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Hydrophilic interaction chromatography (HILIC) is a feasible alternative for the analysis of highly polar and 

ionized compounds that are poorly or even not retained in reversed-phase chromatography [1]. This separation 
technique uses a polar stationary phase (for example, unmodified silica or a polar bonded phase) in conjunction with a 
polar mobile phase containing more than 60-70% organic solvent (typically acetonitrile) in aqueous buffer. Although 
HILIC has been widely applied, the retention mechanism in this separation mode is still under debate [2]. The primary 
retention mechanism is believed to be partitioning of the analytes between a water layer adsorbed on the surface of the 
hydrophilic stationary phase and the less polar bulk mobile phase. However, secondary interactions such as hydrogen 
bonding, ionic and even hydrophobic can also occur depending on the nature of the analyte, stationary and mobile 
phases [3]. If the sample contains a large number of the analytes having different properties then it becomes difficult to 
predict their chromatographic behaviour. 

The aim of the current work was to investigate the effect of mobile phase composition on the chromatographic 
behaviour of anionic, cationic and neutral compounds under hydrophilic interaction chromatography conditions using 
bare silica stationary phase. 

HILIC separations were performed on a Waters Acquity UPLC system (Waters, Milford MA, USA) equipped with 
an Acquity UPLC photodiode array detector (PDA). Acquity UPLC BEH HILIC column (2.1×100 mm, 1.7 μm, Waters) 
was used in the experiments. We selected six compounds (acetylsalicylic acid, creatinine, nicotine, nicotinic acid, 
acetaminophen and uracil) as model analytes to examine the retention and efficiency properties of the mobile phases.  

The effect of three organic solvents, namely acetonitrile (ACN), methanol (MeOH) and isopropanol (IPA) on the 
chromatographic behaviour of the analytes was investigated. For all analytes the eluting strength follows the order: 
ACN < IPA < MeOH, which is correlated with the different hydrogen bonding abilities of the solvents. Polar protic 
solvents (MeOH and IPA) can be both donor and acceptor of hydrogen bonds and aprotic ACN can be only hydrogen 
bond acceptor. Consequently, protic solvents can more effectively compete for polar active sites on the surface of 
stationary phase, replacing water molecules and thus producing a more hydrophobic surface. For all analytes 
acetonitrile provided the highest peak efficiency.  

As expected, all coumpounds exhibited typical HILIC behaviour of increasing retention with increasing ACN 
content in the mobile phase. The retention for the charged analytes were much more strongly affected by ACN 
concentration than for the neutral compounds. This is possibly due to enhanced secondary analyte/stationary phase 
interactions (e.g., hydrogen bonding and electrostatic interactions) which may become predominant as water content 
decreases. 

Minimal changes in retention and efficiency of neutral compounds were observed upon changing pH (3-7) and 
ammonium acetate buffer concentration (0-10 mmol/L). The efficiency of charged analytes significantly increased with 
increasing pH and buffer concentration. The changes in retention for cationic and anionic compounds with increasing 
pH and buffer concentration were in the opposite direction. The retention of anions increased, whereas an opposite trend 
was observed for cationic analytes.  

Obtained results showed that the three mobile phase parameters (concentration of organic solvent, pH and buffer 
concentration) enabled manipulation of the retention and efficiency of analytes with different charge state and should be 
useful for optimization of mobile phase during HILIC method development. 
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