Available online at www.sciencedirect.com

SCIENCE @DIRECT@ thermOChimica
acta

ELSEVIER Thermochimica Acta 439 (2005) 154—157

www.elsevier.com/locate/tca

Short communication

Pressure dependence of the dissociation of acetic, benzoic,
mandelic and succinic acids at 298.15K

Anil Kumar

Physical Chemistry Division, National Chemical Laboratory, Pashan Road, Pune 411008, Maharashtra, India

Received 10 June 2005; accepted 20 June 2005
Available online 29 September 2005

Abstract

Dissociation constants for acetic, benzoic, mandelic and succinic acids have been measured at 298.15 K as a function of pressure up to 138.8 Ml
The spectrophotometric technique using Bromocresol Green as the optical indicator was employed up to ionic strength of 0-DBagliegus
solution. Thermodynamic dissociation constants were calculated with the Davies activity coefficient equation. The pressure dependences of tt
ionization constants for the weak acids can be described by the equation of Lown, Thirsk and Wynne-Jones, application of which leads to accura
partial molal volume change on ionization ’° and compressibility changa,«® at 0.1 MPa.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction concentration) am/2 leads to incorrect values afV° andAx®,
if high precision is not maintained during the measurements of

Studies of the dissociation constant as a function of tempergnass, density and speed of solf6,23,24]. For instance, if
ture and pressure offer a powerful tool to understand ion—solverfensity of 0.01 mol kg® solution is measured with an error of
interactions. Useful information can be obtained by analyzind).001 kg nt3, it causes an error o£0.1x 10 m3mol~1 in
thermodynamics of ionization of weak acids and bases as gpparent molar volume. The inaccurate apparent molar volumes
function of pressure. Temperature and pressure dependence\gfien extrapolated as discussed above gives rise to larger errors
ionization of weak acids and bases have been investigated iy the determination ofAV°. Similarly, an error of 0.5 ms
several worker$1-22]. These workers have mainly employed in sound speed of 0.01 molkg solution with inaccuracy of
density, conductance and potentiometric methods to investigatg001 kg3 in density causes an error in apparent molar
the dissociation behavior of these weak acids and bases. Bbmpressibility 0f+0.31x 10-*m3 mol-1Pa L. This error is
the present work, we employ the spectrophotometric metho€Lirther magnified whem«? is obtained by the extrapolation
to investigate the pressure dependence of dissociation of acetigrocedure discussed abofid,23,24]. Therefore it is of con-
benzoic, mandelic and succinic acids. siderable advantage to determing® and Ax® values directly

Determination of AVY and Ak® from volumetric data from measurements of the effect of pressure on the dissociation
requires highly accurate densify,and speed of sound;data constants.

extending much <0.5molKkg. The apparent molar volumes
and compressibility data are calculated from the expressions i&» Experimental
which the concentration term appears in the denomiriaas].
Thus, a small error in the concentrationgoor « (« leads to adi- Acetic, benzoic, mandelic and succinic acids (all from
abatic compressibility by =u?d~1) magnifies the errors in the Aldrich) were used without further purification. The exact molal-
determination of apparent molar properties. When the appareity of the acids was determined by weight titration against stan-
molar properties are plotted againgt’? (whereM is the molar  dard NaOH solution. Anhydrous NaCj@Aldrich) was used
to adjust the ionic strength. A 0.04% solution of Bromocresol
Green (Eastman Kodak) was prepared by the method of Clark
E-mail address: akumar@ems.ncl.res.in. [25]. The test solutions and the standards for the comparison
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possessed equal amount of indicator, in the proportion of 4.0 mivherez; is the ionic charge anfj ionic strength on molal basis
of 0.04% solution in a total volume of 50.0 ml. is given byl = 0.5 miz?.
Color comparisons were made by means of a Varian Cary
50 spectrophotometer equipped with a detachable high-pressute Results
cell. The high-pressure cell was similar to that used by Mendez
De Leo et al[21]. For Bromosol Green the wavelength of max-  The thermodynamic dissociation constants for acetic, ben-
imum absorbance (Aax) was observed to be 620 nm. The trans-zoic, mandelic and succinic acids at 298.15K as a function of
mittance was measured with an accuracy of 0.2% at 298.15 Kyressure are presentedTiable 1. The values of pkand pk at
corresponding to an accuracy#10.0025 in—logy2[H*]. The 0.1 MPa agree with the accepted literature va[@8s-32]. Dis-
uncertainities in pK and p& were estimated a40.005 and  sociation constants for weak acids increase with pressure owing
+0.05, respectively. Temperature of the constant temperatute the volume contraction caused by electrostriction.
water bath (Julabo) was maintained at 298102 K. For the weak acid, HA the partial molal volume change of
Calibration curves were constructed to determine thdonization is defined by
hydrogen-ion concentration of the test solutions. Solutions of —, —, = — == —
known concentration of perchloric acid, containing a fixedAV =V (HT) + VI(AT) = VE(HA) @)
amount of indicator and NaClQvere neutralized to the desired \yhere 0 is the partial molal volume at standard state for the
extent by the addition of NaOH solutions. The acid solutions,yqgrated species. The partial molal volume charge? for the
were neutralized to various stages between 20 and 80% hyissociation process was determined from the isothermal pres-
adding standard NaOH solution. The total ionic strength ofsyre dependence of the equilibrium constant asKjoP); =
these solutions was maintained constant at 0.01 nol kghe —AVOY/RT. The second derivative of the equilibrium con-

—logy>[H"] values were then determined by comparing themgant gives the compressibility change of the ionization as
with standard perchloric acid solutions of accurately knownRT(azm KI3P2)7 = —(dAV/9P)r = AkC. Assuming thani® is

—logy2[H™]. independent of pressure, the following expression can be derived
[33]:

3. Basic equations and calculation procedure RT 1 (Ke\ _ _Ap0 +05AR(P — PO) 3)
(P — PO) K1 '

The thermodynamic dissociation constants of monobasic o_ =0 0
acid, HA and the dibasic acid, #4 were determined follow- Where P~ =101.325kPa. The values alV™ and A« cal-
ing the method described by Speaknii26] as revised by Jones Cculated fgom Eq.(3) are listed inTable 2. The values of
and StocK27]. Throughout this work, the concentration terms RTI(P o P )Ip (Kp/K1) abbreylated as LHS are plotte_cz) against
in square brackets are given on molal basis. The activity coei(P_g P7)inFig. 1. As shown irfable 2, the values of V" and
ficients,  of univalent ions are considered to be equal. Thel«~ are in good agreement with those reported in the literature
activity coefficient of a divalent ion is represented;y When [1,4,8,33].

the colors in two solutions are equal, then the quantiyg as North [5] quified Eq.(3) to include the hydration effect to
take the following form:

is equal.
The activity coefficientsy; andy; were calculated with the RT | Kp
Davies equatiofi28] as (P — PO K1
— B+ P B+ P
lo 052 12 oo 1) = —AVP 4 nAVy (1_ P—P0 "B+ PO @
=—-05z" ¢ ——= —0. —

gy 1 (1 + 10'5)
Table 1
The pKvalues for acetic, benzoic, mandelic and succinic acids at 298.15K and pressure up to 138.8 MPa; uncertainjtres @6 and in px=+0.05
Acid P

0.1 MPa 25.3MPa 50.6 MPa 83.1 MPa 111.4MPa 138.8 MPa

Acetic 4.760 (4.76) 4.652 4.543 4.412 4.304 4.204
Benzoic 4.199 (4.20} 4.089 3.979 3.849 3.743 3.644
Mandelic 3.410 (3.419 3.290 3.178 3.052 2.929 2.825
Succinic

pK1 4.200 (4.213 4.079 3.979 3.862 3.774 3.704

pK> 5.68 (5.64Y 5.55 5.43 5.29 5.18 5.09

a Ref.[29].

b Ref.[30].

¢ Ref.[31].

4 Ref.[32].
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Table 2
The values oA Vf, Ak andn at 298.15 K obtained from the present work and their comparison with the reported values
Acid AV? (x10° m3 mol~1) AK? (x10me mol~1 Pal) n-value$
Acetic —11.11(-11.28 —-11.2, —11.5) -1.7(-1.9) 2.3
Benzoic —11.33 (—11.58, —-11.79) —2.0(-2.3, —1.5f) 2.8
Mandelic —11.61 (—11.65) —1.6 (1.7} 2.0
Succinic

| ionization —11.98 (—12.12, —12.88) —4.5 (—4.9¥ 5.9

Il ionization —13.63 (—13.78, —13.58) —4.4 (—4.6¥ 5.5

@ From Eq.(4), ref.[5].

b Ref.[4] experimental data.

¢ Ref.[34] experimental data, e¢p).
d Ref.[35], eq.(5).

€ Ref.[33] experimental data, e¢p).
f Ref.[36].

9 Ref.[8].

In the above equatiom, is the number of water molecules Using this equation and the valuesmbbtained from Eq(4),
in the hydration sheathy$, the molal volume of waterA  we calculated the\i® values. These values are also collected in
and B are the pressure independent constants of the Taifable 2. The values ok«? calculated from Eq(5) are pressure
equation [37]. If the left-hand side of Eq.(4) is plot- dependent.
ted againstA V9, (1— (B+P)/(P — P°) In (B+ P)/(B+P?)), the
resultant plots are linear with intercept and slope giving thes, Discussion
values of AV? andn, respectively. Ther-values are listed in
Table 2. Further, the\k° value can be calculated by means of  The value of: for acetic acid from this work agrees with that
the relationship reported by other workers using a similar calculation method
[5,7]. Benzoic and mandelic acids, being monobasic acids have
_ (5) approximately the same hydration numbers as acetic acid. The
B+P value ofn for succinic acid is twice as large. Succinatdon
It may be noted that Eq4) was first successfully tested against forms a chelate with the hydrogen ion and is expected to release
experimental results extending up to about 1200 M®g|.  more water molecules than the monoanions. This is reflected
in the magnitude of the entropy change§ for the protonation
reactions. The\S values on protonation of mandelate and suc-
cinate ions have been reported to be 62.7 and 100.3 kd'mol
respectively39].

0
AR — nAVy

1.4
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