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I T is assumed that when an oil globule is sus- 
pended in ordinary aqueous menstrua there 

exists about the globule an electrical double 
layer. When the globule is negatively charged, 
there is a layer of negative electricity on the 
surface of the oil, while in the liquid of the 
menstruum immediately surrounding it there is 
a corresponding layer of positive electricity. 

When we place the oil-in-water emulsion in 
an external electrical field the oil globules mi- 
grate toward the positive electrode, hence it is 
inferred that the globules carry negative 
charges. The origin of the electrical Charge is 
not known and thus far  we have no clue other 
than some empirical theories to account for the 
phenomenon. 

A convenient type of apparatus for these 
measurements has been described by Northrop 1. 

The data presented in this work are electrical 
measurements made with a modified Northrop- 
Mudd Assembly ~. 

When cataphoresis is conducted in a closed 
system, the electrical double layers between the 
fluid and the walls (glass) are located in the 
positions shown in the schematic diagram 
(Fig. 1). 

Under the influence of the applied electrical 
field the electrical layers in the water are given 
a positive velocity to the cathode and drag the 
successively contiguous layers of water along 
at lesser and lesser velocities. The return 
streaming of water occurs in the middle of the 
cell. Hence the suspended fat globules vary in 
their cataphoretic mobilities at different levels 

INorthrop, J. I-L, J o u r n .  Gen. Physiol., ]l, 629, 1921-2. 
Ibid., 635, 192I-2. 
lbid, 7, 729, 1925. 
*Arthur H. Thomas Company. 
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in the cell and the true velocity is observed only 
in the s ta t ionary layers. The microscope is for  
this reason focused o~ either the upper  or lower 
s ta t ionary layer for  t]¢e determination of the 
t rue  mobilities. 

The cell is calibrated as follows: fill the cell 
with water.  Br ing the calibrated head of the 
fine adjus tment  screw to zero and focus the 
microscope ~ on the inner floor of the cell. Then 
turn  fine adjus tment  screw until t h e  micro- 
scope is focused on the inner ceiling of the cell, 
determining the depth  of the cell chamber in 
units on the head of the fine adjus tment  screw. 

Using the formula  given in this paragraph,  
focus the microscope on the upper  or lower s, ta- 
t ionary  level. Never  .change this focus unless 
you need to recalibrate the cell. The s ta t ionary 
layers  are fixed at a d i s t ance  of 1/.2 D - ~ - V 3  
above and below the middle of the cell. Fo r  
example, if a cell is 100 units deep on the mi- 
crometer  screw head, the middle is 50 units;  ~ 
Depth ~ 50; and 5 0 - -  ~/3 = 28.9; hence the 
lower s ta t ionary level (V~) is located at 21.1 
units f rom the floor of the cell and the upper  
(V~) at 78.9 units f rom the floor. All cata- 
phoresis  measurements  are made at one or the 
other  of these layers. 

As a source of current  we use " B "  batter ies  
(3 sections) giving an impressed voltage of 140 
volts. The appara tus  consists of a pair  of non- 
polarizing zinc-zinc sulphate electrodes wi th  
two-way stopcocks and a system for filling the 
chamber (Fig. 2). The current  is controlled 
f rom a switchboard consisting of a reversing 
switch so that  the polar i ty  of the electrodes can 
be reversed quickly. A voltmeter  is needed in 
the circuit to show that  the impressed potential  
is constant  and an ammeter  to show that prac- 
tically no current  (or less than 10 milliamperes 
in H~O) is flowing, and hence indicating that 
the emulsion is a :poor conductor. To actually 
make the measurements  throw on the voltage 
and determine the time in seconds and fractions 
of a second (good stop watch, 1/10 sec.) that  
i t  takes an oil globule to pass  the diameter  of  
two or more squares on the ocular micrometer.  
Make ten measurements  and then reverse the 
orientat ion of the electrical field by  reversing 

* O b j e c t i v e ,  8 r am. ,  0.50 N.  A., 21X, ( l o n g  foca l  w o r k i n g  d i s -  
t a n c e .  ) 

O c u l a r ,  - - 2 5 X ,  c o m p e n s a t i n g .  
O c u l a r  m i c r o m e t e r  25 m i c r a  s q u a r e  r u l i n g s  o r  a S e d g w i c k -  

R a f t e r  r u l i n g  p l a c e d  in d i a p h r a g m  of  ocu la r .  
C a l i b r a t e  w i t h  s t a g e  m i c r o m e t e r .  

the switch and repeat  the measurements  in the 
opposite direction. Average  the measurements.  
Calculate the velocity in micra per  second -~. The 
absolute charge ill millivolts need not be cal- 
culated. 

In addition to the ocular micrometer which 
usually is ruled in squares too large to measure  
the diameters  of the oil globule, a binocular at- 
tachment to the microscope may be used. In 
the other eyepiece nmy be placed a micrometer  
ruled in the usual 1 ~ spaced line. Otherwise 
the finely ruled micrometer  can be placed in the 
original ocular of the microscope. Thus meas- 
urements  can be made simultaneously of the 
mobility and diameter  of the globule. 

Mooney 3 found  that the electrical mobili ty of 
oil droplets  increased with increasing radius. 
Pe rhaps  this var ia t ion ii~ mobility with size 
may be related to changes in surface ra ther  
than to a purely  frictional phenomenon. The 
addition of a trace of electrolyte serves to sta- 
bilize the mobility so that large and small oil 
droplets  migrate  with approximately  the same 
velocity. Mooney found that in pure water,  for  
an electrical field of  10 vol ts /em the mobility 
increased with the diameters of the globules for 
the range 0.005 to 0.04 ram. Mooney says that  
the results  obtained seem to indicate that  as the 
diameter  increases, the mobili ty approaches 
asymptot ical ly an upper  limit. Whether  the 
lower limit, as D approaches zero is zero or 
finite is hard  to judge f rom t h e  curves so far  
obtained. He  showed with emulsions of Stano- 
lind in 0.0008 N CuSO4 that  the cataphoretic 
mobility of the globules is independent of their 
diameter. F rom 1 ~ to 18 t~ the mobili ty in case 
of a pure oil in 0.0008 N CuS04 is independent 
of size. 

We tested several pure lubricat ing oils 
(s team and combustion engine oils) by the 
method of cataphoresis  and found multiple mo- 
bilities in conductivi ty water  emulsions, where- 
as in dilute copper solution the globules meas- 
ured showed identical velocities regardless  of 
size (1-16 t0. Differences were shown to exist 
in the different types  of lubricating and other  
mineral oils. In oils purposely  mixed, " s p l i t "  
mobilities were observed in the electrolyte emul- 

:L .  B.  J e n s e n  e t  al.  ]D lec t rophores i s  o f  D i p h t h e r i a  Bac i l l i ,  I, 
I L  I I L  J o u r n .  B a c t .  X V ,  pp.  367-450, 1928. 

aM. M o o n e y ,  P h y s .  R e v . ,  ~5', p. 396, 1924. 
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Fig. 2 

sions. I t  is theoretically possible that  this 
method may help elucidate the engineers '  ques- 
tion of emulsification of a given oil in forced 
feed lubrication of s team turbines, etc. 

I t  occurred to us that  the method of cata- 
phoresis might serve to identify an oil or fat, 
and perhaps  adul tera ted or mixed oils also 
could be detected by these physical measure- 
ments. Accordingly 55 samples of various oils, 
the histories of which we knew, were tested as 
emulsions in conductivity water  and emulsions 
in dilute copper  solution. 

About  lcc of oil was added to 100 cc of 
menst ruum and emulsified by shaking vigorous- 
ly in a shaking machine. The emulsion was then 
removed f rom the excess oil and af ter  standing 
five minutes each emulsion was measured in 
the cataphoresis  apparatus .  The tempera ture  
of the menst rua  was 25 ° C in each case. 

The data  of measurements  in conductivity 
water  are not included in this repor t  since they 
are of academic interest  only. The mobilities 
of the oils in 0.0008 N CuS04 are recorded in 
Table I. Each test  was run in duplicate. The 
da ta  are recorded in order  of increasing mag- 
nitudes of charge on the droplets. 

I t  will be observed that  these data show no 
correlations with any of the known physical, 
chemical or physiological characterist ics of fa ts  
and oils. I t  appears  that  the refined oils may 
possess  mobilities that  might serve to identify 

them. However,  there seem to be no sharp 
lines of differentiation which can assure  the ob- 
server  that  he is dealing with a specific oil. 

The " s p l i t "  mobilities of rancid oils are of 
some interest.  The crude oils also appear  to 
present  manifold velocities in the same emul- 
sion. Hydrogenat ion  appeared  to lower the 
potential  of an oil. The presence of nickel in 
one batch of herring oil lowered the electrical 
charges markedly. 

When  two or more " p u r e "  refined oils are 
purpose ly  mixed in equal volumes multiple mo- 
bilities are observed. Fo r  example:  

Oil No. 3 . . peanu t  oil " A "  ~ 15.6 micra per sec. 
Oil No. 13. cotton oil = 22.7 micra per  sec. 
Oil No. 54. coconut ~55.5 micra per sec. 
when mixed in equal quanities and then emulsi- 
fied in the copper solution showed the following 
groups of velocities : 

16. 0 to 20.0 - -  Twenty  droplets 
(micra per  21.0 to 48.0 - -  Twenty  droplets 

sec.) 52.0 to 55.5 - -  Twenty  droplets 

I t  is obvious that  the electrical method, so 
far  as it is now developed, furnishes us at best 
only presumptive  evidence as to the identity of 
an oil or  mixed oils. Pe rhaps  vary ing  amounts 
of the natural  components of an oil, stearine, 
etc., preclude any exact analysis by  this means. 
The values of the method can be determined 
only as the results of wider experience become 
available. 
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T A B L E  I 

O I L  E M U L S I O N S  

P. D. ( E L E C T R I C A L  C H A R G E )  I N  0.0008 N CuS04 

B u t t e r f a t  ( s u m m e r  c ream)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e r r i n g  0il " B "  H y d r o g .  32.7 ° t i tre,  nickel not  all r emoved  . . . . . . . . . . .  
P e a n u t  (No. A)  refined 12 ° B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a n u t  (No. A)  refined 14 ° B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H a r d e n e d  " f i sh  o i l "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H a r d e n e d  whale  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a n u t  oil crude,  unknown h i s t o ry  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a n u t  oil refined, sample  No.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cas to r  oil r anc id  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H y d r o g e n a t e d  cot ton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oleo stock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a n u t  c rude  " A "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cot ton  oil pressed,  refined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cot ton  
Cot ton  
Cot ton  

° ° . . . . . . .  • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

° ° . . . . . . . . . . . . . . .  • • . . . . . . . . . . . . . .  o o  . . . . . . .  

. . . . . . . . . . . . . . . . . .  • . . . . . . . . . . . .  • .  ° . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ° . . . . . . . .  

oil " A " - - 1 4  ° Beau  lye . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
oil " A " - - 1 2  ° Beau  lye . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
oil r anc id  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cot ton oil r anc id  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sunf lower  oil, unknown p u r i t y .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sunf lower  oil, p u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e a t ' s  ,foot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . .  
Crude  Cot tonseed  " A "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e r r i n g  oil " B "  hydrog .  32.7 °, all nickel r emoved  . . . . . . . . . . . . . . . .  
Corn  oil " A "  refined 18 ° B e a u  lye . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn  oil " A "  refined 16 ° B e a u  lye . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soya-bean  " A "  refined 14 ° B e a u  lye . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M u s t a r d s e e d  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a l m  kernel  oil . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sesame oil, unknown  p u r i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Olive Oil r anc id  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Crude  p a l m  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soya -bean  refined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . .  
Crude  Soya -bean  " A "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Crude  p e a n u t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . .  
L a r d  kett le  r ende red  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coconut ,  c rude  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e r r i n g  oil bleached but  no t  caust ic  ref ined . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K a p o k  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soya-bean  " A "  refined 12 ° B e a u  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Per i l la  oil . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i l cha rd  bleached and fil tered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a l m - - r e f i n e d  and  deodor ized  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i l cha rd  c rude  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coconut  refined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn  oil c rude  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P.  D. ~,/sec. 
11.1 
12.5 
15.6 
16.6 
1.6.6 
16.1 
16.6 
15.6 
16.6 
20. 
20. 
22.5 
22.7 
22.7 
22.7 
22.7 
23.3 
23.3 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
26.6 
26.6 
28.0 
27.7 
30.0 
31.0 
31.2 
31.0 
33.0 
33.0 
28.5 
30.3 
31.2 
33.3 
33. 
33.3 
35.6 
35.7 
38.0 
38.6 
38.4 
40.0 
43.1 
45.4 
50.0 
55.0 
55.5 
62.O 

140V.  D. C. 

to 25.0 

to 28.0 
to 25.0 
to 25.0 
to 26.3 
to 47.6 
to 26.3 
to 33.3 
to 33.3 

to 29.0 
to 29.2 

to 29.0 

to 25.0 
to 28.5 
to 50 
to 42.0 
to 40 

to 50 
to 41.6 


