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Chlorine Tetraoxide**
Hinrich Grothe and Helge Willner*

The existence of the ClO, radical, one of the simplest chlorine
oxides ClO, (x =1-4), has not yet been unequivocally estab-
lished. Yet it has been postulated as a reactive intermediate in
several reactions and should be a binary compound of funda-
mental significance. ClO, is probably an intermediate in the
photochemical formation of C1,O, from Cl, and O,,!'" as well
as in the thermal decomposition of Cl,04!* and C1,0, .3 and
in the anodic oxidation of ClO; ions.) An indication of the
existence of ClO, was obtained from ESR measurements on
KClO, crystals that had been irradiated with X-rays.!®! How-
ever, the assignment and analysis of the ESR signals is still
controversial.l®! The formation enthalpy of the endothermic
ClO,, derived from mass spectrometric and kinetic measure-
ments on Cl,0., amounts to 200-270 kJ mol~'.18-%1

The successful synthesis and spectroscopic identification of
C1O; in the vacuum thermolysis of CIOCIO, and matrix isola-
tion of the products!'® encouraged us to generate a ClO, radi-
cal in the same way. For this purpose a sample of Cl,O, (or
Cl1,0,) in a U-tube was cooled to —35 (or —105°C) such that
the partial pressure was roughly 10~ 2 mbar. Neon or argon was
passed over the cold sample to give a 1:500 mixture of starting
material and noble gas. This gas stream was thermolyzed at
230°C (410 °C) at the orifice of the nozzle. Under these condi-
tions 95 % of the molecules decay within a few milliseconds. The
construction of the vacuum thermolysis and the matrix isolation
apparatus is described elsewhere.l'*1 IR and UV/Vis spectra of
the matrix-isolated thermolysis products were recorded. The
proportion of decayed starting material was calculated by com-
parison with reference spectra of pure matrix-isolated starting
material. In a total of 25 experiments we found five new bands
in the IR spectra of the thermolysis products of Cl,O, and
Cl1,0, (Fig. 1, Table 1). These reproducible bands belonging to an

vi{ai)
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Fig. 1. Ditference spectrum before and after the photolysis (£ > 495 nm) from the
IR spectra of the thermolysis products of C1,0, isolated in a neon matrix. The bands
of ClO, point upwards and those of the photolysis products downwards. Some
noncompensated bands disrupt the spectrum. Bands arising from the by-products
OCIO (0). CIO, (e), and the starting material C1,0, (x) are labeled. C1,0, is formed
in the photolysis of CI,0, [2].
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Table 1. Wavenumbers © fem ™ '], intensities (in parentheses). and assignments of
the fundamental vibrations of CIO,. C10,F. and SO,F radical.

SCPCO, ] OO, b ClIOF ) SO,F [d] Assignment [a] XO,Y
1234 (s) 1196 (s) 1315.6 (vs) 1177.4 (m} vie) = v (XO)
1161 (vs) 1118 (vs) 1062.3 (m) 1053.0 (s) vila) = vw(X0)
874 (w) 832 (w) 712.4 (s) 832.8 () vola,) = v(XY)
646 (1) 609 (m) 588.3 (m) 601 (w) vie) =d,
576 (m) 548 (m) 547.5 (w) 531.2 (m) vola,) = 3,
405.9 (w) 366 (vw) v{e) =p

[a] Assignment for point group .. [b] In Ne matrix. {¢] In Ne matrix [14]. [d] In
Ar matrix [15].

unknown chlorine oxide are remarkable because their full width
at half maximum is up to 10 cm™!. This partly obscures the
3537C] isotopic pattern, which is typical of species with one Cl
atom. Since the relative intensities of the bands were the same in
all experiments and since the bands decreased uniformly after
photolysis of the matrix (tungsten-halogen lamp, cutoff filter,
2 > 495 nm), all bands must belong to one single species. By IR
spectroscopy we identified only CIOO as a product of the pho-
tolysis; it is probably formed by the primary decomposition of
ClO, to give OCIO and O, and subsequent photoisomerization
of OCIO.M2! In the UV/Vis spectra ClIO, shows a wide absorp-
tion band ranging from 380 to 510 nm (maximum at 425 nm)
with vibrational fine structure. The intensity of this band on
photolysis decreases in the same fashion as the infrared bands of
ClO,. Below 380 nm the UV spectrum is obscured by the bands
of ClO;, ClO,. and the starting material.

Cl0O, and ClO, are the most important by-products formed in
the thermolysis of C1,0, and C1,0,, respectively. Thus the pri-
mary decomposition can be described according to Equa-
tions {a) and (b). and the new bands can be assigned to the

CLo, - » ClO, +ClI0, (@)

CLO- - » ClO, +Cl10, (b)

ClO, radical. Experiments with C1,'%0, and the calculation of
the vibrational frequencies with the program NORCOR '3l ver-
ify the existence of ClO,. There are numerous possibilities for
the arrangement of atoms in a ClO, molecule and for its symme-
try. Based on the mode of formation, it can be assumed that
ClIO, has a tetrahedral or distorted tetrahedral structure with
T;. C;,. C,,. or C . symmetry. Therefore two. six, eight, or nine
corresponding bands can be expected in the range of fundamen-
tal vibrations in the IR spectrum. Comparison of the five new
vibrations with the fundamentals of the similarly built FCIO,
and the isosteric FSO; radical clearly indicates a ClO, molecule
with C,, symmetry (Table 1). We have not yet been able to
detect the missing v (e) vibration, which is expected as a weak
band around 400 cm ™.

Our assignment of the bands to the vibrational modes is sup-
ported by the product rule for the mode a,. The wavenumbers
of the three a, vibrations of **C1'°0O, and *°C1'80, were used
to calculate the quotient of the wavenumber products (observed:
1.311; calculated: 1.308). In addition, a normal coordinate anal-
ysis of the vibrational data was performed with the bond lengths
listed and a bond angle of 116° between the short ClIO bonds of
OCIO. The results are three strong (8.7 x 10° Nm ™) and one
weak ClO bond (5.3 x 102 Nm™!). The correlation of the force
constant with the bond length (Fig. 2) leads to the structure of
the C1O, radical shown in Figure 3.

The distortion of the ClO, radical to C,, symmetry is dynamic
(Jahn-Teller effect). One electron switches from an antibond-

Angevw. Chem. Inr. Ed. Engl. 1996. 35, No. 7 o VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1996

139 141 143 145 147 149 151 153 155 157 159

ripm-——mmo»

Fig. 2. Plot of the length of the Cl- O versus the force constant in 10° Nm ™ for the
C1- 0 bond for a) FC10,. b) FCIO,. ¢) CIO; . d) OCIO, ¢) C1O7. and f) C10. An
exponential function was fitted to the data. The broken lines relate the force con-
stants of the ClO, radical with the corresponding bond lengths.

ing o* orbital of one ClO bond to that of o
another, resulting in the broadening of the 153 pm
IR bands.

The CIO, radical completes the series of % C1\142 pm
mononuclear binary chlorine oxides 0 \ 0

known, which can combined formally to o

give the binuclear species Cl1,0,, C1,0;, Fig. 3. Structure  of
C,0,. CLO,. and CLO,. We have O«
demonstrated that the primary thermal

decay of two binuclear chlorine oxides yields the corresponding
mononuclear radicals, with a preference for the formation of
OCIO. The chemistry of NO, is analogous: the radicals NO,
NO,. and NO; participate in the formation and the decomposi-
tion of N,O;, N,O,, and N,Oq, respectively.
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