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ABSTRACT. ILiquid 1s considerod here asa sort of compressed gas in wlneh the mter-

molecular forces plny & role comparable to translational motion,  On flus busis tho caleulvtion

of apecific heut of liquids gives reasonablo agreoment with experimenial results of hydrogon,
argon, wir and carboudioxide.

INTRODUCTION

Sevoral attemipts to explam tho specific hoat of hquids have been made in
tho past, but most of them are qualitativo. Ghose (1924) had proposed an ompirical
formula which doos not explain the nature of variation of spocific heat with tem-
porature. Prigogmo and Suzanne (1942) have caleulated the spocific heat of
liquid argon considering the model of Lennard-Jones, but they have not got
good agrocment with observed values. Lator Ookawa (1947) has tried to deduce
u rolation on the Dasis that liquid consists of clusters of different sizes the magni-
tude of which varios with tomperature. The final result obtained by him contamns
g1 unknown function of temperaturo and hence the values of spocific heat have
not been calculated.

Whon the molecules of a gas are forcod Lo come very closo to each other, the
mtermolecular forces come to oporation, the influence of which is talkon mto aceount
by the addition of a term to the pressure value of the gas cquation a8 s apparent
in Vander Waals’ equation. This gas equation indicates tho enorgy exprossion
which 18 found to be modified on account of the potential energy duoc to mtermole-
cular forces. The specific hoat may now be deduced from such an exprossion.
In this paper we have considered the liquid as a sort of compressed gas. So tho
result of the above deduction can be used to calculate the specific heat in case of
liguid argon and liquid hydrogen for which only translatory motion should be
considercd within the temperaturo range under consideration. For air whoso
molecules are diatomic, we are to consider restricted rotations and for carbondi-
oxide in addition vibrations of the atoms inside molecules are to be considored.
To explain the specific heat of carbondioxide gas, we tako 3 degrees of translation,
3 degrees of rotation and the vibration of atoms inside tho molecule. 'This is also
expocted from the value of y, the ratio of spocific heats, which is nearly 1.30 at
room temperature indicating tho number of dogreos of freedom to be 6.67 i.o.
3 degrees due to translation, 3 degrees due to rotation and one third of o degree
due to vibration. But it is seen that in case of liquid carbondioxide we require
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in addition another 6 dogrees of freedom for explaining the experimental data.
This may bo due to some motion caused by the deformation of molecules or may
be due to the effect of intcraction other than the offect of Vander Waals’ forees.
The rosults of our thooretical calculations arc in good agreement with experimental
findings. At tho melting points of argon and air there is, however, somo dis-
crepancy.

DEDUCTION

If we neglect the cxtension of the molecules in space; and regard them as
point masses Van der Waals’ cquation becomes

a -
(Pv{— ﬁ) V =RT - NKT
Wo write it as follows :

PV:N(KT—%V) e

The above equation may also be used for liquids; however, the pressure P caused
by the impact, of molocules is very small in this case (Partington, 1949)

The constant @ in the above equation, though originally regarded as indo-
pendent of temperature, is found to depend on temporature when comparison is
made with observational results. Tho exact nature of this function 18 not known.
But it is clear that « should vanish at high temperatures and at low densitios
becanse the gas will become perfoct then. At a temperature 7', where we shall
got solid state, the product PV should be zoro beeause solid doos not give rise to
any pressure due to impact of molecules. Considering these two linding cases
we suggest that

@ —= VRT ¢=30(Tt2~Tt12)

whore 6 is a constant independent of temperaturc  Substituting for @ in (1) we
get

PV — NIKT— KT e —20(T1"2—Tup*2) |

Energy of the systom with translatory motion alone is known to be -

E = 3PV = N[EET —3kT ¢—20(TH/2=Tytl2) 1 e (2)
Hence Y = %: 8R[1——e —2(TH2—Tml ) () _oT)). e (3)

In equation (2) we find that in case whore thero is translational energy only the
average energy per particlo per degroe of freedom is

JhT[1—e —20(T 2 —Tm1 /%) |
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In diatomic and polyatomic moleculos wo may expect rotation and molecular
vibration which will give rise to new degrees of freedom. In casge of liguids these
motions are not free but restricted due to mtermolecular mtraction, henco the
cnergy per particle per degroe of freedom should not be taken as $ K7T. Assuming
equipartition of encrgy we shall tako the energy por particle for cach of these now
dogreos of freedom also as JET[1—e= 20T =Tml/2 | & the spovific heat al
constant volume (', is given by

[ L] L e=20(T 2
Gy R[1—-¢—20( mt!? (1—071)] (4)
whero 7 stands for the number of degreos of freedom.
COMPARTISON WITH EXPERIMENTAL RESULTS

(1) ILiquid Hydrogen

Below 50° abs. 1 case of hydrogen only translatery motion need be consi-
dered.  So m eqn. (4) we take » - 3 in the tomporsature range consudered and
0 = 0.215 (determined by trial). The calculated values of spocific heat are shown
against the experimental results obtamed by Bartholomo and Eucken (1936).

Speafic ieat of ligmid hydrogen

'y (0bs) Cy (Cul)
Temp. m ahr m Calfdogieo  1n enlf/dogies
cent cent
T Tﬁ 33 o ) 2 5477 - 72.5."-
15 86 2 56 2 01
16 23 2 63 2 64
16 87 270 2 70
17 22 217 273
17 88 278 2.78
18 02 2.84 2 Rt
19 50 2 89 2 89
20 00 2 02 2 02
20 50 2.98 2 04

The agreement here is quite satisfactory, the maximum deviation heing less
than 29,.
(i) Liguid Argon

Argon is monatomic. So we take in cquation (4). »=3 and 0=0.25
(determined by trial) The expernnental rosults are taken from Eucken and
Hauck (1928).
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Specific heat of Argon

Cy (enleulation  Cy (our ealeula

Ternp. 1n nha, Cy (0bn.) of Prigogmne  t10n) 1 ean)/°C
1 cal/“C and Suzanne)
n cal{°C

T 90 T 1’;'1- T H’I;ZB_ - 0 47
100 h.b 5 94
1o h.h 5 16 5 49
120 5 20 5.13
130 4 90 4.30 4 82
140 4 65 4.54
150 4 36 4 KO 4 32
160 4 00 4.30 412
170 31756 4.00 3 97

The agreement in this caso is satisfactory beyond 110° abs. Tho maximum
deviation is less than 49,. Theroe is a tondency of deviation after 160° ubs. This
is oxpuctod bocause crilical temperature for argon is only 151° abs. and at this
temperature things are not normal.

(iii) Liguid Air ’

Air is a mixturo of mostly diatomic molecules. So in equation (4) wo are to
take n == b5 (for translatory motion 3 and for roiatory motion 2) and 0 = 0.33

(dotormined by trialf. The experimental results are taken from Kucken and
Hauck (1928).

Speclfic hoat of air

Tomp 1n °aby. Cv(obs.) Cv(enl.)
in cal.%c. m cul [°c.

80 78 10.00
90 7.8 R 85
100 7.7 7.90
110 7.36 7.30
120 6.80 6.75
130 6.560 6 40
140 6.10 6 10
150 5.70 5.85
160 5.03 5 70
170 b 55 5.55
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The agreement here is satisfactory cxcepting at the melting point. The
maximum deviation is loss than 39,.

(iv) Ligquid Carbondioxide

In this case we have vibration of atoms in tho molocules. The energy due to
this vibratory motion is to be caleulated using the Einstoin function for specific
heat. The three characteristic temperatures (abs.) aro 3400, 1900 and 960. Out
of these three only the last one will have some contribution at the temporature
under consideration, the offect of the other two will he noghgibly small. We
will have only N oscillators with 960 temperaturo. Tho contribution of these for
spacific heat (given in tho socond column in the table below) can be obtamned in
the usual way from the Lable for Einstein function., To explam tho rest of energy
we will take # = 12 in equation (4). The experimental results here are taken from
Kucken and Hauck (1928).

Specific heat of carbondioxide

Tomp. Cyoo tn ealfoc, Cm eal% ¢ -Cpao—

n °Abu m eul ["v eal [%

Tzao osa e w06 o4
240 0 GO+ 10 38 10 U84 10 9
250 0.66 10.620 11 280 1125
260 0.706 10 836 11 542 I 46
270 0.76 11.028 I 788 170
280 0 80 11.244 12 044 12 10
290 0 86 11.292 12 162 12 246
300 (] 11 892 12 792 12 75
310 0 94 12 024 12.964 13 10
320 0.98 12.156 13 136 13 a6

For the last three readings we have taken 0 = 0 057 and for the rost, 6 — .055.
Near the critical tomperature a change in the value of 6 is always expected because
things aro not normal then, a step anomaly is seen at 300° abs. The maximum
deviation in this caso is less than 29,.

DISCUSRION

It is usually expected that in specific heat measuremonts at low temperatures,
thero remains an error of 4%. So the theory suggested above gives very good
agreement with oxperimental results in case of these four liquids. At the molting
point and &t the critical temporatures abnormal behaviour is always expected.
So slight deviation at these points should not be considered as defect of the theory.
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Equipartition principle which is deduced for perfect gases can be used, as
we have seen, to 1ostrictod motions as well.

We may notice that eyuation (1) can also be written as

. a
PV~ KT (N- %)
Substituting for @ in the above equation we notice that a liquid or a real gas can
ho Tooked npon as a porfect gas with N[1—e—20T2—Tw'1*) | ;moving particles
mstead of N molecnles and the rest of the particles can be assumed to bo at
rest. Wo can get all the above results with this idea also. We will discuss
about this idea m our next paper which will deal with the variation of the co-
officient of viscosity with tempoerature both in liquids and gases.

Heuse (1919) has observed a fall in the values of the specific hoat of many
gases at Jow tomperature.  Such a fall has been reported by him oven in case of
argon which is a monatomic gas A fall of this type is, however, oxpected from
oyn. (4) and it will be intoresting to compare the calculated valuos of the spevific
heut from oqu. (4) with the experimental findings.
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