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Abstract

This communication compares the accuracy of a micro open parallel plate sysdERS) with a conventional packed column for predicting
isotherm data by using the H-root method (HRM). HRM is restricted to compounds obeying the Langmuir isotherm model. The performance
of the two chromatographic systems was simulated by using comprehensive mathematical models. Operating conditions were varied and
their effects on the accuracy of predictions was evaluated. Better accuracy in the isotherm predictions was obtained with the packed column
due to its higher efficiency. However, good predictions can be obtained with@RPS with the advantage of significantly lower sample
consumption.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction al. [9]. The main advantages of HRM are that pure analytes
are not required, and a single frontal analysis is enough to
H-root method (HRM) is a dynamic chromatographic determine competitive isotherm coefficief8% A limitation
method for the prediction of isotherm data. HRM is based on of this approach is that it assumes a priori that a Langmuir
the H-transformation theory (HTT) and is restricted to com- isotherm model is valid1,4-8] It is therefore imperative
pounds obeying the Langmuir isotherm mofHl. A very to follow the estimations of the Langmuir coefficient with
similar approach called the-transformation was developed probe nonlinear chromatographic experiments to validate
by Rhee et al[2], both approaches are mathematically the original assumption. In a previous publicati@ we
equivalen{3]. HRM, originally developed by Chen et §], analyzed the application of HRM for predicting isotherm
required detailed chromatograms. Jen and Rbitproposed data for a protein-salt system in two micro-chromatographs:
a modified version of HRM, which required less data. De- the micro open tubular systerp©@TS) and the micro open
spite the potential of HRM for predicting isotherm data, its parallel plata systemuOPPS).
application is not widespread. To the best of our knowledge,  Micro-systems have significant advantages over bench-
only a few papers have been published on this t¢fi]. scale systems: faster analysis time, smaller dead volumes
A similar methodology has been proposed by Felinger et and lower sample consumption. The amount of sample re-
quired is a critical parameter when studying analytes such
mpondmg author. Tel.: +52 818 358 2000x5436: as biomolecules or isomer_s, which.are expensive, and in
fax: +52 818 328 4250. many cases, not commercially availajfj. The present
E-mail addressblapizco@itesm.mx (B.H. Lapizco-Encinas). publication compares the performance of {p@PPS to a
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conventional packed column as tools for predicting isotherm dg;

data. 5p = Stilai —ai) (4)

In order to use the same values of the Langmuir parameters
for the simulations of the, OPPS and packed colunracked
was defined as follows:

Pods

2. Theory

2.1. ThenOPPS model PPacked= (5)
A schematic representation of theOPPS is shown in
Fig. 1a. A detailed description of the mathematical model

employed to simulate the performance of (@PPS is de- For detailed information about HRM or the HTT the reader
scribed elsewherfl0,11] Briefly, adsorption of the solute is referred to the literaturi,3-6,14—16] Briefly, HRM cal-

is assumed to take place on the side surfaces of the channel(m'ates the Langmuir parameters (E6)) of the analytes
while the top and bottom surfaces are assumed to be inac'from their chromatographic response

tive. With these assumptions, the dimensionless mass bal-

2.3. H-root method equations

ance equation for a single solute and the phase raiin( g = Vi Km; Ci _ a;Ci ©6)

the nOPPS arg6,10]; 14 Km G 14 2 Km G

aC;  129C; (b* +d? (X2 -1)(Z*-1) HRM consists of two main parts: linear elution experiments
ot 7 dY d? b2/d3(X%2 — 1)+ (Z2 - 1) to calculate the linear isotherm coefficiemt(Eq. (6)), and

1 2c 1 82C 1 22C, nonlinear frontal experiments to calculate the competitive
= ! ! ! (1) interference parametéfy, (Eq. (6)). The HRM equations

Oxi 0X2 = Pe; 9Y2 07,072 for the conventional packed column and th®PPS were
developed previouslig—6]. The linear isotherm coefficient,
1 a;, is calculated by employing the retention tinig of the

¢opPs= 7 @) linear elution peaks:

where the 12/7 factor in Edql) is the result of adapting the TRr.i 1

velocity profile of the original publication (which was de- ¢ = (To - ) & 7)

veloped for an elliptical cross section) to a rectangular cross

section[12]. The coefficientXm, are calculated by employing the frontal
column capacity factorkj) and the linear elution capacity

2.2. The conventional packed column model factor () [6,10] Sub-indices 1 to represent the analytes

in order of their decreasing column retention. A system of

A schematic representation of the conventional packed €quations, formed by Eq&8) and (9) is solved in order to
column is shown irFig. 1b. A numerical model was devel- ~ calculate the interference paramet&s; [5].
oped to simulate the performance of a conventional packed , K CE
column using the algorithm proposed by Phillips efh8]. (#) —1=0 (8)
The reader is referred to the original publication for details. ;=; (ki/Kn) = 1
The dimensionless mass balance equations for a single solute

within the packed column are: n Ko CF
S (=) 1=
aC; dq;  9C; 3°C; Kjy1ki/(K jkji1) — 1 ’
(l=<j=n-1) C)
width ] ] )
3. Numerical simulations
ﬁv 4 a5 Simulations were performed in order to test the poten-
=5 & /'_\\Qp“ tial of the wOPPS and conventional packed column with the
Q\Dﬁ’ HRM for predicting isotherm data under different operat-
(a) LOPPS {6 P Sl ing conditions. The flow chart for obtainireg and K, by

employing the numerical simulators is included elsewhere
Fig. 1. Schematic representation @OPPS (a) and conventional packed  [6]. The protein-salt system selected was Conalbumin (CON)
column (b). and NacCl, exchanging on PAE resin (a polyethyleneimine
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Table 1

Parameters used for isotherm predictions

Solute D (cré/sp MW (g/mol)2 Km (cm?/pmol)? a(cmp
NaCl 2.0x 1075 5843 708 7.08x 1073
Conalbumin 5.94¢ 1077 80,000 2288 1.92x 1072

@ Obtained form Tyn and Gusgk7].
b Obtained from Raj¢18].

coated, silica-based weak anion exchanger). The experimenand phase ratiog) are parameters expected to affect the
tal Langmuir parameters, diffusion coefficients and molec- accuracy of the estimation & in both chromatographic
ular weights are summarized Trable 1 Linear elution and systems.Pe is directly related to band spreading agd
nonlinear frontal simulations were carried out for CON using measures the column capacity. Higher deviations in pre-
NaCl as the modulating salt. Simulations were performed for dicting & are expected at highd®e [6] or lower ¢ [4,5].
the nOPPS and the packed column by varying the parame- Shown inFig. 2a are the experimental and the predicted
tersPg and¢. The simulation parameters used are shown in linear isotherms obtained as a functionRd and ¢ in the
Table 2 unless otherwise stated. Framable 2it can be seen wOPPS Pewas varied by varyin@avg, andg¢oppswas var-
that there is a difference of 5-6 orders of magnitude in sampleied by varyingb. From the figure it can be observed that
consumption Yg) between theuOPPS and the packed col- the isotherms are accurately predicted; the average devi-
umn. It has to be noted that due to the dissimilarity between ations in predictedacon for the variations studied were
these two chromatographic systems, skendardoperating only 4%. The packed column has a higher efficiency than
conditions (i.e. those used in practice) for each system are sig-that of the w.OPPS, due to it much highes. Shown in
nificantly different. Additionally, it can be seen frofiable 2 Fig. 2b are experimental and predicted linear isotherms ob-
that the sample concentration and sample volumes used foitained in the packed column as functionsRefand ¢: the
the linear elution simulations (in both the packed column and deviations in predictindgacon were very close to 0%Pe
the nOPPS) are much lower than those used for the frontal was changed by varyingayg, and ¢packedby varying as.
nonlinear simulations. While the packed column was found to give more accurate
predictions than theuOPPS, it is noted that the isotherm
predictions obtained with the.OPPS are sufficiently ac-

4. Results and discussion curate considering that they are within the usual error bar
of most experimental measurements of isotherms. Also,
4.1. Prediction of linear isotherms notably this prediction is obtained in theOPPS with a

sample size that is approximately 5 orders of magnitude
The coefficienta; is calculated from data obtained di- (Table 2 lower than the amount consumed in the packed
rectly from the elution chromatograms. Peclet numiie ( column.

Table 2
Simulation parameters used for the linear elution and nonlinear frontal simulations.
Parameter Packed column rOPPS
Cross section rc (cm) 0.23 b (um) 10-30
d (pm) 10-30
Length (cm) 25.0 3.0
Packing parameters ¢ (dimensionless) 0.60 NA
as (cm?/g) 1x 10°-1x 10°
b (glcr?) 0.45
Cr (pmol/cn?) Linear simulations 0.0001 Linear simulations 0.0001
Nonlinear simulations 0.05 Nonlinear simulations 0.05
VE (cm?) Linear simulations 0.125 Linear simulations KA07-1.1x 1076
Nonlinear simulations 12.5 Nonlinear simulations 8.60°5-3.2x 104
vavg (CM/S) 0.25-1.50 0.001-0.015
Kenact (s71)2 0.1010 NA
kecon (s71)2 0.1515 NA

@ Obtained from Raje and Pinf&9].
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Fig. 2. Experimental and predicted linear isotherms for the protein Conal- Fig. 3. Experimental and predicted nonlinear isotherms for the protein
bumin as functions dPeand¢: (a) in thewOPPS; (b) in the packed column.  Conalbumin as functions ¢feand¢: (a) in thepOPPS; (b) in the packed
column.

5. Conclusions
4.2. Prediction of nonlinear isotherms
The chromatography based H-root method was utilized to

In order to predict the interference coefficierkrf), it predict adsorption isotherms (Type I, Langmuir) for the pro-
was necessary to simulate frontal injections of the protein tein Conalbumin using the salt NaCl as modulator. The per-
at the salt concentration of interest. It is noted that the se-formance of theuOPPS and a conventional packed column
lection of operating conditions is crucial in the prediction of were simulated. The accuracy of the isotherm predictions
Km,; [4-6]. Compared inFig. 3a are the experimental and obtained with both chromatographic systems was evaluated
predicted nonlinear isotherms obtained with (l@PPS as  as a function oPe and¢. The results show that it is possi-
functions of Pe and ¢opps Within the range of operating  ble to predict accurate isotherm data with both, micro and
conditions studied, both parameters had only a small effectbench-scale systems. In general, better accuracy in isotherm
on the accuracy of the predictions. The average deviationspredictions was obtained with the packed column, due to its
in predictingKmcq, as a function oPeandg¢oppswere 3%  much highers. Nevertheless, under the appropriate operating
and 6%, respectively. When a short column length 8 cm), conditions (lowPg high ¢), good isotherm predictions can
equal to that of thguOPPS, was utilized for a conventional  be obtained with the.OPPS as well. A significant advantage
packed column, the isotherm coefficients were predicted with of the wOPPS is much lower sample consumption, approx-
lower accuracy than with theOPPS[10]. However, when  imately 5-6 orders of magnitude lower. Thus, when sample
the packed column lengthis increased the accuracy improvesyolumes are limited, theOPPS provides an attractive alter-

Shown inFig. 3b is a comparison of the predicted and ex- native for obtaining good estimates of isotherms parameters.
perimental isotherms in a 25cm column. Excellent results

are obtained, and the average deviations in predidfing,,

were only 1%. In conclusion, when high accuracy is re- 6. Nomenclature

quired in estimating the nonlinear coefficient, the packed

column is superior. However, if available sample volume is List of symbols

a limitation, thewOPPS can be used to great advantage for a Langmuir affinity coefficient (linear isotherm coef-
estimations. ficient) (cm),a = Vi, Km;
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&
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packing surface area per unit mass ¥ ¢packed Phase ratio in the packed column (ch
microchannel half width (cm) PPacked obas/e

solute concentration in the mobile phase 0x dimensionless time along the microchannel width,
(wmol/cr) Ox.i = (vavgh®)/DiL

feed concentrationumol/cn?) 0z dimensionless time along the microchannel depth,
microchannel half depth (cm) 0z.i= (vavgdz)/DiL

diffusion/dispersion coefficient (cffs) ob bed density (g/c)

linear elution column capacity factor (dimension- <t dimensionless time along the microchannel length,
less) k = (Tr; — To)/To 7 = (vavgf)/L

frontal capacity  factor (dimensionless),
Ki =(Trrj — To)/To
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