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SUMMARY 

High-performance ion-pair partition chromatography is shown to be a 
versatile, efficient method for separating sulfonamides. For a group of fourteen sulfa 
drugs varying widely in pK, and hydrophobic&y, the effect of mobile phase com- 
position, counterion composition, pH, and ionic strength on their ion-pair partition 
chromatographic separation usin, = tetrabutylammonium as the counterion and n- 
butanol-n-heptane as the mobile phase is shown. Wide variation in k’ and Q is possible 
by changing these parameters. Silica columns coated with buffered aqueous solutions 

-of tetmbutylammonium sulfate resulted in efficiencies of 4OOU-6ooO theoretical plates 
per 25 cm. These columns are stable for long periods of time, and can be stripped 
and m-used in the adsorption mode with little or no loss in efficiency_ Several chro- 
matograms are presented in order to illustrate the performance of ion-pair partition 
chromato_&phy. 

INTRODUCTION 

Ii previous papers. Is2 the potential of high-performance ion-pair partition 
chromatogaphy for the separation of ionizable organic compounds has been demon- 
strated: The. resolution of closely related. solutes was achieved by the combination 
of -the. inherent high selectivity of the ion-pair partition process, coupied with the 
high ethciency of modern liquid chromatographic coiumns. The work has drawn 
much from the extensive literature on ion-pair extraction (see, e.g., ref. 3). Ion-pair 
partition chromatography using a variety of column packings has been applied 
successfully by other researchers as well, using both norma14-7 and’reversed-phases*g 
sysiiqns. IA related technique using liquid ion exchangers in the stationary phase has 
aiso been .&iiized~Jo,’ 

-:In order to illus.trate further the potential of the method, this paper will present 
a. fundamental study:of the parameters influencing retention and selectivity in the 

_ h&h-performance ion+& $utition chromatography of a related series of sulfon- 
-. 
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am&s.- .The compounds studied are listed in--Table. I. All. have a common acidic 
:N-H linkage adja&t to the sulfonyl group. Therefore, a basic pH and a cationic 
counterion. @etrabut$lammonium ion, TBA”) were u&d to carry out ion-pair parti- 
tion; It .should: be noted that these~&olecules differ -.wideIy -in the acid dissociation 
comtiti and the hydrophobicjty of-the organic side groups, and hence selectivity 
iti ion-pair partition sh.ould be particularly sensitive to chromatographic conditions. 

-Beyond their use as an interesting class of substances..for study; sulfa drugs 
represent an important analytical problem in terms of trace analysis in animal tissues 
(0.1 ppm) and milk (0.01 ppm) Ii_ Current standard methods for these compoundsxz, 
as well as a variety of modticatio_ns (see, e.g., r efs. 13-17) generally involve thin-layer 
or paper .chromatography followed by calorimetric detection using the Bratton- 
Marshall procedure-. In addition, both gas chromatography**-z0 and cohunn chroma- 
tographyZL have been proposed .as alternate separation methods. High-performance 
liquid chromatography (HPLC) offers advantages over these methods from the high 
seIectiviQ and efficiency that can be achieved within a single columns In addition, very 
low levels of sulfa drugs canbe conveniently detected by means of a UV detector (E 
at 254 nm CQ. I@). Several papers describing HPLC ion-exchange separations of 
suEonamid&s have recently appeared =e”, but the fine tuning possible with ion-pair 
partition HPLC as exemplified in this paper makes this method a good choice for 
this separation problem. 

THEORY 

If partition between the two phases is the only significant retention mechanism, 
then the capacity factor k’ will be given by 

k' =D~Vw/Vo (1) 

where D is the bulk liquid distribution ratio and VW and V,, are the volumes of aqueous 
(stationary) phase and organic (mobile) phase, respectively. The equilibria associated 
with ion-pair partition ares generally well understood (see, e.g., ref. 3). Before equi- 
librium expressions for D can be derived, several assumptions must be made, viz. 
-5 -(I) Only !:I ion pairs form. 

(2) The equilibrium concentration of ion pairs in the aqueous phase is- very 
IOF relative to that of free ions. 

(3) Only neutral species are partitioned into the organic phase. 
(4) Ion-pair formation with species other than the counterion is negligible. 
(5) Dissociation or dimerization of the ion pairs in the mobile phase is 

negli&Ie. ’ 
-(6) Liquid-liquid bulk equilibrium is the only significant chromatographic 

retention mechanism. 

compOsi~ib~ ~fphoses_ 
‘-The aqueous stationary phase used in this work consists of a buffered solution 

-of tetrabutyhhnntoninm bistiate (TBAHSO&Since the .pH of this phase is always 
greater t&n six, the predominant species present are TBA’ and SO_4z-. The organic 
mobile-phase consists of n-heptane containing various amounts of n-butanol (BuOH) I- 
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to increase the solubility of ion pairs in this phase. When these two phases are equi- 
librated, small amounts of water, TBAHSO,, H,SO,, and various ion-paired .buEet 
species will be transferred to the organic phase; and small amounts of BuOH and 
zz-heptane will be transferred to the aqueous phase. The extent of transfer was assessed 
in seveml ways- pH measurements before and after equilibration showed that .the 
pH of the stationary phase remained constant. In addition, gas chromatographic 
analysis of the two phases after equilibration was carried out. The aqueous phase was 
found to eon&in between 4 and 5 o? (w/w) BuOH and a negligible.amount of n-heptane 
under a wide range of conditions_ On the other hand, the amount of water extracted 
into the organic phase depended On the butanol concentration in that phkse, ranging 
from 1.5 % (w/w) with 25% (v/v) butanol to 5.0% (w/w) with 50% (v/v) butanol in 
heptane. in all cases the resulting composition changes in the major components of 
the two phases are small and for simplicity will be neglected as long as the phase 
ration are near 1 :l, which is the case for the chromatographic columnsused in this 
work. 

Su&mmide equilibria 
When a sulfonamide (HS) is added to the two-phase system, the predominant 

species present will be S- in the aqueous phase and the ion pair (TBA’, S-) in the 
orgaaic phase, and/or HS in both phases, depending on the pH of the stationary 
phase. As shown previously2, (TBA+, S-) will be “solvated” by the butanol to form 
(TBA+, S-) - nBuOH, where n was found to be the same for all sulfonamide ion pairs. 
It must be emphasized that n may not be a conventional solvation number, but may 
merely indicate the number of BuOH molecules associated with (TBA+, S-) in the 
phase. This point will be discussed further below. It is reasonable to expect that any 
HS present_ in the organic phase will also be “solvated” to form HS-mBuOH. The 
apparent solvation number of HS for each sulfonamide has not been determined 
(however, see discussion of Fig. 3). Nevertheless, we will include this form of HS in 
the expressions ‘below for completeness. 

The overall distribution constant for a sulfonamide between the two phases 
can thus be written as 

EHSfw i- Wlw 
D = [HS-P~BuOH], f [(TBA’, S-)-nBuOH], (2) 

In the aqueous phase, fHS], and [S-l, are related through the ionization constant &, 

(3) 

Also, equilibrium constants can-be written for the partition of (TBA+, S-) .and IkIS 

(TBA+, S-) -nBuOH e TBC + S, ) nBuOH 

K 

1 
=’ ITBA+fw W-1, P~0I-W 

[(IFA*, S-)-nBuQH], (4) 

KS-mBuOH * KS, + ?nBuOH 
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In gem&l, with TBA+ as a counterion for acids, ion-pair partition equilibrium 
constants are greater thank undissociated acid partition equilibrium constants. Thus, 
unless m < pt (which is unlikely), we would expect K1 > &_ Substituting from eqns. 
3,4 and 5 &d factoring out [S-l, gives 

Eqn. 6 relates D (and K) to a number of parameters which can be varied to control 
retention and selectivity. The equation can be simplified by considering two limiting 
cases, viz. 

(A) p& < pH of stationary phase. In this case the sulfonamide will be com- 
pletely dissociated in the stationary phase, and ion-pair partition will be the dominant 
retention~mechanism. Since fH+]_./& < i, 

D1 = UBA;, BuOH]” (6A) 

(B) p& >> pH of stationary phase. In this case the sulfonamide will be 
essentially undissociated in the stationary phase, and partition of HS will be the 
dominant retention mechanism. Since Ipl+],/K, >> 1, eqn. 5 will simplify to 

W3) 

Chromatographic apparatus 
A component liquid chromatograph system was used for ali experiments. This 

consisted of a Waters Associates M600 pump and U6K injector, a Laboratory Data 
Control 1206 V detector (254 run), and a Texas Instruments Redi-Riter strip chart 
recorder. In order to minimize stationary phase bleediug as well as baseline noise 
and drift, all components except the recorder were confined within an air bath box 
at a temperature of 27 f 0.5” (Z-3” above ambient). A 150-W light bulb served as 
the heating element, which was controlled by a Prince T-68lD relay and Haake 
mercury contact thermostat (-35 to f 105”). A continuously operating fan was used 
as an air circulator. It is estimated that the short-term temperature variation of the 
mobile and stationary phases in this system was held constant to f 0.2”. (More 
precise analysis would require a water-jacketed precolumn/column system.) 

Preparation and equilibration of phases 
Stationary phase. A known mass of TBARSO, and/or Na,SO, (to control 

io_mc strength) was added to 500 ml of a solution of NaH,PO, (pH 6.8 or 7.4) or 
H,BO, ($I 8.5 or 9.2) and the resulting solution titrated with 0.5 M NaOH until the 
desired pH (& 0.05 unit-as measured with a standard pH meter) was obtained. 
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ikfubiie jd’zak A precisely measured volume of BuOH w&s added to a %X-ml 
volumetric fiask and diluted to the mark with n-heptine. .-- - : 

Eqailib~ation. The mobile and stationary phases were mixeel in a 4-i flask- and 
stirred at 27” in the air bath for several hoursto ensure complete phase equilibration. 
The two phases were ailowed to separate, and Ihe aqueous layer.which contained an 
equilibrium concentration of the organic solvent was then used for column coating. 

Coc’umn preparation 
Home-made high-performance columns were employed in all the experiments. 

These consisted of Analabs l/&in. precision bore_ tubing (25 cm x 3.2 mm I.D.) with 
bored-out Swagelok end fittings and Altex 2-pm frits. The coiumn packing used was 
E. Merck LiChrospher SI-100 spherical silica (IO-pm diameter, 250 m’/g). The 
columns were packed using a balanced-density slurry technique” slightly different 
from that reported by MajorP. 

Column efficiency was first evaluated in the adsorption mode, using 1% 
isopropanol-n-heptane as a mobiie phase and bet-& aicohois as soiutes. In addition, 
the nonsorbed time (to) of an unretained solute (benzene) was carefully me&rued for 
use ultimately in obtaining the stationary phase per cent loading determinations. 

Coating and stripping procedures 
A direct injection techniquet6 was used to heavily load the columns. All coating 

was carried out at 27” in the air bath. The mobile phase reservoir used in this and 
subsequent steps contained both the aqueous and the organic phase, which were 
stirred gently to ensure continued equilibration. First the column was washed by 
pumping at least 50 ml of mobile phase through it. Then-three injections of 2.0 ml 
each of stationary phase were made at 5-min intervais with a flow-rate of 1.5 ml/tin. 
After excess stationary phase hsd completely eluted from the column (as indicated by 
the absence of an emulsion at the column outlet), the column was conditioned at 
2.5 ml/ruin in the recycle mode for at least 3 h. After conditioning the retention time 
of benzene was obtained at the same flow-rate as in the adsorption measurements. 
Per cent loading was determined from At, before and after coating end the known 
weight of the packing (0.67 & 0.01 g, determined by unpacking several columns and 
weighing the dried column packing). The loading of columns prepared in this manner 
was found to be 52 i_ 2% (w/w). 

For conversion back to the adsorption mode, the columns were successively 
washed with at least 50 ml each of water, methanol, methylene chloride, and n-hep- 
tane, and then re-equilibrated with I % isopropanol-n-heptane mobile phase. For 
recoating with aqueous stationary phase the columns were washed as above except 
that the n-heptane step was omitted, and the column was re-equilibrated with butanol- 
n-heptane mobile phase before recoating. 

Sraric determination of distribution ratios 
- The distribution ratios were determined in the manner previously reported’. 

A small quantity of solute was &solved in 1 ml of the aqueous phase and then- ex- 
tracted into 40 ml of organic phase. The absorbance of the.organic phase, which con- 
tained the solute (R,;,. = 270 &I), was meaSured using 8 C&y 118 spectrophoto- 
meter. A -known volume of this solution was then carefully shaken with a knoti 
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volume of the aqueous phase in a thermostatted bath, at 27”. The absorbance in the 
organic phase was again measured, and the distribution constant Calculated_ 

&njo&tiqn cf phases and pK, v&es 
-. In order to determine the water content in the mobile phase, the per cent 

of tiater, butanol ai& heptane for various mobile phases (after equilibration with 
given stationary phases) were measured. A gas chromatograph (Perk&Elmer F 11 
Gc) with. a “Jlermal conductivity detector and a Porapak Q c&unn, at 21 Y, were 
used. Per cent by weight was calculated from the peak area ratios using thermal con- 

ductivity correction factorszi. 

Chemicais 
The sources of the sulfa drugs have been previously listed2. Organic solvents 

were obtained from Burdick & Jackson (Muskegon, Mich., U.S.A.), and tetrabutyl- 
ammonium hydrogen sulfate from sigma (St. Louis, MO., USA.). Inorganic salts 
of analytical reagent grade were obtained from various sources. All chemicals were 
used without further purifitition. 

RESULTS AND DISCUSSION 

Chrokztographic perforvmnce 
Prior to coating with stationary phase, the columns used in this work had 

efficiencies ranging between 10,000 and 12,000 theoretical plates per 25 cm at the 
optimum velocity of ca. 0.08 cm/set with n-heptane as a mobile phase. After coating 
with stationary phase, the plate counts of the columns decreased; however, good 
efficiencies were stili achieved, as indicated in Fi g. 1. At reasonable velocities (CQ. 
0.1-0.2 cm/set) and k’ > 1 approximately 5000 theoretical plates are obtained for a 
25-cm column. Much of the decrease in efficiency relative to adsorption can be 

1 t I I I I J 
0 at 0.2 a3 0.4 

Line& velocity, un/sec 

Fig. i. H VS. l&e& velocity I for severd sdfommides. Mobile phase, 40% 
heptank statiomry phase, 0.1 M :TBAHSO, in 0.1 M borztz buffer, pH 8.4. 

(v/v) ri-butanol in n- 
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attributed to mobile phase vis&ity differences (Le., the ~viscosity of zr-heptane is 
CCL-~ 0.4 cP; the viscosity of n-heptane with 25 % &butanol is CCL 1.2 cP): Peak symmetry 
in ion-pair partition chromatography is also.very good, aS can be seen-from Figs: 5-7. 

The high ethciencies of these columns in the -adsorption mode. are not ‘signi- 
ficantly affected by their use for liquid-l&id chromatography. When the-stationary 
phase is stripped OE and the column x-evaluated for adsorption, the higlr e&iencie& 

are again found (Le., CQ. 10,000 plates per 25 cm). Thus, a given column can he used 
for both adsorption and ion-pair partition interchangeably. 

Stabi& and reproducibility 

To be useful for routine analysis, ion-pair partition columns must obviously 
’ be stable and reproducible. The effective lifetime of any liquid-liquid chromato- 
graphic column depends on many factors such as: per cent loading, mobile phase 
flow-rate, degree of miscibility of the phases, etc. With careful preparation and use, 
there was no significant change in the retention or efficiency characteristics for times 
greater than one month. (We have not studied in detail the long-term stability beyond 
this time period.) It should be emphasized that if and whencolumn pe-rformance has 
deteroriated beyond an acceptable limit, it is relatively simple to change to new mobile 
and stationary phases by stripping and recoating, as described in Experimental. The 
reproducibility of this procedure is very good, as can be seen.in Table II. A previously 
coated column was stripped and recoated three times, each time using new batches 
of mobile and stationary phase. It can be seen that k’ is reproduced within 2-4x, 
and cr within l-2%. 

TAB&E II 

REPRODUCIBILITY OF COLUMN CONDiTIONS 

Stationary phse. 0.1 M TBAHSOI in 0.1 M borate buffer, pH 8.4. Mobile phase, 25 % WV) n- 
bgtanol in n-heptane. 

-- 1_. 
Sdfonamide k’ after rewating’ 

tt a 6 (%I *** 
nro. 

Experiment Erperiment fiperitnen* 
No. I No. 2 No. 3 

1 0.60 0.69 0.80 0.22 13 
2and8* 2.03 2.0s 2.08 0.65 3 
3 3.22 3.19 3.10 1m - 
6 3.38 3.43 3.35 1.07 2 

I1 3.77 3.95 3.80 1.21 3 
6.18 6.10 5.93 1.91 2 

1; 7.79 7.74 7.33 2.41 1 :. 
IO 10.8 10.6 10;1 3.31 P 
13 13.5 14.2 -14.1. 4.26 4 
9 18.6 18.1 17.1 5.66 2 
7 41.0 39.6 37.4 124 2 
4 48.8 46.4 44.3 14.6-2 ‘._ 

14 73.5 71.8 66.3 22.2 ..2. 

*Seetextford&. 
** Average for the three experiments_ 

l ** ReMi% standard deviation of o (estimated~as 1.25. X ave&& de’viati&).. 
* NOS. 2 and S are eluted tog&g? under these amditions. 
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-.Sroric tie&q chromamgr&phic a?+ribat& ratios 
-. 1 Tf tiqtid4qtid partition -is he only retention mechanism, t&en statically 

~meas~ed~.distribu&n ratios should agree with. those obtained chromatographically. 
Since :y;/V, is difficult to measure .pkisely, it 3s better to compare relative values 
of D and-k’. Given in Table IlX are static and chro_matographic relative constants for 
severaJ sulfonzknides at two .diSerent pH values. The agreement between the.two sets 
of constants is quite good, ~nsidering the 3 2% reproducibiity of the k’ values and 
the difiiculty of obtaining the higher D v&es due to the low measured concentrations 
involved..Therefore, we can conclude that in this system the only retention mechanism 
is bulk partition, in agreement with our previo-us work2. 

TABLE IIL 

c&~~rusoN 0~ STATIC AM) CHRO~~ATO~RAPHIC DISTRIBUTION RATIOS 
Oqgnic ph;?se, 2504 (v/v) IZ-butanol in n-beptme; aqueous phase. 0-l M TBA+ in 0.1 M buffer at 
the pH specikd. 

Soiure Relative D irarrces 

pH 7.4 pH8.4 

Static Chrom. Stark Chrom. 

Sulfacbioropyridazine 1.00 1.00 
Sulfadhxiethoxine 1.49 1.68 
Sulfamethazine 2.84 2.98 
Sulfamerazine 5.50 5.45 
Sulfapyridine 6.39 6.27 
Stianilamide 23.7 21.9 

l_clO 1.00 
1.76 1.82 
2.38 2.31 
5.95 5.5j 
3.98 3.98 

19.8 21.6 

Sturdy of chemical variables :preseme or absence of TBA+ counterion 
In the presence of TBA’, D can be written in terms of eqn. 6. Pn the absence 

of TBA’, for sulfonamides whose p& -=x pH of the stationary phase, k’ is expected 
to be quite large. On the other hand, k’ for undissociated sulfonamides should be 
the same at a given pH whether or not TBAf is present. Evidence supporting these 
concbrsions is given in TabIe IV. It can be seen that for stionamides whose pK, is 

TABLE N 

CiXHPARISON OF RETENTION WITH AND WFIXOUT COUNTERION IN THE STA- 
TiONARY PHASE 

Solute p& K dies* 

km?mzt w&h - 
wuriieribt? wunterbm*** 

,Sulfisoxazole 4.9 >loo 2.86 
- SuLfacharopyri~e 6.1 >lOO 3.07 

Sulfamethoxypyiid 7.2 80 
Sulfamethazine 7.6 37 ZI: 
Suifapyridhie 8.4 20 9.30 
sulfanilami&- 10-4. 45 74.2 

l I+iob& phase. 25% (v/v) rr-butanal irx n-hept%s~. 
*? Statim&y phase, 0.1~ M NagSOh in 0 1 M bufier, pH 8.4. 
l *t Stationary p&se, 0.1 -&AEZ.SO, in 0.1 _M buff&. yH 8.4. 



substantially less than the $H ‘of the stationary phase, k’~_&crea~es by a factor of more 
than 30 when TBAi is added as a counterion. The decrease is smaller for partially 
ionized (Le., less than 99% dissociated) sulfonamides, as would be expected, the-. 
magnitude of the decrease bein, m approximately inversely proportional to the .pK, 
of the compound. The increase in K for sulfaniiamide; which is unionized at a pH 
of 8.4, can-be attributed to the change from a~saltiug-out system (0.1 M Na3;SOJ to 
a salting-in system (0.1 M TBAHSOL) for hydrophobic molecules’s. 

Variation in TBA+ concentration 
Having demonstrated the effectiveness of TBA+ as a counterion, the influence 

of varying the concentration of the counterion in the stationary phase can be con- 
sidered. For fully ionized sulfonamides eqn. 6A indicates~ that 0 (or k’) should be 
inversely proportional to pBA*],. For undissociated sulfonamides k’ should be 
independent of [TBA+],. 

Plots of log k’ W. log (l/fTBA+&,) for several sulfonamides are presented in 
Fig. 2. As predicted from eqn. 6A, for ionized compounds (Nos. 6, 9, and 12) the 
plots are linear and parallel. Thus, for completely ionized sulfa drugs relative retention 
is independent of TBA+ concentration. Identical behavior is shown at this pH for 
all other sulfonamides except sulfapyridine and sulfanilamide. It is seen that the 
former compound (No. 13) has a lower slope since at a pH of 8.5 it is only 50% 
isnized. Thus, as expected, the effect on its retention of increasing lTBA+], is not 
as great as in the case of fully ionized sulfa drugs. The. slope of the plot for sulfanil- 
amide (No. 14) is slightly negative; this can be at*rI-ibuted to salting-in by TBA*, as 
discussed ahove. 

The results given in Fig. 2 indicate that while seiectivity in the ion-pair partition 
liquid chromatographic separation of ionized sulfonamides is independent of the 

. . 

Fig_ 2. Log k’ ES_ lo,o (L/lJBA+],) for sever+ sulfonamides. MobiIe phase, 25% (v/v) n-butaW in 
z-hepw; .statio~.phase, fBAHSOI in 0.1 M borate bufk, PH 8:s Fd P = I_.1 WGsted with 
MQSO,). CornpOund numbers refer td T;ibh I- 



cc3untgxion cokxmtration, for urkioniied .or partially ionized sulfonamides relative 
ret&on-will vary, and-sometimes reversals in -retention order wilI occur. Thus, in 
gened. it .is best to choose a cotiteiion cM&ntratiou and pH which give good 
se&&v&y fork the solute mixture of inter&t, and then adjust k’ via changes in the 
mobile phase compos@ion_ (see the next section). 

Varicltioti in butaml concentration 
FOF zi] sulfonamides, &t constant pH and fIBA+],, according to eqns: 6A 

aid 6B k’ should decrease as @uOH] increases, and plots of log k’ vs. log FuOH] 
shotid be finear. Such plots for several sulfonamides are shown in Fig. 3. As expected, . 
they are Linear, and except fcr sulfanilamide (which is unionized~ all lines have the 
same slope : -3.40. Thus the “effective” salvation number of the ion pairs in the 
organic phase is 3.40, in agreement with that found in our previous work at a different 
pH (ref. 2). The slope for suifanil~mide is 2.55, indititing a lower degree of solvation. 

Fig. 3. Log K vs. Iog IJZuOH] for several sulfonamides Mobile phase, n-butanol in n-heptane: sta- 
tionary phase, 0.1 M Tf3AHSOi and 0.25 M Na2S04 in 0.25 M borate buffer, pH 8.5. Conpound 
mrmbers refer to Table I. 

As discussed in Theory, these solvation numbers must be interpreted with 
caution. For example, butanol is known to self-associate in both orgarGg and 
aqueouP solvent systems, and so the effective salvation numbers obtained will reflect 
these phenomena. Furthermore, water molecules are most probably also associated 
with the protonated or ion-paired sulfonamide and/or the solvating butanol in the 
organic phase. Thus the real species dissolved in the organic phase may be quite 
complex. Chromatographically, the exact nature of the species is not as important 
as the measured salvation number, since the latter indicates that care must be exercised 
in the preparation of the phases if good reproduciKlity is to be obtained. On the 
other hand, the high constant exponent indicates that changes in k’ (at constant rela- 
tive retention) are easily_ achieved through variation of the-mobile phase composition. 

Vruiation in pH 
In the stationary phase pH region where pKi is either < or >> pH, D (or k’) 

should be independent of pH. On the other hand, for sulfonamides whose p& falls 
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~& the region of a.pK ch&ge, as the pa of the~~stati&ary phase is- jner_~-frdrn a:_ 
value less thar% to a-.value-greati than the p& the retention mechanism.~ clknge 
from part&i& ofKS to partition of (TBA’, S-). Plots ofk’ tir 0: W. pK in .thk re$on 
should resemble a titration curve,. Similar behavior has ,been.:observed in .ion 
exchtinge31 and reversed-phase.liqi;id chromatography?: ’ .. 

Plots of relative-retention YS. pK are given iri Fig. 4 for several si;ifonarkid&. 
For the thee compounds -whose pK, values are less- tbarr 6.0, a is. i@eperrdent of 
pH, as expected, since the partition mechanism involves exclusively .the ion-pair 
distribution process. The behavior of sulfapyridine (No. 13), sulfamethaiine (No. 12), 
and sulfarhiazole (No. 11) is also as,expected, since the p& .vahres ofthese compounds 
fall in the pK range studied. As pH is increased from a value less~thau to a value 
greater than the p-u, .o (and kr) decrease, and the apparent~infketion points of the 
curves (8.5, 7.5, and 7.0) correspond-roughly to the _p& values of the. compounds. 
This type of behavior indicates the great control one has over selectivity in the ion- 
pair partition chromatographic separation of acidic or basic compounds. Significant 
decreases or increases in kc and large changes in a&n be achieved by varying the 
pH of the stationary phase in the vicinity of the pKA of the compounds being sepa- 
rated. 

-2% 
(L . I t , 
. 

7.0 8.0 9.0 

pH of stationary Phase 

Fig. 4. Kektive re:ention vs. $3 for sever4 sulfonamides. Mobile phase, 25% (v/v) n-butan@ in 
n-heptane; stationary phase, 0.1 %CCE3AES04 in 0.1 AZ phosphate or borate b&Term Compound mm- 
hers refer to Tabie L 

Ionic strength 
The effect of varying ionic strength, y, on ail the equilibria discussed above is 

difficult to Assess precisely. In general, a decrease in kl is_expected as ionic stren,ti 
is increased, and this decrease will be related in a eompiicate&man@r to the structure 
of t&e sulf&amide, as indkated by the data in TableV. It can be se&t that.kl decreases 
by a factor of two to three in all cases When-ionic strength isroughly doubled. (Similar 
changes are observed for all other sulfonamides.)’ Changes in relative retention are 
rregligible in most cases for compounds .which are f@y ioriized inthe st+ionary ph$se, 
but are significant for those which are not ancj which thus- p&X0+ as KS. Note,Yfor 
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EFFECk. 6-F ItiNT& STRENGTH Ok STATIONARY P&E ON RETENTION 

Mobile $a&, 25% (v/v) n-butauol in n-beptane. 

Sohe p& pH8.5 pH.6.7__ 

p = U.&’ p = I.04” p =.,,*** Jf = I.U9P 

K .a .k’ a K a k’ a 

Sulfa!- kle 4.6 2.14 1.00 1.46 1.00 1.78 l.QO 0.74 1.00 
SUlfkXZoI~ 4.9 3.35 1.57 2.20 1.51 2.86 1.61 1.16 1.57 
SuLadim+.Iioxine 6.0 5.73 2.68 3.75 2.57 5.34 3.00 2.09 2.82 
Sldfamethaziile 7.6 11.0 5.14 9.18 6.29 6.76 3.80 2.80. 3.78 
Sulfapyridine 8.4 22.1 10.3 z:: kz 9.30 5.22 4.11 5.55 
Sulkiilamide 10.4 74.0 34.6 74.2 41.7 52.5 71.0 

* Stationary phase, 0.10 M TBAHSOI in 0.10 M phosphate butk. 
l * Stationary phase, 0.10 M TBAHSO, in 0.10 M phosphate buffet f 0.20 M NaxSO,. 

l ** Stationary phase, 0.10 M TBAHSOI in 0.25 M borate buffer. 
* Stationary phase, 0.10 M TBAHSO. in 0.25 M borate buffer i_ 0.25 M Na2SOd. 

example, that at a pH of 6.7 sulfamethazine is substantially unionized, and its relative 
retention increases as p increases. On the other hand, at a pH of 8.5 this compound 
is substantially ionized, and its relative retention does not increase at this -pH_ The 
results in Table V thus indicate that salt effects can influence selectivity, depending 
on the extent of ionization of the sulfa drug. 

CHRQMATOGRAPHIC SEPARATIONS 

With the above results it is relatively easy to choose optimum conditions -for 
rapid, high-resolution separation of a group of sulfonamides. A separation of all 
fourteen compounds studied is given in Fig. 5. Note that flow programming could 

TIME. minutes 

Fig-5 Separation of suJ.fonzmides_ Mobile phase, 25 % (v/v) n-butan01 in n-heptane;stationary pk. 
0.3 M TBAHs04 inO.1. M phosphate buffer, pH 6.8. Compound numbers refer to Table I. 1 
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II 

f 
QD.-QCG3 

F 

TIME, minutes 

Fig. 6. Separation of sulfonamides. Mobile phase, 25% (v/v) n-butanol in n-beptane; stationzry 
p&se, 0.1 M TBAEYISO~ in 0.1 M borat& buffer, pH 8.4. Compound numbers refer to Table I. 

have ken used during the last part of the separation to decrease the analysis time 
signiticantly. Another separation of all fourteen compounds is shown in Fig. 6. The 
conditions are the same as in Fig. 5, except that the pH has heen increased fom 
6.8 to 8.4 and DBA’] decreased from 0.3 M to 0.1 M. Note the dramatic decrease 
in retention for peak 13 (suifapyridine) as the retention mechanism shifts from that 
of the free acid to that of an ion pair. For a smaller group of sulfonamides having 
more similar k’ values, even shorter analysis times are possible_ Fig. 7 shows the 
separation of eleven sulfonamides in approximately 10 min. 

, , I I I I 

0 4 8 I2 IS 
TIME, minutes .- 

Fig. 7. Rapid separation of sulf&ainiO~. Mobile phase, 2.5 % (v/v) n-butanoi in n-be@ane; stationary 
phase, 0.W M TBAIiSOCq.31 &f Na,sO, in 03 M +rat= .buEer, pI-IS.5. Compound ~numbers 
Efer to Table I. :. 
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CONCLUSLON 

Ion-pair partition HpEC has been shown to be a straightforward, easily under- 
&ridable, flexibie, highly reproducibIe method for the analysis of mixtures of suifon- 
amides. The large numb& of parameters available which can be varied to obtain 
optin@xk’ and a values aRows fine tuning of retention for the separation of a large 
number of sulfonainides. Work: has recently been completed on the development of 
& method for determining sulfonamides in milk which are present in concentrations 
of less than one part in 109. This will be reported shortly. 
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