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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 hydrophobicity, the effect of mobile phase com-
position_,‘ counterion composition, pH, and ionic strength on their ion-pair partition

chromatographic separation using tetrabutylammonium as the counterion and n-
butanol-n-heptane as thé mobile phase is shown. Wide variation in &" and a is possible
by changing these parameters. Silica columns coated with buffered aqueous solutions

“of tetrabutylammonium sulfate resulted in efficiencies of 4000-6000 theoretical plates
per 25 cm. These columns are stable for long periods of time, and can be stripped
and re-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
chromatomphy

INTRODUCI‘ ION

o In previous papers'-? the potential of hlah-performance ion-pair partition -
chromatography for the separation of ionizable organic compounds has been demon-
strated. The resolution of closely related solutes was achieved by the combination

~of the.rmherent high selectivity of the ion-pair partition process, coupled with the
fu'gh efficiency of modern liquid chromatographic columns. The work has drawa

much from the extensive literature on ion-pair extraction (see, e.g., ref. 3). Ion-pair

partmon chromatography using a variety of ‘column packings has been apphed

successfully by other researchers as well, using both normal*-7 and reversed-phase®.®
_systems. A related techmque usmg hqma ion exchangers in the statxonary phase has
‘also Been utilized>-™®,

- In order to illustrate further the potentlal of the method thxs paper wﬁl present

‘a’ fundamental study of the: parameters influencing retention and selectivity in the

hlgh—pesformance xon-pan: nartmon chtomatography of a related setles of sulfon—
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: amxdes The compounds studzed are GCted in Table I. All have a common acidic
:N-H linkage adjacent to the suifonyl group. Therezore, a basic pH and a cationic
“counterion (tetrabutylammonium ion, TBA*) were used to carry out ion-pair parti-
tion. It should: be Hoted that these molecules differ: widely -in the acid dissociation -
"com,tants and -the hydrophobicity of the. organic side groups, and hence selectivity
in 1on-pa:r partition should be pattlcularly sensitive to chromatographic-conditions.
~-Beyond their use as an interesting class of substances for study, sulfa drugs
: represetxt,an'imporﬁtant aaalytical problem in terms of trace analysis in animal tissues
(0.1 ppm) and milk (0.01 ppm)!t. Current standard methods for these compounds!?,
as welil as a variety of modifications (see, e.g., refs. 13-17) generally involve thin-layer
or paper chromatography followed by colorimetric detection using the Bratton—
Marshall procedure. In addition, both gas chromatography'®-2° and column chroma-
tography>* have been proposed as alternate separation methods. High-performance
- liquid chromatography (HPLC) offers advantages over these methods from the high
selectivity and efficiency that can be achieved within a single column. In addition, very
low levels of sulfa drugs can be conveniently detected by means of a UV detector (e
at 254 nm ca. 10%). Several papers describing HPLC ion-exchange separations of
sulfonamides have recently appeared®?-23, but the fine tuning possible with ion-pair
partition HPLC as exemplified in thls paper makes this method a good choice for
“this separatlon problem.

THEORY

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

1;'=D'VW/V°' _ | - D

- where D is the bulk liquid distribution ratio and ¥V and ¥, are the volumes of aqueous
(staﬁonary) phase and organic (mobile) phase, respectively. The equilibria associated
with i ion-pair partition are generally well understood (see, e.g., ref. 3). Before equi-

rhbnum expressions for D can be derived, several assumptions must be made, viz.

5 ~(1} Only 1:1 ion pairs form. :

(2) The equdnbnum concentration of ion pairs m the aqueous phase is very
low relatzv.. to that of free ions.
' - {(3) Only neutral species are partxtxoned into the o:gamc phase.
(4) Yon-pair formation with species other than the counterion is negligible.
~ -{5). Dissociation or chmenzatlon of the ion pairs in the mobile phase is

' ncal:gible , .
5 -(6) Liquidliquid bulk equxhbnum is the only sxgmﬁcant chromatographic
retentlon mechamsm )

Composztzan of phases E '

7 The aqueous stationary phase used in this work consists of a bauffered solution
“of tetrabutylammomum bisulfate (TBAHSO,). Since the pH of this phase is always
greater than six, the predominant species present are TBA+ and SO.2~. The organic
moblle phase consxsts of n—heptane ccntammg vauous amounts of n-butanol (BuOH)
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to increase the solubility of ion pars in this phase. When these two phases are equx- g
librated, small amounts of water, TBAHSO;, H,SO;, and various ion-paired buffer.
species will be transferred to the organic phase, and. small amounts of BuOH and
n-heptane will be transferred to the aqueous phase. The extent of transfer was assessed
in several 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 equxhbratxon was carried out. The aqueous phase was
found to contain between 4 and 5% (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 phase, ranging
from 1.5% (w/w) with 259 (v/v) butanol to 5.0% (w/w) with 509 (v/v) butanol in
heptane. In all cases the resulting composition changes in the major components of -
the two phases are smail and for simplicity will be neglected as long as the phase
ration are near 1:1, which is the case for the chromatographic columns used in this -
work.

Sulfenamide equilibria

When a sulfonamide (HS) is added to the two-phase system ;he predommant
species present will be S~ in the aqueous phase and the ion pair (TBA*, S7) in the
organic phase, and/or HS in both phases, depending on the pH of the stationary
phasz. As shown previously?, (TBA ™, S7) 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 » may not be a conventional solvation number, but may
merely indicate the number of BuOH molecules associated with (TBA*, 87) 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

[Hs}w - [S ]w

D = s 7BuoH], T [(TBAS, §)- nBuOH],,

@

In the aqueous phase, fHS], and [S‘]w are related thrbugh the ionization constant KA

[H*].[S"}. o . | 3

Ka = ~"fmsT,

Also, equilibrium constants can_be written for the partifion of (TBA+, S7) and HS

(TBA*, S-)-nBuCH = TBA} L §7 + nBuOH

k. — [TBA*L [S7], [BuOH]" -~
17 (TBA*,S7)-nBuOH]}, -

HS-mBuOH = HS, -+ mBuOH

@
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| g _ [HS], [BuOH"
[HS mBuOH]o

&)
‘In general mth 'I'BA+ as a countenon for acxds, mn-pau' partmon equilibrium
constants are greater than undissociated acid partition equilibrium constants. Thus,

unless m < r (which is unlikely), we would expect K1 > K. Substituting from egns.
3,4, and 5 and factormg out S~} gives :

b 1+ (H /KD
TBAT, [BuOHIK,) + ([F1* I, [BUOHT/K; K

Eqgn. 6 relates D (and K) to a2 number of parameters which can be varied to control
retention and selectivity. The equatlon can be simplified by considering two limiting
- cases, viz.

. (A) pKa < 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 [H*]./K, < i,

K,
{TBA*]y [BuOH]"

(6)

D, = (6A)

- (B) pKa > 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 [H*¥],/K, > 1, eqn. 5 will simplify to

K,

P2 = muony ©B)

"EXPERIMENTAL

Crromatographic apparatus .

A component liquid chromatograph system was used for all experiments. This
consisted of a Waters Associates M6000 pump and USK injector, a Laboratory Data
Control 1206 V detector (254 nm), and a Texas Instruments Redi-Riter strip chart
recorder. In order to minimize stationary phase bleeding as well as baseline noise
and drift, all components except the recorder were confined within an air bath box
at a temperature of 27 + 0.5° (2-3° above ambient). A 150-W light bulb served as
‘the Heating element, which was controlled by a Princo T-681D relay and Haake
mercury contact thermostat (—35 to --105°). A continuously operating fan was used
asan air circulator. It is estimated that the short-term temperature variation of the
mobile and stationary phases in this system. was held constant to + 0.2°. (More

- precise aﬁalysis would require a water-jacketed precolumn/column system.)

Preparcztzazz and equilibration of phases

- Stationary phase. A known mass. of TBAHSO,, and/or Na,SO, (to control
ionic strength) was added to 500 mi of a solution of NaH,PO, (pH 6.8 or 7.4) or
H;BO; (pH 8.5 0r 9.2) and the resulting solution titrated with 0. 5 M NaOH until the
desired pH (- 0.05 unit ds measured with a standard pH meter) was obtained.
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- Mobile pizase. A precisely measured voiume of BuOH was added toa SGO-mlr
volumetric flask and diluted to the mark with n-heptane. ' 7
" Equilibration. The mobile and staticnary phases were mxxed ina l-l ﬁask and'
stirred at 27° in the air bath for several hours:to ensure complete phase equilibration.”
The two phases were ailowed to separate and the aqueous layer which contained an
equilibrium concentration of the organic solvent was then used for column coating.

Column preparation

Home-made high-performance columns were employed i in all the experlments
These consisted of Analabs 1/4-in. precision bore tubing (25 cm X 3.2 mm L.D.) with
bored-out Swagelok end fittings and Altex 2-um frits. The column packing used was
E. Merck LiChrospher SI-100 spherical siiica (10-gm diameter, 250 m?/g). The
columns were packed using a balanced-density slurry techmquez’ sllohtly different
from that reported by Majors?®.

Column efficiency was first evaluated in the adsorptlon mode, using 1%
isopropanol-n-heptane as a mobile phase and benzyl aicohols as solutes. In addition,
the nonsorbed time (7,) of an unretained solute (benzene) was carefully measured for
use ultimately in obtaining the stationary phase per cent loading determinations.

Coating and stripping I,rocedures

A direct injection technique?®® was used to heav:ly Ioad 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 cosmtinued 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 intervals with a flow-rate of 1.5 ml/min.
After excess stationary phase had completely eluted from the column (as indicated by
the absence of an emulsion at the column outiet), the column was conditioned at
2.5 mi/min 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 éetermined from A¢, before and after coating and the known
weight of the packing (0.67 - 0.01 g, determined by unpacking several columns and
weighing the dried column packmc) The loadmg of columnus prepared in this manner :
was found to be 52 4- 2% (w/w).

. For conversion back to the adsorption mode, the columns were successxvely
washed with at least 50 ml each of water, methanol, methylene chloride, and n-hep-
tane, and then re-equilibrated with 19 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-equlhbrated w1th butanol-
n—heptane mobile phase before recoating. . : :

Static determination of distribution ratzos

# The distribution ratios were determined in the manaer prevxously reported?.
A small quantity of solute was dissolved 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 (A,;, ~ 270 nm), was measured using 2 Cary 118 'spectrophoto-
meter. A known volum° of thls solutlon was then w.refully shaken w1th a known
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volume of the aqueous phase in a thermost..tted bath at 27°. The absorbance in the
orga.mc phase was again measured and the dxstnbutlon constant calculated

Composztzon of phases and pK , values

_ - In order to determine the water content in the mobile pbaee the per cent
-of ‘water, butanol and heptane for various mobile phases (after equilibration with
‘given stationary phases) were measured. A gas chromatograph (Perkin-Elmer F 11
GC) with a thermal conductivity detector and a Porapak Q column, at 215°, were
used. Per cent by weight was calculated from the peak area ratios wvsing thermal con-
ductivity correction factors®”.

Cheimcals

The sources of the sulfa drugs have been previously hsted2 Organic solvents
were obtained from Burdick & Jackson (Muskegon, Mich., U.S.A.), and tetrabutyl-
ammonium hydrogen sulfate from -Sigma (St. Louis, Mo., U.S.A.). Inorganic salts
of analytical reagent grade were obtained from various sources. All chermcals were
used mthout further purification.

RESULTS AND DISCUSSION

Chromatographic performance

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/sec with n-heptane as a mobile phase. Afier coating
with stationary phase, the plate counts of the columns decreased; however, good
efficiencies were still achieved, as indicated in Fig. 1. At reasonable velocities (ca.
0.1-0.2 cm/sec) and &' >'1 approximately 5000 theoretical plates are obtained for a
25-cm column. Much of the decrease in efficiency relative to adsorption can be

.0.20f
Sulfgbenzemide
x'= 0.70

g oIS

£ .
= . >} w1 Suifcmethazins
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_Fig. l H vs. lmear velocity v for several sulfonanuds Mobﬂe phase, 40%, (v/v) n-butanol in n-
“heptane; statxcnary phase 0.1 M TBAHSO, in 0.1 M boratc buﬁ‘et pH 8.4.
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attnbuteé to mobl.e phase v1scosxty dlﬁ'eten\,es (z e., the vxscosny of n-heptane is
ca2.0.4cP, the wscosny of n-heptane with 259 n-butanol isca. 1.2cP): Peak symmetry
in ion-pair partition chromatography is also.very good, as can be seen from Figs. 5-7.

The high efficiencies of these columns in the -adsorption mode are not’ signi-
ficantly affected by their use for hquxd—hqmd chromatography.. ‘When the statlona.ry,
phase is stripped off and the column re-evaluated for adsorption, the high efficiencies
are again found (i.e., ca. 10,000 plates per 25 cm). Thus, 2 glven column can be uscd
for both adaorptxon and ion-pair partition mterchangeably S

S tabll'ty and reproducxbdtty : .
To be useful for routine analysis, ion-pair partmon columns must obvxously
‘ 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 efiiciency 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 when column performance has
deteroriated beyond an acceptable limit, it is relatively simple to change to new mobile
and stationary phases by stripping and reccating, as described in Experimental. The
reproducibility of this procedure is very good, as can be seen in Table I1. 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 &’ is reproduced within 2-49%,
and a within 1-29. :

TABLE I
R.EPRODUCIBILITY OF COLUMN CONDITIONS -

Stationary phase. 0.1 Af TBAHSO, ia 0.1 M borate buffer, pH 8.4. Mobile phase, 25% @{v) n-
butanol in rn-heptane, -

Sulfonamide k' after recoating™ a** 8 (%)™
7,
he. Experiment Experiment = Experimens
No. 1 No.2 No.3 ,_
1 0.60 0.69 0.80 0.22 13
2and 8 .2.03 2.08 - 2.08 Q.65 3
3 3.22 3.19 3.10 - 1.00 —
5 © 338 3.43 - 3.35. ) 1.07 2
‘11 _ 3.77 . 395 - 3.80 1.21 3
3 - 6.18 6.10 593 1.91 2
12 779 174 733 - 241 1.
10 108 106 “101 . - 331 1
13 . 135 14.2 - . 1410 4.26 4
9 18.6 - 18.1 -17.1 5.66 2
7 410 - 39.6 374 124 - 2
B . 488 464. . 43 146 2
14 - 7S ﬁ 718 663 2232 .2
* See text for details.

** Average for the thiee expehments. : . ’
Relative standard deviation of « (estimated ‘as 1. 25 X average dewaﬁon)
E Nos. Z and 8 are ehited together under these condxtmn& .

Thdr
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. Stattc veFsus ckromatograplztc dtstnbatzon ratios ,
o i g hqmd—hqmd partition - is the only retention mechamsm then statxmlly
'measured distribution ratios should agree with those obtained chromatographically.
. Since ¥/ V. is difficult to ‘measure precisely, it is better to compare relative values
~ of D and k’. Given in Table III are static and ch:omatographlc relative constants for
_ several sulfonamides at two different pH values. The agreement between the two sets
_of constants is quite good, cons:dermg the 29 reproducibility of the &’ values and
_the dlﬁiculty of obtaining the higher D values due to the low measured concentrations
involved. Therefore, we can conclude that in this system the only retention mechanism
is. bulk partition, in agreement w1th our previous work?.

TABLE nr

COMPARISON OF STATIC AND CHROMATOGRAPH;C DISTRIBUTION RATIOS
Organic phase, 2594 (v/v) n-butanol in n—heptane aqueous phase, 0.1 M TBA* in 0.1 M buffer at
the pH spec:ﬁed

Solute i Relative D values

pH74 pHE84

Static  Chrom. Static  Chrom.
Sulfachloropyridazine 1.00 1.00 1.00 1.00
Suifadimethoxine ’ 1.49 ‘1.68 1.76 1.82
Sulfamethazine ) 2284 2.98 2.38 231
Sulfamerazine’ 5.50 5.45 595 5.53
Sulfapyridine : 6.39 6.27 398 3.98

Suifanilamide - 23.7 21.9 19.8 21.6

Study of chemical variables —presence or absence of TBA™ counterion

, In the presence of TBA™, D can be written in terms of eqn. 6. In the absence
of TBA*, for sulfonamides whose pK, < pH of the stationary phase, &’ is expected
to be quite large. On the other hand, &’ for undissociated sulfonamides should be
the same at a given pH whether or not TBA* is present. Evidence supporting these
conclusions is given in Table IV. It can be seen that for sulfonamides whose pKj is

TABLE IV
CONIPARISON OF RETENTION WITH AND WITHOUT COUNTERION IN THE STA-
TIONARY PHASE

Solute ' PR, K values®
' Without Witk
. v . courterior™" counterion™™*
Sulfisoxazole , 49 >100 2.86
" Sulfachloropyridazine 6.1 >100 - 3.07
. Sulfamethoxypyridazine 7.2 8o 9.90
Sulfamethazine : 7.6 37 6.76
'Slﬂfapyndme ) ‘ 84 . 20 9.30
Sulfanilamide . 104 45 742

o Mobile phase, 25% (v/v) r-butanol in r-heptane, -
- - " Stationiry phase, 0.1 M Na SO, in 0 1 M buffer, pH 8.4.
,v"“ Stationary phase, 0.1 TRAHSO, in 0.1 M buffer, pH 84,
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substantlaﬂy less than the pH of £ the statlonary phase, k decreases by a factor of meore
than 30 when TBA™ is added as a counterion. ‘The decrease is smaller for partla!ly,
ionized (i.e., less than 99% dissociated) sulfonamides, as would be expected the
magnitude of the decrease being approximately xnverely proportlonal to the pK,
of the compound. The increase in &’ for sulfanilamide, which is unionized at 2 pH
of 8.4, can be attributed to the change from a ‘salting-out system (0.1 M Na2804) to
a Saltmg-m syctem (0 1M TBAHSO4) for hydrophoblc molecules-" '

Variation in TBA* concentration :

Having demonstrated the effectiveness of TBA* as a counterion, the mﬂuence
of varying the concentration of the counterion in the stationary phase can be con-
sidered.. For fully ionized sulfonamides eqn. 6A indicates that D (or k') should be
inversely proportional to [TBA*},. For undxssocmted sulfonamxdes k should be
independent of [TBAT].. 7

Plots of log &7 vs. log (1/{TBA*]) for several sulfonamides are presentcd 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
21l 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 509
ionized. Thus, as expected, the effect on its retention of increasing [TBA™], is not
as great as in the case of fully ionized sulfa drugs. The slope of the plot for sulfanil-
amide (No. 14) is shghtly negative; this can be atr.nbl.ted to saltmc-m by A+, as
discussed above.

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

R 20 25
fog (l/ﬁ’BA] )

Fig. 2. Loc k’ vs. Ioa (1/[TBA*],) for scveral sulfonamxd&s Mobile phase 25% (v/v) n—butanol in
r-heptane; stationary phase, TBAHS(L in 0.1 M borate buﬁ'e;, pH 8. 5 and p = 1. I (ad_lusted thh
Na,SO.) Compound numbers refer to Table L. : o )
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ccuntenon concentratxon, for umomzed or partlaﬂy lomzed sulfonarmdes relative
fetention- will vary, and sometimes- reversals in retention order will accur. Thus,
- general it is best to choose a counterion concentration and pH whlch give good
selectivity for the solute mixture of interest, and then adjust k' via "hanges in the
mobﬂe phase composmon (see the next section). : :

Varzanon in butanol concentration

: - For: all sulfonamides, at constant pH and [TBA*’]w, accordmo to eqns. 6A
and 6B &’ should decrease as [BuOH] increases, and plots of log &* vs. log [BuOH]
should be linear. Such plots for several sulfonamides are shown in Fig. 3. As expected,
they are linear, and except for sulfanilamide (which is unionized) all lines have the
same slope: —3.40. Thus the “effective” solvation 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 sulfanilamide is 2.55, indicating a lower degree of solvation.

20k

Eo_s-\ :
04 _\ ;

12

555 o040 045 o0 B5s
log [BuOH]

Fxg 3. Log £’ vs. log [BuOH] for several sulfonamides. Mobile phase, n-butanol in n-heptane; sta-

tionary phase, 0.1 M TBAHSO; and 0.25 M Na,SO, in 0.25 M borate buffer, pH 8. 5 Compound
numbers refer to Table L

As discussed in Theory, these solvation numbers must be interpreted with
caution. For example, butanol is known to self-associate in both organic?® and
aqueous?®® solvent systems, and so the effective solvation 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 solvation number, since the latter indicates that care must be exercised
in the preparation of the phases if good reproducibility is to be obtained. On the
other hand, the high constant exponent indicates that changes in £’ (at constant rela-
tive retentlon) are easily achieved through variation of the mobile phase composition.

. Varzatwn in pH ’ ’ .
" In the stationary phase pH region where pK is either < or > pH, D (or k')
should be independent of pH. On the other hand, for sulfonamides whqse pK, falls
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in the regnon of a pH chanze, as the pH of the statlonary pnase is mcr@ased ﬁ'om a
value less than to a value greater than the pK, the retention mechamsm will change
from: partmon of HS to parthon of (T BA*, S7). Plots of k' or @ vs. pHin this regxon '
should resemble a titration: curve. Similar - behavior has been observed m ion
_‘exchange31 and reversed-phase liquid <:bromatcv,graphy32 e '

~ Plots of relative retention vs. pH are given in Fig. 4 for. ceveral sulfonaxmdes

For the three compounds whose pK, values are less than 6.0, a is mdependent of
pH, as expected, since the partition mechanism involves exclusxvely ‘the ion-pair _
distribution process. The behavior of sulfapyndme (No. 13), sulfamethazine (No. 12),
and sulfathiazole (No. 11) is also as expected, since the pKy values of these compounds
fall in the pH range studied. As pH is increased from a value less! than to a value
greater than the pX,, a (and k’) decrease, and the apparent’ inflection points of the’

curves (8.5, 7.5, and 7.0) correspond roughly to the pK, values of the compounds.
“This type of behavior indicates the great control one has over selectivity in the ion-

pair partmon chromatographxc separation of acidic or basic compounds. Slgmﬁmnt
decreases or increases in k” and large changes in a can be achieved by varying the
pH of the stationary phase in the vicinity of the pKA of the compounds being sepa-

rated

K Relative to sulfisoxazole

76 a6 90
pH of "stationary phase’ )
Fig. 4. Relative re;entxcn vs. pH for several sulfonamides. ‘Mobile phase, 25% (v/v) r-butanol in
n-heptane; stationary phase, 0.1 M TBAI—;SO. in01lM Dhospha e or borate buffer. Compound num-
bers refer to Table L . .

- Ionic strengrh : ) '
' The effect of varying ionic strengih, z, on all the ethbna dlscussed above is
difficult to dssess precisely. In general, a decrease in &’ is expected as ionic strength
is increased, and this decrease will be related in a compllcated manier to the structure

- of the suifonamide, as indicated by the data in Table V. Tt can be seen that &’ decreases,

by a factor of two to three in all cases when ionic strength is toughlv doubled. (Similar
changes are observed for all. other sulfonamides.) Changes in relative retentxon are
neghgtble in most cases for compounds which are fully ionized in- the statmnary phase, -
but are sxgmﬁcant for tnose whxch are not and thch thus part*txon as HS Note for
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. 'FABLE v : : ,
E EFFECT OF IONIC STRENGTH OF STA'I'{ONARY PHASE ON RETENTION
Mobﬁe phase, 25% (v/v) n-butanol in n-beptane. ’

Solute i— - . PRy PH_5I> e T A PH3~5
' ' L= 044* =104 g=034"" p=109%
S R A K a - K a kK «
Sulfabenzamide. 46 214 100 146 100 = 178 1.00 074 1.00
Sulfisoxazole. - 49 335 157 = 220 151 . 286 16t 1.16 1.57
Sulfadimethoxine 6.0 573 ~ 2.68 3.75 257 534 3.0 209 282
_Sulfamethazice 7.6 110 514 9.18 629 6.76  3.80 2.80. " 3.78
Sulfapyridine 84 221 103 200 13.7 930 522 411  5.55
Sulfanilamide 104 7406 346 642 440 742 417 525 710

* Stationary phase, 0.10 M TBAHSO; in 0.10 Af phosphate buffer.
. ** Stationary phase, 0.10 Af TBAHSO, in 0.10 Af phosphate buffer + 0.20 M Na,SO;.
- *** Stationary phase, 0.10 M TBAHSO, in 0.25 M borate buffer. '
£ Statlonary phase, 0 10 M TBAHSO, in 0.25 M borate buﬁ'et <+ 0.25 M Na,SO;.

example, that ata pH of 6 7 sulfamethazine is substantially umomzed and its relative

_retention increases as u 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 mﬁuence selectivity, depending
on the extent of ionization of the sulfa drug.

CHR_OMATOGRAPI—HC 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 ail
fourteen compounds studied is given in Fig. 5. Note that flow programming could

3

i 1 - 1.
30 &S i (=2 5 E)

) - TIME, minutes - ‘ )
Fig. §. Sepa:auon of sulfonamides. Mobile phase, 25% (v/v) r-butanol in n-heptane; stanonary phase,
.03 M TBABSO‘ in. Ol :M phosphate buffer, pH 6.8. Compound numbers refer to TableL. °




6 L o S-C-,'SU_»A-ﬁ"’-’ﬁARTKOPF;B.'L;;KARf_‘,'"GER

10 mi/min

o ~l;:'m|/mln
,ﬁ
El v
-

1 - 1
15 30 as €0 75
TIME, minuies

Fig. 6. beparatxon of sulfona:md&s Mobile phase, 259, (v/v) n-butanol in n—hepta.ne, stationary
phase, 0.1 M TBAHSO, in 0.1 M borate buffer, pH 8.4. Compound numbers refer to Table I

have been used during the last part of the separation to decrease the analysis time.
significantly. 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 been increased fom
6.8 to 8.4 and [TBA*] decreased from 0.3 M to 0.1 M. Note the dramatic decrease
in retention for peak 13 (sulfapyridine) 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 anproxxmately 10 min.

EJ

~

] Py 1 3 3 1 ) 1
[s} 12 [

TIME, mmutﬂs )
" Fig. 7. Rapid c..paratxon of sulfonamxd&e. Moblle phase 25% (v[v\ rz-butanol in n—heptane, statxonary
phase, 0.04 Af TBAHSO031 M Na;SO‘ in 0.25 M borate buﬁ'er, pH 8.5 Compound numbers
refer to. Table! : - . L T
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'ACONCLUSION

v Ion—palr partition HPLC has been shown to be a straightforward, easily under-
standable, flexible, highly reproducible methad for the analysis of mixtures of sulfon-
‘amides. The large number of parameters available which can be varied to obtain
optimum &’ and e values allows fine tuning of retention for the separation of a large
number- of sulfonamides. Work has recently been completed on the development of
‘a method for detemumng sulfonamides in milk which are present in concentrations
of less than one part in 10%, This will be reported shortly. :
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