Learn Chemistry Online

Jeed Por the Second law of thewmodynamics — Limitations of the fivst law of thewmodyy _
1. The +isst law establishes definite ;qﬁDﬁijr:u between +the heat absorbed and the cwoax 1mq?u§&
by & system in a given process. But it puts no vestvicktion on the divection of flow of heat.
suppose +the heat is h_oﬁ._sm f¥om a hot to cold body . First law simply weveals that the
Pcnstwm of heat lost w& the hot anm is equal to the heat mo,,_:mn_ a& the cold _coam..ﬂm nevey

seveals that heat can only flow Prom the hot *o the cold body and mot in the weverse divection.
Dnnoum..:m to the First law, the enexsgy of an isolated w&mgg Yemains constant n_c«.::m a
specified change of state. But it does mot tell Wwhethesy a specified nrbsmm O% @ process
._szcn:jm a chemical weaction can oOccus wvosijmoﬁm_u , (e, whethexs i+ 1s Peasibe.

3. The first law states that enevgy of one fowzm can be convested into an equivalent amount of

enexgy of anothey foxrm. But it deoes Mot tell that heat energy cannot be nog_u_mﬁ_a converted
into on equivalent amount of worK. Thexe is thus Meed fox Second law-

The second law helps us to detev™ine +the divection in which encrgy can be transfexved -
It also help us to psedict whether a qumﬁ pPvocess ov chemical weaction con occuw wqoﬁgsmoﬁ_m
Tt intvoduce a Mew concept of entxopy . It also help us to Know the equilibrium conditions.

Vasius ‘fowms of enesgy can be nogv__m.mnf transbtormed into one anothey dm¢ heat is a
typical fowm of enewgy which conmot be noj..w_mrn.m transformed into Wwoxk. The second law helps
us to calculate the "M™Maximum fracton of heat +that Can be converted intn Worlkk 1n a given
p¥ocess.
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It is impossible to constsuck an engine which, opevating in a complete mandm. il absorb bheat
Pvom a mwsm_m Gomm. ond convext 1t noﬁ,?mw&u to work, without _moc._sm changes in the Eo«rpsm
m_amwm,B.

Clausius statemens .77

Tt .ﬂm ._3_uomm.mv_m to txansfex for a self Dnmsm maching, unaided r.m an extewmal O&mjnm to

nos(.mar.ymbﬁ noﬁfscocm#& h*..2...4_..."”.5& body at _oﬁma&méwm,qb&c«m+00r Gomm_ o;no. ?mrmd
tewmpevatuse.

Plavnc K ....,.r,...._:._.._._uw_u.,_;. »
Tt is 43vomm...o_m 4o Constyuct a device that will wWo¥kK In a complete ndn_m ond convext
heot Wto work wWithout Making any change in the suxvoundings.

i e ) O N S
homMmsSom ratermanT.2

It is wpossible to obtain a continuous mrrm_u_,m ofF work wm noo:sw Q _oon_n,_ to & .mm«s?
lower than that of coldest of its m:ﬁ,ocsarmm.

Diffusion of a gas Q_r.uomw takes place W...o.gor dmm._qs of T..mrm« to one at |ower pressuve,
until the pressuse bewmes unifowm.

Feom o\l above statements , \t 7evedls that gnrnm a¥e all ynodified forms ofF the Same

Lundamental idea,“ all fovms of ene¥gy ave convertible into heat but the heat so obtained
cannot be convested into fovms of € hergy Gd any process.
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= This Concept was given Um o French msm..smra« Sadi Co¥not in 1824,

= Cawnot ewployed a 7vweversible cycle to demonstrate the maximum nozm#.&:..nu of heat into wovk.
- The wmmmm:s consist of one mole of an ideal gas which is subjected to o servies of foux
ive opevatiens, Commonly texmed as fouy stwokes, as given below-

success

i

lsothesynal cxpansion .7

-  ThE@ @Dm, is allowed +o mxgjﬁw .dlm..(md‘wu.-rﬂm onad mm.o.fjﬁ.g:& at

the temp T, S6 that yolume incveases Pyorm VY to Vv, .

— Since in the isothewymal expansion of an ideal gas
AE =0
From +the $first law of +5m«§omm_$o§ﬁm
DE= q+W
oY = -
L.e.

heat absorbed is equal to the wWosk done by the
System on suwroundings.

Let 9 , be +the heat absowbed cm the wamwﬁ‘s at tewmp T,

and w, be the wovk done by the Systewm on the
.wC.a...oc.jl.Sm s Then

Va
ﬁ‘u.ulcc_ll _...NA.N.—S h:ﬂlv — D

moCLhHLmTTY —




— The gas is then allowed +o expand dme.mqm.:uﬁ and Drnr.QWD.Ihb:,m_ from volume Vo te Vi
- Since wor¥k 15 done by the system P&_.D_UDT_S__N__ it Is Mot In position toe absoxb heat

LD
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The tewpervatuxse of the System, theveforve | falls fwom Ta 20 T, s

Fox adiabatic pyYocess

Fvorm +ivst law of

Since the py¥ocess inveolves expansion ofF the gas, thevefore wowxk 1S dene by

q=0

gmxgﬁajﬁﬁa._nh

AE= 9+ W
AE =W

(aln 4

the system on the suw¥voundings. Hence, by <ohvention, w is negative

AE = =W
Now , by definition,
0E
Cus luLc
AE = CyAT = Cy(T, -T,)=-W
ov — W= Cy(T -7,)
oY - W = —=Qy ﬁlﬁvl._-.v
TL the wWorK done in

— W

i

this wﬁo.&m 'S denoted Uu W, , then
= In/\ hlﬂﬂlxﬂ.vl @

80 that



Learn Chemistry Online

Aftex this, +he mDm is mc,_dm.nwmm. +t6 a veversible and isotheyrmal no?vﬂmwm.dj at the lowex
Ltewpevatuxe T, so that the volume decweases %..o«j Va t0 Vg, -
In this case, wosk is done ON the system. Hence, heat will pyoduced and given wp to the

mcdocsam:m_m. Since compxession takes place Jo?mdﬁﬁ:u Ond Yevewsibly,
AE =0
Thesefoxe, if q,is the heat given out to the mcﬁocaﬁ.s&w at +the temp T, ond
W, s the Wovk done on the wx.m.nmq: in this process then
vV
—q,= W= RT, In(JH) @

< ' P

tvoke 4. Adiabatic COompyess
ﬂ.SD:&_ wa an adiabatic ond vwvevewvsible compression, the gas is vestpwed to its owiginal
volume. v, and temp T,.

In this case, wozKk is done on the system: Hence W is positive.
)nnoamﬂ.sm to fivst law

AE=q+W
Since W adiabatic process, =0 , hence
AE = W = CyaT = G, (13-1))
Let W4 be the wosk done n this mﬁomm.u?mﬁ\
We= Cy(T2-T) — @
wheve T,-T, 15 the€ "mcvyease 'm +ewmp produced U,m. the adicbatic compwession
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— The met heat absowbed (q) by the \deal gas n the Whole cycle is given _uua

Q= 49,+(-1.)
qQ = RT,4n A;leg.f z,_u__,jhmqu
qQ = RT,Ln %ﬂwamﬁ Al,mwu — (&)

— For adiabatic expansion of on ideal gas the hO:oE..jm equatiens can be (Wwnitten as

Cyin ﬁl.mﬂb_v = R in I&Wu (Fox Stage d.v

Va4

¥ 7 % it o8

Cy In () = Rin <; (Fov Stage W)
\Y) \'} Vz Va

0% il W S . sl
s v, oR 5

Hence , the wmet heat absowxbed, accozding to eq. ©), Mmay be put as

= RTn (¥2) - RT, 10 (¥2)

Q= -1, = R(Ta-T)dn Q,l -®

Similarly , the net workK done by the gas is given by

E = —W, + ﬁliﬂu - E,w +€+

= RTAn(¥2)— ¢, (T2-T) + RT, pjcﬁ.&+ C\,(T2-Ti)
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Tt FPollows Prom equation @ and @ that qQ=W. Thus, +the essential condition i A"
oun:n process that the met woxk done 18 equal to the Mmet heat abspovbed is hc.:_m.
satistied .

- The Telationship between w, the met wosk done cm the m&mwmj) and q ., , the Pcmjmﬁa of
heat absorbed at higher tempewatuze T, , in Cawnot n&n.@ can be obtained w.m o__Z._n._.:.m mé‘e
oy ea- O W= R(TaT) an (¥2)

Q.= RTaln ..M..w
w_ (Ta-T)
n_\u. J..u.

v w= 2. (T __ @
. i =
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- Since (M-T)/T,< 1 ,it Follows that W<q,, (- Wosk done is less than heat absovbed
This "™Means that Oﬁ_m_ a past of the heat absosbed .oa the SYystem at r,&_ﬁuu tewmpeyvature T,
is twansfosmed into wovk . The Test of +the heat q, is given out by the System to the
mcﬁdcsm.smm which is at lowex¥ tewpevatuwe T, .
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=+ CIeY 4 O (AE NoT ClC e

>

— The Td,n;m,.oj of the r.mD¢ absowbed Ua an .mj@..Sm which it can convext into work m:\mm the
etbiciency (n) of the engine.

— We Kknow that

- W (T-T)
" Q, T2 "

since (Ta=T) < | | the nﬂrn..mjnm_ of a heat engine is always less than L. No heat

engine has dn¢ mew construckted which has an mrrn_.m:nm equal cs;\_mm_. gbﬁrmgbinﬁd,.
however , il T, =0, cfficency = 1.

Tt Pfollows FHrom eq- 1 that the efficiency depends Upon the difference betwoeem
T2 and T,. The greatey the diffevence between the {empevatuwe of ‘source’ and ° Sink’,

the greate s the efficiengy. Twis explains (why supevheated Steam is Used n o Steam
gmmsm.
— The mMmet heat absorbed by the syste™, q, is equal ¥ Q-9 and accoxding to Fyst kw
of ¢50430ma50§ﬁh~ this must e equivalent to the met work dene by the system, Thus.
Eﬂh‘\nﬁ-ﬂlﬁ_ﬁ. .l®
From equation @) amd @
D.Pln_..

- Auuul.um__ — (F
| 9. T2 ®

-~ Fxom eq.® It 1S evident ++.Q¢. “ dhe mﬁr&m«_nm of an actus) msa.sm 'S Q._Ea&u less than E:.l&”_
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_CATNOt theosem

This theovem consist of two pawxts:-

Caxnot's +issSt- theasem .

pi wseversible heat engines opevating between the same tempevatuve limits have the same
efFicency.

Tn othew wovds, the efficiency of a wmachine . Minanmbn P i only the temp
of the sSouvce and the SinK. It 1S Independent of +the mature of the substance o¥
substance used fox opevation.

Coxnot's Second theocwem:-

Of all heat ewngines wosking between the same two tempesatuses oF sourvce and sink,
none Con be vove efficient than a <weversible engine (Camot engine).

Suppose two veversible engines Eo and E,! ave Oomdﬁf:m

between the same sSousce and +the Sink. Q, J J a.,
Assuming that Ex is less etlicient than Bx' de. v_ <M _
¥ N Z
lWhen engine Ey' obso¥b a cevtain 0_\c.05¢£ o2 kaar (@) = . .
the souvce (Ta), it convext o. part of Wwtd Wovk (W') and vejects Q,=9,-W | 1 QHUQP.Z_

the ~emaining pavt ®@,-W' to sivk(T)). on the other hand, (ohen
engine Ex obsoybs the same n_\CQ:IA.m of heat Hom the souwe I
but being less efficient than mrqf it Convervrtrs o Swmallex postion

f Fig.- T 3 i
mto worlkk (W) and thus ¥ejects a aodmm apunt ﬁabd.lrcv +to the SivIi<. 3 Wwo engines Dﬂm.dbr.-su

betoeen Same +tewmp. \imits
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— Suppose two engines Eyx and Ex' avwe coupled to obtain

0. Ccomposite system In (which Ey' opervates in the divect I
mannes while Ex M the opposite amnes, (-€. it withdvaws 0, 4 4 @
heat feom the sink, Some Wwoxk is ,om:d done on it and _
Qives Up heat to the Sousce. Thus, it means that Ey is .Z .Z
octing as .qmﬁd._&nﬁa.oﬁdﬂ. Q=Q-wW | J 9 =-q-w

- Heat tvansfex at souwce T, = Q@,-@, =0

— Wosk produced = W' -w

~ Heat tvansfex at sink T, = Q,-Q,

= ﬁanZu o thl w')
- QP' W ..IQ.Vu—u_\C—
leg_. = W-w -0

Fig-- Composite engine

Eq.- O Shows that heat oabsoxbed by the system is equal to work done . This
goes agoinst second law of thermodynamics.

As W'>w, it means that the composite system is oble to convext heat absovd
(®,-9)') at tne lowes temperwatuse completely into (oork. This, howevey, D,mntjmn the se(ond

law ond thewefore that ewngire Ey is Mow elhcient than Ey is Wiong . Thus, i€ can be
concluded +that 4ihe efficencies of both engines must be same.
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Pvoot O

— Suppose thewe ave two engines, one is ivreversible (Ey)
ond Othex is wzevewsible ((Evy).

= Assuming that . the efficdiency of Ejy 's mowve than that
of By ce <~m_.qv<~mu.

— Suppose two @sm._smm ave Coupled. The I(wmveversible @ngine
opevates in the diwzect ymannes because it camnot wewvevsed

whereas the ~ewrsible m:a?m opevates Tn the yeverse
divection and thus acts as a \«c.ﬂ.awmmaﬁmda.

- Heat tyansfex at souvce T, = @,-@, =0
— Wosk produced = Wi-Wy
— Heal txansfex at Sink Ta = Q@,- B__

- ﬁnovlccbl mBuW Wig)
= Q,- p\c.u.r Q, + Wiy

B.IQ-_ = E_..ﬂl._).w.-. — @

GP ™~ . 4 BN
@ @
Q-ueﬁl.}_w‘ A NP e”hQFts_d\

Fig-- Composite engine

The cComposite engine is Mot (withdvawing owmy heat Lrem the source (wheveas the heat
Wwithdvawn from the sink is twansfoxmed nogvﬁrm.m into Wogk. Bub this 's 02_.20«& to the
second law - Thevefor , the weversible engine can not be less efficient thanm iwversible mswms?
Hence it can be concluded that the mﬂrnﬁmjn& of a engine "Must be €qual +o o¥ less than
the Pbr.n,._wjﬁm of TYeversible mﬁm.::m when both awe opexat ng bettoeen sSame +two heat veservoirs.
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- lherwvodynamic scale ot tery pe Tatuse >

The empirical tempesature scales depends wpon the matuve and propewties of working
substances. eq., expansion of megcuxy, the nsosmn in ¥Yesistance of platinum etc., (with
xise of tewpexatuxe. Such thexmometess with diffevent Wworking Substances do not agvee
in scales.

The thn._QSnm_ of Cowvmot's ~evewsible mS&;m does not depend upon the Eo«E:@ substances.
This _uqo_om...\wu had been used .om Lowd Keluin and he (worxiked out a «rmo& to pryoduce
a tempevatuve scale which was Mot &mvmjn:sm Upon the Watuve of Eo«_ﬁsm substance .
since the basis of +his is law of +r&558_a503._nn. it is olse Khown as ._nrmdéon_ddbﬁ..._ﬁ.

scale of +tewperatuze ox Sometimes Kkelvin's ork scale as the wWork done by 4@
Caw¥not's mS@..Sﬁ ‘s nvolved.

The nrrn:anm_ of all veversible Cawnot engine ruo.ax._Sm betwoeen
the two teynpevatuses is o Punction of those +wo +m§vn4n.ﬁc4nm

Ojem,
Let the efficiency of wevewsible engine E, s
4~_ = .AFMOA_O.ln = .n-ﬁm_ _®~v

-® _¢(e,.,0,
-3 £(9,,6:)

Q)

— =
=1

2
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— Similavly Por weversible engine E,

s I__HA u.. .u .||| ®

D3

QL _ —
5, =Fle.8) ©

b 6. & 9.\910. § ®
eu nDP\Qh
ﬂﬁ@..@.wv
0,) =~ ———— —
OR F (s, ,8,) - (..6,) ®

In equation @, ©, is mot present on left hand side  while \t pwresent Tw both the
Pactors on the a;ur¢ fo.ﬁm side. Thevelowe ithe foxm of F(9,.0y) ond F(8,,6;) must be

\ b
gven g ) $®©.) - ¢(©s)
_.l. 1nva %ﬁ@ﬁu.&ﬁmuu
ox ¥F(8,62)* eﬁnmg - &
Q ¢ (8)
e e 3o — D
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f ehg is sepvesented Um T the tempevatuve own the .¢rm4§oo_m_59§._n scale | we @mw

SH. I -0

e__ c_l_ eNIﬁU_ Aluu...nﬁ..

2 e 2 ]| & = -— —
" @, Vs b L ke Q. - Ts e

Eq- 9 gbm be Writken as

S:.2 80

Q2 T2 Q,-©; T,-T2

O ke B A5 i el T

_m.nr.@ gives the definition of the Kelvin's absolute .rrngoaujn»g“n acale of
tempervature, ¢-e. the ratio of any too tempervatuves measuvyed on this scale s same

as the -—watio of quantises ofF heat taken in awnd given out aa a Treversible €ngine
Wotking between these ‘tempevatuves.

» ZervxoD o LOosolute scaole 7

I in cequation ®~._._uo.¢rm5 ©,=0 and M=1
=5 N eq uation @ J_.n,unf then @,=0 ang <~n 1
The zevo of the absolute scale 1s temperature af the sink at wWhicdh Mo heat

'S given out and all the heat taken from the Souvce gets convexted into Wowk Gd @ veversikle
m.:m_jn . This ze%0 1s tewvmed as the “ absolute zew¥n"
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— At tempevatuwve lowes than the albsolute zexo, the thewmal enevgy (wil be 5mmo¢<m Which is
Yot possible , Tt vmeans that moyxe heat is bei ng Conversted into  woxk than wWhat is absorvbed
at f_mrmx tevnpevrature wWhich is ﬁos?o& 1o gecond law of +fod<somajo(§ﬂmm. Hence the =zevo
on the pevfect qas scale and ¢smﬂjoad5o§_h scale is the Same.

— With the help of .mo:oc_u.,:@ equation we can obtain the value ©n Qsm_ othey tewpevature scale
because

5§ © Q

_ = — o¥ J_.u._.oxﬁ
o

T = Unknown “evpevatuve
Q@ = heat token in
@,= heat given out

Te = Ice poimt



—

Wheve QG ev is the quantity of

at o tewmpevatuwe T.

chsiﬁm Qvev /T weprsesents o definite o_.cosfwm 0¥ state funcxwion, viz., the entropy
chonge of the mdmr.nd...

- Eq. ® has been dewived by m..c,_sm +Vve sign to the heat absovbed (42) and Sm&n&cﬁ Sign
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The an_.n.msnm of Cawnot hmn_m _wm given _o,m

oY

O

o>

ow

. o Ao tl. =D
L.N JIP
q, iy
l- — = J . = emm—_—
nﬁN. JlP
D.l - T
. Ta
Q. 3 Qa — @
L3 T2
9 vev

- constant — @)

evolved oy absorbed ) , Fq - @ May be wwitten as

+to the heat lost (q,) GN_ the system. Bmmmigsm q, and Q. os,u as heat mxnrpjmmu h..so,u be

Q1 +
T

L2
T2

=0

— @

heat manQ.Smmn_ In a process cawried psut .qm<5‘m.._o~m
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Thus, when the isothesmal and adiabatic p¥ocesses in a Cawot ndn_m ave caxyied
out ,jh..ﬁwmm._go.:u m_oE_m (ce. dmamg‘m,._a_,mv. the sumwmation of 4/T tewms is equal to zevo.

— Any n_an:n process  iF cazvied out sﬂm<m4m.;u.m_ can be shown
+to consist of a sesies of Cawnot ncndmm.
Conside¥ a cyclic process in which the Change Beom

the state A to state B ana back +v the state A is cawried
oult qu(mdh._riﬁ.

The path ABRA Tnay be consideved to consist of o umber
of small Cawnot cydes, ¢.e, of a seswies of (sothew¥mals and
odiabatics, as Shown in Pmc,..n.

B
e lines mﬁas.m.sm .)o.«._m.odnnzm stand fox adiabatics and voLUME

those m.DSESm <m.~.¢nﬁ:a stand Pfor isothexmals of the small I
Cawnot ﬁao_mm.

If eoch isothewmal and adiabatic Ofbﬁmm 1S ™Thade mxwxmgm—& Mminute <.e. tach Canot
cycle is Wade mxggm:m small U& increasing theix Mumbes, the path inside the loop cancel
one aNnothew ond the cYycle coxxesponds to the continuous (sotheymal cuwrve ABR . Thus,
any weversible n&n_m can be J.mmbd.mmm as _um,::w made Uup of infinite Mumhex oF small
Cownot hﬂ_n.nm.

Knowing +hat fox each Cownot cycle Qi /T, + Y2 /ro=0, it follows that in the case of the
xeversible cycle ABA, nojw..mfja of o sewies ofF Cawmot cycle, the suynmation takes the Yosm.
£%-0 —©

ce. the sum of all the q/7 tewms of the Cawnot ﬁmn_m involved s Zevo.

A

PRESSURE —»
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— When *he ﬁTQSmm axe infinitesimal |, the eq. B may be (Oxitten as

Z 3% -0 - @
— Since the cCycle is pexformed in two steps , viz-, fyom A to B ond boack foom B to A, it
folows that ’ " A
q _ dq, daq_ _
ZEp= G e — B
A B

Whese

2

%uﬂmb = summation of all the .npl.w‘l +texms when mdmﬁﬁi nroj&mn from A to _wp—ozm

path I.

= summotion of all the P.WF texms when mdm~m3 ﬂfoﬁmmm from B to A o;o:m

path 1.

4\&

S

From eq. @

B
o¥ Rlnlibmvbi...&ﬂ Rhm‘lmvn;ﬁu — ®
A
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— It Pollows fyxom eq. ® that hmm@? 's a definmte o,\cmsw.tom independent of +the path followed
A

Fox twe change and depends only  Lpon the initial and §inal state of the mmm+m,.3.
This nwcnstfm—l..m;)amn_@? like OAE and AH, Should 7vwepresent the nsosdm. W

some m::m_m valued function of the state A dnd B of the w.n_mwmé.\?ﬂm Punction s

called ent¥opy and is denoted wm . I
Entxopy in the inibal state A

If Sp =
ond Sg = Entwopy in the Pinal State B
then the change in entvopy , AS
B
= Sp—- Sp = d
as = sg-Sp <2 — @

Fox each infinitesimally small Change
ds =% ©@
At constant tewnpevatuse, fox a Linite change, 45 becomes OS 0ond dq becomes q.

S
Pmll..._ﬂ @

— Since entvopy is A state function |, the change In entyopy (as) fxom A ana B will invamiably oe
the some (Whether the change is wevewsible o¥ Mot . Howeves .gowfmgofnb:u...r will be gliven by

the equation ((® when only +the chamge hos beev Udoﬁms_n abowt .,..m<m.q.m..c_a. This is
because the above equatiom has been devived from Covnot cycle which wovks vevevsibly.
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B8
- d
ssJi @

Thus, the mﬁgovm 0_)0.3@@ Bov o Binite .DIDjdm of state of m:umwl”nq.: at constant
tempevatuse s given by -

- Qvev
ps- L= @

Ad = Qvev . Joule
T Kelvin

" T K (known as entropy unit  e.u.)
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» otangdavya & nNnvy QpPyY " =
N iur = - sl &d

— msrdOTm of one mole of a substonce in pure state at one atmospheric pryessurve and 25¢,
is texmed as standaxd entwopy of that substance ond is denoted vm_ 8" .

in its Standard state | the

change. This s dencted am_ AS®, The mmjmd.na_

Standard Absolute Entropies (S°) of Elements and Compounds at 25°C

— When a weaction involves each yeactant and
entsopy nfoﬁmm is sa\d to be standaxd entwopy

each product

equation is then wwitten as -

e L-]
AS® =2Z m.vdomc..‘.wui =S wseactants

— Entvopies of vavsious substances ot any

given tewperature and pressurye can be
calculated by applying the thixd law of

;..sm.mj:o&.mﬁ amics.

Substance Absolute entropy Substance Absolute entropy
¢ K" mol'’) 0K mot )
Hydrogen (g) 130-60 Mercury (D 77-40
Nitrogen (g) 191-62 Mercury (2) 174-83
Oxygen (g) 20501 Mercunc chionde (5) 144-76
Hydrogen chloride (g) 186-22 Mercurous chloride () 98-32
Hydrogen bromide (g) 199-15 Cuprous iodide (5) 6-65
Hydrogen iodide (g) 20627 Lead bromide (s) 161-50
Carbon (diamond) 2:43 Silver bromide (5) 0611
Carbon (graphite) 5-69 Silver chlonde () 107-15
Water (1) 7029 Silver iodide (s) 11557
Water (g) 188-74 Silver oxide (s) 121-75
Ammonia (g) 192-46 Ferric oxide (5) 89-95
Carbon monoxide (g) 197-90 Cupric oxide (s) 4355
Carbon dioxide (g) 213-80 Magnesium oxide (s) 27-00
Nitric oxide (g) 210-45 Mercuric oxide (s) 71-46
Sulphur dioxide (g) 247-86 Sodium chlonide (5) 72-38
Sodium (s) 51-04 Potassium chioride (s) 82-62
Magnesium (3) 32-51 Potassium bromide (5) 9372
Sulphur (rhombic) 31-88 Methane (g) 186-14
Sulphur (monoclinic) 32:55 Ethane (g) 229-49
Chlorine (g) 222:96 Ethylene (g) 18535
Bromine (g) 245-34 Acetylene (g) 201-10
Bromine () 15397 Methanol (1) 126-69
Aluminium (s) 28-32 Ethanol (/) 160-66
Iron () 27-15 Benzene () 17279
Copper (s) 8334 Phenol () 142:24
Silver (s) 42-67 Acetone () 200003
lodine (s) 11673 Acetic acid () 15982
Iodine (2) 260-62 Methyl chlonde (g) 23405
Zinc (s) 4100 Methyl chlonde () 245-2
Lead (5) 6485 Ether (1) £5.27




Learn Chemistry Online

Py a. Cyitesia of pontaneity and €q wili B¥iury
— Considey isothewmal expansion of D,D ideal gas ot constant +{empevatuye into vacuum. This
Wil mc.&m:ﬁm , pPvoceed w105+D5mocm_m. (.e., .d,ﬂm<m.qm..:u_m_. sSince thewe 1S mo O_uvom._jnm .ﬂOdnm. the
woskk done (w) by the system will be zevo.

Furthex, Since these is WMo Change in tempevatuwe mc,,q..sm the prvocessS, theve will be Mo
Change in the intexnal enevgy of the mmmmmgl..m- , AE =0

Hence fxom the first law equatien , q=0, (-e. Mo heat is ocbsovbed o¥ evolved in the
psocessS . Iy othew (words ,Mmo heat is m_luv:.nn_ ro oY wvemeoved Ffrom the mcxdonm_Jmm.?m
enbropy of the suwsvoundigs, thevefoxe wemains unchanged.
Entropy of the system 1s o state function cCe. ks temp anad pressure (0¥ Volume) and is
independent of the previous histovy of the cystem.

TIn the above pyocess | the \volume of the gas incveases fvrom Vv, to va ot constant
tempevatuse T. Hence, incwease in entropy of one wmole gas is given by

AS = w:—SIMm... o

The. +obtal incyease in mﬁwqoau of the mamwﬁi oand \ts w:..n‘oCS&mw n.c,15m the wwoswnsnocm
process of expansion considesd above is , thus

Va
— = Rin —
R in o O v,

Since V,>Vv,, it 1s obvious that the Spontaneous (ixvevexsible) isothexwal expansion oT&om.u
accompanied wm_ increase in the entwpy of the mdn¢m§ and its mcésa;mm consideved
+cmm¢rnw.
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— Now considex isothexmal expansion of the Ideal gas $fyom volume Vv, to VvV, Covvied out
seve¥sidy at the sawme temp T.
The expansicn is Mow caxvied out msrsl.mmﬁjo.__m_ slowly , -e. the pressuwe of Friction-
-less piston is so adjusted that it wemain alwaygs less than that of the gas _o& amn
infinitesimally small amount . Tn this case gas does some extexnal woxK given by

= — PAV - )

h.ojmmnﬂr—njim , an equivalent awmount of heat (Qyey) IS obsorbed ..ﬁm.c,nm:o_& ra the
System from the mﬁgcsm._smm at tempevatuse T. Hence, incxease in the nﬁﬁdvm of the
system 18 Ayev /T.

The heat |ost J.N<m4m._¢_m at tempevatuve T by the .wcdqocjnjjmw is also Q ey -
Hence , devease in the enbtvopy of the Suwwoundings is Uwvev /T.

Q_._cmsm appvopriate sign, -ve fFox Incvease and -ve foy decvease of m.ﬁﬁad_u.m‘ the vnet
ent¥opy change of the system and its Suswundigs is given by

eV
PM@I @4 Y =

Thus, in the weversible isothexvmal expamnsion of a mﬁm. the +otal mﬁﬂ.ovm ﬁSDSmB of
the system and its mcﬂ.ocdn_..jmm Con Sidered &oamfrma is 2zexo.
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=2 (onclusion:>

- A ?mﬁson.&ﬁogwnor:m ivseversible process is D_Eom_m accompanied rm_ an increase in the
entsopy of the mmmwﬁj ond its mc.ﬁdﬁj&.,mw taken Tumni,m« hile in +rm4§owxﬁoqd._n9=¢

veversible process , the entsopy of the system Dﬁ&;m mcd.qoﬁsm_.ﬁmm ¢9xn5 &Ommwrm% wemains
unaltexed: Thus , we can wxite :

!

ﬂb.wmmm + D Sguy v =0 Fov wevevsible ( equlibyvium) process

ﬁbwmmm =+ mecxv >0 For isveversible ﬁmﬁosgsnocmv process

noéo,s,sm the two, Wwe have

Dm.mmm.+ DSguy > 0 — @hrmn‘cn_ to sign (=) weversible process

Grveater than sign(>) i¥veversible process
Eq @ may be stated as Jollows :

In a 7weversible process,6 the entvopy of the system and the mcﬁocﬁm..s@n talken romawsmx

xemains constant while in an xvevsible process, the entyopy of the mamwné oand the
mcado;ﬁ&..jmm taken Tumnmi,« \ncreéases.

— This conclusion helps us o predict (whethe¥ o. given pyocess can toke place spontaneously ox
ot , i.e , whethex it is ?mqén&&sogahozm feasible o mot.

since all processes In natuve occury spontovneous)

3 Jga ..«,mmcmdm_.e_m. 't follows +nat € ntvopy
of the universe is wsqmpmﬁ:m nosijoﬁm_&.uﬂfm

18 anothex sStatement of the seond \law .
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— The essentials of Fixst law avnd +the Second law of .?mugonwmjog._mm wevre thus summed Wp
Um the (Gievman vrammnmmw Rudelf Clausiys (1822-1888) as follows:

“ The enexay of +the univeryse TveMmains constant | the mﬁJOva of 4the umiverse +ends
towaxds ™maximum.”
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ey U.._u_‘_..u >
- %

— Al spontaneéous processes, such as flow of heat a hot end to cold end of a conductovw,
Plow of electwicty Fyom a point ot o highes potential o o peint at a lower potential,
expansiown of- a gas \n vacuuwm, diffusion of a solute from a concentraled +o a dilute
solution , ase accompained wd ncyease in the 'disosdes of the w&wwmﬁa

spontanedus pvocesses ave Accompained by incvease (1% m:?.ovm as well as
incvease in the disoxdex of the Syst=m-

-~ The melting oF o solid o¥ evapovation of a liquid is accompanied by incwease orﬂﬁﬁo@.
Solid has a definte hﬁamw& lattice, c.e-, the atoms or ions ox "™olecules in o solid awe

Qﬁbjamm in a definite osder . The oOvdes i ™uch less in a liquid and |east 1n & gas-
Thus, incsease of entropy implies incgease 0 Ovdex.

Entyopy o disosdewness of the s¢Ys tem

O Qb discxdemess » Gas > Liquid > Solid
O Q Entsopy» (as 7Liquid > Solid

Liquid (has




LS.

(ibbs descwibed entsopy as a Mmeasuse of the
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— Thus m:go@m S dmmommmm as a Mmeasuse of the disosder of a mamw.md:. The &29* ?mqgomu namicisk

r

mixed-up-ness” of a wumig.

—

—NtEobY AasS A Measuse oOf TODADWITY ! =
oy ¢ B q =4

A\l spontaneous processes lead to incvease in entvopy and alse +o incyease 'n disowder.
Wwhen o psocess is spontaneous it means that it is ?,ommmnr:m Bem a less p¥oboble to a
™o¥e probable state.

Lt oppears, ¢5mdm?u.m‘. that theve i1s a close welation between mﬁﬂ.«ozm_ S ang +the
&Imqﬁoom&ﬁDgﬂD va.o_ub.ﬁ.._ium_ W of the state ofF 4he sgstem both of which incyease at the
Sawme time. This ~elationship WS expressed Um Boltzmann a s

S= k W + Constant — O
- R
Whexe k= Boltzmann constant, c.e., QDM. constant pevw ..w_sm—m molecule ﬁul_../.._l)u

Roltzmann detined +7m§omm_ﬁ93.,n v.«d&pg_._ﬁm_ ob o m&mﬁﬁ_ as the ~ratioc of the
c,ﬂogﬁ,_:wm oF *he actual state ko *he vdogw,_.wu of the state in which thewe 1S complete

o¥dex Jor the sSoaMe n...ﬁmdmm_ and Volume
?nno;&;m to Planck, the constunt W eq. (O 1s 2evo, Hence,
5=k iInW —®
Eq.- (@ is called the Boltzmamn entropy equation. A solid at absolute zewo tempevatwe
iS considewd to be ' a Most oxdered state. In this case, evidently, W is Lnity and

hence S,=0. The entwopy of Cyystalline Solid at absolute zewv, is theve fove, talken as zevo.



Learn Chemistry Online

— The intew¥nal energy of any WFU@WQjﬁm = nogﬁomm& ofF vavious ¥osms of mjmﬁwm.bmnodm.am
‘o second law of +:m~3:o&,a50§._nw all foxms of enesgy ave mot .mnanb__m. convevtible into
useful wosk. The dd«:buj,,jm_ part of enewyqy which is not Converted inte worlc is
ﬂsbmo,m unavoilable awng mﬁﬁava s the wweasuye of this Wnavaslable mﬁmﬁma.

Unavailable enexgy

Entwopy = ——
m .

oY Unavailabl€ mﬁﬂﬁ@u = mjﬁxoﬂuﬂ % |ﬂm.§.v.
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Py Change m pPhusical change >

olia pnase to .ﬁ\...ﬂ.‘._r,. .—\ hase >

— When a solid changes into liqud state at its fusion point, the process wequives absowrption of
heat (heat of fusion).

— Suppose one mole ofF a substance DTQSmmm feoem  solid to __.nﬁrnn_ d,m<ma‘m.._07.m ot its Lusion
pewnt T, ., Under a Constant pressuwe. pes OHg o 15 the vnolay heat ofF fugion  then the

ent¥opy change ol- the process s given by
TAN
Dm? - IPM
S
Ttus

F¥OM liquua phase to vopoluy m,.w_,..um,\l. .
————— —— —— -

— Suppose one mole oF o substance changes Peorn liquid to vapouy state do.é,qw.,im at
its wo.,_;m pont T, , under a censtant pressu¥e. T{ DHygp is the molaxy heat of
Vapesigation , the entyopy Ofosmn of +the pryocess is given ru‘

AS _ DHvap
(D-T I_|W
— Since OHg, . and DIdn:v axe both posttive, the processes of Pusion and <P_uoi.wo.¢0.3 ave

both accompained by incvease of entwopy.
— 3f we consider the change ol State tyxom vapouy to liquad ov _j.\Em to solid , then

D.I.ﬂc.m and DICQ.ﬁ wil' both be 5&@9.5.()& ond hence +the PYocess Oﬂ condenati on O.ﬁ Cnrwogd\
oY \?mmn..sm ofF o _..n_\cu,n. wowd be accompained Um decyease of mﬁﬁo&.
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— The nst@m\ n mjg.o_u# when one ole of a solid substance ¢imm<momm nrnjmm ol state
fxom one Dd,amwnr:.,ﬁm foxm to another hd,dmﬁpz..jm fown ot the twanston temp T s

@:ﬁmﬁ ﬁvu

.DI.T«
OS¢, = T

where AHp is the molar heat of transition of the substance.



—
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— The dependence of entwopy on Vvolume ond tempeyatuve can be wepvesented as

s=f(Tv) — O
Diffevential of eq- O is aven _om

35 @mv
= [22) a7 - <
ds Aoﬂvca - (39, 9" ©

From the Fiwst law of thexmodygnamic
dE = dq -dw
0z dq = dE+dWw
. ds= % - pav)
o¥ TdS dE + PdV (c: ds= = ™ dq=TdS and dw=pdv
= = ——
o¥ ds = dE + — dv ©)
Eq. (@ is colled fundamental equation of +thexmodynamics .

we Know +hat intewnal enexsgy is o function of T ovna V

E=f(Tv)

(= o)
- Aroﬂvcnﬁ " v 402 — @

substitute value of dE into eq. @
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_ 1 [ (e E; L
&mlﬁfrhdﬂv,«m.ﬂ._u .oc.... VI + T

| [ DE | [ dE P
" awnlhllv %jrlﬁllv dv + — adVv
T dT )y, T ~.<4 i
. L{3=) 2 [(2) @ _
0¥ ds = Il..ﬂm 4(&._. T .._-ﬁ AV 4* QC @

ﬁoﬁvp«.._s.m equation 2) am

2S

T:;cu% leﬂu i.n_.F - © = @Wﬁumc
3, - +(@]-0

Eq - (© gives vawation in entvopy of +the system With tempevature ot constont Vvolume

Svwce C,, has positive value, it Follows that (ds/a1),, has positive value . This shows that

the nsqoﬁm ot a mamﬁng Ncreases oOn .,5n,«mD.w.,5m its  temperature at cowstont volume . Fov
a finite chonge of tempevatuse at constont Volume , we have,

"
-
AS = \l%laa — ®
T



Eq.- ) gves the vaxiation n entwopy with Vvolume ot constant rempevatuve
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¥

(L.

) sothexmal

Vvolume dependence of entyopy . This expwession can be simplified using the Tu:oE._sw

viunmn.cﬂm 1

\,U%ﬂmxmﬁIofsm. eq. @ with vespect to volume at constant tempeyature  we gek

oiffeventiation of E.@ with tewperatusze abt constant volume gives

Since S

~{6),

%S
2voT

)

d%s
oTav

d%s
0¥ =
dTav

is o state ,P._Snr..:u?

I d%E

Il

T BVvaT

-:

-+ 5 &,

®

:

r



Learn Chemistry Online

Tous fsom eq. @ ond (o)

| e _ L %
.”|| VAT - T dTav
gnce E is also o State
0¥ 0 = - WJ -
T T v
e | A..QIJ JL k.
Imlu. L U( jn.
L1 _ , Awmvu*uu_
o —_— - — 1
T L \v/

This is an impostant expyession,

state., 05 it welates Vvarious variables of

[ e _ .almv
+4h,a|;c| 4%?2 4+ vl‘w

function, the above expwession is weduces to

=[G

(2

—

1§ T

uJ

Tﬂ ; 0,

Known as 4he ?n%on_mjo,g.,n mA‘gfoj of
the sStates.

Compazing eq. @ With eq. (D , we get

&), -

n

wr&m,n._?r_,sm eq. @ and eq. ([

Cv

—

B

ds =

(¥),— @

eq- ®, we @m¢

&._-+A

i\

), @

Eq. (3 descsibes the Vowiation in entsopy with tewperature and wolume.
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— The dependence of entvopy on pressuvre and tempeyatuve can be vepvesented as

s=f(T,p) — O
Diffexential of eq- O is given by
as fo)=)
ds = A.Mﬂlvv aT + ﬂ.mulv.ﬂo_-v — @
From the fivst law of theymodynamics
ox dq = dE +dW
Td5= dE + PaV ‘s - dq
0¥ h ds = = 0¥ dq=TdS and n_En._un_cv
os ds=Lde+Ladv—©&

Eq- (3 is colled fundamental equation of ;gom%ogqnm.
Enthalpy i given by
H= & + PV
0¥ E= H— PV
Diffeventiote above equation
dE = dH— PaV-VvdP - @
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we Know that 05¢6.€~_ is o function of T and P
= £(1.p)

%nmw:lvn:+ u%l
oT

aubstitute value of dH into £®

n_mu?wzu 3T + o:u %w — PdV —-VvdP
oT/p oP

Substitute CD_F@ of dE nto e9q. @

|_. mzv UIV y lIu |_UI
mnl..l. |.Im< mv +n_<
u AAhOﬂ mn: * (&5 o:u

amnkﬂh v%{ih vo:,l n:v

o ||h m4+lﬁ.ww.vl<.bmvl.®
T
compawing n@cn*,_g @ amd @), we get

@@1 (3, -F-© - mﬂyunq
(3] — @

), -
um.._‘
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m@@ gives vawation in m.ﬁ«...o@m of the mm_m*ﬁs with temperature at constant pressuve.
Smnce Cp has positive value, it Follows +that (¥s/a1)p, has positive value . This shows that
the 0570_& ot a mamwmg incveases on ..Sndm.o.m..,sm its  temperagtuve at wnstont pressuve . Fov
a Limte chonge of tempewatuse at constant pressuve , we have,

=71
&
'

Eq. e m__cmm the vaxiation in mﬁwdow.u Wikh pressuve at constant trempewvatuwe  (.e. |sothexmal

pressuve dependence of entxopy . This expwession con be simplified using the hﬂ:oﬁ.:amﬂ
pr¥océdure.

\r.?ﬂmxmvmofsm eq - @ with ~xespect to pressuve at constant tenpevature  wWe &om.
2 mﬁ. LB ﬁ.@j
aP .W._. P . T oP .O.H P T
T
%S _ D%H ®

dPOT T 93pPAT
Diffesentiotion of m&@ wikth tewmpevatuse ab constant pressuve gives

2{2) - (@)

1
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32s V[ 2H w,\l: l_l-Awhv -
dtop T L amp  \3T) T TL\®L
24 2 [ [dH :
0¥ : ur_l.orl.wuﬁw,\wll_lp o e ()
OT2P T aT2P d7 )p it | = 1
Since S is o state function, we hove
%5 d%s
2pdT  JT?P
Thus fsom eq. e and @
I ¥*KW 1 PHL IO wJ l_u:@v -V
T 2paT T aT2P d37)p  THL\¥/
aince H is also o State function, the above expwession s seduces to
_ @J :wmv -L
(o}-1 O = =— —
Aaa P L\,
| ﬁv BN N ul
T \r /] - T\dT
k. A.@l_‘_v -\ = h < b
i 8T " af T
This is an awnothe¥ impostant exprvession, Known as

state, os it welates various variables oF the statec.

the ?mﬁjomwﬁogﬂn equation of
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Dogﬁndﬂjm eq, . @ with eq- (1 , we get
oS\ _ _ @mw
¥ - (F—®
Substituting eq. @) and eq-(® in eq @, we get

C oV
ds = —F aT |hwﬂvwme — (®

J.
Eq. (®) descsibes *he variation in entxopy with tewmperature and pressuve.
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\S € -

._. w.:.\...ﬂ ﬁ .,.._ .....”! ~,|| ... . ‘....._r._—

— Since mvTaOvm_.__ of a system vaxies with the state of the system

,its value for a pune gaseous
substonce wWill depends upon ony two of the thvee vaviables T, P ond V. Since T is taken

mmsmdbzm as one of the varxiobles, the second vavxiable to be

P. Thus_ the two voxioklese to be considewed ave ceithey T and

and V orxe the TWO VO _rh.ru \eS .9

cons) dewsed \EDM be V oy
V oY T and P.

— wWnev

[

— The increase n entsopy of the gas Fov an Infinitesimally emall change is given by the
exp¥ession

dq yev
ds = = ey (O
Whexe n—@um,\ ia small amoeunt oF heabt absorbed Um the mw_mamjahmb s) do<m#m._§u
f¥om mc,?oc,sn:mw at temwpesatuve T.
Accosding to fivst law of thedmodynamics
AE =9+ W
o  dq.e, = dE-dw — @)

T£ the woBK wvolved is due o myﬁojmﬂoﬁ of the @Dm‘ then , for an §P?mmm.§9f
increase in volume 4V ogainst a pressuwc F

-

-dW = PdV — @
Eq- ® Con be wrvitten as -
dq ey = CvdT + PAV — @ Cy= ﬂlaﬂvc ox dE= C,dl
Fov one wole of an ideal gos PV =RT o Ps= RT

v ©
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sSubstitute value of P n eq. @
dq ., = CydT + RT mdc — ®
divide equatiom @ UN_ T ow both e\ des
mb\dﬁ/\ = nan.A. —+ BI m—lml

¥ 1 g

as = ¢, T P g —

Fox o Hinite nrojmb of state of a system, the entwopy chomge (as) is ebtoined

by integwating the eq. D between the limits of +he initial state L ond Final State 2.
>wmc§.§m C, +o be constant Within the tew pevatuye Yange T, anad T, , fox one mole of

T 14

the 9as we have —, &
as =s,-5,=0Cy Waﬂﬁ + R Ia_.o,h
T v,
Thus Dwu_n<»5wﬂm+wbs$ —
Fox m woles of the ideal gas, the above wuﬁ#nnf@: oy b Lavilien as
T2 + 1N R ps.w.. —_

As = 3“...( in ||ml-| <.

Tt 15 evident that the enbvopy change fov the change of state of an ideal gas depends
wpon the intial and final Vvolumes as well as on the \nitiel ond $ina) .rm§vndo¢c.~.mw..
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If P, s the prvessuve of the \deal gas in the nitial sState and Py

then

the Ffinal State,

PV,= RT, fox one mole of qas in the initial state

Ox <_ = xnﬂ. I.

PV, = _N.F for one Wole of Qas in the .ﬂ,_:nL state

o€ v, = _u.ﬁu. ....@

Divide eq- (1) U& eq. (©

<Nl = wﬂﬂ.\ﬂp
v,  RT, /P
Va - —u_n_nu.
o¥ -y =3 2
WCGUW._FW..SQ this value in eq- @
ﬂv_xmnn.
= [ |
AS = Cyin ._.ﬁ + Riv T

as = ¢y dn T2 v (Ran PT)— (RINP,T,)
AS = 0<‘-.5J.|n.m.. R mN.-,.J 1_+ RiNT,; |QN~5?N+ —M._.Su_l.v

AS = Cyidn 12 4+ RINP + RINT, —RINP, — RANT,
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-
AS = 0<»5J.P. + RinT.

- RONT, + RALnP,— RinfPy
= H.W N h5|ﬂ|_.l

ASs = Cylin 1_..+ ﬂhsl.._u_.qw o

DS = 0<b5H;_.W_. + ﬂ»jlﬁwlwpsmul.

\ Py
Ta P2
S = +R)4n —= — Rin ——
a hﬁc g g R P,
¢ Caq=Cy =
AS = D_u»ustmpsHW ~® p=Cv
Iql— i nﬁu.ﬂ n<+”

Cox m Woles of the 1deal gas,

T2 ¢ ﬂ-ﬁhun — (4
AS = NCpin T, )

Tt is evident FProm +the obove equations that the entvopy chomge For the change
of state of an ideal gas depends on the lmitiol ond Pinal pressure as well as ow ke
imitial and Rinal tewpevatuve.
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b Lnargac

— Fo¥ one mele of an ideal apw

mmu?m_.m;m&.l@

Wwe have

mn0<k54+mpsd+mol®
LWhese Sa = Hammw.«ofoﬁ constant
We know that Co-Cy =R
o Cv= le_ﬂ

Fox ome 'mole of an jdeal gas

PV=RT
LI
ov V=
Substitute value of Cy and v W eq. (@
T
m = mnmvlmv‘PjJu + R bjmﬂ- + Seo
or S = CpdnT —RINT 4+ RINR + RINT —RAnP + Sp
o%¥ g = CpinT —RINP A+ RINR +So
o¥ S = CpdnT— Rinp +5. |® Wheve S, =RInR+S, (another constant)



Py
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m— msw.uo@u of a mam.nmg nosmﬂmw._jm of a wmixtuwve (oould mc.&mjﬁ,m oe &7&5 Gm the sum of

individual entsopies of the Constituents ot pressuse (o¥ Concentrations) existing inthe mixtuve
T N, ,n, , Ny etc. ave the numbey of Mmoles of the various gases present in the WMixtuve and

, P2, P, etc. 0% their pastial pressuse, then, the entvopy of the Mixtuve is given oy

M, (CpInT—RInp + Sg) + m, (CpInT—RInp, + Sg) + n, (CpdnT—RInp_+ Sg) +

S =%Zmn (CpInT—Rinp +53) — @
The pavtial pressuse (p) of an ideal gas is given _om the expvession
p=up
whese 2¢ = Tnole fraction of particular gas n the Mxture .
P = total pvessuvwe

mCUw¢¢_L¢5m value of P M eq. @
gs=Fn (CpInT-RInRp + So')
o s=Zn (CeinT-Rin2e— RANP +S,]) - @
Eq & Jives the mjﬁ.o,& of Mixture of ideal Hases.
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< e AL P “+ ’ . 1
¥ QUL LN | ALY )4
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mszo& of 3.55& is defined as the diffewence between the enbvopy of the Mixture of
gases ond the sum of the entyopies of +the hmvbdh.ua( mDmnn. each at pressuwe P, Thus

Ay = 20 (CoInT-RINR—RINP +54) — Zn( CptnT-RInP+3S5) —©
ASmiy = 2 (- RIn2e)
ov ASmix = -R2Znlnae
o Tl = —R(nnae, + n dnxe, + nadndegt+ ) @
ov OSmix = —RZn e — @

whevwe M, = Number of moles of each constituent ofF I,m, ixtuve.
2; = nole traction ot each constituent of the mixtuve.

If N is the total mumber of moles , then, m<.,n_m§zm.
Na N, +N, 4N, + .
.U_d._m.-:m both sides _uu n, we have
L = Bm_..r $+ B«.JP&..- = 2, + R ¥R+ —-- =T e,
Thus, fox a total of 1 mole of the gaseous onix bux € ﬁ.M:muM.gp.u_ the &SQOZ of ?i.s.m is
ghes By ASmix = ~R D2 nie; —B

Since 2¢; is a fraction, +he entwopy ot .3..#.3& \S O.Pcvomm posibwve,



-

Because intexnal emewxgy is o state function
and 1¥veversible paths
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& =
—dWyey, = — W

dW — dWyey, 2 O

dE = dq + dw = dq_, +d

Wev
dw - dWyey = dq e, — 99

lﬁ.d.w(nn_ﬁ\ Z0

0¥ n_@dme‘ 2 dq
oY mpﬂm/\ > mhﬂ\
— 2
- ds > W..wl\ - O i e dqvey

_Mwm Ofnsmn. is
between the same *two States, So

the

— The Clausius ._sm@cpr.um shows that +the definition of entsopy s consistent with the Ssend
law -

— We know +that wo¥K done &a the -yevexssible .m.j@;m ﬁﬁogo_.. ﬁ:m._smv is O.Fobam. woxe than ow
equal to a ixceverssible engine Thus

same {ov veversibe
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— Eq. @O is called Clausius \nequality. This expwssion has o great impowtunce fow discussion

of the Spontomeity of chemical weactions.

1f the system is isolated Prom its summundings . so that dq =0 . The Clausius ._smn_.cp_.._m_

implies that
d5 20

Se 1t ts concluded that fox a iwcevevsible vﬁdnmmmmwv05¢05mo£m fuﬂoﬂmmmu
entvopy is m«mogx than 0¥ €qual to Zewo <(-e: The en tropy of universe s ﬁ_c,uo&w
?nqnbm_.sm , The Shtatement pwved +the ©Second law of +sm5$oau50<5._«ﬁm.
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Jiobs and HelmMmholtz functions niplos runction( ) and HelmMmholtlz function ( A) As thesmodynamic

._LC..(.» NeiésS

— The values total msT‘OvM $ox wevewrsible ﬁmj\ﬁ_.&iﬁgv ond Ii¥¥eves m..w,mmwmoﬁdﬁjmocmv processes
oTEe OsS Lolows—

umv 4+ mecxv =0 (Fov wevewvsible process)

m&w

mb.m + Dmmc«uvo (Fov ivveversible process)

wﬂw
— IT{ +he *total entxopy nfn:gmo is positive , the process is .wmbm‘dgn. I4 it s zewvD +the
system wemains in a state of equilib¥ium.
However, In orvderx to decide aboubt the wmpm._.w..,...ru of a process, the Wsosﬁnn,m.w
about mjioﬁm change of- the mamﬂg as well as that of wc.ﬁossm_.:mm \s Wequived. This
is not oLEDaw convenient.

Thevefove, enbrapy change (e considered in texms of other state funchions wWhich
depend on sktate of the System Gﬁ_,m and can be detex™ined Mmowe noscms._msmm,

— Two such PunchHons ave the Wworxk Punction (A) ana the free mjﬁmm function ﬁo._v Thete ove
defined by the equations.
A=E~-TS - Q@
G= R-Ts —0O
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E, H and S depend o«:m upon the state of a mamwmé_ , 1k is evident that the functions
A and & olso depend wpon the state of the system.

Since

Let the thyee functions in eq- @ at Constant T, be A ,L E, Ond S, So that

A= E-TS, = ©
At the some tewp T the thyee Yuncltions in anothexy State of the mmm+m3 becomes R, ,
E, and S,. Then,
A= Ey-TS, — @
Subst¥acting eq. @ from eq &
Ag—-P~A, = Qmu.l E,)-T valm_v
AA = DE-Tos — (&
where AA = Change in tHhe Ffuncton A
AE = 0705@&. n intevnal evnergy
bS = Change in ent¥opy of the system

— Suppose +the change undex vefevence is bwought abouk veversibly at constunt tempevatuve T
and that heat ocbsosbed S @qual €6 Qyey.

Since
Qe . .
as= X Y hence, m.c._omﬁ_wcw..sm in eq. @

AA= DE- Qyev — ©
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Fsom the equation of Fivst law of +$mgommﬁnﬁéwnm

, Vi,

DE=q+Ww, it Folows that
Weey= 8E - Ayev — @

I wozk done 63 the md..wrdq:‘ ik s .3m&ﬁf5mu So that

—Wyey = B ~ Ayey
Comparing eq. @ and &

DA =

-®

-Wyey — @
-OA = Wygey - 0

Since the pw¥ocess s caysied oub .au.w<,m.dm._rv_&\ W Tepve sents the maximum wWork, 1k
is thus cleas that decvease in the funchtion A (ce -2A) Qgives the "Ma¥xiMmum work that cn

be done by the system during the given nsosam. e function A (#fxom the Gewmon Avbeik
which ™Means wosk) is, thevefose , terymed as the woxk function. This is also vefewred to as
Helmholtz Fsee enevgy o Helmholtz Function.

ov

The Gievman v«&mﬂn..m,q Hewmann von Helmholtz (1821-1894) was a Vevsatile scientist who
made cont¥ibutic, bto optics, I.,m.qgommﬁoé..nn » ACousbhics awnd —;am,_oﬂom&.

— I G,,H, and S, Twepyesent the ?mago»m_ﬁogs functions in the intial state and G, , Ha
and S, in the final state, at constant temp, then fwom eq. @

G, =
and G

H,-Ts, — @
g™ Wg=Th; — @
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substracting eq. @ fsom eq. ()
Gip=Gy = (Ha-H) =T (S2-8)
AH-Tas —
we Know that enthalpy charnge at constont pressuve s given by

(4% .1 Al =

Avt= OE - POV
A= AE - PoV-Tas — (9
oR AG= OA-PAV |@

Eq. (3 wepvesents welationship between G and A
AA = =W (From eq. 2)

(- OA = DE-TAOS)

Since
hence Ah= —W- PAV
ov —-Ah= W-pPdNv — ({9

- u.sm n_\cnsﬁﬁm PAyY Iis the work done U& the grs o  eXpansion D@oc..jm,n the constant
. 5D¢5_uamm¢mfcﬂn P ._.sm...m.%o.qn, AL gives the Moaximmum woxk Obtainable Fxom oo mdmwmg
(o) eY an a n—C.m. to ﬁlgj@m Dm,l CO-GJ.SN. ot constant ﬁmgﬂmd.ﬁ.m.ﬂdﬂ anda _.vdmmmrnd.m TThe Wovlk

othey thon +that due to change of volume is called the met wo¥k . Thus,
Net wozsk = W-PaV=—0G6 — ()
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— Hence, —0G is a measure of the net wo¥sk that con be obtained from o system ot constant
tempevatuse and pvessuse . The quantity G is called Ciibbs Function o¥ Gibbs free energy OF
simply feee ene¥gy. Thus , -AG s the Measuwe of the decyease n free enexgy - The met wovk
that s Tmeasuse Moy be clectsical woxk ox cChemical woxKk. This ﬁxc.psﬂJ is of gveat Wmpowtance
in vf&mwn& Drmg..w«qm + it is mamed in lhonouy of the m,qmn_q Amexican vrumﬁnﬁmwhq.i. Qﬂfrmomwm-,@&v
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— The Gubbs fxee energy is given ruu
G=HR-Ts — (©®
Since H= E+ PV
hence G = E+PV=Ts — (@
Diffesentiate eq. @
da= dE+ PdV + VAP — Tds-SdT - ®
The Pwst law equation for an intintesimal change s
dq = dE-dWw - (@)
14 the wo¥k done is 05_& due to expansion | then,
—dw = P4V
dqg= dE+ PV — O
Fox a Tvweversible pvocess,
ds= & or Tds-4dq -@
From equaktion @ ©® ana ©
dan= dq +VdP-dq - SaT
0¥ d&a= VdP-5dT — &P
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Eq ® gwves change of free energy when a system undevgoes | vevevsibly, a change of
pressuse as wel as change of ‘empevatuse.
1f presSsuve vemains censtant l-e. n:uuD‘*Sm?_ .Pa? eq .- @

O—O.—H - mmn—.

0¥ %&_ﬂ.u -s - ®

1f +empexatuve <wemains constant, e dT =0, then, o eq. @
dG = VvdP

o %v._.u v ™ @

- If the free enevgy of a sSystem be G, in inibal State ond G, W the final state when
(e N nfo,s@@ In pressure has taken place , at constant +temp . Then ijma,.‘bf.suhnn_\ dG=vdP,

]

the Hee enexgy change , b s given .om Pa

LG = Gy-@, = hf.:. — (@
P
wheve P, and P, ave the imtial and finad pressuves.
Fox one woole ofF an ideal gas PV=RT

RT
or¥ N = e
—U

subsbtute value of v in eq. e
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Cox on isothesmel process

or Oh= RTAnSE - RTINIL — B
1_ <~ ﬂu__(..- - ﬁ.v.N-/‘.N-
- P \Y)
Wheve V, ond Vv, ove intial and final Vvelumes g _uw. » dw,

For N oles of the gas

P2 _ bt
A = 5ﬂ4b5||-5ﬂﬂ.psll<w — (12
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LANna A

— The Helmholtz work Ffunction is given U&

A=~ T5 — (O
Diffesentiate eq. O
dA = dE- TdS—SaT — @
The Pyst law equation for an infintesimal change is
dE = dq -4dw
6 JE=dq— PV — @ = dw=FPdV

Fox o Tvweversible process,
as = m_mr o dq=TdS - @
Frem equatisn ) amda @
dE = Tds-Pdv — &
substitute value of dE In equation @
dA = Tds—-PdVv—-Tds -SdT
or dA = —Pdv-5aT — @

Eq- ® gives change of Helmholtz function when a system undexgoes. d®<o.;qm..r_m , nfn:dm
of volume os well as of tempevatuve.
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If volume ~wemains constant, C.e., dv=0, then, Txom eq. (&)

QD = — ST
Y = = —
0% QL R = @
.
on the Otherx hand , if tewpevatuve wewains cConstant c.e. d71=0, then, From eq-(®)
OA\ & =
o¥ ch4l P ®



— The chonge W the free energy with tempevatuve and pressuve is given by .wo__oE.Sm equation
d&x = VAP -SdT

oand G,

we Know
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At constont prvessuve dP=0
dk = —SdT

Free enewgy of system n its initial state at tempevature T
Free enevgy of mamw@_ﬁ in its final sState at +o§vmdpf§m \

Ss Jil
-5,4T
Subtvacting eq. @ from eq. @ , we have

QhO._NID._.V . —-— ﬁmnlw ) ST

a(a6) = -0s4T — B
AS +the pressuye is constant

(66)

A6 = OH-TAS
OH)
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From eq. @ anda P

(A -8H) hwﬁbozv
— T NaT L
o

OR D9u91+4hw%,v — ®

4

Eq . @ is Known as the Gibbs — Helmholtz equation, Tt is opplicable to all processes
occuving ot constowt pressuse . Tt has been used fowv calculating +he ewnthalpy ﬂg:&m AH

Pox a. p¥ocess ox o vreaction pwovided the walues of Psee enevgdy PIDSmm. ot +two diflewent

tempevatuves ave Knewn.
Fox o vweaction at constant volume | the cowwesponding equation will be

d(am)
D>u9m+4ﬂu._. vc @




= A

N ga Wi

y &
A <

| hmmdﬁ owmawmdw OSHPSm

equ ilibxium Ana

Spontangi 3 y > >
— The change of entxopy Fox a @cms change of state ic a defimite P£D5T¢m

fact whether the change Iis U#O:&fﬁ obout .n.m<mdm.v_m_ ox iwyeversible

independent of
But, éoﬁ.smgbfnm:m
it is given fox a swall ﬁTDﬁ@m UN__ the equation O«:& if the hfn.ﬁ@m ﬁ_j<0ﬁ<_5& expansion
of an 1deal @me is v%OE&l about dm<m...m..v_m_
d dE + PdV ++ dq = dE—dW
d€ = Ay _ B - @ T ..
T Al ~dw = P4V
oy TdS =

= vV -
dq e, = SE*+Pd @

Suppose the small Change of state is w«o:&sw about _.D‘p<pdm.¢m

i\, Now +the heat absorvbed
U& the mmmwmg will be less ( n:.«...\;ne#ncv. But the msgva Drn::mm dS Will have the Same
value . Hence, foxr an i¥¥eveysible process

TdS > 9+ey
we §om thus (Wxite

TdsS = AdE + PdV

( Fox a wevewsible process)
T4S > dE + PdV
nogg.:s& the two, we have

( Fox an ivreversible process)
=) foxr a ¥eversible process
(hveatex than sign (») fox on ivvevewsible pvocess

TdS > dE + PdV
Equal to ..m...mﬂ h

and
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NnNaNng

—  Wo¥K function is given by

dA = dE-TdSs — @
Eq. ® Can be wswitkes as
dE-TdS < —pdv — &
Feom eq.- @ and &
dA £ -PdV — B
At constant volume
dA <0

Equal to sign (=) for a weversible process
ond ess than sign (<) fox an ivsevevwsible pvocess

— Giibks fsee enexgy is given .on,_ ,
Gh=H-—=TS
o¥ tGh= E4PV-TS = 3 h...Inmioc;
diffeventiate eq. &
dé = dE + PV + VdP - Tds -SdT — ®
Exom eq-(® and (®

dh £ TdS 4+ VAaP-T4S-S4dT
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o¥ d&a £ VdP - S4aT

At constont trempevratuvre and pressuse

d&x £0
Equal to sign (=) for a weversible process
ond less than sign (<) fox on ivsevevwsible pvocess

— The cwitesia in tewms of free enevgy change viz. mw?..ﬂ.__,.mo. is most useful cyiteria to

decide between Tevexsibility and ereversibiliky ofF a process.
Tf AL KO , —ve , pvocess is iwrveversible o¥ spontaneous

)

It A =0 , process is 7Teversible ow equilibxium

)

1¢ OG>0, tve, py¥ocess Will Not- proceed

» Wo¥lk function and Tvee enexgy change advantage ovey entwopy change -

— The sum total of msﬁ,owm nrbSmm of +the System and mcd...ocg_.:@m (¢e. Dmmam+ Dmmc,..«v
sesves as o cwiktesia of Spontaneity o¥ .wno.m..r,_:wu of a process . Thus, we have to compute
the mjwﬁofm nsnsa.w of the system as well as thot of the wca.wocsm,.an in orvder to decide
the wmnm..a._:”m o a P¥ocess , This 'S wot D,SDan convewnient.

In cose of work funckon ox Free enevgy nynjmh, ﬂmmm._r.;__«u of a process cam
be dektexymined Um noja_ucfsm oﬁ..m wosk Funchon or free evnevgy change of the
SyStem 02& ana +this s Q_Soau convenienkt.
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r NEXNSE neat thegsem -

— This is an old mmﬁmdor:mntoj but still has welevance as +the Foresumnner

th mﬁjomaﬁ ami cs.
Fvom Gribbs - Helmholtz equabtion

Aln
AG = DR +4hw.ﬁo4vuw — O
Al
v aa-onT(282) - ®
loheve AL = nfoimm in free enevgy
AW = Chonge n enthalpy

At Gbsolute zexo (¢-e. 7=0), D& =0H

— Richavds, by Measusing EMFs of cells at diffevent tempevatuves
found that the value d(ax)/>dT Jdecreases with decwease in tempervature
and,thevefore,concluded that Al and AH +tend to approach each othex
™Mose and Move n_omm_n,— as +emperatuve 1S loweyed.

Newnst, d‘m_mﬂ:m on this data, made an impowstant mrmmnwmos that the
value of ambo&\qﬁ approdches zexo gvadually as the +tempevature is lowexd
towards the obsolute Ze¥o., This is Known as Newnst heat theowem.

According to this theose™, A and AH Mot only become equal +o each
to each othey ot absolute Ze¥o but also approaches each Othex

asymptotically, that is, gradually ot tempevature close +o absolute zevo.

of

the third law of

AG or AH

Fig.

TEMPERATURE (K)

Variation of AG and
AH with temperature.
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Tous, the approach of AG and AH towawds each other 1S Tepvesented by +the {yll lines and
nmot vepresented wm the dotted \ines.

— Mathematically, +he theowem wmay be expressed as

Lt M;.U ADQ@ Lt ﬁrwﬁvig ol e @ Lt = Limiting wvalue
= = T»0 B d
T=0 o7 >

?T 4,

Fvom +<he second law of ?mdgoaaﬁnj&ﬁm

W@a f.ﬁr@
DT 1o

wb:,
ﬁr .M.«V = AC, (RivchhoH equation) —&
“B

Wheve  AS = Ewntwopy change of the -~weaction

OC, = Diffevence in the heat capacities of +the vxoo_cnwm and weactants.
From eq. @~® and @

Lt -
a0 O =0 — ®
and T>0 th @

The mw@ﬂ..m..mnﬁnm of these equabtions is that the entwopy nrpsam of weaction tends to
approach zewxo and that the diffevence behween the heat capaciies of producks ond e ackanks
o\so tends to appvach Ze¥0 as the tempevature is loweved towovds the absolute zevo.

T™e Newnst theowem heolds moom only in the case of puwe solids.
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5ad AW Of thetTmModynamics -»

- Dnnan_,_:a to ngww heat Ytheoxem

5 -

v A6 = © O
Lk = ——

vco By = D @

bﬂnodmgm to eq. (@), at absolute zewo, the heat capacities of products and weactants
in solid state ave identical. This leads to the suggestion that at absolute zexo, all SubStances
have the same heat capacity-

The quantum I;moqu , as applied to heat capacities of solids, has shown that heat
capacities of solids tends to become zevo at 0k,

The Nexnst heat theovem ™Y, .I..mamhoﬁm. be (o¥itten as
Lt
T->0 o Bt N ®

Accovding te eq. D, 45 becomes zevo ab absolute zewo, ie. the entwopy change

of a pvocess involving solids becomes z2evo at OK. In othex Wowds, the absolute entwopies
of products and ~veactants in the solid state ave identical.

Rlanck, +rmdﬁn5.a.. mcmmmmﬁmm that entroples of all puve solids Pvﬂ,abn_:m.m zexo a bt
oK, ¢e.,

Lt o -
T>0 °=° -
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— This sctatement was the hasis »f Thixd law ofF +rm§o&&304jﬂh.w -

“ At the absolute zewo ofF tempevature , the mi).wd.oﬂm of 0<m4m substance JBQN_ become
ze¥6 ond it does become zevo W the case of o peviectly crystalline solid.”
In a pewlect Oda.w.qn.f ot absslute zevo tempevature, 4heve is a state of pevlect owder
Zevo disovde¥ oand hence ob zexo msﬂdv& :
Walthey Newnst (1864 -1941), the (iexman chemist, was awoaovded -the 1920 Chemistuy
Nobel Prize for his work n %goﬁsmg..mf&. He also did ?oﬁmm,q..sm Wo¥K in m_m_n?Onrm?,_mﬁ.

o

c-c-,
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— \ » 1 1L Ll A L afaln

— Fox an infinitesimal small chonge of state of the system | the entvopy change is given Um_.

e

At constant pressuxe

es),= e _ @

4
2s) | (32) , L
- Aquﬁu 7 uL_... T
By definition
39 _
.?L.U nq
33\ _ . wlD
N,L_H e S
or at constant pressure 4S5 = A.mmmv aT |®
§

For o vm.qﬁmnmﬂm ﬁdmwwpzmsm substance | the absolute mjgv,m 5=0 abt T=0, There fove

mnm qu.ﬂ

n_mﬂ n.

bﬁ@a
S=0 < T=0 +

i S+ = Rnﬁmﬂ. = h Cp ainT — @

-] o
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—The integval n eq. @ can be evaluated by Weasuwing C, at Vvavious tewmpevatures between
T=0 and temwpevatuye T and then _u_oﬁ..;)m Cp o.mer._,:mw InT

and n_mﬁ.md?._s.%a the aveq Lndex
the Ccuvve between T=0 and the vwequived +temp T. This gxea m..cmm Q_Zm.n:,m +he Vvalue
of S-.

Since it is mnot possible to obtain the value of Cop at aobsolute

Zes©o, heat Copacities ove measuved up as to low o tempevature il
as possible, usually up to ISK and the value ot the crbsolute

ze¥xo is obtained G& ext¥apolation.

— Eq. @ Can be writtken as

Cp

Iﬂ' Iﬁl a1l
B dT h at heve T CISK,
S;= \ﬁn.. =t ) S - ) W o<
) ™

InT

Fig.  Determination of absolute entropy.

The Fivst mjmnmdp_ of eq.- ® Iis evaluated with the help of +he Bmwam I:modu of heat
capacities of Crystalline substances according +o Which, ot very low temperatures (o £ TRISK)

Cp R Cy*= 0T - &

wheve o
thixd powex law.

Eq.. @ ™ay be Wwxittken as

is an empizical constant .

Eq- € is called ncm_omm T3 law oF Debye

.
T T 3 T

4T Fapw AP,
fu?tlﬂ,,?.,% =5+ g% -®

o .ﬁ: *
,ﬁﬁ eq - @

4
The Second integval is evaluoted Fem expeximental

measuvement of heat nﬁuonmfmm
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— Suppose, it s wFequised to deteymine obsolute entropy of a gos at 25°¢ undey atmosphesic

pressuve, This would be equal to the sum ofF the mﬁ?.dou hjbsamh mvolved in the .mo:oc.;m
veversible pyocesses. Tt s cssumed that sSubstonce in solid state €Xists in two allotropic
foxms « and B.

» -
1. Imersm the ndcmwd.:._sm solid f&rom obsolute =zexo to tewmp T, wheve 0< T <ISK and

evaluating the entzopy change with +the aid of +the Debye theory . lek the enbwopy change

be Dm. T*

..u
Dm.HRO.Awmu.M. Hl_wlnv.ﬁnﬂv N @

o
2. Imcw._jm the D,&mwp_:sn solid fsem T* to Amx,ﬁ._n_n.xn transistion temp at wWhich the .dem&D__msn

solid Djosmmm fsom one allotwopic form « +o allotyopic form B- The m:g_vx ﬁrosmm in this
psocess s given by

T
AS, = hﬁq,mmin_...sﬂll ©))
.~|‘

Where ﬁ.?m?.: = the heat DDbDn._Tm of selid in allotropic form .
3. Twansition of the Solid fxom allobwpic Fowm £ to allotopic form B ot the tvansition temyp
Tiv- The .mjﬁdvm njojmn in this process 1s given Gm
AS, = p.ﬂ? - ®
tY
hese OH,, = the molar enthalpy of transition.
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4 IND.W..«.._M the solid in Qr:DWa\vaﬂ %.U,nﬂ.j @ up to its fusion _uO._SW .than. The mjg—u.ﬂ DIDS@m N

-

this pyocess is gwven by y PR

AS, = \m_,.mn:&zr ™
Ty

wheve Cp s(Pf) = heat copacity of cubstance in allotvopic Foxm B
5. ﬁrbsm.,Sm the solid in ollotsopic fovm B into the liquid State at fusion tewmpevatuve s

The entropy ﬂfbsmm of +this pwcess is m..cm.: ,Wm

Dmu - OHeus @
Teaus

whexe OH, = "olar enthalpy of Pusion of the cubstance.
- Inﬁmsm the liquid from ks w\mm&_:m point (Te,s) to its .oo:..sm point (Tp). The entwpy n_,osmm

involved in this case is gwven cm

Te

A-Ppm.

whexe Cp, = heat opvo.n.lu of substance W liqud state.
Ts D.:Djm_...:m the liquid into the gaseous state at the tempevature Tp- The mﬁg@a nsbsnum e

} OH
given by = P =
DS, To @
where OHygp= olox enthalpy of vapoxisation of +the substance.



. ImoTSm the gas fsom Ty to the Yequived tewperatuve ce. 25°¢ (29815 KK), The entwopy nrnsmn
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involved in this process 1s given by

whey Cp.q = heat Oo.vnn..wm_ of the gaseous state at constant pressure.
— The obsolute entropy ofF the gas ot 2981sK (25'¢c), St , is equal to the sum of all the

29815

OSg = an?u dinT — (3
To

@:TOeN_ Dsbﬁmmn listed above Thus,
Sy = DS, + OS; + OS5, + OS4 + OSg + AS + AS; + ASe

— AbsSolute m.sjnovm of HCl at 25°c detewmined by obove prvocess [ES grven in ;mo:occ._sm table.

Contribution J K- mol™!

1. Extrapolation from O to 15 K [using the Debye 7° law] 13
2. [Cpdin T for solid a from 15 to 9836 K 29'5
3. Transition, solid o — solid B, 1190/98:36 12-1
4. [Cpdin T for solid B from 98-36 to 158-91 K 21-1
5. Fusion, 1992/158-91 12:6
6. | Cpdin T for liquid from 15891 to 188:07 K 99
7. Vaporization, 16150/188-07 85-9
8. [Cpdin T from 188-07 to 29815 K 13-5

S9815 = 185-9
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/ Jtatement anda COncCept or wvesiaua { ensopy:»
! i

— — ———————— . J

— Entvopies calculated by using the Thivd law ave called thexmal entropies and entwpics calculated
_om cm.,sm the method of statistical mechanics mhod example Ua Cm._sw the Boltzmann entxopy
equation ak 0K) oave cCalled statistical entwopies. The wesults of statistical mechanics ave
no¥xe accuvate,i-e., values of statistical entwopies ave move accurate than +hexsmal
entxopies.

— Tt is found that the thevmal entxopies ave somewhat gmalley +than the statistical msﬁd_:mm
and the deviation d.pjm._ﬁm from 3-L to 4.8 T K ™ol

Thus, entropies of substawce hmcnr as H,,Da, CO,NO, N0, H,0,etc.) ave mot zewo at
DK, a8 the Thivd law Ffowmulates, but avxe finite. These entropies ave called vesidual entropies.

— The existance of w¥esidual mjﬁqo?m n a .n.qamwp_ at ok s 140695% due to the altewnative

O«*Db@ﬂgma.ﬂ of wolecule in the solid. Sucw D.snnsmo.gmswm ave shown in .ﬁ.m.

cO cO coO O cO cO oOcC oC
cO cO cO O cO oc o]d cO
Pextect cx ysta | CO Actua| Cx ysto i\ CO
NNO NNO NNO NNO NNO NNO ONN ONN
NNO NNO NNO NNO NNO ONN ONN NNO

Pewieck LB ST al o4 __..P Act ual Csastal O% ...,w._...l..
/L_ ; A,L_
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— Tt is evident +wom expesximental values of vesidual entyopies of CO and N,0 , that the two
oltemabtive oOwxientations of the CO and N,0 MMolecules in the solid state at 0Kk @¥e not
no?.u_.wwm,,m Yandom.
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