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Dielectric Properties of Some Metal 1,3- 
Diketonates and Their Molecular Complexes with 
Iodine: Evidence of Solute-Solvent Interaction 

VINOD SINGH* and RAM SAHAI 

Department of Chemistry 
V.S.S.D. College (Kanpur University) 
Kanpur 208002, India 

A B S T R A C T  

The dipole moment values of M(acac)n,  [M = Be(II), Al(III), Fe(III), 

Cr(III) ,  VO(IV), Co(III), Zr(IV),  and Th(IV)],  M(X-acacIn [X = C1, 

Br, I], M(BA),. [M = Cu(II), Al(III), Cr ( I I I ) ,  and Co(ITI)], M(DBM), 

[M = Cu(II), Pd(II), and Al(III)] and their  molecular complexes with 
iodine have been determined in different solvents by Guggenheim, 
refractive index, and dielectric titration plot methods. The dielec- 
t r i c  titration technique indicates a 1:l stoichiometry of these com- 
plexes. The interaction between these donors with solvents ( CC14 
and C6H6) has  also been obtained by calculating Uind by ( Uind = 

Usol - Uinert). These data show that the molecular interaction be- 
tween polar solutes and nonpolar aromatics is governed by dipole- 
induced dipole electrostatic attraction. The dipole moment obtained 

*Present address:  Department of Biochemistry, A l l  India Institute 
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34 SINGH AND SAHAI 

by charge-transfer (pDA) has also been calculated and it was 

found that i ts  value increases with an increase in the extent of i n -  
teraction between donor and acceptor. These data further support 
the pseudoaromatic character of the metal 1,3-diketonate chelate 
ring. 

I N T R O D U C T I O N  

We have reported through spectrophotometric [ 17 , conductometric 
[2] ,  refractometric [3], and differential refractometric [4, 51 methods 
that some metal 1,3-diketonates form molecular complexes with iodine 
by the donation of n-electrons of these chelate rings to the a*-orbital 
of iodine. Recently Sahai and Badon [6] and Sahai and Verma “71 studied 
the dielectric properties of Be(II), Al(III), Cr(III), Co(III), Cu(II), Zr(IV),  
and Th(IV) acetylacetonates [ M ( a ~ a c ) ~ ]  and some of their nitro deriva- 
tives. They also studied the interaction of M(acac)n with I2 in carbon 

tetrachloride using the refractive index method. In this paper an at- 
tempt is made to study the dielectric behavior of metal 1,3-diketonates, 
their y-substituted nitro and halogen derivatives, and their  molecular 
complexes with iodine using the Guggenheim [a] and refractive index 
methods in order  to investigate the geometry and the nature of solute- 
solvent interactions. 

E X P E R I M E N T A L  AND DATA ANALYSIS  

Acetylacetonates of Be(I1) [9], Al(II1) [ l O l ,  Fe(1II) [ll], Cr(II1) [121, 
VO(1V) [ll], Co(TI1) [13], Z r ( 1 V )  [14], and Th(1V) [15] ; benzoylaceto- 
nates [16] of Cu(lI), Al(III), Cr(III), and Co(II1); and dibenzoylmethan- 
ates [16] of Cu(II), Pd(II), and AI(II1) were prepared and purified as re- 
ported in the literature. AR grade iodine was resublimed before use. 
Al l  the solvents were of AR grade and were purified as reported in the 
literature [ 171. 

The apparatus used and the method of experimentation a r e  essen- 
tially the same as reported ear l ier  181. The dipole moments of 
M(acacIn, M(X-acac), M(BA),, and M( DBM), have been calculated using 
the Guggenheim method [a]. The dipole moments of M(acac)n-12, 

M(BAIn-I2, and M(DBM),-12 complexes have also been calculated by 

the Guggenheim method [a] by calculating a and an parameters as de- 
scribed ear l ier  [7]. 
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DIELECTRIC PROPERTIES OF METAL 1,3-DIKETONATES 35 

R E S U L T S  AND DISCUSSION 

From Table 1 it i s  evident that acetylacetone h a s  a greater dipole 
moment than chelated metal acetylacetonates. This may be due to the 
nonplanar (assymmetric) structure of acetylacetone. However, the de- 
crease in the dipole moment after chelation may be due to the  enhanced 
symmetry in the structure of the chelate. The similar order  of magni- 
tude of the dipole moment of A1 (III), Cr  (1111, and Co (111) may be due to 
the  similar symmetry (octahedral structure). The slight difference in 
dipole moment values may be due to differences in their respective 
electronegativities and may also be due to M(da)-O(pa) bonding in some 
of these chelates. From Table 1 it is also clear that y-substituted de- 

TABLE 1. Dipole Moment ( p )  of Some Metal 1,3-Diketonates and 
Their y-Substituted Derivatives in CCI4 at  30°C 

Dielectric titration 
plot of the metal 

Refractive Guggenheim 1,3-diketonate-I2 
index method method complex 

H(acac) 2.63 2.68 

Be ( acac)2 
Be( C1-acac)2 

Be( Br-acac)2 

Cu ( acacI2 
Cu( C1-acac)2 

2 Cu( Br-acac) 

A1 ( acac)g 
A l (  C1-acac)3 

3 A1 (Br-acac) 

0.88 

0.92 
0.90 

0.82 

1.10 

0.89 

1.30 
1.58 

1.22 

0.76 0.71 

0.84 
0.79 

0.80 0.76 

1.20 

0.91 

1.35 1.31 
1.65 
1.20 

Fe ( acac)3 0.92 0.95 0.90 

Fe ( Br-acac)3 1.10 1. 10 

1.28 1.39 3 Fe (Cl-acac) 

(continued) 
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36 SINGH AND SAHAI 

TABLE 1 (continued) 

Dielectric titration 
plot of the metal 

2 Refractive Guggenheim 1, 3-diketonate-I 
index method method complex 

Co ( acac l3 
Co( C1-acac)3 

Co ( Br-acac)3 

Cr(acac)3 
C r (  C1-acac)3 

3 C r (  Br-acac) 

VO( acac)2 

VO (Cl- acac) 

VO (Br- acac )2 

Cu ( BAl2 

A1 ( BM3 

Cr(BA)3 

Co ( BA)3 

Cu ( DBM l2 
Pd(  DBM)2 

~i ( D B M ) ~  

1.25 

1.40 

1.35 

1.44 

1. 51 

1.49 

0.80 

1.10 

0.95 

1.36 

1.98 

1.62 

1.38 

1.38 

1.69 

1.75 

1.20 

1.45 

1.29 

1.10 

1.35 

1.20 

0.89 

1.13 

1. 10 

1.32 

1.93 

1.58 

1.32 

1.32 

1.64 

1.67 

1.10 

1.05 

0.80 

1.20 

1.84 

1.40 

1.20 

1.20 

1.32 

1.40 

rivatives possess  greater  dipole moments than chelated metal  acetyl- 
acetonates. This may be explained as follows. 

placed by a chloro o r  bromo atom, a shift in electron density away 
from the ring takes place due to the inductive effect of the halogen, 
leaving a net positive charge on the ring. The halogen group ac t s  as 
a a-acceptor. Thus, there  is a slight change in the overall  geometry 
of the chelate ring, resulting in a change in the dipole moment. The 
greater  dipole moment of these y-substituted halogen derivatives con- 
f i r m s  the g rea t e r  asymmetr ic  nature of these chelates. The g rea t e r  
dipole moment of M ( C1-acac)n than of M (  Br-acac)n may be explained 

When hydrogen in the y-position of the acetylacetonate ring is re- 
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DIELECTRIC PROPERTIES OF METAL 1,3-DIKETONATES 37 

on the basis of the electronegativity scale, The greater electronega- 
tivity of the C1 group causes a greater n-electron shift toward the C1 
atom. This leads to a greater asymmetric nature of the chelate which 
causes a higher dipole moment of M( C1-acac)n than of M(Br-acac)n. 

complexes a re  recorded in Tables ( 2  and 3). From these tables it is 
evident that there was an appreciable increase in dipole moment 
after complexation. From this increase it may be interpreted that 
M(acac)n, M(BA),, and M( DBM),., form the charge-transfer complexes 
with iodine. This is in support of ear l ier  spectrophotometric [l] , con- 
ductometric [2, 181, and refractometric [3-51 studies. The stoichiom- 
etry of M(acac)n-12 complexes has been determined by using the di- 
electric titration technique. From Fig. 1 it is clear that these have a 
1: 1 stoichiometry. From these titration plots the dipole moment of 
complexes and their polar components [M( acac)n, M(BA),, and 
M(DBMIn] can also be calculated by using the method of Price [19, 201. 

Dipole moment data thus calculated a re  recorded in  Tables 1-3. These 
a re  consistent with the data calculated by other methods. The dipole 

The dipole moment of M (acac)n-12, M (BA),-12, and M ( DBM),-12 

moment due to donor-acceptor interaction (+.,A) - has been calcul'ated 
from 

- pc = ED + EA + ~ D A  (1) 

where D refers to the donor and A to the acceptor and pc is the overall 
dipole moment of the complex [ 191. In the present complexes, the di- 
pole moment of acceptor I i s  zero. - pDA and the equilibrium constant 
( K1) of M( acac&,-12 complexes a re  listed i n  Table 2. From Table 2 it 
is evident that pDA of Al(acacI3-I2 is greater than that of Be(acac) -I 

This indicates that the interaction of A1 ( acac)3-12 i s  stronger than that 
of the Be(acac)2-12 complex. This is consistent with the K1 values 
of these complexes obtained from the spectrophotometric method by 
Singh and Sahai [ 11. 

It has been noted that when someM(acacln, M(BA),, and M(DBM), 
are dissolved in CC14 and C6H6 separately, they possess different di- 
pole moments (Table 4). The dipole moment in CC14 was found to be 
less than in benzene. This difference in dipole moment may result from 
the molecular interaction between solute and nonpolar aromatics (ben- 
zene). Thus the dipole moment induced as a result of molecular inter- 
action (pind) can be calculated as pind = 

a re  the dipole moments of solute in the interacting solvent (ben- Vinert 

2 

- 2 2' 

where p and ps01 - pinert sol 
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7 .O 

6.0 

w 
a 

5.0 

4.0 

3.0 
0.0 0.5 1 .o 1.5 2 

c; I c; 

FIG. 1. Dielectric titration plots for the interaction 

1 

of some metal- 
acetylacetonates with iodine i n  CCl, at 30°C: Al(acac) -I (*), 

VO(acac)2-12 (0 ), Be(acac)2-12 (A ). 
3 2  

zene) and i n  the inert solvent, respectively [21]. Similar observations 
on the metal 1,3-diketonates-solvent interactions were made using dif- 
ferential refractometric and conductometric techniques [5]. Calculated 
pind, psol, and pinert a r e  recorded in Table 4. It i s  generally considered 

that the more polar the solute, the larger  is the expected increase in  its 
dipole moment values. This is clear from the dipole moment values of 
solutes (pinert). Hence i t  is concluded that the nature of the interaction 

i n  M(acacIn, M(BAln, and M (DBM)n with benzene i s  governed by dipole- 
induced electrostatic attraction. 
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TABLE 4. Dipole Moment Data of Some Metal 1,3-Diketonates i n  
Different Solvents and Induced Dipole Moment at 30°C. 
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p x  10'* esu 

pinert @sol 
a 

h n d  Solute (CC14) (benzene) 

Be ( acac)2 

Cu( acac)2 

Fe ( acacI3 

Cr(acacI3 

Co(acac)3 

A1 ( acac)3 

Cu ( BA)2 

A1(BA)3 

C r  ( BA)3 

Co( BAI3 
Cu(DBMl2 

Pd(DBM)2 

A1 (DBM)3 

0.86 

0.80 

0.95 

1.05 

1.10 

1.35 

1.32 

1.93 

1. 58 

1.32 

1.32 

1.64 

1.67 

0.96 

0.90 

1.10 

1.27 

1.39 

1.68 

1. 52 

2.24 

1.81 

1.47 

1.47 

1.89 

1.96 

0.10 

0.10 

0.15 

0.22 

0.29 

0.33 

0.20 

0.31 

0.23 

0.15 

0.15 

0.25 

0.29 

a -  
%nd - p.sol - IJ.inert' 
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