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- Colloidal dispersions.۩ 

-------------------------------------    

♥-Introduction 

……………….   

It is important that the pharmacist understand the theory and 

technology of the dispersed systems. Knowledge  of interfacial 

phenomena  and a familiarity with the characteristics of colloids 

and small particles are fundamental to an understanding of the 

behavior of the pharmaceutical dispersions. 

Colloids- Greek: glue like , colloidal-Macromolecule. 

♯-Types of colloids. 

----------------------------      

Example Dispersion  
medium 

Dispersed 
substance 

Colloid type 

Fog 
Smoke 
Whipped cream 
Milk 
Paint, cell fluid 
Opal 
Butter 
marshmallow 

Gas 
Gas 
Liquid 
Liquid 
Liquid 
Solid 
Solid 
solid 

Liquid 
Solid 
Gas 
Liquid 
Solid 
Solid 
Liquid 
Gas 

Aerosol 
 
Foam 
Emulsion 
Sol 
Solid sol 
Solid Emulsion 
Solid foam 

  

                                             ◙-Size and shape of colloidal particles. 

  ………………………………………………. 
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Particles in the colloidal size range possess a surface area that is 

enormous compared with surface area of  an equal volume of 

large particles. Thus a cube having a 1-cm edge and a volume of 

.If the same cube is 3has a total surface area of 6cm 31cm

subdivided in to smaller cubes each having an edge of 100 μm, the 

total volume remains the same , but the total surface area increase 

.fold increase in surface area-5.this represents a 103To 600,000cm 

Because of their  Size, colloidal particles can be separated from a 

moleculear particles with relative ease. 

The technique of the separation ,known as dialysis, uses a 

semipermeable membrane of colloid ion or cellophane ,the pore 

size of which will prevent the passage of colloidal particles, yet 

permit small molecules and ions ,such as urea, glucose , and 

sodium chloride, to pass through. The principle is illustrated in fig.1 

Which shows , that, at equilibrium, the colloidal material is retained 

in compartment A, whereas the sub colloidal material is distributed 

equally on both sides of membrane. 

 

Fig.1 Sketch showing the removal of electrolytes from colloidal 

material by diffusion through a semipermeable membrane. 
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By continually removing the  liquid in compartment B ,it is possible 

to obtain colloidal material in A that is free from sub colloidal 

contaminants. Dialysis can also be used to obtain sub colloidal 

material that is free from colloidal contamination , in this case,one 

simply collects the effluent.  

ᴕ. Ultrafiltration has also been used to separate and purify colloidal 

      material. 

ᴕ. Dialysis  has been used increasingly in recent years to study the 

binding of materials of  pharmaceutical significance to colloidal 

particles. Dialysis  occurs in vivo. Thus  ,ions and small molecules pass  

readily from blood , through  a natural semipermeable membrane to the 

tissue fluids, the colloidal components of the blood remain within the 

capillary system. 

The principle of dialysis is utilized in the artificial kidney, which removes 

low- molecular –weight impurities  from the body by passage through 

A semipermeable membrane.   

The shape adopted by colloidal particles in dispersion is important 

becaue the more extended the particle, the greater is its specific surface 

and the greater is the opportunity for attractive forces to develoe 

between  the particles of the dispersed phase and the dispersion 

medium. 

Shape of sphero colloidal and fibrous colloids are shown in fig.2 

 



6 
 

 

Fg.2 Some shapes, a. spheres and globular b. short rods and prolate 

       Ellipsoids c.Lon rods and threads  d.branched thread.e.loosely coiled 

threads. And f. branched threads.      

ᴑ-Types of colloidal Systems. 

---------------------------------------------   

   Systems containing colloidal particles 

that interact to an  appreciable exten with the dispersion medium 

Are referred to as:ᴖ lyophilic(solvent-loving) colloids. 

This form sol with relative ease. For example the dissolution of 

acacia or gelatin in water or celluloid in amyl acetate leads to 

formation of a sol.  

Properties of this class , the attraction between the dispersed  

Phase and dispersion medium which leads to solvation. 

ᴖHydrophilic colloids:, in which water is the dispersion medium,  

                                    this is termed hydration. 

ᴖ Lyophobic colloids : 

the second class of colloids is composed of material that have little 
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attraction, if any , for the dispersion medium. These are the 

lyophobic(solvent-hating), and predictably their properties differe 

from those of the lyophilic colloids examples, inorganic particles 

dispersed in water, such are gold ,silver, sulfur and silver iodide. 

The required conditions for the formation of lyophobic colloids by 

condensation or aggregation involve a high degree of initial super 

saturation followed by formation and growth of nuclei. 

 

╠╞ -Association colloids: Micelles and Critical Micelles 

           concentration. 

--------------------------------------------------------------------------------------   

Association or amphiphilic colloids form the their group in this 

classification. 

Certain molecules or ions , termed amphiphilic  or surface- active 

Agents are characterized by having two distinct regions of 

opposing solution , affinities within the same molecule or ion. 

Aggregates, which may contain 50 or more monomers are called 

Micelles. The concentration of monomer at which Micelles form is 

termed the Critical Micelle concentration ,(CMC). 

Amphiphiles may be anionic, cationic ,nonionic or ampholytic 

 (Zwitterion) ,and the provides a convenient means of classifying 

association colloids. 

Mixtures of two or more amphiphiles are usual in pharmaceutical 

formulation. Assuming an ideal mixture, one can predict the CMC 

of the mixture from the CMC values of the pure amphiphiles and 

their mole fractions ,X, in the mixture , according to expression. 

2/CMC 2+  X    ! /CMC 1CMC =X/1 
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Walter J.Moore,p;415)Surfactants  and Micelles(-♠ 

……………………………………………………….. 

Substances that lower the surface tension. Soap, sodium salt 

 end group polar the anion has a 18)-(n=14 -Na O O Cn )2(CH3CH

and a long hydrocarbon group tail ,so that it tends to orient in the 

surface layer with hydrophilic carboxyl in the water and the 

hydrophobic tail in the air. 

All these surfactants in molecules are amphipathic. 

They have both polar and nonpolar moieties. 

Ex.1 

Compute the CMC for a mixture of of n-dodecyloxy ethyleneglycol 

(DM).The CMC Matos ide-D-β–dodecyl -n) and  8E12(C monoether 

and its mole fraction is   M(mole/liter) 5-=8.1 x 101of C12E8 is CMC

? M5-= 15 x102=0.75 , CMC of DM is CMC1X 

Soln. 

=1 2+  X  1X 

0.75=0.25 -=1 1X-= 1 2X 

 =10926    
5-15 x10+  0.25/    5-CMC =0.75 /8.1 x10/1 

.M  5-CMC=1/10926 =9.15 x 10 

Ϫ-Optical properties of colloids. 

------------------------------------------      

♥-The Faraday-Tyndall Effect. 

……………………………………    

When a strong beam of light passed through a colloidal sol  a 

visible cone , resulting from scattering of light by colloidal particles, 

The ultra microscope, developed by Zsigmondy , allows  one to 

examine the light points responsible for the Tyndall  cone. 
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Fig.3 Some probable shapes of Micelles a. spherical micelles 

Aqueous media. .b. refersed micelles in non-aqueous media. 

 

♥-Electron Microscope. 

…………………………     

The electron microscope , capable of yielding pictures of the actual 

particles, even those approaching molecular dimensions , is now 

widely used to observe the size, shape and structure of colloidal 

particles. The success of the electron microscope its high resolving 

Power , the smaller the wavelength of the radiation used the 

smaller ,d (smallest distance by which two objects are separated). 

The optical microscope uses visible light as its radiation sources, 

and it is able to resolve only two particles separated by about 

.)  ◦20nm(200A 
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♥-Light Scattering; 

----------------------------------    

This property depends on the faraday .Tyndal effect and widly 

used for determining the molecular weight of colloids used to 

obtain information about the shape and can be described in terms 

of the turbidity ,Ԏ , the fractional decrease in intensity due to 

scattering as incident light  through 1cm of solution. 

.scattering light– sincident light , I –I  

The turbidity can be calculated. 

HC/Ԏ  = 1/M   + 2BC        ,    M-molecular  weight of colloid. 

                                                B- interaction. 

                                               C-concentration. 

                                               H-constant for particular system. 

    N 43λ)  /c(dn/d2n 2H =32π 

                                   Where ,   n-refractive index. 

.1-wavelength cm-λ.                                                   

                                                   N-Avogadro's no. 

Light scattering has been used to study protein synthetic polymers, 

association  colloids and lyophobic sols. 
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Fig.4 a plot of HC/Ԏ against the concentration of polymer (colloid). 

 

Ex.2 

Why is the sky blue ? 

Soln. 

When a beam of light passes through colloid , colloidal particles , 

, light is inversely sscatter the light. The intensity of scattered I

proportional  to the four power of the wavelength ,λ.  

 4. ≈1/λSI 

Thus the shorter ,λ , light (blue) is scattered more intensely than 

the longer wavelength light (yellow and red). 

And so the scattered light is mostly blue. 
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        Incident light 

             (white)       

         Colloid                                           

) ( blue)sParticles                                    Scattered light (I         

                           Transmitted light (yellow or redish). 

41/λ ≈ SI      

 

Џ-Kinetic  properties of colloids. 

-----------------------------------------   

The motion may be thermally induced (Brownian movement , diffusion , 

Osmosis , gravitationally induced (sedimentation) or applied extremely 

(viscosity) ), electrical induced motion is considered in the section on 

electrical properties of colloids.  

Ϫ-Brownian Motion. 

………………………..   

Random  movement of colloidal particles (particles as large 5μm). 

The motion of molecules can not be observed , because the 

molecules too small to see.The addition of glycerin or similar agent 

, decreases and final stops the Brownian movement( increase the 

viscosity of medium). 

Ϫ-Diffusion. 

---------------------     

Particles diffuse spontaneously from a region of high concentration 

 To one of lower concentration until the concentration of the 

system is uniform throughout. 
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Fick's law is written as ; 

.dq=-D S dc/dX  dt………….(1)  , S-across a plane of area. 

                                                   .dq-amount of  substance diffuse 

D =R T/6πηrN …………….(2)         

..partial specific volume  -….(3)   , ν   -√ 4πN/3Mν3D= RT/6πη N   

                                                         .η-viscosity of medium. 

Where ; D-diffusion coefficient ,  r-radius of spherical particle, 

              N-Avogadro's no.  .M-molecular weight,  

              K-Boltzmann constant. 

       By rearrangement eqn.3 we obtain; 

) 4……………………(3)   η. (RT /D 2N) π.  (1/    -νM= 1/162 

Ex.3 

7 -is 7x 10 ᶹThe diffusion coefficient for  a spherical protein at 20C

/g.The viscosity of the 3/sec. and the partial volume is 0.75 cm2cm

solvent  is 0.01 pose(0.01 g/cm.sec). compute  a.The molecular 

weight and b. The radius of the protein particle.(R=8.314 x 

) ?erg/mol.K710 

Soln. 

 a. 

 . 2) )23M=  1/ 162 x 0.75. (1/3.14 x (6.02 x 10 

3) ]) x0.017) x 298/(7 x107( 8.31 x 10[                           

                       ≈ 100,000 g/mol. 

/6x3.14x0.01x )x 298 7b. from eqn.2     , r =R T/6πη N D=(8.31x10.

)7-)x(7x1023(6.02x10                                                                                            

.nm3.1= ᶹcm=31A8-x 10 31=                                                   
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Ϫ-Osmotic Pressure. 

----------------------------------   

Van't Hoff eqn.,π =CRT…… …………(1) , π-osmotic pressure. 

)2……………(/M  R TgC=                            

)3…………..…(=RT/M gπ/C                       

) ,4…..()gRT(1/M  +B C=                                 

                                             B-constant(solvent/ solute interaction). 

  

=0 gives gFig.5 ; determination of molecular weight (M), C 

          RT/M (intercept) , lines 11 and 111 represent two samples 

        Of a species of hemoglobin. 

 

 

 



15 
 

Ϫ-Sedimentation. 

-------------------------    

The velocity, ν, of sedimentation of spherical particles having a 

is given  0and a viscosity η 0in a medium of a density,ρ density ,ρ,

by Stokes's law; 

.the acceleration due to gravity-……(1) ,g  0g/ 9η ) 0ρ –(ρ 2ν=2r. 

The sedimentation is a accomplished by use the ultracentrifuge. 

X where ω is the angular velocity2In a centrifuge , g, replace by ω 

And X is the distance of the particle from center of rotation. 

.)gaeom-…….(2) ,(ω 0X / 9η2) ω 0ρ –(ρ 2ν= dX/dt =2r. 

Ex.4 

) for line 111 in fig.5 has the valuegAssume that the intercept (π/C 

liter.atm./g and the slope of this line is 4-x10 3.623 

.What is the molecular weight and the 2.atm./g2liter6-x10 1.8  

coefficient B for a sample of hemoglobin ?  

Soln. 

=67498 g/mole4-= (0.0826)(298)/3.623 x 10 gM=RT/π/C 

 2liter.mole /g 8-/ 0.08206 x298 =7.36x106-B=1.8 x 10 

 

Ex.5 

A centrifuge is rotating at 1500 rpm. The midpoint of the cell 

containing the sample is located 7.5cm from the center of the 

rotor( i.e  X=7.5 cm).What is the average angular acceleration and 

the number  of g's on the suspended particles ? 

Soln. 

=  x 7.5cm 2x 2π/60)=(1500 revolution/min) X2ω 

. 2cm /sec 510 1.851x                                                                 
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2./981 cm/sec2cm/sec 5Number of g's =  1.851 x 10 

                       =188.7 g's. 

 

 

Ϫ- Viscosity. 

-----------------------------   

 Is an expression of the resistance to the flow of a system under an 

applied stress. 

.me fraction of colloidal particlevolu -ϕ)  …………(1) ,ϕ(1 +2.5  0η= η. 

According to so-called Mark-Houwink equation. 

 ………………..(2) ,where K and a are constants characteristic of a] = K Mη[ 

                                                         Particular polymer-solvent system. 

The size and shape and the ability of the polymers to impart the proper 

Viscosity and osmotic pressure to the blood. 

◙-Electrical properties of colloids. 

------------------------------------------------    

The properties of colloids that depend on/or are affected by the 

presence of a charge on the surface of a particle are discussed 

under this heading. The various ways in which the surfaces of 

particles dispersed  in a liquid medium acquire a change  were 

outline in the interfacial phenomena. 

Mention was also made of Zeta (electro kinetic) potential and  how 

it is related to the Nernst (electro-thermodynamic). 

The potential versus distance for a spherical colloidal particle can 

be represented as shown in fig,6.  
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--The properties of double layers are important in the theory of 

colloidal stability in electrodic rate processes and in biophysical 

properties of cell membranes. 

--The stability of colloidal sol of the lyophobic type is due to 

repulsion between like charges on the particles, which prevents 

coagulation (flocculation).The charges usually arise as a result 

Of adsorption of ions from the solution, But in some cases they 

may be due to defect  structures in the solid particle itself. For 

example, some clay minerals carry a charge due to substitution of  

,ect. The surface charges on particle are  +or LI +2by Mg +3AL

compensated by an array of ions of opposite sign, thus forming an 

electrical double layers.  

(Walter.J.Moore ,basic phys.chem.p420-421).                                 
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Fig.6 Diffuse double layer and Zeta potential. 

 

Such a system can be formed, for example by addind a dilute 

solution of potassium iodide to an eqimolar solution of silver 

nitrate. A colloidal  precipitate of silver iodide particles is produced 

and because the silver ions are in excess and are adsorbed, a 

positively charged particle is produced . 

  3→  Ag I   + KNO  3KI  + AgNO 

Zeta potential in colloidal system can be determined. 

)1………….( )4ζ = ν/E x 4πη/ε   x (9 x 10. 

.ζ-Zeta potential in volts , ν-velocity of migration. 

.ε- dielectric constant of medium. , η-viscosity  , 

      E-potential gradient. 

The term ν/E  is known as mobility.  

.ζ = ν/E x 4πη/ε ……………(2)  and  .ζ =141 ν/E ……..(3) 
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The electric units ,E , the electric strength. 

 mbs , andstat coulo 9Stat volt/cm ( 1 coulomb= 3 x 10 

1 stat volt =300 practical. volts.  

Ex.6 

The velocity of migration of an aqueous ferric hydroxide sol was 

cm/sec. The  4-was found to be 16.5 x 10  ◦determined at 20C

distance between electrodes in the cell was 20 cm and the applied 

emf was 110volts.What is a. The Zeta potential of the sol and  

    b. The sign of the charge on the particles ? 

soln. 

a. 

 ./volt. Sec2cm 4-cm/sec./110/20 volts/cm =3 x 10 4-ν/E =16.5 x 10 

.) = 0.042 volt4-ζ=141 ( 3 x 10. 

.b. The colloid is positive because particles migrate toward the 

negative electrode. 

 

Ϣ- Solubilization. 

------------------------------ 

An important property of association colloids in solution is the 

ability of the micelles to increase the solubility of materials that are 

normally insoluble, or only slightly soluble, in the dispersion 

medium used. 

Solubilization has been used in pharmacy to bring into a solution a 

wide range of materials, including volatile oils, coal tar and 

resinous materials, phenobarbital , sulfonamides ,vitamins , 

hormones and dyes. 

Phase equilibrium diagrams are particularly useful when formulator 

wishes to predict the effect on phase equilibria of the system of 
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dilution with one or all of the components in any desired 

combination or concentration. 

Ж-Factors Affecting Solublization. 

----------------------------------------------------    

The solubilization capacity of surfactant for drugs varies greatly 

with chemistry of the surfactants with location of the drug in the 

micelle. 

The principle effect of the pH on solubilizing power of anionic 

surfactants is to alter the equilibrium between the ionized and non-

ionized drug (solubilizate). 

Д-Pharmaceutical Applications of colloids. 

-------------------------------------------------------------   

♠-Hydrogels. 

……………….. 

Is a colloidal gel in which water is dispersion medium, used for 

wound healing. 

♠-Micro particles. 

……………………   

Increase the efficiency of drug delivery and improve release 

profiles and drug targeting. 

♠-Liposomes  and Micelles. 

……………….. …………….  

Used as water soluble.  
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