View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Missouri University of Science and Technology (Missouri S&T): Scholars' Mine

MISSOURI

S&l

Library and 1 .
Learning Resources Scholars' Mine

Masters Theses Student Theses and Dissertations

1922

Investigations in colloidal phenol

Charles James Millar

Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses

b Part of the Physical Sciences and Mathematics Commons
Department:

Recommended Citation
Millar, Charles James, "Investigations in colloidal phenol" (1922). Masters Theses. 4751.
https://scholarsmine.mst.edu/masters_theses/4751

This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.


https://core.ac.uk/display/229278017?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/masters_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/masters_theses?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F4751&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/114?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F4751&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/masters_theses/4751?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F4751&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

INVESTIGATIONS IN COLLOIDAL PHENOL
by
CHARLES JAMES MILLAR

A THESIS SUEMITTED TO THE FACULTY OF THE
MISSOURI SCHOOL OF MINES AND METALLURGY, IN
PARTIAL FULLFILLMENT OF THE WORK REQUIRED FOR

THE DEGREE OF MASTER OF SCIENCE IN GENERAL
SCIENCE.

Rolla Missouri
1 922.

Approved by ]



-1-

Poreword
The author is inbedted to Dr. F, W, Shaw tor

suggestions and advice in regards this work.



Contents

Introduction
Apparatus
Experiments
Conclusion

Bibliography

Page 3

10
14
19



«Be

Investigations in Colloidal Phenol.

Introduction.

In making some experiments with various colloids
it was noticed that phenol and water seemingly formed
& colloid,sc it was deemed advisable to experiment
farther and see if this fact could be established.

The referencee on this subject vary widely and
for thia reason some of them are given here. Ostwald
recognised the colloid state of & phenol-water mixture
&t the critical temperature but evidently failed to
see the poseibility of the phenol-water colloid at
all temperatures,

In the following article I will try to show that
the phenol-water mixture forms & colloid, not only at
the critical temperature, but at all temperatures and

in all concentrations.



8eldell gives the solublilty of phenol in water

a8 followa,

T Grems pneunvl per 100 grama,

Aqueous layer Phenol layer
10 78 75.0
20 8.3 72,1
30 8,8 69,8
40 .6 66,9
50 12,0 62,7
35 14.1 59.5
60 16,7 55,4
85 25.2“——’——7”"—;———“}9.2
68,3 (crit. temp.) 38.4

The handbook of Cheumlatry and Physics glves the
8olubility of phenol as six parte in one hundred. The
Chemiker Kealander glves the solubility es infinity at
67.5 degrees centigrade, The Chemical Dictionary
givea phenol as soluble in a&lcohol, Water,ether,chlor-

oform, glycerine and the wulkelilea,
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On pege eighty elght of his book on Theoretical
and Applied chemintry, Ostwald saya,

" I heve in thles flusk twWo llquids which &t ordin-
«ry temperatures are only peartially scluable in each
other, namely,phenol conteining sowe water,and water
contelning & little phenol, Even at & distance you ob-
serve thet they scercely disaolve in euch other,for as
soon us I shuke the flusk the wuss of liquld showa the
White color of wn emulsior { demonstration ), The sol-
ubility of phenol and water in euch other increuases
greatly with increase in tenperature. To prove this
I heat the mixture while continuously shaking it (dew
onstration). As soon @s I huve Wwarmed the mixture to =
temperature of 70 C, the emulesion clears; in other
vorde,the amounts of phenol and Water with which I sta~
rted dissolve conmpletely in ewch other, I could actu-
ally add any amount more of either of the two, at this
temperature,yithout thelr separating out,

“ Above the 'critical' temperaturs, phenol and Wat-
er ure miscible in &ll proportions, For this experime-
nt I heve, of courae, not chosen indifferent amounts
of phenol and water,but a concentration of about 36

percent 1henol, this representes the 'critical' cone-
entratioficof phenol in water, the significance of

which I cannot discuss further here,
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“While I have been tolking, the white emulsion of
phenol and water haes given way to a clear solution,
Ye have before us no¥W w molecularly dispersed solu-
tion of the phenol in water, But the phenonomenon to
Which I wish to direct your particular attention is
to be obrerved wWhen we begin to cool thies systenm,
elther by sheking the flask in the air or by plecing
it under the water tap. You can see in advance thet
a8 I reduce the teuperature & separation of the sys-
tem must agein occur, for the solution phenomena
that you heve observed 1ls entirely reversible, The
solution has now cogled somewhat, but if you observe
closely you note at the same time that it has changed
in apperance. What Wwas fcrmerly & completely color-
less 1liquid shows now & blulsh yellow opelescense
entirely ildentical with the opelesemnse of an egg
vhite solution, or & highly dispersed mastic colloid ,
The opalescense increases as the mixture cools, The

similarity between the opalescense in our phenol -
Vater mixture and the opulescense of typlcal colloids
compela the conclusion that we have before us & sepe~
ration of the phenol in the water in eolloid form.
In réct, conslderation of the problem compels the

conclusion that such & collold state must be passed
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through 1in the courese of the separation in such a
system; and 1t only becomes a Question as to Whether
¥e cre able experimentelly to maintain-or stebilize
this collold state, when resched, long enough to
examine it carefully. We begin with a temperature

at Which we have to do with a cosarsely dispersed
colloid,or even e non-dispersed mixture of phenol
and veter, Evidently somewhere between these two
extremes we pass through the célloid realm and the
opalescense of the mixture before you renders 1t
probeble theat we have it before us now, Ultre-~
microscopic investigation furnishes dirsct proof
that this opalescent critical fluld mixture 1is
really one in which the divided phase exlists in coll-

0id dimensions?
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With Ostwald's statcment for a basis the Writer
will try to show that phenol and water not only form e
colloid through the opalescent stege but in any mixture
of phenol and water & colloid ia formed.

The problem that then erises is to distinguish
the colloid from the true solution, This can be done
by two methods:-

1. By the Tyndell phenomena, The Tyndell phenomenae
gives & very delicste test for observing very slightly
turbid solutions. The experiments are beat carried on
in & darkened room wWith & emall arc-light and condenser
using & thin wWalled beaker for the solution to be tested.
In making Tyndall experiments it is not the presence
of meny more or less evident particles that distinguilsh
& colloid from & true solution. It is the intensity
of the unbroken light cone pessing through the solution
that showWws the true state of the liquid. The authorities
agree that practically all colloid solutions give &
Tyndeall effect and that the liquids that sho¥ no de-
finite Tyndell effect, or show it only in a highly con-
centrated state, are true solutions.

The Tyndall effec® can best be illustrated by tle
follovwing sketch.
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Trve Sa/v7ion
| OpTically f7"P77
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7‘7774’4// Phenorrmena

2. By the Ultramicroscope. You obtain & good idea
of the principles of ultramicroscopy 1f you imagine
yourself looking at a Tyndall cone with & microscope.
If the brightest spot of the Tyndall cone ias thrown
Just below the cbjective of the microscope one sees
innumersable brilliant points showing beautiful Brown-
ian movement.

The limits of ordinary mlcroscopic visibllity are
set by the length of the light waves, With the ultre-
microscope we can obtain a diffraction pileture of pa-
ticles which are smaller than the length of the light

Wave,
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The methods of testing for colloide have
been fully described, and now it remains only
to give the results of the actual experiments.
These results are given in tabular form so that

they may- easily be compared.

Parts Colloid
Ne. Phenol Water Ultra. Tyndall.
1. 00 20 - -
2. .02 20 + +
3. .06 20 + +
4. .08 20 + +
5. .10 20 + +
6. .50 20 + +
+
7. 1.00 20 +
+-
8. 1.50 20 +
9. 2.00 20 + -
10. 2.50 20 + +
11. 3.00 20 + +
4 + +
12. 5.00 20
+ +
13. 6.0C 20
+ +
14. 33.40 33.60
+ +
16, 36.00 64.00
+
16. 95.00 ) +
17. 90,00 10 + +



In case fourteen the entire volume of the solution
is & colloid above 6& degrees centigrade and both
layers show colloidal form below 6& degrees centigrade.

It is noticed that both the ultramicroscope

end the tyndall cone:.check each other in all cases,.

The effect of temperature is shown in the teble

given below. A concentration of 33.4 per cent phenol

was used,
Temperature Aqueous layer Phenol layer
U. T. U. T.
0 t + + +
2
+ + + *
40
+ + + 7
60 + N + +
65 + + + .
68 Critical Temperature
U. T.
70 + -+
75 + +
.'—
80 +
& + u

The temperatures for the tyndall method in this
experiment are accurate, the temperatures for the

ultramicroscope are approximate,



The edditicn of phenol to water until a concent-
ration of 237 was reached gave only a very slight
change in the PH of the solution. The following table

showa the results of the determlination.

c.c. Phenol c.c Water PH E
00 20 4.4 .4
02 " 4.2 .2
.96 " 4.2 5,2
08 " 4.5 5.8
W19 " 4.8 §.5
60 " 4.4 6.4
1,60 " 4.4 5.4
1,50 " 4.4 5.4
.00 " 4,3 5.3
2,80 " 4.2 .2
3.00 " 4.2 5.2
$.00 " 3.8 4.9

6,60 " 3.8 4.9



The bhotographs on pages seventeen and eigh-
teen give & very comprehensive idea of the appara-
tus used in these experiments. The water in the
viscosity apparatus was heated to 100 degrees C.,
and the viecosity readings were taken as the water
cooled.

The graphs of the viscosity on pages fifteen
and sixteen show the relative viscosity of phenol

and water,



Conclusion

It seems reasonable to conclude from the fére-
going observations; that not onl& does phenol form a
colloid, in the opalescent stage, the concentrations
varying from six to eighty per cent , in aqueous solution,
but so far as the writer was able to show, forms a
colloid in all concentrations and at the temperatures ,-

between twenty and eighty degrees centigrade,
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Apparstus used in making

Viacosity tests,
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Apparetus used to obtain
Tyndell effects.

Appuretus used with the

Ultramicroscope.
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