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Studies on the Effect of Electric Field on the Viscosity of Liquids,

By Osamu KIMURA,

(Received April 19, 1939.)

Introduction. Many experiments have been .done on the effect of
electric field on the viscosity of liquids,® but few, on the viscosity of
solutions.® This paper deals with the effect of electric field on the vis-
cosity of the following solutions. As the solutes, a homologous series of
fatty acids (laurie, myristic, palmitic, and stearic acids) and an alcohol
(cetyl alcohol) were used. In this homologue the number of carbon of
an acid increases from the next lower one by two, or the length of the
molecule increases regularly according to the number of carbon of acid.
While this electro-viscose effect seems to depend upon the length of the
molecule of solute, and if so, it is interesting to examine how this effect
. depends upon the length of molecule of solute. For this purpose the
homologue of fatty acid is selected here. As the solvents, benzene and
hexane, both of which are non-polar and show no electro-viscose effect,
were used. The author reports here the results of the measurement,
using special viscosimeter, of the viscosity of solutions which are prepared
by combining these solutes and solvents. One of these solutions, i.e.
benzene solution of stearic acid has been investigated and reported in the
previous paper.®

Apparatus. The author has devised for this experiment a special
viscosimeter which is similar to that of L. Herzog and S. Sokolow.(™ The
principle of measurement is the same as Ostwald’s viscosimeter, but the
modified capillary part in applying electric field, is composed of two pieces
of electrodes, of which the gap is very narrow and has rectangular sec-
tion. The whole apparatus is shown in Fig. 1 and the section of the capil-
lary part, in Fig. 1a. As we see in the figure, the apparatus is composed
of three parts, i.e. glass bulb A, capillary C and the glass tube B. The
volume of A is about 2ec.c. The electrodes are made of aluminium block,
the surface of which is covered by electrolytic oxide film in order to make
it a good insulator of electricity. Between two electrodes, two thin pieces
of glass are inserted. Then we get a capillary of rectangular section,
the dimension of which is 0.3 x0.02 ecm.?, and the length of_capillary is
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6 cm. It is naturally very important to keep the apparatus at constant
temperature as the viscosity of liquid is much affected even by a slight
fluctuation of temperature. For this purpose, the apparatus must be set
up in a thermostat. Since the liguid thermostat is inconvenient, the
author has preferred air thermostat, of which the fluctuation of temper-
ature is below 0.1°C. The time is measured by a stop-watch, which is
accurate to one tenth of a second. The source of high voltage electricity
is obtained by the usual means of a step up A.C. 100 volt transformer and
rectifying it to direct current.

Table 1.
Solvent I Solute fyagll:?:n Gram %
J—E @ benzene | lauric acid 0.01 2.272
A < > ; " . 0.02 4.591
- . . 0.04 9.393
H 5 ,  |myristicacid| 001 | 259
”» - 0.02 5.233
" " 0.04 10.69
il g . | palmiticacid | 001 | 2.909
g oo ., 0.02 5.877
c ? . . 0.04 12.00
é . stearic acid 0.01 3.227
Z ” ” 0.02 | 652
- 4 . . 0.04 | 1332
la. v cetyl aleohol 0.01 2.750
'e . 0.02 5.557
Fig. 1. ’e . 0.04 11.34
hexane v 0.04 11.72

Experiment. The solvents, benzene and hexane, were first purified and
then dried by distilling them over pieces of sodium. Lauric acid and
cetyl alcohol are of Takeda’s pure chemical, and stearic, palmitic, myristic
acid are of Merck’s. As the unit of concentration, molar fraction is used.
The determination was done in all cases on the solution of following three
concentrations, namely; 0.01, 0.02, 0.04. The relation of molar fraction
with gram percent is shown in Table 1. The temperature is kept at 20°C.
throughout the experiment. The measurement of viscosity was proceeded
first from pure benzene and hexane. These non-polar solvents did not
show any change of viscosity in electric field, as found by the earlier in-
. vestigators. Then the measurement was carried out on the above-mention-
ed solutions. In this case, the increase of viscosity occurs when the electric
field is applied, and the reproducibility of this effect has been checked by
the successive observations of the time of transpiration with or without
eleciric field. The applied voltage varies from zero to thousand volts.
The voltage per centimeter may hardly be calculated as the distribution
of potential in oxide film is unknown. Therefore here is described only
the applied voltage. As the distance of electrode is 0.02 cm., if we assume
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the layer of oxide film very thin, the approximate voltage can be estimated
by multiplying the applied voltage by 50.

The movement of liquid in a capillary tube of rectangular section is
calculated by Rowell and Finlayson,® that is

4 7 ( h)
= et . hs 1_ o t
Q=550 b
192 =%
'11‘5 n=1
and @ is the volume of the transpirated liquid in ¢ seconds, the vis-
cosity, b and h two sides of rectangle, IT pressure, ¥ number only refer-

ring to b and k. In this apparatus since @,II,b and h are constant, we
can get the following relation;

_ 1. anb s
where 2z = e tanh o ) with » odd ,

neot

This is the same as found in Ostwald’s viscosimeter, therefore we can
assume that the time of transpiration is proportional to viscosity.
Now the results are shown in Tables 2-7 and Figs. 2-6.

Table 2. Laurie acid Table 8. Myristic acid
(Ci1H23COOH) in benzene. (C;sH»COOH) in benzene.
Concen- At - i At
| tr;tiorr; Voltage " I_X 100 (tjz?;tciglrll Voltage 144 TXIOO
001 0 48.2 I 000 | 001 | 0 68.4 0.00
e 300 48.2 ‘ 0.00 T igg gg-; 8'?2
I A T w0 | e | o
L. 500 84 042 . 600 68.7 0.44
Lo 600 485 | 0.62 »o | 00 68.8 0.59
| . 00 | 486 | 083 »o| 800 | 690 | 088
i |
i | . 0.02 0 49.6 0.00
| 0.02 0 | 47.3 | 0.00 : 200 9.7 0.2
Y 300 | 474 | o021 ” 300 49.8 0.40
- 500 | 475 | 0.42 . 400 50.0 0.81
Lo, 600 416 0.63 ” gg gg-g , }-‘}8;
Lo | 00 477 | 085 ” 700 508 | 242
» 1 800 47.8 106 v 800 51.2 3.23
0.04 | 0 51.0 | 0.00 0.04 0 553 | 0.00
W | 800 511 | 020 " 300 555 | 0.36
,. . 400 | 557 0.72
. 400 5.2 | 039 g 500 o L as
ve | 500 51.3 059 Y 600 56.5 217
w600 51.4 0.78 . 700 56.9 2.89
» | 00 51.5 098 | ” 8.0 g;-g i-gg
. 800 51.6 118 | » 900 : )
| - i

(4) Engineering, 126 (1928), 249, 385., see also G. Barr, ‘“A Monograph of Vis-
cometry ', 145, (1931).
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Table 4. Palmiti¢ acid Table 5. Stearic acid
(Ci;sH3,COOH) in benzene. (CsH3:COOH) in benzene.
| , | At | Concen- o, et
Voltage v %100 tration | Voltage t” ! —~ %100 '
0 a1 0.00 0.01 0 482 | 0.0
i 100 47.8 0.21 . 300 483 | o021
200 48.9 0.42 ., 500 484 | 042
800 49.0 0.63 ' 800 484 | 042
i 500 49.1 0.84 0.02 0 497 0.00
i 600 49.1 0.84 ) 200 ©.9 0.40
| 800 49.1 0.84 ! 300 50.1 0.80
! 0 56.1 0.00 . 400 50.2 1.01
t150° 55.2 0.18 ., 500 50.3 1.21
300 55.3 0.36 . 600 503 | 121
| 500 55.4 0.54 " 700 50.3 1.21
| 800 56.5 013 | . 800 50.3 1.21
o '1 " 0.04 0 61.7 0.00
e solution of 0.04 molar fraction 100 62.0 0.49
t be obtained due to its solubilit " : '
cannot be obtained due to its solubility . 200 62.5 1.30
" 300 64.2 4.05
" 400 650 | 635
Table 6. Cetyl alcohol , 500 650 | 5.35
(C1sH3,CHOH) in benzene. . 600 6.0 | 535
SUYE " 700 65.0 ! 535
Voltage | ¢ ' " x100 " 800 | 65.0 [ 535 |
I ; _ -
I 0 4650 | 0.00
I~ s SR 7 Table 7. Cetyl alcohol in hexane.
. 600 42.2 ' 3.34 e ) _
| 700 452 | 044 - at E
800 62 | 0.44 Concen | Voltage | ¢/ , X100 |
0 4856 \ 0.00 S - —
%gg g.v ! 3'3,% 0.04 0 41.0 0.00
* 9 0.
300 491 103 ” 100 411 0.93
500 491 | 1.03 . 200 422 2.93
800 491 | 1.0 300 422 3.42
. Og gé.s | g.gg N 400 424 3.42
9 | o
200 | 568 | 239 " 500 2.4 3.42
! % :5,3.3 i gég " 600 42.4 3.42
| 500 | 574 | 582 " 650 24 S
.' gosg gg.g ! g.gg " 700 2.7 3.14
700 5356 @ 7.34 " 750 2.7 8.14
| %g 5856 | g.ae; " 800 42.8 439
| 58.9 .08
900 59.3 8.80 ” 850 2.9 4.64
1000 | 60.0 10.10 J 900 431 5.12
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In the earlier experiments, the remarkable electro-viscose effect was
observed when the liquid touches electrodes directly; and little effect
was observed when the liquid is insulated from electrode, say by glass
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Fig. 2. Lauric acid in benzene.
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Fig. 4. Palmitic acid in benzene.

layer. This is partially. due to
the enormous drop of voltage in
glass layer, and partially to the
movement of ion in liquid. In
fact, Sokolow® proved that this
effect remarkably depends upon
the conductivity of liquid, while
electrolysis occurs at the same
time when the liquid touches
electrode directly, and may have
some influences. Accordingly, in
this case, the phenomenon is too
complicated to give the proper
interpretation. Therefore to
minimize such disturbing in-
fluences it is necessary to in-
sulate liquid from electrodes. It
is for this reason that in the ex-
periment the electrode was cover-
ed by oxide film to insulate it
from liquid. The result of ex-
periment clearly shows that in
general the viscosity increases
with voltage, but the way of in-
crease is characteristic in each
solution. This result is remark-
able, considering that these sub-
stahces are homologue. First, in
the case of lauric acid, in which
the number of carbon is least;
the increase of viscosity is less
noticeable than others, and is in
linear. relation with voltage.
Next, in myristic acid in which
the number of carbon is two
more than that of lauric acid, the
nature of curve is almost the
same, but the increase is more
noticeable.  Although palmitic
acid comes next, let us first take
up the case of stearic acid. The
form of curve is quite different,
and viscogity increases propor-
tionally with the increase of
electric field so long as it is weak,
but when it reaches a certain
limiting value, the viscosity no
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Fig. 5. Stearic acid in benzene. Fig. 6. Cetyl aleohol in benzene and hexane.

longer increases. This phenomenon is common in three different con-
centrations. The break point in the curves practically coincides with one
another. Now let us consider palmitic acid, which lies between myristic
and stearic acid in their number of carbon. The nature of curve again
seems to be similar with those of two acids and lie between those of two
acids. Now the curve of cetyl alcohol is the most characteristic as com-
pared to the rest; in this case, as we see in the figure, the viscosity in-
creases stepwise, and in the horizontal part of the curve for benzene solu-
tion corresponds with that of hexane solution, which shows that electro-
viscose effect is almost independent of the nature of solvent. Thus we
can say that in homologue series, the longer the molecule of solute and the
more concentrated a solution is, the greater the effect appears.

In general, if the solute has a dipole moment, the electric field will
tend to orient the solute molecule in a direction which is parallel to the
field. If F Dbe the field strength and p the electric dipole moment of the
molecule, the energy of the molecule due to the electric field will be uFcosa,
where « is the angle between the dipole axis and the direction of the elec-
tric field. There are also thermal energy and energy due to viscous flow
associated with molecule. Thermal energy does not depend upon angle
between the dipole axis and the direction of the electric field, hence it
will cause no orientation of the molecules. Neglecting the viscous stress,
we can compare the magnitude of electrical energy with that of thermal
energy, as mentioned in the previous paper,® and obtain the following
result that the number of molecules, which orients to the direction of
electric field, is very few at the voltage which is realized in this experi-
ment, and so if we raise the field intensity, the number of oriented mole-
cules must increase, and also the viscosity. The above interpretation
agrees with experimental results of lauric and myristic acids, and the
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results for palmitic acid slightly deviates from the theory, while in stearic
acid much more deviation is observed; hence it may be stated that longer
the chain, the greater the deviation. This suggests us that the pheno-
menon may be influenced by some other additional factors. It is more
complicated in the case of cetyl alcohol. The reason of this descrepancy
from the theory is that the above-mentioned assumption is too simple to
be applied in this case. The association of the molecule of "solute may
be an explanation. The fact that the greater the molecular weight, the
easier to form associated molecules. agrees with these experimental re-
sults; and that in the case of cetyl alcohol the effect is independent of
solvent also supports this theory.

Summary.

(1) A capillary viscosimeter is made, to which electric field can be
applied.

(2) By means of this viscosimeter, the viscosity of benzene and
hexane solution of laurie, myristie, palmitie, and stearic acid and of cetyl
alcohol is measured in the presence of electric field.

(8) The viscosity of these solutions generally increases in electric
field, and the stronger the field the greater the increase. The acid with
longer chain shows much more effect than one with the shorter. In a
solution the effect is proportional to concentration.

(4) In lauric acid, the increase of viscosity shows a linear rela-
tion. In stearic acid, the increase ceases at a certain voltage.

(5) In cetyl alcohol the viscosity increases stepwise and the form
of the viscosity-field intensity curve is independent of the nature of
solvent.

(6) This electro-viscose effect is due to the orientation of molecules
of solute.

(7) The irregularity of curves in stearic acid and cetyl alcohol
seems to be the result from association.

In conclusion, the author wishes to express his sincere gratitude to
Professor N. Sata who has been kind enough to give him guidance and
encouragement throughout this research.
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