
Abstract

Columns of Fused-Core (Halo®) superficially porous parti-
cles with an overall diameter of 2.7 μm and a porous shell of 
0.5 μm thickness have been shown by many users to possess  
unusual efficiency and stability, allowing very fast separa-
tion speeds with ruggedness of operation. These Fused-Core  
particles allow separation speeds competitive with sub-2 μm 
totally porous particles but with one-half to one-third the 
column back pressure. The current popularity of Fused-Core 
particle columns is based on the widely-used C18 and C-8 
bonded phases. Added separation capabilities now are avail-
able with other stationary phases that widen the separation  
selectivity possibilities for Fused-Core columns. The addition 
of HILIC, embedded polar phase and other bonded phases 
now allow alternate separation selectivities that enhances the 
use of the highly-efficient Fused-Core particles for very fast, 
rugged separations. Illustrative separations with such new 
Fused-Core materials and the effects of operating variables  
such as mobile phases, flow rate, and temperature demon-
strate the effectiveness of these new stationary phases for  
selectivity enhancement. 	
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Theory

Van Deemter equation

H = A + B/u + Cu

A-term dominated by packed bed homogeneity. High effi-
ciencies (h<2!) due to uniform particle size leading to smaller 
A-term

C-term related to resistance to mass transfer in the porous 
structure. Short diffusion path due to thin shell results in 
smaller C-term 

Alternate Selectivities with Polar Phases

• RP-Amide

• HILIC (silica)

• Hexyl-Phenyl 
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RP-Amide Phase Provides Alternate  
Selectivity to C18

RP-Amide Phase Provides Alternate Selectivity to 
C18

Column: 4.6 x 150 mm Halo C18
Mobile Phase: 85/15 MeOH/ 25 mM sodium phosphate, pH=7

Flowrate:  2.5 ml/min Temperature: 60º C Pressure: 370 bar
Peak Identities:1. uracil 2. butyl phthalate 3. propranolol 4. naphthalene  

5. acenaphthene 6. amitriptylene

Test Conditions:
Column: 4.6 x 150 mm HALO HILIC Mobile Phase: 90.5/8.5/1 n-heptane/  

IPA/MeOH (0.1% water added)
Flowrate: 1.6 ml/min Temperature: Ambient (23.5ºC) Detection: UV at 260 nm

Peak Identities: 1. 25-hydroxy-VitD3,   2. 24(R),25-dihydroxy-VitD3,
3. 25(S),26-dihydroxy-VitD3,   4. 1,25-dihydroxy-VitD2   5. 1,25-dihydroxy-VitD3

Columns: 4.6 x 50 mm Mobile Phase: 71/29 MeOH/H2O 
Flowrate: 2.3 ml/min Pressure: 280 bar  Temperature: 40ºC 

 
Peak Identities: 1. Uracil, 2. nitrobenzene, 3. toluene, 4. naphthalene, 5. di-n-propylphthalate, 
6. n-propylbenzene, 7. n-butylbenzene, 8. 3-phenyltoluene, 9. di-n-butylphthalate, 10. pyrene

Columns: 4.6 x 50 mm Mobile Phase: 71/29 MeOH/H2O 50/50 ACN/H2O 
Flowrate: 2.3 ml/min Pressure: 280 bar (MeOH) 200 bar (ACN) 

 Temperature: 40ºC                   

Peak Identities: 1. Uracil, 2. nitrobenzene, 3. toluene, 4. naphthalene, 5. di-n-propylphthalate, 
6. n-propylbenzene, 7. n-butylbenzene, 8. 3-phenyltoluene, 9. di-n-butylphthalate, 10. pyrene
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Chromatogram courtesy Prof.Bouillon and Ivo Jans, LEGENDO, K.U.Leuven, Belgium
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van Deemter Plots of Totally Porous vs. Fused-Core 
Particles

Fast Separation of Benzoic Acids

HILIC Phase Provides Alternate Selectivity to C18 Hexyl-Phenyl versus C18 Effect of Temperature

Solvent Effects for Hexyl-Phenyl Separation

Normal-Phase Separation Using HALO HILIC

Columns 50 x 4.6mm; Mobile phase: 60% ACN/40% water
Bonded phase: C18; Temperature: 24 ºC; Solute: naphthalene;

Column: Halo C18, 2.7-microns, 4.6 x 50 mm  
Mobile Phase: 55% Methanol/45% 25 mM sodium phosphate, pH=2.3
Flowrate: 2.2 ml/min Pressure: 320 bar Temperature: ambient (24 ºC)

Detection: UV @ 254nm Instrument: Agilent 1100
PEAK IDENTITIES

1. uracil 2. phthalic acid 3. impurity 4. 2-fluorobenzoic acid
5. 3-nitrobenzoic acid 6. 3-fluorobenzoic acid 7. m-toluic acid

Conclusions
 
• �Fused-Core particle technology can produce very fast  

separations with excellent peak shape for acids and bases
• �Fused-Core particle columns produce unusually high  

column efficiencies; reduced plate heights  of ~1.5 for  
small molecules

• �New polar phases offer alternatives for separation selectivity 
and easier method development

• �New polar-embedded phase (RP-Amide), a HILIC phase 
(bare HALO silica), and a prototype Hexyl-Phenyl phase  
are shown to provide alternate selectivities to C18 phase  
separations
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