
1. Introduction  
 Supercritical Fluid Chromatography (SFC) and Supercritical Fluid Extraction 

(SFE) are the analytical applications of supercritical fluids. 
 SFC is one of the most important column chromatography methods after GC 

and HPLC. SFE is an important analytical extraction technique. 

2. Definition and Formation of Supercritical Fluids  
 Supercritical fluids are the materials which combine useful properties of gases 

and liquids. They behave like gas and liquid in terms of different features. 
They are the phases at the critical temperature and critical pressure of the 
materials. 

 Density for SF is between liquid and gas and near liquid. 
 Diffusivity for SF is 100 times more than liquids and 1,000-10,000 times less 

than gases. 
 Viscosity for SF is almost the same with gases and 10 times less than liquids. 
 When a material is heated until its specific critical temperature in a closed 

system, a dynamic equilibrium, which includes the same number of molecules 
coming out of liquid phase to gas phase by gaining energy and going in to 
liquid phase from gas phase by losing energy, is obtained. At this particular 
point, the phase curve between liquid and gas phases disappears and 
supercritical material appears. 

3. Physical Properties of Supercritical Fluids 
 SF show some common features with gases and some with liquids. This enables 

us to take advantage of this combination of the properties. 
3.1. Density 

 Density of an SF depends on pressure and temperature of the material.  
 At a constant temperature, incrising of pressure rises density. On the other hand, 

density decreases with increasing of temperature at a constant pressure value.  
 SF can carry components that gases cannot owing to their higher density than 

gases. 
3.2. Diffusivity 

 Diffusivity is parallel with temperature and contrary with pressure. 
 Diffusion ability of SF is higher than a liquid and near a gas. This property is used 

especially for extraction processes. 
 SF go through pores thanks to their higher diffusivity in comparison with liquids.  



3.3. Viscosity 
 SF are less resistant than liquids towards the components flowing through 

themselves. This can be an advantage in some cases. 
4. Supercritical Fluid Chromatography (SFC) 

 Just like SF are combining beneficial properties of liquids and gases, SFC also 
bring the advantages and strong aspects of HPLC and GC together. 

 SFC is the third column chromatography technique after HPLC and GC. 
 SFC can be more advantageous than HPLC and GC when we analyze the 

compounds which are decomposed at high temperatures with GC and do not have 
functional groups to be detected by HPLC detection systems. 

4.1. Instrumentation for SFC 
 Quite similar with HPLC system in terms of apparatus. 
 There are some differences that temperature is critical for SF, so there should be a 

heat control tool in the system like GC has; and, because pressure is another 
essential parameter for SF, there should be a pressure control mechanism. 

4.1.1. Stationary phases 
 Column types are pretty similar with HPLC. 

4.1.2. Mobile phases 
 The most common supercritical fluid is carbon dioxide because its critical 

temperature and pressure are easy to reach.  
 Also, carbon dioxide is low-cost, easy to find, inert towards UV, non-poisonous, 

good solvent for non-polar molecules. 
 Other than carbon dioxide; ethane, n-butane, ON2 , dichlorodifluoromethane, 

diethyl ether, ammonia, tetrahydrofuran can be used. 
4.1.3. Detectors 

 Flame Ionization Detector can be applied to SFC. 
 SFC can be coupled with MS, UV or IR. 
 Some other detectors which are used with HPLC can be attached to SFC.  

4.2. Advantages of Working with SFC 
 With their lower viscosity, SF provides a faster system than HPLC. 
 Thanks to the critical pressure of SF; the compounds decomposing at high 

temperatures, the materials has low vapor pressure/volatility, polymers, large 



biological molecules can be processed at lower temperatures than normally 
needed.  

 The diffusion of the components flowing through SF is higher than they have in 
HPLC. This brings better distribution into the mobile phase. 

4.3. Applications of SFC 
 There are applications for food, environmental and pharmaceutical products. 

Also, pesticides, herbicides, polymers and fossil fuels are other classes to be used. 
5. Supercritical Fluid Extraction (SFE) 

 For SF, having density, diffusivity and viscosity values between liquids and gases 
enables SFE to be used for the extraction processes which cannot be done by 
liquids because of their high density and low diffusivity and by gases due to their 
inadequate density in order to extract and carry the components out.   

5.1. Instrumentation for SFE 
 The necessary apparatus for a SFE setup are simple. 
 There are two principles to run the instrument; static extraction and dynamic 

extraction. 
 Mobile phase is usually carbon dioxide for SFE too.  
 There are different parameters about choosing the right mobile phase. The 

parameters are polarity of the sample, resolution of sample in possible mobile 
phase, kinetic parameters etc. 

 There are two modes in terms of collecting the components; On-line and Off-line 
extraction. 

 5.2. Advantages of Working with SFE 
 SFE is a really fast method. The lower viscosity of SF facilitates taking the 

component into the mobile phase. 
 The solving power of SF can be promoted by tuning temperature or pressure. It 

is not changeable this much with regular liquids. 
 Reclamation of samples is easy because SF can be released to atmosphere as gas 

and extracted components can be obtained without almost any loss. 
5.3. Applications of SFE 

 SFE can be applied to oils and fats, pesticides, organic pollutants, volatile toxins, 
polyaromatic hydrocarbons, cholesterol, pharmaceutical metabolites etc.  

 
 


