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PART 17 
COLLOIDAL SOLUTIONS

I. DISPERSE SYSTEMS AND THEIR CLASSIFICATION

Disperse system is a system, in which particles of one substance are spread inside another substance.

That substance, which in a form of small particles is spread inside the another substance, is called the disperse phase, while the substance, which serves as the medium for the other one is is called dispersion medium.

According to the size of disperse phase  particles disperse systems are divided into:

1) real solutions or molecularly disperse systems. The size of disperse phase particles is smaller than 1nm (10-9 m) in real solutions. In real solutions the disperse phase can exist both in a form of separate molecules or in a form of ions;

2) colloidal solutions - The size of disperse phase particles in colloidal solutions is inside the interval 1-100 nm (10-9-10-7 m). Colloidal particles consist of tens of thousands to millions of molecules or ions of the compound, which forms the disperse phase and insoluble in the given dispersion medium;

3) roughly disperse systems. In roughly disperse systems the size of disperse phase particles exceeds 100 nm. Typical representatives of this group are smoke, emulsions and suspensions (see table 17.1.).

The classification of disperse systems, according to the aggregate states of both the disperse phase and dispersion medium is given in table 1. As one can see, both disperse phase and dispersion medium can be at all possible aggregate states.

According to the interaction between the disperse phase and the dispersion medium disperse systems are divided into lyophilic  and lyophobic.

Table 17.1. Classification of disperse systems according to the aggregate states of disperse phase and dispersion medium.

	Aggregate state of disperse phase
	Aggregate state of dispersion medium 
	Disperse system name
	symbol
	Examples

	Gas
	Gas
	Aerosols
	g/g
	Some special aerosols formed at high pressure 

	Liquid
	
	
	l/g
	Fog, clouds

	Solid
	
	
	s/g
	Smoke, dust

	Gas
	Liquid
	Lyosoles
	g/l
	Foam

	Liquid
	
	
	l/l
	Emulsions, milk

	Solid
	
	
	s/l
	Colloidal solutions, suspensions

	Gas
	Solid
	Solid soles
	g/s
	Foam concrete, bread, porous stones, cheese

	Liquid
	
	
	l/s
	Solid emulsions, pearls, tissues of living organisms

	Solid
	
	
	s/s
	Solid soles, alloys


In lyophilic colloidal systems there is a strong interaction between the disperse phase and dispersion medium - the particles of the disperse phase are strongly solvated. For this reason the lyophilic disperse systems are formed spontaneously (∆G < 0 for the process of their formation). Typical lyophilic disperse systems are solutions of high molecular compounds. Their solutions arise spontaneously - it is enough to contact a polymer with solvent and the solution will be formed itself.

In lyophobic  colloidal systems there is a very little (or no) interaction between the particles of disperse phase and the dispersion medium - therefore particles are not solvated.

For this reason the formation of lyophobic colloidal systems is not a spontaneous process (∆G > 0 for it). This means, that it is not enough to just contact the compound, that is supposed to serve as the disperse phase to the one, that is supposed to serve as dispersion medium.

It is necessary to apply special methods for preparing of the lyophobic disperse systems and presence of some stabilizing agents is required to prevent separation of disperse phase from the dispersion medium.

Typical lyophobic disperse systems are colloidal solutions (we shall call them lyophobic soles in the further text).

The disperse systems in which we have particular interest and that will be discussed more in detail below are the lyophobic soles and the solutions of high molecular compounds (HMC).

One has to note, that the size of particles in these two kinds of disperse systems is the same - from 1 to 100 nm (for lyophobic soles, because they consist from many molecules or ions, for solutions of HMC - because their molecules are in this size interval), but the behavior of systems is completely different.

II. FORMATION OF COLLOIDAL SOLUTIONS AS A RESULT OF ION SELECTIVE ADSORPTION

II.I. SELECTIVE ADSORPTION OF IONS

We are already acquainted with ion exchange adsorption. Selective adsor-ption is another kind of ion adsorption. It occurs on the surfaces of ionic crys-tals (insoluble salts). If a crystal of an insoluble salt is in contact with water, adsorption of ions from solution to the surface of crystal can take place, but this kind of adsorption is strongly determined by Panet - Fajans’s rule:

Only these ions, which are included in the structure of the insoluble salt crystal or those, that form insoluble compounds with the ions of opposite sign, included into the structure of crystal, can be adsorbed on the surface of an insoluble salt from solution.

This means, that, for instance on the surface of AgI cannot be adsorbed ions like Na+ or K+, because they are not included in the structure of AgI and they don’t make insoluble compounds with I- ions. As well, NO3- ions cannot be adsorbed to AgI surface, as they are not included in the structure of AgI and don’t make precipitate with Ag+ ions. Ag+ and I- ions can both be adsorbed to surface of AgI, as they both are included in the structure of AgI and Br- or Cl- ions can be adsorbed to this surface, because they form insoluble compounds AgBr and AgCl with Ag+ ions.

As well, on the surface of another insoluble salt BaSO4 cannot be adsorbed ions like Na+, K+ or Cl-, as they are not included in the structure and don’t form any precipitates with ions, included there, but there can be adsorbed Ba2+ and 

 ions, that are included in the structure of BaSO4, or  

 ions, that form an insoluble compound BaCO3 with Ba2+ ions.

If one has to the compare adsorption ability of different ions, which can be adsorbed on a salt crystal, according to Panet - Fajans’s rule, one has to take in to account the following factors:

1) the charge of ion, the greater it is, the better the ion is adsorbed. For instance, adsorption ability of four ions,given below, increases in the following sequence:

K+ < Ca2+ < Al3+ < Th4+
2) for ions, having equal charge, the adsorption ability decreases with the increase of their hydration.

As the ion hydration is determined by ion radius (bigger ions attract hydration water molecules less effectively, than smaller ones), the adsorption ability increases in the sequence:

Li+ < Na+ < K+ < Rb+ < Cs+ for univalent cations,

Mg2+ < Ca2+ < Sr2+ < Ba2+ for bivalent cations, etc.

II.2. FORMATION OF MICELLS AS A RESULT OF ION SELECTIVE ADSORPTION

Let us imagine, that we have carried out a reaction between AgNO3 and KI and AgNO3 has been taken in a little excess. Of course, a precipitate of insoluble AgI will be formed:

AgNO3 (excess) + KI => AgI + K+ + NO3- (+Ag+)

Ag+ ions are shown in brackets after the reaction equation to note, that, according to the excess of AgNO3 they are still present in the solution when the reaction is complete
The ions, remaining in solution after precipitation of AgI are:

K+ and NO3- (according to reaction equation)

and Ag+ - because AgNO3 was taken in excess.
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Fig.17.1. An AgI crystallite with an adsorbed layer of Ag+ ions.

According to Panet - Fajans’s rule, adsorption at the surface of AgI is allowed for only one sort of ions, present in solution - the Ag+ ions. In such a way, each crystallite of AgI adsorbs a layer of Ag+ ions on its surface, obtaining thus a positive charge and potential. Let us assign a name potential determining ions to the ions, adsorbed by means of selective adsorption (Ag+ ions in this example).

There are lots of such small crystallites of AgI in the precipitate and, as one can easily imagine, each of them has a positive charge after adsorption of Ag+ ions.. This means, that they are repelling each other. If the size of crystallites is small enough, the component of repelling forces, that is oriented vertically up can exceed the weight of crystallites. In such a case the precipitate will disappear - the crystallites will be spread in all the volume of liquid and a colloidal solution of AgI will be formed.

In fact, the formation of colloidal particles of AgI doesn’t stop at the point of just adsorption of potential determining ions. The charge of potential determining ions (positive charge of Ag+ ions in this case) attracts electrically the ions of opposite charge to the surface of crystallite.

As we can easily see, the only ions of opposite (negative) charge, that are present in solution, are NO3- ions. So NO3- ions will be attracted by the positive charge of crystallite’s surface.

The ions of opposite sign, that are attracted by the charge of potential determining ions, will be further called counter ions.

The total charge of counter ions (NO3- ions in our example) must be equal to the charge of potential determining ions. This means, that in our example, where both Ag+ and NO3- ions are univalent, the total number of NO3- ions must be equal to the number of Ag+ ions.

There are two forces, acting on the counter ions at the same time - first, they are attracted by the charge of potential determining ions and second, diffusion forces tend to spread them in all the volume of liquid phase.

For this reason the counter-ions are divided into two parts:

first part is electrostatically adsorbed (and, thus, strongly bound) to the potential-determining ions, thus forming the layer of bound counter ions,

the other part of counter ions is located in the solution near to the surface of adsorption layer and are called free counter ions.

A certain equilibrium exists between both layers of counter ions - the some of the bound counter ions leave the layer of bound counter ions, becoming involved into the thermal motion, and an equal number of the free counter ions are attracted to the potential determining ions and become bound at a unit of time .

Potential determining ions together with bound counter ions form the adsorption layer, while the free counter ions are located in the diffuse layer. The border between the adsorption and diffuse layers has a great importance - everything, that is inside this border, moves together with the particle, everything, that is outside it moves separately from the particle .

This means, that the adsorbed layer of potential determining ions and bound counter ions move together with the crystallite, but the free counter ions are following the particle as a tail of a comet, because the charge of particle attracts them.

If a colloidal particle happens to be subjected to electrical field, the particle will move to one electrode, but the free counter ions - to the other. In our example, if electrical field is switched on, the AgI crystallite together with the layer of Ag+ (potential determining) ions and the layer of bound NO3- ions (bound counter ions) will move towards the negative electrode (note, that this direction is unusual for the negative nitrate ions, but they are tightly bound to the surface and have to move together with all the particle.
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Fig.17.2. Cross-section of a colloidal particle 
a - in piece, b - in motion.

The free counter ions (in our example - the nitrate ions, that are in the diffuse layer) are not tightly bound to the particle and therefore in the electrical field they move in their usual direction - towards the positive electrode.

III. STRUCTURE OF A COLLOIDAL PARTICLE.

III.1. HOW TO WRITE FORMULA OF MICELL
In the previous chapter we got acquainted with the formation of colloidal particles as the result of ion selective adsorption. Now let us get acquainted with the names of different parts of the colloidal particle and the “formula” of it (see scheme below).
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Fig.17.3. Micell formula for AgI sole.

The crystallite of the insoluble compound, which is in the center of particle, is called aggregate, as it consists of many molecules of the insoluble compound.

The aggregate (crystallite) together with the layer of potential determining ions is called nucleus of colloidal particle. Nucleus together with the layer of bound counter ions (or, in other words, aggregate, together with adsorption layer) form granule.

Granule together with the diffuse layer of free counter ions form micell or colloidal particle.
Now let us follow the logics of writing this micell formula.The figure brackets include all, that is moving together in the solution. According to the terminology, this “all, that is moving together” is the granule.

The square brackets symbolize the borders of the crystallite of the insoluble compound (AgI in our example). The letter m before the formula of AgI shows, that there is not just one AgI molecule, but it is an aggregate, consisting of many AgI molecules.

After closing of square brackets come nAg+ ions. This symbolizes, that a certain number - n potential determining ions are adsorbed on the surface of an AgI crystallite.

If n univalent positive ions are adsorbed at the surface of crystallite, then same number of univalent negative ions (counter ions) have to compensate their charge. Thus, the total number of NO3- ions must also be equal to n.

These n counter ions are divided into 2 parts: the bound and the free counter ions. The number of the bound counter ions is written as (n-x), symbolizing, that the number of bound counter ions (n-x) is somewhat smaller, than the total number of counter ions n.
Now the charge of granule can be found as an algebraic sum of the charges of potential determining ions and bound counter ions, where the charge of potential determining ions is +n and the charge of bound counter ions is -(n-x) (as nitrate ions are negatively charged). So in this case the the charge of granule will be:

charge of granule = +n - (n-x) = n - n + x = +x

As the charge of granule is +x, x univalent negative ions are required to compensate it, therefore xNO3- ions are located in the diffuse layer close to the surface of granule.

Two important remarks:

1) The sign of the charge of granule is always the same, than the sign of potential determining ions (because there are more potential determining ions, than counter ions ion the adsorption layer and the charge of potential determining ions is not completely compensated).

2) The charge of granule is an important parameter for the life of the colloidal particle - if this charge is great enough, the particle would repel another particle strong enough at their collision in the solution and each one would go its own way; if the charge of granule is not great enough, the two particles would stick together at their collision, at following collisions more and more other particles would join them and finally the conglomerate would precipitate, ending the existence of colloidal solution.

III.2. MORE MICELL FORMULAS AT FORMATION OF COLLOIDAL PARTICLES IN ION EXCHANGE REACTIONS

Example 1.

Let us see, what kind of a colloidal solution will be obtained, if the same precipitation reaction of AgI is carried out in a different way. At the case of micell formation, just discussed, the precipitation was carried out at excess of AgNO3. Now let us see, how does the micell formula look like, if the precipitation of AgI is carried out at excess of KI:

AgNO3 + KI(excess) => AgI + K+ + NO3- (+I-)

If KI is taken in excess, then after the precipitation of AgI the following ions remain in the solution: K+ and NO3- - according to the reaction equation, and I- because KI was taken in excess (there can’t be any Ag+ ions ion solution, because, as KI is in excess, the precipitation will terminate, when the last Ag+ ion has precipitated).

According to Panet - Fajans’s rule only one of the three present ions - I- can be adsorbed at the surface of AgI crystals, as I- is included ion the structure of AgI. Looking for the possible counter ions, we have to look for the positive ones and the only positive ions present are K+ ions. Thus, K+ ions will be the counter ions in this case.

In the micell formula mAgI molecules will form the small crystallite, nI- ions will be adsorbed on its surface. K+ ions will be the counter ions, their total number also being n(n-x) of them will be strongly attracted to the surface of nucleus and will form the layer of bound counter ions. The charge of the granule will be:

charge of granule = -n + (n-x) = -n + n - x = -x

(note that the nI- ions are negative and the (n-x)K+ ions - positive).

Such a charge of granule has to be compensated by the positive charge of the remaining nK+ ions, therefore the formula of micell here looks like:

{[mAgI]nI-...(n-x)K+}x-...xK

Note, that this colloidal particle, is a particle of AgI as well as the one, discussed above. Nevertheless, these two AgI particles have a great difference - the first one was charged positively, while the last one is charged negatively.

It is not difficult to notice, that the charge of particles is determined by the choice of the compound, that is taken in excess during the precipitation - if AgNO3 is in excess, Ag+ ions become the potential determining ions and the particle is positively charged, if KI is in excess, I- ions become the potential determining ions and the particle is charged negatively.

Example 2.

Now let us see the formation of micells in another ion exchange reaction in which a precipitate should be formed - a reaction between ZnCl2 and Na2S:

a) if ZnCl2 is taken in excess:

ZnCl2(excess) + Na2S => ZnS + 2Na+ + 2Cl (+Zn2+ )

(Na+ and Cl- ions are present according to the reaction equation, Zn2+ ions - because of excess).

The nucleus of micell will be formed of the insoluble ZnS. The only ions, that can be adsorbed at the surface of ZnS ion this case are Zn2+ ions, therefore nZn2+ ions will be adsorbed and will play the role of the potential determining ions for this micell.

Now negative counter ions are required. The only negative ions present in solution are Cl- ions, so they will be the counter ions. Now let us make clear about the numbers in the formula of micell. The charge of n zinc ions is +2n, as each zinc ion has a charge +2. This means, that the total charge of counter ions must be -2n and, as each Cl- ion has a charge -1, the total number of Cl- ions will be 2n.

Only a part of these 2n chloride ions, some number (2n-x) of them will be strongly bound and located inside the adsorption layer, therefore the charge of granule will be:

charge of granule = +2n - (2n-x) = 2n - 2n + x = +x

and the corresponding formula of micell will look like:

{[mZnS]nZn2+...(2n-x)Cl-}x-...xCl-.

b) if Na2S is taken in excess:

ZnCl2 + Na2S (excess) => ZnS + 2Na+ + 2Cl- (+S2-)

Now only S2- ions can be adsorbed at the surface of ZnS. Thus, n of them will form the layer of the potential determining ions, having a total charge -2n. The counter ions will be Na+ ions, the total number of them being 2n. From these nNa+ ions (2n-x) will be strongly bound and will form the layer of bound counter ions.

The charge of granule will be:

charge of granule = -2n + (2n-x)= -2n +2n -x = -x

and therefore xNa+ ions will be located close to the surface of granule and compensate its charge.

Example 3.

If the sole is formed in a reaction between FeCl3 and KOH and:

a) FeCl3 is taken in excess.

FeCl3(excess)+ 3KOH => Fe(OH)3 + 3K+ + 3Cl- (+Fe3+)

According to the same principles of micell buildup, that are discussed above, here the potential determining ions are Fe3+ ions, counter ions are Cl- ions and the formula of micell is:

{[mFe(OH)3]nFe3+...(3n-x)Cl-}x-...xCl-
b) KOH is taken in excess.

FeCl3 + KOH(excess) => Fe(OH)3 +3K+ + 3Cl- (+OH-)

If KOH is taken in excess, the potential determining ions will be OH- ions, the counter ions will be K+ ions and the micell formula is:

{[mFe(OH)3]nOH-...(n-x)K+}x-...xK+.

IV. METHODS FOR PREPARING OF LYOPHOBOUS SOLES

Particle size of the disperse phase in lyophobic soles is between 1 and 100 nm, that is - between the particle size of molecularly disperse systems (where the particle size is particle size a < 1nm) and roughly disperse systems (particle size a > 100 nm). As one can imagine, two groups of methods for obtaining of lyophobic soles can exist:

methods of dispersion, in which the colloidal particles are obtained from the bigger particles of roughly disperse systems by grinding, milling etc.

methods of condensation, in which the colloidal particles are obtained from smaller ones - from molecules or ions of real solutions.

To obtain a stable disperse system, one has to follow certain rules:

1) the compound, that serves as the disperse phase has to be insoluble (or extremely weakly soluble) in the dispersion medium . 

If the disperse phase is well soluble, it will exist in the dispersion medium in a form of separate molecules or ions and a molecularly disperse real solution will be obtained;

2) a stabilizing agent has to be present to prevent the formation of bigger particles, otherwise the disperse phase will form large aggregates, that are heavy and precipitate out from the dispersion medium.

IV.1. DISPERSION METHODS FOR PREPARATION OF SOLES

a) mechanical dispersion methods.

Mechanical dispersion of the substance, that is going to serve as disperse phase can be carried out in special colloid mills, that are, for instance, two diamond discs, rotating fast in opposite directions.

The disperse phase together with a stabilizer and a little amount of dispersion medium is then placed between the discs. A greater amount of dispersion medium is added after milling.

b) dispersion by ultrasound. A powerful ultrasound of a frequency range 3-8105 Hz causes strong vibrations in the material of disperse phase, which result in a dissipation of the disperse phase into smaller particles.

c) dispersion by electrical arc. If the suggested disperse phase is a metal, it can be taken as an electrode material and electrical arc is created under water. The temperature of electrical arc is so high, that the metal evaporates and a colloidal solution of metal can be obtained.

IV.2 CONDENSATION METHODS FOR PREPARATION OF COLLOIDAL SOLUTIONS

Condensation methods can be divided into two subgroups - physical and chemical condensation methods.

IV.2.1. PHYSICAL CONDENSATION METHODS:

a) solvent change method. In this method the suggested disperse phase is first dissolved in a solvent, in which it is well soluble. After that the solution is poured into excess of another solvent, in which the disperse phase is not soluble. In such conditions the disperse phase must precipitate, but the formation of disperse phase particles starts at so many places, that the particles grow up only up to a size of colloidal particles and don’t precipitate.

For instance, sulfur is soluble in etanol, but not in water. If a solution of S in etanol is prepared and a small portion of this solution is poured into a huge amount of water, the particles of sulfur will grow only up to a size of colloidal particles and a sole of sulphur in water will be obtained.

b) method of vapor condensation. This method can be used, if both the disperse phase and the dispersion medium can be evaporated. Condensation of both vapors together leads to formation of colloidal solutions.

IV.2.2.CHEMICAL CONDENSATION METHODS.

This group of methods is based on chemical reactions, in which a precipitate of disperse phase should be formed, but a colloidal solution is formed instead of precipitate, because:

1) concentrations of reagents are so low (10-3 - 10-5 moles/l), that the size of formed particles is 1-100 nm,

2) ions, that can be adsorbed to the surface of particles and assign a charge to them are present (and this charge prevents sticking of particles together).

Now let us discuss the possible types of reactions, in which colloidal solutions can be formed.

1. Ion exchange reactions. In the ion exchange reactions, in which insoluble salts or hydroxides should be formed, it is possible to obtain colloidal solutions, if the concentrations of reagents are low enough and one of the initial compounds is taken in excess, so that the ions, having right to be adsorbed at surface of colloidal particle, are still present, when the reaction is complete.

This case is already described in chapter II of part I7, see examples and micell formulas there.

2. Oxidation reactions. Soles of some free elements (usually non-metals as S, Se, As) can be obtained, if compounds, in which these elements have negative oxidation numbers, are oxidized, for instance, a sulfur sole can be obtained, if sulfide ions S2- are oxidized:

3Na2S(excess) + K2Cr2O7 + 7H2SO4 => => S + Cr2(SO4)3 + K2SO4 + 3Na2SO4 + 7H2O

S2- ions, that remain after the reaction (as Na2S is taken in excess) are adsorbed on the surface of the solid sulfur particles, Na+ ions can be counter ions in this case and the formed colloidal solution has a micell formula:

{[mS]nS2-...(2n-x)Na+}x-.....xNa+
3. Reduction reactions. Soles of some other elements (usually metals, as Ag or Au) can be obtained by reduction of the compounds, in which they have positive oxidation numbers, for instance an Au sole can be obtained, if AuCl3 is reduced by formaldehyde at presence of potassium aurate KAuO2:

2AuCl + 3HCHO+ 3H2O => 2Au + 3HCOOH + 6HCl

At presence of KAuO2 aurate ions AuO2- can be adsorbed on the surface of Au particles, K+ ions can serve as counter ions and the micell formula of the obtained gold sole is:

{[mAu]nAuO2-...(n-x)K+}x-....xK+
4. Reactions of hydrolysis. Soles of some metal hydroxides can be obtained in the reactions of hydrolysis of their salts. For instance, sole of Fe(OH)3 can be obtained by hydrolysis of FeCl3. At room temperature hydrolysis of FeCl3 is just an equilibrium in the solution and doesn’t lead to hydroxide formation, but, as hydrolysis is stimulated by increase of temperature, boiling of FeCl3 solution leads to formation of hydroxide:

FeCl3 + 3H2O [image: image5.wmf]                   
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Part of the formed HCl evaporates, but a small remaining part of HCl reacts back with Fe(OH)3 at cooling down of the solution, forming FeO+ ions, which serve as the potential determining ions for colloidal particles of Fe(OH)3:

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

Cl- ions serve as counter ions and the micell formula of the obtained Fe(OH)3 sole becomes:

{[mFe(OH)3]nFeO+...(n-x)Cl-}x+...xCl-
In many cases soles can also be prepared by peptization of fresh highly disperse precipitates.

V. PURIFICATION OF COLLOIDAL SYSTEMS

Just - prepared soles may contain admixtures, by the most, ions of electrolytes, that, as it will be discussed further, decrease the stability of colloidal systems. For this reason soles have to be purified after their preparation.

To separate soles from molecules or ions of admixtures, three main methods dialysis, electrodialysis and ultrafiltration are used. In all these methods of purification one has to use membranes, that allow penetration of molecules or ions, but not of the colloidal particles.

At dialysis  the sole is separated from pure dispersion medium (water, if it is an aqua sole) by a membrane and the pure dispersion medium in the outer vessel is changed all the time.
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Fig.17.4. Schemes of dialysis (a) and electrodialysis (b)

Molecules or ions of electrolytes penetrate through the membrane into pure dispersion medium and are washed away. The process is slow - it can last for many days and lots of solvent are consumed. (Note, that prolongued dialysis can cause washing away of the stabilizing ions and result in a precipitate formation, therefore it cannot be carried out indefinitely).

At electrodialysis  (fig.17.4.b) the speed of process is increased by used of electric field: electrodes are immersed into the outer solvent and the electrical field is switched on. The ions of admixtures are electrically attracted and penetrate through membrane the much faster.

An important medical application of electrodialysis is the artificial kidney, that is actually an electrodialyser, which purifies blood from electrolytes. Efforts to make more suitable membranes and to reduce the size of the artificial kidney apparatus are still in progress.

Ultrafiltration is a method for purification of colloidal systems, in which the colloidal solution is placed above a membrane, that allows penetration of solvent and low molecular compounds or ions, but not the colloidal particles. High pressure is applied to push the solvent and admixtures through the membrane. Here a purification and concentration of colloidal solution occur at the same time, as a part of solvent also goes through the membrane.

VI. MOTION OF COLLOIDAL PARTICLES

Motion of colloidal particles occurs as Brown’s motion - a chaotic motion of colloidal particles in all possible directions. Browns motion cannot be explained as a thermal motion of colloidal particles themselves - masses of colloidal particles are too great.
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Fig.17.5.Brown’s motion of a single colloidal particle.
x - displacement of the particle at a unit of time.

Brown’s motion is a result of thermal motion of the molecules of dispersion medium - a great - sized colloidal particle collides with many molecules of dispersion medium at a unit of time . As the thermal motion of dispersion medium is chaotic, at a unit of time the number of molecules, “attacking” colloidal particle from different sides is different. Thus, a resulting force occurs, that gives to the colloidal particle an impulse for motion in one particular direction. At next moment of time the resulting force acts in another direction and the colloidal particle changes the direction.

If one has to judge about the displacement of colloidal particle along a given axis at a unit of time, one has to observe Brown’s motion at longer period of time and calculate the average displacement:


 EMBED "Equation" "Word Object3" \* mergeformat  


where:

xn are particular projections of displacements on the axis,

n is number of observations.

VII. DIFFUSION OF COLLOIDAL PARTICLES

Diffusion is a spontaneous mixing up of substances due to their thermal motion. As a result of diffusion, solute is spread evenly around all the volume of solution.

The rate of diffusion is affected by

a) concentration difference of solute at different parts of solution - the greater it is, the faster is diffusion process,

b) viscosity of solution - the greater it is, the slower is diffusion process,

c) temperature. Raise of temperature increases the rate of diffusion.

d) size of solute particles. Diffusion is faster for smaller particles.

Diffusion process in real solutions is fast, as the moving particles in real solutions are molecules or ions. In colloidal solutions, due to the great size of colloidal particles the diffusion is slow.

The rate of diffusion is quantitatively characterized by Fick’s 1-st law:

Mass of substance m, that diffundates through a cross-section area S at a time interval dt is proportional to the gradient of concentration dC/dx:
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 , where
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 is diffusion rate,
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 is concentration gradient,

D is diffusion coefficient.

S is the area of the cross-section surface.

Minus sign in the equation shows, that at an increase of x the value of c is decreasing, i.e,. that the process occurs at the direction of concentration decrease.

Diffusion coefficient D for spherical particles can be found as:
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, where:

D is diffusion coefficient in m2/s,

R is universal gas constant,

T is temperature in Kelvins,

NA is Avogadro’s number,

is viscosity of the medium,

r is the radius of disperse phase particles.

Brown’s motion and diffusion are related to each other and the average displacement x at Brown’s motion can be found from Einstein-Smoluchowsky’s equation:
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(t - time interval) or, inserting the meaning of D from the previous equation, one gets:
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Diffusion processes have a great importance in the life of living organisms. Transfer of nutrition compounds and products of metabolism are both carried out by means of diffusion and the rate of diffusion processes limits the total rate of metabolism processes, as it is smaller, than the rate of biochemical reactions.
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