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Comparative conductimetric studies of salicylic acid
in methanol—water mixtures at 25 °C
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The conductivity of salicylic acid in methanol—water mixtures was measured at 25 °C.
Experimental data were analyzed using the Hsia—Fuoss and Fuoss-78 conductance equations
and a comparison was made. The Hsia—Fuoss and Fuoss-78 methods were also used to deter-
mine the thermodynamic association constants and the limiting molar conductivities for all
solvent compositions. The limiting equivalent conductance decreases with an increase in the
methanol content in the binary mixtures over the whole range of solvent compositions, but the
variation does not give a constant value of Walden product. The electrolytes were found to be
practically completely associated in all solvent mixtures studied. The association constant of
salicylic acid decreases as the dielectric constants of the mixtures increase.

Key words: salicylic acid, association constants, Walden product, electrolyte conductivity.

Salicylic acid (SA, e-hydroxybenzoic acid) is a phenol-
ic compound present in plants. It is an important intermediate
in the production of aspirin, and its derivatives are also used
in pharmaceutical and polymer industries to manufacture
disinfectants, antiseptics, and detergents. Thermodynamic
association constant values of SA in some alcohol—water
solutions were determined potentiometrically.!—3

There are a few studies on the conductometric behav-
ior of SA in solvent mixtures.4—? In this paper, we present
the conductance data of salicylic acid at 25 °C in metha-
nol—water mixtures containing from 0 to 90.59 weight %
of MeOH. To determine the thermodynamic association
constants, K,, the limiting molar conductivities, A, and
the Walden product values, the conductance—MeOH con-
centration data were analyzed using the Hsia— Fuoss and
Fuoss-78 equations.

Experimental

Salicylic acid (puriss. p.a., >99.5%, Aldrich) was used with-
out purification. Methanol (purity > 99%) and triply distilled
water with a specific conductivity of less than 1 pS cm~! was
used for the preparation of binary mixtures. Densities of the
mixtures were determined in a 20 mL pycnometer at 25.0010.05 °C.
Viscosities of the mixtures were measured with a Falling Ball
viscometer (Gilmont Instruments) to an accuracy of 0.2—1%.
The densities, viscosities, and dielectric constants of the solvent
mixtures are listed in Table 1.

Conductivity measurements were carried out usinga CDM230
conductivity meter (Radiometer Analytical SAS, France)
equipped with a CDC641T cell comprising two platinized
platinum electrodes. Taking into account the sources of er-
ror (calibration, measurements, impurities), the molar con-
ductivity values are accurate to within 0.02%. During the ex-
periments, the cell was calibrated using aqueous KCI solu-
tion at least five times and then immersed in a thermo-
stat where the temperature was maintained with an accuracy
AT=+0.05°C.

All solutions were made up by weight. The volume concen-
trations (in mol L—!) were calculated using the densities of the
solvent mixtures. The molar conductivities, A, were calculated

Table 1. Properties of methanol—water mixtures
at25°C

of pb/ gem n¢/P D4

0 0.9958 0.00891 78.48
19.79 09714 0.01526 69.85
37.54 0.9345 0.01572 61.50
49.97 0.9186 0.01569 55.76
72.55 0.8686 0.01356 45.32
90.59 0.8223 0.01033 36.63

2 'Weight fraction of MeOH (%).
b Density of solvents.

¢ Viscosity of solvents.

4 Data taken from Ref. 10.
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from the experimental electrolyte conductivities corrected for
the electrolyte conductivity of the pure solvent.

Experimental data were analyzed using the Hsia—Fuoss !
and Fuoss-78 12 conductance equations.

The Hsia— Fuoss method is based on the assumption!! that
the conductance A of a partially dissociated (1 : 1) electrolyte is
related to its concentration c:

1

A= [Ag— S(r¢)/2 + E(yc) In(yc) +
+J1(v¢) + Jo(ve) 21/ (1 + Kyef ), ey

where vy is the degree of dissociation, K, is the association con-
stant of ion pairs, and fis the mean activity coefficient of free ions.
The activity coefficient was calculated according to Ref. 13:

f= exp{—A(yc)/¥/[1 + BR(yc)"2]}, @

where 4 = 2.791-105(DT)~¥2, B = 50.29(DT)"'/2, R is the di-
ameter of the Gurney cosphere of the ion, D is the dielectric
constant, and T is absolute temperature.

The 8, E, J;, and J, values were calculated using the known
equations.!4

Equation (1) is resolved for Ay and K, which minimize the
standard deviation

02 = 2 — 4P/ (n - 3), 3

where n is the number of data points.

The Fuoss-78 method. The limiting molar conductivity, A,
and the association constant, K, were deduced from the follow-
ing equations:

A=plig(1 + RX) + EL], C)}
v=1-Kaer¥?, )
Inf= —Bx/[2(1 + xR)], B = eX(DkT)~" (©)

and then the standard deviation was minimized:
ol= 2‘.(75,—““": — Af’“’)z/(n —2). (7)

The expressions for RX and EL in Eq. (4) are the explicit
relaxation and hydrodynamic terms, respectively.!?

Results and Discussion

The conductivity of SA in methanol—water mixtures
(36.63 < D<78.48;0.0089 P <n <0.0157 P) was measured
at 25 °C in the concentration range 2.29+10-6 mol L-! <
<¢<1.12-10~2 mol L~!. At a methanol concentration of
90.59%, the results were unstable; hence we take the aver-
age value of the conductivity.

Calculations by both methods revealed no minimum
in R—c% plots in accordance with published data!2
(Rvalues were used equal to the Bjerrum distance, see Refs 6,
8, and 15).

The initial A and K, values were estimated using the
Ostwald law. The molar conductance of SA at infinite

dilution, A, the standard deviations ¢% based on the ob-
served and calculated A values, and the SA association
constants obtained using the two methods are listed in
Table 2. From the data of Table 2 it follows that at metha-
nol concentrations higher than 50%, the ¢% values found
by the Hsia—Fuoss method are larger than those deter-
mined using the Fuoss-78 equation.

The A values calculated by both methods are approxi-
mately equal. The limiting conductance of SA in aqueous
solution calculated by the Hsia—Fuoss equation is in good
agreement with the published data (384.2,° 385.2,4 and
384.23 S cm? mol—! (see Ref. 6).

In Fig. 1, the A, values of SA in methanol—water mix-
tures are compared with those found earlier.? The limiting
equivalent conductance decreases as the content of meth-
anol in water increases, thus suggesting stronger ion—sol-
vent and solvent—solvent interactions.

Figure 2 shows that the molar conductance of SA de-
creases with increasing the concentration of methanol in
water as a result of reduction of the dissociative power of
the solvent. At methanol concentrations above 50%, small-
er conductance variations are observed.

The plot of the Walden product vs, composition of the
solvent mixtures (Fig. 3) passes through a maximum be-
tween 12 and 20% of methanol, as was found in this binary
mixture for various electrolytes.!®—18 The presence of this
maximum shows that the limiting conductance of the so-
lutions decreases more slowly with increasing the metha-
nol concentration in the mixture than it would be expect-
ed from the increase in viscosity of the solvent mixtures in
the water-rich region. The constancy of the Walden prod-
uct also fails in general for small ions in mixed solvents.!?

In Fig. 4, the dependences of the thermodynamic dis-
sociation constant PK, of SA on the inverse dielectric con-
stant of solutions calculated by the Hsia—Fuoss and

Table 2. Conductance parameters of salicylic acid in methan-
ol—water mixtures at 25 °C calculated using the Hsia—Fuoss
(in numerator) and Fuoss-78 (in denominator) equations

o Ao K,-100°  o(%) R/A
/S cm? mol-! /dm?3 mol-!
0 385.60+0.02 0.985+0.001 0.026  3.57
386.0610.04 1.004+0.001 0.024 3.57
19.79 249.89+40.01 1.676+0.003 0.022  4.01
249.99+0.02 1.69910.002 0.002 4.01
37.54 170.00+0.01 3.96310.009 0.038 4.56
170.03+0.01 4.000+0.005 0.022 4.56
49.97 150.16+0.01 5.96610.009 0.068 5.02
150.1610.02 6.013+0.006 0.054 5.02
72.55 106.87+0.01 19.73540.071 0.080 6.43
105.4510.01 19.126+0.007 0.042 6.43
90.59 71.05+0.01 925.222+1.754 0.087  7.65
70.29+0.01 900.897£0.215  0.076 7.65
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Fig. 1. Limiting equivalent conductance () plotted vs. methanol
content () in methanol—water mixtures: published data® (7)
and results of calculations by the Fuoss-78 (2) and Hsia— Fuoss
(3) methods.

Fuoss-78 methods are compared with the values obtained
using the Lee—Wheaton conductance equation.® Similar
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Fig. 2. Molar conductance plotted vs. solvent mixture com-
positions at 25 °C: o = 0 (1), 19.79 (2), 37.54. (3), 49.97 (4),
72.55 (5), and 90.59% (6).

40 |
3.5
3.0
2.5

2.0

05 F

0 20 40 60 80 100 (%)

Fig. 3. Walden product plotted vs. solvent mixture composition.

variations were also found for SA in water mixtures with
ethanol,® 1-propanol,® and acetone.® The PK, values in
aqueous solutions calculated by the two methods are in
excellent agreement with those found by other methods of
analysis.*"—? Increased association upon adding metha-
nol was explained by stabilization of anion owing to for-
mation of an internal hydrogen bond between the carboxyl
and hydroxyl groups.7-8
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Fig. 4. PK,, values plotted vs. inverse dielectric constant of solu-
tion: results of calculations carried out using the Lee—Wheaton
conductance equation® (7) and by the Hsia—Fuoss (2) and
Fuoss-78 (3) methods.
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Summing up, the conductivity of SA in methanol—
water mixtures was measured at 25 °C and the results ob-
tained were analyzed by the Hsia—Fuoss and Fuoss-78
methods. It was found that the limiting conductances and
association constants differ slightly from those obtained
by other methods of analysis. The A values determined by
the Hsia—Fuoss, Fuoss-78, and Lee—Wheaton® methods
vary with the concentration of methanol in the mixtures in
the same way. This confirms the validity of application of
the former two methods. The A, value changes as the sol-
vent composition changes, thus indicating rather strong
ion—solvent interactions.20—25

It seems necessary to study the temperature depen-
dence of conductivity to get more information on the be-
havior of SA in binary mixtures.

The lack of transference data in the literature precludes
detailed interpretation of the concentration dependence
of conductance.

References

1. E. Grunwald, B. J. Berkowitz, J. Am. Chem. Soc., 1951,
73, 4939.

2.K. T. Novrk, K. J. Box, A. Avdeef, Int. J. Pharm., 1997,
151, 235.

3. G.Volgyi, R. Ruiz, K. Box, J. Comer, E. Bosch, K. T. Novak,
Anal. Chim. Acta., 2007, 583, 418.

4.L. G. Bray, J. F. 1. Dippy, S. R. Hughes, L. W. Laxton,
J. Chem. Soc., 1957, 2405.

5.A. K. Mandal, S. C. Lahiri, Bull. Chem. Soc. Jpn, 1976,
49, 1829.

9.

10

11.

12.
13.

14.
15.

16

17.

18.

19.
20.
21.
22.
23.
24.

25

.M. S. K. Niazi, S. S. Shah, M. Z. 1. Khan, J. Chem. Eng.
Data, 1993, 38, 288.

.J. F. ]. Dippy, S. R. C. Hughes, B. C. Kitchiner, J. Chem.
Soc., 1964, 1275.
.N. Papadoupolis, A. Avarans, J. Solution. Chem., 1991,
20, 293.
M. S. K. Niazi, M. Z. 1. Khan, J. Solution. Chem., 1993,
22, 437.
. Y. Xue, S. J. Traina, Environ. Sci. Technol., 1996, 30, 3177.
R. M. Fuoss, K. L. Hsia, Proc. Natl. Acad. Sci., 1967,
57, 1550.
R. M. Fuoss, J. Phys. Chem., 1978, 82, 2427.
K. Agniszka, E. Hawlicka, Phys. Chem. Chem. Phys., 2003,
5, 4858.
R. F. Prini, Trans. Faraday. Soc., 1969, 65, 3311.
J. C. Justice, Electrochim. Acta, 1971, 16, 701.
. T. L. Broadwater, R. L. Kay, J. Phys. Chem., 1970, 74, 3802.
R. L. Kay, T. L. Broadwater, Electrochim. Acta., 1971,
16, 667.

L. Kay, T. L. Broadwater, J. Solution. Chem., 1976,
57.
F. Skinner, R. M. Fuoss, J. Phys. Chem., 1966, 70, 1426.
M. Fuoss, Proc. Nat. Acad. Sci., 1959, 45, 807.
A. D’Aprano, R. M. Fuoss, J. Phys. Chem., 1963, 67, 1722.
R. Zwanzig, J. Chem. Phys., 1963, 38, 1603.
R. Zwanzig, J. Chem. Phys., 1970, 52, 3625.
P. Hemms, J. Phys. Chem., 1974, 78, 907.

R.
5)
1.
R.
.A. D"Aprano, R. M. Fuoss, J. Solution. Chem., 1975, 4, 175.

Received June 26, 2012





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


