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Abstract

The chemometrics approach was applied for simultaneous optimization of resolution and analysis time of nine phenyl thiohydantoin
amino acids in micellar liquid chromatography. Derringer’s desirability function, a multi-criteria decision making method, was tested for the
evaluation of the two different chromatographic performance goals. The effect of five experimental parameters on a chromatographic respons
function formed using two sigmoidal desirability functions was investigated. The sigmoidal functions were used to transform the optimization
criteria, resolution and analysis time, into the desirability values. The factors studied were the concentration of sodium dodecyl sulfate,
alkyl chain length of the alcohol used as the organic modifier, organic modifier content, mobile phase pH and temperature. The experiment
were performed according to a face-centred cube response surface experimental design to map the chromatographic response surface. Tt
calculated chromatographic response functions were fitted to a polynomial model. The obtained regression model was characterized b
both descriptive and predictive abilitiR{=0.988 andR?, = 0.973). The model was verified, as good agreement was observed between the
predicted and experimental values of the chromatographic response function in the optimal condition. Based on the results of the study
combination of response surface mapping with Derringer’s desirability function allows to predict the best operating condition in micellar
liquid chromatography of phenyl thiohydantoin amino acids with respect to resolution and analysis time.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction modifier, solute nature, temperature and mobile phase pH,
optimization of the experimental conditions is a complicated
Micellar liquid chromatography (MLC) is a mode of re- processin MLC. The systematic approach to the optimization
versed phase liquid chromatography which employs aqueousof chromatographic separations is more expedient for such
micellar solutions as the mobile pha$&k The use of micel- complicated method since the effect of the factors on reten-
lar mobile phases in RPLC leads to some advantages such agon can be interdependent and nonlinf&¥10]. However,
low cost, nontoxicity, unique separation selectivity, detection chromatographic optimization requires to select a suitable
sensitivity enhancement, possibility of direct injection of bi- criterion for the evaluation of the results and to choose the
ological fluids, application in quantitative structure-activity optimum conditions. Furthermore, it is usually necessary to
relationship studies, etf2—7]. judge the very different quality aspects of a chromatogram
Due to the dependence on a large number of factors in-and to find a compromise between conflicting goals such as
cluding the type and concentration of surfactant and organic maximizing the separation while minimizing the analysis
time. Different approaches from multi-criteria decision mak-
* Corresponding author. Tel.: +98 11252 42025; fax: +98 11252 42002. 1Nd (MCDM) have been used for simultaneous optimization
E-mail addressHadjmr@umz.ac.ir (M.R. Hadjmohammadi). of the criteriain RPLC methoqﬁl—l‘]—]. HOWGVGr, adequate
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attention has not been paid to the problem of MCDMin MLC. matographic aspects. If there arecriteriaYj (Y1, ..., Ym)
Our previous study15] investigated the possibility of using  to be optimized, the utility function for experimentay be
the Pareto-optimality method, an approach from MCDM, in formulated as follows:
simultaneous optimization of separation quality and analysis m
time of micellar liquid chromatographic separation of U; = Z WY (1)
chlorophenols. =

In the present work, the feasibility of the Derringer’s
desirability function, other approach from MCDM, in MLC where the importance of the criteriais expressed by weighting
is demonstrated. In order to simultaneous optimization of factorsWj (Wi, ..., Wi). The multi-criteria problem is then
resolution and analysis time in micellar liquid chromato- reduced to the single criterion problem of optimizldg19].
graphic Separation of a group of nine pheny| thiohydantoin Some Ut|l|ty funC'[ionS Consisting the faCtorS related to diﬁer'
amino acids (PTH-amino acids), chemometric protocols €nt chromatographic aspects have been developed including
of experimental design, response surface mapping andthe chromatographic exponential functif20], chromato-
multi-criteria decision making (Derringer's desirability ~9raphic optimization functiof21] and chromatographic re-
function) were employed. PTH-amino acids were selected asSPonse functiof22—24} Although the utility functions have
test solutes because their separation is of prime importancedeen extensively used in chromatography, the procedure has
in determination of the amino acid sequencing of peptides Some important disadvantages. It is difficult to consider the
and proteins[lG]. The experiments for the Optimization priori W6|ghtS for a” the Criteria. Furthermore, it iS pOSSib|e
were performed according to the face-centred cube centralthe multi-criteria optimum found leads to an unacceptable
Composite design that is one of the most known responsevalue of one or more of the criteria. It can happen that Very
Surface experimenta| designs for the purpose of mode"ng gOOd Solutions are found for one of the Criteria W|th h|gh
and optimization. The experimental factors considered Weight, so that the bad results for some of the other criteria
were: concentration of sodium dodecy! sulfate, alkyl chain are compensated9].
length of the alcohol used as the organic modifier, volume  Another MCDM method of simultaneously optimizing
percentage of the organic modifier, mobile phase pH and different criteria, was first presented by Harring{@s]. He
temperature. For evaluation of the chromatograms usingProposed that one can multiply the criteria instead of sum-
a Chromatographic response function (CRF), an approachming them. According to the method, values of the criteria
similar to the method proposed by Divjak et f7] was should be scaled between 0 (unacceptable) and 1 (optimal).
used. The method of Stepwise mu|t|p|e linear regression WasThese values are then called desirabilities. This mathemat-
employed to select the mostimportant effects and to calculateical model was put into a more general form by Derringer
the coefficients relating the effects to the chromatographic [26]- Derringer’s desirability function was introducedin chro-
response functions. The experiment performed at the optimalmatography by Bourguignon and Masdda]. Itis based on
condition predicted by the model actually produced the the transformation of the measured properties to a dimen-
chromatogram of high quality. To the best of our knowl- sionless desirability scale for each criterion, so that values of
edge, no chemometric treatment has been already reportedieVeréﬂ properties, obtained from different scales of measure-
concerning the simultaneous optimization of resolution and Ments, may be combined. The values for desirability ranges

analysis time in MLC using Derringer's desirability function. from zero for the undesirable level of quality to the value
of unity which indicates an ultimate level of quality beyond

which further improvements would have no value.
2. Theory The transformation of the individual criteria into desir-
ability values are possible using a one-sided or a two-sided

Simultaneous optimization of resolution and analysis time transformation. In the one-sided transformation, the response
is the most important aspect of method development in lig- Variablesy; (i=1,2,...,n, wherenis the number of response
uid chromatography. Response surface mapping methods ardariables) are transformed into the desirability functiahs,
effective optimization tools because the global optimum can according to the following equations:
be found18]. Response surface mapping describes the rela- ) )
tionship between the criteria and the experimental variables. d =0 if Y <Y
Multi-criteria decision making, a branch of operations re- Y, — Yi(_) " )
search, is a useful method that is applied when more than d; = it Yy <
one optimization criterion has to be taken into account. The
essence of MCDM is to judge the different quality aspects of di =1 if ¥;> Y,~(+)

a chromatogram individually and quantitativgh8,19]

A Compromise between Very diﬁ"erent Chromatographic WhereYi(_) iS the minimum acceptab|e Value Of the Criterion
goals may be achieved using the utility functions. In this ; anle.(Jr) is the value beyond which improvements would
MCDM method, a combined criterion called utility function serve no further benefit. Both values and the parameter
(Uj) is used for simultaneous optimization of different chro- which is in fact a kind of weighting factor should be selected

Y, < v )

Y& _yO
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by the user. It is noteworthy that such transformation is valid
for separation criteria. Although this is not the case with the
criteria used for evaluation of the analysis time whkalue
needs to be minimized. Therefoks 0 for ¥; > Y,.(+), d=1
fory; < Yi(_) and a value in between fdfi(_) <Y< Yl.(+)
should be considered in such cases.

In a second step, the overall qualifyis calculated by
multiplying the desirability values obtained for the different
criteria[26] or by using the geometric mean of th¢aT].

The advantage of the Derringer’s desirability function is
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noted that the optimization criterion (CRF) is not sensitive to
possible changes in the elution order of the components.
3. Experimental

3.1. Apparatus

The HPLC system consisted of a model 515 solvent deliv-
ery system equipped with model U6K injector fitted with a

that if one of the criteria has an unacceptable value, then the20#!l00p, all from Waters (Milford, MA, USA) and a Perkin-

overall product will also be unacceptable. While, with the
utility functions, this is not the cag6]. It is noteworthy that
the outcome of the overall qualiy depends on thevalue
and selection of the suitabtevalue offers the user flexibility
in the definition of desirability functions.

Divjak et al.[17] showed the usefulness of the sigmoidal
functions (instead of exponential functions as in &) for
one-sided transformation of different criteria into desirabil-
ity values. According to their method, transformation of the
resolution values between the neighbouring peBkS1, to
desirability valuesS™P*1, ranging between 0 and 1 may be
performed using the following equation:

gPP+L _ 1
1+ exp(=bg - RP-PF1 + by)

®3)

The S”P*1 value should be high¢1) for maximum and low
(=~0) for minimum acceptable values of resolution. These
limiting conditions determine the values of the parameters
bp andbs in the equation.

Inthe next step, overall desirability valugfor the evalua-
tion of the chromatograms in regard to the integral resolution
of n analytes is calculated using geometrical average of all
individual desirability value§™P* (P=1, 2,...,n—1).

n—1
()
Il

The evaluation of the desirability of the analysis timgef

1/(n—1)

(4)

Elmer LC-95 UV detector (Norwalk, CT, USA). A Jenway
model 3030 digital pH meter (Jenway, UK) equipped with
a combined glass-calomel electrode was employed for pH
measurements.

3.2. Chemicals

The surfactant, sodium dodecyl sulfate (SDS), and HPLC
grade methanol, ethanol, propanol and butanol were pur-
chased from Fluka (Buchs, Switzerland). The test so-
lutes including PTH-aspargine (PTH-Asp), PTH-glutamine
(PTH-GIu), PTH-glycine (PTH-Gly), PTH-alanine (PTH-
Ala), PTH-methionine (PTH-Met), PTH-valine (PTH-Val),
PTH-tryptophane (PTH-Trp), PTH-leucine (PTH-Leu) and
PTH-phenylalanine (PTH-Phe) were used as received from
Fluka. Phosphoric acid, disodium hydrogenphosphate and
sodium dihydrogenphosphate were Fluka analytical grade
chemicals.

3.3. Chromatographic conditions

A Spherisorb C18 column (250 mg4.6 mm, Sum par-
ticle size) from Waters was used for all the separations. The
column was thermostated at the different temperatures by
a water circulator bath. Stock solutions of PTH-aminoacids
(0.5-1.0 mg/ml) were prepared in methanol and were stored
at —20°C. The micellar solutions were prepared in double
distilled, deionized water and were filtered through a .45
Millipore solvent filter. The mobile phase pH was adjusted at

the chromatograms may be also performed using a sigmoidal3—7 using phosphate buffer.

transformation:

1
T 14exp(bz -t + b3)

g ()

wheret is a criteria used as a measure of the analysis time.

Theg value should be highr{1) for very short and low<£0)
for long analysis time. Calculation of the parametersnd
bs is done by employing these limiting conditions.
Finally, the chromatographic response function is calcu-
lated by multiplying the two desirability valuésndg:

CRF(fg)=f xg (6)

As can be easily found, no priori decisions about the weight-

The experiments were performed according to the exper-
imental design using a number of eluents prepared with dif-
ferent combinations of the values of the five variables. The
sequence of experiments was randomized. The mobile phase
flow rate was maintained at 1.2 ml/min and spectrophotomet-
ric detection at 254 nm was employed.

The isocratic chromatographic system was conditioned
by passing the eluent through the column until a stable base
line was observed. Then, repeatable retention times were ob-

tained for three subsequent injections. Dead time value was

measured from the time of injection of methanol to the first
deviation of the base line.

All statistical analyses of the multiple regression were
performed on range scaled factor values -efl] +1] with

ing factors have to be made in the procedure. It should be alsosSPSS/PC softwar@8].
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4. Results and discussion Table 1
The five chromatographic factors and corresponding three level séttings
4.1. Chromatographic response function Level [SDS] N Vim pH T
- 0.030 2 30 3 30
In order to study the application of the desirability func- 0 0.065 3 6 5 35
tion in MLC, it was applied to locate the optimum condition * 0.100 4 10 7 40

for separation of PTH-amino acids with regard to resolution @ [SDS], sodium dodecyl sulfate concentration (M);alkyl chain length
as well as analysis time. To evaluate the quality of the chro- of the organic modifierVy, organic modifier content (v/v %); pH, mobile
h . . rPhase pHT, temperature°C).
matograms using a chromatographic response function, a
approach similar to that proposed by Divjak et[4l/] was
followed. The resolution between peaks and the retention  The effect of five experimental factors on the quality of
time of the last peak in the chromatogram were used as thethe chromatograms was studied using the multivariate analy-
measures of separation and analysis time, respectively. sis. The factors studied were SDS concentration, alkyl chain
The individual resolution®™P*1) between the neighbour-  |ength of the alcohol used as the organic modifid, {/ol-
ing peaks P and P + 1 for n analytés<(1, 2,...,n— 1) was ume percentage of the organic modifisf,j, mobile phase

calculated by the following expression: pH and temperaturd]. Table 1shows the feasible region of
the selected factors in which experimental optimization could
RPPHL _ ﬁM (7) be carried out. The experimental range of the factors was se-
2(kpy1tkp+2) lected on the basis of chromatographic insight and physical

. limitations.
wherek andN are the retention factor and plate number, re- ations

spectively. Transformation of the resolution values to desir-

ability values ranging between 0 and 1 was performed using Table 2 B _

Eq. (3), Where minimum acceptable value of the response Experimental conditions according to the face-centred cube response surface
PPl experimental design for five factors studied

variable R ) was set at 0.5 because peaks can not be rec

ognized as being separated umi**1=0.5. On the other

hand, maximum acceptable value RtP*! was set at 2.5,  Fractional factorial design

Experiment [SDS] (M) N Vi (VIV %) pH T(°C)

since higher resolutions resulting in increasing analysis time ; _+11 j j j _"i
are of no further benefit. Determination of the parametegrs 3 1 1 1 1 -1
andb; in the Eq.(3) was done by employing the limiting 4 +1 1 1 1 +1
conditions for value§™P*1=0.95 and 0.10 foR"P*1=2.5 5 -1 1o+ -1 -1
and 0.5, respectively. The values obtaineddpandb; were 6 +1 -1 +1 -1 +1
2.567 and 3.481, respectively. Then, overall desirability value ; _+11 :11 :i :1 _"i
(f) was calculated using geometrical mean of all individual 1 1 1 1 -1
desirability valuess™P* (Eq. (4)). 10 +1 1 1 1 41
The desirability values of the analysis tingd 6f the chro- 11 -1 +1 -1 +1 +1
matograms was also evaluated using the sigmoidal transfor- 12 +1 +1 -1 +1 -1
mation (Eq.(5)). Calculation of the parametets and bs 1431 _+11 :1 :1 :1 _+11
was done by employing the limiting conditions for values g 1 ” 1 1 1
g=0.9 and 0.1 fot=10 and 45 min, respectively. The val- 16 +1 +1 +1 +1 +1

ues obtained fob, andbz were 0.126 and-3.458, respec- Central points
tively. 17 0 0 0 0 0
In the last step, the chromatographic response function 18 0 0 0 0 0
was calculated by multiplying the two desirability values ;g 8 8 g 8 8
andg (Eq. (6)- 21 0 0 0 0 0
22 0 0 0 0 0

4.2. Experimental design Star design

23 -1 0 0 0 0
To locate the optimum condition for separation of PTH- 24 +1 0 0 0 0
amino acids in MLC, a simultaneous optimization strategy ~ 2° 0 -1 0 0 0
; 2 0 +1 0 0 0
was adopted. In this strategy, a face-centred cube response 57 0 I 0 0
surface experimental design was used to map the chromato- ,g 0 0 +1 0 0
graphic response surface. This design is one of the experi- 29 0 0 0 -1 0
mental designs suitable for modeling and optimization which 30 0 0 0 +1 0
results from the addition of a factorial design and of a star g; 8 8 8 8 *+11

design[17,29]
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Table 3
Experimental retention time (min) and CRF values obtained by the face-centred cube response surface experimental design

Experiment PTH-Asp PTH-Glu PTH-Gly PTH-Ala PTH-Met PTH-Val PTH-Trp PTH-Leu PTH-Phe CRF

1 6.47 999 1097 1694 4188 4259 5354 7018 7203 0.05

2 5.11 689 824 1101 1929 1971 1976 2573 2872 0.23

3 4.36 593 636 878 1686 1785 2417 2771 2999 0.30

4 3.63 446 497 622 945 996 1071 1299 1296 0.48

5 5.04 728 823 1145 2593 2735 3616 4359 4899 0.08

6 3.92 487 566 717 1211 1259 1360 1751 1758 0.42

7 3.45 377 428 577 979 1122 1421 1797 1568 0.68

8 3.07 338 373 438 614 651 715 865 825 0.58

9 6.98 1110 1255 1986 4748 5038 6012 7739 8010 0.07
10 4.86 639 7.59 1022 1784 1852 1863 2451 2437 0.26
11 4.28 552 591 818 1556 1677 2200 2627 2780 0.34
12 3.92 474 535 660 991 1036 1136 1347 1356 0.48
13 4.70 663 722 1011 2298 2358 3147 4057 4379 0.07
14 4.10 524 615 771 1315 1340 1442 1848 1856 0.38
15 3.37 376 421 571 972 1114 1474 1835 1600 0.66
16 291 312 336 390 508 550 576 7.03 655 0.52
17 3.81 478 533 678 1158 1214 1421 1732 1789 0.47
18 3.80 476 532 676 1155 1212 1416 1718 1784 0.48
19 3.79 474 528 669 1137 1191 1391 1680 1747 0.49
20 3.89 484 537 676 1136 1190 1392 1668 1738 0.49
21 3.72 463 513 647 1084 1137 1320 1594 1660 0.50
22 3.81 475 529 670 1137 1192 1391 1682 1749 0.49
23 4.00 527 574 754 1472 1548 2089 2488 2750 0.37
24 3.61 439 496 610 953 996 1096 1338 1345 0.49
25 4.56 614 7.06 941 1747 1788 2035 2535 2607 0.30
26 3.29 379 408 502 724 806 931 1105 1094 0.58
27 4.61 618 701 938 1668 1727 1957 2385 2458 0.34
28 3.41 404 440 539 864 914 1072 1306 1340 0.51
29 3.75 466 520 653 1096 1146 1344 1624 1685 0.49
30 3.74 466 515 649 1084 1133 1321 1594 1664 0.50
31 3.89 498 556 707 1218 1265 1492 1795 1875 0.46
32 3.71 458 510 649 1103 1168 1352 1670 1709 0.48

The exploration of the experimental domain was started the experiments were reportedliable 3 The reduced design
with a factorial design. A full factorial design for five factors allows the first estimation of the effects of the main factors
and two levels would require 32 experiments. To reduce the and of their second order interactions, that are presented in
number of experiments, a two-level half fractional factorial Table 4 It can be observed that the most important effect on
design consisting 2! experiments was used. The experi- retention timeig) values of the analytes was due to the alkyl
ments 1-16 inTable 2show the fractional factorial design  chain length of the organic modifier. As expected, an increase
(fFD). The values of retention times and calculated CRF for in N leads to a decrease in retention time. The effect of the

Table 4

The effects of the factors and of their interactions calculated for PTH-amino acids from the fractional factorial design (experimenfEabiel§ in
Factors PTH-Asp PTH-Glu PTH-Gly PTH-Ala PTH-Met PTH-Val PTH-Trp PTH-Leu PTH-Phe CRF
[SDS] —0.89 —1.86 —1.84 -3.70 —1215 —13.04 —15.83 —24.21 —25.85 014
N —-152 —2.96 —3.56 -5.62 —14.77 —14.85 -17.20 —-2319 —25.04 031
Vi -1.13 -2.12 -2.39 -3.95 —-9.17 —9.36 —10.35 —10.39 —1389 015
pH 0.01 —0.01 —0.01 007 003 023 —0.10 022 —0.05 000
T -0.22 —0.45 —0.61 -0.87 —-1.72 —2.00 —-2.25 341 —2.55 001
[SDS]x N 0.41 104 100 186 6.82 688 934 1217 1382 -0.12
[SDS]x Vm 0.25 065 058 123 417 422 547 7.00 747 —0.04
[SDS]x pH 0.01 —0.02 —0.03 —-0.16 029 —0.48 —0.16 —0.57 -0.31 —0.01
[SDS]x T 0.00 009 014 033 072 114 125 097 139 000
N x Vi 0.28 047 064 145 391 421 375 615 443 006
N x pH —0.02 —0.09 -0.12 —0.26 —0.53 —0.68 —2.20 -0.77 —0.68 —0.03
NxT 0.10 021 033 052 104 139 106 106 135 —0.01
Vi x pH —0.11 -0.13 -0.23 —0.41 —0.79 -1.25 —-1.08 —-1.04 —-1.34 —0.04
Vinx T 0.07 013 016 030 048 062 039 055 052 —0.01

pHx T -0.19 —0.35 —0.44 —0.99 —2.98 -3.23 —3.45 —5.29 —3.88 -0.11
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factor N on tg values is more significant for PTH-leucine Vy, and of [SDS] (last column iffable 4. Surprisingly,
and PTH-phenylalanine. This result can be correlated to thethese factors have positive effects on the CRF values, al-
predominantly hydrophobic properties of these solutes with though they showed negative effects on the valueszof
respect to the other solutes. In agreement with previous re-On the basis of the results, no evidence for significant ef-
ports[30,31], the results emphasize that hydrophobicity of fects of pH and T was found. It must be underlined imme-
the solute and organic modifier are important factors in con- diately that the second order interaction between pH and
trolling their interactions with the micelles which affect the T is significant and characterized by a negative value. It is
solute retention in MLC. The retention time value for the noteworthy that existence of significant two-factor interac-
analytes is also largely affected by the main factors [SDS] tion term pHT (coefficient value =-0.11) emphasises that
andVp,. It should be noted that the effects of these factors the effect of the two main factors needs to be looked at
on retention are in expected direction. Retention time was further.
found to decrease as SDS concentration or modifier content  To estimate the pure experimental error and to check sys-
was increased. The other main factors, pH @nshowed the  tem reproducibility, the experiment in the central point was
minor effects on thér values. replicated (experiments 17-22Table 2. Subsequently, ex-
Further analysis of the results of the experiments of the istence of quadratic (or higher) significant effects was tested
fFD showed that the most significant effect on CRF val- by means of-test that compares the difference between the
ues is due to the main factdd, followed by the effect of responses in the central point and factorial design with the

9
2
Abs Abs
9 ; 4 8
1
3
3
4 6 7 8 . ¢
7
3 5
e { L
] 1 ~ | ] 1
0 10 20 0 10 20 30
(A) Time (min) (B) Time (min)
3
Abs 89 Abs 4 9
34
1
6 7 2
2
1
5
JUk I\ UUL
s g mpre g owone R m opogon @0 omosei] i bl R
0 10 20 0 10 20 30
©) Time (min) (D) Time (min)

Fig. 1. The chromatograms giving CRF values of 0.68 (A), 0.34 (B), 0.42 (C) and 0.05 (D). Conditions are as those of the experiments 7, 11, 6 and 1
(Table 2, respectively. Peaks identification: 1, PTH-aspargine; 2, PTH-glutamine; 3, PTH-glycine; 4, PTH-alanine; 5, PTH-methionine; 6, PTH-valine; 7,
PTH-tryptophane; 8, PTH-leucine; 9, PTH-phenylalanine.
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purely experimental variance3,) [32]: Table5 , »
Specification of the best polynomial model for prediction of the CRF values
( )_;0 — }Tf)z (8) Variable Coefficient ~ Standard error  Standardized regression
Flv e = coefficient
Sge x ((1/no) + (1/ny))
Constant 078 Q006 -
wherey, andys, are average response of the replicated cen- N 0.154 Q005 Q709
tral and average response of the factorial design experimentsYm 0.075 005 346
tivelv. Th d ber of ; tsin th A —0.068 Q012 —0.208
respectively. The, andny are number of experiments in the g, 0066 Q005 304
centr:_all point and in the factorlal_ design, respectively. From (spsjx N 0058 Q005 _0.252
the highF-value F=737.894), it was concluded that the pHxT —0.053 Q005 —-0.229
guadratic (or higher) effects must be used in the regressionN x Vm 0.031 Q005 Q133
model to describe the dependence of the chromatographidSPSF —0.060 012 —0182
[SDS]x Vi  —0.018 Q005 —0.080

response function to the experimental factors. Therefore, a™ =
star design consisting 10 experiments (experiments 23—32 inSta“i“CS

Table 9 was added to the factorial design to provide a central g‘ggg
composite design that allows to obtain a model containingthe ¢ 193775
main factors plus the interactions and the squared terms. R 0.973

The results of the study showed that the overall CRF ~a gy are of correlation coefficient.
value reasonably represented our evaluation of the obtained b standard error of estimate.
chromatograms. They gave high values only for the chro- ¢ Fisher-ratio value.
matograms that exhibited good separation in a reasonably d Square of the cross-validated correlation coefficient.
short analysis time (CRF =0.6Big. 1A). At the same time,
medium values were obtained for the chromatograms with while the square of these factors showed negative contribu-
relatively good separation butlonger analysis time and for the tions. It can be readily seen that the overall contribution for
chromatograms with bad separation regardless of the analyhoth factors is positive. Therefore, an increase in CRF should
sis time (CRF=0.34 and 0.4Bjg. 1B and C, respectively).  be obtained as a result of an increase of [SDS}rMobile
The chromatograms that exhibited bad separations in a longphase pH and temperature only appeared in a two-factor in-

analysis time had low CRF values (CRF=0.68%. 1D). teraction term and showed a negative contribution to the CRF
value. The existence of two-factor interactions between main
4.3. Modeling factors in conditions of our experiments emphasises once

the necessity to carry out active multifactor experiments for

The overall CRF values for the complete set of 32 experi- optimization of the chromatographic separation process in
ments were fitted with a polynomial model. An ordinary least MLC.
square method was used by a variable selection algorithm In order to test the predictive power and robustness of the
(stepwise search) to find a model that describes efficiently themodel obtained, cross-validation using leave-one-out method
dependence of CRF on the experimental parameters. Criterid34—36]was employed. In leave-one-out method, a model is
for the evaluation of the descriptive capability of the models constructed after deleting one observation of the data set,
were Fisher-ratio valueH), squared correlation coefficient then this observation is predicted by a model based on the
(R%) and standard error of estimate (SE). Different poly- remaining data and squared difference between the left-out
nomials with all possible combinations of the factors were observation and its prediction is calculated. This procedure is
generated. It was found that the simplest polynomial that suc- repeated for the entire data set and cross-validﬁ%e(d?gv
cessfully described the system under study was second orderis calculated. The results showed that the model obtained
The bestmodel and the statistics are giveFahle 5 The high is quite valid and stable as judged fra®d, value (Table 5.
value ofR? andF statistics indicates that the model is quite Fig. 2shows the plot of cross-validated predicted CRF values
successful in calculating the chromatographic response func-according the model reportedTiable Sversus experimental
tion. The standard error is 0.022 and greater than 98% of theCRF values and related statistics. HighandF values for
variance is accounted for by the model. The model obtainedthe plot indicate good stability and predictive ability of the
showed that the CRF value is influenced by three main factorsmodel developed.
including alkyl chain length of the alcohol, alcohol content To find the optimum chromatographic condition in the
and SDS concentration. Determination of the importance separation of PTH-amino acids in MLC, a grid search algo-
of the factors in the model by the standardized regressionrithm written in FORTRAN 77 was used. The optimal values
coefficient[33] demonstrated that alkyl chain length of the of the experimental variables were found to be 0.065M
alcohol is the mostimportant factor affecting the CRF values. SDS, 9.3% (v/v) butanol, pH 3.0 and column temperature
The value of CRF was found to increase as N was increased40°C. The efficiency of prediction of the polynomial
It is noteworthy that modifier content and SDS concentration model was tested by performing the experiment under the
showed positive contributions to the dependent variable, predicted optimal condition. Chromatogram obtained under
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Fig. 2. Plot of cross-validated predicted CRF (according to the regression
model reported iTable § vs. experimental CRF values.

the predicted conditiorHg. 3) showed complete resolution
of all the analytes in a short analysis time. Relative error
in prediction of the CRF value for optimal condition was
—1.4%. Therefore, suitability of the model developed for
interpreting the experimental space and for indicating the
optimum experimental condition was confirmed.
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5. Conclusions

Derringer’s desirability function has been introduced to
MLC for optimization of both resolution and the analysis time
of PTH-amino acids. Face-centred cube response surface ex-
perimental design in conjunction with soft modeling has been
shown to be efficient in mapping response surface for chang-
ing a chromatographic response function. The results showed
that a function composed of two sigmoidal desirability func-
tions can be successfully used to evaluate the chromatograms
and to search for an optimum set of experimental conditions
in MLC. To find the optimal chromatographic conditions, a
second order polynomial equation was generated to model
the CRF values as a function of the experimental parameters
including the concentration of sodium dodecyl sulfate, alkyl
chain length of the alcohol, alcohol content, mobile phase
pH and temperature. Robustness of the model obtained was
assessed using leave-one-out cross-validation method. The
efficiency of the prediction of the model was confirmed by
performing the experiment under the optimal condition. The
results of the study showed that Derringer’s desirability func-
tion in combination with response surface mapping can be
successfully applied to the micellar liquid chromatographic
separation area for modeling and for process optimization.
The method offer promising possibilities in MLC because
Derringer approach is the only MCDM method for which it

The results of the study demonstrated that it is possible to IS €aSY to consider simultaneously more than two criteria.

develop the model with descriptive and predictive ability for

the chromatographic response function, which allows one
to find the optimum conditions in the separation of PTH-

amino acids in MLC. Good resolution achieved in the work

permits the identification of the PTH-amino acids obtained

from sequencing of peptides and proteins.

Abs
2
34
1 6 g 9
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5
J\ ldb
| . . . .
0 2 4 6 8 10
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Fig. 3. Chromatogram obtained for PTH-amino acids in optimal condi-
tion predicted using polynominal model reportedTiable 5 Conditions:
4.6 mmx 250 mm, Sum particle size Waters Sphirosorb C18 column,
0.065M SDS, 9.3% (v/v) butanol, pH 3.0, temperaturé@@nd flow rate
1.2 ml/min. Peak identities are as thosd=ig. 1
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