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Salting coefficient of hydroxybenzoic acids
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The Setschenow parameter and thennodynamic
parameters of transfer of 2- and 4- hydroxybenzoic acids
from water to salt solutions have been reported. The data
have been rationalised by considering the structure
breaking effects of the ions of the salts, the localized
hydrolysis model, the internal pressure theory and the
theory of water structure due to Symons.

Studies of the salt effect on the activity coefficient of
nitrobenzoic acids':" and acid terephthalic esters:'
revealed that these solutes behave differently from
other acidic nonelectrolytes" - 7. They were salted in
by manyofthe electrolytes. In none of these cases the
Setschenow equation was found valid over the entire
concentration range. These observations led us to
investigate the salting coefficient of 2- and 4
hydroxybenzoic acids in water. The following
electrolytes were employed: KCl, KBr, KI, KN03,

K2S04, MgS04 and tetramethylammonium chloride
(TMACI). The Setschenow parameter (Ks) and the
thermodynamic parameters of transfer (~Htranand

L Stran) of the solute from water to salt solution have
been computed from solubility measurement at
various temperatures in the presence and absence of
salts.

Experimental
All the salts employed were of AR grade,

2..Hydroxybenzoic acid (KL, England) m.p, 159 (lit.
m.p." 158.3) and 4- hydroxybenzoic acid (KL ..
England) m.p. 214(lit. m.p." 215.5)were employed as
such. Solutions were prepared in conductivity
water.

Determination of solubilities
Solubility at a constant temperature (± O.02°C)

maintained by Haake EK 51 bath system was
determined by spectrophotometric method using a
Hitachi 200-20 DV visible spectrophotometer. The
solute with salt solution in boiling tube (fitted with a
mercury seal apparatus to minimise the loss due to
evaporation) was shaken with an ingenously
fabricated shaking machine to attain equilibrium.
Solubility was determined at 20, 25, 35 and 40°C for
[salt] from O.05-o.3~ mol dm- 3 • The results were
reproducible within an error of 0.5%. The probable
error? in 6 Htrdn was 0.02 kJ mol- I while that in 6 Stmn
was 0.1 JK - 1. The data are given in Table 1. Ks was
determined using the equation

Table I-Solubility of 2- and 4· hydroxybenzoic acids in salt solutions at different temperatures (10- 2 rrol dm - 3}

[Salt]

KC)

KBr

Kt
KN03

TMACI
K1SO..
MgS04

KC)

KBr
-rMACI

K2S04

MgS04

25°
0.10

0.05 0.10 0.15 0.20 0.25 0.30 0.35

2-Hydroxybenzoic acid [So = 1.531 (200)~ 1.861 (25°).. 2.805 (35') and 3.211 (40°)]

1.531 1.861 2.822 2.798 2.800 2.739 2.698 2.664 2.624

1.573 I.909 2.886 2.860 2.827 2.787 2.762 2.728 2.704

1.590 1.924 2.917 2.879 2.844" 2.768 2.737 2.737, 2.708

1.666 2.008 2.976 2.956 2.940 2.923 2.906 2.881 2.861

1.548 1.900 2.850 2.913 2.999 3.102 3.158 3.217 3.265

1.899 2.326 3.489 3.56] 3.593 3.663 3.728 3.781 3.851

1.548 1.900 3.254 3.367 3.402 3.473 3.658 3.632 3.627

4-Hydroxybenzoic: acid [So = 2.771 (200)~ 3.688 (25°). 7.181 (35°) and 8.814 (40°)]

2.752 3.649 7.142 7.066 6.930 6.841 6.707 6.597 6.496

2.765 3.671 7.151 7.115 6.985 6.834 6.756 6.714 6.673

2JSl6 3.731 7.188 7.214 7.432 7.720 7.906 8.086 8.244

2.810 3.709 7.202 7.081 6.991 6.921 6.831 6.756 6.639

2.739 3.621 7.089 6.939 6.714 6.482 6.289 6.097 5.922

4<tc
0.10

3.197

3.260
3.287

3.358
3.391

4.107
3.391

8.607
8.713
8.814

8.606

8.489
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T
6St ra n =

6Gtra n = RT In Ks

an the ion. Small ions of high charge will make the
water structure more rigid and the entry of solute
molecule into solunon is obstructed causing salting
out. The charge: size ratio of the anion is in the order
Cl- > Br- > N03- > 1-. Salting out parameter
should decrease in the same order which is observed.
The structure breaking action of the ions increases in
the order 1- > Br- > N03- > Cl". Hence the salting
out pattern should be observed in the opposite
direction. The observed salt effect is the resultant of
the two.

TMACl salted in both the solutes. Bockris et al' 0

attributed salting in by large TMA + to dispersion
forces between ions and neutral solute and solvent
molecules. Long- McDevitt theory'l also predicts
salting in by this ion. On the basis of localized
hydrolysis model TMA + is a structure breakerU -14

resulting salting in.

K1S04 and MgS04 salted in 2-hydroxybenzoic
acid and Setschenow equation was not valid.
4-hydroxyhenzoic acid was salted out obeying
Setschenow equation. SOl - is a powerful structure
maker!". This will reduce the solubility because the
proportion of (H 20 )d molecules will be reduced. In
nitrobenzoic acids the electron withdrawing nature
of the nitro group makes the carboxyl proton more
acidic. The nitro group makes H-bond through OHr
(Symons terminology!") and the carboxyl group
through the LPf of water molecules. The inductive
effectof nitro group favours this process by making
nitro group and carboxyl proton more sensitive to
H-bonding. Contribution to solubility by the two
sites are not independent. The sulphate ions increase
the solubili ty through an electrostatic attraction
hetween the negative end of the dipole of water
molecule and H ofcarboxyl group. The immobiliza
tion of water molecules by SOl - ca used by
Il-bonding through the Oll-of water molecules will

[salt]

log (So/S)
Ks=

Lim

[salt]- > 0

Results and discussion
Kct KBr, KI and KN03 salted out 2

hydroxybenzoic acid obeying Setschenow equation
with initial salting in KCI and KBr salted out 4
hydroxybenzoic acid over the entire concentration
range obeying Setschenow equation. Studies with KI
and KNO.~ could not be carried out in the case of 4
hydroxybenzoic acid because of the strong absorp
tion of these salts at the Am a x of the solute (249 nm).
When an electrolyte is added to an aqueous solution
of nonelectrolyte the increase in internal pressure
resulting from ion water interaction compresses the
water molecules and squeezes the solutes out. The
effect of the salt on the activity coefficient of the solute
is determined by the extent to which water structure is
compacted or loosened. This in turn depends on the
relative size of ion and water molecule and the charge

The ~Htran and 6,.Suan ofone moleof solutefrom water
to salt solution (0. t mol dm. - 3)at 25°C are also given
in Table 2.

where S and So are the solubility of the solute in the
presence and absence of salt. The equation is not
obeyed at high [salt]. The valuesare givenin Table 2.
Vant Hoff reaction isochore was applied to Ks at
different temperatures and dHtran was calculated by
the method of least squares. ~Gtran is related to Ks by
the relation

Table 2-Setschenow parameter (Ks) and thermodynamic parameters of transfer at 25° of 2- and 4-hydroxybenzoic acids

Salt Ks 2-Hydroxybenzoic acid Ks 4-Hydroxybenzoic acid

6. Htn m 6Stra n 6 Hu a n 6St n tn

(kJ mol"") (JK -I mol" 1) (k.l mol" ') (JK -I mol- I)

KC] 0.11 0.17 -0.6 0.14 -0.6 -2.1
KBr 0.10 -0.46 -1.3 0.11 -{).36 ~ 1.2

KI 0.08 -0.55 -1.6

KNO., 0.06 -1.57 -4.7

TMACl -0.20 -1.59 - 5.5 -0.22 -0.6 -1.9

K2S04 1.17 5.8 0.11 1.43 6.2
MgS04 -1.43 6.2 0.26 -1.01 -3.5
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expose the LPrsiteof water molecules to H-bond with
carboxyl proton of the acid solute. The acidity of
carboxyl proton plays the most important role in the
salt effect of S04- 2 which has been discussed from
similar studies on picric acid 17. The intramolecular
H· bonding of 2-hydroxybenzoic acid increases the
acidity of carboxyl proton tp'K; = 2.98). It suggests
that the solubility increase is due to the increased H
bonding through this proton. The favourable effect
on solubility due to electrostatic effect will be
important only when H-bonding occurs between the
carboxyl group and the LPfofwater molecules. Data
on phthalic-acid 18 substantiates this argument. The
thermodynamic parameters of transfer are in agree
ment with the experimental data.
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