig at -5°C — solid at -5°C

occurs spontaneously.




Sur roundings

| atm accounting
(liqa_sc)%(sa 9"5C)
System
accounting
do =AH _:q
=-5823.5 Jmol" | = +2823.5
J mol
make it
qrev
AS=-213  AS=qreuT
Jmol K = +71.7
Jmol' K™

ASum'verse = ASsystem + ASsurr
=-21.3421.7Jmol" K' >0
spontaneous change




IN CONTRAST ¢

Sur roundings

I atm accountinﬂ
(1iq,0°C)— (s,0°C)
System
accounting
Grev=qp =AH |9
=-6008 J mol” | 06008
J mol
make it
drEV
AS =219 AS=qrenT
J mol™ K = +21.995
J molt K!

ASuniverse = ASsysz‘em + ASsurr
= -21.995+21.995 T mol' K* =0
equilibrium




2.(b) The transition being considered is
lig at 95°C — gas at 95°C AS=?
This is not a reversible process. In order
to find AS we need to imagine achieving
this net result via a reversible process.
Or, by constructing a cycle in which this
step is a part of the cycle while the
remaining steps in the cycle are carried
out reversibly. Because entropy is a state
function, AS can be determined indirectly
from the following cycle:
b
lig at 100°C « gas at 100°C
cV T a
lig at 95°C — gas at 95°C
d

Now AS, .= 0 since S is a state function.
0= ASa + ASb + ASC + ASd
Then solve for ASy which we want.



For the reversible heating and cooling,
with no change in phase,
AS =[0G/ T=n[C,dTIT
AS. = Cy(liq) In (368/373)
AS, = Cp(g) In (373/368)
For the reversible change in phase at that
transition temperature at which the two
phases are known to be in equilibrium at
1 atm:
AS = IhQrev/T = dp I'T = AgransH | Ttrans
ASp = - AvapH 1 373 (condensation)
Then, by difference,
ASy =0- (AS + AS, + ASC)

=-{ Cy(g) In (373/368) -AyapH/I373

+ Cy(liq) In (368/373)}
- [Cx(g) - Cp(lig)] In (373/368)
+AyapH/373

+41.9 In (373/368) + 40700/373

+109.7 J K" mol™




For the surroundings, when the system
changed:
lig at 95°C — gas at 95°C at 1 atm
the surroundings lost
qd=qp=- Avap"ISSB
which is a number we do not have.
But since H is a state function, we can
find A, ,,H355 from the same cycle:
For step a & ¢, AH= | C, dT since dp =0
For the cycle, AH = 0 for the system:
AHge = 0= AH, + AH, + AH, + AH,
0 = C,(9) (373-368) - A,qpHar;
+C,(liq) (368-373) + A 5pH36s
Then by difference, for the system,
Avau.")l'l368 = - [Cp(g) B Cp(”q)] (373“368)
+ Ava;:)l-l373
41.9 (373-368) + 40700
40.91 kJ mol™’
Thus, the surroundings lost
g = - 40.91 kd mol™



To find ASgroundings We need to think of
this amount of heat being transferred
reversibly to the surroundings at 368 K
A‘Ssurroundings - C)'rev/-r
=-40.91x10° /368 =-111.2 J K mol™
A'Suni\/erse = ASsystem T AShsurroundings
=109.7 -111.2 = negative

Therefore the transformation of water

lig at 95°C — gas at 95°C

does not occur spontaneously, rather, the

reverse transformation
gas at 95°C — lig at 95°C

occurs spontaneously.



3. One mole of a gas with Cy = (3/2)R and equation of state pV=RT + ap
where a = 0.020 L mol™' is put through the 3-step cycle Step A, Step B, Step

C shown below.

) State p 4 T
atm L K
% 1 1 22.4
a 2 2 22.4
. 3 1
1} l e 3
22.4 V, liters
Carry out the set-up and calculations and complete the information called for in the
tables:
T3 and V32
Step A Step B Step C
q q q
w w w
AU | AU AU
AH AH AH
AS AS AS




- p,atm ~

L1

EXAMPLE: 3. One mole of a gas with

Cv=(3/2)R and equation of state
pV=RT+ap where a=0.020 L mol™

is put through the 3-step cycle Step A,

Step B, Step C shown below.

A

State p | V | T
atm L | K
1 1 |22.4
2 2 |22.4
3 1

22.4 V, liters

Carry out the set-up and calculations and
complete the information called for in the

tables:

Begin:
Use the equation of
state pV = RT +0.02p

Statel. p | V | T

atm, L | K

1 1 122.4) 273

2 2 22.4)546
3 1




From (1/T{ p + (U/V)7} = (p/T)v
(U/V)r = T(p/oT)y - p
From the equation of state
pV=RT+ap, we get p = RT/(V-a)
(b/oT)v = RA(V-a) = p/T
(AN =0
From (1/TK-V + (H/2p)7} = -(V/ET),
(H/p)7 = - T(M/ET)p+ V
From the equation of state we get
V=a+(RT/p)
(H/cp)r = -(RT/p) + a +(RT/p)
“(cH/p)r =a
From C, - Cy = {p+ (0U/oV)r}(6V /0T),
From the equation of state pV = RT + ap
(oV/oT),=R/p
We had found already (2U/cV)r =0
above
. Cp-Cy=pxRp=R
Given Cy = (3/2)R
~Co=(52)R v




To calculate T; and V; :
Step B (2—3) is an adiabatic (g = 0)

reversible step, as figure shows.
Pop = P oW= "popdv='pdv
Firstlaw: AU=qg+ W, dU= aW
dU=CdT + (oU/V)rdV
dU=CdT + (oU/V);dV=CdT+0
dU= aW=-pdV
.. CdT= - pdV
CAdT =-[RT/(V-a)] dV
CAT/T=-RdV/(V-a)
Integrating:
CyIn(T/T) =-R In(Vra)/(Vra)

= Rin(psT/p;jT;) from p =RT/(V-a)
Cvin(T+/Ty) = Rin(psTo/p,T3)
= R In(py/pa)*+ R In(T/T3)

S (Cy+ R)In(T/T,) =R In(ps/p,) v
(5/2) In (T5/546) =In(1/2) .. T3=414 K
Eqn. of state: V5 -0.020 = RTy/p,

V3 =34 L




Now we can fill in this table

Statel p | V | T
atm| L | K
1 1 22.4/273
2 | 2 |22.4/546
3 1 | 34 414
dG =-SdT + Vdp dA =-8dT - pdV

Since none of the steps are dT = 0, we

can not calculate AG or AA without
having S itself for this gas.




Step A Step B Step C
dV=0 adiabatic,q=0 dp=0
& reversible
gy = AU q= 0 Qo = AH
get from given get from
below below
W=-lp,,dV W= AU W =-|p,,dV
W=0 get from = -pepldV
since dV =0 |below =-1)dV
=-1(22.4-34)
L atm
AU AU AU
dU=C,dT |same here |same here
+(U/BV);dV|AU = [CAT =AU = [C dT=
=CdT+0 ((3/2)(8.3144) ((3/2)(8.3144)
AU = JCdT= [x(414-546) J x(273-414) J

(3/2)(8.3144)
«(546-273) J




dH =C,dT + (cH/cp)rdp
=C,dT + adp
AH=[|C,dT + Jadp w

AH AH AH
(5/2)(8.3144) ((5/2)(8.3144) |(5/2)(8.3144)
X(T2 -T1) X(T3 *-Tg) X(T1 *-T3)
+0.02 L mol ' [+0.02 L mol™'|  +0 (dp=0)
x(P2 -p1) x(P3 -p2) |~
= = (5/2)(8.3144)
(5/2)(8.3144) (5/2)(8.3144) | x(273-414)
x(546-273)| x(414-546)| J
+0.02x(2-1)| +0.02x(1-2)
x(8.3144/ | x(8.3144/
0.082056) J | 0.082056) J




dS = CAT/T + (8/V);dV
but (88/&V)r = (0/6T)y = R/(V-a)
dS = CAT/T+RdV/(V-a) v

ordS = C,dT/T + (8S/cp)rdp
but (88/cp)r = - (V/T), = - R/p

dS=C,dT/T-Rdp/p

AS fordV=0

dS =CdT/T
AS = [CAT/T

(_3/2)(8.3144)
IN(546/273)

J K™

AS
0Grey =0
~AS=0
or
dS=C,dT/T
- Rdp/p
AS = |CdT/T
- Rldp/p
(5/2)(8.3144)
In(414/546)
-8.3144
In(2/1) = 0

AS fordp =0

dS = C,dT/T
AS= |C,dT/T

5/2)(8.3144)
IN(273/414)

J K




Problem: Two moles of a monatomic ideal gas begins in a state with p =
1.00 atm and T = 300 K. It is expanded reversibly and adiabatically until the
volume has doubled; then it is expanded irreversibly and isothermally into a
vacuum until the volume has doubled again; then it is heated reversibly and
isothermally until a final state with p = 1.00 atm and T = 400 K is reached.
Calculate AS system for this process. (Hint: There is an easy way to solve
this problem and a hard way. You should, of course, choose the easy way.)




(1) Draw a picture ideal monatomic gas

P2 Ps3
p =1.00 reversible |\, =2V, |irrev.into avacuum V3=2V,
atm - T, — T:=T,
300 K | adiabatic q = 0 isothermal
P1
V, reversible heating |t constant V
Ta
P4
V4= V3
T4
reversible isothermal \L
Ps p =1.00
Vs atm

T5 = T4 400 K

initial final



(2) Recall the definitions of concepts and terms:
Second law of thermodynamics, dS = dqe./T
definition of heat capacity: dgq=CdT
heat capacities of one mole of an ideal gas are related: C, = Cy + R
heat capacity at constant volume for a monatomic gas is entirely due to

its translational energy

kinetic energy = 3/2kg T for one molecule Navogadgro *Ks = R
Sum up over all the infinitesimal slivers dS to get:

ISfSi dS =S -S;=AS because S is a state function.

(3) Solve the problem in the space below:
Using the concept that S is a state function, we could go from the given
initial state to the given final state via a reversible one-step constant
pressure heating, for which path:

constant p
p =1.00 reversible p =1.00
atm - atm
300 K heating 400 K
dqrv = C, dT

Plsds=5-5=AS = ["dge/T= [T1iCodT/ T=CplIn (T¢/ T)
Since this is a monatomic gas, Cy = 3/2R.

Since itis an ideal gas, C, = Cy + R = (5/2)R

C,=(5/2)(8.31451 JK  mol™)

AS = C, In (T¢/ T}) = 2 mol x (5/2)( 8.31451 J K" mol™ ) x In(400/300)
ASeystem = _11.96 J K™

Alternatively we could have solved the problem by calculating AS for each
step and adding up the values to get the overall AS.



Considering each step separately:

(1) Draw a picture ideal monatomic gas
(@) P2 (b) Ps
p =1.00 reversible  |\V/,=2V; |irrev.into a vacuum V3=2V,
atm —> T2 —> T3 — T2
300 K | adiabatic g = 0 isothermal
P1
V, reversible heating | at constant V
T1 (©)
Pa
V4=V;
T,=400
K

reversible isothermal \L (d)

Ps p =1.00
Vs atm
T5 - T4 400 K

initial final

Let us examine each step; if we had to calculate ASgysem for just this step,
how would we do it? In the following pages we analyze what do we know
about each step ? based on what concept or known condition of the system
before/after for each step? to see how to go about calculating various

quantities like Cy, C, , q, w, AU., AS, for an ideal gas.




(a) P2
p =1.00 reversible  |V,=2V;

atm —> To
300 K | adiabatic q = O
pP1Vi Ty

Since this was a reversible step, dq., = dq =0, .. dSgsem = O for this step
Also, we can find out all the other quantities, includingthe pVand T for
state 2, which we shall need in order to get the description of state 3.

What do we know? Based on what concept?
1 AU = q+w First law of thermodynamics
2 g=0 definition of adiabatic
3 ideal gas, internal energy depends
du =Cy dT only on temperature
4 Cyv = (3/2)R per mole monatomic gas
5 dw = - Popposing AV definition of work
6 Pgas = Popposing at all times reversible
7 Pgas V = NRT ideal gas
8 dS = dqe, /T Second law of thermodynamics
9 oo dU =dw 1&2
10 dw = - (nRT/V) dV 56&7
11 dU =n(3/2)R dT 3&4
12 |.. n(3/2)R dT = - (nRT/V) dV 9,10& 11
13 (3/2)dT /T=- dV/V rearrange
14 [(3/2) In(T, /T,) =-1In(V,/ V1) summing up on both sides
15 AU, = n(3/2)R (T, -Ty) summing up the small dU in 11
16 S W =AU 9
17 d = Qrev reversible
18 -.dS=0 2,8,17
19 S AS;=0 summing up the small dS in 18

we are given p, T; and n,
so we can solve for V; from p; V; =nRT;
we are given V, = 2V, , which when substituted into eq. 14 gives
(3/2) In(T, /Ty) =- In(V,/ V) =-In(2)  or (T, /300)3’2 = (1/2)
Now that we have V,, and T,, we can calculate all the quantities: Calculate
AU from 15. Calculate w from 16. Calculate p, from 7.



P2 _ ~ (b) Ps
V2 = 2V1 Irrev. Into a vacuum V3 = 2V2
T2 — = 4V1
isothermal T3=T,
What do we know? Based on what concept?

1 AU = q+w First law of thermodynamics

2 dT =0 isothermal

3 ideal gas, internal energy depends

dU =Cy dT only on temperature

4 | Cy=(3/2)R per mole monatomic gas

S5 | dwW = - Popposing dV definition of work

6 Pgas V = NRT ideal gas

7 dS = dqe, /T Second law of thermodynamics

8 p.V. = NRT, ideal gas in state 2

9 P32V, = NRT, ideal gas in state 3, T3=T,, V=2V,

10 S p3=%po 9+8

11 Popposing = O expansion into vacuum

12 S W = 0= Wigey 5 & 11, expansion into vacuum is
irrev

13 " g = Qiev = AU 1&12

14 dU =n(3/2)R dT 3&4

15 AU =n(3/2)R (T3 -T,) summing up the small dU in 14

16 S AU, =0 2&15

17 Qirrev = 0 13& 16

18 |we need gy = - Wrey 1&16

19 | Pgas = Popposing at all times iImagine a reversible expansion

20 dw,e, = - (NRT/V) dV 56&19

21 | Wy =-nRT, In (2V, /V,) summing up the small dw in 20

22 <. Qrev =+nRT, In (2V2 /Vg) 18& 21

23 -. ASp = nR In (2) 7&22

Now we know ps =% py, Va3 =2V,=4V,, T3=T,.




P3 (c)

V3=4V; constant V
T3 —>
reversible
heating

P4
V4= V3

T,=400 K

What do we know?

Based on what concept?

1 AU = gq+w First law of thermodynamics

2 dv=0 constant volume

3 ideal gas, internal energy depends
du =Cy dT only on temperature

4 | Cy=(3/2)R per mole monatomic gas

S | dwW = - Popposing AV definition of work

6 Pgas V = NRT ideal gas

7 dS =dge, /T Second law of thermodynamics

8 w=0 2&5

9 ~.dU =dqg 1&8

10 |dU =n(3/2)R dT 3&4

11 dq = dgev reversible heating

12 | .. dqv = N(3/2)R dT 9,10,&11

13 - dS =n(3/2)R AT/T 7,12

14 | . AS; =n(3/2)R In(T4/T5) summing up the small dS in 13

15 |... AU, =n(3/2)R (T4-T3) summing up the small dU in 10

16 | .. Qrev = N(3/2)R (T4-Ty) 9&15

17 pPs= NRT4/V 3 2&6

18 ps= NR400/4V, V,=V3; =2V,=4V,, T4,=400

19 | AS. =n(3/2)R In(400/T,) (T4/T3) = (400 K/T)

20 | AS. =n(3/2)R In(400/300) 19 and

+ nR In(2)

(T, /300)*? = (1/2) from step (a)




P4 (d)
V,= 4V, reversible

T,=400 —>
isothermal

Ps =
1.0 atm
Vs
T5 = T4

What do we know?

Based on what concept?

1 AU = q+w First law of thermodynamics
2 dT =0 isothermal
3 ideal gas, internal energy depends
dU =Cy dT only on temperature
4 | Cy=(3/2)R per mole monatomic gas
S5 | dwW = - Popposing dV definition of work
6 Pgas V = NRT ideal gas
7 dS = dqe, /T Second law of thermodynamics
8 Pgas = Popposing at all times reversible
9 psV4=NRT, ideal gas in state 4
10 PsVs = NRTs; ideal gas in state 5
Vs = nR400 K/1 atm)
11 V5 = V4 (p4 /1 atm) 10+9
12 | Vs /V,=400/(300x4)= 1/3 11, p,=nNR 400 K/4V; step (c)
and 1 atm = nR300/V; step (a)
13 |dw,e, = - (NRT/V) dV 56&8
14 du=0 2&3
15 o dQrey = - dWiey 1&14
16 | .. dgsev = (NRT/V) dV 13& 15
17 dS = nR dV/V 7 & 16
18 ASq =nR In(Vs/Vy,) summing up the small dS in 17
= nR In(1/3) and 12
19 |Wiev = - NRT4IN(V5/V,) summing up the small dw in 13
= - nR 400 In(1/3) and 12
20 | Qrey = NR 400 In(1/3) 15& 19

Now we know everything about each and every step.




(@) AS,=0

(b) ASp, = nR In (2)

(€)|AS. = n(3/2)R In(400/300) + nR In(2)
(d) ASy = nR In(1/3)

all

ASiotal = NR IN[(4/3)(400/300)%?]
= nR (5/2) In (400/300)

. ASio = 11.96 J K?

exactly the same answer as was
obtained doing it the easy way

Summary: AUl = AUa +AUp +AU: +AUq4

(@) AU, = n(3/12)R (T, -Ty)
(b) AU, =0
(c) AU = N(3/2)R (T4-T3)
(d) AUg=0
all| AU = N(3/2)R (T2 Ty +T4-Ts) since (T2 =Ty)
= n(3/2)R (T4 -Tl)
. AUjpta = 2494.35 ] exactly the same answer as can be
obtained by going directly from initial
to final state, using
AU =n(3/2)R (Ts -T;)
Summary:
Quoa—=Jatqgbotgctqguq W iotal =W at+Wp+tWc+ Wy
(@) g.=0 w =n(3/2)R (T, -T1)
(b) Qirrev =0 Wirrev= 0
(©) Jrev = N(3BI2)R (T4-T3) w=0
(d) Jrev = NR 400 In(1/3) Wrey = - NR 400 In(1/3)
all

d total = N(3/2)R(T4-T3)
+ NR 400 In(1/3)

W total = N(3/2)R(T2-Ty)
- NR 400 In(1/3)

AUgtal = q total T W total
= n(3/2)R (T2 -Tl +T4 -Tg)
=2494.35 ]

exactly the same answer as above
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