Journal of Chromatography, 550 (1991) 87-100
Elsevier Science Publishers B.V., Amsterdam

CHROMSYMP. 2251

Prediction of initial high-performance liquid
chromatographic conditions for selectivity optimization in
pharmaceutical analysis by an expert system approach

GABOR SZEPESI*

Institute HUMAN for Serobacterological Research and Production, Budapest-Godollé ( Hungary)
and

KLARA VALKO

Central Research Institute for Chemistry, Hungarian Academy of Sciences, Budapest ( Hungary)

ABSTRACT

Initial mobile phase compositions can be selected from any physicochemical properties of solutes
which can be correlated with their high-performance liquid chromatography (HPLC) retention. In this
study, octanol-water partition coefficients (log P values) calculated from molecular increments are con-
verted to HPLC retention data to achieve capacity factors (k') within a range 0.5-5. The eluent composi-
tions are calculated to produce &’ values of 0.5 (OP,,.) and 5 (OP,,,,) for all solutes of interest. From the
various eluent compositions obtained as OP,; values, the highest value (the strongest eluent composition,
OP,,. <) and as OP,, values, the lowest value (the weakest eluent composition, OP,_,, ), are chosen to
calculate the optimum composition for the initial experiments (OP). Using the suggested mobile phase
composition, O Py, the k' values of each component are predicted and checked. The first guess experiment
can be started with the suggested eluent composition. Pass—fail criteria have been established to evaluate
the experimental data; the capacity factors of all components should be within the range 0.5-10, and the
peak asymmetry factors should be between 0.8 and 1.8. For the direction of the second and third guess
experiments, special rules followed by different actions are formulated. The applicability of the developed
expert system is demonstrated through the separation of a model mixture containing solutes with widely
different chemical structures.

INTRODUCTION

The selection of suitable experimental conditions for initial separations involves
more than merely choosing an appropriate packing material to fill a tube of some
prejudged dimension and a mobile phase to achieve suitable retentions. The approach
suggested in this paper includes the following considerations.

Separation mode selection
The selection of phase system is a highly empirical task as a result of the unpre-
dictable selectivity of one phase system for a new analytical problem. A single pack-
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ing material may be used in several different chromatographic modes to carry out
different types of separations. The specified preknowledge regarding molecular
weight, solubility and ionic properties of the solutes provide an useful source of
information for the selection of the separation mode. A change in separation mode
may be achieved simply by changing the composition of the mobile phase or by using
various additives in the eluent. In the following discussion, only the principles relating
to reversed-phase separations will be considered.

Phase system selection

Phase system selection includes decisions about two different things: stationary
and mobile phase selections. All the experiments discussed here have been performed
on chemically bonded octadecylsilica stationary phases with reversed-phase eluents.

The primary goal of the initialization experiments is to achieve an acceptable
capacity factor (k") range and peak shape for all of the solutes of interest. Basically
there are four different routes to achieve this goal.

Empirical route without any preknowledge of the sample. The experiments start
using high organic concentrations in the eluent (for instance, 70-80% methanol in
water at a pH of about 2.2 or 8.0 that can suppress possible ionization). The eluent
composition is modified step by step on the basis of the capacity factor of the last
eluting peak (a greater modification in the eluent strength is made if k{,;, < 1.0; only a
slight modification is made if ki, < 3).

Empirical route considering the physicochemical properties of the solutes of in-
terest. The mobile phase is selected according to the type of solute(s) (solubility,
polarity in ion supression media and basicity). A recommended procedure has been
reported by Gazdag er al. [1].

Application of gradient elution for the selection of initial mobile phase composi-
tions. The application of gradient elution of initial method development has some
advantages relative to the use of isocratic elution for several reasons: (1) for unknown
samples, it is more likely that gradient elution will reveal the presence of compounds
that might be lost due to their early elution with the solvent front or to their disap-
pearance in the baseline as late eluting peaks under isocratic conditions; (2) the sep-
aration characteristics of sample components with a large k' range can be established
more easily in a few gradient experiments (several isocratic runs would be required to
obtain the same information); (3) the suitability of isocratic elution for the effective
separation of a sample can be confirmed by gradient elution.

Several approaches have been described previously [2-5] to predict isocratic
separations from gradient elution.

Computer-aided selection of initial mobile phase compositions. The initial mobile
phase compositions can be selected on the basis of any physicochemical properties of
the solutes which can be correlated with their HPLC retention. There are two differ-
ent methods for this.

In the first approach (individual retention concept) suggested by Maris et al. [6],
a calculation is carried out based on retention increments and obtaining a total reten-
tion factor for each individual solute to achieve a k' value of 3. The computer-aided
selection of initial mobile phase composition is based on the calculation of the polar-
ity of the structural fragments that are not affected by the pH (pH independent
increments) and of fragments, the polarity of which strongly depends on the pH (pH
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dependent increments). The mobile phase composition is given by summing all the
contributions which correspond to the structural elements.

In the second approach (total retention concept), log P values (the logarithm of
octanol-water partition coeflicients) are calculated from molecular increments. Based
on the algorithms published by Valké [7,8] and a relatively large database, the log P
data are transformed to HPLC retention data to achieve k&’ values within a range
0.5-5. The eluent compositions are calculated to produce a k' value of 0.5 (OPp;,)
and 5 (OPn.x) for all solutes of interest. From the compositions obtained as OP,;,
values for all compounds in the mixture, the highest value is chosen and referred to as
OPinst (the strongest eluent composition) and from the OP,,,, values the lowest
value is chosen and referred to as O P, we (Weakest eluent composition). From the
two values the optimum composition for the initial experiments (OPyy) is calculated
according to the equation: QP =(OPpax,wg + OPrins1)/2.

BASIC PRINCIPLES

Fig. 1. shows the structural modules of the initialization expert system used in
this study. From the initial conditions given in Fig. 1, only the mobile phase selection
will be discussed here; the other conditions (column type and dimension, detection
wavelength and flow-rate) were the same during the experiments. The structural ele-
ments for the prediction of the initial mobile phase composition are shown in Fig. 2.

As can be seen from Fig. 2, the input data correspond to the structural formulas
of the compounds of interest. In the first step from the structural data the log P values
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Fig. 1. Construction of the initialization expert system.
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Fig. 2. Prediction of initial mobile phase composition for first guess experiment.

are calculated by the PrologP program based on the Rekker database (Compudrug,
Budapest, Hungary). The calculated log P values are transformed in the next step into
organic solvent concentrations in the eluent using our MinMax database, which cal-
culates the organic solvent concentration for all components resulting in capacity
factors of 0.5 (OPyi, and 5 (OPy,,) for each individual component. In the first guess
block from the listed percentage organic solvent concentrations, the highest value of
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OP.in (the strongest eluent composition giving &' =0.5, OPpinst) and the lowest
value of OP,,,, (weakest eluent composition giving k' =5, O P4, we) are selected and
their average is used as the first estimated eluent composition, OP. As OPy is
weaker than OPy,;, st and stronger than OP,,,, we, the predicted values of k' for all
components are estimated to be within a k' range 0.5-5. Using the suggested mobile
phase composition, O Py, the k' values of each component are predicted and checked.
If the predicted k' values are within the required range, the first guess experiment can
be started with the suggested eluent composition.

PASS-FAIL CRITERIA FOR INITIAL EXPERIMENTS

In accordance with the main aim of the initialization experiments, criteria can
be formulated for passing the experiments from the initial stage to the optimization
stage. It is obvious that these criteria differ from those used for phase system opti-
mization. In this study the following pass—fail criteria were established to evaluate the
experimental data: (1) no answer (faulty operation occurs, or the PrologP program
does not work); (2) capacity factors are out of range (k' of any single solute is < 0.5
or > 10); (3) peak asymmetry factor is out of the range (4 for any solute is <0.8, or
> 1.8); and (4) incorrect answer (percentage organic calculated for OPyy is out of the
range). If either the O P, st value or the O P, we value is out of range (> 90% or <
1% acetonitrile in the eluent are required to sufficiently elute one or more compounds
in the mixture within a k£’ range 0.5-5), then as a first approximation the OPy;, st 1S
taken as equal to 100% or OP,,,,we is taken as equal to zero in the O Py calculation.
In this instance the predicted &’ value of this particular compound will be automat-
ically out of the range and its &’ value can be adjusted to the correct value in the
second or third guess experiments (see later example).

INITIAL PHASE SYSTEM: RULES

The initial mobile phase selection is based on between one and three experi-
mental runs under predicted isocratic conditions. The first experiment is performed
using a mobile phase containing acetonitrile and aqueous phosphate buffer at pH 4.5
in the suggested ratio (system I.1 in Table I). The eluent composition in the next guess
experiment is dependent on the capacity factors of the first and/or the last peaks as
well as on the peak asymmetry observed. The necessary steps are directed by several
rules, including the change in acetonitrile concentration, using methanol in the eluent
or a change in the eluent pH. The mobile phase compositions wich may be utilized in
the second and third guess experiments are given in Table I.

As a general rule the following principles are used in our study: (1) if only one
capacity factor criterion is out of range (k' of first eluted peak, k < 0.5 or k&’ of last
eluted peak, k1 > 10) and the peak asymmetry factor (A4) is acceptabie for each
compound, the acetonitrile concentration is recalculated according to Table I (system
I.1 in Table I); (2) if both capacity factor criteria are out of range, but the peak
asymmetry factor is acceptable for each peak, then methanol is used in the eluent at
an identical eluent strength and pH (system II.1 in Table I); (3) if only one asymmetry
factor criterion is out of range, and the capacity factors are within range, the same
cluent composition is used as in case (1), but the pH of the eluent is adjusted to pH 2.2
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BLE I
ITIAL PHASE SYSTEMS AND EXPERIMENTAL CONDITIONS
lumn: Hypersil ODS, 5 um, 150 x 4 mm L.D. Flow-rate: 0.85 ml/min. Detection: 254 nm.

Mobile phases®
(1) Acetonitrile (ACN)-water (II) Methanol (MeOH)-water
System 1.1, pH 4.5 System I1.1, pH 4.5
) ke < 0.05 ACN (%) = 0.84 x ACN, (%) MeOH (%) = 0.80 x MeOH, (%)
Yk > 15 ACN (%) = 1.2 x ACN, (%) MeOH (%) = 1.3 x MeOH, (%)

)0.05 < ki < 0.5 ACN (%) = ACN, (%)-15log (0.5/k) ~ MeOH (%) = MeOH, (%)-25 log (0.5k})
D10 < k| <15  ACN (%) = ACN, (%) + 15 log (k}/10) MeOH (%) = MeOH, (%) + 25 log (k}/10)

System 1.2, pH 2.2 System 11.2, pH 2.2
J kg < 0.05 ACN (%) = 0.84 x ACN; (%) MeOH (%) = 0.80 x MeOH, (%)
Yk > 15 ACN (%) = 1.2 x ACN, (%) MeOH (%) = 1.3 x MeOH; (%)

)0.05 < ki < 0.5 ACN (%) = ACN, (%)-20 log (0.5/k)  MeOH (%) = MeOH, (%)-30 log (0.5k])
D10 < ki <15  ACN (%) = ACN, (%) + 20 log (kj/10) MeOH (%) = MeOH, (%) + 30 log (k}/10)

System 1.3, pH 7.8 System 11.3, pH 7.8
W) kg <. 0.05 ACN (%) = 0.84 x ACN, (%) MeOH (%) = 0.80 x MeOH, (%)
Dk > 15 ACN (%) = 1.2 x ACN;, (%) MeOH (%) = 1.3 x MeOH, (%)

0.05 < k, < 0.5 ACN (%) = ACN, (%)-20 log (0.5/k})  MeOH (%) = MeOH, (%)-30 log (0.5k})
)10 <k, <15  ACN (%) = ACN, (%) + 20 log (k/10) MeOH (%) = MeOH, (%) + 30 log (k}/10)

Subscript I refers to the organic solvent concentration in the previous experiment.

(As is less than 0.8, system 1.2 in Table I) or to pH 7.8 (A, is higher than 1.8, system
1.3 in Table I); (4) if both asymmetry factor criteria are out of range, and the capacity
factors are within range, methanolic eluent is used at an identical eluent strength and
pH as in case (1) (system II.1 in Table I); (5) if only one capacity factor criterion and
one peak asymmetry criterion are out of range, a recalculated acetonitrile concentra-
tion with different pH (system 1.2 for peak leading, or system 1.3 for peak tailing) is
used; (6) if both capacity factor criteria and one peak asymmetry criterion are out of
range, methanol is used in the second guess experiment at an identical eluent strength
but with a different pH (system I1.2 for peak leading, or system I1.3 for peak tailing);
(7) if one capacity factor criterion and both peak asymmetry factor criteria are out of
range, a recalculated methanol concentration with the same pH (system II.1 in Table
I) is used; (8) if both the capacity factor and peak asymmetry factor criteria are out of
range, the expert system is not able to advise on further experimental conditions. This
case requires special considerations (using normal phase chromatography, ion pair
chromatography or other techniques based on secondary chemical equilibria).

Table II summarizes the rules to be used for the direction of next guess experi-
ments.

CHECKING THE EXPERT SYSTEM FOR A SELECTED MODEL MIXTURE
To control the operation of the initial expert system a model mixture (the

components are shown in Fig. 3) was selected. The calculated data for log P, OPyin,
OP,.., log k' and k' are also shown in Fig. 3.
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NH, CHy

CH,
H 0
H
0=5=0
Hiky
NH, "
Sulfaguanidine Phenacetin Acetanilide
log P -2.384 1.128 0.529
oP%,, 12.0% 55.7% 48.2%
oP%,,, -16% (0) 12.4% 7.4%
log k -0.751 0.369 0.265
k' 0.180 2.340 1.840
0o NH 0x_OH 0
2 N HC N >
HO H3CY P
0N
’ ¢
H3
Salicylamide Acetylsal acid Caffeine
log P 0.236 1.037 ~0.912
OPY,,,  44.6% 54.5% 30.2%
OP%,,, 5% 11.68% -4.4% (0)
log k 0.157 0.315 -0.285
k' 1.435 2.067 0.519

SUGGESTRED ACETONITRILE CONCENTRATION: 28%

Fig. 3. Model compounds used for checking the expert system.

As can be seen from Fig. 3, the O P, values of sulphaguanidine (— 16%) and
caffeine (—4.4%) are out of the percentage organic range, therefore OPax, we Was
selected to be zero. OPpis st Was 55.7% for phenacetin, and the calculated OPyy is



G. SZEPES], K. VALKO

94

ol lel’Dd

781 0 ‘181D 11¥°'d ‘dOLS
PLTD-ILTD eivd
¥o1°0-191°D 8'1-8°0 o< S0> Ziv'd ‘olvd 8180 Ol< ¢0> &7y 8180 0I< §0>
TSID “IS1D
w1 O-1P1D
EEIO-1ETD
(YAR0 o FARG
EITO-111D 01¢'d ‘dOLS
Yor'o-101°D picd ‘cied
$6' 016D 8'1-8°0 oI<  §0< zigd ‘1ied 8'1-8°0 o< ¢go< v 8180 0l< §0<
780 ‘18D
eLO-ILD
€9°0-19D
£6°0-18°D
340 i L 40 117°'d ‘dOLS
peO-1ED yizd ‘c1cd
yTO-1TD 8'1-8°0 o> <o0> zicd‘oicd g1-8¢ 01> §0> 1Ty g0 01> <0>
1'D ‘dO1S 8'1-8°0 01> ¢o0< 1'd ‘dOLS 8'1-8°0 01> ¢§0< I'V ‘dO1S 8'1-80 OI> §0<
yead  yeod yeod Jyead yead  yead
sE] sig e sy el s
Anowwds Anouuks ANwwAs
Jeag J010Bj Ayoede) Jesd Joyoe] Kiwede) yead Iojoe] Anoede)
aJnI [UONOY s1nsoy a[na :uonoy s1nsay aqnu tuondY synsay
ssong pag L, ss90F puosag ssanB sy

SINFWIIAIXA SSIND LXAN 40 NOILOTIIA Y04 s3I0
IR LA AN



95

SELECTIVITY OPTIMIZATION IN PHARMACEUTICAL ANALYSIS

‘g'1 uey) Jaydiy SUo ISYIOUR JOf PUE ‘g'Q UBY) $S3 aq pinoys *p Jead suU0 10J ‘aIN)XTW [SpOU B JO UONESISIAUL Y3 0) J3JS1 BIRP oY, ,

3SIAPE ON

1S9SBD ISYIQ)

y1'd ‘dOLS
zerd ‘dols
1£1°9 ‘dO1S
oelrd

r'd 'doLs
1Z1'd 'dO1s
ol

g

ord

6d

8'd

Ld

9d

s'd

1< 80>

1< 80>

1< 80>
8I< 80<
8I< 80<
81> 80>
81> 80>
8'1< 80>
8I< 80<
81> 80>

01<

01 <

01>
01 <
or>
01<
01>
or>
01>
01>

§0>

§0<

0>
§0<
0>
go<
o>
§0<
o<
§0<

'V ‘dO1S

(4344

1tV
vy
v
vy
1wy
134
(434
1tV

1< 80>

1< 80>

1< 80>
81< 80<
8I< 80<
81> 80>
81> 80>
8I< 80>
81< 80<
81> 80>

01<

01<

01>
01<
01>
0r<
01>
01>
01>
01>

$0>

§0<

S$0>
o<
0>
§0<
§0>
o<
§0<
[IAS



96 . : G. SZEPESI, K. VALKO

27.9% acetonitrile. Using this eluent composition, all the predicted capacity factors
with the exception of k' for sulphaguanidine are within range.

Using system 1.1 with an acetonitrile—water ratio of 27.9:72.1, the chroma-
togram shown in Fig. 4 is obtained; a comparison of the caculated and observed
values of the capacity factors is given in Table III.

From the chromatogram in Fig. 4 and data in Table III, the following impor-
tant information can be drawn: (1) the predicted and observed elution orders are in
good agreement; (2) the predicted and observed &k’ values are also in good agreement
with the exception of acetylsalicylic acid and phenacetin; (3) two criteria are out of
range, the k' value of sulphaguanidine is less than 0.5 (for explanation, see earlier)
and the peak asymmetry factor of acetylsalicylic acid is less than 0.8.

The necessary action is directed according to rule A.411 (Table IV), suggesting
a recalculation of the eluent strength and the use of system 1.2 (pH 2.2). The recalcu-
lated eluent concentration is 22% acetonitrile, and the chromatogram obtained is
shown in Fig. 5 (k' data are also presented in Table III).

The data presented in Table I1I for a 22% acetonitrile concentration show that
the predicted and observed elution orders are the same; the change of eluent pH has
no influence on it. Similarly, a good correlation of the predicted and observed k'
values can be seen, and the peak asymmetry factors of all components are within the
required range. The necessary action is directed according to rule B.213 (Table IV),
leading to a recalculated acetonitrile concentration of 18%. The chromatogram ob-
tained using this eluent is shown in Fig. 6, and the data are given in Table III.

As can be seen from Fig. 6 and Table II, if 18% acetonitrile is used a k" value of
only 0.4 can be obtained for sulphaguanidine, but the phenacetin retention achieved a
critical value (close to the upper limit of the k’ criterion), which requires further initial
experiments to stop (Table IV). Therefore this eluent composition is suggested for
phase system optimization. (It should be noted that peak separation criterion as

12

VUL

0 5 min
Fig. 4. Chromatogram obtained in first guess experiment. Eluent: acetonitrile—phosphate buffer (pH 4.5)
(27.9:72.1). Other conditions as in Table 1. Peaks: 1 = sulphaguadinine; 2 = caffeine; 3 = salycilamide;
4 = acetamide; 5 = acetylsalicylic acid; 6 = phenacetin.
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TABLE III
RESULTS IN THE FIRST, SECOND AND THIRD GUESS EXPERIMENTS

Compounds System Capacity factors Peak asymmetry

Predicted  Found

First guess 1.1. 27.9% acetonitrile
Sulphaguanidine 0.180 0.201 1.05
Caffeine 0.519 0.400 0.95
Salicylamide 1.435 1.550 .18
Acetanilide 1.840 1.775 1.03
Acetylsalicylic acid 2.067 1.257 0.67
Phenacetin 2.340 3.267 1.07
Second guess 1.2. 22.0% acetonitrile
Sulphaguanidine 0.259 0.391 1.08
Caffeine 0.783 0.688 1.20
Salicylamide 2.043 2.503 1.48
Acetanilide 2.649 2.820 1.33
Acetylsalicylic acid 3.013 4.325 1.30
Phenacetin 3.197 5.879 143
Third guess 1.2. 18.0% acetonitrile
Sulphaguanidine 0.324 0.400 1.05
Caffeine 1.033 1.023 1.21
Salicylamide 2.582 3.634 1.38
Acetanilide 3.428 4.049 1.18
Acetylsalicylic acid 3.864 7.105 1.32
Phenacetin 3.945 9.583 1.27
TABLE IV

RESULTS AND ACTIONS IN THE FIRST, SECOND AND THIRD GUESS EXPERIMENTS

Results Rule Criteria failed Actions

First Second  Third

guess guess guess

First Ad4ll k'<0.5 Use system 1.2. with
guess A,<08 recalculated eluent strength
experiment for kg

Second B.213 k'<0.5 Recalculate system 1.2.
guess for k.
experiment

Third C.81 k'<0.5 Look for first eluting
guess compound(s), if it is the same
experiment use B.213, if it is different

use 1:1 mixture of A.411 and
B.213 for optimization
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L
7 ; min

Fig. 5. Chromatogram obtained in second guess experiment. Eluent: acetonitrile—phosphate buffer (pH
2.2) (22:78). Other conditions as in Table 1. For peak identification see Fig. 4.

resolution is not included in the pass-fail criteria of the initial expert system. Al-
though practically baseline separation has been achieved for all components in the
mixture during the initial experiments, in most instances two or more peaks may
overlap in the initial system, therefore the separation of these overlapping compounds
should be the target of further optimization steps.)

CONCLUSIONS

From the experimental data the following general conclusions can be drawn.

(1) The expert system based on the generation of solubility data (log P) from the
structural formulas of compounds of interest and on their transformation to reten-
tion data on two different levels (upper boundary 10, lower boundary 0.5), resulting

-

T T T T

0 5 0 min’

Fig. 6. Chromatogram obtained in third guess experiment. Eluent: acetonitrile-phosphate buffer (pH 2.2)
(18:82). Other conditions as in Table I. For peak identification see Fig. 4.
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in a suggested eluent composition for the initial experiments, can be successfully
applied even if compounds differing widely in chemical structures can be separated.

(2) An acceptably good correlation to the predicted and observed elution orders
has been found.

(3) The expert system can also be used in cases where one of the calculated
eluent compositions for the upper or lower boundaries is out of range. In this concept
zero is used for OP ., we and 100 for O Py, st, but the experimental data also suggest
using the calculated data. For a first guess experiment the expert system suggested a
16% acetonitrile concentration to achieve a k' of 5 sulphaguanidine (O P, we) and
55.7% acetonitrile concentration to achieve a k&’ of 0.5 for phenacetine. Using these
values for calculating OP\n, a 19.9% acetonitrile concentration is proposed for the
first guess experiment. Possibly the same &’ value for sulphaguanidine should have
been obtained (k' is about 0.4) in the first guess, as was obtained in the third guess.

(4) Although the main aim of the expert system concept used for the initial
eluent selection in this study was to suggest a mobile phase composition providing
symmetrical peaks which elute within a definite capacity factor range, a relatively
good correlation between the predicted and observed capacity factors was seen. A
general conclusion can be drawn from these experiments, namely, a much better
correlation can be obtained for peaks with a k' value below 5 than for the peaks
eluting with higher retentions. This observation possibly derives from the calculation
of the first guess experiment using a k' value for the upper boundary of 5 instead of
10. However, the linearized equations between log P and OP% as well as between
OP% and log k' are valid within a definite range of eluent composition; therefore
according to our assumption, the calculation for the first guess experiment may give
more reliable results within this narrower k' range than if it is extended to a larger £’
range.

From the initial experiments some special information may be obtained, which
me be a useful source of information for further optimization steps. The content of
such information is also a function of the number and the necessary changes in the
conditions of the initial experiments. The information obtained from the initial exper-
iments are as follows: (1) elution order of the peaks; (2) number of peak-clusters to be
resolved; (3) validity of the linear relationship of log k” versus the percentage organic
curve; (4) dependence of elution order on the nature and concentration of organic
solvents used for eluent preparation (methanol versus acetonitrile); (5) the depend-
ence of solute retention on the pH of the eluent and (6) the estimation of difficulties
during the optimization experiments.
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