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Abstract

An optimization strategy for ternary solvent-strength gradient elution RP chromatography is described in which a two-dimensional model of
gradient time (2 levels) against ternary proportions of organic modifiers (4 levels) was constructed. From the resolution surface the optimum ratio of
organic modifiers could be selected. Excellent retention time and acceptable peak width and resolution simulations were obtained. The separation
could be further optimized from the same input data by using a standard one-dimensional model in order to optimize for gradient slope, duration
and shape. Excellent retention time and acceptable peak width and resolution simulations were obtained (<1, 2 and 6% error, respectively).
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The use of computer simulation software to predict retention
behaviour and to optimize chromatographic separations has now
become a pivotal tool for the chromatographic method developer
[1]. Commercially available computer modelling/prediction
software packages, while originally designed for modelling ana-
lytical scale reversed-phase LC separations, have now been
expanded into such areas as capillary electrophoresis [2], gas
chromatography [3–6], ion pair chromatography [7], scale up
from analytical to preparative scale separations [8], enantiomeric
separations by chiral LC stationary phases [9], ion chromatog-
raphy [10] and as an education tool [11].

In the RP-LC arena, the use of computer modelling pack-
ages has found greatest success not only in the separation of
small molecule pharmaceuticals including synthesis impurities
and degradation products of widely differing polarities [12–19],
but also peptide/tryptic digests and protein mixtures [20–23],
oligonucleotides [23], metabolites [18,24], complex mixtures
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of active compounds from plant origin [25–30], environmental
pollutants [31–33] and robustness validation of LC methodolo-
gies for routine QC analysis [34].

One of the major reasons for the widespread use of these
separation design packages resides in their excellent prediction
accuracy for analyte retention and resolution [10,12,35,36] and
the flexibility of the software, which can be used to model iso-
cratic or gradient separations as a function of variables such as
percentage organic, gradient time, gradient steps, pH, temper-
ature, ion pairing reagent concentration or ionic strength in a
continuous way.

The use of computer modelling is extremely attractive, as
only limited input data is required in order to rapidly obtain
accurate optimum separation conditions. In many cases the rate
limiting stage of the process is peak tracking/assessment. The
simplest way is to use peak areas. However, a more elegant
approach is to use diode array UV spectrometry in conjunction
with extracted ion mass spectrometry.

In addition to the one-dimensional modelling described
above, some software packages can now accurately perform two-
dimensional modelling, i.e. simultaneous variation of any two-
separation variables for a chromatographic procedure. Examples
include gradient time (tG) versus pH, percentage organic (%B)
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versus pH, tG versus temperature and ionic strength versus tem-
perature [1].

The modelling flexibility of these software programmes
enables the chromatographer to develop their own/company
method optimization strategies. A typical approach favoured by
many chromatographers is to simultaneously model the selectiv-
ity of temperature and gradient steepness on a single selected RP
column [37]. This two-dimensional approach has a much more
pronounced effect on the separation selectivity than the additive
effect of the two individual variables [38]. The tG-temperature
model is also the easiest to carry out automatically in an unat-
tended mode.

The use of selectivity differences between the organic
modifiers acetonitrile (MeCN), methanol (MeOH) and tetrahy-
drofuran (THF) in RP binary gradient chromatography is
well documented [1,10]. Fig. 1 highlights the large selectivity
differences that can be obtained using binary gradients of
aqueous buffer and either MeCN, MeOH, THF, ethanol,
2-methoxyethanol or propan-2-ol in the separation of a multi-
component mixture containing 10 hydrophilic and lypophilic
bases and two neutral compounds [39]. However, even with this
comprehensive approach, certain separations can still remain
intractable with binary gradient chromatography. Difficult
separations can often be resolved when either ternary isocratic
[35,39–44] or ternary gradient chromatography [45–47] is
employed.

Numerous groups have produced theoretical descriptions of
retention in linear binary gradient elution chromatography and
these descriptions have been subsequently extended to include
ternary gradients [45–47]. There are two types of ternary gradi-
ent chromatography defined by Jandera [49] as ternary solvent-
strength and combined selectivity-solvent-strength as depicted
in Fig. 2a and b. In the case of the former, the ratio of the concen-
trations of two organic modifiers is kept constant; whilst the sum
of the two concentrations is changed (i.e. the solvent-strength
increases, see Fig. 2a). In the latter case the ratio of the two
organic modifiers and the sum of their concentrations changes
simultaneously during gradient elution (see Fig. 2b).

This paper will deal exclusively with ternary solvent-strength
gradient chromatography (where the ratio of the two organic
modifiers is kept constant, see Fig. 2a); the effect of the
sum of the two organic concentrations on the analyte reten-
tion is principally the same as in binary gradient chromatog-
raphy. Therefore, a relationship similar to that employed in
binary gradient chromatography can be modelled to describe the
retention behaviour in ternary solvent-gradient chromatography
[45].

Jandera [49,50] have previously reported a rational approach
to the optimization of ternary solvent-strength gradient chro-
matography, however, to date there have been very few applica-
tions of its use. The strategy involved the selection of the appro-
priate ratio of the two organic modifiers in the ternary mobile
phase composition followed by a gradient time/slope/shape opti-
mization. Despite this elegant solution to the problem of “what
two organic modifiers should be selected?” and “what will be
their optimum ratio?” many workers still revert to a laborious
trial and error solution to these problems.

Fig. 1. The effect of organic modifier in binary gradient elution chromatography
on the separation of 10 basic analytes and two neutral components. Hypersil
GOLD C18 150 mm × 3 mm, 5 �m, 60 ◦C, 0.43 mL/min, tG = 20 min, 5 min
hold, gradient range 3.3–65% organic, 10 mM KH2PO4 pH 2.7 buffer. Peak
identification, N, nicotine; B, benzylamine; P, procainamide; T, AR-D080301;
S, salbutamol; BA, benzylalcohol; Ph, phenol; 4, AR12495; 8, AR-C68397; R,
AR-R12924; D, diphenhydramine; No, nortripyline. For analyte structures see
Ref. [48].

This paper seeks to evaluate the use of the “Jandera” approach
to the optimization of ternary solvent-strength gradient chro-
matography using a commercially available chromatography
modelling software package to rapidly and accurately pre-
dict and optimize the separation of an eight-component mix-
ture using the increasingly popular approach of employing a
short column (30 mm × 3 mm) operated at elevated temperature
(60 ◦C) and high linear flow velocities (2 mL/min). The paper
will discuss the applicability of simulation software to accu-
rately model the retention, peak width behaviour and resolution
using a two-dimensional model of % MeOH in MeCN versus
gradient time. Once the appropriate ratio of MeOH in MeCN
had been selected the model was used to optimize the duration,



Download English Version:

https://daneshyari.com/en/article/1209226

Download Persian Version:

https://daneshyari.com/article/1209226

Daneshyari.com

https://daneshyari.com/en/article/1209226
https://daneshyari.com/article/1209226
https://daneshyari.com

