
Hydrophilic interaction liquid chromatography

(HILIC)1 is used primarily to separate polar and

hydrophilic compounds. Target applications for

HILIC include the analysis of saccharides, glycosides,

oligosaccharides, peptides and hydrophilic drugs.

HYDROPHILIC INTERACTION CHROMATOGRAPHY

HILIC has similarities to normal phase chromatog-

raphy (NPC) with regard to the nature of the station-

ary phase, but the eluents used are similar to those

known from reversed phase chromatography (RPC).

Typical mobile phases are mixtures of acetonitrile

and water or aqueous buffers. Typical stationary

phases are silica or polymer particles carrying polar

functional groups. TSKgel Amide-80 HILIC columns

are packed with spherical silica particles that are

covalently bonded with non-ionic carbamoyl

groups. They are very well known for the separa-

tion of polar compounds such as saccharides2 or

glycans3.

It is commonly believed that in HILIC the aqueous

content of the mobile phase creates a water rich

layer on the surface of the stationary phase. This

allows for partitioning of solutes between the more

organic mobile phase and the aqueous layer.

Hydrogen bonding and dipole–dipole interactions

are the dominating retention mechanisms in HILIC

mode. The number of polar groups, as well as the

conformation and solubility of the sample in the

mobile phase determines the elution order.

FEATURES OF HILIC–MS 

In recent years hyphenated techniques such as

GC–MS and LC–MS, are becoming more and more

popular. With MS–MS detection techniques a very

high sensitivity and selectivity can be reached. 

In LC-ESI–MS evaporation of the solvent is crucial

for detection sensitivity. A high organic content of

the mobile phase is supporting efficient evapora-

tion, thus enhancing MS sensitivity. In RP separa-

tion mode the retention of very polar, hydrophilic

compounds is usually very low, limiting separation

power. This can be improved by using modern RP

materials especially designed forseparation of

polar compounds. Nevertheless the high aqueous

content of the eluent is still impairing LC–MS detec-

tion sensitivity. 

HILIC separations are performed with gradients

starting with high percentage of organic solvent

and ending with a high portion of aqueous solvent,

which is opposite to RPC. 
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Hydrophilic interaction liquid chromatography (HILIC) offers unique advantages for mass spectrometric detec-

tion of very polar compounds when compared to reversed phase chromatography. The higher organic con-

tent of the eluent in HILIC supports efficient evaporation of the solvent, thus enhancing sensitivity and altering

ion suppression. HILIC–MS is particularly suited for LC–MS analysis of glycans or for fast analysis of polar

drug substances or metabolites. We present an example for the LC–MS analysis of basic drugs to demon-

strate the power of HILIC separations with regard to detection sensitivity and selectivity.

Figure 1 

SELECTIVITY FOR PEPTIDES SEPARATED BY HILIC 

AND RP CHROMATOGRAPHY

Columns: (a) TSKgel ODS-80TS 5 µm, 4.6 mm ID x 25 cm L 

b) TSKgel Amide-80 5 µm, 4.6 mm ID x 25 cm L

Eluents: A: 0.1% TFA; B: Acetonitrile

Flow rate: 1 mL/min

Gradient: C18: 5% B to 55% B in 83.3 min 

HILIC: 97% B to 55% B in 70 min

Sample: Mixture of small polar peptides

Detection: UV@215 nm

Application Note

1 = PG;  

2 = LG; 

3 = FG; 

4 = EHP-NH2

5 = VGSQ; 

6 = GGYR; 

7 = WAGGDASGE; 

8 = DSDPR
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The elution order is usually inversed as well and polar

compounds are very well separated. The portion of

organic solvent in the mobile phase is relatively high

supporting highly sensitive LC–MS detection.

We present examples for the different elution order of

polar compounds in HILIC and RPC with UV detection

and with LC–MS–MS detection. 

HILIC AND REVERSED PHASE SEPARATION OF

PEPTIDES

The selectivity of HILIC is completely different from

RPC and for most samples the elution order is

inversed. Figure 1 gives an example for these differ-

ences in selectivity. In addition it shows that HILIC can

be applied not only for the separation of saccharides

or polyols but for peptides as well. 

Small peptides were separated by C18 and HILIC

columns of the same dimensions. Mobile phases -

acetonitrile and 0.1% trifluoroacetic acid - were the

same for both separations but gradients were almost

inversed. The very polar peptide 8 (DSDPR), which

was not separated from the shorter peptides 4 and 5 in

RP mode was highly retained in HILIC mode. Elution

order for peptides 2 and 3 was inversed.  

HILIC–MS ANALYSIS OF POLAR DRUG SUBSTANCES

HPLC–MS–MS has become a powerful tool for analy-

sis of drug substances. It is used in quantitative confir-

matory analysis of drugs of abuse, as well as in fast

analysis of metabolites in pharmacokinetics or rapid

screening of drug candidates. 

Analysing basic drug substances by RPC has some

drawbacks: In addition to peak tailing problems, very

polar components show low retention and elute with

high water containing eluents, which are unfavourable

for subsequent ESI–MS detection. The new 3 µm par-

ticle size TSKgel Amide-80 columns were designed to

provide HILIC columns for LC–MS use. They combine

both, retention for polar compounds and high resolu-

tion. An additional benefit of TSKgel Amide-80 for

mass spectrometric detection is the virtual absence of

column bleeding. 

Figure 2 shows the analysis of some basic drug sub-

stances using a HILIC column (TSKgel Amide-80 3 µm)

compared to the analysis of the same molecules using

a RP column (TSKgel ODS-100V 3 µm). Ranitidine, a

histamine H2-receptor antagonist, ondansetron,

anantiemetic serotonin receptor antagonist, and

labetalol, an alpha-1 and beta adrenergic blocker, used

to treat high blood pressure, were selected to demon-

strate the differences in selectivity and MS-signal

LC-MS ANALYSIS OF BASIC DRUGS ON HILIC (LEFT) AND RPC (RIGHT) COLUMNS; 

RANITIDINE 315/176; ONDANSETRON 294/212; LABETALOL 329/262

Figure 2 

Column:  TSKgel Amide-80 3 µm (2.0 mm ID x 15 cm L)

Eluent : A: 10 mM Ammoniumformiate (pH 3.75)

B: ACN

Gradient : 0 min (B 90%) -> 10 min (B 40%) ->13 min (B 40%)

Flow rate : 0.2 mL/min    

Inj. volume : 5 µL (50 µg/L)

Detection : QTrap® LC-MS/MS (Applied Biosystems), ESI+

Column: : TSKgel ODS-100V 3 µm (2.0 mm ID x 15 cm L)

Eluent : A: 10 mM Ammoniumformiate (pH 3.75)          

B: ACN

Gradient :  0 min (B 0%) -> 10 min (B 80%) ->13 min (B 80%)

Flow rate : 0.2 mL/min    

Inj. volume : 5 µL (50 µg/L)

Detection : QTrap® LC-MS/MS (Applied Biosystems), ESI+

Labetalol

329/162

Ranitidine

315/176

Ondansetron

294/212



response when using different chromatographic

modes. Ranitidine, which has the highest number

of polar groups among these molecules, showed

the highest retention on the HILIC phase and the

lowest retention on the RPC phase. The signal

intensity was almost doubled for ranitidine when

using HILIC separation mode compared to RPC. The

example of labetalol shows that even a ten-fold

increase in signal height can be achieved by using

HILIC instead of RPC.

CONCLUSION

TSKgel Amide-80 HILIC columns with 5 µm parti-

cles have been used for years for a broad range of

LC–MS applications4,5. The new 3 µm Amide-80

columns provide even better resolution at reduced

analysis time as a result of the smaller particle size.

The unique HILIC separation mechanism offers

major advantages for the analysis of very polar

compounds by LC–MS techniques. 
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