
THESIS

Presented to the University of Glasgow 

for the degree of

DOCTOR OF PHILOSOPHY,

> 7

CECIL LEEBURH W3XSOH, M. So.



ProQuest Number: 13905222

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 13905222

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



THE PHYSICAL PROPERTIES OF MIXTURES

with special reference to 

VISCOSITY.

with an additional paper 

THE CONSTITUTION OF PELOBATAHHIHS.



3SQTE.

The results which are given in Part I? of this 
thesis have "been published (Journal of the Chemical Soc
iety, 1934, 1360.) The results contained in the Ad
ditional Paper, Part V, have been published in a ;joint 
paper with Dr. A Russell and Dr. J. Todd of the Department 
of Chemistry of the University of Glasgow (Journal of 
the Chemical Society, 1934, 1940.) From this paper, a 
number of the figures attached to Part V have been ob
tained.

I wish to express my indebtedness to the Queen’s 
University of Belfast for the award of a Musgrave Re
search Studentship during the sessions 1933-34 and 1934- 
35, which enabled me to carry out research through those 
two sessions at the University of Glasgow.

I also wish to express my thanks to Dr. R. Wright,
Dr. A. Russell and Dr. J. Todd of the Department of 
Chemistry in the University of Glasgow, and to Professor 
A. W. Stewart and Dr. J. B. Parke of the Queen’s University 
Chemical Department, for helpful advice, and for the in
terest which they showed in this work.

Chemical Department,
The Queen’s University of Belfast.



TABLE OF CONTENTS.
Page

INTRODUCTION 1
PART I. .SOLUTION MIXTURES

Introduction 3
Experimental 8
Results 11
Discussion 12
Conclusion 16

PART II. GAS-VAPOUR MIXTURES
Introduction * 17
Introduction to Experimental

(a) Examination of Literature 24
(b) Outline of Work 27

Apparatus and Methods 32
Results 45
Discussion 50
Conclusion 53

PART III. VISCOSITIES OF EMULSIONS
Introduction 54
Apparatus 62
Experimental

(a) Viscosity Determinations 65
(b) Microscopic Examination 73

Discussion 75.
Conclusion 77

PART IV. ACTION OF EMULSIFIERS AND TYPE REVERSAL
Introduction 78
Introduction to Experimental 79
Experimental 84
Discussion 97
Conclusion 101

PART V. Additional Paper
THE CONSTITUTION OF PHLOBATANNINS. 

Introduction 105
Experimental

(a) Viscosity Measurements 111
(b) Absorption Spectra 113

Results 116
Discussion 122
Conclusion 129

(c) Optical Rotation 131
References, Parts I-IV 103
References, Part V 1 3 3



HJTROIKJC T IO II



INTROSPCTIOH.

The property of viscosity is possessed by any fluid, 
and although the methods of investigation are widely dif
ferent in each case, it may therefore be examined in 
either liquids or gases, or in solutions or mixtures, as 
long as only a single phase is present.

In this thesis, work is described on the viscosities 
of various types of mixtures; they are, briefly,

(1) solution mixtures, where various degrees of
reaction may be expected between the substances in sol
ution;

(2) mixtures of gases with vapours;
(3) emulsions, which, though strictly speaking not

single phase liquid mixtures, are yet as a rule suffic
iently homogeneous to permit of the measurement of vis
cosity.

Part I of this thesis contains the results obtain
ed from the investigation of Solution Mixtures. At the 
same time, the densities, which have to be determined in 
order to calculate the viscosities, are included.

Part II consists of the investigation of the vis-
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cosities of mixtures of u-ases with Vapours. As in the 
case of the solution mixtures, the mixtures are so chos
en that various degrees of reaction may be expected be
tween the two constituents of the mixtures.

Part III is an account of the examination of vis
cosity in ffmulsions of Benzene and Water, with particul
ar reference to the effect of the emulsifier on the prop
erty.

Arising out of the work described in Part III, an 
investigation of the Action of the Emulsifier in stabil
ising emulsions was carried out, and is contained in 
Part IV.

Additional Paper. This, Part V of this thesis, 
consists mainly of an account of the examination of 
the Absorption Spectra of Natural Tannins, Synthetic 
Phlobatannins, and related compounds.

Since, in some of the work carried out, the appar
atus was specialised, it will be described in some detail 
in a special section where its nature warrants this.



PART I. 

SOLUTION MIXTURES.



HTTROIXJCTION TO PART I.

When two liquids are mixed in varying proportions 
and a physical property-composition curve is plotted, it 
is found in general to he smooth and continuous, and to 
approximate to the Mixture Rule. In other words, it is 
approximately the average to he expected from calculat
ion based on the extent of the physical property in each 
liquid separately.

however, in cases where combination, either defin
ite or loose, is known to take place, between the two 
components of such a binary mixture, the property deviates 
to a considerable extent from the Mixture Rule, and freq
uently, when the formation of a compound is definite, 
the curve shows a sharp maximum or minimum.

Thus, Briscoe and his co-workers ^ ’̂ ^ s h o w  that 
where loose compounds are formed between such organic liq
uids as Chloroform and Ether (as evidenced by the heat of 
mixing) such properties as dielectric constant and de
pression of the freezing point do not obey the Mixture 
Rule, but show maxima and minima in the property-compos- 
it ion curves.

Again, notable exceptions are the cases of mixtures 
of mustard oils and amines ^4 »5 )and of certain mixtures
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containing phenols
Viscosity, where conditions render its determination 

possible, is a very suitable property to examine, in or
der to obtain evidence with regard to compound formation.

It has been used, for example, by Thorpe and Rodger^®) 
for mixtures such as Ether-Chloroform, where loose com
pound formation takes place.

Even more striking examples of its suitability are 
shown in the case of the Mustard Oil-.Amine mixtures 
previously mentioned. These systems give sharp maxima 
in the viscosity-composition curves, which correspond 
with similar maxima in the freezing point curves, and 
indicate the formation of non-dissociated compounds.

hramley, too, in his investigation of the binary 
mixtures containing phenol and substituted phenols 
finds that where two substances react chemically form
ing an additive compound, the viscosity of a liquid mix
ture of these two substances should be higher than the 
calculated value, the maximum difference occurring with 
that mixture which contains the largest proportion of the 
compound. His results are, however, indecisive, which he 
traces to causes connected with dissociation and assoc
iation of the constituents.

A number of other examples are quoted by Hatschek
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When, however, this method is applied to cases 
where definite compounds, capable of isolation, are form
ed, as in the case of the work of Kuraakow and his co
workers on the Mustard Oils (4,5)  ̂ ^  extremely dif
ficult to investigate the property widely. This is be
cause it is not possible, in general, to obtain a con
tinuous series of liquid mixtures between two substances 
which form definite compounds, since, as in the case of 
btilphuric Acid-Aniline, there is also a change in physic
al state.

In solution, however, this difficulty is avoided, 
and so the viscosities of a number of acid-amine solution 
mixtures have been investigated, in conjunction with 
solution mixtures where no compound can be formed.

here we have not, however, an exact parallel to 
the case of the liquid mixtures; for the determination 
of the viscosities of a series of solution mixtures, since 
the solutes may very well be solid, shows in reality the 
effdct of the solutes on the viscosity of the solvent, 
and cannot be considered a direct function of the constit
uents as in the case of a series of liquid pairs.

The conditions may be considered somewhat similar 
to those in gas-vapour mixtures, but where the effect of 
mixing is observed through its effect on the viscosity 
of the solvent.
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VISCOSITY.

The viscosity of a fluid is that property to which 
is due the internal resistance offered to the motion of 
the fluid at any point with a velocity different from 
that of an immediately adjacent point. It determines 
the resistance to shear, that is, to slow stirring, or 
flow through a capillary.

The coefficient of viscosity, 1? , is the numerical 
value of the tangential force on unit area of either of 
two parallel planes at unit distance apart, when the 
space between these planes is filled with the fluid in 
question, and one of the planes is moving with unit vel
ocity in its own plane relative to the other.

The fundamental unit of viscosity is 1 poise, which 
is equal to 100 centipoises.

When relative viscosities are to be determined, an 
Ostwald TJ-Tube viscometer is suitable for the determin
ations. Poiseuille's law ^°)for viscosity may be writ-
ten _ trdk h/Qg t _ m /?v

/ ~  728 L v  ftTTt L

where ^ = Viscosity of liquid flowing through capillary, 
d - Diameter of capillary, 
h - Mean head of liquid.

•= Density of liquid, 
g ■=. Acceleration due to gravity, 
v = Volume of liquid which flows in time t sees, 
m = Uoustant.
1 = Corrected length of capillary.
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With relative viscosities, the elimination of the 
variation in pressure caused "by the decreasing column of 
liquid is possible. In the Ostwald Viscometer (Fig. 1) a 
constant volume of liquid is used. The liquid is then 
drawn up into the left hand limb, above the mark A, and 
allowed to flow back, the time for the fall from A to B 
being noted. The flow may be considered to be caused by 
an average head, and all the constants may be combined 
to give the formal a

17 =K/°t
By determining t, the time between the marks A

and B for a liquid of known ̂  and/o, the viscosity of
another liquid of density /o' can be found from the equation

/O't'





E X E E R D B U m .

Normal solutions of the substances were used, and 
the compositions of the mixtures were varied so that 
there was always 1 gramme equivalent per litre of dis
solved substance.

Thus, as a specimen, we have the proportions used 
for the hydrochloric Acid-Monomethylamine solution mix
tures.

No. of soln. 1° N/l Mono- 
methyl amine

f> N/l Hjydro- 
chloric Acid

1 0 100
2 10 90
3 20 80
4 30 70
5 40 60
6 50 SO
7 60 40
8 70 30
9 80 20

10 90 10
11 100 0

The viscometer was kept in a thermostat at 25°U., 
varying over not more than 0.1° C. After being allowed 
to reach the temperature of the thermostat, the time of 
flow of the solution was measured, the average of three 
determinations varying by not more than one second being 
taken. Since the viscometers used were special Ostwald 
U-Tube Viscometers, having a bulb capacity of about 15
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ec., and so constructed that they gave a time of flow 
for water of about 400 seconds, this means a variation 
of less than 0.25?&.

The substances used were chosen so as to give a 
range of strengths of both acids and bases. They were 
Hydrochloric Acid, Acetic Acid, Monomethyl amine, Ammonia, 
Urea; and they were used in conjunction as follows:-

1. Hydrochloric Acid-Monomethylamine
2. Hydrochloric Aeid-Ammonia
3. Hydrochloric Acid-Urea
4. Acetic Ac id-Monomethyl amine
5. Acetic Acid-Ammonia
6. Acetic Acid-Urea.
In order to show the difference in the case where 

no action between the two solutes is to be expected, 
the mixtures below were also examined:-

7. Hydrochloric Acid-Acetic Acid
8. Monomethylamine-Urea.
Finally, viscosities of two series of solutions in 

which one solute was present alone were measured, in 
order better to determine the effect due to interaction 
between the two solutes.

The two resulting viscosity curves were added to
gether giving the effect of the sum of the two solutes 
independent of any interaction between them. The sum, 
when subtracted from the curve given by the mixed solut
ions, then shows the effect due to interaction between 
the solutes.

(9)



9. Monomethylamine -Water
10. Acetic Aeid-Water.
Apart from one point, the preparation of the sol

utions, and the determinations of the viscosities and the 
densities, which were carried out in the normal way us
ing a density bottle, requires no comment.

This one point was that the solutions, if allowed 
to sit for any length of time, changed considerably in 
strength, presumably due to loss by evaporation. This 
was particularly noticeable in the case of solutions which 
contained Monomethylamine as one of the constituents, 
and even in the preparation of the solution mixtures, if 
this was not carried out expeditiously, loss was to be 
expected.

It was found, finally, that it was necessary to 
carry out the preparation of the solution mixtures as 
quickly as possible, and as soon after the preparation 
of the original Monome thyl amine solution as possible.
The viscosities were then determined immediately on mak
ing up the solutions as mixtures.

(10)



RESULTS.

The most suitable fora in which to present the re
sults for the solution mixtures is in tabular and in graph
ical form, and both these methods are employed.

The table following gives the results for all the 
solution mixtures, and these are plotted as property- 
composition curves in Figs 2-7.

/o = relative density: ^ - relative viscosity.
A 100 90 80 70 60 50 40 30 20 10 0

A HC1 1 01 73 1.0150 1.0127 1.0107 1.0086 1.0061 1.0033 0.99950 0.99613 0.99332 0.99012
B CHgHBg 7 1.0542 1.0469 1.0413 1.0361 1.0290 1.0211 1.0400 1.0671 OOO

•
r4 1.0966 1.1015

A P 1.0173 1.0150 1.01265 1.0112 1.0095 1.0077- . 1.0044 1.00135 0.99830 0.99502 0.99215
B h h3 7 1.0542 1.0430 1.0329 1.0173 1.00345 0.98775 0.99900 1.0063 1.0130 1.0169 1.0231

A HC1 P 1.0173 1.0170 1.0169 1.0168 1.0167 1.01665 1.01645 1.0163 1.0162 1.0159 1.01575
B C0(HH2 )2 V 1.0542 1.0508 1.0497 1.0477 1.0454 1.0426 1.0441 1.0430 1.0399 1.0369 1.0338

A HC1 P 1.0173 1.01625 1.01505 1.01425 1.0133 11.0125 1.0116 1.01055 1.0098 1.0090 1.0081
B CH3C00H V 1.0542 1.0631 1.0697 1.07765 1.08525 1.0896 1.0953 1.1010 1.1061 1.11135 1.1157

A c h3c o o h e1.0081 1.0079 1.0075 1.00715 1.00665 1.00635 1.00505 1.0020 0.99855 0.99535 0.99012.
B CH3NH2 7 1.1157 1.1178 1.12425 1.12705 1.12965 1.12835 1.12615 1.11695 1.11195] 1.1071 1.1015

A CILzCOOH p 1.0081 1.00815 ccoo\rH 1.00855 1.00860 1.00865 1.00565 1.00235 0.99900 0.99561 0.99215
B 7 1.1157 1.11605 1.1187 1.1186 1.1160 1.11335 1.09555 1.07685 1.05855 1.03935 1.0231

A CH3C00H 1.0081 1.0090 1.00975 1.0101 1.0111 1.01205. 1a.0J.24 . . 1.01335 1.01415 1.01495 1.01575
B coura2i27 1.1157 1.10915 1.1022 1.0930 1.0858 1.07825 1.0706 1.06405 1.05725 1.0475 1.03375
A CO(RHg)?P 1.01575 1.01285 1.0109 1.00895 1.00655 1.0043 1.0018 0.99892 0.99616 0.99280 0.99012
B -  '  JZbL '  £CHgNHg 7 1.03375 1.0397 1.0487 1.0557 1.0624 1.0695 1.0763 1.08175 1.0883 1.0949 1.1015
A CHgCOOH 1.00817 1.0077 1.00672 1.00608 1.00530 1.00445 1.00375 1.00272 1.00167 1.00097 1.00000
B HgO 7 1.11515 1.10573 1.09668 1.08469 1.07150 1.06199“ 1.04870 1.03789" 1 . 0 2 1 W 1.0146b 1•oooou
A /®0.99016 0.99124 0.99256 0.99344 0.99436 0.99554 0.99632 0.99750 0.99825 0.99930 1.00000
B H20 11.10188 1.08745 1.07539 1.06503 1.05673 1.04883 1.03943 1.03005 1.02023 1.01090 1.00000
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DISCUSSION

While the results obtained in this investigation 
may be summarised quite briefly, several points of in
terest are raised which merit farther discussion.

In consideration of the results, the first point 
to be noted is that the stronger the acid or base concern
ed, the sharper the break in the curve, Thus the curve 
for Hydrochloric Acid-Monomethylamine (Fig. 2 ) shows a 
much sharper break than that for Acetic Acid-Monomethyl
amine (Fig. 4 ) or for Hydrochloric Acid-Urea (Fig. 2 ).

This may definitely be attributed to the fact that 
in the former case the salt formed will be considerably 
less hydrolysed than will those formed in the case of 
the two latter mixtures.

In all cases where the formation of a compound is 
likely, the break can be seen distinctly in the curve, 
with the exception of the case of Acetic Aeid-Urea (Fig. 4); 
but here the existence of a compound is maeh more doubt
ful than in the ease of the other acid-base mixtures.

Surprisingly, too, in this case a more definite 
break is found in the density-compos it ion curve than in
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the viscosity-composition curve. In general, the viscos
ity-compos it ion curves seem to be much more suitable for 
demonstrating the effect than do the density-composition 
curves. In other words, the viscosity shows itself to 
be a more constitutive property than the density.

since both of the curves Acetic Aeid-Water and 
Monomethylamine-water are almost straight lines, it fol
lows that their sum will almost be a straight line also. 
(Fig.6 ). The difference curve will therefore be nearly 
identical with the Acetic Acid-Monomethylamine curve, if 
the end points of the former curve are lowered to the 
same level, since the two curves appear alike, it fol
lows that the deviation of the acid-amine curve is prob
ably due to compound formation.

It will be seen that, with the exception of the 
Acetic Acid-MonomethylamAne curve (Fig. 4 ) the break 
corresponds to the 50fi mark, and so to the point where 
full compound formation might be expected. The endeavour 
to eliminate the effect of the solvent in this partic
ular case throws no light on the peculiar behaviour of 
the Acetic Ac id-Monomethyl amine solution. It might, al
though without much basis for the theory, be attributed 
to association, for, though normally Acetic Acid appears 
to exhibit slight dissociation in aqueous solution, the 
presence of the Monomethylamine and the hydrolysis of 
the salt formed may have the effect of causing the acid

(13)



to associate. This, however, is very hypothetical, and 
would necessitate verification by methods other than 
viscosity measurements, if, indeed, it would be capable 
of verification.

Bven more interesting is the fact that, while the 
density curves all break upwards, the viscosity curves 
as a whole may be divided into two main classes, those 
which break upwards, and those which break downwards.

When arranged with this difference in mind, we have
the two following groups of mixtures:-

Break up. Break down.
Acetic Aeid-Monomethylamine 
Acetic Acid-Ammonia

Hydrochloric Ac id-Monomethyl-
Amine

Hydrochloric Acdd-Unmonia 
Hydrochloric Acid-Urea.

While on a cursory examination of this grouping it 
may appear that this is merely due to the different ef
fect of two different acids, this may on further con
sideration be tentatively explained as follows.

In all the substances examined, Hydrochloric Acid 
may be expected to exhibit by far the greatest degree of
ionisation in solution. Again, as mentioned above, Bram- 

( 7 )ley stated that where addition compounds are formed, 
a value higher than the calculated value is obtained in 
the property-compos it ion curve, and further evidence sup
porting this theory is discussed by Hatsehek^11).

(14)



May it not, then, he the ease that, where addition 
compounds are formed, we have a maximum shown, that is, 
in the second group of mixtures? On the other hand, where 
a minimam is shown, the compound formed may he the result 
of a purely ionic reaction, as is to he expected, for 
example, in the ease of Hydrochloric Acid-Monomethylamime.

finally, it may he noted that, in general, where 
there is a considerable difference between the strengths 
of the two compounds in a mixture, the side on which the 
stronger one is in excess gives a straighter curve than 
that on which the weaker occurs.

in other words, one of the viscosity-composition 
curves may he considered as consisting of two viscosity- 
composition curves, that for acid and salt, and that for 
base and salt. Then if the acid is the stronger of the 
two, the curve for acid-salt will he straighter than that 
for base-salt.

If this property is general, and the selection of 
compounds dealt with here is representative enough to 
suggest that this is the case, this would appear to he a 
possible method for determining the relative strengths of 
acids and bases, albeit the determination would he only 
approximate.

(15)



OOHCLUSIOH.

The viscosities and densities of a number of mix
tures of normal solutions of acids and bases have been 
determined.

Certain well defined relationships have been observ
ed and discussed, the most obvious one being a sharp 
break in the property-composition curve at the 50 mark 
when the formation of non-hydrolysed compounds is to be 

- expected.
In other words, where the formation of a compound 

takes place, this corresponds with a maximum or minimum 
value on the property-compos it ion curve. The breaks dis
appear or are modified when hydrolysis is likely.

The viscosity-composition curves in particular 
would appear to indicate fully the conditions, complex 
or otherwise, in such a system.

(16)
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INTROnJCTIOH TO PART I I .

The coefficient of viscosity,^, for a fluid has 
elsewhere in this work been fully defined (p.6 ). It 
will be sufficient to state briefly that it is the force 
per square centimetre which gives a layer a velocity 
relative to a second layer which is numerically equal 
to the distance between them, in a liquid, the main 
factor affecting viscosity is the cohesion between the 
molecules, in a gas, the viscosity can be shown theor
etically to be due to the kinetic motion of the molecules.

a  gas flowing over a surface can be considered as 
consisting of a series of planes. These planes are 
slipping over each other, the velocity of a plane being 
a linear function of its distance from the surface. If 
we assume that the plane next to the surface over which 
the gas flows is retarded infinitely, while that one which 
is unit distance from the surface has unit velocity, then 
the friction, or tangential force, on unit area between 
any two contiguous planes is the coefficient of viscos
ity, 77 .

Since the velocity of the planes is so small com
pared with the motion of the molecules comprising the

(17)



gas tJiat it can be considered as having no effect on 
the motion of the molecules, we can see that the mole
cules passing from any plane to that immediately above 
will tend to retard it, while those passing from a plane 
to that immediately below will tend to speed up the 
slower plane. This motion of the molecules will be the 
cause of the internal friction between the layers, and 
the expression for the viscosity of a gas may be calcul
ated directly from the basis of the kinetic motion of 
the molecules.

The average distance between any two consecutive 
layers of molecules in the gas is equal to the mean 
free path of the molecule, L. At a distance, x, from 
the surface over which the gas is flowing, the velocities 
of two adjacent layers are

X-+-L/2 and x — L/2.
The numbers of molecules passing from one layer to 

the other- per unit area
a 1/6 (ff.G)

where G ~ the kinetic velocity of the molecules
H' - the number of molecules per unit volume.

Since the molecules pass in both directions, the 
nett loss in momentum of the faster layer

- l/6[NmG(x + I,/2)] - [l/6 NmG( x - L / 2 )]
=■1 / 6 HmffL.

(18)



The nett gain in momentum of the slower layer is 
similariiy

1/6 RmGrl.
So that the total change in relative momentum per 

unit area per -unit time is 
1/3 NmG-l,

which is the expression for the viscosity, t), of a
gas.

This formula can be written 
T) = 1/3/oGl.

We can see fnom this formula that if the pressure 
is changed, there should be no change in the viscosity, 
for h is increased and L decreased to the same extent, 
while m and G are unchanged. That this is so within wide 
limits when the viscosity is measured by means of oscil
lating discs has been shown by Meyer I12] and later more 
conclusively by Maxwell^ 1^>1^ , but it has been pointed 
out by RankinedSO that when measured by flow through a 
capillary in apparatus similar to that used in the pres
ent work, low pressures have a decided effect on the 
times of flow, and hence on the apparent viscosity of 
a gas.

The effect of increase of temperature can be seen 
from the formula to be an increase in viscosity, a fact 
which is found experimentally^12).

The theoretical considerations above can easily be

(19)



extended to include mixtures of gases.
At first sight it would appear that, since is 

independent of the pressure, the viscosity of a mixture 
of two gases should he the sum of the viscosities of the 
constituent gases. But fdrther consideration shows that 
this is not the case.

If equal volumes, v, of two gases at the same 
temperature are mixed, G and m for each gas remains unchang 
ed. If these equal volumes are compressed, so that the
resulting volume is also v, then h, the number of mol
ecules per unit volume is unchanged for each type of 
molecule. 1», however, has been reduced for each type of 
molecule, on account of the presence of molecules of 
the other type; so that the viscosity for each of the 
gases is reduced, and so the total viscosity of the 
mixture,

1/3 NmGL ,
is less than the sum of the viscosities of the con

stituent gases,
1/3 Hn^Gli + 1/3 Hm2GL2 .

If the mean free path for each of the gases were
exactly halved by the above process of mixing, the vis
cosity of the mixed gases would be the mean of the two 
viscosities of the constituent gases. In other words, 
the resultant viscosity would be that calculated from

(20)



the Mixture Rule. Owing, however, to the difference in 
size and kinetic velocity of the two types of molecules, 
the exact halving of the mean free paths does not occur, 
and, as a consequence, the Mixture Rule is not obeyed.

'l'he effect of the difference of molecular diameter 
on the mean free path in gas mixtures may be more easily 
followed if we consider the result of mixing equal vol
umes of two gases of different molecular weights at the 
same pressure and temperature, l'he resulting volume is 
then the sum of the volumes of the constituent gases. 
Under these conditions, n is halved for each gas, so that 
in order to obey the Mixture Rule, the mean free path, L, 
should be unchanged. Since, in the mixture, we have the 
same total number of molecules per unit volume as in the 
constituent gases, it follows that for the molecules of 
the gas of less molecular weight, the mean free path will 
be reduced, since the position originally occupied by 
5096 of these molecules is now held by larger molecules.
In the same way, the mean free path of the larger mole
cules is increased to the same extent.

If we suppose x to be the change in length of 
the mean free path, the decrease in viscosity due to 
this cause for the gas of small molecules will be 

1/3 ( H/S.BiGiX ) 
and similarly the increase in viscosity for the

(21)



gas of larger molecules will "be 
1/3 ( N/E.mj.Gr2x ).

The total deviation in viscosity from that calcul
ated from the Mixture Rule will therefore he 

1/3 [ N/2.X ( m zGri - G-j)] •
If we now suppose the two gases to have the same 

molecular weight, M, the deviation in viscosity becomes 
1/3 [H/2.X ( MG2-MGi)].

At the same temperature, however, all gas mole
cules have the same value for kinetic energy,

imGr2'.
If the molecular weights of the two gases are the 

same then
iua\ = h w g  

<h= <*z
and so the deviation from the calculated viscosity 

becomes
1/3 \_W2.x ( M G - M G  )J 

= Zero.
It would therefore appear that gases of the same 

molecular weight should obey the Mixture Rule with res
pect to viscosity.

While it is probable that the different velocities 
of constituent molecules in gas mixtures will affect the 
mean free path for the mixture, it must be remembered
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that gases of the same molecular weight will also have 
the same molecular velocity, and so the reasoning above 
is not affected.



INTROIXJCTion TO EXPERIMENTAL.

(a) EXAM H A T  IOn OF LITERATURE.

In consideration of the theoretical proof of the 
behaviour of gas mixtures with respect to viscosity, 
an examination of records of gas mixtures in the literat
ure was instituted, to see if the proof was h o m e  out 
in practice.

It was found that, in general, gas mixtures of two 
gases of equal or nearly equal molecular weight obeyed 
the Mixture Rule, while in the case of mixtures where 
there was a large difference in the molecular weights 
of the constituent gases, the deviation was great.

Trautz and Melster^^ have examined binary mix
tures of Nitrogen-Oxygen (28:32), Carbon Monoxide-Oxy- 
gen (28-32), Ethylene-Oxygen (28:32 ), Nitrogen-Ethylene 
(28:28), Carbon Monoxide-Ethylene (28:28), and Nitrogen - 
Carbon Monoxide (28:28), and have found that they give 
viscosity composition curves which are practically 
straight lines.

For Air-Ethylene (29 approx.:28) and Oxygen-Nitro- 
gen (32:28), Lanffolt and hornstein record values^7 ) which
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give practically straight line curves.
For Carbon Dioxide-Propane (44:44), Hitrous Ox

ide -Pro pane (44:44), Carhoh Dioxide -Mtrous Oxide (44:44), 
Trautz and Kunz^®^ give values which give almost straight 
line graphs.

Jung and Schmidt ̂ ) have found almost straight 
line viscosity-composition curves for Methane-.Ammonia 
(16:17), Sulphur Dioxide 4-Carbon Dioxide (64:44), Sulphur
etted Hydrogen-Air (34:29 approx.), Hydrogen Chloride-Air 
(36.5:29 approx.), Hydrogen Chloride-Carbon Dioxide 
(36.4:44) and Ammonia-Air (17:29 approx.)

On the other hand, mixtures of gases with Hydrogen 
always show a decided deviation from the values calcul
ated from the Mixture Rule. In no case cited above does 
the ratio of the molecular weights reach the ratio 2:1.
But with Hydrogen as one of the constituents of the mix
ture, ratios nruch grdater than this are to be obtained, 
and so we find that the values given by Thomsen^ ̂  ̂ for 
Carbon Dioxide-Hydrogen (44:2), Ammonia-Hydrogen (17:2), 
and Ethylene-Eydrogen (28:2) when plotted give curves which 
deviate markedly from the straight.

Similarly with mixtures of the inert gases and 
Hydrogen, the results given by Trautz and Dudewigs^^-^ 
for Argon-Hydrogen (40:2), by Has ini and R o s s i ^ ^  for
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Helium-neon (4:20) mud Helium-Krypton (4:83), and by 
Oille^2®^ for Hydrogen-Helium (2:4) all deviate from the 
Mixture Rule markedly.

The difference between the two classes may be gath 
ered from the two figures plotted from the results of 
Trautz and Kunz ( Fig. 8) and from those of Trautz and 
1/udewigs, Nasini and Rossi and Gille (Fig. 9).
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(b) OUTLINE OE WORK.

Since a brief consideration of the problem will 
show that if there is an attraction between the mole
cules of the two mixed gases, there will be in all 
probability a very definite effect on the concordance 
of the viscosities with the Mixture Rule, this possibil
ity of attraction was now examined.

It is, of course, extremely unlikely that there 
will be any attraction in the case of the gases quot
ed in the investigation illustrated by Fig. 9 above, hut 
in other cases it is not so easy to specify when such an 
attraction exists. The best line of approach was there
fore considered to be an examination, not of mixed gases, 
but rather of a mixture of a gas with a vapour. This is 
considered perfectly in order, for according to Meyer^24  ̂
vapours in most respects obey the laws of viseosity in 
the same way as gases.

If then, such mixtures, in which there is known to 
be a great attraction, while the molecular weights are 
in or about the same, axe examined, it was thought that 
something could be learned regarding the part which att-
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raction plays in the causation of deviation of the viscos
ity from the Mixture Kale, by comparison with such curves 
as those in Jj’ig. 9, where no attraction is to be expected.

(i) Ammonia - Water Vapour.

A suitable mixture is that of Ammonia-tVater Vapour,
wheretthe ratio of the molecular weights is 17:18, and
thee attraction is known to be appreciable, since this may

(25)be deduced from the results of Maefarlane and Wrightv , 
which show that very soluble gases show great attraction 
for the vapours of the liquids in which they are soluble.

This mixture was therefore investigated with regard 
to the change in viscosity with composition.

The results were somewhat unsatisfactory, owing to 
the fact that the Kankine Viscometer, as mentioned above 
ip.fcjf ), is unsuitable for work at low pressures, and at 
higher pressures only mixtures very rich in Ammonia could 
be obtained. All attempts to vary the composition by 
temperature control or otherwise failed to give any great
er increase in the variation of the composition of the 
mixture•

(ii) Hydrogen Chloride - Methyl Alcohol Vapour.

Since there is an extremely strong attraction be-
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( 2*5 )tween Hydrochloric Acid Gas and Methyl Alcohol vapour' ', 
it would appear on first sight that this mixture is even 
more suitable than the previous one, the difference in 
molecular weights (36.5:32) being very little greater 
than before.

It was found on further investigation, however,
that- the variation in composition which could be obtained
was extremely small. This was found to be due to the
fact that an azeotropie mixture was formed in the same

( 26)way as is found with Hydrogen Chloride-Waterv '. The 
vapour pressure of Methyl Alcohol at 20°C. is 88.7 m m . ^ ^ ,  
and the vapour pressures of the mixtures decreased from 
the pressure on the Methyl Alcohol side, and from atmos
pheric pressure on the Hydrogen Chloride side to reach 
a minimum. The consequence of this was that the vapour 
pressures of solutions of the gas in Methyl Alcohol ^ere 
in ma^y cases very low, whereas an essential for obtaining 
a large range of compositions for the mixture was a high 
vapour pressure.

(iii) Ammonia - Methyl Alcohol Vapour.

The next mixture investigated was Aamonia-Methyl 
Alcohol Vapour. This showed a fairly large attraction 
between the two constituents, although the difference in 
the molecular weights is somewhat greater (32:17).
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Again the variations in composition were very small, 
"but "by using a variation of temperature control, a number 
a number of mixtures varying in composition over a small 
range were obtained.

(iv) Other G-ases - Methyl Alcohol Vapour.

Since, however, the methods so far used showed 
that it was useless to hope for full curves for a range 
of gas-vapour mixtures, a number of gas-vapour mixtures 
with Methyl Alcohol Vapour as one constituent were examin
ed. These were obtained by saturating the gas at a fixed 
temperature and pressure, and the compositions of the 
mixtures thus obtained enabled an idea of the deviation 
from the Mixture Rule to be obtained.

The results seem to show that both the amount of 
attraction between the constituents, and the ratio of 
their molecular weights play a considerable part in 
determining the deviation of the viscosity-composition 
from the Mixture Rule.

(v) Gases - Ether Vapour.

3h order to extend the scope of this work, an at
tempt was made to carry out a similar investigation, sub
stituting .Ether Vapour for Methyl Alcohol Vapour. Ether 
was used because it was thought that, owing to its higher
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vapour pressure, a wider range of mixtures could be ex
amined, or at least, mixtures containing a higher per
centage of vapour.

However, this was abandoned on finding that, prob
ably because the temperature control was insufficient to 
maintain the constant proportions of gas:vapour, con
sonant readings for the times of flow could hot be ob
tained with mixtures which were prepared under similar 
conditions.



APPARATUS AND METHODS.

(a) VISCOMETERS.

The Rankine Apparatus for the determination of the 
viscosity of a gas depends in essence on a method of 
determining the time of flow of a gas under pressure 
through a very fihe capillary.

The original apparatus, as used by Rankine^^, was 
of the type shown in Pig. 10. It consisted of a long 
narrow capillary, of diameter about 0.25 mm., joined at 
each end to a length of quill tubing with an internal 
diameter of about 3.5 mm. Two marks were etched at 
equal distances from the ends on the wide tubing. The 
capillary and the other limb were each about 45 to 50 cm. 
long, and the etched marks were 30 cm. apart. Two taps 
at either end of the apparatus enabled it to be filled 
with gas. A pellet of mercury was introduced into the 
wide arm, and the apparatus filled with the gas whose vis
cosity was required. It was necessary to have the wide 
tubing of such a diameter that the mercury pellet remain
ed whole in it.

The whole apparatus was mounted on a wooden sup-
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port which swivelled on a stand, so that the flow of the 
mercury pellet was started by reversing the support. A 
plumbline was attached to the stand to ensure that the 
apparatus was vertical.

The time of fall of the pellet of mercury between 
the two marks was noted, the direction of fall being 
the same for each observation, and the points of time 
where the top of the pellet of mercury passed the marks 
being those used for the observations.

The viscosity could then be calculated from the 
formula

where r - radius of capillar^
p =. difference in pressure on the two sides

of the mercury 
1 » length of capillary
v = volume swept out by mercury
t *= time of fall.

Rankine states that, while suitable for measuring 
viscosities at high and ordinary pressures, the apparatus 
was unsuited to determinations at low pressures.

It was found in this work that from pressures of 
about 150 mm. downwards, the fall of the mercury became 
very jerky, and in some cases the mercury even reversed 
its direction, and flowed up the tube if it was inclined
at an angle of about 45°. There was also great risk of
the pellet breaking up it low pressures, particles of it 
flying into the capillary.



a eve rail modifications of the Rankine apparatus were 
used, which enabled the same pellet of mercury to be 
retained in a pocket provided while the apparatus was 
being filled with different gases, thus allowing the vis
cosity to be taken as proportional to the time of flow*
The precaution also obviated any risk of the mercury 
coming Into contact with tap grease, and so fouling the 
inside of the viscometer.

The apparatus was then calibrated against a stand
ard, the viscosities of other gases and mixtures being 
found by simple proportion.

In one of the modifications (Pig. 12) the $6£ti§m,
A, of the apparatus was made entirely of the wide tubing, 
so that the length of capillary tubing, B, when fitted 
into place, was held tightly between the ends of A. The 
ends of both A and B were ground to make the joint tight
er. Two tightly fitting pieces of rubber tubing were then 
drawn over the joints, and sealed thoroughly with Beccot- 
ine in order to make the joints airtight. Tests showed 
that, while not completely airtight, the pressure only 
rose a few mm. from 100 mm. in a few hours. The appar
atus was easily taken apart for cleaning by soaking the 
joints with warm water. After re-sealing, it had, of course, 
to be re-calibrated against the standard.
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A special modification (Fig, 14) was used for the 
Gas-Ether Vapour mixtures,

Since the possibility of ether vapour attacking the 
small amount of vaseline which greased the taps was great, 
the taps wwre completely replaced by metal valves as 
shown in Fig. 15.

The plungers of these valves were led into a seat
ing of lead, and when screwed tight formed a seal whieh 
appeared, on testing, to be airtight, even at low pres
sures.

The valves were seccotined on to the two side arms 
of the viscometer, A A*, whieh were both placed at an 
angle, whieh left room for a mercury pocket at each end 
of the viscometer. This proved a very satisfactory ar
rangement.

The details of the other modifications of the Ran- 
kine Apparatus may be gathered from the diagrams (Figs. 
10-13).
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(b) FILLHTGr OF VISCOMETER.

The viscometer was filled "by the following method, 
suitably modified for the different modifications of 
the Rankine Viscometer.

The mixture was set running slowly through the 
by-pass AB, (Fig. 18) and was then diverted through the 
viscometer. Ifter the mixture had been passed through 
for some time, u was closed, and the apparatus evac
uated through a filter pump. Tap B was then closed 
and C opened. After the head of the mixture was suf
ficient to overcome the back pressure caused by turn
ing off the pump, that is, when it was considerably more 
than atmospheric, tap & was opened, and the mixture al
lowed to pass for some time longer. This was repeated 
for several times before finally closing off the vis
cometer taps at ordinary pressure.

Excess gas was retained by a trap.
This trap, which was used throughout this work 

where a soluble gas was being handled, warrants a special 
description.

It is recommended^28) for the absorption of water- 
soluble, noxious gases, and acts very efficiently for this
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purpose.
The gases are led into the chamber, A , (Fig. 20 ) 

in which a stream of water flows downwards into the large 
bottle, B. The level df the water in the bottle is main
tained at a constant by the suction of a pump through 
the bent tube, (J, and serves as well to act as a seal, 
to prevent the escape of the gas. The gas chamber must 
be of a sufficient capacity to prevent sucking back, a 
diameter of about 3 cm. and a length of about 25 cm. being 
satisfactory.

The apparatus for mixtures containing Ether Vapour 
was similar to that for the Methyl Alcohol Vapour mix
tures, but all possible rubber connections were re
placed by sealed glass joints, since ether is soluble in 
rubber. The viscometer used was, of course, the modif
ication with the special metal valves (Figs. 14, 15).
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(©) METHODS OF ESTIMATING MIXTURES

(i) Ammon la.-Water Vapour*

In devising a method for the estimation of the com
position of these mixtures, the main difficulty to con
tend with was the fact that efficient drying agents, 
such as concentrated Sulphuric Acid, also absorb Ammonia. 
It will be seen, conversely, that if, in any method which 
seeks to estimate the Ammonia and Water Vapour separately 
by weight, a drying agent which will not trap all the 
water is used, an error will creep in which will be doub
led, as lows in percentage of Water Vapour will also be 
gain in percentage of Ammonia.

Experiments were made to determine the efficiency 
of Lime and Potassium hydroxide as drying agents for 
the purpose.

Lime-was found to be very inefficient, and while 
Potassium Hydroxide was somewhat more efficient, it was 
not nearly accurate for the purpose in view.

The mixture was therefore estimated by drawing a 
stream of air slowly through a solution of Ammonia in 
Water (Fig. lg.), by which method a constant mixture of
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gas-vapour was carried over. This was passed into 5N 
Hydrochloric Acid standardised “by means of Iceland Spar^9 ), 
which trapped the Ammonia. The amount of this was found 
by the addition of a known amount of standard alkali, and 
back titration. The amount of Ammonia-Water Vapour was 
found by the difference in weight of the flask A, before 
and after the experiment. From the results, the propor
tion of Ammonia to Water Vapour could be determined.
The leak, B, was employed to allow the apparatus to fill 
slowly with air after a determination, so that the acid 
should not be sucked back when the pomp was turned otf •

The percentage composition was altered by changing 
the strength of the Ammonia solution used, since the 
amount of loss in the solution was very small, there was 
a negligible change in composition during work on it.

(ii) Ammonia-Methyl Alcohol Vapour.

The apparatus is shown in Fig. 17. The trap, A, 
contains 10 cc. 5H Sulphuric Acid and a few drops of 
indicator (Methyl Red). The trap B, contains concentrated 
Sulphuric Acid to trap the Water Vapour which may come 
over from A. Both traps are weighed and then fitted into 
place, and connection is made through the by-pass 0‘D.
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The .Ammonia is run till it is certain that the solution, 
E, is thoroughly saturated at the temperature of the 
hath (which must he helow room temperature, to prevent 
the alcohol vapour from depositing on the walls of the 
viscometer while the viscosity is heing measure*.)

The pump is run all the time to maintain a steady 
stream of air from the metal leak, F, and to keep the 
pressure, as shown hy the manometer, as near atmospheric 
as possible.

The tap, G, is then opened, C and D reversed, care 
heing taken that the bubbling through A is not so rapid 
as to push any of the liquid into b. The flow of gas is 
run until the acid in A is near the neutral point. G is 
closed first, 0 and D quickly reversed, and the Ammonia 
Cylinder shut off. The apparatus is then disconnect
ed at X, and a stream of 4ir run through the apparatus 
for a short time to restore the air atmosphere inside 
the traps before reweighing. The percentage Ammonia 
is then calculated as before by the difference in weight, 
and titration of the standard acid.

This method appeared to give very satisfactory re
sults, although it was discovered later that they were 
probably a. little low in Ammonia content, as compared 
with the results obtained by another method for the mix
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ture at 15° C. (p.43). However, any error was probably 
constant for the apparatus, since concordant results were 
obtained. The compositions were varied by changes in 
the temperature of the bath, Y, but it was found that 
this had a disappointingly small effect. The temperature 
range was from 17° c. to -10°C. It was impossible to 
carry the temperature much higher than this, sinee the 
Methyl Alcohol vapour woulfl probably have condensed out 
on the walls of the viscometer when the viscosity de
terminations were being made, at 20°C.

(iii) Gas-Methyl Alcohol Vapour.

As a result of the small variation found with any 
one gas-vapour mixture, the viscosities of mixtures of 
various gases with Methyl Alcohol vapour were determined. 
All viscosity determinations were made, as before, at 
2 0 °C, and the solutions from which the mixtures were ob
tained were kept at 15°C. The gases used were such as 
to give as large a range as possible in the attraction 
between the gas and the vapour, being Air, Hydrogen Chlor
ide, Sulphur Dioxide and Carbon Dioxide.

Determinations of the times of flow at 75 mm. 
pressure were also made (to correspond to the determin
ation for Methyl Alcohol Vapour itself). Great trouble
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was experienced with the viscometer during these deter
minations, the tendency of the pellet of mercury to 
shoot out of control, or to break up withirut warning 
being very great. As a consequence, the viscometer was 
frequently put out of order by blocking of the capillary, 
necessitating frequent cleaning.

The apparatus for estimation of the mixtures is 
as shown in Fig. 19, The gas is passed Tinder pressure 
into a bubbler containing Methyl Alcohol and maintained 
at 15°C., and is kept running through the weighed bubblers 
by means of an aspirator. The tap, A, regulates the am
ount taken by the aspirator, and the tap, J3, is an air 
leak to prevent sucking back.

A mercury bubbler, C, is placed on an outlet branch, 
allowing the solution to become saturated before passing 
the mixture through the aspirated branch. The gas flow 
is regulated to keep this bubbling continuously, thus 
maintaining a sufficient pressure throughout the appar
atus.

ij'or Hydrogen chloride-Methyl Alcohol vapour, the 
TJ-tubes contained (i) standard Sodium Hydroxide and Methyl 
Red, (ii) concentrated Sulphuric Acid, and the percentage 
composition was found by weighing and by allowing the 
hydroxide to become completely neutralised.

The same absorbents were used for Carbon Dioxide -
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Methyl Alcohol Vapour*
For Ammonia-Methyl Alcohol vapour the absorbents 

were standard sulphuric Acid and Concentrated Sulphurie 
Acid.

For Sulphur Dioxide-Methyl Alcohol vapour the ind
icator in the first bubbler was bleached, so that an in
direct method of titration hat to be used.

The mixture was passed through standard Sodium 
Hyrdoxide and then through concentrated Sulphuric Acid.
The tube containing the alkali, which trapped all the sul
phur Dioxide, was then washed put into a dish, excess bar
ium chloride added, precipitating the sulphur Dioxide and 
liberating Hydrochloric Acid. The excess alkfcli was 
then back titrated with standard Hydrochloric Acid, 
using Methyl Orange.

Hor Air-Methyl Alcohol vapour, the percentage com
position was calculated from the vapour pressure of 
Methyl Alcohol, since no method of estimating the mix
ture accurately could be devised.

Since Landolt and bomstein^ 30  ̂ only record the va
pour pressure at 1 0°C. and 20°C., the vapour pressure 
was taken as half the logarithmic sum of these, at 15°C., 
72.5 mm. The percentage composition was then taken as 
being the ratio of the partial pressures.

On account of the range of gases used, the pBmeent-
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age composition is expressed as molecular percentage 
instead of ordinary percentage by weight, in order to 
bring the various gases under as similar conditions as 
possible.

i,
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RESULTS.

(a) AMOfflA - WATER VAPOUR.

The times of flow for ammonia, and for the j b - 
monia-Water Vapour mixtures were determined at 150 am. 
pressure, on account of the fact that the lower of the 
two mixtures examined had a vapour pressure in this re
gion at room temperature. A small variation in pressure 
had no appreciable effect on the time of flow.

There was a noticeable amount of slip in the fall 
of the pellet of mercury, and a consequent jerkiness 
in its motion, which led to inconsistencies in the times 
of flow. This was due, in part at least, to the reduced 
pressure within tne viscometer. The inconsistencies 
were, however, surprisingly small.

All times of flow are the average of three deter
minations, varying by less than 1?&.

The temperature at which the times of flow were 
observed was 2 0°C., maintained in a constant temperature 
room which was regulated by means of an electrically 
controlled heater.

(45)



Mixture HIgd̂ ! ft Ammonia Time of flow(secs.)
! IL 94.1 94.1
1 2 96.7 i.....1 0 2 .‘9 ___ ____

3*l the l i t e r a t u r e ^  31 )the viscosity of Afts&nia £#
given as - 1080, and that for Water' Vapour
is given as rj20o x 10^ - 975.

Using the value for .Ammonia as a has is of calcul
ation, the results become as follows:-

■ 7> Ammonia .O7
Observed Calculated.

1 0 0 . 0 1080 M  tm mm
96.7 1005 1076.6
94.1 854 1073.8

! 0 . 0 975 ---

( b )  AMMONIA -  METHYL ALCOHOL VAPOUR.

The estimation of these mixtures gave the fol
lowing results: -

Mixture No. Temperature <7° Ammonia
1 17 86.9
2 11 87.8
3 5 88.53
4 0 89.5
5 -5 90.36
6 -10 90.95

A& can he seen, the Ammonia content of the mixtures
V&tied over about 49̂ . The graph plotted from these 

r%W6AtW: (Fig. 21) enables the composition of a mixture, 
at* sSffi temperature' over the range, to be determined.
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J?‘or the viscosities, air was tafcen to “be the stan
dard, the time of flow for dry air heing 313.9 secs. The 
results were all reduced to the standard of Air = 100.

Mixture Ho. Temp. Ammonia Time (Air = 100)Ob s. Cale.
1 18.5 86.5 157.8 50.310 51.67
2 16 86.9 158.6 50.565 51.693 14 87.2 159.6 50.884 51.71
4 7.5 88.3 160.1 50.960 51.775 Pure HHg 1 0 0 164.4 52.414 ---

An exhaustive search of the literature showed that 
the viscosity of Methyl Alcohol Vapour over a range of 
temperatures had evidently not heen determined, the 
only viscosity measurement available being that at 6 6 .8 °C.(3D .

It is probable that the value obtained here, deter
mined at 75 mm. pressure, is only approximate, and, as 
is shown by the determinations for other gases later, 
there seems to be no regular relation between the vis
cosities at low .and atmospheric pressures, when measured 
by the Ranlcine Viscometer.

Time for air
Time for Methyl Alcohol Vapour 
Viscosity (Air =100)_________

324.7 secs. 
152.26 sees 
46.903

(e) GASES - METHYL ALCOHOL VAPOUR. ,

The full series of determinations for all these 
gas-vapour mixtures is given in the following table for 
easy comparison.



Gas or 
Mixture

Pressure Time (secs.) Time for 
Air

7 ( Air-100) f> CHgOH, 15°C • T},C«ae. Deviation

Air Atmos, 265.1 265.1 1 0 0 _  _  _  _

CBgOH 
Air-OBgOH 
Air-CEgOH

8 8 mm.
Atmos. 

88 mm.
152.25
247.2
243.1

324.7
265.1

46.903
93.550 1 0 0

9.5 94.956 1.406

Blfa-UBgOH
HE£-C%OH

Atmos,
88 mm.
Atmos. 

88 mm.

127.5
124.6
158.7 
155.4

243.25
243.25

52.414
50.724 6.4 52.062 1.338

0 0*
COoClfioH
COg-CBgOH

Atmos 
88 mm.
Atmos 

88 mm.

225.25
223.0
215.6
213.4

283.3
283.3

79.517
76.103

i

; 9.2
i

76.518 0.415

so2
2_SOg-CHgOH 

80g -CHgOH

Atmos. 
88 mm.
Atmos. 

88 mm.

181.8
180.0
183.6
180.2

268.4
268.4

67.735
68.405

1 _ _ _ _
f
! 5.8
I

66.529 1.876

HC1 
HC1 

HC1-CHgOH 
\ HCl-CHgOH

Atmos. 
88 mm.
Atmos. 

88 mm.

233.1 
229.4 
307.8
300.2

297.7
315.2

78.300
97.398

11
i

2 * 2 71.397 26.001

The very small percentage of vapour is a direct result 
of the solubility of the gas in the liquid whose vapour 
is being used. The vapour pressure of the liquid is low
ered by the dissolved gas, so that the partial pressure 
of the vapour and its percentage atfe correspondingly 
decreased. The effects of this phenomenon are evident 
throughout this research.
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(d) GAS - ETHER VAPOUR

As mentioned earlier, this part of the work was 
finally abandoned, owing to the impossibility of getting 
constant times of flow for the mixtures.

The results below will show the variation, and al
though the investigation was extended to the whole range 
of gases previously examined, in the hope that with smal
ler percentage mixtures more constant readings would be 
obtained, it will be seen that the variation was too 
great for any reliance to be placed on the results.

Mixture Times of flow (secs.)
Air-Ether Vapour 
Ammonia-Ether Vapour 
Sulphur Dioxide-Ether Vapour 
Carbon Dioxide-Ether Vapour 
Hydrogen Chloride-Ether Vapour

162.4, 165.5, 169.1
151.8, 135.8, 137.5
179.5, 166.5, 170.1
160.9, 153.2, 154.1
208.6, 202.8, 207.7



DISCUSSION.

She main fact which emerges on examination of the 
results obtained in these viscosity determinations is 
that the ratio of the molecular weights is not the only 
factor which affeets the deviation of the viscosity- 
eomposition in such mixtures from the Mixture Rule.

If we first examine the viscosities of the -Ammonia- 
Water Vapour mixtures, where there is a ratio between the 
molecular weights of 17:18, we see, even from the few 
mixtures examined, that without a doubt they are dif
ferent in character from the Nitrogen-immonia mixtures 
and others quoted in the Introduction. In the latter 
gas mixtures, of course, it is difficult to find any 
other factor which might affect the viscosity, and so 
it is not surprising to find that the curves they give 
are practically straight line graphs.

On the dther hand, this is definitely not the ease 
with immonia-Water Vapour. Quite a large deviation is 
to be found, and this leads us to look for some other 
factor. Ihe attraction between .Ammonia and Water Vapour, 
which may very possibly be the sign of the formation of
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a loose molecular compound, seems to be the most likely 
factor in producing the deviation.

When we pass on to a consideration of the Ammonia- 
Methyl Alcohol vapour mixtures, we are again struck by 
the large deviation from the Mixture Rule. But the de
viation here is less than in the previous ease, though 
the molecular weight difference is greater. This fact 
substantiates the view that the molecular weight ratio 
is not the only factor producing deviation, and that the 
attraction has to be taken into account.

This view is still further borne out when we con
sider the various other G-as-Methyl Alcohol vapour mix
tures. Here we see that in the ease of Hydrogen Chlor
ide -Methyl Alcohol Vapour, where the difference in mol
ecular weights is not very great (35.5:32), but the at
traction is extremely great, the deviation is also very 
great. Conversely, in the case of 0 arb on -Dioxide - 
Methyl Alcohol vapour, where the difference between the 
molecular weights is much greater (44:32), but the att
raction is much smaller, the deviation is very small.

The relation between deviation and the two proper
ties of attraction and molecular weight ratio is ap
proximately, but somewhat strikingly demonstrated by 
comparing the deviations with these properties, as in 
the following table.
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Gas Mol. Wt. Deviation Mol. Wt.
1 ... . Attraction M.A

Air 29 1.406 0.9
CGg 44 0.415 1.4 0.71 0.99
n hS 17 1.338 0.5 4.17 2.08SOp 64 1.876 2 . 0 1.40 2.8
HCi 35.5 26.001 1 . 1 26.0 28.6

It will be seen from this that there is quite an 
appreciable similarity between the relation MXA, where 
M is the molecular weight ratio and A is the attraction 
given by Maefarlane and Wright^^, and the deviation.
As said before, this method mast of neeessity be very 
approximate, but it would nevertheless appear to show 
that there is a very strong basis for the belief that 
the two main factors affecting the viseosity-compositjton 
relation, each of which is capable of causing deviation 
from the Mixture Hole, are ratio of molecular weights, 
and attraction between the constituents of the mixture, 
the latter of which may, in some of the cases examined 
above, and almost certainly does in the case of the 
Hydrogen Chloride-Methyl Alcohol Yapour, amount to 
a loose kind of molecular compound formation.

It would also appear from the results obtained in 
this investigation, that of the two properties that of 
the attraction between the gas-vapour is capable of having 
the most powerful effect.



UOHCECTSIOIT.

Experimental results show that viscosities of 
gas-vapour mixtures often show a deviation in the 
viscosity-eomposition values from those calculated from 
the Mixture Rule* While in gas mixtures the deviations 
noted would appear to he due to difference in the mol
ecular weights of the constituents, in gas-vapour mix
tures a second factor, the attraction, or possibly the 
formation of loose molecular compounds between the con
stituents also enters in, and would appear to have a 
greater effect accordingly than has the molecular weight 
ratio on the deviations.

This is shown approximately in the case of mix
tures of several gases with Methyl .Alcohol Yapour, 
whieh proved to be the most suitable for this investig
ation of those mixtures examined.

(53)



EAST I I I .  

VISCOSITIES OF EMJISIOHS.



USTROnJCTIOH TO PART I I I .

An emulsion^^ is generally considered to “be a 
system containing two liquid phases, one of which is 
dispersed as globules in the other. The liquid phase 
which is broken up into globules is known as the dis
perse phase, while the other is known as the contin
uous phase. The two liquids mast be almost, or quite 
immiscible.

For two liquids, say water and an oil, two types 
of emulsion are theoretically possible, one where the 
oil is dispersed in the water, and one where water is 
dispersed in the oil. It is found that when two pure 
liquids such as Benzene and Water are agitated together, 
an emulsion is produced temporarily, but as soon as the 
emulsion is allowed to stand at rest, the disperse 
phase coalesces, and the emulsion becomes two distinct 
layers of liquid again. Besides the ti?o liquids, a third 
substance known as an emulsifier is necessary to produce 
other than yery dilute lasting emulsions. On the nature 
of this emulsifier, which may vary greatly, it is found 
that the type of the emulsion depends, that is, whether
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it will be oil-in-water or water-in-oil in type. The 
two theoretical types do not in general exist for any 
two liguids with any one emulsifier.

Sodium Oleate, a soap which is water soluble and 
colloidal, is an excellent emulsifier for emulsions of 
Benzene-in-Water. On the other hand, Magnesium Oleate, 
which is practically insoluble in water, promotes 
Benzene-Water emulsions of the water-in-oil type, fine
ly divided solids of many different kinds, such as Carbon, 
lime, the basic sulphates of Copper or Iron, may also 
act efficiently as emulsifiers, the type depending on 
the emulsifier.

Emulsions will break down immediately if the emul
sifier is destroyed. For example, if an acid, or any 
sodium salt, is added to an emulsion in which a soap 
is the emulsifier, the emulsion cracks. Alcohol, or any 
liquid which dissolves both phases breaks an emulsion.

ACTION OF EMtJLSIFIER.

Harkins, Davies and Clark^33  ̂ concluded that the 
type of emulsion promoted by an oleate is very closely 
connected with the number of oleate radicles which it 
contains, and that the stability of emulsion globules



appeared to be brought about by the orientation of mol* 
eeules of emulsifier at the surface between the glob
ules and the continuous phase. According to their theory, 
the molecules of emulsifier orient themselves so that 
the polar groups are in the water phase, and the non
polar groups are in the oil phase. If the emulsifier is 
a monovalent metallic oleate, the surface of the globules 
is thus curved to form an oil-in-water emulsion. If 
it is a divalent oleate, the globules are made of the 
water phase. This theory obviously cannot be applied 
to solid emulsifiers. It has been criticised by Stamm( 34) 
on the grounds that it is only justifiable if the emul
sifier gOleoilles are packed together, and Stamm1 s work 
would seem to show that this is not the case.

Finkle, Draper and Hildebrand (35) attempt to ex
plain the aetion of solid emulsifiers such as Carbon, by 
saying that if the emulsifier is wet by one liquid more 
than the other in an emulsion, it will be drawn more 
largely into that liquid. If, then* sufficient part
icles are present to cover the liquid-liquid interface 
completely, the tendency to contract should cause it to 
bend in such a way as to become concave to the more 
poorly wetting liquid, thus making it: the disperse phase. 
This theory, however, can only be applied to solid emul-
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sifiers.
The action of the emulsifier has been suggested 

by Harkins and zollmann^36  ̂ to be due to the lowering 
of the interfaeial tension between say Benzene and Water 
to a very great extent, as is found with the Sodium Oleate. 
This theory, like the two previous ones, does not seem 
to have a general application.

PHASE 701UME THEORY.

Emulsions prepared by shaking generally cream after 
standing for a short time. The globules tend to pack 
as closely as possible, giving a sharp boundary between 
the cream and the continuous phase which is thus left 
free.

Emulsions which contain more than about 74?& by 
volume of the disperse phase do not cream, even after 
long standing.

How it can be shown mathematically that in a col
lection of closely packed spheres of uniform sixe, what
ever that size may be, the volume of the spheres is 7 4 .0487& 
of the total volume of the mass, consideration of this 
fact led Ostwald( 37,38) to formulate the ighase Volume 
Theory of emulsions, which postulates that an emulsion 
of one liquid in another is only possible if the volume
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concentration of the disperse phase is less than 7 4 »̂.
But Pickering^ kag prepared very concentrated emul
sions, containing 99^ of disperse phase by volume. Pick
ering pointed out that in an emulsion the spheres are not 
uniform, and that therefore there is no reason why the 
volume of the disperse phase should have any fixed value# 

While OstwaldTs theory, in the form put forward by 
him, is untenable, more recently Parke^ 4(̂  has shown that 
on homogenisation, a process which consists in forcing 
an emulsion through a very fine jet, and thus breaking 
up the globules to a uniform size, an emulsion contain
ing more than 74^ by volume of disperse phase will break, 
giving rise to a new emulsion containing approximately 
74^ of disperse phase. In this resultant emulsion, which 
is very stable, the globules are found on examination to 
be of almost uniform size.

VISCOSITY OF EMCJ1SI0NS.

Very little work has been done on the quantitative 
determination' of viscosity in emulsions. Viscosity is 
known to increase rapidly with increase of the volume of 
the disperse phased ̂ 1 ).

Hatschek^42  ̂has deduced the formula
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Total volume of emulsionwhere A is the r a t i o ----------------  -.-..-.- t
Volume of disperse phase

This formula is said onlj to hold when the amount 
of disperse phase is greater than 50̂ *. It is to be crit
icised, however, on several grounds. It suggests that 
an emulsion on homogenisation would have the same 
viscosity, since there is no factor involving the rad
ius of the spheres. Bat homogenisation very greatly^4̂ ) 
increases the viscosity, at least, when the amount of 
emulsifier is large. Neither is there a term in HatschekTs 
formula for the amount of emulsifier.

Joshi claims that the concentration of the 
emulsifier appears to have no effect on the viscosity 
of the e m u l s i o n ^ . The work described here shows this 
Statement to be inaccurate.

That this was so was first noticed by Parked ̂ 5) 
in his investigations on the relation between viscosity 
dh& the volume of disperse phase. It was in order to 
d&tdrilne quantitatively the amount of change in the 
#iScbhity that this work was first undertaken.

EMTLSION TYPE.

When experimenting in order to investigate the



action of the emulsifier, after data had been obtained 
for the viscosity changes, an important phenomenon was 
noticed, a reversal in type dissimilar to any yet report
ed in the literature, which led to the investigations 
described in Part IV of this thesis.

In general, one emulsifier will only stabilise 
one‘type of emulsion. It has been found, however, ( 46 ) 
that by the addition of electrolytes or emulsifiers which 
promote the opposite type of emulsion, the type can be 
reversed. The amount which it is necessary to add de
pends on the amount of emulsifier present, and the amount 
of disperse phase.

In reversals of the above kind, it is useful to be 
able to determine the point where the emulsion changes 
over. There are three recognised methods of determin
ing the type of an emulsion, all three dependent on the 
different properties of the two phases.

1. Indicator Method. This makes use of the 
difference in solvent power of the two phases. If an 
oil-soluble, water-insoluble dye is sprinkled on the 
surface of the emulsion, it will gradually spread through 
the emulsion if the oil is the continuous phase, but
if water is the continuous phase, the dye is confined 
to those globules with which it comes directly in contact.

2. Prop Dilution Method. If some of the contin-
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uous phase of an emulsion is added to it, the emulsion 
will become more dilute, but if the disperse phase is 
added, it can be seen moving through the emulsion, bound
ed by the continuous phase.

g. Electrical conductance Method. This is the 
most reliable and most delicate test. An oil-in-water 
emulsion will show an electrical conductance, particular
ly when the continuous phase contains small quantities 
of electrolyte, as when sodium Oleate is the emulsifier. 
On the other hand, a water-in-oil emulsion will not con
duct electricity.
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■APPARATUS.

(a) VISCOMETERS.

The Viscometers used to determine the viscosities 
of the emulsions investigated were a set of four stand
ard Ostwald U-Tube Viscometers (Pig. 22), made according 
to the specifications laid down by the British .Engineer
ing Standards Association^47^. These viscometers are such 
that, within a degree of accuracy of 0*5?°, and above the 
minimum viscosity for which the instrument is designed, 
a single calibration is sufficient to give the constant 
of the Viscometer.

The Viscometers were calibrated by means of air- 
free distilled water, 40?° sucrose solution, 60?> sucrose 
solution and castor oil. All viscosities were determin
ed in a thermostat regulated to 20*C. The dry clean vis
cometer was placed in the thermostat and filled to the 
marks from a bottle of the liquid which had been al
lowed to come to 2 0 °C. by immersion in the thermostat for 
a period varying from ten mimites to half an hour, ac
cording to the viscosity. The liquid was allowed to sit 
for a short time longer in the viscometer to permit cur
rents in it to settle, and the time of flow was then





determined. Each reading is the average of three times 
of flow varying less than If*, as laid down in the regulations. 
The constants for the viscometers were then determined 
through the formula

7} ts K/ot

Viscometer
Humber

Liquid Viscosity Time K

1 Water 1.0087 106.90 0.00945
2 Suerose/ol.17336 6.106 8 8 . 8 8 0.058503 Sucrose/>l. 28342 55.74 147.93 0.293594 castor Oil

i
4027.1 (3) 
174.4 (4) 6.594

(b ) HOMOGEHISER.

The homogeniser used throughout was a Pentecreme 
Hand Homogeniser (Pig*

The emulsion to he homogenised is placed In the con
tainer, A, and is forced hy the strokes of the piston,
H, through the extremely fdne apertures in the screw, 0 ,
out through the delivery tube, l).

The homogeniser could be taken apart easily for the 
purpose of cleaning, and all parts were readily accessible 
for this except the delivery tube, P. Since it was found 
that the action of Oleic Acid and Sodium Hydroxide on the 
metal formed traces of a blue compound, which was pre
sumably Copper Oleate, formed from Copper Hydroxide,, when
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allowed, to remain in contact with the metal for any length 
of time, the delivery tube, as being the most likely 
part to he attacked in this way, was replaced by a glass 
delivery tube (Fig, 24). This delivery tube was seated 
as the original tube had been, but as it was impossible 
to screw it down tightly, it was packed in the seating 
by means of two small cork rings, R, and formed a reason
ably tight joint.

(c) ELECTRIC TYPE LETERMDTATOR.

The apparatus used for the Electrical Conductance 
method of type determination (p. 61 ) was similar to 
that used by Parked 48) 9 with the substitution of head
phones for the Loudspeaker (Fig. 25.)

Normally a faint note is heard in the headphones, 
but when the electrodes are immersed in a conducting 
medium, the note becomes very loud.

For the same reason as in the case of the homo
geniser, copper electrodes could not be used, and plat
inum electrodes sealed into glass tubes were employed 
instead.



EXPER B M  TAX.

(a) VISCOSITY DETERM BT AT ION S •

is has been shown in the introduction, it was notic
ed that if the amount of emulsifier in a Benzene-Water- 
Sodium Oleate emulsion were varied, the viscosity varied 
markedly, and the first investigation undertaken was in 
connection with this phenomenon (p. 59).

Since the relation of about 74^ disperse phase and 
26fo continuous phase by volume is, according to the Ost- 
wald Phase Volume Theory, and the later work of Parke, 
the most suitable proportion to use, this proportion was 
maintained in the emulsions examined.

The emulsions were, of course, all oil-in-water 
emulsions.

They were prepared by adding the constituents in 
the order Water., Benzene, Oleic Acid, the equivalent 
amount of Sodium Hjydroxide. In all cases, as much uni
formity as possible was maintained in the preparation of 
the emulsions. Emulsification was produced by means of 
intermittent hand shaking, as recommended by Briggs(49 ,̂ 
with an endeavour to make the amount of shaking identical
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for each emulsion# The emulsions were then allowed to 
stand for several days before the viscosities were de
termined, for Parfce^45) has , found that the viscosities 
of both freshly prepared and freshly homogenised emuls
ions changes for the first few days, until they reach 
a constant figure for any emulsion about, the fourth day.

Series A^ was composed as follows:-

Ho. Oleic Acid 
Grs.

HaOH, H/l 
Ccs.

Water
Ccs.

Benxene
Ccs.

Ha Oleate 
Grs./200Ccs.

1 0.2319 0.83 51.18 148 0.25
2 0.4638 JL.&4 50.36 148 0.503 0.6957 2.46 49.54 148 0.754 0.9277 3.28 48.72 148 1 . 0 05 1.1595 4.10 47.90 148 1.25
6 1.3914 4.92 47.08 148 1.507 1.6233 5.74 46.26 148 1.75
8 1.8552 6.56 45.44 148 2 . 0 0
9 2.0971 7.38 44.62 148 2.25

1 0 2.3190 8.20 ' 43.80 148 2.50
1 1 -2.5509 9.02 42.98 148 2.75
1 2 227828 9.84 42.16 148 3.00
13 3.0147 1 0 . 6 6 41.34 148 3.25
14 3.2466 11.48 40.52 148 3.50
15 3.4785 12.30 39.70 148 3.75
16 3.7104 13.12 38.88 148 4.00
17 3.9423 13.94 38.06 148 4.25
18 4.1742 14.76 37.24 148 4.50
19 4.4061 15.58 36.42 148 4.75
20 4.6380 16.40 35.60 148 5.00

It was noticed in this series when made up, that 
there was a large amount of creaming, decreasing from Ho.l 
to Ho. 2 0 , in which the amount was comparatively small, 

before the determination of the viscosities, the

bottle containing an emdlsion was immersed in the thermo-
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stat for half an hour. It was then turned end over end 
slowly five times, to eliminate the effects of cream
ing. It will easily he understood that the viscosities 
had to he determined as soon as possible after the emuls
ion had been placed in the viscometer, in order that cream
ing should have as little effect as possible.

The viscosities for this series are tabulated below. 
Times, T, are given in seeonds. Viscosities, 17 , are given
in eentipoises.
iMumber Viscometer T /° V

1 3 147.8 0.9048 39.261
2 3 127.9 0.9098 34.163
3 3 160.2 0.9124 42.887
4 3 175.4 0.9137 47.051
5 3 191.9 0.9150 51.573
6 3 222.4 0.9164 59.835
7 3 279.1 0.9177 75.197
8 3 252.4 0.9190 68.104
9 3 451.5 0.9203 1 2 0 . 2 0

1 0 3 410.5 0.9217 111.07
1 1 3 497.9 0.9233 134.97
12 3 579.3 0.9243 157.05
13 3 645.4 0.9257 175.40
14 3 702.9 0.9270 191.29
15 3 537.8 0.9283 146.57
16 3 616.5 0.9296 168.26
17 3 635.3 0.9309 173.62
18 3 654.2 0.9323 179.55
19 3 702.0 0.9336 192.40
2 0 3 782.5 0.9354 214.89

As can be seen from these results, the curve of Vis
cosity plotted against Weight of Emulsifier (Fig. 26), 
while very similar in the general increase in viscosity 
to the curves found by Parlce and Graham^ for their vis- 
cosity-disperse phase concentration values, yet has a num-
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ber of very marked, irregularities for which it was very 
difficult to aecount at this stage. The problem was left 
over for the moment, and the emulsions homogenised.

By homogenisation, the character of the emulsions 
was changed somewhat. They appeared much thicker, espec
ially in the higher members of the series, and there was 
no sign of creaming taking place, except in one or two 
of the first members of the series, where the tendency 
was very slight.

Each emulsion was passed through the homogeniser 
five times, as recommended by Parke^^^, and after being 
allowed to sit for a few days, the viscosities were det
ermined.
Number Viscometer T 1

1 3 2 0 0 . 1 53.15
2 3 139.3 37.20
3 3 137.4 56.81
4 3 157.3 42.18
5 3 193.2 51.89
6 3 242.4 65.22
7 3 284.1 76.54
8 3 330.1 89.07
9 3 467.8 126.40

1 0 3 560.9 151.75
1 1 3 918.4 248.93
1 2 4 54.7 333.30
13 4 85.9 524.45
14 4 183.1 1119.5
15 4 245.9 1505.3
16 4 315.4 1933.6
17 4 376.8 2313.0
18 4 913.3 5614.7

It will be seen by the curve plotted from these

figures (Fig. 30) that, with the exception of one small
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drop in the curve from No.l to No.3, the curve is regular, 
and is very similar in type to those found by Parke and 
Graham for viscosity-disperse phase concentration. Nos.
19 and 20 were too viscous for determination, even in vis
cometer No. 4.

In order to check up on the peculiar irregularities 
in the curve for the unhomogenised emulsions, a series, A 2, 
was made up with exactly the same proportions of constit
uents as Series A*.

The viscosities were repeated with the same methods.
Number T 1

1 139.7 37.11
2 150.4 40.18
3 150.4 40.29
4 137.9 36.99
5 176.9 59.82
6 376.2 101.23
7 477.6 128.68
8 290.2 80.11
9 259.5 70.11

1 0 223.2 60.39
11 537.6 145.72
12 885.1 240.19
13 968.6 263.23
14 959.6 261.17
15 1495.9 407.65
16 647.5 176.26
17 729.3 199.31
18 807.9 2 2 2 . 1 2
19 1204.4 330.10
20 1456.4 399.91

It will he seen hy a comparison of these results 
and the curve obtained from them (Fig. 27) with those 
for Series Aj, that the irregularities occur in this ser
ies also, but at slightly different points in the curve.
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Homogenisation, as the results below will show, 
gave the same smooth curve (Fig. 51) and almost exactly 
the same values for the viscosities as had been found 
in the homogenised series Aj*

Humber T V

1 187.6 49.82
2 138.6 37.02
3 138.0 34.82
4 156.4 41.95
5 190.1 51.07
6 241.3 64.92
7 284.0 76.52
8 333.3 89.93
9 463.5 125.2

1 0 555.1 150.2
1 1 911.2 274.0
1 2 54.0 329.1
13 85.8 524.8
14 183.6 1127.3
15 246.6 1509.7
16 312.4 1915.0
17 374.5 2298.6
18 910.0 5594.5

The series was repeated two farther times, using 
exactly the same amounts of constituents, and, as far 
as possible, the same methods of making up. The 
results obtained, and the curves plotted from these (Figs. 
28, 29), only serve to substantiate those above, obtained 
for Series Aj and A2 «

In Fig. 32, the average of the results for the 
uhhomogenised emulsions is plotted against the results 
for the homogenised emulaions, in order to bring ou* the 
difference between them.





m~b(
1
2
3
4
5
6
7
8
910

11
12
13
&4
15
16
17
18
1920

Jifb
1
2
3
4
5
6
78
910
1112
13
14
15
16
17
18

Unhomogenisei..
T for A tj for

116.6 30.96
128.4 34.29
152.9 40.96
168.8 45.29
179.6 48.25
206.4 55.54
244.6 65.91
257.5 69.47
276.6 74.73
271.2 73.58
340.0 92.16
458.5 124.42
555.8 151.05
607.3 165.28
857.7 233.74
544.9 148.71
600.9 163.84
650.2 177.97
742.8 203.55
795.2 218.37

T for A Tj for
126.9 33.71
165.5 44.21
146.1 39.14
131.0 35.15
2 1 2 . 2 57.00
315.0 84.75
403.4 108.69
321.9 86.76
194.0 52.52
228.5 61.84
519.4 140.79
813.4 220.74
921.0 250.32

1039.6 282.94
1395.2 380.24
488.8 133.41
657.6 179.31
927.5 253.92

1014.9 278.19
1455.6 399.71

Homogenised,
T for A T for A T for A
2 0 0 . 1 202.4 196.3
139.3 139.1 138.2
137.4 138.0 137.2
157.3 156.3 156.6
193.2 193.1 192.8
242.4 243.6 242.0
284.1 284.7 284.2
330.1 331.5 332.6
467.8 468.5 465.0
560.9 558.2 564.0
918.4 917.2 915.5
54.7 55.0 55.2
85.9 85.9 85.3

183.1 182.6 182.8
245.9 244.5 244.6
315.4 312.5 311.4
376.8 375.9 374.5
913.3 915.0 911.6
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The unhomogenised, series again gave irregular 
curves, always having the same general shape, hut with 
the irregularities varying from curve to curve. The 
homogenised series gave practically identical results 
with those for series A|.

These peculiar irregularities in the curve for the 
unhomogenised emulsions have since been confirmed by
Parke and Larmour^ 45 )#
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(b) MICROSCOPIC EXAMINATION.

la a search for some explanation of the phenomena 
observed, the series was examined under the microscope, 
using a dark ground illuminator. A very significant 
distribution was disclosed on this examination.

3h No.l (Plate I) of the unhomogenised series, the 
globules were found to be of varying dimensions, ranging, 
in some cases, from globules larger than the field of 
the microscope, to globules which were extremely small. 
There was also a relatively large amount of free contin
uous phase present, as was to be expected from the amount 
of ereaming shown by the emulsion. Consequently, the 
globules were free to move, at the slightest disturbance, 
in all directions. The size of the globules decreased, 
as far as could be fudged by the eye, fairly regularly 
throughout the series, and became more uniform with in
creased amount of emulsifier. The amount of free contin
uous phase also decreased, and consequently the globules 
became more closely packed.

An examination of Plate II, which is a photomicro
graph of No.20 of the unhomogenised series, shows that 
the globules were, on the average, as small as the smal
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lest globules in No.l, and were comparatively tightly 
packed.

No.l of the homogenised series closely resembled 
No.20 of the nnhomogenised series. The globules were 
perhaps slightly more tightly packed, and more uniform 
in size. Their average size was about the same.

In No.20 of the homogenised series, the globules 
were so small that they could not be distinguished 
under the microscope, and on dilution of the emulsion 
with water, (the continuous phase), they appeared only 
as points of light.
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DISCUSSION.

When we attempt to explain the irregularities in 
the viscosity curve of the unhomogenised series of 
emulsions, three factors are to he noted, each of which 
probably has some part in the production of the phen
omenon . They are

(1 ) the varying sizes of the globules of disperse phase
(2 ) the large amount of free continuous phase
(3) the rapid and extensive creaming consequent on 

(1 ) and (2 ).
Factors (1) and (2) tend to create the effect of 

an unhomogeneous liquid, which will not, of course, 
give a constant viscosity. Factor (3), in a slightly 
different way, will also tend to produce the same effect.

That these thuee factors have at least some effect 
is borne out by the change produced by homogenisation. 
Homogenisation, in the first place, will tend to remove 
these irregularities. It will also serve to distribute 
the emulsifier more evenly throughout the emulsion £han 
any hand or mechanical method of shaking is capable of 
doing, for it must be remembered that diffusion will not 
take place in the same way as in a homogeneous liquid.
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The drop in viscosity noticeable in the begin
ning of the series of homogenised emulsions, which is 
the only outstanding irregularity in the curve, is per
haps due to the relatively small amount of emulsifier 
present, by reason of which the emulsions must be less 
stable than the higher members of the series.

This view is supported by the fact that the lower
members of the series still tend to cream a little, in
dicating that there is insufficient emulsifier present 
to produce a stable emulsion which has the globules tight 
ly packed.

The large increase in viscosity noticed through
out the higher members of the series is probably due in 
part to the very tight packing of the small globules, 
and the small amount of free continuous phase, which 
has a much smaller viscosity than the emnlsion:~fDrmed 
from it. 1 1 so, as there is probably excess emulsifier 
present in the higher members of the series, this excess,
whether it goes into solution in the continuous phase,
or coats the globules, will tend to increase the vis
cosity, though the first of these two factors, the pack
ing of the globules, is more probably the one with thw 
greater effect.
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concurs ioh.

While there is a general increase of viscosity in 
unhomogenised emulsions of the Benzene-Water-Sodium Ole ate 
type, with increase in amount of emulsifier, the increase 
is very irregular. This irregularity is removed by means 
of homogenisation, which also in general ingreases the 
viscosity, and destroys the tendency to cream, particul
arly when there is more than a small .amount of emuls
ifier present.

These results lead one to lay stress on the neces
sity for homogenisation of emulsions to standardise them, 
before any investigation is made of the physical prop
erties, such as viscosity. It would appear that, unless 
the emulsions are homogenised, there can be no certainty 
of reproducing the same conditions in two emulsions of 
the same composition, no matter how much care is taken 
to maintain uniformity in their preparation.



PIET 17.

1CTI0H OF EMOLSIFIEES. ABT> TYPE EEVERS1L.



INTROUPCTION TO PART IV.

Following on the work on the relation of Viscosity 
of Emulsions to the amount of Emulsifier present, it 
was decided to attempt to elucidate the action of the 
emulsifier.

It was found that a peculiar type of reversal could 
he obtained under certain conditions, and the problems 
raised by this were followed up. In this work, no one 
line of approach to the problem could be taken up to the 
neglect of others, and many of the lines of approach which 
appeared promising did not lead to any useful results.

The consequence of this is that the experimental 
work could not be described in a connected fashion, and 
so it is considered advisable to preface it by a brief 
description of the several lines which were tried.



HYRODCICTIOH TO EXPERIMENTAL.

The whole of the work arose from the consideration 
of the fact that it can he shown, by the action of 
phenol phthalein in soap solution, that a soap soluble 
in water, such as Sodium Oleate, is hydrolysed on the 
addition of water. From this it follows that, when an 
emulsion is formed with Sodium Oleate as emulsifier in 
Water-Benzene, the Oleate is hydrolysed 3ust as it is 
in Water, and is presumably present as Sodium Hydroxide, 
Oleie Acid and Sodium Oleate, rather than as a simple 
substance.

From the consideration that the partition coeffic
ient of Oleic Acid between Benzene and Water is about 
500:1, it was thought possible that the hydrolysis was 
almost complete, and that therefore the state in such an 
emulsion would be in the main, Water with dissolved 
Sodium Hydroxide, and Benzene with dissolved Oleic Acid.

(a) NON-REACTING BINARY EMJ1SIFIERS.

■̂t was thought possible, from the above consider
ations, that substances with a high molecular weight, like 
Oleic Acid, which were insoluble in Water, soluble in
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Benzene, and unlike Oleic Acid, did not react with Sod
ium Hydroxide, might give emulsions in the system Benzene- 
Water-Sodium Hydroxide, if the small amount of Sodium 
Oleate which is probably present in an ordinary emulsion 
is not essential to the formation of an emulsion. Ex
periments in this line gave negative results.

(b) VARIATION OF ALKALI WITH STEARIC ACID.

The next line tried in the elucidation of the ac
tion of the emulsifier was to make up a series of emul
sions, each containing a fixed amount of fatty acid, but 
with a varying amount of alkali, in order to see if the 
point where the acid and alkali are present in equimol- 
ecular amounts is the best emulsion of the series. It 
should be noticed that a theoretically neutral emulsion 
always gives an alkaline reaction.

Since the figures for the solubility of Stearic Acid 
in various organic liquids were available^ ̂  ̂ , and the 
same figures were not available for Oleic Acid, it was 
decided to use stearic Acid in the first instance, so that, 
if the investigation was extended, liquids other than Ben
zene could be employed.

It was found, however, that the emulsions given 
with Stearic Acid were unsuitable.
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(c) VARIATION OF ALKALI WITH OLEIC AC ID

For this reason, Oleic Acid was again used, and the 
amount of alkali was varied. An unexpected reversal of 
type was noticed in the series, at a point where there 
was a large excess of Oleic Acid over Sodium Hydroxide.
On further examination, there proved to he really a double 
reversal.

(d) VARIATION OF FOUR CONSTITUENTS.

^here are a number of factors which might cause 
this reversal.

(1 ) It might be caused by the extremely small 
amount of emulsifier present.

(E) It might at least be influenced by the fact 
that there is a great excess of Benzene over Water, 
when the amount of emulsifier is so small.

(3) It might be the result of the large excess of 
Oleic Acid.

Since, according to the theory, there are Water, 
Benzene, Oleic Acid and Sodium Hydroxide present, the 
obvious method of determining which factor is at work was 
to vary each df these constituents. Series E to L were 
designed for this purpose.
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Apart from giving rough limits within which this 
reversal occurs, these variations in the constituents 
are not very informative. It was decided,, therefore, 
that nothing further of value could he learned merely 
by varying the amounts of the constituents.

(e) VARIATION OF METHOD OF PREPARATION.

The method of making up the emulsion was investig 
ated, and found to be effective when homogenisation did 
not take place.
w

(f) SURFACE TENSION AND TYPE CHANGE.

Attention was now turned towards the relation of 
surface tension to the type change.

It is known that soap lower#, the surface tension 
of Water to a value very close to that for Benzene^
3n other words, the interfacial tension in an emulsion 
is very low. If the only effect of Sodium Oleate in 
an emulsion is to lower the interfacial tension, then 
4ny two immiscible liquids whose interfacial tension is 
very low should give stable emulsions.

Binary mixtures with low interfacial tension were 
examined.

(82)



(g) BINARY MIXTURES WITH LOW INTERFACIAL TENSION.

From the results obtained from (f) it would seem 
that the requisite conditions for the formation of an 
emulsion are

(1) Low interfacial tension
(£) A third substance, not soluble in both phases, 

to act as a coater of the globules.
in investigation of the action of various substances, 

when added to binary mixtures with low interfacial ten
sion, was undertaken with respect to the second of these 
two conditions, but the results were indefinite.

(h) BENZENE-WATER WITH LOW INTERFACIAL TENSION.

Here the investigation in (g) was confined to Ben- 
zene-Water mixtures, in which the interfacial tension 
had been lowered by the addition of a small amount of 
soap solution. Here, also, the results could not be 
interpreted.
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EXPERIMENTAL.

(a) NON-REACTING BINARY EMULSIFIERS.

For the purpose of testing the first theory, re
garding substances with a high molecular weight which 
do not react with Sodium Hydroxide, higher alcohols were 
used, those available being Benzoyl Alcohol, CgHgCHgOH, 
phenyl Ethyl Alcohol, CgHgCHgCHgOH, and Octyl Alcohol,

^8 %  7
Systems were made up containing
(1) 50cc. Benzene, 40cc. Water, lOcc. N/10 Sod

ium Hydroxide (0.04 grs. Sodium Hydroxide.).
(2) 50ec. Benzene, 50ec. Water, the weight of 

alcohol equivalent to 0.04 grs. Sodium Hydroxide.
(3) 50cc. Benzene, 40cc. Water, lOcc. N/10 Sod

ium Hydroxide, the weight of alcohol equivalent to 0.04 
grs. Sodium Hydroxide.

The third set of systems is, of course, the one 
which should correspond to the proper emulsion.

It was found that none of the series gave an emdls- 
ion which remained stable for a minute, and there seems 
to be no regular relation between the stabilities of the 
three series.
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(b )  VARIATION OF ALKALI WITH STEARIC ACID.

For this investigation, a solution of Stearic Acid 
in Benzene was made up, containing 56.8 grs. per litre 
of benzene. This solution is of such a strength that 
50cc. of it are equivalent to 10cc. N/l NaOH.

A series, Series B, was made up as follows
Number Ccs. Water Ccs NaOH, N/l Cos. Benzene Soln,

1 48 2 50
2 46 4 50
3 44 6 50
4 42 8 50
5 40 10 50
6 38 12 50
7 36 14 50
8 34 16 50
9 32 18 50

10 30 20 50

Ih this series, No.5 contains equivalent amounts 
of Sodium Hydroxide and Stearic Acid.

It was found that there was a grading of the emul
sions up to N cl6, from which point an increasing amount 
of hard curd was formed, the soap evidently being salted 
out by the excess of Sodium Hydroxide.

No.l broke almost immediately. No.2 had a stabil
ity of about half an hour. Nos. 3 and 4 were very good 
liquid emulsions. No.5 was a very good thick emulsion,
almost solid.

Since this series could not be homogenised on ac
count of the curd, it was decided to abandon the work with 
Stearic Acid, and to return to the use of Oleic Acid.



(c) VARIATION OF ALKALI WITH OLEIC ACID.

In the first Series made up with Oleic Acid, Ser
ies C, the ratio 70:30 for disperse phase:continuous phase 
was used, as it was just possible that the use of the 50: 
50 ratio in the case of the Stearic Acid had had some ef
fect on the amount of curd present.

A solution of Oleic Acid in Benzene was made up 
having 20.1685 grs. per litre. 70Ccs. of this solution 
are equivalent to 5cc. N/l Sodium Hydroxide.

Series C.
Number Ccs. Water Ccs NaOH, N/l Ccs Benzene Soln.

1 29 1 70
2 28 2 70
3 27 3 70
4 26 4 70
5 25 5 70
6 24 6 70
7 23 7 70
8 22 8 70
9 21 9 70

10 20 10 70
Here again, No.5 is the one containing equivalent 

amounts of acid and alkali.
Nos. 2-10 seemed to be ordinary emulsions. From 

No.5 upwards, there was an increase in the amount of 
creaming, and so in the amount of free aqueous phase.

Bat No.l of the series, when tested both by the 
drop dilution method, and electrically, proved to be a 
Water-in-Oil emulsion, which had been deduced by the 
fact that it creamed to the bottom.
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Hos, 2-10, when tested for type, proved to be 
normal Oil-in-Water emulsions.

The viscosities of the series were determined after 
homogenisation, and although the graph obtained from 
them (Pig. 33) is not very informative, as the emulsions 
seem to give very irregular viscosities in the earlier 
part of the series (which is to be expected on the ap
proach to a change of type), the graph would seem to show 
that the point of greatest viscosity i£ not at the theor
etically neutral point, but rather lower in the series#

The viscosity of Ho.l was not determined, as it was 
of a different type, and also because it creamed much 
too quickly for an accurate determination.

Number Time Viscosity
2 676.5 184.7
3 572.4 156.3
4 680.9 185.9
5 259.6 70.9
6 220.0 60.1
7 208.1 56.8
8 199.4 54.5
9 180.5 49.3

10 166.5 45.5
It was obvious that there must be some point of re

versal between Ho.l and Ho.2, and so, to determine 
where this took place, a mixture of 70ccs. Benzene solution 
and 29ces • Water was taken, and titrated at intervals of
O.lcc. with N/l Sodium Hydroxide, with testing between
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each titration for type. The first two additions gave 
very unstable emulsions, but even after a stable emul
sion had been formed, no Water-in-Oil emylsion was form
ed, even up to the addition of 2ccs. N/l Sodium Hydrox
ide.

It would seem that something similar to the in
oculation of colloids with electrolytes was taking place.

Series D was made up, covering the region from no 
Sodium Hydroxide to 2ccs. N/l Sodium Hydroxide.

Series D.
Number Ccs. Water Ccs. NaOH, N/10 Ccs. Benzene Soln.

1 28 2 70
2 26 4 70
3 24 6 70
4 22 8 70
5 20 10 70
6 18 12 70
7 16 14 70
8 14 16 70
9 12 18 70

10 10 20 70
On shaking, Nos. 1, 8, 9 and 10 gave fairly stable 

Oil-in-Water emulsions. The others would not give def
inite or stable emulsions.

The series was therefore homogenised, and the types 
were as follows:-
1. Oil-in-Water
2. Oil-in-Water, with a large amount of free Benzene.
3. 4, 5, 6, 7, Water-in-Oil.
8, 9, 10, Oil-in-Water, stable.

The comparative conductances of this series were
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measured "by means of the kick on a milliammeter, when a 
current was passed through them.

With 5-lamp resistance (about 50 volts.)
No. 1 2 3 4 5 6 7 8 9 10
Kick 1.7 2.4 — —  6.0 7.0 8.0

With no resistance (250 volts.)
No. 1 2 3 4 5 6 7 8 9 10TTA r V-
Kick 15.0 24.0 4.0 1.0 -- . ---- 60 70 80

This confirms the fact that Nos. 1, 2, 8, 9 and I
are 0il-in-Water emulsions. As will be seen from the graph 
(Fig. 34) the portions of the curve pertaining to these 
emulsions are probably part of one smooth curve, and the 
conductivity increases regularly, as is to be expected, 
with increase in amount of Sodium Hydroxide.

The two breaks in the graph coincide with changes 
of type, as is generally the case in physical measurements 
of emulsions where type change occurs.

The fact that a small conductivity occurs in Nos. 3 
and 4 would indicate that they are probably dual in type, 
while Nos. 5, 6 and 7 are almost entirely of the Water-in- 
Oil type. The occurrence of dual emulsions near the lower 
break, and not near the upper one can be accounted for by 
the less amount of neutral emulsifier present, which con
sequently giwes a reduced stability, and a greater tend
ency to inversion.
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(d) VARIATION OF THE FOUR CONSTITUENTS.

3h the following series, E to L, the proportions 
of all four constituents in turn were varied.

Series E consisted of 50:50 Benzene:Water emul
sions, with graded amounts of emulsifier from 5ces. N/l 
Sodium Hydroxide dropping by 0.5cc. to 0.5cc., and from 
5ccs. N/10 Sodium Hydroxide, dropping by 0.5ce. to lcc. 
N/10, with equivalent amounts of Oleic Acid in each case, 
in all cases, stable 0il-in-Water emulsions were formed 
on homogenisation.

Series F was as follows:
Number Ccs. Water Ccs. NaOH,N/l Ccs Benzene Ccs Oleic 

Ac id,N/l
1 49.5 0.5 45 5
2 49.0 1.0 45 5
3 48.5 1.5 45 5
4 48.0 2.0 45 5
5 47.5 2.5 45 5
6 47.0 3.0 45 5
7 46.5 3.5 45 5
8 46.0 4.0 45 5
9 45.5 4.5 45 5

10 45.0 5.0 45 5
In this case, No. 10 is the theoretically neutral 

emulsion, and the variation In constituents follows the 
same principle as in Series D, except that in this ease 
we have a 50:50 instead of a 30:70 Water:Benzene emulsion.

When homogenised, all the emulsions were of the Oil- 
in-Water type, so that an inversion, if it occurs, would 
be below No.l.
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S eries  G- was designed to cover th is  re g io n .

Number Ccs. Water Ccs. NaOH, N/10 Ccs. Benzene Ccs. Oleic 
Acid,N/l

1 49.5 0.5 45 5
2 49.0 1.0 45 5
3 48.5 1.5 45 5
4 48.0 2.0 45 5
5 47.5 2.5 45 5
6 47.0 3.0 45 5
7 46.5 3.5 45 5
8 46.0 4.0 45 5
9 45.5 4.5 45 5

10 45.0 5.0 45 5
When homogenised, all of these were stable Oil-in 

Water emulsions, though before homogenisation, a humber 
of the lower members were very unstable.

It would appear from this that a 50:50 Water:Benz
ene emulsion series will not show the inversion point at 
all. The next step was to find at what point in the range 
from 50:50 to 30:70 the inversion can occur.

Series H covered the region from 70?& Benzene to 
30f° Benzene, and contained 5ccs. N/l Oleic Acid, and 
6ccs. N/10 Sodium Hydroxide, which amounts are those pres
ent at the inversion point in Series D.

On homogenisation, the first three, containing 
respectively 70, 66 and of Benzene, turned type to 
Water-in-Oil emulsions. The rest were Oil-in-Water ernul- 
s ions •

Series I» which contained a constant concentration 
of Oleic Acid per amount of Benzene, 5ccs. per 70ccs.
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Benzene, and a constant concentration of Sodium Hydrox
ide per amount of Water, 6ccs. N/10 per 30ccs. Water, and 
which varied in phase proportions from 30:70 to 70:30 
Benzene:Water, gave no additional positive results, the 
only emulsion showing inversion "being the 70:30 Benzene: 
Water one, which corresponds to No.3 of Series 3), and No.l 
of Series H.

Series J retained the 70:30 ratio of the Benzene: 
Water, and varied the ratio of Oleic Acid to Sodium Hyd
roxide, this Being a series similar in principle to Ser
ies D.
Number Ccs. Water Ccs. NaOH,N/10 Ccs. Benzene Ccs.Oleic 

Ac id,N/l
1 25 5 69 1
2 25 5 68 2
3 25 5 67 3
4 25 5 66 4
5 25 5 65 5
6 25 5 64 6
7 25 5 63 7
8 25 5 62 8
9 25 5 61 9

10 25 5 60 10
On homogenisation, Nos. 1 and 2 were Oil-in-Water

emulsions, Nos. 3 and 4 seemed to "be dual in type, but 
with free Benzene on top, and definitely tending to
wards the Water-in-Oil type. The rest were Water-in-Oil 
emulsions.

Series L was also similar in principle.
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Number Ccs. Water Ccs. NaOH,N/10 Ccs. Benzene Ccs. Oleic 
Acid,N/l

1 20 10 65 52 20 10 64 63 20 10 63 74 20 10 62 85 20 10 61 96 20 10 60 10
7 20 10 59 118 20 10 58 12
9 20 10 57 13

10 20 10 56 14
The first of these was Oil-in-Water, the rest were 

Water-in-Oil emulsions.
It was further noted in dealing with these series, 

that gentle continuous shaking tends to give Water-in-Oil 
emulsions, while vigorous intermittent shading gives Oil- 
in-Water emulsions, which are reversed on homogenisation, 
if the necessary amounts of Oleic Acid and Sodium Hyd
roxide are present,

(e) VARIATION OF METHOD OF PREPARATION.

In order to determine if the method of making up the 
emulsion had any effect on the type, other than the var
iation produced "by different shaking, an emulsion, start
ing from 30ccs. Benzene and 30ccs. Water, and containing 
5ces. N/l Oleic Acid and 6ces. N/10 Sodium Hydroxide, was 
madejup, and it was found that, on addition of Benzene in 
5cc. lots,* with shaking, the Oil-in-Water type persisted 
all through. Change in type occurred when the final 70:30 
emulsion was homogenised.



(f) SURFACE TENSION AND TYPE CHANGE.

The interfacial tension of Phenol-Water is 0.34 (20*0.), 
of Aniline-Water is 5.2 (25°C.), and of Methyl Alcohol- 
Carbon Disulphide is 0.16 (20°C.), as compared with 73-74 
for the surface tension of water(^2)#

Following on the reasoning already stated, these bin
ary mixtures were examined, and found to give emulsions, 
which were, however, not very stable, breaking down over 
night.

From this it follows that the action of the emuls
ifier comprises more than the lowering of the interfacial 
tension. Deducing from the abnormal reversal, it is pos
sible that part of the function of the emulsifier is to 
edat the globules, and that in these emulsions where the 
abnormal type occurs, there is not enough emulsifier proper 
to act thus, while being sufficient to lower the interfacial 
tension sufficiently to allow an emulsion to be formed. The 
Oleic Acid may then act as a coater fbr the globules, keep
ing them apart once they are formed following on the lower
ed interfacial tension.

It was found that Phenol-Water and Aniline-Water 
gave good emulsions on addition of a little Oleic Acid, 
while Methyl Alcohol-Carbon Disulphide separated almost as 
quickly with Oleic Acid as withudt. This would seem to 
indicate that the coater must not be soluble in both phases.
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(g )  BINARY MIXTURES WITH LOW INTERFACIAL TENSION

A number of substances, soluble only in one phase, 
were added to Phenol-Water and Aniline-Water, to see if 
any clue could be obtained as to the type of substance 
necessary to coat the globules, and thus form an emul
sion.

It was found that no definite results could be 
arrived at, for the substances which gave good results 
in the case of the Phenol-Water did not always do so 
with the Aniline-Water, and there seemed to be no guid
ing principle throughout.

This great variation was somewhat to be expected, 
for the effect of adding a third substance dn the 
interfacial tension is not yet known, and in some cases 
there is also a possibility of compounds being formed.



( h )  BENZENE-WATER WITH LOW INTEREACIAL TENSION

Emulsions were made up containing 70$ Benzene, 29<?» 
Water, and lf> N/10 Soap solution. They only formed after 
continuous shaking, in other words, they were in a some
what unstable condition, and might almost he regarded 
as systems in which there was low interfacial tension, 
hut hardly sufficient material to coat the globules.

Various substances were added to these emulsions, 
to see the effect on the stability of the emulsions, and 
to see if there was any effect on the type, as it was 
thought possible that the phase in which the emulsif
ier was soluble might have some effect on the type of 
emulsion formed.

As will be seen from the examples appended, the 
results here were also irreconcilable with any apparent 
order.

Substance added Effect
Oleic Acid
Stearic Acid
Palmitic Acid
Sucrose solution
Urea
Phenol
Aniline

Dual type.
Less effect than Oleic Acid.

Ditto.
Broke emulsion.
Lessened stability.
Broke emulsion.
No discernible effect.



DISCUSSION.

The problem raised by the entirely unexpected re
versal in type noticed on the addition of excess Oleic 
Acid to a Benzene-Water-Sodium Oleate emulsion would 
appear to be of a particularly complicated nature. This 
is suggested from the start by the double reversal in 
Series D.

In first considering the type of emulsions formed 
when the constituents atfe extensively varied, as in the 
Series D to I, we see that, in general, a large excess 
of Oleic Acid produces, with small amounts of Sodium Ol
eate, on homogenisation, a Water-in-Oil emulsion, when 
there is a certain excess of Benzene over Water. The 
lowest percentage of Benzene where this type of emul
sion was noted was 62?& The type also appears to be 
more influenced by the variation of the amount of 
Sodium Oleate, than by variation in the amount of Oleic 
Acid.

In discussing the cause of these phenomena, there 
are at least two agents to be taken into consideration. 
The first of these is the marked lowering of the surface 
tension of water by the addition of soap, and the second



is the presence of the large excess of Oleic Acid, This 
Oleic Acid, deducing from the Partition Coefficient, 
must he almost entirely in the Benzene, or continuous 
phase. It is thought that the action of this may he 
somewhat similar to that taking place in a Benzene-Water - 
Magnesium Oleate emulsion, in which, since the solubil
ity of Magnesium Oleate in Water is 0.23 grs. per litre, 
the greater part of the emulsifier is contained in the 
Benzene phase. Here also a Water-in-Oil emulsion is 
formed, and the Benzene is the continuous phase.

The action of an emulsifier such as Sodium Oleate- 
Oleic Acid may he taken to have at least two separate and 
definite functions,

(1) to lower the interfacial tension
(2) to render the globules, once formed, stable, pre

sumably by some form of coating, through adsorption to 
the interface between the Benzene and Water.

The reversing action of Oleie Acid can in no way 
be considered to be an electrolytic inversion of the type 
cited by Clayton(46), on account of the low solubility of 
Oleic Acid in Water. Also, since Oleic Acid itself does 
not emulsify Benzene:Water, it cannot be considered as 
an emulsifier of the opposite type, giving inversion when 
present in excess.

The theory above serves to explain the reversed
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emulsions, "but it does not explain why there should be 
two emulsions of normal type in Series D before the re
versed emulsions. Uor has anything come to light in 
the investigations above which will serve to throw light 
on this.

As can be seen by the account of the above invest
igations, a number of interesting problems are opened 
up, which should repay further study. Also, some of the 
investigations could not be continued with, on account 
of lack of data. The determination of these would be 
useful.

A number of these points are minor, but three of 
the more important are appended here.

Useful work could be done in connection with the*

effect of the addition of substances to binary mixtures, 
such as Phenol-Water, on the interfacial tension, and 
the possibility of compounds being formed.

It would also be interesting to investigate the 
relation of emulsion type to the preponderance of emuls
ifier in one or other phase, following up the theory set 
out above. From this work, it would seem extremely likely 
that this has a fundamental effect.

Perhaps most important, however, would be the exam
ination of the exact partition of the emulsifier in the 
two phases, close to the point of reversal. There seems
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to be no doubt that the emulsifier used so much, Sodium 
Oleate, is largely hydrolysed, and it would appear that 
this factor is extremely important in the production 
of the phenomena described.
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CONCLUSION

In general, the use of a simple emulsifier with a 
pure oil and Water will, under all conditions, give the 
same type of emulsion, e.g., Sodium Oleate with Benzene- 
Water always gives Oil-in-Water emulsions, no matter in 
what proportions the Benzene and Water are present; and 
similarly, Magnesium Oleate gives emulsions of the reverse 
type.

Further, it has always been held that in order to 
reverse the type of an emulsion, it was necessary to 
add an appreciable amount of a new substance, which 
either had in itself, or will produce by its action on 
the emulsifier, an opposite emulsifying effect, e.g., 
addition of Magnesium Chloride or Magnesium Oleate to 
a Benzene-Water-Sodium Oleate emulsion will eventually 
change the type when there is a greater equivalent of 
Magnesium than of Sodium present.

In this investigation, two reversals of type have 
been observed under conditions which more nearly approach 
those obtaining with the use of a simple emulsified, 
since it is a case where the equilibrium of a hydrolysed 
salt is changed.
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A t h e o r y  has been formed, based on experimental 
data gathered in the investigation, which explains one 
of the reversals. Lines of research are suggested 
which might lead towards the solution of the second 
reversal.

As in Part III of this thesis, the need for homogen
isation of emulsions for standardisation is emphasised.
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PIET V.

Additional Paper.

THE CONSTITUTION OF PHLOBATANNINS.



INTRODUCTION TO PART V.

The tannins are distributed very widely throughout 
the vegetable kingdom, and are chiefly important for 
their power to precipitate proteins, and convert animal 
hides into leather.

The classification of this large group of substances 
was unsatisfactory for a very long time, but that due to 
Freudenberg is now generally accepted. He^^ recognised 
recognised two main groups of tannins, according to 
their behaviour on treatment with mineral aeids, namely, 
the hydrolysable tannins, and the non-hydrolysable tan
nins. Members of the first group are characterised fcy 
possession of the depside linkage, -C0-0-, and suffer 
fusion at this part of the molecule during hydrolysis.
The second group of tannins, on the other hand, yield 
characteristic red, water-insoluble products on treat
ment with warm dilute mineral acid.

The first group of tannins is further divided into 
three sub-groups, according to the products of hydrolysis, 
namely:- (1) Gallo tannins, (2) Ellagitannins, (3) Caf
fe tannins .
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(1) The Gallotannins have been fairly fully invest 
igated "by .Fischer, who found that the products of hyd
rolysis were Gallic Acid and Glucose. He studied in 
particular that t arm in obtained from Chinese Galls, and 
assigned to it the structure of a penta-(m-Digalloyl)- 
glucose, with the formula

(2) The Ellagitannins are characterised by the pro
duction on acid hydrolysis of Ellagic Acid, a diphenyl 
derivative produced through the condensation of two mol
ecules of Gallic Acid, and having the structure

Apart from this fact, little is known of this group.
(3) The Caffetannins, obtained from coffee berries, 

yield Caffeic Acid, Quinic Acid, and a residue, the 
nature of which is Unknown. They are thus considered 
to be derivatives of Chlorogenie Acid, which has the 
formula

0H)g.C0.0C6Hg( o h )2co] 5
m-l)igalloyl residue.

Or C n c H e r j O76n52u46

C Q - 0

0 — CO

OH.COOH

Caffeic Acid residue » Quinic Acid residue
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and yields Caffeic Acid and Quinic Acid through rupture 
of the depside bond.

The seeond main group of tannins, as has been men
tioned above, are not hydrolysed with acids, but give 
characteristic red products, called Phlobaphenes, from 
which the name Phlobatannins is derived for this group 
of substances. It is with this group of Phlobatannins 
that the work to be described is eoneeriied.

Phlobatannins have been the subject of numerous 
researches over a long period of time, but progress in 
the elucidation of their constitution has been decided
ly slow, and most of the proposals which have been made 
have been highly speculative. The only suggestion which 
need be mentioned was due to Freudenberg, who put for
ward the theory that Phlobatannins should be considered 
to be polymerised forms of Catechins. He based this hyp
othesis on certain resemblances in properties between 
tannins and Catechin, although it was recognised that 
Catechin is definitely not a tannin.

In order to explain the great variety of the natural 
Phlobatannins, it was necessary to assume the existence 
of a number of Catechins, but, so far as is known, only 
one Catechin, 3:4:7:3T :4T-pentahydroxyflavan, is known
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to occur in nature

< >
OH

OH

(/
^  Skeleton Catechin

Recognising this objection to the above scheme 
of formulating the Phlobatannins, R u s s e l l ^ )  thought
that they might possibly be related to 4-hydroxyflavan, 
instead of to 3-hydroxyflavan (Catechin) as above. So 
he attempted to prepare a series of hydroxylated 4-hyd- 
roxyflavans.

It was found that reduction by means of zinc dust 
and alcoholic Acetic Acid of the polyhydroxy chalkones, 
which contained one of the hydroxyl groups in the 2- 
position, yielded substances which could not be disting
uished qualitatively from natural Phlobatannins, and which 
were capable of converting prepared sheepskin into lea
ther.

The process followed in the initial experiment is 
shown schematically, as follows:-

I Resacetophenone 
Dibenzoate.

E Protocatechualdehyde 
Dibenzoate.

>P&>c o . c h : ch o&>
2 :4:3T:4T-tetra- 

b en zoyloxychalkone4



HO/\ OH

c o .c h :c h
,OH
>OH

2 :4:3T: 4 *-tetrahydroxychalkone

pH0,
CH OHHO

H.OH CH-

4:7:3* :4T -tetrahydroxy- 
f lav an

\ / ^ \ 4 - o h
I

^  c — OH
. / S /  V

vOH
>OH

bis-(7:3* :4*-trihydroxy)flavpinaeol 
It will "be seen that an alternative formulation 

of the end. product is provided, but, in a subsequent 
p a p e r ( ^ ) ,  Russell Todd produced conclusive evidence 
in favour of the pinacol structure, II. The same authors 
studied a number of such polyhydroxyehallcone reduction 
products, and concluded that Phlobatannins are polyhydroxy- 
phenolic derivatives of a parent substance, which they 
have called i?‘lavpinacol, of the following formula:-
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l \

5c h 2, 4 /  6
C— OH

C— OH

incident ally, they express the view that natural 
Hemlock Tannin is a flavpinacol, (4 ) having as essential 
skeleton the structure of bis-(7 :8 :3f:4T:-tetrahy&roxy)- 
flavpinacol, and is probably identical with the latter 
substance.

These Phlobatannins are amorphous substances, and 
are mainly characterised by means of a whole range of 
qualitative tests. On account of the nature of such 
substances, analyses, molecular weights and melting point 
determinations could not be employed in a close compar
ison of synthetic and natural products, and it was sug
gested by Dr. Russell that comparative physicochemical 
measurements, which were at least partly quantitative, 
should be used as a basis for comparison.
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EXPERIMENTAL.

(a) MOLECULAR WEIGHTS FROM VISCOSITY MEASUREMENTS.

The first line of research was an attempted com
parison of molecular weights by viscosity measurements, 
along lines similar to those indicated, by staudinger^ ̂ 
for complex aliphatic compounds.

According to staudinger, highly polymerised synth
etic products, and natural substances like rubber and 
cellulose form macromol disperse solutions containing 
isolated fibre molecules, whose chain length can be 
determined by the formula

V sp.(equiv.) ~ 
where K^is a characteristic constant varying for each
of the taiown hydrocarbon series, and chain equivalent weight
is the average weight per carbon atom. In StaudingerTs

-4determinations, is of the order 10 •

The viscometer used in the present investigation 
was one of the set of Standard Ostwald U-Tube Viscom
eters used in the determination of emulsion viscosities 
described in Part III of this thesis (p.62 seq,. )• The 
solutions used were solutions in absolute alcohol, con-
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taining 0 . 1 gr. per 1 0 0 ccs.
The following results were obtained, each time of 

flow being the average of three determinations, vary
ing by less than 1#.

Time (Sees.) Viscosity ,17.
Alcohol 148.0 1.0985bis-(7 :8 :3T:4T-tetrahydroxy)

-flavpinacol 147.0 1.0921Hemlock Tannin 147.5 1.0958Mimosa Tannin 147.5 1.0958Methylated Hemlock Tannin 148.2 1 . 1 0 1 0Methylated Mimosa Tannin 148.8 1.1055

It was found impossible to interpret these results 
by any variation of Staudinger's formula, and it would 
seem from them that the relation between molecular weight 
and viscosity postulated by him does not hold for subs
tances such as the Phlobatannins and Flavpinaeols, which 
have complicated ring structure. This is somewhat borne 
out by the variation between the changes in viscosity 
caused by the methylation respectively of Hemlock and 
Mimosa Tannins.
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(b) ABSORPTION SPECTRA.

Attention was now turned to Absorption Spectra, as 
being the most likely of all physicochemical methods to 
give suitable results, since they are in part quantit
ative. It is, of course, obvious that such data as 
extinction coefficients of bands could not be determin
ed, since the purity of both natural and synthetic subs
tances could not be relied on.

In addition to measuring the absorption spectra of 
some synthetic Flavpinaeols and natural Phlobatannins, 
the data for the starting materials and intermediate 
products used in the syntheses were obtained. For the 
purpose of comparison, two types of tannin other than 
the Phlobatannins were also included in the scheme.



Apparatus.

The spectroscope used for these investigations was 
a Hilger Medium Qruartz Spectrograph (E2). The spectra 
were obtained by the Hartley method, using a Baly Tube, 
and the solvent in all cases was Absolute Alcohol which 
showed no absorption above X2350.

The spectrograph scale was calibrated against a 
photograph of the iron arc, and the data obtained for 
the calibration curve (Eig. 1) is as follows

Scale reading 0Actual Wavelength A.U.
39 3776
38 3687
37 3590
36 3506
35 3414
34 3327
33 3233
32 3142
31 3050
30 2950
29 2859
28 2761
27 2668
26 257415
25 2470

The source of light used was the iron are, giving 
twenty seconds exposure for each photograph.

In order to test the dispersion of the spectrograph, 
the curve for Benzene was determined, and four bands were 
noted at X2410, X2490, X2560 and A 2 6IO (Fig. 2). Baly
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and Collie^6 ) record seven bands at X2380.9, X2433.1, 
\2484.3, X2554.3, X 2611.0, X2656.0, X2684.6 (Fig. 3).

The general method of procedure in taking the phot
ographs of the spectra was to begin with log. thickness 
1.9, using a solution of 0.1 gr. per 100 ccs. The log. 
thickness was reduced by 0.1 for each photograph down 
to log. thickness 1.0. The solution was then diluted 
ten times, and the series repeated. This was repeated 
again with the solution diluted 100 times. In all cases 
these two dilutions were sufficient to take in the spect
rum over the range of the plate.
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Results.

In the presentation of the results, they will he 
given in tabular form as far as possible, with compounds 
of the same type grouped together, before any detailed 
discussion of the individual curves is undertaken*

(a) Starting Materials,

Acetophenone (Fig, 4) (ŝ /)coCH3,^is showed gener
al absorption, with a pronounced extension of the curve
at X2620-2880.

Baly and Collie^7 ) record a similar curve, show
ing an extension at X 2630-2900,

Bydroxy-Icetones, Three hydroxy-ketones were 
examined, Resacetophenone, HOf )0H P h l o r a e e t o p h e n o n e , ]

OH ^/COCH*
H0( \ o H

IJcocw* •
Each of them showed a very strong band, and an

and Gall acetophenone

OH
I JcOCH*
OH

Band Head Extension
Resacetophenone (Fig. S) 
Phloracetophenone (Fig. 6) 
Gall acetophenone (Fig. 7)

2780
28602800

3000-33003200-3380
3200-3400

Benzaldehyde (Fig. 4) ^>CHO The absorption
shown by this agrees with that recorded by Baly and Collie^ 7 ̂ 
being a small band with its head at X2850.
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Hydroxy-aldehydes. Three of these compounds were 
examined, p-Hydroxybenzaldehyde, HO<^~~\cMO,Proto-

catechualdehyde,HO<y \ c H O  > and Vanillin H o /  \cWQ.
W<^---' /

The monohydroxyaldehyde shows an inflexion or weak 
"band, and a strong band. The dihydroxyaldehyde and the 
hydroxymethoxyaldehyde both show two yery similar bands, 
which in greater thicknesses of solution merge into one 
strong band.

Inflexion Band Head Band Head
p-Hydroxybenzaldehyde( Fig. 9) 2650 2880 -» mm mm
Protocatechualdehyde (Fig. 5) 2760 3120
Vanillin (Fig. 8) ---------- 2780 3120

For p-Hydroxybenzaldehyde, Tack^®^ records a band 
with its head at A 2880-2890, and for Vanillin, Purvis^) 
records two bands at X2776 and A  3120.

(b) Intermediate Products,

Chalk one. (Fig. 4) l^J-CO. CHiCH^  ^>. This 
compound, which is also known as Benzylideneacetophenone, 
is formed by the condensation of Benzaldehyde and Aeeto- 
phenone •

Its spectrum shows two bands, a weak one at X 2880, 
and a stronger one at A 3125, the two merging, in thicker
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solutions, into one Taro ad band. Two Records of the spect
rum of Chalkone are found in the literature, one "by Stobbe 
and Ebert^O), and one by Shibata and Kagai^^^. The re
sults obtained in this investigation agree fairly well 
with those given in the formed reference, a broad band 
with its head at A  2857, and an extension of the curve 
at A  3100-3300# This is totally different from the curve 
given in the second reference, which gives one broad band 
with its head at A 3300. The spectrum determination was 
repeated, using Chalkone which had been further recryst
allised twice, but the results served only to verify 
those now given.

PolyhydroxychaJJeones. The hydroxylated chalkones 
submitted to examination were formed by the condensation 
of Resacetophenone, Hiloracetophenone and Wallace to phen- 
one successively with Protoeatechu.aldeh.yle, and also with 
p-.Bydroxybenzaldehyde. As typical of an intermediate 
series was also included that chalkone with Phloraceto- 
phenone as ke tonic component, and vanillin as aldehydic 
component, that is, 2 :4:4T-trihydroxy-3T-methoxychalkone.

The three 3* :4T -polyhydroxychalkones give rise to 
Plavpinacols which are qualitatively indistinguishable 
from natural Phlobatannins.

All of the polyhydroxychalkones gave three bands,
one of which was a colour band, and an extension of the 
curve.
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—  CO,C H :CH

Skeleton of Chalkones

Fundamental
hands

Extension Colour
Band

8 :4:3T :4T-tetrahydroxy- (Fig.5) 
2:4:6:3T:4T-pentahydroxy-(Fig.6) 
2 :3:4:3T:4T-pentahydroxy-(Fig.7) 
2 :4:4T-trihyd.-3T-meth.- (Fig.8) 
2 :4:4T-trihydroxy- (Fig.9) 
2:4:6:4T-tetrahydroxy- (Fig.10) 
2 :3:4:4T-tetrahydroxy- (Fig.11)

2670
2700
2700
2670
2690
2700
2700

2900 
2880 
2890 
2910 
2810 
2880 
2880

3160-3380
3160-3300
3100-3500
3120-3320
3150-3400
3100-3300

3560

3840
3970
3860
3840
3760
4570
above
5000

The two bands which appear in the Ultna-Violet would 
appear to be fundamental bands.

Chalkone Reduction Product. ^30^26^2 4). At
this point might be ineluded the data for the reduct
ion product obtained from Chalkone itself by the action 
of Zinc dust and dilute Alcoholic Acetic Acid. The 
selective absorption has disappeared almost entirely, but 
there are two small extensions of the curve, which may 
be weak bands, at X 2370-2500 and X2730-2880.

(c) Synthetic Jlavpinaeols.

The spectra of the Flavpinacols show a close sim
ilarity to those given by the chalkones in the Ultra-

Violet, but the colour band is found to have disappeared,

(119)



4 0

20

10
40004000 20002000-

Wave-length, (A.U.).

10 400020002000 4000 2000 4000
Wa ve-length, (A. I/.).

Fig. R4- •
 _  A cetophenone,
. . . . . . .  Benzaldehyde.

Chalkone.
Bis-reduction product of chalkone.

F ig. ■(>.
-  Phloracetophenone.................. Protocatechualdehyde.

Fig. a  7.

F ig. II
------------- Resacetophenone.
..............Protocatechualdehyde.

-------------  2 : 4 : 3 ' :  4 '-Tetrahydroxychalkone.

2 : 4 : 6 : 3 ' :  4 '-Pentahydroxychalkone-.

 C allacetophenone.
   Protocatechualdehyde.
 2 : 3 : 4 : 3 ' :  4'-Pentahydroxy chalkone.

------ Resacetophenone.

F ig. ■&.
------------- Resacetophenone.
..............  V an illin .

-------------  2 : 4 :  4 '-Trihydroxy-Z'-methoxy chalkone.

F ig. •<?.
p -Hydroxybmzaldehyde. - 2 : 4 :  4'-Trihydroxychalkone.



except in one instance, that of his-(7:4T-dihydroxy)flav 
pinacol, which shows a hand ahove XhOOO, as well as an 
extension of the curve about X3300.
5T:4T-dihydroxypolyhydroxyflavpinacols.

Band Head Band Head
his-( 7:3T:4f-trihydroxy)- (Fig.IS) 27 00 2850his-(5:7:3T:4T-tetrahyd.)- (Fig.15) 2700 2880
his-( 7:8:3T:4T-tetrahyd.)- (Fig.12) 2700 2890

4 T -hydr oxyP olyhydroxyf1 avp inac o 1 s.
Band Head Band Head

his-( 7 :4T-dihydroxy)- (Fig.M’)} 
his-( 5 :7 :4T -trihydroxy)- (FigJL®)) 
his-( 7 :8:4f -trihydroxy) - (Fig.163)}

2690
2700
2690

2820
2890
2900

(d) natural Phi oh at ann ins.

If we now turn to an examination of the spectra 
of the natural Phlobatannlns, we find a v e r y  elose sim
ilarity to those of the Flavpinacols. Two natural Phioh- 
a tannins were investigated, Hemlock Tannin and Mimosa Tan
nin, as were also Methylated Hemlock and Mimosa Tannins.

Each of the four gave two hands, as follows 
Natural Phiohatannins.

Band Head Band Head
Hemlock Tannin (Fig.12) 2710 2860
Mimosa Tannin (Fig.12) 2700 2860
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Methylated natural Phlobatannins.
Band Head Band Head

Methylated hemlock Tami in (Fig.13) 2700 2800Methylated Mimosa Tannin (Fig.13) 2700 2810

(e) natural Tannins other than Phi oh at ann ins.

To complete this investigation, the spectra of 
Ellagic Aeid and Gallotannin, which contain the char
acteristic groupings of two other groups of tannins 
were also examined. XO— 0, XH

Ell agio AC id (Fig. 14) H U * gives 
three hands at X248Q, X3140 and X3680. That at X2480 
is prohahly the diphenyl hand, which is given hy Adam 
and Bussell^12 ̂ at X2461.

&fQ.lotarmin (Elg. 14). The absorption for this 
substance appears to he general, except for two extensions 
at X2740-2920 and X3300-3740, which may he weak hands.
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Discussion.

(a) Starting Materials.

When we come to consider the curves more particul
arly, we may first remark on the very marked effect of 
the introduction of the phenol groups into Acetophenone. 
That the band shown in each of the three hydroxyketones 
is the phenol band may be deduced, firstly from a comp
arison with the spectrum of Phenol itself, which shows 
a very similar strong band at AssOO-SSOO^3 ^, and sec
ondly, from its continued appearance throughout the ser
ies. Also, the addition of the third hydroxyl group in 
Phloracetophenone and Gallaeetophenone seems to have the 
effect of strengthening the band, and shifting the ex
tension still further towards the higher wavelengths.
The extension shown in the three spectra may very pos
sibly be the extension of Acetophenone itself, pushed 
to a higher wavelength, from A 2700 to A 3200-3300.

A similar type of change is to be noted when we 
come to the tiydroxyaldehydes.

When one hydroxyl group is present, e.g., in p-Byd- 
roxybenzaldehyde, we find only the phenol band, with a

(122)



very weak inflexion at A 2650. The appearance of the head 
of the band suggests that farther resolution would split 
it into two bands* The band here is stronger than in 
the ease of the dihydroxyketone, probably because the 
phenol band is almost exactly superimposed on the Benz- 
aldehyde band at A 2850.

The addition of a second phenolic group to give 
Protocatechaaldehyde serves to bear out the theory that 
the p-Hydroxybenzaldehyde band really consists of two 
bands, for here we get two clearly defined bands, which 
merge at greater thicknesses into one strong band. Here 
it would appear that the lower of the two, that at A 2760, 
is the true phenolic band. The other, at A 3130, may be 
the Benzaldehyde band, pushed so far towards to red as 
to enable it to be differentiated from the phenol band.

As is to be expected, the methylation of one of the 
hydroxyl groups in Protocatechualdehyde to give Vanillin 
does not alter the spectrum appreciably, the general 
shape and position of the bands being very similar in 
the two spectra.

(b) Intermediate Products.

In Chalkone, we have an evident visible colour band 
appearing for the first time in the series. The radical 
difference in the spectrum of Chalkone may be deduced from
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the radical changes which take place in the structure--
the destruction of the -CHO group, and the introduction 
of the double bond as a new centre of absorption. The 
"colour band” which appears first in Chalkone persists 
all through the Hydroxychalkones, and it is evidently 
to it that these compounds owe their strong and charact
eristic colour. The colour varies from bright yellow 
in Chalkone itself, to deep red-brown in the 2:3:4-tri- 
hydroxyhydroxychalkones. It is chiefly remarkable for 
its persistence, being usually visible, even on the ^ecohd 
dilution.

The colours of the various ehalkones in alcoholic 
solution are here tabulated against the positions of 
the colour band.

Band Head Colour
2:4:3f:4T-tetrahydroxy- 
2 :4:6 :31 :4 f-pentahydroxy- 
2 :3:4:3T :4T -pentahydroxy- 
2:4:4T -trihydroxy-3T -methoxy- 
2 :4:4T-trihydroxy- 
2:4:6:4' -tetrahydroxy- 
2 :3:4:4T-tetrahydroxy-

3840 
3970 
3860 
3840 
3760 
4570 

above 5000

Bright yellow 
Orange Red 
Beep Red brown 
Bright yelloy 
Pale yellow 
Orange Red 
Beep led brown

These appear to grade in accordance with each other, 
with the exception of the 2:3:4:3T :4T-pentahydroxychalk- 
one, the colour of which would suggest that there is a 
band high in the red, beyond the limit of the spectrum 
examined, which terminated a little above X5000.

Even more interesting in these compounds is the

(124)



presence of the two bands which have been referred to as 
"fundamental bands", at roughly Xs700 and X288O. It 
is suggested that both these bands are phenolic in orig
in, one of them originating from the hydroxybanzaldehyde 
residue in the chalkone, and the other from the hydroxy- 
acetophenone residue. This view is borne out by their 
non-appearance in the spectrum of Chalkone itself, since 
the X288O band in Chalkone does hot appear to be of the 
same type as that which appears in the Hydroxychalkones 
at that position. It is more probably that the band 
X288O in Chalkone is similar in origin to the extension 
in the various Hydroxychalkones, where it is merely forced 
by the phenolic bands towards the red end of the spectrum.

On the whole, the similarity between the spectra of 
the 3T :4T-dihydroxypolyhydroxychalkdnes may be noticed, 
though the resemblance is not so marked in the other 
group, the 41-hydroxypolyhydroxychalkdnes. naturally, 
the spec trum given by 2:4:3T: 4 T -te trahy dr oxy chalkone is 
very little different when one of the hydroxyl groups 
is methylated to give 2 :4:4T-trihydroxy-3T-methoxychalkone.

The reduction product of Chalkone, which is col
ourless, gives only two small extensions (or weak bands-), 
which agrees with the view that reduction destroys, or 
modifies very considerably, the centres of absorption.
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(e) Synthetic Flavpinacols.

The last stage in the synthesis of the Flavpinacols, 
the reduction of the hydroxychalkones, again produces 
marked changes in the parts of the structure likely to 
affect absorption. The double bonds disappear, and the 
carbonyl group becomes —  OOH. One of the hydroxyl groups 
becomes an oxygen included in one of the rings by clos
ure.

From this we see that a considerable difference is 
to be expected between the Flavpinaeol spectra and those 
of the hydroxychalkones. We find that the colour band 
has disappeared entirely, with one exception, bis-(7:4T:- 
dihydroxy)-flavpinacol, obtained from 2 :4:4T-trihydroxy- 
chalkone, where there is a band above A 5000.

The extension has also disappeared, with an except
ion in the same case. This is capable of two interpret
ations. Firstly, that the reduction and condensation 
has shifted the colour band of the chalkones further to
wards the red end of the spectrum, and out of the region 
covered by the spectra examined, with this one exception. 
The second possible interpretation, and one which seems 
more likely, is that the band and extension are due to 
a trace of undeduced 2:4:4T-trihydroxyehalkone in the case 
of the b i s - ( 7 : 4 T-dihydroxy)-flavpinacol, and that in gen
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eral the reduction from chalkone to flavpinacol destroys 
all colour absorption.

It is, of course, to be noted that flavpinacols are 
reddish in colour, and give dark brown solutions, but 
it is thought that this is due to the presence of oxid
ation products, as they are light in colour when prepared, 
and darken on standing. £Lso, the colour has not the 
same persistence that is found in the colour of the chalk- 
ones on dilution. It may be mentioned here that the col
our of the Phlobatannins shows the same phenomena as that 
of the Flavpinacols. However, the possibility of absorp
tion in the red must not be lost sight of.

The outstanding feature in the spectra of the 
Flavpinacols is the persistence of the two "fundamental 
bands", and this lends support to the theory that they 
are phenolic in origin, since the hydroxyl groups would 
appear to be the ofily centres of absorption which have 
remained unchanged.

It may be speculated, though without a very strong 
basis for the theory, that the A  2700 band is that due 
to the hydroxybenzaldehyde residue, and the other "fun
damental band" that due to the hydroxyacetophenone res
idue, since the former of these bands is even less af
fected and variable than the latter, and this might be 
expected by the change in the hydroxyacetophenone res-
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idue through the course of the reduction, as compared 
with the less change in the hydroxybenz aldehyde residue.

(d) Natural Phlobatannins•

When compared with the spectra of the natural 
Phlobatannins and Methylated Phlob at a m  ins, the spectra 
of the Flavpinacols show a remarkable similarity, not 
only in the position of the bands, but in their charact
er. This similarity is only shown to be the more strik
ing when we add to the comparison the spectra of the two 
substances characteristic of the two other groups of 
tannins.

(e) Natural Tannins other than Phlobatannins.

These last two substances, Ellagic Acid and Gal- 
lotannin extracted from oak galls, give spectra differing 
widely, not only from those of the Phlobatannins, but 
also from each other, and leaye no room to doubt the 
wide difference in structure between the different groups 
of tannins.
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Conclusion.

This investigation of the spectra of the natural 
Phlobatannins and synthetis Flavpinacols shows quite con
clusively that Flavpinacols are identical in basic struct
ure with Phlobatannins, and that the two are totally dif
ferent from the other group of natural Tannins in struct
ure, while having the same property of tanning leather.

The course of the synthesis of Flavpinacols has been 
closely followed by means of the examination of the spect
ra of the starting substances and intermediate products, 
and while it is not possible to deduce from the spectra 
whether the polyhydroxyflavan or the polyhydroxyflavpin- 
aeol is formed in the last stage of the synthesis, the 
other stages of the synthesis, as put forward, are borne 
out by the examination.

The essential difference in structure between the 
chalkones and flavpinacols is also shown, and the differ
ence in colour between solutions of the two groups is, 
when considered in conjunction with the spectra, ex
plained.

The course of the synthesis of a Flavpinacol, as 
followed by the spectra, may be summed up as follows:-
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the hydroxychalkone spectrum is r o u g h ly  the sum of the 
spectra of the hydroxyaldehyde and the hydroxyketone which 
form it, with the addition of a "colour band" in the vis
ible region. On reduction, the colour group is destroy
ed, and ring closure takes place. The visible band dis
appears, giving reduction products showing spectra which 
are in every *ay indistinguishable from those of typical 
natural Phlobatannins.
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(3) OPTICAL ROTATION IN THE NATURAL PHLOBATANNINS.

While the investigation of the spectra of the 
tannins was in progress, the determination of the optical 
activity of solutions of the natural Phlobatannins was 
also undertaken.

As can be seen from the formula put forward for a 
typical Flavpinacol, there are four asymmetric Carbon atoms

If, as has been indicated in the investigations of 
Phlobatannins, Flavpinacols and natural Phlobatannins 
are of the same basic structure, then it is quite possible 
*hat the natural compounds are optically active.

Owing to the dark red colour of the solutions given 
by the natural phlobatannins, the solutions had to be very 
weak, and red light, of ?I6600 was used for the determin-

in it PH
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The substances examined were Hemlock Tannin, Mim
osa Tannin, Methylated Hemlock Tannin and Methylated Mim
osa Tannin. The solutions were in absolute alcohol.

The polarimeter used was a iippich triple field Pol
ar ime ter, made by Hilger, and a 20cm. polarimeter tube 
was employed. The half shadow angle was set at 2.

Each result is the average of three readings. All
readings were made at 20® C . Zero reading 90.80®.

Solution S tr ength Polarimeter ?oo At r n 4400Reading V c t ' l°‘-J20*
Hemloek
Mimosa
Methylated Hemlock 
Methylated Mimosa

0.19&
0.25f*
0.596
0.25fc

90.750
90.641
90.922
90.981

_ O K O

-31° 54T 
-V120121 
*36°12*

Owing to the weak solutions which had to be employ
ed, and their dense colour, these rotations are all sub
ject to an experimental error of about ±5°.

Apart from proving that natural Phlobatannins do 
show optical activity, these rotations do not throw any 
light on their constitution, and so they are given here 
without any further comment.
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