
STUDIES IN  EMULSIONS 
BY WILLIAM SEIFRIZ 

VI. THE EFFECT OF ACIDITY ON TYPE AND REVERSIBILITY OF EMULSIONS 

Introductory 
The author’s observations on the effect of acidity on the behavior of emul- 

sions are limited to emulsions of olive oil. 
The fact that sodium hydroxide causes reversal of certain emulsions in one 

direction while sodium chloride does not, suggests, as do numerous other be- 
havior phenomena, that acidity might be a factor in phase reversal. Accord- 
ingly, H-ion concentration determinations were made of ten of the emulsifiers 
used in these studied on olive oil emulsions, both before and after the addition 
of electrolytes to the emulsions. 

Experimental 
The colorimetric method of measuring H-ion concentration was employed, 

except in those few instances where the value was over IO. Since this method 
is not adapted to measuring acidity of such turbid systems as oil emulsions 
and could not possibly be employed to determine the pH of water-in-oil 
emulsions, the pH values of the aqueous phase were measured separately, i.e., 
apart from the emulsions. The actual acidity values of the emulsifiers when in 
the emulsions undoubtedly differ from that of the emulsifiers alone, owing to 
the acidity of the olive oil, but for comparative purposes the values obtained 
are suitable. 

The pH values and concentrations of the ten emulsifiers are given in Table 
V. There is also given the type of emulsion which each emulsifier produces 
with olive oil, and whether or not the emulsion is reversible with KaOH, if of 
the water-in-oil type, and with BaClz if of the oil-in-water type. 

TABLE V 
Emulsifier Concen- pH Value ‘rype,of Electrolyte 
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From the above table no relation between acidity, reversibility, and type 
of emulsion, with one possible exception, is evident. Soap, with the maximum 
pH value, and lecithin with the minimum value, both form oil-in-water sys- 
tems. Cephalin, with a pH value of 4.8, is reversible, while lecithin with 
approximately the same pH value is not reversible. The only conceivable 
relationship between type of emuslion and acidity which can be derived from 
the above data is the following. If we select an arbitrary intermediate pH 
value, say 8.0, then all those emulsions which are reversible and which have a 
pH value below this selected one (cholesterin, gliadin, casein and cephalin), 
are water-in-oil systems, while the one reversible emulsion with a pH value 
above 8.0 (soa,p), is an oil-in-water system. That there is more to this relation 
will be seen from what follows. 

All of the water-in-oil emulsions are reversible with BaClz and also with 
HCI. A second reversal in the opposite direction is accomplished by the hy- 
droxide of S a  but not by the chloride. A further fact which still more strongly 
indicates a relationship between acidity and phase reversal is the following. 
If two samples of emulsion with sodium stearate as the stabilizer are reversed, 
one by BaClz and one by HC1, the pH value of the aqueous phase is the same 
in each case a t  the same point of reversal. For exampie: the pH value of 
freshly made M / ~ o o o  sodium stearate is 9.6. The emulsion formed with it as 
stabilizer is an oil-in-water one. If to such an emulsion 0.3 C.C. of i \ l /roo BaC12 
is added, two-thirds of the total vohme of the emulsion is converted into an 
emulsion of the water-in-oil type. The pH value of the aqueous phase plus 
this amount of BaCl, (measured separately) is 8.8. If now, enough dilute acid 
(0.1 C.C.  of M/4 HC1) is added to a similar emulsion until the same proportion, 
i.e. two-thirds of the total volume, is reversed, the pH value of the aqueous 
phase plus this amount of acid will be found to be 8.6. In other words, the pH 
value of the aqueous phase of an olive oil emulsion with a sodium stearate 
emulsifier, is the same when the emulsion is brought to the same point of re- 
versal by either BaClz or HC1. If the two experiments are carried further until 
reversal of the entire volume of the two emulsions is complete, which requires 
0.7 C.C.  of M/IOO BaClz in the first case and 0.15  C.C.  of X / 4  HCl in the second 
case, and the pH of the two respective aqueous phases then determined, it m d l  
be found to be 7 .2  in both cases: that is, in order to cause complete reversal, 
whether with BaClz or HC1, the pH of the soap emulsifier must be brought 
down to the same value in each case. It will be noticed also that this value of 
7 . 2  is below the arbitrary value of 8.0 selected as that below which all reversible 
emulsions are of the water-in-cil type. 

Interesting in connection with the apparent fact that a pH value below 8.0 
means that the emulsion is of the water-in-oil type, is the fact that a soap 
(NaC1SH3502) solution several days old always forms a water-in-oil emulsion. 
The pH of such a soap solution is near or below 8.0." Further, when a freshly 
prepared soap solution has a pH of over 10.0 (the sooner the pH readings are 

* The muse of the drop in pH with age of the soap solution is probably due to solubility 
of COZ from the air. 
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taken after preparing the solution the higher are the values), the more readily 
is the oil emulsified, the higher is the electrical conductivity, and the more 
finely dispersed is the oil. When the soap solution, after standing for a day, 
has a pH value of about 9.0, the oil emulsifies with difficulty and the milli- 
amperage is low (i.e. the electrical resistance is high and the less perfect is the 
continuity of the aqueous phase). The emulsion is near the reversal point 
and unstable. 

VCiere we to look no farther than the behavior of one type of emulsifier, 
(soap) and the effect of but two electrolytes (BaC12 and HCI), a very nice 
theory of the relationship between acidity, type of emulsion, and reversibility 
could be formulated. We could say that acidity is a determining factor in 
phase reversal, that there is a definite pH value at  which phase reversal takes 
place, and that alcove this value the emulsions are of the oil-in-water type and 
below it they are of the water-in-oil type. When, however, we investigate the 
behavior of emulsions with other stabilizers, and the effects of other electro- 
lytes, these apparent facts all collapse. 

Ba(OH)z will reverse the olive oil emulsions which can also be reversed with 
BaC12; yet, while BaC12 increases the acidity of the emulsifier, Ba(OH)z in- 
creases the alkalinity. . 

All of the reversible olive oil emulsions enumerated in the table can be 
repeatedly reversed by alternate additions of BaC12 and NaOH. In  this 
process the pH value steadily climbs. Four reversals with M/IO BaClz 
and M/IO NaOH of an emulsion with a Ka stearate stabilizer, raises the 
original pH value of 9.6 to 12.19. Even more rapid is the steady increase in 
alkalinity when this process of repeated reversal is carried out by alternate ad- 
ditions of Ba(OH)z and NaOH. It is not conceivable that acidity plays an im- 
portant part in these repeated reversals. In  the case of the emulsion with 
gelatose as the stabilizer, the same electrolyte (NaOH or Ba(OH)2) produces 
reversal first in one direction and then in the other. (See Part I11 of these 
studies). What r61e acidity might play here it is difficult to surmise. 

One fact bearing on the possible influence of H-ion concentration on phase 
reversal holds in the case of all emulsions, namely, when reversal is produced 
by HCI, whether of an emulsion which has not previously been reversed and is 
of low pII value, or of one which has been frequently reversed and is of high pH 
value, the pH must in every case be brought to a definite minimum in order to 
cause reversal. An olive oil emulsion with an aqueous phase of M/ IO KaOH 
and therefore of high pH value (sodium oleate is the emulsifier in this case), can 
be reversed with 3 C.C. of M/IO BaC12. The pH value of the reversed emulsion 
is still above 10.0. Three times the quantity of BaClz necessary to cause re- 
versal will not bring the pH value below 10.0. In order to reverse the same 
kind of emulsion with HCI, the pH must be brought down to 7.4. The same is 
true of the water-in-oil emulsions with cholesterin as stabilizer. The pH value 
of the cholesterin solution is 6.6. If two samples of such an emulsion are both 
first reversed by NaOH ( 0 . 2 5  C.C. M/Io) into oil-in-wa,ter systems and the two 
emulsions then brought back to the reversal point, in the one case by BaCL , 
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(0.4 C.C. M/Io),  and in the other case by HCI (0.3 C.C.  M/4), the pH value of 
the aqueous phase in the first (BaCI2) case is still above 10.0, while in the sec- 
ond (HCl) case it is 7.4. It will be noticed that this pH value of 7.4 or 7 . 2  is 
obtained in several instances where the emulsions are brought to or near the 
reversal point. 

Conclusion 
The fact that olive oil emulsions, with one of a variety of stabilizers, which 

are reversible with BaC12, are also reversible with HCI, and the further fact 
that a pH value of 7 .2  is always that a t  which reversal of olive oil emulsions 
takes place with HC1, and frequently that a t  which reversal with BaClz takes 
place, goes to indicate that H-ion concentration is a factor in phase reversal 
in emulsions; but the further facts that two hydroxides, each adding to  the 
alkalinity of an emulsion, may cause reversal in opposite directions, and that 
highly alkaline emulsions of the oil-in-mater type may be reversed by BaC12 
without brinping the pH value down to 7.2 or even to approach that value, 
precludes asci ibing to acidity any prime r6le in determining type or reversibil- 
ity in emulsions. 

It is likely that the key to alternate reversal in olive oil emulsions lies in the 
presence of free fatty acids in the olive oil which form Ba and Ya soaps. Pos- 
sibly a closer relation between pH and emulsion type and reversibility can be 
obtained if an acid-free mineral oil of known simplicity is used. 

e 

T’II. THE EFFECT OF PHASE RATIO AND OF METHOD IN HANDLING ox 
EMULSION TYPE 

-4. Inversion by alteration of phase-volume ratio 

Introductory 
Pure oil and water can be emulsified only when the oil phase is very dilute, 

( I  part in 1,000). When a third substance is used as a stabilizer the proportion 
of oil and water may vary within wide limits. 

Inversion of oil emulsions by the alteration of volume concentration has 
been studied by Robertson’ who finds that 91 C.C. of olive oil with 8 C.C.  of 
water and I C.C. of gN.KaOH, yields an emulsion of the water-in-oil type, as do 
all higher proportions of oil to water; while 90 C.C. of oil with 9 C.C.  of water 
and I C.C. of 5K.9aOH forms an oil-in-water emulsion, as do all ratios below 
this proportion. Robertson obtains from these data what he terms the critical 

9.5 
90.5 

ratio, which is - = 0.10;. 

The writer’s observations on the effect of phase ratio on emulsion type are 
restricted to refined petroleum oils and pure aqueous casein, without the ad- 
dition of any electrolyte. 

1 Kolloid-2. 7, 7 (1910). 
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Experimental 
Alteration of the phase-volume ratio has no effect on the type of emulsion 

of petroleum oils of light weight stabilized with casein. Such emulsions in 
equal proportions of oil and water are fine stable oil-in-water systems. In  de- 
creasing the proportion af water to oil a point is reached where the oil cannot 
be emulsified in the minimum amount of water. 

Those petroleum oils which are in or near the zone of instability are readily 
influenced as to type by change in ratio of the oil and water phases. 

In Part I of these studies is described the change in type of casein stabilized 
emulsions from oil-in-water of the light oils to water-in-oil of the heavy oils, 
which take place with increase in specific gravity of the petroleum distillates. 
Those oils whose specific gravity values lie about midway (sp. gr. 0.82 to 0.857) 
in a series of distillates from 0.664 (hexane) to 0.895 (heavy lubricating oil) 
represent a zone of instability. All hydrocarbon distillates lying within this 
zone of instability, either do not emulsify at  all or form poorly stable systems 
which may contain emulsions of both types. The forming of emulsions of both 
types without the addition of any electrolyte, is especially characteristic of the 
less pure commercial petroleum cils, such as “Diamond Paraffin” oil, (Stand- 
ard Oil Co.) which lie within or near the zone of instability. This peculiarity 
is undoubtedly due to their wide boiling range, and resulting heterogeneity 
which make them an admixture of relatively light and of relatively heavy 
hydrocarbons. 

It is these oils which lie near the critical point (point of type reversal) with- 
in the zone of instability, which can be readily thrown one way or the other, 
as to type, by change in volume ratio. 

In  the following table are given the types of emulsions which the high grade 
commercial “Diamond Paraffin” oil (specific gravity 0.886, boiling range 
305’ - 4ooOC) forms when emulsified with different proportions of an aqueous 
phase of casein. 

TABLE VI 
Volume of Volume of aqueous Nature of emulsion. 
oil (in c . c . )  phase (in c.c.) Type’ Texture2 Stability3 

2 5  I O  1370 fine stable 

fine stable 
coarse unstable 2 5  I 5  

fine stable 
2 5  2 5  {z medium stable 

2 5  35 OW fine stable 

1 W 7 0  = water-in-oil, OW = oil-in-water. 
2 Fine = droplets average 0.02 mm., medium = droplets from c.cz to  0 . 5  mm., coarse 

a Stability a relative term: stable = emulsion maintained for 15 minutes or more, 
= droplets over 0.5 mm. 

unstable = phases separate quirkly. 
Both types exist. 
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It is difficult to understand the behavior of the above emulsions on the 
basis of either of the two existing theories on the mechanism of emulsion type, 
namely, that of surface tension1 and that of orientation of molecules2. (The 
theories are discussed in Part I of these studies). There is no reason to believe 
that change in phase-volume ratio in any way alters the surface tension value 
between the oil and the aqueous casein, or that it alters the chemical constitu- 
tion of the molecules at the interface. Nor does the suggestion of Robertson3, 
made in explanation of the behavior of olive oil with alteration of phase ratio, 
seem to hold here. M7hile it might be argued that the amount of casein in the 
2 5  : I O  ratio-which yields a K O  emulsion-would be insufficient to surround 
the greater number of oil globules of an oil-in-water emulsion while it is suf- 
ficient to envelop the fewer water globules of the water-in-oil emulsion ob- 
tained, the speculation collapses on realizing that a good stable oil-in-water 
emulsion can be formed at this same ratio of 25 : 10 ij the ozl i s  a light hydrocarbon 
distzllate, (e.g. hexane). 

B. The effect of methods in handling on emulsion types. 
Much excellent work has been done pertaining to the influence of methods 

of handling emulsions on the rate of emulsification and on stability. Less 
reference has been made to  the effect of methods in handling on emulsion type. 

One of the most common cases of inversion of type due to difference in 
handling is that which results from standing. Practically all emulsions studied 
by the writer were made up in volumes of IOO C.C.  which were divided into 50 
c.c. samples, one of which mas experimented with immediately while the other 
stood for from I 5 to 30 minutes awaiting treatment. 

It not frequently happens that a second sample of one and the same emul- 
sion forms, on reshaking after a rest of half an hour, the opposite type of emul- 
sion as did the first sample. This is especially true of petroleum oils which lie 
in the zone of instability (see Part I of these studies). It is such idiosyncrasies 
of emulsions which try the patience of the investigator! 

Another interesting case of the effect of resting on emulsion type, is the fol- 
lowing. Four samples of “Diamond Paraffin” oil (Standard Oil Co.) were 
prepared in the proportion of 2 5  c.c. of oil to  1 5  C.C.  of aqueous casein. All 
quickly formed good stable water-in-oil emulsions. Ten c.c. of water was 
then added to each sample. The emulsions remained fine stable water- 
in-oil systems. Three of the samples were allowed to stand while the fourth 
was treated with NaOH. Ordinarily an emulsion of equal parts of a 
“Diamond Paraffin” oil (specific gravity 0.886) and water is of both types 
(see Table 1‘) and is readily reversed into a fine oil-in-water emulsion 
by a few drops of M / 5  XaOH. In the case of the water-in-oil samples 
above mentioned the one first treated was so stable as to resist 30 C.C. of 
M/5 SaOH. Not until 40 C.C. had been added could the emulsion be in- 

J. Phys. Chem. 17, 501 (1913). 
J. Am. Chem. Soc. 45, 2780 (1923). 
Kolloid-Z. 7, 7 (1910). 
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verted into a pure oil-in-mater system. In the meantime, samples I ,  2 and 
3, all identical at the outset with sample 4 just discussed, had been stand- 
ing for some 2 0  minutes. On reshaking these three emulsions, each one became 
a fine stable oil-in-water system, the reverse of the original condition. Mere 
resting without the addition of a hydroxide had caused these three emulsions 
to  reverse while their sister sample which had not rested, could not be reversed 
with less than 40 C.C. of all5 NaOH. 

While reversal in type due to resting, is usually from the water-in-oil to the 
oil-in-water state, the opposite is often to be observed. An emulsion of 
“Straw” oil (specific gravity 0.882) is ordinarily of both types, and therefore 
so near the reversal point as to be readily thrown into a fine stable oil-in-water 
emulsion by I C.C. of M/; NaOH. If, however, an original emulsion of this 
kind is allowed to stand some 2 0  minutes and is then reshaken it may be a pure 
water-in-oil emulsion and so stable as to  be reversible with not less than 60 C.C. 

of ;rUr/; Ba(OH)2. (Where such large volumes of electrolytes are necessary to 
cause reversal much of the effect of the added solution is to be attributed to 
increase in the volume of the water phase; but not all, since the same volume 
of water added without electrolyte will not reverse the emulsion). 

Any number of instances such as those given above could be cited. Need- 
less to say, there is as yet no actual physical theory which will account for these 
behavior phenomena of emulsions. 

VIII. A COMPARISON OF THE BEHAVIOR OF VEGETABLE OILS WITH THAT OF 

PETROLEUM OILS 

Introductory 
Emulsions of any one oil stabilized with different substances may be of 

either the oil-in-water or the water-in-oil type, depending upon specific but as 
yet unknown properties of the emulsifying agent. That this is true has been 
shown, among others by Bhatnagarl and Seifrizz. The former finds that kero- 
sene emulsions stabilized with sodium oleate, casein, a1 kaline zinc hydroxide, 
lecithin, or univalent soaps, are of the oil-in-water type; while the same oil 
stabilized with carbon, zinc hydroxide, aluminum hydroxide, lead oxide, or 
rosin forms water-in-oil emulsions. Seifriz found that olive oil stabilized with 
sodium oleate, sodium stearate, gelatose, gum arabic, albumin, lecithin, sapo- 
nin, senegin, smilacin, or plant juices (cell sap and protoplasm) form oil-in- 
water emulsions, while the same oil stabilized with casein, gliadin, cholesterin , 
or cephalin forms water-in-oil emulsions. 

A comparison of the data of Bhatnagar and Seifriz shows that two different 
oils, kerosene and olive oil, stabilized with the same substances may form like 
or opposite types of emulsions. Thus, kerosene and olive oil both form oil-in- 
water emulsjons when stabilized with either sodium oleate or lecithin, while 

J. Chem. SOC. 119, 1760 (1921). 
*Am. J. Physiol. 66, 124 (1923). 
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when stabilized with casein an oil-in-water emulsion is formed by kerosene 
and a water-in-oil one by olive oil. 

That this difference in the type of emulsion which casein forms exists not 
only between oils as widely different as a vegetable oil and a mineral oil, but 
even between oils of the same origin. is evident from the experimental data 
presented in Part I of these studies where it is shown that light petroleum dis- 
tillates form oil-in-water emulsions with aqueous casein, while heavy petro- 
leum distillates form water-in-oil emulsions with the same stabilizing agent. 

With the idea of determining horn far other vegetable oils duplicate the 
behavior of olive oil, the following preliminary experiments have been carried 
out. 

Experimental 
The vegetable oils used were olive, sperm, castor bean, poppy seed, linseed 

and cod-liver. All form, with aqueous casein, fine stable water-in-oil emulsions 
except linseed oil which forms a dual emulsion with the water-in-oil type the 
more stable and predominating. 

All of the water-in-oil emulsions of the six vegetable oils stabilized with 
casein, are readily reversible by NaOH into stable oil-in-water systems, and 
may be reversed back again to  their original type by BaClz or Ba(OH)2. The 
linseed oil emulsion, which is dual in nature, is readily thrown into a fine stable 
oil-in-water emulsion by NaOH, or into a fine water-in-oil emulsion by BaClz 
or Ba(OH)2. 

The vegetable oils, therefore, are all in the same category, as regards type 
and reversibility. They are unlike light petroleum oils as to type, and unlike 
all petroleum oils as to  reversibility. As set forth in Part I1 of these studies, 
oil-in-water emulsions of light petroleum oils are irreversible with NaOH, NaC1, 
Ba(OH)2, BaC12, Alz(SO4)3, or Th(xO3)4; while water-in-oil emulsions of 
heavy petroleum oils can be reversed by NaOH, Ba(OH)2, Alz(S04)3, or 
Th(N03)k but not by NaCl or BaC12. (NaC1 has no pronounced influence on 
any of the emulsions studied. At best, it has a relatively slight stabilizing ef- 
fect on petroleum oil emulsions of the oil-in-water type). 

Conclusion 
Vegetable oils, so far as six different kinds go to prove, are all of one class, 

both as regards type of emulsion originally formed (with one partial exception), 
and as regards reaction to  electrolytes. As to type they are like the light pe- 
troleum oils. In respect to  behavior in the presence of electrolytes the vege- 
table oils are in quite a different class from that of the petroleum oils. 




