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SUMMARY

The reproducibility of capacity factors and relative capacity factors are com-
pared as methods for recording retentions for the high-performance liquid chro-
matography of basic drugs on a silica column with methanol-aqueous ammonium
nitrate as the eluent. The effects of changing the column temperature and the ionic
strength, pH and proportion of organic modifier in the eluent on the retentions and
selectivity have been studied. The results suggest that the mobile phase and operating
conditions must be closely defined in order to obtain results of adequate reproduci-
bility to develop a data base of retention values for interlaboratory comparisons
and/or for the identification of basic drugs.

INTRODUCTION

Within a given laboratory most high-performance liquid chromatography
(HPLC) separations will give reproducible retention values for an analyte over a
short period of time. However, if the same method is carried out on different equip-
ment, on a different day, by a different operator or in a different laboratory, the
retention properties will often vary. This means that the retentions of standards in
one laboratory cannot be used directly for identification purposes in another labo-
ratory. Poor inter- and intralaboratory reproducibility arises partly from small dif-
ferences in operating conditions and mobile phase compositions and partly because
even nominally equivalent column materials often have different retention and selec-
tivity properties. Consequently, it has not been possible to compile HPLC retention
values in the same way that libraries or databases of retention values have been
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developed for drugs of forensic interest in thin-layer chromatography!-? and gas—
liquid chromatography?-3. Instead, each laboratory has to establish its own set of
retention values.

A particular problem in HPLC is that the conventional method of recording
retentions using capacity factors &' = (g — #p)/to, is very dependent on the repro-
ducible measurement of the column void volume (#5). This value is usually based on
the retention of an ‘unretained” polar analyte or mobile phase component. A number
of different methods have been reported but these often give different values even for
the same column*:. So far, there is no agreed standard method of measuring ¢, or
even an agreement on the rigorous definition of column void volume.

As part of a series of studies aimed at improving the reporting of retention
values for qualitative analyses in HPLC, particularly for drugs of forensic interest,
the use of different methods of recording retentions have been examined for various
reversed-phase separations (barbiturates®—8, local anaesthetics®, and thiazide diuret-
ics!?). These studies indicated that relative measurements either based on a retention
index scale such as the alkyl aryl ketones!?, or relative capacity factors compared to
an appropriate internal standard gave considerably more robust results than reten-
tion times or capacity factors in both intra- and interlaboratory studies. The present
paper extends this work to the separation of basic drugs on silica column materials.
Although many polar compounds can be separated using reversed-phase conditions,
problems have been encountered for basic compounds as these can often interact
with residual silanol groups on the surface of the silica, causing peak tailing and poor
efficiency. As an alternative approach, separations of basic compounds on silica col-
umns using eluents containing high proportions of methanol have been exam-
ined!2714, These studies have recently led to a detailed examination of methanol-
perchloric acid mixtures as eluents for the separation of drugs'® and their use with
spectrophotometric and electrochemical detectors!®. Methanol-ammonium nitrate
eluents have also been applied to the separation of basic drugs including narcotic
analgesics and amphetamine-related compounds2:13:17 and this system will be used
in the present work. For both types of eluent on silica columns, the mechanism of
separation is complex but both ion-exchange and ion-pairing interactions are believed
to occur.

The aim of the present study was to determine the robustness of retentions
with changes in the eluent composition and the separation conditions in order to
identify those factors which need to be rigorously defined to obtain reproducible
interlaboratory results. In related papers the measurement of interlaboratory repro-
ducibility for the method by a collaborative study has been reported!® and the effects
of using different commercial brands and batches of silica will be deseribed?®.

EXPERIMENTAL

Chemicals and standards

Ammonium nitrate was analytical reagent grade, methanol was HPLC grade,
and ammonia was spec. grav. 0.88 laboratory grade from FSA Laboratory Supplies,
Loughborough, U.K. Samples of basic drugs were taken from the reference collection
of the Central Research Establishment. Home Office Forensic Science Service.



RETENTION REPRODUCIBILITY OF BASIC DRUGS IN HPLC 75

Test solutions of basic drugs

Eight test solutions were made up as mixtures, each including protriptyline as
an internal standard, in ethanol-water (90:10, v/v) with concentrations (0.02-8
mg/ml) chosen to give a similar detector response for each drug.

(A) Caffeine, imipramine hydrochloride, morphine hydrochloride, methylam-
phetamine hydrochloride, protriptyline; (B) cocaine hydrochloride, phentermine,
ephedrine, protriptyline; (C) diazepam, propranolol, nortriptyline hydrochloride,
protriptyline; (D) amitriptyline hydrochloride, prolintane hydrochloride, phenyl-
ephrine bitartrate, protriptyline; (E) nitrazepam, chlorpromazine hydrochloride, pi-
pazethate, protriptyline; (F) dextropropoxyphene, amphetamine sulphate, pholcod-
ine, protriptyline; (G) papaverine, dipipanone hydrochloride, codeine phosphate,
methdilazine hydrochloride, protriptyline; (H) procaine hydrochloride, promazine
hydrochioride, ethoheptazine citrate, protriptyline, strychnine.

HPLC eluents

The standard eluent was prepared by mixing methanol (2700 ml) with an
aqueous ammonium nitrate buffer (300 ml) and had a measured pH of 9.39. The
buffer (pH 10.1) was prepared by mixing 0.880 concentrated ammonia (90 ml), am-
monium nitrate (27 g) and water (900 ml). For studies on the effect of pH on the
separation, alternative aqueous buffer solutions were prepared: (i) ammonium nitrate
(1.02 g), ammonia (9.0 ml) and water (90 ml), which gave an eluent pH of 9.95; (ii)
ammonium nitrate (2.7 g), ammonia (8.0 ml) and water (91 ml), which gave an eluent
pH of 9.58; (iii) ammonium nitrate (5.0 g), ammonia (8.0 ml) and water (91 ml)
adjusted with concentrated hydrochloric acid to give an eluent pH of 9.03.

HPLC separations

HPLC separations were carried out using a Pye Unicam 4020 pump and an
Altex 153 fixed wavelength detector (254 nm). The samples (5 ul) were injected using
a 7125 Rheodyne valve onto a Shandon column (25 cm x 5 mm [.D.) packed with
Spherisorb S5W (5 pm: batch 2752, Phase Separations, Queensferry, U.K.). The
eluent was passed through a pre-column, which was installed between the pump and
the injection valve, packed with silica. The pre-column and the analytical column
were maintained at 30°C in a circulating water bath. The eluent consisting of
methanol-aqueous ammonium nitrate (9:1, v/v) was pumped at 2 mi/min. The re-
tention times were determined using a Hewlett Packard 3390 integrator. The column
void volume (o) was determined using an injection of sodium nitrate (30.0 mg/ml)
in methanol-water (9:1, v/v). At the end of each working day the column was flushed
with methanol-water (9:1, v/v).

Calculations

All the retention times were measured in duplicate and the capacity factors
were calculated as k' = (tg — to)/to. Relative capacity factors were calculated as
k'/kp where kp is the capacity factor for the protriptyline present as an internal stan-
dard in each test solution.
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RESULTS AND DISCUSSION

Retention values .

In previous studies on drug separations in HPLC, relative retention values,
either relative capacity factors or retention indices based on the alkyl aryl ketones
have been found to compensate for some of the changes in retentions caused by
changing the elution conditions3. However, in this study the alkyl aryl ketones were
virtually unretained and would therefore not span the retention times of the drugs.
It was therefore planned to compare capacity factors and relative capacity factors
calculated relative to protriptyline as an internal standard. This compound was se-
lected because it has a relatively long retention time and its capacity factor should
be unaffected by small inaccuracies in the determination of the column void volume.

Standardisation of the separation method

In previous HPLC methods it has been found preferable to prepare buffer
solutions by weight and/or volume rather than by an adjustment with a pH meter
which requires calibration®. In the present study the buffer was therefore prepared
by adding a specified weight of ammonium nitrate (27 g) to concentrated ammonia
solution (90 ml) and diluting the mixture before mixing with methanol. This method
gave a very reproducible buffer pH of 10.1, which was effectively independent of
small errors in the preparation. For example, changing the weight of ammonium
nitrate from 10 g (pH 10.40) to 20 g (pH 10.20), 30 g (pH 10.05) to 35 g (pH 10.00)
had only a small effect on the final buffer pH. Although the exact concentration of
an ammonia solution is often unknown due to evaporation, changing the volume of
concentrated ammonia from 80 to 100 ml only altered the pH of the buffer from
10.02 to 10.11 but would have altered the ionic strength.

A range of basic drugs of forensic interest was selected for the present study
including narcotic analgesics, stimulants, sympathomimetic amines and tricyclic an-
tidepressants (Table I). For most of the analytes, except codeine and strychnine, the
peak shapes were symmetrical and the retention times were virtually independent of
the volume of sample injected.

The intention of the present study was to determine the dependance of the
capacity factors and relative capacity factors of the basic drugs on small changes in
the experimental conditions such as might occur if the method was carried out by
different operators or in different laboratories. The various experimental parameters
were therefore altered in turn over a limited range.

Reproducibility of repeated separations

In order to ensure that any changes in retention are significant the chromato-
graphy of the basic drugs was repeated on four separate columns packed with the
same batch of Spherisorb S5W packing material and the mean values, standard de-
viations (S.D.) and coefficients of variance (C.V.) for the capacity factors and relative
capacity factors were calculated (Table II). The drugs are listed in order of elution.
For all but the most rapidly eluted drugs, these values were very consistent and the
mean values are used as the reference values in subsequent comparisons. The relative
capacity factors compared to the protriptyline internal standard showed generally
lower variances than the capacity factors confirming that they usually give a more
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TABLE I
BASIC DRUGS USED IN THE STUDY AND THEIR IONISATION CONSTANTS

n/a = Not available.

Key Ionisation constant®!
Anmitriptyline 94
Amphetamine 9.9
Caffeine 14.0
Chlorpromazine 9.3
Cocaine 8.6
Codeine 8.2
Dextropropoxyphene 6.3
Diazepam 33
Dipipanone 8.5
Ephedrine 9.6
Ethoheptazine 8.5
Imipramine 9.5
Methdilazine 7.5
Methylamphetamine 10.1
Morphine 8.0,9.9
Nitrazepam 32,108
Nortriptyline 9.7
Papaverine 6.4
Phentermine 10.1
Phenylephrine 89, 10.1
Pholcodine 8.0,9.3
Pipazethate nj/a
Procaine 9.0
Prolintane n/a
Promazine 9.4
Propranolol 9.5
Protriptyline nfa
Strychnine 23,80

robust measure of retention. This was also demonstrated in a collaborative study, in
which nine laboratories used the same batch and make of silica with the ammonium
nitrate eluent. The capacity factors of the drugs showed large variations (e.g. nor-
triptyline C.V. = 10.0%) but the relative capacity factors were much more repro-
ducible (nortriptyline C.V. = 1.5%)18.

The variations were similar to those reported for separations with the
methanol-perchloric acid eluent using imipramine as an internal standard, e.g. nor-
triptyline (k' = 2.0, C.V. = 6.9%; relative k' = 0.58, C.V. = 4.7% and methdilazine
(k' = 6.0, C.V. = 3.9%; relative k' = 1.35, C.V. = 1.0%)*¢ and compare well with
earlier reproducibility studies on reversed-phase separations®. The large C.V. values
found for rapidly eluting compounds in the present study arise from the errors in the
measurement of the column void volume and the short retention times of the drugs.

The order of elution of the basic drugs corresponded to that reported pre-
viously for this system!? but the absolute values differed significantly, (e.g. pholcod-
ine k' = 1.23, reported 1.63 and morphine 0.96, reported 1.30). These differences
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TABLE I1

REPRODUCIBILITY OF CAPACITY FACTORS AND RELATIVE CAPACITY FACTORS ON
REPEATED CHROMATOGRAPHY OF BASIC DRUGS ON A SILICA COLUMN

Repeated separation on four different columns of Spherisorb S5W (Batch 2752). Eluent, methanol-
aqueous ammonium nitrate 90:10; temperature, 30°C.

Compound Capacity factors Relative capacity
Jactors ( x 100)*

Mean S.D. C.V.
Mean S.D. C.V.

Nitrazepam 0.02 0.01 500 1.3 03 23.1
Diazepam 0.02 0.01 500 1.3 03 231
Papaverine 0.06 001 167 26 05 19.2
Dextropropoxyphene 0.09 001 111 45 04 8.9
Caffeine 0.10 0.01 10.0 50 0.2 4.0
Cocaine 0.11 0.01 9.1 60 0.2 33
Procaine 0.17 0.01 5.9 8.8 0.1 1.1
Anmitriptyline 0.39 0.01 2.6 199 0.1 0.5
Chlorpromazine 0.44 0.01 22 224 05 22
Propranolol 0.44 0.01 23 225 03 1.3
Dipipanone 0.45 0.01 22 229 05 22
Imipramine 0.60 0.02 33 3.1 05 34
Phentermine 0.61 002 33 314 04 1.3
Amphetamine 0.69 0.01 14 356 0.5 1.4
Promazine 0.75 002 27 385 08 2.1
Codeine 0.91 002 22 466 1.1 24
Prolintane 0.93 003 32 477 08 1.7
Morphine 0.96 002 21 49.7 1.1 22
Pipazethate 1.07 003 28 549 1.0 1.8
Nortriptyline 1.19 0.02 1.7 609 04 0.7
Ethoheptazine 1.19 003 25 611 14 23
Pholcodine 1.23 003 24 634 IS5 24
Phenylephrine 1.24 0.02 16 638 19 3.0
Methdilazine 1.32 003 23 679 1.2 1.8
Ephedrine 1.35 0.02 1.5 695 0.7 1.1
Methylamphetamine 1.54 0.03 1.9 79.1 1.1 14
Protriptyline** 1.94 003 15 1000 - -

Strychnine 2.71 0.05 1.8 1395 26 1.9

* Relative capacity factors relative to protriptyline.
** Based on injection of test solution H.

emphasise the problem in interlaboratory comparisons as both were carried out on
the same batch of packing material, but using different HPLC equipment.

Effect of the composition of the eluent

When the proportion of methanol was altered from 80 to 95%, in contrast to
reversed-phase separations which are very susceptible to the proportion of organic
modifier in the eluent, the capacity factors of many of the drugs varied by only a
small amount (Table III) with the greatest effects occurring between 90 and 95%
methanol. However, for many of the compounds the changes were not systematic
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TABLE IIt

EFFECT OF THE PROPORTION OF METHANOL ON THE CAPACITY FACTORS AND REL-
ATIVE CAPACITY FACTORS OF BASIC DRUGS ON A SILICA COLUMN

Column, Spherisorb S5W; temperature, 30°C; eluent, methanol-aqueous ammonium nitrate.

Compound Capacity factors Relative capacity
factors ( x 100)*

% Methanol

80 85 90** 95
80 85 90** 95
Nitrazepam 0.02 003 002 003 1.5 1.9 1.3 1.6
Diazepam 0.01 0.04 002 003 1.0 23 1.3 2.0
Papaverine 003 005 0.06 0.07 1.9 31 2.6 4.0
Dextropropoxyphene 009 010 009 0.08 6.3 5.3 45 49
Caffeine 0.06 0.10 0.t0 0.11 44 53 5.0 6.5
Cocaine 013 013 011 0.10 9.3 7.3 6.0 6.1
Procaine 020 020 0.17 0.16 14.6 11.0 8.8 9.3
Amitriptyline 043 040 039 035 3.1 22,6 19.9 21.2
Chlorpromazine 047 044 044 040 335 244 224 24.5
Propranolol 043 044 044 036 306 249 225 22,0
Dipipanone 053 049 045 030 379 272 229 17.7
Imipramine 068 063 060 055 490 35.1 311 333
Phentermine 056 062 061 047 405 349 314 28.5
Amphetamine 064 070 0.69 055 456 38.9 35.6 329
Promazine 080 0.76 075 070 573 4.0 38.5 423
Codeine 086 087 091 093 61.7 48.7 46.6 55.2
Prolintane 1.08 1.01 093 074 717 56.3 47.7 449
Morphine 095 094 096 097 684 52.3 49.7 58.5
Pipazethate 1.07 103 107 097 76.7 57.2 549 58.8
Nortriptyline 099 112 119 103 709 62.8 60.9 61.8
Ethoheptazine 130 124 119 111 93.7 68.6 61.1 66.7
Pholcodine .11 114 123 129  80.1 63.7 63.4 71.6
Phenylephrine .14 122 124 111 82.0 68.2 63.8 66.9
Methdilazine .39 132 132 126 1000 73.9 67.0 75.4
Ephedrine 1.18 132 135 116 854 73.9 69.5 69.5
Methylamphetamine 141 157 154 128 1014 87.8 79.1 77.2
Protriptyline 139 179 194 166 1000 1000 1000 100.0
Strychnine 250 251 271 276 1796 1386 1395  166.2

* Relative capacity factors compared to protriptyline.
** Standard conditions (values from Table II).

and some compounds even showed a maximum retention at an intermediate com-
position of 85 or 90% methanol (Fig. 1). These variations also caused changes in the
order of elution of the drugs when compared with the standard conditions of 90%
methanol, e.g. prolintane and morphine in 85% methanol and methdilazine and
ephedrine in 80% methanol. It was noticable that groups of compounds with similar
basic functional groups behaved in a similar manner e.g. the capacity factors of the
tertiary amines, such as imipramine, amitriptyline and chlorpromazine, all decreased
as the proportion of methanol increased while the fused ring cyclic amines, including
codeine and morphine, showed little change or increased slightly over the same range.

Based on the measured capacity factors the relative capacity factors for the
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Fig. 1. Effect of proportion of methanol in a methanol-aqueous ammonium nitrate eluent on the capacity
factors of basic drugs on a Spherisorb S5W column at 30°C. Drugs: 1 = cocaine; 2 = dipipanone; 3 =
imipramine; 4 = amphetamine; 5 = codeine; 6 = prolintane; 7 = pipazethate; 8 = phenylephrine;
9 = ephedrine; 10 = protriptyline (internal standard).

compounds in each test solution were calculated by reference to the capacity factor
of protriptyline, the internal standard (Table III). As might have been expected from
the changes in elution order and the diverse behaviour of different drug groups the
relative capacity factors showed considerable variation in many instances. Few com-
pounds, even including those with basic groups similar to protriptyline, showed small
variations. This suggests that in this HPLC system relative capacity measurements
are unlikely to compensate for differences in the proportion of modifier in the eluent.
The selectivity differences suggest that similar problems would always occur even if
another drug were selected as the internal standard. Consequently it is important
that the proportion of methanol used in any comparison study be carefully con-
trolled.

Similar effects have been noted with a methanol-perchloric acid eluent on a
silica column, in which the addition of increasing amounts of water to the methanolic
eluent had little effect on the order of elution of related compounds such as the
tricyclic antidepressants. However, if a wider range of compounds was examined
many of the analytes had a minimum retention with 10% water!4:!5,
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Effect of eluent pH

If analytes in HPLC are partially ionised, small changes in the pH of the eluent
can cause major changes in retention since the proportion of neutral and ionised
forms will alter. Many of the basic drugs will therefore be particularly sensitive to
the pH of the mobile phase and this may also cause changes in the selectivity of the
separation. As noted earlier particular care was taken in the specification of the buffer
to ensure that a reproducible eluent pH of 9.39 could be achieved which was not
subject to small preparation errors. In order to examine the influence of pH on
retention, the mobile phase was modified by making major changes to the buffer by
the addition of acid to give an eluent pH of 9.03 or by altering the concentration of
the salts and ammonia to give eluents with pH values of 9.58 and 9.95 (see Experi-
mental). These changes are much greater than might be expected by deviations in the
normal preparation procedure and would also affect the ionic strength of the eluent.

These modified eluents were then used for the separation of the basic drugs.
The changes in the pH of the eluent caused marked changes in the capacity factors
of the basic drugs (Table 1V). Different groups of drugs showed different changes
and three general types of behaviour were observed. Compounds with high pK, val-
ues > 9.5, including the primary and secondary amines and typified by ephedrine,
amphetamine, and protriptyline (Fig. 2) all showed an overall marked increase in
capacity factor with increasing pH, although the pH 9.58 cluent gave a drop in
capacity factor in each case. This irregularity could be caused by ionic strength dif-
ferences between the eluents since these groups of bases showed a marked sensitivity
to ionic strength (see later). The reduction in retention near pH 9.0 can be attributed
to a reduction in the ionisation of the weakly acid silanol groups on the surface of
the silicals.

The second group of bases contained cyclic and dimethylamino-tertiary amines
with pK, values between 8.0 and 9.5. These compounds, typified by codeine and
imipramine, showed small decreases in k" with increasing pH (Fig. 2). Compounds
in the third group with low pK, values less than 7.0, e.g. diazepam, are effectively
unretained by the column and are rapidly eluted without noticable influence by pH.
Because the retention properties of these drugs are so close to the column void vol-
ume, identification is difficult because of the large variations in the calculated capacity
factors and this eluent system is probably unsuitable for this group of drugs.

There also appeared to be two anomalous compounds, dipipanone (pK, 8.5),
and prolintane, which might both be expected to be in the second group because of
their tertiary amine structures. However, these drugs show changes which are more
typical of the first group with small increases in capacity factors with increasing pH
(Fig. 2). Unlike the other cyclic tertiary amines these compounds contain unsubsti-
tuted piperidine or pyrrolidine ring systems. As will be seen later these compounds,
along with the structurally related tertiary amine pipazethate, behave anomalously
during other changes in conditions. Unfortunately, pK, values have not been reported
for prolintane and pipazethate and the reported data for related model compounds
with similar basic groups suggest a wide range of possible values.

The complex changes observed with pH suggest that, as with the methanol-
perchloric acid eluent system, the separation mechanism is complex and depends on
both the degree of ionisation of the analytes and of the silanol groups on the silica
packing material'+15. Because of the complex changes in interaction which can occur
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TABLE IV

EFFECT OF ELUENT pH AND IONIC STRENGTH ON THE CAPACITY FACTORS OF BASIC
DRUGS ON A SILICA COLUMN

Column, Spherisorb S5W; temperature, 30°C; eluent, methanol-aqueous ammonium nitrate (90:10).

Compound Capacity factors Capacity factors
PH of eluent Relative ionic
strength

9.03 939* 958 9.95

o5 10* 20

Nitrazepam 002 002 001 0.04 006 002 0.01
Diazepam 0.02 0.02 001 005 0.07 002 0.02
Papaverine 0.05 0.06 0.04 008 010 006 0.03
Dextropropoxyphene 0.10 0.09 008 010 020 009 0.03
Caffeine 0.09 0.10 009 013 015 010 006
Cocaine 014 o.11 011 013 025 011 0.03
Procaine 020 0.17 018 019 033 017 0.04
Amitriptyline 0.4 039 037 038 067 039 0.19
Chlorpromazine 050 0.44 041 043 073 044 023
Propranolol 034 04 040 046 075 044 022
Dipipanone 033 045 037 041 090 045 0.13
Imipramine 0.67 0.60 059 059 1.01 060 033
Phentermine 0.32 0.61 056 0.71 1.08 061 0.29
Amphetamine 0.40 0.69 064 078 117 069 035
Promazine 085 075 074 073 124 075 042
Codeine 1.04 091 090 091 135 091 061
Prolintane 077 093 086 092 165 093 045
Morphine 1.10 096 097 096 139 096 0.69
Pipazethate .15 1.07 1.02 100 194 107 053
Nortriptyline 074 1.19 1.10 129 194 1.19 064
Ethoheptazine 1.30 L19 .19 118 196 L19 0.71
Pholcodine 142 123 1.22 121 1.87 123 081
Phenylephrine 089 1.24 120 137 182 124 084
Methdilazine 142 132 1.3t 129 213 132 0.78
Ephedrine 084 135 1.28 152 215 135 080
Methylamphetamine 089 1.54 147 168 251 154 091
Protriptyline 091 194 1.77 235 320 194 1.03
Strychnine 305 271 263 255 424 271 1.64

* Standard conditions (values from Table II).

with pH, relative capacity factors compared to protriptyline can only be expected to
compensate for changes in the retentions for drugs having primary or secondary
amino groups and to show marked changes with other basic compounds.

Effect of the ionic strength of the eluent

Because it appears that the major mechanism causing retention is a cation-
exchange interaction with the silanol groups on the surface of the silica, the ionic
strength of the eluent is expected to have a major effect. In the separations with
methanol-perchloric acid it was found that increasing the ionic strength of the eluent
caused a decrease in retention times and that for structurally related compounds
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Fig. 2. Effect of eluent pH on the capacity factors of basic drugs. Conditions and drugs as in Fig. 1.

there was a linear relationship between the log &’ and the log(ionic strength)!3:20,
Nevertheless, compounds with different pX, values (and hence showing different de-
grees of ionisation) were susceptible to different extents.

In the present study the ionic strength of the eluent was altered by doubling
and halving the concentration of the aqueous ammonium nitrate solution. These
changes had a negligible effect on the pH of the eluent. With increasing ionic strength
the capacity factors of all the analytes decreased markedly (Table IV) and the order
of elution changed (e.g. morphine and prolintane). However, it is difficult to compare
the changes directly using the capacity factor data. The changes in the relative ca-
pacity factors compared to protriptyline are more easily observed (Fig. 3). The more
basic primary, secondary and tertiary amines behaved very much as protriptyline
and showed very small relative changes with the ionic strength. The relative capacity
factors of some of the amines such as strychnine, ephedrine, phenylephrine, and
codeine, increased markedly with ionic strength while retentions of the anomalous
compounds, dipipanone, pipazethate, and prolintane, decreased with increasing ionic
strength. These studies of the pH and the ionic strength emphasise the need to keep
both constant for good retention reproducibility.
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Fig. 3. Effect of ionic strength of the aqueous component of the mobile phase on the relative capacity
factors of selected basic drugs. Conditions and drugs as in Fig. 1; 11 = strychnine.

The effect of the temperature of the column

Very often in HPLC the effect of temperature is ignored and separations are
carried out under ambient conditions although an increase in temperature usually
causes retention times to decrease and column efficiency to increase. In the earlier
studies on the separation of barbiturates, the temperature was found to be an im-
portant factor whose effect was apparently enhanced because it also altered the degree
of jonisation of the partially ionised samples®. A similar situation is likely to be
present in the current study and the separations were therefore repeated with the
column temperature over the range 10-40°C. As expected, the capacity factors de-
creased with increasing temperature (Table V). Normally in partition HPLC there is
a linear relationship between log &’ and the reciprocal of the absolute temperature.
In ion-exchange chromatography the effects can be more variable and changes with
temperature can be an important method of altering selectivity?Z. A plot of selected
drugs showed that although the linear relationship was approximately correct the
slope of the lines for the different drugs were very different and marked changes in
selectivity occurred (e.g. codeine and prolintane, Fig. 4). Thus, again relative capacity
factors will only provide compensation for compounds with similar basic groups and
marked changes can be expected with some amines. Clearly to attain maximum re-
producibility the temperature of the column should be specified and carefully con-
trolled.
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TABLE V

EFFECT OF TEMPERATURE ON THE CAPACITY FACTORS OF BASIC DRUGS ON A SILICA
COLUMN

Column, Spherisorb S5W; eluent, methanol-aqueous ammonium nitrate (90:10).

Compound Capacity factors

Temperature (°C)

10 20 25 30" 40

Nitrazepam 003 003 003 0.02 0.03
Diazepam 003 003 003 002 0.03
Papaverine ) 0.05 006 006 006 0.05
Dextropropoxyphene 007 009 0.10 009 0.08
Caffeine 0.10 0.10 0.10 0.10 0.08
Cocaine 011 011 012 0.1 0.10
Procaine 0.17 0.18 0.18 0.17 0.16
Amitriptyline 037 039 040 039 036
Chlorpromazine 043 044 045 044 040
Propranolol 049 047 046 044 037
Dipipanone 038 041 046 045 0.38
Imipramine 062 061 062 060 055
Phentermine 071 0.66 065 061 0.52
Amphetamine 082 074 074 0.69 0.58
Promazine 076 0.76 077 0.75 0.69
Codeine 1.03 098 095 091 083
Prolintane 093 094 096 093 0.82
Morphine .13 105 1.02 096 0.87
Pipazethate 1.07 107 1.09 107 095
Nortriptyline 141 128 126 1.19 0.99
Ethoheptazine 135 128 125 1.19 1.06
Pholcodine 141 133 130 123 1.12
Phenylephrine 1.67 141 136 124 1.03
Methdilazine 144 140 137 132 119
Ephedrine 175 153 145 135 1.12
Methylamphetamine 193 172 165 1.54 1.30
Protriptyline 243 214 209 194 1.60
Strychnine 290 284 284 271 244

* Standard conditions (values from Table II).

CONCLUSIONS

The initial study on retention reproducibility for a single batch of Spherisorb
SSW suggested that relative capacity factors would be more robust than capacity
factors for this HPLC system for basic drugs. However, further studies, involving
various changes to the separation, have shown large changes in the selectivity of the
separation and suggest that the usefulness of the internal standard may be limited to
compounds with related structures and with similar pK, values. Particular problems
were found for the proportion of methanol, pH of the eluent, and the temperature
of the column as all caused the selectivity of the separation to alter markedly. Relative
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Fig. 4. Effect of temperature on the capacity factors of selected basic drugs. Conditions and drugs as in
Fig. 1.

capacity factors may help compensate for variations due to ionic strength because
of the very large changes observed with all the drugs. However, because of the se-
lectivity changes which can occur it is clearly important to specify carefully all the
operating conditions if reproducible results are to be obtained. A robust method has
been used to achieve reproducible results for the preparation of the mobile phase.
Retention values obtained from this HPLC system under such controlled conditions
can be highly reproducible and could form the basis for a database used for identi-
fication purposes.
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