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: éUMMARY

: A new form of hlgh—performance ion-pair chromatography is described in
 which a detergent (cetyltrimethylammonium bromide) is added at around the 1%
“Tevel toa propanol-water eluent. The column packing may either be a reversed-phase
material (e.g-, SAS silica) or a silica gel (e.g., Partisil). The method allows high-
" resolution separations of a wide range of sulphonic acids and derived dyestuils con-
taining one to three ~SO,H groups. The degree of retention can be varied by changing
cetrimide concentration, acidity of eluent, concentrations, and nature of additives.
e - In the reversed-phase system it is probable that cetnmlde—sulphonate ion
pairs are extracted from the water-rich eluent into an adsorbed layer rich in propanol
and cetrimide. In the silica gel system ion pairs are probably present in the eluent
~ phase and are adsorbed onto the silica gel surface with propanol acting as a protective
agent for both ion pairs and surface. Column performance in terms of plate height is
- equivalent to that obtainable in normal adsorption chromatography. Specific sepa-
rations are shown of naphthylaminesulphonic acid isomers, including J-acid and
) y-acxd and of sunset yellow from 1mpunt1es '

- mTRobUcnoﬁ

o The chromatography of xomzable substances such as amines and orgamc acids
B oﬁen presents problems in respect of retention, plate efficiency, and peak: symmetry.
In order to separate such compounds by adsorption chromatography it is necessary
' 'to use polar eluents, which reveal the inhomogeneity of the adsorbent surface and
: _produce tailed- peaks This is. patticulaﬂy liable to occur if the substance contains
- several readily ionizable or highly polar functional groups. It is also a general ex-

. perience that buﬁ'ermg of an ionizable material either with acid or base is necessary
since. changm in the degree of i ionization throughouf: any chromatcgraphxc band due

o to change m concentratxon over the band wﬂl muse peak asymmetry. In such cases it
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is often better to employ 1on-exchange chromatography. Buffermg is again tequlred to
maintain the optimum balance between ionized and neutraf forms but most fon-ex-.
¢hangers give relatively péor performance compared to adsorbents®.

Recently ion-pair chromatography>—7 has been shown to be vaiuable for high-
performance liguid chromatography (HPLC) of ionizable compounds and to possess
great versatility. In “normal-phase’ ion-pair chromatography of say amines, RNH,,
an aqueous acid, such as 0.1 M HCIO,, might be used as stationary phase, the eluent
beinz, say, a halocarbon containing a few per cent of a higher alcohol. The amine is
then present in the stationary phase as a cation and is partitioned into the eluent as an
ion pair according to the following equation

RNH,;* + ClQ,” = (RNH;*, ClIO;™)
aqueous phase organic phase

Schill, Persson and co-workers>™ have pioneered this technique and it has
recently been applied successfully by Karger and co-workersS® to the separation of
biogenic amines, sulfonamides and other pharmacologically active material. Knox
and Jurand’ have applied the technique to tricyclic tranquillizers.

“Reversed-phase” ion-pair chromatography can also be carried out where the
stationary phase is organic and the eluent is an aqueous acid or base. Some separa-
tions on bonded supports may be of this type.

While ion-pair partition systems have great flexibility?, it is always difficult
to maintain the stability of two-phase partition systems over long periods and, of
course, gradient elution is not possible except with reversed-phase bonded supports.
In some cases the compiexities of ion-pair equilibria may again result in tailed peaks,
but this can usually be avoided.

In the present study of the separation of various naphthalenesulphonic acid
derivatives, we were unable to solve the problem of tailing either by conventional
adsorption or ion-pair partition methods using tetraalkylammonium counter ions in
an aqueous stationary phase and we ascribed this to the very strong polarity of the
~S0O;~ group, which is probably able to displace water from silano] sites on the silica
surface even when a strongly aqueous mobile or stationary phase is preseat. ¥t oc-
curred i{o us that this problem might be solved by employing an ion-pairing substance
which might be expected to form highly stable ion pairs which would not dissociate
int the presence of strongly hydrogen-bonding surface groups. We therefore examined
the effect of adding the guaternary ammonium detergent cetylirimethylammonium
bromide, “‘cetrimide™, to the aqueous alcoholic eluent for the chromatography of
sulphonic acids. Initial experiments were unexpectedly successful and led to the more
detaJed study reported below. For conciseness we have termed this new technique

“soap chromatography™.

It was found in the initial experiments that while the addition of about 1% of
“cetrimide™ greatly improved the adsorption chromatography of a range of mono-,
di- and trisulphonic acids on silica gel, the dependence of retention upon. cetrimide
concentration and other operating parameters was difficult to interpret. Accordingly,
we turned to a reversed-phase support, Wolfson SAS silica, in which the surface of
sifica is covered by short alkylsilyl groups bonded to the surface by Si-C bonds®.
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: »Wxth thls matenal the detergent was expected to hedlrecﬂy adso:bed by the support
and we: antxcmated that the dependenoe of retentlon upon cetmmde concenttatxon :

’ would be more’ readzly mterpretable. R

Subsequent[y to this work it was pomted out to us that th° e&'ect of detex:gents
on the paper chromatography of dyestuﬁ' intermediates infer alia had previously
- been studied by Farulla er ¢l.°. They found that while addition of up to 1 % cetrimide

-_to the eluent incréased Ry values (and'so reduced k" vafaes) pretreatment of the paper
- with cetmmde, or its addition to the solute sample had undesu'able effects producmg

. ta)hﬁg aﬁﬂ G(_)iible SPOI.S l[l mdny cases. ulese resuu.;, [Ok' d- deef u.uu:[cm; CD.I' omato-

graphic system, contrast sharply with our own where cetrimide addition decreased
Ry values (mcreased k") and brought about remarkable improventents in resolution,
_ retention, peak symmetry and peak sharpness.

' Imregard to the chromatography of sulphonic acids, previous separatxons have

been carried out by gas chromatography after derivatization!®-'}, and by various clas-
sical liquid chromatographic methods such as column??, thm-layer‘s and paper chro-
matography®!%, but results have generally been unsatisfactory. This inadequacy of
conventional methods was confirmed by our initial experiments using Spherisorb
silica as adsorbent and water—methylene chloride-methanol as eluent. These showed
- that while toluene could be eluted with a column efficiency of 1700 theore*lcal plates,
the peak for sulphanilic acid corresponded to only 130 plates.
' Results previously obtained for HPLC of sulphonic acids were equally dis-
appointing. Schmit and Henry'® in 1970 separated some naphthalenesuiphonic acids on
Zipax® SAX but the column efficiency was again poor with plate numbers around 100
on a column which for ideal solutes would have been expected to give 1600-2000 plates.

EXPERIMENTAL '

- The chromatographxc equipment comprised an Orhta DMP 1515 reciprocating
_ pump, an air-filled pulse damper (a 360-mm X 5-mm-bore stainless-steel tube capped

at one end), a pressure gauge, an injector and columa as described elsewhere?®, and
a DuPont Type 410 single-wavelength (254 nm) UV detector.

Two column packing materials were used. For normal-phase chromatography
Partisil 10 (Whatman Biochemicals, Springfield Mill, Great Britain) was used. Some
- experiments were carried out using a pre-production batch of characteristics slightly
different from the later commercial material. For the high-performance chromato-
‘grams and plate height measurements we used a 6.5-um fraction obtained from Par-
tisil 10 by fractionation in water. The surface area of Partisil is ~ 400 m? g~*. For
the reversed-phase experiments we used 7-zm SAS silica with a surface area of ~ 200
- m?g~1, prepared by the Wolfson Liquid Chromatography Unit (Department of
Chemistry, Univessity of Edinburgh)®. This material is a spherical silica gel having
short-chain hydrocarbon groups bonded to the surface. The matenal has wrtually
: 'no adsorptlve activify attributable to residualsilanol groups.

. Columns were of 5-mm-bore polished stainless steel and 100.or 120 mm in

- Iength. They were packed- by pumping a slurry. ‘of the packing matenal (roughly 2 g

- for'a column in 25 ml of suppoiting so!vent) into the column with a constant pressure

‘pump set at 250 p.s.i. Methanol- was used as the supportmg hqmd for Pamsxl and
fmethyl 1od1de for SAS sihca. o .
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RESULTS AND DISCUSSION

A. Separations on SAS silica (Wolfson Unit reversed- pizase matenai}

A 5:2 mixture by volume of water and propanol was used as eluént with the |
addition of between 0.031 and 2 g of cetrimide per 100 mi of cluent (denoted below .
by the 9 concentration of cetrimide) giving cetrimide concentrations from 8.6 X 107¢

10 5.5 X 1072 M. The dependence of log k" upon cetrimide concentration is shown in
Fiz. 1. With no. cetmmd" present aff. sofutes were unretained. The ehmon order . -
is scarcely aﬁ”ected by the concentration - of eetmmde. The curves- tor a vanety of suf-
phonic acids alf show an ificréase of &° up to a concentration of about 0.25% (7. X .
6‘3 A7} cetnmxde foliowed by a- gradua! dec!me as the concenﬁ:aﬁon tises fo 2 / -
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Fig. 1. Dependence of log £” upon w/v cetrimide concentration {g/100 m! eluent) for six dyestuffs
and intermediates. Eluent, water-propanol (5:2); column packing, 7-#m SAS silica (Wolison Unit).

The ratio of water to propanol has no effect on elution order but &’ increases with
increase in water content as might be expected in a reversed-phase system. Finally &’
in general increases as the number of sulphonic acid groups in the solute molecules
increases.
The results are most simply explained if it is supposed that with the dilute so-
Iutions of cetrimide the detergent and sulphonic acid exist in the ionised form in the
eluent phase, while cetrimide-sulphonate ion pairs are sorbed into the hydrophobic
stationary phase, which is probably associated with a tightly held layer of propanol,
for it is well known.that organic solvents containing propanol are good solvents for
cetrimide ion pairs®. It may also be anticipated that the surface of the reversed-phase
packing will adsorb cetrimide cations which will form a molecular layer at the inter-
face between the stationary and mobile phases. The overall situation may be represent-
ed by the interlinked equilibria shown in scheme A, where the subscripts ag and ads
-refer to the cluent and interface phases, respectively, and where underlined species
are those thought to be present in high relative concentrations at low cetrimide con-
“centrations.
_nC+aq + Sn—_aq ?——‘(IIC"'S“-)N‘
!{ e g™ Co A (A)
d & : : : - ,
RCT 4 + 8™ e =—= CVS" s

£
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Fig. 2 shows that cetrimide is indeed adsorbed by the suppert in the concentratton_;
range of interest. The adsorption was measured in the following way: a colamn,
packed with SAS silica, was equilibrated by passing water~propanol (5:2). The eluent
was then switched to a mixture containing a known concentration (C) of cetrimide.
A cetrimide concentration front thus moved down the column: If cetrimide was ad-
sorbed by the packing material the break-through volume of the front ¥ would ex-
ceed the void volume of the column ¥,. The amount of cetrimide adsorbed would then
be (Vg — Vy)C. The break-through volume, ¥, was determined by collecting 0.2-m]
aliquots of eluent in sample tubes containing a dilute solution of sunset yellow in a
two-phase mixture made from equal velumes of water, methylene chloride and pro-
panol. Initially the dye was partitioned strongly iato the agueous phase but where
cetrimide was present in any aliquot the dye was extracied as the (C*S™) ion pair into

the organic layer.

% wh Cetrimide -

746 1/2 1 2
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Fig. 2. Adsorption of cetrimide by SAS silica (Wolfson Unit) as a function of cetrimide concentration
in cluent.

The adsorption isotherm shown in Fig. 2 is significantly curved and within ex-
perimental error obeys the simple Freundlich-type equation

[CFags] = « [CH, J°F )

For a 29 cetrimide concentration, 13.0 mg of cetrimide is adsorbed per gram
of support. With a support surface area of about 200 m?g~* this implies an area per
molecule of about 1000 A2. Since the molecular volume of the cetrimide cation is
about 500 A3, the degree of surface coverage by cetrimide is between 5 and 15%,
depending upon the ““depth” assigned to the cetnmxde chain on the surface. This
relatively low surface coverage suggests that the chain lies flat on the surface ang that
a considerable part of the suiface must be covered by adsorbed pr cpanol th“ less po]ar
compouent of the elucnt phase. ) o : B
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R Ifwe NOW assume that the sorgtxon of the suiphonic aczd ions, S"‘, onto the
. surface is finear with respect to concentration in the efuent phase (which is reasonable
since the S~ concentration is very low); and that the equilibria in the efuent and sui-
face phase obey the normal faws, we can write the foﬁowmg eq_mﬁbnum condxtlons in
aéézses to egn. i -

[l = BIS™ . A L@

HnC™ 8" )l = Kaq HCT 208" 0] 3
HrC¥ 8% )ags] = Kuas ((C* 20)(8% 2al)] @

Assuming that the concentration of S, is negiigible corapared to that of the
sulphonate ion pair, we obtain for the distribution coeflicient D between the surface

and eluent phase

— " ﬂKads [C'La ]0 -Ba l
P = T RalCua &)

This expression shows that at low C* concentrations, &k’, which is proportional to D,
will rise with {C*,,]. The exponent of [C*,,], being 0.8 n, should increase with the
number of sulphonic acid groups which are paired with cetrimide cations. In Fig. 1
the gradients at the lowest cetrimide concentrations are between 0.9 and 1.5, and there-
fore in the correct region. That for sulphanilic acid is high, but this could be due to ex-
perimental error sinice measurement of the lowest value of &', viz. 0.12, is sensitive to
the elution time of the solute assumed to be unretained. The gradient for Schiffer’s
acid is about 0.9, in fair agreement with the predicted value of 0.8 for a monosulphonic
acid. The values for the three disulphonic acids are generally somewhat higher than
vnity but the correlation with the number of —SO;H groups is poor.

A rather better correlation exists between gradient and number of sulphonic
acid groups for the decline of &’ with increasing concentration of cetrimide in the 0.5~
29/ concentration range. The negative gradients for the mono-acids are about 0.5,
for the di-acids 1.0 to 1.1, and for the tri-acid about 1.3. It is clear from eqn. 4 that if
K,q or [C*] are very large so that virtually all S"~ in the eluent phase are in the form
of ion pairs at the highest cetrimide concentration, the iargest negative gradient which
can be allowed is 0.2 r, whereas the experimental data show negative gradients closer
to 0.5 nn.-The likely explanation is the formation of micelles or at least of cetrimide
ion clusters which can solubilize the sulphonate ions in the eluent phase. Formally
thxs can be accommodated by writing the equilibrium in the eluent phase as -

mC¥ 4 + - §n- aq = (mC* §77),, (B)
‘Eqn. 5 then becomes

a® 3Ka EC ]@Su ’

_Dt=

Where K34 is the equilibrium conpstant for reaction B. Evidently, when m > n, the
nega&ve Eradxent can be Iarge. The data are explained if we set m ~ 1.3 with K",



relatwely Iarge but not s0 large that the second term 1n th‘. denommator dommateaf
T at low concentrations of cetrimide. - : =
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In pure water the criticat micelle concentratxon (CMC) of cetmmde is. 9 8 ><

O“‘ M ‘corresponding to 0.036% cetrimide?’s. The addition’ of ¢ ‘propanol is known to
-lower the CMCs of long-chain quaternary ammonium salts but larger quantities may -

raise them again: for example Emerson and Holtzer® found that in 2.0 M propanol
fw atet—propanol (approx. 11:2)] the CMC of dodecyimmethy!ammomum bromide .
was reduced from about 0.017 A/ to about 0.01 M. But they also found that by this

- concentration it was becoming extremely difficult to detect the onset of mxceHe for-

mation by the conductivity method employed. It is therefore. probabie that at the .
concentration used in the present work, equivalent to about 3.7 M, there i isno prec:se
concentration of cetrimide at which micelle formation could be said te occur. It is

- probably more realistic to suppose that with increase in ‘detergent concentration there.

is an increasing tendency for cetrimide cations to associate into micelle-like clusters of

" a range of sizes, the mean size increasing with concentration. Within this range of

concentration increasing solubilization of the sulphonic acid groups in the eluent
phase would be expected as the cetrimide concentration increased. From the present
data it appears that each -SO;H group is on the average . assocnated with about 1.3

~ cetrimide cations when the cetrimide concentration is between 1 and 2%, Further

experiments at higher cetrimide concentrations would clearly be of interest.

, The excellent chromatography which can be achieved in the reversed-phases
system is illustrated by iwo representatlve chromatograms shown in Figs.3 and 4.:.
In the former the high selectivity of soap chromatography for isomeric naphthylamme—
sulphonic acids is demonstrated, while in the latter the drﬁicult separatxon of y-and -

Y-acid
© J-acid
Dioxy-J-acid
Acetone R
Acetone
Néph!hylamine -
sulphenic acids

Di-J-acid

16 17

. : : R T T 4: : El 1
T2 N 8 412 :
minutes R o e R mmutes :

[ S R SEER

(o)
&~
(pl-

" Fig. 3. Separanon of- naphthylammaulphomc acxd momers by soap chromatogtaphy. Co!umn

- 120 mm X 5 mm’ ‘stainless steel; packing, 7-um SAS silica (W‘olf'son Unit); eluent,- water—propanol :

-~ (5:2) containing'1% w/v cetrimide. Peak elution order: acetona follo“ed by l 5 1 6 I 7 a.nd 1 S, .
isomers of naphthy!ammesulphomc acid.. . , L

L _F’ ig. 4. Separauon of dyﬂ mtermcdxatw. Cond txon.., as. gor an 3 Eluuon ord.:-acetun,, /-acxd, J— :

! aczd dxoxy-a-amd, dx-)‘-acxd. e
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J-acids is shown. The plate height for the final peak in Fig. 3 is 32 wm, giving a re-
-duced plate height of h = 4.5 at a reduced velocity of about 25 {hased upon the Wilke—

. Chang equation® (see also ref. 21) with an eluent viscosity of 2.2 cP]. This result im-
plies a very high efficiency for solutes of exceedingly high polarity.

-B. Separations on silica gel (Partisil} ’ .

Whereas with cetrimide present a 5:2 water—propanol mixture was required
for reasonable retention of solutes by SAS silica, a much less hydrophilic | :3 mixture
was necessary for adeguate retention on silica gel.

Fig. 5 shows the dependence of the capacity ratio, &', on cetrimide concen-
tration over a relatively small concentration range for sixteen sulphonic acids using
i:3 water—propanoil mixiures. The data were obtained with the pre-production baich
of Partisil. In the absence of cetrimide all solutes were unretained. Fig. 6 shows the
dependence of &’ over a wider range of cetrimide concentraticns for the more restricted
group of acids examined under reversed-phase conditions. These data were obtained
on a commercial sample of Partisil; the absolute values of & are somewhat different
with these two samples although the elution order is unchanged. Under the propanol-
rich conditions used the formation of micelles is unlikely and the cetrimide is probably
present as ion pairs solubilised by propanol?2. The surface of the silica gel is likely to
be covered by a layer containing water and propanol in a ratio considerably higher
than 1:3 due to the strong adsorption of water by silanol groups.

The broad trends are clear. The degree of reteniion increases continually as
the cetrimide concentration increases, and there is no indication of the maximum
found with the reversed-phase system, although there is a flattening out of the plots

10
; Ponceay 4R
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pyrazaione
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. ~5~B-anthranitic ad
Log k '~ Ponceau MX
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09— ——= —_\manlh
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Fig. 5. Dependence of & upon cecirimide concenfration for sixteen dyestuffs and intermediates.
- Eluent, water—propanol (1:3); packing, Partisil 10. The —-SO.H group is represented by $.
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Fig. 6. As Fig. 5 but for six compounds over a wider range of cetrimide concentrations.

at high concentrations of cetrimide. The order of elution is essentially unaffected by
cetrimide concentrations and is much the same as that observed with the reversed-
phase packing. Although retention generally increases with the number of sulphonic
acid groups in the molecules, there are notable exceptions in that 5-sulphoanthranilic
acid and 1-(4’-sulphophenyl)-3-carboxy-5-pyrazalone, both monosulphonic acids
containing carboxyl groups, are eluted towards the end of the disulphonic acid
group. The carboxyl group in these and in tartrazine apparently increases retention
substantiaily.

) Fig. 7 shows that X’ is reduced by increasing the acidity of the eluent and that
the change from neutral to 0.025 M sulphuric acid produces roughly a fourfold de-
‘crease in &’. The gradients of the log &’ vs. pH plots at low pH approach unity for ali
solutes irrespective of the number of sulphonic acid groups in the molecules. Tartra-
zine, a disulphonic acid containing a carboxyl group, shows a rather steeper gra&xent
at higher pH than the other acids due probably to ionization of the carboxyl group
but approxmately the same gradient at low pH when the mrboxyl group wiil be Juiiy
protonated. . -

Fig. 8 shows the effects on &k’ of diluting the standard 1:3 water—propanoi
mixture containing 1% cetrimide by adding 20% v/v of a number of additives. The
addition of water reduced k', while the addition of propanol and other alcohols in-
creased &’. The. ‘addition of relatively Iarge po{ar molecules produced eifects sumiar'
to those groduced {:y the addition of aIco!mIs} whﬂe Jze addmun: of a non-poiar
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Fig. 7. Dependence of &’ upon acid concentration for elution of five dyestuffs and intermediates.
Standard eluent, water—propanol (1:3), containing 19 w/v cetrimide; packing, Partisil 10.
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Fig. 8. Effects upon & of addmon. of 209, v{v of a number of additives to the standard.e!ue&t for seven
dyestuffs. a.nd mtetmedxam. For other details, see Fig. 7.
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modifier such as hexane had little effect on retention except for tartrazine. The effects
of methylene chloride and acetonitrile were variable but in general were to reduce &',
Evidently, additives which tend to solvate ion pairs increase retention, while those
which fail to solvate ion pairs decrease retention. From the practical point of view it
can be seen that the addition of non-solvating modifiers can significantly alter the
retention order and this may be useful in improving the separation of certain com-
ponents. Thus, for example, - and J-acids cannot be separated by the standard 1:3
water—propanol mixture but, as shown by Fig. 9, are welil resolved when methylene
chloride is present.

Dioxy-J-acid

J-acid

y-acid

ING

R W S
60 4 8

minutes
Fig. 9. Separation of dye intermediates. Column, 100 mm X 5 mm stainless stegl; packing, 6.5-um
Partisil; eluent, propanol-methylene chloride-water (70:40:12) containing 2 % w/v cetrimide. Elution
order: dioxy-J-acid, J-acid, y-acid, di-J-acid.

The data presented in Figs. 5-8 reflect a complex mechanism of retention
which we cannot claim to have elucidated completely. The fact that the elution order
is similar to that found for the reversed-phase system suggests that adsorption of ion
pairs must be the basis of retention. However, we have established by direct measure-
ment (using the same technique as for the reversed-phase system) that cetrimide is not
adsorbed by the silica gel to any extent and therefore we are not dealing here with the
extraction of ion pairs from a solution where the cetrimide and sulphonic acids are
predominantly present as ionized single molecule forms. More probably cetrimide-
sulphonate ion pairs are a predominant form of the sulphonic acids in the eluent phase,
which is much richer in propanol than the eluent used in Part A. As the cetrimide
concentration is increased a higher and higher proportion of the sulphonate groups
will be paired with cetrimide. Since in the absence of cetrimide, the acids are essentially
unretained, it seems that the increasing retention with increasing cetrimide concen-
tration reflects the state of the equilibrium C, where again the predominant species
are underlined.

RC* + §" = (1C* §")aq = (1C* 5 ucs - ©
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Increasing the concentrétion of H,80, may have two general effects. The first is to
reverse the equilibrium-D by increase in (HY)

—SO,H=—-S0,~ + H* (D)

The second is to decrease the availability of cetrimide for formation of ion pairs by
reaction E

2C* 4 SO2~ < (2C* SO2) ®)

If the effect of H,SO, is largely due to the former, then it would be necessary
for n to equal unity in the general scheme C or that the ionization of only one of the
—SO;~ groups in di- and trisulphonic acids could be suppressed. Since neither of these
seem probable, it is most likely that the addition of H,SO, reduces retention mainly
by competing with the sulphonic acids in the formation of ion pairs and effectually
reducing the cetrimide concentration available for this purpose. In this connection it
is notable that the cetrimide concentration was around 2.7 x 10~2 M, while that of
the H,80, when X’ is significantly reduced was between 102 and 3 x 102 M,

The effect of water in reducing retention and the reverse effect of alcohols are
readily interpreted in terms of their effect on the composition of the layer in contact
with the adsorbent surface. Retention of the ion pairs which themselves will tend to
adsorb propanol rather than water molecules will be greater the higher the proportion
of the solvating molecules which the adsorbent surface can accommodate.

Replacement of water on the surface by propanol will make the surface layer
more lipophilic, so will tend to increase retention, whereas the reverse will be true if
propanol is replaced by water. Ethyi acetate and tetrahydrofuran apparently behave
in much the same way as alcohols. Acetonitrile, on the other hand, will be rather
strongly adsorbed by a silanol surface yet will not solvate ion pairs so well as propanol.
It will therefore reduce retention. Hexane will be excluded from the surface iayer and
should therefore have little effect on retention as is observed. Methylene chloride has
an intermediate effect, sometimes behaving like acetonitrile and sometimes like hexane.

We conciude that the most satisfactory model for the retention on silica gel is
one wherein cctrimide sulphonate ion pairs are present in the eluent and are solvated
predominantly by propanol molecules. These solvated ion pairs are then adsorbed
most readily onto a surface which can itself be heavily solvated by propanol: the
propanol molecules thus act as a binder to hold the lipophilic ion pairs onto the hy-
drophilic silanol surface. Any additive which interferes with this binding function,
say, by displacing propanol from the surface of either the adsorbent or the ion pair
or any additive which prevents the formation of ion pairs in the eluent (e.g., a strong
acid), will reduce retention since neither cetrimide nor the sulphonic acids are indi-
vidually retained to a significant extent with water—propanol (1:3) as eluent. By con-
trast to the situation with a reversed-phase packing, where a predominantly agueous
eluent was used, micelles or detergent clusters are not involved.

- The variation of retention with temperature is in the direction expected, that
is, increase of temperature decréases &’. The usual Van °t Hoff type of plot indicates
heats of adsorption in the range of 20-30 kJ mol—.

Column performance was assessed by determining the reduced plate height



T vs. reduced velocfy curvex for two staudard solutea i aormal adsorptzoa chrognato—j}f
. graphy (amsole and. mtrobenzene) ‘and for three. sulphonic acids'in soap: chromzto—fé;_
- graphy. The results .are shown as reduced’ plate height vs. reduced’ ‘velocity. plots in_
“Fig. 10. Diffusion coeﬁicxents required for the. calcuiatzon of the -reduced: veiocrty'f‘f
were calculated by the Wzlke—Chang equation?®, which gave D, “{anisole) = 3.3 X

“10-% cm? sec™! and D, (cetrimide-sulphanilic.acid ion pair) = 15X 10~5cm?sec” Lo
- The second ‘value ‘was based upon a directly determmed VlSCOSlty of ‘2. 8cP for -
- water—propanol (1:3). containing 1 %4 cetrimide. The presence of cetmmde increased
- the viscosity of watér-propanol (1:3) by about 5%. It is clear ‘that there is Irtt!e ifany:
‘difference in performanoe between the two sysiems and that a minimum plate height -
of arm_nd two particle diameters is attainable in both. The full performance of HPLC
which we are accustomed fo expect in adsorptmn chromafography 817 can therefore -
be' obtained in soap chromatography: In practice, eluents for soap chromatography
are likely to be several times more viscous than for normai adsorptlon chromatography
and the absolute mass transfer rafe cor‘&spondmgly lower. This means that analyses
of equivalent plate performance can be performed on columns of the same. dimensions
operated at the same pressure drops, but ‘that the time-taken will- be- sxgmﬁcanﬂy
longer. This disadvantage can be removed by working ata hxgher temperature where
the viscosity of the eluent is reduced, ‘and mass transfer rates proportlonately m—
, creased or by usmg lugher pressures. » '

!

10— 0 Sulphanilic ec:d
T @ R-acid

B Ponceau MX
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O  Nitrobenzene
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05 . 10 5. . .20
log v . L ' . : .
Fig. 10. Logarxthmxc plot of reduced plate he;ght, A, against reduced veiocxty, v, for the elution of
standards and dyestuff intermediates. Packing, 6.5-um Partisil: Eluents: hexane for adscrptlen chro- -

matography of anisole and pitrcbenzene; standard eluent (see Fxg. 7)) for soap chromatography of
sx.lphamllc amd R—acxd, and Ponceau MX. e TR ;

. Two separauona carned out usmg the 10n palr adsorptxon system are shown in
F!gs. 9 and 11. Fig. 9 agam xllustrates the excellent resoiution of ¥ and J-acids Whlch ;
can now be achieved, but in the reverse order to. that obtamed using SAS silica. Fig.

‘11 shows the analysis of the dye sunset yellow. for mmuntxes mcludmg residual un-v},

coupled snlphamhc and Schiffer’s acids. A smal! proportxon of tmazme, a knowu un-
) punty in sunset yellow, has heen added to’ the mrxture s :
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F minutes .
Fxg. ll Separatxon of !mputmes in sunset yellow. Conditions, as for Flg 9. Injectxon, Szl of an
02% solutxon of dyestuff. 1 = Schaﬁer’s acid; 2 = upknown; 3 = sulphamhc acid; 4 = triazine
(added), S = sunset yellow 6 and 7 = unknown. . . )

. CONCLUSIONS

The techmque of" “soap chromatography has proved to be remarkabxy ef-
- fectlve for the résolution of sulphonic acids of interest in the dyestuff industry. The
techmque employs a long-chain cationic detergent in the present work cetyltnmethyl—
- ammeonium bromide, which forms ion pairs with the sulphonate groups. -
, - Separations can be carried out either on bonded reversed-phase materials or
: on adsorbents. The chromatographic efficiency is similar in both cases and equivalent
~ in terms of plate helght to that obtamable in hxgh-performance adsorptlon chromato-
~ graphy. . .
o The techmque can equally well be apphed to amines if an anionic detergent is
“used. o .
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