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The molecular structures of Se202F8 and Tez02Fs have been determined in the gas hase by electron diffraction. The 

1.918 (9) A, and LTeOTe = 99.5 (0.6)'. All geometric parameters are rg values, and error limits are 3 times the standard 
deviations. The configuration around the chalcogen atoms deviates considerably from octahedral with equatorial X-F bonds 
about 0.03-0.04 shorter than the axial X-F bonds. The geometric parameters and vibrational amplitudes are given. 

skeleton of both molecules is a planar four-membered ring, with Se-0 = 1.779 (7) 1 , LSeOSe = 97.5 (OS) ' ,  Te-0 = 

Introduction 
The structural behavior of the heavier main-group element 

oxyfluorides became of interest only a few years ago: e.g., many 
new selenium and tellurium oxyfluorides are stable and inert 
materials and thus are preferable compounds for structural 
 investigation^.'-^ Soon it was found out that tellurium(V1) 
avoids double bonded ~ x y g e n , ~ , ~  whereas in the case of sel- 
enium at least two examples with Se-0 double bonds are 
known: the stable Se02F2 and the highly unstable SeOF4.4,5 
The latter stabilizes by forming a dimer, Se,02F8.5 The 
analogous tellurium oxide fluoride Te202F8 was found soon 
afterward, although the monomeric species TeOF, has not yet 
been detected. 

Vibrational spectroscopy and especially 19F NMR spec- 
troscopy quickly led to the four-membered ring structure of 
the two title molecules. This has been confirmed by repeated 
measurements.6 An earlier investigation of the gas-phase 
structures of F,SOSF,, F,SeOSeF,, and FjTeOTeF5 showed 
results that raised the question of (pd).rr bonding.' A com- 
parison of the geometric parameters of the strained XOzX 
skeleton with the respective parameters of F5X-O-XF5 
molecules may give more detailed information about the 
question of (pd)ir bonding in such highly oxidized species. 
Experimental Section 

SeZO2Fs. This compound was prepared by pyrolysis of Na+OSeF< 
via the intermediate formation of SeOF4.5 It is often the decomposition 
product of many OSeF5 spedies like A S ( O S ~ F ~ ) ~  and may be purified 
from such a decomposition.' The crude product is washed with a 
sodium hydroxide water solution to remove all hydrolyzable compounds 

*To whom correspondence should be addressed at the Institut fur Phy- 
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and then dried over P4Olo. It is distilled under dynamic vacuum several 
times to remove traces of SeF6. The final physical data are mp -12 
'C and bp 65 'C. The absence of SeF,, HOSeF,, F5SeOSeF5, and 
other impurities may be checked by I9F N M R  spectroscopy. Se2O2FS 
is a clear liquid with an unpleasant odor. 

Te202F8. A new method of preparation described as the original 
method5 by pyrolysis of Li+OTeF< turned out to be ineffective. Thus 
B(OTeF5),8 is sublimed at  room temperature through a 600 OC quartz 
tube with a length of 60 cm. The products are frozen out a t  -196 
'C. Trap to trap distillation in a glass vacuum line removes the major 
impurities B(OTeF5)3, TeF,, and BF3. (Alkaline water leads to 
complete hydrolysis!) The product is then dried over P4Ol0 and again 
distilled under dynamic vacuum. The yield exceeds 80%. 

600 'C 
B(OTeF5), - BF, + 3/2Te20zF8 

Te202F8 is a colorless liquid with a garlic-like smell: mp 28 "C; bp 
77.5 'C. 

The diffraction intensities were recorded with a Balzers Dif- 
fractograph, Model KD-GI?, a t  two camera distances, 50 and 25 ~ m . ~  
Kodak Electron Image plates (18 X 13 cm) were used. Details of 
the experiment are summarized in Table I. The electron wavelength 
was determined from ZnO diffraction patterns. Four plates were 
exposed for each camera distance, two of which were selected for the 
structure determination. The procedures for data analysis and 
background refinement are described in ref 10. The averaged modified 
molecular intensities for the two camera distances are shown in Figures 
1 and 2. (Numerical values of the total intensities are  available as 
supplementary material.) 

Structure Analysis 
Primary molecular models with D2h symmetry, obtained 

from analysis of the radial distribution functions (Figures 3 
and 4), were refined by least-squares procedures based on the 
molecular intensities. A diagonal weight matrix was used with 
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4 0  8 0  12 0 16 0 20 0 24 0 28  0 32 a 
s Cl/Ang 1 

Figure 1. Experimental (0) and calculated (-) modified molecular intensities and differences for Se202F8. 

Table I. Experimental Details 

Se,O,F, Te,O,F, 

nozzle-plate dist, cm 50 25 50 25 

nozzle temp, "C 10 10 15 15 
sample temp, "C - 24 - 25 -6 -6 

camera pressure, torr 5 x 8 X  5 x 10-6 5 x 
exposure time, s 20-40 4 0-9 0 10-30 25-60 
nozzle diameter, mm 0.3 0.3 0.3 0.3 
electron wavelength, A 0.049 3 1  (1) 0.049 24 (1) 0.049 27 (1) 0.049 35 (1) 
s range, A-l  1.4-16.8 7-34 1.4-1 6.8 8-35 

Table 11. Results of Least-Squares Analysisa Table 111. Correlation Coefficients Larger Than 0.6 

Se,O,F* Te,O,F, Se,O,F, Te,O,F, 

r(X-O)/4XOX -0.95 -0.98 
r(X-O)/I(X-F) -0.71 

Amplitudes for Bonded Distances r(X-Feq)/r(X-Fax) -0.96 -0.84 
(a) Geometric Parameters (rg Values) and Mean-Square 

1.918 (9) r(X-Feq)/l(X-F) 0.85 0.70 x-0, A 1.779 (7) 
X-Feq, a 1.668 (12) 1.802 (11) 
X-Fax, A 1.698 (10) 1.848 (11) 
4XOX, deg 97.5 (0.5) 99.5 (0.6) 
40x0, deg 82.5 (0.5) 80.5 (0.6) 
4Fe,XFeq, deg 92.4 (0.5) 92.1 (1.2) 
4FaxXFax, deg 175.6 (0.8) 174.3 (0.8) decreasing exponentially from 1 to 0.1 for s > 15 A-' and s 
I(X-0) = I(X-F), A 0.046 (7) 0.053 (8) > 30 A-l. All other elements were chosen to be 1. The 

experimental molecular intensities were interpolated in steps 
of As = 0.2 A-1. 

Two possible deviations from D2h symmetry of the molecules 
2'60 (3) 0.072 (7) were considered in the least-squares analysis: (1) nonplanarity 

of the X202 rings (C2" symmetry) and (2) torsion of the XF4 
groups around X...X axis in opposite directions ( 0 2  sym- 
metry). In all cases, however, the least-squares procedures 
converged toward DZh symmetry with deviations smaller than 

2.54 (1) 

2.71 (1) t 2.72 (2) 

F,. . *F, 2.35 (1) 
F,. *F, 2.42 (3) 

0. * 'F, 2.49 (2) 
F,. . *F, i::! 0.060 (15) i:;; 0.067 (14) 

0.. .O' 2.34 (2) 0.05Sb 2.48 (2) 0.05Sb 
x. . .X' 2.67 (2) 0.039 (5) 2.93 (2) 0.038 (3) the respective cr values. With the constraint of DZh symmetry 
X. . .F,' 3.22 (2) 0.083 (10) 3.54 (2) 0.092 (13) in the final least-squares analyses and with assumptions for 

4.01 (2) 0*075 (lo) 4*38 (2) 0*090 (15) the vibrational amplitudes which are indicated in Table 11, six X. - *F,' 
2'81 (3) 0'150b 3'11 (3) 0'165 geometric parameters and nine mean-square amplitudes were F,* * *F,' 

F,* * *F,' 4'40 4.42 (2 ) I  (3) 0.109 (15) 4*82 4.83 (2) (3)5 0.136 (20) refined simultaneously. Although some correlation coefficients F , .  . .F,' 

(Table 111) are large, the least-squares procedures converged 
after eight cycles to the results given in Table 11, independent F,. F,. * . .F3: 'F, 2:;; 0.119 (55) 56:;; 0.159 (84) 

(c) Agreement Factors (%) of the starting geometry. (The full correlation matrices are 
R s o  5.7 4.0 available as supplementary material.) Starting values for bond 
R 1 5  5.3 10.4 lengths and bond angles were varied by 0.05 A and 5 ' ,  re- 

spectively . a See Figure 5 for the atom numbering scheme. 
Introducing separate vibrational amplitudes for the X-F and 

elements increasing exponentially from 0.25 to 1 for s < 4 A-1 X-0 bonds caused problems with convergence of the least- 
and s < 9 A-' for the 50- and 25-cm data, respectively, and squares procedure. The assumption of equal mean-square 

r(X-F,)/4FaxXFaX 0.62 

IXOX/I(X-F) 0.67 
Y(X-F,)/I(X-F) -0.76 

(b) Nonbonded Interatomic Distances and Mean-Square 
Amplitudes in A 

t 2.49 (1) 0.073 (8) 0. * .F, 

0. * .F, 

Assumed. 
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Figure 2. Experimental (0) and calculated (-) modified molecular intensities and differences for Te202FB. 

-- ---- - 
I 0  2 0  3 0  4 0  5 0  6 0  

R [AI 
Figure 3. Experimental radial distribution function and difference 
curve for Se2O2F8. 

--.-- - - 
10 20 30 L O  5 0  6 0  7 0  8 0  

R [HI 
Figure 4. Experimental radial distribution function and difference 
curve for Te202F8. 

amplitudes for all bonded distances, however, introduces errors 
in the bond lengths which are smaller than the error limits of 
Table 11, according to our estimates. This was indicated by 
several tests assuming differences of 0.005 A between the 
various amplitudes. 

Figure 5. Molecular model for X202Fg. 

Table IV. Geometry of the Molecular Skeletons of X,0,F8 and 
XIOF,, and Schomaker-Stevenson Bond Lengths (rss) 

X = S e  X = T e  

1.779 ( 7 )  1.918 (9) 
97.5 (0.5) 99.5 (0.6) 

F4 x\o/xF4 x. ex 2.67 (2) 2.93 (2) 
1.697 (13) 1.832 (12) 

F 5 X  XF5 4xox 142.4 (1.9) 145.5 (2.1) 

/O\ x-0 

/O\ x-0 

4xox 

x. ax 3.21 (3) 3.50 (3) 

rss(X=O) 1.60 1.78 
2.14 

rss(X-0) 1.82 2.00 

rss(X-X) 2.34 

The final results of the least-squares analyses are sum- 
marized in Table 11. Error limits are 3 times the standard 
deviations. 
Discussion 

The proposed four-membered ring structure of Se202F8 and 
Te2O2F8 (Figure 5) has been confirmed. It appears now that 
such a ring formation between two heavy nonmetal atoms and 
two bridging oxygens is a general building principle. The 
driving force of such ring formation must be the tendency to 
avoid oxygen double bonds. Other examples are Te08(OH)26, 
1208(OH2)4-, and As204F82-.11-13 The most recent example 
of such four-membered ring formation was found by the X-ray 
structure analysis of I02F3, which turned out to be an oxy- 
gen-bridged dimer, 1204F6.14 

Table IV summarizes the geometric parameters for the 
chalcogen-oxygen skeletons of the doubly bridged oxide 
fluorides Se202F8 and Te202F8 and the bis(pentafluor0- 
chalcogen) oxides F5X-O-XF5. 
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In contrast to F5SOSF5 etc. the bond angles at the chalcogen 
atoms of the title compounds deviate considerably from the 
octahedral configuration, these deviations being slightly 
stronger in the tellurium compound. The equatorial X-F 
bonds are about 0.03-0.04 A shorter than the axial bonds. 

The comparison of the chalcogen-oxygen skeletons shows 
that the bond angle at oxygen in the ring compounds has to 
be about 45’ smaller than in the sterically strained open-chain 
compounds F5XOXF5.’ An additional effect is a considerable 
lengthenin of the X-0 bonds upon ring formation of about 

X-0 bond lengths. 
(1) Steric repulsion between the chalcogen atoms in the four 

membered rings causes lengthening of the X-0 bonds. The 
X. ..X distances (2.67 f 0.02 and 2.93 f 0.02 A, respectively) 
are much shorter than the respective van der Waals distances 
(4.00 and 4.40 A). In the selenium compound the Se...Se 
distance is only 0.33 A longer than the Schomaker-Stevenson 
value for a Se-Se single bond. This difference is even smaller 
for the tellurium compound (0.19 A). If the interaction 
between the chalcogen atoms at such close contact were re- 
pulsive, we would expect X-O bond lengths considerably longer 
than the Schomaker-Stevenson values. The result of the 
structure determination, Le., X-0 bonds shorter than expected 
for single bonds, indicates that the interaction between the 
chalcogen atoms is bonding rather than repulsive. Such 
bonding could result from overlap between d, orbitals (if the 
ring is in the xy plane with the X atoms on the x axis), 
provided that these orbitals are populated, maybe by some 
back-donation. A similar situation has been observed for 
tetrafluoro-l,3-diselenetane (F2CSe)2, where the short Se-C 
bond in this strained four-membered ring can be explained by 
bonding interaction between the diagonal selenium atoms.’5 

(2) A strong decrease in the oxygen bond angle reduces the 
possibility for (pd).lr bonding between the oxygen lone pairs 
and chalcogen d orbitals, since the p character of the lone pairs 
decreases with decreasing bond angle. In addition to this the 
increased p character of the oxygen bonding orbitals results 
in lengthening of the X-0 bonds. As a matter of fact the X-O 
bonds do lengthen considerably upon ring formation, but they 
are still shorter than the respective Schomaker-Stevenson 
values by about 0.04-0.05 A. A similar correlation between 
oxygen bond angle and bond length was observed for me- 

0.084.09 R , Two effects may account for this increase in the 
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thylcyc1osiloxanes.l6 In the tetramer and larger rings (up to 
hexamer) the oxygen bond angle is close to the value for the 
nonstrained siloxane (about 145O), and the Si-0 bond lengths 
are short (1.620 f 0.003 8). For the trimer, however, the 
SiOSi angle is constrained to be smaller (1 3 1 ”), and the Si-0 
bond length is increased to 1.635 f 0.002 A. 

Tossel and Gibbs have demonstrated that the large bridging 
angle in siloxanes is reproduced correctly by CND0/2 cal- 
culations by omitting the silicon 3d orbitals in the basis set.” 
Nevertheless, the (pd).lr concept might still hold for the 
presented molecules, as the electron withdrawal by the fluorine 
atoms and the high formal and effective nuclear charge on the 
central atoms will favor the (pd)r  concept. 

Registry No. Se2O2Fs, 5 1590-98-8; Te2O2F8, 51590-99-9; 
B(OTeF&, 40934-88-1. 

Supplementary Material Available: Experimental scattering in- 
tensities Ito&) = s 3 [ ~ ( s ) I / ( [ ~ ~ ~ p t i ( ~ ) I  [Ids) + Imol(s) + Ids)]) I&) 
and ‘peXptl(s) are the actual and experimentally determined sector 
functions, respectively, and I&), Imol(s), and I,,($) are the atomic, 
molecular, and extraneous background scattering] and correlation 
matrices (4 pages). Ordering information is given on any current 
masthead page. 
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