716 GRIEST, WEBB,

that have the same basic symmelry, the viscosity is an
additive function of the paris of the molecule, independeint
of whelker these parls are in the saine or different molecules.

Since the chief external effect of the increase in
pressure is the decrease in specific volume, a qualitative
explanation of the variation of the effect.of pressure
on viscosity among different compounds may be
related to their diminished free volume. The inter-
molecular forces, which are related to the chemical
type, are known to vary inversely as a high power of
the intermolecular radii and the work required to move
the liquid molecules past one another, that is the vis-
cosity, must rise sharply as this distance decreases.’
While the rigidity of a molecule would not be expected
to be a rapidly varying function of pressure, the effect
of a given degree of rigidity would become increasingly
important at high pressure. If the molecule be able
to deform easily (with a small change in internal
energy) then adaptation to a variety of hole shapes is
possible within a short time and a low viscosity is
evidenced.

It has been known for many years that the viscosity
of a substance could be described over a short tempera-
ture range by the equation

“n=exp(B/RT),

when # is the absolute viscosity and A4 and B are
characteristic of the substance® Because of the
practical and theoretical importance of viscosity, many
attempts have been made to obtain a general expression
for it as a function of temperature and pressurc.
One of the best known theoretical approaches is that of
Eyring and his co-workers.§ The equation they suggest
for expressing the viscosity as a function of pressure is

By PV /0
2=N/V 2wmkT)l} expé—%j}[—ﬁ,

where o, is a “free volume,” A Ey;, an energy associated
~with viscous flow, » a numeric in the range 6-8, and
the other symbols have their usual significance. This
equation was tested with the data of the research
reported herein. Agreement as to direction of variation
and order of magnitude was found dut no choice of lhe
paramelcrs reproduced the dala quantilatively.
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Tasre VI. AF,, Free encrgy of activation for viscous flow
(kcal/mole).

Pressure (bars)

°C  Atmos 1034 2067 3101
37.8 5.5¢ 6.35 6.99 7.3
60.0 5.56 6.33 6.95 7.48
98.9 35.69 6.44 7.00 7.49
37.8 5.73 6.60 7.42 8.20
60.0 5.69 6.51 7.26 7.93
98.9 5.76 6.51 7.13 7.72
37.8 5.95 6.86 7.65 8.35
60.0 5.87 6.79 7.5¢ 8.20
| 98.9 5.95 6.80 7.50 8.11
Gy
|
[

37.8 5.70 6.53 7.24 7.85
60.0 5.70 6.48 7.16 7.74
98.9 5.80 6.58 7.17 7.72
35 5.99 6.75 7.31 7.82

37.8 6.18 7.28 8.22
C C 60.0 6.11 7.15 8.03 8.81
o 98.8 6.13 7.07 7.88 8.3
1335 6.27 7.18 7.90 8.37

37.8 6.36 7.65 8.78
60.0 6.23 7.44 8.47 9.-.
98.9 6.19 7.27 8.19 9.04
135 6.30 7.32 8.13 8.9

A less specific form of the Eyring equation is®

AH. —TAS.
n=(N}/V) exp(AF./RT)= (N1/V) exp—‘—RT——‘,
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R0 InZ) /a(1/T)), at T1.1°C (160°F).

Tante VIL. Values of A7




