
LYOPHOBIC COLLOIDAL 

SYSTEMS 

By definition, the dispersed systems are lyophobic if they are 

thermodynamically unstable.  

 

Hence, the dispersion of a solid or liquid sample in water with 

formation of micelles runs unspontaneously: Gdisp = Hdisp –

 ТSdisp >  0 ,  

 

and is irreversible.  

On the other hand,  d 2  >>  kBТ  

(The “lyophilic/lyophobic” classification makes sense only for 

particles dispersed in a liquid) 



Nanodispersed systems  

610 md The systems of interest:   

Especially, systems with nano-sized particles, i.e.,   

710 m, or1 100 nmd  

91nm 10 m

Such systems may be either polydispersed or (almost) 

monodispersed.  

 

They may be either well-defined  or ill-defined. 

 



 

 

Typical lyophobic colloidal systems:  

hydrosols of metals, e.g., Pt, Cu, Au, Ag, Hg,  

metal iodides, e.g., AgI,  

sulfides, ZnS, CdS, HgS, As2S3, Sb2S3, Bi2S3,  

and chalcogenes: S, Se.  

 

Their coagulation occurs at low concentrations of indifferent 

electrolytes, and the deposits as a rule cannot be peptized.  

 

 The surface tension values of the solid/liquid interface may reach 

tenths or even Jm–2 units.  

 

Their stability is caused only by the formation of a double 

electrical layer. They are stable against sedimentation owing to 

small size of particles.  

Some examples of most popular lyophobic nanodispersed 

systems  



Some examples of most popular lyophobic nanodispersed 

systems  

Lyophobic, i.e., thermodynamically unstable are emulsions and 

foams. They cannot exist during a long time without an added 

stabilizer (surfactant of polymer).  

 

Air (and other gases) bubbles  

 

An important kind of lyophobic colloidal systems are latexes.   

[recycled rubber tree sap (hevea brasiliensis)] 

Nanocarbon: fullerenes; carbon nanotubes (SWCNT, MWCNT); 

graphene; nanodiamonds – we'll talk about them later.   

Unique applications in nanotechnologies !! 



Fullerenes CN : 12 pentagons and (N/2) – 10 hexagons    
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C60 , C70 , C76 , C78 , C84, and so on …  

 

12 pentagons and (N/2) – 10 hexagons 

 

Теорема Эйлера:  

число вершин + число граней = число ребер + 2  

 

The Euler theorem: number of vertexes + number of planes = 

number of edges + 2.  

 



Carbon nanotube 

Graphene Oxidized graphene Reduced graphene 



Detonation nanodiamond  



Colloidal systems of intermediate type  

 

Fe2О3, FeO(OH), Fe(OH)3, SiO2, SnO2, TiO2, Al2О3, etc.  

 

Inorganic polymers: 

    OH    OH    OH    OH     OH  
 

–Si–O–Si–O–Si–O–Si–O–Si–O– 
 

  OH    OH     OH    OH     OH 

Bentonite clays: minerals of the montmorilonite group, saturated 

with lithium and sodium chlorides 

 

Al4Si8О16(OH)12nH2O  or  [Al(OH)3]4[SiO2]8nH2O  



Nanoparticles in the environment  

Fate of the engineered colloidal species in soils and freshwater 

(rivers, lakes, etc.).   

 

Interactions of  nanoparticles with natural organic matter (humates, 

fulvates).  

 

Detection and removal of nanoparticles from natural waters.  

 

 

 The impact  of the engineered nanoparticles on the environment  

and on the human body is not yet fully understood !!  
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Genotoxicity ??!! 

Cytotoxicity??!! 

Photocytotoxicity??!! 

 





SYNTHESIS OF NANOPARTICLES 

 

Two main methods:  

 

1) Top-down (from macroscopic body to suspensions or sols) 

 

2) Bottom-up (from molecules to colloidal particles) 



Top-down methods: dispergation 

1) work of volumetric dispersion (i.e. work of elastic and plastic 

deformation);  

2)  work of creating new surfaces 

W = kV + s = d2(k1d + k2) 

  

The Rehbinder effect: grinding is facilitated in the presence of 

surfactants 



 

2 

1 

3 

4 

а) b) 

Ball mill (а) and colloidal mill (b): 1 – suspension pipe;  

2 – rotor; 3 – electrical motor; 4 – outlet pipe.  

 

Dispergation of macroscopic solid 

Balls 



As a rule, the top-down methods do not allow obtaining 

nanosized particles.    

 

However, some exceptions are known, e.g., for fullerenes.   

Hand-grinding in an agate (or glass) mortar  





C60 sol in acetonitrile, 

prepared by hand-

grinding in our 

laboratory 



Detonation nanodiamond 



Presently, splitting up macrospecies is 

often made using laser beam, ultrasound 

(“sonication”), microwave radiation, etc.   

 

Such procedures may be conducted either in 

liquids or in the gas phase.  



Preparation of a metal colloid by using an electric arc, 

according to Bredig: 

On the first glance, this method belongs to the “top-down” type. 

However, in fact it consists in aggregation of metal atoms evaporated 

from the electrodes.       



Bottom-up methods 

1. Physical condensation of atoms or molecules into small 

colloidal species as a result of phase transitions.  

 

2. Chemical condensation as a result of chemical reactions of 

different types.   

Despite different ways of obtaining nanoparticles of a new 

phase, there are some fundamental regularities governing the 

process.   



Kinetics of formation of a new phase 

According to Weimarn’s theory, the rate of formation of 

crystallization centers is proportional to the relative oversaturation: 

L

Lc
K




Петр Петрович фон ВЕЙМАРН 

Piotr Petrovych von WEIMARN 

1879—1935 



Chem. Rev. 1925, 217–242 

https://doi.org/10.1021/cr60006a002 

https://doi.org/10.1021/cr60006a002


Energy of  nucleation 

particle size 

Energy 

General recommendations: 

Optimal conditions for obtaining a 

colloidal system: low solubility and high 

supersaturation  
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Condensation methods of synthesis of dispersed systems 

Physical condensation  

A molecular solution of a compound in an organic solvent 

In such way, hydrosols of Р, S, Se, rosin (mixture of resinous 

substances, mainly acids C19H29COOH), mastic, gamboges, 

palmitic acid, parafin, antracene, cholesterol.  

Colloidal solution in water 

A small volume is poured into 

a larger volume of water 





The data obey the Volmer’s principle:  

 

The lower the solubility is,  

the smaller the colloidal species appear 

In 99 vol. % methanol, the size of C60 colloidal particles is 200 

nm; increase of toluene content up to 30 % (70 % methanol)  the 

size rises up to 500 nm.   



Chemical methods of synthesis of hydrosols 











Micelles as nano-reactors 

All the aforesaid chemical reactions 

may be conducted in the surfactant 

micelles.  

 

The limited volume ensures 

formation of nanosized particles of 

metals, poorly soluble salts, etc.  

 

Photochemical reduction of metal 

salts to metal sols is of special 

interest.  
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A method of synthesis of mesoporous molecular sieves  

(widely used as catalysts) 





б)а)

Common chemical reactions used for preparation of colloids may be 

performed within “water pools” in reversed micelles (or 

microemulsions).  

This ensures nanometric size of solid phase thus formed. For 

example:  

 Si(OC2H5)4 + 2H2O  SiO2(solid) + 4C2H5OH 

Nano-reactor 



“Cobalt cannon” 

Gamma-radiolysis and the synthesis of sub-colloidal species 



Main requirements for the synthesis of 

systems for nanotechnology: 

 

  

The method should allow synthesizing 

practically monodisperse nanoparticles of a 

given size 

 

 

  





Thomson-Kelvin effect 

Solubility of solid nanoparticles:  

Gibbs – Freundlich – Ostwald equation 
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“Ostwald’s ripening” 

Dispersion and chemical reactivity 

 

Why does this effect not lead to the dissolution of colloidal 

particles and the formation of a macrophase? 

STRUCTURE  AND  PROPERTIES  OF  COLLOIDAL 

PARTICLES  OF  DIFFERENT  NATURE  



Metal nanoparticles 

 

The origin of the majority of specific “nano” properties is the so-

called quantum effect: the electrical, magnetic, optical, and other 

properties of the macroscopic body disappear. Instead, some new 

features are observed.  

 

Colloidal nano-sized state of metals is sometimes called as the fifth 

aggregate state, in addition to solid, liquid, gas, and plasma.  

 

Their properties are well-documented. One of the most interesting 

phenomenon is the so-called plasmon resonance (sols of Cu, Ag, 

Au).  

 



Structure of a colloidal particle of a hydrophobic sole:  

Metal iodides 
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Micelle of a lyophobic sole 



J. Lyklema, 2014 
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a) b) 

Correlation between -  and  potentials: 

  

For highly charged particles in concentrated enough electrolytic 

solution (а) and for low charged colloid particles in diluted solution 

of an electrolyte (b).  



The influence of the ionic strength on the electrostatic and 

electrokinetic  potentials 



A universal method for stabilization of nanoparticles: 

adsorption of polymeric molecules 





2SiO

nanoparticles





SiO2 + cationic surfactant:  

coagulation and 

overcharging 



SiO2 + cationic surfactant 

Adsorption of CTAB on 

silica nanoparticles  

(d = 106 nm)  



SiO2 + cationic surfactant 

(our experiments) 

 

overcharging 
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Heteronanoparticles 

SiO2/Au

TEM image of heteronanoparticles 

Separate Au clusters on 

the surface 
Rise of  Au clusters A thick Au shell of 7 nm 

(diameter 40 nm) 



Dependence of the zeta potential and size values (full and empty circles, 

respectively) of the 1.94x10–5 M C60 colloid on CTAB concentration. 

Measurements made within 4 min after preparation of each working 

solution.  

C60 hydrosol + CTAB  

coagulation 

and 

overcharging 



С60(OH)18–22  (0.0114 g dm–3) + cetyltrimethylammonium bromide 

С60(OH)18–22 hydrosol + CTAB  
coagulation 

and 

overcharging 



Colloidal particles with 

positive charge (e.g., 

metal oxides):  

 

Interaction with anionic 

and cationic surfactants   





Overcharging of positively 

charged colloidal particles in 

water by anionic surfactants   



TiO2 colloidal particles in water 

(Chadwick et al. 2002) 



(Chadwick et al. 2002) 

TiO2 colloidal particles in water 

Nano-TiO2 is the most popular nanoproduct !!  



Oil micro- (or nano-) drops in water: negatively charged 

particles 



Oil in water: 

electrophoretic mobility 

and zeta-potential versus 

pH and  ionic strength 



Dipolar water molecules  around the oil surface  



Takahashi, 2005 



Takahashi, 

2005 



(Prof. James Beattie; Sydney, Australia)  

Water/air surface: zeta-potential versus pH  



The possible structure of fullerene C60 particles hydrosol     

(Analogous to the oil-in-water 

and air-in-water particles) 



Particle size distribution in a 5.3 

Particle size distribution in a 5.3 10–5 М C60 hydrosol 



Nanocarbon structures in water: TEM of dried samples 

C60 hydrosol 
Detonation nanodiamond 

hydrosol 



Aqueous suspension of single-walled carbon nanotubes 

(SWCNT) 

Nanocarbon structures in water: TEM of dried samples 





COAGULATION OF THE LYOPHOBIC DISPERSED 

SYSTEMS 

Main feature of the lyophobic  (in water – hydrophobic) 

nanodispersed system is their coagulation in the presence of 

electrolytes.  

Aggregation or agglutination of initial colloidal species finally 

results in phase separation and sedimentation of the colloids. 

This allows escaping the excessive surface energy.  

The reason is the relatively weak protective action of the 

double electrical layer.  

mAumAu



Nowadays, the generally recognized approach to the 

problem  is based on the Derjaguin approach and the 

DLVO (Derjaguin – Landau – Verwey – Overbeek) theory.  

In this theory, the Hamaker diagram “Interaction energy vs. 

distance” is constructed using the electrostatic and 

molecular contributions.  

T. Tadros, 2007 

Hamaker  diagram 

Electrostatic repulsion  

Molecular attraction  
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The interaction between two colloidal particles in an 

electrolyte solution is replaced by the interaction between two 

plates (see the next slide).   
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As result, the following equations were obtained:    

Overlapping of the diffuse parts of 

the double electrical layers 
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For highly charged surfaces                 For low charged surfaces: 

 

Here is theelectrolyteconcentration, is theelectrostaticpotential,

is the reciprocalDebyelength, is thedistance between the plates. 
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 Molecular contribution (attraction) 

Here А12 is the so-called Hamaker constant, with the order of 

magnitude of 10–19 J.   
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Increasing in the ionic strength (electrolyte concentration) 

decreases the height of the potential barrier  



Modification of the equations for the interaction of two 

spherical particles  

Derjaguin’s integration results in the following equation:  

2
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Slow coagulation  Fast coagulation 



Threshold of coagulation = Coagulation point =  

Critical concentration of coagulation, or CCC 

The Fuchs function 





CCC 



Hydrosol of detonation 

nanodiamonds: coagulation by 

NaCl and NaOH 



Coagulation with multi-charged counter-ions:  

the Schulze – Hardy rule 

n

const
CCC

z






The coagulating effect of the counter-ion is proportional to 

some high degree of its charge 







n

const
CCC

z


The DLVO theory predicts n = 6 for highly 

charged colloidal particles, in the absence of 

adsorption:  

 

The ratio of 1/(CCC) for z = 1, 2, 3, and 4  

Should be 1 : 64 : 729 : 4096 

Besides numerous results published in the literature, let us 

consider our data for hydrosols:  

 

Fullerene C60 (“negative” sol):                    1: 20 : 1500 : 3100 

Detonation nanodiamond (“positive” sol):   1 : 16 : 200 : 583  

SWCNT suspension (“negative”):                1 : 111 : 6000 

 



The reasons of deviations from the classical DLVO theory: 

 

(1) Adsorption of counter ions on the colloidal particles 

 

(2) Polydispersity  

 

(3) Influence of solvation (hydration) of ions: “Lyotropic 

series” 

Overcharging 







The overcharging and polydispersity leads to 

deviations from the classical DLVO theory  





The logarithm of the CCC 

values of alkylammonium 

chlorides for the  AgI 

hydrosol versus the number 

of carbon atoms 
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Coagulation via surfactants Freundlich et al. 1927 

Crucial role  

of adsorption 



Stabilization of lyophobic sols using polymers  





Stabilization  Flocculation 


