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Emulsions and the Effect of Hydrogen Ion Concentration

upon their Stability.

Introduction,

Since the publication of the work of Harkins (1) and
Lengmuir (2) on the structure of liquid surfaces at a liquid=-
liquid surface, the orientation theory of emulsions and emulsi-
fication has been the object of much investigation and ex-
perimental work. Newman {(3) working with Bancroft in 1914
observed that when benzene andl water were emulsified using
sodium oleate as the emulsifying agent the hydrocarbon formed
the inner phase, whereas when oleic acid salts of metals with
a higher valence as maghesium oleate were employed, the water
becomes dispersed thru the benzene, the latter becoming the
continuous phase. These observations were substantiated by
Harkins and are in accord with his theoretical deductions of
the nature of emulsifying agents.

Harkins and his co=-workers believe that the stability
of the dispersed particles in an enulsion is accomplished by
the orientation of the molecules at the interface with the
medium of dispersion. An enulsifying agent in the light of
Harkints theory should be a compound having a polar and non-
polar group in the molecule. Hence the alkali salt of a fatty
aclid such as oleic and stearic acids meet this requirement.
As emulsions are systems of two non-soluble licuids, the

emulsifying agent must serve to reduce the abruptness of the



transition between the two liquids. An emulsion, according

to Harkins, is stable when the molecules of the film of the
emulsifying agent fit the curvature of the emulsified particle.
Accordingly, sodium oleate reduces the free energy betweén
benzene and water and thus induces the emulsification of the
benzene in the water, whereas with magnesium oleate the film
of the emulsifying agent fits better the water particle and
this in ﬁurn becomes dispersed in benzene.

In the preparation of medicinal emulsions gum arabic
or acacia is the most generally used emulsifying agent and
yields very stable milk-like emulsions. Acacia in all of the
generally used medicinal emulsions invariably produces an
emulsion of the oil=-in-water type and as this type of emulsions
is the more palatable, this gum serves well for the preparation
of medicinal emulsions. In general treatises on Materia Medica
and Medicinal Chemistry this gum is referred to as the sodium,
potassium and calcium salts of arabic acid. The general texts
on pharmacy and phamaceutieal chemistry have assigned the

following formulas to this compound arabic acid.

(2) (5) and (7)

2(CqHy o0.) H,O Hgg011

2 Cis

C.H, .0 (e)
5710711

The gum itself contains varying amounts of sodium and potassium
and certain samples are bractically pure calcium arabate.

Not much work has been done on the determination of
the structure of arabic acid and Beilstein gives the following

empirical fomula for the acid which has been dried at 100°C.



Clsﬂisog? Neubauer (8) prepared the calcium and potassium
salts and found them to have the following compositions CaO.
0 ? Heckmeyer (9) found the lead,

261 2%50%10 Kg0e{Cy oHpp017 )5
copper and barium salts to have the following compositions
ZPbO.BClezoOlO CuO.Cla‘Hzoolo.ClegBOll BaO.zcleZOOlo.

OtSullivan (10) prepared calcium and barium salts of the acid
which he analyzed and assigned to them the following formulas
089H143074.Ca and 089H142074.Ba. By hydrolyzing‘arabic acid
with diluted sulphuric acid, the same investigator obtained a
series of acids having 23 to 71 carbon atoms in the molecule.
Beéhamp~obtained the di and tetra nitro substitution products
of arabic acid by treating gum arabic with hot nitric acid.
These compounds were amorphous and assigned the compositions
(vo

[ (>3 s . .
CqoH 20 and C,_H (N02)4010. respectively. Likewise

18 2) 10° 127186

the seme investigator succeeded in acetylizing the gum with
acetic anhydride at 105°C. and obtained an amorphous insoluble
compound of the composition Cl2H16(CBH50)4010?

This summary indicates that little is kmown about the
structure of arabic acid, but from the work that has been done,
the compound seems to be similar to familiar carbohydrates in
structure or the carboxylic acids obtained by mild oxidation of
the carbohydrates.

Tragacanth,K another gum-like substance which is employed
to prepare medicinal emulsions, like acacia invariably produces
emulsions of the oil-in-water type, although this substance like
acacia consists of the calcium salt of a complex organic acid.

The principal acid constituent of this gum is biassoric =acid,

to which Sullivan (12) assigned the formula H.C24H54020.H20.



As arabic acid is obtained from acacia in a pure form far more
readily than bassoric acid is obtained from tragacanth, this
subst ance was selected as the typical acid for studye.

In view of Harkins and Newman'®s experiences with sodium and
magnesium oleates, it was decided to investigate the emulsifying
properties of acacia and tragacanth in order to determine the
effect of a univalent or divelent metal in the emulsifying agent.
It will be recalled that as the oleates of sodium and magnesium
hare but one po;ar group in the molecule, namely the respective
metallic atoms, the sodium and magnesium salfs of bassoric and
arabic acids contain the polar hydroxyl groups, in addition to
the polar metallic atoms. In addition to investigating the
character of the emulsions fomed by the univalent and divalent

salts of these acids, it was thought necessary to study the
influence of changes of hydrogen ion concentration upon the
stability of emulsions made with acacia and tragacanth and to
determine the influence of this factor upon the two emulsifying
agents.

The influence of changes of hydrogen ion concentration upon
the emulsions prepared with acacia and tragacanth of the oil-in-
water type was interesting enough to warrant studying this
influence upon emulsions of the water-in-oil type. It was found
impossible, however, to employ the divalent salts of arabic acid
for this purpose, as will be observed from the character of these
emulsifying agents; therefore to prepare these emulsions magnesium

oleate was employed.



Although for years, in medicinal emulsions, the
presence of acids was considered detrimental to the stability
of emulsions, whereas alkalie;%ave been looked upon as
stabilizers, on account of their union with vegetable and
animal oils to form soap, little or no work has been done
to study the influence of changes of actual hydrogen ion
concentration upon emulsions and emulsifying agents. The
importance of the stability of emulsions and those agents
which influence this cannot be over-~estimated; not oﬁly has
this field an important pharmaceutical significance, but
mnanufacturers of salad dressings and food products in general,
many of which are emulsiondike in nature, are calling upon the
chemist to interpret end rectify the instability of their
productse.

The salient problems for study then in this investiga-
tion are; first,.the study of the type of emulsions produced
by salts of arabic acid and related compounds; second, the
study of the influence of changes in hydrogen ion concentration
upon emulsions prepared with thesc emulsifying agents of the
oil=in-water type; and third, a study of the influence of
changes in hydrogen ion concentration upon Water-in-oil‘emul-

sions.



Exper imental.

Materials and Apparatus.

1. Oleates = A sample of C, P. sodium oleate was used as the
starting point in the manufacture of the various cleates
employed. TEach was prepared by double decomposition between
sodium oleate and the chlorides of the respective metals.
The precipitated oleates were washed free from sodium chloride
by repeated decantation. In the case of cobaltous oleate, it
was found necessary to use the compound immediately after
manufacture, as this compound readily decomposed upon exposure
to air and moisture.
2e AraBic Acid = this compound was obtained by slightly acidify-
ing a solution of acacia in water with hydrochloric acid, dialyz-
ing to remove solubhle chlorides and precipitating the arabic
acid from its agqueous solution by means of alcohol.
Merck's Arabin was also employed.
3. lMagnesium Arabate = the compound was prepared by boiling a
solution of arabic acid in water with an excess of magnesium
carbonate, filtering and evaporating the filtrate to dryness
over a water=bath.

Upon ignition the compound yielded 2.4 per cent of magnesium
oxide.
4, Sodium Arebate = the calcium present in a solution of acacia
in water was precipitated by the addition of sodium carbonate
and the solution brought to the neutral point. The filtrate was

evaporated to dryness over a water-bath.



5. Terric Arabate = a 20 per cent solution of acacia in
water was treated with ferric chloride solution, added drop
by drop until a gel was obtained of uniform reddish~brown
color and a stiff consistency. The iron (Fe) content of the
gel was determined by treatment with hydrochloric acid and
potassium iodide in the usual manner and titrating the
liberated iodine with sodium thiosulphate.
The gel contained 0.39 per cent of iron.
6. Lead Arabate = a solution of acacia in water was treated
with a sclution of lead subacetate Pbg'-o (CH5.COO)2 equivalent
to 18 per cent of metallic lead, as long as precipitation
occurred. The precipitate was washed free of soluble lead
salts and dried to a constant welzght at 100°C. The lead
content was determined by dissolving about one gram of the
lead arabate in diluted nitric acid and precipitating the
lead as carbonate by means of sodium carbonate, washing,
filtering and igniting,weighing the lead as the monoxide.
The compound contained 40.25 per cent PbhO.
7« 30dium Valerate = obtained by neutralizing valeric acid
with sodium bicarbonate and evaporating the solution to the
crystallizing point.
8. Ilagnesium Valerate = prepared by dissolving magnesium
borings {for Grignard reaction) in a mixture of wvaleric acid
and water. After the reaction was complete the solution was
evaporated to the crystallizing point.
9« Zinc and sAmmonium Valerates = these compounds were used
from a supply of the salts of medicinal purity in this

laboratory.



10. Caleium Gluconate (14} = prepared by oxidizing glucose
with bromine in aqueous solution at room temperature and
neutralizing the hydrobromic acid with lead carbonate.

The lead was precipitated by passing in a stream of hydro-
gen sulphide and the filtrate was boiled with an excess of
calcium carbonate. The filtrate was then evaporated to the
crystallizing point. The sodium salf was obtained by
decomposing a solution of the calcium salt by means of
sodium carbonate, removing the precipitated calcium carbonate
and evaporating the filtrate to dryness.

11, Cadmium i-galsctonate (155 - prepared by hydrolyzing
lactose with diluted sulphuric acid, removing the sulphuric
acid by the addition of barium hydroxide and oxidizing the
filtrate with bromine at room temperature. The hydrogen
bramide was removed by means of lead carbonate and silver
oxide and the lead and silwver removed by hydrogen sulphide.
The free acid was neutralized with cadmium carbonate and
evaporated to dryness. The sodium salt was prepared by
neutralization of the free acid with sodium carbonate.

12. Magnesium Dioxystearate (16) = prepared by the oxida-
tion of potassium oleate in alkaline solution by means of
potassium permanganate. The acid was precipitated and
purified by crystallization from al cohol. The sodium salt
was prepared by the addition of a molecular equivalent of:
sodium hydroxide and the magnesium salt obtained by double
decomposition between magnesium chloride and sodium

dioxystearate.



13+ Calcium Balicylate and Calcium Gallate - these substances
were prepared by neutralization of the free acids of a high
degree of purity by means of calcium carbonate and crystallizing
the salts from water.

14. The acacia and tragacanth employed met the requirements
prescribed by the United States Pharmacopoeia for these
substances.

15. The mineral oil employed was the commercial "Nujol" and
the cottonseed and olive oils met the requirements of the
United States Pharmacopoeia. Distilled Water Py 9.8 to 6.4

was employed.

16, Apparatus = The special apparatus employed in this
investigation consisted of a hydrogen ion determihation

outfit with a type K. potentiometer and a Wilson hydrogen
electrode, a Du,Noﬁy Tensiometer and a Donnan pipette which

is shown in figure thirteen. !

Certain Oleates as Emulsifying Agents:

In alignment with the work of Harkins and Newman several
emulsions were prepared of mineral oil using sodium oleate,
magnesium oleate, calecium oleate, manganese oleate, cobalitous
oleate, nickelous oleate and aluminum oleate as emulsifying
agents. Similar to the observations of Newman and Harkins
with benzene, the sodium oleate yielded a dispersion of oll
in water, whereas the dispersion prepared with the oleates of
the divalent metals and alumminum gave emulsions of the water-
in-oil type. When sodium oleate was employed one gram of
the salt was sufficient to yield 40 cc. of a stable oil-in-

water emulsion 25 per cent. The method employed consisted



of triturating the oil thoroughly with the sodium oleate and
adding 6 cc. of water, in one partion and triturating répidly
until complete emulsification took place; the remainder of

the water was added slowly with continued trituration. 1In
each case when an emulsion was prepared by this method dilution
with water did not cause a separation, but attempts to dilute
with o0il failed, illustrating the presence of the oil as the
inner phase of the emulsion. With magnesium oleate the
following procedure was employed. One gram of magnesium oleate
was triturated with 18 cec. of oil and when the mixture was
homogeneous, the 10 cc. of water was added in one portion

with continuous trituration. The formation of the emulsion
nucleus was easlly determined by the crackling sound produced
when the pestle was rapidly drawn thru the emulsion. This
emulsion nucleus was then slowly diluted to 40 cc. with mineral
0oil., This same procedure was employed in the preparation of
the emulsions prepared with calcium, manganese, cobalt, nickel
and aluminum oleates. These emulsions were permanent over a
period of several months and permitted liberal admixture with
qil, but attempts to dilute with water brought about immedi ate
separation. This showed the oil‘to be the outer phase of the
emulsion. Those prepared with magnesium oleate were the most
easily prepared and the most stable emulsions of the group.
Figure one illustrates the behavior of these emulsions when

dilution was attempted with water and oil respectively.
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Figure 1.

oil-in-water type with sodium oleate.
oil-in-water type with water soluble fluorescein
dye - showing continuity of the color and outer
phase.

water-in-oil type with magnesium oleate as the
emulsifying agent.

shows 30 cc. of emulsion §3 to which 10 cc. of
water has been added - note the separation of
the v/ater as a layer beneath the emulsion.
water-in-oil type - the rrater colored with a
fluorescein dye - note the discontinuity of
the color.

water-in-oil type after an attempt to dilute
with water to which a fluorescein dye has been

added*



Valerates as Bmulsifying Agente.

Considering the simplest formula assigned to arabic
acid CSHlOOll’ five carbon atoms present in the molecule, an
acid of the methane series with 5 carbon atoms in the molecule
was selected for study. This compound valeric acid is of
definite composition and gave an excellent starting point for
study. Emulsions of mineral oil prepared with the sodium
and ammonium salts of this acid were of the oil=-in-water type
and permitted slight dilution with water, but could not be
diluted with oil at all. The procedure employed was to place
1 Gm. of the salt in a mortar and add 5 cc. of oil and 5 cc. of
water and triturate briskly until the mixture was homogeneous.
These emulsions were not very stable, and upon standing 12 to
18 hours the oil and water separated, yet upon agitation the oil
was again dispersed thru the water.

The magnesium and zinc salts of valeric acid, using
the same quantities and procedure as directed in the foregoing
experiment, ylelded emulsions of the water in oil type. As the
salts of wvaleric acid were found to possess far less emulsifying
power than the salts of oleic acid, more difficulty was ex-
perienced in determining Whether the emulsion was of the oil
in water type or vice versa. In order to overcome this
difficulty the water was colored slightly by an organic pig-
ment cudbear, which is insoluble in the oil. The continuity
of this pigment in the emulsion indicated that water was the
outer or continuous phase, whereas the discontinuity of the

red color showed that the water was dispersed in the oil.



Arabates as Imulsifying Agents.

Having demonstrated the capacity of divalent
metals when combined with the five carbon atom valeric acid
to form water-in-oil emulsions, seweral emulsions were pre-
pared using different salts of arabic acid, Arabic acid,
sodium and magneSium arabates gave stable emulsions of the
oil-in-water type. The procedure employed was to triturate
10 cc, of the oll with 2.5 6m, of the emulsifying agent and
add in one portion 5 cc. of water, then after brisk tritura-
tion and the formation of the emulsion nucleus, the remainder
of the water was added slowly with continued trituration until
40 cc. volume was obtained. Thus in each case a 25% oil in
water emulsion was prepared.

The iron gel prepared with arabic acid gave an
emulsion of the oil=-in-water type, by using 15 Gm. of the
gel, 5 cc, of water and 10 cc. of o0il and briskly triturat-
ing until emulsification occurred. This then was diluted
with water until 40 cc. was obtained. These emulsions were
stable over several weeks but separated a creamy layer upon
the surface as do typical emulsions prepared with gum arabic.

With lead arabate as an emulsifying agent, the
0il could not be enulsified in water, and likewise it was
impossible to prepare an inverted emulsion using this emulsify-
ing agente. When l.5 Gm. of the salt was briskly triturated
with 5 cce Of 0il and 5 cce. of water, the o0il quickly separated
to the surface of the mixture. Lead arabate was practically

insoluble in water and in oil,



These experiments indicate that although the magne-
sium and zinc sélts of valeric acid yield emulsions of the
water-in-oil type, the magnesium and iron salts of arabic
acld gave the normal oil-in-water emulsion.

Compounds Related to Arabic Acid as Ifnmulsifying Agents.

Having shown that the divalent and trivalent salts of
arabic acid produce emulsions of the oll-in-water type, the
next step in experimental work was to select a number of
acids of definite structure having hydroxyl groups in the
molecule and determine the nature of the emulsions prepared
with their divalent salts.

The salts of the following acids were employed:

0H.CH2(CH.OH)4.COOH
i=Galactoniec Acid

a mixture of d and l-Galactonic acids.

OH.CHZ(CH.OH)é.COOH
d=Gluconic Acid.

2)7. CH.OH.CH.OH.(CHZ)V.COOH
Dihydroxystearic Acid
CooH (1)
e

c
6H4

N\

CH_(Cr
HS( H

OH (2)
Salicylic Acid



COCH (1

)
. H;ij:jOH (3)
62§OH (4)
CH (5)
Gallic Acid
The sodium salts and also a salt of a divalent metal

were prepared fran each of these acids and when employed

as emulsifying agents the following observations were made.

l. Gluconic Acid. The sodium salt of gluconic acid like

the sodium salt of valeric acid produced emulsions with
oil of the oil=in=-water type. Five grams of the compound
were necessary to disperse 10 cc. of oil thru 10 cc. of
water, ylelding an enulsion wiich was very viscid yet upon
standing for a period of an hour began to sevarate.

The calclum salt of zZluconic acid was treated in the
followin~ manner: One gram of the salt was rubbed with 5
cca of oil, and water was gradually added with brisk tritura=-
tion. (5 cce. of water in all). 4n emulsion of the water-in-
0il type was obtained. A aicroscoplc examimation of the
emulsion showed the particles cf water to be rather large,
yet the emulsion was viscous and stable over a period of
several weeks.

Reversing the procedure of mixing and employing the same
emulsifying agent, an emulsion was obtained of the oil-in-
water type. The particles of oil emulsified were like the
particles of the water in the previous experiment, same-

what larger than those found in most enulsions. Upon stand=-



ing the 0il and water separated, but not completely and
evidence of an emulsion nucleus remaining permanent was
shown by the fact that upon simple agitation, the emulsion
was restored to its normal condition. It is of special
interest to note the value of viscosity in determining

the phases of emulsions of this type; those in which the
viscous mineral oil was the external phase were quite
viscous, whereas those in which the oil formed the inner
phase had g low viscosity.

2 i=Galactonic Acid. The sodium salt of i~galactonic

acid, like the sodium salt of gluconic acid, produced
dispersions cof the oil-in-water type, whereas the cad=
mium salt of this campound, like the calcium salt of
gluconic exhibited the capacity of dispersing oil -in water
or water in-oil. Efforts were made to prepare the aluminum
and Terric compounds of gluconic and i-galactonic aclds,
but neither of these acids would combine with aluminum or
trivalent iron.

Se Dioxystearic Acid. Having observed‘the capacity of each

of these acids to form oil=in-water and water-in-oil emulsions,
the next compound prepared and studied was dihydroxystearic
acid, which has but two hydroxyl groups in a molecule contain-
inf a chain of seventeen carbon atoms. The sodium salt of
dibydroxystearic acid produced very stable emulsion of the
oil-in-water type, whereas the magnesium salt of this acid

produced emulsions of the water-in-ocil type. Under no

- 18 -



circumstances was it found possible to prepare emulsions
with magnesiug dioxystearate of the oil-in-water type.
Thus the dihydroxyl acid combined with a divalent metal
behaved like a normal stearic acid salt, whereas the poly-
hydroxyl compounds i=-galactonic and glugonic acid showed
the unusual property of emulsifying water in oil and also
oil in water. .

4, Salicylic Acid. Having observed the influence of

hydroxyl groups in the straight chain acids, the next step
was to study the influence of the introduction of hydroxyl
groups into acids containing cyelic groups. Accordingly
sodium salicylate was found to produce emulsions which

were unstable, but always of the oil-in~water type. Calcium
salicylate on the other hand produced rather stable emul=-
sions of water in oil, although the water particles were
quite large. IEmploying the procedures described under the
gluconic acid salts, attempts were made to prepare emulsions
of the oi;—in-water type and although the »particles of 0il
were exceedingly large and rapidly separated, there is
undoubtedly some tendency on the part of calcium‘salicylate

to form emulsions of the oil-in-water type.

5« Gallic Acid. The sodium salt of gallic acid, although

a poor emulsifying agent, was shoﬁn.to invariably produce
dispersions of the oil-in-water type. The calcium salt

of gallic acid produced rather stable emulsions of the water-
in-oil type and also served, to a greater degree than did
calcium salicylate, to produce emulsions of the oil-in-water

type. From the observations made with gluconic and i~galac-



tonic acids in the form of their divalent salts, this is

the behavior that might have been anticipated.



Table T.

Summary of Results.

Emulsifying Agent

Type of Fmulsion

Water=in-0il

Oil=in-~Jater | Amphoteric
broperties

sodium oleate X
nagnesium oleate X
calcium oleate X
cobaltous oleate X
nickelous oleate X
manganese oleate X
aluminum oleate X
arablc acid X
sodium arabate X
magnesium arabate X
ferric arabate X
ammonium valerate P
sodium valerate _x
magnesium valerate X
zinc walerate X
sodium gluconate X
calcium gluconate X
sodium i-galactonate X
cadmium i-galactonate X
godium dihydroxystearate ps
magnesium dihydroxystearate x
sedium salicylate X
calcium salicylate X -
socdium gallate x
calcium gallate X

lead arabate

did not serve es an emulsifying

agent.




Table I indicates that the simple hydrocarbon chain
acids When attached o a univalent metal produce emulsions
of the oil-in-water type and inverted emulsions when the
metallic ion is divalent or trivalent.  Then, however,
polar hydroxyl groups are introduced into the molecule, this
condition does not hold as indicated by the character of
emulsions prepared with megnesium and ferric arsbates and
other related compounds.

Throﬁghout this investigation water was employed of
definite hydrogen ion concentration Py 5.8 to 6.4. Having
established the character of emulsions produced when the
salts of compounds of the nature of arabic acid are employed
as emulsifying agents, the next series of investigations
was directed to determine the influence of changes of
hydrogen ion concentration upon the oil-in-water emulsions
when acacia and tragacanth were employed as emulsifying
"agentse.

Method of Study of the Influence of Hydrogen ion Concen-

tration upon Qil-in-Water Emulsions.

Acacia and tragacanth were the two emulsifying agents
studied with emulsions of cottonsead and mineral oils (Nujol).
Solution of various hydrogen ion concentrations were prepared
by mixing standard scdium hydroxide solution and standard
hydrochloric acid respectively, with water in various dilutions.
The Py of these solutions was determined by the electrometric
method. These solutions served as the diluents in the
preparation of 25 per cent emulsi ons of the oil - the total

volume of the emulsion in each case was 40 cc.

- 20 =



In the emulsions made with tragacanth 0.5 Gm. of the
tragacanth was employed, whereas 2.5 Gme. 0f acacia was used
in the emulsions prepared with this substance. The emulsions
were prepared by trituration in a mortar - mixing the
emulsifying agent with the oil end adding the agueous solu-~
tions = as Tar as possible uniform conditions of temperature,
pressure and time of trituration and rapidity of dilution
were kept constant.

The finished emulsions were stored at room temperature
in small graduated cylinders and their permanence studied.
Complete separation of the emulsified portion from the aqueous
layer is termed separation, creaming or partial separation,
which is easily re-incorporated by simple agifation is not

regarded as separation.

-21 -



Observations upon the Changes of Py in Cil-in-Water imulsions.

Table II. Cottonseed 0il Emulsified with Acscis.

Degree of Separation in cc. in different
Time Periods.

T.5 7 TZ | 22 ] 30 [ 37 50
No. pHe Hours| Days | Days| Days | Days]| Days | Days
1 | 0.4 14 | c.sdc.s.|c.s.] c.s.| c.s.
2 | 0.9 5 { 10 |10 10 | 10 | 10
3 | 1.4 2 5 | 5 5 5 5
4] 2.0
5 | 2.94
5 | 3.85
7 | 4.45
8 | 5ll
9 | 643
10 | 6.9 r
11 | 7.85
12 | 8,7 1
B3 | 10.5 3
14 | 11.8 CoSe | CoSel CuSe }CuSe:| €.5. | C.Se
15 | 12,5 CeSe | CuB Ce8s | C.S. ]| CuS. | CuS.
16 | 13.2] C.Se| CeSe | C.SefC.Se |CuS.] C.S. | C.S,

CeS. = Complete Separation.

After this period there was no change noticed for weeks and
the emulsions when di scarded months later ratained the relation=-
ship to permanence as indicated by the table. The creaming effect
reached a maximum of 27 cc. in sbout 22 days. However, as mention-

ed before this phenomenon was not considered as separation.



Another series of cottonseed oil emulsions with acacia was
prepared over approximately the same Py range, but solutions of

slightly different values were employed.

Table III.
Cottonseed 0il Imulsified with Acacia.

Degree of Separation in cc. in Different Time Periods.

Nos pH 1.5| 12 DAY S
Hr.| Hr.' | 2 3 6 9 |14 | 21 | 29 | 37 | 45 63
1] 0.6 1 1.5 2 3 3 3 S 8 C.3d4 CuS,| C.S.
211,05 Oed l. 1 1 I |1 4 4 4 4 4
3| 1.6 QeS| 045 0D ] 0.5{045] 0.5} 0.5] 0.5] 0.5 0.5
4| 2.65
5| 3.4
6 [4.2
7 1542
8 | 6.25
9 17.8
10 |8.5
11 19.45
12 [10.35
15 [11.8 1 J1 ez le g s |e |e& |7 7
14 (12.4 3 cce.|deep| deep|deep
yel= |yel=| yel=|yel-|5 5 7 15 CoSe|lCeSe | CaSe
low low [low [low
3 %)
5 |13.35 C.S, CeSe |CiSe|CaSe|CeBSeiCaSdCeSe CoSef CaSel CaSe]CaBSe | CuSa

Likewise in this series the creaming effect reached a maximum

of 27 cc. in @bout 22 days.
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Fig* I1.

Cottonseed Oil Emulsions with Acacia
frcm Table Illafter 37 days. From

left to right 1-15.

Cottonseed Oil Emulsions with Acacia
from Table Illshowing #1, #6 and #15

after 37 days.



TABLE IV.

Cottonseed O0il Emulsified with Tragacanth

Degree of Separation in cc, in Different Time Periods

No.| pH |12 DAYS
Hrs, 7 14 22 30 37 50 | 74
1 | 0.4 3 5 5 5 5 5 CeSe
2 | 0.9 0.5 1 2 2 2 2 CeS.
3 1.4 0.5 1 1 1 1 1 |1
4 | 2.0 3 6 9 10 13 | 13 | c.s.
5 | 2,94 9 17 19 26 27 | .54 C.S.
6 | 3.85 1 2 2 2 2 5 | c.s.
7 | 4.45 9 18 26 28 29 | c.s.)c.s.
8 5.1 2 3 4 6 8 C.Se C.S.
9 B o3 1
[10] 8.9 25 28 29 C.S.| C.S.
11 | 7.85 6 10 22 24 26 | 26 |c.s.
12 | 8.7 3 5 9 11 14 | C.S.C.s.
13 | 10.5 2 4 6 8 10 CeSe| CeS.
14| 11.8 yel=| c.8. c.s. C.Se C.S. C.S.|C.S.
low
15 12.5 | yel-
low CoSe CeSe CoSe CaS, CeSel CeSe|CeSe
16 | 13.2 | C.S. C.S. c.S. c.8. C.S. c.s.| c.s.|ces.
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TABIE V

- Cottonseed 01l Emulsified with Tragacanth

Degree of Separation in cc., in Different Time Periods.

No.| pH 12 DAYS
Hrs,. 2 5 10 17 25 33 41 a8 100 130
1 Qa8 2 3 4 S 8 10
2 1.05 1 1e3 2 6 10
3 1.5 1 8 20
4 2.65 S 16 25
5 3ed 2 5 11 17 CeSe
1.6 4e2 2 3 B. 8 11 12 CeSs
7 5.2 2 5 10 15 23 CeSe
8 6 e25 1 5 8 11 17 CeSe
9 7.8 1 5 22 3Q 30 35 35 CeSe
10 85 2 4 10 11 16 22 CoSe
11 2.45 3 8 10 15 21 CeSa
12 10.35 7 21 25 26 26 26 CueSe
13 11.8 25 25 25 25 27 27 27 CeSe
14 12.4 light deeper]| deeper| 3 CaSe Coe3 C.5. CaSe CeS. CeSe CeSe
vellow |yellow| yellow
15 13.39] deep
yellow |C.S. CueSe CeSe CeSe CeSe CoSe CeSe CeSe CeSe CeSe

= 20.-




fig;# IV.
Cottonseed Oi1l Emulsi onswith TTagacanth
after 41 days from Table V#,

From left to right 1-15

Fig# -V.
Cottonseed Oil Emulsionewith Tragacanth

§Z and #14 after 41 days.



Table VI - Mineral O0il Emulsified with Acacia

Degree of Separation in cc. in Different Time Periods.

pH 3 DAYS
Hrse. |1 2 4 7 12 19 27 35 43 60 100
1 0.6 1 2 2 3 20 26 27 27 27
2 1.05 1 1 1 2 3 3 3 3 3
3 l.8
4 24065
5 3.4
6 4.2
7 5.2
3 Be25 )
)
9 7.8
10 8D
11 9445
12 10.35
13 11.8 yellow | deeper| deep | deep
yellow| yel=| yel=
low low
14 12.4 1 1 2 25 25 25 26 26 26 26 26
15 13.35| yellow |deeper
1.5 yellOW C.So C.S. C.S. C.S; CueSe CePea CuaSe C.Sn CuaSe CeSe
2
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Fig* VI

Mineral Qil Emulsions with Acacia from,
table VTafter 35 days.

Front left to right No* 1 to 15,

iy

»

Fig* VII
Mineral,. Gil Emulsions with Acacia from
table VT- #1, #7 and #15 after
35 days*



Table VII - Mineral 011l Fmulsified with Tragacanth

Degree Of Separation in cc. in Different Time Periods.

Nod pH 12 DAYS

Hrs. 1 3 5 11 17 25 33 41 60 100
1 0.6 2 4 8 12 18 21 22 22
2 1.05 0.5 5 10 17 21 22 23 24 27
3 1.6 2 2 9 22
4 2.65 1 3 5 8 12 19 25
5 3.4 | 2 7 12 17 21 22 26 28
5 4.2 2 3 6 10 10 20 26
7 5.2 4 8 11 15 15 17 21 26
8 6.25 1 5 10 18 23 26 28 29
9 7.8 3 6 10 16 21 23 25 28
10| 8.5 2 8 11 18 20 21 23 24
11§ 9.45 . 10 24 28 30 30 31 38
12| 10.35 7 10 16 20 22 25 38
13| 11.8 25 25 30 30 3Q 30 30 30
14 12,4 | yellow |deener|deeper

‘ yeilow ye%low C.8.| C.S.| C.s. C.S.| C.S.| C.S.| C.S. CeSe

15 13.35| deep

ye%.low 10 20 C.Ss C.S. CeSe CsSe CeSe CeSe CeSe CeSe
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™ 1 'V n

Fig. VIII

Mineral oil Emulsions with: Tragacanth
from Table V Tiafter 33 days*

Left to right 1-15.

FIG. IX
Mineral Oil Emulsions with Tragacanth

from Table YH#3 and #15.



Tables II to VIT inclusive indicate that there is a long range
of hydrogen ion concentration over which the emulsions made with
acacla are stable and further that these results are the same
with a vegetable or a mineral oil. With tragacanth the most stable
point of hydrogen ion concentration is from Py 1.8 to 2.3. The
average stability of the experiments recorded in tables II to VII
can be easily observed from Graphs I and II.

The ordinates of graph Il revresent the amount of separation
per day over a period of 60 days and multiplied by ten to eliminate
decimals,

Graph II indicates that over a large range of Py the stable
point is approximately Pg l.90. With this in mind other series of
emulsions were prepared covering the acid range of PH,with smaller
variations in order to determine the exact stable point. These
results with tragacanth are recorded in Tables VIIIto XITand the

average stability over a period of 20 days is plotted in greph III.



GRAPH NO., 1 - STABILITY OF EMULSIONS WITH ACACIA AND
TTEIR HYDROGEN ION CONCENTRATIONS

Days
50 UNALTORED STABILITY

S
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CC.

Per

GRAPH NO. 2 = STABILITY OF EMULSIONS WITE TRAGACAWTH AND

THEIR ITYDROGEN ION CONCENTRATIONS

N



Tahle VIII
Cottonseed Qil Imulsified with Tragacanth

Degree of Separation in cc. in Different Time Periods.

No.| Py DAYS

4 6 8 10 12 14 171 21| 251 32| 38
L 1 1.5 1.51.5] 2 2 2 3 4 5] 6.9 8
2 1.92 1 2 3.5| 5 8 | 11
3 2.08 0.5 1| 2.9 4
4 2.22 1 3 8|13
5 | 2.4 0.5] 1] 2l 3
6 2.65 1 2 5| 11 )14
7 2.94 1 1 2 2.5 4 4 5 9 |12
5 3.02 0.5 0.5! 1 1 2 3 3| 5
9 3.15 1.5 3 4 6 7 9 11] 13 16 |18
10 ] 3.3 1 1.5] 2 3 4 6] 8 |10
11| 3.6 2 4 7 9 11 | 13] 17] 19 22|23
12 | 3.7 2.5] 4 7 9 11 131 17| 19| 22 |24
13 | 3.82 3 5 9 12 15 17| 20| 21 22 |23
14| 4 3 7 13 17 19 22t 23| 24| 24 |25
15} 4.1 | 2 5 9 13 17 19 22| 25| 28] 26 |27
16 | 4.4 | 1 5 10| 15 17 19 21| 23] 24 25 |26
17| 4.5 | 2 8 21 27 28 28 28| 29] =29 29 |29




Cottonseed 0il Emulsified with Tragacanth

Table IX

Degree of Separation in cec. in Different Time Periods.

Noe PH DAYS .

4] 618 |10 |12 ) 14 J 17| 21| 25 |32 | 38
1 1 1l 1] 2 3 3 3 4 5 6 9 | 11
2 1.92 0.5 0.5 0.5 1 | 1.5 3 5 9 | 13
3 2.08 0.5] 1.5] 2
4 222 1 2 4 6
5 2.4 1 3 6 13| 18
6 2465 0.5 1 2 5 8 13| 16
7 2494 0.5 2 5 7 10l 15| 18| 23] =24
8 3.02 0b5 1 1 |1 1 2] 3 4 6 7
9 3.15 1 1 2| 3 4 5 7.
10| 3.3 1 2 | 2.5] 3 4l 6 8 11| 14
11| 3.6 2 5 9 |10 12| 15/ 16| 20| 23] 24
12| 3.7 1 3 5 | 8 10] 14{ 19| 22| 23] 24
13 | 3.82 2 4 7 |9 100 13| 17| 191l 22| 23
14| 4.0 Pp.5] 5 8 10| 12 13] 15 18] 20| 22| 23
15| 4.1 i 3 5 6 |8 10/ 11] 14| 17| 19] =21
16 | 4.4 |2 5 9 11] 13 15| 17| 19| 23| 25{ 25
17| 4.5 2 5 8 12] 15 17| 21| 24| 25] 25| 28




Table X,
Mineral Q0il Emulsified with Tragacanth

Degree of Separation in cc. in Different Time Periods.

No.| Py DAYS
5] s |7 lo Jix Jus [as [ 20 [ 24 [ =1 37
1 |1 1] 2|59 Jiz f1a |14)] 19 ] 20 | 22 25
2 1.92 1 1 3 7 | 14 19
3 | 2.08 1.5 3 | 5 | 10] 20| =20 | 27 27
4 | 2.22 0.5/0.5] 1| 6] 15 | 24 26
5 | 2.4 1,50 ¢ | 9| 17| 22 | 26 27
5 | 2.65 1 | 2.50 4 6! 11| 15 | c.s. | c.s.
7 | 2.94 5| 14| 19| 22| 25| 25| 25 | c.s. | c.s.
8 | 3.02 2] 14| 19 22] 25| 28| =28 | c.s. | c.s.
9 | 3.15 1] @ sl 4 el o 12 | 17 19
10 | 3.3 2| 6| 14 19 23] 23] 27| =27 | c.s. | c.s.
11 | 3.3 5 | 11] 22| 25 26 27/ 27| 27 | c.s. | c.s.
12 | 3.7 | 1| 8| 18| 22| 24 25 25| 25] 27 | c.s. | c.s.
13 | 3.82 o | 13| 25| =29 =26] 27[ 28| s C.8.| C.5.
12 Ja.0 | 2| 17| 21 24| 24 26l 27| 27| 27 | c.s. | c.s.
15 | 4.1 15| 23| 25| 2d =24 27/ 28| @28 | c.s.| c.s.
15 | 4.2 al 12| 22| 2o 27 29 20| 20 | c.s. | c.s.
17 | 4.5 10] 21] 25 24 24 28] 28] 28 | c.s.| c.s.




Table XT

IMineral 0il Bmulsified with Tragacanth

Degree of Separation in cc. in Different Time Periods.

No. PH DAYS _ N
5 S 7 10 12 14 17 21 25 | 37 ]
1 1 1 3 9 15 18 18 21 29 23 CeS{
2 l.92 0«5 1 2 4 13 18 C. S}
3 2408 0.8 2 4 6 9 12 17 23 Cuid
4 2422 0.5] 2 5} 7 10 18 24 25 C.S;
S 2.4 Qs3] 3 S 8 14 2Ll 290 C.S{
5 2455 1 4 7 16 22 28 30 C.5
7 2e94 0.9 2 4 7 11 | 16 22 29 Ceids
8 0402 0.5 l.95] 3 5 6 8 14 16 CaiSd
9 315 1 3 4 6 8 10 15 17 CaS4
10 3.3 3 8 21l 25 27 28 28 28 C.54
1l 346 5] 9 15 21 23 25 26 27 27 Ce3d
12 e 4 10 14 21 2l 22 22 25 24 CeS4
13 J3.82 | 4 12 12 21 22 22 24 25 29 C.iSy
14 4 5} 12 17 21 23 24 24 25 25 C.S
15 4.1 3 15 22 28 28 29 29 29 29 C.3
15 4.4 7 14 18 23 25 26 an 28 30 CeSa
17 4.5 S 14 20 25 26 28 27 28 28 C.S.
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TABLE XIT

Mineral 01l Emulsified with Tragacanth

Degree df Separation in cce in Different Time Periods.

No. PH DAY S

S 8 10 12 14 20 24 30 37
1 1 3.5| 8 1l 13 16 19 =0 22 23
2 1.92 1 2 4.5 7 9 9 17 20 28
S 2408 0.5 1 2 S 12 20 23
4 2el2 2 6 10 16 17
S 2.4 1 2 S 9 12
6 2.65 1 4 8 15 20 25 27
7 2.94 1 2 3 6 8
8 3,02 1 2 ) 6 8 12 15
9 5615 ) 3 4 S 9 9 19 23
10 Sed 5 9 9 16 19 22 25 26 CeSe
11 36 14 20 23 25 25 27 a7 27 C.S.
12 3.7 15 20 24 26 27 27 CeSe| CeSe| CaSe
13 3482 7 15 22 28 28 28 28 B CeS.
14 4 9 15 18 22 24 29 25 25 CeSe
15 4.1 9 15 20 24 24 25 25 25 C.S,
16 4.4 9 15 18 20 22 23 24 25 CeS.
17 4.5 10 17 19 2l 28 23 24 25 C.S,
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GRAPH NO, 3 = STARILITY OF EMULSIONS WITH TRAGACANTH
CC. DPET

day AND THUIR HYDROGEN ION CONCENTRATIONS

P., 1 ' ) !

L

o | I 4 T 5

The cc. of separation per day was multiplied by ten to construct the ordinates of
this graphe.
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Three series of acacia emulsions were prepared over the
same range of hydrogen ion concentration, but little or no
variation in their stability was observed. Those prepared
with a 1 seemed to separate a creamy layer more readily
and ultimately (after about 20 days) separate to the extent
of 5 to 10 cc.

The effect of sodium chloride solution in various
concentrations upon these emulsions was studied in order
to determine the influence of the sodium ion. When studied
in concentrations from 1 IT.to 10"6W, 1t was found that none
of these concentrations of sodium chloride solution affected
the stability of the emulsion. Within 4 or 5 days all
emulsions prepared 7dth acacia separated a creamy layer
of 25-27 cc. and remained in that condition for more than
150 days, the effect of all concentrations of sodium chloride

used showing the same results, as shown by figure X.

Fig. X
Mineral Oil Emulsions with Acacia and Sodium

Chloride Cone* of ITaCL left to right IIT to

10‘%.



The influence of sodium chloride solutions upon traga-
canth emulsions of Mineral Oil i1s shown by the following
table:

Table XIII
Mineral Oil Emulsified with Tragacanth in
Various Concentrations of Sodium
Chloride Solution.

Degree of Separation in cc. in Different Time Periods.

Ho. For- DAYS
mality s 11 19 27 25 53 100
1 1 3 5 8 10 15
2 0.1 1 2 5 8 10
0 io~2 1 1 2 4 8
4 10 a 1 5 9 15 20 27
5 10"4 1 3 5 8 15 27
6 T © 10 10 15 17 23 27
7 10~3 10 15 21 23 25 27 27
Fig. XI

Mineral Oil Emulsions with Tragacanth

from Table XIII after 27 days.



Fig. XII
Mineral Gil Emulsions with Tragacanth

and Sodium Chloride, §7 and $3 after
27 days*

In order to study the influence of the hydrogen ion
produced from another source, solutions of sulphuric acid
were prepared and the same type of emulsions were made from
these. 7ith acacia little change was noticed except in the
emulsion of a P 1*2 where partial separation occurred. The
results obtained with tragacanth may be 'Observed from'; te~bl.®s

14 and 15 and Graph IV.
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Table XIV
Mineral 0il Emulsified with Tragacanth
in the Presence of Sulphuric Acid.

Degree of Separation in cc. in Different Time Periods.

No. Py DAYS

' 7 11 15 20 26
1 1.2 8 15 16 19 20
2 2405 1 3
5] 2483 2 3 S 7
4 4.1 10 18 19 22 24
5 4,45 14 22 23 24 25
6 4,94 19 25 26 26 27

Table XV

Cottonseed 0il IEmulsified with Tragacanth
in the Presence of Sulphuric Acid.

Degree of Separation in cc. in Different Time Periods.

Wo. Py DAYS

10 14 19 a7
1 l.2 1 2 2 4
2 2.05
3 2.89 1 2 6
4 4.1 2 3 6
5 4 .45 6 10 12 12
6 4,94 3 5 9 10
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GRAPH NO. 4 <~ STABILITY OF EMULSIONS WITH TRAGACANTH

ce, per AND THEIR HYDROGEN ION CONCENTRATIONS
day sulphuric acid used




Study of the Physical Properties of the Bmulsions.

Surface Tension.

This property was determined at 35° C. with a standardized
Du Nouy temsiometer. The results with tragacanth can be seen

in Graph V and with acacia in Table 16.

Table XVI

Surface Tension of Emulsions with Acacia at 35° C.

No. PH Dynes per Cm.
1 0.4 54.8
2 1 973
3| 2.08 62.2
4 2.02 63
5} 4 6448
& S.6 661
7 743 660
8 7475 662
9 9.2 6549
10 9495 6441
11 11,75 62e3
12 12.25 881
13 135.25 5944
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GRAPH NO., 5 - OSURFACE TIENSION OF EMULSIONS WITH TRAGACANTH
and THEIR HYDROGIN ION CONCENTRATIONS.

Dynes
per
Cm.

52

50

48
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Interfacial tension.

The interfacial tension was measured at 27° C.
by a pipette similar to the one used by Donnan (17) ana
his students (see figure XIII). The interfacial tension

of water was taken as 10 and the following

{ l|‘
’ 'll ' l
sdolol
1V
] l'lﬂ

]

Figes XITI

formula employed, where T is the iInterfacial tension, V the

volume of oil and N the number of drops.

T ¥
N
T =K z
N
for pure water 10 = 3K
24
and K =80
then T =80 "
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The results of these measurements are plotted in Graph

VI.

Viscosity.

Using distilled water as a standard at 30° C.
the relative viscosities of a series of emulsions were
determined by measuring the time in seconds required for
a definite volume of the emulsion to run from a pipette
with a capillary tip compared with the time required for
the flow of the same volume of water. Through the entire
range of hydrogen ion concentration the relative viscosity
of the acacla emulsions was 1.25. The viscosities of the

tragacanth emulsions may be seen in Graph VII.
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GRAPH NO. 6 = INTERFACIAL TENSION OF MINERAL OIL
AND SOLUTIONS OF VARIOUS HYDROGEN ION CONCENTRATIONS.

Relatiive Interfacial
Tension




GRAPH NO. 7 - TWMULSIONS WITH TRAGACANTH, THEIR RELATIVE
VISCOSITIES AND THEIR HYDROGEN ION CONCENTRATIONS.

Re lativﬂe
Viscosifty




Size of Particle.

Emulsions of Mineral Oil were prepared after
coloring the oil with alkanet root and the size of the
particles measured microscopically. The results are

tabulated in Tables XVII and XVIII.
Table XVII

Mineral Oil Emulsified with Acacia,

%o. ?ﬂ Ave raze Dlameter of Particles in IMdcrons
1] 0. | 3| 8 10 | 12 15 18
2 7 03 3 6 9 13 ’ 13 13
3 775 4 5 10 12 12 12
4 13.25] 4 7 13 15 15 15
Table XVIII
NoJd i Avera e Diameter of Particles in 1 crons
1 Q.4 17 20 25 20
2 1 17 20 29 25
3 0.6 10 17 20 20
4 13.25] 40 20 100 110

Gels of tragacanth in water of different hydrogen ion
concentrations were prepared and after standing for 3 days
figure XIV shows the separation of water at the surface.

The gels were prepared by rubbing 0.5 Gm. of tragacanth



with 25 cc. of water until gelatinization occurred

Figure XIY.

Tragacanth Gels.

Lower figures indicate Pii of Gel.



Method of Study of the Influence of Changes of Hydrogen

Ton Concentration upon Emulsi ons of the Water-in-0il Type.

The emulsi ons were prepared in quantities of 40
cc. each, emulsifying in each case 10 ce. of the aqueous
material, producing a 25 per cent by volume water-in-oil
emulsi on. Preliminary experimentation with magnesium oleate
as an emulsifying agent showed that one gram of the com-
pound was sufficient to emulsify the designated quantity
of water, It was further observed that the age of the
magnesium oleate influenced its emulsifying capacity.
‘Upon keeping, even in tightly stoppered containers the
compound tends to harden and becamne brittle, in this con-
dition it does not mix readily with the o0il and the emul-
st ons formed by using this substance are grandular and
unstable. The relative degrees of stability of the
enulsions made with freshly precipitated magnesium oleate,
and those made with the product which had been kept for
six or eight weeks can be observed by studying the follow~
ing tables of stability.

The aqueous solutions of various hydrogen ion
concentrations were prepared as in the foregoing experi-
ments by the additions of various quantities of hydro-
chloric acid and sodium hydroxide to distilled water.

The P,, of these solutions was determined electrometrically.

H
As these unbuffered mixtures, near the neutral point,
change in hydrogen ion concentration quite quickly, the

emulesions of the mixtures near Py 7 were prepared as soon



8s possible after the hydrogen ion concentration measure-
menta.

The emulsification was accomplished by triturating
the emulsifying agent with 18 ce. of oil at 25° C.and
adding, in one portion the 10 cec. of agueous fluid.

After brisk trituration the formation of the emulsion
nucleus could be ecasily ascertained by the sudden increase
in viscousness and the occurrence of a crackling sound
when the pestle was pulled through the emulsion. With
continued trituration the emulsicn nucleus was diluted

to the proper volume and stored in dry, well-stoppered
graduated containers. |

The separation of inverted emulsion must not be
mistaken for the gradual settling of the heavier emulsified
water to the bottom of the container, for this might
easily be incorporated by agitation. When actual separa=-
tion occurs there appears a clear aqueous fluid at the bot=
tom of the emulsion which cannot be reincorporated by
agitation. With certain emulsions of this type, enploy-
ing freshly precipitated magnesium oleate, the author has
observed no separation in a period of eight or ten months.
Hhen,_hoﬁever, emulsions are prepared with older samples
of the emulsifying agent, the separation beginc in a much

shorter pericd of tinmee.
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Observations upon the Changes of PH in Water=-in-0il Fmulsions.
TABLE XIX

Frmulsions of Solutions of Various Hydrogen Ion Concentrations
in Mineral Oil.

De gree of Separation in Different Time Periods.

/2 |1 4 : DAY S
hr, | hr. |hrs.fyl 3} 4] 7}311]15]20]28 |38 |45 |52)59 [66]) 73
10 C.S
9 9 9 o 9l of 9] 9f 9} 9] 9| 9o ¢ 9] ¢ 9] 9L 2|9
3 5 6l 7|8 8| s| 8| sl e8]l 8 8| 8| 8]8] 8] 8]8]8
4 2| 2 _ws_v_g 5/ 5} 51 5| 5] 5| 5] 5] 5] 5] 81 5
5 2] 3 4] 4] 4} 4] 4] 5] 5] 5| 5] 5] 5{ 5| 5] 5
6 1l 21 2] 2] 2| 3| 4| 4] 4| 4} 4] 4] 5] 8] 5
1l 2| 3 3 a3 3] 3] 3] 3| 3] 3| 3| 3| 4
1) 2l 2| 2 5] 3f 3] 3} 3} 35| 3| 4] 4] 4]
2l 2] 3l 4] 4] 4| 4] 5] 58} 51 5} 5] 5] 5| 5] 5
21 2] 3] 3] 4] 4] 5] 5] 5 5} 5] 51 5{ 5] 5] 5
3l 3t 4] 5] 5] 5| 5] 5] 51 5| s} 8] 5} 5] 5] 5
1l o) 1] o2l 2] of 2| 2| 2| 2| 3| 3] 3
vel- Grant
low ular

= Complete Separation




Emulsions of Solutions of Various Hydrogen Ion Concentrations

Table XX,

in Mlneral 0il.

Degree of Separation in cc, in differént time periods,

No P Jn/2 |1 4 DAYS
H fhr. |bre jhrs.{1[3 J4 7] 111315 ]20 |28 58] 5] 52 |52] 66 73] 60| 87] 94
1 ]| 0.9 10 Jc.s
2 | 1.6 g |10 |igcs
3 | 1.87 3 |s|51isl 6] 6| 6|1 6] 6] 6| 6| 6] 6| 6] 6] 6| 7| 7
4 3,05 1l 2] 3| 3| 3! 5] s| 5{ 5] 5{ 5] 5] 5] 5| 5
5 | .97 214l 5| s| 5| 5| 5| 5| 5| s] 5| 6|l 6 6 6 &
6 4.85 1 3| 3| 4| 4| 4 4| 5| 5] 5| 5] 5 5| 5| 5
7 | 5455 1 (1] 2] 2| 313 3| 31 4] 4] 4] 4| 4| 4| 4| 4
8 | 7.55 101 3] 2| 2] 3] 3| 4] 4 4| 4| 4| 4f 4| 4] 4
9 | 8.02 22| 2| 5| 3| a| 4| 4| 5| 5| 5| 5| 5 5 5| 5
10 | 9.25 1 03] 2l 2| 5] 3] 5] 5| 4] 2| 5| 5| s| & 6| s
11 | 10.97 2 lal 3] 3| 4| 4| 4l 4| 4] «| 4] 5| 5] s 5| s
12 ) 11.75 2| 2] 2| 2| 2| 3] 3| 3] 3 3 3 3| 3
15 | 12.38
yel~| Gran-|
14 } 13,0 |low |ular
CeSe = Complete Separation
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Tables number XIX and XX indicate that the stable point of
these emulsions is near the point PH 12.38. The magnesium
oleate employed in these emulsions had been prepared about
fourteen days prior to its use. Greph number VIII shows
the average separation of these two series of emulsions over

a2 period of ninety-four days.
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CC, Per GRAPH NO. 8 = STABILITY OF EMULSIONS IN MINERAL OIL AND THEIR

Dayg : HYDROCGHEN ION CONCINTRATIONS
2‘
4:" _Q
6._
8._
10]

. H 0 P p s T '10 12 T14

B The ordinates of this graph represent the amount of separation per day over

a period of ninety-four days and multiplied by ten to eliminate deciaals.

- B0 -



Figure number .xv; shows the emulsions from table number
xix after thirty days* Heading from left to right these

emulsions are numbered as given in table number XIX*

Figure XV.
Emulsions of Solutions of Various Hydrogen

Ion Concentrations in Mineral Oil*

'Jith magnesium oleate which was freshly precipitated,
as observed with the foregoing experi isnts, the range of
hydrogen ion concentration at 'which the emulsions are un-
stable is on the acid side* with the freshly precipitated
emulsifying agent practically the entire range of the PT
scale from Pﬂ. 1*87 to Pli 12.38 'were stable as shown by

table number XXI* Yet on the alkaline side of the P,T scale



P€ 10,97, 11.75 and 12.28, the degree of creaming was
L
less than vhen the internal phase was closer to the

neutral point. Table IZT shows the stability of these

emulsions over a period of eighty~-six days.
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Table.No. XXT

Brmulsions of Solutions of Various Hydrogen Ion Concentrations
(Freshly Precipitated Ilaznesium Oleate)

in f{ineral Oil.

Deree of Jeparation in ce. in different time neriods.

v 2. | 1 DAYS
S| wre 5T 912 20] 50| 37[ 44| 51 | 58 | 65 | 72] 79] 86

1| 0.9] s sl o ol o o 9o 9of 9] 9| 9] 9 9f 9

2| 1.38 T N T N N T O N T I !

5| 1.87

4| 5.05

5| 3.97

5| 4.85

7| 5.55

8| 7.5 L

o | 8.02

10| 9.25

11 10.97

12| 11.75

13| 12.38

14 13,0 doarsg sollid mdss




When olive oil was employed as the external phase, employ-
ing the same magnesium oleate that was used in the first series
of emulsions, the emulsions as a whole were more permanent.

The degrees of separation of this series of emulsions are

given in tables XXIIand XXIIT aml the summary of these results
is plotted in Graph IX.
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Table XXTT

Tmulsions of Solutions of Various Hydrogen Ion Concentrations
in Olive O1l.

Degree of Separation in cc, in different time periods.

Wou P_ 1/2 1 DAYS

= hrol - hrd o) 4 |12 17| 28] 35| 42| 49] 56 63| 70| 77| 84| 01
1 | 0.0 | 20| c.s
2 | 1.368 8 |10lc.s
3 | 1.87 1 2| 2] 2 2 2 2| 2/ 2| 2] 2] 2| 2| =
4 | 3.05 Y 3 x| 3] af 3l 3) 3] 1
5 | 3,97 1 1| 1| 1] 1l 1] 1| 1
5 | 4.85 wooal 1] ol o1l o2l 1] 2
7 | 5.55 1 1| 1l ] 1l 1] 2l 1
g | 7.55 ol I T A O A N
9 | 8.02 1 o1l o1 1| 1| 1] 1] 1
10 | 9.25 1 1) a1l o1} 1] 1| 1] 1
11 | 10.97
12 | 11.75
13 | 12.38

yel=-| yel-

14 | 13.0 |1low |1ow 1l 8]l 6le6lel &] 6f 6] 6| &

- B84 =




Table No., XXIIT

Emulsions of Solutions of Various Hydrogen Ion Concentrations
in Olive Cil.

Degree of Separation in cc. in different time periods.

Nop Py iéz ir DAYS .
. . 1| 4 8| 12| 17 25|35 42| 49| 56 (63 | 70| 77|84 @

1 0.9 10 C.S
3 1.38 8 10| C.8
3 1.87 1| 1 1 2l 2l 2] 2] 2| 2 2]l 2] 2lz2] 2
4 3405 1] 1] 1] 1 1] 1] 141 1
5 3.97 1l 1] 1 1] 1) 1]11] 1
6 4485 1 1] 1 1l 1) 1(1f 1
7 5.55 1 1] 1 1 1] 1]1] 1
8 7455 1 11 10 1] 1{3| 1
2 8,023 1l 1] 1 1l 1] 1] 1] 1
10 | 9,25 1] 1| 1 1l 1| 11| 1
11 | 10,97
i | 11,75
13 | 12.38

vel= | yel-
14 | 13.0 |1ow low sl &l s 7 gl 7| 7 | 7| 7

i’
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GRAPE NO., 9 - STABILITY OF iMULSIONS IN OLIVE OTL AND THEIR HYDROGIN ION
CC. Per COLICENTRATT O S.
Day 0

3 00

A

5

bV 2 4 's '8 '10 12 14

[
-

The ordinates of this graph represent the amount of separation per day over a
period of ninety-one days and multiplied by ten to eliminate fractions.
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figure number XVI shoves the emulsions made with olive
oil after a period of thirty days* Reading from left to

right the emulsions are numbered as given in table number

SSII.

Figure XVI
Fmulsions of solutions of Various Hydrogen Ion

Concentrations in Olive Oil.

The effect of sodium chloride solution in various
concentration was studied in order to determine the influence
of the sodium ion. j'ith solutions of sodium chloride in
concentrations I1H. to 10“* N. i1t was observed that this
substance had practically no influence upon the emulsions

dispersed in mineral oil.



Wwhen olive oil was employed, it was observed that the
enulsions exhibited a degree of stability which was
inverse to the concentrations of sodium chloride.

The degrees of separation with each of these
series of emulsions is shown in tables XXIV and XXV.
Figure XVII shows the enulsions in mineral oil after
thirty days. Seading from left to right, the emul-

sions are numbered as given in table XXIV.
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Table Noe XXIV

IMnulsions of Solution of Sodium Chloride in Iiineral Cil

Degree of Separation in cc. in different time periods.

No.| Normality DAYS
1] 4| 9] 14| e2| 32| 39| 46 | 53 | 60 |67 | 74|81 88

1 1 1] 1 1 1 1] 1 1l 1] 1] 1

2 10~L no| seplaration

3 1077 " "

4 1077 " "

5 1074 " "

8 1079 " "

7 107° " "

8 10~ " "
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Table ITo* XXV.
Emulsions of Solution of Sodium Chloride in Olive Oil.

Degree of separation in cc. in different time periods.

Mo. Form- ! DAYS

ality Los4 9 1422 32 39 46 53160 67
1 i T3 3 (333 3 33 3133
2 T 1 2 o, 1212 2 3 2 2 I> >
3 5 io! 1 1 1 i ili 1 | i i 11 1
4 110 1 1 1 111 1 1 i i 11 1

Figure XVII.
Emulsions of Solutions of Sodium Chloride in

Mineral Oil.



In order to study the influence of hydrogen ions
produced by a source other than hydrochloric acid, solutions
of sulphuric acid were prepared, their P

H
these were emulsified in mineral oil and olive oil. With

determined and

olive oil and mineral o0il the results were similar to those
observed when hydrochloric acid solutions were emulsified.

Tables XXVI and XXVII record these results.

Graph number X shows the stability of the sulphuric

acid solutions emulsified in mineral oil.
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Table No. XXVI

fmulsions of Solutions of Various Hydrogen Ion Concentrations in

Mineral 0il.

Degree of Separation in cc. in different time periods.

No. PH 1 2 DAYS

hr, hrs.

1 4 9 14| 22| 32| 39| 46| 53| 60| 67| 74 |8L |88

1 1.04 10 CeS
2 1.51 4 0 5 8] & 6 8 6 6 6 7 7 7 77 7
3 217 1 1 1 1 1 1 1 1 1 1 1 1 1
4 3406 no |sepagratipn
5 4: . Zl 14 Ft
6 4.88 " !
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Table No.

XXVIT

Zmulsions of Solutiongs of Various Hydrogen Ion Concentrations

in Olive O0il.

Degree of separation in cc. in different time pericds.

NoJd P, %142 DAYS

1) 4| 9] 17| 27| 34| 41| 48] 55| 67 69| 76 | 83
1 11.04 { 8 (sl 8| 8 al 9l 10ics
2 |1.51 & 7] 7] 7 v A A I D I I 4 4 7
3 | 2.7 2| 2] 3 gl 3| 3| 3] 3 3 3 3| 3 3
|4 | 3.06 2l 2| 3 gl 3y 5| & 3 3 3 3| 3 5
5 |4.21 1} 1) 1) 1] a2 2] 2 2 2 2 2| 2 2
6| 4.86 1§ af 1) 1] 1] xi 1 o 2 2 2| 2 2




ca, perGRAPH NG. 10 <« STABILITY OF EMULSICIT3 OF SOLUTI ONS OF VARIQUS HYDROGEN IQON
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In order to determine within a eloser range the hydrogen
ion concentration at which the range of instability on the acid
side begins,the Tollowing series of emulsions were prepared
using mineral oil as the external phase. Tables XVITI and
XXIX show the degree of separation of these emulsions over a
Period of eighty three days and Tigsure ZVIII shows the
emulsions listed in table XXIXafter thirty days. Reading from
left to right the anulsions in fi sure XVITI are numbered as

given in table XXIX. .

Table No. XXV1II.
Emulsions of Solutions of Various Hydrogen Ion Concentrations

in IMinersl Oil.

Degree of Separation in cce. in different time periods.

Nod P %2 D A Y S
* 1 4] 9117] 27] 34} 41] 48] 55] 62] 69| 76 | 83
L10.9 | 5 10| ¢.9
2|1.36| 2.5 | 3| 3| 3 3 3] 3] 3 3| 3] 3| 3 3
311.87 f oy i} 1] 1/ 1] 1| 1] 1 1
4 |2.17 i 1] 1) 1| 1 1
5 | 3.05
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Table No* TUX

Emulsions of Solutions of Yarious Hydrogen Ion Concentrations

in Mineral Oil.

Degree of Separation in cc. in different time periods.

J----
;-U
)

1/2 DAY S

Br 4 9 47 27 34 41 48 55 62 69 76 83
°® 5 9 9 9 9 9 9 9 9 9 9 9 9
1*36. 1 1T 1 1 1 1 1 1 1 1 1 1 A
1*87 1 2 2 2 2 2 2 2 2 2 2
2*17
3*05

Figure m il
Emulsions of Solutions of Yarious Hydrogen Ion

Concentrations in Mineral Oil*

76 -



Study of the Physical Properties of Bmulsions

Jater-in-0il Type.

Surface Tension = The surface tensions of the various

emulsions of solutions of different hydrogen ion con-
centrations in mineral oil were measured at 20° C. with
a standardized DuT_\IO{'xy tensiometer. The results of these

measurements are tabulated in table XX

Table hY.0.

Surface Tension of lmulsions in Ifneral 0il at 20° C,

No,. PH Dynes per cn.
1 | Mineral 0il 35462
sz 0.9 36433
é 3 1.87 ; 37.08
% 4 3497 36.81 g
5 7.55 36.81 |
i 6 9,25 j 36,45
7 10.97 36 460 f
8 11.75 | 37.08 g
;
1

L9 13.0 ‘ 36,064




Viscosity = Using the external phase, mineral oil, as

a stendard at 20° C., the relative viscosities of a series
of emulsions were determined by the method previously
described. The relative viscosities of these emulsions
showed little variation except on the extreme acid and
alkaline side of the PH range. The results of these

measurements are tabulated in table XXI and plotted in

graph XI.

Table XTI

Relative Viscosities of imulsions in Iiineral 0il

at 20° C.

No. PH Relative Viscosities
1 Mineral 0il 243 sec. unity
2 0.9 0.106

3 1.87 0.242

4 3497 0.224

S 76595 | 0.219

6 925 0.214

7 10,97 Q214

8 11.75 0.245

9 13.0 0,144

- 78 =



GRAPH NO. 11 = RELATIVE VISCOSITY OF SOLUTIONS OF VARIOUS HYDROGEN IOHN

Viscosity CONCENTRATIONS IN MINERAL OIL
25_
/
20 |
15
10 |
51
0
Pp; ° g * © 8 10 12 s



Size of Particle - Dmulsions of solutions of various hydrogen

ion concentrations (colored with a vater-soluble dye) were
prevared using mineral oil as the external phase., The size
of the »articles was measured microscopically. The results

R aatast

of these measurcments are given in table CIIT.

Table OCIT.

No. PH Average diameter of »articlesin microns
1 0s9 3849
2 1.87 Rl
3 3.97 2060
4 7455 17.7
5 9420 22.4
6 10.97 17.7
7 11.75 50.0
8 1340 30.0 1




Summary of Results and Theoretical Considerations.

Braulsifying Agents - Jith mineral oil, similar to Hariins

observation with benzene; msgnesium, calcium, cobaltous,
nickelous, manganous and aluminum oleates nroduce emulsions
of the wrater=in-oil vyve. Witk valeric acid similar to
Zarkins' and Tevmants observations with oleic acid, the
univalent salts produce oil=-in-water emulsions, whereas
the salts of divalent metals produce vater-in-oil emulsions.
The salts of arabic acid produce oil~in-water emulsions
irrespective of the volence of the netallic atom in
combinatvion. Having demonstrated the amphoteric emulsion
charecteristic of the divalent salts of acids, in which there
are several hydroxyl srouns, 1t is entirely nossible that
Tor this reason acacia always tends to produce an oil-in-
Tater erulsion. according to the observations made with
the divalent saltsig-galaotonic and gluconic acids 1t is
likely that the aresence of hydroxyl groups in the mole-
cule of erablc acid in addition to the fact that acacia con-
tains some univalent salts of arabic acid, are responsible Tfor
its invariably producing emulsions of the oll-in~water typec.
As the pum tragacanth is essentially the calcium salt of
bassoric acid and produces emulsions of the oil-in-vater
type, it is likely that this condition exists for reasons
similar to those proposed for the salts of arabic acid.
According to the postulates of Markins and his
assoclates, when the cross=~section of the hydrocarbon chain
of an emulsifying agent and the metallic end ave of The same

nasnitude, there is little or no tendency to curvature and



hence no stable emulsion will result. .ith univalent
salts of these acids containing hydroxyl groups the
packing of the emulsifyinz agent molecules need not
be altered because the polar metallic atoms and also
the hydroxyl groups dip into the water. When, how-
ever, theée compounds are attached to a divalent metal,
the hydroxyl groups so increase the magnitude of the
hydrocarbon chain that there is little tendency to
curvature and the emlsions obtained are not very
stable. It is possible that the vpresence of g0 many
polar hydroxyl groups in the molecule makes the
production of emulsions of either the oil-in-water

tyve or the water-in~-oil Type possible.

It is interesting to note that Jeston, (18)
working with colloidal clays, observed that these
substances would prbduce emulsions of the oil-in-
water or water-in-oil type.

Influences of Chenges jin Py upon yil-in-Water Emulsions.
The data and graphs correlating the results

obtained indicate that vegqtable and mineral oil .
emulsions prepared with acacia are stable over a
nydrogen ilon concentration varying from PH 2 to

Py 10. The presence of alkalies is esvecially
detrimental to the stability of these emulsions.
mulsions with acacia at various hydrogen ion con-
centrations show little change in thelr surface
tensions and their relative viscosities are identical.

The size of the particles in the acacia emulsions are



far more uniform and smaller than those of the tragacanth
emulsions and on the acid and alkaline side of the PH scale
there is a slight increase in the size of the particle.
This is exactly what one would expect as at these points
also the smallest degree of stabllity was observed.
Ilicroscopically it was observed tha+t this increase in
the size of the particle is due to coalescence, preliminary
to separation.

The emulsions prepared with tragacanth are especially
stable at P, 1.9 to PH 2.3 and quickly separate on the alka=

q
line side of the P, . scale. <ISxXamination of Graph number IV

H

indicates that this range of hydrogen ion concentration
does not change when the acidity is produced by sulphuric
acid instead of hydrochloric acid. e camnot, however,
consider this as a gpecific effect of the hydrogen ion alone
for sodium chloride produces a similar stability when the
sodium ion concentration is about 10”2W. as observed in
fizure XI.

A study of Graph number VII indicates that there is
a considerable drop in viscosity with en increase of hydroxyl
ion concentration, wvhich is characteristic of most mucilaginous
material, namely, that the presence of alkali reduces the
viscosity ol the gel. There was no change in viscosity in
the emulsions prepared with acacia.

The author feels that a maximum viscosity is not
desirable as 1indicated by graph number VII, but an optirum
relative vigcosity which is found to be between 4 and 6;

Holmes and Child (19) working with gelatin solutions suppvort

this view.



It seems that in tragacanth emulsions, as cobserved by
other investigators in other fields, that viscosity aids
emulsification solely by virtue of the hindrance offered
to agglutination of the oil particles.

Graph V shows that those emulsions prepared with
tragacanth decrease in surface tension toward the alkaline

side of the P_ scale. The author, however, does not

H
consider the phenomenon of surface tension of paramount
importance in view of the postulates of Langmuir (20)
who states that similar liguids may have the same surface
tension against air, owing to the fact that in their
surface layer similar groups or atoms may be similarly
oriented.

The interfacial tension of the two liquids has
been used by some as a measure of the emulsifyinz power
of one liquid upon another. Accordingly this measurement
was attempted between mineral oil and tragacanth gels of
varicus hydrogen ion concentrations, Invariably a steady
stream was obtained instead of drops as was obltained by
Donnan (21) with solutions of the sodium salts of certain
hizh molecular weight fatty acids. The interfacial tension
of mineral oil and solutions of various hydrogen iocon
concentrations as plotted in graph VI show that the alkaline
solutions reduce the interfacial tension which should inerease
the power of emulsification; were the enulsicfying agent
not affected. It is concluded therefore that the changes

in hydrogen ion conecentration influence the nermanency ol



the gel and thus affect the stebility of the emulsion.

L close examination of figure XIV will show that
only those tregacanth gels between PH Oe4d and 2.1 remain
free fram the separation of water at the surface, or in

other words the liculds between P,. 1 and 2.1 prepare the

i
most stable gels with tragacanth; it will be rzcalled that
the stable range of PH for erulsions made with tragacanth
practically lies within this scale. This supports Fischer's
(22) Tydrate theory of emulsification, which postulates that
oil is most permanently emulsified in a hydrophile colleid
when just a sufficient amount of water is Hresent to form

a hydrate., It is bpelieved that with Tragacanth this anount
of water 1s a function of 1ts hydrogen ion concentravion;
therefore at the ranze of the PH scale vhere tragacanth shows
itself to possess the hizhest degree of hyaratability, this
ranze 1s the stable point for emulsions nrepared with this
colloid.

. P
Influences of Changes in H upon Jater-in-0il Emulsions,

A study of the graphs suowing the stability of the
emulsions in mineral oil and olive oll (graphs VIIT and IX)
indicate that the most stable range of hydrogen ion concen-
tration for the internal phase of these emulsions lies well

on the alkaline side of the P, scale. The Pq range at which

H
the emulsions were most stable was between 11 and 12.5. TFrom
moderate
Py 11 to PH 2.5 there iz a range of/stability, whereas from

Py 28¢5 to Py 049 may be looked upon as the range of extrenme

H
instability. dith freshly orecipitated magnesium oleate there



is little or no separation from PH 20 t0 11 but the field
of instability is on the acid side of Py 2.5 and the maximum
point of stability lies between PH 1l and 12.5.

With mineral oil end olive olil the similar observations
were made if the hydrogen ion concentration was produced by
the addition of sulphuric acid indicating that the instability
was due to the vresence of a high hydrogen ion coneentration.
Jdhen various concentrations of solutions of sodium chloride
- were ermulsified, there was na influence in stability as far
as emulsions in mineral oil were concerned, but with those
di spersed in olive o0il the instability of the emulsions
"increased with the increase of concentration of sodium
chloride in the dispersed phase.

A study of the physical properties of the emulsions
shows that as far as surface tension is concerned (table XXX)
there is no significant difference in any of the emulsions.
Viscosity measurements show (table JXIXI) that the emulsions
of liquids of various hydrcgen ion concentrations in mineral
oil are far less viscous than the external phase alone. On
the extreme acld and alkeline sides of the P scale (PE 0.9
and PH 13) there was a marked drop in viscosity. It is of
interest to note that these emulsions of expreme low viscosity
were those which were least stable.

The size of the particles of the emulsions in mineral
oil increased on the alkaline side of tne PH scale without
any appreciable influence upon stability, the unstable

emulsion of an internal phase of P, 0.9 had particles

0



which were larger than those in any of the other emulsions.
Alcaféful microscopic study of the size of the particles in
relation to stability showed that in enulsions, whem the
average size of the particles ﬁas between 17 and 30 microns,
there was no influence in stability, particles above 30
microns {average size) %tend to coalesce and separate as a
layer beneath.

It is likely that the most important factor in the
determmining of the stability of these eunulsions is the
influence or the hydrogen ion concentration of the dispersed
phase upon the magnesium oleate. The magnesium atoms dip
down into the agueous particles and when the hydrogen ion
concentration of the aqueocus phase is high énough.PH 2.5,
there is a gradual decomposition of the emulsifying agent

which results ultimately in the disintegration of the emulsion.



Conclusi ons.

1. The character of emulsions produced by several oleates,
certain univalent and divalent salts of arabic acid and some
related compounds has been studied. An explanation for the
invariable oil-in-water nature of emulsions prepared with

acacia and tragacanth has been proposed.

2. The range of greatest stabllity for either vegetable
or mineral oil emulsions prepared with acacia lies between

Py 2 to 10 and with tragacanth the range is Py 1.9 t0.2.3.

de The size of the particles, surface tension, interfacial
tensions and viscosity‘have been determined at various points
on the Py scale. Changes 1in particle size and viscosity is
caused by changing the hydrogen ion concentration of emulsions
prepared with tragacanth. The viscosities of acacia emulsioﬁs
are not altered by changing the PH’ the size of the particle,

however, increases on the alkaline size of the P, scale.

4e Tischerts Hydrate theory is substantiated in emulsions

prepared with tragacanth.

S With water-in=-oil emulsions prepared with magnest um oleate,
olive o0il is found to be a more stable dispersion phase than
mineral oil. The most stable range of hydrogen ion concentra-
tion was found to be between PH 11 and 1l2.5. Jith a hyvdrogen
ion concentration more acidic than Pq 2.5, extreme instablility

was observed.

B Jith emulsions of the water-in-oil type changes in P.; of



the inner phase did not affect the surface tension, the
unstable emulsions had a lower viscosity than the stable
ones and the size of the particles does not alter the

stability up to 90 microns average slze.
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