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i . 16 can be evaluated by measuri _ o
“‘ t ing C, at various temperatures between T=0

e § the required temperature T. This and determining the area under the

JO° el qy the value of Sp.  Since it is not possible

Jire¢ " of Cp at the absolute zero, heat capacities
Lup 10 as low @ temperature as pqssible, usually ]
" od the value at the absolute Z€ro is obtained by A1 1
LS method, therefore, consists in determining A
P l"ﬂal.il:-?(-ies of t_he substance under examination at
. p.aeg arying from a.pproxunately !5 K to the required Area
ﬂ AU graph of Cp vs In T is then plotted and
L e absolute Zero of temperature, as shown in
:\(fﬂp" e arcd under the graph gives the required value of

o
'L“'mc ahsolute ent

\r

J l() is thus W

: " !
ar ar

St :,[OCP T +IT‘CP T ...(17)

I'CO< i 15 K.

—

ropy of the substance at temperature T. — ==

Fig. 2. Determination of absolute entropy.

ritten as follows :

whe :
e first integral is evaluated with the help of the Debye theory of heat capacities of crystalline

ording to which, at very low temperatures (0 < T < 15 K),

Ccp =G~ aT?
al constant. Eq. 18 is known as the Debye T3 law.

aances 3CC
...(18)

where @ 18 an empiric
Accordingly, Eq. 17 may be written as

1 ing T T
3 TsQI_+J'CQZ=1 T* I dT
5 joa L[ GpaL = 3aP+ | Gy (19)

is evaluated from experimental measurements of heat capacities.

(ubining the heat capacity data with the enthalpy data on phase transformations, the absolute entropy
{1 substance, whether solid, liquid or gas, at temperature T, can be determined, as illustrated
¥ow, In every case, the start is made with the substance in the crystalline solid state at the

hlie zero when its absolute entropy is taken as zero. Then the total absolute entropy of the
rature is taken as the sum of all the entropy changes

shyance in the given state and at a given tempe
?;llhe substance has to undergo in order to acquire the given state at the given temperature starting
n the crystalline solid at absolute zero.
d to determine absolute entropy of a gas at 25°C under atmospheric pressure.
- su > ent es involved in the following processes each of

The second integral in Eq. 17

Suppose, it | i
i Wopu(;d . t is require

J LIE 111 Ol 1

seneral discussion that the substance In solid

— ature 7, where 0< T"<15 K and
: the entropy change be AS;. Then,
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process is given by .
T,

AS, =J' "+ Cpy(@)dT

ime%
3. Transition of the solid from allotropic form a to allotropic form f at the transition ¢

T;. The entropy change in this process is given by pe

ASy = AH /T,
where AH,, is the molar enthalpy of transition. e

Where Cp (a) is the heat capacity of the solid in allotropic form a. AS; is evaluateq by the
of heat capacity data graphically, as described above.

4. Heating the solid in allotropic form B up to its fusion point, Ty,. The entropy change i
process is given by 1 g

L )dT
AS4 ‘Jnr P.S(B __.(23}

Where Cp ¢ (B) is the heat capacity of the solid in allotropic form p.

5. Changing the solid in allotropic form B into the liquid state at the fusion
The entropy change of this process (entropy of fusion) is given by

ASs = AHfus/Tfus
where AHj, is the molar enthalpy of fusion of the substance.

temperaure T

()

6. Heating the liquid from its freezing point (7y) to its boiling point (Tp). The entropy change
involved in this case is given by

Tb
AS6 =I CPJ dinT (75)
Thus

where Cp is the heat capacity of the substance in the liquid state. This can be evaluated by plotting

Cpy vs In T between temperatures Ty, and 7}, and noting the area below the graph, as described
before.

7. Changing the liquid into the gaseous state at the temperature 7,. The entropy change involved
here, AS, is the molar entropy of vaporisation and is given by

AS; = AHvapl Ty (8
where AH,,; is the enthalpy of vaporisation per mole of the substance.

8. Heating the gas from T}, to the required temperature, i.e., 25°C (298:15 K). The entropf
change involved in this process is given by

20815
ASg = J CpedInT 0
T
where Cp . is the heat capacity of the substance in the gaseous state at constant pressure. AS?:
evaluated gy ploting Cp, vs In T between temperatures T, and 298:15 K and noting the area béll

the curve.
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? of THERMODYNAMILD
é s15 [

"‘pw ‘vcriﬁcﬂﬁon of the Third Law of Thel'modym,micS

:‘f“i""’nwl pacity o< egtllla‘l\r,) / d?lia ol dSUbstances that exist j
v | - ird 1a 0 ermodyn : mn tw i .
.P pest  cify the Th ynamics. For reversible iszﬂ?;fferim S
rmal transition, o —> P

e

Y o AS = Sﬁ -Sq = AH"/T“
T are the experimemally determined enthalpy of ...(28)
r ..

_ Mo Npecti\‘el)/- transition and the temperature of
o 0. res

¥ .']\‘
ot

1, Cps(B)
s @)+ J' _-P—'Tqi[i-dT = Spla) - J'T" CP,S(U)d
y§ =0 0 o T = AHT, ...(29)

T, CP 5([3) Tu' G (a)
________dT_J. P,S
Io r 0 T &

eriM
if 30 esp? AH
= t

T =
I

T

r

...(30)

prove that So(B) = So(oV)-

| als0
g . talline modifications o and B
§ h the crys . would have equal entropi i
Tgiﬁrﬁgw of [hel-modynamms. opies at 0 K, 1n accordance
o iments carried out on Systems such as sulphur, tin and phosphine have demonstrated the
ﬂd%r?(c)f e Third 1%
i lﬂ;e following results have been obtained on phosphine :

AH, 185-7 Jmol™!
ASw = = 7 49.43K

r

=15-73JK~! mol~! ...

ect of phosphine, the difference of the two integrals in Eq. 30 is experimentally found to

[n resp

v 1569 k! mol ™, i€
.[ __Eﬁ_B—dT -—j PSS AT = 15°69 ) K-! mol™! =
L 0 T
foarison of 17 O results shows that, within the limits of experimental error, the Third
s valid for phosphine.

nmopies of Real Gases
From one of the Maxwell relations

Sl o 5_‘{) __(g¥ 3
(6P)T = (aT pnas (aT)de i)
Iiegrating between pressures Py and P> at constant T, we get

...(34)

Let (5, be the entropy of

yressure be P. 0y
the temperaturé remaining

~at pressure Jia

.35
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which IS more appropnate o use than the van der Waaly aquation of aate
Muluphying and rearranging, We el
Y Y
PV = RT + 1 - < e
i { \ L

he rm @A TVS in the above aquation is negligibhle asy compared 1 other ermy m
\

Berthelot constants @ and & are small

1AV , 4N
W =RT+ P-al) 1+ o \
¢ RT + ¥ VY RE T g | CUVR RN
For Berthelot's equation of state, the constants @, » and & can be written n terms of the il
constants. Accordingly,
¢ = (163) PV T, b=V, R

2N PV, L
Hence, Eq. 41 becomes

‘ ‘ Q PI|
PV = RT| 1+ \ \ . l
;‘ S fj.r\‘ or° | | |
Dividing by P, we have
. RT 9 RIL 27 R}
\ ¢ v . t
P 18 P 64 PP

e 27 RT
B =S P

olton
46, the second term fs the corret™
for a real pas.

i
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o= in Chemical Reaction
- Changes 10 S
fotrop}

We can calculate AS° for a chemicgl reaction from the tabulated standard entropy values for the
products at 298 K. This is one of the most important applications of the Third law of
ics. For a reaction

Mmgdyﬂaml
aASEEDB F e — Mg mM e
waurring in the standard state, the standard entropy change, AS°, is given by

oants and

AS® = | IS] +mSy +:+ | ~[ @Sy + bSp +----]

5 Z Sproducls i z Sreaclants ...(47)

#re §% are the molar standard entropies of the species involved and a, b, [, m, etc., are the
wichiometric coefficients.

From the tabulated values of S°, AS® for the reaction at 298 K can be calculated. The AS® value
dany other temperature can be calculated by the Kirchhoff-type equation, viz.,

...(48)

...(49)

...(50)

or gases.
et

=
b
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