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VIII.STABILITY OF COLLOIDAL SOLUTIONS

There are two kinds of stability of colloidal solutions:

1) kinetic stability, which is the stability against sedimentation of colloidal particles. By the term sedimentation we understand settling down of the colloidal particles as a result of their great mass and the attraction force of the Earth.

2) aggregative stability, which is the stability of colloidal solutions against joining of colloidal particles into greater aggregates. One must note, that the growth of crystals is a natural process and if no stabilizing factors are present, every collision of colloidal particles leads to their aggregation into bigger and bigger particles, that will finally result in precipitation of disperse phase out from the colloidal solution.

In such a way both kinds of stability are partly related to each other - if aggregative stability is lost and the size of particles starts to increase, soon the kinetic stability is also lost and the particles start to sedimentate.

As well, if the sole is aggregatively stable (the size of particles doesn’t increase), it can already be kinetically instable, because the particles can already have great enough size to sedimentate. Both kinds of stability have different stabilizing factors. For these reasons both kinds of stability will be discussed separately.

VIII.1. KINETIC STABILITY OF COLLOIDAL SYSTEMS.

VIII.1.1. CONDITION FOR KINETIC STABILITY.

Colloidal solutions, in which the particles don’t sedimentation under the action of attraction force of the Earth, but remain spread around all the volume of colloidal solution, are considered to be kinetically stable. In contrary, if most of the particles sedimentation onto the bottom of the vessel at as short time interval, the colloidal solution is considered to be kinetically instable.

In fact, the kinetic stability or instability is a result of the balance between the Brown’s motion and the Earth attraction force. If the component of force, that drives the particle vertically up in Brown’s motion, is greater or equal to the Earth attraction force, that acts on the given particle, then the particle does not sedimentation and the colloidal solution is kinetically stable.

This can be true, if the size of the colloidal particle is a < 1000 nm - Brown’s motion is intensive enough in such systems.

In such a way, the kinetic stability is directly related to the size (weight, to be more precise) of the colloidal particles- the smaller it is, the more kinetically stable is the system.

VIII.1.2. SEDIMENTATION EQUILIBRIUM AND ITS PRACTICAL USE

Discussing real solutions, we have got used to the idea, that the concentration of solute in a solution is the same at any part of solution.

This is not the case in the colloidal solutions: as the mass of colloidal particles is much greater, than the one of molecules or ions, that are present in real solutions, the concentration of colloidal particles is different at different heights, see fig.17.6. The distribution of the concentration of colloidal particles according to the height (the distance from bottom of the vessel)is described by Laplace-Perreign’s equation:
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, where:

C1 and C2 are the concentrations of particles at heights h1 and h2, 

M is the mass of particle (micelle), 

 is density of disperse phase, 

o is density of dispersion medium.

This equation describes the distribution of particles at different heights for a mono disperse system (a colloidal system, in which all the particles have equal size). For poly disperse systems one has to use much more complicated mathematical apparatus to describe the situation.

Using the last equation one has to notice that the distribution of colloidal particles is opposite in the two possible cases:

1) if the density of disperse phase is greater, than the one of dispersion medium ( - o > 0), then, due to the great mass of colloidal particles, the concentration of colloidal particles is greater at low heights (closer to the bottom of vessel) and decreases with the increase of height;

2) if the density of disperse phase is smaller than the one of dispersion medium ( - o < 0), the particles emerge (come to the surface) and their concentration is the greatest close to the surface and decrease with the decrease of height.

In most cases the disperse phase is denser, than the dispersion medium and the concentration of particles is consequently higher at low heights.

As one can notice, an important factor in this distribution is the gravitation force of, characterized by g in the equation. One can change the value of gravitation force, using a centrifuge. Already in the year 1923 Swedish chemist T.Svedberg constructed a so-called ultra centrifuge, that allows increasing the gravitation force millions of times. It is possible to carry out fractioning of proteins by means of ultracentrifugation - at low rotation frequencies the proteins with the greatest molecular masses precipitate, increase of rotation speed causes precipitation of more lighter fractions etc.

It is also possible to determine the molar masses of proteins (or micellar masses of colloidal particles by means of ultracentrifugation. This procedure includes photographing of the sedimentation (precipitation) picture at different stages of sedimentation process.

VIII.2. AGGREGATIVE STABILITY OF COLLOIDAL SYSTEMS

As it was already said before, aggregative stability is the stability against increase of size of colloidal particles. At a collision of two colloidal particles, the most essential process should be their joining into a bigger particle and staying together (note, that both particles are small crystallites of the same insoluble compound and that crystal growth is a spontaneous process).

As we saw from the chapter I of Part 17 (see fig.17.1), all the colloidal particles in the same solution have adsorbed a layer of the same potential determining ions and therefore have the same sign of electrical charge. This causes repelling forces between the two colliding particles and the colloidal solution is aggregative stable (the particles don’t stick together) while the repelling forces are great enough.

VIII.3. POTENTIALS AT THE SURFACE OF COLLOIDAL PARTICLES

To understand the two electrical potentials, that arise at the colloidal particle, one has to draw a cross-section figure of the colloidal particle so, that one edge of the crystallite (aggregate) is shown, see fig.17.7. Let us choose a positive AgI sole with its micelle formula

{[mAgI]nAg+...(n-x)NO3-}x+...xNO3-
The first ion layer at the surface of aggregate [mAgI] is the layer of potential determining (Ag+) ions, shown by “+” in fig.17.7. These ions assign a potential t the aggregate, that is further called thermodynamic () potential to the nucleus of the colloidal particle.

As the value of this potential must be proportional to the number of potential determining ions, let us draw its value proportional to height of the "column" of potential determining ions.

The bound counter-ions compensate part of potential, therefore at the edge of adsorption layer the potential has a smaller value and the potential curve is linearly falling inside the adsorption layer.

The potential observed at the surface of adsorption layer is called 
electro kinetic potential and symbol (‑letter dzeta  of Greek alphabet) is used for it. Electro kinetic potential is the most important characteristic for aggregative stability of soles.
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Fig.17.7. Formation of thermodynamic () and electro kinetic () potentials at the surface of colloidal particle

As it is the potential at the surface of adsorption layer (the gliding interface of the particle), another particle, that comes closer to the given one, feels the repelling force, which is proportional to the value of ‑potential.

Knowing the value of ‑potential one can judge about the aggregative stability or instability of the colloidal solution.

Each sole has a critical value of ‑potential. If the value of ‑potential becomes smaller than critical for some reason, the repelling forces between particles become too small to prevent their sticking together. For most soles the critical value of ‑potential is around 30 mV, under which the aggregative stability is lost.

Electro kinetic potential is always a part of the thermodynamic potential. To get an idea about the relative values of electro kinetic and thermodynamic potentials, one can act as follows. When drawing a cross-section picture of the colloidal particle, one has to place all the bound counter-ions at the upper part of the drawing (see fig.17.7) in such a way, that each counter ion is positioned in front of a potential determining ion.

Now, if the potential determining ions and the counter-ions have equal absolute values of charge (both are univalent, for instance), one can cross out all the bound counter-ions and an equal number of the potential determining ions, because they compensate each other’s charge.

The value of electro kinetic potential would be proportional to the height of column, formed by the remaining potential determining ions.

IX. COAGULATION OF LYOPHOBIC SOLES

Coagulation is the separation of disperse phase from dispersion medium (usually precipitation of disperse phase) as a result of sticking of particles together.

Coagulation begins with a loss of aggregative stability. As the particles start to stick together, their mass increases and finally the kinetic stability is lost, too - when particles become so heavy, that Brown’s motion is not any more able to spread them around all the volume of system, they start precipitating. This means, that, to cause coagulation, it is necessary to cancel the factors that assign aggregative stability to the sole.

This can be done in different ways, but all of them lead to a decrease of ‑potential below its critical value:

1) raise of temperature intensifies the thermal motion of ions and, when the particle looses the layer of adsorbed potential determining ions, there is no more repelling force, acting against sticking of particles together, 

2) action of ultrasound causes intensive vibration motion of the adsorbed layers of ions and they leave the surface of particle, giving the same result, 

3) sometimes it is enough to rapidly change pH of solution to cause coagulation, 

4) addition of electrolytes to the sole decrease the value of ‑potential and, when it is below the critical value, coagulation begins.

The last case is the most commonly used for coagulation of soles and we shall discuss it more in detail.

IX.1 EFFECT OF ELECTROLYTES ON ‑POTENTIAL

When an electrolyte is added to a sole, electro kinetic potential of colloidal particles grows smaller, see fig.17.8.The electro kinetic potential of sole before the addition of electrolyte can be seen at fig.17.8.a. When an electrolyte is added, the concentration of both positive and negative ions in the solution increase.
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Fig.17.8. Electro kinetic potential of sole particles 
a - before, b - after addition of electrolyte solution increase.

As a result of it, penetration of more ions into adsorption layer is likely to occur. In the sole, shown in fig.17.8, the potential determining ions are charged positively, but the counter ions - negatively. In such a situation no positive ions can penetrate into the adsorption layer - they are repelled by the positive charge of potential determining ions. Negatively charged ions, on their turn, are attracted by this positive charge and therefore they penetrate into adsorption layer.

When entering the adsorption layer, the negative ions compensate the charge of potential determining ions. Thus, a greater part of the charge of potential determining ions becomes compensated already inside the adsorption layer and the smaller becomes electro kinetic potential (as it is the potential at the frontier between adsorption layer and diffuse layer).

This all means, that the greater is concentration of electrolyte, the smaller becomes the value of ‑potential.

IX.2. COAGULATION BY IONS OF DIFFERENT CHARGE VALUES SHULTZE-HARDY’S LAW

From the previous chapter it should be clear, that coagulation is caused by that ion of the added electrolyte, which charged oppositely to the potential determining ions of the colloidal particle - the ion of opposite charge is the one that penetrates into the adsorption layer and causes a decrease of ‑potential of the particle.

The ability of a given ion to cause coagulation of a given sole is characterized quantitatively by its coagulating ability Vcoag, which is found as:
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        litres/equivalent,     where

Vcoag is the coagulating ability of the ion, 

n is number of equivalents of electrolyte, 

V is volume of sole, in which this amount of electrolyte has caused visible coagulation.

thus the coagulating ability of the ion can be defined as the volume of sole (in liters), that can be coagulated by 1 equivalent of the electrolyte.

Another characteristic - the so-called coagulation threshold Ccoag can also be used. 

Coagulation threshold is the minimal number of equivalents of electrolyte, that has to be added to 1 liter of sole to cause a visible coagulation:

Ccoag = n/V, where
n is the number of equivalents of electrolyte and

V is the volume of sole.

It is not difficult to notice, that Ccoag = 1/Vcoag
If one compares the coagulating ability Vcoag of ions having different charge values (univalent, bivalent, trivalent, tetravalent), one can see, that, the greater is the charge of ion, the more effectively it causes coagulation. This can be easily understood, if we repeat the discussion, given in previous chapter, but imagine a bivalent negative ion instead of univalent one. Bivalent ion penetrates into the adsorption layer even more easily, than an univalent one, as it is more attracted by the opposite charge of potential determining ions. Once it has penetrated, it will compensate the charge of two potential determining ions, causing a greater decrease of ‑potential. So, if an electrolyte, having bivalent negative ions will be applied for causing of coagulation in this sole, its coagulating ability will be much greater, than of an electrolyte, containing univalent negative ions.

Now we can formulate Shultze-Hardy’s law:

Coagulation of sole is caused by that ion of electrolyte, the charge of which is opposite to the charge of colloidal particles and the coagulating ability of the ion, which causes coagulation, increases with the increase of its charge.

It was shown quantitatively, that the coagulating abilities of ions are proportional to their charges, taken into 6th power, therefore for ions of different charge values the coagulating abilities relate as:

Vcoag(I) : Vcoag(II) : Vcoag(III) = 1 : 60 : 700

If coagulation abilities of ions, having equal charge, have to be compared, one has to check the hydration of ions : the less hydrated is ion, the greater is its coagulating ability, but, as the hydration of ion decreases with the increase of its size, one can say, that the greater is the size of ion, the greater is its coagulating ability.

For this reason the so-called lyotropous lines of ions, which express the coagulating abilities of ions having equal charge look as follows:

Rb+ > K+ > Na+ or Ba2+ > Sr2+ > Ca2+
One has to be careful, if coagulation of soles is caused by tri- or tetravalent ions. In these cases coagulation begins, but at some stage of adding electrolyte the polyvalent ions can assign a charge of opposite sign to the colloidal particles and the sole can become stable again, but, if the addition of electrolyte is still continued, the sole finally coagulates.

Coagulation of soles can be caused also by adding of another sole, which has an opposite sign of particle charge. This case is called mutual coagulation of soles and here the colloidal particles of both soles cause coagulation of each other.

IX.3. PROTECTION OF SOLES AGAINST COAGULATION

The stability of soles can be increased by addition of little amounts of high molecular compounds, that are soluble in the given dispersion medium. Molecules of high molecular compounds are then adsorbed to the surfaces of colloidal particles, forming a mechanical barrier, which diminishes the possibility for each two particles to stick together. In such away presence of high molecular compounds in protects soles against coagulation.

This phenomenon is used for protection of soles, that are used in medicine. The medicines, that are introduced into organism in the form of soles, have to be protected against coagulation because of a very simple reason: as soon as they come into contact with the biological liquids, that all contain electrolytes, coagulation could start, causing loss of the medical efficiency of the sole. For instance, protargole, which is a colloidal solution of silver and is used as eye or nose drops, is a protein - protected and electrolytes of organism cannot cause its coagulation.

IX.4. PEPTIZATION

Transfer of precipitate into a sole is called peptization. The precipitate in this case can be formed either by a normal reaction, in which an insoluble compound is obtained, or at a coagulation of an existing sole.

In both cases peptization (obtaining a sole from precipitate) is possible, while the precipitate is fresh and intermolecular forces only act between the individual particles of precipitate. If the precipitate is allowed to stand long after precipitation, real chemical bonds between particles are formed and it is not any more possible to obtain sole by peptization.

In the case, if precipitate is formed in coagulation of a sole, it is even possible to realize the conversion of sole into precipitate and back several times:

Sole  

  Precipitate, 

but one has to take into account, that the particle size in the sole will become more and more greater at each coagulation-peptization cycle.

Sometimes peptization occurs at washing of precipitate after coagulation - the precipitate is transferred back into sole, when the ions, that had caused coagulation, are washed away.

When soles are obtained from just-prepared precipitates of insoluble compounds, two possibilities of peptization can be used: adsorption peptization and chemical peptization.

ADSORPTION PEPTIZATION

At adsorption peptization a special peptizator is applied. The peptizator is usually an electrolyte, which contains ions, that can be adsorbed at the surface of precipitate. For example, if we have a precipitate of ZnS, we can peptizate it by pouring upon it a solution, that contains Zn2+ ions, for instance, a solution of ZnCl2. In such a case Zn2+ ions are adsorbed at the surface of ZnS precipitate and serve as the potential determining ions, Cl- ions serve as counter ions and the micelle formula of the obtained sole becomes:

{[mZnS]nZn2+...(2n-x)Cl-}x+...xCl-
As well, another peptizator, containing S2+ ions, can be applied. If a (NH4)2S solution is used, the micelle formula becomes:

{[mZnS]nS2-...(2n-x)NH4+}x-...xNH4+
Peptization of Fe(OH)3 precipitate by FeCl3 leads to formation of a sole, having the following micelle formula:

{[mFe(OH)3]nFe3+...(3n-x)Cl-}x+...xCl-
CHEMICAL PEPTIZATION

At chemical peptization the applied solution itself doesn’t contain ions, that could be adsorbed at surface of precipitate, but it reacts with the precipitate, forming such ions.

For example, if chemical peptization of Fe(OH)3 is carried out by means of HCl solution (it must contain a very little amount of HCl, otherwise all the precipitate will be dissolved), a small part of the iron hydroxide reacts with HCl:

Fe(OH)3 + HCl => FeOCl + 2H2O

The formed FeOCl dissociates as follows:

FeOCl 

 FeO+ + Cl-
and the formed FeO+ ions are the ones, that can be adsorbed at the surface of the remaining Fe(OH)3 precipitate, chloride ions act as counter ions and micelle formula becomes:

{[mFe(OH)3]nFeO+...(n-x)Cl-}x+...xCl-
X. ELECTROKINETIC PHENOMENA IN SOLES

One can see four different electro kinetic phenomena in soles, two of them being “direct” and the other two are reverse to the first two ones. All these phenomena are related to the motion of colloidal particles and to electric field:

1) electrophoresis is the motion of colloidal particles (of the disperse phase) under action of electric field;

2) arise of sedimentation potential (called also Dorn’s potential) is a the reverse phenomenon to electrophoresis - here electric field arises as a result of the motion of colloidal particles;

3) electro osmosis is the motion of dispersion medium through an immobile disperse phase under action of electric field;

4) arise of flow potential  (called also Kuincke’s potential) is the reverse phenomenon to electro osmosis - here the electric field arises as a result of the motion of dispersion medium through an immobile disperse phase.

X.1. ELECTROPHORESIS

Observation of electrophoresis is carried out in devices, similar to the one, shown in fig.17.9. The sole is poured into the lower part of an 
U-shaped tube (below the taps). Above the taps is placed an auxiliary solution, having approximately equal electric conductivity to the sole.
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Fig.17.9.Device for observation of electrophoresis.

Then the taps are opened and electric field is switched on. If the sole is colored, it is easy to observe the motion of the frontier between the colored sole and the colorless auxiliary solution.

As the colloidal particles are charged, they move towards the electrode of opposite sign. For instance, if the sole particles have a positive charge, they move towards the negative electrode and the colored frontier between the sole and the auxiliary solution will move up at the side of the negative electrode. Consequently, at the other side of device this frontier will move down (away from electrode).

The observation of electrophoresis allows to determine the sign of charge of the colloidal particles - if the frontier sole/auxiliary solution moves towards the positive electrode, then sole particles are charged negatively and vice versa. It is also possible to calculate the value of electro kinetic potential of colloidal particles from data of electrophoresis, using Helmholtz - Smoluchowsky’s  equation:
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, where:

 - viscosity of solution, Pas, 

l - distance between the electrodes, m

 - dielectric permeability of the dispersion medium, F/m, 

E - voltage, applied to electrodes, V

Electrophoresis can be also realized on paper or in a gel.

X.1.1. MEDICAL APPLICATIONS OF ELECTROPHORESIS

 IONOPHORESIS

Ionophoresis is an application of electrophoresis for infusion of necessary ions into organism. It allows a fast local infusion of medicals into the appropriate part of organism.

Electrodes are placed on the skin of patient and the solution, containing the necessary cations is placed under the negative electrode while the solution, containing the necessary anions - under the positive electrode. At switching the electric field on electro osmosis (see further) of the solvent (water or dimethylsulfoxide (CH3)2SO, if the medicals are insoluble in water) into the pores of skin begins and the ions move together with the solvent.

Cations, that can be infused in such a way, are Ca2+, Zn2+, alkaloids, adrenalin, novacaine etc., anions - I-, salycilate etc.

 ELECTROPHORESIS OF BLOOD SERUM.

Electrophoresis of blood serum can be carried out on paper or in a gel. A gel of starch, agarose, cellulose acetate etc. is positioned a glass basement, a sample of blood serum is placed on it and electrodes are placed at the ends of the gel. When the electric field is switched on, proteins of blood serum start moving towards the electrodes. The sign of their charge determines, to which of the electrodes the given protein will move, but the distance, that a given protein covers, depends on its molar mass - the smaller it is, the greater distance would be covered by the protein. a typical picture after the electro phoresis of blood serum is shown in fig 17.10, a.

Albumins, having the smallest molar mass, have covered the greatest distance towards anode, 1, 2 and  globulins follow them. ‑globulins have moved towards cathode.

If the gel after electrophoresis is scanned by an optical detector, the electrophoreto gram of blood serum (see fig.17.10,b) is obtained. Peak heights at the electrophoreto gram correspond to the amount of the given kind of proteins in blood serum.

The electrophoreto gram of blood serum is similar to all the humans. At the same time, the intensity of peaks can be changed at different diseases. For instance, 

the height of albumin peak is decreased in insufficiency of proteins, in inflammations, liver cirrhosis, 

the height of 2 globulin peak is increased in urgent infections, urgent neuroses, rheumatism, carcinoma, 

an increased height of  globulin peak is observed in hepatitis and neuroses, 

an increased height of  globulin peak is observed in chronic inflammations, liver cirrhosis etc.
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Fig.17.10.a - picture after electrophoresis of blood serum,
b – electrophoreto gram of blood serum.

Electrophoresis of blood serum can be carried out at different pH of solution and wide information about the patient can be obtained.

A modified method of electrophoresis, called immune electrophoresis is developed for studies of antibodies - specific proteins, that are responsible for immunity of organism against a given disease and antigens - proteins of non-human origin, which cause diseases.

At this case the electrophoresis of antigen mixture is also carried out in gel, but a solution of antibodies is placed in a “ditch”, made in the gel parallel to the direction of electrophoresis. When electrophoresis is complete, a diffusion of antigens towards the “ditch” filled with antibodies and a diffusion of antibodies towards the positions of antigens begins. Antibodies and antigens form insoluble complexes with each other, therefore precipitation lines arise in the gel.

The precipitation lines are studied by different methods - optical, luminescent or by use of radioactive isotopes to identify the antigens and to find out their quantity.

X.2. ELECTROOSMOSIS

Electro osmosis is the motion of dispersion medium in the electric field.
It occurs in these disperse systems, in which the disperse phase is immobile, for instance, if the disperse phase is a porous solid, having many capillaries.

Electro osmosis can be observed in devices, similar to the one, shown in fig.17.11.
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Fig.17.11. Device for electro osmosis: 
1 - SiO2 powder, 2 - electrodes

Let us imagine, that the disperse phase consists of SiO2 powder. There will be lots of capillaries between the particles of SiO2. One such capillary is shown in fig.17.12.
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Fig.17.12. Cross-section of a capillary between SiO2  particles.

The outer layer of SiO2 reacts with water and forms H2SiO3, which dissociates into 

 and H+ ions. 

 ions are bound to the surface of SiO2 particles and therefore they act as the potential determining ions, thus assigning a negative charge to the disperse phase.

H+ ions act as the counter ions. Part of them are situated inside the adsorption layer as the bound counter ions, but other the part remain in water (the dispersion medium), assigning a positive charge to it. When the electric field is switched on, the free H+ ions start moving towards the negative electrode, but, as the size of the capillary is very small, their motion pushes water molecules out of capillary. As a result of this, water level in the zone of the negative electrode starts moving up - a phenomenon, looking very much alike to osmosis is observed.

In biological objects electro osmosis is observed, too, as the tissues are a porous immobile disperse phase and for this reason, when the procedures of electrotherapy are carried out, “swelling” of tissues as a result of the electro osmotic motion of water towards cathode (negative electrode) is observed.

X.3.SEDIMENTATION POTENTIAL

If the motion of colloidal particles in electric field is possible, the reverse effect - formation of electric field as a result of particle motion, must be possible, too.

Such an effect, called Dorn’s effect or formation of sedimentation potential, can be observed during sedimentation of colloidal particles. A simple device for observation of Dorn’s effect is shown in fig.12. As we know, in colloidal solutions at equilibrium state the concentration of colloidal particles is greater in the lower part of solution and smaller in the upper part of it (see chapter.VII.1.2). If the colloidal solution is shaken, the particles are spread evenly around all the volume of it and, as soon as shaking is stopped, they start to sediment to reach equilibrium state again. The counter ions, having opposite charge to the colloidal particles, have to follow them, but they are delayed in time. For this reason, during these sedimentation process the lower part of sole obtains a charge, the sign of which is the same than the one of colloidal particles, but the upper part of sole obtains the same sign of charge than the one of counter ions. If two electrodes are placed in the sole as shown in fig.13. and attached to a meter, the meter will show a potential difference between them (the sedimentation potential). At the moment, when sedimentation equilibrium is reached, the meter will show 0 again.
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Fig.17.13. A device for observation of sedimentation potential (Dorn’s effect).

X.4. FLOW POTENTIAL

Formation of flow potential (called also Quincke’s effect) is the reverse phenomenon of electro osmosis. At electro osmosis a flow of dispersion medium through a porous disperse phase begins, when electric field is switched on. If this is possible, then formation of a potential difference as a result of dispersion medium flow through an immobile porous disperse phase must be possible, too.

Formation of flow potential is observed in the device, shown in fig.17.14.a. in which dispersion medium is pumped through capillaries of a porous disperse phase. Free counter ions are present in the liquid, that fills the pores of disperse phase (see discussion in chapter IX.2. and fig.17.12.) and the flow of dispersion medium carries these free counter ions forward, thus forming an excess of these ions at that side of the device, to which the flow of dispersion medium is moving. This forms a disbalance of charge, which, on its turn, causes a potential difference between the two sides of the device.

For instance, if the counter-ions are charged positively, and the dispersion medium flows from the left to the right, the right side of the device becomes positively charged against the left side of the device, see fig.17.14.b.
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Fig.17.14. a -A device for observation of flow potential.


       b - formation of positive charge excess at the right 

             side of a capillary between two SiO2 particles at
low of water from left to right

XI. OPTICAL PROPERTIES OF COLLOIDAL SOLUTIONS

XI.1. FARADAY - TYNDALL’S EFFECT

If a sole is enlightened from one side and observed in a direction, perpendicular to the initial light beam, it looks muddy and a light cone is seen in the sole, see fig.17.15. This effect is called Faraday - Tyndall’s effect.

Such a light cone is observed in all colloidal solutions, but it is not observed in real solutions. The reason for Tyndall’s effect is scattering of light photons by colloidal particles because of the great size of the latter.

Light scattering is observed in these disperse systems, in which the size of disperse phase particles is commensurable to half of the wavelength of light (see fig.17.16). In roughly disperse systems, where the particle size is much greater, than the wavelength of light (a >> ), a reflection of light photons from the surface of particles takes place. In colloidal solutions, where the particle size is commensurable to a half of light wavelength a ~ /2 , as scattering (change of photon’s direction after its collision with a particle) takes place. In real solutions, where a << , the light photon “doesn’t notice” the particles of disperse phase and its motion is not distorted at all.
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Fig.17.15. Faraday-Tyndall’s effect.
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Fig.17.16.Optical phenomena in different disperse systems:
a - reflection by particles of roughly disperse systems,
b - scattering by particles of colloidal systems, c - no effect in real solutions

XI.2. OPALESCENCE

The phenomenon, that the color of colloidal solutions changes with a change of observation angle is called opalescence.
At enlightening of a colorless colloidal solution by white light (note, that white light contains all the possible wavelengths of visible radiation), it looks bluish when observed in a direction, perpendicular to the direction of enlightening, but reddish, if it is observed, looking at the light source through it, see fig.17.17.

No color changes are observed at enlightening of colloidal solution by a monochromatic radiation.

This can be understood from Releigh’s equation, which describes the intensity of scattered radiation:
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Fig.17.17.Directions of light photons of different color at enlightening 
of a colloidal solution by white light.
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, where:

I and Io - intensities of scattered and falling radiation, 

K - a value, which is related to refraction coefficients of disperse phase and dispersion medium, 

c - number of colloidal particles in a volume unit of colloidal solution, 

v - volume of colloidal particle, 

 - wavelength of radiation.

From Releigh’s equation one can see, that the intensity of scattered radiation decreases quickly at increase of radiation wavelength (as it is reversely proportional to 4). Blue waves of visible radiation have the smallest wavelength (around 400 nm), therefore they are better scattered and this is the reason, why a sole looks bluish in scattered light. Red waves have the greatest wavelength ( > 600 nm) from the visible ones, therefore they are practically not scattered and the sole looks reddish in passed through radiation.

It also follows from Releigh’s equation, that measurements of scattered light intensity allow to determine the size of particles, if their concentration is known and vice versa.

XI.3.ULTRAMICROSCOPY

As the size of colloidal particles is very small, they cannot be seen in an ordinary microscope (note, that in an ordinary microscope the particles are observed in radiation, passing through the sample solution, see fig. 17.18.a). The difference between ultramicroscope and ordinary microscope is, that in ultramicroscope the particles are observed at side - enlightening, therefore the initial radiation doesn’t reach the objective of microscope, see fig.17.18, b. Thus, at observation in ultramicroscope the background looks dark, but the particles are seen as shining points.
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Fig.17.18. The way of light beams in a - normal microscope, b - ultramicroscope.

 Actually, it is the light, scattered by the particles and not the particles themselves, that is seen in the ultramicroscope and the particles here act as secondary light sources. In such a way, use of side-enlightening allows to observe particles in a microscope, the enlargement of which doesn’t allow to see the particles in a normal way. Ultra microscopy can be used for determination of particle concentration (just by counting them at a given volume) or for determination of particle size - if the total mass of disperse phase is known, one can find particle concentration by ultra microscopy and then calculate the mass of one particle.
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