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Electronic Conductivity in a New 
Class of Polyiodide Complexes of 5- 
Dibenzosuberenone with Iodine and 
Alkali Iodide 
HSIN-SHENG YANG and CHI-MING WANGt 
Department of Chemistry, Tamkang University, Tamsui, Taiwan 25137, R.O.C. 

(Received August 17, 1987) 

A new class of polyiodide complexes of 5-dibenzosuberenone with iodine and alkali 
iodide (DIMI complexes, M = Na, K ,  Rb or Cs) has been prepared for the first time. 
The single crystals of the DIMI complexes are needle shaped with a shiny metallic 
luster along the needle axis. Their longitudial dc conductivities are in the order of 

Scm-' at room temperature. They behave in a semiconductive manner from 250 
to 300 K with activation energies of 0.6 to 0.9 eV. Resonance Raman spectroscopic 
studies show that the iodine species exist as symmetric 1, units in one-dimensional 
polyiodide chains, which are probably the conducting strands in these complexes. 

INTRODUCTION 

Polyiodide complexes of benzophenone (I) and eoumarin (11) with 
iodine and alkali iodide have recently stimulated interest. These com- 
plexes are unique in having mixed electronic and ionic conductivi- 

which are strongly frequency dependent with the microwave 
conductivities ranging up to 10 Scm-'. An unusual conducting behavior3 
is that both alkali and iodide ions are mobile in the coumarin com- 
plexes (abbreviated CIMI), but only the cation is mobile in the ben- 
zophenone complexes (BIMI). 

0 
I I  

tTo whom correspondence should be addressed. 
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316 HSIN-SHENG YANG AND CHI-MING WANG 

Crystallographic s t ~ d i e s ~ , ~ , ~  indicate that both BIMI and CIMI com- 
plexes consist of column-like polyiodide chains surrounded by the 
hydrophobic (aromatic) part of the organic molecules and columns 
of cations coordinated by the polar carbonyl oxygen atoms. Although 
the organic framework is believed to be responsible for the unusual 
conducting behavior, the reason for the different behavior between 
BIMI and CIMI complexes is not ~ l e a r . ~ .  

In an effort to study the effect of the organic molecules on the 
conducting behavior in these polyiodide complexes, a benzophenone 
analog, 9-fluorenone (111), has been used to form a new class of 
complexes with iodine and alkali iodide (FIMI).’.* Their conductiv- 
ities at room temperature are in the order of lo-’ to Scm-’. 
Interestingly, the conductivity of FIMI complexes increases with de- 
creasing cation size. This is the first time that a correlation between 
the conductivity and the cation size is reported in these polyiodide 
complexes. However, unlike BIMI and CIMI series, no ionic con- 
ductivity is found in the FIMI complexes. Thus, the organic molecules 
have striking effects on the conducting behavior in these complexes. 

In this paper, another benzophenone analog, 5-dibenzosuberenone 
(IV), is used to form complexes with iodine and alkali iodide, and 
their conducting properties are reported. 

0 
I1 

111 I v 

EXPERIMENTAL 

The crystals of 5-dibenzosuberenone complexes were grown by slow 
evaporation of chloroform solution of stoichiometric amounts of 5- 
dibenzosuberenone, iodine and alkali iodide. The melting point was 
determined by a Mel-Temp melting point apparatus. The resonance 
Raman spectra were obtained at 300 K on a Spex model 1401 double 
spectrometer. The 5145 A line of an argon ion laser was used as the 
excitation source. The dc conductivity was measured by the standard 
four-probe t e ~ h n i q u e . ~  
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ELECTRONIC CONDUCTIVITY-POLYIODIDE COMPLEXES 317 

RESULTS AND DISCUSSION 

Elemental analyses and stoichiometries of the DIMI complexes are 
given in Table I. As in the coumarin series,' the stoichiometries are 
cation dependent, and no general stoichiometry is found. It is noted 
that the ratio of iodine to cation in the stoichiometries for all DIMI 
complexes is 3:1, indicating the existence of I; ions. Interestingly, 
the ratio of 5-dibenzosuberenone to cation in the stoichiometries 
increases as the increasing cation size. A likely cause is that the cations 
may be surrounded by the oxygen atoms of 5-dibenzosuberenone. 
Thus, it is necessary to have more organic molecules to surround the 
larger cations. As in the FIMI ~ e r i e s , ~  there is no evidence for the 
incorporation of solvent molecules in the DIMI series. The existence 
of water molecules in the DINaI complex is also indicated by 0 -H  
stretching vibration in the infrared spectrum at about 3500 cm- '. 
Water molecules are probably absorbed by the sodium iodide salt 
from the atmosphere during preparation of the DINaI complex. 

The crystals of DIMI complexes are needle shaped with metallic 
luster along the needle axis. Their dimensions are as large as 1.0 cm 
in length and 0.1 cm in cross-section, and are suitable for performing 
conductivity measurements. The melting point of DINaI, DIKI, DIRbI 
and DICsI is 91°C, 106"C, 103°C and 107"C, respectively. They are 
in between the melting points of 5-dibenzosuberenone (SSOC) and 
iodine (114°C). Like FIMI complexes,' DIMI complexes are re- 
markably stable. Their metallic luster can be maintained €or more 
than one month in the air. In contrast, BIMI complexes are unstable 
tending to lose iodine if exposed to the air.1° To keep their metallic 

TABLE I 

Stoichiometry and elemental analysis of DIMI complexes 

Cation 
Cation Best formula C% H% I% % 

Na Found 46.40 3.19 38.87 2.40 
D,Na,16.6H,0 Theor. 46.27 3.21 39.11 2.36 

Found 47.45 2.59 40.14 4.22 
Theor. 48.15 2.69 40.70 4.18 K D5K,16 

Found 46.97 2.66 36.77 8.23 
Theor. 47.27 2.64 37.46 8.50 Rb D J W ,  

Found 48.04 2.62 34.02 12.19 
Theor. 47.73 2.67 33.62 11.73 cs  D,CsI, 
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318 HSIN-SHENG YANG AND CHI-MING WANG 

FIGURE 1 

b DlNaI  

Resonance Raman spectra of DIMI complexes. 

luster, BIMI complexes must be stored in sealed ampoules. The rel- 
ative stabilities of DIMI and BIMI complexes suggest that the nature 
of iodine species is different in these complexes. 

Resonance Raman spectroscopy has been shown to be a useful tool 
in determining the nature of iodine species in the polyiodide com- 
plexes." It is found that two types of iodine species: I; and I;& 
units are present in the BIKI The model is consistent with 
the observation of thermal dissociation of the IT/& unit.12 The Raman 
spectral data for the DIMI complexes are given in Figure 1 and Table 
11. The intense stretching fundamental at about 108 cm-' accom- 
panied by the characteristic overtone progression is typical for sym- 
metric stretching mode of 1, units in the polyiodide chains as com- 

TABLE I1 

Resonance Raman vibrational data of DIMI complexes 

Complex v(cm ~ ')a 

DINaI 
DIKI 
DIRbI 
DICsI 

328w. 215111, 108s 
326w, 216m, 109s 
326w, 215111, 107s 
3 2 5 ~ .  2141-11, 107s 

"S = strong, m = medium, w = weak. 
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ELECTRONIC CONDUCTIVITY-POLYIODIDE COMPLEXES 319 

pared with the spectrum of (ben~amide),HI,.~' Since the Raman 
spectra are very similar for the entire DIMI series, it appears that 
the substitution of the cation has no effect on the nature of the iodine 
species. The assignment of 1, units is in agreement with the stoichi- 
ometry shown in Table I. Unlike 13/12 units in the BIKI complex,12 
symmetric I; units in both DIMI and FIM17 complexes are stable 
for much longer period. 

- 4.c 

- 4.5 

- - 
I 
E 
u7 - - 5.0 b 

u 

u7 
0 - 

- 5.5 

- 6.0 

3.3 3.6 3.9 

l O O O / T  (K-') 

FIGURE 2 Temperature-dependent conductivity of DINaI (A), DIKI (0), DIRbI 
(m) and DICsI (A). 
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320 HSIN-SHENG YANG AND CHI-MING WANG 

Figure 2 shows the temperature dependence of the dc conductivity 
(u) of DIMI complexes. It is clear that the conductivity can be fit 
well to the Arrhenius equation: u = ug exp( - Ea/kT),  yielding ac- 
tivation energies ( E a )  of 0.6 to 0.9 eV. The increase in conductivity 
with increasing temperature is typical for semiconducting behavior. 
Under an applied dc field at room temperature, the conductivity does 
not decrease over a period of six hours, indicating no ionic conduc- 
tivity in DIMI complexes. Similar results are obtained in FIMI com- 
~ l e x e s . ~  On the contrary, significant ionic conducting is observed for 
both BIMI and CIMI complexes.' This surprising difference implies 
that a small change in the structure of the benzophenone skeleton 
has a dramatic effect on the properties of the resulting complexes. 

For comparison, the room temperature conductivities of DIMI and 
FIMI complexes' are reported in Table 111. It is emphasized that the 
conductivity of the DIM1 complexes is in the order of lop4 Scm-'. 
In contrast, the conductivity of FIMI complexes decreases with in- 
creasing cation size. Since both DIMI and FIMI complexes do not 
yield suitable single crystals for X-ray diffraction measurements, it is 
very difficult to say with certainty, at this stage, what the conduction 
mechanism is in these complexes. Nevertheless, it is tempting to 
believe that the different effect of the cation on the conductivity in 
DIMI and FIMI complexes is probably due to different stacking pat- 
terns of the organic molecules in these complexes. The 9-fluorenone 
molecule is planar,13 whereas the 5-dibenzosuberenone molecule has 
a folded config~rat ion, '~ . '~  indicated by their crystal structures. As 
shown in Figure 3 ,  the two benzene ring planes of the Sdibenzosub- 
erenone molecule are inclined toward each other at an angle of about 
39" and the seven-membered ring is in the boat c~nformat ion . '~  In 

TABLE 111 

DC conductivity and activation energy of DIMI and FIMP complexes 

Complexes 
Conductivity 

(Scm-I, at 25°C) 
Activation energy 

(ev) 

DINaI 8.3 x 10-5 0.73 
DIKI 1.1 x 10 0.87 
DIRbI 1.5 x 1 0 F  0.82 
DICsI 1.7 X 10 0.69 
FINal 1.9 x 1 0 - 3  0.62 
FIKI 3.5 x 10-4 0.65 
FIRbI 3.8 x 10-5 0.52 
FICsI 3.0 x lo-' 0.43 

"Reference 7. 
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ELECTRONIC CONDUCTIVITY-POLYIODIDE COMPLEXES 321 

t b  
o c  
0 0  

FIGURE 3 The structure of 5-dibenzosuberenone, reproduced from Reference 15. 

FIMI complexes, it is assumed that the planar 9-fluorenone molecules 
form successive stacks with their carbonyl groups pointing to the 
center of a column where the cations are located, in a manner similar 
to the BIKI ~ o m p l e x . ~  If such is the case, the larger cations then tend 
to increase the intrastack distances, which, in turn, results in weaker 
intrastack interactions between 9-fluorenone molecules, and lower 
conductivities. In DIMI complexes, it is conceivable that the cations 
may still coordinate to the carbonyl groups, but the folded 5-diben- 
zosuberenone molecules are not expected to form successive stacks 
as one expects from 9-fluorenone molecules. Thus, the cations have 
relatively small effect on the interactions between 5-dibenzosuber- 
enone molecules. The conductivity in the entire DIMI series is prob- 
ably dominated by the polyiodide chains, and is of the same order 
of magnitude. 

In conclusion, organic molecules, indeed, have striking effects on 
the conducting behavior of the polyiodide complexes discussed in this 
paper. A model is proposed to explain the different effect of the 
cation on the conductivity between DIMI and FIMI complexes. In 
contrast to the benzophenone and coumarin series, there is no evi- 
dence for ionic conductivity in both the 5-dibenzosuberenone and 9- 
fluorenone series. The reason for this interesting difference is not 
clear for the present. It will be fruitful to obtain crystal structures of 
DIMI and FIMI complexes. 
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