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ABSTRACT

Densities, viscosities and conductance of trimethyl ammonium hydrochloride in acetone - water
mixtures were measured as a function of the composition of various concentration (0.02, 0.04, 0.06 and
0.08 M) at 298, 303, 308, 313 and 318 K. The obtained results were then analysed by the Masson’s
equation, Jones-Dole equation, Debye-Huckel-Onsager and Krauss-Bay equation. The results indicating
presence of ion-ion and ion-solvent interactions making them salt structure makers. The studied Walden
product increased with increase in amount of co-solvent with water.

Key words: Density, Viscosity, Conductance, Debye-Huckel-Onsager equation.
INTRODUCTION

The thermodynamic properties of multi-component liquid mixtures and their
analysis are important in an industrial process. The densities, viscosities and conductance
enable us to get a clear understanding of the intermolecular interactions in binary'? and
tertiary”’ liquid mixtures. The apparent molar volumes of electrolyte at infinite dilution, B
parameter of Jones-Dole equation, molar conductance at infinite dilution and Walden
product studies give us a further understanding on the nature of solute-solvent interactions®.
In this paper, we have reported experimental data of densities (p), viscosities () and
conductance (A) of tertiary mixtures of acetone - water - trimethyl ammonium hydrochloride
at different temperatures of 298, 303, 308, 313 and 318 K and at various concentrations of
0.02, 0.04, 0.06 and 0.08 M. These models are studied with the purpose to provide new
information about these mixtures and to give a qualitative interpretation in terms of
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molecular interactions of Masson’s equation, Jones-Dole equation, Debye-Huckel-Onsager
equation and Krauss-Bay equation.

EXPERIMENTAL

Acetone and trimethyl ammonium hydrochloride used were AR grade (sd fine
Chem.) chemicals. These chemicals were used without further purification. The water used
was double-distilled, deionised water and filtered twice. The solvent mixtures (0 to 100% by
weight) and solutions of various concentrations of electrolytes (0.02, 0.04, 0.06 and 0.08 M)
were prepared by using digital electronic balance with an accuracy of 0.0001 g.

Viscosities were measured using a Cannon-Ubbelhode viscometer with an accuracy
of £ 0.1%. A thoroughly cleaned and perfectly dried viscometer filled with liquid was placed
vertically in a glass-sided water thermostat. An electronic digital stop-watch with readability
of £ 0.01 sec. was used for the flow time measurements.

Densities of solutions were measured with the help of a pycknometer with a bulb of
capacity 7.5 cc with an accuracy of + 0.0001 g.

Conductance was measured by using precision digital conductivity meter (ELICO
make). All measurements were made in a thermostat maintained at 298, 303, 308, 313 and
318 K (£ 0.05°C).

RESULTS AND DISCUSSION

The measured densities, viscosities and conductance at different concentrations (0.02,
0.04, 0.06 and 0.08 M) and temperatures (298, 303, 308, 313 and 318 K) were further
analysed with the following equations.

(i) Debye-Huckel-Onsager equation
Am =A% — (A —B A% ) Ve

where, Ay, is molar conductance, A%, is limiting molar conductance at infinite dilution,
¢ is molar concentration.

(i1) Krauss- Bay equation

A
Ke
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(i11)) Masson’s equation
ov=0,"+ 8, e

. . . o, * .
where, @, is apparent molar volume, ¢,° is limiting apparent molar volume, S, is
slope and c is molar concentration.

(iv) Jone’s — Dole Equation

(n/n,-1)

Je

where, 1 and 1, are viscosities of solution and solvent respectively, A is intercept, B
is slope and c is molal concentration.

=A+B\/€

The experimental values of density (p) and viscosity (1) and equivalent conductance
(Am) for tertiary liquid systems (Acetone — H,O — TMAH) at 298, 303, 308, 313 and 318 K
have been given in Tables 1, 2 and 3. The values of ¢,° and SV* are recorded in Table 4. The
slope S, in Masson’s equation may be attributed to be as a measure of ion-ion or solute-
solute interactions’''. The high and positive values account for strong solute-solute
interactions in acetone — water — TMAH solutions.

The parameters A and B of Jones — Dole Equation are stated in Table 5. Parameter A
represents the contribution from solute-solute interactions'>. The positive values of A
indicate strong solute-solute interactions. The B parameter measures the structure making or
structure breaking capacity of an electrolyte in solution and is responsible for solute-solvent
interactions in a solvent"’. The values of B coefficient are positive at all temperatures
suggesting ion-solvent interactions.

The limiting molar conductance at infinite dilution (Ayy,) for various compositions at
different temperatures is given in Table 6. Table 7 and 8 give us the values of K. from
Krauss Bay equation and Walden product, respectively. The dissociation constant K. is
calculated from the slope of Kraus Bay linear plot of 1/A,, versus ¢ A,,. The K, values show a
general decrease with increase in temperature. The variation of K, with percentage
composition and temperature is primarily due to change in dielectric constant and it also
indicates that the electrolytes cause a reduction in thickness of the ionic atmosphere
surrounding ionic species.

Walden product shows the dependence of conductance on the viscosity of the
medium. It increased with increase in amount of co-solvent with water. It is maximum at
50% and decreases slowly further. The Walden product values also increase regularly with
rise in temperature.
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Table 3: Equivalent conductance (A,) of Acetone - H;O - Monomethyl ammonium

hydrochloride

Temp. (K) Conc. (M) 298 303 308 313 318
Wt. (0/0) ;\'m298 )\‘m303 )“m308 ;"m313 ;\'m313
10.00 0.02 11.16 12.32 13.23 13.84 14.34
0.04 10.66 11.16 11.87 12.63 13.74

0.06 9.33 10.13 10.99 11.83 12.52

0.08 8.98 9.75 10.50 11.36 12.27

20.00 0.02 10.10 11.16 12.32 12.78 13.23
0.04 9.70 9.87 10.63 11.39 12.45

0.06 8.45 9.33 10.13 10.98 11.48

0.08 8.13 8.84 9.66 10.50 10.87

30.00 0.02 9.70 10.61 11.26 11.67 12.22
0.04 8.94 9.39 9.85 10.66 11.72

0.06 7.63 8.47 9.33 10.13 10.66

0.08 7.22 7.99 8.74 9.63 10.00

40.00 0.02 9.24 10.10 10.66 11.11 11.77
0.04 8.41 8.69 9.19 10.15 11.14

0.06 6.95 7.61 8.42 9.33 10.13

0.08 6.45 7.25 7.99 8.86 9.25

50.00 0.02 8.64 9.75 10.10 10.71 11.31
0.04 7.85 8.16 8.69 9.62 10.68

0.06 6.46 6.78 7.61 8.43 9.34

0.08 6.11 6.86 7.58 8.51 8.84

60.00 0.02 8.18 8.79 9.34 9.80 10.10
0.04 7.32 7.58 7.85 8.69 9.67

0.06 6.09 6.48 7.12 7.81 8.62

0.08 5.83 6.59 7.35 8.26 8.60

Cont...
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Temp. (K) Conc. (M) 298 303 308 313 318
Wt. (%) Ampog Mg hanzeg Pangy3 Mgy
70.00 0.02 7.73 8.13 8.69 9.14 9.80
0.04 6.87 7.12 7.37 8.13 8.64
0.06 5.79 6.13 6.75 7.10 7.95
0.08 5.32 6.33 7.12 7.99 8.35
80.00 0.02 7.27 7.78 8.28 8.69 9.14
0.04 6.64 6.94 7.12 7.42 8.13
0.06 5.40 5.59 6.26 6.78 7.29
0.08 4.97 5.98 6.70 7.59 7.98
90.00 0.02 7.07 7.88 8.08 8.59 9.09
0.04 6.11 6.36 6.67 6.94 7.58
0.06 4.90 5.08 5.61 5.96 6.41
0.08 4.57 5.57 6.34 7.23 7.60

Table 4: The values of ¢,° and S,” for Trimethyl ammonium chloride — acetone — H,O

Y%

wt.

*
9 vyg

*
9 v303

*
9 v308

*
9 v3i3

*
9 v3ig

*

S V298

*

S V303

*

S V308

*

S V313

*

S V318

10
20
30
40
50
60
70
80
90

15.182
22.890
14.496
15.334
16.130
16.571
16.808
26.264
29.221

15.190
15.910
24.763
16.352
25.261
25.463
16.874
28.008
18.180

32.517
15.456
16.236
25.262
26.870
25.887
25.887
22.699
18.250

22.771
16.012
16.649
16.208
26.882
16.575
17.281
19.105
29.505

15.649
15.874
26.446
34.688
25.973
25.861
26.707
29.014
41.898

208.04
182.51
212.37
222.46
208.55
215.50
218.58
189.78
183.14

208.15
206.90
178.93
212.65
182.53
183.99
219.44
186.18
223.05

146.52
211.79
211.15
184.85
178.62
187.05
187.05
190.69
223.90

181.56
208.23
207.17
209.57
178.70
214.31
212.02
208.36
184.97

202.35
205.25
175.79
149.55
179.44
186.87
184.51
181.84
149.72
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Table 5: The values of A and B obtained from Jones — Dole equation

%

wit.

A298

B298

A303

B303

A308

B308

A313 B313

A318 B318

10
20
30
40
50
60
70
80
90

0.0346
0.0399
0.0267
0.0450
0.0008
0.0761
0.0613
0.1130
0.1044

0.2280
0.1259
0.5180
0.2038
0.2564
0.0997
0.2414
0.2230
0.1915

0.0184
0.0987
0.1178
0.0602
0.0515
0.0882
0.0888
0.1155
0.1230

0.3206
0.0927
0.1408
0.0968
0.1042
0.0436
0.1697
0.1973
0.0590

0.0109
0.1037
0.1266
0.0900
0.0047
0.0902
0.1035
0.1560
0.2289

0.3771
0.1788
0.1555
0.1031
0.2775
0.0607
0.2000
0.3686
0.2079

0.0240 0.3759
0.0982 0.1613
0.1263 0.2485
0.1891 0.1179
0.0528 0.1381
0.0574 0.1601
0.0912 0.2711
0.2040 0.1989
0.2225 0.2940

0.0178 0.3589
0.1117 0.1872
0.1291 0.2289
0.1323 0.2355
0.0168 0.2077
0.0878 0.0769
0.1052 0.3669
0.2675 0.1564
0.2477 0.2780

Table 6: The limiting molar conductance at infinite dilution (i,) for various
compositions at different temperatures

Wt. % Mom 298 Aom 303 Mom 308 Mom 313 Mom 318
10 13.65 14.93 15.89 16.26 16.65
20 12.37 13.33 14.71 14.83 15.71
30 12.40 13.21 13.60 13.61 14.67
40 12.29 12.93 13.19 13.38 14.46
50 11.41 12.65 12.60 12.99 14.06
60 10.70 11.01 11.17 11.31 11.83
70 10.27 9.98 10.09 10.32 11.15
80 9.81 9.77 9.81 9.63 10.28
90 9.71 10.18 9.76 9.77 10.51
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Table 7: Calculated K, values from Kraus Bay equation

Wt. % Keyos Koz Kesos Ko Kess
10 0.048 0.042 0.034 0.025 0.018
20 0.058 0.048 0.041 0.028 0.028
30 0.098 0.074 0.052 0.033 0.034
40 0.149 0.107 0.074 0.048 0.045
50 0.162 0.131 0.086 0.056 0.055
60 0.174 0.116 0.073 0.043 0.040
70 0.225 0.110 0.064 0.036 0.039
80 0.264 0.131 0.080 0.036 0.037
920 0.366 0.187 0.097 0.042 0.045

Table 8: Calculated walden product (AyN) for Acetone — H,O — MMAH at different
temperatures and varying compositions

Wt. % XoMo,oq AoMos; MoNoyg oMoy 5 MoNoy g
10 14.50 15.79 16.58 16.86 17.21
20 13.95 14.77 15.99 15.96 16.72
30 14.91 15.58 15.90 15.62 16.70
40 15.74 16.50 16.61 16.64 17.98
50 15.33 16.83 16.66 17.08 18.42
60 14.62 14.93 15.00 15.13 15.69
70 13.47 12.91 12.89 13.07 13.89
80 11.83 11.59 11.41 11.11 11.59
90 9.92 10.31 943 9.35 9.74
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