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ABSTRACT
A systematic method is described for selecting the optimum ternary mobile

phase for both thin layer and high performance liquid chromatography. The
statistical data analysis employs overlapping resolution mapping in which a
contour plot is made by plotting resolution against solvent composition. The
computer analysis predicts optimum mobile phase regions, from which the analyst
can select the Teast viscous, and cheapest, mobile phase. Peak crossover is
taken into consideration. Good agreement was observed between predicted and

experimental data. The method is simple and easy tc apply to liquid chromato-

graphy.

INTRODUCTION

The selection of a solvent system which will give optimum resolution in
liquid chromatography (adsorption, partition or ion exchange) is not a simple
matter. The most important considerations are the properties of the material
being separated and the solid phase. The mobile phase can be selected only
when these two factors have been defined. When the solvent is a binary,
ternary...etc. mixture, solvent-solute and solvent-solvent interactions must

be taken into consideration. A trial-and-error procedure is generally used to

*Author to whom correspondence should be addressed.
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find a mobile phase which will satisfactorily resolve all the components of the
mixture. When the mobile phase is composed of more than one solvent the task
of selection becomes complex. In TLC, unlike HPLC, the process of solvent
selection is less time consuming because the analyst can spot as many plates

as he has developing tanks and develop them in different solvent mixtures or
use a unit like the Selecta Sol or the Vario KS-Chamber in which up to 16
different solvents can be simultaneously tried on a 20 X 20 cm plate (1}.
Although it has been shown that TLC solvents can be used as mobile phases for
HPLC (2,3), this simple approach is by no means a systematic one leading to

the selection of an optimum mobile phase. We define an optimum mobile phase as
that solvent mixture which would give base-line-separation of all the components
of a sample mixture in the minimum amount of time.

Glajch et al (4), Belinky (5), and others (6-8) described a systematic
solvent optimization procedure which employs statistical methods of data analysis.
Our study describes a systematic approach to selecting a ternary solvent mixture
based an a plot of pair resolution versus solvent composition, and over-
lapping resolution mapping (ORM) data analysis similar te that employed by
Glajch et al (4). Peak crossover is taken into consideration. The method is
simple and can be applied to both partition and adsorption 1iquid chromatography.
In addition to solvent optimization, the answers obtained give the analyst
the opportunity to select (a) the least viscous mobile phase {least back
pressure), (b) the cheapest solvent mixture and (c) the shortest retention

times.
EXPERIMENTAL

Materials: A1l solvents were glass distilled (Burdick and Jackson). The
chemicals were analytical grade (Aldrich Chemical Co.) and used without

further purification.

Apparatus: A modular HPLC system consisting of Laboratory Data Control (LDC)

constametric I and II1 Pumps attached to an LDC Gradient Master, a Chromatronix
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dual-channel uv absorbance detector, a Rheodyne injector, and & strip-chart
recorder operated at 0.2 in/min was used.

The RP-8 and RP-18 reverse phases columns were all 250 mm X 4.6 mm prepacked
with 10 um  particle size materials {Merck). 10 pl sampies were 1nje€ted. Ex-
periments were run at room temperature using a mobile phase flow rate of
1.2 ml/min. Retention times, peak widths (W) and resolution (Rg) were determined
by a 3352A Laboratory Data System (Hewlett-Packard) linked through a Hewlett-
Packard 1865 A/D converter to the UV detector output of the 1iquid chromatograph.
The output from the data system was recorded on a 9866A thermal line printer
(Hewlett-Packard). Silica gel and reverse phase (RP-8 and RP-18) TLC plates
were purchased from Whatman, Inc. Standard TLC tanks and equipment were used.

Plates were spotted with 5 ul disposable micropipettes.

Procedure: A combination of the three initial solvents is devised according to

Table 1. Other combinations may also be used. The initial solvents maybe pure

Table 1
Combination of solvents A, B and C used in this study to predict

optimum mobile phase compositions.

% SOLYENT A % SOLVENT B % SOLVENT C

100 0 0

0 100 Q

0 0 100

50 50 0

50 0 50

0 50 50

33 : 33 33
67 16 16

16 67 16

16 16 67
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or a mixture of two organic solvents (normal phase) or a mixture of water/organic
modifier (reverse phase). After selecting the solvents and proportions to be
used (Table 1), 10 data points, one for each solvent combination are collected.
These are used to calculate the resolutions of each pair of compounds in the
mixture. If no peak crossover takes place the resolution between each pair (1-2,
2-3, 3-4,....etc) is used. If peak crossover does occur the resolution between
all the peaks is calculated (1-2, 1-3, 1-4, 2-3, 2-4, 3-4..etc.), and used in
determining the optimum mobile phase.

Two computer programs are used to predict optimum solvent composition. The
first (Appendix 1) is a FORTRAN program (PEAKIN) which rearranges resolutions to
correct for crossover, and if necessary, prints a table similar to Table 2or
Table 3, and produces a data file suitable for use in the next program. The
second program {Appendix 2) is a SAS (Statistical Analysis System - version 79.5)
route (9). A DATA paragraph converts the three-dimensional solvent compositions
to a two-dimensional triangle representation as used by Snee (10). The data is
fitted into a cubic model for a three dimensional system. The parameters of the

cubic equation for each set of peak resolutions are computed using the general

Table 2
Mobile phase ratios and resolutions obtained for aflatoxins By, By, By and
Gp using silica gel plates and acetone:chioroform (10:90), methanol:chloroform

(5:95) and ethyl acetate:chloroform (30:70).

SOLVENT MOBILE PHASES RATIOS

10% ACETONE | 1.00 0.0 0.0 0.0 0.5 0.50 0.33 0,16 0.16 0.67
5% MEOH 0.0 1.06 0.0 0.50 0.50 0.0 0.33 0.16 0.67 0.16

30% ETHYL- 0.0 0.0 1.00 0.50 0.0 0.50 0.33 0.67 0.16 0.16
ACETATE

Rs(B; - Bp) | 6.20 9.60 7.10 6.70 7.50 7.90 7.10 5.30 6.70 7.50
Rg(Byo -~ G1) | 4.20 5.80 3.30 6.20 5.80 3.70 5.00 4.50 6.30 5.00

Rg(Gy - Gp) | 5.80 0,40 5.00 3.80 2.50 4.10 5.00 4.80 3.30 4.50
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Table 3
Solvent compositions and resolutions obtained for the peak pairs N - M,
M - E and E - D on reverse phase TLC plates using 95% CH30H:Hp0, 80%

CH3CN:Ho0 and 75% 2-ethoxyethanal:Ho0.

SOLVENT MOBILE PHASE RATIOS

95¢ CH30H | 1.00 0.0 0.0 0.50 0.50 0.0  0.33 0.67 0.16 0.16
80% CH3CN | 0.0 1.00 0.0 0.50 0.0 0.50 0.33 0.16 0.67 0.16
754 2ETHO | 0.0 0.0 1.00 0.0  0.50 0.50 0.33 0.16 0.16 0.67
Rg(N-M)| 6.3 7.4 7.1 7.5 7.9 7.9 7.5 7.5 7.0 8.3

Rg(M - E) | 40 5.9 7.1 5.9 5.4 6.7 5.4 4.5 7.1 7.5

Rg(E - D) | 2.9 1.5 3.3 2.5 3.4 2.9 2.1 3.8 2.5 2.9

linear model (GLM) procedure. The PRINT procedure lists predicted resolutions
of each peak pair for all solvent combinations varying each solvent from zero
to 100 percent by 2% increments (see for example Table 4). Contour plots of
the region where the predicted resolution above a desired level determined by
the analyst are produced (see for example Figs. 1-3) using the PLOT procedure.
The union of these plots showing the region where all resolutions are above
this level, Fig. 4, and plots showing the area of maximum total resolution,
Fig. 5, are also produced using PLOT. A flow chart of the procedure is shown
in Fig. 6. The programs are run on an IBM model 370/168, and uses 210 K of
core.

Ideally, where a combination of three modifiers and a base solvent is used
the region of the optimum mobile phase mixture found from the ORM calculations
will be in the center of the triangle. If one of the modifiers (A) is not ideal,
the optimum mixture will be composed of the other two wmodifiers (B and C), with
only a small amount of A. Therefore, the optimum region can indicate which of
the three modifiers is a poor choice. Examples will be described Tater. The
base solvents are water for reverse phase and hexane for normal phase (4).

Other solvents for normal phase are also used.
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ISSAQ ET AL.

A sample of computer tabulation of mobile phase compositions and

resolutions obtained using ORM calculations.

0BS

12746 1%
127462
127463
12764
12745
12746
12767
12748
12749
12750
127514
12752
12753
1275%
12755
12756
12757
12758
12759
12260
12761
12762
12763
12764
2765
12766
12767
12768
12769
12770
127171
12772
12773
12774
12775
12776
12777
12778
12779
12730
12781
12782
12783
12784
12785
12786
12787
12788
12789
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AFLATOXIN ON SILICA GELS - A=10%ACET,B=5%XEOH,C=30%ETHYL
PEAKI1=1 PEAK 2=2

CONTOTUR PLOT OF Y*X

A
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X

Fig. 1

Contour plot of aflatoxins Bj and Bp, A = 10% acetone/chloroform,

B = 5% methanol/chloroform, C = 30% ethylacetate/chloroform
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APLATOXIN ON SILICA GELS - A=10%ACET,B=S%MECH,C=30%ETHYL
PEAK1=2 PEAK 2=13
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Fig. 2

Contour plot of aflatoxins By and Gy, solvents as in Fig. 1.
Shaded area designate mobile phase compositions that would give

resolution greater than 5.15.
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AFLATOXIN ON SILICA GELS - A=10%ACET,B=5%MECH,C=30%ETHYL
PEAKI=3 PEAK2=#
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Fig. 3 Contour plot of aflatoxins Gy and Gp, solvents as in Fig. 1.

2099

Shaded area designate mobile phase compositions that would give

resolution greater than 5.15.
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STATI STICAL ANALYSTIS SYSTTE N

NUMBER OF PEAKS WHERE RESOLUTION>5.15
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Fig. 4 Contour plot showing the area of optimum solvent composition
where the resolution between each pair of the four aflatoxins

is greater than 5.15 {B). Solvents as in Fig. 1.
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Fig. 5 Contour plot of area of maximum total resolution (8) between- the

four aflatoxins. Solvents as in Fig. 1.
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Fig., 6 Flow chart of the procedure used in the present study.
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Another criterion is that any pair of the component mixture should be
resolved in at least one of the three mobile phases selected, otherwise base
Tine resolution of that pair in the final (optimum) mobile phase may not be
possible. The solvents selected therefore, should have different chemical
properties, hydrogen bonding, proton-donor or acceptor, dipole-dipole

interaction...etc. To achieve that, Synder's solvent groups (11) were used.

THEORETICAL CONSIDERATIONS

Selection of the solvent in thin layer chromatography (TLC) and high per-
formance 1iquid chromatography (HPLC) is based on the elutropic series. However
this series is based on values obtained for pure solvents. Selection of a
binary, ternary etc... solvent mixture and predicting the separation results
and elution times of the components éf a mixture may not be that simple. 1In
reverse and normal phase liquid chromatography elution times of the solute are
a function of the properties of the stationary and mobile phases. Snyder (12)
gave the following equation for calculating the polarity of a binary solvent
mixture:

Pl=o, Ppto, Pp (1)
¢1 and ¢2 are the volume fractions of solvents 1 and 2, Py and Py are the
polarity of pure solvents 1 and 2 and P' is the polarity of the mixture. This
relation does not apply to normal phases where the calculations are more
complicated (12).

The relation between retention time and solvent strength is described by

the following equation (12):
log Ki/K; = afg (g; - e;) (11)
Where XK' is the capacity factor, and £° is the solvent strength parameter of
solvents 1 and 2. Ag is moiecular area of adsorbed sample and o is adsorbent
surface activity function, and
Kt = (Ry - Reo)/Reo {111
It was found that the relation in equation {II) does not always hold (13-15).

For example, when two mobile phases {acetonitriie/water and methanol/water)
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which have the same solvent strength (calculated according to eq. 1) were used
to elute the same solutes (naphthalene and biphenyl) on the same solid phase the
retention times were not the same {15). A term was later added to eq (II) which
accounted for solvent-solute interactions (13,14).

Since different solvents give different selectivities (11,16-18), changing
the solvent composition may result in different elution orders depending on the
properties of the sample mixture and the solvent chosen. For a mobile phase
mixture, solvent strength (polarity) in general determines elution distance of
the solutes (i.e. Ry}, while mobile phase composition determines its selectivity.
The composition of the mobile phase would determine the degree of separation
(a), between two adjacent peaks i and ii, where

a = K'ji/K'y (1v)

Based on Snyder's theory (12}, Saunders (17) presented a graphical represent-
ation based on e° for selecting a solvent for adsorption liquid chromatography.
The application of these graphs is rapid and provides a reasonable first approxi-
mation to a solvent mixture appropriate for a given sample. It must be stressed
that the results are approximate, and in some cases, the solvent mixture will
not be ideal (17).

For a given. sample and adsorbent, log K' varies Tinearly with e°. This is
generally true for K' values between 1 and 10, which is an acceptable working
range allowing separation of a component from the mixture, but does not lead to
dilution of the sample or long retention times. Solvent strength (polarity)
gives a general indication of solute retention but it may not predict the
correct retention times (15,16,19).

In their work Glajch et al (4) used eq (I) to select solvents that gave the
same K' values, We have used solvent strength to predict approximate retention
times, which in turn were used to predict the resolution (Rg) between two
adjacent peaks;

Rs = (Rgg - Rep) / 1/2(W) + Wp) (v)
Where Ry is the time of elution of peak maximum, and W is the baseline

width of the peak in units of time.
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Also, resolution in liguid chromatography has been defined (16) by the
following equation:
Rg = 1/4 (a - 1) (M)Y/2 (k71 + K") (V1)
where the number of theoretical plates, N is defined as:
N = 16 (Ry/H)? (VII)
Note that all the above factors are a function of Ry (equations III-VII)

The three terms in eq. (VI) should be optimized to achieve maximum resolution.
However, if the experimental conditions (flow rate, column dimensions and particle
size and properties of sample) are kept constant the only parameter effecting
separation is the mobile phase. The composition of which will determine not only
the retention times of the solutes but also their order of elution. It is important
to have a solvent which will give reasonable retention times for all components
of the mixture, Rt between 5 - 40 min, in HPLC, and an Rf value of 0.2 - 0.7
in TLC.

The resolution values for HPLC were calculated according to eq. (V). For
TLC, resolution was defined as Rfp - Rf(n.1). We found this to be simple and
human error is eliminated from the measurement of spot width. Otherwise a

densitometer should be used to scan the spots and calculate Rg as defined in

eq. (V).

RESULTS AND DISCUSSION

The basis for statistical data analysis in both cases was the work of
Snee (10). However, in the present work a cubic equation was used where nine
data points were required for an answer and the tenth point allows for goodness
of fit. In their work (4) a quadratic equation was used where seven data points
were required for solvent optimization, and three for checking the system.
Belinky (5) on the other hand used 17 data points: he used acetonitriie,
methanol and water to form four solvent systems (pure acetonitrile, pure
methanol, 60% methanol and 70% acetonitrile) from which an optimum mobile phase
was selected. This is time consuming when the mixture contains more than four

components.,
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The separation of alfatoxins By, By, Gy and Go on silica gel TLC plates
was used to test the method and to see if the optimum mobile phase selected from
the ORM calculations would optimize the resolution between the aflatoxin pairs
By-By, By-Gy and Gi-Gp. As base solvent, chloroform was selected based on
literature data (20). The solvent combinations used are listed in Table 7 along
with the resolution between the peaks of the adjacent pairs. Note that the
resolution between aflatoxin By and By is always equal to or greater than 5.30,
no matter what solvent composition is used as the mobile phase. However this is
not the case for aflatoxin pairs Bp-Gy and Gy-Gp. Table 2 also indicates that
no solvent combination gives a resolution greater than 5 hetween the three pairs
of aflatoxins. OQur aim therefore, is to tind a mobile phase which would maximize
the resolution between the four aflatoxins, and which would give a resolution
value greater than 5.15 between each of the aflatoxin pairs. The contour plots
generated from the data in Table 7 is shown in Figs. 1-3. Fig. 1 shows that any
splvent combination would give a minimum resolution of 5.15 between aflatoxins
By and By. Fig. 2 shows (the shaded area) where the minimum resolution hetween
aflatoxins By and G is equal to or greater than 5.15. Fig. 3, the shaded area
shows that solvent combination which would produce @ minimum resolution of 5.15
between aflatoxins Gp and Gp. Fig. £ is th contour diagram for the resolution
of the four aflatoxins obtained from the union of the diagrams of the individual
aflatoxin pair resolutions Figs. 1-3. The four 8 in the center of the triangle
(Fig. 4) gives the solvent combination where the resolution between each pair of
the four aflatoxins is greater than 5.15. The 0 indicate areas of mobile phase
combinations which will give a resolution greater than 5.15 between 3-4
aflatoxins. The dotted areas indicate mobile phase compostions which will
give a resolution greater than 5.15 for 2-3 aflatoxins. Fig. 5 gives the area
of maximum total resotution, i.e. the sum of the resolutions between the four
aflatoxins. This is not necessarily the best resolution between each pair.
The B in the center of the triangle corresponds to mobile phase compositions

which would give maximum resolution. Good correlation was obtained hetween
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predicted and experimental values for the separation of the aflatoxins. Other
examples will follow.

Reverse phase ()g plates were used for the separation of naphthalene (N),
1-methylnaphthalene (M), l-ethylnaphthalene (E), and 1,3-dimethylnaphthalene (D).
Solvents used and resolutions obtained are listed in Table 3. The contour plot,
Fig. 7, predicts an optimal solvent mixture (B) containing only methanol and
2-ethoxyethanol. These two salvents, therefore, are mainly responsible far
the separation, while acetonitrile does not help. This means that CH3CN/H20
(80/20) is a bad choice., If the resolutions obtained are unsatisfactory, the
analyst may choose to vary the ratios of Clz CN/Hp0 or an entirely different
organic modifier. Table 5 shows the predicted and experimental resolutions
obtained using reverse phase Cyg plates and different mobile phases of various
compasitions.

It is also possible to select one solvent (B) which gives better resalution
of the components of a mixture than the other two solvents (A & ). The contour
plot will show a bias toward solvent (B), Fig., 8, In this case, other solvents
should be substituted for A & C. These examples show that the initial selection
of the individual mobile phases is an important step which can lead to good
resolution using the three organic modifiers.

HPLC results indicated that this solvent selection system can be successfully
applied to mobile phase optimization. Peak crossover due to different solvents
can easily be handled by this method for both HPLC and TLC. Figs. 9-11, show
the separation of a napthalene, hiphenyl, anthraguinone, methyl- and ethylanthra-
quinone mixture. Note the peak crossover in each of the solvents used. Fig. 12
shows the separation using the predicted mobile phase mixture on reverse phase
Cg column.

Although peak crossover occurred in each of the solvents used in HPLC,

Figs. 9-11 this was not the case in TLC. Only when 42% THF/water was used did
peak crossover occur, {Table 6) as shown by the negative Rg values. This may
be due to differences of carbon loading and manufacturing processes of the

plates and the columns.
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Table 5

ISSAQ ET AL.

Predicted and experimental peak pair resolutions for N - M, M - E

and E - D, using reverse phase TLC plates and selected mobile

phases from the contour plot.

Selected Mobile Phase

Compound

Predicted
Resolution

Experimental
Resolution

95% Methanol: 75% 2-Ethoxyethanol D

(2:3)

95% Methanol: 75% 2-Ethoxyethanol D

(3:2)

95% Methanol: 75% 2-Ethoxyethanol D

(1:1)

95% Methanol: 42%
80% Acetonitrile:

75% Ethoxyethanol:

4%
54%

8.1
5.8
3.5

7.9
5.1
3.5

8.1
5.4
3.5

8.1
5.7
3.4

8.1
5.4
3.6

7.9
5.0

4.2

7.5
5.9
3.5

7.9
5.0
3.5
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NUMEER OF PEAKS WHERE RESOLUTIOND3.S

NAPHTHALENE STUDY - TLC -A=95%CH30OH,B=80%CH3CN,C=75%2ETHO

CONTCUR PLCT OF Y*X
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X
Fig. 7 Contour plot of the naphthalenes N, M, E and D using reverse phase

TLC plates and 95% CH30H/Hp0 (A), 80% CH3CN/Ho0 (B) and 75% Z-ethoxy

ethanol/Hp0 (C). Shaded circles (&) designate mobile phase

composition that would give resolution greater than 3.5.
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STATI STICRAL ANALYSIS SYSTEHZH

NUMBER OF PEAKS WHEFRE RESOLUTION>2.25
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X
Fig. 8 Contour plot of naphthalene, biphenyl, anthraquinone, methyl- and

ethyl anthraquinone, using reverse phase TLC plates and 64%
CH3CN/Ho0 (A), 42% THF/Ho0 (B) and 72% CH30H/Hp0 (C). Shaded

circles (B) are optimum mobile phase compositions.
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Fig. 9
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64% Acetonitrile

N

Response
>
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-

T
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T
10

Time ( min)

HPLC separation of anthraguinone {A), naphthalene (N), 1l-methyl-

naphthalene (M), l-ethylnaphthalene (E), and 1-3-dimethyl-

naphthalene (D) on reverse

phase Cg column using 64% CH3CN/Ho0,

at a mobile phase flow rate of 1.2 ml/min.
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72% Methanol
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Fig. 10 Same as Fig. 9 but the mobile phase used is 72% CH30H/H»0.
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42% Tetrahydrofuran
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Fig. 11 Same as Fig. 9 but the mobile phase used is 42% THF/H0.
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Fig., 12

ISSAQ ET AL.

Predicted Optimum Mobile Phase

N

J ]

T T T
10 20 30

Time (min )

Separation of A, N, M, B and E on reverse phase Cg column using a
predicted mobile phase of 64% CH3CN:72% CH30H:42% THF (10:67:23),

at a fliow rate of 1.2 ml/min.
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Table 6
Solvent combinations and peak pair resolutions for N, A, B, M, and E, and
experimental resolutions obtained using reverse phase Cg HPLC column

and 72% CH30H:Hp0, 64% CH3CN:Hp0 and 42% THF:Ho0.

Solvent Mobile Phase Ratios

72% CH30H | 1.00 0.0 0.0 0.50 0.50 0.0 0.33 0.67 0.16 0.16
64% CH3CN | 0.0 1.00 0.0 0.50 0.0 0.50 0.33 0.16 0.67 0.16
42% THF 0.0 0.0 1.00 0.0 0.50 0.50 0.33 0.16 0.16 0.67
Rg(N - A) | 0.8 4.6 2.1 0.4 4.2 5.0 3.7 2.1 4.2 5.5
Rg(N - B) | 7.5 6.7 1.7 7.1 4.2 5.8 4.5 5.4 6.2 3.4
Rs(N - M) | 9.2 11.7 4.2 9.2 8.8 10.8 5.4 9.2 1l.2 10.5
Rg(N - E) [11.7 13.8 3.3 12.1 7.9 10.8 5.4 10.4 12.1 8.8
A -B) | 6.7 2.1 -0.4 6.7 0.0 0.8 0.8 3.3 2.0 -2.1

Rs{A - E) |10.9 9.2 1,3 11.7 3.7 5.8 1.7 8.3 7.9 3.3

Rg(B -~ E) | 4.2 7.1 1.76 5.0 0.9 5.0 0.9 5.0 5.9 5.4

Table 7 shows good agreement between the predicted and experimental

resolution of the five components of the mixture using RP-8 TLC plates.

CONCLUSION
The method described here employs statistical data analysis to predict
optimum ternary mobile phase compositions in a systematic and straightforward
manner in contrast to operator intuition. The initial selection of the three
solvents, of which the final mixture is composed, is important and will affect
the degree of separation and resolution of adjacent peaks. The method is easily

applied to both TLC and HPLC. Good agreement was observed between predicted
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Table 7

ISSAQ ET AL.

Predicted and experimental peak pair resolutions for N, A, B, M, and E, using

reverse phase Cg TLC plates and selected mobile phases from the contour plot.

SELECTED MOBILE PHASE COMPOUND  COMPOUND PREDICTED EXPERIMENTAL
RESOLUTION RESOLUTION
72% CH30H:64% CH3CN N - A 3.4 4.7
1:9 N - B 6.8 7.7
N - M 11.1 12.0
N - £ 13.5 14.1
A - B8 3.4 3.5
A - M 7.8 7.3
A - E 10.1 9.4
B - M 4.3 4.3
B - E 6.7 6.4
M - E 2.3 2.1
72% CH30H:64% CHACN N - A 2.7 2.9
16:84 N - B 6.9 7.0
N - M 10.8 11.6
N - £ 13.3 13.7
A - B 4.1 4.1
A - M 8.1 8.7
A - E 10.5 10.8
B - M 3.9 4.6
B - E 6.4 6.7
M - E 2.5 2.6
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and experimental data. To the best of our knowledge, this is the first
systematic statistical method of solvent selection for normal and reverse

phase TLC.
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15
10

100
12

DOUBLE PRECISION A,B,C

DIMENSION DATA(190,20),ACOMP(20),BCOMP(20),CCOMP(20),NORD(20)
DIMENSION TITLE(20)

DATA CROSS/'CROS'/

INTEGER P1,P2,P11

READ(5,15) TITLE
FORMAT(204A4)

READC(S, 10)A,B,C
FORMAT(3A3)

READ(5, 11) OPTION
FORMATC(AG)

COPT=0

IF(OPTION.EQ.CR0OSS) COPT=1
READ(5, ¥INPEAK
NPEAK 1 =NPEAK- 1

NPOINT=0
READ(5,12)A1,B1,CH
FORMAT(3F5.0)
IF(At+B1+C1.LE.0) GO TO 1000
NPOINT=NPOINT+1
ACOMP(NPOINT)=A1
BCOMP(NPOINT)=B1
CCOMP(NPOINT)=C1
IF(COPT.EQ. 1) GO TOQ 500

C
C INPUY NO CROSSOVER PEAK RESOLUTIONS

159

DO 150 P1=1,NPEAKI

P2=p 1+
NPTR=(P1-1)*NPEAK+(P2-1)
READ(5,%} DATA(NPYR,NPOINT)
GO TO 100

C
C INPUT CROSSOVER PEAK RESOLUTIONS

500
13

510
550

READ(5, 13}NORD

FORMAT(20I3)

DO 550 I=1,NPEAK1

IT1=T+1

DO 550 J=I1,NPEAK
P2=KRORD(J)

P1=NORD(1)
IF(NORD(I}.LT.NORD{J)I) GO TO 510
P1=NARD(J)

P2=NORD(I)
NPTR=(P1-1)XNPEAK+(P2-1)
READ(S5,%) DATA(NPTR,NPQOINT)
GO TO 100

c
C PRINT TABLE OF RESULTS

1000
20

21

22

23

WRITE(6,20) TITLE

FORMAT('"1'//1X,20A4//7' DATA ENTERED BY COMPOSITION'//)
WRITE(6,21)A, (ACOMP(I), I=1,NPOINT)
FORNMAT(1X,A8,20F6.2)
WRITE(6,21)B, (BCOMP(I),I=1,NPOINT)
WRITE(6,21)C, (CCOMP(I),I=1,NPOINT)
WRITE(6,22)

FORMAT(/2X,YP1 P2 =~ RESOLUTIONS:'/)
IF(COPT.EQ. 1) GO TO 2000

DO 1050 P1=1,NPEAK!

P2=P1+1

NPTR=(P1-1)%NPEAK+(P2-1)
WRITE(6,23)P1,P2,(DATA(NPTR,I),I=1,NPOINT)
FORMAT(21I6, 1X,20F6.2)

¢
C QUTPUT DATA T0 FILE

24
1050

2000

2050

DO 1050 I=1,HNPOINT
WRITE(11,24)P1,P2,ACOMP(T),BCOMP(I),CCOMPC(I),DATA(NPTR, I}
FORMAT(214,3F6.2,F10.3)

CORTIRUE

STOP

DO 2050 P1=1,NPEAK1

P11=P 141

D0 2050 P2=P11,NPEAK

NPTR=(P1-1)*NPEAK+(P2-1)

WRITE(6,23)P1,P2, (DATA(NPTR,I),I=1,RPDINT)

DG 2850 I=1,NPOINT
WRITEC11,24)P1,P2,ACOMP(I),BCOMP(I),CCOMPCI),DATACNPTR,I)
CONTINUE

STOP

END

2119

0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
065t
0052
0053
0054
0055
0056
0057
0058
0055
0060
0061
0062
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APPENDIX 2

i i 333333223883 823.33 322222232222 3222333 332323232323 3333 3323332332233 3228338

SAS ANALYSIS OF SOLVENT MIXTURE RESOLUTION DATA

CHAN
CHAN

132333

DATA
I

GE "XXX*' TO CUTOFF RESOLUTION
GE 'ASSAY TITLE' TO TITLE OF ASSAY

36 36 36 26 3 56 I 2 H 3 36 5% 36 3 I 3 I 3 I 3 X 3 I I 3 3 3 I 2 3 3 I X 3 26 3 36 3 3K 36 3 36 36 3696 3 3 3¢ 36 3 36 3 36 X I 3 2 I 36 I M5 3 K 3 3 3 ) 2 N

SET1
HPUT PEAKI PEAK2 A B C RESOL;

INFILE PEAK;

PROC

DATA
S

PROC

SOR
BY PEAK\ PEAKZ:

SET2;

ET SET1; BY PEAK! PEAK2;
X=21,232XA+1,732%C-(1-B)¥*.732;
Y=A%,866;

OUTPUT;

IF LAST. PEAKZ THEN DO;

RESOL=

DO Az0 70 1 BY .02;
DO B=0 TO 1-A BY .02

C=1-A-B;
X=1,232%A+1,.732%C-(1-B)%.732;
Y=A%.866;
QUTPUT;
END;
END;
GLM; BY PEAK1 PEAKZ;

MODEL RESOL=A B C AXB AXC BxC AXBXC/NOINT;
OUTPUT OUT=SET3 P=RESFRED;

DATA SET4;
SET SET3;
IF RESPRED>XXX THEN GTRES=1;
ELSE GTRES=0;
EDGE=GTRES;
IF A=0 OR B=0 OR C<.01 THEN DO; EDGE=2; END;
OUTPUT;
PROC PLOT; BY PEAKY PEAKZ;
PLOT Y¥X=EDGE ~ CONTOUR=3 S1=' ' S2='§' S3=7 °?
HP05=80 HAXIS ¢ 70 1 BY .1
VAXIS=0 TO0 .9 BY .1;
TITLE4 GTRES=1 ~ RESOLUTION>XXX GTRES= D - RESDLUTION<=XXX;
TITLE8 ASSAY TITLE;
PROC SORT;
BY A B C PEAK!1 PEAKZ2:
PROC PRI
VAR A B C PEAKY PEAK2 RESPRED;
PROC SORT;
BY A B C;
DATA TOTAL:
SET SET4 END=EOF; BY A B C;
IF FIRST.C THEN DO; TOTGTRES=0; TOTRESOL=0; END;
1F RESOL=. THEN DO;TOTGTRES+GTRES; TOTRESOL+RESPRED; ENDru.
IF LAST.C THEN DO; IF TOTRESOL>0 THEN OUTPUT; END;
IF EOF THEN DO; IF TOTRESOL>0 THEN OUTPUT; END;
PROC PLO
PLDT Y*X TOTGTRES/CDNTDUR 8 HP0S=80 HAXIS=0 70 1 BY .1
XIS=0 TO .9 BY .1;
TITLE4 HUMBER OF PEAKS WHERE RESOLUTION>XXX,
TITLEB ASSAY VITLE:;
PROC PL

073
PLOT YXX= TUTRESOL/CONTOUR 8 HPD5=80 HAXIS 0 TG 1 BY .1
XIs=0 T0O .9 BY
TITLE4 SUM OF PEAK RESOLUTIONS FROM' EACH MIX;
TITLE& ASSAY TITLE;



