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LC TROUBLESHOOTING

Hydrophilic-interaction chromatog-

raphy (HILIC) is increasingly being 

used in a variety of application areas, 

mainly as an alternative to reversed-

phase liquid chromatography (LC) when 

retention is too low under reversed-

phase LC conditions (1). In my laboratory, 

we have been exploring opportunities 

to leverage the strengths of the HILIC 

mode in applications such as character-

ization of the highly polar metabolite 

fraction of plants, and more recently 

peptide and protein separations. In 

our experience many descriptions of 

experimental conditions reported in 

the literature on HILIC separations have 

been incomplete, or at least not explicit 

enough to enable analysts to accurately 

reproduce the results of a given study. 

Through conversation with a number 

of LC users, they report similar experi-

ences—even those with considerable 

experience with HILIC separations. So, I 

have asked Dr. Chuck Lucy and his stu-

dent Caley Craven to join my coworker 

Dr. Claudia Seidl and myself in prepar-

ing two installments that we hope will 

shed some light on the topic of eluent 

preparation for HILIC separations. In 

part I, we address the issues of solvent 

mixture preparation and buffer counter-

ions. Stay tuned later in 2018 for part II 

in this series where we will address the 

issues of eluent buffer concentration 

and pH.

-Dwight Stoll

Introduction to HILIC Eluents

Whereas reversed-phase LC typically 

involves a relatively lipophilic stationary 

phase (for example, alkyl-modified silica) 

and relatively water-rich eluent (often more 

than 50% water), HILIC separations typi-

cally involve hydrophilic stationary phases 

(for example, bare or diol-modified silica) 

and organic solvent-rich eluent (often 

more than 80% acetonitrile). These varia-

tions can lead to radical differences in the 

retention of small molecules under the two 

conditions. Figure 1 shows a comparison 

of the separations of a simple mixture of 

five small molecules under reversed-phase 

LC and HILIC conditions. In reversed-

phase LC hydrophobic molecules such as 

benzene and toluene are well retained and 

separated, but polar molecules such as 

uracil and cytosine are unretained (uracil is 

a common dead time marker in reversed-

phase LC). In contrast, benzene and tolu-

ene are unretained in HILIC (toluene is a 

common dead time marker in HILIC), and 

polar molecules are well retained and 

separated. Although most work involving 

HILIC to date has focused on separations 

of small molecules, recently there has been 

considerable interest in separations of 

large molecules such as proteins (2). In this 

installment of “LC Troubleshooting,” we 

focus on detailed aspects associated with 

the preparation of eluents used for HILIC 

separations. We encourage readers inter-

ested in other aspects of HILIC separations 

(for example, selectivity differences across 

stationary phase chemistries, and applica-

tions) to see the recent review of the field 

by McCalley (1).

Although there are some examples in 

the literature of very well-defined pro-

cedures for preparing eluents for HILIC 

separations (3), it is far more common to 

see something like this description of the 

eluent: “10  mM ammonium acetate in 

90:10 acetonitrile–buffer, at pH 6.” When 

analysts go to prepare this eluent in the 

laboratory, they quickly confront a num-

ber of practical questions. For the sake 

of this example, suppose we prepare 1 L 

of eluent. The following questions arise:

• Is the concentration of ammonium 

acetate 10 millimoles in 1 L of the 

buffer, or 10 millimoles in 1 L of the 

aqueous–organic mixture?

• Was the pH adjusted or measured 

before or after the addition of the 

organic solvent to the buffer?

• Is the ratio of 90:10 on a volume (that 

is, v/v) or weight (that is, w/w) basis? 

And, if v/v, how exactly is this mixture 

prepared? 

Eluent Preparation for Hydrophilic Interaction 
Liquid Chromatography, Part I: Solvent 
Volumes and Buffer Counterions
Paying attention to the details of mobile-phase preparation can have a big impact on the reproducibility of 

hydrophilic-interaction chromatography (HILIC) separations.
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A list of possible approaches to answer 

these questions is provided later in this 

article.

In this installment, we tackle two 

aspects of eluent preparation for HILIC 

separations. First, we discuss some of the 

options for preparing the organic–aque-

ous solvent mixture, and demonstrate 

that very different results can arise from 

different preparation methods. Second, 

we demonstrate that the cation associ-

ated with an anionic buffering agent in 

the eluent can have a significant effect 

on retention as well.

Preparing the Organic–

Aqueous Solvent Mixture

In previous installments of “LC Trou-

bleshooting,” John Dolan addressed 

this issue from the point of view of 

reversed-phase LC separations (4), 

and as part of a recent discussion of 

how modern LC pumps work (5). Now, 

we review the aspects of those dis-

cussions that are most relevant here, 

and extend the ideas to the impact on 

HILIC separations.

Taking our example of a 90:10 organic–

aqueous mixture for the eluent, we can 

conceive of many possible ways to pre-

pare the mixture

A.  Transfer 900 mL of acetonitrile and 

100  mL of aqueous buffer to a sol-

vent bottle. These portions could 

be measured using graduated cyl-

inders or gravimetrically (that is, by 

mass instead of volume).

B.  Transfer 900  mL of acetonitrile to 

a 1-L volumetric flask; fill to mark 

using aqueous buffer.

C.  Transfer 100  mL of aqueous buffer 

to a 1-L volumetric flask; fill to mark 

using acetonitrile.

Approaches A–C assume that the mix-

ture will be prepared in a bottle, and 

then delivered to the high performance 

liquid chromatography (HPLC) column 

using a single channel of the pumping 

system. We must also consider a case 

involving preparation of the eluent by 

the pump itself.

D.  Bottles of acetonitrile and the aque-

ous buffer are set up on the HPLC 

instrument, and the pump is set 

to deliver an eluent that is 90:10 

organic–aqueous.

On the surface it appears that 

approaches A, B, and C would all pro-

duce the same solution; however, they 

will not. This difference is because of the 

so-called volume of mixing associated 

with mixing different liquids. This effect 

has been pointed out previously by 

Dolan (4,5), and others (6). In the specific 

case of mixing acetonitrile with water, the 

volume of the mixture is always less than 

the sum of the volumes of the constitu-

ent parts. For example, if we mix 500 mL 

of water with 500 mL of acetonitrile, we 

most definitely will not have 1000 mL of 

solution in our bottle—it will be less than 

1000 mL (about 20 mL at room tempera-

ture). Figure 2 shows the percent loss in 

total volume as a function of increasing 

content of acetonitrile in the mixture.

In light of this contraction in volume 

of mixing, let’s consider our various 

methods for preparing our acetonitrile–

water mobile phase. In method A we 

mix premeasured volumes of acetonitrile 

and water. The error in our percentage 

of acetonitrile in these mobile phases 

would be 0%. If we used method B, 
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FIGURE 1: Comparison of retention and selectivity for a set of simple small molecule probe 
solutes separated by reversed-phase LC and HILIC. Reversed-phase LC conditions: 150 mm 
x 4.6 mm, 3.5-μm (silica) Zorbax SB-C18; mobile phase: 40:60 acetonitrile–water (premixed 
volumes, method A); temperature: 30 °C; fl ow rate: 1.0 mL/min. HILIC conditions: 150 mm x 
4.6 mm, 3.5-μm (silica) Zorbax HILIC Plus; mobile phase: 90:10 acetonitrile–5 mM ammonium 
acetate (pH 6.8) (premixed volumes, method A); temperature: 30 °C; fl ow rate: 0.5 mL/min.

FIGURE 2: Percent change in total volume for mixtures of acetonitrile and water. Based 
on data from reference 6.
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where we fill the flask to the mark with 

aqueous buffer, the final percentage 

of acetonitrile would be lower than we 

intended. Whereas making up the final 

volume with acetonitrile (method C) 

would result in a higher percentage of 

acetonitrile than intended. The impact 

of these differences can be seen in Table 

I, which contains experimental retention 

data for two neutral analytes (uracil and 

cytosine) and a cationic analyte (benzyl-

trimethylammonium [BTMA]) obtained 

under HILIC conditions.

For all of the HILIC mobile phases 

studied here, preparing a mobile phase 

using method C (filling to mark with ace-

tonitrile) resulted in slightly higher reten-

tion than expected (that is, compared to 

method A), whereas making the mobile 

phase to the mark with aqueous buffer 

(method B) resulted in substantially lower 

retention.

The moral of the story is that the exact 

manner in which acetonitrile and water 

are mixed must be described in full detail 

in a method for that procedure to be 

reproduced in another laboratory, or in 

the same laboratory by a different analyst. 

Counterions Matter

In a future installment we will discuss how 

the manner in which the aqueous buffer 

is prepared and reported strongly affects 

the reproducibility of a HILIC method. 

Here we consider the simplest and often 

overlooked aspect of preparing a buf-

fer—the counterion. 

HILIC uses mobile phases with a high 

fraction of acetonitrile, so buffer solubil-

ity is a factor to consider. The solubility 

of buffers is lower in acetonitrile–water 

mixtures than methanol–water mixtures, 

and the solubility follows the trend that 

ammonium salts tend to be most soluble, 

whereas sodium salts tend to be the least 

soluble of commonly used salts (NH4
+

> K+ > Na+) (7). Hence the popularity 

of buffers involving ammonium salts in 

HILIC work is not just because of the 

volatility of these buffers, making them 

suitable for use with mass spectrometric 

detectors, but also because of their solu-

bility.

But let’s consider other impacts of 

the buffer counterion. HILIC retention is 

TABLE I: Effect of mobile-phase preparation technique on polar analyte retention

Nominal 
Composition

Prep Method
Retention Factor

Uracil Cytosine BTMA

80% acetonitrile

A 0.408 1.24 7.42

B
(water to fi ll)

0.387 1.08 7.06

C (acetonitrile to fi ll) 0.408 1.25 7.59

85% acetonitrile

A 0.454 1.75 9.08

B
(water to fi ll)

0.424 1.44 8.13

C (acetonitrile to fi ll) 0.459 1.81 9.47

90% acetonitrile

A 0.578 3.44 16.4

B
(water to fi ll)

0.531 2.71 12.9

C (acetonitrile to fi ll) 0.584 3.57 16.4

Conditions: Zorbax HILIC Plus (silica) column at 30 °C. Aqueous buffer was 5 mM ammonium 

acetate at pH 6.8. BTMA = benzyltrimethylammonium.
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FIGURE 3: Retention changes due to the addition of 5 mM NH4Cl, LiCl, NaCl, or KCl to 
an 85% acetonitrile–15% 5 mM ammonium acetate (method A) mobile phase. Condi-
tions: Zorbax HILIC Plus (silica) column at 30 °C.
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largely due to partition of polar analytes 

into the water layer that forms on the sur-

face of polar stationary phases. However, 

other interactions such as ion exchange 

and hydrogen bonding also contribute 

to the retention and selectivity of HILIC 

phases (8,9). A bare silica HILIC column 

will retain analytes based on both parti-

tioning into the water layer and also ionic 

interactions with deprotonated silanols (–

SiO-) on the silica surface. Figure 3 shows 

the impact of the addition of 5 mM differ-

ent chloride salts to a 5 mM ammonium 

acetate (pH 6.8) buffer on retention for 

neutral (uracil, cytosine), anionic (ben-

zenesulfonate [BS]) and cationic (BTMA) 

analytes, both in absolute (Figure 3a), 

and relative terms (Figure 3b).

For neutral uracil and cytosine the 

identity of the buffer cation causes a 

small but persistent shift in retention 

factors. For ionic analytes the impact is 

much greater. The anionic BS experi-

ences electrostatic repulsion from the 

anionic silica surface at pH 6.8 because 

most surface silanols will be deprot-

onated and negatively charged (10). 

Increasing the electrolyte concentration 

screens the electrostatic repulsion, allow-

ing retention of the anionic analyte to 

increase. The magnitude of the change 

in retention follows the trend Li+ < NH4
+

< Na+ < K+. Cationic analytes such as 

BTMA undergo cation exchange with 

the silica surface. The addition of salt to 

the mobile phase provides cations that 

compete for the silanol exchange sites. 

So, the addition of salt reduces BTMA 

retention in a manner that mirrors the 

cation exchange selectivity—that is, Li+ < 

Na+ < NH4
+ < K+.  

Summary and Closing Remarks

The volume contraction that occurs when 

acetonitrile and water mix means that 

how a mobile phase is prepared affects 

the actual composition of the mixture in 

percent terms. This difference in compo-

sition, in turn, can affect the observed 

retention and selectivity observed under 

HILIC conditions. Experimental pro-

cedures for HILIC separations should 

describe in detail the manner in which 

the two solvents are mixed. One impor-

tant aspect of mobile-phase preparation 

that is usually not described is indicating 

if the mixture is brought to a fixed final 

volume (for example, methods B and 

C described above), or if the measured 

volumes are combined to produce some 

nominal final volume (that is, method A 

above). The counterion present in the 

aqueous buffer also matters, particularly 

for HILIC separations of charge analytes.

A final bit of advice is to beware of 

assumptions. At the beginning of the 

work we did to produce the data pre-

sented here, we favored method A 

(where the volume of each solvent is pre-

measured) because it mimics how most 

HPLC pumps mix two separate solvents 

(method D). However, when we allowed 

our 15-year-old HPLC system to do that, 

we observed much higher retention than 

that observed with method A! Of course, 

this result suggests that something is not 

quite right with our pump (for example, 

one channel is not delivering solvent at 

the expected rate), and so we are cur-

rently putting our troubleshooting skills 

to work.
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