UNIT # 06

THERMODYNAMICS

EXERCISE # 1

1.

m,,.S, (T, = T) + m, .S, (T, = T) = 0 9.
(65.38 gm) (0.4 J/g C) (T, - 20 C) + 180 gm
(4.20 J/g C) (T, - 100C) =0

= [(65.38) (0.4) + 180(4.20)]

T, = (65.38) (0.4) (20) + (180) (4.20) (100)

T - {(65.38)(0.4)(20)+ (180)(4.20)(100)} —97.3°C
(65.38)(0.4) +(180)(4.20) 10

AU =q +w

heat absorb (q) = 45 joule

w = =70 joule since

Work done by the system.

Goronnoonoon oy

AU =q +w =45 - 70 = -25 joule

Decrease in internal energy = -AU

QIoooororoon

work done by the system = -w

AU=-w=>AU=w=q=0 12.

The process is adiabatic. (DDD]DD:DD]HD

At constant volume w,,= 0

= first law

The energy due to external field is not included in 13

internal energy like gravitational field, earth's

magnetic field etc.

dIDIIomroimoiiiooomoiooinm - =

3 A

Heat and work are path dependent, or indefinite

quantity.

I

For monoatomic ideal gas total degree of freedom = 3

Uit moItidioodidomng

= 3)

Three translational mode of motion (DUDD a00l0

OONON000n Oy 15.

C,=3 %R=§R CP=CV+R=2R

Ce 5
r = C, 3 16.
Ar = monoatomic ideal gas C, =%R

At constant pressure q = AH = nC,AT

5
q=(0.25 mole)E.(8.314J/Km01€)(16)

Reversible process-involve infinitesimally small
driving force. Hence system and surrounding re-

mains in  equilibrium.

A A o
O00oorooOr ool totennQ9

PV
temperature at 'a' = T, =?
P0\/0
at (a) To = R (i)

(2P,)4V,)
at (c) T.= R =8T,

3
AU = I'ICV (Tf— T]) = ER(gTo _To)

AU

:21§T° ~10.5RT,

Work done in adiabataic process (JUIOIOOOI0
IO0roorom

AU = w = nC AT
w = (2)(12.5)(200 - 300)
The case of irreversible adiabatic process.

w=-P(V,- V)

3
Cy=5 T, =T
_P(V. -V latm)2L —1L
T, TPV g _(am:)S(—)
nCV 7(R)
2
2 (L atm)
T, =T -3%0.0821(Latmk 'mole ')
Y
// -V
Vp>V,and T, > T, / s
P| A" h
AH =nC,(T, - T)>0 | / -~ VsV
/ //
w=-P_(V,-V)<0 [/~

T
Heat of reaction at const. pressure = A H

Heat of reaction at const. pressure = AU
AH =AU + AnRT
An_ = -3
g
AH - AU = (-3 RT)



18.

19.

20.

21.

22.

23.

24.

Fusion and vaporisation are example of isothermal

processes -

OO ooOo oot o0l Ooo0nin o

R T
T
Q
X
—
T, <T, PQ - T, RT - T,
H,O0(s) —2— H,O(l) — H,0(1)
0cC 0C 25 C
B 36 |
q, = AH, ,  (kJ/mole) gmo e
q,=6.01 2=12.02 kd

q, = mS AT = (36 gm) (4.18 J/K gm)25
(36)(25)(4.18)

qNET: q1 + q2 —|:1202 +W:|kc]

When ice —— liquid : the process is reversible

fusion. The fusion is isothermal process.

(00 = 00 . D00I0i0ooroibooomody
po0ominoond

dg dgq
=—=— >

¢ dT 0

AU =q +w

P = constant since AH = a,

202.6 = AU + 1 atm (2 litres)

= AU = 202.6 - 2(L atm) (101.325 J/L atm)
AU =0

For reversible adiabatic process (UILOII0IOMOII0

0oorano,
q,, =0 = AS =0

system

1 1

AS = nCVln E +nRIn (&J
T

373 10
AS =5 1n—+Rln(—j

298 1
AH transition
USing AStransition =
transition
AS _ _AHirans
surr T
N L4017
trans 368
+401.7
AS = , " temperature of ice bath = 273K
surr 273
-401.7 4017
AS = e

+
total 368 2 7 3

25.

26.

27.

28.

29.

30.

RT

Initial P=—"
nitial pressure v

P =300 R = (300 0.0821) atm
final pressure = 1 atm
final volume ; PV, =PV,

_ RVi_“§925j2246L
f P 1
f

V,
AS = nRT In—=
\%

AS =R 1n(2£§.6}

for spontaneous reactions AS,__ > 0

(000 DIODnOon
AS = AS +AS

total system surr

AStotal - ASsystem - [2_9><8 J

X
AStotal > O = ASsys + 298

AS_ > =X
syst 298

Hence ASSyst can be negative but numerically smaller

>0

th X
an oo

0000as,, O0TOOIIT00O000IIdo 0o

X S
il 508 Iooomnoenom

For dissociation reactions ((JUOILINIOITLIZOL)
AH > 0 and An, >0 = AS>0

AG= AH - TAS

AG = -33000 - [r(-58)]

AG=-33000 + 58 T

spontaneous but less than certain temperature.

Formation of Fe,O,

3Fe(s) + 20,(g) —— Fe,O,(s) ; AG =7

1 2
AG =§ (-19 kcal) +§(—177 kcal)

= -242.3 kcal/mole
_ AH°
AS°
AH = - 110 - (-266.3)
AS =197.6 + 27.28 - 5.74 - 54.49

T

Above this temperature the process becomes

spontaneous. ((UIONIOIOOIIOOOIIOONIIED



THERMODYNAMICS EXERCISE # 2

1. Intensive property (UO0I0) 5. B AB = isochoric heating
extensive property (I00TT0N) COUOODOoaD
- extensive property P BC = isothermal expansion
pH o« concentration = mole/volume A (ooDmioooom,
though pH is a dimensionless number and intensive CA = isobaric cooling
property (U001 pH (0000000000 00T000000000 0 O T (O0o0ImIonan)
EMF =22°"8Y _ Intensive property C AB = isochoric heating
charge
Boiling point(T,)= temperature = intensive property v BC =
entropy (s) -4 _ extensive _ extensive property A B
T intensive
2. At constant T, the molecule with maximum atoms T
. P,V
have greatest internal energy. 6. at A (T,) = ORO
{0000 DiDO0Dm oD oionUoon P !
ginoooIoonom _ 2PV,
3. q=0 AU = W nR
= 3000 = C(T, - T))
2P,V,
3000 150 =
T2_T1:W_ T,=T,+ 150 = 450 K : . nR
4. Irreverssible adiabatic process (UUIUUOLOI OO \}0 QVO VA
0o
nRT. nRT. T = (Py /2).2V, _ PV -T
Sz 1 D A
W = —Pm[ P, P, j P,=P_=2atm nR nR
Pl — 1 atm Tl — 300 K now - TD - TA: AU = AH = 0
AU =nC AT
W = ~(2 atm) 2(R).T, 2R(350) {rememberforidealgas . }
2 atm latm AH =nC,AT
5 Isochoric
d W= 2C/(T, - 350) =2 —R(T,-350) :
an T, ) 2 7. APV, T)_heating  pp y 1)
5R(T, - 350) = (750 R - 2 RT,) AH,
5T,- 1750 = 1400 - 2T,
irr. adiabatic
7T,= 3150 T,= 450 K AH, process
W=2 C,(450 - 350) 0
5
=2 —Rx(100) = 500 R v
2 AI_loverall = AHI + AHZC:(PS’\/Z’TQ)
W= Wt Wy v W,
AH = AU + (P,V, - P V)
\Y, |
=-P(V,-V,) - nRT, In [V—Cj—?O(VD -Ve) AH = C(T,-T)+ (P,V,-PV)
B
W =  -P, (2V-V) - 2PV, In AH, = AU, * (PV, = PV))
AH,=-P,(V,-V)+ (PV, -PV
(4VOJ_P_O(ZVO_4VO) 27 sV, )PV, Vi)
2V, 2 AH, =PV, - P,V,

W =-2PV;In2 and q = -W (-~ AU = 0) et = Gl = T)) + PV, = P V) + PV, - PV,
= 2 PV, In2 = C(T, - T) + PV, -PV,

vit2 T



10.

11.

12.

13.

n = Tz _Tl
TZ
_ 373-298 (75
17373 373
n 100 =
n = T2 _Tl
T,
- 500-300 g
T""500 5
_ Wby _
n - = Wby - (nC) (qsource)
qsource
2
—(gj (2 kcal) = 0.8 kcal
AH = qa,

since H is state function AH will remain same from

both path-isobaric and non-isobaric

q,
A—me—
iscdbaric B
path I
norrisobaric path
q

But q = q, only when path was isobaric.
AH = a, only for isobaric path.
Greater the Ang greater the value of AS.

AS = nCIn [%j for isochoric change.

1

2 [2R|n[222
2 473

573
AS = 3RIn| 222
n[473]

AS

The net heat absorbed by hot and cold body is equal

to zero.
Qy * 9. = 0

Let C,is the total heat capacity of hot and cold
body.

Cy(T,- T) + C,(T, - T,) =0

T, —-T
sz H2 H

AS + AS

Total hot body

Entropy change AS

cold body

14.

15.

19.

20.

T
AShot body = C:V'lrl TH

T
AScold body = C:V'hﬁl {T_fj

C

2
AS, = Cvln{(Zf;TE?}
AG = AH - TAS
y = C + mX
= AH = C
m = -AS

from intercept C > 0 = AH > 0
m<0 = -AS<O0
= AS>0

Melting of H,O(s) at 0 C and 1 atm is a reversibly

procers = AS, =0

Vaporisation of H,O(l) at 373 K is a reversible

process AS =0

Total

Below 0 C - H,0O(s) — H,0(l) is non spontane-

ous not feasible.
H,0(l) —— H,O(s) (freezing) is feasible above 0 C
H,O(s) —> H,0())

feasibly = AG = -ive for melting process = AS,_ |

increases

AG = AH + AE

AG =-3000-1 2 300 + 3000
= - 6000 cal

H,0() —> H,0(g)

373 K 373 K
latm latm
AH
AS = £
T

AG = AH, - AH = 0



THERMODYNAMICS

EXERCISE # 3

COMPREHENSION # 1

U=aqa \/V Here U = Kinetic energy of ideal gas
(O A Y

U =nC,T

=>nCT=0o v .0 T =% ...(if)
sub. (2) in (1)

((;—V].PV = a/V

w = -2(a) (¢ - D(JV, -V,

work done by the gas = - w = 2(a)

(v - 1)(\/‘72—\/\71)

For diatomic gas with no vibrational degree of

freedom

C—§R+2 lR
Vo2 2

C,=5/2 R

AU = a(JV; Vi) = 100 4

AU = q + w= 100J = q - 80d
q=180J

COMPREHENSION # 2
AS =S (CH,OH, g)
-[S(CO, g +2 S(H, g)]
=240 - 198 - 29 2 =- 16 J/K-mole
AH = AH (CH,OH, q)

- AH(CO, g) = - 201 - (114) = -87 kJ/mol

. . CT
ASy, —ASy =ACyIn_2

1

AC, = C,,(CH,OH)-[C, (CO)+2C,, (H,)]

P

=44 - (294 + 2 28.8) = - 43 J/K-mol

ASS - (-16) = (-43) In 29
T, 300
AS;, = - 13.225 J/K-mol

AH; ~AH; =ACH(T,~T,)

A H°T2 - (-87) = -43(320 - 300)

>
T
[

. OTZ -87.86 kd/mol

AG = AH; - TATAS]

= -87860 - 320 (-13.225)

= -81.91 kdJ/mol




THERMODYNAMICS

EXERCISE # 4[A]|

1.(1)

(i)

(i)

(iv)

H, (g ——

H,O (s)

H,O (¢)

= -ve
3H, (@) + Ny(@ —— 2NH(g)
W=-P (V,-V)

ext

-P_, (n,RT - n RT)

ext

= —AngRT
W = +Ve
CaCO, (s) —> CaO (s) + CO,(g)
W= -P_ AV
AV > 0
= —ve
AE = -65 J w = 20J
Aq = AV - w -65 = AV - 20
AV = -45 J
AH = -2808 kdJ mol

glucose

Energy need to climb 3m = Mgh= 62.5 10 3
Aq = 1875 Joule

Now useful energy from 1 mole of glucose

1
= 2808 i 702 kJ
1875
= No. of mole of glucose required =————
702x10

=267 107 mole

grams of glucose = 180 2.67 107°=0.4807 gm
Energy need tp climb 3000 m will be 10° time.
= wt. should be 10° time = 0.4807 kg
q,=q,* AngRT
40.66 2 =q,+2 8314 373
= q,= (81.32 - 6.202) kJd

q,= 75.118 kd

AH = 1 kcal
AH = AE + PAV
1 10° 4.18 = AE + 1.013 10° 3 107

4149.61)
———— |cal

AE 4.18

(4180 - 30.39) Joule = (

AE = 0.993 kcal

NH,CN(s) +goz(g) — N,(g) + CO,(g) + H,0(0)

1
AH,,, = AE + AnRT = -742.7 + — 8.314 298
s 2

= -742.7 + 1.239
AH,,, = -741.46

AH =1440 cal

AH = AE + P(V, - V)

1440=AE+1.013 10°0.0180 - 0.0196) 107°
AE = 1440 - 1.013 0.0016 107°

AE = 1440.168

W = [P dv

= -[P(V,-Vp)= - 1.01 10°(0.1) 107

=-10.1J

Zn(s) + 2H (aq) ==
AH = -36.5 kJ

AQ = AE - W -36.5 kJ

= AE + 1.01 10° (500 50 107

AE = -39.03 kJ

W=-P_(V,-V)=-1.013 10° 500 50 10°

ext

W = -2.53

Zn*(aq) + H,(g)

W = -nRT 1—P—2 =-5 8314 300 (1—1J
- p) 7 4

= -9.353 kJ

irr

£

Va
= -2.303 nRT 1log V.
1

- 2.303 5 8314 300 logd
W =-17.29 kJ
and Aq = AE - W
at AT - OAE — 0
W, =-q=17.29 kJ

AH — 0



11.

12.

13.

14.

n, = 1
-1 -1
T, =300 V,=27V, TV, = Tzv;1
T v 1)
(Ve T, - 300(—)
T, Vv 27
T. = 100 K

Adiabatic condition AQ = 20 =AE=W=nC (T,-T))

W=1 25 -200 W = -5.000 kdJ/mole
Process reversibly adiabatic
T, = 298.15 K V,= 2V,
T, = 24844 K Pv'= K PV = nRT
T
2oyt = -1 _ -1
v'v =K TV, =TV,
T v, Y
(T_lj ZEV_ZJ (298.15) o
2 ) 248.44
1.2 =2"" log 1.2 = log 2 . (y-1)
1 *M 1 =10.263
"7 17 log2 r-:2=%
PV, -P V)
Now r1CV (T,-T) ZT
:( R J_ nR(T, - Ty)
Vim ’Y—l ('Y—l)
YT 0.263 e ‘

Py
W = - 2.303 nRT log P
2

1
=-2303 1 8.314 298 log(gj
W = -3.988 kdJ

vA
44.8] [rmmmmmmmmmmey 3
Y 1B
224L [---yf—>——2
273K 546K .}
Table-1
State P \V4 T
1 1 2241 | 273
2 Zatm 224 56K
3 latm 4.8 56K
State - 1
PV = nRT = P =1 atm
State - 2
P _P
T_1:T_2 = P, =2 atm
546
= 973 x latm

State - 3
Pl\/l = PZVZ
2 224=448 P,
P, =1 atm
Step | Name of process q w AE AH
Isochoric SR273| O SR273| 2R273)
Isotherm H6R In2 [FH546R In2) (0] [0}
Isotherm 2R273 | R273 | 2R273|2R273

overall

15.

16.

State - A — (Isochoric)

W =20 Aq = AE
1 2Re73)
2
5
AH = ndeT AH =1 ER(273)
State - B - (Isothermal)
AE =0 AH =0
* AH = AE + APV
is Q=-w=+2.303 1 8.314 log(2) 546
Q =546 R In2 W = -546 R In2
AE = nC, AT W =nR(T, - T)

State - C —
Aq = AE - w = AE + P(V, - V)

(Isobaric)

5
or AH = AE +PAV = ER(_273)

1
H,(g) ) 0,(g) — H,0(/)
B 1
AC:preaction - CpHZO(U - CpHZ(g) _E CpOZ(g)
1
= 75.312 - 38.83 ) 29.16
ACp = 21.90 kJ
reaction
AH, = AH,, + nCp AT
= (-285.76 +1 21.9 75 107°) kJ

AH, .= - 284.12 kJ
C,=2234 +48.1 10° T JK' mol

T,

n=1 2
AH = [ nC,dT = [(22.34+48.1x10°T)dT =
Tl

48.1x1073 x298x 3

22.34 298 + 298
2

AH = 13.064 kd/mole

W=-PV,-V)=-nR(T,-T)

W = - 20477
AE = 13.064 - 2.477
AE = 10.587 kd



17. AS =288J/K AH = 30.5kd 21. H,0 (g) + CO(s) == H,(g) + CO,(g)
30.5x10° ,
AH = TAS === T = 1059 K M AH,,
ndeT =AH + CO O(g) =
18. AS = = H, (@) + AH CO, (g) - AH_, (s) A H,O(g)
25.5 -94.05 + 26.42 + 57.8 = - 9.83 k cal/mol
-1 [E2+ 136 10°-425 107 T)dT cal/mo
= 2303 25.51l0g2 + 13.6 10° 300 - 425 () AG=-94.24+ 0+ 32.79 + 54.64
1o (600° ~300%) AG = -6.81
2
AS = 20.618 kd (i) AG=AH-TAS -6.81 =-9.83 - 298 AS
19. Bry(/) + Cl(g) —> 2BrCli@) , AH = 29.3 kJ 983-681__
AS, = 152.3 AS,, , = 223.0 o095 M
AS, iy = 239.7 J mol " K™
e AS = -10.13 cal/ mole
AS, =2 239.7 - 223 - 152.3 = 104.4 :
AG = AH - TAS (iv) but at constant P
= 29300 - 298 104.4 = -1721.8 J AH = AE + APV = An_ = 0
20. CCL() —> CCl(g)
P=latm AH=AE,, =-9383 k cal/mol
_ _ -1
AH =AH - AH = (-106.7 + 139.3) kJ
= 32.6 kJ/mol AS = AH,0(g) + AS., - ArSHZ_ ASco
AG= AH_ - TAS -10.13 = -AS H,0(g) + 47.3 + 31.2 + 51.1
AG =326 10°-298 94.98 S 4513 cal/ K mol
AG = 4.296 kd/mol Syol@) = 4513 cal/ K mole
THERMODYNAMICS EXERCISE # 4[B]|
1.  Step-1 (U0-1) Step-5 (U0-5)
Ice (200 K) — Ice (273 K) Steam (373 K) ——> Steam (400 K)
HU (200 ®) — OO 273 K) 0000 (373 K) — 010 (400 K)
T, . 273
_ I /s 400
AS;=m Cyln oo =1 209 107 550 AS,=1 2.09 10°ln Z_==146.06 J/ C
AS, = 312
5.~ 650.312.47°€C AS,=9383.4 J/ C
Step-2 (U0-2) 5
Ice (273 K) —— Water (273 K) 2. Y =§, P, =1 atm, T, = 300 K, P, = 2 atm

_AH, 3.34x10°
2 273 273
Step-3 (U[-3)

Water (273 K) —— Water (373 K)

AS =1223.44 J/ C

.. 373
10°In5-» = 1304.6 J/ C

48,1 273

4.18

Step-4 (U[-4)
Water (373 K) ——— Steam (373 K)
000373 K) —= [I01(373 K)

_AH, 22.6x10°
4 373 373

AS = 6058.98 J/ C

PV" = constant ((UJUIL)

P! "7 T = constant

TP" -
-1 -y

Tlpl = szz !

"7 = constant

-2/5
T, = 300 (5) = 395.85

3
w=AU=nCAT=1 7 8314 95.85
w=1195.37 J
v -MBT: 69510

2
2



AU =
1 1.5 8.314 (T, - 300)

RT, RT,
--2 10137

T.
(T, - 300) = 1.333 (300—72)
nRT,

=17.24L

T, = 420 K v, =
2

2
w=AU=15 8.314 (420 - 300)

w = 1496.52 J

V,=20L,y=7/5 T, = 673K,

P, =0.2 MPa = 2 atm, P, = 0.7 MPa = 7 atm

P, 7
q = -w = nRT lnp—= 2.5 8314 673 lnE

2

q=17.52 kJ w = -17.52 kJ
P,V,"= PV,

7(20)' - 2V,) = V, = (3.5)%7-4892 L
T, =222 _470.46K

2 n

q=0,w=AU=25 25 8.314(470.46 - 673)
= AU = - 10.524 kJ

AH =25 35 8.314 (470.46-673)= - 14.73kJ

g=w=AU=AH =0

q=0, AU =

25 25 8314 (T, - 673)

=-101.3 2 25 00821(&—Lj
- = . . . 2 7

T,
T —673——079(2 96142)

2

T,=536.91 K

2

w=AU=25 25 8314 (-136) = - 7.1 kd
=25 35 8.314(-136) = -9.9 kd

AU = AH = 0
_nRT 2.5x0.821x673
2= p, " > - 69 L
w=-P,(V,-V)=-2 49 = -98.13 L-atm
w=-98.13 101.3 = -9940.9 J
w=-9.94 kJ q=-w=9.94 kJ

The entropy change of the system ASSyS‘ will be

same in all the three process as it is state function.

(0HImiToooIootias,, DOTODODo00ooo
OImoronrooorona DDDDDUD

AS, = nR In“2-1 8314 In3 - 9.134 J/K

For reversible p]lrocess QIooooItooionran
AS = 0
AS = - ASSyS

surr.

=-9.134 J/K

(ii)

(iii)

(iif)

AS, = 9.134 J/K
_qirrev.

AS - - [qm—836.6}
surr._ T T 298

= - ASSYS_ + 2.807
AS_ = ASSyS_ + (—ASSVS_ + 2.807) = 2.807 J/K
For free expansion system doesn't absorb any heat

soq=20
A W [
q=0)

ASSyS. = 0
AS, = AS_ = 2.807 J/K
AS,. =0,AS, =0,A5 =0

AU =w, = n C/(T,-T) =~ PV, - V)
0.5 15 8.314 (T, - 473)

T, 473
=-101.3 2 0.5 0.0821 ?_T

T
T, - 473 = - 1.333(?—94.6}

= 359.49 K
AS n| C, ln +Rln
sys. T1 P2
=0.5 [2.5 x8.314lnw+8.3141ng}

ASSyS_ = 0.957 J/K

since no heat is transfered (U] UOIO0TOTONOIO0
0000, =0

AS . =0

AS. = ASSVS_ = 0.957 J/K

In free expansion (UUUIDOIIO) q = w =AU =0

T is constant. (T DDDDDM

AS__ =nR lniZ 0.5 8.314 lné=3.81 JK
Sys. P2 2

AS . =0

AS, = AS_ =3.81 J/K

P, =1atm, V, =1L

1

P—lOOlath =0.99L Let P =a+ bV
On finding DDHJDUDDDUDDDDa =100001, b = -10°

SO
= (100001 - 10°V)

Vs
w =~[Pdv = 100001 ~10°V)dv
\%

10°
(V2

5
12 (-0.0199)

w = - 100001 (V, - V) + ~V?)

=5.01

w

- 100001 (-0.01) +

L-atm

= 501J AU = w = 501J
AH = AU + (P,V,- P V)
=501 + (1001 099 -1 1)
AH = 99.5 kdJ

100 = 99500J



(i)

3
AS =nC ln£=1 —R In =—R In10
sYs- VT 2 100 2

(Reversible process (D: Qoororono D))

1000 3

3
= -AS =_ER In10

surr. Sys.

sys.

3
AS_ = ER In10

w =20
3
q= AU = —ER(900)

~3R(900) _ 3

2x1000 2

AS_ =-—

q
4 R (0.9
surr. T ( )

3 3
AST=5R lnlO—%R (0.9) = ER (1.402)

G=H-TS=U+PV-TS
dG = dU + PdV + VdP - TdS - SdT
w=0,dV=0,dV=dgq=TdS so
dG = TdS + VdP - TdS - SdT

dG = VdP - ST = AG = VAP -[SdT
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VdP = 24.6 (4/3 - 1) = 8.2 L-atm = 820 J
JSdT=[ (10 +0.01T)AT=10(T,-T,)+0.005(T%-T

SdT = 10(100) + 0.005 (400%- 300% = 1350
AG = 820 - 1350 = - 530 J
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w = - PAV = 1(90.31 - 49.26) = - 41.05 L-atm

w=-41.05 101.3 = -4158.36 J = -4.15 k

q = AH = anpdT
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q=AH=2 [12.552(250) + (212500)}

q = AH = 24.04 kJ

C,-C -R=4238+8368 10°T
AU = [nCdT = 19.9 kJ

w =0

q=AU=19.9 kJ

AH = IndeT =24.04 kJ

At 298 K,
AG = - 6333 kd/mole
AH = - 5737 kd/mole

& AG = AH - TAS
so AS = 2 kd/mole

At 310 K

AG = - 5737 - 2 310 = -6357 kd/mole

Additional non-PV work (UILIIUOIO0-pyv U =
|AG - AG | = 24 kJ/mole

AC, = 33.305-75.312 = - 42.007 J/K mole

AH 40639
AYS323 :T:W: 108.95 J/K mole
A.C dT
d(AS) = L
T.
ASys = ASyy, = Arcp In—*
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AS,,, = 108.95 —(—42.007 In 2;3)

= 115 J/K mole
d (AH) = ACdT
AHg, - AH,,, = -42.007 (50)

AH

r "373

= 42739.35 J/mole

AG

r 323

= 42739.35 - 323 (115)

= 5594.35 J = 5.59 kd/mole



