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othes than expansion cooek  or  Volume — pressyne work | werk
isthich is done s called neb - ok done by the system
and ’Gy fi_ adso  net wouk ‘F_U&}\’fqn/nmﬂ-@\l work
J‘AG& = MWmax — PZ\’—’
— Rridéina ec’ucd’fon befween -{F}‘@,modfmmi'c and deckod&em((#f;‘.
A =
...... v e AG= —nFEen.
f’“AQ = nFEelt
Iy EceH = $ve :fz}AQ: -ve spcm‘rqneoug.
Tf EceH = —Ve = AG = Jve , V‘\oh—spom‘vqr.eow.
Que —1  Fhe  Free energy ciquge of AG of 1 mole of an ideal gou

Hhat s Compressed fso—H\@mmq}V e 4 ot o 2 atm.

= AG = - PhRTIn (i')

Pa

2= =17 (3]

LAG =+ RTIn2]

's |

Que-2 A  swevewsible e»quns\'cm of 1 mole of an ideal 8&2

from 1.0 li}ee +o 4.0 litve bodexr  fsothermal condiHon

bs

ot

osried  ouh

300 K. AG



Sox  this  pyowea s

(1) 200 R In 2 S —600 R Inl
Liliy 6oo R 1In 2 Livy —300 Rn2.
= v, =t L N, = b L AG = —300R In(4)

o OPMGT\ @ 5 Hhe  corect
AG = —nRTln %—k) AG = ~200R In (?)

AG = —~1.R.3c0ln (—L—“’) @m‘]

ANSW ex

Que-3 AN of o ~eadion s equad 4o the slope  of  the plot of —

j) AG Vs __T\T IS AG Ns T
AG [
AG — V& =
2ty L8 ys T A g — T
~—>  AG= An-TAs (AW slepe) greph bl 4G y =
T
: ;‘é__r_c‘_‘,: ,4_:__‘_ —AS <8|0Pe: L\H> option @ is 4re carrect answer.

Quel The wvalue of  AU-AH  faw the -follou.x{ng veathion € ain

Feﬁ03(5)+ gC(s} —  9fe () 4+ 1300

(3) 15—
{1y -3 RT LiVy 4 3RT LNy 4RT Livy — AT
é An = o ey - n . o , -
g = (g) produst - g (aeaddan) < 1BU- AR = 3RT) v e
- 3 - =
_, ° &oophon D s the  covrech
AY = Ny _\_rRTAng —s AU —Ah = ~—P\TAY\J QAnswien,
‘ @_}-_‘_@_"_E J;«) an hf'&/e'\/@ﬁii‘b‘e P70C655 . "H'\e Cl\dﬁge 7‘3 6”’)\35 4:'566 er\eﬂ'&\/ (de}
and  the chcmje in  enhopy (ds) satisfy  the  ovilemia,
P (CMV”U =0, [d6)rp =0 LTty @ﬂw = ve , (de)p = Vo
0y st)\/y u =0 (O)GH-, p = +ve vy (@sly y = -vve (C@T‘ p = Ve
= TdS > AU -t pav. G 'é VdpP - sd T

___________________ ) ' o ophion () the coneect
Lﬁ(dﬁ)u v N +1’€: (dG} P, T Lo QN e e

’

e

|, r =

-

Quef T, view of  Hhe S\'B“h of AGg for  Ahe %O\lom(nj, geachons.
Pbo, + Pb —— 2PbO AG Lo

SnOy + Sn  —— 25n0 AG YO.
Which of +the slade asxe  mave S]rcab\e fx  Pb 4 Sn.



Liy +4,

Lity +4, +4

+2

=) Pbe, 4 pb —— 20k

1[\@ L Gl._ spcmiqneous

-fowucu& 'SFCJT\ NS ~€C\hl©\,\r(0.b\r

podwt stable o Phﬁf ts stable

) > 2

Ly + 9, +4

(M) SnC, t9n —* 2570
v ophon s e

coyre Cf‘ an sen

AG¥e ~— Non-spontaneowt
"ﬁﬁ&kﬁx(ﬂd '\’t&("h s {cwoumh(e

t+
veedant s slabye .o PBI s stable

Que-7  (alculafe cjnqnéfe in  Grbbs  dyee enemqy in ca‘-A

9 ooles of  an  jdea gas

duxing  compression of
9 p

’F?fom 1 atm +o 10 odm o 300 k.

= h: 2imele  Tizeok AG = Y} 5y9.303 log 16
Ps ! odm $, - lo ate.
A& = 515 x|
Iy

A = =RT x1.363 log (2~ .

-"l %(‘DL .,lAG':\‘.E kT moﬂ
. AG& - ~9_>q2.gogx3.3 RIo0 108<T‘;\
Que-8  Calculate  +Hhe chcmge in  Gibbs free eneegy deing expansion of 5 mele o

an  ideal +rom 40

8('15

1

RT: IR kT/;’hO(- ,

'\"}«G "‘0
N= 5%, T=2FC=300K R-g.37fkma.

Nyzlol | v, =lool

oo Iitee ot 927°C.

Ag = — 2363 %X 12.5 )(103\0

AG = —2.303% (2.5

. AG - g ,
8 AG‘"‘"‘lg%ﬁngDﬂ(\—%):~2.aogxz.5x~g ]03(%9> [—Q\fw‘i‘

Que-9 ‘Sgn of AG o melfrog of fce s —ve of. __

iy 26w X 5 276 K.
NS 2tk vy 2ty K ;

e AG 40 chave 9731 =y spomfaincows opion (W) i e comed
AG( > 0 \selom 27(3 W= ML\D‘S]OMFO\M@«M? Qs wier, -
e -10  Considen  +he 'Free”ﬂ'ng of ;ITC{UU’ d o ob O 10°C fer 4hs process ~
)
wheds  ove  the sf(gm of  AH . As 2 ng —— -
() 4%, —ve | o 4> —ve, tve, o )
)
L3y +ve, —ve | ve N AR AZ) O
| 0 —> HO buf L s A= ~ve J
0°C ous -
above = hohgrﬁ@f\‘rune K 3 Gf“ﬁbw G e Hhe J

helow CSQCW—:-—-—*—; Spontaness

S—> L. AR T e

Coweﬁ} s LTSN



b Que-11 ‘”Cﬂf A—>1R AH = 4 Road- Mol K AS = JO wws o gney RO A e »

/ ’

D ccraction is sPo‘ﬂJrqneowﬁ when ﬁmp'@rcd'u‘rc e« be  —0m
iy 4oo K lity 200 K.
N
im0k (oo, gl @
?.v\ = Ah = A kcal/m\ ¥ =hooo mj'k'\.mdb’ S AG: AL the correct ans we
N AS = loe ol el K = hooo - Seouie
\ o —joo0 Ccd/K,mc\
Ao veackon to be qcm—cﬁeous \ S TAS Yy An
- @L};_l__l Consides  +he -?ollow\ina SPOMLC\nECJLLS ~ecechion .35(1(3) — 2%3 § Whed  are
D Hoe Sfcfin of AH R e AS and AG for  Ahe  eaction |
2 <i> +Vve, +ve, -+ve —(T\u} Ve | \re, —ve.
Gy —ve —+ve, —Ve. LNy —ve, —ve, —ve,
)
B = AS = —ve. e aeackon  mtel  carred out o low temp. to
2 BXy —> 2% (SPW'QDCOW) 4o be Sfcm)rcmeoul
~> AH = —ve. , AG-=-Ve S OP{‘“U‘D @ (¢ the  cosrett answuer.

D Que-I3 A process is  cawred oud  at constant YV ant ot constant erﬁfrof;f

S. T+ i il be spomfaneous ] SE—
L1y A6 <O iy AH L0 Ly AU Lo IS Ap Lo
e A/; Claustus O\nequalfjrf Hhearem o er e iy octurs Fo be spcm\"cmeous
Tds ¥, dJU+PdV. W@
al cordont 'V &S, @é_gl AR OPH(m an s Hhe corredd  answien -

>_§;”§e;__‘f[ In a veadion clwonge in  enthalpy 15 3 kel . K7 mol™ and

AS (s 10 tal- KU meltl at bt "I”E/F’I')Pej((l{’-uyc aecichon abred e
QqU”f&“ﬂ\um. t’rm AGT (O 4€WP' mw} bc
SN AH = 3 Kel mel k7 = 3000 cal el T K

(T-cu%m than 200 K,

A= Yo tal. K. mel BN
For- weadiom  Jo he  spomtancow E—_CZ’—;E-{
of 906 K [Ai@f.gl - equ‘llf&fum

Que-15

Which of he jCOI‘GLUM‘(\CC; Fhermodyhamic properties  pust  be  associafed w

q weaction  Foynd H ke sPoquneous at H’%h tempercdure | bud ol

spontagvecus  at  low fermperature .

Ly AWLO ; As to iy Aw o, asse P @ o
Coxrel
iy An Lo ; As yo > An s o0 AS <o ansien



Que-16 The maxiorum  hon PV wask et a system  can peﬁtowm 5o ~
<P AH iy AG Liiiy  ns INY A e
ﬁ . - - 20
£S5 AA D —Wlmon. o AA = Hego - Mo - P/\l work eeme
AG - A A + PA\I . %CL" [a ] 876{’61\"(\ caan F%‘(Cﬁm |~§ AZG[ L~
AG - - Wray T PAN. A o]o\’(‘cm @ 5 Yhe covrect arsuier
[F 867 Mg = PAV] -
Que-17 AHhough the  dissolution  of MURSIEN wadet T an endothesmic ,,,
weackion  even though it s Spontaneous  because, —— 7
D As = dve Ly As-=o
iy Tas L An N> TAs AR s AS = e
= Fov  endotbevm W?Qﬁjfcm AG  become ess than 4§ for  AH Yo
AH = dve o it TAS Y AR @ AS = 4ve
AL A
Fer  the (Tecni"‘bﬂ Yo be Sporotuneovs | o OFHCM @ ' fhe CCWT@LJr anclden
Que-18  Which of  4he %I\oming d{'qacrcvm best  descwibes  dhe welafiomship
between A& and  demp.  For  the -Fo!lou.u'ng reaction. /
Lip i S
A5G v r>~ — ity i Livy ) )
‘,_/ AG | AG 46 D )
T T L 3
- .
= AG= AW —ThAs. -
AS r ..\,f - Ve Taae 6}@\‘(% @ s Ine -
RS Forx N corvect amswer .
mz -~ A0S wl
:\ M= - (—AI e) v:

o= e




D . '
Que-19 1 mole of gn  ideal gos  initiclly present  in a2 IRER
fnsulafed  eylindex  af 300 K fs  allowed 4o expand aacd'm+ vacuum
to 8 litee . defermine W, AU, aH, A8universe ¢ AG
2 — o- 1 mole . "\/' = 9 Litve Vo = 8 L Tz300K | C{ =0
2 A5 = nRly (\—1;25 16 o’rhe/z;ch fProocess
) ' = —PAV
= s :
) A4S R M("") lstdr ewpqnefdn Q%m'n&}‘ Yacuum
A5 = Rln 4 = R.ln 2 fer = ©
A= 2 o1 ] Tmss

o AG)’I —T.As = —Roo X 2R An 2

) LA,G; = — 600 R-Jlnlj

AG = A ~TAs.
AH = A6 —-TAS
T —600RIN ~ S00% LRIN Y-

|1 = = PeoRln 2]

¥

EXporpicy) QU yQeuum,
Tarsion  againet

Cen = 6

TAH =AU = _peo ;ﬁ;}j

Rue-20 For +he weadiom X2 0y ) —> 2X0 al 293 K, Girven dhat

1(8)
AU = 9. LT As =84y T]K , Aq = T

I

=108 LT Ly —13.55 kT

i) 4.08 kT vy —+13.55 kI .



Que -2} The  entropy Ckc’"gf As in T 84' K Hor a0 ay —> H.0

¥

AH = 2270 T/gmm at 1 atm oo c t5
{ty 2170/373 Liiy 373/2170
ity 2270573 G (1270 xare)E

—
Some  impotant  Formulae.
\

—> Tds > dU +PdV - <C'S)H,f> 70
- <du\s,\l o -— (dG)P,‘T @é@

— (C]H)g)p Lo __;(dA\V + Lo

- (dssul\/ ’)O

- |Jouk done b?« ‘Hﬁe s*ajremﬂ,
[ Tira]

—3  Neles — wavk C(cme/r\on» PV work done by the stl“w‘

m@ = ,&lqu '“PA\/

SN 5‘“‘3]8}“8 ~ec’utd7“cm belween +he,qmcsd7°h0mit cmtl e\ec]*mchemﬁ{"‘]‘
A@ = —nbleel

— A3 = hFECe”_

¢ C C C

¢« ¢ C

-



9 :Z:F.‘.’ WHop's CQuugive) . | TTO¥ Clossst 4y n:clu.umuuunn Spopsy

\ ,nyg epréSS;cm M 8?'\?&5 ‘\H\G W@‘ﬁm bt"w@@ﬂ 67& H,, Ay u
[ dependent vaviable]  and T, P, ¥, §  [yndependent veriables] s
called  Gibb's equadion,

1; L, H, G, A : dependent vaniables,

T, P, y, s t independent yarables.
”"" .' A/c_ st law.
du = d@ + clw' = c{ﬂ — P\
Ale o™ \aw
_ Q‘ .« = T. ds.

) ds = '—_S— . A‘:[/CIQ T d9

'% ldu=Tds —pdv.| @

) U= 4(5,‘\f‘)..

2 H= U+ PV,

P SodH = du +pdV. 4+ NVd4dP-

d{ = Tds —pdV £odV+Nd P (Fvom e ©)
- ldu= Tds +vdp| B

#=F(s, 0

® dG= dH-Tds —sdT

= TS —Ndp s - sdT ({mm eq” @5
dé = tNdpsar] ®
6= f(p 1)
@ o dA <= du-d(rs)

dA = Fds Tpdv —TdS —SdT
|dA = —pdV —sdT]
A=+(v,T1).

M



B dUu= Tds- pdv. U={Cs, v) o ' 4

“Thes ve v 0Dp's y I
ny dp = Tds + vdP n=4(s9) ese are Jour  Gibbis equ on
i dg = NdP —sdT G- (1)
Wy dA = =PdV - sdT. A = £(T, \/) -~

— dU = Tds - pdv. U={(sv) @?UV:T ¢ (%L/))‘r‘* -
A LR LI AL A
o de- vdr —sdr 6P (3%) v 4 @%)P . .
—  dA = =PdV-3dT A= T V) <%%)Tt -P ¢ (—%‘9\/ = —s.

Frore  +he abhove equcch‘on, |

2, -6y, -7 &G,

- B

oV iy VT oT /P CANAY

— U H, &, A — Al ave  extensive propesties —3 depencere on  ho. of maler
Nowr,

Fov  closed  equilibaium

(A=

1

Hheve 75 no c\ncmﬂe N humbey
[4

Sys'}em,

of moles seo far.

! | -

{)ence/ U, #, & A oaxe not depenoh ]

Oh  above 8731%(*1 5
i) J
2 fox open 3\/3’“3”]. » |
Ae g 'n' doeeshnt yemains comstant <
U 1] ‘4 [} G y A d@PethS on ' h' —%Y‘ OPQh Srs%‘ﬁ/rn. J



# Exacl  and AFICRUL]  gipasmerire =~
—> [Exad diffeventicls The Junchions ekl which s ?L\‘l%@:g_igcl befween
%m@:@e Limit s called  ex act  differertials.
Example ¢ all sfafe ﬁ@ﬂlﬂ"ﬁé — U, & v A
o ‘7
gdu = y,-U, (only.
b Us Ys > U
) ’ _ dy Sc‘U = U, =Y,
Pujm T ydu ) S U — s defintte value
U, Y, 3
QXQ(+ diffeventials.
Us Ug Ua
PCLH\ I[ : j‘du = S‘du 4+ [d[U - Ul—'ul
U, U, Uy,
— 5 Thexact diffewertials The Junchioms which agye ot jr&egm}gd in _belueen

%@Bﬁﬁf—bj{f L_m_dﬁ is called p ath
e amp\ 13 all PCUL h fu m‘w"@m
q»
¢ j d@ - 8,-G, ( it's  values
ql Q. Qé Qﬁ—
Pu’rh I J,JQ - J(dQ + SC[Q
QI Ql Q%
Qa 84, Q1
s [do = [do 4 [da
Q, Q& QLf

Ewler’s

Fecpro cal  esule-

%mc\ﬂ‘om

gxe fnemc)r differentials = q o W

depends on path)

= (Qz”Ql)l ]

differert values -

Tn exac* diffeven-
Hals

[¢,-a), _

"

Whether  q ngE“ Lunchion 15 exact o  fnexach  differential  Ahat  can

be  obtained by Eudews  weciprocal
dz = Mdx + Ndy
oM\ = @.N‘)
= (‘a‘?‘>x 2x )y

state  Functions ¢ exact differestrad

r

peth Funchems 7 fnexcact o fferemtial

A1

mredes-

deftaite vodue + U, G, H, AL o

diffexent walues ¢ @ W



H Maxwell Reladions .

—> dU = + Tds - PdV. —3 dH = Tds +vdp.
EIRNC N
V) 25 v P Js as Ip
—  d§ = VdP-sdT — dA = —Ppdv- sdT
V| __[d5 _ [P __[»s
(_é?)p -’<8P)T (BT)V - ('éV )T
(@_E - (AS_)
TN V)T
— — (_8_9_\) = (ﬁ) = =S
(&) = (aH_) -V or e ot Iy
9P 2P s
— oA} _ fau\ _ . <_a_g M) - T
(a\;)T (5\/\3“ P DS \v (as P

Que- Foo o given system ,  of  constan) compasition . The

PKES‘SU"\’K 15

gi\rtn by .
P (iu) ity — L“) (M) (22
?S v Sl (8'\/ s {m> asS 1 0 AV T
el
TG ¢ du = —PdV + Tds ~<p‘u> _ (5A> .
R dA= —pdV — sdT s oV /1
Y, u 5 M OPJr(Oﬂ ® ts the  covrect  answen

Que-2 For o pro cess m g  closed sysfem Temperature  x o o
' t equ :

[ D1
' b, (A DG
<bp)5 (M)T N (5?>r d (%%
= T _ 6 _p - ‘
< 2 P du=- Tds —Pdy (au) _ (8H>
QU) - [2H) 4
ALUNEH dy = vdp + Tds oSN slp
v u s ‘ OPHrm @ is the covredt qnswien
wed  The  copvech thevmedyngmic el alion aroong  Hhe %How{-? T s
DU )
ay |2} -
Q ( oVils —P L) (%{}—55 =-P

L) (31%) L iy (a&) S
< S

v



) = T g P T e S =P
dA = ”SC'NVPQ]T AN O\Ol‘f‘cn o s Aht covrect  answes.
NN s A=
dg = ydpP - 8T
.
) Que- 4 Usi«g the  Hundgqmental equcﬂrfcm cJA:——Sc!Tﬂ.pd\/‘ The  mowwell  weladion
) is
: DA oM d of
@ (S‘PT)T: éﬁ)\/ @ (T)P ) (%T—jv
2]
' QP
o efar| e @ (2 - &,
\ W le T \es IT
= T g p dA = ~sdT —pdv. option @) s CM(’C(\:‘N
" dG = —sdr + vdP T
D A @ H ~ T ansuters
dU = TdS — Pdv o
T e () - B
D Ques  The maxwell ‘We'uﬁmﬁmp desived  fion, Ocluccﬁtm dG = ‘\/C][o - 84T s
o) [(2v) . (3s .
’ © (aT)P (%P>‘r (21/ P)
»
o @ (_‘Zﬂ/‘) ~ __(@é) ‘ (_%BB _ _”3)-1—
n oTie i @a\;*r"’gsp.
= | |
) | dGg - vdP —sdT
N ’a\!) §2> - GPWm @ i e (strecL answier
/ ot g o?/1 |
BQue- 6 TCJen"TFr whrch  of the —Fo(loLL\th 5 nof  cowve 4
yofer) - (éﬁ> _ <_%__T> . (J}x)
& (3V>5 o8 v @ 2P /5 25 ) p
—(22\ - 3P d] _(5\5) »<ﬂ
© <a\/)T (3 }v D P/ T gyrjp
:fé G P dn= Ndp +TdS D v
o v ar V<§l\ opfien 7 ¥
A ///@ 3 dU - Tds - pd 5p Is Tlas/e o
| A = PV —sdT e

QANS M T



Aye-7 (JBP - 2

S ,
@ 3P : @ TP (AE*\
T- P (‘3?35 3T /3
-
To§ B ~dA= pdv +sdT
U D
v oou S (}E)P: S;QTC)S _Pdvj{ covtect  qnswes
= Vdp + Tds o
| =T -—-F m)?
dU :.."Pd\] +TCJS ~ l” NdPATd )
] _ T 1= TdS
d& = NVdP — sdT L (Sg)g ( ) '
] oy
Que-g (ay >T‘ - g-
2P
q T(—B—ET-)V TP ® T(BT)V "
5 2F) —p
® T (L), +v @ "'QDP)V
T dn= VP ¥ s
dU = —PelV 4Tl L oo B 6 e conedd
d@ - VCIP ——SC’T ansuwiex .
— dA = pdV +5dT
<_g_g\ -2 %chS-PdV}
AV /T DY
_ -3\ fB—P*B —
- '<W>T P - (a'r y P
lue-g (LH) - f
oP/t
® ver (), ® v-T 3,
av| ) - .al)
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DPHO‘“ @ vs the  covreck  answuer

@ i@ solve Maxwell veladions
and some  Jmpwtant fermuac.
—s dU = T35 - PdV. f U= £sv) E— <@ﬁ} - (?ﬁ*) =¥
2P g AP T
s dH = Tds tvdP He= (s, 7
—_— <_a,§_) - (_?A) e
—s dg = vdp —sdT G=F+(r1) a1 1P BT )V -
— s dA = —PpdV —sdT A= £V, T)
—>  Fulen's  weciprocal e
U} - [ -
- k%’% . (_?.%P - T. dr= Mdv + Ndy
o
- [3U Sf - 2L - <’”—‘
’ (3\7)5 ) <5\%)T =0 (BY\X 'M)T‘
_n\exmoch‘mqm{_g sc{guqxe methad .
“+nck 2 Qooc] Peofessas. Have  Studied Unden ‘((em«// Aﬁ'gfqm‘.*Tecd‘m
G“ Gfbt})_’s“F?(e(’ P" P(GSS yre ‘H" EnH\C‘JPT [ EﬂhoPT U - ,‘n{ewm] Gﬂﬂfﬁ
Bﬁﬁf(g'f )
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G R 6 U A = Fhesmodmanic ( 22T> - (?LE)
stede {unchen & f oV s Sy
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v U S fo it
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‘% Good  Professos
RS i1

Jwick dor verious thenmodynamic  reledions.

S~

() dy = VP + Tds

(i) dg = VdP = SdT "\ Gibbrs equadion
(-dA = SIT + PdV
(M) du - Tds - pdv
_d}i) - T s [dA) _(de) o
(dj v éjT)v (dT)P S
dq_) - du> ) (ﬂ) -
(dP T 7 <§\7 < dv )+
“Q\/e S)Lquecl Unc!eX '\/@YY Ahf’lrc’ue kTechwem

g o ‘ .
B EEEES I @t afRe dee
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= Guelic wwdes F= T TpprCame 1o oue uneiens  onky wm no
o 7= e y) path  ~Funcffons.
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CJI = 3% T ax - BT x T
fos g process ol constank 7 — dz = o

B, (e e

I
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oT
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(39, f
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C i s called c_}ﬂg‘c e ¢ which s aPPl(cable to
é stale  Hundhons onl7 4 not 4o path funchoms

Example Fos )

mole

of deal qes PV = nRT = PV = RT

d(pv) = d(r7)

pdV + vdP

OfF const anf 4empen’a’rure

of censtant  pressure

of  constant  valume

A/c cpelic wule

(

= RAT (™
(2y)
T PAV = — VdP — . AP/
P - 9T _
PV = RAT  — @ <WP
! VdP = AT @ 9_»-3> _
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