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Some reflections on the history of HPLC column development

This presentation will focus on 5 areas of recent 

HPLC packed column development

1. Small particles and UPLC 

2. Fused core particles

3. Silica hydride materials

4. Mixed-mode stationary phases 

5. Micro- and nano-separation formats



Small particles and UPLC 

Small particles are generally considered to be 2 microns or less

Small particles result in higher pressure, better 

instrumentation is needed



BENEFITS OF GOING TO SMALL PARTICLES

HIGHER EFFICIENCIES AT FASTER FLOW RATES

SHORTER ANALYSIS TIMES



INSTRUMENT DESIGN IS CRUCIAL

Same sample with the same 1.7 µm particle size 

column run on HPLC and UPLC instruments

UPLC instruments are designed to have minimal 

extra-column volume that reduces band spreading

HPLC Instrument UPLC Instrument



TRANSITION FROM HPLC TO UPLC

HPLC

Move method to 

UPLC column and 

instrumentinstrument

Optimize UPLC 

method



WHAT HAPPENS AS THE NUMBER OF 

COMPONENTS IN THE SAMPLE INCREASES



5 µm C18 column

# of peaks:  70

Peak capacity: 143

WHAT IS THE BENEFIT FOR VERY COMPLEX SAMPLES

Protein digest

1.7 µm C18 column

# of peaks:  168

Peak capacity:  360



Fused core particles

A porous silica layer is “fused 

on top of a solid silica core



COLUMN EFFICIENCY

Similar to small particle size columns



ADVANTAGE OF LOWER PRESSURE NEEDED

Most work can be done with conventional HPLC instrument



CORE SHELL VS POROUS PARTICLE

Red peaks are 

obtained on a 

standard 5 µm C18 

column

Blue peaks are 

obtained on fused 

core C18 column

Results are similar 

to those obtained on 

smaller particle 

UPLC columns



COMPARISON OF PROTEIN SEPARATIONS ON 

SMALL PARTICLE AND CORE SHELL COLUMNS

(A) Core shell column                           (B) Small particle column

1.  Native protein      2. Oxidized forms       3.  Reduced forms



COMPARISON OF ARTICHOKE EXTRACT SEPARATION 

ON SMALL PARTICLE AND CORE SHELL COLUMNS

A. Small particle column                      B.  Core shell column

Comparisons done at various flow rates



STANDARDS FOR WINE ANALYSIS

Column:  100 mm × 4.6 mm packed with 2.6 µm  particle 

diameter core shell C18 stationary phase



Silica hydride materials



WHAT MAKES SILICA HYDRIDE STATIONARY PHASES 

CHROMATOGRAPHICALLY INTERESTING?

All silica hydride phases can retain compounds in either the reversed-phase 

or normal phase modes

The retention in each mode is determined by the type of organic modifier 

on the surface and the surface coverageon the surface and the surface coverage

Higher surface coverage and larger bonded groups emphasize reversed-

phase retention, but normal phase properties are still present

Lower surface coverage and smaller bonded groups result in greater normal 

phase retention, but reversed-phase properties are still present 



REVERSED-PHASE MODE WITH SHAPE SELECTIVITY
HORMONE REPLACE CAPSULE USING CHOLESTEROL PHASE

Chromatograms are an overlay of five consecutive runs



ORGANIC NORMAL PHASE

Solvents do not have to be dried.

Silica hydride is not sensitive to small 

amounts of water in the mobile phase.



AQUEOUS NORMAL PHASE

Acetyl-L-carnitine in plasma
Amoxicillin

Orthogonal method to USP assay

Typically done with unmodified silica hydride or minimally modified silica hydride (2% carbon)



MIXED MODE STATIONARY PHASES

Some examples of mixed mode stationary phases



MIXED MODE APPLICATIONS

Separation of phthaltes by hydrophobicity
1, dimethyl; 2, diallyl; 3, di-n-butyl; 4, dicyclohexyl

Separation of anilines by π-π interaction

1, p-methyl; 2, m-nitro; 3, o-nitro;

4, 1-aminonapthtalene; 5, tribromo



Comparison of retention behavior of two 

commercial diol phases

Reversal of retention based on mobile phase 

content:  top 52% ACN; bottom 92% ACN

1, cytosine;  2, naphthalene



HILIC MODE REVERSED-PHASE MODE



MICRO- and NANO-SEPARATION FORMATS

Data obtained on a 

150 x 0.3 mm 

column packed with 

3.5 µm C18 

stationary phase.

Flow rate: 4 µL/min

CAPILLARY 

HPLC



SEPARATION OF A TRYPTIC DIGEST ON A

NANOBORE HPLC COLUMN

Column:  150 x 0.075 mm packed with 3.5 µm C18 

stationary phase.



LIQUID CHROMATOGRAPHY ON A CHIP

Simple single channel Extended channel design

Multiple parallel channels

Chip with connections and holder



APPLICATIONS OF LC ON A CHIP

Separation of steroidsTryptic digest of bovine serum albumin

Stationary phases can be either particles packed in the channels 

of the device or the walls of the channel can be chemically 

modified with various organic groups similar to bonding on a 

particle surface.  



SUMMARY

EACH OF THESE TECHNOLOGIES HAS A HISTORY,

i.e. they were first postulated at least 20 years ago

TECHNOLOGICAL BREAKTHROUGHS HAVE 

MADE THEM MORE VIABLE IN THE LAST DECADEMADE THEM MORE VIABLE IN THE LAST DECADE

INTENSE DEVELOPMENT EFFORTS ARE 

CURRENTLY UNDERWAY

THERE IS LIKELY TO BE FURTHER ADVANCES 

AND GREATER UTILIZATION IN THE FUTURE 


