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ABSTRACT 

By frequency technic method, the values of the static dielectric constant (0), dielectric constant at optical 

frequency ( ) for different molar ratios at different temperatures for binary system of Isopropyl 

myristate and N -N Diethylaniline have been measured. Based on the values thermodynamic excess 

parameters of Isopropyl myristate and N -N Diethylaniline (Δ , Δ , Δ  and Δ  ) have been 

calculated. 

KEYWORDS: Isopropyl myristate, N -N Diethylaniline, Dielectric constant, Thermodynamic Excess 

Parameters 

I    INTRODUCTION 

The study of excess thermodynamically parameters [1-4] on mixing of two polar liquids give 

information about various interactions between the molecules such as long range electrostatic 

interaction, short range dipolar interaction between similar molecules and short range dipolar 

interaction between dissimilar molecules. The Molecular weight(M), Density (p), Refractive 

index (nD), Dielectric constant ( of Isopropyl myristate is 270.46 g/mol, 0.8532 g/cm
3
, 1.4325 

(25
o
C), 3.124 (313.2 K), and N -N Diethylaniline is 149.24 g/mol, 0.933 g L

-1
, 1.540 (20

o
C) and 

5.15 (303.2 K) respectively. Values of Isopropyl myristate and N -N Diethylaniline of Δ , Δ , 

Δ  and Δ  for all five different temperatures are reported.  

II MATERIALS AND METHODS  

Isopropyl myristate (C17H34O2)and N -N Diethylaniline (C10H15N) was used. The molar fraction 

of the Bromoform with N -N Diethylaniline are 0,0.1,0.2,0.3… and 1.0.The static dielectric 

constant  measured by frequency technic at five different temperatures. The refractive index 

was measured by Abbe’s refractometer .Using dipole meter (1MHz), the dielectric constant was 
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measured. The errors in measurements of refractive index (nD) is + 0.002. Using Temperature 

controlled water circulating thermostat 0.1°C accuracy maintained for 298,303K, 308K, 313K 

and 318K. Isopropyl myristate (C17H34O2) and N -N Diethylaniline (C10H15N) are purified by 

usual methods. 

III THEORY 

3.1 Excess permittivity 

                   (1) 

The excess permittivity also provides qualitative information about multimer formation in 

the mixture as given below  

ε
E 

= 0 indicates that there is no interaction between the unlike  Molecules. 

ε
E 

< 0 indicates the interaction between the molecules in such a way that the effective 

dipoles get reduced. The two liquids mix in such Way that the mixture may form multimers 

leading to less effective Dipoles.   

ε
E 

> 0 indicates that the two liquids interact in such a way  that the Effective dipoles 

increase. This may be due to the formation of Monomers and dimers. 

3.2 Thermodynamic Excess Functions 

The excess free energy of mixing F
E 

which is almost equal to the excess Gibbs free 

energy , G
E 

for a matter in a condensed phase may be obtained from the reaction field factor of 

the two liquids ( ) and that of the solution Rfi. 

                                                 (2) 

   

  

  

                                     (3)
 

                       (4) 

         (5)                                      

The first term    represents   the excess dipolar energy due to long-range electrostatic 

interaction. 

    The second term  gives the excess dipolar energy due to short-range interaction 

between identical molecules and 
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   The third term  gives the excess dipolar energy due to short-range interaction between 

dissimilar molecules. 

      The term Rfro and Rfr which give the reaction field parameters in the pure liquid and in 

the mixture, are given by,        

 

 

Where gu is the Kirkwood’s mutual correction factor for solvent and solute – solute 

interactions. The value of g12 is the correlation factor between the solute and the solvent.  

IV RESULTS AND DISCUSSION 

4.1 Static Permittivity (  

In system ,the value of static permittivity decreases with the increasing of aniline 

concentrations. For all the studied, five temperatures, the static permittivity is found to decrease 

with rise of temperature. This behavior may be due to the fact that the rise in temperature causes 

thermal agitation which affects the equilibrium between the multimers present in the mixtures. 

This disturbance in equilibrium changes the orientation of the dipoles in such a way they have 

lesser parallel orientation.  This behavior is found to exist in all the studied concentrations in   

Table 1 and Fig.1 This behavior is expected as per Debye’s model.[5]. 

4.2 Variation Of The Excess Permittivity   

  The information regarding hetero interaction in a mixture of two polar liquids 

may be obtained by the excess property related to the permittivity 6.Kande et al.7 have 

pointed out that the study of the excess permittivity may provide some trend regarding the 

interaction between the two constituent liquids leading to the structural information of the 

mixture. Thus the study of parameter  helps to understand the short range dipole- dipole 

interactions in two different component systems. The values of  for all the systems at all 

different five temperatures are studied and reported in Table 1 and the variation of   is plotted in 

the graph Fig.2. 

                 From the Table1, it is found that  deviates from zero for all the systems at all 

the concentrations and at all five temperatures studied. Rana et al.8 have indicated that  – 

variation as a function of concentration is due to the interaction between the dissimilar molecules 

which may cause an effect of structural change in the system. Negative or positive value of   

implies the interaction between unlike molecules9.The negative value of   may be due to 
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creation of less polar structures leading to lower microscopic permittivity [10]. It is also pointed 

out that the negative  values indicate that the molecules of the mixture may form multimers 

structures through hydrogen bonding in such a way that the effective dipole moment gets 

reduced. Thus the negative value of   in system indicates that the interaction between the 

components in the mixture is such as to form multimeric structures with anti-parallel dipoles in 

the mixture. The negative value of   is due to strong intercomponent H-bonding. Similar results 

reported by many researchers 11-17. 

4.3 Long Range Electrostatic Interaction (Δ ) 

  From the Table 2 and Fig 3 all the studied concentrations, the value of Δ  is 

positive. Δ  increases with increase of aniline /aniline concentrations and thereafter the value of 

Δ decreases. The increase of Δ  with increasing of aniline concentration, results to increase 

the number of dipoles. Positive value of Δ  implies that existence of long range dipole-dipole 

interaction and attractive forces between them. Conclusions on similar lines were reported by 

Thenappan et al 18 for anisole- aniline systems. Also the conclusions reported by Varadarajan 

et al 19. 

4.4 Short Range Interaction between Similar Molecules 

  The excess dipolar energy due to the Short range dipolar interaction between 

similar molecules Δ  varies with aniline/aniline concentration for each of all the systems at all 

the five temperatures. The values of  Δ  tabulated in Table 2, and the values of Δ  are plotted 

in the graph Fig. 4. Δ  is positive value, the rupture of H-bonding between the dipoles are 

implied. All the concentrations, Δ   decreases with increase of temperature. Δ  shows the 

positive value of system. This means positive value of Δ  implies the rupture of H-bonding 

between the dipoles. As aniline/aniline concentration increases, the value of Δ  increases. This 

implies that, with increasing concentration, the number of ruptured H-bonding increases. Results 

on similar lines are reported by Thenappan et al 20. 

4.5 Short Range Interaction between Dissimilar Molecules 

  The excess dipolar energy due to short range interaction between dipolar 

interactions between dissimilar molecules given by the value of     21.Swain 22 has 

reported the negative value of   may indicate the formation of micro heterogeneous -clusters 

with anti-parallel alignment between dissimilar molecules may lead to the destruction of angular 

correlation between them and thereby the external energy gets decreased. From the Table 3 and 

Fig.5, the value of  is negative. The aniline concentration increases, the value of   changes 

from negative to positive. That means the formation of micro heterogeneous -clusters with anti-

parallel alignment between dissimilar molecules may lead to the destruction of angular 

correlation between them and thereby the internal energy decreased. The aniline region is 
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increased; the micro heterogeneous -clusters changes to hetero association, leads to the 

formation of linear multimers.         

 The temperature increases, the value of  decreases in all the studied 

concentrations, at all the five temperatures. From the Table 3 and Fig.6, it can be seen that Δ  is 

greater than Δ  and .This indicates that long range interaction contributes more to the free 

energy than short range interactions. Conclusions on similar lines have been reported by 

Parthipan et al.23 

  Table 1 Variation of ε0m & ε
E
 with the concentration of the N- N diethylaniline (X2) 

at different temperatures. 

X2 
ε0m ε

E
 

298 K 303 K 308 K 313 K 318 K 298 K 303 K 308 K 313 K 318 K 

0.0

0 

3.293

5 

3.284

9 

3.267

8 

3.251

0 

3.234

2 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.1

0 

3.310

7 

3.293

5 

3.276

3 

3.267

8 

3.242

1 

-

0.190

0 

-

0.184

6 

-

0.181

2 

-

0.168

4 

-

0.173

2 

0.2

0 

3.353

7 

3.345

1 

3.336

5 

3.322

1 

3.316

3 

-

0.342

4 

-

0.330

2 

-

0.310

8 

-

0.296

0 

-

0.266

6 

0.3

0 

3.492

0 

3.490

2 

3.470

6 

3.451

0 

3.431

4 

-

0.383

9 

-

0.359

2 

-

0.342

6 

-

0.326

6 

-

0.306

6 

0.4

0 

3.648

6 

3.639

9 

3.622

5 

3.605

0 

3.570

1 

-

0.411

3 

-

0.387

9 

-

0.363

8 

-

0.341

5 

-

0.327

6 

0.5

0 

3.806

5 

3.816

8 

3.793

8 

3.770

9 

3.747

9 

-

0.440

5 

-

0.390

0 

-

0.369

1 

-

0.342

9 

-

0.319

8 

0.6

0 

3.974

4 

3.998

0 

3.973

9 

3.949

7 

3.925

7 

-

0.465

1 

-

0.394

8 

-

0.369

5 

-

0.340

5 

-

0.309

2 

0.7

0 

4.152

7 

4.164

6 

4.129

4 

4.094

1 

4.058

9 

-

0.485

8 

-

0.419

0 

-

0.397

6 

-

0.369

1 

-

0.344

0 

0.8

0 

4.404

8 

4.368

6 

4.341

5 

4.287

4 

4.237

9 

-

0.432

-

0.409

-

0.374

-

0.359

-

0.341
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6 2 8 3 1 

0.9

0 

4.669

2 

4.641

7 

4.586

8 

4.541

2 

4.500

2 

-

0.381

7 

-

0.339

6 

-

0.325

3 

-

0.298

5 

-

0.271

0 

1.0

0 

5.226

0 

5.152

7 

5.077

0 

4.998

7 

4.918

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

Table 2 Variation of ΔF 
E

OF& ΔF 
E

rr with the concentration of the N- N 

diethylaniline (X2) at different temperatures  

X2 
ΔF 

E
OF joules/mole ΔF 

E
rr joules/mole 

298 K 303 K 308 K 313 K 318 K 298 K 303 K 308 K 313 K 318 K 

0.0

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.1

0 

18.20

64 

18.61

96 

18.26

60 

17.07

37 

17.52

89 

0.726

2 

0.788

4 

0.754

7 

0.572

8 

0.682

4 

0.2

0 

33.60

80 

32.73

95 

31.13

28 

30.10

30 

28.07

91 

3.043

2 

2.840

8 

2.569

1 

2.332

9 

1.967

6 

0.3

0 

38.88

72 

36.86

99 

35.94

57 

34.99

25 

33.88

69 

5.917

1 

5.361

2 

5.041

0 

4.645

6 

4.279

2 

0.4

0 

41.80

66 

40.02

29 

38.44

30 

36.80

76 

36.71

66 

9.660

1 

8.950

5 

8.410

4 

7.745

2 

7.394

6 

0.5

0 

44.15

90 

40.07

27 

38.57

89 

36.99

50 

35.18

70 

13.83

22 

12.56

68 

11.92

68 

11.11

73 

10.35

76 

0.6

0 

45.14

21 

39.38

15 

37.53

56 

35.57

60 

33.34

14 

17.67

54 

15.84

07 

15.03

94 

14.03

08 

13.06

92 

0.7

0 

44.82

58 

39.72

73 

38.45

75 

37.06

22 

35.38

10 

20.55

43 

18.62

77 

17.90

66 

16.94

36 

16.02

49 

0.8

0 

37.67

86 

36.41

12 

33.91

64 

33.67

18 

32.74

70 

19.99

70 

19.11

92 

17.98

18 

17.37

48 

16.66

17 

0.9

0 

29.72

11 

27.11

03 

26.45

56 

24.82

22 

22.48

89 

16.65

70 

15.31

49 

14.84

70 

13.83

73 

12.66

47 

1.0

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 
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Table 3 Variation of ΔF
E

12 & ΔF 
E
 with the concentration of the N- N diethylaniline 

(X2) at different temperatures  

X2 

ΔF
E

12 joules/mole ΔF 
E
 joules/mole 

298 

K 

303 

K 

308 

K 

313 

K 

318 

K 298 K 
303 K 308 K 313 K 318 K 

0.0

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 
0.0000 0.0000 0.0000 0.0000 0.0000 

0.1

0 

-

2.375

3 

-

2.237

6 

-

2.206

8 

-

2.021

5 

-

2.112

7 

16.557

4 

17.170

4 

16.813

9 

15.625

0 

16.098

6 

0.2

0 

-

6.485

1 

-

6.183

1 

-

5.729

9 

-

5.400

1 

-

4.659

0 

30.166

1 

29.397

2 

27.972

0 

27.035

8 

25.387

6 

0.3

0 

-

6.997

5 

-

6.378

4 

-

6.023

3 

-

5.695

0 

-

5.232

1 

37.806

8 

35.852

7 

34.963

5 

33.943

1 

32.934

0 

0.4

0 

-

6.148

1 

-

5.685

2 

-

5.219

8 

-

4.824

2 

-

4.596

8 

45.318

6 

43.288

2 

41.633

6 

39.728

7 

39.514

4 

0.5

0 

-

4.861

1 

-

3.963

0 

-

3.706

1 

-

3.346

0 

-

3.054

2 

53.130

1 

48.676

5 

46.799

6 

44.766

3 

42.490

3 

0.6

0 

-

3.301

7 

-

2.400

3 

-

2.181

5 

-

1.925

8 

-

1.647

8 

59.515

8 

52.821

8 

50.393

5 

47.680

9 

44.762

8 

0.7

0 

-

1.761

9 

-

1.247

7 

-

1.158

8 

-

1.028

1 

-

0.915

5 

63.618

2 

57.107

3 

55.205

3 

52.977

8 

50.490

4 

0.8

0 

-

0.180

4 

-

0.153

2 

-

0.071

5 

-

0.083

8 

-

0.073

5 

57.495

1 

55.377

2 

51.826

7 

50.962

8 

49.335

1 

0.9

0 

0.375

1 

0.367

1 

0.358

0 

0.349

1 

0.354

5 

46.753

2 

42.792

3 

41.660

5 

39.008

6 

35.508

0 

1.0

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 

0.000

0 
0.0000 0.0000 0.0000 0.0000 0.0000 
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Fig.4     Fig.5      Fig.6 

V CONCLUSIONS 

  In all the studied systems, at all the range of concentrations studied and all the 

five temperatures, existence of identified. These interactions are found to 

be concentration and temperature dependent.  
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