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Abstract: Using a pure silica stationary phase along with a simple acetonitrile–
phosphoric acid aqueous mobile phase provides a powerful and versatile tool
for the analysis of a broad range of polar compounds, such as amino acids and
pharmaceutical compounds. The retention of solutes is influenced by the nature
of the stationary phase, the organic solvent, and the aqueous mobile phase
components. The retention mechanism is predominantly electrostatic interactions
occurring between the solute and stationary phase. Selectivity for cationic or
zwitterionic solutes is largely due to differences in their ion exchange capabilities,
and, consequently, influenced by the pKa and lipophilicity of the solutes. Steric
hindrance in the proximity of the protonated site of the solutes may also influence
selectivity and retention.

Keywords: Amino acids, Hydrophilic interaction chromatography, Polar
compounds

INTRODUCTION

Reversed phase liquid chromatography (RPLC) refers to chromatography
where the mobile phase is more polar than the stationary phase. This
mode commonly utilizes aqueous buffer modified with an organic solvent
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such as methanol or acetonitrile, with a silica based C18 or C8 stationary
phase. The proliferation of different types of silica based stationary
phases, their high efficiencies, the low UV cutoff of the commonly used
mobile phase components, and the ability to run gradient programs cov-
ering a wide polarity range are some of the reasons why RPLC dominates
the field of separation science. However, very polar solutes such as car-
boxylic acids, amines, and zwitterions may exhibit poor retention and
selectivity in this mode. Retention can be enhanced to a limited extent
through the use of a highly aqueous mobile phase in conjunction with
a polar endcapped or polar embedded stationary phase. A second option
is the use of ion pairing reagents in the mobile phase. This option, how-
ever, is often hampered by poor baselines, system peaks, and irreversible
modification of the column.[1,2] A third option is to derivatize the polar
solute with a hydrophobic moiety. For example, hydrophilic peptides
and amino acids can be derivatized with 9-fluorenylmethyl chloroformate
(FMOC) to enhance retention and sensitivity.[3,4] However, derivatiza-
tion requires additional steps in sample preparation and is not amenable
to polar compounds that do not possess functionalities that can be deri-
vatized in a facile manner. A fourth option is to utilize chromatographic
modes other than reversed phase.

Normal phase liquid chromatography (NPLC), where the stationary
phase is more polar than the mobile phase, is a complementary separation
mode. It can be used for polar solutes that are poorly retained, for non-
polar solutes that are strongly retained, or solutes that are labile or possess
poor solubility in a RPLC mode. Retention occurs through polar interac-
tions, such as hydrogen bonding and dipole interactions, between the
solute and the stationary phase. The mobile phase is usually a mixture
of a non-polar solvent such as heptane and a more polar solvent such
as isopropanol. Commonly utilized stationary phases include cyano, diol,
and silica. However, many of the highly polar solutes that are poorly
retained in RPLC, are too strongly retained in NPLC. Additionally, many
polar solutes exhibit poor solubility in non-aqueous mobile phases.

An alternative separation mode to RPLC or conventional NPLC for
the analysis of polar solutes is hydrophilic interaction chromatography
(HILIC). This mode utilizes a stationary phase that is more polar than
the mobile phase and thus can be categorized as NPLC. However, it uses
a more polar mobile phase than conventional NPLC. The mobile phase
is usually a mixture of a polar organic solvent such as acetonitrile or metha-
nol at high concentrations plus aqueous buffer at low concentrations. The
stationary phase is generally unmodified, aminopropyl bonded, or sulfobe-
taine bonded silica. Solute retention appears to be multimodal, involving
hydrogen bonding or coulombic interactions with the stationary phase or
with tightly bonded water on the stationary phase, when using organic
modifier enriched mobile phases.[5] Hence, solute retention increases with
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increasing polarity of the solute.[6] The HILIC mode offers a number of
advantages over RPLC and conventional NPLC for the analysis of polar
compounds. Substantive retention and selectivity is observed, derivitiza-
tion is not required, and no baseline artifacts are observed in contrast to
ion pair chromatography.[2,7,8] Gradient programming can be utilized.

The HILIC mode has been used in the analysis of carbohydrates,
nucleic acids, peptides,[6,9–12] and polar pharmaceutical compounds.[1,13–17]

The separation mechanism for the HILIC mode has been dis-
cussed,[1,5,6,18,19] indicating that ion exchange and the pH of the mobile
phase influence retention. In this study, the factors influencing retention
and selectivity of polar compounds are further investigated in order to
gain further insight for the retention of polar molecules under HILIC
conditions. The probe molecules used were groups of structurally related
polar compounds such as pyridine derivatives, amino acids, and aniline
derivatives. The positional isomers and slightly different functional
groups found in the selected probe molecules were intended to provide
subtle details of factors influencing retention and selectivity. These
chosen probe molecules generally exhibit poor retention=selectivity
characteristics by both RPLC and conventional NPLC modes.

EXPERIMENTAL

Reagents

Amino acids, aniline derivatives, and substituted pyridine compounds
were of analytical reagent grade and were obtained from Sigma-Aldrich
(Milwaukee, WI). The evaluated drug substance-(1R,2S,5S,6S)-2-amino-
6-fluoro-4-oxobicyclo[3.1.0] hexane-2,6-dicarboxylic acid (Compound A)
and its intermediates were prepared by Process Research at Merck
Research Labs. Sodium formate and sodium perchlorate (HPLC grade)
were obtained from Fisher Scientific Inc. (Fairlawn, NJ). Methanol,
acetonitrile (both HPLC grade), acetic acid (99.99%), formic acid (88%),
and phosphoric acid (99.999%) were all obtained from Sigma-Aldrich
(Milwaukee, WI). Highly purified water (Hydro Service and Supplies,
Garfield, NJ) was used throughout for the preparation of buffer and
reagents. All samples were prepared in 100% acetonitrile or 10� 20% v=v
0.1% phosphoric acid aqueous and 90� 80% v=v acetonitrile mobile phase.

Chromatographic Conditions

Analyses were performed with HP 1100 (Agilent Technologies, Palo Alto,
CA) HPLC systems equipped with either quaternary or binary pumps.
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The systems also included UV or photodiode array detectors. Data were
collected using TurboChrom Navigator (Perkin Elmer, San Jose, CA).

HPLC separations were performed on Atlantis HILIC Silica columns
(150� 4.6 mm, 3 mm particle size, Waters, Milford, MA) at room tem-
perature with detection at 200 nm or 210 nm. Low wavelength 200 nm
was used for the drug substance and its impurities as they possessed weak
chromophores. The flow rate was 1.0 mL=min and injection volume was
10 mL. Acetonitrile or methanol was used as the organic mobile phase.
The aqueous mobile phase contained phosphoric acid, acetic acid, or per-
chloric acid. Two hours preequilibration time was required when using
new columns or when changing mobile phase eluent in order to ensure
consistent retention times.

Software for Calculation of log P and Ab Initio Molecular Modeling

ACD Lab 6.0 log P dB and pKa dB software (Advanced Chemistry
Development, Inc., Toronto, Canada) was used to calculate the pKa

and log P values of some compounds. P is the partition coefficient of a
compound defined by the ratio of the concentration of the compound
in octanol to the concentration of the compound in water. Log P is the
logarithm of the partition coefficient.

Molecular energies were calculated by using PC Spartan 04 (Wave-
function, Inc., Irvine, CA) software optimized with B3LYP=6-31G�.

RESULTS AND DISCUSSION

Dominant Interactions in HILIC Mode

Chromatographic retention for a solute is dependent upon the strength of
its interactions with both the mobile and stationary phase. Increased
retention is correlated to strong interactions with the stationary phase.
Polar compounds are more strongly retained in the HILIC mode, while
non-polar compounds are more strongly retained in the RPLC mode.
There are a number of critical dissimilarities between RPLC and HILIC
relating to the interaction of the solute with the mobile phase and the
stationary phase that account for observed differences in retention and
selectivity.

Under the aqueous rich conditions associated with the reversed
phase mode, the solute is enclosed within a hydration sphere that must
be removed prior to undergoing hydrophobic interactions with the
apolar stationary phase. In acetonitrile rich mobile phases, individual
water molecules interact with individual acetonitrile molecules through
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hydrogen bonding and with minimal disruption of the weak dipole
interactions of acetonitrile.[20] Similarly, in methanol rich mobile phases,
there is very little water unassociated with methanol and the major con-
stituents are water-methanol and methanol-methanol associates.[21] In
both acetonitrile and methanol rich mobile phases, there would be very
few water aggregates present. As a consequence, in the HILIC mode with
an organic rich mobile phase a hydration cage is unlikely to exist and
interactions between the solute and the organic solvent are enhanced.
Thus solvation is very different for HILIC versus RPLC.

Organic solvents also have a significant effect on the protolytic prop-
erties of the stationary phase, ionizable mobile phase components, and
ionizable solutes. When the percentage of organic solvent in the mobile
phase increases, the mobile phase dielectric constant decreases and the
activity coefficients of charged solutes decrease. As a result, there is a
concomitant change in the pH of the mobile phase and the pKa of the
solute molecules.[22–32] Consequently, the measured pH of the aqueous
mobile phase component or that of the mobile phase mixture using a
potentiometric system does not reflect the true hydgrogen ion activity
of the mobile phase mixture if the system has been calibrated using
aqueous standards.[26,28]

The dissociation of neutral or anionic acids results in the generation
of ions with increased charge. However, the extent of dissociation and the
activity of these ions are reduced with the reduction in the dielectric con-
stant of the solvent. These effects result in an increase in the pKa. In con-
trast, for the dissociation of a cationic acid (e.g ammonium ion), there is
no change in the number of charges and a lowering of the solvent’s dielec-
tric constant has a smaller effect on the pKa. Dissociation depends only
on the solvation of the species resulting in a slight decrease in pKa.[26] As
an illustration, the pKa value of phosphoric acid and acetic acid increase
from 2.11 and 4.77 in pure water to 3.21 and 5.54, respectively, in 50%
methanol while the pKa of the ammonium ion decreases from 9.24 to
8.76.[26] Similar effects were reported with acetonitrile where the pKa of
phosphoric acid and acetic acid were found to increase 3.29 and 6.16 in
60% acetonitrile, respectively, while the pKa of the ammonium ion
decreased to 8.88.[30]

The nature of the stationary phase affects the type of interactions that
the solute can undergo. Two different types of silanols with different acid-
ities have been identified. Their pKa have been determined to be 3.5 to 4.6
and 6.2 to 6.8 in 60% methanol.[33] The composition of these silanol sites
are 45% of the more acidic silanols to 55% of the less acidic silanols.[33]

Thus, a significant portion of the more acidic silanols will be deprotonated
in the presence of 0.01 M phosphoric acid or acetic acid with a larger
proportion deprotonated with acetic acid. These silanols can undergo
electrostatic interactions such as ion exchange with cationic solutes.
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The above considerations present a model for solute retention in the
HILIC mode using a silica stationary phase. The cationic solute interacts
with the stationary phase through ion exchange with deprotonated sila-
nols. The strength of this interaction is dependent upon the charge,
pKa of the solute, and the pH of the mobile phase.

Retention of Pyridine under HILIC Conditions

The retention characteristics of pyridine (pKa 5.17 in water and 4.44 in
81.4% acetonitrile=18.6% water[31]) under HILIC conditions were
investigated. The retention of pyridine was first determined as a function
of percent acetonitrile using 0.1% phosphoric acid as the aqueous modi-
fier. Under these conditions and based on the pKas of pyridine, phospho-
ric acid, and the more acidic silanol groups, there is a significant amount
of pyridinium ions and deprotonated silanols present.

Figure 1 depicts the retention trend. Pyridine is more strongly
retained with increasing acetonitrile concentration. An increase in aceto-
nitrile percentage decreases the dielectric constant of the mobile phase.
The ion exchange interaction of pyridinium ion with deprotonated
silanols are enhanced with the decreased polarity of the mobile phase
resulting in increased retention for pyridine.

To demonstrate the strength of the ion exchange interaction, the
retention of pyridine, nitrobenzene, benzyl alcohol, and benzoic acid
was compared. Pyridine is the only one of these species capable of
forming a positively charged ion that can then undergo ion exchange
interactions with deprotonated silanols, and this is reflected in its strong
retention (retention factor k0 ¼ 4.1) with a mobile phase containing 20:80
0.1% v=v phosphoric acid:acetonitrile. The other species are polar and

Figure 1. Retention factors of pyridine vs. percent of acetonitrile. Retention
factor k0 ¼ tr�t0

t0
(tr is the retention time of the solute; t0 is the mobile phase hold

up time.)
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thus can undergo interactions such as hydrogen bonding and dipole-
dipole interactions with the stationary phase. These species, however,
were unretained under the same conditions. This observation provides
strong evidence for the dominance of an ion exchange interaction occur-
ring between pyridine and the stationary phase.

Next, the retention of pyridine was determined as a function of the
type of aqueous mobile phase component. A mobile phase of 80% aceto-
nitrile was used in conjunction with 0.1% (v=v) of either perchloric acid,
phosphoric acid, or acetic acid. Retention factors of 0.8, 4.1, and 7.3 were
observed with perchloric acid, phosphoric acid, and acetic acid, respec-
tively. Due to its lower pKa, perchloric acid is dissociated to a larger
extent than the other acids. The lower pH of the perchloric acid mobile
phase results in a smaller proportion of deprotonated silanols sites, redu-
cing the capability for ion exchange interactions between pyridinium ions
and deprotonated silanols. For phosphoric acid, the higher pH of the
mobile phase results in greater deprotonation of silanol sites enhancing
ion exchange interactions with the pyridinium. Therefore, a greater reten-
tion was achieved. For acetic acid, where the greatest retention was
observed, the higher pKa of acetic acid will lead to greater ion exchange
interactions with the silanols as compared to phosphoric acid as a conse-
quence of more deprotonated silanols being available. It can be argued
that the higher pH of the mobile phase would also lead to a decrease
in the number of pyridinium ions which should, with all other factors
constant, decrease the ion exchange capability. However, the decrease in
pyridinium ion appears to be countered by the increase in deprotonated
silanols.

Retention of Pyridine Derivatives under HILIC Conditions

The retention and selectivity of nine structurally related pyridine
derivatives were investigated under HILIC mode (Figure 2, Table 1) to
determine the effect of various functional groups on retention. The
compounds included three pyridine alcohols, three pyridine carboxylic
acid positional isomers, and three pyridine carboxamide positional iso-
mers. A mobile phase of acetonitrile with 0.1% phosphoric acid as the
aqueous component was utilized (Figure 3).

The first eluted solute is 2-pyridine carboxamide, which has a pKa of
1.80 in water. This molecule likely exists as predominantly the neutral
form under the chromatographic pH conditions of the mobile phase
(pH is approximately 3.6 with 60% acetonitrile[29,31,32]) resulting in
very little ion exchange between the solute and deprotonated silanols.
3-Pyridine carboxamide and 4 pyridine carboxamide have pKas of 3.33
and 3.61, respectively, in water and are thus stronger bases with larger
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Figure 2. The structures of pyridine and its derivatives.

Table 1. pKa
[34–36] values of pyridine, and its derivatives. pKa values in bold

represent those corresponding to the pyridine nitrogen

No. Name of neutral compound pKa1 pKa2 k0

1 2-Pyridinecarboxylic acid 1.01 5.29 0.4
2 3-Pyridinecarboxylic acid 2.07 4.75 1.5
3 4-Pyridinecarboxylic acid 1.84 4.84 1.9
4 2-Pyridinecarboxamide 1.80 2.1
5 3-Pyridinecarboxamide 3.33 2.4
6 4-Pyridinecarboxamide 3.61 2.6
7 2,6-Pyridinedimethanol 4.79 3.4
8 6-Methyl-2-Pyridinemethanol 5.73 3.6
9 2-Pyridineethanol 5.17 3.8

10 Pyridine 5.17 4.3
11 2-methylpyridine 6.00 4.3
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proportions of pyridinium ions to interact with deprotonated silanols
relative to 2-pyridine carboxamide. Retention of the carboxamides conse-
quently appears to correlate with the basicity of the pyridine nitrogen
reflecting an ion exchange interaction occurring between the pyridinium
ions and deprotonated active silica sites.

All three of the pyridine carboxylic acid solutes elute after 2-pyridine
carboxamide but before 3-pyridine carboxamide. Their relatively weaker
interactions compared to 3-pyridine carboxamide can be attributed to the
ability to exist as zwitterions at the pH of the mobile phase. In the
zwitterion state, the negative charge of the decarboxylate group will red-
uce the ion exchange interactions between the protonated base and the
deprotonated silica through electrostatic repulsion. The retention trend
within the three pyridine carboxylic acid solutes, however, correlates with
the pKa of the pyridinium ions. Retention increases with increasing pKa,
reflecting an increase in the proportion of pyridinium ions.

The pyridine alcohols are more strongly retained than the carboxa-
mide derivatives reflecting their higher pKa values. However, the elution
orders of the alcohols do not correlate with their pKa values (Table 1).
The first eluted alcohol is the 2,6-pyridinemethanol, which has the lowest
pKa value. However, 6-methyl-2-pyridinemethanol elutes before 2-pyridine-
ethanol despite its higher pKa. This anomaly can be explained in terms of

Figure 3. Separation of the pyridine derivatives. Chromatographic conditions:
Atlantic HILIC Silica, 3 mm, 150� 4.6 mm column, mobile phase A—0.1%
phosphoric acid in D.I. water; B—Acetonitrile; gradient at 95% B to 60% B for
7 min, and then held at 60% B for 5 min. detection at 210 nm.
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intramolecular hydrogen bonding occurring between the pyridine nitro-
gen and its hydroxyl proton. Ab initio molecular energy calculations
optimized with B3LYP=6-31G� indicate that the hydrogen bond lengths
for 6-methyl-2-pyridinemethanol and 2-pyridineethanol are 1.966A and
2.018A, respectively. Thus, 6-methyl-2-pyridinemethanol is more likely
to form intramolecular hydrogen bonds in a relatively apolar medium,
reducing its ability to ion exchange with deprotonated silanols. In addi-
tion, the methyl group on 6-methyl-2-pyridinemethanol may provide
steric hindrance further reducing the ion exchange interactions between
the pyridinium ion and the deprotonated silanols. The steric hindrance
effect was further investigated by comparing the retentions of pyridine
and 2-methylpyridine. The two solutes coeluted despite their differences
in pKa. It appears that the ion exchange interaction that should favor
the more basic 2-methylpyridine (pKa 6.00 in water) is offset by steric
hindrance from the methyl group at the 2 position.

Retention of Amino Acids under HILIC Conditions

The separation of amino acids by HILIC using bonded stationary phases
has been previously reported.[6,9,11] In this study, the retention of five
amino acids were investigated. The amino acids were separated on pure
silica using acetonitrile=0.1% phosphoric acid (Table 2, Figures 4 and 5).
Under the mobile phase conditions, histidine is doubly protonated and
the presence of two protonated nitrogens provides the strongest ion
exchange interaction with deprotonated silanols. Hence, it is the last
eluted solute.

The other four amino acids are singly protonated with similar pKa

values for the a-ammonium moiety (pKa> 8.8 in water). Therefore, they

Table 2. pKa values[34–36] and relative hydrophobicity [37,38] of amino acids. pKa

values in bold represent the a-ammonium moiety

�pKa

Compound name pKa1 pKa2 pKa3 Hydrophobicity
Retention

factor

Histidine (His) a 1.8 (þ2) 6.04 (þ1) 9.33 (0) �42 4.7
Asparagine b 2.1 (þ1) 8.80 (0) �41 2.5
Aspartic acid c 1.99 (þ1) 3.90 (0) 9.90 (�1) �18 1.9
Tyrosine d 2.20 (þ1) 9.11 (0) 49 1.7
Tryptophan e 2.38 (þ1) 9.39 (0) 84 1.5

�Protonated cations are designated by (þ1), (þ2), etc., after the pKa value;
neutral species by (0).
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should all be fully protonated at the amine functionality and should
undergo ion exchange interactions with deprotonated silanols to a similar
extent, resulting in coelution if ion pairing was the only retention factor.

Figure 4. The structures of the amino acids.

Figure 5. Separation of the amino acids. Chromatographic conditions are the
same as in Figure 3, except the gradient was changed to 75% B to 45% B in 15 min.
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However, their hydrophobicity increases in the sequence: asparagine<
aspartic acid tyrosine< tryptophan[37] and retention is found to decrease
with increasing hydrophobicity of the solute. This trend reflects the
decreasing strength of polar interactions with the stationary phase with
increasing hydrophobicity of the solute. The order of elution is opposite
to that expected for RPLC.

Retention of Aniline Derivatives under HILIC Conditions

The retention of five aniline derivatives (Figure 6) using pure silica as the
stationary phase and acetonitrile= 0.1% phosphoric acid (Figure 7) as the
mobile phase was investigated. All of the aniline derivatives possess similar
pKa values for the a ammonium moiety (pKa: 4.48–5.04) (Table 3). Under
the chromatographic conditions, 1,2-benzenediamine has the strongest
retention due to the strong ion exchange capability and the absence of a
negatively charged group that can lead to electrostatic repulsion. 2-Amino-
benzoic acid is the least polar (highest log P) and thus would undergo
weaker interactions with the stationary phase, as reflected by the fact that
it is the least retained. 5-amino-1,3-Benzenedicarboxylic acid is eluted
second as the two carboxylic acid groups provide significant electrostatic
repulsion as compared to 3-aminobenzoic acid, which is eluted third.

Figure 6. Structures of the aniline derivatives.

Some Insights on Retention and Selectivity 639

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



3,5-Diaminobenzoic acid is the fourth solute eluted due to its high polarity
(it has smallest log P, Table 3). It elutes before 1,2-benzenediamine as its
carboxylic group does provide some electrostatic repulsion.

Application of HILIC for the Separation of a

Pharmaceutical Compound

Figure 8 depicts the structures of a drug candidate (A), two process
intermediates (B, C), and a synthetic impurity (D). Compound A,

Figure 7. Retention of aniline derivatives. Chromatographic condition: Atlantic
Hilic Silica, 3 mm, 150� 4.6 mm column, mobile phase A—0.1% phosphoric acid
in D.I. water; B—Acetonitrile; gradient at 95% B to 60% B in 7 min. and hold at
60% B for 3 min. detection at 210 nm.

Table 3. pKa values and log P values[34–36] of the aniline derivatives. pKa values
in bold represent the a-ammonium moiety

No. Compound name pKa1 pKa2 pKa3 log P

i 2-Aminobenzoic acid 2.17 (þ1) 4.85 (0) 1.21
ii 3-Aminobenzoic acid 3.07 (þ1) 4.79 (0) 0.78
iii 5-Amino-1, 3-benzene-

dicarboxylic acid
2.4 (þ1) 3.69 (0) 4.91 (�1) 0.72

iv 3,5-Diaminobenzoic acid 1.49 (þ2) 3.5 (þ1) 5.04 (0) �0.29
v 1,2-Benezenediamine 0.8 (þ2) 4.48 (þ1) 0.05
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Figure 8. The structures of the amino acid drug candidate, intermediates, and
impurity. a is the drug candidate, b and c are the intermediates and d is an
impurity.

Figure 9. Retention of drug candidate A and its impurities. Chromatographic
conditions were the same as in Figure 3 except a¼ 200 nm.

Some Insights on Retention and Selectivity 641

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



(1R,2S,5S,6S)-2-amino-6-fluoro-4-oxobicyclo[3.1.0] hexane-2,6-dicarbox-
ylic acid, is a polar amino acid, from a class of conformationally con-
strained, highly selective, and orally active group II metabotropic
glutamate receptor (mGluR) agonists[39–42] targeted for the treatment of
schizophrenia and depression, and other neurological diseases.[43,44] The
high polarity of the solutes leads to poor retention under reversed phase
conditions. However, retention and separation were afforded under
HILIC conditions with a silica column and an acetonitrile=0.1% phospho-
ric acid mobile phase (Figure 9).

Both impurity C and intermediate D lack an amino group to form a
positive ion to undergo ion exchange interactions with the stationary
phase and thus are eluted early. Impurity C elutes after intermediate D
as a consequence of its greater polarity (logP of �1.13 for impurity D ver-
sus �1.40 for intermediate C; Table 4). Intermediate B may be less
retained than drug substance A as it is even less polar (logP of �1.01
for intermediate B versus �1.98 for Compound A) leading to weaker
polar interactions with the stationary phase.

CONCLUSION

The HILIC mode offers an alternative approach for the analysis of polar
basic compounds that are poorly retained under reversed phase condi-
tions. The retention mechanism for cations using a bare silica stationary
phase is predominantly ion exchange with deprotonated silanols. The
strength of the ion exchange is dependent upon the extent of protonation
of the solute and deprotonation of silanol sites of the stationary phase.
This ion exchange may be weakened by electrostatic repulsion from
negatively charged moieties on the solute or by steric hindrance.
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Table 4. pKa and log P [34–36] of the amino acid drug candidate, intermediates

Compound pKa1 pKa2 pKa3 log P Retention factor

A 7.24 2.34 1.63 �1.98 5.5
B 3.93 �1.01 3.8
C �1.4 1.4
D 2.46 �1.13 0.91
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