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Synopsis. The effective dipole moments of acetone
and dimethyl sulfoxide in nonpolar solutions were obtained
from the far-infrared absorption intensities on the basis
of an extended Onsager model with an eccentric point dipole.

Dipolar molecules in the liquid phase have absorp-
tions in the far-infrared region!-3 due to the rota-
tional motion of the molecules and the temporary
dipole moments induced by collision. However, the
collision-induced absorption is generally much weaker
than the dipolar absorption.®) If the far-infrared ab-
sorption is attributed solely to the rotational motion
of the molecule, the effective dipole moment can be
obtained using Gordon’s sum rule” after correcting
for the internal-field effect.®® In a previous study
of CH,I, CHCl,, CH,Cl,, and CH3;CN in solutions,?
the far-infrared absorption intensities were explained
successfully by taking into account the internal-field
effect and the internal moment'® based upon Onsager’s
model. In the present study, far-infrared absorption
intensities were measured for acetone and dimethyl
sulfoxide (DMSO) in dilute CH,, CCl,, C,Cl;, and
n-CgH,, solutions. The observed intensities, however,
cannot be interpreted by the same model as was em-
ployed in the previous study. Therefore, the model
for the reaction field has been extended to a model
with an eccentric dipole-location.

Experimental

The far-infrared spectra were measured at room tem-
perature by means of an apparatus described previously.®
Solutions were prepared from spectroscopic-grade reagents
except for the deuterated compounds, which were already
more than 99.6%, pure when obtained from CEA and Merck.
The concentration range was 0.06—0.17 M.

Results and Discussion

The absorption coefficients, ¢(»), of the solutes in
nonpolar solvents are given by:

a(v) = (1/p)In(Ty/T),, )

where p is the concentration (moleculescm=3); [,
the sample thickness (cm), and 7, and 7, the trans-
mittances of the solvent and the solution respectively.
The observed results are shown in Fig. 1, where the
fine broken lines indicate the spectra profiles assumed

in order to obtain the intensities, A= [o(+)dv. The

value of 4 for each solution was determined by meas-
urements at four concentrations. The results obeyed
Beer’s law. The A values were estimated, from the
fluctuation of the four measurements, to be within
+39%. The systematic errors are due mainly to un-
certainties in the assumed curves. The area of the
assumed portion is 3—49, of the total area. Thus,
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Fig. 1. a) Far-infrared absorption bands of (CH,),CO
dissolved in CCl4(
(----). b) Far-infrared absorption bands of (CHj),-
SO dissolved in CCl,( ), and in CgHg(:----- ).

the total experimental errors in 4 were estimated to
be *+59%, at most.

The intensities, as corrected for the internal field
effect, 4,, are given as:%9

Ae = x4, x = n{[(n/ns)*+2]/(n*+2)}%, @)
where n and n, are the refractive indices of the solute
and the solvent respectively. For C,, symmetric mole-
cules, Gordon’s sum rule is expressed by:?)

Ao = (mp?/3¢*) (1 I+ 1/I), (3
where ¢ is the velocity of light; p, the effective dipole
moment taken along the z axis, and I, and I, the
moments of inertia about the x and y axes respec-
tively. The u values, u;, obtained from Eq. 3 are
shown in the fourth column of Table 1, together with
the values of the moments of inertia and the permanent
dipole moments in the gas phase, #,. The g values
for the H-compounds are in good agreement with
those for the D-compounds, which have different mo-
ments of inertia. Furthermore, the y; values are about
10—309, larger than the u, values for all the solu-
tions.

In Onsager’s model, the internal moment, u%, is
expressed as:10:11)

#* = po(n+2)(26+1)/3(26 +n%), 4)
where ¢ is the dielectric constant of the uniform me-
dium and can be replaced by n: to a good approxi-

mation. The uf values calculated from g, are listed
in the fifth column of Table 1. However, the g
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TABLE 1. OBSERVED INTENSITIES AND DIPOLE MOMENTS?®)
4 M1 u¥y Hix H* Ho I
Solute Solvent SIS Ty —— D 10— g om?
(CH,),CO CeH, 34.6 3.6; 3.2 3.4 3.4, 2.939 1,=82.56, I,=170.9
CCl, 35.8 3.7, 3.2, 3.5¢ 3.3
G,Cl, 33.1 3.5, 3.2 3.4, 3.4,
n-CeH,, 29.5 3.4, 3.1, 3.2 3.3,
(CD,),CO CCl, 30.0 3.7, 3.2, 3.54 3.3 I1,=99.09, I,=209.2
(CH,),SO CeH, 40.6 4.4, 4.5 4.1, 4.8, 3.969 I,=119.3, I,=198.9
CCl, 51.1 5.0, 4.5, 4.7, 4.7,
(CD,),SO CeH, 35.6 4.5, 4.5; 4.2, 4.8, I1,=139.2, I,=241.0
Cccal, 43.4 5.0, 4.5, 4.7, 4.7,

a) I: The simple Onsager model; II: The eccentric dipole model.

taken from Ref. 12. c¢) Ref. 13.

values are larger by about 109, or more than the
ut values except for that of DMSO in the CgHy solu-
tions. Onsager’s model was extended to a model
with an ellipsoidal cavity and an eccentric point di-
pole.’t) It turned out that, in nonpolar solvents, the
magnitude of the reaction-field effect was almost in-
dependent of the cavity shape, but was significantly
dependent on the position of the dipole in the cavity.
For a molecule with an eccentric point dipole in a
spherical cavity, the internal-field correction factor,
%, and the internal moment, u*, are given by:1)

% = ng[3¢/(2e+1)(1—f-a)]2, (5)
wE = pof/(1—f-a), (6)
where:

Sf= (1/113)”%1 [m*(m+1)(e—1)/(m+me+e)](s/a)*™2,  (7)

and where « is the average polarizability of the mole-
cule, a is the radius of the cavity, and s is the distance
from the center of the cavity to the point dipole. The
parameter, s/a, is a measure of the eccentricity of
the position of the dipole. « and a are related in a
good approximation by:1%

o = a¥(nt—1)/(n®+2). )
If s=0, Eqs. 5 and 6 reduce to Eqs. 2 and 4. The
# and p* values thus calculated with s/a=0.3, u
and p%, are shown in Table 1. There is no other
means to confirm the propriety of the s/a value. How-
ever, a good agreement between un and u¥ is ob-
tained except for the GgHg solutions of DMSO. For
acetone, the internal moments are the least in the
hexane solutions and almost the same in the other
solutions, reflecting the dielectric constants of the sol-
vents. Unlike as in the results for acetone, the u
value in the CgHg solutions of DMSO is distinctly
smaller not only than that in the CCl, solutions, but

b) Galculated from the rotational constants

also than the u¥% value. There seems to exist a
short-range ordering of CgHg molecules around a
DMSO molecule, such as the alignment of benzene
rings perpendicular to the direction of the dipole mo-
ment of DMSO. The reaction field becomes weak
because the axial polarizability of benzene molecules
is smaller than the average polarizability, and so a
s value smaller than the pf value is obtained.
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