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MOLECULAR DIAMETER OF A LIQUID

By M. G. BHATAWDEKAR

DEPARTMENT OF Prysics, Mamaraja's CoLLEGE, JAUPUR, (RAJFUTANA).
(Recetuved for publication, August 25, 1952)

ABSTRACT. Knowing the potential energy of a liguid, an idea is gained about the
molecular diameter. The pressure within liquid carban dioxide and cthyl alcohol at

different temperatures is calenlated ; for the former, ¢hange in free energy and imternal
energy is also calculated.

This paper is in continuation
(Bhatawdekar, 1951 ond 1952).

of the previous ones by the author
As explaired (Bhatawdekar 1951), the free

encrgy H, internal energy E, and —‘di,;l arc determined for carbon dioxide

with the help of 8 (Tables I and 11) Applying Virial theoremn (Bhatawdekar,

1952}, the pressure within carbon dioxide and ethyl alcohol is also calculated
at different temperatures (Table 111},

TanLg I

Temperaturc No of
o

¢ Log km ‘1 maxima I g r—=d/D
-30 9.0405 70 715 2,1 X 10% 3.4X 1072
-~ 20 9.0230 75 Roo 8.6 X 103 5.1X10°2
—~10 9.0061 75 875 4.7 % 104 7.4X1072
o 10 9899 8o 8go r.5x10b 1.1x1!
10 10 9743 85 1135 9 yX 100 1.5x107}
20 10,0592 9o 1335 8.5x108 2 5X107
31.1°C 10.94371 95 2800 3.0% 109 r.ox1o°

A general study of the variation of potential energy of a liquid with
temperature shows that the author’s earlier observation that water tends to
show an anomalous behaviour is wrong. Itisof general application. Itis
general occurrence with a liquid that its potential energy diminishes with
diminishing temperature, becomes zero, and then reverses its sign. This
change of sign is noted in the case of water and ethyl alcohol at temperatures
between 70°C and 100°C, and 80° C and 120°Crespectively. Similar observations
are also possible in other liquids only if calculations can be carried at still
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Tapry 11

| i i l
- H-r o
Temper-l Bx10 10§ JIx 710 [P(Vy—17) | (H-E) { " LU dH/dT | 7 2¢R,
| ' I 8 10 | 1 C from g x 10"
ature 1 orgs per Cres X 10 X 19 i . \ " )
°C gm, | ergs ergs | X107 ergs’ graph x 10l | ergs per
! { per deg. | ergs deg
i - ———————
—_ I B S _A,I _ J _ R
—30 1.01 1.70 3.75 0.8 ' 3 46 : 7-35 303
- 20 1.18 113 3.50 0,89 : 3.51 ! 8.36 3.42
| "3 oxil
—10 1.27 1.15 3.3u P00 | 387 Looeres 9.32 3.55
i {oper )
o 1.45 1.19 3.20 0.99 l 3.62 | degree 10.63 3.90
10 1.60 1.22 2,88 1.06 i 3.73 : 12.15 4.30
20 1.21 1.25 2.27 112 | 3.84 ‘ 13.93 4.76
31.1] 2.52 1.26 0,00 1,20 RS & 18 43 6.06

‘I'anLE 111

: I
A N1 ! |
dr , i 1 r
Subs- | Temper- P XN Ex10ld x 102 Erf(ri RTXx10™%  cc. Atm
tance | aturce °C erys, x 10710 per gm. X101
SN - ] - - - e e — | o —
T I
CqgHOH 80 1.100 —0.08 » ? i6.37 } 1.301 »

120 1.131 2.08 15.0 221 C 7.0 |1.444 —4.099%

160 1.164 4.58 Lo 15.20 : e 1,579 —3.082

200 1215 08 | 55 8.7 | 854 1 1790 -1 539

213 L1537 I - R 5 502 VIS C3.020 —0 430
i ! ‘

\’ ; ‘ B

COy —39 0.97M 3.08 . 5.8 770 : 4.50 ! 09302 --2.0%5

- 20 0.00)00 44343 ; 4.2 Y Po4.78 0.969¢ —1.863

—10 1.0070 4.66 | 33 .48 3.97 10194 —1.300

o 1.270 532 120 3.60 516 1.0811 —1.077

10 1.0520 .08 i 1.8 257 5 35 ' 1.1628 | —o.67y

!

lower temperatures. ‘The potential energy is assumed to be due to the
existence of intermolecular forces.  The change in the sign of the potential
energy is interpreted as due to the chunge in the nature of the intermolecular
forces which are known to depend on the intermolecular distances. Due to
the dipole character of the molecule, they exert an attractive force F, on cach
other which wvaries as 1/7'. When at  lower temperatures, the two
molecules approach very closc to each other and duc to the similar clectronic
shell charges they repel cach other with a force F, varying as1/r‘.
Therefore, the resultant molecular force F=F,—=F,=A/+* =B/r".

The value of r=7, for which the resultant force becomes zero gives the
equilibrium distance between the centres of two molecules and is equivalent
to the molecular diameter o (Saha and Shrivastava, 1935).
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For a distance greater than 7o, (i.e. al higher temperatures) the resultant
force will be the force of attraction and hence, the potential energy has
plus sign, at smaller distances (i. e. at lower temperatures), the repulsive
force will preponderate giving us the negative potential cnerpy.  When the
resultant molecular force 15 zero the potential energy will also be zero.  So,
a graph is plotted between r [ r=(1/dv }'®, where d is the density of a liquid
and N denotes the number of molecules in one gram of the liquid] and the
potential encrgy. By extrapolation, r. corresponding to zero potential energy
and hence molecular diameter are known. The values of « so determined are
shown in Table 1V, second colummn, while in the third and fourth columns
are shown values calculated with the help of viscosity and Vander waals’
constant data.

TapLr IV

Snbstance T'rom potentinl From viscosity I'rom Vander Waals
Hitengian cruergy data constant
o X 1ofem ov X 10%cm o, X 108cm

CC,y 5.50 5.09 4.64

NII;; 3.91 2.64 3.08
C,HL,O1T 4 67 300 4 05

COy 2.84 3 44 340

H,O 3.14 2.53 275

The accuracy of o will depend on the accuracy of the calculation of f3
and extrapolation in graph.The error is of the order of +o0.06 x 10™%cm,

Tu the case of NH, and CCl,, by plotting a graplh between d& dr and 7,
it is observed that d&/dr ocr/r™, where mlies between ¢ and ¢g.5. Itisa
matter of chance that the value of m comes out to be approximately the same
for NH, and CCl,. Tt was, therefore, possible to get an cquation of state
where virial function is the same function of the specific voluine of a liquid.
S and ¢ never have same values for all substances (Sahaand Shrivastava, 1950)
and hence the value of m will be Qifferent. Therefore, virial function will
be a different function of volume of a liquid giving us different equations
of state for diffcrent liguids. Turther studies are under progress in this
direction.

LExplanation, of the symbols uscd.
K=1/2RT where R is thc gas constant and T is the absolute temperature

m=the mass of the particlc
e Fmat yra

x - - [
I= f px2y ‘+Z+ bcos? gy — Vot b+ - '-:\‘i_—_ -
© vV oxt+b
where u*—b=x*
_16n°m?

p=—7m—
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b= :.')U' = 4"11_" =4[,

g= VP

a=1hickness of potential batrier
1.=latent heat
h="Planck’s constant
F=the total probahility of a molecule crossing the boundary
d = density of saturated vapour
D =density of liguid
f3=the correction term
oplk=mf=0/2k=¢
£ =potential energy of a liquid
17,, V.=Volumes in liquid and gas phase respectively
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