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INTRODUCTION

Basic compounds are widely used in many areas such as pharma-
ceutical development (e.g., basic drugs), biological research (e.g.,
catecholamines), consumer products (e.g., cationic surfactants), etc.
Although reversed-phase liquid chromatography (RPLC) is the most
commonly used analytical separation technique for a broad spectrum
of applications, the task becomes highly challenging when it comes to
basic analytes. It is well-known that a basic molecule often elutes as

a tailing peak at a mid-pH on a silica-based RP column, mainly due

to the secondary interaction resulting from residual silanol groups on
the silica surface. This difficulty is minimized by increasing surface
coverage using high-purity silica gel. However, the resulting material

is incompatible with highly aqueous mobile phases because of the
de-wetting phenomenon on a hydrophobic surface. Another challenge
relates to inadequate retention of hydrophilic, basic molecules on an RP
column. Many pharmaceutical drugs are hydrophilic basic molecules.
Very often, an RP column fails to give sufficient retention mainly due to
its retention mechanism.
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Although ion-pairing chromatography is frequently used to increase
retention for hydrophilic charged molecules, it often requires long
equilibration time, a dedicated column and a complicated mobile phase
that is incompatible with a mass spectrometer. Conventional ion-
exchange chromatography is used to separate highly basic compounds.
However, commonly used silica-based cation exchangers exhibit inad-
equate hydrophobicity while the polymer resin-based ones frequently
exhibit low chromatographic efficiency. Mixed-mode chromatography is
a combination of ion-exchange and conventional RP chromatography. A
mixed-mode stationary phase has both hydrophobic and ion-exchange
properties and facilitates the independent control of retention for ioniz-
able and neutral molecules. Therefore many application challenges
involving hydrophilic ionizable compounds that are difficult for an RP
column can be easily resolved on a mixed-mode column.

This paper presents a new mixed-mode silica column that combines
weak cation-exchange (WCX) and reversed-phase properties. The new
phase features unique selectivity not only for the separation of basic
compounds with different hydrophobicity, but also for simultaneous
separation of basic, acidic, and neutral pharmaceuticals. Furthermore,

it exhibits orthogonal selectivity compared to RP columns. Column
chemistry, chromatographic properties, and some example pharmaceuti-
cal applications will be discussed.
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AGCLAIM® MIXED-MODE WCX-1
Features:

¢ Adjustable selectivity

Orthogonal selectivity

Ideal for basic molecules

Multi-mode retention mechanism

Simultaneous separation of basic, neutral, and acidic molecules
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Silica: High-purity,
porous, spherical

Particle Size: 5 pm

Surface Area: 300 m%/g

Pore Size: 1204

Silica Gel
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Figure 1. Column chemistry of Acclaim Mixed-Mode WCX-1.

CHROMATOGRAPHIC PROPERTIES

¢ Adjustable selectivity
The Acclaim Mixed-Mode WCX-1 combines both hydrophobic
and WCX characteristics, facilitating adjustable selectivity through
changes in mobile phase ionic strength (Figure 2), pH (Figure 3),
and the organic solvent content (Figure 4), individually or
concurrently.

¢ QOrthogonal selectivity
As shown in Figures 5 and 6, the Mixed-Mode WCX-1 provides
orthogonal selectivity compared to both a RP column and its weak
anion-exchange (WAX) counterpart.

e |deal for basic molecules
The Acclaim Mixed-Mode WCX-1 not only retains basic molecules
(from highly hydrophilic ones, such as sodium ions, to highly
hydrophobic ones, such as amitriptyline), but it also elutes them
with symmetrical peak shapes and excellent efficiency (Figures 10
and 14).

¢ Multi-mode retention mechanism
Because of its novel column chemistry, the Acclaim Mixed-Mode
WCX-1 column offers multi-mode retention mechanisms, including
RP, cation-exchange, ion-exclusion, and HILIC. Figure 7 demon-
strates that in highly organic mobile phase, the Mixed-Mode WCX-1
functions as a HILIC column.

¢ Simultaneous separation of basic, neutral, and acidic
molecules
Separation of different types of molecules, including bases, neutrals,
and acids in a single chromatographic run, on the same column, is
highly desirable but challenging. Figure 8 demonstrates the simulta-
neous separation of a mixture of basic, neutral, and acidic molecules
using an isocratic method, with excellent peak shape and resolution
on the Acclaim Mixed-Mode

WCX-1 column.
Column: Acclaim Mixed-Mode
WCX-1,5pm
1 Dimension: 4.6 x 150 mm
10 mM buffer Mobile Phase: 50/50 v/v CHsCN/
2 sodium phosphate,
pH65
Temperature: 30 °C
3 Flow Rate: 1 mL/min
Inj. Volume: 5L
j\ Detection UV (215 nm)
AU Peaks: 1. Benzoic acid 200 pg/mL
1 2. Naphthalene 50
2 40 mM buffer 3. Benzyl amine 300
3
T 1
0 6 12
Minutes 25009

Figure 2. Adjustable selectivity—ionic strength effect. Changing ionic strength
affects cation retention without affecting neutral or anionic compounds.

Column: Acclaim Mixed-Mode

o WCX-1,5 ym
! SRICREE Dimension: 4.6 x 150 mm
2 Mobile
Phase: 50/50 v/v CH3CN/
3 10 mM sodium phosphate
Temperature: 30 °C
N\ PHBS5  FioyRate: 1 mU/min
AU Inj. Volume: 5 pL
3 Detection: UV, 215 nm
Switch “0ff”  peays: 1. Benzoic acid 200 pig/mL
2. Naphthalene 50
1 3. Benzyl amine 300
pH2.8
T 1
0 6 12
Minutes 25010

Figure 3. Adjustable selectivity—pH effect. Changing the pH causes the capac-
ity of weak cation-exchange functionality on the Stationary phase, and can be
switched “on” or "off.”
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Column: Acclaim Mixed-Mode
2 WCX-1,5 pm
0 Dimension: 4.6 x 150 mm
62% MeCN (W) yjo1ie Prase: CHaCN/30 mi
1 sodium phosphate, pH 6.5
Temperature: 30 °C
3 FlowRate: 1 mL/min
Inj. Volume: 5L
Detection: UV (215 nm)
AU
Peaks: 1. Benzoic acid 200 pg/mL
2. Naphthalene 50
1 50% MeCN (v/v ) 3. Benzyl amine 300
3
I
T 1
0 5 10
Minutes 25011

AU

2 HILIC Mode
1
RPLC Mode
2
T 1
5 10
Minutes

Column: Acclaim Mixed-Mode
WCX-1,5pm
Dimension: 4.6 x 150 mm
Mobile Phase:  CH;CN/NH,0Ac, pH 5
(5mM total)
v/v 95/5 for HILIC mode
operation
v/v 50/50 for RP mode
operation
Temperature: 30 °C
Flow Rate: 1mL/min
Inj. Volume: 5L
Detection: UV (270 nm)

Peaks: 100 ppm each
1. Cytosine
2. Naphthalene

25015

Figure 4. Adjustable selectivity—organic solvent effect. Changing the mobile
phase organic content affects selectivity.

Figure 7. RPLC mode vs HILIC mode.

Column: 5um
1 Dimension: 4.6 x 150 mm
Mixed-Mode WCX-1 Mobile Phase: 50/50 v/v CH3CN/

10 mM (total)

sodium phosphate

buffer, pH 6.5
Temperature: 30 °C

2
3
j\ Flow Rate: 1 mL/min
Inj. Volume: ~ 5pL

AU 13 Detection: uv, 215nm
Acclaim 120 C8 Peaks:
2

6 12
Minutes 25012

1. Benzoic acid 200 pg/mL
2. Naphthalene 50
3. Benzyl amine 300

o

Column:
Dimension:

Mobile Phase:

Temperature:

Flow Rate:
Inj. Volume:
Detection:

7 Peaks:

Minutes

Acclaim Mixed-Mode WCX-1, 5 um
4.6 x 150 mm

40/60 v/v CHsCN/NH,0Ac,
pH 5.2 (20 mM total)

30°C

1mL/min

5uL

UV (225 nm)

1. Maleate 50 pg/mL
2. Ketoprofen 30
3. Naproxen 30
4. Hydrocortisone 60
5. Dexamethasone 60
6. Oxprenolol 300
7. Timolol 250
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Figure 5. WCX vs RP—orthogonal selectivity.

Figure 8. Simultaneous separation of acidic, neutral, and basic pharmaceuticals.

Mixed-Mode WCX-1

Column: 5um
2 Dimension: 4.6 x 150 mm
Mobile Phase: 60740 v/v CHsCN/
20 mM sodium phosphate

1 buffer, pH 6.5

Temperature: 30 °C
3 Flow Rate: 1 mL/min
Inj. Volume: 5L
AU Detection UV (215 nm)
2 Mixed-Mode WAX-1 Peaks: 1. Benzoic acid 200 pg/mL

2. Naphthalene 50
3. Benzyl amine 300

T
0 4 8
Minutes

25013

Column:
Dimension:
Mobile Phase:

2 Temperature:
Flow Rate:
Inj. Volume:
Detection:

Peaks:

T
75 15
Minutes

Acclaim Mixed-Mode WCX-1, 5 pm
4.6 x150 mm

2/98 v/v CHyCN/sodium phosphate,
pH 6.2 (10 mM total concentration)
30°C

1 mL/min

5uL

UV, 215nm

(0.25 mM each)
1.NE

2.E

3. DHBA

4.DA

25017

Figure 6. WCX vs WAX—orthogonal selectivity.

Figure 9. Separation of catecholamines.
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Column:

Acclaim Mixed-Mode

WCX-1,5 ym
Dimension: 4.6 x150 mm 2 Column: Acclaim Mixed-Mode
Mobile Phase:  50/50 v/v CH;CN/10 mM WCX-1,5 um
NHgOAc, pHS5.2 Dimension: 4.6 x 150 mm
Temperature: ~ 30°C Mobile Phase:  60/40 v/v CHiCN/
Flow Rate: 1 mL/min 1 NH,0Ac, pH 5.2
Inj. Volume: 5L L 40 mM Temperature: 30 °C
Detection: UV, 215 nm 5 Flow Rate: 1 mlL/min
. Inj. Volume: 2L
AU Peaks: 100 ppm each mv S
] 1. Doxepin (mixture of isomers) 1 Detection:  ELS datector
45 2. Imipramine l 20 mM Sample: Tetrabutylphosphonium
2 3. Trimipramine bromide (0.1%)
3 4. Amitriptyling 1 1.8
(As. =1.08, 11623 plates/column) 9 2. (CH,CH,CH,CH,)4P*
5. Protriptyline
6. Nortriptyline J\ 10 mM
T 1 T 1
0 10 20 6 12
Minutes T Minutes 25021
Figure 10. Separation of antidepressants. Figure 13. Analysis of phosphonium salt.
Column: Acclaim Mixed-Mode
1 WCX-1,5 ym 9
2 Dimension: 4.6 x 150 mm ) -
Mobile Phase: 50/50 v/v CH,CN/ ! Column: e
5m NH,0Ac, pH 5.2 pH3.5 Dimension: 46 x150mm
5 Temperature: 30 °C Mobile Phase: 5 mM NH,0Ac buffer
; FlowRate: 1 mL/min i Temperature: ~ 30°C
Inj. Volume: 5L 1 A Flow Rate: 1 mL/min
- pH 4.0 Inj. Volume: 2uL
my 10mM gelecﬁlqn' .El.LS slect‘ecgor ml mv A Detection: ELS detector
l ample: ris HCI (1 mg/mL) . Sample: NaCl (2 M)
2 Peaks: 1.Cl- 1 -
: : Peaks: 1.0l
1 2.TrisH' A A P4 2 Nat
1 2
20mM \ A pH5.0
T 1 T 1
0 Vi 8 0 25 5
inutes 25019 Minutes 25022
Figure 11. Analysis of tris HCI salt. Figure 14. Analysis of NaCl .
Column: Acclaim Mixed-Mode
WCX-1, 5 ym
2 Dimension: 4.6 x 150 mm
Mobile
Phase: 50/50 v/v CH3CN/
1 NH,0Ac, pH 5.2
3 Temperature: 30 °C
N A 40 mm Flow Rate: 1 mL/min
2 Inj. Volume: 5 pL
Detection:  ELS detector
mV
1 3 Peaks: (300 ppm each)
1. (CH,CH,CH,JAN*
A 30 mM 2. (CH,CH,CH,CH,)4N*
9 3. (CH,CH,CH,CH,CH,J4N*
1
A 3 20mM
T 1
0 75 15
Minutes
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Figure 12. Analysis of quaternary amines.
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Column: Acclaim Mixed-Mode

WCX-1, 5 ym
Dimension: 4.6 x 150 mm
Mobile Phase:  (A) 50/50 v/v CHsCN/NH,0Ac,
mv pH5.2, 5 mM (total)

(B) 30/70 v/v CH;CN/NH,0Ac,

pH5.2, 5 mM (total)

Temperature: 30 °C

2 Flow Rate: 1 mL/min
Inj. Volume: 2L
T 1 Detection: ELS detector
0 5 10 Sample: Naproxen sodium
Minutes

salt (1 mg/mL)

1 Peaks: 1. Naproxen

2. Na*
A_i 5mM
mV
1
2
10 mM

Minutes 25024

Figure 15. Analysis of Naproxen sodium salt. A) Analysis of counterion only.
B) Simultaneous separations of both API and its counterion (with adjustable
selectivity).

CONCLUSION

The Acclaim Mixed-Mode WCX-1 column functions as a primary
column for a variety of basic analytes and as a secondary column that
provides selectivity orthogonal to that of reversed-phase columns. Thus,
it is an invaluable tool for HPLC method development for a broad range
of applications, such as pharmaceutical, food and beverage, and chemi-
cal analyses.

Acclaim is a registered trademark of Dionex Corporation.
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