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a  b  s  t  r  a  c  t

This work  systematically  investigates  the  selectivity  changes  on many  HILIC  phases  from w
wpH  3.7–6.8,  at

5  and  25  mM  buffer  concentrations.  Hydrophilicity  (kcytosine/kuracil)  vs.  ion  interaction  (kBTMA/kuracil) selec-
tivity  plots  developed  by  Ibrahim  et  al. (J. Chromatogr.  A  1260  (2012)  126–131)  are  used  to investigate
the  effect  of  mobile  phase  changes  on the  selectivity  of  18  HILIC  columns  from  various  classes.  “Selec-
tivity  change  plots”  focus  on  the  change  in  hydrophilicity  and  ion interaction  that  the  columns  exhibit
upon  changing  mobile  phase  conditions.  In general,  the  selectivity  behavior  of  most  HILIC  columns  is
dominated  by  silanol  activity.  Minimal  changes  in  selectivity  are  observed  upon  changing  pH  between
w

wpH 5 and  6.8. However,  a reduction  in ionic  interaction  is  observed  when  the buffer  concentration  is
increased  at w

wpH  ≥  5.0  due  to ionic shielding.  Reduction  of the w
wpH  to  <  5.0  results  in decreasing  cation

exchange  activity  due  to silanol  protonation.  Under  all eluent  conditions,  the majority  of  phases  show
little  change  in  their  hydrophilicity.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Since Alpert [1] introduced the term hydrophilic interaction
liquid chromatography (HILIC) in 1990, HILIC’s popularity has
steadily increased. This popularity is due to HILIC’s ability to retain
and resolve highly polar analytes that are difficult to separate
by reversed phase chromatography, and to HILIC’s compatibility
with mass spectrometry [2–6]. HILIC has been the subject of many
reviews [2,4,5,7–11] and several studies covering a wide range of
HILIC stationary phases and/or mobile phase conditions [12–16].
HILIC has found utility in the analysis of small molecules such as
metabolites [2,17,18], pharmaceuticals [19–24] and food chemicals
[25–32], as well as larger biomolecules such as glycans [33–35] and
peptides/proteins [36,37]. Today, many types of HILIC phases are
commercially available, including bare silica, amine, amide, diol,
and zwitterionic phases [8,38].

Retention in HILIC is due to a combination of the analyte parti-
tioning into a surface water layer that forms on the surface of polar
particles in the presence of an acetonitrile (ACN)- (or other suit-
able aqueous miscible polar aprotic organic solvent) rich mobile
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phase, and direct interactions, such as adsorption, with the sta-
tionary phase surface [7,39–41]. Secondary interactions such as
dipole-dipole, hydrophilic interactions, hydrophobic interactions,
and electrostatic interactions are responsible for the different selec-
tivity classes of HILIC phases [12,15,42].

In 2011, Dinh et al. [15] characterized these interactions on
22 HILIC stationary phases using principal component analysis
(PCA). Their approach successfully classified the behavior of the
different phases, but was  necessarily complex. Inspired by the
two-dimensional RPLC selectivity plot developed by Neue and
co-workers [43,44], Ibrahim et al. [45] developed several two-
dimensional plots to characterize the selectivity of HILIC phases
based on the relative retention of a subset of the test probes stud-
ied by Dinh et al. [15]. The objective of these two-dimensional plots
was to frame HILIC selectivity in a format that was visually easier
to comprehend.

One drawback of the selectivity plots of Dinh et al. [15] and
Ibrahim et al. [45] are that they reflect HILIC selectivity under a
single set of mobile phase conditions. Altering mobile phase con-
ditions such as pH and buffer concentration can fine-tune HILIC
selectivity by affecting water layer thickness, silanol activity and/or
the ionization state of polar bonded groups [8–11,16,46–48].

Herein we investigate the effect of pH and buffer concentra-
tion on the selectivity behavior of many classes of HILIC phases.
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Specifically, we reconstruct the hydrophilicity vs. ion interaction
selectivity plot of Ibrahim et al. [45] under three pH values and two
buffer concentrations. We  then focus on the changes in selectivity
caused by the new mobile phase conditions.

2. Experimental

2.1. Apparatus

All experiments were performed on a Varian ProStar HPLC (Var-
ian, Palo Alto, CA, USA) consisting of a 210 ProStar Pump and a
ProStar 410 Autosampler fit with a 40 �L loop. This system was
connected to a Knauer Smartline 2500 UV detector (Knauer-ASI,
Franklin, MA,  USA) with a 2 �L flow cell connected via fibre optic
cables. The detector time constant was 0.1 s.

2.2. Chemicals and reagents

All solutions were prepared with Nanopure water (Barnstead,
Dubuque, IA, USA). Cytosine, uracil, Optima-grade ACN, and HPLC-
grade ammonium formate were from Sigma Aldrich (St. Louis, MO,
USA). HPLC-grade ammonium acetate was from Fisher Scientific
(Fair Lawn, NJ, USA). HCl was from Caledon Laboratory Chem-
icals (Caledon, ON, Canada) Benzyltrimethylammonium chloride
(BTMA) was from Acros Organics (Fair Lawn, NJ, USA).

2.3. Tested columns and test probes

Table 1 lists the 21 columns evaluated in this study and their
characteristics. Retention factors (k) for cytosine, uracil and BTMA
were calculated as the average of three injections of the standards
prepared in the buffered eluent. Toluene was used as the unretained
dead time marker (t0) for all HILIC phases. The standard deviations
of the retention ratio measurements shown in Fig. 1 are smaller
than the size of the marker symbol (RSD’s typically <1%).

All analytes studied herein do not display acid/base character
with the pH range studied. Thus, lower capacity buffers could be
used, albeit with addition of buffer to the injected sample and
extensive column equilibration (Section 2.4). With weak acid and
base analytes, additional selectivity changes will result from pro-
tonation of the analyte, in which case adequate buffering capacity
is essential.

2.4. Chromatographic conditions

The premixed mobile phases consisted of 80:20 v/v ACN:water
containing ammonium acetate (w

wpH 6.8 or 5.0) or ammonium for-
mate (w

wpH 3.7). Analytes (20 �L partial loop fill injection) were
separated under ambient temperature (23 ± 3 ◦C) at 0.5 mL/min
and detected at 254 nm.  Prior to the first injection under each con-
dition, each column was equilibrated with ≥45 column volumes of
fresh eluent. The buffer strength quoted (5 or 25 mM)  is that present
after ACN addition. Buffers were prepared by titrating the appro-
priate amount of the above salts with HCl. The % ACN quoted in this
work represents the volume of ACN relative to the total volume
of the solvents including buffer and ACN. The pH for each aque-
ous component was measured prior to adding ACN (w

wpH). Early
studies suggested that the w

wpH value is more representative of
the surface aqueous layer in HILIC [42,48]. More recently, direct
pH measurement of the buffered aqueous/organic mobile phase
(after calibrating in aqueous buffers; w

spH) has been advocated
[12,49,50]. As neither measure is truly an ideal descriptor of the
mobile phase acidity, both the w

spH and w
wpH are quoted. Ta
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