
How can the hydrothermal synthesis be used for 
production of inorganic nanoparticles? 

 
Properties of Supercritical Water 

 
Since supercritical water has enabled synthesis of nanomaterials it 
will be useful to understand its characteristics. 
Water above 3740 C and under pressure greater than 220 bars 
(22.1 MPa) is above its critical temperature and pressure (See 
Figure: Supercritical water). Under these conditions, the water can 
be looked upon as either a dense gas or a rarified liquid. It is a 
phase between the liquid and the gaseous states; and exhibits 
special properties characteristic of both the phases. These are: 

• Supercritical water has no surface tension as there is no 
liquid-vapor boundary. 

• Density of supercritical water is about one third of the normal 
water. 

• It possesses lower viscosity compared to water under 
ambient conditions  

• It exhibits about ten fold higher diffusivity of molecules. This 
property enables easy mixing and homogenization of the 
suspended or dissolved matter. 

• Higher rate of intermolecular collisions like liquids helps in 
bringing about a reaction between two reactants 

• Permittivity of water at normal temperature and pressure is 
about 80.  In supercritical phase the permittivity goes down 
to 3~20 which can be varied depending upon temperature 
and pressure. 

• Lower polarity of supercritical water reduces its dissolution 
power for ionic and inorganic species. 

• Low level of association via hydrogen bonds, like gases, 
results in behavior like organic solvents e.g. Alcohols. 

• Supercritical water can dissolve non-polar organic 
compounds and hence acts like an excellent reaction 
medium. This opens up newer avenues for synthetic routes 

• Changes in temperature and pressure enable alteration in 
the solubility, polarity and diffusivity characteristics providing 
wide latitude. 



 
Figure: Supercritical Water 
 
The above properties of supercritical water make for an excellent 
reaction medium for synthesis of novel materials. Reactions like 
oxidation, reduction, pyrolysis and dehydration have been widely 
explored with promising results. Supercritical water oxidation 
(SCWO) is used successfully for decomposition of toxic waste in 
an eco-friendly manner since the reaction medium is water.  
Hydrolysis, condensation and precipitation reactions carried out in 
supercritical water yield novel materials such as nanoparticles with 
controlled particle size and shape. 
 

Hydrothermal Synthesis of Inorganic Nanoparticles 1,2 

 
Hydrothermal method of synthesis of metal oxide nanoparticles is 
based on the unique properties of supercritical water. This method 
can be operated both in a batch and a continuous mode. The 
continuous mode has the potential as a commercially and 
environmentally viable route. 
 The method is generating great amount of interest due, not only to 
its capability to synthesize nanoparticles, but also because it is an 
environmentally friendly technology. It is a wet process like sol-gel 
synthesis and hence produces nanoparticles in a liquid medium 
where they are separated from one another. Nanoparticles 
produced by dry methods of like chemical vapor deposition (CVD) 
and flame pyrolysis are prone to agglomeration. This presents 
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difficulties for their use in formulations. They can also get airborne 
and hence pose a health hazard.  
Since the hydrothermal method employs water as the reaction 
medium there is no emission of VOCs. Absence (or low use) of 
any organic solvent also makes this process sustainable and 
clean. Nanoparticles generated are in a dispersion form and hence 
do not become air-borne, thus avoiding the hazards associated 
with the nanoparticles. Supply in dispersion form also facilitates 
easy shipments and usage by the formulators of the end products.   
 
The process is based on the following generalized reaction: 
 

MLx + xOH-  à M(OH)x  + xL-   ( Hydrolysis) 
 

M(OH)x  à MO x/2 + x/2 H2O     ( Condensation) 
 

where M: Metal cation  
            L: Precursor anion 
 
The process uses metal salts (of reasonable cost) as starting 
materials i.e. Iron nitrate for the production of hematite 
nanoparticles. Such a metal precursor is dissolved in water and 
serves as one reactant. Supercritical water (@ Temperature > 374 
oC and pressure > 22.1 MPa) forms another component of the 
process. The precursor solution at high pressure 22.5 MPa at 20 o 
C is mixed with supercritical water. Under these conditions 
hydrolysis of the metal salt takes place to give the hydroxide 
followed by the oxide as shown in the reaction above. Due to the 
absence of hydrogen bonds in the supercritical water, the particles 
do not grow and the nanoparticles are precipitated. By using a 
mixture of metal precursors, nanoparticles of mixed metal oxides 
can be produced. 
Typically the particles produced are in the range of 5~25 nm. As 
the synthesis temperature increase, the average particle size 
increases. It is also possible to control the shape of the particles.  
 
Hydroxyapetite (Calcium phosphate) with cubic and rod-like 
morphology has been produced using this process. 
 It is possible to coat or cap the metal oxide nanoparticles with 
organic ligands for ready dispersibility into an organic matrix. 
These organic surfactants can also be polymerized subsequently 
to provide stability to the particles by encapsulation.  



Variety of nanoparticles of the oxides of transitional and lanthanide 
elements may be produced in the near future on a commercial 
scale by the hydrothermal process. 
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