
Hydrophilic interaction chromatography 
 (HILIC) 



• HILIC is a kind of normal-phase liquid 
chromatography (NPLC) which a mixture of water and 
organic modifiers in most cases acetonitrile (MeCN) 
is employed with a polar stationary phase. 

 

• HILIC can be an alternative to reversed-phase 
chromatographic separation for polar compounds 
using isocratic and gradient elutions. 

 

• HILIC is suitable for electrospray ionization (ESI)-
mass spectrometry (MS), because of the 
compatibility of the aqueous organic mobile phase to 
ESI-MS 



Problems with NP analysis 

1. Slow equilibration and site heterogeneity that resulted in 

nonlinear isotherms, which in turn means peaks that are 

tailing/fronting and shift their retention times with 

concentration of the injected substance. 

 

2. Another factor that promoted the popularity of “reversed” 

phase (RP) HPLC was its suitability for a large fraction of the 

bioanalytical solutes that were of interest. 

 



Problems with RP analysis 
 
1. A problem that has been the focus of much attention is how to create 

retention in RP-HPLC for compounds with no or very low inherent 
distribution toward packings with conventional RP functionality. (Very 
low admixtures of organic solvents) 

 

2. Non reproducible retention times and low separation efficiencies. 
Polar embedded or polar end-capped groups which decrease the risk 
of C18 phases to become dewetted. 

 

3. Analysis of polar compounds, derivatization, ion pairing reagents, ion-
exchanger, buffer reagents. These procedures caused lose the 
original compounds, or cause a problem with mass spectrometry 
analysis. 

 

4. The tremendous popularity of RP HPLC left naked inorganic oxides 
behind, and solution phase chemistries such as micellar 
chromatography. 

 



Ion Pair 

The increased retention is mediated by an ion pairing agent, which is an 

ionic compound of charge opposite to the solute, capable of entering into 

an ion pairing equilibrium. 

Ion pairing reagents typically added to the mobile phase are, e.g., TFA or 

sodium heptane sulfonate, but these ion pairing agents have been shown 

to significantly reduce the signal intensity in MS with ESI.  



HILIC combines the characteristics of 

the three major methods 

in liquid chromatography 
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Schematic of the selectivity of neutral HILIC (n-HILIC), 

zwitterionic HILIC (z-HILIC), ERLIC, cation exchange (CX), anion 

exchange (AX) and reversed phase (RP) chromatography. The 

light inner circle indicates low and the dark outer circle high 

selectivity towards positive charge, negative charge, apolarity 

or polarity, respectively 

JOURNAL OF PROTEOMICS 75 (2012) 3791 – 3813 



• The first generation of HILIC mode separation started in 
1975. Linden et al. separated carbohydrates by an amino-
silica phase, Bondapak (Waters, Milford, MA, USA) in a 
mixture of MeCN and water (75:25). 

 

• Before the introduction of HILIC separation, ion-exchange 
resin was used to separate carbohydrates. 

 

• HILIC is such a technique, where analyte retention is 
believed to be caused by partitioning of the analyte between 
a water-enriched layer of stagnant eluent on a hydrophilic 
stationary phase and a relatively hydrophobic bulk eluent, 
with the main components usually being 5–40% water in 
ACN.  



Why HILIC ?  
 1. The need to analyze polar compounds in increasingly complex 

mixtures. 

2. Exceptional growth of LC–ESI–MS 

3. The applications now encompass most categories of polar 
compounds, charged as well as uncharged, although HILIC is 
particularly well suited for solutes lacking charge where 
coulombic interactions can not be used to mediate retention. 

4. faster separations due to the lower viscosity of HILIC eluents 
compared to standard RP eluents  

5. This method is “orthogonal” to RP separation, which makes it 
viable for the multidimensional separation of complex samples.  

6. When HILIC is used in conjunction with RP-SPE, the strongly 
eluting solvent used to desorb the analytes from the SPE device 
is a weakly eluting solvent for HILIC or vice versa. 

7. It has been found to allow enrichment and the targeted analysis 
of post-translational modifications (PTMs). 





Mechanism 

• The existence of a water-enriched layer on the polar stationary 
phases under aqueous conditions, and a partitioning equilibrium 
of analytes between a mobile phase and the “wet” stationary 
phase, are a basic, and an accepted mechanism for HILIC 



Mechanisms of separations 
 Superpositioning of partitioning 

 

 

 

Electrostatic interactions 

 

 

 

Hydrogen bindings 

 

 

± 

± 

± 

1. Actual type of stationary phase 

2. Buffer condition 

3. Level and type of organic modifiers 

4. Type and concentration of salt 

5. pH 



Schema of the separation mechanism in a HILIC system 
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More polar compounds will have stronger interaction 

with the stationary aqueous layer than less polar 

compounds – resulting in a stronger retention. 

 



Model of the electric double layer on the stationary bonded-phase surface. 
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Schematic presentation of 

interactions between 

oligonucleotide and 

stationary phase in:  

A) ion exchange 

chromatography,  

B) ion pair reversed phase 

liquid chromatography,  

C) hydrophilic interaction 

liquid chromatography. 



Type A silica gels, prepared by precipitation from the 

solutions of silicates, are acidic because they are polluted 

with certain metals that activate surface silanol groups and 

form complexes with some chelating solutes, causing 

strong retention or asymmetric peaks. 

Type A  



Type B  

Type B silica gels are formed by the aggregation of silica sols in air, contain very low 

amounts of metals, and are more stable at intermediate and higher pH values (up to at 

least pH 9) than xerogel-type materials.  

They generally provide better separations, especially for basic samples, because they 

are highly purified, less acidic “sol-gel” spherical silica particles.  

At higher pH values, silanol groups are ionized and cation exchange plays a important 

role in retention, especially for positively charged basic compounds. Suppressing 

silanol ionization through the addition of TFA may promote the ion-pairing mechanism. 



Silica gel type C with a hydrosilated surface populated with nonpolar silicon hydride 

Si–H groups instead of silanol groups may have up to 95% of its original silanols 

removed, making it less polar than silica gels with higher populations of silanol groups. 

It can be used to separate acids or bases in the HILIC mode in buffered mobile 

phases containing more than 50–70% organic solvent (acetonitrile).  

Type C 





Selected 

stationary 

phases used in 

HILIC 

separations 
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Stationary phases 

Silica gel 
 
 
 
 
 
 

Chemically bonded 
 
 
 
 
 
Ion exchange & zwitterions 
 
Organic polymers 

1. Type A  Silanole 

2. Type B  Siloxane 

3. Type C   (Si-H 90%, Si-OH 10%) 

1. Amino (silica & non-silica) 

2. Amide 

3. Polysuccinimide 

4. Diol 

5. Cyclodextrins (CDs) 

6. Cyanopropyl 

7. Sulfonate S-DVB 
 

Sulfoalkylbetaine 







Separation efficiency 





Chemical structures of the functional groups in common 
HILIC 
stationary phases 



Aminopropyl silica 

the first bonded stationary phase to be 
routinely used for carbohydrate 
separations in HILIC mode. 

 A serious concern with aminopropyl 
silica is the limited stability in 
aqueous eluents that leads to fast 
release of ligands with accompanying 
peak shape deterioration under 
HILIC conditions. 

 Noted that it took several hundred 
column volumes to reach a stable 
baseline when changing from citrate 
to acetate buffer at the 100 mM 
level. 

 Aminopropyl silicas of different 
brands also show large differences 
in HILIC performance. 

Among the amination schemes, the best results 
were seen for the phase prepared with  

N-(3-butynyl)phthalimide  

followed by hydrazinolysis 



 amide-bonded silica, firstly applied for peptides separation.  

 The amide group is less reactive than the amine and lacks its basicity. 
Retention on these columns is thus less sensitive to eluent pH and less 
prone to irreversible chemisorption, and the absence of primary amino 
groups precludes Schiff's base formation with reducing sugars and other 
carbonyl compounds. 

Amide silica 

Diol silica 

 Diol silica is the bonded phase that most closely resembles naked silica in 
overall polarity. 

 The high polarity and hydrogen bonding properties of diol columns, along 
with a relative absence of dissociable moieties, should be nearly ideal for 
HILIC applications. 



Poly(succinimide)-bonded silica  
and its derivatives: Stationary phases 
reported by Alpert contained polymeric structures of 
poly(succinimide) derivatives. These columns have been 
widely used to separate various highly polar compounds, 
and recently, columns packed with 3 µm particles have 
been introduced to provide better separation. 
 



Sulfoalkylbetaine silica 

These materials were initially developed for 
the separation of inorganic salts, small 
ionic compounds, and also proteins in low 
salt fully aqueous eluents. 



Dedicated synthesis 

Recently a rather special HILIC phase was described.The base material is silica, 
and the ligand perhydroxyl-cucurbit[6]uril, derived from cucurbit[6]uril (a 
macrocyclic cavitand made up from six glycoluril units in a cyclic arrangement) 
by persulfate perhydroxylation. 



Impact of mobile phase component 
 
• H2O 

• ACN 

 
 

 

• Buffers 

 

 

 

 

 

• Organic 
modifiers 

 

 

 

1. MeOH 

2. THF 

3. Isopropanol 

4. EtOH 

1. Ammonium acetate 

2. Ammonium format 

3. Ammonium bicarbonate 

4. Triethylamin phosphate TEAP 

5. Sodium percholorate 

6. Sodium methyl phosphate Na-MePO4 

Adopted with ESI/MS 



Separation mechanism 

1. Proton donor-proton acceptor 

2. Solubility 

 

 

It is concluded that hydrogen bonding is the principle mode of interaction in 

HILIC. 



Modifier strength for peptide elution governed by proton-donor and proton-acceptor 

character, decreasing from water>MeOH>EtOH. 





Effect of ACN 



Effect of H2O 



Using the TSKgel Amide-80 column, it is necessary to include an acid modifier, such as 

TFA, in the mobile phase to prevent the ionic interaction between peptide residues and 

residual silanol groups on the silica surface. 



Effect of organic modifiers  



Effect of the mobile-phase aqueous buffer concentration on the HILIC retentions 

of the test compounds obtained using HILIC monolithic columns. 

B. Buszewski & S. Noga, Anal Bioanal Chem (2012) 402:231–247 
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Comparison of the selectivities obtained for polar pharmaceuticals using a reversed-phase ion 

pairing (LiChrospher RP-Select B column) and b HILIC (Zorbax NH2) separation modes. 



Protic & Aprotic mobile phase component 



Impact of column temperature  
 
Column temperature has long been recognized as an important 

parameter in HPLC separation, which acts significantly on analyte 
diffusivity, mobile phase viscosity and analyte transferring 
enthalpy between mobile and stationary phases. 

 

 

Elevated temperature performed in order to: 

1. improvement of HPLC performance 

2. Faster analysis (from 5 to 15 times), without loss of efficiency, 

3. Affect on an analyte retention and selectivity based on 
thermodynamic considerations,  

 
An increase of 1% methanol or ACN was about the same as a 48C 

increase in temperature with respect to retention time. 



Scheme of the 

LC×LC sample 

transfer interface with 

two 

sampling loops or two 

X-Terra trapping 

columns. 
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2D separation system 



2D-HILIC separation of biantennary neutral and 
sialylated PA-N-glycan standards 



2D-HILIC separationof PA-N-glycans from human 
serum proteins 



Combined systems (HILIC/MALDI-TOF) 



Applications 
 1. Small molecules                              2. Antibiotics and cytostatica 

 

 



3. Drugs of abuse  

4. Agricultural and food chemistry 

5. Toxins 

6. Synthetic polymers 

7. Carbohydrates 

8. Oligosaccharides 

9. Glucosinolates 

10. Saponines 

11. Glycanes 

12. Amino acids & peptides 

13. Glycopeptides 

14. Protemics 

 



Proteomics 



Sample preparation by HILIC-SPE 















Separation of three drugs and their main metabolites with (a) column packed 

with fully porous sub-2-µm particles: 100 × 2.1 mm, 1.7 µm and (b) column 

packed with core–shell sub-3-µm particles: 100 × 2.1 mm, 2.7 µm. Compounds: 

1 = OH-midazolam; 2 = midazolam; 3 = bupropion; 4 = OH-bupropion; 5 = 

dextromethorphan; 6 = dextrorphan. See (19) for experimental conditions. 

Adapted and reprinted from J. Sep. Sci. 33(6–7), B. Chauve, D. Guillarme, P. 

Cléon and J.L. Veuthey, Evaluation of various HILIC materials for the fast 

separation of polar compounds, 752–764 (2010) with permission from Wiley-

VCH Verlag GmbH (19)  


