
STRUCTURAL AND ASSOCIATIONAL ASPECTS 
OF DIELECTROPOLAR STRAIGHT CHAIN ALCO

HOLS FROM RELAXATION PHENOMENA 
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9.1. Introduction : 

The relaxation phenomenon of a dielectropolar liquid in a solvent has attracted the 

attention of a large number of workers [9 .1-9 .3] as it is a very sensitive and useful tool to 

ascertain the shape, size and structure of a polar molecule. The technique provides one with 

much information about the stability [9.4] of the system undergoing relaxation phenomena. 

It also offers valuable insight into the solute-solute i.e. dimer and solute-solvent i.e. 

monomer formations [9.4]. Structural and associational aspects of a polar liquid in a 

nonpolar solvent can, however, be gained by measured static dipole moment lls and high 

frequency (hf) dipole moment Jlj in terms of relaxation time 'tj and slope 13 of hf 

conductivity cru with weight fraction Wj. 

Alcohols behaving like almost polymers have a, 13 and y etc. dispersion regions. The 

strong dipole of -OH group rotates about =C-0-- bond without disturbing CH3 or CH2 

groups and thus they have possibility to exhibit intramolecular as well as intermolecular 

rotations. Sit and Acharyya [9 .5] and Sit et al [9 .6] studied the straight long chain alcohols 

like 1-butanol, 1-hexanol, 1-heptanol, 1-decanol inn-heptane [9.7], ethanol and methanol in 

benzene [9.8] (9.84GHz) and 2-methyl-3-heptanol, 3-methyl-3-heptanol, 4-methyl-3 

heptanol, 5-methyl-3-heptanol, 4-octanol and 2-octanol, in n-heptane [9.9] at 25°C to 

observe that all the alcohols except methanol showed the double relaxation times -r1 and -r2 

at all the frequencies in GHz range. The alcohols were again expected to exhibit the triple 

relaxation phenomena [9.7] for different frequencies of electric field in GHz range. Such 

long chain liquids under investigation have wide applications in the fields of biological 

research, medicine and industry. Moreover, the study of alcohols in terms of modem 

internationally accepted units and symbols appears to be superior for the unified, coherent 

and rationalized nature of the SI unit used. 

The lls of all the associated dielectropolar molecules under static electric field was 

derived from static experimental parameter Xij. Xij is again involved with the dimensionless 

dielectric constants koij and kxij of Table 9.1 from the measured relaxation permittivities 

static Eoij and Eocij of dimensions Farad metre-1 (F.m-1
) based on Debye model[9.10]. The 
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Table 9.1. Measured dielectric permittivities Eij', Ei/', Eoij and Eocij in Farad metre -l of some 
dielectropolar alcohols at 25 °C for different weight fractions Wj 's of solutes. · · 

System with 
Weight 

sl no & mol 
fraction Wj 

Ei/ Ejj" Eoij Eocij 

wt. Mi in kg 

0.0291 1.957 0.0079 1.971 1.928 
0.0451 1.981 0.0147 2.000 1.945 

1. !-butanol 0.0697 2.011 0.0236 2.050 1.958 
Mj=0.074 kg 0.1163 2.060 0.0425 2.175 1.978 

0.1652 2.105 0.0644 2.381 2.000 
0.2072 2.144 0.0818 2.621 2.020 

0.0458 1.968 0.0131 1.988 1.944 
0.0703 1.984 0.0190 2.015 1.952 

2. 1-hexanol 0.1028 2.001 0.0296 2.064 1.970 
Mj= 0.102kg 0.1687 2.037 0.0425 2.196 1.989 

0.2335 2.088 0.0569 2.360 2.002 
0.2901 2.134 0.0748 2.580 2.018 

0.0564 1.968 0.0147 1.985 1.932 
0.0735 1.975 0.0182 2.008 1.945 

3. 1-heptanol 0.1175 2.007 0.0265 2.066 1.957 
Mj= 0.116 kg 0.1909 2.076 0.0482 2.195 1.989 

0.2465 2.097 0.0567 2.315 2.002 
0.2970 2.126 0.0693 2.464 2.008 

0.0572 1.965 0.0120 1.976 1.940 
0.0857 1.979 0.0223 2.003 1.952 

4. 1-decanol 0.1351 2.003 0.0273 2.050 1.964 
Mj=0.158 kg 0.2140 2.036 0.0449 2.147 1.990 

0.2640 2.064 0.0513 2.220 2.008 
0.3353 2.097 0.0637 2.346 2.030 

0.0664 2.450 0.0082 3.330 2.262 

5. ethanol 
0.1393 2.483 0.0124 4.300 2.190 

Mj=0.046 kg 
0.2077 2.500 0.0208 5.400 2.120 
0.2953 2.550 0.0297 7.000 2.062 
0.3638 2.567 0.0342 8.200 2.016 

0.0514 2.467 0.0082 4.800 2.214 

6. methanol 
0.0930 2.500 0.0083 6.500 2.155 

Mj=0.032kg 
0.1495 2.517 0.0168 8.600 2.085 
0.2266 2.550 0.0298 11.400 2.016 
0.3049 2.583 0.0387 13.700 1.960 

7. 2-methyl3-
0.0437 1.960 0.0156 1.971 1.930 
0.1299 2.022 0.0361 2.059 1.966 heptanol 
0.2522 2.095 0.0565 2.172 2.007 

Mj=0.130 kg 
0.4081 2.169 0.0809 2.330 2.054 
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System with Weight 
sl no & mol 

fraction Wj 
Eij' Eij" Eoij Ea:ij 

wt. Mj in kg 

8. 3-methyl 3-
0.0450 1.965 0.0137 1.974 1.934 
0.1334 2.028 0.0393 2.069 1.966 heptanol 
0.2538 2.103 0.0674 2.180 2.004 Mj=0.130kg 
0.4085 2.188 0.0928 2.334 2.057 

9. 4-methyl3-
0.0466 1.964 0.0146 1.976 1.936 
0.1326 2.025 0.0375 2.065 1.969 heptanol 
0.2590 2.104 0.0616 2.185 2.011 Mj= 0.130 kg 
0.4124 2.180 0.0849 2.352 2.065 

10. 5-methyl 0.1228 2.008 0.0296 2.048 1.956 
3-heptanol 0.2489 2.075 0.0511 2.168 2.004 
Mj=0.130 kg 0.3898 2.148 0.0676 2.315 2.040 

11. 4-octanol 
0.1201 2.000 0.0265 2.040 1.948 

Mj=0.130 kg 
0.2445 2.067 0.0449 2.148 1.997 
0.3838 2.140 0.0659 2.282 2.031 

12. 2-octanol 
0.1236 2.001 0.0245 2.049 1.954 

Mj=0.130kg 0.2479 2.068 0.0513 2.195. 1.996 
0.3844 2.141 0.0680 2.410 2.036 

linear coefficients of the expected nonlinear experimental Xij curves against Wj graphically 

shown in Fig. 9.1, of alcohols were conveniently used to estimate 1-ls at a given temperature. 

The 'tj of all the alcohols were, however, estimated from the slope of linear variation 

of imagi~ary d'ij" against real Gi/ parts [9.11] of hf complex conductivity Gij * for different 

wj's as seen in Fig. 9.2. The hf cru" did not vary linearly with hf cru' at higher or even lower 

concentrations [9.12]. It is therefore, better to use the ratio of slopes of individual variations 

of crij" and crij' both in n-1 m-1 with wj's of Figs 9.3 and 9.4 to get the exact and accurate 

value of dcrij"/dcru' in the limit Wj = 0 to evaluate 'tj [9.13-9.14]. 'tj's thus obtained by both 

the methods are placed in Table 9.3 to see how for they are close in agreements. 't'j's of such 

dielectropolar molecules. were, however, estimated at 1.233 em for molecules like 1-

butanol, 1-hexanol, 1-decanol, 2-methyl 3-heptanol, 3-methyl 3-heptanol, 4-methyl-3-

heptanol, 5-methyl 3-heptanol, 4-octanol, 2-octanol and at 1.249 em wavelength electric 

field for 1-heptanol at which measured eu" of a given Wj ofthe solute when were graphically 
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plotted against the electric field frequency "f' showed peak indicating the most effective 

dispersive region for such liquids. 

~----,~::;--·1. --·· -·--o~£ ·· ---·~c-:l=---"t-4---c-;co 
'tfJ , W&ight f"tadton of Akohd• 

Figure 9.1: Variation of static experimental parameter Xij against weight fraction Wj of 
solute at 25 °C under nearly 24 GHz electric field (ethanol and methanol at 9.84 GHz). 

I. !-butanol (-0-), II. 1-hexanol (-.6.:-), III. 1-heptanol (-D-), IV. 1-decanol (-e-), 
V. ethanol(-..&.-), VI. methanol (-•-), VII. 2-methyl3-heptanol (-4>--), VIII. 3-methyl 
3-heptanol (-4-), IX. 4-methyl 3-heptanol (--~}-),X. 5-methyl 3-heptanol (-®-),XI. 
4-octanol (-0--), XII. 2-octanol (-X-). 

The formulation to measure !J./S of all the alcohols involves with the slopes f3's of 

the expected O"ij- Wj nonlinear curves of Fig. 9.5 and dimensionless parameter bin terms of 

tj's obtained by both the methods as tj's were not found to agree excellently in Table 9.3. 

The crij" and crij' in n-1 m-1 are not linear with Wj as evident from Figs 9.3 and 9.4. !J./S thus 

obtained are finally compared with /-Ltheo' s from available bond angles and bond moments of 

the substituent polar groups attached to parent ones. The slight disagreement between the 

measured !l/S and J.ls's from !ltheo's indicates the existence of inductive and mesomeric 

. moments of different substituent polar groups present in such dielectropolar molecules in 

addition to strong hydrogen bonding in them as displayed by the molecular conformations 

of Fig 9.6. 
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Table 9.2: Coefficients a0 , a1 of the static experimental parameter Xu=a0+a1wj+a2w/, 
correlation coefficients (r ), % of errorin getting Xu, static or low frequency dipole moment 
J.lsXl030 in C.m, Corrected theoretical dipole moments JltheoX1030 in C.m from reduced bond 
moments by ).ls/Jltheo and Jli. J.L2 by double relaxation method. 

Intercepts and 
JlsX1030 Corrected Jli and Jl2 in 

System with sl no & slopes of Corr. %of inC.m J.llheoX 1 030 C.mfrom 
Coeff Eq.(9.5) inC.m double relaxa mol wt. Xij=ao+a,wj error tion method r 

ao a, 
2 

1. 1-butanol inn-heptane 0.2047 1.0852 0.9824 0.96 3.74 4.97X0.7525 
3.63 29.17 

. Mj= 0.074 kg 
=3.74 

2. 1-hexanol in n-heptane 
0.1951 1.0710 0.9896 0.57 3.49 

4.37x0.7986 
3.43 21.20 Mj=0.102kg =3.49 

3. 1-heptanol inn-heptane 
0.2533 0.8932 0.9867 0.73 3.73 

4.07x0.9165 
3.73 27.00 

Mj= 0.116kg =3.73 

4. 1-decanol in n-heptane 
0.0901 2.3826 0.9924 0.42 3.68 

3.17x1.1609 
3.83 17.24 

Mj= 0.158 kg =3.68 

5. ethanol in benzene 
1.6141 59.189 0.9919 0.49 1.41 

5.57x0.2531 
1.70 490.73 

Mj= 0.046 kg =1.41 

6. methanol in benzene 
5.6331 99.809 0.9672 1.94 1.25 

5.87x0.2129 
293.96 

Mj= 0.032kg =1.25 

7. 2-methyl 3-heptanol in 
5.87x0.3168 

n-heptane 0.1372 3.7778 0.9997 0.02 1.86 
=1.86 

3.83 16.00 
Mj= 0.130kg 

8. 3-methyl 3-heptanol in 
5.87x0.3594 

n-heptane 0.0830 4.8577 0.9986 0.09 2.11 
=2.11 

3.83 8.60 
Mj=0.130 kg 

9. 4-methyl 3-heptanol in 
5.87x0.3322 

n-heptane 0.1032 4.1481 0.9998 O.ot 1.95 
=1.95 

3.90 13.90 
Mj= 0.130 kg 

10. 5-methyl3-heptanol in 
5.87x0.2368 

n-heptane 0.3270 2.1113 0.9972 0.22 1.39 
=1.39 

3.37 9.50 
Mj= 0.130kg 

11. 4-octanol in n-heptane 
0.4402 1.1341 0.9946 0.42 1.11 

3.60x0.3083 
3.43 10.97 

Mj= 0.130 kg =1.11 

12. 2-octanol in n-heptane 
0.2591 2.2977 0.9955 0.35 1.45 

3.60x0.4028 
3.43 16.00 

Mj= 0.130 kg =1.45 

The solvent C6a; unlike n-heptane is a cyclic compound with three double bonds 

and six p-electrons on six carbon atoms. Hence 1t-7t interaction or resonance effect 

combined with inductive effect known as mesomeric effect is expected to play an important 

role in the measured Jl/S under hf electric field. A special attention is to be paid to have the 
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conformational structures ofthe alcohols to evaluate Jltheo's as seen in Fig 9.6 and Table 9.2 

from the reduction of the available bond moments [9.5-9.6] of different substituent polar 

groups by the ratio of Jlsf!ltheo· This takes into account ofH-bonding, in addition to inductive 

effect in them. Thus the conclusion regarding the molecular association of such long chain 

associated aliphatic alcohols may also be the reason to yield higher dipole moments. 

3·JS 

J i 
r .... 

1'54 

1-51 

O·"s o·'JO ~,.o:::.-s ---:-!,.4 ,.
48 

Sl:ecl Pert. a;j. l.n.-1-m') of hf Conductivi\y 

Figure 9.2: Variation of imaginary part of conductivity cri( in n-1m-1 against real part 
of conductivity crij' in n-1m-1

• 

I. 1-butanol (-0-), II. 1-hexanol (-.6.-), III. 1-heptanol (-0-), IV. 1-decanol (-e-), 
V. ethanol (-.A-), VI. methanol (-•-), VII. 2-methyl3-heptanol (--<I>-), VIII. 3-methyl 
3-heptanol (-..1-), IX. 4-methyl3-heptanol C-l-), X. 5-methyl 3-heptanol (-®-),XI. 
4-octanol (~,XII. 2-octanol (-X-). 

9.2. Static relaxation parameter Xij and static dipole moment lls: 

Under Static electric field lls of a dielectropolar molecule 0) in a non-polar solvent 

(i) may be obtained from the following equation [9 .1 0]. 

Eoij -1 

8 0 ij +2 

Eooij -1 = 8 0 i -1 _ 8 00i -1 + NJ.!;Cj 

Eooij + 2 Eoi + 2 sooi + 2 9aokB T 

186 

..... ( 9.1 ) 



Table 9.3: Intercept and slope of cri/' - crij' equation (Fig.9.2), correlation coefficient (r ), % 
of error, relaxation time 'tj in psec Eq. (9.10), ratio of slope of cru" and cru' with Wj, 
relaxation time 'tj in psec from Eq.(9.11), calculated relaxation time 'tj in psec from 
Gopalakrishna's method for some dielectropolar alcohols under nearly 24 GHz electric field 
(Q-Band Microwave) at 25 °C. . 

Intercepts and 
Corr. 'tj in psec 

Ratio of 
'tj in psec 't·G 

System with sl no & mol slopes of %of ·slope of· l 
Coeff fromEq fromEq in 

wt. cr;j"- cru' error crij" & cr;j' r (9.10) 
withw 

(9.11) psec 

I. !-butanol in n-heptane 2.9731 2.4816 0.9959 0.22 2.64 3.6215 1.81 2.47 
Mj=0.074kg 

2. 1-hexanol in n-heptane 
2.9457 2.7315 0.9959 0.22 2.40 1.7859 3.66 2.25 

. Mj= 0.102kg 

3. 1-heptanol inn-heptane 
2.9414 2.9898 0.9973 0.15 2.19 4.0080 1.65 2.07 

Mj= 0.116kg 

4. 1-decanol inn-heptane 
2.9465 2.5881 0.9925 0.41 2.53 2.0163 3.24 2.39 

Mj= 0.158 kg 

5. ethanol in benzene 
1.4952 4.2872 0.9880 0.72 3.77 4.5412 3.56 3.62 

Mj=0.046 kg 

6. methanol in benzene 
1.5188 3.2088 0.9633 2.17 5.04 6.7005 2.41 4.87 

Mj= 0.032kg 

7. 2-methyl 3-heptanol in 
n-heptane 2.9162 3.2340 0.9994 0.04 2.02 3.3248 1.97 1.86 
Mj= 0.130kg 

8. 3-methyl 3-heptanol in 
ti-heptane 2.9361 2.8021 0.9976 0.16 2.33 2.1826 3.00 2.26 
Mj= 0.130kg 

9. 4-methyl 3-heptanol in 
n~heptane . 2.9254 3.0946 0.9988 0.08 2.11 2.7666 2.36 1.95 
Mj= 0.130kg 

10. 5-methyl 3-heptanol in 
n-heptane 2.8973 3.6562 0.9949 0.40 1.79 2.2461 2.91 1.63 
Mj= 0.130 kg 

II. 4-octanol in n-heptane 
2.9129 3.5515 0.9999 O.Ql 1.84 3.8763 1.69 1.68 

Mj=O.l30 kg 

12. 2-octanol in n-heptane 
2.9320 3.1511 0.9875 0.97 2.08 1.5646 4.18 1.93 

Mj= 0.130 kg 

'tjG =Relaxation time estimated from Gopalakrishna's method 

where e0u and ecx:ij are the static and infinite frequency relative permittivities of solution (ij). 

· Eo is the permittivities of free space = 8.854 X 10'12 F.m'1, Cj is the molar concentration of 

the solute where cj= puw/Mj and the other symbols carry usual meanings. 
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A polar liquid of weight Wj and volume Vj is mixed with a non-polar solvent of weight Wi 

and volume Vi to get the solution density Pij where 

wi +Wj wi +Wj 

Pij = Vi+ Vj = W)pi + Wj/Pj 

• Z·S!;::o.o--;o~., -~.;.:-., -~.e::-.3 ---:'.,.'7-4 ----;;!.a.s'"'43 

Weight fro c\ion. WJ 

..... ( 9.2) 

Figure 9.3: Plot of imaginary part of conductivity crij" in n·1m-1 against weight fraction Wj of 
solute at 25 ° linder 24 GHz electric field (ethanol and methanol at 9.84 GHz. 

I. 1-butanol (-0-), II. 1-hexanol (-.6.-), III. 1-heptanol (-0-), IV. 1-decanol (-e-), V. ethanol(
.A-), VI. methanol (-•-), VII. 2-methyl3-heptanol (-4>---), VIII. 3-methyl3-heptanol (-4.-), IX. 4-
methyl3-heptanol C-1-), X. 5-methyl3-heptanol (-®-),XI. 4-octanol (-e-), XII. 2-octanol (-X-). 

The weight fractions Wj and Wi of solute and solvent ~re given by: 

and 
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·such that Wi + Wj =I andy= (1-p/pj ), Pi and pj are densities of pure solvent and solute 

respectively. 

Now Eq.(9.1) may be written as: 

..... (.9.3 ) 

The right hand side ofEq.(9.3) is obviously a polynomial equation ofwj like 

..... (.9.4) 

Now comparing the linear coefficients ofEqs (9.3) and (9.4) one gets f..1.s from: 

..... ( 9.5) 

where at is the slope ofXij-Wj curve ofFig.9.1. But f..1.s from higher coefficients ofEqs(9.3) 

or (9 .4) are not reliable as they are involved with various effects of solvent, relative density, 

solute - solute association, internal field, macroscopic viscosity etc. J..l.s's from Eq.(9.5) 

along with at are placed in Table 9.2 to compare with hf!J./S presented in Table 9.4. 

9.3. High frequency dipole moment !J.j and relaxation time 'tj : 

Under hf electric field of GHz range the dimensionless complex dielectric constant 

*. 
Eij IS : 

..... ( 9.6) 
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Table 9.4: Coefficients a and 13 of O"ij against Wj curve (Fig.9.5), correlation coefficients (r ), 
%of error, dimensionless parameter busing 'tj from Eq. (9.10) and (9.11), computed JljX1030 

in C.m from Eqs (9.10) and (9.16) and Eqs (9.11) and (9.16), estimated JljX1030 in C.m from 
Gopalakrishna's method for some dielectropolar alcohols under nearly 24 GHz electric field 
(Q-Band microwave) at 25 °C. 

Dimensionless 

System with sl no & mol Coeff of crii - wi Corr. 
%of 

parameter J..LiX1 030 in C.m j..L·
0 X1 

equation Coeff b= 1/( 1 +ol't2
) 0~0 in 

wt. 
13 

error from from C.m a r 'tifrom 'tj from Eq(9.10) Eq(9.11) 
Eq(9.10) Eq(9.11) 

& ~9.16} & ~9.16} 
1. 1-butanol in n-heptane 

2.9351 2.0769 0.9978 0.12 0.8601 0.9289 4.28 4.11 3.58 
Mj=0.074 kg 

2. 1-hexanol in n-heptane 
2.9807 0.5846 0.9961 0.21 0.8815 0.7618 2.63 2.83 3.35 Mj=0.102kg 

3. 1-heptanol inn-heptane 
2.9173 1.5312 0.9928 0.39 0.9016 0.9417 4.52 4.42 3.59 

Mj=0.116 kg 

4. 1-decanol in n-heptane 
2.9639 0.6848 0.9995 0.03 0.8699 0.8032 3.57 3.71 3.55 

Mj= 0.158 kg 

5. ethanol in benzene 
1.4970 0.2584 0.9927 0.44 0.9485 0.9538 1.44 1.43 1.33 

Mj=0.046kg 

6. methanol in benzene 
1.5098 0.3444 0.9928 0.43 0.9116 0.9783 1.41 1.36 1.18 

Mj= 0.032 kg 

7. 2-methyl 3-heptanol in 
n-heptane 2.9437 1.2203 0.9958 0.28 0.9130 0.9169 4.22 4.21 3.42 
Mj= 0.130kg 

8. 3-methyl 3-heptanol in 
n-heptane 2.9515 1.1644 0.9985 0.10 0.8875 0.8264 4.18 4.33 3.54 
Mj= 0.130kg 

9. 4-methyl 3-heptanol in 
.n-heptane 2.9454 1.2172 0.9970 0.02 0.9058 0.8849 4.23 4.28 3.48 
Mj= 0.130kg 

10. 5-methyl 3-heptanol in 
n~heptane 2.9658 0.8446 0.9999 O.Ql 0.9304 0.8349 3.47 3.67 3.24 
Mj= 0.130 kg 

11. 4-octanol in n-heptane 
2.9546 0.8544 0.9999 O.Ql 0.9267 0.9375 3.56 3.48 3.27 

Mj=0.130 kg 

12. 2-octanol in n-heptane 
2.9542 0.8399 0.9999 O.Ql 0.9083 0.7103 3.51 3.97 3.32 

Mj= 0.130kg 

JljG =Estimated dipole moment from Gopalakrishna'method. 

where Bi/ and Bij". are the real the imaginary parts of complex permittivitY Bij • in F. m-1 and 

s0 =permittivity offree space= 8.854 x 10-12 F. m-1
• The hfcomplex conductivity cri/ of a 

polar-nonpolar liquid mixture of [9 .15] weight fraction Wj is : 
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..... (9.7) 

where crij'=roeoeij" and O"ij"=roeoeij' are real and imaginary parts of complex conductivity and 

j is a complex number = --./-1. 

The hf conductivity O"ij is, however, obtained from: 

O"ij" is related to crij' by 

" . 1 ' O';j = O'coij +-crij 
O)'t 

..... ( 9.8) 

..... ( 9.9) 

where O'cx:ij is the constant conductivity at Wj~O and 'tj is the relaxation time of a polar 

molecule. 

Eq.(9.9) on differentiation with respect to cru' becomes [9.11] 

( dcr~~) 1 
dcr:; = ro• 

..... (9.10) 

. to yield 'tj. It is often better to use the ratio of slopes of individual variation of O"ij" and cru' 

with Wj at Wj~O to avoid polar-polar interaction in a given solvent to get 'tj from: 

-- =- --
(

dcrij) 1 (dcr;j) 
dw. ro't dw. 

J W·~O J W·~O 
J J 

X 1 
or-=--

y O)'t j 

where ro=2nf, fbeing the frequency of alternating electric field. 
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In the region ofGHz range, it is often observed that O"ij"~O"ij and Eq.(9.9) becomes: 

1 (dcr;j J 13=- --
Ol't. dw. 

J J wj--+0 

where 13 is the slope of O"ij- Wj curve at wr-+0. 

, .. 

:;t . . 
a: 0·3 

0·2. 0•3 

W•igttt fncticn. wj 
0-4 o·s 

..... ( 9.12) 

..... (9.13) 

Figure 9.4: Plot of real part of conductivity crij' in n-'m-1 against weight fraction Wj of solute 
at 25 ° under 24 GHz electric field (ethanol and methanol at 9.84 GHz. 

I. !-butanol (-0-), II. 1-hexanol (-.6.-), III. 1-heptanol (-0-), IV. 1-decanol (-e-), V. ethanol(
.&.-),VI. methanol (-•-), VII. 2-methyl3-heptanol (-4>---), VIII. 3-methyl3-heptanol.C-.}-), IX. 4-
methyl3-heptariol (~-),X. 5-methyl3-heptanol (-®-),XI. 4-octanol (--®--),XII. 2-octanol (-X-). · 

The O"ij' of a solution of weight fraction Wj of a polar molecule at TK is given by 

Smyth [9.14, 9.16] as: 

..... ( 9.14) 
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Eq (9.14) on differentiation with respect to Wj and at wr-~0 yields: 

..... ( 9.15) 

where N- = Avogadro's number, Pi= density of solvent, Bi = permittivities of solvent, Mj= 

molecular weight of solute and k8 = Boltzmann constant. 

From Eqs (9.13) and (9.15) one gets hf/lj as: 

..... ( 9.16) 

.Where, 

..... (9.17) 

is a dimensionless parameter involved with estimated 'tj from Eqs (9.10) and (9.11). All the 

computed hf /lj in terms of slopes l3's and b's are placed in Table 9.4 in order to compare 

with /ltheo's, j..ls and J..lt. J..l2 of the flexible part and end-over-end rotation of the whole 

molecule [9.5, 9.6] presented in Table 9.2. 

9.4. Results and discussion : 

The dimensionless real Bij' and imaginary Bij" of the complex dielectric constants Bij * 

as well as the statiq Boij arid infinite frequency Bocij of dielectric constants for different wj's of 

. alcohols in different solvents at 25°C are placed in Table 9.1. The static experimental 

solution parameters Xij's involved with Boij and Bocij of Table 9.1 are shown in Fig. 9.1, for 

different Wj of alcohols. The nature of variation of Xij with Wj .are parabolic in nature 

satisfYing a polynomial equation: Xij = ao + a1wj + a2w/. The coefficients ofXij- Wj curves 

i.e. ao, a1 and a2 are placed in the 2nd, 3rd and 4th columns of Table 9.2. As evident from 

Fig. 9.1, the Xij- Wj curves for methanol, ethanol and 3-methyl-3-heptanol are convex in 

nature as their coefficients of quadratic terms in Table 9.2 are negative. The remaining Xij'S 

on the other hand, showed a gradual increase with wj's for all the coefficients ofthe curves 
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are positive as seen in Table 9.2. The anomalous behaviour ofXij- Wj curves from linearity 

for all the alcohols in different solvents at a given temperature in °C may rouse an 

interesting relaxation mechanism in such long chain associated liquids. In comparison to 

octyl alcohols, the curves of normal alcohols in higher concentrations are highly concave 

having a tendency to meet at a common point on the Xij axis at wr-~0. 

Figure 9.5: Variation of total hf conductivity O"ij in n·1m"1 with weight fraction Wj of solute at · 
25 ° under 24 GHz electric field (ethanol and methanol at 9.84 GHz). 

I. 1-butanol (-0-), II. 1-hexanol (-&),III. 1-heptanol (-0-), IV. 1-decanol (-e-), V. ethanol(
A-), VI. methanol (-•-), VII. 2-methyl3-heptanol (---4>--), VIII. 3-methyl3-heptanol (-4-), IX. 4-
methyl3-heptanol (~-),X. 5-methyl3-heptanol (-®-),XL 4-octanol (--0-), XII. 2-octanol (-X-). 

This sort of behaviour of Xij- Wj curves of Fig. 9.1 arises either due to solute-solute i.e . 

. dimmer or solute-solvent i.e. monomer formations in comparatively high concentrations. 

The convex shape of ethanol and methanol occurs for the probable experimental uncertainty 

in their Eoij and Eocij measurements. The identical nature of variations of all the octyl alcohols 

have almost the same slope, but of different intercepts as a result of salvation effect. Their 

Xij's have tendency to become closer within 0.1 s Wj s 0.2 indicating various molecular 

association in them. 
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In case of non-associated liquids a2 's were found to be vanishingly small in 

comparison to ao and a1 to yield almost linear variation of Xij against Wjo The estimated 

correlation coefficient (r) and the percentage of error(%) entered in 5th and 6th columns of 

Table 9.2 for all the alcohols are such that one may rely on the linear term of Xij- Wj curve 

to compute J..l/s from Eq. (9.5). Jls'S thus computed are placed in the 7th column of Table 9.2 

to compare with J..ltheo's obtained from bond angles and bond moments of the substituent 

polar groups, as presented in Fig. 9.6 and J..li and J..L2 of the flexible part and the whole 

molecule by the double relaxation method [9.5,9.6] at nearly 24 GHz electric field. The 

smaller and larger deviations ofXij's from linearity with wj's as seen in Fig.9.1, confirm the 

molecular associations of such associated dielectropolar liquids in different solvents. 

The relaxation times 'tj's are, however, derived from the slope of linear [9.11] 

variation of crij" with crij' of Fig. 9.2 for all the alcohols. Although, the experimental data, on 

the other hand, did not strictly fall on the fitted linear curves of crij" and crij' both in n-Im-1 

as drawn in Fig. 9.2, the slope of crij" against crij' of Fig. 9.2 was, however, used to obtain 'tj 

from Eq. {9.10). The 2nd, 3rd and 6th columns of Table 9.3 contain all the estimated 

intercepts and slopes together with the measured 'tj's. The linearity of crij" curves against crij' 

as shown graphically in Fig. 9.2 is again tested by correlation coefficients r's and % of 

errors. They are entered in the 4th and 5th columns of Table 9.3 only to see how far crij" and 

crij' are correlated to each other. But it is often better to use the ratio of the individual slopes 

of variation of crij" and crij' with Wj at Wj ~0 to get 'tj by using Eq. (9.11) are not in close 

agreement with those obtained from Eq. (9.10) and by freshly calculated Gopalakrishna's 

method, as seen in Table 9.3. Figs (9.3) and (9.4) showed that both crij" and crij' vary 

nonlinearly with Wjo The nonlinear behaviour of crij" and crij' as seen in Figs 9.3 and 9.4 with 

Wj'S invites the associational and structural aspects of such long chain dielectropolar 

associated molecules. The latter method to measure 'tj's thus appears t? be a significant 

·improvement [9.12,9.13] over the former one [9.11] as it eliminates the polar-polar 

interaction in a given solvent. 

The hf J..lj from Eq. (9 J 6) was obtained from the slope 13 of the nonlinear variation of · 

CJij in n-Im-1 with Wj ofFig. 9.5 and dimensionless parameter b ofEq. (9.17) in terms of'tj 

obtained by both the methods. The intercept a and slope 13 ofhf crij with Wj curves ofFig.9.5 
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Figure 9.6: Conformational structures of dielectropolar alcohols (theoretical 
dipole moments f.ltheo from bond angles and reduced bond moments) 

are entered in the 2nd and 3rd columns of Table 9.3. It is interesting to note that the curves of 

cru- Wj variation of Fig 9.5 are almost identical with cru"- Wj curves of Fig. 9.3. This fact at 

once confirms the applicability of the approximation that crij' ~cru as done in Eqs (9.9) and 

(9.12). The imaginary crij" and total hf crij in case of normal alcohols in Figs 9.3 and 9.5 

decrease gradually with wj's of 1-butanol to methanol except ethanol. This can be explained 
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on the basis of the fact that the polarity of the molecules decreases from 1-butanol to 

methanol. Both crij" and crij in Figs 9.3 and 9.5 of all the octyl alcohols are found to be closer · 

only to show their nearly same polarity. The almost coincident curves of 4-octanol (-8-) 

and 2-octanol (-X-) arise due to their identical polarity as estimated in Fig 9.6. 

The estimated J.ls'S and J.L/S in Table 9.2 and 9.4 are then compared with the J.!I and 

· J.!2 in Table 9.2 by double relaxation method [9.5,9.6] and those by freshly calculated 

Gopalakrishna's method. For all the normal alcohols J.L/S and J.!s'S are in excellent 

agreement with Gopalakrishna's J.!/S (reported data) and J.!I· The .estimated J.l/S for octyl 

alcohols agree with reported J.L/S and J.!I· All these discussions made above establish the fact 

that a part of the molecule is rotating under G~ electric field. Slight disagreement in J.!'S 

and the reported ones arises due to steric hindrances of the substituent polar units of their 

structural configurations of Fig. 9.6 and the existence of associative nature for their 

hydrogen bonding. Unlike normal alcohols, J.!s'S are always lower than J.l/S and J.!I 's for . 

octyl alcohols. This at once reveals under static electric field the possible formation of 

dimmers which undergo to rupture into the solute solvent association i.e. monomer in the hf 

electric field to increase J.!'s. It is also evident that dimmer formation is favourable in octyl 

alcohols than normal alcohols due to existence of strong inductive effect for their -OH 

groups at the end of the molecular chains. 

The theoretical dipole moments J.ltheo's of all the alcohols under study were 

calculated from the available bond angles and bond moments of the substituent polar groups 

like H3--C, C-H, C-0, 0-H (Ll05°) and C--C of 1.23 X 10-3° Coulomb-meter (C.m.) as 

presented elsewhere [9.5,9.6]. The values thus estimated are then made closer with the 

measured static J.ls's or even J.L/S by reducing the available bond moments by a factor 

J.!siJ.!theo which takes into account of the inductive and mesomeric effects of the substituent 

polar groups as shown in Fig. 9.6. An inductive effect of polar unit acts along the chain of 

the molecular axis of the normal alcohols to make them strongly polar due to presence of

OH group at their ends of the axis. The comparatively lower J.ltheo's in octyl alcohols is 

probably due to screening effect of their -OH groups by other polar groups like H3--C, C~H 

which favour the dimmer formation of these alcohols through H-bonding to make their J.!s's 

and J.l/S lower than the normal alcohol as seen in Fig. 9.6. 
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9.5. Conclusions: 

The modem internationally accepted symbols of dielectric terminologies and 

parameters in SI unit are conveniently used to obtain static and hf dipole moments J..ls and J.l.j 

in terms ofrelaxation time 'tj of a polar molecule. •/s measured from the slope of imaginary 

crij" against real crij' of complex hf conductivity crij * for different Wj are not in agreement 

with those measured from the ratio of the individual slopes crij" -:-Wj and crij'-Wj curves at Wj 

~0 indicating the applicability of the latter method in long chain dielectropolar alcohols .. 

This method of determination of 'tj is a significant improvement over the previous one as it 

eliminates polar-polar interactions in a given solvent. The comparison of J.l./S and J..ls'S with 

J.l.t and J.1.2 of the flexible part and the whole molecule by double relaxation method and 

J.l.theo's from bond angles and bond moments seems to be an interesting phenomenon to have 

deep insight into relaxation mechanism of dielectropolar alcohols. 

The results indicate that a part of the molecule is rotating under GHz electric field. 

The slight departure among the measured J..ls, J.l.j and J.l.theo reveals different associational 

aspects of dielectropolar alcohols in different solvents through the frequency dependence of 

relaxation parameters: It also shows the strong polar nature of normal alcohols which favour 

solute-solvent association due to the presence of -OH group at the end of their bond axis. 

But the comparatively lower values of J.l./S in octyl alcohols indicates the solute-solute 

association due to -H bonding supported by the fact that -OH being screened by -CH3 and 

a large number of>CH2 polar groups. The WJ.l.theo's are almost constant for all the alcohols 

to take into account of all these facts in addition to their material property of the system. 

This study further supports the rotation of -OH group along the =C-0- bond of all the 

alcohols under static and hf electric fields. Moreover, the methodology so far developed 

. within the framework of De bye and Smyth model appears to be sound, simple, 

straightforward and useful to arrive at associational and structural aspects of alcohols which 

are thought to be non-Debye in relaxation behaviour. 
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