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Acoustical Properties of Monochloroacetic Acid-Acetone-
Water System at Different Temperatures

P.S. NiIkam*, (Miss) NEENA NIKAM, MEHDI HASAN and B.S. SURYAWANSHI
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Ultrasonic velocities in solutions of monochloroacetic acid(MCAA) in
aqueous acetone mixtures were measured at 25°C and 30°C by using a
single crystal interferometer at a frequency of 1.5 MHz. The ultrasonic
velocity, density and concentration were used to calculate adiabatic com-
pressibility, apparent molar compressibility, intermolecular free length,
specific acoustic impedance, relative association and solvation number.
Bachem and Gucker’s laws have been found to be valid.

INTRODUCTION

Accurate thermodynamic data on dilute electrolyte solutions are frequently
needed. The sound velocity is a thermodynamic function. Many other thermo-
dynamic properties of electrolyte solutions are determined from sound
velocity!™. In recent years ultrasonic velocity studies in many of the aqueous
and nonaqueous electrolytic solutions have led to new insight into the process of
ion-ion and ion-solvent interactions. Very little experimental data on the solvation
behaviour of ions are available in mixed solvents. Ultrasonic velocity and adiabatic
compressibility are quite sensitive to changes in ionic concentrations. Either or
both of them can be used to detect ionic interactions inclusive of complex
formation. Adiabatic compressibility, apparent molar compressibility, inter-
molecular free length, specific acoustic impedance, relative association and
solvation number are functions of ultrasonic velocity. As these parameters are a
more accurate measure of ion—ion and ion—solvent interactions, an ultrasonic
study on solutions of monochloroacetic acid (MCAA) in aqueous acetone has
been made at different temperatures.

EXPERIMENTAL

Monochloroacetic acid (MCAA) was recrystallised from hot benzene and dried
in vacuum as described previously4. Melting point determination revealed the
alpha form of the acid. The purified form of the acid was stored in a desiccator
under vacuum. The desiccator was fully covered with black paper to prevent even
the slightest amount of photolysis of the acid. Acetone purified by the method
adopted by Ruostesuo ef al°, and triply distilled water were mixed (by weight)
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to give mixtures of different compositions. Solutions of different molarities were
prepared by dissolving accurately known weights of the acid in solvent mixtures
and kept for some time. A pycnometer mounted in temperature controlled bath
to 25-30 = 0.01°C was used for density measurements. The maximum uncertainty
in density readings was + 0.00005 units. The velocities of ultrasonic waves of
frequency 1.5 MHz were measured with the multifrequency interferometer
(Mittal’s M—-81 instrument) at different temperatures in the range 25-30
+ 0.01°C as reported earlier®. The error in velocity measurements is = 9.1%.

RESULTS AND DISCUSSION

Different thermodynamic parameters such as adiabatic compressibility (B,4),
apparent molar compressibility (¢), intermolecular free length (L), specific
acoustic impedance (Z), relative association (R4) and solvation number (S,,) have
been calculated at 25 and 30°C using ultrasonic velocity (U) and density (p) of
these solutions with the help of following equations presented in an earlier paper7.
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where p, pg and U, Uy are the densities and ultrasonic velocities of solution and.
solvent, respectively; M, is the molecular weight of the solute; 52,, and B, are
the adiabatic compressibilities of solvent and solution; K, Jacobson constant; C,
concentration in mol/litre; n, and n, are the number of moles of solvent and solute
respectively; ¢9 and ¢J(d) are partial molar adiabatic compressibilities of solvated
and desolvated solute; ¢3 is the partial molar volume of the solute. The value of
02(d) is generally assumed to be zero.

The variation of ultrasonic velocity in a solution depends on the intermolecular
free length on mixing. On the basis of a model for sound propagation proposed
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by Eyring and Kincaid®, ultrasonic velocity increases on decrease of free iength
and vice versa. Intermolecular free length is a predominant factor in determining
the variation of ultrasonic velocity in fluids and their sclutions. In the present
investigation, it has been observed that intermolecular free length decreases
linearly on increasing concentration of MCAA in 10 and 30 wt% (Table 1) acetone
mixtures and hence increase in ultrasonic velocity with concentration of MCAA.
This indicates significant interaction between ion and solvent molecules, suggest-
ing a structure promoting behaviour of the added electrolyte. However, inter-
molecular free length increases linearly on increasing the concentration of MCAA
which results in a decrease of ultrasonic velocity in solutions in 50, 70, 90 and
100 wt % (Table 1) solvent mixtures. This implies a decrease in the number of frec
ions and hence occurrence of ionic association due to strong ion-ion interactions.

Solutions in 10 wt % solvent mixtures show increase in ultrasonic velocity
with increase in temperature suggesting the weakening of ion-solvent interaction
with rise in temperature. However, solutions of MCAA in 30, 50, 70, 90 and 100
wt % solvent mixtures show decrease in ultrasonic velocity with increase in
temperature favouring strong ion-ion interactions.

As expected, B4 decreases with increase of concentration of MCAA in solutions
in 10, 30 wt % solvent mixtures and may be due to aggregation of solvent
molecules around ions’, supporting strong ion-solvent interactions. On the other
hand, B,4 increases with increase of concentration in solutions in 50, 70, 90 and
100 wt % acetone, indicating a strong ion-ion interaction in these solutions.

Generally value of acoustic impedance, Z, increases while .4 decreases?, if
U increases with temperature and vice versa. The behaviour observed in the
present study is perhaps due to much weaker interactions at higher temperatures.

The adiabatic compressibility of solutions studied here are found to obey
Bachem’s relation'!

Bad = Boa + AC + BCY? ©)

where A and B are constants obtained as slopes and intercepts of linear plots

0
of ﬁad—cﬁad- versus CY2 respectively. The values of constants A and B are listed

in Table 2.

TABLE 2
BACHEM’S CONSTANTS A AND B, ¢{ AND S, VALUES FOR MCAA IN AQUEOUS
ACETONE
Acetone Ax102 Bx10? ¢px10° Six10° Ax102 Bx102? ¢fx10° Syx10°
25°C 30°C
10 -185 2600 -166 2225 -235 4020 -162 226
30 -219 3520 -313 76.40 203 3045 -282 64.5
50 302 4835 319 4225 194 -2035 234  -195
70 468 -73.65 577 -11753 684 -13325 678 -1123
90 222 1055 132 5050 248 825 155 46.0

100 19.6 60.55 10.2 96.50 15.8 58.65 11.2 88.8
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¢y values show linear relationship with C'2 within the concentration range
studied at both temperatures. The partial molar compressibility at infinite dilution
(69) obtained as intercept of linear plots and slope (Sy) are presented in Table 2.
The ¢} values are positive in solutions in 50, 70, 90 and 100 wt % acetone, while
these are negative in solutions in 10 and 30 wt % acetone at all temperatures.
The negative ¢; values are interpreted'? in terms of loss of compressibility of
solvent due to strong electrostrictive force in the vicinity of ions, causing
clectrostrictive solvation of ions. The monochloroacetic acid anion carries a
negative charge centre and also is lyophobic in nature’, and hence negative ¢,?
manifests both electrostrictive and lyophobic solvation eftect. The nearly constant
o(T) values show that the electrostriction is relatively insensitive to rise in
temperature. It is thus reasonable to assume the validity of Frank and Wen'?
model for interactions of ions with solvent molecules, resulting in three regions
of the solvent, namely A (highly electrostricted), B (partially disordered) and C
(normal bulk). The near constancy of negative ¢; means that the A region is
firmly held even at elevated temperature and structural changes and B and C
regions undergo such changes with rising temperature, which nearly compensate
each other, leaving ¢2 relatively unaftected.

The positive ¢ values are mainly due to B and C regions of Frank and Wen
model, while A has negligible contribution. Positive ¢2 are also insensitive to
temperature variation. Sy values represent ion-ion interactions’ . The positive
slopes (S;) of ¢ versus C'2 in solutions in 10, 30, 90 and 100 wt % acetone
show that ion-ion inferaction increases with concentration, which is also evident
from the decrease of S, with increase in concentration. Figs. 1 and 2 show the
behavior of Lg B4, Z and S, as tunctions of MCAA concentration in 10 and 70
wt % acetone respectively at 25°C. The negative slopes (S;) in solutions in 50
and 70 wt % acetone show that ion-ion interaction decreases with concentration
as observed from the increase in S, with increase in concentration.

Relative association is influenced by two factors: (i) the breaking up of the
solvent molecules on addition of electrolyte to it, and (ii) the solvation of ions
that are simultaneously present; the former resulting in decrease and latter increase
of relative association. In the present investigation, relative association increases
with concentration and temperature in all solvent mixtures, as was indicated in
a representative plot at 25°C (not shown), while the behaviour is implied at other
temperatures.

The increase of R, with concentration suggests that solvation of ions
predominates over the breaking up of the solvent aggregates (water-water,
water-acetone) on addition of MCAA. As the temperature of solution rises, the
aggregates of solvent molecules break down, resulting in increased solvation of
ions by free solvent molecules and thereby increase in R, with increase in
temperature.

Solvation number (S,,) calculated using Passynskils, Wada et al.'® and Nomura
et al.’ equations are listed in Table 3. These are positive in solutions in 10 and
30 wt % acetone, suggesting appreciable solvation of ions; here added electrolyte
behaves as structure promoter. The values of S, in 50, 70, 90 and 100 wt %
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Fig. 1 Ly Bac. Z and S, as functions of MCAA concentration in 10 wt % acetone at 25°C
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Fig. 2 Ly Bad. Z and Sy as functions of MCAA concentration in 70 wt % acetone at 25°C.

acetone are negative, indicating the structure breaking tendency of MCAA in

these solvent mixtures'®.
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TABLE 3
VARIATION OF SOLVATION NUMBER (S,) WITH COMPOSITION OF SOLVENT
MIXTURES AT 25°C
Acetone Concentration Solvation number

wt % mol/litre a b c
10 0.1053 1.53 2.49 0.00027
30 0.0950 5.27 2.50 0.00047
50 0.1057 -6.15 —4.90 -0.00033
70 0.1057 -3.42 -5.72 -0.00040
90 0.1098 -3.32 -0.73 -0.000045

100 0.1133 -0.99 -6.14 -0.000034

By using Passynski equation.
bBy using Wada et al. equation.
“By using Nomura et al. equation.
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