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Abstract

Liquid chromatography (LC) is considered to be the gold standard in pharmaceutical analysis. Today, there is a need for fast
and ultra-fast methods with good efficiency and resolution for achieving separations in few minutes or even seconds. The present
work describes a simple methodology for performing a successful method transfer from conventional LC to fast and ultra-fast
LC.

In order to carry out fast separations, short columns (20-50 mm) packed with small particles (3.5 and 1.7 um) were used and their
chromatographic performance was compared to that of a conventional column (150 mm, 5 um). For that purpose, an optimized LC sys-
tem was employed to limit extra-column volumes which can have a dramatic impact on efficiency and resolution.

This paper reports the fundamental equations used for transferring an isocratic chromatographic separation performed with a given
column geometry and chemistry to a smaller column packed with similar or identical stationary phase, without influence on chromato-
graphic performance. For this purpose, the flow rate and the injected volume need to be adapted.

The effect of column length and particle size reduction on chromatographic resolution and analysis time was described for an iso-
cratic separation. Using the method transfer equations, it is possible to predict the new conditions to be used, for fast and ultra-fast
separations. In this work, ultra-fast separations were achieved thanks to a new generation of instrumentation (ultra performance liquid
chromatography, UPLC) which uses simultaneously short column packed with sub-2 pm particles and ultra-high pressure (up to
1000 bar). This work demonstrates an analysis time reduction up to a factor 12, compared to a conventional LC separation, without
affecting the quality of separation. Therefore, the complete resolution of a pharmaceutical formulation was achieved in only a few
seconds.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The development of a drug product is a long and tedious
task, taking about 10-15 years from the synthesis of a lead
compound to its commercialisation. One of the main objec-
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tives of the pharmaceutical industry is to reduce this time
period by using high-throughput discovery and screening
methods [1]. Therefore, the analytical laboratory has to
manage a great number of samples and must reduce the
time response delivery at each step during drug develop-
ment [2]. A solution for this problem is to develop new
rapid and efficient procedures for qualitative and quantita-
tive analysis.

The analytical techniques commonly used for screening
and performing quantitative determinations are immunoassay,
spectroscopy, and separation tools such as chromatography
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and electrophoresis. Liquid chromatography (LC) is often
considered most suitable for the quantitative determination
of drugs and related substances. However, conventional
analyses usually need between 10 and 45 min. As reported
in the literature [3], rapid or fast methods are relative terms
depending on the analyst and the requirement. Ultra-fast
or ultra-rapid methods can be defined by cycle times inferior
to 1 min (including column reconditioning), and fast or rapid
methods by cycle times inferior to 5 min. In order to carry
out rapid and ultra-rapid analyses, different strategies can
be applied.

The use of monolithic instead of packed columns con-
taining porous particles is an innovative approach. Mono-
lithic rods, made of silica or polymeric material, contain a
porous structure, providing lower flow resistances and
backpressure than conventional columns [4,5]. Monolithic
columns can operate at high flow rates (typically 3—10 times
larger than conventional LC) without generating high
backpressure and with efficiency and resolution compara-
ble to those of silica particles of ca. 3-3.5 um [6]. This
behaviour is due to its bi-modal structure with macropores
and mesopores. However, these supports made of silica
present several drawbacks in terms of low resistance to
high pH values (pH > 7), as well as limited choice of sur-
face chemistry and column dimension [7].

High temperature liquid chromatography (80 °C <
T <200 °C) allows the use of high flow rates without loss
in efficiency or increase in backpressure. Indeed, at high
temperature, the mobile phase viscosity is reduced and
the diffusion coefficients of the solutes in the mobile phase
are increased [8]. However, this strategy suffers of limita-
tions such as the small number of stable packing materials
at temperatures higher than 80 °C as well as the potential
degradation of thermolabile compounds and the need to
have a constant temperature along the chromatographic
system. Therefore, until now, the pharmaceutical industry
has not considered this approach routinely [9].

The use of short columns (20-50 mm) to decrease the
analyte retention volume and increasing the flow rate are
the simplest approaches to reduce analysis time while lim-
iting the generated backpressure [10]. However, both of
these can compromise the chromatographic performance.
Therefore, particle size should be simultaneously decreased
or other chromatographic materials such as monoliths may
be developed. The last decade, new supports appeared on

Abbreviations: d., column internal diameter; Dy, diffusion coefficient of
solute at very low concentration in solvent; d,,, particle size in packed bed; F,
mobile phase flow rate; &, retention factor; K., constant linked to UV cell
configuration; K;,;, constant linked to injection mode; L, column length; L.,
connection tubing length; N, plate number; N, theoretical column plate
number; N, experimentally observed number of column plates; r., con-
nection tubing radius; ¢y, column dead time; ¢,, analysis time; u, mobile phase
linear velocity; v, reduced mobile phase linear velocity; V), column dead
volume; Ve, UV cell volume; Viy;, injected volume; Vg, retention volume;
0'%01, column dispersion; J(zm, variance due to detector; agxl, extra-column
dispersion; aiznj, variance due to injector; o2, observed peak variance; o2,,;
variance due to tubing; 7, detector constant time.

the market using small (3-3.5 and sub-2 um) silica-based
particles. According to the theory, efficiency and optimal
velocity are increased with small particles, allowing a sepa-
ration with good resolution in a short analysis time [11].
Furthermore, due to a better mass transfer, velocity can
be increased beyond its optimal value maintaining a good
efficiency. However, a high flow rate applied on small par-
ticles, particularly with sub-2 pum particles, can generate a
high backpressure (>400 bar), which is not compatible with
conventional instrumentation. Thus, new equipments have
been recently commercialised to perform analyses at high
pressure (up to 1000 bar) such as the UPLC™ (ultra perfor-
mance liquid chromatography from Waters). With this
approach, the columns must be able to operate at high
pressure [12,13] and new silica-based materials have been
recently developed for this purpose [14]. Finally, when
the same stationary phase chemistry is used, it is possible
to easily transfer existing methods to fast chromatography.
By applying scaling factors, the modifications of the col-
umn length and/or particle dimension allow us to obtain
fast analytical methods without losing resolution or sensi-
tivity [15].

Whatever the selected strategy, fast or ultra-fast analy-
ses present some constraints in terms of extra-column vol-
umes, injection time, and detector response [16,17].

This paper describes the equations used for transferring
an isocratic chromatographic method from a given system
to another one (i.e. with different column geometry but
similar stationary phase) with limited influence on chroma-
tographic resolution. This methodology was applied to the
transfer of conventional methods toward fast and ultra-fast
chromatographic separations. To speed up the chromato-
graphic separation, two procedures were implemented,
namely the reduction of column length and particle size.
The advantages/drawbacks and impact of both strategies
on chromatographic performance (efficiency and resolu-
tion) were briefly discussed. As example and following
these simple rules, it was possible to analyze a pharmaceu-
tical formulation (Rapidocaine®) containing lidocaine, a
local anaesthetic used for its propriety of cardiac anti-
arrhythmia, in only few seconds instead of minutes in con-
ventional conditions with the same performance.

2. Theory

When dealing with geometrical method transfer, station-
ary phase nature has to be identical in the original and final
method. Then it is of prime importance to check the com-
patibility of the chromatographic system with the new col-
umn dimensions. In isocratic mode, an additional band
broadening, due to the instrumentation (known as
“extra-column effect” or “extra-column band broaden-
ing”), could occur and become predominant when the
column volume is reduced. Equations allowing to better
understand the influence of extra-column effects according
to the column dimensions are presented (Section 2.1),
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and are discussed on the basis of experimental data in
Section 4.1.

In a second step, some adaptations are mandatory on
injected volume and mobile phase flow rate to maintain
chromatographic performance during the method transfer
process. Corresponding equations are given in Section 2.2
and experimental results obtained in fast-LC with shorter
columns or columns packed with smaller particles are dis-
cussed in Sections 4.2 and 4.3.

2.1. Extra-column band broadening

With small column dimensions, it is of prime impor-
tance to avoid any detrimental extra-column volumes.
Indeed, the observed peak variance (o2, is linked to the
chromatographic column itself (¢2,;) and all the extra-col-
umn volumes of the chromatographic system (2 ) 02,
could be expressed as:

2 2 2
Oot = Ocol + Oext- (1)
For a good separation, the ratio between extra-column var-
iance o2, and total variance should be less than 10%.

Dispersion linked to the chromatographic column itself
(62,;) could be given by:

GZI:ﬁ:VO.(lJ'_k)’ (2)
col \/N \/N

where 62, is the column variance (in uL?); N is the number
of plates and Vg is the retention volume which is a function
of the column’s dead volume V), and the retention factor k
(Vi = Vor(1 +K)).

Extra-column band broadening could be expressed as
the sum of three main dispersion sources:

2

Oext =

5 P P
Oinj T Odet T Oubs (3)

where o, is the extra-column variance, while o7, o3, and
o2, are variances due to the injector, the detector and tub-
ing, respectively. Thus, 62, depends on the injected volume
Vinj» the tubing radius r and length /, the flow-cell volume
Veen, the detector time constant t and the flow rate F

according to the equation given below:

Vi V2 Pl F
2 inj cell 2 2 c ‘c
- Kin' T A Kce . -F = N 4
Tou = Bini -y Rl T e D )

in which case Kj,j and K. are constant (generally between
1 and 3 [18]) and linked to the injection mode and the UV
cell geometry, respectively.

Following the determination of the ¢2; and ¢%, contri-
butions, the observed number of plates (N,ps) can be esti-
mated, taking into account the extra-column band
broadening, by the equation below:

Nobs:Ncol'—a (5)

where N is the theoretical number of plates of the consid-
ered chromatographic support.

2.2. Transfer rules in isocratic mode

Two important parameters, the injection volume and the
mobile phase flow rate, have to be modified for transferring
an isocratic method in a column packed with identical sta-
tionary phase but other dimensions.

In order to avoid a detrimental extra-column band
broadening (Eq. (4)) and maintain an equivalent level of
sensitivity, it is necessary to adapt the injection volume to
the column dimension. The new injected volume (Vi)
can be determined using the dead volumes of the original
and transferred method, ¥, and V,,, respectively, accord-
ing to the following equation:

Vo

T (6)

Viniy = Viniy - 37
1

The column dead volume can be expressed as:

d2
VOZTE'ZC'L'Sa (7)

where d, is the column internal diameter, L is the column
length and ¢ is the support porosity with the same station-
ary phase. Therefore, the injected volume can be calculated
according to the following equation:

d L,
Vini, = Viniy * 5" 7+ (8)
d, Li

For a successful method transfer, the reduced linear veloc-
ity of the mobile phase (v) must be kept constant, since this
value is independent of the column geometry or mobile
phase flow rate:

u-dp
= 9
D, ’ ®)

with u as the mobile phase linear velocity (which depends on
the column diameter), d,, the particle diameter, and D,, the
solute diffusion coefficient. Therefore, for a geometrical
transfer, the product (#-d,) remains constant and the new
flow rate (F>) is calculated with the following equation:

d> d
Fy=F -—=2.22 10
2 1 dgl dpz ( )

Finally, the total analysis time of the transferred method,
maintaining retention factors constant, can be estimated
according to:

vV,
by, = Iy 'F2 : V0| : (11)
All these equations can be easily used for determining the
new parameters of a transferred isocratic method. A freely
usable Excel® program called “HPLC calculator”, auto-
matically establishing optimal conditions for method trans-
fer in isocratic mode, has been distributed on an internal

website [19].
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3. Experimental
3.1. Materials

Lidocaine hydrochloride, methylparaben, and propyl-
paraben were obtained from Sigma-Aldrich (Steinheim,
Germany) and 2,6-dimethylaniline from Fluka (Buchs,
Switzerland). The pharmaceutical formulation (Rapidoc-
aine 0.5%) was provided by Sintetica SA (Mendrisio,
Switzerland).

HPLC-grade acetonitrile was from Panreac Quimica
(Barcelona, Spain) and water was obtained from a Milli-
Q water purification system (Millipore, Bedford, MA,
USA). Aqueous buffer was prepared with anhydrous
di-potassium hydrogen phosphate and potassium di-hydro-
gen phosphate (Fluka) by measuring the pH with a
Metrohm pH meter (Herisau, Switzerland).

Columns used were all provided by Waters and are
reported in Table 1.

3.2. Samples and mobile phases

An aqueous reconstituted solution of Rapidocaine®
containing 0.5 mg/mL lidocaine hydrochloride, 0.08 mg/mL
methylparaben, and 0.01 mg/mL propylparaben was
prepared by appropriate dilution of 1 mg/mL standard
solution of each component in acetonitrile-water (50:50,
v/v). The degradation product of lidocaine (2,6-dimethy-
laniline) was added to the reconstituted solution of Rapid-
ocaine® at a concentration of 0.005 mg/mL, after dilution
of 1mg/mL standard solution in acetonitrile-water
(50:50, v/v). The mobile phase was constituted of a mixture
with appropriate proportion of aqueous phosphate buffer,
pH 7.2, 50 mM and acetonitrile.

Buffers were prepared by dissolving the appropriate
amount of KH,PO,4 and K,HPO, in water and by mixing
these two solutions to attain pH 7.2. In all cases, the pH
was measured before adding the organic modifier.

3.3. Apparatus

3.3.1. Conventional HPLC

Separations were performed on a Merck LaChrom
system (Merck, Darmstadt, Germany) constituted of
L-7100 programmable pumps, a L-7200 auto-sampler
with a 100 pL loop, a L-4250 UV-VIS programmable

Table 1
Chromatographic columns

Column Particle size Dimensions Abbreviation
(um) (mm)

XTerra RP;g 5.0 150 x 4.6 XT150

XTerra RP;g 3.5 50 x 4.6 XT50

XTerra RPqg 3.5 30x 4.6 XT30

XTerra RPg 3.5 20x 4.6 XT20

Acquity Shield BEH 1.7 50 % 2.1 ACQS

detector and a L-7300 column oven. The UV-VIS
detector contained a 14 pL standard flow cell, the time
constant was set at 0.1s and data sampling rate at
20 Hz. Data acquisition, data handling, and instrument
control were performed by D-7000 HPLC System Man-
ager Software. Extra-column band broadening of this
instrument was estimated (Eq. (4)) at approximately
a2, =200 uL’.
3.3.2. Optimized ( Rapid) HPLC

Separations were performed on the Waters® Acquity
UPLC system. This instrument included a binary solvent
manager, an auto-sampler with a 2 pL. loop, a UV-VIS
programmable detector and a column oven set at 30 °C.
The UV-VIS detector contained a 500 nL. flow cell, the
time constant was set at 25 ms and data sampling rate at
40 Hz. Data acquisition, data handling, and instrument
control were performed by Empower Software. Extra-col-
umn band broadening of this instrument was estimated
(Eq. (4)) at about ¢, = 5 uL*.

ext

3.4. Methodology

The conditions used for carrying out experiments
with conventional and optimized systems are given in
Table 2. Reported values were calculated with the
“HPLC calculator” and using equations described in
Section 2.

4. Results and discussion

4.1. Influence of extra-column band broadening on the
quality of the transfer

As reported in Eq. (1), the peak variance (¢?2,) is related
to the column itself (¢2;) and to extra-column volumes
(02,). As an example, 150 X 4.6 and 20 x 4.6 mm columns

Table 2
HPLC conditions

Conventional HPLC

Optimized HPLC

Column XT150, XT20 XT50, XT30, XT20, ACQS
Flow rate 1000 pL/min — XT150 1430 pL/min — XT50, XT30,
XT20
1430 uL/min — XT20 610 pL/min and 1000 uL/min —
ACQS
Injection 20 uL — XT150 7 uL — XTS50
volume
3 uL — XT20 4 uL - XT30
3 uL — XT20
1.4 uL — ACQS
Mobile phase  50:50 50:50
(A:B)
UV at230nm Flow cell: 14 uL Flow cell: 500 nL

Time constant: 100 ms
Sampling rate: 20 pts/s

Time constant: 25 ms
Sampling rate: 40 pts/s

A: phosphate buffer pH 7.2, 50 mM.

B: acetonitrile.
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have an approximate dead volume of 1.6 and 0.2 mL,
respectively. The column dead volume (V;) being directly
proportional to the column length (L), a low value gener-
ates low column dispersion. Therefore, with small 2, val-
ues, it is of prime importance to reduce all extra-column
band broadening contributions for maintaining a good effi-
ciency. Fig. la presents the remaining efficiency N, (esti-
mated with Eq. (5) and a retention factor of 3) according to
the column geometry and extra-column band broadening
values. Fig. 1b gives the same information in a relative
scale. For drawing these plots, the theoretical efficiency
(Neo)) was estimated with an average value of reduced
height equivalent to a theoretical plate, 2 =2.5. It was
demonstrated that short columns (20 and 50 mm) packed
with 3.5 pm particles possessed lower efficiencies than the
conventional column (150 mm, 5 pm), while a short col-
umn (50 mm) packed with sub-2 um particles presented
an equivalent efficiency. However, depending on the chro-
matographic system (i.e. 2), the loss in efficiency could be
detrimental.

For example, the conventional HPLC system
(62, = 200 uL?) was well adapted to 150 x 4.6 mm col-
umns, but became unsuitable for smaller columns (50 and
20 mm length), since efficiency was strongly reduced (up

Remaining efficiency

1 10 100 1000

Gzext (“ L2)

20 4
40 4
60 -

80 1

Loss in efficiency (%)

100 1
1000

1 10 100
Gzext (ULz)

Fig. 1. Estimation of the remaining efficiency as a function of extra-
column dispersion (d%,) for a retention factor k = 3. Column geometry:
¢ =150x4.6mm, 5pm; WM=50x4.6mm, 3.5um; A=20x4.6mm,
3.5 um; @ =50x2.1 mm, 1.7 um. (a) Absolute remaining efficiency as a

function of 2. (b) Relative remaining efficiency (%) as a function of ¢2,,.

to 35%). As shown in Fig. 2, an isocratic separation of four
compounds performed on a conventional LC system with a
column of 150 x 4.6 mm gave satisfactory results, while the
same separation (transferred according to Egs. (8) and
(10)) carried out in a shorter column (20 X 4.6 mm) was
unsatisfactory (Fig. 5). The significant loss in resolution
was due to the low efficiency of the column and to extra-
column volumes (remaining efficiency of ca. 1300 plates).
In particular, when column ID is reduced (2.1 mm), an
optimized chromatographic system with very low o2, is
mandatory, as shown in Fig. 1b.

An optimized HPLC system should possess low-volume
connecting tube and detector cell (500 nL-2 pL). The
detector time constant t could also affect the separation
at high flow rates (Eq. (4)) and should be decreased as
much as possible without generating excessive noise.
Because, the main goal of this study was to compare chro-
matographic performance in terms of efficiency and/or
analysis time and not sensitivity, the lowest time constant
value was always selected. Finally, the injected volume
was adapted to the column geometry according to Eq.
(8). Nevertheless, when sensitivity becomes a critical issue,
a larger volume can be injected using the on-column focus-
ing principle [16,20].

In order to reduce the importance of extra-column vol-
umes and avoid an unacceptable efficiency loss (higher than
10%), chromatographic conditions leading to high reten-
tion factors could be considered (i.e. high o2, values). As
shown in Fig. 3, for a separation achieved with the conven-
tional system (g2, = 200 uL?), retention factors should be
close to 2, 4, and 8 for 150, 50, and 20 mm column lengths,
respectively. Fig. 4 demonstrates the separation obtained in
the analysis of Rapidocaine® formulation on a convention-
al HPLC with the minimal considered column length, i.e.
20 mm. Organic modifier was reduced to 20% for obtaining
a better resolution with a simultaneous improvement in
selectivity, retention, and efficiency. With 20% ACN, reten-
tion factors were between 6 and 30. These values were not

o.1oj:
008 1 .
= 008
<
> 0.06
= 3
E| 3
§ 0.04
E 3
0.025 5
o.oo—f%mJ

00 10 20 30 40 50 60 70 80 90 10.0
Retention Time (min)

Fig. 2. Analysis of Rapidocaine®: 1, methylparaben; 2, 2,6-dimethylan-
iline; 3, propylparaben; 4, lidocaine hydrochloride, on conventional LC
system. Column, XTerra RP;g 150x4.6 mm, 5 pum; mobile phase,
phosphate buffer pH 7.2 — acetonitrile (50:50, v:v); flow rate, 1000 pL/
min; injection volume, 20 puL; detection, UV at 230 nm; flow cell, 14 puL,
constant time, 100 ms; temperature, 30 °C.
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14 1

12

10 A

retention factor (k)

0 T T |
1 10 100 1000

Sext (ML?)

Fig. 3. Estimation of retention factor values leading to an efficiency loss
inferior to 10%, according to the extra-column dispersion (¢2,) of the
chromatographic system. Column geometry: € =150 x4.6 mm, 5 um;
B=50x4.6mm, 3.5um; A=20x4.6mm, 3.5um; @®=50x2.1 mm,
1.7 pm.

prohibitive, since the column dead time was only 10 s and
the running time remained acceptable (ca. 5.5 min). How-
ever, since the mobile phase composition was modified, a
direct geometrical transfer could not be applied and the
method should be re-optimized.

Nevertheless, it is not possible with an acceptable k
range (2 < k < 20) to obtain satisfactory results using a col-
umn of 50 x 2.1 mm with a conventional system. With the
optimized instrumentation (o2, = 5 uL?), low retention
factors (k <2) are compatible with all column lengths of
4.6. mm I.D., while a 50 x 2.1 mm column requires reten-
tion factors higher than 4.

4.2. Method transfer with short columns packed with 3.5 um
particles

A method was originally developed for the analysis of
Rapidocaine 0.5% on a 150 x 4.6 mm, 5 pm column using
conventional HPLC instrumentation (Fig. 2). This method
was altered (Egs. (8) and (10)) for the use of shorter

Intensity (AU)

00 10 20 30 40 50 60 70 80 90 100
Retention Time (min)

Fig. 4. Separation of Rapidocaine® (1, methylparabene; 2, 2,6-dimethy-
laniline; 3, lidocaine; 4, propylparabene) on conventional HPLC system:
column, XTerra RP;3 20x4.6 mm, 3.5um; mobile phase, isocratic
phosphate buffer pH 7.2 — acetonitrile (80:20); flow rate, 1430 puL/min;
detection, UV at 230 nm; flow cell, 14 uL, constant time, 100 ms;
temperature, 30 °C; injection volume, 3 pL.

columns, packed with XTerra RP;g, 3.5 um, of various
geometries (50, 30, and 20 x 4.6 mm) with an optimized
UPLC system (Fig. 5). The analysis time was reduced using
these short columns. As indicated by Eq. (11), a reduction
by a factor of 10 was observed between the conventional
and the smaller column. However, as expected by theory,
efficiencies significantly decreased with the column length
leading to a significant and critical loss in resolution and
sensitivity with 30 and 20 mm columns. Peak height was
reduced 3- to 4-fold with columns of 150 and 20 mm.

a
0.104
= 3 1 4
5 0083
< 3
> 0.063
c E
& 0.04
£ E
3 3
.02
00_5 5
000
00 02 04 06 08 10 12 14 16 18 20
RetentionTime (min)
0.103
5 0.085
SO 1 4
> 006
c E|
o 0047
£ 3
0.02-3 3
3 2
0.00-
00 01 02 03 04 05 06 07 08 09 1.0
RetentionTime (min)
c )

Intensity (AU)
o
&

L

00 01 02 03 04 05 06 07 08 09 10
RetentionTime (min)

Fig. 5. Analysis of Rapidocaine®: 1, methylparaben; 2, 2,6-dimethylan-
iline; 3, propylparaben; 4, lidocaine hydrochloride, on optimized LC
system. Detection, UV at 230 nm; flow cell, 500 nL; constant time, 25 ms;
temperature, 30 °C; mobile phase, phosphate buffer pH 7.2 — acetonitrile
(50:50, v/v). (a) Column, XTerra RP;g 50 x 4.6 mm, 3.5 um; flow rate,
1430 pL/min; injection volume, 7 pL. (b) Column, XTerra RPg
30 x 4.6 mm, 3.5 um; flow rate, 1430 pL/min; injection volume, 4 pL. (¢)
Column, XTerra RP;g 20x 4.6 mm, 3.5 um; flow rate, 1430 uL/min;
injection volume, 3 pL.
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In conclusion, short columns packed with particles of
3.5 um are interesting for simple separations carried out
in isocratic mode (e.g. quality control of a pharmaceutical
formulation). However, it is necessary to use high retention
factors (k > 3) for avoiding detrimental effect of extra-col-
umn band broadening. It must be noted that these short
columns can be used for more complex separations when
coupled to mass spectrometry (MS) [21,22]. With this selec-
tive detector, satisfactory results can be obtained even if all
compounds were not baseline resolved. However, the
detector’s sampling rate must be adapted for performing
these fast-LC separations.

4.3. Method transfer with short columns packed with 1.7 um
particles

As mentioned above, the original separation of lidocaine
and related compounds was performed on an XTerra RPyg,
5 um (Fig. 2). In order to transfer the method to fast-LC,
an Acquity BEH Shield RPg, 1.7 um was selected since
both stationary phases were similar in chromatographic
selectivity (data not shown). The method was geometrically
transferred to a 50 x 2.1 mm column, taking into account
the described transfer rules (Eqs. 8 and 10). Under these
conditions, the analysis time was reduced to only 40s
(Fig. 6a) at a flow rate of 610 pL/min. As expected, selec-
tivity was only slightly modified and resolution remained
almost constant. It is noteworthy that efficiency was even
slightly improved (about 10%) with the short column,
due to a better chromatographic behaviour of the embed-
ded stationary phase for analyzing basic compounds.

According to the literature [11 and references therein],
sub-2 um particles can be used at higher flow rates than
their optimal values without any significant change in effi-
ciency. Therefore, the same analysis was performed at
1000 pL/min corresponding to the maximal pressure com-
patible with the UPLC system (Fig. 6b). With these condi-
tions, the ultra-fast separation was achieved in less than
30 s with equivalent chromatographic performances (reten-
tion factor and selectivity) and a small, but acceptable, loss
in efficiency (<10%).

In term of sensitivity, no significant modifications of
peak heights were observed, but the signal-to-noise ratio
was reduced by a factor 3 with the transferred method.
This phenomenon was attributed to the low time constant
and the higher acquisition rate of the UV detector (25 ms
and 40 Hz, respectively) which generated higher back-
ground noise. In conclusion, short columns packed with
sub-2 um particles are compatible with fast and ultra-fast
analyses maintaining good chromatographic performances,
even in isocratic conditions.

5. Conclusion
This paper described the fundamental chromatographic

equations used for transferring an isocratic separation car-
ried out with a given stationary phase and column geometry
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Fig. 6. Analysis of Rapidocaine®: 1, methylparaben; 2, 2,6-dimethylan-
iline; 3, propylparaben; 4, lidocaine hydrochloride, on an optimized LC
system. (a) Column, Acquity Shield BEH RP18 50 x 2.1 mm, 1.7 um;
mobile phase, phosphate buffer pH 7.2 — acetonitrile (50:50, v/v); flow
rate, 610 uL/min; temperature, 25 °C; detection, UV at 230 nm; injected
volume, 1.4 pL. (b) Identical conditions except: flow rate, 1000 uL/min
and injected volume, 1.4 pL.

to a smaller column packed with similar or identical station-
ary phase with limited influence on chromatographic resolu-
tion. For this purpose, the flow rate and the injected volume
were adapted and an optimized LC system was used.

Short columns packed with 3.5 um particles allowed a
large decrease in analysis time but did not offer sufficient
efficiency even with an optimized LC system, leading to
an unacceptable loss in resolution vs. a conventional anal-
ysis. In the isocratic mode, these columns are thus only
compatible for simple separations and should be used only
with mass spectrometry.

On the other hand, short columns packed with sub-2 pm
particles reduced more drastically the analysis time while
keeping efficiency and resolution constant. Therefore, fast
and ultra-fast analyses can be performed, while maintain-
ing good chromatographic performance.
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