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SUMMARY 

The distribution coefficients of a large number of chlorinated phenols and 
phenolic compounds containing two aromatic nuclei have been determined on cross- 
linked polyvinylpyrrolidone and on anion exhangers in the acetate form. Solutes 
with low &in&y for polyvinylpyrrolidone have been separated in 1 mM hydrochloric 
acid, while 3-7 M acetic acid has been used for chlorinated compounds. Acetic acid 
is a suitable eluent in chromatography on anion exchangers. Hydrogen bonding of 
phenolic protons to the resins, together with non-polar interactions, are mainly 
responsible for the sorption on both of these types of resins. Under the applied con- 
ditions, the relative importance of hydrogen bonding is greater for polyvinylpyrro- 
lidone than for the anion exchanger. 

INTRODWCTTON 

Chromatography in aqueous media on cross-linked polyvinylpyrrolidone’ 
(NIP) and on anion exchangers in the acetate formz4 gives effective separations of 
a large number of benzene derivatives containing phenolic hydroxyl groups and 
carboxylic acid groups. Current studies -of eflhrents from the wood-pulp industry 
have made it necessary to extend these studies to compounds containing two aromatic 
nuclei and different types of aliphatic side chains, and to also include chlorinated 
compounds. 

EXPERTMENTAL 

Chromatographic separations (l-10 pg of each compound) were made in 
aqueous media on two strongly basic anion-exchange resins in bead form, Dowex 
l-X8 (17-20 pm) (Dow Chemical, Midland, Mich., U.S.A.) and Aminex A-28 (S-12 
pm) (Rio-Rad Labs., Richmond, Calif., U.S.A.), and on cross-linked polyvinylpyrro- 
lidone (Polyclar AT (O-75 pm), crushed particles, General Aniline and Film Corp., 
New York, N. Y., U.S.A.). The experimental conditions were similar to those used 
previouslyl*‘. The volume distribution coefhcient, II,, was calculated from the peak 



etutioo volume <F) by use of the equation 0, = C/X - er.. where X is the bed volume 

arxj &I is the relative interstitial volume. Except for the experiments with CarboxyEc 

acids in pure water and in 1 rmM hydrochloric acid, the peak eIution volumes were re- 

producible to within & I % or better arrd the peak areas to within & I .5 %. 
Most of the compo~unds referred to in Table FI and Figs. 2 and 4 were supplied 

by Dr. Knut Lundqv!st, Institute ofOr,mic Chemistry, CTH, Giiteborg; the remain- 
ing compounds were obtained from commercial sources. 

RE!3ULTS AND DISCUSSION 

Z.tflwnct of the ehent composition 

In agreement wi’& the results reported previously, non-symmetric peaks were 
ob+ained when carboxylic acids were eluted on PVP in pure wateti. The few 0, values 
rqmrted for pure-water in this md in the previous paper should therefore not be 
regarded as true distribution coefXcients but rather as the Adjusted retention volume 
en column volumes) under the experimental conditions. 

In order to study the possible effect of contributions of ion exchange to the 
sorption, experiments were made with difierent eluents (Table I). As expected, the 
retention volumes of the two solutes which lacked carboxylic acid groups were only 
slightly affected by an increase in the hydrochloric acid concentration from zero to 
0.02 M. On the other hand, the addition of sodium chloride resulted in a marked 
increase in retention which can be ascribed to 2 salting-out e&ct. The salting-out 
parameter ic,, deiined as the logarithm of the ratio of 0, in 1 M sodium chloride, to 

that in dilute hydrochloric acid, is 0.17 for phenol and 0.18 for dihydroconiferyl 
alcohol. A calculation using the data for the retention on a pellicular polyamide resins 
gives the value k= = 0.17 for phenol. The same value was obtained6 in studies on 
liquid-liquid distribution at 25”. The results indicate that the conditions inside the 
resin phase are hardly affected by the presence of sodium chloride in the external 
solution, and that salting-out parameters can be used for approximate calculations 
of the effect of salts on the reteutia values of non-electrolytes. 

The remits obtained with the carboxylic acids show that PVP ‘behaves like a 

TABLE I 

VOLUME DISTFUBUTION COEFFICIENTS IN EIYDROCEEORIC ACID ..4ND WATER 
ON PVP AT 30” 
t=TaiIiUg 

Water O.OOi _M HCI 0.02 _M %Cl I M NaCl in 
&WI M %Ci 
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weakly basic-anion exchanger. All of the carboxylic.acids were dissociated in water 
and &erefore were held more strongly than in 1 n&f hydrochloric acid. The tailing 
disappeared in 1 mM hydrochloric acid except for 24qdroxybenzoic acid which was 
highI? dissociated even in this medium, The large contributions of ion exchange to 
the retention of this acid are reflected in the bigb retention volume in weakly acid 
solution and in the large decrease in retention volume in 0.02 M HCl where only a 
small fraction of the acid was dissociated. The most striking effect is the large decrease 
caused by the presence of sodium chloride, which depresses sorption by ion exchange 
but, as already mentioned, results in a salting out of non-electrolytes. The observation 
that in 1 n&f hydrochloric acid all of the weaker acids were held more strongly in 
the presence of sodium chloride shows that the salting-out effect on the undissociated 
acid had a much larger effect on 0, than the competing effect due to the decreased 
contributions from ion exchange. In the following discussion of the elution order of 
phenolic ccmpounds and comparatively weak carboxylic acids in L mM hydrochloric 
acid the infiuence of ion exchange will therefore be disregarded., 

Most of the chlorinated solutes were held so strongly in dilute acid that chro- 
matographic separations were impractical. In order to depress the sorption, 3-7 M 
acetic acid was applied as eluent both with PVP and with the anion exchanger. The 
rest&s given in Fig. 1 show that over the whole range the elution order of the chloro- 
phenols was the same on both resins. The slope of the curves was higher for the 
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Fig. 1. The ciepedeme of log DC for chlorophenois on ‘&e acetic acid conaznlmion. A = PVP, 30”; 
By= Dowex I-XS, 70”. 0 = Z-Chlomphenol; 77 = 2,4,Etrichlorophenol; fi = 3chloropher;ol; 
81 = 2,3AS-tetrachlorophenof; -!- = l-chloronaphthaiene; V = naphthalene; 0 = 2,5_dichloro- 
phaoi. 



tetrach.loropIienol and trichlorophenol.than for the dichlorophenol and_ inonochloro-. 
phenol. The decreased sorption for these solutes can be ascribed to a blockage of 
proton-acc@ug sites in the resin phase hy a&tic acid, to the formation of association 
compounds with acetic acid and to the decreased contributions from non-polar 
interactions including those due to soiut e-water interactions (hydrophobic inter- 
actions). It i, noteworthy that with both resins an extremely high slope was observed 
for I-chloronaphthalene and ‘that the curve intersected that of 2,5-dichioropheuol. 
Similarly, the effect of an increased eluent concenttition was larger for naphthalene 
than for the chlorinated phenols having comparable 0, vaiues. With the irkstigated 
soiutes, the lowest slope was observed for benzene (not included in the figure) which 
exhibited the lowest D, value among the sol&es listed in Table III. The resrrlts with 
naphthalene and l-chloronaphthalene reflect the very great effect of solut+solvent 
interactions in these systems. The results show that for separations of solutes of 
diiferent types the choice of eluent coucentration is more important than the choice 
between the anion exchanger and PVP. 

The chromatogram given in Fr,. vu 2 shows that 3 M acetic acid is a suitable 
medium for anion-exchange separation of compounds containing two aromatic 
nuclei. Seven added compounds were well separated from each other and from three 
unknown compounds &hich were present as impurities. Under the applied conditions, 
the retention time of the last compound was 3 h 50 min. For compounds held more 
strongly in this medium, a higher acetic acid concentration can be used to advantage. 
An example is illust~mted in Fi g_ 3 where the separation of four chlorinated phenols 
in 7 M acetic acid requimd 60 min. 

I 

io 20 30 
Eluate volume, cm3 

Fig. 2. Separation of seven aromatic compomds in 3 M acetic acid on Aminex A-28 (AC-) at 70”. 
Coiumo-350 x 1.9 mm. Nominal hear flow-rate, 3.8 cmimin. For compound numbers r&r to 
Table II. Peaks denoted by f are duz to impurities. 
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0 IO 20 30 
Eluate volume, cm3 

Fig_ 3. Sepwtion of (1) 3-&lorophenoI, (2) 2,3_dichiorophenoi, (3) 2,4,MrichIorophenoI and (4) 
&3,4,5-tetrachlorophenol in 7 Mac&k acid on Aminex A-28 (AC-) at 81”. Column, 160 x 3.0 mm. 
Nominal linear flow-rate, 5.9 cm/rnin. 

Chromatograms illustrating the separation of benzene derivatives on PVP in 
I mlti hydrochloric acid were presented previously’. Equally good separations were 
obtained for most of the solutes containing two aromatic nuclei. Some of the studied 
soh&es exhibited such high 0, values (Table Ii) that they could not bt eluted in this 
medium within a reasonable time. Several compounds of this type were easily sepa- 
rated in acetic acid (Fig. 4). Unfortunately, the separation factors (a) for some solutes 
decrezse markedly in acetic acid. Hence compounds 26 and 27 (Tabie II) which are 
well separated in 1 mM hydrochloric acid (a = 1.28) cannot be easily resolved in 
5 M acetic acid (a = 1.08). On the other hand, these solutes can be most conveniently 
separated (Fig. 2) on an anion exchanger in 3 M acetic acid (a = 8.0). Similarly, 
most of the chlorinarzd compomds could be separated in 5 151 acetic acid. For some 
of the compounds, e.g_, 2J-dichlorophenol and 2,5dichtorophenol, the separation 
factor was unfavourable both on PVP and on the anion exchanger (Table IX). These 
solutes were, however, well resolved by chromatography on a cation-exchange resin 
‘by elution with 1 mM hydrochloric acid’. For several of the other compounds listed 
in Tabies II and XI the separations were much better on the anion exchzmger and on 
PVP than on the cation exchanger. 

Relation- between the structure of &ha non-electrolytes and their retention data - 
As a first approximation a swollen ion-exchange resin of the gel type can 
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Et&e volume, cm3 

Fig_ 4. Stepwise ehtion of four aromatic compounds in S-7 M acetic acid on PVP ait 30”. Column, 
500 x 2.8 mm. Nominal heat Bow-rate, 3.6 cm/min. 

be considered as a concentrated homogeneous electrolyte solution. According to 
*&‘-he Gibbs-Donnan theory, the distribution coefBcient can be represented by the 
equation 

In D, = ln(l - .Q) - nC/IRT - Inff,/f) 

where z is the swelling pressure, 6 is the partial molar volume of the non-electrolyte 
andf,/fis the ratio of its activity coefhcients in the resin phase and in the external 
solution; R and T denote the gas constant and the thermodynamic temperature. 

In dilute aqueous solutions the concentration of glycerol and other polyols in 
a swollen ion-exchange resin is lower than that in *be external solution. This exclusion 
effect is mainly due to the pressure-voiume term, while the acti-vity-coe&ient term 
is smalls. Evidently the formation of hydrogen bonds between hydroxyl groups in 
aliphatic compounds and ion-exchange resins is of little importance in dilute aqueous 
solutions. The D, value of glycerol (Table n) on the acetate form of an anion ex- 
changer con6rms this conclusion_ The 0, value observed for PVP shows that the 
same conclusion is true fOi &is poiyzer. 

From previously published results, it is evident that on both types of resin the 
strong sorption of compounds like phenol (2) and Zmethoxyphenoi (3) is mainly due 
to hydrogen bonding of the phenohc proton to proton-accepting groups in the resin 
and to non-pot& interactions. Both types of interactions d ecrease the activity- 
coefficient ratio. Intramolecular hydrogen bonding explains the lower 0, value of 
Zmethoxyphenol on both resins. The introduction of a glycerol side chain (4) will 
increase the hydrogen bonding due to inductive effects, but, as shown in the table, 
the concentration of this compound tiide the ion-exchange resin is lower than in 
the external solution (I& < 1 - Q}_ 
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REEtiTEON DATA ON PVP IN O.OQf M HYDROCXORIC ACID A-F 30” AND ON 
AMXNEX A-28 IN 3 M ACETIC ACED AT 70’ 

Conzporard’ PVP in AC1 Arm&x in 3 M acetic acid 

0, In D, - D, hD, - 

1 
2 
3 

: 
, 

; 
8 
9 

10 

11 

12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

~2wwmOH)CH 
RH 
R’H 
R’CH(OEi)CH(~H)CH,OH 
R’CH~OH 
R’CHzCHZCHI 
R’CH2CH=CH* 
R’CH=CHCH20H 
R’CH,CHzCH,OH 
R’CH(OH)CH(OH)R’ 

CH,OH 

I 
R’CH(OH)CHR 

CHzOH 

I 
R”‘CH(OH)CHOR” 

CHzOH 
I 

R’CH(OH)CHOR” 
R’CH(OH)CH,OR” 
R’CH =CHR’ 
R’COCHtR’ 
CH,CH2COOH 
CH3CH,CH,COOH 
CH==CHCOOH 
CH&H=CHCOOH 
RCH,COOH 
R’CH,COOH 
R’CHZCH~COOH 
R’CH =CHCOOH 
R”OCH,COOH 
seefig. 
see fig.2 
see fig. 4 

0.54 0.62 0.27 -1.31 
4.96 L.60 8.44 2.13 
4.26 1.45 s.aa 1.77 
I.21 0.19 0.5 -0.7 
3.22 1.17 1.81 0.59 
7.19 1.97 39.9 3.69 
7.21 1.98 27.4 3.31 

i0.7 2.37 5.67 1.74 
4.31 1.46 3.33 1.20 
5.65 1.73 1.77 0.57 

5.69 I.74 1.65 0.50 

3.10 1.13 2.94 1.08 

5.81 
17.2 

265 
>65 

0.91 
0.88 
1.18 
1.27 
8.82 
6.54 
8x6 

62 
>65 

26.7 
20.8 

>65 

1.76 
2x4 

3.38 
15.9 

>65 
32.2 
1.63 
2.57 
3.01 
2.95 

15.1 
9.51 

11.7 
28.5 
57 
23.5 
2.95 

>65 

1.22 
2.77 

-0.094 
-0.13 

0.17 
0.24 
2.17 
lx% 
2.09 
4.13 

3.28 
3.03 

3.47 
0.49 
0.94 
1.10 
1.08 
2.71 
2.25 
2.46 
3.35 
4.04 
3.16 
1.08 

e 

R= OH: R’= e..: R'=Q ; 

OCHa C&Q 

R” = 2-k 
3 

An approximate calculation 9, based on the assumption that the swelling 
pressure of the _anion exchanger is 20 MFa, shows that the increase in the partial 
molar volume by the introduction of a glycerol side chain in 2-methoxyphenol will 
lower In D, by only CQ. 0.5, while the obseived decrease was 2.47. This large change 
must therefore be due mainly to a d,ramatie decrease in non-polar interactions, due 
to the introduction of a strongly hydrophilic side chain. For PVP a similar but less 
dramatic change in E, was observed. The results suggest that, under the applied 
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conditions, the contributions of hydrogen bonding relative to those of non-polar 
interactions are much larger for PVP than for the anion exchanger. We can therefore 
predict that a hydroxymethyl substituent in 2-methoxyphenol will depress the non- 
polar interactions. This will result in a decrease in in 0, which will be less on both 
resins than that for a glycerol side chain and markedly higher for the anion exchanger 
than for PVP. The experiments (5) corroborated these predictions. Conversely, a 
propyl substituent (6) will increase the non-polar interactions. As expected, the 
increase in In D, was much larger on the anion exchanger than on PVP. An ally1 
substituent is less hydrophobic than a propyl grouplO. Increased non-polar inter- 
actions compared to 2-methoxyphenol seem to be mainly responsible for the increase 
in In 0, for compound 7 on the anion exchanger. As expected, this increase was less 
than that for compound 6. The contributions from non-polar interactions will be 
less on PVP, while the contributions from enhanced hydrogen bonding will be more 
important on PVP. This explains the observation that the allyyl subsrituent gave the 
same contribution to In D, as the more hydrophobic propyl substituent. 

Indlictive strengthening of hydrogen bonding will be an important factor when 
the double bond is conjugated with the aromatic ring. The large increase in in D, on 
PVP by the introduction of the rather hydrophilic -CH=CHCH,OH group (8) 
should therefore be mainly ascribed to larger contributions from hydrogen bonding. 
This factor will tend to increase the D, value on the anion exchanger, but the effect 
will be less. The observation that the D, value of compound 8 was slightly lower than 
that of 2-methoxyphenol must be ascribed to the efkcts of the pressure-volume term 
and to decreased non-polar interactions. For the corresponding saturated com- 
pound (9) it can be predicted that the contributions from hydrogen bonding should 
be much less. This was confirmed by the observation that its D, value on PVP was 
much lower than that of the unsaturated compound (S). As expected the decrease in 
In D, compared to the unsaturated compound was less on the anion exchanger. 

Naphthalene and two isomeric dihydroxynaphthalenes, which were the only 
polyaromatic compounds previously studied, exhibited very high D, values on both 
resins. The results with compounds IO-13 show that the sorption was much Iess when 
two aromatic nuclei were separated by an aliphatic chain containing two hydroxyl 
groups. These results can be explained by the lower non-polar interactions due to the 
aliphatic hydroxyl groups. The effect of a glycol group (10) or a branched chain (11) 
was virtually the same. On PVP, compound 10, containing.t_wo Chydroxy-3-metho-xy- 
phenyl groups and two aliphatic hydroxyl groups, exhibited a D, value which was 
almost twice that of compound 5, having only one 4hydroxy-3-methoxyphenyl group 
and one aliphatic hjdroxyl group. On the anion exchanger the D, values were 
approximately the same for both compounds. The results con&m that the pressure- 
volume term cannot be neglected for large corn-pounds with comparatively low non- 
polar interactions. 

Compound 27 (Fig. 2), having one hydroxymethyl group linked to each of 
the aromatic lings, was held much more strongly on both resins than was its isomer (10). 
This result can be explained by the increased contributions from hydrogen bonding 
due to the directly bonded ring system. As expected, the increase in In Q, was much 
larger on PVP than on the anion exchanger. 

A comparison between compounds 13 and 14 shows that the elimination of 
one hydroxymethyl group in an aliphatic chain resulted in a large increase in In 0, 
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on both resins. This efFkct, which can be ascribed to increased non-polar interactions, 
was, as expected, greater for the anion exchanger than for PVP. 

Large non-polar interactions and strong hydrogen bonding explain the very 
high D, value of compound I5 in which the aromatic rings are separated by a vinylene 
bridge. The non-polar interactions must be expected to be Less for iompound 16 
which contains a carbonyl group. The fact that this compound was held more strongly 
on PVP than on the anion exchanger suggests larger contributions from hydrogen 
bonding on PVP. This is in agreement with previous results with Chydroxybenz- 
aldehyde, which was held much more strongly than phenol on PVP’ but less strongly 
than phenol on an anion exchanger in 3 M acetic acid’. 

Previous studies of benzene derivatives showed that, for both types of resin, 
a phenolic hydroxyl group gave a larger contribution to 0, than a methoxyl group. 
The 0, values of compounds 12 and 13 show that the same conclusion is true for 
compounds of a more complex structure. The greater contributions of the phenolic 
hydroxyl group with PVP confirm that, under the applied conditions, hydrogen 
bonding has the greatest intluence with PVP. 

The acid eluents were chosen so that ion exchange had no effect on the sorp- 
tion of the phenolic compounds_ On the other hand, the carboxylic acids are dissoci- 
ated to some extent in both of the acid media, which means that ion exchange is not 
eliminated completely. The low 0, values for the acyclic acids on PVP confirm that 
the ability of these acids to form hydrogen bonds with PVP in aqueous solution is 
small compared to that of benzoic acids. The unsaturated acids were retained more 
strongly than their saturated analogues, indicating a strengthening of the hydrogen 
bonding due to inductive effects. The fact that crotonic acid, the weaker acid, was 
held more strongly than acrylic acid indicates that non-polar interactions contribute 
to the sorption. 

All of the acyclic acids (HA) were retained much more effectively by the anion 
exchanger in 3 M acetic acid than by PVP in 1 mM l-El. Their sorption is ascribed 
to the formation of counter ions of the type (HAAc-) in the resin phase”. The obser- 
vation that butanoic acid is held more strongly than propanoic acid confirms that 
non-polar interactions contribute to the sorption”. The stability of the associated 
anions increases with increasing strength of the acid, and as expected the unsaturated 
acids are held more strongly than their saturated analogues. The eluiion order of 
crotonic and acrylic acids is in agreement with this pattern, although non-polar 
contributions will be more important for crotonic acid. 

Fen&c acid (24) was held very strongly by both resins. It is noieworthy that 

the 0, values were much higher than those of the corresponding alcohol (S), indicating 
that hydrogen bonding between the carboxyl group and the proton-accepting resins 
contributed markedly to the sorption. This was confirmed by the high 0, value of 
compound 25 which contains a carboxylic acid group but lacks phenolie hydroxyl 
groups. It is seen that 25, the strongest acid among those listed in Table II, exhibited 
the highest 0, value on both resins. On both resins, dihydroferuiic acid (23) exhibited 
a much lower 0, value than ferulic acid. The higher acid strength of the latter con- 
tributes to this effect, but no doubt the effect of the double bond (cf compounds S 
and 9) is also of importance. 

The strength of 4hydroxyphenylacetic (21) and Chydroxy-3-methoxyphenyl- 
acetic acids (22} must be approximately the same. On both resins, compound 21 was 



RETEtiION DATA ON PVP IN 5 M L&E-TIC ACED AT 30” AND Or;r DUWJZX I-X.3 IN 
7 M ACETE ACLD AT 70” 

Benzene 2.36 0.86 l.lG 
ChlOiOlXenZlme 3.43 1.23 1.56 
Pheilol 3.89 1.36 1.78 
2-ChlorophenoI 7.42 2.00 3.78 
3-Chioropheno! 9.12 221 4.31 
4-Chlorophenol 8.15 2.10 4.17 
2,3-Dichforophenoi 15.4 2.73 7.01 
2,bDichlorophenoi 11.9 248 6.37 
2,5-Dichlorophenol 14.7 2.69 7.03 
2,6-Dichlorophenol 5.66 2.16 3.05 
2,4,5-Trichtorophenoi 19.7 2Yi3 12.9 
2,4,6-Trichiorophenol 10-4 2-34 5.86 
3,4,5-Trichlorophenol 24.0 3.15 14.9 
2,3,4,5-Tetrxhlorophenoi 30.5 3.42 30.2 
2,3,4,6_Tetzxhlorophenof 16.6 2.81 17.1 
2,3,5&Tetrachlorophenol 18.7 2.93 24.6 
Pentachloropheaol >50 >50 
EMethylphenol 4.57 1.52 1.88 
CChloro-3-methylphenol 9-45 22.5 3-99 
Nzphthalme 9.1-6 2.21 3.13 
I-ChIoromphthaIene 12.8 2.55 4.89 
l,l-Bi$bch!orophenyl)-2,2,2-trich!orcethane (DDT) >50 >50 

0.095 
0.45 
0.55 
1.33 
l-46 
1.43 
1.95 
1.85 
1.95 
1.12 
2.56 
1.77 
2.70 
3.41 
2.84 
3.20 

0.63 
1.38 
1.14 
1.59 

held more strongly than 22. This demonstrates that the carboxylic acid group and 
the phenolic group both contribute to hydrogen bonding with the resin. The lower 
0, value of compound 22 is explained by intramoiecular hydrogen bonding. 

Chromatography on anion exchangers in methanol media shows that intro- 
duction of chloro groups into the aromatic rings leads to increased retention vol- 
umes?. The results given in Table III show that the same conclusion is true in aqueous 
media. With the hydrocarbons, this change can be related to increased non-polar 
interactions which are reBected in a decreased solubility in water. For phenolic 
compounds, increased conrtibutions from hydrogen bonding with the resin are an 
adtiional factor. 

As expected, Schlorophenol, which has the ability to forni iutramolecular 
hydrogen bonds, was held less strongly than its isomers. Likewise, 2,4,5-trichloro- 
phenol had a lower 0, value than 3,4,5trichforophenol. The observation that 2,4,6- 
trichIorophenol and 2,Bdichloropheaol exhibited much lower D, values than their 
isomers is explained by a combination of intramolecular hydrogen bonds and steric 
hindrance. For the same reason, the D, values of the tetrachlorophenols with 26 
substituents were much less than that of ~3,4,5-te~c~oropfienot. 

For compounds lacking intramolecular hydrogen bonds and steric hindrance, 
D, shoAd incrzas~ with increasing acid stre&h, providing that the effects of non- 
polar interactions are titiualty the same. F&m experiments with c&on-ex&=ge 
resins’, we conclude that the non-polar interactions are almost the same for 4_chlor5- 



phenol @Ki -G 9.37, ref. 13) and 3chlbrophenol (PK, = 8.97). As predicted, the 
stronger acid exhibited a higher 0, va!ue ou PVP and on the anionexchange resin. 

Even for compounds with intramolecular hydrogen bonds and steric hindrance, 
the stronger acids Were held more Cmiy than comparable isomers. Hence, 2,3,5,6- 
tetrachtorophcnoi (PK, = 5.03) and 2,3,4,&tetrachtorophenol pK, = 5.22), which- 
exhibited approximately the same 0, values OQ a cation exchanger, were efuted in the 
order of increasing acid strength both on PVP and on the anion exchanger_ In agree- 
ment with this rule, 2,4_dic&lorophenol. which is a weaker acid than 2,3lichIoro- 
phenol and 2,5-dichlorophenol, exhibited the iowest I& value. 

The 0, value for 2,5dichlorophenol cpKa = 7.51) was the same as that of 
2,3-dicMorophcnol (PK, = 7.71) on the anion exchanger. On PVP their order of 
eiution was the reverse of that expected from the acid strength. These results may be 
explained by larger non-polar contributions, reflected in a much -higher 0, value of 
2,3dichlorophenol on a cation exchanger. 

This research was sponsored by the Swedish Board for Technical Development. 
Thanks are also due to Dr. Knut Lundqvist for gifts of aromatic compounds and for 
valuable discussion. 
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