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Abstract: Analytical laboratories are currently interested in enhancing overall productivity by increasing sample
throughput and reducing analysis time. Different approaches are proposed in liquid chromatography (LC) to perform
fast or ultra-fast separations with cycle times of less than 5 or 1 min, respectively. Among these approaches, the use
of monolithic supports, high temperature LC (HTLC), short columns and ultra-performance LC (UPLC) are described
and compared in this study. A comparison of the above LC approaches is presented through Knox curves and pres-
sure plots based on experimental data. Fast separations of pharmaceutical compounds are presented in order to
illustrate the interest of these techniques and compare them with conventional LC separations.
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1. Introduction

The pharmaceutical industry is interested in
new technologies for increasing productiv-
ity for routine analytical work, method de-
velopment, process monitoring and quality
control. High-throughput methods are also
mandatory in various fields such as the sepa-
ration of drugs and metabolites (e.g. thera-
peutic drug monitoring, pharmacokinetic
studies!!!), substances of environmental in-
terest (e.g. determination of pollutants(?'),
food additives or biological samples (e.g.
proteomics, metabolomics(3!).

In liquid chromatography (LC), there are
different approaches used to reduce analysis
time and obtain fast or ultra-fast methods with
cycle times less than 5 or 1 min, respectively.
Some examples are: the reduction of column
length (<50 mm), the increase of mobile
phase flow rate, the reduction of particle size
(£2 um), the use of ultra-high pressure (>400
bar) and high temperature (<200 °C), as well
as the use of monolithic supports. These ap-
proaches are obviously not equivalent since
it is not always straightforward to decrease
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analysis time while maintaining good chro-
matographic performance.

This study presents advantages and
drawbacks of the above-mentioned fast LC
approaches with the help of Knox curves
and pressure plots based on experimental
data. Several separations of pharmaceutical
compounds were performed to illustrate the
interest of fast LC.

2. Monoliths

Monolithic columns are made of a
single rod of porous material, prepared
by a polymerization process generating a
bimodal structure (macropores and meso-
pores).5! The separation performance is
based on macropore and mesopore size.
With this bimodal structure it is possible
to work at high flow rates without exces-
sive backpressure (high permeability) and
loss in efficiency. Monolithic columns are
prepared from organic polymers (e.g. poly-
methacrylates, polystyrenes) or inorganic
polymers (e.g. silica, zirconia, titania).
The most widely used and commercially
available monolithic columns (provided by
Merck and Phenomenex, under the trade-
marks Chromolith® and Onyx®, respective-
ly) are based on silica polymers which fea-
ture macropores of 2 um and mesopores of
13 nm. In spite of undeniable benefits, this
technique presents some drawbacks such as
the limited number of commercially avail-
able column geometries (i.e. internal diam-
eter of 4.6 mm, 3.0 mm or 100 um) and a
low resistance to extreme pH (2 < pH < 8)
or high pressure (APmax = 200 bar).

Fig. 1 presents the comparison of a con-
ventional stationary phase (column packed
with 5 um silica particles) with several fast-
LC approaches. The comparison is based on
Knox curves (Fig. 1a) and pressure plots (Fig.
1b) obtained for all strategies for the isocratic
separation of parabenes using butylparabene
as a reference compound. The Knox curve
obtained with the monolithic support dem-
onstrated a minimum plate height H_; of
8.8 um while the column packed with 5
um particles exhibited a value of 11.8 um.
These results are in agreement with a previ-
ous study, demonstrating that the efficiency
of the monolithic support was equivalent to
a column packed with 3.5 um particles (Fig.
1a).ll Furthermore, at a linear velocity higher
than the optimal value, efficiency remained
satisfactory because this support possesses a
low mass transfer resistance.

According to the high permeability of
monoliths, large mobile phase flow rates
can be used without generating excessive
pressure. From a theoretical point of view,
pressure generated by this monolith is
equivalent to a column packed with 10-11
wm particles.[”]

The separation of a pharmaceutical for-
mulation (Rapidocaine®) containing methyl-
parabene, propylparabene, lidocaine and its
by-product 2,6-dimethylaniline was per-
formed under isocratic conditions (Fig. 2).
The analysis time was reduced by a factor
of six between the monolithic (Fig. 2b) and
the conventional (Fig. 2a) support (1.4 min
instead of 9.0 min). Some changes in selec-
tivity (peak 4 — lidocaine) were observed,
making method transfer more challenging.
Moreover, peak fronting observed for lido-
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Fig. 1. Comparison of HPLC with several fast-LC approaches. (a) Knox

curves, (b) Pressure plots

caine could be attributed to overload of the
chromatographic support since monoliths
present a lower loadability than conventional
packed columns.[’]

3. High-temperature Liquid
Chromatography (HTLC)

Raising the mobile phase temperature
(usually up to 200 °C) allows a reduction of
the analysis time by decreasing the mobile
phase viscosity and thus increasing the sol-
utes’ diffusion coefficients. Additionally, be-
cause of a decrease in water polarity at high
temperature conditions, the organic content
in the mobile phase must be reduced (green
chemistry) to maintain equivalent retention
factors.B! However, HTLC suffers from
some drawbacks. The first one is the risk of
stationary phase degradation, since classi-
cal bonded silica phases are unstable at high
temperature (>60 °C). The development of
a new generation of silica-based columns
(hybrid or modified silica) can overcome
this problem.! Furthermore, the use of high
temperature requires dedicated instrumenta-
tion to preheat the mobile phase for avoid-
ing peak distortion in the analytical column.
Finally, the injected compounds must not be
susceptible to thermal degradation under the
conditions used.

Fig. 2. Isocratic separations of pharmaceutical formulation (Rapidocaine®)

obtained using (a) HPLC, (b) monolith, and (c) HTLC at 90°C

According to Knox curves (Fig. la),
HTLC is beneficial in terms of analysis time
and efficiency:

i) the minimum of the Knox curve was
about 20% better at 90 °C (H_; = 9.6
pum) compared to 30 °C;

ii) since mass transfer resistance is better
at high temperature, it was possible to
maintain good efficiency values, even at
high linear velocities;

iii) it is also important to note that the opti-
mum linear velocity (u,,) was shifted to
a higher value at 90 ol Consequently,
when temperature is increased, the mo-
bile phase flow rate should be adjusted
to higher values. Due to a significant
decrease in mobile phase viscosity with
temperature (Fig. 1b), high mobile phase
flow rates are possible and do not gener-
ate excessive backpressure.[10],

An example is reported in Fig. 2c. A re-
duction in analysis time by a factor of four
was obtained (2.3 min instead of 9.0 min)
which is directly proportional to mobile
phase flow rates (1 and 4 ml/min at 30 °C
and 90 °C, respectively). Changes in selec-
tivityl'l and resolution (e.g. peaks 2 and 3)
were also observed. These changes were at-
tributed to the modification in mobile phase
properties with temperature. For this reason,
elution order is not always predictable in
HTLC, making method transfer difficult.

In general, HTLC is a good solution
to reduce analysis time but is limited by
the compatibility of silica-based stationary
phases at high temperatures.

4. Short Columns

Reducing column length is one of the
simplest approaches to decrease analysis
time. To limit the loss in efficiency associ-
ated with shorter column lengths, a simulta-
neous reduction in particle size is mandatory
(i.e. 2.5-3.5 um vs. 5 um). The use of short
columns exhibits several advantages, such as
the possibility to quickly transfer an existing
method (using simple scaling equations) and
to work at higher flow rates (as a result of
the low pressure generated). However, due to
the limited chromatographic performance in
terms of efficiency (V being directly propor-
tional to the column length, L), this strategy
is generally employed for the separation of
simple mixtures!!2] or in combination with
MS detection.[13]

Fig. 3 presents the comparison for the
separation of a drug substance and its by-
products performed in gradient mode with
conventional and short columns. A signifi-
cant reduction in analysis time was obtained
with the short column (i.e. 2.0 min vs. 22.0
min). It can be noted that several parameters
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Fig. 3. Gradient separations of a pharmaceutical mixture (main compound
and its by-products) obtained using (a) HPLC (L = 150 mm, dp =5pm)and

(b) short column (L = 20 mm, dp = 3.5 um).

such as the mobile phase flow rate, injected
volume and gradient profile were calculated
to avoid any change in selectivity during
the method transfer thanks to a Excel® pro-
gram called ‘HPLC calculator’ available free
on our website.l14] Under these conditions,
changes in chromatographic profiles were
only attributed to the loss in chromatograph-
ic performance (i.e. about 60% lower peak
capacities) generated by the reduction in col-
umn length. The loss in resolution could also
be due to the contribution of extra-column
band broadening and system dwell volume.
Therefore, an optimized LC system is man-
datory to reduce peak dispersion.

Knox curves and pressure plots are
shown in Fig. 1. As expected, lower theo-
retical plate heights were obtained with the
column packed with 3.5 um particles (H,;
= 8.8 um) compared to 5 um. The optimal
linear velocity was also shifted to a higher
value when particle size decreased (u-d_ =

. P
constant). Regarding the pressure plots and
considering Darcy’s law, the pressure gener-
ated by the short column (20 mm) packed
with 3.5 pm particles should be approxi-
mately 3—4 times lower than a conventional
HPLC column (150 mm, 5 um); considering
the concomitant effect of decreasing column
length and particle size on backpressure.

5. Ultra-Performance Liquid
Chromatography (UPLC)

The use of small particles and very high
pressure for performing ultra-fast and/or

Fig. 4. Gradient separations of a complex pharmaceutical mixture (main
compound and its by-products) obtained using (a) HPLC (dp =5 um,

APmax = 400bar) and (b) UPLC (dp =1.7 um, APmax = 1000bar)

highly efficient analysis has been described
by Jorgenson et al.l15] Recently, Waters com-
mercialized, under the trade name UPLC, a
system compatible with ultra-high pressure
(up to 1000 bar) and columns packed with
sub-2 um particles. Today, several manufac-
turers offer columns packed with sub-2 um
particles and systems compatible with high
pressures (e.g. 1200 RR LC® by Agilent,
Rheos Allegro Ultra HPLC® by Flux, X-
LC® by Jasco, Accela® by Thermo, Acquity
UPLC® by Waters). According to the funda-
mental equations of chromatography, small
particles can generate high efficiencies (N
being directly proportional to 1/d_ ) and short
analysis time (uopl~d = constant{ However,
a significant increase in backpressure is gen-
erated according to Darcy’s law.!16]

Fig. 4 presents the comparison of col-
umns packed with conventional silica-based
(5 um) and hybrid silica ethylsiloxane (1.7
um) particles for the separation of a phar-
maceutical mixture (main compound and its
by-products, at similar concentration levels).
Knox curves and pressure plots obtained un-
der LC and UPLC conditions are reported
in Fig. 1. As expected from theory, a higher
efficiency was obtained with small particles
(H;, = 3.9 um for 1.7 um vs. 11.8 um for 5
um) and the optimal linear velocity was in-
creased (u, ,=2.11 mm/s for 1.7 umvs. 0.72
mm/s for 5 um). Finally, columns packed
with 1.7 um particles exhibited a lower mass
transfer resistance permitting a separation at
high flow rate without losing resolution.

The chromatographic separation was per-
formed in gradient mode with two columns

t

of different geometries but packed with the
same stationary phase. By adapting the mo-
bile phase flow rate, injection volume and
gradient profile in UPLC, the analysis time
was reduced by a factor of 18 (only 1.5 min
vs. 27 min) without loss of chromatographic
performance.

Therefore, UPLC probably represents
the best approach to reduce the analysis time
while maintaining chromatographic perfor-
mance. This approach is also well adapted to
obtain high efficiency values, in the range of
10000 < N < 100’000 plates, with suitable
longer columns.

6. Conclusion

Depending on the application and ac-
cording to the available LC system (con-
ventional or dedicated), numerous solutions
exist to increase productivity in LC. Fast LC
methods presented in this work allow a sig-
nificant decrease in analysis time compared
to conventional LC.

The approach to perform fast LC must
be selected in agreement with analytical
constraints (e.g. LC instrumentation, col-
umn geometry, stationary phase, complexity
of the analyzed mixture, required resolution,
use of MS detector, column stability in high
temperature or high pressure conditions,
potential degradation of compounds with
temperature).

Fig. 5 summarizes each approach, with
their advantages and drawbacks. Monoliths
and short columns are compatible with a
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Fig. 5. How to select the best fast LC approach

conventional LC system, but only few col-
umn geometries and chemistries are avail-
able for monoliths and, short columns are
only adapted to simple mixtures or with MS
detection. On the other hand, HTLC and
UPLC necessitate a dedicated LC system. In
order to preheat correctly the mobile phase
in HTLC, an efficient oven is mandatory and
columns should be compatible with high
temperature. For UPLC, an ultra-high pres-
sure-compatible system and corresponding
sub-2 pm columns are required.

Combination of fast LC strategies could
be used to reduce more drastically the anal-
ysis time. This approach is currently under
investigation in our laboratory.
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