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Determination of the Dissociation Constants of Salicylic Acid in
Water-Ethanol Mixtures by Modified Conductometric Methods
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The dissociation constants of salicylic acid in water and ethanol-water mixtures (8—87.6 wt %, of ethanol),
have been determined by the modified conductometric method as suggested by Gelb. The results have been

checked independently from the plot A C vs. 1/A4 of salicylic acid in mixed solvents.

have also been determined.

The importance and limitations of the determinations
of the dissociation constants of acids and bases in mixed
solvents have been well-discussed.'=® In order to
explore a suitable method for the determination of the
dissociation constants in mixed solvents which could
avoid the uncertainties due to liquid-junction potential
and changed sensitivity of the glass electrode, we found
the conductometric method as suggested by Gelb® with
suitable modification can be utilized with success. The
method is handy and less time consuming and ensures
high accuracy. The method involves the assumption of
complete dissociation of HCIO, in mixed solvents—an
assumption on which the measurement of Ht ion con-
centration in mixed solvents is generally based. Until
now the assumption has been regarded as being valid
in mixed solvents containing fairly high percentages of
organic solvents.

We report in this communication the dissociation
constants of salicylic acid in a series of ethanol-water
mixtures by the modified conductometric method. We
are particularly interested in the determination of pK
values of comparatively weak acids which may be useful
for the preparation of suitable buffers, the lack of which
is one of the strong handicaps for the measurement of
H+* ion concentrations in mixed solvents.

Experimental

Absolute ethanol was treated with the requisite quantity of
calcium oxide, kept overnight, and then distilled. The mid-
dle fraction was collected and used without further treatment.
The slight traces of water, if any, in the organic solvents were
neglected. The weight percentages of the organic solvent and
the relative permittivities of the solvent mixtures were deter-
mined in the same way as described before.® Salicylic acid
(G. R. E. Merck) was recrystallized from alcohol. Perchloric
acid and other reagents used for standardization were of E.
Merck’s reagent grade.

Conductance measurements were done with the aid of a
Leeds and Northrup Model 4959 conductance bridge with a
sensitivity of +0.1%. A 50—60 cycle signal was employed.
A dip-type Philips conductance cell with a cell-contant, 0=
0.815 cm~! was utilized. The cell constant was determined
using accurately measured KCI (G. R. E. Merck) solutions
and using the conductance values from the literature” and the
value of the cell-constant was repeatedly checked during the
course of the experiment. The measurements were done at
254-0.05 °C.

The initial conductance of a certain amount of the acid
solution was measured. Definite amounts of perchloric acid

o o
Axcio, and A salieylic acid

in appropriate solvents were added at regular intervals. The
mixtures were allowed sufficient time to attain equilibrium
and the conductance of each solution was measured. The
experiment was repeated with different concentrations of the
salicylic acid and also in different percentages of mixed sol-
vents. The ionic strengths of the solutions were kept as low as
practicable (=&~10-3 M) so that the ionic strength correction
was almost negligible. The blank titrations were performed
in the same way as described above, the experimental solutions
being replaced by the same amount of the appropriate solvent.
The conductances of the solvents were taken to apply appro-
priate corrections.

Results and Discussion

The dissociation constant K for the reaction
HA — H* + A~ (1)
can be represented as

[H*I[A"]

K = = 2

mA7 Ut @
(fua may be regarded as unity).

However, if we take a mixture of completely dissoci-
ated HCIO, and partly dissociated HA, Eq. 2 can be
written as

K = a(“CHA('I;SE;C)IO.) XS2 (3)

Cya=total concentration of HA

Chucio, = concentration of HCIO, in the mixture

f==mean activity coefficient

a=the degree of dissociation of HA in presence of

HCIO,

The conductances of the mixtures (containing HA
and HCIO,) and the blank solutions (containing HCI1O,
only) are given by

1 1 ,
R = W[CHCIQAI/{C]O.""XCHAAHA] (4)

[where A’ya=24g++ 4, at the appropriate ionic strength
and A=ad’, x=1 in the case of HCIO,] and

1 1 ,
= ‘w—o(ﬁcﬁ'&oﬂﬁcw. (3)

(* indicates quantities for blank solutions)

0=cell constant.
When 1/R=1/R*, we have

Ciftio Afici0, = CroioAhcio, + @Cradiia (6)
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Since Cycio, and C*yci0, do not differ considerably and
the ionic strengths of the solutions are equal, one can
write A'wcio,=A*uci0,- However, approximations are
made that 4'ncio,=A'ua in aqueous as well as in mixed
solvents. This is quite reasonable in view of the close-
ness of the mobility of ClO,~ and anions on which the
difference in equivalent conductances of HCIO, and
organic acids ultimately depends. Thus,

Crcio, + %Cra = Gio, (7

from which « is obtained.

Modified equations®) can be used to take into account
the variations of 4’xci0, and A’y due to variations in ionic
strengths; this, however, is not necessary in our case as
the ionic strengths are kept low (=10-3M) and the
variation of ionic strengths is also too small to vitiate the
assumption A* gei0,= A nci0, to a measurable accuracy.

Further modifications of K values are possible taking

a = (G, — Cucio.) /BCua (8)
where A,HCIO4=A*lHClO4 and ﬂ:A/HA/AlHClO4~
We have calculated f as suggested by Gelb but found the
alternative procedure given below to be superior.

Equivalent conductance values of perchloric acid at
different dilutions (5.0 x10-2M to 5.0 x10-* M) were
obtained from conductance measurements. At low
concentrations, A’mcio, values when plotted against
CV2 gave good straight lines in aqueous as well as in
mixed solvents. A°ucio, values were obtained by ex-
trapolation to zero dilution. Au,° and K values were
obtained from the plot of €4 against 1/4 of a number of
dilute solutions of HA utilizing the equation?

CA= —KA + KA/ A (10)

where the intercept gives (—KA4°) and the slope (KA4°2).
This, however, gives us an independent method of
checking K values free from any assumption.

The B values were evaluated from A°yci0, and A°ga
values. Since the ionic strengths are very low, the
slight differences of A’ from A° values would not affect
the value of § to any measurable extent. f value in
water comes to be 400/415=0.96. The B values in
mixed solvents also lie within 0.90 to 0.96, deviations
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occurring at higher percentages. However, evaluation
of K and A° of the acid by the dilution method is liable
to be erroneous at higher percentages of alcohols, where
the dissociation constant decreases enormously.

The average values of A°ncio., A°salicyclic acia» and
pK measured from several sets of experiments (using
both the titration method and the dilution method) for
each percentage of organic solvent are given in Table 1.
The agreement of the K values suggests the accuracy of
the titration method. The activity correction term
from the Debye-Hiickel limiting equations, making
appropriate corrections for the change in the dielectric
constant values, comes out to be about 0.02 (in 8 wt %,
of alcohol) to 0.09 (87 wt9, of alcohol).

The values from the spectrophotometric measure-
ments were also incorporated in Table 1 for compari-
son.1® The results are found to agree fairly well. The
results obtained by the spectrophotometric method
utilizing a glass—calomel electrode for measurement of
H+ ions give higher values at higher percentages of
alcohol. This may be due to uncertainties in H+ ion
concentration measurements. The association of ions
may be increasingly greater as the percentage of alcohol
increases. However, it is noted that the pK values
obtained by the modified conductivity method, when
plotted against weight percentages and mole fractions of
organic solvent, give excellent straight lines (up to 0.6
mole fraction); the plot of pK wus. 1l/e (e=relative
permittivity) gives deviations only at higher percentages
of organic solvent.

The method however, cannot be used when the pK
values are rather high (more than 4 or so). Itis known
that the dissociation constant is considerably suppressed
with the addition of HCIO,; as a result & becomes too
small. For such cases, however, it is possible to take a
large number of 1/R values from fairly concentrated to
dilute solutions of HA (as dilute as measurable without
impairing the accuracy). Suitable blank curves are
obtained by addition of a dilute solution of perchloric
acid to the appropriate solvents and the interpolated
values of 1/R* are determined from these blank curves.
Under this condition, the equation reduces to aCus=

TaBLE l. AVERAGE VALUES OF 4° AND pK MEASURED FROM SEVERAL EXPERIMENTS (AT 25 °C)

Mol pK values A° in ohm-1.cm?
ole —_— PN
gﬁ:ﬁo‘;f 1/ex 102 fraction Titration method  From plot Salicvlic Z\t,ltl % ?f pK®
of ethanol —_— of ACvs.  HCIO, Y ano
(a) (b) 1/4 acid
0.0 1.27 — 3.09 3.04 3.04 415.0 400.0 0.0 2.97
8.0 1.35 0.033 3.14 3.10 3.08 372.0 344.8 15.3 3.32
16.4 1.42 0.071 3.29 3.25 3.19 301.5 289.6 30.5 3.65
25.3 1.53 0.117 3.44 3.39 3.38 250.0 240.0 45.3 3.97
34.4 1.71 0.170 3.55 3.52 3.47 196.0 186.0 61.9 4.10
44.0 1.90 0.235 3.77 3.72 3.71 172.6 154.8 69.0 4.50
54.1 2.14 0.315 3.98 3.95 3.97 142.0 132.0 82.0 5.24
64.7 2.92 0.418 4.23 4.20 4.13 118.0 94.0 — —
76.0 3.41 0.556 4.55 — — 102.0 — — —
87.6 — 0.740 4.97 — - 92.0 — — —

a) The pK-values before B-correction.
metric data.19

b) The pK-values after f-correction.

¢) pK-Values from spectrophoto-
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C*1c10,, from which o and hence pK values are calculat-
ed. Further refinements as suggested above are pos-
sible.

The method has the advantage that the accurate
determination of cell constants is not at all necessary,
provided the same cell is used, as the 0 terms cancel.

The A°gci0, in water has been found to be 415, in
good agreement with the values in the literature (A°y+=
349.8 and 1°0,-=64.6) or 67.32)!2 at 25°C. The
A°xci0, values decrease with increasing percentages of
alcohol, as expected. The reliability of the results may
be obtained from the comparison of A°ucio, and A°uc:
values (A°%,-=76.34 at 25 °C). The values of A°q, in
ethanol reported in the literature vary from 81.7 to
89.113) where A%, at 87.6 wt %, of alcohol is 92.00. The
values thus appear to be reasonable. The A°jicyiic acia
(in water) comes out to be 400 (A°giicylate jon=
35at 25 °C).1) A slight disagreement is thus apparent.
It is, however, difficult to suggest the extent of reliability
of the A°gaicylate ion Value. It is as yet inopportune to
say something positively about the modified conducto-
metric method. In comparison to the pH-metric
method the assumptions involved in the determination
of pK values by this method should not vitiate the
result appreciably, even if association of HCIO, takes
place at higher percentages of alcohol, as we are con-
cerned with the conductivities.

Systematic studies by different techniques are neces-
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sary to make a definite statement about the reliability of
this method in different mixed solvents.
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