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Is the Benzene-Iodine Complex Really Axial? 
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Abstract: Ir and uv spectra of nitrogen matrices containing benzene and iodine have been recorded. The results 
are compared with previous studies of benzene-halogen complexes. It is concluded that the benzene-iodine 
complex has an axial structure in contrast to other benzene-halogen complexes. 

Ever since Mulliken published his first papers on 
donor-acceptor complexes,12 many attempts have 

been made to find the structure of the benzene-halogen 
complexes.3-13 As a result of the X-ray studies of 
Hassel and Stromme11'12 and the ir spectroscopic in
vestigations of Ferguson,8-10 there now seems to be a 
general agreement that the free (1:1) benzene-halogen 
complexes have an axial structure.14'15 The argument 
for the axial structure is based in part on the small 
changes in the ir spectrum of liquid benzene when 
halogens are added and in part on the structure of the 
crystalline complex. In both cases one is far from the 
isolated 1:1 complex for which theoretical predictions 
have been made. It would therefore be of interest to 
study benzene-halogen complexes in a situation where 
1:1 complexes are known to be the dominating com
plex. 

The matrix isolation technique in combination with 
ir spectral studies has been applied by many investiga
tors to studies of hydrogen-bonded dimers1617 and 
complexes.1819 It appears to be a valuable tool also 
for studies of weak molecular complexes.20-22 While 
one may argue about the influence of the matrix on the 
complex structure, it is at least possible to make sure 
that 1 : 1 complexes are studied. With these considera
tions in mind we recently studied the ir spectra of the 
chlorine, bromine, and iodine chloride complexes with 
benzene in a nitrogen matrix at 2O0K.23 The resulting 
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spectra suggest that all these complexes have an oblique 
structure6 in solid nitrogen. The present paper extends 
this investigation to the benzene-iodine complex. 

Experimental Section 

The cryostat used was described in ref 24. Pressures of benzene 
and iodine were measured in known volumes using a Rosemount 
capacitive pressure transducer (831A). They were mixed with 
nitrogen and the nitrogen pressure was measured with a bellows 
manometer (NAF 31880) calibrated against a mercury manometer. 
The gas mixture was deposited on a combined cesium iodide 
sapphire window, kept at 20 ± 0.10K. In all experiments, except 
one (see Figure 1), ca. 45 mmol of gas mixture was deposited at a 
rate of 1.5 ± 0.005 mmol/hr. The deposition rate was kept con
stant by two servo regulated metering valves.25 Approximately 1 
mmol of nitrogen was deposited before and after the deposition 
of the gas mixture. Ir spectra were recorded on a Perkin-Elmer 
180 instrument, calibrated with standard gases.26 Uv spectra were 
recorded on a Cary 15M. Nitrogen (L'Air Liquide A56 99.9996% 
pure) was passed through a glass spiral, immersed in liquid nitrogen, 
and used without further purification. Benzene (Fisher B 245) was 
purified by fractional crystallization and distilled on a vacuum line. 
Iodine (Merck p.a.) was sublimed under vacuum. (Note that the 
spectra of Figure 2 were reproduced directly from the recorded 
spectra and no wave number corrections were applied.) 

Results and Discussion 

Figure 1 shows the uv spectrum of a nitrogen matrix 
containing both benzene and iodine. The charge-
transfer absorption of the benzene-iodine complex is 
clearly seen, superimposed on the benzene and iodine 
spectra. Figure 2 gives a comparison between the ir 
spectra of matrices containing benzene, benzene and 
bromine, and benzene and iodine. Most forbidden 
benzene fundamentals become active for bromine-con
taining matrices, and their dependency on benzene and 
bromine concentration shows that they are caused by a 
1: 1 benzene-bromine complex. For the benzene-iodine 
complex only two forbidden benzene fundamentals be
come active, C2(Ai8) and vn(Eig). 

(The fundamental frequencies of benzene were 
numbered as by Herzberg.27) In all other regions it 
only appears as if the broad and structureless absorp
tion previously assigned23 to benzene aggregates had 
been slightly enhanced. 

It is interesting to compare the intensities of the AJg 

and Ei8 (the symmetry classification refers to free ben
zene) fundamentals of the bromine and iodine com-
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Figure 1. The uv-visible spectrum of a benzene- and iodine-
containing nitrogen matrix (N2:C6H6 204, N2:I2 588, millimoles de
posited 22). 

plexes, assuming that the complex concentrations are 
determined by the number of chance encounters be
tween benzene and halogen molecules. While the Alg 

absorptions are of comparable size, the Eig absorption 
of the bromine complex is an order of magnitude larger. 

The Aig and Eig fundamentals of benzene are the 
only ones that should become active if the iodine mole
cule is situated on the C6 axis of benzene. We there
fore feel justified to interpret the results of this paper 
together with our previous results23 as evidence for an 
axial complex geometry for the benzene-iodine com
plex. It may be noted that the low intensity of the Eig 

fundamental of the benzene-iodine complex is under
standable if the complex is axial. Then the transition 
dipole moment of this transition is parallel to the 
benzene plane, probably caused by the halogen-induced 
polarization of the benzene molecule as it deforms under 
an Eig vibration. On the other hand, the transition 
dipole moment of the AJg vibration is directed along the 
C6 axis, possibly being caused by the change in ioniza
tion potential of benzene as the ring size changes.6 

For the benzene-ICl complex23 the ICl stretching 
region strongly suggested the existence of two different 
complexes with approximately equal concentrations. 
On the other hand, only one set of complex absorp
tions was found in the benzene part of the spectrum. 
This may now be understood, if we assume that one of 
the two isomeric benzene-iodine chloride complexes 
has chlorine closest to the benzene ring and an oblique 
structure (as the corresponding chlorine complex23), 
while the second isomer has an axial structure with 
iodine closest to the benzene plane. The first isomer 
should then be responsible for the appearence of most 
of the forbidden benzene fundamentals in the ir spec
trum of the benzene and iodine chloride containing 
matrix. For the second isomer only the Au and Eig 

fundamentals are allowed, the Elg fundamental should 
be very weak, and the Alg fundamental is probably too 
close to the Alg fundamental of the first isomer to make 
it possible to resolve the difference (compare the posi
tions of the Aig fundamental for the iodine and iodine 
chloride complexes in Table I). 

Our conclusions about complex geometries refer to 
complexes in a nitrogen matrix. It may therefore be 

Figure 2. A comparison between the ir spectra of C6H6, C6H6 • Br2, 
and C6H6I2: ( ) N2:C6H6 91, N2:Iii 168, millimoles deposited 
47; (---) N2:C„H6 93, N2:Br2158, millimoles deposited 42.5; ( ) 
N2:C6H6 93, millimoles deposited 48. (a) The yu(Eig) region of 
benzene, (b) The ^2(Ai8) region of benzene, (c) The j<8(B2g) region 
of benzene, (d) The v<,(Bia) region of benzene. 

Table I. A Comparison between the Ir Absorption Spectra of 
Some Benzene-Halogen Complexes 

Assign
ment 

2 
4 
8 
9 

10 
11 

13 
14 

16 
2 + 18 
17 
18 
19 

C6H6 

678.6 

1487.9 
1039.8 
1038.1 
1607.4 
1589.1 
1180.0 

CeHe -CU 

991.5 
688 
703 

1311 

858.0 
856.3« 

b 
1038 

1587.6 
1178 

974 

C6H6 'Br2 

990.8 
687.7 
702.4 

1312.2 
1151.0 
860.5 
858.7° 

1482.1 
1036.9 

1604.3 
1585.8 
1178.5 
606.7 
972.8 
974° 

C6H6 ICl 

988.7 
693.1 
701.3 

1314 
1151 
866.6 
865.4" 

1479.5 
1036.3 
1034.8 
1604.7 

1178.8 
606.1 
975.1 
977» 

CgHe* I2 

990.9 
690 

855.6 

b 
b 

° Shoulder. b Too strong overlap with the absorption of free 
benzene to allow observation of the complex absorption. 

argued that the complex geometries we find are in part 
the result of matrix perturbations. However, in our 
opinion, such perturbations should lead to a distribu
tion of complex geometries and consequently to broad 
ir absorption peaks. It must be remembered that the 
matrix is far from an ideal crystal, and the complexes are 
big compared to the nitrogen molecules, making it 
rather unlikely that the environment ofsall complexes 
of the same kind is identical. We therefore believe that 
our conclusions about benzene-halogen complex geom
etries are valid also outside a nitrogen matrix. 
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