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Abstract

A prototype commercial instrument and 2.1 mm i.d. columns packed wittrh.fforous particles have been used to measure peak capacity
in ultra performance liquid chromatography (UPLC). Peak capacity was measured for a small molecule pharmaceutical as a function of
gradient time, mobile phase flow rate, and column length. For very fast analysis, the highest peak capacity is obtained from a short column
operating at high linear velocities. If an even higher peak capacity is required, a longer analysis time must be employed, and a point is reached
where switching to a longer column becomes the best approach.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction number. Because of the potential for different samples to con-
tain different numbers of components, it is important to have
1.1. Performance of gradient HPLC an understanding of the separating power of the LC method

to be used. In this work, a crude sample of a small molecule

Gradient reversed phase HPLC is widely used in the anal- pharmaceutical (material from the synthetic route but prior to
ysis of pharmaceuticals in order to control quality and consis- purification) was used to estimate peak capacity. The identity
tency. One assay of major importance is that of purity assess-of the pharmaceutical is not given for commercial reasons,
ment, where the drug substance is separated from low-levelbut it has a molecular weight and chemical and structural
impurities so that they can be quantified. Gradient methods features which are considered to be representative.
are popular, especially in early development, as they can sep- There are a number of objective measures of chromato-
arate analytes with a wide range of polarities. This gives the graphic quality, for example, peak efficiency, resolution, and
ability to separate and quantify any residual raw materials peak capacity. Of these, resolution and peak capacity are
and intermediates in addition to more closely related speciesrelevant to gradient systems. Peak efficiency, which is de-
such as isomers. rived from peak width and retention time, is a concept more

One important consideration in the development of con- suited to isocratic LC. Resolution is normally used where the
trol methodology is the number of components present in main interest is in a pair of analytes, for example, a critical
the sample. The number of components present, and hencgair. Resolution is a function of column efficiency, separation
the difficulty of the separation problem, can vary greatly. For selectivity, flow rate, and gradient tinj&,2]. For samples,
example, whereas a simple small molecule may contain lesswhich contain many components, peak capacity is a useful
than 10 synthetic impurities, a peptide map produced from a measure of the comparative separating power of different an-
recombinant protein may well contain a considerably greater alytical systems. In gradient LC, peak capacity is a function of

column efficiency, gradient time, flow rate, and analyte char-
E-mail addressStephen.wren@astrazeneca.com. acteristics. A number of studies have been carried out which

0731-7085/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2004.12.028



338 S.A.C. Wren / Journal of Pharmaceutical and Biomedical Analysis 38 (2005) 337—-343

examine the peak capacity from both experimefab] and the gradient time. In this work, the analysis is considered to

theoretical viewpoint§3,6]. be finished with the completion of the gradient and so the
analysis time is equivalent to the gradient time. The column
1.2. Performance of gradient UPLC re-equilibration time is not considered explicitly as it is pro-

portionately short for all but the fastest methods.
Recently, here has been considerable interestinemploying Eq. (1) is often used for the estimation of peak capacity.
pressures which are much greater than those used in HPLC
in order to obtain high separating efficiencies, at high linear n = 1+ < (2)
velocities, from small diameter particles. Work in academic Wb
research laboratories has used pressures which are one ordevheren is the number of peakgy the gradient time andy,
of magnitude greater than those found in HPZE11], and is the peak width at the baseline value.
employed non-porous packing materials with diametersinthe  In this work, an alternative equation is used which also
range of 1-1.;um. Non-porous particles are used because of takes into account the column dead tirqe,
their high mechanical strength and relative ease of manufac-
ture. In addition, fused silica capillaries with diameters in n =
the range 30-5@m are used to minimise the impact of fric-
tional heating. Because of the high pressure involved specialEq. (2) is preferred in this work as it takes into account the
equipment is required to pump the mobile phase and to packfact that none of the components in a sample can elute before
the columns. The term ultra high-pressure liquid chromatog- the time equivalent to the column void volumeg)( For very
raphy (UHPLC) has been used to distinguish this procedurefast analysis, the column void time becomes a significant
from conventional HPLC. proportion of the analysis time, and ignoring it leads to a
Peak capacity has also been explored in gradient UHPLC serious over-estimate of how many component peaks can be
using 1.5.m non-porous particles. This approach gave a peak fitted into the chromatogram. The factor of 1 in E) is
capacity of over 300 for fluorescently labelled peptides pro- not significant given the peak capacity obtained from typical
duced by a tryptic digest of ovalbumja]. UPLC (and HPLC) methods, and the uncertainty associated
Due to the specialised equipment required, and the low with the choice of a value for the peak width (see discussion
sample capacity of non-porous particles, UHPLC has not below).
been used routinely in pharmaceutical analysis. Sample
capacity is an important issue in this field as regulatory
requirements mean that impurities must be quantified down 2. Experimental
to the 0.05% level. This low gquantification level means that
the analyte concentration range of interest is three orders UPLC was performed using f-test version of the Wa-
of magnitude, and so sample overload of the main drug ters Acquity instrument and 50 and 100 mm columns with an
substance can easily be a problem. Because of the highi.d. of 2.1 mm packed with 1.«m acquity C18 BEH parti-
potential for sample overload, porous packing materials cles (Milford, USA). The 200 mm column was composed of
with high surface areas are preferred in HPLC. Sample two 100 mm columns joined in series. Acetonitrile was from
overload typically manifests itself with a much higher degree Rathburns (Walkerburn, UK), TFA from Fluorochem (Glos-
of peak tailing for the drug substance than the low level sop, UK). The water was de-ionised using a Millipore system
impurities. (Waters, Elstree, UK). The A solvent was 0.1% Tri Fluo-
More recently, however, the use of JuBn porous particles  roacetic Acid (TFA) in water (v/v) and the B solvent 0.1%
in UHPLC has been reportgtil]. These 1..um porous par- TFA in acetonitrile (v/v). For each experiment the starting
ticles showed a much higher sample capacity thanthgeh.0  conditions were 10% B, and the finishing conditions 40% B.
non-porous material examined, with peak widths being much Solvent strength was varied linearly with times ranging from
less sensitive to sample concentration. 410 90 min being employed. The columns were thermo-stated
Commercial instruments capable of operating at pressuresat 40°C. The column oven is only long enough to accommo-
up to about 1000 bar are now available, and one manufac-date a single 100 mm column, and so for the experiments
turer uses the term ultra performance liquid chromatography employing two 100 mm columns in series the second col-
(UPLC). This pressure limitis more modest than that attained umn was housed within the detector module with makeshift
in academic laboratories but is still likely to offer significant thermal insulation. This is not an ideal arrangement but is
benefits. Ap-test UPLC system has been used to generate useable because of the moderate operating temperature. UV

Wh

()

the data given in this work. absorbance data were collected at 320 nm using a bandwidth
of 10 nm. A data collection rate of 5 Hz was used, except for
1.3. Practical measurement of peak capacity gradient times of 5 min and below when a data collection rate

of 10 Hz was employed. A range of flow rates and gradient
The peak capacity of a gradient LC system can be es-times was employed for the different column lengths with
timated from measurement of the average peak width, andthe highest flow rates being constrained by the maximum
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operating pressure of the instrument. With the 100 mm col- any changes in the overlap with the minor components that
umn and a flow rate of 0.5 ml/min the starting pressure (10% surround them. Extrapolation to peak width at “baseline” is
B) was 807 bar (11,750 p.s.i.). The sample was a crude drugachieved by assuming that the peaks can be described by nor-
substance used as a System Suitability Test (SST) mixture,mal probability distribution§l 2]. Peak width at half heightis
and was a synthetic sample extracted prior to purification. then defined as 2.35whereo is the standard deviation), and
The SST sample was prepared at AstraZeneca (Macclesfieldthat at 13.4% height as 4(the baseline value dictated by
UK) and supplied by Dr Simon de Sousa. convention). On this basis, the measured peak width at half
height is multiplied by a factor of 4/2.35 to give “baseline”
width. Other values for baseline width could also be justi-

3. Results and discussion fied, for example 5.8 (corresponding to a height of 4.4%).
The value chosen for the baseline width will depend upon
3.1. Choice of a value for peak width the range of concentrations of the different analytes, and the

degree of uncertainty that would be acceptable in quantifica-

A key consideration in estimating peak capacity from ex- tion.
perimental data is the choice of the peak width value to be N Fig. 1the different components in the sample give dif-
used in Eq(2). The SST sample used in this work contains a_ferent peak widths at half height, with peaks a, b, and c, giv-
number of impurities although most are present at very low ing values of 1.73, 1.25, and 1.53 s, respectively. As different
levels.Fig. 1shows one of the chromatograms generated us- components give different peak widths, a representative com-
ing a 50 mm column, a gradient time of 4.0 min, and a flow Ponentmust be chosen to provide an estimate of overall peak
rate of 0.5 ml/min. The chromatogram showrFiig. 1 con- capacity. The width of peak b is chosen for this work. The
tains a number of components with the peaks marked a, b, and/Se of either peak a or ¢ to provide an estimate of peak width
¢ being present at levels of approximately 0.4, 0.3, and 1.1%, Would lead to different values for peak capacity, but give the
respectively, relative to the drug substance. Direct determina-Same observations about trends in the variation in peak ca-
tion of baseline peak width as a function of gradienttime, flow Pacity with gradient time.
rate, and column length posses some problems. One difficulty I this work, the peak capacity is estimated from measur-
is that peaks can shift, split, overlap, and merge as Changegng the peak width of a single component. This is a practical
in analysis conditions result in minor changes in selectivity. @PProach to estimating how peak capacity will vary as a func-
Because of these difficulties the approach adopted here is tdion normal operating parameters. A more rigorous approach
determine the peak width at half height and to extrapolate to IS t0 use mathematical de-convolution to measure the peak
a “baseline value”. Impurities such as a, b, and c, are suit- widths of all the components and so the actual peak capacity
able for this measurement as their much greater levels mear{8]- This later approach reflects the fact that peak widths vary
that their peak widths at half height will be little affected by ~across the chromatogram, but will require much greater time.
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Fig. 1. Chromatogram produced by using a 50 mm long column with a flow rate of 0.5 ml/min and a gradient time of 4 min.
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Fig. 2. Chromatogram produced by using a 50 mm long column with a flow rate of 0.5 ml/min and a gradient time of 45 min.

3.2. Variation in peak capacity portion of the chromatogram which occurs before the void
volume being smaller. Thus, the number of components sep-
3.2.1. Column length of 50 mm arated inFig. 2is greater, and there is more available free

Fig. 2 shows the chromatogram of the SST sample ob- space in the chromatogram for additional peaks to be seen.
tained using a 50 mm column, a gradient time of 45 min, and There are also some changes in selectivity on increasing the
a flow rate of 0.5 ml/min. As ifFig. 1, and indeed in all ex-  gradient time but that is outside the scope of this paper.
periments, the mobile phase composition changed linearly The change in peak capacity for the 50 mm column at a
between 10% B and 40% B. A comparisonFafis. 1 and 2 flow rate of 0.5 ml/min and as a function of gradient time is
shows that increasing the gradient time has lead to a signifi-shown inFig. 3. FromFig. 3 it is seen that the peak capac-
cant increase in peak capacity. The increase in peak capacityity increases with increasing gradient time, but also that the
is due to the peaks being proportionately sharper, and the prodincrease is non-linear. The initial rapid increase in peak ca-
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Fig. 3. Maximum peak capacity as a function of gradient time for a 50 mm long column with a flow rate of 0.5 ml/min.
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Fig. 4. Maximum peak capacity as a function of gradient time for a 50 mm long column with flow rates of 0.5, and 1.0 ml/min.

pacity with time soon flattens out and there is little increase 1.00 ml/min, respectively. It is interesting to see that whilst
in peak capacity on doubling the gradient time from 30-60 the higher flow rate gives a higher peak capacity with very
min. The curve shown iRig. 3is of the same general formas short gradient times, the reverse holds true at longer gradi-
those shown in theoretical studies on peak cap$&j8}, and ent times. The switch to higher peak capacity being gener-
in experimental studies on resolution as a function of gradient ated at the lower flow rate occurs with a gradient time of
time[2]. The data showniRig. 3can befitted to alogarithmic  about 16 min. The reason for this change in behaviour is

relationship (Peak capacity = 73.2In (time}.2) with anR? not certain but it may be associated with artifacts caused
value of 0.98. by operation at close to maximum pressure. It is notice-

The use of different flow rates gives rise to curves of a able that baseline noise was significantly greater at the very
similar form but with different slopes to that shownfig. 3. highest operating pressures. Additional noise will lead to a

For exampleFig. 4 compares the peak capacity curves for larger and more uncertain peak width measurement. A higher
the 50 mm column that arise from flow rates of 0.50 and noise level would be expected to be proportionately more sig-
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Fig. 5. Chromatogram produced by using a 100 mm long column with a flow rate of 0.5 ml/min and a gradient time of 15 min.
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Fig. 6. Maximum peak capacity as a function of gradient time for 50, 100, and@ mm long columns with a flow rates of 1.00, 0.50, and 0.25 ml/min,
respectively.

nificant with the more dilute sample bands associated with in peak capacity with time but has the lowest peak capac-
longer run times. This is consistent with the observation of ity with long gradient times. The choice of column length to
more scatter in the data generated at the higher flow ratemaximise peak capacity will depend upon the time available
(for 0.5ml/min R2=0.98 with n=10, and for 1.0 ml/min for the analysis. Below a time of about 7 min the 50 mm col-

R2=0.92 withn=186). umn gives the highest peak capacity of the three columns.
If times longer than 7 min are available for analysis, then
3.2.2. Column length of 100 mm switching to the 100 mm column is the best approach. It is

Fig. 5 shows the chromatogram produced using the possible that the 200 mm column may become preferred for
100 mm column with a gradient time of 15 minand a flow rate Very long analysis times but further experiments are required
of 0.5 ml/min. The chromatogram Fig. 5has a peak capac- {0 determine this with any degree of certainty.
ity that is between the values measuredrfims. 1 and Zsee
later discussion). A comparison Bfgs. 5 and 2lso shows
that the use of the longer column results in better resolution 4. Conclusions
because of greater retention and selectivity. As discussed ear-
lier, the optimisation of conditions for a particular sample is Peak capacity has been determined in UPLC as a func-
not solely determined by peak capacity, but the maximum tion of gradient time, flow rate, and column length. For any
available peak capacity is an important factor in the initial column length and flow rate, the peak capacity varies with
choice of conditions. Examination of different gradient times gradient time in an asymptotic fashion. Peak capacity is low
and different flow rates with the 100 mm column gave rise to with very fast gradients but increases rapidly as the gradient
curves of a similar form to those shownfig. 3, although times are increased. With longer gradient times, the peak ca-

with different slopes and limiting values. pacity tends to a limiting value. The choice of column length
to maximise peak capacity will depend upon the analysis time
3.2.3. Comparison of column lengths available. For very short analysis times, the highest peak ca-

The performance of different column lengths is explored Pacity can be obtained from short columns operating at very
in Fig. 6. Fig. 6shows the peak capacity curves for the 50, high I|_nearvelomt|es. Forlongeranaly5|_st|mes itis pgneﬂmal
100, and 200 mm column lengths using flow rates of 1.00, to switch to longer columns and lower linear velocities.
0.50, and 0.25 mi/min, respectively. These different column
lengths and flow rates were chosen to compare performance
at the same operating pressure. The different column lengthsAcknowledgment
give rise to curves of similar shape but with different degrees
of curvature and limiting values of peak capacity. For ex- | wish to thank Waters for the loan of the beta test instru-

ample, the 50 mm column gives the greatest initial increase ment and columns and for technical support.
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