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ABSTRACT

Electrooptical method of determination of the permanent

dipole momeﬂt of colloldal particles

by

ABRAHAM FELEXE

Advisor: Dr. A.A. Spartakov

Two tvoes of rectangular electric fields (Rl= and R,~field)

2
are'produced by a specially constructed generator. When Rlﬂ
field acts on the capdcitor nlates between which is the

'solution to be investigated, the colloidal particles rotate
and modulate the intensity of light that passes through the

solution. The electric dipole moment is given by the

expression

GKTT zn{(% - 1) + 2| %(% -

Et
O

szfield is used for the determination of the time of

relaxation 1. The electric fileld E is choosen and thé para-
metérs b and T, are measured. Although specimens of diffe-
rent chemical and physical nature are investlgated the
dipole moment per unit: area Mg is almost the same for all

4

specimens' Hy lies in the rance (1.4 - 2.0) x 10 ~° CGSE.
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INTRODUCTIQE

Extremely widespread in nature, colloldal systems are very
- Amportant in modern engineering, agriculture, pharmaceutical

industry, meteorological phenomena and national economy.

Some examples showing the role of colloidal systems and
colloidal processes in man's everyday life and his environment

are given below.

Colloidal systems and processes are very important in me-

teorological phenomena, the formation of rocks and minerals.

Clouds and mists are colloidal Systéms, and their parti-
cles often éarry and electric chanqe; Rain, lightening, anad
other meteorological phenomena are connected with colloidal

processes.

As a result of thorough investigations of aerosol proper~-
ties, there are now techniques of counteracting dusts, smokes
and mists, and techniques of artificially causing rain, extre~

mely important in agriculture.

- N £

Colloidal chenmistry is very impbrtant in agriculture. Soil
for example 1is an extremely complex colloidal gystem. The nature,
size and form of soil particles determine the water permeability
which in turn'influence.crop yields. Wide use is now mdde of

what are called structuralizing agents based on polymers whose



introduction into the soil prevents erosion and gives the soil

desirable properties.

In the national economy, all induatries are more or less
connected with colloidal syatems and processes. For example,
paper making techniques which give valuable properties to paper
include the granulation‘of plant fibre unitl it is highly dis-
persed, the prepération of dispersions of various pasting age=
ntgs (colophony, artificial resing, raw rubber), and the deposi~
tion of the particles of these dispersions on the surface of

the ground fibre as a result of the coagulating action of elec=

trolytes,

Many more natural, technical and analytical applications
6f colloids can be sited and still many more colloidal sysatems
and processeé are unknown to man, Therefore, better knowledge
of the behavior of colloids and their mode of formation is use-

ful for man's progress in the_economic and sgcientlific fields.

The aim of the thesis is to determine ithe value of the
permanent electrical dipole moment characterxistic of colloidal

particles in polar .dispersion medium,

When alternatiﬁg rectangulax electric field is applied to
a sol, the particles ro%afe absorbiné light which passes through
the sol anisotropically and we have a modulation.curve of the
intengity of transmitted light, From this modulation curve TR
the value of the permanent electrical dipole moment, can be

determined.
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CHAPTER 1

Colleldal Systems and {their properties

A preparatory discussion of the basic ideas of colloidal

chemistry is necessary and we start our discussion with

what colloids and colloidal systems are.

Man has been?acquainted with natural colloidal systems

S

from time immemorial bhut it was comparatively recently
that they began to bé studied. In the 1840's the Italian
Sclentist Francesco Selmi drew attention to the anomalous
properties of some solutions which, according to modern
concepts, are typical colloidal systems. These solutions
strongly scatter light; substances digsolved in them pre-
cipitate, dissolution of a substance anduitgsﬁrecipitatmm
are not accompanied with a change in temperature. Selmi
called such solutions pseudo—solutions in order to distin-

guish them from the ofdinary ones. Later, they became known

as soles,

In the 1860's the English chemist Thomas Graham thoroughly
studied the.propefties of those solutions which interested

Selmi. Graham termed these solutlons, and the substances

which form %hemkcollOLGS. The specific characteristics of

colloidal solutlons are the follow1ng£l1.

1. All colloidal solutions are capable of scattering
light oxr, in other words, opalescing. Opalescence

hecomes especially noticeable if a beam of converging



rays is passed through a colloidal solution, by
putting a lens between the light source and the
cell containing the solution, as Tyndal had done.
Uhdér these conditions, a bright glowing cone {The
Tyndal cone) ;s seen in the colloidal‘solution when
looking at it sideways. Opalescence undoubtedly in-

dicates heterogeneity.' of colloidal solutions.

Diffusion of particleg in colloidal solutions is

very slow,

Colloidal solutions have very low osmotic pressure,

vhich is often even difficult to detect,

Colloidal solutions are capable of undergoing dialy~
sis, le. they can be Separated, by means of a semji-
permeable partition'(membrane), from the impurities
of low molecular wéight substances dissolved -in them.
During dialysis the molecules of a low molecular
solute pass through the semipermeable membrane while
the 001131351 particles which are incapable of pass-
ing through the membrane (dialyzing) remain behind it

as purified colloidal solution.

The last three properties indicate that colloidal
solutions contain relatively large particles of the
solute, Indeed, diffusion is affected by the size of

particles because, as they grow in size, greater



friction makes it more and more difficult for
them to move in the solution. Osmotic pressure is

. a colligative property, ie. at constant tempera-

- ture, it depends only on the number of particles

in the volume, its small value indicates the large
size of particles because at the game gravemetrlc
concentration and the same density of the solute,

the larger the particles, the smaller is their

amount in the solution.

Unlike true solutions, which are stable systems,
colloidal -solutions are aggregat;vely unstable
(labile), ie. a colloid is capable of being separaw
ted from a solutlon (to coagulate) rather readily
under the action of inconsiderable extraneous effec-
ts. As a result, a precipitate consisting of aggre-~
gates of aggromerated primary particles is formed in
the'COlloidal solution; The aggregative instability

;ocholloidalmgxeﬁeggzis usuwally greater, the larger

fl;AmOng the effects that cause
Ecegulatioﬁ*T *heating, freezing, inten51ve stirring
and especially introduction of very small quantitles

of electrolytes int6 a solution,

Colloidal soluﬁions ¢an be subjected‘to electropho-
resis. Discovered by F. Reiss in Russia in 1808, this

phenomena consists in the transfer of colloidal paxr-



ticles to one of the electrodes in the electric
field. Consequently, colloidal particles, like

ions, can carry an electric charge. Contrary to ele-
ctrolysis where its products are deposited on elec-
trodes in equivalent quantities;, in electrophoresis

substances are transfered only in one direction.

How does a colloidal system differe from a non colloidal
one? Decades of extensive research have shown that the
colloidal state of a substance is a highly dispersed
(greately disintegrated) state in which separate parti-
Qles are not molecules hut aggregates consisting of
numerous molecules as a resuit of the action of inter-
molecular forces. In accepting this definition of the
colloidal state (colloidal system), we may formulate the
basic feature which distinguish colloidal systems from A

true solutions.

In a colloidal system the colloidal particles form one
phase, disperged phase, and the molecules of the medium
in which colloidal particles are dispersed form another
phase, dispersion medium. Consgqﬂéntly, unlike true solu-
tions which are homogeneous systems, any colloidal solu-
tion is a heterogeneous, multiphase system and a prere-
quisite of ifs formation is the insgolubility {(or very
slow solubility) of a substance of one phase in a subs-

tance of another one.
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‘The definition of colloids is confirmed by the
aforementioned properties of colloidal solutions. It
is precisely such heterogeneous systens that strongly
gcatter light, possesslow diffu51b111ty, are capable
of dlaly51s, and can be aggregatively unstable. The
cross sectional size of a colloidal particle (for -
spherical particles, the diameter d) is within the

iimits of 1 - 100 nm.

Optics of Colloidal Particles.

The optical properties of a sol are determined by the

properties of colloidal particles, and therefore, the

- size, shape and structure of particles invisible under

the ordinary microscope can be established by studying
the optical properties of a system. The study of optical
properties has ﬁelped'to quantitatively interpret such
processes as diffusion, brownian motion, sedimentatioﬁ

and coagulation,

-t

In this intro@pction is presented the principal phenomena
and patterns obsegved when a light beam falls on a collo-
idal system, and attention is mainly given to application
of these regularities to solving practical problems of

colloid chemistry.



The following phenomena may bhe observed when a light

beam falls on a disperse systems:

1,

2I

passage of light through the system;

refraction of 1light by particles of the dispersed

phase;

reflection of light by particles of the dispersed

phase;

light scattering (this phenomena is manifested in

the form of opalescence) ;

The process of scattering resembles fluorescence.
That one is ﬁot dealing with fluorescence in this
case is seen, however, in the fact that the wavelen-
gth of the scattered light is always the same as that

- ———

of the incident light, but fluorescence is an intra=
molecularph@nomEhdnhﬁuLm consists in the selective
absorption of light quanta and emission of a longer

wavelength,

'Absorption of light by the dispersed phase with the

conversion of light energy iﬁto thermal enerqy.

Light scattering and absorption of light are considered

further, because the other three phenomena aie subjects

already familiar to us and because colloidal systems are

mainly characterized by the scattering and absorption of

light.



J.2.1 Light Scattering,

Attention was drawn to opalescence resulting from
1light scattering first by Faraday (1857); and then by
Tyndal (1869) who observed the fbrmation of a glowing
cone when a light beam was passed through colloidal

solution.

Light is scattered only when a light wavelength is
greater than the size of a particle of the dispersed
Phase. If the light vavelength is far smaller than the
particle diameter, light ig reflected., A distinction
should be made between the light scattering by particles
which conduct electric current and that by particles

which do not.

The theory of the connection between particle size and

light scattering is as follows tzj.

In a perfectly homogeneous medium the light is not
scattered; With the passage of a light wave all the
particles ofhfae medium undergo a polarization alternat~
iﬁg with the frequency of the light. As a result dipoles
are produced with an alternating moment which again ra-
diate light but through interference of the radiation
from all the dipolesl thefresult is that the light is
propagated in the oriéinal direction with undiminished
intensity. If however the refractive index is changed

locally by a disturbance, a dipole moment of a different
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size is induced at this place and its radiation does
not quite fit in with the rest of the medium. The
result is that the extra dipole moment, which can be
positive or negative, emits a radiation which is not
compensated and which we observe as scattered light.
The disturbance can be by the presence of foreign
particles with a greater or smaller polarizability

than the medium or by density fluctuations.

Scattered light spreads in all directions, its intensi-
ty differing according to the direction. If the parti-
cles are very small in comparison with the wavelength,
light is scattered to the greatest extent at angles of
0° and 180° to the ray incident on a particle. If the
particles are comparatively large {but still smaller
than the light wavelength), the greatest amount of light
is scattered in the direction of the incident ray (for-
ward) . Scattered ray is always polarized. For small.
particles light scattered at angles of 0° and 180° is
not polarized at all; while light scattered at an angle
of 90° is cdmpletely polarizéd; for large particles,
maximum polarization is observed ét an angle which dif-

fers from 90°,

It is convenient to represent light scattering in the
form of a vector diagram proposed by G. Mietjj. To obtain

" such a diagram, the intensity of non-polarized and pola-
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rized light expressed in certain units is plotted in
the form of radii-vectors in all directions from the
point representing a particle, and the terminals of
the vectors are connected by a coﬁtinuous:line. Mié's
diagrams for light scattering by a very small particle
and a comparatively large one are given in Figq. 1
below (the arrow shows the direction of light incident

on the particle).

The external curves on the diagrams connect the terminals
of radii-vectors which correspond to the total intensity
of scattered light, the internal curves limit the segme-
nts of vectors which correspond to the intensity of non-
polarized light. Hence the external shaded part of the
diagram represents the polarized part of the scattered
light while the internal part of the diagram represénts
the non-polarized part of light. The given diagrams re-

late light scattering by spherical particles,

For spherical particles which do not conduct electric
current, aré';mall in comparison with the wavelength of
the incident light, and are separated by a rather large
distance from one another (dilute system), Rayleigh deri-
ved the followlng equation which connects Io’ the inten-
sity of incident light; Is, the intensity of scattered

light per unit volume of a system;
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Fig. 1:

1

N

!light scattering (normal units]}

qs Qo

Mie's diagram characterizing the scattering

of light of a very small particle (a) and a

large particle (b)

Fig, 2 Particle size, um.

Y



(1.1)

n, *42n 2 At
1 o

where ny and n_o= indices of refraction of the disper—

sed phase and the dispersion medium

v = numerical concentration, the number

of particles contained in 1 cc of the

system
v = volume of one particle
A = light wavelength,

Rayleigh's equation is valid for particles whose size
is not more than 0.1 of the light wavelength, or 40 - 70
hm. For larger particles, IS chamges in inverse propor-—
tion not to the fourth, but to a smaller power of X, Of

rcourse, this increases light scattering.

When the siggyof particles becomes considerably greater
than A , light is no more scattered but reflected, rega~
rdless of the light wévelengthf If the particles are too
large, light reflection from them inéreases, and this
reduces the intensity of scattered light. At the same
time, as we shall see from Rayleigh's equation, the
intensity of light scattering also diminishes as the

particle size decreases. Therefore, colloidal particles

scatter light to the greatest extent,
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The following conclusions can be drawn from Rayleigh's

equation:

1. For particles of a given size, the intensity of
scattered light ig directly bproportional to the sol
concentration, Thig Principle can be used to deter-
mine ‘the concentration of the dispersed phase by
leasuring the light scattering of the sol, However,
since multiple scattering occurs at very high con-
centration, corrections should be made in Rayleigh's

equation,

2. The intensity of scattered light ig proportional to
the square of the particle volume or, for spherical
particles, to the six power of their radii. Tn the
Rayleigh region a decrease of the particle size,
concentration remaining unchanged, causes a corres-

ponding diminution of light scattering.

Rayleigh's equation can be expressed as

I = KevtI | (1.2)

Suppose the particle volume dimini;hes by X times as a
result of disintegration while the gravimetric concent-
ration of the dispersed phase remains constant. Then, the
numerical concéntration will increase by X times, and

we will have
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T 1 KX\)(H)QI - .}_:.(\)VZIO (1.3)
s X O x

ie. light scattering will diminish by X times. This
result coincides with the experimental results which
show that the higher the dispersion of a sol, the less

does it scatter light,

When the size of particles isg considerably larger than
the light wavelength, light is not scattered, as we

have seen, but reflected, the intensity of scattered
light diminishes asg the particles grow in size[qj. Fig.2
shows the light scattering of a general suspension as a
function of the dispersion of a system (at constant gra-

vimetric concentration} .

Light scattering is characterized by the initial ascend-
ing part of the curve. Since maximum light scattering
corresponds to the colloidal extent of dispersion of a
system, the observation of opalescence is among the ex-
tremely sensitive methods of detecting the colloidal

nature of a system.

In opalescence uﬁder the action of white light with side
illumination, colourless colloidal systems exhibit a dark
bluish color. Since the quantity IS is inversely propor-
tional to A" dark blue (short) waves are the ones mainly

scattered. Conversely, these colleidal systems have a
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reddish color in transmitted light because the rays
of dark blue light go out of the spectrwn as a regult
of scattering when they pass through the colloidal
solution. If the system is illuminated by monochroma-
tic light, this phenomenon is naturally not observed
since in this case scattered light contains only the

same wave as that of the incident light.

Opalescence of sols (especially metallic ones) is more
intensive than that of solutions of high molecular
weight compounds owing to the greater density and, con-
sequently, the higher refractive index of the dispersed
phase of the former systems, It is very convenient to
observe the effect of the relationship between refrac-
tive indices of the dispersed phase and the dispersion
medium on light scattering of the disperse systems by

taking emulsions.

Opalescence of true solutions ig very slight becausge
the expression wv? in the numerator of Rayleigh's equa-
tion is very small owing to the low volume of particles

(molecules) .

The foregoing relates to light scattering by colourless
colloidal particles which do not conduct electric current
In the specific absorption of sone rays, the dependence
of the intensity of light Scattering on A" and v? ; accor-

ding to Rayleigh's @quation, is upset, the degree of
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polarization of scattered light changes, and so forth.
In a particle which conducts electricity, the electro-
magnetic field of the light waves induces the electro-
motive force. As a result, alternating electric current
originates in the conductor (particle), just as in the
electromagnetic field, Consequently, electric energy is
transformed into thermal energy. Under such conditions,
short electromagnetic waves (100 - 1000 nm) are absorbed
almost completely, Thig property of conductors which

include metalsg is the cause of their opacity,

Light Absorption

In 1760, T, Lambert, and stili earlier P, Bougeur, in
studying light scattering, established the following
relationshipsg between the intensity of transmitted light

and the thickness of the medium through which it wag

transmitted.
I, = I, e kX {1.4)
where It = intensity of transmitted light;
Ib = intensity of incident light;
k = absorption coefficient
X = thickness of the absorbing lavyer.

A. Beer showed that the absorption coefficient of solu~

tions with an absolutely colorless and transparent
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solvent is proportional to the molar concentration C
of the solute ie., k = £C. Tnerease of conhcentration
should be equivalent to increase of the layer thick-
ness. Introducing the value of the molar coefficient
of absorption € into the Bongeur-Lambert equation we

obtain the Boligeur-lLambert-Beer law

I, =7 e"ECX (1.5)

which establishes the dependence of the intensity of
transmitted light on the layer thickness and concentra-
tion of the solute. Taking the logarithm of the equation

above, we have
n IO/It = gCx (1.6}

in IO/It is called the optical depsity D of the scolution.
In working with monocﬁromatic light, it is always neces-
sary to indicate the wavelength at which optical density
was determined and to denote this density by DA . It/IO

is known as the relative transparency of the solution

From eq. (1.5), we have

To = Ty ~ecx (1.7)
eem—— = |~ @
I
o]
I, = 1
" is known as the relative absorption.
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If C =1 and X = 1 then the molar coefficient of

absorption € will bhe
- - (1.8}
E = 2n Io/lt

If ¢ = O the solution does not absorb light, and
there Boungeur-Lambert-Beer equation will assume the

form
{1.9)

ie. the intensity of transmitted light will be equal

to that of incident light,

Many attempts have been made to apply the Bougeur-
Lambert~Beer law derived for homogeneous systems to
colloidal solutions, Experiment have shown that it is
quite applicable to sols having a high extent of dis-
persion if the liquid_layer is not too thick and the

concentration of a solution is not very high.

The size of particles of a dispersed phase is not
included in the Bougeur-Lambert~Beer equation, and
therefore it would seem at first sight that the extent
of dispersion of a sol shouid nhot affect its ability to
absorb light, However, the size of colloidal particles
affectsy light absorption indirectly through light
scattering, as a result of which the white light which

passes through loses some radiation (mainly short wave
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length radiation) and this can be .mistaken for absor-
ption. Such absorption caused by light scattering is

called imaginary absorption.

Electrooptical Properties of Colloidal Systems.

Macroscopically all liquids are isotropic substances.
It is only when we turn to the problem of the molecular
structure of liquids that we are convinced of the an-
isotropic character of the particles of which they are
formed: In the great majority of cases the molecules do
not posses:spherical symmetry in their physical and
chemical properties (geometrical, electrical, optical,
structural, etec.). The macroscopic isotropy of liquids
is a result of the disordered orientation of its aniso-
tropic elements, ie. the statistical averaging brought
about by thermal motion which "smears out" all the

elementary anisotropic propertiesLSJ.

Since the microscopic molecular characteristic of matter
are of primary interest, several methods of invesfiga:=
tion have been developed, based on the following idea:
the liquid is subjected to an external action which to
some extent orders the orientation of the particles, as
a result of which the liquid as a whole acqguires an an-

isotropy. This anisotropy is an induced one.
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The role of Brownian motion: The appearance of optical
anisotropy in the case of a colloidal solution in a
field is determined by the orientation of the particles.
Thermal motion (rotational Brownian motion) tends to
destroy this orientation. In contrast with the case of
molecular liguids, for which the energy of thermal mo-
tion is much larger than the energy acquired by the
molecule in the eiectric field, in the case of colloidal
liguids these energies can be comparable. Moreover, for
sufficiently strong (but completely reasonable) fields
and not-too-small particles the energy of a particle in
the field can considerably exceed KT. This leads to two

resultsg:

l. The orientation of the particles can approach the
state of saturation, ie.:; can be "almost total". 2. In
investigating the kinetics of orientation (ie.; stud-
Ying the process of establishing the orientation in

" an alternating electric field) we are correct in
considering the motion of a colloidal particle to a
considerable degree to be mechanical, ie. in using
the equations of motion of a macroscopic body in a
viscous medium. We note in passing that for particles
of colloidal dimensions we can at the same time
neglect the effect of mechanical inertia because of

the small moment of inertia of the particles. Physi-
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cally this means that the motion will always take
on & velaxational rather thaw an oscillational
<character; mathematically this means that the
motion will be described by first-order differen—

tial equation,

EQEMEQLE“QE"EEEQEEEEEQEE' Considering a colloidal
particle as a small, but macroscopic body we can
treat the behavior of colloidal particles in a
field as the behavior of independent bodies (for
sufficient dilution of the colloid golution). Here
the effect of the medium ie taken into account

through macroscoplic parameters (viscosity, dielec—

tric strength, index of refraction, etc.).

The El@g&gig;jég}ﬁﬁ, Let's ask two questions:

L. What sort of electric fields can be created with
expedience in colloidal solutions? 2, What kind of
optical anisotropy can be studied with expedience as

& basic electrooptical phenomenon?

The answers to these two questions to a considerable
deqree predetermine the choice of the method of inve-
stigation as well as +he apparatus for its accomp-

lighmendt: .

In the investigation of very many physical phenomena it

is customary to study first the simpler laws of stationary
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phenomena caused by the constant action of disturbing
force and then the more complex laws of relaxation
phenomena caused by varying disturbances. Tn our case
one troublesome circumstance obstructs this natural
course: Colloids possess an ample electrical conduc—
tivity, and with the application of a constant elect-
ric field the constant current which arises digrupts
the colloidal system. Thus, only alternating fields
remain at our disposal, and therefore, it would sesan,
we are forced to begin with the study of nonstationary,
very complex phenomena, This difficulty, however, is at
a maximum only if, following the example of previous
investigators, we produce the alternating field using a
sinusoidal voltage, which is the most convenient from
the standpoint of its practical production but very
complex with regard to the mechanism of its effect on
the colloldal system. If we give up sinusoidal voltages
and manage to overcome certain technical difficulties
creating electric field of a special form, then it is
possible to economize gsubstantially in the simplicity of
the physical conditions of the experiment. We shall
indicate two forﬁs of electric fields which are favorable

for the study of colloids,

Rectangular electric impulses of the first kind (R.~field)

1

are deplicted in Fig.3a. The field of these impulges is
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Fig. 3: Rectangular impulses of the first (a) and second
(b) type



constant in magnitude but changes sign. The transition
time from voltage UO to (mUO) can be practically instan-
taneous (< 10h6 sec). It 1s obvious that for electro-
optical phenomena which depend only on the magnitude and
not on the direction of the field (we shall call these
phenomena nonpolar) the R,-field does not differ from a

constant one. Moreover, the static component of this

field is equal to zero.

Rectangular electric impulses of the second kind (sz
field) are depicted in Fig. 3b. The field of these
impulges has a constant magnitude UO for a time to' then
it is equal to zero for the sawe time interval, where
upon it has a constant magnitude but the opposite sign
(- UO) for a time t,r ete. The field R, appears to be
the most favéorable for the investigation of relaxation
phenomena. Actually, the establishment of an electro-
optical phenomenon ié accomplished under the influence
of a constant factor, and the relaxation of the electro-
optical phenomenon proceeds with the sudden disappea-
rance of this influence, The Rzﬂfield also has no static

conmponent.,

Let's return to a description of further results of the
basic¢ experiment. When lefield is applied to the capa-
citor (Fig, 4a.i the average valvue of the luminous flux
changes, ie,, the solution becomes less transparent or

more transparent, and a modulation of the light with a
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period eqﬁal to half the pexiod of the Rl"field is
observed, Both these effects, stationary and modulated,
almost always depend essentially on the orientation of
the polaroid P. ie., on wether the light is polarized

along or across the field.

The light modulation curves for comparatively high (Fig.
4a.} and comparatively low (Fig. 4b.) field frequencies

are given.

As seen from Fig. 4, at the moment at which the field
chargfes sign the light modulation curve not only under-
goes a sharp break but the very process of increasing
trangparency {or opacity) of the solution is quickly
replaced by a process of decreasing transparency {or
opacity} (Fig. 4c.). If the modulation curve in any way
reflects the change in orientation of colleidal partic-
les, then we must conclude thal after each change in
sign of the field the orientation changes its direction
(Fig. 4a.). In other words, if a given colloidal parti-
cle is rotated under the action of the field in some
direction, then after an instantaneous change in sign
of the field it reverses the direction of its rotation.
The most important conclusion about the electrical
structure of colloidal particles follows directly from

this: Colloidal particles in water possess a rigid

(permanent) dipole moment of considerable magnitude.
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The torque experienced by a non-spherical particle in
an electric field depends on its form and dimensions
and on the Aifference in the dielectric constanis of

the particle (ep) and the medium (em) .

-A particle will always tend to place its longest axis

along the line of the field. The torque is proportional
to the square of the field intensity E2, and conseqguens
tly the direction of the torgue will not change when the

field changes sign.

The torgue wmay be dependent on the anisotropy of the
electric polarizability of the colloidal particle (ey.
if it is an electrically anisotropic crystalline parti-
cle). In this casgse the torgque is also proportional to

E2 and does not change sign when the field changes sign,
The particle tends to place its axis of greatest polari-

zability parallel to the field.,

In all these cases the particle assumes an induced dipole
moment in the electric field. When the field changes sign
this induced ("soft") dipole also changes sign (practi-
cally without inertia), and therefore the direction of

the mechanical torque remains unchanged.

Thus, in the electric field of the first kind (lefield)

all factors of nonpolar orientation can cause only sta-
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tionary orientation and can’t be responsible for the
modulation of light, which is associated with a change

6f5§rientaﬁﬁen;ConSQQUently, the only factor that

field changes sign can be the rigid dipole moment of a

" colloidal particle. In this case the sign of the torque

changes together with the sign of the field.

R P
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CHAPTER 2

“THEORY OF THE METHOD OF DETERMINATION OF THE PERMANENT

. ‘BIPOLE MOMENTS OF COLLOIDAL PARTICLES

The existence of an eleétric charge of colleidal particles

‘has been known long ago, In 1955 N. Tolstoi and his conworkeffgj

advanced the hypotheSLS about the existence of a permanent

electric dipole moment u of colloidal particles, Lately he‘
and his co~workers developed methods of determination ef u[7 8]

"It has been shown that this electric dipole moment is charac-

teristic of colloidal particles of polar dlspersion medium on

the surface of colloidal particles,

,In this chapter, we descrtbe the new methogd of determination of

the permanent electrical dipole moment of colloidal partlcles.

It is known that a colloidal solution which is suhjected to a
field of rectangular electrid pulses modulates tha - intensity of
light which passes through it This modulation of light 1nten—%
sity proves the existence of the pPermanent elactric dipole

s ~£hE:

moment of the collomdal pantlclesEJ]

Imagine a system of monodisperse and menoshape" A ,Ql ;forienw‘
ted in the field of rectangular electric impulses 'The value’ of -

this field changes from say a pOSithe value to zero and then
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Suppose the particles have ellipsoidal shapé;and the direction

'”"ﬁf'tha electric dipole moment is along the major axis[ld].

Assume the major axis of all partigles make a small. average

'angle &0 with the direction of the electric field. One of the

,351 If the direction of the electric

particles is shown in Fig.

field changes, the particle will rohate because an ellipsoid
whose major axis iz oriented along the applied fleld is in
‘stable equilibrium and the .equilibrium position of the minor
axis is unstablerll]

A colloidal particle in such a field has thermal energy KT and
electrostatic potential enexgy because of the permanent and
iinduced dipole moements. The thermal energy at_room'temperaﬂure
is 6f fhe order of l@ui4 ergs while the electrostaﬁié poten~
tial energy uE cos o assoclated with. the permanent dipole
._moment is (taking p ¢ 10 lz.cgs and E = 10 - cgs) of the
ordexr of lofla. The order of the electrostatic potential anergy
increases with increasing E Therefore, the. thermal energy can

be neglacted compargd. with the electrostatic potential energy.

?he general equation of. metian of the particle is given hy

S

‘the. following equation.
HE sin o in% Ax E? gin 20 = V[P]n:g%' | (1)'

where Ay is the difference in the electric_polarizahility, v



Yy,

T =

Tl 4

| Thoa

iFig, 6-



“ 3F -

is the volume of the particle, [ P] is the shape factor of
the particle ({p] = 6 for a sphere), N is the viscosity of
the djspersive med:um and E is the intensity of - the elec~

tric field

The order of the first term on the left of equation (1) is

=12 and E « lG"l) 10513

~13

(taking y = 10 e¢gs and that of the

3 and E2 = 1072 cgs) 10715,

| second term is (taking Ay = 10
Moreover, the second term is insensitive to the change of
3sign of the electrlc field and remains the same when the field
changes from one sign to the other. The above proof of the
dominant role of the permanent. dipole moment provides a route
to confldent determination of its magnitudes. Therefore, equa-

tion (1) with the second term neglected can be written as

follows.

UE sin @ = V[P]n —g%-
(2}

" do

= A&

where X = ViPiqy,,.

From equation-{2), we have

80 uE dt

sin o A

Core. de . uE t
ﬁé"é"fﬁa =% J, at

ST
and  fn tan x|’ t

e
&

=]

tan Eéil = tan %o e %?t {3)
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Equation (3) is the solution of equation (2).

The intensity I of polarized light passing through the system
.,_nl
of colloidal particles in the direction OY will change accor-

ding to:

AY = ~I(K; cogs?a+ Kzsinza cos?p + K3sin2asin26)cdy {4) ~

where Ky, K, and K3 are the absqrption coefficients of the
particle Corresponding to the three axes of the particle_and c
is their concentration. Solution of equation (4) can be obta-
ined with an average B as follows:

K, +K
2

I
= ar . 2
Io:[ - (Kl Cosyt

! sin? g) ¢ fﬁ dy (5)

Let's_ﬁse the following simplifications and deslgnations

' 2 2 :
.2 o tan‘a N 1
Sin” o I+tan2q < ©98 @ 1+tan?,

(6)

2 28 .20 2 e VA e O .20
sin®a= 4 sin*s cos 5 and cos? g = 14 sinf 5 cog 3

< 4 tan? a/2 \
Lt = o,
Therefore, sin? o (TFtan? a/3y2

» (7)
P _ _ 4 tanz o /2
and cos a‘— 1 Tittan? a/7)2

Let N(t) = tapn? QéEL | ' ‘. (8)

and K, = K, ; 23 . K, (9)
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With the above trignometric identities and designations

solution- of equation (5) will be:

- M 4N(t) :
I(t)=IO e ""“Kn K - K, ’['1“‘"+“"(7N € 'j‘z} (10)

where L is the thickness.of the layer of particles.

For small concentration, equation (10) can be approxi-~

mated by:
' 4N(t
L) = 1,(-Co, ) - I.CE (K- K, ) Eﬁﬁ%ﬁlz (11)

Only the second term of equation (11) depends on time.

Designating this part by I(t}, we have

p - - 4N(t) |
I(t) = I_CR(K, ~ K, VW (12)
The maximum of If(t)[ - designated by | Is(t),-l.max

occurs when N(t) is uniﬁy and equation (12) becomes

I(t) =|T (t)] max P (£) .

b(t) = - AN(E)

‘where _[1+N N3

I max = IOC£ (Ky = K,, ) since the maximum occurs when

N(t) equals unity, I t isg clear that 0Q<b<l ,

The second part of equation (13) has two roots Nl and N,

where

sz(§—1)+2[%(%-1)]%=%l (14)
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The intensity f(t) which characterizes the motion of the
particles in the field of rectangular pulses depends on
time according to equation (13). The general dependence of

the intensity on time is shown in Fig.6 schematically.

The graph of the theoretical curve 16t) for four different
values ao is plotied 1in Fig.%7. The value of ?ﬁax is arbit-
rary and is set equal to unity for convenience. In the next
chapter the experimental curves are produced for a series of
specimens., The proof of the accuracy of the new method of
determination of the permanent dipole moment of colloidal
particles is the comparison of the experimental and theore-

tical curves.

Table I

o ey |
(degrees)
-4 ct
P fmax 4x3x10 e

(1+3x10" *e®

-3 ct
4 . Imax 4x10 “g pors
{1+10 “e"")?
~ -3 ct
10 1 Tmax dx7 .5x10 *3 —
(1+7.5x10" “e“v) 2
~ -2 ¢t
4x3%10 “e
20 Imax G Tt

{14+3x10 “e” ")

C =1 sec.“l
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L]

In Fig. 6 the intensity at an arbitrary time tl and tl+T0 is
the same
o 2].IE .
t. 4+
N, (E+7.) = tan® -2 e % (F1+7) (15)
2UE
o
Nl(tl) = tan? 7? e h 1 (16)

Dividing equation {15) by eq

N 2UE

ﬁg = e A ‘o
1

since N,/N; = sz(Eq.14); we

2 &n N, = == "o

and o=

Substituting the value of N,

{18); we have

S 2
~ p) an{(g - 1)+2

uation (16), we have

{(17)

have

(18)

- from equation (14) into equation

lLd - u] %

W= BT
o

To calculate u,'ﬁe choose b
curve of |I(t)| and find the

(Fig..6 ). For example if b =

u.‘.’:'..

V[P]nﬂn'{(%

(19)

(O<b<1l) wusing the experimental
corresponding time intexval T

0.5, then

1)+2[%(% - 1J K

W= BT
[e)

(20)
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In experiment it is possible to choose E and measure To' To
calculate 1 we must know V, [P] and n separately. But

another convenient way is to find the combined value of VETP].

From the theory of rotational motion of colloidal particles in
viscous medium, the time of relaxation T is connected with

the diffusion coefficient b by the following equation .

and  v{pln

1

6KTT (22)

Using equation (22}, equation (20) can be written as:

6KTT 4n {(Z - 1)+2 [F¢ - n]H
O

For the determination of the value of the permanent dipole
moment of colleoidal particles T 1is the only unknown parameter.
The method of determination of = experimentally will be exp~

lained in chapter 4.
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CHAPTER 3

EXPERTMENTAL INSTALLATION

'his chapter is devoted to the description of the basic method
f investigation of colloidal solution in the field of rectan~
fulaxr pulses and to the description of the methods of prepara~

ilon of colloidal solution[l3].

.1 Block~scheme of the installation for the investigation of
electrooptical effect of colloidal solution is shown in

Fig. 8

The source of light, S is a lamp with special filamént
which gives light of very high intensity in the visible
spectrum, The lamp should give very high intensity of
light with very high stability for correct experimental
results withoutfhindfanceu Therefore, 1t is not possible
to use electronic power supply without special high gua-
- lity current stabilization. To have large stabilized
current of 8 to 10 amperes is a difficult problem., There-
fore, battery accumulators connected to any high current
supplying power supply is used. The current from the
electronic power_supply is not stabilized but has oscilla-
tions, As the current passes through the accumulator, the
oscillations are damped and one gets a constant large
current of high stability which is supplied to the light

source, In this manner, the lamp gives light in the visible
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Fig. 8: Black-scheme of the installation for the
investigation of electrooptical effect
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spectrum of very high intensity and stability. The
light from the source is focussed by a long focusing
lens L in the middle of the cell with the solution to
be investigated. Before it reaches the solution the
light is polarized and filtered by the polarizer and

interferometer filter F.

The plane parallel electrodes (¢) create the electric
field in the solution. The light transmitted through
the solution reaches the photomultiplier PM or photo-
cell, The light that reaches it has two components, a
constant intensity and an oscillating part because of
the dispersive medium and the colloidal particles res-
pectively. The oscillating component is the useful part

to our investigation.

If the light intensity is very weak, it is not possible
to see the electrooptical effect using a photocell be-~
cause of its low sensitivity. In this case a photomulti~
plier is used since its sensitivity is very high. If the
intensity of light is very high, the oscillating useful
component is very high and good electrooptical effect_is
produced. But photomultipliers, although they have good
sensitivity, are destroyed by high intensity light. On
the other hand photo cells can tolerate high intensity
light and can be used for such cases. Photo cells or

photo multipliers use drycells.
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Electric signals from the photomultipliers or photo
cells are fed into the curvent amplifier (Ac) for
amplification, This current amplifier is run by a
stability power supply (SPS). All these last part,of
the installation should be carefully shielded to avoid

even the smallest electric field obstruction.

The Ac¢ current amplifier amplifies the useful signal
about hundred times. This amplified signal from Ac is
fed into the Y channel of the oscilloscope O which amp-
lifies it by some thousands. The useful signal is there-
fore, altogether amplified by about hundred thousand

times.

The generator of rectangular electric impulses, G,
produces the field applied on the plates of the capaci-
tor with electrodes (e) placed in the cell with solution.
In the space between the electrodes, uniform electric
field is established, This field acts on the colloidal
particles oscillating them periodically. This periodic
oscillation Eahses the modulation of the light intensity.
Power supply PS connected to the generator operates the
power lamps inside the generator. From one pair of ter-
minalé of the generator, electric pulses of the first
kind (lefield) are directed to the cell containing col-
loidal solution, from the other pair of terminals, elec-

tric pulses of the second kind (Rszield) are directed to
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the electrooptical t-meter and after that to the
X-channel of the oscilloscope 0. The second type of
rectangular pulses is used for the determination of
the dimensions of colloidal particles obéerving elec~
fiooptical effects in exponential sweep obtained by

the T~-meter,.

Method of obtaining the electric field of special forms

for the investigation of dispersion systems.

The generator produces two kinds of electrical pulses
vhich are needed for the decision of different problems
in the investigation of the ﬁhysical properties of
different kinds of dispersion systems such as colloidal
solutions, airosols[lql. The general wire diagram of the

generatoxr 1ls shown in Fig. 9,

The most important part of the scheme is the lamp 6H7
called the multi vibrator which produces the special form
of electric pulses which makes 6HS8 function. Electric
pulses from. the multivibrator cross the differential
circuit.and lamps 6x61 and 6}:62 and reach the anodes of
the trigger lamps (GHBl and GHBZ)l The part of the scheme
which 1s connected to the lamps 6H84 and 6184 are cathod@.

repeaters,
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This generator can work in two ways. In one way it
produces symmetrical rectangular pulses of the first
kind (Fig. 10 a) and in the second way non symmetrical

electric field of the second kind (Fig. 10Db).

The scheme allows us to change the amplitude of both
kinds of electric pulses from 100 to 260 volts and the
frequency from 0.2 HZ to 2000 Hz. The time interval t
and t, can bé varvied over a wide range of values. This
is especially necessary for investigations such as pro-
cessess of orientation and disorientation of colloidal
particles and determination of the dimensions of disper-
sion particles. This scheme also allows one to change
the frequency of the pulses without changing the ampli-
tudes. This ability is very important in the process of

investigation.

As was mentioned eariier, the . two types of vectangular
pulses R, and R, fields can be applied for different
purposes. If lefield is applied to a colloidal solution,
polarized iiéht which passes between the plates of the
capacitor Cibecomes modulated; The wvarlation of the inten-
gity of the tra;smitted light with time is shown in Fig.10
When R,~field is applied the intensity of the transmitted

light changes in accordance with Fig. 10 4.
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CHAPTER 4

EXPERIMENTAL RESULTS

4,1 Measurement of the time of disorientation 1 of colloidal

particles.

The determination of the time of disorientation T of
colloidal particles can be done in a number of different
ways. Out of the different methods of determination of
the time of disorientation, the T-meter method, desc~
ribed below is chosen because of the availability of the

necessary equipmentilol.

When rectangular electric pulses of the second kind Rz-
field are applied to a colloidal solution (the apparatus
is shown schematically in Fig, lla, the form of the
pulses in Fig.%} b) polarized light passing between the
plates of the flat capacitor C with the solution becomes
modulated. During the time of action of the pulses (t+ or.
t_ in Fig, {1 ¢), the particles are oriented in the field;
relaxation of”orientation occurs in the interval between
pulses tO. Dq;ing the period to the intensity I of the -
polarized light either decreases or increases in accor-

dance with the expressions:

-t/

T(t) = Ioe or I{t) = Io(l=ewt/T)

{4.1.1)

dependent on the sign of the electrooptical effect in the

given colloidal solution.
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Formula 4.1.1 is valid for monodisperse colloid with
particles of the same shape, with a single rotary dif-
fusion coefficient Dcld] and therefore a single .

We degcribe the corresponding relaxation as monoexponen-
tial. Real solutions in general, exhibit poly-exponential
yelaxation, but the deqgree of deviation from monoexponen-
tiality and the consequent degree of uncertainity which
this introduces into the interpretation can be estimated
only from experimental data. Therefore, a rapid and re-
liable technique for studying relaxation curves of real

golutions is of particular importance.

For the measurement of the time of disorientation Tt by
the rectangulax electric fileld of the second kind with

the aid of 7t-meter, the instrument is adapted for elec-
trooptical effects. The light modulétion curves are obser-
ved on the oscilloscope (photo a) with an exponential time
scale, triggered by the rectangular electric field of the
second kind pulses themgelves, passing through the integ-
rating Rc.éiﬁcuité When the selected value of RC is not
equal to 1. a straight line is not obtained (photo b).
The values of R.and C are changéd until the sgelected value
of RC becomes equal to T for monoexponential relaxation

of the colloid at which a straight line appears on the

screen {(photo c}.
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Using this method, the time of disorientation T for
our specimens are obtained. Table II contains the time

of disoriéntation for the specimens under investigation.

Table II

1

Specimen Txld:{;éc
1 chrysene 1.4
2 azoxyanisole 1.4
3 terfenile 3.0
4 anisaldazine 1.2
5 anigyliden benzidine 1.1
6 antracene 26.0
7 diamond_(ACM—O,S) 36.0




L

Calculation of an average dimension d of colloidal

particles.

For rotating colloidal particles in the field of rectan-
gular pulses of the second kind, the relation between T
and the rotary diffusion coefficient D is given by the
following equation. | |

= Vign (4.2.1)

- 1
= &b BKT

where K is Boltzman's constant, T ig the absolute tempe-
rature, V is the volume of a particle, [ ¥ is the shape
factor ([P} = 6 for a sphere) and. n is the viscosity

of the dispersive medium.

From the above relation, we can find the diameter of an
equivalent spherical particle whose volume is the same
as a colloidal particle whose shape is not necessarily

gspherical.

From equation 4.2.1 , we have for V

-t

‘ 6KTT . _ .

= . 4.2.7

M , (4.2,2

But volume of a sphere with radius r is % 1r?, and since
the shaﬁe factor [P) for a sphere is 6, we Have:

1/3

= [ 3KTT © (4.2.3
x “[: 4ﬂnil ( )

and d = 2r
Table IIT contains the dimensions of the particles of the

specimens under investigation,



Table I1I

— S

No. Specimens, d (Hm)
1 lchrysene 0.22
2 tazoxyanisole 0.29
3 |[terfenile .29
4 tanisaldazine 0.21
5 janisyliden bezidine 0.22
6 jantracene .43
7 tdiamorA (ACM~0.5) _0‘54

Special specimen diamond]ACM-0.5) was prepared with
very narrow distribution of dimensions of particles.
Electromicroscopic studies show that the average dimen-
sion of diamond (ACM=-0.5} is 0.5um, and our investiga-
tion shows an average aimension 0f10,54um making a 10%
(0.04) deviation only. This specimen shows the correct-
ness of our method.

Determination of the dipole moment u and the dipole

moment per unit area pD.

The accepted view of the nature of the permanent dipole
moment is associated with unipolar orientation of polar
molacules of the dispersive medium (H20 in our case)
agdsorbed in the form of a monomolecular layer on the

surface of colloidal particles and therefore the dipole
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moment has a surface nature . Fig. 12 :shows two
kinds of adsorption of polar molecules on the surface

of a colloidal particle.

The dipole moment y for any of the specimens can be
calculated from the intensity curve I(t) as a function
of time from which we choose five values of b with their
corresponding values of Toe These values of b and Ty
with 1t from table II are substituted into equation (23)

reproduced below for convenience

. L
6KTT &n {(% - 1) + 2 i%(% - 1) }2}

no= (4.3.1)

E 1
o]

The selected five values of b and Te give us five wvalues
of u and an average permanent diéole moment is obtained
for each of our specimens. In table IV a-g are tabulated

five values of b, TO,_A and u for each of the specimens,

Table v

a) Chrysene

No.} b’ T@(m see) A?GKTT gxlOlSCGS ﬁx1013CGS
1 lo.4 | 41.0 B.aao’T®] 1.8
2 10,5 37.0 1,75 1.7540,02
3 j0.86 31.5 1.75
4 0.7 25,5 1,75
5 10.8 21.5 1.65
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Schematic diagram of a colloidal particle with
a monomolecular film of water or other polar
molecules adsorbed on its surface.

a) molecular dipoles normal to the surface,

U =-0; b) molecular dipoles inclined to the
particle surface, and the latter as a whole
acquires the dipole moment IH
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b) Azoxyanisole

57 -~

X,

No.| b |1 (m sec) A=6KT7 uxiotdces ﬁxlol3ccs
1 |o.4 26,0 {9,94x1073 7. 50
2 0.5 24.5 | 7.50 | 7.50+0.2
3 0.6 20,0 8.00
4 lo.7 17.0 7.50
5 0.8 15.0 7.00
¢c) Terfenile
: ' _ i al3 o - 13
No. b 1 (m sec) A=6KTT x10""CGS | ux10~"CGS
-16 .
1 |o.4 41.0 |[7.45x10 3,95
2 0.5 40.0 3.45 3.6240.2
3 {0.6 31.0 3.80
4 0.7 28,0 3.45
5 0.8 22,0 3.45
d) Aﬁisaldazine .
| b o 13, .. 1= . 13
‘No. | Tolm sec}  A=6KTT nx107"CGS | ux10""CGS
16
1 lo.4 16.5 |2.98x10 3.95
0.5 14.5 3.85 3.740.2.
3 Jous 12.5 3.80
4 0.7 10.5 3.70
5 {0.8 9.5 3.20
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e) Antracene

e
No.| b ft_(m sec4 r=6xrr {u.10v3ces | .10t 3ces
R R IR
1 0.4 32 [3.23x100717 3,45
2 0.5 26 3.65 3,2140.33
3 |0.6 24 3.35
4 0.7 22 3.00
5 (0.8 20 2.60
£) Diamond (ACM-~0.5)
l o 12, ~ . 12
(No,| b Ta(m sec) A=6KTt |p.1lO0"7CGS | u.,1077CGS
1 0.4 3 [d.97x10°% 3.05
2 |@.5 38 3,85 4.,25+0,2Q
310.6 30 4,45
4 {0.7 23 4,00
510.8 14 5.00
g) Aniziladen benzilden
No.} b} T, sec) .XﬁGRTT u.lol3CGS ﬁ.lOlBCGS
1 |o.4 25  {2.65x107%% 2,75
2 10.5 22 2.65 | 2.54+0.55
3 |0.6 19 2.60
4 10,7 17 2,40
5 0.8 14 2.30
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It is also known from the theory of rotational motion

of particles in viscous medium that P (P = a/b where

a and b are the major and minor‘half axes of an ellip~
soidal particle is related to the shape factor [P)

acoording to table V[lo 15] for some values of a and b

Table V

P 1 1.5 2 3 4 5 6 8 10

e

[P'] 6 7.5 9.0 14.0 20.1 27.7 35.8 56.1 80,5

Data of electromicroscopic studies gives the shape
factor [P} and P of a host of specimens among which

are the ones we are interested in.

The resultant dipole moment | of a pa;ticle in the form
of an ellipsoid of revolution with half axes a and b will
depend on the dipole moment/cm® , W, If the ellipsoid is
characterized by the volume V and ratio P = a/b calcula-

tion gives

w = a (4.3,2)

. 3.8[\729'] 1/3

Substituting the value of u from equation 4,.3.1 and V
from equation (4.2.2), we have an expression for B, as

follows.
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(6KTT}1/3 [P142/3 n2/3 in N

ET
O

(4.3.3

Equation 4,.3.3 enables to calculate the correct value of

U, for different kinds of colloidal particles.

O

Water is used as the dispersive medium , For water at
room temperature n = 1072 poise . Table VI contains the

dipole moment per unit area [ of the specimens.

Table VI

No Specimen HO.104CGS
1 chrysene ' 1.4
2 | azoxyanisole 1.4
3 terfenile 1.5

| 4 anisaldazine 2.0
5 anisyliden benzidine 1.9
6 antracene 1.8
7 |@iamond (ACM-0.5) 1.9

From table VI we note that the values of u, are rather

close to one another. This is a very noteworthy fact,

offering weightly evidence in favor of the view that

the permanent dipole moment has surface natureggki These

values of U, are réughly the'saie a# the valués of 1y .
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obtained by the method of rotating electric field.tlz}
These comparisons show the correctness of the new method
of determination of the permanent dipole moment of colloi-
dal particles using rectangular electric field. Uy is the

most important characteristic of all colloeidal particles.

Comparison of the experimental results with the results
obtained hv the method of rotating electric fieldl7’g].-
The wvalues of u and Mo of c¢olloidal particles are
obtained from the theoretical formulas 4.3,) and 4.3.3

respectively,

The value of b in 4.,3.1 can be chosen arbitrarily in the
limit O<b<1 . For a specific specimen we choose b aﬁd the
corresponding To from the experimentally obtained curve

of intensity of light passing through the colloidal solu-

tion.

By using equatlons (2), (7) and (12) of chapter 2, it is

not difficuiﬁ to show that the intensity 1s given by the

following eqdétion

T{t) = Imax 4 tan27§ e A
(4.4.1)

éuE 2
o
[l + tan27§ e A t]

where L is a small average angle wiith the major axes of
all particles make with the direction of the electric field

at t =0 and A = 6KTT .
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The values of u and condition of experiment B, A by
the method of rotating electric field are substituted

in equation 4.4.1 for diamond and anisaldazine from
which theoxetical curves of the intensity of light as

a- fuﬁction of time are plotted. The experimental curves
I(t) of the specimens obtained directly from the oscil-
loscope using our method fit into the curves of I(t)

- obtained by the other independent method as shown in

Fig.d3.

For example for b = 0,5 the difference in the values of
@ and uo for diamond is not moretfhéﬁ-ZS%. This is khe;
gfeatest deviation we have encountered. and about 17%

forx anisaldazine.

In Fig. |2 the fitting of the experimental curve with the

theoreﬁical one.is not as accurate originally as at latter

times. This is so because originally the particles have

different condiltions like diﬁferent Oy shape and conse-

quently frictional foxce, but later on, they have avera-
e

ged similar conditions. It is not possible to produce

similar averaged original conditions in our case.

When the equation of motion of a colloidal particle was
set in chapte; 2, equation (2}, the induced dipole moment,
the distribution of the particles dimensions, the shape
differences among the particlés were neglected., This must

be justified. The induced dipole moment was neglected by
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choosing sﬁitable experimenfal conditions (selection of
the value of E) which enable us to neglect .the contribu-
tion of the torque because of the induced dipole moment.,
Uniformity of the dimensions of particles is obtained to
a gatisfactory degree by repeated fractional centrifug-
ing or other method when the specimens are prepared. The
approximation of our particles by ellipsoids gives us
-correct results as shoyn by the comparisqns of experi-

mental and theoretical curxves.

Colloidal solutions were investigated with water as the

dispersio; medium. The particles have different physical
and chemicai nature. These colloidal particles are chry—
sene, antracene, azoxyahisole, aﬂisaldazine, anisilden~

benzidene, terfenile and diamond (ACM~0.5). Colloidal

solutions are prepared by dissolVing the solvent in water

directly or by the method of substitution.

ERUBRR T
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Summary
The apparatus for the investigation of electrooptical
properties of dispersion systems in the field of rec-
tangular electric impulses R, and Rz—field is described.
The installation for this investigation includes the
optical part, the scheme for measuring and observing
optical signals which a colloidal solution give by the

action of the electric field.

The generator is donstructed and built for obtaining
rectangular electfic impulses (Rl and Rz-field) and
electrooptical rt-meter for the investigation of elec~

trooptical effects in exponential sweeping.

The theory of motion of monodisperse and monoshape dis-

persion particles in the field of ractangular electric

pulses is developed.

It 1s shown, that the intensity T(t) which characterizes

the motion ofaPartlcles in the field of rectangular
pulses depenés on time ‘according to the equation |I(t)]|=
[T(t)| max. b(t) where "h(t)“ is determlned by the condi-
tions of experlmental and physical properties of the
colloidal particles and disbersion mediqm, and in parti-

cular by the value of the permanent electric dipole

moment .
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The value of p can be found from the equation;

, 2 11,1 %
6kt on {5 "V *2[“5‘5 -1 %

Bt
(o]

where 1, E are?expéfiﬁéntél‘parameters and Tq and b

are determined from experimental dependence of intensity

- of light with respect to time in the process of investi-

‘gation of electrooptical effect in disperaion aystems.

Determination of the value of u requires-the knowledge

of the time of disorientation <« of particles. The wvalue

of T is'deﬁermined experimentally by the method of elec~

trooptical t~meter.

5ix different colloidal solutions were investigated with

water as the dispersion.medium. The particles have diffe-
rent phyéical and chemical nature., These colloidal parti-
cles 'are chrysene, antracene, azoxyanisole, anisaldazine,

anisiliden benzidine, terfenile and diamond (ACM-0.5).

P U

~Colloidal solutions are prepared by dissolving the solvent

in water direc%ly or By the method of substitution.

e

The values of 1, were measured for all of the colloidal

particles inentioned'(u0 is the dipole moment per unit area

of the colloidal particle). For all particles H, lies in

4

the interval (1.4-2.0) 10 "CGSE. These values are in
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agreement with the valuesg of uo wﬁi@h were obtained
before by another independent method and confirm the
surface nature of, and the formation of the permanent

electric dipole moment of colloildal particles.

Dimensions of the particles were determined by . the

- method of electrooptical T-meter. For different speci- .

mens the average dimensions lie in the interval from

0.2 uym for aniseldazine to 0.54 um for diamond particles.

Comparison of the theoretical curve of i{t) with the
experimentaily determined dependence of I(t) for real
colloidal systems gives quite satisfactory fitting. This
develops confidence on our new method because the experi-

mental curve Of I(t) 151used for the detexmination of the -

Value of Heo
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