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Abstract : Dipole ol 2-mothyl-2-propanol (tort-butyl alcohol)
and 2-methyl-2-propanethiol (tert-butyl mercaptan) have beon derned

using the Onsager equation with differont feedback parameters the{ Debye
equation under different approximations of the lattice structure forrped by
the solvent molecules and the wsimplified oquati of Guggenheith and
Halverstadt Kumler i tho dilute solution limt of the non-polar solvents.
For tert-butyl alcohol (TBA) the calculations have also been extended in tho

higher concentration range.

1. Introduction

Although tho correct estimation of the cloctric dipole moment of an isolated
molecule is possiblo only from the measurement of the stark splitting of Ii;ho
microwave speotral lines and by the molecular beam olectric resonance (MBER)
method at extremely low pressures, yet from the dielectric studies of the solutions
the dipole moment of the solute molecule may bo estimated. All such methods
have been employing simple Debye equation in one or the other form or the
Onsager equation, which has been used mainly for the determination of the dipole
moment of the pure solution and the Kirkwood correlation parameter (g). Van-
Vleck (1972) pointed out that the dielectric constantr of even a very dilute solu-
tion of polar molecules in non-polar solvent depend upon the geometry of the
non-polar and the polar molecules.

In the prosent communication the dipole moments of tert-butyl aleohol
(TBA) and tert-butyl mercaptan (TBM) have been ostimated using tho Debye
equation (Debye 1928), its simplified versions given by Guggenheim and
Halverstadt Kumler and the Onsager equation. The modifications of Van-
Vleck (1972) into tho Debye and Onsager equations have aléo been considered.
For TBA, taking the dielectric data of system TBA-benzene and TBA-cyoclo-
hexane (Dwivedi 1978), the caloulations have been oarried out in all the concen-
tration range of solute at 31°C, while for TBM taking the dieleotric data of TBM-
benzene systern at 25°C (Kumar 1970) caleulations are confined in the dilute
solution limit only.
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According 10 Onsager (Onsager 1936) the dipole moment of & polar molocule
may bo obtained from the following equation

4Ny p_ (6oy—€ady)(260, +600,) )
T3 Cogl6e0g T2 .

whore N, ig equal to —g—, N being the Avagadro’s number and V, tho molar
2

volume of the solute, 4 is the electric dipolo moment of the rolute This equa-
tion hag been used by Crossley (1971), Eyring (1969) and many others for the
dolutions by substituting the solution data in RHS of oquation (1). Van Vleck
(1972) rederived the Ongager equation for solutions in the following form
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where ¥, and v, are tho feed-back or the amplification factor of tho reaction field
given by
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hore », and v, ropresent the cavity volumes of tho solvent and solute respectively

and has been taken by Van Vleok as the mean molecular volume in the following
form
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Tables 1 to 6 list the dipole moments of tert-butyl alcohol in benzene and
oyclohexane at different concentrations, and of tert-butyl mercaptan in benzene.
The dipole moments listed in tables 1, 2 and 3 have been caleulated from the
Debye equation (Van Vleck 1972) for @ = 0, 16:8 and. 35'1; Guggenheim equation
and Halverstadt Kumler equation (Guggenheim 1949, Kumler 1942) for the
three systems. The dipole moments listed in tables 4, 5 and 6 have been cal-
culated from the Onsager equation (1936), equation (1), Onsager equation (2)
under the reaction field concept of Onsager and the Onsager equation under the
reaotion field concept of Van-Vleck (equations 3 and 4). From tables 1,2 and 3
wo find that for all the three systems the dipole moment for @ = 16-8 and 35:1
is almost the same as thet of @ = 0-0 in the dilute solution limit as well as for
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Table 1.  Dipole moment in Debye with MI* Concentration of TBA in TBA-
benzene system determined from Debye equation with different @ values,
Guggenheim equation and Halverstadt Kumler (HK) equation at 31°C

MF Debye oquation Guggenheim ELX.
Q=0 Q=168 Q=351 equation equation
00886 166 1-67 1-68 170 1-68
0-2164 160 161 1-61 173 1-08
0 2948 Il-l.'ul'i 159 160 177 1-71
0:3883 1-57 1-58 1:58 1-82 174
0-4736 1-56 1:60 156 1-86 1-76
0:5976 1-58 1:68 1:59 208 1-88
07104 1-68 1-p8 1-58 217 1-97
08104 157 167 1:57 228 2:08
0-8620 1:58 1-58 1-58 2:44 217
1:0000 167 157 158 266 23

Table 2. Dipole moment in Debye with MF concentration of TBA in TBA.
oyclohexane system deterrnined from Debyo equation with different @ values,
Guggenheim equation and Halverstadt Kumler (HK) equation at 31°C

Debyo equation
MF : Guggenheim HK.

R@=0 Q@ =168 @ = 3561 equation equation
00778 -l 17 1 Ié ’ 1-19 121 1-26
01635 119 1-20 1-21 126 1:28
02470 122 122 1-23 1-31 1-31
0-3412 1-26 1-28 1-27 1-37 1-36
04328 1-32 1-33 133 1-49 1-43
05369 141 142 142 1-68 1-5b6
0-6907 153 1-53 1-53 202 1-78
0-7606 1-57 157 1-57 222 _ 1-62
0-8831 1-60 1-60 1-60 2-69 2:18
1-0000 157 1:67 1:57 2:81 2-35.

higher concentrations, which shows that it is immaterial to account for the lattice
structuro presented by the solvent molecules acoording Van-Vleck correction
torm [2N,2Qu,(x,—a,)]. Wo also find that in all the systems for a partioular
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Table 3.
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Dipole moment in Debye with MF ooncentration of TBM in TBM-
benzene system determined from Debye equation with different @ valuos,
Guggenheim equation and Helverstadt Kumler (H K) equation at 25°C

Debye Equation
MF Guggenheim HK

Q=0 Q =168 @ = 361 equation equation
0-0123 1-83 1-82 1-80 1-84 181
0-0246 1-74 172 1.71 1-75 176
0-0370 1-64 1-62 161 1-66 168
0-0484 1-80 1-59 1-58 1-64 1-66
0-0607 1-60 1-59 1-67 1-64 166
1-0000 1-36 1:36 1-36 1-74 170
Table 4.

benzene system determined from O:
with hus own concept of

Dipole moment in Debye with MF concentration of TBA in TBA.

ger's Original eq

o "

field and O

concept of the reaction field at 31°C

tion with Van.Vleck

Onsager Equation
MK Omag_er Onsn.gpl' Van-Vleck Reaction Field
- %iold Solute data Solution data
U-0886 1.67 1:65 1-67 1-66
0 2164 1.68 1-66 167 1.66
0-2948 171 1-68 1-70 1-69
0-3883 1-74 1-72 174 173
04736 1-77 1:76 178 177
05976 1-91 191 1-93 193
0-7104  2.03 2:03 2:06 2:06
08104 212 2:13 2-16 2-16
0-8020  2-26 2:26 2:28 2:28
10000 246 2-47 2-51 2:51

valuo of Q the concentration dependence of the dipole moment is irregular show-
ing the inadequacy of the Debye equation for caloulating the dipole moment.
The Guggenheim equation yields the highest valuo of the dipole moment than
obtained from Debye or H.K. equation, and meay be because of the assumption
that the factor (6,+2)(en+2) is oqual for both the solvent and the solutions,
which doos not hold at any concentration for the systems studied here. The
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Table §. Dipole moment in Debye with MF concentration of TBA in RBA-
Cyoclohexane syst dotermined from Onsager’s Original equation, Onsager
equation with his own concept of reaction fleld and Onsager equation with

Van-Vleck concept of the reaction fleld at 31°C

Onsager Equation
MK Ommggr Onsager Van-Vleck Reaction field
T gield Solute data Solution data
00778 1-21 1-09 111 1-16
0-1636 124 1-13 114 118
02470 1-28 1-17 118 1-22
0-3412 1-33 . 124 1-2¢ 1-28
0 4328 1-43 1-33 136 1-38
0-5369 1-57 1-49 1-51 | 1-54
0:6907 184 179 1-82 1-84
0-7600 2-00 107 1:99 201
0-8831 229 2:28 2-31 233

10000  2:46 2-47 2:51 251

Table 6.  Dipole moment in Debye with MF concentration of TBM in TBM-
} y do ined from Onsager’s Original equation, Omsager equation
with his own concept of tho reaction field and the Onsager equation with Van-
Vleck concept of reaction field at 25°C

Onsager Equation

MF Onsager Onsager Van-Vleck Reaction Field
equation reaction
field Bolute deta Solution data
0-0123 1-82 1-80 1-84 172
0-0246 174 172 175 1:65
0:0370 1.656 1-62 1-66 1-66
0-0494 1-62 1-69 1-62 1-50
0-0607 162 1-60 1-63 1-50

10000 1-63 1.67 1-70 170

dopartura from the basic Guggenheim assumtption increages with tho statio
dielectric constant of the solute. The differences in the values of the dipole
moments, ovaluated from Guggenheim and H.K. oquation, are more in TBA
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than in TBM for higher concentration. This may be because of the associatod
and non-associated nature of the solutes. ¥

From tables 4, 5 and 6 we find that the dipole moment, as caloulated accord-
ing to the different forms of Onsager equation, incroases with concentration in
the systems TBA-benzenc and TBA-cyclohexane, but with a larger difference
in the values of dipole moment at exXtreme concontrations for the later. In
TBM-benzene, which is a non-associated system, the dipole moment at first
decreases with concontration and then starts increaging after about 0-05 M.F.

Debyo equation, giving almost concentration independent dipole moment
for TBA, docs not seem to explain the association from the dielectric studies,
whereas Onsager oquation does Guggenheim and H.K. cquation, being the
oxtensiona of Debye equation, suffer the same approximation as the Debye equa-
tions. Ongager equation (1) is valid for pure liquid only, and thereforc its exten-
sion ag such for solutions is questionable. Thus the Onsagoer equation (2) with
72 given by equation (3) seems to be more plausible equations for estimating the
valuos of dipolo moments. Smaller values of the dipole moment of TBA in
TBA-cyclohex system at low concentrations is due to the inductive mesomeric
offects oxhibited by the cyclohexamne, showing that the cyclohexane is not an
inert system

Caloulations of the dipole moment aceording to equation (2) under the Van-
Vleck or the Onsager relation ficld concopt does not require the refractive index
(€e0) of tho solution, needing ¢, of the pure solute only.
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