
SUMMARY 

Ion-pair chromato~2phy offers attractive possibilities in pharmaceutical 
z~~&si~. The specificity of the separation ~pist~~~ CZII be W&C? OVZ~ a wide range by 
zppropri2te selection of the stationary phazc ‘Be choice of 2 suitable counter-ion can 
also dr2sticxlIy improve the detection !imit, permitting the determination of drug 
subsfinces in Iow dosage 2nd possibly of by-products or breakdo%<- products. fon- 
pair chromato_erapby of tropane 2nd ergot alkaloids has been investigated using 
picr2te as counter-ion. Alumina, Kieselguhr 2nd various _mdes of silica gel have 
been tested 2s supports. PartiEion properties studied in a b2tch procedure has-e been 
compared with -the actual chromztograpbic conditions. Columns (IO cm) fiEled with 
silica gef @article site, 5pm; pore size, 1000 A) show the best performance in the 
separation of hybscyamine, scopofamine 2nd ergo&nine 2s picrate ion-pairs. C&e 
wntrol of@ 2nd temperature is essential for reproducibIe separations. Improvements 
in detectioa limits between 100 2nd 300 times have been observed with these systems. 
Ion-pair extractions of these alkaloids from dosage forms can be used for sample 
preparation prior to injection OR to the column. This provides an added degree of 
s&cGvity 2nd sensitivity. 

The b&t detectors currently 2v2ilabfe in high-pressure liquid chromatography 
PLCj -2re spec~ruphoEometric and also spectrofftroriietric and it seems Iogical 
.refore to solve the current detection problems at least partially by ultr2vio:et (Vu; 
i fluorescence derivatization methods. Recent activities show indeed the increased 
=R% in such an approach L.2. Another import2nt argument for derivatization is the 
:cificity of detection. This is 2n import2nt factor for analysis in 2 complex matrix 
% 2s polluted w2~eer SourCeSI biolo$caf materials or compficated pharmaceutical 
mufations where marry interfering substances are encormtered. By using spxific 
semispe&ie 12belhg re2gents, derivatization caz~ be e_+oyed 2~ 2 clean-up step. 

: 

* ~o~Wh0m correqondence should be addmd. 



An&her technique is io~l-ptir separation which can be classified ;LS a case of 

pre<oiEmn deriv~tizatian. Et is w2B known fram z number of prrblic8ians4 that, fOr 
exzmpfe, basic organic ma!ec&s cw be extracted as ion-@rs with acidic dyes such 
i3s bromorhymal Hue, methyl or2nge, pie& acid, etc. The distributiac equilibrium 

constant of ion-pair QX, BOX5 is determined by the extraction cansta~ I&* ar,d 

tke concentration of t’ne couni2r-ion, IX-]. 

4s = -f%x B-1 Ui 

Eos on the other hand is defined by afie ratio of the concentration of the ion-pair 

complex extract2d into the aFganic p_l~r E-se to “Jre cancentmtians, [Q-f and p-1, of the 
ions remainiq in the aqueoczs phase; it is ezsify determined from batch experiments. 

%x = EQXlorJEQ’l.~. i3-la 

it is clear that the exwaction properties can be modified considerably by variation of 
tire conentiatian of the counter-ion [X-f or of the pH which in trtm determinec th2 

concentration of the pratanated spsies, [Q?]. Naturally the paluity cf the organic 

phase &a plays an impofiant iak. The tfieoretkd bases for ion-pair chramztagr8phy 

has been discrrss2d in detail by Eksbarg and Schii15 and is briefly mentioned her2 to 
aid interpret&ion of our data. 

The sta;ianary phase consists of the butFer2d aqueous phase co&king the 
counter-ion X-. The compounds to be separated are injected 2s ion-p&s an ths 
column c‘pre-column derivatizatian” ). Based on the previously discussed variation 
passi5ihies, we cm flaw sefect appropriate separation cariditions. Assuming that the 
majc_ mecbznism is fiqrrid-Iiquid distribution and that other phenomena such as 
zdsarptian can be kgiected, the capacity factor, k’, can be defined as in eqn. 3 where 
I’, is the volume of the stationary phase and V/rr, is the volume of the mobze phase. 

k’ = VJ v, EQ, ix- ] 

The chramztagsaphic behaviaur caufd therefore be predicted under ideal conditions 



, _IGK SPEED fON-Pc4FR PARTTTION CL~ROMATOGL~PH~ a5 

:~ xchlorare and tetrab~tyhmtonium were used. There the specificity of separation 
, : the systems was of primary interest. The specificity of the picrate system is also of 

c purse ackir&igoU~ and is desirable in connection with the ergot aIkaIoitis studied 
_ 16 present in the same pharmaceutical products. The ion-pair extraction step, whkh 

lould permit isokitiori of&e various active principIes from the interfering substances, 
. :ds also to the specificity aspect. 

1. .WERJ_MENT~4L 

Alf reagents and the solvent were of analytical grade (E. Merck, Darmstadt, 
G.F.R.) and were used without further purification. The stationary phase consisted 
of the appropriate amount of picric acid dissolved in a citrate bu!Zer (Titrisol: E. 
&$erck). The pH of these sofutions was checked and if necessary adjusted with 5 Xf 
N&h’. 

ii Model IOf0 A (Hewlett-Packard) Eiquid chromatograph was used. The iow- 
pressure columns (Silica gel 60, size A; E. Merck) were loaded with the stationary 
phase by means of a peristaftic pump (Watson-Mariow, Model MHRE 22)_ Loading 
of the high-pressure columns (IO x 0.3 cm 1-D.) was carried out with another pump 
(tewa, Model FL I). A sin&-waxlength UY detector (DtlPont, Mod-_! S42) was 
used at 2% nm. Samples were injected via a septum with 10-,~Z Hamilton syringes. 

The silica gel columns were packed with an equal-density shxry-packing pro- 
cedure described earlie?. For other adsorbents a new slurp-packing technique’i was 
appiied. After packing, chloroform (twice the dead volume) was pumped through the 
column. The cotumas were then heated at ESO” for 2 h and simultaneously flushed 
with a gentie stream of nitrogen. Sitanized siiica gel columns were treated at 120’. The 
columns (usuatly 10 cm tong) were treated with ccr. 10 mt of the stationary phase at 
a flow-rate of 0.2 ml/m& folowed by a Rushing step with 20-40 ml of hexane. For 
equilibration, an efuent flow-rate of 0.2 ~ff~in WBS used. 

The samples were injected on to the column as ion-pairs. The scopolamine and 
i-. :oscyamine ion-pairs were formed In 5 ME of ba’?Cer solution (PH 5 or 6) to which 
r oric acid sofution (m mg of picric acid in 5 ml of buKer) had been added. The ion- 
5 .irs were extracted with 5 ml of chIoroform. Ergotamine, which is poorly soluble in 
t 2 buffer, was dissolved in chloroform and shaken with the picric acid solution for 
1 1. The organic phase was then injected. 

AH the experiments were carried out in an air-conditioned iaboratory. The 
c iumns were insulated from air currents and were sometimes thermostatted. 

-: 

PreIiminary investigations showed that hyoscyamine and scopolamine can be 
e tracted quantitatively as ion-pairs from a weakly acidic solution CpH 5) of picric 
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-Variation of the k’ values in order to optimize the separation of these compo- 
nents was attempted by adjustiing tile t5mxntration of picric acid, B-f. and the pK. 
The resufts are S~OWKI in Table E and can simply be explained in terms of eqr~ 3. 
Increasing B-1 resubd as expected in a decr2are in k’. An increase in pE r2suBs in 

a lower concentration of protonated alkaloid, [Q+& and hence in a lower rate of ion- 
pair formation, [QXf- This produces a decrease in Eox whichin turn yields a higher 
k’ value. By increasing the polarity of the mobile phase, one can increase E,, and 
hence reduce k’. This was demonstrated by other workers5 for the separation of 
quarternary ammonium ions as picrates where small amounts of pentanol were added 
to the cfiloroform or methylene &oride. The modScation possibilities via polarity 
variations are, however, limited due to an increa se in the solubihty of picric acid in 
the mobile phase which rest& in background detection probIems. 

With suitable optimizations of this system it was eventual@ possible to separate 
afl the components sho%n in Fig. I (see Fi g 2). The smaller peak, Za, in Fig. 2 was 
identified as the picrate ion-pair of ergotamfnine meight equivalent to a theoretical 
plate (HER) of hyoscyaminer 0.32 mm]. En general, the use of these Merck columns 
offers a few-cost procedure for ion-pair chromatography. However, with the specific 
pkcrate s@em used in this study, the column material was not sufhciently inert to 
ensure fang-term usage. 

Sikz gei &are size, 60 A). For efficiency and reasons expIained in the previous 
section, it was decided to continue investigations with high-pressure systems. Columns 
of silica gel SI 60 (particle size, IO pm; E. Merck) were tried first since they were at 
that t&e the most widely used materials in our Iaboratories. A separation under other- 
wise identiw! conditions was basically possibfe bat the columns were unusabfe after 
a few separations since the compounds were completely retained. En this experiment, 



coltrmns (Z5cmIang) with 2Iinearyekxl~~of f cqkecwere used. As we show later, 

this can be attributed to mechaticd instability ofthe sptem whiclz was qrsite appre- 

ci2bEe at e fhw-rzte of 0.4 cm,!sec for IO-cm chnns packed with silica geel @ore 

size, K&A). With the Eow-pressure Merck co!nrnns this pmbkm WIS fess obvious 
since 2 velocity of 43.1 cn;/sec was med. ReIoading of the sme colmm was difficult 

2nd the use of a ~rz.-coIumn for better moblie-phase saturation did net solve the 

probfem. 

i 
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Fig. 5. Gzph of k’ against time ofcoIumn usage with Kieselg&r as the suppcrr. Q = Scopofanine, 
5 = ergo&mine and A = hyoscyamine. Mobile phase as in Fig. I; flow-rate, 0.8 ml/tin. Columsz 
length zs fir Fig. 3. 

S8a&& si&ca gel. This slrpport was studied as an alternative material with 
low adsorption stren_@h. The stability of the system seemed to be Father poor as can 
be seeE from Fig. 3. The first separation followed the same order observed on the 
other high-pressure systems, but then the a values (l~‘,+Jk’,~ where IZ = peak number) 

changed drastically due to a loss of stationary phase. Other separation phenomena 
such as a reversed-phase effect may become dominant. 

AIrrmirrisrTPI oxide. Merckosorb AIox T (partide size, IUpm) was also investi- 
gated. The separation ofhyoscyamine and scopoiamine is shown in Fig. 4. Ergotamine 
and_ scopolamine weFe separated at first, but after 5 h no further separation cccurred. 
The strong tailing seen OIL the chromarogram can be attributed to interference from 
strong adsorption. The s+abiIity of the system seemed to be good, but after 05 h the 
sekxtiuity was completely lost. AH these disadvantages render alumina quite unstlit- 
abie as a srrpport for this system. 

K2seigufrr. Better results were obtained with Kieselguhr (Spherosil XOB; 
particle size .5--10~m) as a support. After an initial period in which the k’ values 

TABLE rr 
‘c’ VALUES OBTAINED ON HfGH-PRESURE COLL’MNS OF KlESELGUHTc A?! A FUNC- 
710X OF pH AND PLCRK ACID CONCEMTRATfON 

The ellrent was chIoroFor~~~. 
___ ~__.___--.- .- 

3afiumzy p?a.re k’ 
_. 

?K Picrfc acid Kyosc_yamine Scapoiaminz Ergotamirre 

concentration 

(W - 

--- .; 0.03 5 t9.2 19.2. 
0.05 2.2 7.4 9.9 
0.05 7.6 19.4 23.8 

-- 
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Merck iilica gei SI-IO0 except that the cohm~ns were loaded with 0.06 M picric acid 
soh~5~~ Arr average particle size of 5 PM was used to improve the plate height of the 
~+aratio~ System. A typkcd separation of hyoscyamine, ergotamine and scopolamine 
in the-same order of separation is shown in Fig. 7. The k’ values were initiatlf Icw~~ 
than for Kieselguhr (Fx,. ‘u 8) but hi_&er than for the Merck %W-~K~SSLICZ” columns. 
The component gsed :‘or the determination of r, was dodecylbenzeize. 



P 

/ 

--- ----___ I 
J--+ 

A 
i3- ---_____ ~___L_ 

z / 
f’ ------------ 1 



?SIGH SPEED ION-PAIR PAR-ZTKDN CHROtiATOGRAPHY 433 

a 

2 

t L&_&_ ----- ---_-_---_-_---# I A’ & 

I 

Fig. 9. Graph of a agzinst time of co!umn usage for scapoIamine~rgotamine (ei) and ergotamine- 
kyoscyamine (D). Conditions zs ti Fig.& 

conclitions tu Sf ICEI. The k’ values were considerably smaller (<I) as can be seen 
~KXII Fig. HJ. This is tu be expect& due to the signiEc2ntiy smalfer surface 2~2 of 

SE loocl(SE K@,XB; SE IWO, 15 mz/gJ wl~ich results inasmallerv2Eueof V,(seealso 

eqrt.3f.~sfactpermitsseparationsatfo~~erAo~-ratesof0.2 ml/min wit,fiinacouple 

Fig. iO_ Gr-iipk k’ 2g2hst time of cokimn usage with Merckosork SE 1000 @ticIe size, IOpm~ 2s 

support. Mobile phase as in Fig. 7: flow-rate, O.- 3 mi!min (l< = 0.05 cm~sec). Column lengtk and al- 

ka!o?di as in Fig_ 3. 



egp! vi’. s_an, 3. M, KWZM, Ri wx=l?ti 

of z&nutes withalrt less of ‘time and reduces the mechanical s&e&. An additiona 
ar.p.meEt to tke improved stabiii~y is a better retentiori of the sfationsq phase iri the 
!arger pores. Cofmms of 50th SI It33 and Sf loc0 can be recuperated by washing 
wixk e&ago& drying in a stxezm of nitrogen at ca. IPfs’ ami re!oa&ng MICIOO ml 
of tlze pi&c acid soiution. 

The aim of this research was to develop a sensitive and selec@ve method for 
‘Je determination ofpkarmaceutical products. Fi g_ I I shows the ckromatogram af an 
urp3ale solrr~on. IO nil of&e .zmporrIe solution were treated wit& IO mt of a 0.05 M 
picric acid sotulion bufFered to pK 6 ar;d the ion-pairs were extracted v&h chloro- 
form. 2 pg of &is e&-act were inject& on to the cohmn. The seIe&ivity of the system 
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permits a baseiine separation within a few mkutes orf a column of fO cm length and 

the sensitivi& aLlows a quantitative determination of scopolamine present in a0 excess 
of hyoscyamine. Using external standardkztion, the analytical results ob’kned for 
this sample were 9p.7 % of h_voscytine and 6.8 T/d of scopolamine, a totat of 97.5 % 
of the drug substance present. 

En a second exampk (Fig. 12) a drug mixture correspoodln,o to an actual tablet 
formulatiotl was analyzed. Phenobarbital does not form a~1 ion-pair but can be 
extracted with chloroform under analogous conditions. Here the speciEcity of the 
system pertits the analysis of a drug mkturz in one run within a few minutes. The 
small shoulder on the phenobarbital peak probably stems from ergotamkine and 
&oirfd b$ resolved further with optimization of the separation process. The irrterfer- 
ence of the phen&&rbitaI couId also be suppressed by detecting the ion-pairs at the 
waveler@hs of348 (hyoscyamine) and 402 nm (scopolamine) instead of using a sic&e- 
wavelen@ detector at 254 nm. 



CONCLUSIONS 

FFO~ tie e~periente gatied tieI the ~OIZ-~ZGF-S~S~~RIS we condude that this 
2pproack offers ~eve~2l ad~3t~gts: if is ~0mpiememq to true pre=olumn kiwi- 
z&ion, in _g~~es W~~CX rezxctive Z&S far s~bstitdxi are lacking but v.kerz Lewis-acid 
or -base activity is apparent; the possibility of arkfact formation is smd; the sekctk 
extraction procedure via ion-pairs serves as a precleari-up step and enkxes selee- 
tivity; t&e detection CSI be improved by choosing counter-ions which possess suktbfe 
cbromophtxtes or Suorophores; the system caz be made ta fit the ~MxI~ separation 
prbbrem; and finally the technique is non-destructive and coufd be used for prepaa- 
t&e ptifposesS for example, io order TV carry out struct~e~elucldations. 

Specikally, with regard to the picrate system, siIic2 gel @ore size, 1000 A) fs 
best suited and sticientEy stable for routine applications in quality-control analysis. 
With the lower k’ vakesz separations of gr zater sensitivity (narrower peaks) can be 
made in a shorter time using lov Gow-rates. Working with small particle sizes en- 
hances the separrrtiorr efiieiency wiEhout causing too large a decrease in pressure. The 
possibility of using short co!umns of i&ES cm Iength also permits work with lower 
ffow-rates and minimizes the prob1em.s of decreases in pressure so that automated 
septum injection cam be em&oyed. The feasibility for re-conditioning such columns 
makes this method also attractive in cost. 

The choice of the acid reagect used En the formation of the ion-pairs offers 

many possibilities. F_rekkxy tests with the same $ype of afkdoids using, for ex- 
ample, trir~ErobenzenesEE!piLlonic acid have shown mz.& promise. A comparkon of 
chromata~~Phicd$ measured k’ vzduss with data obtzkxxi from bat& exp&menrs 
(S&k COX!itiOnS) aCcording to egns. 2 and 3 is currently being made with selected 
systems. 


