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SUMMARY

Peak tailing of tricyclic antidepressant amines was studied on a range of alkyl-
bonded silicas in reversed-phase ion-pair chromatographic systems. Mobile phases
were mixtures of methanol and buffers containing phosphate or bromide as counter-
ions.

Alkylammonium ions added to the eluent eliminated peak tailing and decreased
the retention of the amines.

A retention model for ion-pair adsorption is used for evaluation of the results.
It is found that the stationary phase contains adsorption sites with different ability to
retain ammoaium compounds 2nd uncharged compounnds.

INTRODUCTION

Liquid chromatography with photometric detection is well suifed to the
separation and determination of tricyclic antidepressant amines, e.g. in monitoring
the parent drug and its metabolites in human serum. In reversed-phase liquid chro-
matography, where a mobile phase of high aqueous content is used, ion-pair chroma-
tography® of amines can be performed in the acidic and neutral pH range where the
available alkyl-bonded microparticulate silica materials used as solid phases are
stable.

We have previously found that the reversed-phase ion-pair systems often
result in the strong tailing of peaks of hydrophobic ammonium compounds and that
this behaviour can be corrected by adding to the eluent organic ammonium compounds
that block the disturbing adsorption sites**. Similar observations were made by Van
der Maeden er al.* in reversed-phase chromatography on gBondapak C,q of some
quaternary ammonium compounds, and they claim that residual silanol groups in
the alkyl-bonded solid phase are responsible for the disturbing adsorption. Kraak and
Bijster® obtained asymmetric peak shapes of tricyclic antidepressants with acidic
mobile phases on Nucleosil C,; and LiChrosorb RP-8, but improvement was observed
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witcn the samples were retained as bases at high pH in the presence of an amine in the
efuent. Knox and Pryde® also observed good peak symmetry on SAS silica for similar
compounds when an ecluent containing ammonia and lauryl sulphate was used.
Proe!_ss et af¥ obtained improved peak symmetry after addition either of an amine or
of an organic anionic counter-ion (pentane sulphonate) on gBondapak C,s as solid
phase. Twitchett and Moffat® also obtained badly tailing peaks on this solid phase for
organic ammonium compounds in mobile phases of methanol and buffer. On the
other hand, Brodie er al? seem to obtain good peak symmeu'y in a similar system
using Partisil ODS.

" . We have previously observed? that the retentlon of ofganic ammonium ions ia
ion-pan' adsorption systems can be decreased by introducing in the mobile agueous
phase an alkylammonium ion, which will compete with the sample ammonium ions
for the adsorption sites'. This will improve the chances of regulating retention in
ion-pair chromatography.

This paper examines the role of alkyl-bonded silicas for the peak symmetry of
hydrorhobic ammonium compounds retained as ion-pairs with phosphate and
bromide in reversed-phase systems using methanol and buffer in the mobile phase.
The effect of the =ddition of alkylammonium ions as tail reducers is discussed, and
the rzgulation of the retention of cationic solutes by the anionic counter-ion and by an
alkylammonium ion is evaluated . .

EXPERIMENTAL

Apparatus

’ The pump was an LDC Model 711-47 solvent delivery system (Milton-Roy
Minipuwmup with pulse dampener) and the detector was an LBC Model 1205 UV
Monitor used at 254 nm wavelength. A Valco CV-6-HPax sample injection valve (for
3000 p.s.i.) with a 10.1-ul Icop was used.

The columns were of stainless steel with a polished inner surface, equipped
witk modified Swagelok connectors and Altex stainless-steel frits (2 #m) and were
10cm X 4.5 mm L.D., unless otherwise stated.

A water-batk, HETO type 02 PT 923 TC (Birkersd, Denmark), was used to
thermostat the chromatograph, and the pH was measured with an Orion Research
Moaodel 801 A/digital pH meter equipped with an Ingold combined electrode type 401.

Chemicals gnd reagents

Methanol was of Merck (Darmstadt, G.F.R.) p.a. quality.

Tetramethylammonium bromide (TMABr) from Merck, N,N,N-trimethylnon-
ylammonium bromide (TMNABr) and tetrabutylammoniumiodide (TBAI) from
Eastman-Kodak (Rochester, N.Y., US.A) were converted into the hydroxides by
shaking their agueous solutions with silver oxide.

N,N-Dimethyloctylamine (DMOA) was either obtained &om K & K Labs.
(Plainview, N.Y., US.A)) and distilled, or synthesized by a modified Eschwailer—
Clarke reaction'® and disiilled. N,N-Dimecthylethylamine (DMEA) was synthe-
sized by the same method as DMOA. No impurities could be found in theDMOA
or the DMEA when examined by IR and NMR speetromopy.

N,N-Dimethylcyclohexylamine (DMCHA) puriss, was from Fluka (Buchs
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Switzesland). Triethylamine (TrEA) zur Synthese and tripropylamine (TiPrA) zur
533:&& were. ffom E&rf&—%mdt Mmcﬁea, G.:X;& ;
grap!ﬁe samgkasge kseeém“‘&ie E. 'E&eywep' ef?&asmacepeezalmd&.&@mglgl
and imipramine were supplied by Hissle (Mé6lndal, Sweden), desipramine by Ciba-
Geigy (Basel, Switzerland), trimipramine by Leo (Helsingborg, Sweden), nortriptyline
by Pharmacia (Uppsala, Sweden), amitriptyline by Merck Sharp & Dohme (Rahway,
NJ., U.S.A) and propranolol by LC.I (Macclesfield, Great Britain). N-Methyl-
imipramine was kindly supplied by Dr P.-O. Lagerstrom. It can be synthesized from
imipramine chloride and obtained as the phosphate!®. N-Methylamitriptyline bromide
was synthesized from amitriptyline chloride as described by Borg™.

All other substances were of analytical or reagent grade and used without
further purification.

TABLE X
LIST OF SAMPLES
Narme R
fis‘iptamine —{CH;);NHCH,
imipramine —~{CH::N(CH,);
N trimipramine —CHL,CH(CH)CH,;N(CH3);
R N-methylimipramine  —~(CH):N(CH:)s

nostriptyline —CH(CH,),NHCH,
amitriptyline —CH(CH.):N(CH:),
1 N-methylamitriptyline  —CH(CH;),N(CH:)s
CHy-CH=CH,
0-CHoCH{OHICHNHCH(CH, )5 siprenalol
u—cnzcs{(cumazuacmcuyz oropranolol
LN
barbital -CH;CH,
HN HyCly amobarbital ~(CH,),CH(CHa),
R
8
dipheaylacetic acid

CooH
/\_g':g =
LI
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The solid phases used are listed in Table Ik They were. packed in the co!umn‘
by the balance-density slurry packing technique described by Majors®. LiChrosorb
RP-8 and Sphearisorb ODS were suspended in tetrachloroethane and after packing
the columns were washed with bexane and acetone. gBondapak C,; and ODS-
Hypersil were suspended in chloroform and the columns were washed with methanol.
Nucleosil Cy and Nucleosil C,3 were suspended in chleroform but washed with hexane
and acetone. LiChrosorb RP-18 was both packed and washed with ethanol.

SOLID PHASES USED
Name Manufacturer Bateh rno. Nominal
particle
diameter
{pem)
LiChrosorb-RP-8 Merck (Darmstadt, G.F.R.) VV 1535 5
LiCbrosorb RP-18 VYV 1524 s
Nucleosil G Macherey-Nagel (Diren, G.F.R.) 8031 5
Nucleosil Ce 8051 5
OES-Hypessil Shandon Southern Products (Cheshire, Great Britain) 6 A 512 5
uBondzpak C;q Waters Assoc. (Milford, Mass., U.S.A.) 36C3R 10
Spherisorb ODS Phase Separations (Queensferry, Clwyd, Great Britain) MH 14/141 5

After washing, an cluent containing methanol and water (6:4) was pumped
through the column. About 30 column volumes were needed to get a stable baseline
for all packings, with the exception of Nucleosil C,g which needed about 200 cclumn
volumes.

All columns were tested with the methanol-water eluent before use. The
sclutes used for the testing were phenol, 2-phenylethanol, 2,6-dimethylpheno! and
2,3,5-trimethylphenol. Columns having a reduced plate height, i — H/d,, less than
{0 at a flow-rate of 1 mm/sec and asymmetry factors less than 2 were accepted for
this study. To measure the asymmetry factor (ASF), a perpendicular was drawn from
the vertex, formed by the two peak tangent lines, to the base-line. The back part of
the peak base-line divided by the front part gives the ASF.

All columns were checked for constant sample rétention throughout a series of
experiments. In quantitative evaluations of the retention on zBondapak C,,, data
were only included which were obtained at relatively low concentrations of the
aramonium additive, DMOA. Higher concentrations brought about 2 change of the
bonded material, which was revealed by an increase of retention and decrease of
separation selectivity of cationic samples.

The presence of some zalkylammonium additives in the eluent caused a slow
increase in the pressure drop when LiChrosorb RP-8 was used as solid phase. Also
voids o€curred in the top of the column packing, which had to be filled up. After a
while the pressure drop reached such a level that the column had to be discarded.
Using a buffer of pH 2, the column life-time was ca. 10 days when eluents containing
the quaternary ammonium compounds TMNA and TMA were used. In the presence
of the tertiary ammonium compound DMEA the column lasted 5 weeks. When the
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tertiary ammonium additive DMOA was used with a buffer of pH 3 the column life-
time was much longer: 2.5 months.

Chromatograpkic technique

The chromatograph was thermostated by circulating water takem from a
water-bath kept at 25.0 + 0.1°. The eluent reservoir was kept in the thermostated
water-bath, which also thermostated the separation columa by pumping the water
through a glass-jacket mounted on the column. The pump was thermostated by
pumping the water through a pump-head with built-in channels. Also the tubings
from the reservoir to the pump and from the pump to the injector valve were thermo-
stated by circulating water throngh jackets made of PVC-tubing mounted with
Swagelok heat-exchanger tees.

The columns were equilibrated with 65 ml of eluent. After that, the eluent was
recycled in a volume of ca. 250 ml.

The samples were dissolved in 1:1 methanol-phosphate buffer (pH 2 or 3) and
the injected volume was 10.1 zl.

The hold-up volume of the column, ¥V, used in measurements of capacity
ratios was determined from the peak obtained when phosphate buffer (pH 2 or 3),
methanol or sodium nitrate were injected. Sodium nitrate is preferred, but in cases
when the eluent contained alkylammonium ions, 2 sample of methanol or phosphate
bufifer with the same pH as the eluent was used.

The capacity ratio, £’, was measured from the reteation volume, Py, at the
peak maximum by k' = (Vg — V. )/ V-

Preparation of the eluent

The eluent was prepared by mixing equal volumes of methanol and phosphate
buffer (pH 2 or 3) of ionic strenght 0.10 and H,PO " concentration of 0.10 M, if not
otherwise stated. The phosphate buffers were prepared by mixing phosphoric acid
with either sodium hydroxide or sodium dihydrogen phosphate. When the eluent
contained alkylammonium ions an equivalent amount of the sodium hydroxide was
exchanged for tetraalkylammonium hydroxide or amine in order to keep the ionic
strength constant.

Mixing the buffers with methanol results in a volume decrease of 3.3, for
which the actual concentration of species in the eluent was corrected. The actual con-
centration of H,PO_ in the eluent was not exactly known because the dissociation
constant of phosphoric acid in a medium of 505/ methanol is not available.

RESULTS AND DISCUSSION

Peak tailing on different solid phases

In a previous study? we showed that when tricyclic antidepressant drugs were
chromatographed as phosphate ion-pairs in a liquid-liquid system with pentanol as
the stationary phase, strong tailing of peaks was observed. This was ascribed to an
interaction with the support material, which was LiChrosorb RP-8. When this
material was used as stationary phase in the present liquid-solid phase system with
methanol-phosphate buffer as eluent similar results were obtained. Seven commer-
cially available hydrophobic solid phases were thus tested, including two octyl-
derivatized and five octadecyl-derivatized silicas (Table IIf). The solutes chromato-
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- graphed were five ammonium compounds (secondary, tertiary and quaternary) and,
for companson two weak acids, amobarbitai and diphenylacetic acid. The ammo-
ninm compounds are retained in cationic form whereas the acids are predommanﬁy
retained in uncharged form at the prevalhng pH.

-Good peak symmetry of the acids is obtained on all solid phases whereas the
ammonium compounds have acceptable symmetry (ASF << 2) only on one of them
(zBondapak C,s). This solid phase also gives the lowest retention of the cationic
solutes. The other solid phases cause strong tailing and high retention of the ammo-
nium compounds. It is clear that the tailing effect is seiective for the cationic com-
pounds as the uncharged solutes give symmetrical peaks even though the samples
are about 10 times more concentrated than most of the ammonium compounds.

Addition of alkylammonium ions to reduce tailing

In the previous study? peak tailing was eliminated by adding to the eluent a
long-chain ammonium compound such as DMOA or TMNA. In the present case,
with methanol-phosphate buffer as the eluent, peak symmetry was greatly improved
when 0.05 M DMOA was added (compare Tables III and IV). Chromatograms in
Fig. 1 illustratc the gain in resolution obwained after addition of DMOA to the eiuent
when using ODS-Hypersil as solid phase.

TABLE IV
RETENTION AND SYMMETRY AFTER ADDITION OF DMOA TO THE ELUENT
Eluent: 0.050 M DMOA in 1:1 methanol-phosphate buffer (pH 3).

Solute Cc2- 10 LiChrosorb pBondapak ODS-Hyper- LiCkrosorb, Spherisorb™
RP8,5um Cyg, 10um sil, 5 pum RP-18, 5 um: ODS, 5 pum

K ASF K ASF & ASF Kk ASF &' ASF

Desipramine 3.9 204 13 146 14 2.53 1.8 254 1.7 268 1.3
Imipramine 3.6 .76 1.2 126 1.5 2.17 1.7 2.14 1.5 343 1.1
Trimipramine 3.5-39 228 Lt 1.57 13 282 16 278 16 415 11
N-Methylimipramine 3.4 1.00 1.3 09 15 129 20 123 1.8 3.70 1.5
Propranolol 16-17 069 13 049 15 0.79 28 0.77 20 093 1.4
Amobarbital 39 330 1.2 215 15 341 19 3.56 1.6 236 16
Diphenylacetic acid 9.4-20 991 11 502 14 117 19 121 17 109 15

* Column 150 X 4.5 mm. LD.

We investigated the effect of a range of tertiary and quaternary ammonium
additives having different types of alkyl groups, including different alkyl chain lengths.
The study was made on LiChrosorb RP-8 and the results are summarized in Fig. 2,
where the ASFs, obtained after additicn of the different ammonium compounds to
the eluents, are plotted.

Bulky additives with several carbons in each alkyl group, such as tetrabutyl-
and tripropylammonium, gave little or no improvement of the symmetry, but a clear
improvement is seen for the others which are characterized by two or more short
alkyl substituents. N,N-Dimethy! substituents in the tertiary ammonium compounds
and N,N,N-trimethyl substituents in the quaternary ammonium compounds seem
to be especially effective for reducing tailing. This is obvious when comparing the
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Fig. 1. Comparison of peak shapes in the absence and presence of DMOA in the eluent.-Solid
phase: ODS-Hypersil, 5 um. Peaks: 1 = N-methylimipramine (3.37-10~* AM); 2 = imipramine
(3.28-107° M); 3 = desipramine (3.32-10~* M); 4 = trimipramine (3.34-107* XM). (a) Eluent: 1:1
methanol-phosphate buffer (pH 2.84); 1.11 mm/sec; 34 bars. (b) Eluent: DMOA 005 A in 1:1
petianoF-phosphate butier (pH Z.84); 1.1 mm/sec; 3¥ Bars.

¢ ) s s a [ 'y [
heoarn A TefedA TR THEA TR DMFA  DEA WA

ADOLIYIVES

Fig. 2. Peak asymmetry of ammonium compounds in the presence of different ammoniom additives
ia the cluent. Additives: TBA = tetrebutylammonium; TrPrA = tripropylammonium; TMA =
trtramethylammonium; TrEA = triethylammonium; TMNA = trimethylnoaylammonium;
DMCHA = dimethylcyclohecylammonium; DMEA = dimethylethylammoniom; DBMOA =
dimethyloctylammonium. Eluent: 0.05 M additive in 1:1 methanol-phosphate buffer pH 2.0-3.3;
(exccptlons TMA and TMN:. 0.03 AM). Solid phase: LiChrosorb RP-8, 5 um. Samples: 7, N-methyl-
iripramine (3.37-10~* M); A, imipramine ((3.64 — 3.80)- 10~% M); O, desipramine ((3.51 — 4.05)-
10~* M); 31, propranclol (15.8-10~4 Af but 7.09- 10-* Af for DMOA, DMEA and no additive).

effects of DMOA and DMCHA with tripropylammonium, which oaly slightly im-
rroves symmetry. This structure-dependent effect is also indicated in the chromato-
graphed samples: propranolol, which is a secondary ammoniam compound with two
bulky substituents, in contrast to the other cationic samples, tails only moderately
even though it is applied in four Smes higher concentration. -
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The total number of methylene groups in the ammonium additives is of little
importance for the tail-reducing effect. This is obvious when comparing the effect of
DMEA with that of DMOA or TMA with TMNA. The differences are small.

Only the broad trends in Fig. 2 have been discussed as the concentrations of
additives and samples are slightly different.

Influence of the concentration of ammonium additives on tailing

Increasing the concentration of an additive is found to decrease the ASF, as
illustrated in Fig. 3 for addition of DMEA. Three cationic samples, desipramine,
imipramine and N-methylimipramine, and one uncharged compound are included.
Acceptable peak symmeiry (ASF < 2) was obtained using 0.05 M DMEA in the
cluent. Addition of DMOA gave ASFs < 2 for the same substances already at a con-
centration of 0.03 A/ (lower concentrations were not investigated), which shows that
DMOA is a more effective tail-reducing additive than DMEA.

o5t 002 003 @84 QOS
DMEA (M
Fig. 3. Effect of the conoentration of DMEA on peak asymmetry. Eluent: DMEA in i:1 methanol-
phosphate buffer (pH 2.0). Solid phase: LiChrosorb RP-8, 5 um. Samples: V7, N-methylimipramine
(3.37-10~* Af); A, imipramine ((3.64-3.89)-10% Af); O, desipramine ((3.51-3.98)- 10-¢ if);
O, barbital (1.57-1072 A).

Sample cancentration effects

The influence of the sample concentration of the cationic solutes on their peak
symmetry is illustrated in Fig. 4 with imipramine as the sample. The role of the solid
phase (LiChrosorb RP-8 and gBondapak C,g) and of the ammonizm compounds
added to the eluent can also be studied in the figure. When no additive is present the
symmetry is acceptable on #Bondapak C,q, but only up to a sample concentration of
1 x 10~* M. At higher concenirations peaks start to tail considerably even on this
solid phase. The presence of 0.03 Af DMOA in the eluent results in symmetrical peaks
on both solid phases even at the highest sample concentration. It is seen, as already
noted above, that DMOA is more effective in reducing tailing than DMEA.

Further illustration of the sample concentration effect is given in Fig. 5 where
the capacity ratios (measured on the peak maximum) are plotted as a function of the
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Fig. 4. Peak asymmetry factor of imipramine at different sample concentration. Eluent: 1:1
methanol-phosphate buffer (pH 2 or 3). Solid phases: , LiChrosorb RP-8, 5 um (column

150 X 45 mm ID.); ---, uBondapak C,e, 10 pm. Ammomum additives: [J, no additive;
O, DMOA 003 AM; A, DMEA 0.03 Af.
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Fig. 5. Retention of imipramine at different ;amplc concentrations. Conditions as in Fig. 4.

initial sample concentration. As exracted, capacity ratios strongly depend on the
sample concentration on LiChrosorb RP-8, whereas on [:Bondapak C;s retention is
only slightly influenced. Addition of DMOA in the eluent gives constant retentmn
em beth solid phases. :
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Retention model. In the chromatographic systems where alkyl-bonded silicas
are used in combination with eluents composed of water and a water-miscible solvent
such as acetonitrile or methanol, it may be appropriate to vegard the stationary phase
as an adsorbing surface. This approach has given a useful retention model for chro-
matography of carboxylate anions as ion-pairs with quaterr.ary alkylammonium ions
in acetonitrile systems!<.

In the present study, where cationic samples are chromatographed, the adsorp-
tion equilibrium is expressed by

Qi+ Zz + A. = QZA,

where Q2 is 2 cationic sample present in the mobile phase and Z3 is a counter-ion
present in the buffer of the mobile phase, in the present case phosphate ion. The
specics in the mobile phase are distributed to the stationary phase where they, as an
ion-pair QZA,,, occupy an area called an adsorptmn site, A .. The equilibrium constant
for the process is given by

_ [QzAl
Kz = oL ZLIAL O

where concentrations in the mobile phase are given in moles/l and concentrations in
the stationary phase are expressed in moles/g of solid phase. [A]. is the concentration
of free adsorption sites in moles/g of solid phase at equilibrium.

The capacity ratio of Q* depends on the phase-ratio, W /V,, and the distribu-
tion ratio, [QZA./[Q* ], according to

. W. [QZAL
=g o @

where the phase-ratio is the ratio of solid phase to mobile phase in the column
expressed in gfl. Combination with egn. 1 gives

I [AL &)

The stationary phase has a limited adsorption capacity which is characterized by
K, according to

Ko = [A]: + [QZA]; @)
A combination of egns. 1-4 gives )
- W KeKerlZl :
ko= ®

Va(l + £z [Q I 27

At sufficiently high sample concentrations, [Q*1., the capacity ratio will decrease
with increasing sample concentration resulting in tailing peaks (the adsorption iso-
therm becomes non-linear)!®.

f a cationic species B¥, e.g. one of the alkylammonium additives, is present in
the eluent it may also be distributed to the stationary phase as ion-pair with Z~:

Bz + Z5 + A, ==BZA,
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The adsorpﬁon capacity will now be given by ‘ .
K=[AL+[QZAL + BZAL, = = N )

Thmthcw.pamtyra&oon* willbchvenby
K= ' W, Kquz Z7 1 i)
Va(l + Koz O LZ I + Kz BLIZ L)

which indicates how the capacity ratio is influenced by the presence in the maobile
phase of B+, which competes with the sample for the adsorption sites.

Peak tailing effects. The competing effect of B* on the distribution of the
saraple to the adsorption sites can be used to decrease sample peak tailing because it
decreases the influence of the sample concentration in the denominator of egn. 7.
This effect was demonstrated on the different solid phases (see Fig. 3 and Table IV).
However, there are several indications that the tailing observed is not due to retention
on a homogeneous stationary phase with one single type of adsorption sites, as is
assamed in equ. 7. Fig. 6 shows the influence on the retention (on LiChrosorb RP-8)
of increasing the concentration of DMEA in the mobile phase. In the region where
the cationic solutes tail (¢f. Fig. 3) their retention decreases rapidly with increasing
concentration of DMEA, but at the higher concentrations the retention levels off
and does not seem to approach zero as would be the case if egn. 7 were valid.

OMEA (M}

Fig. 6. Effect of the corceatration of DMEA on retention. Conditions as in Fig. 3. Samples:
1., propranolol (7.09 x 10~* AMf); otherwise as in Fig. 3.

Further, it can be shown that tiie sampie concentration applied to the
LiChrosorb RP-8 column (Table III) is probably too low to cause sample over-
loading of a homogeneous stationary phase. This argument is based on the following
discussion. The sample concentration in the mobile phase, [Q+ 1., that causes noticable
peak asymmetry may be defined as that which gives a decrease of the capacity ratio
of 10% from its value, k39, at infinitely low sample concentration (¢f- eqn. 5), f.e. 2
decrease of the distribution ratio by the same extent (see eqn 2). By combination of
egns. 2, 3 and 4 the corresponding sample conceatration in the statzcnary phase

[QZA], will be given by
[QZAL = 0.1 K, o - ®
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while the sample concentration in the mobile phase is given by

. W, 01Kk,
L=t ®

whete k{i 0.9-k:1‘f.

Aw!crﬁa&onof{Q“’};, on the trimipramine peak obtained on LiChrosorhb
RP-8 (Table IIf) was made using a K, value of 6-10~° moles/g, which was fouad for
the adsorptlon of tetrabutylammonium on LiChrosorb RP-8%. The observed peak
maximum k' value of 10 was used, as £5° could not be measured, and thus only an
approximate value for [Q+], of 4-10—* M was obtained. The initial sample concen-
tration is even lower than this, which means that peak tailing should not occur.
Therefore, the drastic peak tailing yet observed is probably due to a heterogeneous
composition of the stationary phase with more than one type of adsorption sites
where the disturbing sites give relatively high equilibrium constants. ;

Two-site adsorption medel. Even the result obtained on gBondapak C,s, on
which the cationic samples gave symmetrical peaks (Table Iff), indicates that the
stationary phase has a heterogeneous composition. The retention of ammonium
compounds and an uncharged acid was studied as a function of the concentration of
an alkylammonium additive (DMOA) in the mobile phase. These results are presented
in Fig. 7. As in Fig. 6 the retention of the cationic solutes decreases with increasing
concentration of DMOA and seems to level off at the higher concentrations, whereas
the weak acid amobarbital (pK, = 8) shows a very small decrease. This indicates
that there may be two kinds of retaining phases (adsorption sites), one on which
amabarbital is predominanily retained and on which DMOA has an almost insignif-
icant competing effect, and 2 second on which DMOA competes with the cationic
samples. These ruay be retained on the first type of site as well.

In an attempt to explain the retention of the cations we assume that they are
retained on two types of site according to the following equation:

4
001 202 0.03
BMOA (M)

Fig. 7. Regulation of retention by DMOA on uBRondapak C,.. Fluent: DMOA in 1:1 methanol-
phosphate buffer (pH 3.0). Solid phase: pgBondapak Ci, 10 uym (column 150 X 4.5 mm LD.).
Samples: O, desipramine; A\, imipramine; V/, N-methylimipramine; {1, propranolel; O, amo-
barbital.
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The first term comes from the retention (kg w) on the sites, A, that are unaffected by
DMOA and the second term from the retention (Kg 1.,) 0n the DMOA-influenced
sites, A*. The equation is derived analogously to egns. 5 and 7, omitting the teem
coatzining the sample concentration because peaks are symmetrical. K, Koz, K3,
K3, and K, are the respective adsorpﬁon capacities and equilibrizm constants on
the two sites. V, was incorporated in the depcndent varsiable because it decreased
slightly (from 1.58 to 1.48 ml) with increasing DMOA concentration ([B*L.). As the
experiments were performed at constant phosphate concentration the equation can be

simplified to

- : b
ko' Va=a+ vz an

wherea = W KoKogz[Z  lnand b = WK‘Kg,_[Z .. and then further rearranged and
mvcrtedto

521271 | B*L. ’ ' (12)

For zach catioaic solute the value of a was fitted to give a straight line for a plot of the
lefi-hand side versus [B* ]. After an initial visual test of linearity, the fit that gave the
smaliest residual deviation in a least squares regression was chosen, and Fig. 8 shows
some examples of such plots. As can be seen the linearity was geod. From each fine
the values of KoKoqz[Z ™ kus &4 cays KEKE2[Z ™ Jnand K3, [Z~ ], were calculsted from

1

KV -2
1000~ /

S00-

1 (] ]
on [T~ oa3

CPMOA (M)

H&S.Emmp!so{piosofeqn.lz.CondmomasmHg.ISamph A, imipramine; O, desi-
pramive; O, N-methylamitriptyline; [3, trimipramine.,
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the slope and the intercept and the results are summariz=d in Table V. The value of

* IZ-1., which contains the equilibriuim constant for the adsorption of DMOA,
- and thus is obtained from the chromatographic retention of different samples, shows
excellent constancy which supports the validity of the retention model (egn. 10).
Preliminary results which indicate a substantial adsorption of DMOA on the solid
phases used in this study are in line with this model, but should be extended to the
independent determination of K3, [Z~ 1, from the adsorption isotherm of DMOA to
confirm the validity of the model.

TABLE V

EVAILUATION OF RETENTION OF AMMONIUM COMPOUNDS

Conditions as in Fig. 7°.

Solute KoKoe(Z= ] o-16° ko' KK Z-]u-16° RElZ-]a

Desipramine 207 1.40 498 . 127

Imipramine 191 1.29 4.59 126

N-Methylimipramine t.15 0.78 4.38 118

Trimipramine 209 1.41 6.16 121

Nottripeyline 241 1.63 6.42 129

Amitripiyline 2.17 147 5.92 126

N-Methvlamitriptyline 1.41 0.95 5.60 122

Propranolol 0.89 0.60 1.54 131
‘W,=10g.

** Calkeulated for V., = 1.48-10* L.

On both types of site the selectivity for separation of a tertiary ammonium
compound from its N-demethylation product (secondary ammonium compound) is
rather low and of the same magnitude. This is illustrated in Fig. 9, where the calcu-
lated capacity ratios on the two sites are plotted for some of the compounds studied.
From the logarithmic representation the differences in selectivity between the two
sites can be easily observed. The most remarkable difference is seen for the quaternary
ammonaium compound relative to the secondary and tertiary ammonium compounds.
This might indicate that one of the sites has hydrogen-accepting properties as the
possibility of hydrogen bonding is the main difference between the differently sub-
stituted ammonium compounds.

" The reason for the heterogeneity of the stationary phase may be the presence
of residual silanol groups. It is well known that different ways of preparing alkyl-
bonded phases, e.g. by using mono-, di- or trichlorosilanes and having different
silica gels as starting material, can lead to unequal degrees of coating of the silanol
groups and that there will always be a certain amount of residual silanol groups®s.
Depending on the silanization reagent and the reaction conditions they will be more
or less accessible for solute interaction'®—'%. The tail-reducing effect of the different
alkylammeonium additives discussed above, among which it was found that bulky
derivatives were less effective, indicate that steric effects are important for the inter-
action with the disturbing sites.

Regulation of the retention by the counter-ion (bromide). The ion-pair retention
model assumes that the retention of the cationic solutes can be regulated by con-
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Fig. 9. Comparison of selectivity on the two sites. Data tzken from Table V. Samples: O, desipra-
mine; A, imipramine; V7, N-methylimipramine. ’

trolling the concentration of the counter-ion in the mobile phase. In the previous
discussion this variable was not studied because the counter-ion, dihydrogen phos-
phate, was held at constant concentration. The influence of the counter-ion was,
however, briefly studied using bromide (added as sodium bromide to the phosphate
buffer) and with LiChrosorb RP-8 as the solid phase. The results are shown in Fig. 10.
DMOA was added to reduce tailing.

teg K. normalized

1.1

- 0—4/\——0/0

g9

a.a =
J o, . ? ¢ ) L L 3
(3] 295 Q19 "{3:: ™ 7T1£A TRA DHA DEA DER

Bramide (M} .
Fig. 10. Regnlation of the retcation of ammonium compounds and an uncharged compound by
brosnide counter-ion. Eluent: NaBr in 1:1 methanol-phosphate bufier (pH 2.9) coutaining 0.05 M
DMOA. Solid phase: LiChrosorb RP-8, 5 um. Samples: §, amobarbital; O, desipramine;
A, imipramine; 7, N-methyBmipramine; {1, propranolol. L -
Fig. L1. Scparation selectivity with diiferent ammonium additives in the eluent. Conditions as in
Fig. 2. Samples: O, desipramine; A, imipramine; ¥, N-methylimipramine. ’
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- - -in Hne with the model, there is a steady increase of the retention of the cations,
although with a slightly decrasing slope. The uncharged compound is ailmost un-
affected. This indicates that the phase on which the sampie bromide 1on-pairs are
retained may be only.slightly infinenced by a competing adsorption of DMOA-Br
ion-pairs (¢f. egn. 10).

: The practical value of using bromide to regulate the capacity ratio of the
cations is limited owing to the low slopes of the curves. This is in contrast to a parti-
tion chromatographic system using 2 bulk liquid, pentanol, as the stationary phase?
where 2 much higher change in retention was obtained for the same substances and
with bromide as counter-ion. Use of more hydrophobic, organic, anions as counter-
ions in the present system will probably be more useful.

Separation selectivity; effect of the type of ammonium additive and solid phase

The separation selectivity on LiChrosorb RP-8, ¢btained after addition of the
different alkylammonium compounds to the eluent (to avoid tailing), was studied for
the substances desipramine, imipramine and N-methylimipramine, which have
different degrees of substitution on the ammonium group. The conditions were the
same as in Fig. 2, but only phase systems giving ASFs less than 3 were included. The
results are summarized in Fig. 11, which gives the logarithm of the capacity ratios
normalized to log &’ = 1 for imipramine. Normalization rendered the comparison
between the different phase systems easier, as the degree of retention was very
different.
7" -~ _ Only minor differences in separation factor occur between the secondary and
the tertiary ammonium compounds, but the separation factor for the quaternary
relative to.the others changes notably. The highest separation factor is obtained in
those phase systems that contain the long-chain TMNA and DMOA in the mobile
phase. The logarithm of the separation factor between imipramine and N-methylimi-
pramine is found to be 0.25 in the DMOA system. A very similar value, 0.26, was

- L 4 L] ¢ L] ¢ L
Sx < t Sy 1 -
euse: s s =t € [
Sontom
SORATIVE.
[ X3 3 s . aTa o oA R

Fig. 12. Scparation sclectivity on different solid phases. Data teken from Tables UI and IV.
Samples as in Fig. 11.
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obtained when these substances were retained on the DMOA-independent sites on
pBondapak C,; (see the log kg, (4, values in Fig. 9) with the same mobile phase. This
indicates that the stationary phase that retains the samples on LiChrosorb RP-8 after
the addition of DMOA may have the same properties as the DMOA-independent
sites on gRondapak Ci,.

The separation selectivity on some different solid phases for the same sub-
stances asin Fig. 11 is presented in Fig. 12 in the form of log &’ values. 0.05 A DMOA
was present in the eluent to easure symmetrical peaks. Or all solid -phases except
Spherisorb ODS the selectivities are very similar. The latter solid phase obviously
has very different properties from the others, as the retention order is completely
reversed.
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