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AUTOMATIC LIQUID CHROMATOGRAPHY OF ORGANIC COMI?OUNDS 

II. ADSORPTION CHROMATOGRAI’HY 01’ l3ENZENE DERIVATIVES ON 

STYRISNE-BASED CATION-ESCHANGE~RESIN’ 

Tlic adsorption cl~ron~atograpl~y of benzene derivatives on styrene-based cation- 
exchange resin has been investigated. Adsorption isotherms of benzene derivatives 
are discussed and the possibility of separation and quantitative treatment is consider- 
ed for sonle cases of non-linear isothermal adsorption, 

The distribution coefficient and the height equivalent to a theoretical plate, 
inlportant for separation and quantitative analysis, have been calculated for thirty- 
eight derivatives of benzene. 

INTRODUCTIOS 

D~\vr~zs =\NIJ TEIOZ~IAS~ and S~~~IUE~~~~~ reported on the adsorption of carbosylic 
acids on sulfonic acid-type ion-eschange resin. Salting-out clironiatograpliy of aro- 
matic con~pouncls has been reported 13~ SARGENT AND ~IIEMAN ‘1 and I+JNASAKA et al.“*” 

The adsorption of aromatic compounds on the skeleton of ion-eschange resins has been 
considerably investigated’-10. 

Although some relationships between isotherms and liquid chromatograms have 
been discussed, there has been little experimental study 11. The esperimental design 
and column standardization are very difficult, and the experimental conditions used 
must therefore be carefully controlled. Thus the diameters of resin particles should be 
controlled, the resin sl~oulcl be packecl into the column as l~.oniogeneously as possible, 
tlie extra column volume ancl the sample injection volume slioulcl be decreased, and 
the column temperature and the flow rate sllould be maintained constant. Under these 
controllecl conditions, an isothermal curve can be predicted from the variation of tile 
distribution coefficients (KU) with change of solute concentration. 

In this paper, lin and height equivalent to a theoretical plate (HETP) of thirty- 
eight derivatives of benzene were obtained, ancl the variation of retention volumes 
(‘1/1t) with the chan& of concentration of several compounds wfas studied. The relation 
between the type of adsorption isotherm ancl the separative effect of admised solutes 
in liquid chromatography was demonstrated for phenol derivatives. 

l Paper p~2se1~tccl ;~t the goth A\nnual Meeting of l’harrnnccutic~tl Society of Japr~n, Sappora, 
Japan, July zgth, 1970, For part: I, wc rd. I. 

J. Cfrr*o~rtafogr~. , 59 (1971) 373-381 
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EXPERIMIZNTAL 

Samples used as salutes were recrystallized or redistilled and their purity was 
determined by means of the melting point, organic microanalysis and IR spectroscopy. 
Some of them were kindly supplied by WAR0 Pure Chemicals Co., Ltd. The samples 
were weighed with an accuracy of IO ,~g and dissolved in deionized and redistilled 
water to give solutions of various concentrations. The injection volume of each sample 
solution was x00 ~1. 

Strong 
adhesive 
bond - 

Silicone - 
rubber 

tube 

tube 

tube (#==Imm) 

($=lmm) 

Fig. I. Special semplc injector. 

A UV-detecting, automatic recording liquid chromatograph was used, fitted with 
a reverse phase duples plunger pump, JLC-P, (JEOL Co., Ltd.) ; a constant-tempera- 
ture water circulator connected to the column jacket, TAIYO Therm0 Unit C-550 
(TAIYO Scientific Fabrication Co., Ltd.) ; a specially designed sample injector depicted 
in Fig. I; a UV detector, JLC-B, UV Detector (JEOL Co., Ltd.), which had four light 
interference filters (transmittances were about 40 o/0 at 250, 273, ZSO and zS7 nm) and 
a quartz flow cell (lightpath 3 mm); and a G-pen electronic recorder (OHKURA 
Electric Co., Ltd.). The connector between the column and the flow cell was a 3%cm 
Teflon tube of I mm I.D. that was as short as possible. 

The inner diameter of the glass column used was o.S cm. The column length was 
controlled by a variable column plunger. The outlet pressure was controlled by a valve. 

Preparalion qf stationary j3ltase 
Dowes 5oW Xz, 4, S and 12, hydrogen form, (each 200-400 mesh), Amines x12 

(21-29 pm), Amberlite CC-12~ (XS,5) (400-600 mesh) and Bio-Rad AG 5013' XS 
(minus 400 mesh) were passed through a sieve to obtain a particle siqe,of minus 400 
mesh, and the particle size was further adjusted to be uniform by the sedimentation 
method described previouslyl. 

The sodium form of the ion-exchange resin was formed with a large excess of 
2 N sodium hydroxide solution and washed with water in a long column. The diameters 
of the particles of both types of resin were tested by microscopy and are tabulated in 
Table I. 

.J. Ct~rontnlogv., 59 (1971) 373-381 



AUTOMATIC LIQUID CHROMATOGRAPHY OF ORGANIC COMPOUNDS. II. 375 

Cross-linking 2 4 S I2 ‘I a (S.5) s 

hlC~L.~l clial1Ictcr ol parti- 
cles (/cm) (as H.+ lz\‘pc) s 0 Gj GO Go 2.5 GO 2S.r 

Resin weight (gj 
(cululll11 : IS._? :a: 0.s cm) 

H+ form 1 * .5 4 4 2.350 3.670 4.357 4.144 3,234 3.735 
Nn’. form 1.716 2. Y I 0 +.z‘tI -+*9Gs 4.747 3~990 4.301 

Ion-exchange resin was packed into a column l~omogcneously by means of a 
supporting tube which had the same diameter as the column connected to the top of 
the column, and the supporting tube was then detached. By using such a supporting 
tube, the column length was proportional to the weight of the packed resin (Fig. 2). 

Acerophcnone 

Fig. 2. Corrclntiotl of tlic colunln lwgtli with weight of. p;~clrcrl rcsirl anal I,*lr’ value of some bcnzcllc 
clcrivati\*cs. :\mI_wrlitc CC;-120, Na.+ form. h1cat1 clinmctw of pnrticlcs, 60 /rm. Column cliamctcr, 
0.S cm. Elucnt: tv;~t~r’. ‘.l’cnipcrntiirc, 40~. Flow rate, 0.45 ml/min. 

The variation of t;li vnlucs with the change in the degree of cross-linking is 
sl~own in Fig. 3jA and 13. This indicates that the effect of cross-linking on l/n values is 
an important problem vhich sl~~~lcl be investigated, but in this paper a degree of 
cross-linking of S s/o was selected. 

Deionized and redistilled water was run as eluent nt rates of 0.45 and 0.36 ml/ 
miu. The column temperature was controlled at 30, 40, 50, 52.5, Go and 70”. The wave- 

./. Clrl*nlmfqy., 59 (1971) 373-3Sr 
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length of the light interference filter used was selected as near as possible to the ab- 
sorption maximum of the solute. 

40- 

30- 

= 
& Y 20- 
SC 

IO- 

(A) 

Q 

00 
*co- - 0, 

-*o’ 

120- 

100 - 

80- 

E 

P 
6U- 

40, 

(5) 

0' I I 

D-2 D-4 D-B rJ-12AminexA.120 
201- 

D-2 D-4 D-0 M2AminexA-120 

Fig. 3. V:Lriatioll of V,, values of sonic benzcnc clcrivstivcs with change of cross-linking, Of ion-es- 
chczngc resins. Column, IS.5 x 0.8 cm. Elnent, water. Flow rrttc, 0..+5 ml/min. ‘J.*cmlxxaturc, 52.5’. 
Synlbols Of resins: 13-2, Dowes SOW S2; D-4, Dowes 5oW X4; D-5, DoWcS sO\V SS; ID- 12, DOWCS 
JOW S.12; Amincs, Amincs 512; 11-1~0, Ambcrlitc CG-120. (--- ), Na' t>*pc; (- - - -), I-I'+ 

type ; q , phenol, Cp , bcnzylalcohol ; 0, p-nitrobcnzoic acid, l , bcnzoic acid ; X , xctophcnonc; 
0, nitrobenzcnc. 

A linear relation between peak area and solute concentration was obtained. 
Some solutes gave a non-linear adsorption isotherm, and the calibration curves were 
almost linear or very slightly curved (Fig. 4A and IB) . 
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Fig. 4. Calibration cusvcs of bcnzenc clcriv;Ltivcs. Uio-Rncl AC; SOW SS, Nu+ form. (X) : o-, 112- and 
p-crcsols. (U) : rrz-nitrophcnol and bcnznlclcl~yclc. 

RESULTS AND 11ISCUSSION 

Usually aqueous solvent systems are used in ion-eschange chromatography, 
Such systems were used in tllis work since it is preferable to use an aqueous system 
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for the investigation of the effect of physical adsorption mechanisms cm strong ion- 
escliange resins. 

Linear relations were obtained between the column length and the weight of 
packed resin and T/It value (Fig. 2). Also, log KU was proportional to the reciprocal of 
absolute temperature in the range 30-7o°C (as shown in Fig. 5). These facts showed 
that the adsorption mechanism should be nearly constant under tllese esperimental 
conditions. VR values and peak widths for benzene derivatives were determined from 
their chromatograms at the concentrations given in Tables II and III, and their Ku 
values ancl HETP values were calculated from them. Relative standarcl de\yiations of 
VI< values and widths were less than 2.5 %, and less than 5 %, respectively (II > 5). 

1 I 1 h 

2.9 3.0 3.1 3.2 3.3 

T-‘, 1O-3 (“K) 

‘ITig. 5. Plot of. log li,, of .somc bcnzenc tlcrivativcs on 13io-IXnrl AG _jO\\’ SS, Nn+ form, against the 
reciprocal of absolute tcmpcraturc of the coluii~n. 0, bcnzyl xohol; q , plicnol; A, pcrcsol; 
x , mctophcnonc; 0, nitrobcmene. 

The Kn values on ISio-Racl AG were less than on Dowes ancl the I-IETP values on 
Bio-Rad A(; \vere 20-50 $6 of those on Dowes. Particle diameters, colunm teniper- 
atures and flow rates are given in Tables I I and III. 

As henzenesulfonic acid and +toluenesulfonic acid \verc not aclsorbecl on the 
llydrogen form of strong ion-eschange resins, the volume of the mobile phase in the 
column was maclc tile same as their T/n value. o- and fi-nitrobenzoic acicls were 
sparingly adsorbccl a.ncl other substitutecl lxnzoic ncicls were adsorbed on tile h>*drogen 
form of the resins. 

On the otller hand, benzenesulfonic acid, +toluencsull’onic acid and benzoic 
acid+ wcrc escliangcd with sodium ions on the socliuiil form of strong ion-escl~nngc 
resins. Accorclingly, the sodium salts o.f tllese compounds were used as solutes, and the 
k-olume of tlie niol~ilc phase in the column was made the same as the 1’1.: value of 
soclium benzenesulfotlate. .Soclium lxnzoic acids were sparingly aclsorlxcl on the sodium 
form of the resins. 

Nitropllenols were partially cschangecl with the sodium form of the resins, as 
clemonstratcd by UV spectroscopy. The otller solutes in Tables II n&l TII \vere ad- 
sorhecl similarly on the hydrogen and sodium forms of the resins. 

The simplest mechanism of adsorption is tlic case in which the aclsorption iso- 
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TABLE II 

uv filters: **, 260 flIn; ***, 273 11111; ****, 2So nm. Colu~nn : IS.5 x o.Y cm. A = Bio-Racl AG 50W 
SS, I-I-C form (particle cliamcter 25 1~x11). Flow rate, 0.3G nil/min; tcmpcraturc, Go”. 33 = Dowcs 
5oW SS, H+ form (particlc clisrneter Go //m). Flow rate, 0.45 ml/min; tcrnpcrature, 52.5”# 
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1.50 
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3.G2 
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0-37s 
5.65 
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Cl 
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OH 

NO, 

Cl 
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I. 70 
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1.Gg 
1.20 
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11.1 
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13.0 

2.19 
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I.79 
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10.3 

11,s 
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0.20.1 
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o.xs2 
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0.23 j 
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0.295 
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0.15G 
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20.3 7.46 1.22 
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11.1 
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therm is linear and ideal, Cases of linear ideal isotherms in adsorption phenomena are : 

few and there are many esamples of non-linear and non-ideal isotherms. 
Chromatograms obtained in this experiment showed leading, tailing or Gaussian 

curves (some examples are shown in Fig. GA, B and C). In the case of non-ideal iso- 
therms, it is impossible to obtain the isotherm directly from its chromatogram. In 
such cases, the variation of the VIZ value with change of solute concentration was 

J. CIwom7h&V., 55, (1971) 373-3X1 
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measured and its inf-luerice examined on separation and quantification. A range of 
solute concentration in which there was little or no change in the li’o value was found 
(Fig. 7A and l3). In such a concentration range, the design of a separation and quan- 
titative analysis method in non-linear isothermal adsorption chromatography should 
be practical in some cases. An example of the separation of o-, WJ- and+-nitrophenol is 
shown in Fig. 6A. Chromatograms of o- and $-nitrophenol showed leading, corre- 
sponding to an isotherm convex to the horizontal ask, but n+nitrophenol showed 
tailing corresponding to a concave isotherm. The resolution of these chromatograms 

‘rAI31,l’: III 

UV filters: **, 2Go nni; ***, 273 tlnl; ****, 2So nm; *****, 2S7 nm. Column: IS.5 x 0.S cm; A = 
13io-liacl AG SOW SS, Na-I- form (particle cliamctcr 28 /Lm). Flow rate, 0.36 ml/min ; Tcmperaturc 
GoO. 13 = l~owcs 5ow SS, Na f form (particle cliamctcr Go /rm). Flow rate, 0.45 ml/min; Tcm- 
pcraturc, 52.5O. 
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b Column 6.7 x 0.8 cm. 
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Pig. G. Liquicl chromatograms of phenols. 13io-Red AC 5oW SS. Diamctcr of particles, zS.1 pm (in 
I-I+ form). Column cliamctcr, 0.5 cIn. Elucnt, water. Flow rate, 0.36 ml/min. Tcmpcxaturc, Go”. 
(A) Nitrophenols: o&&o, 0.56, 0.2s ant1 0.16 /~niolc; ~rr.eln, o.Y3, 0.05, 0.;13 n11cl 0.31 p1olc; pn;l*u, 
0.1s pmolc. Column length, 6.7 cm, Na-t- form. (I3) I-Iyclrosypl~cnols, or1/10, I. I /rmolc; ~r~lcln o.gS 
pmolc; finvn 1.3 pmolc. Column length, 1S.5 cm, Na+form. (C) Isolwol~yll~l~cnols, 01’1110, I .G7 jrmolc; 
nreln, I .Gg pmolc; pn~n, 120. /~molc. Column lcngtli: 1s.5 cm, I-l+ form. 
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Pig. 7. Trari,ztion of It,, values of sonic benzcnc clcrivntivcs with change Of Solute concentration. 
(1\) Dowx 5o\V Xl. &an cliametcr of particles, 65 pm. Column, IS.5 x 0,s Clll. Elucnt, wntcr. 
ITlow rate, 0.45 ml/min. ‘~cnipcraturc, 52.5”. ( -) , Nn.‘. form ; (- - - -), 1-1-t. form. (13) T3io-l’incl 
AG 5otV S S. Mcnn clinmctcr of ynrticlcs; zS.1 pm (in I-I+ form). 1~10~ r&c, o.gG ml/min., Tcm- 
pcri\turc, GO”. ( -), Na+ form. 
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was tlicrefore increased by dilution of the solutes, but decrcasecl by an increase in 
concentration. 

As another esample, the separation of o-, V/L- and ~-dihyclrosybenzerle shows an 
almost linear adsorption isotherm (Fig. OX). Chroniatogran~s of o-, ~lt- and ~-isopropyl- 
phenol showed tailing and their complete separation was not achieved with the 
IS.s-cm column length (Fig, GC). However, the separation of O- and +isopropylpllenol 
was complete. 

The relation between the chemical structure of solutes and their Ku values will 
be cliscussed in a future paper. 

CONCLUSIOxS 

The adsorption of benzene derivatives on the hydrogen and sodium forms of 
styrene-bnsecl strong cation-escliange resins was esaniinecl in aqueous solutions. 

Hitherto, the character of non-ionic adsorption of aromatic compounds on 
strong cation-eschange resins was not certain. The present results explain some 
aspects of non-ionic adsorption. Thus there are some cases of linear aclsorption iso- 
thernis and some cases of non-linear adsorption isotliernis for which the variation of 
VJ, value with solute concentration is not large. In these cases, a linear relation be- 
tween peal; heights or peak areas ancl solute concentration \vas obtained and cluantita- 
tive analyses were possible. 

13asecl on these results, some examples cd possible separations \vcre given, and 
ICI, and HETP values, inlportant data for the practical design of quantitative ancl 
clualitative analysis of benzene derivatives lq’ liquid clironiatography, were obtained 
for thirty-eight conipouncls. 
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