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Easy Method Transfer from HPLC to RSLC
with the Dionex Method Speed-Up Calculator

INTRODUCTION

The goal of every chromatographic optimization is
a method that sufficiently resolves all peaks of interest
in as short a time as possible. The evolution of packing
materials and instrument performance has extended
chromatographic separations to new limits: ultrahigh-
performance liquid chromatography (UHPLC).

The new Dionex UltiMate® 3000 Rapid Separation
LC (RSLC) system is ideal for ultrafast, high-resolution
LC. The RSLC system was designed for ultrafast
separations with flow rates up to 5 mL/min at pressures
up to 800 bar (11,600 psi) for the entire flow-rate range.
This industry-leading flow-pressure footprint ensures
the highest flexibility possible; from conventional to
ultrahigh-resolution to ultrahigh-speed methods. The
RSLC system, with autosampler cycle times of only
15 seconds, oven temperatures up to 110 °C, and data
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collection rates up to 100 Hz (even when acquiring UV-
Vis spectra), sets the standard for UHPLC performance.
Acclaim® RSLC columns with a 2.2 um particle size
complete the RSLC dimension.

A successful transfer from an HPLC method
to an RSLC method requires recalculation of
the chromatographic parameters. Underlying
chromatographic principles have to be considered to find
the appropriate parameters for a method transfer. With
the Method Speed-up Calculator, Dionex offers an
electronic tool that streamlines the process of optimum
method transfer. This technical note describes the
theory behind the Method Speed-Up Calculator and
the application of this interactive, multi-language tool,
illustrated with an exemplary method transfer from a
conventional LC separation to an RSLC separation. You
may obtain a copy of this calculator from your Dionex
representative.
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METHOD SPEED-UP STRATEGY

The purpose of method speed-up is to achieve

sufficient resolution in the shortest possible time.

The strategy is to maintain the resolving power of

the application by using shorter columns packed with
smaller particles. The theory for this approach is based
on chromatographic mechanisms, found in almost every
chromatography text book. The following fundamental
chromatographic equations are applied by the Method
Speed-Up Calculator for the method transfer from
conventional to ultrafast methods.

The separation efficiency of a method is stated by the
peak capacity P, which describes the number of peaks that
can be resolved in a given time period. The peak capacity
is defined by the run time divided by the average peak
width. Hence, a small peak width is essential for a fast
method with high separation efficiency. The peak width
is proportional to the inverse square root of the number of
theoretical plates N generated by the column. Taking into
account the length of the column, its efficiency can also be
expressed by the height equivalent to a theoretical plate H.
The relationship between plate height A and plate number
N of a column with the length L is given by Formula 1.

Formulal: N =£

H

Low height equivalents will therefore generate a high
number of theoretical plates, and hence small peak width
for high peak capacity is gained. Which factors define H?
For an answer, the processes inside the column have to
be considered, which are expressed by the Van Deemter
equation (Formula 2).

Formula2: H =A +E +C-u
u

The Eddy diffusion A4 describes the mobile phase
movement along different random paths through the
stationary phase, resulting in broadening of the analyte
band. The longitudinal diffusion of the analyte against the
flow rate is expressed by the term B. Term C describes
the resistance of the analyte to mass transfer into the
pores of the stationary phase. This results in higher band
broadening with increasing velocity of the mobile phase.
The well-known Van Deemter plots of plate height H
against the linear velocity of the mobile phase are useful

in determining the optimum mobile phase flow rate for
highest column efficiency with lowest plate heights. A
simplification of the Van Deemter equation, according to
Halasz' (Formula 3), describes the relationship between
column efficiency (expressed in plate height H), particle
size d (in pm) and velocity of mobile phase u (in mm/s):

2

Formula3: H =2-d +§+ L
Pu 20

R

The plots of plate height H against velocity u
depending on the particle sizes dp of the stationary phase
(see Figure 1, top) demonstrate visually the key function
of small particle sizes in the method speed-up strategy:
The smaller the particles, the smaller the plate height and
therefore the better the separation efficiency. An efficiency
equivalent to larger particle columns can be achieved by
using shorter columns and therefore shorter run times.

Another benefit with use of smaller particles is shown
for the 2 um particles in Figure 1: Due to improved mass
transfer with small particle packings, further acceleration
of mobile phases beyond the optimal flow rate with
minimal change in the plate height is possible.

Optimum flow rates and minimum achievable plate
heights can be calculated by setting the first derivative of
the Halasz equation to zero. The optimal linear velocity
(in mm/s) is then calculated by Formula 4.

B 10.
Formula4: u,, = c =%

p

The minimum achievable plate height as a function
of particle size is calculated by insertion of Formula 4 in
Formula 3, resulting in Formula 5.

Formula5: H . =3-d

min P

Chromatographers typically prefer resolution over
theoretical plates as a measure of the separation quality.
The achievable resolution R of a method is directly
proportional to the square root of the theoretical plate
number as can be seen in Formula 6. £ is the retention
factor of the analyte and a the selectivity.

Formula 6: R:l.\/ﬁ.L.L_]
4 I+k, «
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If the column length is kept constant and the particle
size is decreased, the resolution of the analytes improves.
Figure 1, bottom, demonstrates this effect using 5 um and
2 um particles.
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Figure 1. Smaller particles provide more theoretical plates and
more resolution, demonstrated by the improved separation of
three peaks (bottom) and smaller minimum plate heights H in
the Van Deemter plot (top). At linear velocities higher than LI
H increases more slowly when using smaller particles, allowing
higher flow rates and therefore faster separations while keeping
separation efficiency almost constant. The speed-up potential
of small particles is revealed by the Van Deemter plots (top) of
plate height H against linear velocity u of mobile phase: Reduc-
ing the particle size allows higher flow rates and shorter columns
because of the decreased minimum plate height and increased

optimum velocity. Consequently, smaller peak width and improved

resolution are the result (bottom).

When transferring a gradient method, the scaling
of the gradient profile to the new column format and
flow rate has to be considered to maintain the separation
performance. The theoretical background was introduced
by L. Snyder? and is known as the gradient volume
principle. The gradient volume is defined as the mobile
phase volume that flows through the column at a defined
gradient time 7. Analytes are considered to elute at
constant eluent composition. Keeping the ratio between
the gradient volume and the column volume constant
therefore results in a correct gradient transfer to a different
column format.

Taking into account the changed flow rates F
and column volume (with diameter d_and length L),
the gradient time intervals 7, of the new methods are
calculated with Formula 7.

ctn o=t - Foa  Loew e
Formula 7: 1 40 = LG 0m F I d
new old c,old

An easy transfer of method parameters can be
achieved by using the Dionex Method Speed-Up
Calculator (Figure 2), which incorporates all the
overwhelming theory and makes manual calculations
unnecessary. This technical note describes the easy
method transfer of an example separation applying
the calculator. Just some prerequisites described in the
following section have to be taken into account.

PREREQUISITES

The Method Speed-Up Calculator is a universal
tool and not specific for Dionex products. Nevertheless,
some prerequisites have to be considered for a successful
method transfer, which is demonstrated in this technical
note by the separation of seven soft drink additives.
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TOTALS TOTALS SAVING
Eluent Usage 870.00 ml Eluent Usage 6044 ml = 93%
Time £80.0 min Time 94.5 min Throughput
967 hr 188hr = 84% 6,7
Sample Usage 500.00 pL Sample Usage 207 = 92%

For more information on Rapid Separation LC visit_www.dionex.com

Figure 2. The Dionex Method Speed-Up Calculator transfers a conventional (current) HPLC method to a new

(planned) RSLC method.

Column Dimension

First, the transfer of a conventional method to an
RSLC method requires the selection of an adequate
column filled with smaller particles. The RSLC method
is predicted best if the selectivity of the stationary phase
is maintained. Therefore, a column from the same
manufacturer and with nominally identical surface
modification is favoured for an exact method transfer.
If this is not possible, a column with the same nominal
stationary phase is the best choice. The separation is made
faster by using shorter columns, but the column should
still offer sufficient column efficiency to allow at least a
baseline separation of analytes. Table 1 gives an overview
of the theoretical plates expected by different column
length and particle diameter size combinations using
Dionex Acclaim column particle sizes. Note that column
manufacturers typically fill columns designated 5 pm with
particle sizes 4-5 pm. Dionex Acclaim 5 pm columns are
actually filled with 4.5 um particles. This is reflected in
the table.

Tahle 1. Theoretical Plates Depending on

Column Length and Particle Diameter
(Calculated Using Formula 5)

Theoretical Plates N
Particle size 4.5um 3um 2.2m
Column length: 250 mm 18518 27778 37879
150 mm 11111 16667 22727
100 mm 7407 11111 15152
75mm 5555 8333 11364
50 mm 3703 5556 7576

If the resolution of the original separation is higher
than required, columns can be shortened. Keeping the
column length constant while using smaller particles
improves the resolution. Reducing the column diameter
does not shorten the analysis time but decreases mobile
phase consumption and sample volume. Taking into
account an elevated temperature, smaller column inner
diameters reduce the risk of thermal mismatch.
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System Requirements

Smaller particles generate higher backpressure. The
linear velocity of the mobile phase has to be increased
while decreasing the particle size to work within the Van
Deemter optimum. The UltiMate 3000 RSLC system
perfectly supports this approach with its high maximum
operation pressure of 800 bar (11,600 psi). This maximum
pressure is constant over the entire flow rate range of up
to 5 mL/min, providing additional potential to speed up
applications even further by increasing the flow rate.

Gradient Delay Volume

Autosampler

Detector

Extra Extra
Column Column
Volume Volume

26717

Figure 3. Gradient delay volume and extra column volume of an
HPLC system. Both play an important role in method speed-up.

For fast gradient methods, the gradient delay volume
(GDV) plays a crucial role. The GDV is defined as the
volume between the first point of mixing and the head of
the column. The GDV becomes increasingly important
with fast, steep gradients and low flow rate applications as
it affects the time taken for the gradient to reach the head
of the column. The larger the GDV, the longer the initial
isocratic hold at the beginning of the separation. Typically,
this leads to later peak elution times than calculated. Early
eluting peaks are affected most. In addition, the GDV
increases the time needed for the equilibration time at the
end of a sample and therefore increases the total cycle
time. A general rule is to keep the gradient steepness
and the ratio of GDV to column volume constant when
transferring a standard method into a fast LC method.
This will maintain the selectivity of the original method.?

The GDV can be adjusted to the column volume by
installing appropriate mixer kits to the RSLC pump (see
Table 2), which contributes most to the GDV. Typically,
100 pL or 200 pL mixers are good starting points when
operating a small volume column in an RSLC system.

Table 2. Mixer Kits Available for UltiMate 3000
RSLC System to Adapt GDV of Pump

Mixer Kit GDV pump
Mixer kit 6040.5000 35L
Static mixer kit 6040.5100 100 pL
Static mixer kit 6040.5150 200 pL

Another option is to switch the sample loop of the
split-loop autosampler out of the flow path. The GDV is
then reduced by the sample loop volume in the so-called
bypass mode. The GDV of a standard sample loop of the
RSLC autosampler is 150 pL, the micro injection loop
has a 50 uL GDV.

Besides the gradient delay volume, the extra column
volume is an important parameter for fast LC methods.
The extra column volume is the volume in the system
through which the sample passes and hence contributes to
the band broadening of the analyte peak (Figure 3). The
extra column volume of an optimized LC system should
be below '/, of the peak volume. Therefore the length
and inner diameter of the tubing connections from injector
to column and column to detector should be as small as
possible. Special care has to be taken while installing the
fittings to avoid dead volumes. In addition, the volume of
the flow cell has to be adapted to the peak volumes eluting
from the RSLC column. If possible, the flow cell detection
volume should not exceed '/, " of the peak volume.

Detector Settings

When transferring a conventional method to an RSLC
method, the detector settings have a significant impact on
the detector performance. The data collection rate and time
constant have to be adapted to the narrower peak shapes.
In general, each peak should be defined by at least 30 data
points. The data collection rate and time constant settings
are typically interrelated to optimize the amount of data
points per peak and reduce short-term noise while still
maintaining peak height, symmetry, and resolution.

The Chromeleon® Chromatography Management
Software has a wizard to automatically calculate the
best settings, based on the input of the minimum peak
width at half height of the chromatogram. This width
is best determined by running the application once at
maximum data rate and shortest time constant. The
obtained peak width may then be entered into the wizard
for optimization of the detection settings. Refer to the
detector operation manual for further details.
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METHOD SPEED-UP USING THE CALCULATOR
Separation Example

Separation was performed on an UltiMate 3000
RSLC system consisting of a HPG-3200RS Binary Rapid
Separation Pump, a WPS-3000RS Rapid Separation Well
Plate Sampler with analytical sample loop (100 uL), a
TCC-3000RS Rapid Separation Thermostatted Column
Compartment with precolumn heater (2 uL), and a
VWD-3400RS Variable Wavelength Detector with semi-
micro flow cell (2.5 pL). Chromeleon Chromatography
Management Software (version 6.80, SR5) was used
for both controlling the instrument and reporting the
data. The modules were connected with stainless steel
micro capillaries, 0.01” ID, '/, " OD when applying the
conventional LC method, 0.007” and 0.005” ID, '/, " OD
when applying the RSLC methods. A standard mixture
of seven common soft drink additives was separated by
gradient elution at 45 °C on two different columns:

¢ Conventional HPLC Column: Acclaim 120, C18,
5 pm, 4.6 x 150 mm column, (P/N 059148)

*  Rapid Separation Column: Acclaim RSLC 120, C18,
2.2 um, 2.1 x 50 mm column (P/N 068981).

The UV absorbance wavelength at 210 nm was
recorded at 5 Hz using the 4.6 x 150 mm column and at
25 Hz and 50 Hz using the 2.1 x 50 mm column. Further
method details such as flow rate, injection volume, and
gradient table of conventional and RSLC methods are
described in the following section. The parameters for the
method transfer were calculated with the Dionex Method
Speed-Up Calculator (version 1.14i).

The conventional separation of seven soft drink
additives is shown in Figure 4A. With the Method Speed-
Up Calculator, the method was transferred successfully to
RSLC methods (Figure 4B and C) at two different flow
rates. The easy method transfer with this universal tool is
described below.

Column Selection for Appropriate Resolution

The column for method speed-up must provide
sufficient efficiency to resolve the most critical pairs.
In this example, separating peaks 5 and 6 is most
challenging. A first selection of the planned column
dimensions can be made by considering the theoretical
plates according to Table 1. The 4.6 x 150 mm, 5 pm
column is actually filled with 4.5 um particles. Therefore,
it provides 11,111 theoretical plates. On this column, the

Peaks: 1. Acesulfame K 5. Benzoate
2. Saccharin 6. Sorbate
3. Caffeine 7. Benzaldehyde
4. Aspartame
4.6 x 150 mm, 4.5 pm
18004 p 1.5 mL/min 5
2 3 6
1
mAU 4 7
—200
10004 g 5
6
2.1 x50 mm, 2.2 pm
mAU 0.639 mL/min
-100
10004 ¢
2.1 x50 mm, 2.2 pm
mAU 1.599 mL/min
-100 T T T T 1
0 2 4 6 8 10
Minutes
25718

Figure 4. Method transfer with the Method Speed-Up Calcula-
tor from A) a conventional LC separation on an Acclaim 5 um

particle column, to B) and C) RSLC separations on an Acclaim
2.2 um particle column.

resolution is R(5,6)=3.48. This resolution is sufficiently
high to select a fast LC column with fewer theoretical
plates for the speed up. Therefore, a 2.1 x 50 mm, 2.2 um
column with 7579 plates was selected.

The first values to be entered into the yellow field
of the Method Speed-Up Calculator are the current
column dimension, planned column dimension, and
the resolution of the critical pair. To obtain the most
accurate method transfer, use the particle sizes listed in
the manufacturer's column specifications sheet instead
of the nominal size, which may be different. Dionex
Acclaim columns with a nominal particle size of 5 pm are
actually filled with 4.5 um particles, and this value should
be used to achieve a precise method transfer calculation.
This has a positive impact on the performance and
pressure predictions for the planned column. Based on
the assumption of unchanged stationary phase chemistry,
the calculator then predicts the resolution provided by the
new method (Figure 5).
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Current Column
Length (mm)
Diameter (mm)
Particle Size (pm)

Peak Details (Critical Pair)

Actual Rs
(resolution factor)

Planned Column
Length (mm)
Diameter (mm)
Particle Size (pm)

0.83 (-17.4%)

2.87 Baseline resolution achieved

Predicted Rs Change Factor
Predicted Rs

Figure 5. Column selection considering the resolution of the critical pair.

Current Instrument Settings

Flow (mLfmin)
Injection Volume (pL)
Max Pressure
Number of Samples

Recommended Instrument Settings

Boost Factor
Flow (mLfmin)
Injection Yolume (pL) 21 pL
Estimated Max Pressure 262.4 bar
Number of Samples 20

Figure 6. The flow rate, injection volume and backpressure of the current method are scaled to the new column dimension.

In the example in Figure 5, the predicted resolution

between benzoate and sorbate is 2.87. With a resolution of
R =1.5, the message “Baseline resolution achieved” pops
up. This indicates that a successful method transfer with
enough resolution is possible with the planned column.
If R is smaller than 1.5, the red warning “Baseline is not
resolved” appears. Note that the resolution calculation is
performed only if the boost factor BF is 1, otherwise it is
disabled. The function of the boost factor is described in
the Adjust Flow Rate section.

Instrument Settings

The next section of the Method Speed-Up Calculator
considers basic instrument settings. These are flow rate,
injection volume, and system backpressure of the current
method (Figure 6). In addition to these values, the detector
settings have to be considered as described in the earlier
section “Detector Settings”. Furthermore, the throughput
gain with the new method can be calculated if the number
of samples to be run is entered.

Adjust Flow Rate

As explained by Van Deemter theory, smaller particle
phases need higher linear velocities to provide optimal
separation efficiency. Consequently, the Dionex Method
Speed-Up Calculator automatically optimizes the linear
velocity by the ratio of particle sizes of the current and
planned method. In addition, the new flow rate is scaled
to the change of column cross section if the column

inner diameter changed. This keeps the linear velocity
of the mobile phase constant. A boost factor (BF) can be
entered to multiply the flow rate for a further decrease

in separation time. If the calculated resolution with
BF=1 predicts sufficient separation, the method can be
accelerated by increasing the boost factor and therefore
increasing the flow rate. Figure 1 shows that applying
linear velocities beyond the optimum is no problem with
smaller particle phases, as they do not significantly loose
plates in this region. Note that the resolution calculation
of the Method Speed-Up Calculator is disabled for BF=1.

For the separation at hand, the flow rate is scaled
from 1.5 mL/min to 0.639 mL/min when changing from
an Acclaim 4.6 x 150 mm, 4.5 pm column to a 2.1 x
50 mm, 2.2 pm column (see Figure 6), adapting the linear
velocity to the column dimensions and the particle size.
The predicted resolution between peak 5 and 6 for the
planned column is R=2.87. The actual resolution achieved
is R=2.91, almost as calculated (chromatogram B in
Figure 4).

A Boost Factor of 2.5 was entered for further
acceleration of the method (Figure 7). The method was
then performed with a flow rate of 1.599 mL/min, and
resolution of the critical pair was still sufficient at R=2.56
(see zoom in chromatogram C in Figure 4).
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Current Instrument Settings

Flow (mLfmin)
Injection Volume (pL)
Max Pressure
MNumber of Samples

Gradient Table

«< CHANGE PRESSURE UNITS

Recommended Instrument Settings

Boost Factor 10.639 mL/min
Flow {mLfmin) 59

Injection Yolume (pL) 21l

Estimated Max Pressure 656.1 bar

Number of Samples 20

Figure 7. The new flow rate is further accelerated by applying the Boost Factor of 2.5.

Scale Injection Volume

The injection volume has to be adapted to the new
column dimension to achieve similar peak heights by
equivalent mass loading. Therefore the injection plug
has to be scaled to the change of column cross section.
In addition, shorter columns with smaller particles cause
areduced zone dilution. Consequently, sharper peaks
compared to longer columns are expected. The new
injection volume V. inew 18 then calculated by Formula 8,
taking a changed cross section and reduced band
broadening by changed particle diameter into account.

d

c,new

dc,old

new p,new

L

Formula 8: v =V

inj,new inj,old

old dp,old

Generally, it is recommended that a smaller flow cell
be used with the RSLC method to minimize the extra
column volume. Also, the difference in path length of
different flow cell sizes has to be taken into account while
scaling the injection volume. In the example of the soft
drink analysis, the injection volume is scaled from 25 pL
to 2.1 pL when replacing the Acclaim 4.6 x 150 mm,

4.5 um column with a 2.1 x 50 mm, 2.2 um column
(see Figure 6).

Predicted Backpressure

Speeding-up the current method by decreasing
particle size and column diameter and increasing flow rate
means elevating the maximum generated backpressure.
The pressure drop across a column can be approximated
by the Kozeny-Carman formula.* The pressure drop of
the new method is predicted by the calculator considering
changes in column cross section, flow rate, and particle
size and is multiplied by the boost factor. The viscosity
of mobile phase is considered constant during method

transfer. The calculated pressure is only an approximation
and does not take into account nominal and actual particle
size distribution depending on column manufacturer.

If the predicted maximum pressure is above 800 bar
(11,600 psi) the warning “Exceeds pressure limit RSLC”
is shown, indicating the upper pressure limit of the
UltiMate 3000 RSLC system. However, in the case the
method is transferred to a third party system, its pressure
specification has to be considered.

In the example of the soft drink analysis, the actual
pressure increases from 92 bar to 182 bar with BF=1 on
the 2.1 x 50 mm column, and to 460 bar for the RSLC
method with BF=2.5. The pressures predicted by the
Method Speed-Up Calculator are 262 bar and 656 bar,
respectively. The pressure calculation takes into account
the change of the size of the column packing material. In a
speed up situation, the pressure is also influenced by other
factors such as particle size distribution, system fluidics
pressure, change of flow cell, etc. When multiplication
factors such as the boost factor are used, the difference
between calculated and real pressure is pronounced.

The pressure calculation is meant to give an orientation,
what flow rates might be feasible on the planned column.
However, it should be confirmed by applying the flow on
the column.

Adapt Gradient Table

The gradient profile has to be adapted to the changed
column dimensions and flow rate following the gradient-
volume principle. The gradient steps of the current
method are entered into the yellow fields of the gradient
table. The calculator then scales the gradient step
intervals appropriately and creates the gradient table
of the new method.
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Gradient Table A

4
3
=

Time (min} HA %B | %C %

B
Time {min) %A | %B HC %D

0o

0.000 93.0 7.0 0.000 93.l]| 70
16.000]  50.0 50.0 .043] 500 50.0
19.500 50.0 ﬂ]gl 27 50.0 50.0
20.000] 930 70 .304 93.0 7.0
29.000] 930 7.0 1.890] 93.0 7.0

D S = D n B b

End Time  29.000 min

End Time  1.890 min

Figure 8. The gradient table of the current method (A4) is adapted to the boosted method (B) according to the gradient-

volume principle.
TOTALS TOTALS SAVING
Eluent Usage 870,00 ml Eluent Usage 6044 ml = 93%
Time 580.0 min Time 37.8 min Throughput
9.67 hr 063hr = 93% x15.3
Sample Usage 500.00 pL Sample Usage 207 = 92%

Figure 9. The absolute values for analysis time, eluent usage, and sample usage of the current (purple) and planned (green)
method are calculated by the Method Speed-Up Calculator. The savings of eluent, sample, and time due to the method

transfer are highlighted.

The adapted gradient table for the soft drink analysis
while using a boost factor BF=1 is shown in Figure 8.
According to the gradient-volume principle, the total run
time is reduced from 29.0 min to 4.95 min by taking into
account the changed column volume from a 4.6 x 150 mm,
5 um (4.5 um particles entered) to a 2.1 x 50 mm, 2.2 pm
column and the flow rate reduction from 1.5 mL/min to
0.639 mL/min. The separation time was further reduced
to 1.89 min by using boost factor BF=2.5. Gradient time
steps were adapted accordingly. The comparison of the
peak elution order displayed in Figure 4 shows that the
separation performance of the gradient was maintained
during method transfer.

Consumption and Savings

Why speed-up methods? To separate analyte peaks
faster and at the same time reduce the mobile phase and
sample volume consumption. Those three advantages of
a method speed-up are indicated in the Method Speed-
Up Calculator sheet right below the gradient table. The
absolute values for the time, eluent, and sample usage are
calculated taking the numbers of samples entered into the
current instrument settings section of the calculation sheet
into account (see Figure 6).

Regarding the soft drink analysis example,
geometrical scaling of the method from the conventional
column to the RSLC method means saving 93% of eluent
and 92% of sample. The sample throughput increases
6.1-fold using BF=1. The higher flow rate at BF=2.5
results in a 15.3-fold increased throughput compared to
the conventional LC method (Figure 9).
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CONCLUSION

Fast method development or increased sample
throughput are major challenges of most analytical
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