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PREFACE

As a result of experience in the teaching of Surface
Coating Technology, I published in 1961 a small book called
“Advanced Paint Chemistry”.

This was an expansion of a series of articles written for
students, in Paint Manufacture. It consisted entirely of organic
chemistry. Even then, much that would be found in “tradi-
tional” text-books was excluded as it should have been
studied previously.

Much to my surprise there was little criticism and indeed
the first printing was sold out. Many friends made helpful
suggestions which can be incorporated later.

This present book deals with the physical chemistry of
paints. It has been, apart from any shortcomings of the
author, a much more difficult book to write. The average
paint student has little knowledge of physical chemistry
(hence the absence of thermodynamics) and this has neces-
sitated a more elementary approach.

At the opposite end, much of the work, for example on
Corrosion and Rheology, is so highly controversial that the
student would be confused were more than a resumé to be
given,

It is hoped, however, that this book will not only give him
a basic understanding of the general physical chemistry of sur-
face coatings, but persuade him to make himself expert in one
section.

If no more organic raw materials came on to the market,
their loss would not be noticed. What is now required is a
generation of physical chemists devoted to finding out why,
for example, a powder covered with adsorbed water is wetted
by an oil. The system then adheres, both in the wet film and
in the dry polymerised film, equally well to hydrogen-bonded
cellulose molecules or metals with distorted lattices, grain-
boundary impurities and Heaven-knows-what adsorbed gases
and liquids.

My good friend Dr. Ruzicka suggested that a section
might be devoted to light. I hope I have complied sufficiently
with his ideas.

As previously, I have given no references and indulgence
is therefore asked for any details from publications, which
have gone unacknowledged. I am sure that their authors
would wish for their ideas to be widely known among students.

vii



viii PREFACE

- My best thanks are due to my late colleagues, Mr. R.
Mathews, who has made such a good job of the diagrams and
Mr. V. Matthews, who read much of the physics, and I owe a
debt to anonymous typists at Leonard Hill, who transcribed
my scrawl,

In the previous book, I welcomed suggestions and critic-
isms. Now again, I repeat my request since, as in all teaching,
“the student comes first”.



INTRODUCTION

SUBSTANCES when pure exist in three primary states:
solids, liquids or gases. Stable substances can generally
be obtained in all three forms providing the appropriate
conditions of temperature and pressure are provided.
There are in addition to these states mixtures which may
range from coarse dispersions, like the Chesil Beach, to
smokes, foams and jellies.

Matter behaves in an orderly manner, to produce
molecular and ionic structures of great regularity.
Conversely, it behaves in a completely chaotic manner
forming disordered masses bounded only by their con-
taining vessels or the gravitational pull of the bodies in
their neighbourhood. The first is exemplified by a crystal
and the second by a gas in a cylinder, or the atmosphere
of the sun.

Disorder allows atoms, molecules and ions complete
freedom to move, vibrate and rotate; order places a con-
straint upon such movements and energy is, therefore,
“locked up” in any regular system. If a spontaneous
change takes place in such a system, the energy is
released. This energy is known as entropy and it can be
seen, firstly, that it will tend to increase, providing
there are no ways in which it will be absorbed and,
secondly, that if anything is known about the entropy of
substances, it is possible to prophecy what a system is
likely to do if changes occur. This will be considered at
greater length when dealing with dispersions.
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THE SOLID STATE

Solids built up in a regular way are called crystalline;
those displaying no regularity, amorphous. Between
these are the great mass of polymers, partially crystalline
and partially irregular, referred to previously (Advanced
Paint Chemistry, p. 77 et seq.).

Crystals can normally be so described by examina-
tion visually or under high magnification, but the ultim-
ate criterion of crystallinity is their internal structure as
shown by X-ray diffraction. If white light shines on a
series of fine lines (a diffraction grating) arranged
. parallel to each other, a spectrum is produced. It has been
found that X-rays can be diffracted by a crystal in a
similar manner. As X-rays have frequencies approx. ten
thousand times those of visible light, it is deduced that
crystals consist of a similar arrangement of ‘“parallel
fine lines”’—probably the atoms or ions themselves in the
form of a three-dimensional lattice. Over the past half-
century, evidence has grown supporting this idea, and
the structure of crystals has been worked out.

Crystal types

Four main types of crystal have been recognised:
(a) Ionic.

(b) Co-valent.

(¢) Metallic.

(d) Those involving intermolecular forces.

(a) Ionic type. Here ions are held together by the
electrostatic charges resulting from the donation or ac-
ceptance of one or more electrons.

1



2 PHYSICAL CHEMISTRY OF PAINTS

The charge so transferred must be imagined as
spread out over the whole ion and not existingas a point.
The ions do not exist in pairs but pack together in a
manner largely determined by their relative volumes.

Thus, referring to a cubic crystal there are three
possible arrangements:

(i) Simple cubic structure (Figure 1).

(ii)) Face-centred cubic structure (Figure 2). In this
case each ion is surrounded by six ions of the
opposite polarity; an example is sodium
chloride.

(ii1) Body-centred cubic structure (Figure 3). Here
each ion is surrounded by eight of the opposite
polarity; an example is calcium chloride.

Fig. 3

(b) Co-valent type. In this class the atoms are held to-
gether by electrons shared between them. Hence crystals
of this type are really giant molecules.
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A typical example is the diamond crystal (Figure 4)
where each carbon atom is bound to four others in a
regular design, the distance between adjacent atoms
being equal (1-54 Angstrom units).

Fig. 4

Graphite on the other hand has a different structure
(Figure 5). It consists of a planar network of hexagons,
but the distance between the atoms in the hexagons
(1-42A) is less than that between atoms in adjacent layers
(3-4A).

(¢) Metallic type. Metallic substances are believed to
consist of ions, either of one or more metals, but the
electrons, instead of being localised as in ionic crystals,
exist as a cloud; hence the electrical conductivity as-
sociated with metals.

(d) Crystals involving intermolecular forces. As
pointed out previously (A.P.C., p. 77) organic molecules
often exist in a zig-zag style. If hydrogen bonding or van



4 PHYSICAL CHEMISTRY OF PAINTS
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Fig. 5

der Waals forces exist between atoms in such a way as to
cause a regular repeating arrangement to exist, then the
substance is crystalline.

Crystallographic classification

Crystals have been classified by crystallography into
groups depending on their symmetry rather than their
internal atomic arrangements.

a

Fig. 6
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If in space there are three axes aa’, bb’, and cc’, they
may be represented as shown in Figure 6.

Qa

72

Fig. 8

Crystals may, therefore, be classified as:

(@) Cubic. In this case the axes are at right angles and
are all of the same length (Figure 7). Each face is at right
angles to the axis and each cuts an axis at an equal dis-
tance from the centre. This is not to say that the edges
may not be replaced by other faces, as shown in Figure
8. These faces do not affect the internal structure.
Example: alum.
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(b) Tetragonal. The axes are at right angles, but only
two are equal (Figure 9). Example: tin.

—————c|e -

/I
/7
Ve

Fig. 9
(c) Rhombic. The axes are still at right angles, but are
of unequal lengths (Figure 10). Example: sulphur.

(d) Monoclinic. Two axes are at right angles with all
three of unequal length (Figure 11). Example: sulphur.

L

Fig. 10 Fig. 11

(e) Triclinic. No axes at right angles and all of different
lengths (Figure 12). Example: copper sulphate penta-
hydrate.
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Fig. I3

(f) Rhombohedral. Axes inclined obliquely at equal
angles, with all axes equal (Figure 13). Example: sodium

nitrate.
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Fig. 14

(g) Hexagonal. In this system the vertical axis is at
right angles to three axes intersecting at 60°, these latter
being equal inlength (Figures 14 and 15). Example: quartz.
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Supercooled liquids

Many substances classed as solids are in fact super-
cooled liquids. Others such as glass may resemble super-
cooled liquids in having no melting point but are pre-
vented from crystallisation because the unit of structure
does not repeat itself with sufficient regularity to allow
crystallisation under normal cooling conditions.

A few crystalline substances can be obtained as
supercooled liquids if prepared under dust-free condi-
tions, but will crystallise if a crystal of the substance is
added. This is a further example of the order—disorder
relationship, order only being established by the addition
of successive ions to an existing ordered structure.

Pigments

In the paint industry the chief value of crystalline
substances is as pigments, and there are four important
factors to be considered. The first is the refractive index
relative to that of the medium in which the pigment is
suspended. The second is the colour, the third the dimen-
sions of the particles, and the fourth the chemical
stability of the particles in the medium.
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Opacity in dark-coloured pigments is a function
of the ability of the particles to absorb light.
White and light-coloured pigments have a relat-
ively low absorption and depend for their opacity upon
the ability of the particles to scatter light. This scattering
power is dependent on the difference in refractive index
of the solid pigment and the dried medium. There is also
an optimum particle size for maximum scattering, and
for substances with a high refractive index, such as
titanium dioxide, this is approx. 0-3 microns.

The question of colour has already been dealt with
for organic compounds (A.P.C., p. 149). Most inorganic
substances are colourless, though due to differences in
refractive index between solid and medium, many appear
opaque and are used as white pigments. In general, the
coloured pigments are compounds of the transition
elements. In this class are salts such as chromates, and
co-ordination compounds, e.g. Prussian blue.

In each case the element reacts by employing elect-
rons in inner orbits. For example, iron has an electron
configuration of 2-8-14-2. It therefore forms ferrous salts
by loss of the two outer electrons. On the other hand, it

can utilise the inner orbit to form the ferrocyanide ion,
Fe(CN)4-.

Particle size

There are two important criteria in particle size: the
volume of the particle and its surface area. However,
before attempting to show how these factors are deter-
mined, it is important to note their distribution among a
population of particles.

Frequently, specifications may state that not more
than say 19, of any bulk of powder passing a 300 mesh
sieve shall be retained on 100 mesh. That is, particles
approx. three times the diameter of the main bulk may
not exceed 19 by weight, or a negligible proportion
of the number of total particles. If the 19 refers to
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number of particles, then 2149 of the total weight is
oversize.

Generally speaking, this type of size specification is
satisfactory for ordinary powders, as it acts as a check
on the behaviour of sieving systems operating on standard
comminution machinery. However, even 1% of oversize
particles may ruin a polishing powder.

PERCENTACE

PARTICLE SIZE
Fig. 16

At the otherend of the scale, 1 9] by weight of undersize
particles of say 10 9; of the required diameter will mean that
91 9 of the total number of particles will be undersize.
This will mean a different rate of sedimentation, a
different packing arrangement of the sediment (possibly
leading to stirring troubles), and an increase of 1109
in the surface area, which will affect the oil absorption of a
pigment, the solution of a solute, or the reaction rate of a
particle.

It is, therefore, not only important to know the
dimensions of the particles but also the mathematical
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distribution of various sizes in the bulk. This distribu-
tion may be shown graphically employing a histogram
as in Figure 16.

Alternatively, a curve may be constructed (Figure 17).
In each case the sieve size is represented on the abscissa
and the weight or number of particles on the ordinate.

The shape of these curves gives an indication of the
dimensional properties: a narrow curve shows con-
sistency of size; a wide one, a divergence of size.

MEAN

PERCENTACE

e —

PARTICLE SI1Z&
Fig. 17

Particle number and size determination

Methods of determination of particle number and
size are described below.

1. Sieving methods. These generally involve determ-
ination of the weights of powder retained on sieves whose
mesh sizes are specified by various national bodies.
Sieving must be carried out under standard conditions
of time and vibration to be satisfactory. While suitable
for regularly shaped particles such as spheres and cubes,
sieving is unsatisfactory for plates and particles of other
shapes differing widely in planar dimensions, as large
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particles may pass through diagonally. This can be seen
from Figures 18 and 19. The results are usually given in
weights of the various sizes separated.

Fig. 18 Fig. 19

2. Sedimentation. If a small sphere of radius r is
suspended in a liquid of viscosity n, it will sink at a rate
depending, obviously, on the difference in density of the
sphere and the liquid. It is also obvious that as between
various liquids, it will fall at rates depending on their
viscosities. Stoke’s Law summarises these criteria into
one equation, giving the rate of fall as u=2grz(p-p’)

M
where g is the acceleration due to gravity and p and p ‘are
the respective densities of sphere and liquid. For any pair
of liquids, therefore, u « r2, but u= distance fallen

time
so that the distance fallen by any number of particles in
the same time will be dependent on the radius of the
particle.

If a long vertical cylinder is filled with a mixture of
liquid and a small amount of powder (to minimise
effects between particles), then at any level, analysis will
enable a size range to be obtained.

3. Elutriation. If instead of allowing the particles to
fall, a current of fluid is employed flowing at the same
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rate as the particles would fall, then the particles would
remain stationary. Particles of greater radius, however,
would fall and smaller particles rise.

This is the principle of the elutriator, a number of
types of which are on the market. They are particularly
useful for the analysis of particles in the sub-sieve range.

The fluid used may be a liquid, generally water, or a
gas, generally air. A typical elutriator consists of a
number of cylindrical vessels of increasing diameter

(Figure 20), so providing a lower rate of flow and hence
a separation.

1

U |

.

Fig. 20

In either of these methods it is necessary to carry out
a count of the particles concerned and to measure their
dimensions as few particles are spheroidal. This can be
done by examining them with a microscope, or in ex-
treme cases an electron microscope. Alternatively, the
original powder may be examined.

4. Light extinction methods. In these procedures, a
beam of light is projected through a suspension on to
some form of photometer. A zero is obtained by using
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the clear liquid, and a suspension is made by dis-
persing the powder uniformly in the fluid. Readings are
then taken at intervals. The suspensions become progres-
sively less opaque as the particles fall so that it is possible
by mathematical analysis to obtain a size frequency curve.

Surface area

In the surface coating and related industries, particle
size is of importance only in so far as it may influence
gloss, or by breaking the surface lead to film failure. The
more important property is surface area.

The specific surface is the area of surface per unit of
weight. For instance, carbon black may have an area of
up to 1,000 sq. m. per g. (or approximately 10 g. for the
area of a football pitch). On the other hand, lithopone
has a specific surface of 2:3 sq. m. per g.

Surface area has enormous effects. For example:

(i) High surface area would suggest high oil absorp-
tion.

(ii) High surface area with active pigments, such as
white lead or zinc oxide, will mean rapid forma-
tion of large “‘soap particles™.

(iii) Physical effects on the rheology of the system by
attraction or repulsion forces at the solid-liquid
interface.

However, the term “area” in any connotation is
meaningless unless it is understood with reference to the
method of measurement. The external area of a particle
is easily measured by a number of methods. There is,
however, an ““internal” area, due to cracks, defects or
pores. .

It is obvious t\"‘\“t if the size of such imperfections
approaches the molecular dimensions of the fluid with
which the particle is in contact, then the apparent area
will differ from that measured by molecules of a different
size.
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This difference in external and internal surface for
diatomaceous earth ranges from 4,790 sq. cm. per g. using
a photoextinction method to 67,000 sq. cm. per g. usinga
nitrogen absorption method, i.e., a ratio of 1:14. It has
been stated, however, that ratios of 1:100 have been ob-
served.

The three chief methods of measuring surface area are:
(i) Adsorption from a liquid phase;

(i) Adsorption from a gaseous phase;

(iii) Permeability.

Adsorption methods

A particle is usually assumed to have a surface on which
are adsorbed various gases and moisture. If a fluid is in
contact with this surface, and the surface is wetted by the
fluid, then the surface layer is either displaced by the
fluid, or the latter attracted by the surface layer. In either
case, if the size of the fluid molecule is known, then pro-
viding a monomolecular layer can be developed, the
specific surface can be obtained.

The oil absorption technique practised in paint and
ink laboratories is a rough and ready attempt to carry
this method out, but expresses the answer in different
terms. Any such method is doomed to failure as an exact
procedure, due partly to the difficulties of wetting the
surface and partly to the mechanics of dispersion.

A better method is to dissolve a solute, such as a dye,
in the fluid and then to measure the diminution in colour
of the solution resulting from adsorption by the solid
particles under examination.

Another method employs a solution of a fatty acid in
a solvent, the solution being analysed by titration before
and after the adsorption. In this case, oleic acid of
approximate molecular area 20-0 sq. A. is used.

This non-mechanical method has the advantage that
vacuum-dried powders, free from an adsorbed layer can
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be employed. By choice of the correct adsorbed substance,
an approximate area corresponding to the ordinary sur-
face coating area can be obtained.

An accurate method is by adsorbing a non-reactive gas
such as nitrogen at constant temperature, i.e., the
nitrogen isotherm. The temperature employed is usually
in the neighbourhood of —~190°C. The quantity adsorbed
can be measured by weighing the adsorbent before and
after adsorption, or by measuring the volume changes.
While this method gives fairly reliable results, it must be
emphasised that these bear little or no relation to the
surface available for large oil or polymer molecules.

Permeability methods

If a powder is packed into a container and gas passed
through, it is found that there is a difference in pressure
between the inlet and outlet gases, and that this is related
to the external surface, which can then be calculated.
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THE LIQUID STATE

While the solids in surface coatings undergo on the
whole practically no physical and very little chemical
change, the liquid portion is constantly changing.
Dispersions of solids, liquids, or gases in liquids (that is,
the main bulk of finished products in the paint and ink
industries) also have properties dependent on those of
the liquid phase, and therefore simple liquids will be
studied in this section, the rheology of dispersions being
left until later.

A liquid is a substance whose molecules are in a state
of disorder, similar to a gas, but owing to the cohesive
forces between the molecules, it has under specific con-
ditions of temperature and pressure a definite volume,
even though it is not contained in a closed vessel. Pure
liquids have the following properties:

(1) Vapour pressure.

(ii) Latent heat of vaporisation and solidification.
(ii1) Viscosity.

(iv) Surface tension.

(v) Optical properties.

(vi) Dielectric constant.

Vapour pressure

Assuming that a quantity of liquid is in a container
with an evacuated space above it, then the following
phenomena can be visualised. The temperature will be,
say, 25°C. Molecules of liquid will be in motion, at
different velocities. Most of them will be held by the

17
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cohesive forces between the molecules, but some with
higher velocities will escape into the free space above the
liquid. There will be a continuous movement out of the
liquid, but as time goes on, some of the molecules moving
about will strike the liquid surface and return to the
main bulk. Providing there is always some liquid present,
there must come a point at which there is an equilibrium
between the number of molecules entering and leaving
the surface.

The molecules in the free space bombard the sides of
the vessel, that is they exert a pressure. As equilibrium
has been attained, this pressure must be characteristic of”
the liquid at that temperature and is known as the
saturated vapour pressure. Molecules that have left the
liquid have a greater kinetic energy than those left be-
hind, and as this energy finds its origin in the heat content
of the liquid, the temperature of the latter falls. If ex-
ternal heat is now applied, this will be absorbed in
bringing the system back to 25°C., and is known as latent
heat.

These relationships are extremely important in spraying
paints. Let us assume that a film is being sprayed. The
solvent molecules, having a free space containing few or
no molecules of their species,will move continuously from
the liquid, and the temperature of the latter will fall
rapidly. Water vapour at the surface of the deposited
film will be cooled, and if its vapour pressure is higher
than the saturated vapour pressure of water at this
temperature, then liquid water will be condensed on the
film. The water gives up its latent heat to the film and in
consequence more solvent is evaporated. The viscosity
now increases and the water is locked in mechanically:
“blushing” is said to have occurred and the finish is ruined.

Latent heat
Molecules of vapour have a greater degree of disorder
than those of the liquid ; consequently, there is an increase
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in the entropy of the system when evaporation takes
place.

This increase ASisequal to L/T, where L is the latent
heat of evaporation and T the temperature in °K. When
the vapour pressure of a liquid reaches atmospheric
pressure, the substance boils. The increase of entropy on
boiling is given by

AS=L/T,

where T, is the boiling point.

The vapour pressure of a liquid is lowered, i.e., the
boiling point is raised, when a substance is dissolved in
it. The rise in boiling point is characteristic of the solvent
and the molecular weight of the solute:

Kw

A= Mw
where A is the rise in boiling point, w is the weight of
solute, K is a constant characteristic of the solvent, W is
the weight of solvent, M is the molecular weight of the
solute.

In the surface coating industries, M is usually very
high and therefore changes in vapour pressure are small.

The vapour pressures of solvents are not usually
measured in these industries directly, use being normally
made of their comparative rates of evaporation against
a standard solvent, such as diethyl ether or butyl acetate.

If two liquids are mixed and distilled, the boiling point
of the mixture will normally rise from that of the first
liquid to that of the other, and by the use of efficient
fractionating coluums pure samples of each may be ob-
tained. If, however, the boiling point curve passes through
a maximum (e.g., acetone and chloroform) or a minimum
(e.g., propanol and water), then under the same pressure,
mixtures having the composition at these points cannot
be separated by distillation.
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Such mixtures are called azeotropes. Mixed solvents,
such as are generally employed for non-convertible coat-
ings, may have higher or lower rates of evaporation than
their individual constituents.

Related to the vapour pressure, but also to composition
and thermal stability, is the flash point of a liquid. No
satisfactory theory has been worked out that will enable
this to be calculated, but within limits, the flash point of
a mixture is that of the component with the lowest flash
point.

Viscosity

The cohesive forces between molecules not only pre-
vent them leaving the liquid but also impose restrictions
to movement within the liquid. Let us assume that a
liquid is flowing along a rectangular trough so wide that

\- J

Fig. 21

“drag” from the sides is negligible, and the liquid at the
bottom is at rest, then there is a velocity gradient from
the surface to the base depending on the distance, h,
from the base.

If a plane CDEF parallel to the base is now con-
sidered (Figure 21), molecules above this will accelerate
the molecules in it and those below will retard them.
Assuming that CDEF is a square of side 1 cm. and the
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thickness x is negligible, then the tangential force acting
on either side of the plane will be given by the expression

F=1
X

where v is the difference in velocity on the upper and
lower faces of CDEF. If x is large, edge effects will arise.

The term m is known as the coefficient of viscosity.
It is measured in dynes per sq. cm. per unit velocity
gradient. This unit is termed the “poise” in honour of
Poiseuille.

Measurement with such a system is extremely difficult
and the viscosity is normally obtained by measuring the
flow of a liquid through a capillary tube. Poiseuille’s
formula forms the basis for such measurements:

__ mrépt
8l

where r is the radius of the tube, p is the driving pressure,
t is the time of flow, v is the volume of liquid, / is the
length of the tube.

The driving pressure p is obtained from the difference
in hydrostatic head, h x d x g, where d is the density and
g the acceleration due to gravity.

Modifications of the capillary tube method are com-
monly used. In modifying this equation to include the
viscosity of a real fluid, it is convenient to consider the
ratio

coeflicient of viscosity
fluid density

This quotient is the coefficient of kinematic viscosity
and is measured in stokes. For very viscous liquids use
may be made of Stoke’s law:

2 gr2 (d-d,)
V=t —
9 n
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by salts, 83.
Basicity of salts of weak acids,
84, 90.
Beer's Law, 120.
Benzene, dielectric constant of,
33.
as a solvent, 36.

127

Benzene-quinonoid tautomer-
ism, 87.
Bi-metallic couples in elect-

rolysis, 96, 102,
Bi-molecular reactions, 76.
Bingham bodies, 66, 67, 69.
“Blushing” in paint films, 18.
Body-centred cubic crystal, 2.
Boiling point raised by solute,
19.
Bransted-Lowry hypothesis, 88.
Buffer solutions, 85.

C
Calcination process for pig-
ments, 36.

Calcium carbonate as example
of heterogeneous equi-
librium, 92.

phase rule, 93.
Calcium plumbate as protection
against corrosion, 110.

Candela, 112.

Candle power, 112,

Capillary tube method, 21.

viscometers, 22, 67, 68.
Carboxyl group as hydrophil, 37
Catalysis, 57, et seq.

effect of hydrogen and

hydroxyl groups in, 60.
poisons on, 60.
promoters on, 59.

Cathodic reaction, 97.

protection, 108.

Cationic substances as sur-
factants, 49.
Cells:

concentration, 98.

corrosion, over surface of
metal, 107,

Daniell, 98.

irreversible, 99,
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oxygen absorption, 99.
polarised, 99.
reversible, 99.

Chain reactions, 60.
Chemical reactions, 73, et seq.
activation energy of, 74.

bimolecular, 76.
degree of ionisation, 81.
dilution law, 80.
dissociation  constant  of
ionisation, 81.
equilibrium constant of, 79.
law of mass action, 78.
opposing reactions, 77.
orders of, 75.
pseudo-unimolecular, 76.
termolecular, 76.
unimolecular, 76.
variables in, 75.
Chemi-sorption, 59.
C.LE. System, 117,
Cohesive forces
in disperse systems, 66.
in liquids, 17, 18, 20.
Colloidal suspensions, 40, et seq.
coagulation of, 41, 42.
hydrophilic, 42.
hydrophobic, 40, 41, 42.
lyophilic, 40, 42.
peptisation of, 42.
Colour, see light.
Colour matching, 121.
Colour in pigments, 8.
Common ion effect, 83.
Condensed mono-layer, 50.
Cones, in the.eye, 114,
Conjugate acids and bases,
88, 89.
Corrosion, 95, et seq.
due to differential aeration,
104-6.
scale, 103.
fatigue, 107.
in acids, 100.
alkalies 101.

INDEX

salt solutions, 102.
water, 102,
of single metals, 107.
prevention of, 108.
processes of, 100.
Covalent crystals, 1, 2,
Crystallinity in resins, 45.
Crystals, 1 et seq., and 36.
classification of, 4.
doubly refracting, 28.
Cubic crystals, 2, 5.
Cyclopropane di-carboxylic
acids, 29.

D
Daniell cell, 98.
Deflocculation of pigments. 38.
effect of surfactants on, 71.
Degree of ionisation, 81.
Degrees of freedom, 93.
Detergency, 55.
Diamond crystal, 3.
Dielectric constant, 32, er sey.,
Dielectric effects due to presence
of groups 37.
Differential aeration as
of corrosion, 104.
Dilatancy, 71.
Di-poles under effect of electric
field, 34.
Disorder in liquids, 17, 18, 33.
Dispersions, 35, er. seq.
rheology of, 65.
Dissociation constant in ionisa-
tion, 81.
of azeotropes, 20.
Distillation of mixtures, 19.
Drying of oil:
polyvalent ions as catalvsts
for, 61.
mechanisms of, 61, ef. sey.

cause

E
Electrode polarised, 9.
potentials, 96, ef. seq.
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Electrons as source of solution
pressures, 95.
Electron configuration:
as basis of catalysis, 58.
in ferrous and ferrocyanide
ions, 9.
in liquids, leading to orienta-
tion of molecules, 33.
Elutriation as method of size
analysis, 13.
Emulsions, 52, et. seq.
methods of preparing, 54.
of polymers, 54.
Energy of activation of re-
actions, 74.
of solvation, 37.
Entropy
decrease at surface of disper-
sions of liquid systems, 19.
of solution, 37, 45.
Equilibria heterogeneous, 92.
Equilibrium constant in law of
Mass Action, 79,
Ethylene, mechanism of cat-
alytic reduction of, 59.
Evaporation of liquids, 18.
comparative rates of, 19.
effect of solute on, 19.

External compensation in optic-

ally active substances, 29.

F

Face-centred cubic crystal, 2.
Falling sphere method, 22.
Flash point, 20.
Flocculation of pigments, 38.
Flow cups, 22, 67, 68.
Foams, 5S1.
Free radical formation during

drying of oils, 62.
Free surface energy:

at solid-liquid interface, 27.

equation, 45.

of liquids, 24.
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G
Galvanising, 108.
Gas-liquid systems, 49.
Gels, 44,
Gibbs Willard J., 23, 50, 93.
“Glass temperature”, 44,
Graphite crystal, 3.
Grinding methods for pigments,
36. :
Guldberg & Waage, 78.

H
Heat factor in surface tension,
24,
Helmholtz double layer, 38, 41,
Sl.
absence of, in Zwitter ions, 43.
Heterogeneous equilibria, 92.
Hexagonal crystals, 7.
Hydration of ions, 36, 37.
Hydrogen bonding
as cause of thixotropy, 69.
in condensed mono-layers, 50.
in crystals, 3, 36.
in resins, 46.
Hydrogen electrode, potential
of 97, 98.
Hydrogen ion as catalyst, 60.
Hydrolysis of salts, 84, 90.
Hydroperoxidesas intermediates
in drying of oils, 61, ef. seq.
Hydrophilic colloids, 42.
as foam stabilisers, S1.
protecting effect of, 43.
Hydrophobic colloids, 40.
Hydroxyl ion as catalyst, 60.
Hysteresis loop in thixotropy,
71.

I
Imbibition of gels, 44.
Indicators, theory of, 86.
Inhibitors of oxidation of oils,
62.
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Intermolecular forces in crystals,
I, 3.
Internal compensation in op-
tically active substances, 29.
lonic forces in crystals, 1, 36.
Tonisation of acids, 80.
degree of, 81.
of bases, 81.
of water, 81, 89.
Ions
as precipitants for hydro-
phobic colloids, 41.
as stabilisers for hydrophilic
colloids, 42,
co-ordinated in crystal lattices
38.
hydration of, 36.
in lattices, 36.
of polyvalent
catalysts, 61.
Irreversible cells, 99.

metals as

K
Kinematic viscosity, 21.

M
Macromolecules as colloids, 42.
Mechanical factor in surface

tension, 24.
Mechanism of solution, 36.
Meso compounds, 29.
Metallic crystals, 1, 3.
Metal spraying, 109,
Meta-stable state, 93.
Methyl orange, 87.
Micelles
formation and structure, 53,
et. seq.
use of, in producing poly-
mers, 54.
Monoclinic crystals, 6.
Monel metal, 101,
Munsell system, 124.

INDEX

N
Newtonian systems, 66, 67, 69.
Nickel as catalyst, 58.
Nicol prism, 28.
Non-ionic substances as sur-
factants, 49.

(¢}
Oil absorption of pigments, 10,
14.
Oil-in-water emulsions, 54, 55.
Opacity of pigments, 9.
Opposing reactions, 77.
Optical activity, 27, et. seq.
Order-disorder effects in
liquids, 33.
Orders of reaction, 75.
Ostwald’s Dilution Law, 80.
Overpotential of cell, 99.
Oxidation of sulphur dioxide to
trioxide, 57.
Oxidising substances in paints,
109.
Oxygen
absorption reaction in cells,
99, 105.
as aid to corrosion, 100.
as passivator, 100, 101, 102,
109.

P
Paint films as protection against
corrosion, 95, 101.
attack on by alkalis, 106.
Particles
elutriation, 13.
light extinction methods of
analysis, 13.
number 11.
photo-extinction method of
analysis, 15.
sedimentation rate, 10, 12.



INDEX

shape, 11, 12.
sieving methods for determ-
ination of, 11.
size, 8, 9,
statistical analysis, 9-11.
surface area, 9, 10, 14,
volume, 9.
Passivation of metals, 100, 101.
Peptisation, 42.
Permeability method for sur-
face area determination, 16.
pH, 82.
pH of indicators, 87.
Phase reversal in emulsions, 55.
Phase Rule, 93.
Phenolphthalein, 87.
Photon, 111.
Pigments
chemical stability, 8.
colour, 8.
elutriation analysis, 13. )
formation of soap on surface,
of, 39.
identification, 125.
light extinction method of
analysis, 13.
manufacture, 35, et. seq.
oil absorption, 10.
opacity, 9.
particle size, 8, 9.
sedimentation rate, 10, 12.
surface area of particles, 9,
10, 14.
volume of particles, 9.
Planck’s constant, 112.
Platinum as catalyst, S8.
Poise as unit of viscosity, 21.
Poisseuille, 21.
Polarisation of electrodes, 99.
preventing corrosion, 100.
Polymers
as pseudo-plastic substances,
69.
as thixotropic systems, 70.
production of emulsions of, 54.
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Precipitation of colloidal part-
icles, 41,
compounds due to solubility
product, 90, et. seq.
pigments, 35.
Promoters in catalysis, 59.
Proteins, 42.
as stabilisers for emulsions,
52.
foams, 51.
Protons giving conjugate com-
pounds, 88, et. seq.
Pseudo-plastic systems, 69.
Pseudo-unimolecular reactions,
76.
Purity of hue, 115.

Q

Quantum, 111.

R

Racemic mixtures, 29.

Rate-determining reactions, 76.

Receding plate, 26.

Receptor cells in the eye, 114,

Re-dispersion of hydrophilic
colloids, 41.

Red lead as corrosion inhibitor,
106.

Reflectivity of light at surfaces,
122, et. seq.

Refractive index, 31.

Residual valencies in crystals, 38.

Resins, solution of, 44,

Reversibility of colloid solu-
tions, 42.

Reversible cells, 99.

Rheology of disperse systems,
65, et. seq.

Rhombic crystals, 6.

Rhombohedral crystals, 7.

Rods in the eye, 114.

Rust formation, 103.
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S
Sabatier-Senderens reaction, 58.
Sacrificial metals in paints, 109.
Saturation of hue, 115.

Scale leading to rusting, 103, 104
Second-order transition temp-
erature, 44. , :
Sedimentation of pigments, 10,
12.
Sherardising, 108.
Sieving methods for particle
size determination, 11.
Sieve sizes, 10, 11.
Silver nitrate in colloid forma-
_tion, 41.
Size of particle, 8, 9.
Smoke process for pigments, 36.
Soaps, 47.
formation of, on surfaces of
pigments, 39.
structures of solutions of, 52,
54.
Sodium chloride, structure in
crystal, 38.
Sodium iodide in colloid forma-
tion, 41.
Solid state, 1, et. seq.
Sols, 44,
Solubilisation, 56.
Solubility product 90.
Solution pressure of metals, 95,
C 97,
Solutions, 35, ef. seq.
buffer, 85.
resinous, 45.
Specific rotation, 28.
Statistical analysis of particles,
9-11.
Stoke as unit of viscosity, 21.
Stoke’s Law, 12, 21.
Subtractive method, 120.

Sulphates and sulphonates as
surfactants, 48.

Supercooled liquids, 8.

INDEX

Surface activity, 47.
Surface area of particles, 9, 10,
14.
effect of, on rheology of
systems, 14.
measurement of, 15.
Surfactants
types, 47.
effect of addition of, on sur-
face tension, 51.
Surfaceinter-faces
gas-liquid, 49.
oil-water, 51.
other than liquid-solid, 47.
Surface tension of liquids, 22.
at oil-water interface, 47.
measurement of, 24, 25.
variation between bulk and
surface, 50.
Suspensions of solids, 38, et. seq.

T
Tartaric acid, 29.
Tautomerism in indicators, 87.
Termolecular reactions, 76.
Tetragonal crystals, 6.

‘Theory of indicators, 86.

Thixotropy, 69, et. seq.

Transitional state, 74.

Transition elements as pigment
producers, 9.

Trichromatic scale, 115.

Triclinic crystals, 6.

Turkey Red oil, 48.

U

Unimolecular reactions, 76.

v
Valency, precipitating effect in
colloids, 41.
residual in crystals, 38.
Van der Waals forces
as cause of thixotropy, 69.
in crystals, 4, 36.
in resins, 46.
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Vapour pressure, lowered by
solute, 19.
Viscosity
coefficient of, 21, 65.
cups, 22.
kinematic, 21.
Newtonian, 66.
of colloidal solutions, 42, 43.
of liquids, 20.
rate of sedimentation of pig-
ments, due to, 12.
units, 21.
Voids in suspensions, 71.

A%
Water
as a solvent, 36.
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dielectric constant of 33, 36.
ionisation of, 81, §9.

X
X-ray diffraction, 1.

Y
Yield value
absence of, in pseudo-plastic
systems, 69.
in disperse systems, 67.

Z
Zero-order reactions, 75.
Zinc as protection against cor-
rosion, 108, 109,
Zinc chromate as corrosion in-
hibitor, 109.








