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basic analytes, heterocycles, 
proton donors and acceptors, 
highly aqueous conditions

Selectivity (alpha, ), on the other hand, has a direct linear relationship 
ith l ti d th h h f l i fl nc

e

Mobile phase pH ++
120 12

p
12. 3-Ethylphenol
13. N,N-dimethylaniline
14 Bi h l A

pH 3.8

   

pH 3.8
highly aqueous conditions

Electron-poor compounds, 

with resolution, and, thus, has a much more powerful influence on 
resolution. While the majority of applications developed today utilize or

ba
n

1 Test Conditions:
C l i 4 6 50

Peak Identities:
1 T dMobile phase pH ++

I i i ++
100

m
A

U 1314 HALO C18
14. Bisphenol A

m
AU

   

m
A

U

Phenyl-Hexyl
Hydrophobic, 
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Electron poor compounds, 
analytes with electron-
withdrawing groups

heterocycles, aromatics, 

highly aqueous conditions
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Column size: 4.6 x 50 mm
Mobile phase: 5/95-A/B
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2. Phenylephrine
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y y   withdrawing groups, 
(ketones, nitriles, alkenes, etc)

highly aqueous conditionsalternative bonded phase yields superior results in terms of selectivity 
and, ultimately, resolution.
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analytes with  bonds, electron
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Sili /HILIC NPLC: analyte adsorption on NPLC: Polar vs nonpolar NPLC: analytes with low or no

approach for obtaining optimized HPLC separations.  The value of 
using multiple column selectivities as part of a fast method
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NPLC:  analytes with low or no 
water solubility, stereoisomers, 

using multiple column selectivities as part of a fast method 
development strategy using DryLab® 2010 software with Peak Match® 
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E l M th d D l t St t Optimiz ti n Appr h Summary
Fused-Core Particles

Example Method Development Strategy Optimization ApproachHALO C18 vs. Phenyl-Hexyl:  Aromatics
Summary

HALO Fused-Core Bonded PhasesFused Core Particles
Using Multiple HALO Phase Selectivities • 4.6 x 50 mm, 2.7 µm HALO RP-Amide
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• Changing selectivity, , is most effective way to 

HALO Fused Core Bonded Phases

Particle Characteristics Features and Benefits • Screen 1–4 column phases for analyte peak shape and

, µ

• 5–95% ACN/0.1% formic acid, 1.5 mL/min
Test Conditions:
Columns: 4.6 x 50 mm                     

Peak Identities:
1. Uracil

g g y, , y
improve resolution and adjust elution order.

• Silica: High purity, Type B • Ultrafast separations save time and 
Screen 1 4 column phases for analyte peak shape and 
selectivity using combinations of:

5 95% ACN/0.1% formic acid, 1.5 mL/min

• Gradient times of 10 and 30 min.4
Mobile Phase: 71/29 MeOH/H2O
Flow rate: 2.3 ml/min

2. Nitrobenzene
3. Toluene

improve resolution and adjust elution order.
• Column phases having different retention• Pore Size: 90 Å and 160 Å improve productivity

UHPLC f i h h d

selectivity using combinations of:
Column

Gradient times of 10 and 30 min.

• Column temperatures of 30 and 50°C
Pressure: 280 bar
Temperature: 40ºC

4. Naphthalene
5. di-n-propylphthalate

• Column phases having different retention 
m ch ni m r on of th top 3 p r m t r for• Particle Size Distribution: 5 % RSD • UHPLC performance without the need 

for UHPLC equipment

– Column
• HALO C18

Column temperatures of 30 and 50 C

• Input RTs and peak areas into DryLab® 2010
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6. n-propylbenzene
7. n-butylbenzene

mechanisms are one of the top 3 parameters for 
h i l ti it f HPLC ti• pH range: 2–9

for UHPLC equipment

• Low pressures enable the coupling of

HALO C18
• HALO RP-Amide

Input RTs and peak areas into DryLab® 2010

DryLab Data Entry

2 7. n butylbenzene
8. 3-phenyltoluene
9. di-n-butylphthalate

changing selectivity of an HPLC separation.
• Efficiency: 230,000 plates/m

Low pressures enable the coupling of  
columns for high efficiency/high • HALO Phenyl-Hexyl

50 C
Design

DryLab Data Entry5
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8 Combining HALO phase selectivities with 
different organic modifiers and blends over a broadNew at
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different organic modifiers and blends over a broad 
pH range is an excellent approach for developing
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– 0.1% HCOOH (pH 2.8)
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30 C
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HALO Phenyl-Hexyl

pH range is an excellent approach for developing 
superior, robust and rugged RPLC methods.

0 5 µm

– 10 mM Ammonium Formate, pH 3.8
10 mM Ammonium Acetate pH 5 8 tG10 min 30 min

HALO Phenyl-Hexyl p , gg
RP-Amide PFP

0.5 µm – 10 mM Ammonium Acetate, pH 5.8

• Identify one or more combinations to investigate and
tG10 min 30 min

(pentafluorophenylpropyl)
Identify one or more combinations to investigate and 
optimize Peak IDs assigned after optimization
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Resol tion Eq ation Sho s that Selecti it HALO C18 RP A id f Ph li Fast Separation of Anticoagulants on C l Ph S i C ditiResolution Equation Shows that Selectivity
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HALO C18 vs. RP-Amide for Phenolics Fast  Separation of Anticoagulants on 
HALO F d C P ki

Column Phase Screening:  Conditions
is Most Effective Parameter to Change

SEPARATION OF PHENOLICS: RP Amide vs C18
HALO Fused-Core Packings

• Sample: mixture of 24 analytes
HALO RP-AMIDE

SEPARATION OF PHENOLICS: RP-Amide vs C18

2

Test Conditions:
Column size: 4.6 x 50 mm

• Sample:  mixture of 24 analytes 
– acids, alcohols, amides, amines, diols, nitriles, subst. benzenes, 
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B=Methanol/Acetonitrile-50/50
Flow=2.0 mL/min, 210 Bar, 45 deg. C.
UV 254 1 L i j ti

• Columns:  4.6 x 50 mm, 2.7 µm  
HALO C18 RP A id Ph l H l PFP   k14  to the square root of  efficiency, N. 3 5

7 Halo C181
5 7 UV=254 nm, 1 uL injection – HALO C18, RP-Amide, Phenyl-Hexyl, PFP

• Organic Modifier
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HALO C18
A=0.02 M Potassium phosphate,  pH = 7.0
B=Acetonitrile
Flow: 2 0 ml/min4

3. 2,4,6-Trinitrophenol
4. 2,4,6-Trichlorophenol
5 2 2' Biphenol P k Id titi

i – 10 mM Ammonium Formate, pH 3.8
10 mM Ammonium Acetate pH 5 8
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Temperature: ambient (25ºC)
Detection:  UV @ 254 nm1
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5. 2.2 -Biphenol
6. 2', 6'-Dihydroxyacetophenone
7 4-Chlorophenol
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Peak Identities:
1. Uracil
2 4 Hydroxycoumarin

– 10 mM Ammonium Acetate, pH 5.8
• Gradient conditions: 5–95% organic in 10 min 30°C1.0
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5 7. 4 Chlorophenol
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3 2. 4-Hydroxycoumarin
3. Coumarin
4 6-Chloro-4-hydroxycoumarin

Gradient conditions:  5 95% organic in 10 min., 30 C
• Flow Rate and Linear Velocity:  1.5 mL/min,  = 3.0 mm/sec

0.50.50.5
5.0

10.0 Rs vs. alpha is nearly linear 

between 1 <  < 2
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5 7 4. 6 Chloro 4 hydroxycoumarin
5. Warfarin
6. Coumatetralyl

y / ,  /
• Instrument:  Agilent 1100 Quaternary, Delay Volume 1.4 mL
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1 6. Coumatetralyl
7. Coumachlor

i=impurity
Halo Phenyl-Hexyl
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• Worst case back pressures @ 30°C
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p y
– ACN:  132 bar (1920 psi)

M OH 210 b (3051 i)

For 24 analytes the optimum region is extremely tiny in this case
5–95% in 10 7 min at 33 9 C R optimum ~1 3
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S J M PhD Th i ith P f P t C U f Mi t 2001

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Minutes

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Minutes
– MeOH:  210 bar (3051 psi) 5–95% in 10.7 min. at 33.9 C, Rs optimum ~1.3

Source: Jun Mao, PhD Thesis with Professor Peter Carr, U. of Minnesota, 2001 Minutes
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