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SUMMARY 

A variety of high-performance liquid chromatography packing materials 
were prepared and their chromatographic properties compared for separating 
sevetal basic drugs using a single solvent system. The three most promising packing 
materials (silica, a mercapto propyl modised silica and a n-propyl sulphonic acid 
modification) were subsequently used to provide retention volume data for a large 
number of drugs. 

INlXODUCi-ION 

IQ modern analytical chemistry the unequivocal identification of a compound 
is usually achieved by a combination of spectroscopic, chromatographic and 
chemical tests. In some circumstances it may not be possible or appropriate to 
carry out such an exhaustive series of examinations and if this is the case cbromato- 
graphic methods alone can often be used to make an identification possible. When 
using separative methods to characterisc the identity of the components in a mixture 
it is necessary to obtain retention voiume data (or RF data in the case of thin-layer 
chromatography) under two or more conditions for comparison with values obtained 
from known compounds. For effective qualitative analysis it is essential that the 
separations made should difk substantially in their selectivity and hence produce 
sets of data which are not highly correlated. In addition the detection method used 
is also important and as its sekctivity increases so too does the spccrficity of the 
analysis. 

In high-performance liquid chromatography (HPLC) there are three 
practical methods for carrying out sample identification using chromatographic 
parameters alone. These methods invoive separations on 

(a) A single cohmm duted with different sokents e.g. using a CT,, honded- 
phase support eluted in reversed-phase and reversed-phase ion-pair partition modes. 

(b) Two or more cobrmns eluted with di&Xznt solvents e.g. a reversed-phase 
and a normal-phase separation. 

(c) Two or more cnlunms eluted with the same solvent. 
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The third approach has a nun&e< of practical advantages, for example, if a 
single cbromatograph is being used it is possible to obtain data on more than one 
column without having to change the eluent in the pump or detector. This avoids 
a troublesome fe;ature of HPLC for most operational problems are encountered 
during such changes, In addition it is possible to mount several different c&rums in 
parallel to provide an even more convenient configuration. Despite these obvious 
advantages multi-column isocratic XPLC does not Seem to have attracted any 
attention. In part tbis can be attributed to the fact that HPLC has mainly been 
used for quality control purposes where mixtures of relatively simple composition 
are examined, but in addition the versatility of reversed-phase separations on 
chemically bonded C,, packing materials has also had a marked influence on 
developments. The selectivity of separations on such supports can be varied by 
adjustments to ‘&e solvent composition and hence there has been relatively little 
stimulus to develop bonded-phase packings for HPLC which display different 
selectivity witb a common solvent, in marked contrast to the situation in gas-liquid 
chromatography. 

In fields such as forensic drug analysis sampIes of unknown origin and 
composition are frequently examined and the emphasis of the analysis is on the 
identification of compo:unds rather than on their quantitation. Cbromatograpbic 
methods, including HPLC, are mainly u_& for screening purposes as 2 preliminary 
to a more definitive characterisation by spectroscopic methods, and 2 series of 
chromatographic separations, provided they yield non-correlated data, can impart 
much useful information. For some years analysts in tbis laboratory have separated 
mixtures of basic drugs by HPLC on columns packed with silica using a methanol- 
2 M ammonium hydroxide-l M ammonium nitrate (27:2:1) mobile phase’s2. Very 
similar solvent systems have also been applied by others to achieve thin-laye9 and 
HPL<3(.’ analyses. It is worth noting that despite the high pH of the eluent (ca. pH 
10.3) we have not run into problems arising fom solvent attack on the silica, although 
it seems to be a popular misconception amongst chromatographers that high pH 
should be avoided at all costs in order to prevent siliceous materials from dissolving. 
In fact if the methanol content of the solvent is high and ammonia is the source of 
hydroxyl ions it appears that attack of tbe support is unlikel+‘. 

The aim of the study reported here was to develop and assess alternative 
packing materials capable of giving merent separations of basic drugs under the 
same solvent conditions *&at we have used with silica. 

ExPERIhENTAL 

Preparation of packing tnureriais 
Packing materials for the primary assessment of different bonded-phases were 

all prepared from the same batch of silica that was size graded by aqueous sedimen- 
tation. This material had the following chamctcristics: particle size 3-7 lam, pore 
diameter 130 A (mean vzlue), pore volume 1.25 ml/g, surface area (BET) 320 m*/g. 
Sever-d &&rent procedures were used tc prepare bonded-phase packings from ‘&is 
material, 

Method 1. The silica was dried overnight at 175” and 50 g were weighed into a 
conical flask and 250 ml of hexane (sodium dried) and 25 ml of the chlorosilane 
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reagerlt were added (see Table I for details of ffie silylating agents used)_ The 
mixture was heated under reflux for 1 h and the product was filtered through a sintered 
glass filter funnel and washed several times with hexane and finally acetone. The 
product was vacuum dried at 70”. 

TABLE I 

CHEMICALLY-BONDED PACKlNG MATERIALS USED FOR STUDYlNG THE SEP- 
ARATlON OF BASIC DRUGS 

Packing No. Reagefft Preparation Loading- 
&sigmztion method’ 1%) -- 

G 16 

&TM_ 
17 
62 

Cl, 8 
C,,/TMCS 59 
GUY 13 
Vinyl 4 
CN (1) 22 
CN (2) 23 
CN (3) 11 
NH2 (1) 10 
NH2 (2) 12 
SH 60 
Sa (1) 49 
SCX (2) - 
Phenyl(1) 21 
Phenyl(2) 14 
Phenyl/TMCS 63 
Phenyyleth~l - 
Phenylmethyl 18 
Diphenyl 1.5 
Dichlorophenyl 19 

n-Propykrichlorosi 
n-GctyItrichIorosi 
n-Octylt.richlorosi i TMCS 
CktadecyltricWorosikne 
OctadecyltrichIorosi + TMCS 
Glycidoxypropykrimethoxysilane 
VmykichIorosilane 
3-cyanopropykrimethoxysilane 
3-Cyznopropykrichlorosilane 
2Cyanoethyltriethoxysiiane 
34rninopropyItriethoxysikme 
3,24minoethyIaminopropykrimethoxysiIane 
3-Mercaptopropyltthoxysike 
Prepared from SH 
Prepared from 2-phenylethyl 
Phenykriethoxysilane 
Phenyltrichlorosi 
Phenyltrich!orosilane t TMCS 
2-Phenylethyltichlorosilosilvre 
Phenylmethyldichlorosilane 
Diphenyldichlorosi 
DichlorophenykrichIorosilane 

1 
1 

1 

2 
1 

5.1 
8.2 
5.2 

LO.6 
- 

17.8 
3.2 

11.8 
10.0 
8.9 

10.6 
18.1 
10.4 
9.2 
- 

7.9 
8.1 
- 
- 

8.9 
6.3 

10-7 

* The preparation method indicated is that given in the text. Where no method is indicated 
a detailed preparation is given in the text_ 

** Defined as follows: weight loss at 600” x lOtI/residue weight. 

iMethod 2. A 50-g amount of dried silica was weighed into a conical flask and 
was shaken for 3 h with 250 ml of hexane and 2 ml of water. The equilibrated 
mixture was then refluxed for 1 h with 25 ml of a trialkoxysilane reagent. The product 
was l&red, washed and dried as before. 

Specz$c methods. A glycidoxypropyl bonded-phase material was prepared as 
follows: 50 g of dried silica, 250 ml of water and 25 ml of glycidoxypropyltrimethoxy- 
silane were acidified to pH 3.5 with dilute hydrochloric acid and heated at 90” with 
contiuuous stirring for 1 h. The product was filtered, washed several times with water 
and was then vacuum dried. 

An aliphatic strong cation exchanger based on n-propylsulphonic acid modified 
silica was prepared by oxidising a portion of the mercaptopropyl modified material 
that had been prepared by method 2. The procedure was essentially the same as 
one described previouslyS and involved stirring 20 g of the mercapto material with 
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loo ml of2 M 

et al?. 
Trimethylsiil mod&ations of some of the materials produced by method 1 

were prepared as follows: 25 g of the bonded-phase packing were stood for several 
hours in methanol to ensure the alcoholysis of any unreacted chloro groups. The 
sample was then dried under vacuum and refluxed with 250 ml of hexane and 25 ml 
of trimethylchlorosilane for 1 h. The product was washed with dry hexane several 
times and &rally acetone before vacuum drying. 

The silyIating reagents used and the method of preparation for each bonded- 
phase product are shown in Table I. 

Chroma:ographic compa;&on of the packing materials 
The packings were slurry packed into 25 cm x 5 mm I.D. (l/4 in. 0-D.) 

stainless-steel columns terminated with l/4-1/16 in. zero dead volume end fittings. 
The top of the packing material bed was smoothed off about 0.5 cm from the end 
of the column and was covered with a stainless-steel mesh over-laid with glass 
beads (CQ. 200 pm diameter). Stcpflow syringe injections were made via a modified 
tees9 The eluent used throughout this study was methanol-2 M ammonium hydroxide- 
1 M ammonium nitrate (27:2: 1) pumped at 1 ml/min using a Waters Assoc. 
Model 6000 pump. Detection at various wavelengths was carried out using a UY 
detector (Cecil Instruments, Cambridge, Great Britain). Eleven test compounds 
were run on each column and the retention time data directly compared with that 
obtained ou silica. 

Collecsion of .retention &ta on three di#erent columns under isocratic conditions 
Reference data on various drrgs were built up by injecting suitable aliquots of 

their aqueous (or water-methanol) solutions. The three columns studied in depth 
were those packed with silica, the mercaptopropyl bonded-phase and the aliphatic 
strong cation exchanger (in all subsequent text these three packings are designated 
as Si, SH, and SCX, respectively). The eluent used was slightly different to that 
applied in the screening experiments in that it contained 50 mg of sodium sulphite per 
lib-e of solvent. This was to minimise in tifu oxidation of the SH packing. 

In addition to the above experiments the effect of ionic strength and pH on 
the elution of drugs on silica was also studied in order to provide more information on 
the separation mechanism. 

REsnTs AND DIscussIoN 

The retention volumes of the 11 test compounds on 25-cm columns packed 
with the different supports are shown in Table II, together with the correlation 
coefficient obtained when each set of data is compared with that obtained on silica. 
It is apparent that many of the bonded-phase packings give basic drug separations 
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which closely resemble that found on silica. To understand this it is important to 
appreciate the separation mechanism on silica itself. 

Although it seems likely that a variety of complex mechanisms apply, the 
dominant process occuring when basic drugs are separated on silica at high pH is 
probably ion exchange ll. The cation-exchange properties of silica can be attributed 
to the ionisation of silanol groups at the silica surface. 

3 -SiOH c .$SiO- l H+ 

IZB common with all ion-exchange separations it is to be expected that ionic 
strength and pH should exert an effect on the chromato,gmphic process on silica 
and that this is indeed the case was shown by two series of experiments. For 
example it is apparent from Table III that increasing the ionic strength of the eluent 
results in reduced retention of five basic drugs and Table v illustrates the effect of 
pH. The iatter effect is somewhat complex because the degree of ionisation of both 
the test drugs and the silica is being changed simultaneously. 

If we assume that surface silanol groups on the silica arc the major means of 
retaining and separating basic drugs why should so many bonded-phase packings 
display separating properties that so closely resemble that of silica? This probably 
arises because of the presence of silanol *groups on the surface of bonded-phase 
packings, either from lack of effective coverage or because the silylating reagents 
themselves are introducing silanol groups as a result of hydrolysis. 

jtSiOH CI, Six 

$SiOH (CH,0135 X 

This type of effect would explain why many of the n-alkyl and phenyl 
modifications give rise to greater retention than that displayed on the unmodified 
silica, for in some cases as many as two silanol groups may be introduced where only 
one existed before. Removal of such silanol groups can be achieved by reaction with 
trimethylchlorosilane 

and one would anticipate that where this is carried out a decrease in retention is to 
be expected_ In the three instances where this type of reaction was done the 
packing material after trimethylchlorosilylation gave separations which were less 
correlated with silica, e.g. the values changed from 0.93 to 0.70, 0.89 to 0.29 and 
0.93 to 0.60 in the case of the G, CIB and phenyl modifications, respectively. In 
each case the reaction also led to a marked reduction in the retention volumes of 
all test drugs. There thus seems to be considerable evidence to indicate that under 
the solvent conditions used in this study basic drug separations are dominated by 
the itiuence of siIano1 groups even on bonded-phase packing materials. 

The surface modifications producing separations that showed the least correla- 
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TABLE III 

EFFECF OF IONlC STRENGTH ON THE SEPARATION OF BASIC DRUGS ON SILICA 

An queous bu5er soIation was prepared ~by miskg 2 parts of 4 A4 ammonium hydroxide and 1 
part of 2 Mam-aooium n&r&e. EhenLr A, B, C and D were prepared by mixing 450 ml of methanol 
with SO, 25,12.5 and 6.25 ml of the btier solution and adjusting the &MI volume ro 500 ml with 
water. 25cm coIumns of 5 mm I.D. packed with silica were used in the study and wese e&&d at 
a sohient flow-rate of 1 ml/min. 

A B c D 

Amp&amine 5.4 6.3 8.2 10.7 
MethyI amphetamine 7.0 9.1 13.0 17.7 
MOk-phiihZ 6.4 7.3 8.7 10.4 
Diaceryl morphine 5.2 5.6 6.5 7.6 
Co&&e 6.0 7.0 8.7 10.3 

tion with that of silica were those involving the trimethylsilylated packings men- 
tioned above, together with bonded-phases formed by introducing amino, cyano, 
mercapto and sulphonic acid groups. La making a decision with regard to which 
packings to use in an isocratic multi-column system it is not possible to rely solely 
on the correlation coefficient, for this number makes no allowance for the retention 
volume range over which the test components elute. Thus several of the packing 
materials displaying the lowest correlation with silica have little chromatographic 
value because most of the test compounds are insufhciently retained. In practice Ir: 
is the three materials with acidic surface character that prove to be most useful, Le. 
Si, SH and SCX for they exhibit a moderately low correk&on value with a fairly 
wide retention volume range. Despite these three materials having similarity by 
virtue of their ability to ionise and produce a proton they undoubtedly differ in their 
<e_m of ionisation, and Lhe presence of a n-propyl chain between the siloxane bond 

TABLE lV 

EFFECT OF pH ON THE SEPARATlON OF BASIC DRUGS ON SILICA 

Test cwmpoumi Elution volume 

Quinine 
Dii3.UlOr&iIlt2 

Morphine 
Codeine 
bkchadone 
D ipipanone 
Norephedrine 
Ephedkle 
Amphetamine 
hrfethyl amphe 
&y&nine 

IO.3 9.0 8.0 7.0 

49 5.1 5.8 5.1 
5.5 - 3.7 3.7 
7.2 8.4 :2.8 99 
6.9 8.2 13.1 10.7 
5.9 - 5.1 4.6 
4.5 4.3 4.5 4.3 
5.5 4.9 4.2 4.0 
8.6 6.3 4.8 4.2 
6.2 4.9 4.2 4.2 
9.2 6.7 5.3 4.7 

11.6 14.2 17.0 17.0 
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and the ionisable group presumably imparts some lipophilic properties to the 
SH and SCX materials not found with Si. In the second part of the investigation it 
was the Si, SH and SCX packings that were compared in depth_ 

The retention data of tile large sample of basic drugs are shown in Table V 
and are given in the form of k’ (i.e. the cohunn capacity ratio) values on the three 
cohunn systems arranged in order of increasing retention. The acid dissociation 
constants in aqueous solution are also shown, and these values were collected from 
a variety of literature sources. It can be seen that ah the drugs examined elute in the 
k’ region of O-3.5 and that many of the compounds display marked differences in 
k’ value on the diEerent cohnnns. Of the 161 drugs studied 93 have unique retention 
characteristics, but the remaining 68 compounds cannot be identified without 
ambiguity. Substances in the latter category are mainly found in the area of low 
retention, i.e. k’ < 0.2. There is no apparent direct relationship between pK, agd k 
although compounds with high pK= values tend to be longer retained. On balance, 
therefore, the system provides an acceptable level of discrimination for basic drugs 
that are retained to an extent of k’ > 0.2 and is of value in characterising many basic 
drugs by direct comparison of measured values with those of reference materials. 
However, a hst of retention data such as that shown gives no indication of the 
potential of the three systems used for classifying unknown compounds_ To bring 
out this feature of the method it is convenient to assign the various classes of 
drugs into groups based on the retention sequence on the three. columns as shown in 
Fig. 1. 

It can be seen that groupings of closely related compounds are occurring and 
this suggests that the three column systems must be retaining basic drugs by some- 
what different mechanisms. At the high pH of the ehrent (pH 10.3) most basic drugs 
are likely to be only partiahy ionised and hence four types of. sample/packing 
material interaction can be visuahsed: 

(1) Ion exchange of ion&d molecules; 
(2) liquid-liquid partition of the free base; 
(3) liquid-liquid partition of the ion pairs formed by reaction of the ionised 

molecuk and the eluent counter ion (i.e. NO,-); 
(4) iIl defied retention mechanisms, e.g. dipole interactions, binding by Van 

der Waak forces, hydrogen bonding etc. 
In practice it is probable that the retention of any particular drug is attribut- 

able to a variety of such mechanisms, particularly as the packing material is itself 
complex (e.g. the bonded-phase packings studied will almost certainly contain residual 
silanol groups in addition to the acidic bonded groups). The observed separation 
patterns brought out in Fig. 1 may be explained if we assume the following sim- 
plistic patterns to apply 

Column packing Domrimu sewation nzxhamkn 

Si 
SH 
SCX 

Ion exchange and type 4 interactions 
Partition processes 
Iontzxchange 

In broad terms the compounds which are not strongly retained are those with 
nitrogen atoms bound into an ahcyclic ring system which is substituted with other 
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I 
Non-ztained or poorly 
retain~cnmpounds(Br’0.2) 

1 
Retained CompoKuds 

Most kaI arraesthetics 
Must non-briqciic antidepressants 
Some ar.tt&ktamkes 
Some stilmdana 
Some non-morphinoid narcotics 

, 
I 

I 
k’max_onSH k;max.onScx 

I 
1 I 

>Si > SCX >SCk > Si 
I 

>SH > Si Si > I 

k* max: on Si 

Most phenothiaziaes 
Most tricyclic drugs 
Most anti-histamines 
Some anti-~ 
Most morphine-rekted 
narcotics with mono & 
di 0 SUbsti~ts 

1 I 
SE c >SH > sex 

Most morphine-like narcotics Most phenylethykmine 
stimukults 
Tricyck d-rugs with 
secondaryamino 
grOW= 

Some phenothiazines 
Some non-morphinoid 
narcotics 
Some stimuIa.nts 

Morphine related narcotics 
containing a secondary 
amino group 
Some phenylethykmine stimulants 

Fig, 1. Diagramatic representation of the interrelationship between drug type and the chromato- 
graphic properties on silica, a mercaptcFmodi&zd silica and a strong cation-exchanger. 

groups, particularly aromatic species. Drugs which are appreciably retained usually 
contain an akylamino group substituted into an aromatic ring system. Such a 
cIassi&%ion is-not particularly revealing and it is more useful to consider groups of 
compounds with similar properties or structures_ 

This group of compounds all have the general formula shown below 

where X is an alkylamino group containing a tertiary nitrogen moiety or some other 
alicyclic nitrogen-containing ring system. Y can be either H or some other substi- 
tuent such as Cl, CF,, CN etc. As a class these compounds display a wide range. of 
retention values but with few exceptions the SH packing material retains such drugs 
to a greater extent than either of the other two packings. The degree of retention 
is ma&e&y dependent upon the character of the group X. 



Ronehaziue 

Me-pa&e 

Pazzine 

Aminopromaziue 

‘Y -43 
-CH2CH2CH2 - Ns W, 

0.3.0.6,02 

0.4,0.6,0.3 

OS, 0.8.02 

0.6,09,0X 

PrOmarine -2%=+42NtF3’2 0.7,0_9,0.5 

Dimethoxanate -CWCH2CX20CH2C+!!NKH& 0.9,0.9,0.5 

M@hliWiE 
-*- 

1.4,1.8, 1.6 

Substitution at the Y position in the ring with group X remaining constant 
results in far less variation in retenticn characteristics, although in general reduced 
retention is observed when H is replaced by electron attracting groups. Consider for 
exampie 

Compound X = CH2CE2CHzN(CffJ2 Y k’ (Si, Sff, SCXJ 

Trialpromarirze -3 0.3. o-4,0.2 
ChiOSpOmadne cl 0_4,0.7,0.3 
MethOXJpJIIESZiE ocH3 0.6,0.8,0.4 
Romazine H 0.7,09,05 

Tricydic conpMds other than pherwthiazines 
In general drugs falling into this category show a rather similar pattern of 

retention behaviour to that dispIayed by phenotbiadnes. One notable di%erence is 
that a number of the compounds have an akylamino group in which the amino 
group is in a secondary folrm. This results ia a more basic character and gives rise to 
longer retention on the SCX cohmm. 



Nortriptyline 

Desipramine 

ROQ-iptyliE 

Maprotiline 

1.5,l.S, 2.1 

I 

l&22 2.6 

I 

1.9,2.4,2.8 

Those drugs with an alkylamino group with tertiary functionality or a heterocyclic 
nitrogencontaining substituent are less basic in character and maximum retention 
occurs with the SH column as is the case with phenothiazines. The substituent 
group again seems to be the major factor in determining the degree of retention for 
the variation in the fused ring system does not exert a marked influence. 

Pmrhipendyl 

hipr2mine 

0.7*0_9* OS 

0.7,0.9,0.5 

0.6,0.8,0.4 

Whereas ‘changing the substituent group has a pronounced e&ct. 

cofI7pmmd k'(Sf,SN.SCX) 
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As with phenothiazines the introduction of an electron attrac5ng group in the 2 
position of the tricyclic ring gives rise to some reduction in retention. 

AMi-&pre.ssimts (non-tricydic) 
Tk compounds falling into this cIas.s display a variety of chemical structures 

almos~all with the nitrogen atom(s) present in a heterocyclic ring system or in the 
form eta hydrazide. With the exception of ViIaxazinc (a substituted morpholine) and 
Tofenacin (a compound with an alkylamino functional grotip) the drugs f-g into 
this category were not appreciably retained. . 

Antihistamine drugs have diverse chemical structures but most of the com- 
pounds- are re*miued io the maximum extent on the SH column with slightIy lower 
retentiqn on the Si and SCX systems. The SH soiubiIity is apparently far less 
markedi than for phenothiaziues. The exceptions to the previous genera&&ion are 
the rekkd compounds pheniramine and chlorpheniramine which have maximum 
zetentioh on the Si column and antazoline which is strongly bound to the SCX 
materiai. 

cw_oRPHENIFZAMINE x ccl 

Cyproheptadiue is a tricyclic antihistamine aud displays chromatographic charac- 
teristics far more remiuiscent of other tricyclic compounds. 

Local maesthetics 
This class of materials are almost all ester derivatives of benzoic acid (or a 

substituted benzoic acid) with the alcoholic moeity of the mole&e containing a basic 
nitrogen group_ With the exception of amydricaine and piper&e the compounds 
are not appreciably retained and display rather similar k’ values on all three 
columns. The two exceptions are more basic in character and are retained to the 
greatest extent on the SCX column. 

Several of the drugs in this category are derivatives of isoquinoline but the 
substitution pattern is so diversified that it is not possible to discern meaningful inter- 
relationships between their structure and their chromatographic characteristics. As 
a group, however, these compounds are retained to an appreciable ‘extent on aIi 
three columus and this contrasts with the drugs trimethoprim and pyrimethamine 
which also have anti-malarial properties but are derivatives of 2,4-pyrimidine diamine. 
Quinacrine is a tricyck compound and displays the characteristic maximum retention 
on the SH column. 



‘Fhis group of narcotic mdgesics pmvide some interesting chrimatogr2phic 
phenomena FG~ example one structurally related group of compounds are derivatives 
Of piper&line (e-g_ dipheztoxyfate, anileridine, meperidine and a-prodine) and alI are 
Fkirly weddy retained. A substantial increase in retention occurs, however, when the 
heterocyclic ring is increased by one czrbon atom. 

-DINE 

Another structumliy related group of drugs within this class are the com- 
rounds with the general formula: 

Phamdoxone 0, 0.1, 0 

Isomethadone CHtCH,KH,N(CHs), 0-z. 0.4.0.2 

Nomethadone CHz~P’~‘* . 0.3,0.5,0.2 

Methadone CYCH(CH,lN(CH& 0.6, 1.0,O.S 

Norpipnone /- 
%(-zN 3 

02,0_5,0.2 

Dipipanone CH&?-KCZ-$‘N 
3 

0_2,0.8,0.6 

cm be seen that substituting a methyl group for a hydrogen atom on the carbon 
izxent to the nitrogen atom has 2 pronounced idhence upon the basic&y of the 
kr. Thus both methadone and dipipanone are retained quite appreciably on the 
:X cohmm, and the last compound displays a fourfold increase in retention on the 
i column when compared to that on Si. As will be brought out later this type of 
rzhviour can be used to good effect. Methyl substitution on the &ca&on atom has 
less infkence on the basicity (see isomethadone and methadone). 

Many of the drugs in this class are derivatives of fl-phenylethykunine. They 
okay a tendency to be strongly retained on the SCX c&mm with lower retention 
Si and k%t on SH. The retention sequence closely paraI.lels the order of in- 
ising basicity and indicated by the p& va.Iues. 
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The morph&z-Iikzfz narwtis 
These drugs zxe unusud in that they are distributed in alI three rete~tioa sub- 

groups. Thus the least basic members of the class, i.e. the narc&cs with sub- 
stituents on both of the phenolic OH groups are retaIned to the greatest extent on 
SEX. Mono substituted analogues display a roughIy equivaknt retention on s:, and 
SH, whereas morphine itself is retained most strongly on the Si cohunn as are reduced 
derivatives such as hydromorphone, dihydromorphine, dihydrocodeine and levor- 
phanol. Conversion of the tertiary nitrogen atom to a secondary amino form gives 
rise to compounds which are most strongly bound on the SCX column, whereas in 
the case of nalorphine substituting a CH,-CH=CH, group in place of a CH, on the 
nitrogen atom reduces retention almost completely. 

Pracrictd applications 
It is apparent from the foregoing text that isocratic muIti-column HPLC can 

be a usefti technique fDr character&g basic drugs and as the accompanying 
chromatograms show aIi three coiumns are able to provide eEcient separations of 
this class of compound. In Fig. 2 for exampIe, a test mixture of phenothiazines has 
been separated. It can be seen that substantial differences in retention occur on the 
three columns and there is even some change in the elution sequence on the SH 
coiumn which retains this class of drug to the greatest extent A changed elution 
sequence usually arises when a mixture of different cIasses of drug are chromato- 
graphed and in Fig. 3 a mixture of various phenylethykmine stimulants and tricyclic 
antidepressants have been separated on the different packings. Some very substantial 
changes occur in the elution sequence for the test components. A practical application 

Si 
b 

I 

Fig. 2 Sqmation of pipamzine (I), ftuphenzzke (2), tri%uonacpm?ine (3), triiiuopromazine (4). 
xnewzine (5), cldorpromazie (6), tbiori- (7), pro- (8) and rnett- (9). Eluentr 
methaJIoL2 M anximniurn h@roxidel A4 ammonium nitrate (27G:l) i- SO mg of sodium Srprphirc 
pet lib-e of sohma. Cohnnsr 25 cm x 5 ma I-D. (l/4 in. 09.) packed with Si, SEX and SCX (1). 
Fiow-ratc:2~~~or:UVat254nm_Sensitivity:0.1.TimeintefinlsoQthechromztogram: 
4min 
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I I I I I 

Fig. 3. Separation of benzphetamine (i). norephedrine (2), amitriptyline (3), fenfluramine (4), sn- 
phetamine (5). nortriptyline (6), er.k&ine (7), methyl ephedrine (8). desipramine (9) and protrip- 
tyke (10). Chromatographic amiitions as in Fig. 2_ 

of the method that has been of value in this laboratory concerns the analysis of 
cycIiziue/dipipanone preparations (marketed under the proprietary name of D&pal). 
This particular drug combination is subject to some abuse and as such the detection 
of the drugs in admixture is of forensic importance. On the stzrndard Si column the 
two drugs are inadequately separated (see Fig. 4) but excellent resolution occurs on 
the SH and SCX cohunns. Another drug separation of forensic importance is that of 
mixtures containing morphine and its monoacHy and diacetyl derivatives. Fig. 5 

.i . 

sex 

Fii 4. Methanol extract of a DicmaJ tablet. 1 = CycEziue, 2 = dipipauone. Cbromatographic 
amY.itions as in Fig. 2. 
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would be possible to mount severz4 columns in parallel, At the present time in this 
laboratory it is only the configuration shown in the diagram that has been 
expIoited. 

PUMP 

0 ETECTOR 

Fig. 6. Diagram of an isocratic dual column assembly. V = injection valve. T = a skin&s-steel 
1/16in. union tee drilkd out for zero dead volume and joined to each column with a length of 
l/16 io_ OJI, O-010 in_ I-D_ stahks-steel tubing. The tubes are virtually butted togeher in the tee. 
Tke outlet line to the detector was FTFE I/16 in. O-D., 0.006 in I.D.. this was also butted OQ to 
the two steel tubes leaving minimnl space k?tween_ 

Isocratic multi-column HPLC, particularly if used in conjunction with 
variable waveIength UV detection, can provide a very powerful method of charac- 
terising compounds. There seems no reason why it should not also be applied to 
separating acidic compounds, and possibly neutral molecules, provided a suitable 
solvent and set of coltunns can be developed. 
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