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Abstract

The dielectric properties of dioxane solutions of the title compound were studied

as a function of temperature. The differences between the total polarization and the

molar refraction were found to be independent of temperature. This difference was
attributed to atomic polarization, which might be caused by unusual freedom of bending

and twisting of the chelate rings in the electric field. The dielectric properties and

visible absorption spectrum of the title compound are similar to those of bis-salicylalde-

hydato-Cu(II) which has a symmetrical trans-planar structure in the solid state.

Molecules in an electromagnetic field in the radio frequency range

exhibit a total dielectric polarization which is assumed to be com-

posed of three additive components, each caused by a particular

kind of induced motion: 1) orientation polarization due to motion of

the molecule as a whole, 2) electronic polarization due to induced

electron motion, and 3) atomic polarization, which is ascribed to

field-induced bond length or bond angle distortion within the molecule.

The orientation component Po is absent if the molecule has no net

dipole moment. The electron polarization Pe (or molar refraction)

is obtained from refractive index measurements usually at visible

light frequencies. Electron polarization is assumed to be temperature

independent. The existence of atomic polarization Pa has been postu-

lated because of a non-zero difference between the total polarization

Pt as measured at radio frequencies and Pe for many symmetrical mole-

cules. The atomic polarization component must be neglected or ap-

proximated for the calculation of a molecular dipole from Pr.

Many supposedly symmetrical molecules are known (3), however,

in which the difference (Pt — Pe) is not negligible. Typical of such

molecules is 6fs-(salicylaldehydato)Cu(II) (Fig. 1). In the present

work we have studied the above compound for comparison purposes

and also the related substance, 6is-(2'-hydroxyacetophenonato)Cu(II)

(Fig. 1), whose dielectric properties and structure have not been

reported.
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(A)

Figure 1. Skeletal structures of (A) bis-( salici/laldchydato)Cu( II) and (B) bis-

(ii'-hydroxyacetophenonato)Cu(II). No particular isomeric form of the complexes ia

implied here.
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Experimental Procedures

Bis- ( salicylaldehydato ) Cu ( II ) and bis- ( 2'-hydroxyacetophenonato

Cu(II) were prepared by mixing the requisite amount of salicylaldehyde

or 2'-hydroxyacetophenone, respectively, with aqueous cupric nitrate

solution and titrating with vigorous stirring to pH 7 with aqueous

sodium hydroxide solution. The crude complexes were re-crystallized

from chloroform. Purity determinations were made by electrogravi-

metric copper analysis.

Reagent grade dioxane, chloroform, and benzene were purified by

standard techniques.

Dielectric constant measurements in the radio frequency range

were made with a heterodyne beat apparatus operating at 197 kc.

The apparatus consisted of a precision air capacitor (General Radio

1422-D), beat frequency generator (General Radio 1304 B), fixed-fre-

quency generator (Hewlett-Packard 201C), and dielectric cell (Kahl

Scientific Company). Refractive indices were measured on a Bausch

and Lomb type 33-45-58 refractometer. Specific volumes were deter-

mined with a pycnometer. Temperature control was estimated to be

± o.rc.

Calculations of the polarizations were made using the procedure

of Halverstadt and Kumler (2).

Experimental Results

The experimental plots of dielectric constant as a function of

concentration of complex at 30 °C are reproduced in Figures 2 and 3.

The lines on the graphs represent an estimated error of about ± 0.5

molecules here exist in a trans-configuration with planar ligand rings,

specific volume / concentration and refractive index / concentration

graphs are shown in Figures 4 and 5, respectively. Polarizations

calculated from these experiments at 30 °C are shown in Table 1. The
result for the salicylaldehyde complex is in agreement within experi-

mental error with the literature value (3). The 2'-hydroxyacetophenone

complex has not previously been studied, but the result for (PT — Pe)

is not unreasonable in that the addition of a methyl group to a molecule

has been found to increase the (Pi — Pe) difference by some 5 to 15 cc

(4).

Estimates of the (PT — Pe) difference for 6is-(2'-hydroxyacetophe-

nonato)Cu(II) as a function of temperature from 10 to 50°C were made
as follows. The dielectric constants for one intermediate concentration

of the complex in dioxane were obtained over the temperature range.

Because the determination of the polarization from a single dielectric

constant measurement is subject to some error, the resulting curve

of dielectric constant versus temperature was displaced slightly so

that the value of the polarization calculated from it at 30 °C agreed

approximately with the more precise result reported above from
dielectric constant / concentration experiments. The temperature de-

pendence of the refractive indices of the complex solutions was as-
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Figure 2. Dielectric constant versus weight fraction of bis~(8alicylaldehydato)Cu(II)

in dioxane at 30° C.

sumed to be that of the parent 2'-hydroxyacetophenone. The tempera-

ture dependence of the specific volumes for both the complex and the

solution were assumed to be identical, and were taken from Smyth
(5). The dependence of the specific volume on concentration was
taken to be that reported above for 30 °C. Polarizations calculated

from this temperature dependence study are summarized in Table 2.

Discussion

The (Pt — Pk) difference reported in Table 1 for the salicylaldehyde

complex is in agreement with the literature value (3). These workers

assumed the molecule to be symmetrical in solution and hence identified

this difference with atomic polarization. Since that time the structure

of this complex has been determined in the solid state (1). The
molecules here exist in a fraws-configuration with planar ligand rings,

but with the ligand rings slightly displaced relative to each other.

If the molecule has this same configuration in solution then the high



Chemistry 147

2.220 _

2.216

2*212

2*208

2.20U

DIELECTRIC
CONSTANT

/

2 It 6

WEIGHT HtACTIOM, X 10
3

Figure 3. Dielectric constant versus weight fraction of bis-(2'-hydroxyacetoj)henonato)Cu

(II) in dioxane at 30° C.

value of (Pt — Pk) must be assigned to atomic polarization. The
same should be true for the title compound in that it exhibits similar

dielectric properties. However, a determination of the structure for

the title compound has yet to be made. Nevertheless, the possibility

that these molecules might possess distinctly different configurations

in the solid and in solution must be recognized.

Table 1. Polarization results at 30°C in dioxane.

bis- (salicylaldehydato ) Cu ( II

)

PT = 149 cc

PE = 77 cc

(PT — PE ) = 72 ± 4 cc

6?*s-(2'-hydroxyacetophenonato)Cu(II)

PT = 170 cc

PE = 85 cc

S:» 5 cc

Additional evidence for a symmetrical structure of these molecules

in solution comes from the temperature dependence of the polarization
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reported in Table 2. From this it is seen that the electronic polariza-

tion is independent of temperature as would be predicted, but the

difference (Pt — Pe) increases somewhat as the temperature increases.

If this difference had an appreciable orientation polarization component
the trend would be the reverse of this. Hence we conclude that the

(Pt — Pe) difference does represent atomic polarization and that the

slight increase with temperature is due to the approximations made
in the calculations.

Table 2. Effect of temperature on (PT — PE ) for

bis-(2'-hydroxyacetophenonato)Cu(II) in dioxane.

T, °C <•<> (P- PK ), cc
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Figure 4. Specific volume versus weight fraction for (A) bis- (salicylaldehydato)Cu

(II) and (B) bis-(2'-hydroxyacetophenonato)Cu( II ) in dioxane at 30°C.
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Figure 5. Refractive index versus weight fraction for (A) bis-(salicylaldehydato)Cu

(II) and (B) bis-(2'-hydroxyacetophenonato)Cu(II) in dioxane at 30°C.

Moreover, molecules of the type studied here have been found (6)

to exhibit molar extinction coefficients of about 350 in chloroform at

about 600 nm if the molecule has fixed into it a cis- arrangement of

the ligands, as in N — N' — disalicylidene ethylenediamine copper(II),

but an extinction coefficient of only about 60 for &is-(salicylaldehydato)

Cu(II) at this wavelength. In Figure 6 we report the visible absorption

spectra for bis- (salicylaldehydato)Cu( II) and for 6/s-(2'-hydroxyaceto-

phenonato)Cu(II) in chloroform. The former is in agreement with

literature; the latter has not been reported. The two spectra of

Figure 6 are quite similar, which lends additional support to the

argument that the configuration of the title compound is completely

analogous to that of the salicylaldehyde complex which has been

shown to be symmetrical in the solid state.
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Figure 6. Molar extnction coefficients versus wavelength for (A) bis- (sal icylaldehydato)

Cu(II) and (B) bis-(2 J hydroxyacetophenonato ) Cu( 1 1) in chloroform.
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