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LIQUID CHROMATOGRAPHY 

RECENT TECHNIQUES 
 

HPLC – High Performance Liquid Chromatography 

 

RRLC – Rapid Resolution Liquid Chromatography 

              

UPLC – Ultra Performance Liquid Chromatography 

 

UHPLC – Ultra High Pressure Liquid Chromatography 
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Principles of liquid chromatography 

Principle generally 

Separation based on different retention in chromatographic 
system - sorbent (stationary phase) and eluent (mobile phase) 

Classification of methods 

- configuration: column, thin layer ... 

- separation parameters: efficiency, speed ... 

- stationary phase: elution, ionex, chiral ... 
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Separation parameters 

Resolution: 
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k’– capacity (retention) factor: 

 – separation factor: k’2/k’1  

N – number of theoretical plate (efficiency) 
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R = 1,5   

baseline separation 
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HETP = L/N – height equivalent of a theoretical plate 

Y - HETP 

X - average linear velocity 
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Interpretation of separation parameters 

k‘ ~ composition of stationary and mobile phase,  
        temperature, flow rate, column length 
         - characterises retention under given conditions 
- retention factor (time of analysis) 
 
 ~ composition of stationary and mobile phase,  
        temperature, flow rate, column length 
         - characterises separation (comparison of k‘) 
- selectivity factor (analytes separation) 
 
N ~ stationary phase quality - particles size and sorting, 
        mobile phase composition, flow rate, column length,      
        temperature  
        - characterises quality of elution zone - wide, shape ... 
- peak shape factor  
 

R ~ combined parameter 
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Stationary phase – type selection (selectivity) 
                                 and particles size/sorting/porosity 

Elution: 
 - normal phase 
    (classic x HILIC) 
 - reverse phase 
    (classic x semipolar) 
 - ion pair 
    (reverse phase) 
 
Ion exchange (IE) 
 - catex, anex 
 
Chiral 
 - cyclodextrin phases 
 
Affinity 
              

HPLC: 3-10 µm - various 
            - p up to 400 bar 
 
 
RRLC: 1.8 µm - porous mixed  
            - p up to 600 bar 
 
 
UPLC: 1.7 µm - porous unified 
            - p up to 1000 bar 
 
 
UHPLC: 1.0 µm - non-porous 
             - p up to 5000 bar 
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Interaction occurring during separation 

* van der Waalsovy dispersion force – London’s 
   induced dipole – induced dipole 

* van der Waalsovy orientation forces – Keesom’s 
   dipole - dipole 

C N 
O H 

* van der Waalsovy induction forces – Debye’s 
   dipole – induced dipole 

C N 
C H 

H 

H 

** electrostatic forces – Coulomb’s 
N 

H 

H 

H 

S 
O 

O 

O 

*** hydrogen bond 

O 

O 
H 

H 

**** π - π interaction 
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Normal phase chromatography: 

Stationary phase - polar: silica gel, modified silica gel                            

Mobile phase - nonpolar (retention according to m.ph. comp.) 

HILIC 

Hydrophilic 
Interaction 
LIquid 
Chromatography 
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Reverse phase chromatography: 

Stationary phase - nonpolar: modified silica gel (C18)                          

Mobile phase - polar (retention according to m.ph. comp.) 

ODS - octadecylated  
           silica gel (C18) 
 
Other modification: C4, C8, C30 
 
Endcapping (Embedding): 
 

Classic - 100% nonpolar 
 
Polar – partially polar groups 
 
Porous x nonporous 
 
Monomeric X polymeric           
          (cross-linked) 
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Comparison of HILIC, NP a RP chromatography 



 J. Poustka, VŠCHT Praha, ÚAPV – 2014, http://web.vscht.cz/poustkaj  

 Isolation and separation methods 

Chiral chromatography: 

Stereoisomers (enantiomers, diastereoisomers ... )    
 - separation interaction with chiral phase 
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Ion pair chromatography: 

Polar analyte + polar agent (ion pair agent) 
 nonpolar complex with retention on nonpolar st.ph. 
     - realisation on reverse phase 
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Ion exchange chromatography: 

Stationary phase - embedding  or  ; counter ions are mobile                                

                                (retention according to m.ph. composition) 
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Affinity chromatography: 

Stationary phase – immobilisation of ligand (biologically  

                                 active compounds);  

                                 sample is bonded to complex and released   

                                 by the change of mobile phase) 
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Mobile phase - polarity, ion strength, elution technique 

SELECTION: 

Sample solubility  

Compatibility with stationary phase and system  

Elution: isocratic ...X... gradient 

BASIC 

ACIDIC DIPOLAR 

RCOOH 

Fluoroalcohols 

CHCl3 

CH2Cl2 

H20 

Glycols 

Alcohols THF 

Ethers 

Amines 
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Mobile phase – selection according to elution strength 

Polarity (Snyder’s polarity index) ........ P’ 

Eluotropic value – elution strength (stationary phase type,  
                                primary for NP) - ε0 

Solubility parameters ...       

Solvent P’ ε0 (silica gel) ε0 (C18)  

Hexane 0.1 0 - 7.3 

Acetone 5.1 0.53 8.8 9.6 

Acetonitrile 5.8 0.52 3.1 12.7 

Methanol 

 

5.1 0.7 1.0 14.5 

H2O 10.2 - - 23.5 
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Typical column and sorbents - technical parameters 

Column dimensions Particles  Flow rate Chromatography 

10-25 cm x 3-4.6 mm 

0.5-7.5 cm x 3-4.6 mm 

5-25 cm x + 2 mm 

3-10 μm 

3-10 μm 

3-10 μm 

0.1-2 mL/min 

0.1-2 mL/min 

0.05-1 mL/min 

Conventional (classic) 

fast 

narrow x micro-bore 2 

15-100 cm x + 1 mm 

10-200 cm x 0.2-0.5 mm 

100-200 cm x 0.04-0.08 

3-10 μm 

1-5 μm 

-------- 

30-60 μL/min 

1-10 μL/min 

< 1 μL/min 

narrow x micro-bore 1 

capillary (packed) 

capillary (open tubular) 

0.5-2 cm x 2 mm 

5-15 cm x 2 mm 

5-15 cm x < 1-2 mm 

Grooves on a chip 

1.8 μm 

1.7 μm 

1.0 μm 

2.5-10 μm  

0.5-2.5 mL/min 

0.1-1.0 mL/min 

< 0.1-0.5 mL/min 

< 1 μL/min 

RRLC 

UPLC 

UHPLC 

nano-LC (Lab on Chip) 

Lab 
on 
Chip 
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                              Outlet frit 

 

- lower permeability  porosity 
- must be less than sorbent particles 
    corresponding back pressure 

       Inlet frit 

 

- higher permeability  porosity 
- can be higher than sorbent particles 

Sorbent sorting - back pressure effect 

   SORBENT 
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Small particles – sorbents application 



 J. Poustka, VŠCHT Praha, ÚAPV – 2014, http://web.vscht.cz/poustkaj  

 Isolation and separation methods 

Application of rapid resolution (RRLC) 
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Application of UPLC - multiresidue pesticide analysis 

HPLC 

UPLC 

UPLC 10 min 

HPLC 50 min 

Flow rate: 0.3 mL/min 

(in both systems) 


