
Peak tailing of tricycIic antidepressan t amines was studied on a range ofalkyl- 
bonded silicas in reversed-phase ion-pair chroma’rographic systems. Mobiie phases 
were mixtures of methanol and buffers containing phosphate or bromide as counter- 
ions. 

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

A retention model for ion-pair adsorption is used for evaluation of the results. 
It is found t&at the stationary phase contains adsorption sim with different abiliw to 
retain ammotium compounds and uncharged compounds. 

Liquid chromatography with photometric detection is well suited to the 
separation and determination of tricyclic antidepressant amines, e.g. in monitoring 
the parent drug and its metabolites in human serum En reversed-phase liquid chro- 
matogxaphy, where a mobile phax of high aqueous content is used, ion-pair chroma- 
tographyr of amines can be performed in the acidic and neutral pH range where the 
available alkyl-bonded micoparticulate silica mataials used as solid phases are 
stabfe. 

We have previously found that the revemed-phase ton-pair systems often 
result in the strong tailing of peaks of hydrophobic ammonium Compounds and that 
this behaviour can be corre@zd by adding to the eluent orga& ammonium compounds 
that block the dkturbmg adsorption &es *f. Silar observations were made by Van 
der Ma&en e? ai,z in sevessed-phase chromatography OQ pBondapak Crs of some 
qUaternary ammoi&m compoux&,.aud they claim that residual silaxml groups in 
t&e ml-bonded soIid phase are responsible for the disturbing adsorption_ Kraa.k and 
BijsteP obtained asymmetric peak shapes of txicyclic antidepm ts with acidic 
mobile phases onI?ncteosil Gk and tiChrosorb RP-8, bat improvement was observed 



MQ -. : 

w&cn*fIesamp!cswcrclEBiIled asbqesatbighp~int&CpreanGtof~amme~.~ 
duent. I&ox and Pryde6 also observed good peak symmetq on SA!%sil& for &I& 
&x@om.tds ‘tihcn an chxc~~t centa+ng :z+i&iia~ and -hryi -splphatc awas used. 
RoeE%er aE7 obtained improved peak s$mmetqj @eqdditio~~ either ofti amine or 
ofa&orgtic anionic computer-ion (pen&me suf@&zi.te)~& @ondqtk~~ as solid 
pbasc. Twit&&t and MO@-& also obtaixicd badly tiiiEng.peaks m this solid phase for 
organic z~~~~~oniurn compounds in mobile phases of metbxxol zmd b&&r. On the 
other band, Brodie et alp seem to obtain good peak symmetry in a similar system 
using Part&i! ODS. 

. We have previously observed3 that the retention of orgzxuic amnronIum ions ia 
ioz-pair adsoq&on systems can be denzased by introducing in the mobile aqueous 
phasean auCyiammC& um ion, which will compete with the sample amm~tium ions 
for the adsorption sites’. This will improve the chances of regulating retention in 
ion-pair chromatography. 

This paper exam&s the role of alkyI-bqnded silicas for the peak symmetry of 
hydrophobic ammonimn compounds re%ained as ion-pairs with phosphate and 
bromide in reversed-phase systems using methanol. and buffer in the mobile phase. 
The effect o6 the addition of alkykunmonium ions as tail reducers is discuss& and 
the regulation oftbe retention of cationic so&es by the anionic counter-ion and by an 
a&ylammonium ion is evaluated . 

The pump was an LDC AModel 711-47 solvent delivery system (Milton-Roy 
Minipu_mp with pulse dampener) and the detector w= 8n LXX Modef 1205 -U’V 
Monitor used at 254 nm wavekz@h. A Value CV-H3Pax sample injection valve (for 
uxlo p.s.i.) with a IO.l+ loop was used. 

The columns were of s~iairdess steel with a poIished inner surface, equipped 
with modified Swagelok consxctors and A&x stainkss&ee~ f&s (2pm) and were 
10 cm x 4.5 mm I.D., unIess otherwise stated. 

A water-bath, HEX0 type 02 FT 923 TC (Birkernrd, Denmark), was used to 
thermostat tEe cbromatograph, and the pH was meannd with an Orion Research 
lMadel 801 A/digital pH meter equipped with an IngoM combined electrode type 401. 

C&micxz.i% and reagents 
Methanoi was of Merck @armstadt, C.F.R.) pa. qua&y. 
Tetrametbylammonium bromide (TMABr) from Merck, N,P&N-tsimethybzon- 

ylammonium bromide (TMNABr) and tetxabutylammonimniodide WA-9 from 
Eatmzm-&xi& (Rochester, N.Y., USA.) were converted into the hydroxides by 
shaking their aqueous solutions with silver oxide. 

N,N-Dimethy~octylamine (DMOA) was either obtain& f?om K & K Labs. 
(Hz&view, N-Y., U.S.A.) apd clistiUed, or synthesized by a modified JZsch&- 
Clarke reacti~n~~ and disti&d. N,N-DimcthyIctbylaminc @MEA)- was synthe- 
sized by the same method as DMOA. No impurities 00&d be found in theDMOA 
or the DMEA-when examinedbyIRaz.xdNMR qe&oscopy. - 

N,N-DimethyhzycIohexylamine (DMCHA) puriss, was firom FIuka (Fuchs, 
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, o-c~cHtaHlcH*NHc~c(cH3)2 



w*~-dw .j __ ._ _ 
The solid phases used are Listed in -Table EL. They werepacked-in the ,cohzmn 

by- the bahmce4ensityshnry packing technique descni by Majors”.,LiChrosot 
RI?-Saud SpherissODSwere m in tet.rachL~ eandafttpac@g 
the cohmms were washedwith hexane and acetone. @Zondapak C,, and QDS- 
Hypersil were su@ended in chloroform and the cohmms were washed with methanol. 
NucleosiL C, and Ndcleosil Crs were suspended in chloroform but washed with hexane 
and acetone. LiChrosorb RP-18 was both packed and washed with ethanol. 

Li--RP-s Merck (Darmaadt, G.F.R.) w 1535 5 
Lzhmsmb RP-1s w 1524 5 
Nlxckzusl c, Mach-N-1 @arem, G.F.EL) 8031 5 
Nuckaii C,, 8051 5 
OCSHyprsil EzIadon Sou*hern J?roducts (chahirt, Great Briti) 6 A 512 
P==wk C,s Waters Assoc. (Milford, Mass., U.S.A.) 36C3R 1: 
Spherisn+b ODS mazic Sepaiacions @ucensf~q Chvyd, Great Britain) MI 141141 5 

After washing, an duent containing methanol and water (6:4) was pumped 
through the column. About 38 column vohunes were needed to get a stable baseline 
for all packings, with the exception of ~ucleosil G, which needed about 200 cohmm 
volumes_ 

Ah columns were tested with the methanol-water ehxent b&ore use. The 
solutes used for the testing were phenol, 2-phenylethanol, 2,6-dimethyLphcno! and 
2,3,Wrimethylphenol_ Columns having a reduced pIate height, h = N/c&, less than 
10 at a flow-rate of 1 mm/set and asymmetry factors less than 2 were accepted for 
this study. To measure the asymmetry factor @SF), 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. 

Ah cohmms were checked for constant sampIe retention throughout a series of 
experiments. In quantitative evaIuations of the retention on @ondapak C, data 
were only included which were obtained at relatively low concentrations of the 
ammonium additive, DMOA. Higher concentrations brought about a change of the 
bonded material, which was revealed by an increase of retention and decrease of 
separation se!ectivity of cationic samples. 

The presence of some a&yJamm&ium additives in the eluent caused a slow 
in- creaseinthep ressnre drop when LiChrosorb RP-8 was used as solid phase. Also 
voids o&urred in the top of the column packing, which had to be filled up. After a 
while the pressu& drop reached such a level that the cohunn had to be discarded. 
Using a buffer of pIi 2; the column J.ifMme was ca. 10 days when eluents comaining 
the quaternary ammonium compounds TMNA and TMA were used, In the presence 
of the tertiary ammonium compound DMEA_the column Lasted 5 weeks_ When ffie 



tertiary ammonium additive DMOA was used with a buffer of pIi 3 the column life- 
time was much longer: 2.5 months. 

The cbromatograph was thermostated by circulating water taken from a 
water-bath kept at 25.0 & O.l”- The eluent reservoir was kept in the thermostated 
water-bat& which also thermostated the separation column by pumping the water 
through a glass-jacket mounted ou the column. The pump was thermostated by 
pumping the water &sough 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 through jackets made of PVC-tubing mounted with 
Swagelok Ereatexchanger 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 10.1~41. 

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

The capacity ratio, k’, was measured from the retention volume, V,, at the 
peek maximum by k’ = ( VR - V&)1 V,. 

Preparation of the eluent 
The eluent was prepared by mixing equal volumes of methanol and phosphate 

buffer @II 2 or 3) of ionic strenght 0.10 and I&PO,- concentration of O-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 &PO,- in the eluent was not exactly known because the dissociation 
constant of phosphoric acid in a medium of 50% methanol is not available. 

RESULTS AND DISCUSSION 

Peak tai&g on diflerent solid phases 
In a previous study* we showed that when t&y&c 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-derivatixed silicas (Table III). ?he solutes chromatq- 
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grapked v&eze$ve alrlmorlium cotllpotulds (secondary, tetiary and quaternary) al& 
for comparisan, two weak x&is, unobarbiti and dipkenylm%ic acid. The arnmcl- 
niurn compou&s are retained in catimic form whereas the acids are predominantly 
retain& ixl mm foMl at tke prevailing PH. 

Good peak symmetry of tke a&is is obtained OEE all solid phases wkereas the 
asnmmium campounds have acceptable symmetry (ASF c 2) only on one of tkem 
(@altdrtpak C&. Tkis solid phase alsO gives the lowest retention of the cationic 
soIutes. Tke other solid phases cause strong tailing and kigk retention of the ammo- 
niam compaunds~ It is clear that the taiiing effect is selective for tke c&ionic cam- 
pounds as tke unckarged salutes give symmetrical peaks even tkougk tke SampIes 
are about 10 times more concentrated t&n most of tke ammonium campolmds. 

A&ii&n of a&ykmmanicucc itms to recbce taiibzg 
In the previous study2 peak tailing was eliminated by adding to &&e eluent a 

longchain ammonium compound such as DMBA or TMNA. In tke present case, 
with me&anal-pkosphzte buffer as tke eluent, peak symmetry was greatly impraved 
when 0.05 M DMOA was added (compare Tables III and IV). Ckramatagrams in 
Fig. 1 iikzstrate the gain in resolution obmined after addition of DM0A to the eiuent 
wkea using ODS-Hypenil as solid phase. 

WON AND SYMMmY AFER ADDlTION OF DMOA TO TEE ELUENT 

Elucnt: 0.050 M DMOA in 1:l methanoLpEmsphate bufEer (pl!i 3). 

SOcute .EiCbmsorb @!lm&pk ODSiTypr- Licbrosorb, SpAerisorb’ 
RP-8, 5 pm Cls, 10 pm 477, 5 pm iU’-18,s m ODS, 5 p 

K ASF K ASF K ASF k’ ASF K ASF 

DBip- 3.9 2.04 1.3 1.46 1.4 2.53 1.8 2.54 1.7 2.68 I.3 
hlipramine 3.6 1.76 1.2 1.26 1.5 2.17 1.7 2.14 1.5 3.43 1.1 
TISiXIipF9mine 353.9 2.28 ?.l 1.57 1.3 2.82 1.6 2.78 1.6 4.15 1.1 
N-Methytipramine 3.4 I.00 1.3 0.90 1.5 1.29 2.0 1.23 1.8 3.70 1.5 
RopraoIoS 16-17 0.69 1.3 0.49 I.5 0.79 28 0.77 2.0 0.93 1.4 
AnI- 39 3.30 1.2 2.15 1.5 3.41 1.9 3.56 1.6 2.36 1.6 
Diphylacetk acid 9.4-20 9.91 1.1 5.02 1.4 11.7 1.9 12.1 1.7 IO.9 IS 

‘cohrmn150x4.smm,LD. 

We investigated tke efS&t of a range of tertiary and quatemzry ammonium 
additives kaving diIfmt types of alkyl groups, including ditferent &cyl chain lengths. 

Tke study was made on IXkrasorb RI?-8 and tke results are summarized in Fig. 2, 
where the ASFs, obtained after addition of tke tierent a.mnzonium compounds to 
tke eIuents, are plotted. 

SuIky additives with several carbons ki each a&y1 group, suck as tetrabutyl- 
and tiprapylammonium, gave little or no improvement of the symmetrj, but a clear 
improvement is seen for tke otkers wkicb are characterized by two or more short 
aBy1 substi&enG. N,N-Diietkyl substituents in tke testiq ammonium compounds 
and N,N,N-trimethyl substituents in tkk quatersmy ammonium compounds seem 
to be +ally eEective for reducing tailing. Tkis is obvious when coti@ring the 
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The tatd nuder of methykne groups in the ammonirrm additives is of little 
impartance far the taikeducing efEct_ This is obvious when comparing the eEect of 
DMEA with that of DMOA or T?&% with TMNA. The difkences are smail. 

Only the braad trends iu Fig. 2 have been discussed as the cancentrations of 
additives stnd sampks are slightly d.if%erent_ 

Iizfruenee of die concenbratron of unmo nimn a&%ives on tailing 
Emeasing the concentration of an additive is found to decrease the ASF, as 

tiustmted in Fig. 3 fat addition of DMEA. ‘Three cationic samples, desipramine, 
imipramix and N-methyl&nip ramine, and one uncharged campaund are included. 
Acceptable peak symmetq (ASF < 2) was obtained using 0.05 M DMEA in the 
ehxent. Addition of DMOA gave ASFs c 2 far the same substances already at a con- 
centration of 0.03 M (lower comzentratians were not investigated), which shows that 
DMOA is a mare effective tail-reducing additive than DMEA. 

001 aoa on3 QOI 00s 

DMEA Uo 

Fig. 3. Effect of the concentziticm of DMEA on peak iasymmetry. Eluent: DMEA in I:1 methanol- 
phasphatc b&ikr @H 20). Solid &we: Lichmsorb Rp-8, 5 m Samples: V, N-methyiimipramine 
(3.37-10-4 Ai); A.. imipramiE ((32&c3.89)-10-a M); 0. &iipz%lIIiE ((3.51-39!3)- 10-c ira); 
0, barbital f157- to-* af)_ 

Sample concentration eflects 
The iduence of the sample cancentratian of the cationic salutes an their peak 

symmetry is iilustrated in Fig. 4 with imiprazn~+ie as &e sample. The role of the solid 
phase (LiChrosorb RP-8 and ~Bondapak C,d and of the ammonium campaunds 
added to the eluent can alsa be studkd in the Ggure_ When no additive is present the 
symmetry is aazeptable an ~Bondapak Cle, but only up to a sample concentration of 
1 x low3 M. At higher cancentrations peaks start ta tail considerably even an this 

solid phase_ The presence of 0.03 M DMOA in the eiuent results in symmetriczd peaks 
an bath salid phases even at the highest SampIe concentration. It is seen, as already 
noted above, phat DMOA is mare effective in reducing tailing than DMEA. 

Further ilhtstmtion of the sample cancentration e&et is given in Fig. 5 whek 
the capacity ratios (measured an the peak maximum) are platted as a f%nctia~m of the 





Retenfion rndel_ In the &romatograp~c syste&s where a&&bonded siIi& 
ate used in combination with eke&s composed of water and a wa$er-miscible solvent 
such as acetonitrik OE sxetbano!, it may be approptiate to vd Fbe stationary phase 
as a~ adsorbing surface_ This approach has given a useful retention model for chm- 
matography ofcarbuxylate anions as ion-pairs with q&emary alk&unmonium ions 
in aaztoniSrSe systems’c. 

lx_tbe present study, where cationic sampks are chromatogzphed, the adsorp- 
IsIn eqfitim B eqqsed by 

^ Qt+z;i-&+QZA, . 

where Q,’ is a cationie sampEe present in the mobile phase and G is a cmnter-ion 
present in the buffa of the mobile phase, in the present case phosphate ion. The 
specks in the mobile phase are distriinted to the stationary phase where they, as an 
ion-pair QZA, occupy an area called an adsorption siFe, A,. The equilibrium constaqt 
for the pmcess is given by 

(1) 

where cuneentratzons in the mobile phase are given in snoks/l and cunce~~tio~ in 
the sFatiomwy phase are expressed in moles/g of solid phase. [A], is the concentration 
of fke adsorption sites in moles/g of solid phase at equilibrium. 

The capacity ratio of Q* depends on the phase-ratio, FVJ V,, and the distibu- 
tion ratio, [QZA]J[Q”L, aaxxding to 

where the phase-ratio is the ratio of solid phase to mobile phase in the cohmn 
expressed in g/I. Combination with eqn. I gives 

&A=+. &&Z-L CAL (31 
m 

The stationary phase has a limiti adsorption capacity whkb is cfmaraM by 
K@ CLcGxdkg to 

6 = IA], i- IQ=fs (4) 
A cxxnbination of eqns. L-4 gives 

-Ifac&Smic !Species Bf , e.g. one of the alkylasnmonium additives, is present in 
the ehe~~t it may also be disedbutcd to the stationary phase as ion-pair with Z- : 



w&h indicates ‘now the capacity ratio is in.Buenced by t&e presence in the mobile 
p&a?& of IS+, which competes with the sam$e for the adsorption sites_ 

Peak ta.Szg e&&s_ The competing effkct of ED+ on the distriiutioxx of the 
sample to the adsorption sites can be used to decRase sample peak tailing becailse it 
decaases the infllzence of the sample concentration in t&e dellominatok of eqn, 7. 
This eEect was demons&a&xl on the diEerent sotid phases {see Fig. 3 a&d Table IV). 
However, there are several indications tbat the tailing observed is not due to retention 
on a homogeneous stationary @ase with one single type of adsorption sites, as is 
zsmmed in eqn. 7. Fig. 6 shows the influence on the retention (on LiChrosorb E&‘-g) 
of increzsing the concentration of DhEA in the mobile phase. In the region where 
the catiotic soiutes tail (cf- Fig. 3) tbeii retention decnzzzs npidly with kreasing 
concentration of DMEA, but at the higher concentrations the retention leveIs off 
and does not seem to approach zero as would be ffie case ifeqn. 7 were valid. 

Eg_6_E$Fixt of the cuzzn&&on of DMEA on reted- Cadiihs as in F.i.i 3. !San@ks: 
n, ~rupranoroI(?.o9 x lo4 M-J; othera& as in Fi 3. 

Further, it can he shown that the SampIe concentration applied to the 
LiCbrosorb W-8 column (Table III) is probabiy too low to cause sample over- 
loading of a homogeneous stationary phase. This argumat is based on the fqkving _ discussion- The sample co~lcentmtion in the mobile phase, [Q_+ &, that daases noticzxbfe 
peak asymmetry may be defked as tbat which gives a decrease of the capacity ratio 
of 10% fiorn its value, ks”, at i&.niteXy low sample conowtratiorr (c/- eqn, 5)% i-e_ a 
decrease of the distributiofi rat& by t& same extent (see e+ -21, By combination of 
eqns. 2,3 and 4 l &e correqponding sample WnGenttation in the statiozxaxy p&se, 
IQ=lG~*givenby _ . . . 



@iIe the sample concentration in the mobile phase is givea by 

A~mof~+~~the~@~~~~osorb- 
W-8 (Table m) was made using a K,, value of6- 10LSmoks[g, wbieh was found for 
&e adsorptioti of t~butyknrnonium on EiChrosorb RP-P. The observed peak 
six&m&n k’ viihe of IQ was used, as kb” could not be measured, and thus only an 
apprckimate value for IQ+]_ of 4- IO-( iW was obtained. The initial sample concezx- 
tratioa. is even lower f&an &is, which means that peak taiig 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 ciisturbiig sites give relativeiy high equilibrium constants. . 

Two-sire adsorption tnodd Even the result obtained on PBondapak C18, on 
which the cationic samples gave symmetricai peaks @‘able r]iI), indicates that the 
stationary phase has a heterogeneous composition. The retention of ammonium 
compounds and an uncharged acid was studied as a faction of the concentration of 
an alkyiammonium additive (DMOA) in the mobile phase. These results are presented 
in Fig. 7. As in Fig. 6 the retention of the cationic solutes decreaxs with increasiag 
concentration of DMOA and seems to level off at the bigher concentrations, whereas 
the weak acid amobarbital (PK, w 8) shows a very small decrease. This indkatcs 
that there may be two kinds of retaining phases (adsorption sites), one on which 
amobarbitai is predominantly retained and on which DMOA has an almost insignif- 
icant competing e&et, and a second on which DMQA competes with the c&ionic 
samples. These Lfay be retained on the Grst type of site as well. 

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

k’ 



For each catiotic solute the value of a was fitted to give a straight Em for a plot of the 
IefShand side wmts @+ J. After a~ initial visual test of Iimarity, ffie 6t that gave the 
sms&st residual &vi&ion in z+ least squares regrssim was chosen, and Fig. 8 shows 
some examples cf such plots. As can be seen the linearity was gmd. From each fine 
the ah~es of K&&?fm, k&,. ~K&ZY~andK&~--d,wenz cahxk&d from 



the dope and the irltercept and the redts a$e summarid in Table V. The v&e of 
J&&@-L, which cmtaks the! equilibrium constant for the adsorption of DMOA, 
and thus is obtained from the chromatograpbic retention of different samples, sbaws 
excellent constancy which supports the validity of the retention made1 (eqn. IO). 
k?rew results which indicate a substantiai adsorption of I)MOA on the solid 
phases used in this study are in line with this model, but should be extended to the 
independent determimi tion afK& [Z-L from the axisorptian isotherm of DM(DA ta 
can&m the validity of the model. 

TABLE V 

EVALUATION OF RETENTION OF ~PROMUM COMPOUNDS 
CundS~us as in Fs 7’. 

Jaf&f.z-1,-I@ 
2.07 
1.91 
I.15 
209 
24l 
237 
1.41 
0.89 

kc2 -- .‘A, 

1.40 
129 
0.78 
I.41 
1.63 
1.47 
0.95 
0.60 

4.98 
4_59 
4.38 
6.16 
6.42 
592 
5.60 
1.94 

K&[Z-J_ 

127 
126 
118 
121 
IW 
126 
122 
131 

l w. = 1.0 g. 
-- -ted for v, = 1.48. IO-’ I_ 

On bath types of site the s&ctiviQ far separation of a tertiary ammonium 
compound from its N-demethylatian praduct (secondary ammonium compound) is 
rather low and of the same magnitude, This is illustrated in Fig_ 9, where the c&u- 
Iated capacity ratias on the two sites are plotted far some of the compounds studied. 
From the logarithmic representatian the difken~ in sekctivity between the twa 
sites can be easily observed. The mast remark&k difkxmce is seen far the quaternary 
ammonium compound relative to the secandaq and tertiary ascmonium compounds. 
This might indicate that one of the sites has hydrogen-accepting properties as the 
possibility of hydrogen banding is the main difference between the differently sub- 
stituted ammonium compaunds. 

_ The reason for the heterogeneity of the stationary p&se may be the presence 
of residual sibno groups. It is well known that diEerent ways of preparing all+ 
banded phases, e.g. by using mono-, di- or trichlarasiianes and having different 
siliti gels as starting material, can lead to unequal degrees of casting of the szlanol 
groups and that there Q& always be 8 certain amount of residual silanol groi.q~‘~. 
Depenaing on the SiIanizrttion reagent ami the reaction amiitions they will be more 
or kss accessible far salute interactiorP-**_ The tail-reducing &kct of the different 
akylammonium additives discussed above, among wbicb it was found that bulky 
dexivatives were less effeCave, imiieate that s&k effects are impostant for the inter- 
action wit.6 t&e disturbing sites_ 

Reguimion of&e retention bs; fk coMteT_ion (&on&&J _ The ion-pair retention 
model assumes that the retention of the cationic solutes can be regulated by can- 



trolling the concentration of the counter-ion in t&c mobile phase. ln the previolis 
discussion this variable was not studied because the counter-ion, dibydrom phos- 
@ate, was held at constant concentration. The intluence of the comter-ion w&s, 
however, briefly studied using bromide (added as sodium bromide to the phosphate 
b&ix) and with LiCbmsorb RP-8 as the solid phase. The results are shown in Fig. 10. 
DMOA was added to reduce tailing. 

log k: normdircd 



~EblSew3hthemo&2~thereka.stmstead;f~crease although with b slightly d 
ot3.he retentGon sOhe catibns, 

e&a&g slope. The tmchar~~ compound k &mast un- 
&f&e& -This i&k&es that the phase an wbicb the sampie bromide ion-pairs ate 
&ed may b%kly.siigbtly i&uenced by a competing adsorption of DMOA-Er 
ion-p&s (cf. eqn. IO). 

The prxtical value of using bromide to regulate the capacity ratio of the 
eations is limit&d owing to the low slopes of the cures. This is in contrast to a parti- 
tion chromzieagrapbia system using a bulk liquid, pentanol, as the st&ow peas? 
where a much higher change in retention was obt&ned far the same substances and 
With bromide as count&an. Use of more hydraphobic, organic, anions as counter- 
ions in the present system will prababIy be mare useful. 

Separation selectivity; egect of the type of ammonium a&We and solid phase 
The segsration selectivi~ on LiChrosorb RP-8, obtained after addition of the 

different atkylammonium ~mporrnds to the elueat (to avoid tailing), wzs studied far 
the substances desipramine, imipramine and N-metbylimipramine. which have 
diEezent 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 opacity ratios 
QOrm&zed to fog k’ = 1 for imipramine. Nonnaiizztion rendered the comparison 
between the diixexit phase systems easier, as the degree of retention was very 
diGkent_ 
._ 

-_, Only minor differences in sepzxation factor occur between the secondary and 
the tert@y ammonium campounds, but the separation factor for the quatemaxy 
relative to.the others ckges notably. The highest separation factor is abta.isxd 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-metbylimi- 
p&e is found to be Q_25 in the DMO_4 system. A very similzx value, 0.26, wips 



obtained when these substances were EC%CXXI on the DMOA-independent sites on 

E.rBondapak Ga (= the 1% &.,, valuesin Fig. 9) with the same mobi@ phase. This 
indicates &at the stztionasy phase that re*‘rstins the samptes on LiCbrosorb RP-g &er 
t&e addition of DMOA may have the same properties as the DMOA-independent 
sites on @!zo&a@ C,, 

The separation ~kctivity on some different solid phases for the same sub- 
stvlces as in Fig_ 11 is pxsented in Fig. 12 in the form of log k’ ~&ES_ 0.05 B# DMOA 
was present in the eluent to ensuse symmetrical-peaks. On all solid-phases exa2pt 
Spherisosb ODS the szkctivities are very similar. The latter solid phase obviously 
has very di&rent properties from the otherj, as the retention order is completeiy 
l-&2%&. 

ACKNOWLEDGEMENTS 

This work was supported by the Swedish Natural Science Research Council. 
We are grateful to Professor Giiran Schill for critical reading of the manusctipt, and 
to K.rim Davkkdottk for technical assistance, 

REFERENcEs . 

1 G.Sdxill and K.-G. Wahlund, in Trace orgmic Ancrlysis: A rww Frarzfier in Anaiyhd Cim&ry, 
Prw~s of 2he 9th hfntaiaLt Researck se ApraY IO-13, 1978, Gai&ers&urg, Md, 
National Bureau of Standards, Washington, Speciai Publication 519.1979, p_ 509. 

2 K. &_ Wahhnd and A sdco_baski, II CZhr-w., 151 (1978) 299. 
3 I. b& Jolxaisun, K, -G. Wahhrnd and G. S&ill, I. C&omaqr., 149 (1978) 281. 
4F_B_P_vanderhiaedcn,P_T_vaaRtnr,F_kBIlytenhrrysandEBuunnan. x chronsatogr, 

142 (1977) 715. 
5 J_ C. Knak and P. Bijster, J. Ckmmcogr., 143 (1977) 499. . 
6 J_ Knax and A. l’zyde, I, C~omegr.; 112 (1975) 171. 
7 EL F. PraeJss. I-L J. Lohmann and D. G. Miks, C&z_ Ckm., 24 (1978) l!M8_ 
8 P_ 3. Twitdxtt and A_ c, Moffat, J. Chronrumgr., I1 l<f97.5) 149 
9 R R. Brodk, L. F. Cbsscaud and D. R. Hawkins, 1. Ciwomatogr., 143 (1977) 535. 

10 R N_ Xckc B. B. W-xx and G. A_ AIIesq Org_ S..., 25 (1943) 89. 
11 P_ -0. J&est&n and A_ Theodorsen, Acta Phmm. &e&a, 12 (1975) 425). 
12 K. O_ Borg, &to Pi&m. Suecica, 6 (1%9) 425. 
13 R E Majors Anal. Ciienr, 44 (1972) 1722. 
14 A_ TiIly-Me&n, Y_ Azikw K, -G. Wahhmd and G. S&II, Am& Chem., X(1979) 976. 
15 P_ Roumcliotis and K. K. Uugcr, J_ Chrormmgr_, 149 (1978) 211. 
16 N_Taoaka,ELGood& and B. L. Kngcr, I_ Chromarogr_, 158 (1978) 233_ 
17 G. E Berenb and L_ de Gw 1. Liquid Chomur~., 1(1978) 403. 
1:: G_ E Berezdsen and L, de G&n, J. A&id Ckromamgr., l(1978) 561. 


