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The Crystal and Molecular Structure of Xenon bis(oxopentafluoroselenate(VI)), 

Xe(OSeF5)21. 

Lieselotte K. Templeton, David H. Templeton,* Konrad Seppe1t2 and 

Neil Bartl ett 

Received: 

Crystals of Xe(OSeF5)2 are rhombohedral, space group R3m. At 

° 23.5°C the hexagonal axes are: a = b = 8.588(3),c = 11.918(3)A, 

-3 °3 Z = 3, dcalcd = 3.345 gm cm ,V = 761.23A The molecule lies on 

a 3-fo1d axis, and there is orientational disorder of the oxygen and 

fluorine positions. X-ray diffraction data obtained with an automatic 

diffractometer were analyzed on the basis of a molecular model with 

some constraints based on chemical considerations to reduce the 

number of independent parameters of the poorly resolved oxygen and 

fluorine atoms. For 122 unique reflections with F2>a(F2) and with 

anisotropic thermal parameters, R = 0.064. Bond distances are 

° Xe-O = 2.12(5), Se-O'= 1.53(5), and Se-F = 1.70(2)A (uncorrected) and 

° Se-F = 1.77A (corrected for thermal motion). 
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Introduction 

The synthesis 3 of xenon(II) bis(oxopentafluoroselenate(VI)) had 

prov;ided a, xenon(II) compound of relatively high thermal stability and 

melting point. Several substitutional derivatives of xenon difluoride 

nad previously been obtained,4,S but hitherto FXeOS02F was the sole 

compound for which a full crys~al structure had been reported. 6 In 

this, paper in which we describe the single crystal x-ray diffraction 

analysis of Xe(OSeFS)2 we have the first description of Xe(II) bound 

syrrunetri c.ally to two oxygen 1 i gands. 

, .. 

Experiment~' Se~tion 

Xenon(II) bis(oxopentafluoroselenate(VI») was prepared from xenon 

difluoride and pentafluoroselenic acid, HOSeFS' as previouslydescribed. 3 

Crystals were grown by sublimation in Teflon-FEP tubing under dynamic 

vacuum. Ra~an spectra of the crystals studied established that they 

were representative of the bulk material.? The hydrolytically unstable 

crystals, which were pale yellow tablets, were loaded in a nitrogen­

filled Vacuum Atmospheres DRILAB, into 0.2 mm diameter thin-walled 

quartz capillaries. The capil~aries were sealed in a small flame. 

After preliminary study of several crystals by the precession 

method, diffractometer measurements were made of a crystal which did 
, . 

not have well defined faces. Its dimensions were approximately 0.11 

x 0.13 x 0.22 rrun. Unit cell dimensions were determined from 9 hand':' 

centered reflections (36<28<42°) measured with a Picker FACS-I auto-
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matic·diffractometer which was equipped with a graphite monochrometJr 

° and used Molybdenum radiation (A = 0.70926A for Kal ). The same 

instrument was used to collect the intensity data. The integrated 

intensity of each reflection was measured using a 8 - 28 scan technique 

with a scanning rate of 10/min from 0.6° below the 28 angle at which 

Kal was diffracted to 0.6° above the 28 angle at which Ka2 was diffracted. 

Two 20-sec background counts were taken with the apparatus stationary 

and offset 0.5° from each end of the scan. Three strong reflections 

(330, 404, 033) were checked every 100 reflections for crystal decom-

position and/or instrument malfunction. There was no decay within the 

accuracy of the measurements. Reflections were collected in the 

hemisphere+h, ±k, ±l to 28 of 45°. Of 723 reflections which were 

measured, 140 are unique. For 123 of them F2>o(F2). The strongest 

reflection, 110, was calculated to be even stronger than observed and 

appeared to suffer from some unidentified experimental error; it was 

assigned zero weight in the refinement. 

Absorption corrections calculated by an analytical integration8 

ranged from 2.337 to 4.602. Their validity was justified by multiple 

measuremen~s of two reflections at various azimuthal angles. 

Crystal Data 

The crystals are rhombohedral, space group R3m, with hexagonal 

unit cell dimensions at 23.5 ± 1°C: a = b = 8.588(3), c = 11.918(3), 

Z = 3, dc = 3.345 gm cm -3, V = 761.23A3, molecular weight = 511.20 gm, 
-1 

~ = 102.71 cm . 
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° For the rhombohedral cell containing one molecule, a = 6.354(2)A, 

a = 85.04(2)°. 

Structure Determination 

The structure was solved by Fourier and least-squares methods. 

Scattering factors for neutral Xe, Se, 0 and F were taken from Doyle 

and Tur'ner9 and the anomalous dispersion correction from Cromer and 

Liberman. 10 The Laue synmetry 3m and the lack of systematic absences, 

other than those of the rhom~ohedral lattice, limit the choice of space 

groups to R32, R3m and R3m. The centric group R3m was adopted for 
, ' 

reasons discussed later. The xenon atom is at the origin, and the 

positions of two selenium atoms above and below it on the three-fold 

axis are obvious from the Patterson function. Electron density maps, 

phased by the heavy atoms, show the fluorine and oxygen atoms as peaks 

at the corners of an octahedron arouhd each selenium atom, but because 

of the 3-fold symmetry no particular peak could be assigned to oxygen. 

bn the basis rif previo~~ spectroscopic work7 it was apparent that the 

oxygen atom of the OseF5 ligand was linked to the Xe atom. We made 

thls assumption in'the assignment of electron density peaks. We also 

assumed that in each orientation of the molecule the O-Xe-O angle was 

180°. The molecules must have disorder among three orientations, 

with oxygen and fl uori ne in the three pos iti ons with one-thi rd and 

two-thirds p~ob~bilitl respectively. The peak shapes are irregular 

and suggest that they'are almost resolved into separate peaks for the 

alternate orientations. 
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Space group R32 offers no alternative for the positions of Xe and Se; 

R3m permits two different Xe-Se distances, but such a difference is 

chemically unrealistic. Neither of these noncentric groups permits any 

escape from the orientational disorder, and in the face of the large 

amplitudes of thermal motion, together with the disorder, it is 

implausible that the lower symmetry could be maintained. For these 

reasons the centric group R3m was used in the analysis. 

A model was tested which assigned a single atom to each peak 

(four distinct atoms in the asymmetric unit), with scattering power 

of one-third oxygen and two-thirds fluorine for the peak which bridged 

between Xe and Se. Least-squares refinement, with individual anisotropic 

thermal parameters (18 independent parameters in all) reduced R, = 

~1~FI/~IFol to 0.061 and R2 = [~W{~F)2/~WFo2]l/2 to 0.085 for 122 

reflections. This model gives reasonably good agreement with the 

diffraction data, but fails to give molecular dimensions which differ­

entiate the role of oxygen and fluorine in the structure. 

Several attempts were made to determine independent parameters for 

oxygen and fluorine, which of necessity were assigned to the three mole­

cular orientations with one-third probability. Refinement reduced R2 

as low as 0.059, but the resulting bond distances and thermal parameters 

were unrealistic. We conclude that th~ data are insufficient to permit 

valid refinement of so many independent variables which are highly 

correlated with each other. 

The model finally adopted, Figure 1, used this approach, but several 

chemically plausible constraints beyond those required by the space group 

were imposed. It consists of the superposition of three molecules with 
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identical Xe and Se positions. One of these molecules is shown in 

Figure 2. The three crystallographically independent Se-F bond lengths 

are constrained to be equal, theF(1)-Se-F(3) bond angle is required to 

be,180°, and F(l) and F(3) .are given equal thermal parameters, as are 

F(2) and O .. These constraints en the thermal parameters are in harmony 

with the fact that selenium has the smallest thermal parameters of any 

atom in the structure, including xenon, and with the concept of a 

relatively. rigidOSeF5 group. The,molecule has 2/m symmetry, and F(2) 

and 0 are constrained to lie in the mirror plane. With this model of 

6 atoms in the asymmetric unit and anisotropic thermal parameters (22 

independent parameters in all) the full matrix least-squares refinement 

reduced R2, the quantity minimized, to 0.080 and R, to 0.064 for 122 
. 2 2 22 22 22 reflections wlth,F >o(F). We used 0 (F ) = s (F ) + (O.lOF ) ; 

s2(F2) is the variance of F2 based on counting statistics or alternatively 

that based on.the scatter of measurements of equivalent reflections when 

the latter. exceeds 16 times ,the former. The factor 0.10 which reduced 

:the effect of strong reflections was chosen by trial and error to give 

a flat distribution of <w(t.F)2> as a function of magnitude of F; 
. -2 . 2 
.w = (o(F)) ,or zero for reflections weaker than o(F). The standard 

deviation of observation of unit weight was 1.345. In the last cycle, 

no. p.arameter changed more that 0.00450. Fi na 1 parameters are 1 i sted 

in Table 1." 
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Discussion 

The bond angles are listed in Table II. The F-Se-F angles in each 

OSeFs group, other than the two constrained to be 1800
, are 90 0 within 

the experimental accuracy, and thus correspond to a regular octahedral 

configuration. The 0-Se-F(2) angle deviates by 100 from linearity. a 

deviation which although outside the accuracy limits estimated by least 
,: ", . . 

squares, nevertheless has rather doubtful significance in view of the 

constrained nature of the model. For the same reason the Xe-O-Se angle, 

12S(2)0, may not be as accurate as indicated. 

The bond distances are: Xe-O = 2.12(S), Se-O = 1.S3(S) and Se-F = 
° 170(2)A, uncorrected for thermal motion. It is clear that thermal motion 

effects are significant, and a correction based on the riding model gives 
• a 

a welghted average of 1.77A for the Se-F bonds. Thermal corrections for 

bonds to oxygen are not reported because the thermal parameters of this 

atom were not determined independently, and because the propriety of the 

riding model is doubtful. We estimate that the effects for oxygen are 

less than for fluorine. 

Figure 3 shows how the dumb-bell shaped molecules, one per primitive 

cell, pack in the pseudocubic rhombohedral unit cell. The packing is 

dominated by the interactions of the nearly spherical fluoroselenate 

groups; from this point of view the structure is nearly body-centered 

cubic. It is evident from a comparison of the vibrational spectra7 

of Xe(OSeFS)2 and OSeFS- salts that the OSeFS group in the xenon compound 

is not simply ionic. In particular the v Se-O in KOSeFS is _920 cm- l 

whereas in the xenon compound the highest frequency fundamentals lie 
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at 791 and 731 cm- l . Unfortunately the alkali oxopentafluoroselenates(VI) 

are all cubic7 and the anions are evidently disordered. The OSeFS- ion 

has therefore not been defined. We can be sure, however, that the O-Se 
- 0 

distanc~ of 1.S3(S)A observed in Xe(OSeFS)2 is longer than that which 

occurs in the discrete anion. 
_ ° 

Moreover, the Xe-O distance of 2.l2(S)A 

is less than one would anticipate for a Xe2+ cation OSeFs- anion contact. 

The Xe-O distance is indeed not significantly different from the Xe-O 
-- - - - 0 6 
distance of 2.1SS(8)A observed in the FXe-OS02F compound. The Xe-O-Se 

angle of 12S(2)O 'is also similar to the Xe-O-S angle (123.7(5)°) found6 

in FXeOS02F. Evidently the Xe-O bonding is essentially the same in 
-, 

both Xe(OSeFS)2 and FXeOS02F with the orbital hybridization of the oxygen 

atom approximately sp2 It is of interest that the Xe-O-Se{S) angles are 

significantly different from those recentlyobserved12 in these labora­

tories in the compound U(OTeFS)6 where the U-O-Te angle is _170°. 

Although l;gandcrowding in the U(OTeFS)6 compound alone could account 

for the approach to linearity it ;s also possible that n bonding through-

out the U-O-Te three-center system may be the inherent reason for the 

greater angle. n-Bonding influences are considered by us to be much 

less likely for the Xe containing systems. As in XeF2, FXeOS02F and 

related molecules we assume that the canonical forms ((FSSeOXe)+OSeFS-) 
- + and (FSSeO (XeOSeFS) )are dominant. 

- Crystals of the corresponding tellurium compound, Xe(OTeFS)2' were 

found to be orthorhombic (space group Cmca),S but a detailed structure 

has not been determined. }he unit cell and symmetry require the mole­

cular axes to have two orientations rather than the single one found in 

the selenium compound. It is intriguing that the molecules of these two 
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substances, which one supposes will be similar in size and shape (apart 

from the relatively subtle changes anticipated to accompany substitution 

of Se by Te~ pack somewhat differently. It is of interest also that 

KrF2 and XeF2, which are both tetragonal, pack with two perpendicular 

orientations of the linear molecules in the krypton compound13 and all 

par.allel orientations in the xenon compound. 14 All of these molecules 

(to a first approximation at least) possess quadrupolar character but 

it .is of interest that none adopts the Pa3 space group utilized by CO2.15 

It has been sugge9te~that quadrupolar interactions determine the mole­

cular orientations of CO2 in this cubic structure. 16 Evidently the 

factors which determine the packing arrangement of such molecules are 

subtle indeed. 

Supplementary Material Available: A listing of structure factor, 

amplitudes (1 page). Ordering information is given on any current 

masthead page. 
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Table I. Atomic parameters and Esd's.a 

Atom x y z 811 
b 822 833 812 813 

Xe 0 0 0 14.8(2) 14.8 7.7(2) 7.4 0 

Se 0 0 .2723(2) 8.5(2) 8.5 7.,5 (2) 4.2 0 

F(1) -.201(2) -.074(16) .207(2) 9.7(10) 23.5(77) 11.0(10) 8.7(32) -2.8(9) 

F(2) -.077(2) .077 .378 13.7(21) 13.7 12.4(20) 10.8(21) -1.4(6) 

F(3) .201 .074 .337 9.7 23.5 11.0 8.7 -2.8 

0 .055(2) -.055 .164 (5) 13.7 13.7 12.4 10.8 -1.4 

aEstimated standard deviation of last digit is enclosed in parenthesis; if none is given, the 

parameter is subject to a constraint. 

b 22· . The form of the temperature factor is exp [-0.25 (811 h a* + 2812 hka*b* + ... )] 

823 

0 a 

0 c' 
.,' 

-1.2(19) 
"'~, 
~ 

1.4 
.~ 

cd~,::,:: 

-1.2 Vi 

1.4 C 

If. 
I 
-' /1-. 
-' -'" .. 
I 

C; 

~ 
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Table II. Bond Angles (deg) with Esd's. 

O-Xe-O l80a 

F(l )-Se-F{l') 88(8) 

F(l )-Se-F(2) 88(3) 

F(l)-Se-F(3) 180b 

F(I )-Se-F(3') 92(8) 

F(l)-Se-O 85(2) 

F(2)-Se-F(3) 92(3) 

F(2)-Se-0 170(2) 

Xe-O-Se 125(2) 

F(3)-Se-F(3') 88(8) 

F(3)-Se-0 95(2) 

aBy symmetry. The diffraction data, with the disorder, would permit 

alternative values of 141°, but these are rejected on chemical grounds. 

bAssumed value. 
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FIGURE CAPTIONS 

Figure 1. Xe(OSeF5}2 molecule. Disorder model. 

Figure 2. Xe(OSeF5}2 molecule as refined by least squares; three of 

these molecules are superimposed to give the disorder 

model shown in Figure 1. 

Figure 3. Molecular packing of Xe(OSeF5}2' The upper diagram shows 

the ar~cingement with respect to the primitive rhombohedral 
o 

unit cell "with a = 6.354A and ex = 85.04 0
• The 3-fold axis 

is ho~izo~tal. In the lower diagram the origin is shifted 

to a fluoroselenate ion to show the nearly body-centered 

packing in the nearly cubic cell. 
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OBSEPVE,) STP.1JCTtJRE FACTORS, <)TANO-'P() OEVIATIONS, AND DIFFERENCES (ALL X 1.')) 
XE(OSFF5)2 F(O,(),Q' = 632 

H)P, MJO FCA A~:: THE OPSC:P.VED A"W CAlCOl~TEn STRUCTU~E FACTCltS. 
SG = ESTI~~ATE1 <:. T /I.' Jf"~,~ r) 0~V !~T r 1\1 :lIC f:l]B. DEL = !FOB! -- !FCAt. .. 
* PlOY Ct. Tt.: S ZO:::::;,j \.J'~ I GHT ~J 0.'\"'1\. 

L F(13 SG (}::l l F~R SG DEL l f=]3 SG O=l l FOB SG DEL L F~g SG DEL 
H'-I<= .J, "J 1 89 5 -3 11 32 2 -1 7 35 2 -1 H, K= 5, :J 

3 224 11 11 4 182 11 9 H,K= 2, 1 10 6 3 1 2 4~ 2 1 
6 55 3 -3 7 99 5 11) 1 71 4 -.5 H,~= 3, 3 5 a 1 !"> 

9 6 3 3 10 IFl 1 1 4 153 8 -5 0 69 4 -3 8 11 2 -1 
12 8 5 -2 H ,I< = 1, 1 1 38 .5 -1 3 33 2 -2 H,K= 5, 1 

t1,K= 0, 1 0 2'18 15 -80* 10 10 1 1 6 5 6 -2* 1 6 2 1 
2 11:1 6 1) 3 157 8 15 H,K= 2, 2 9 6 2 1 4 33 2 1 
5 57 3 4 6 16 1 ') 0 11) 6 -5 H,t<= 3, 4 7 15 1 -Q 
8 66 3 6 q 14 L 2 3 72 4 -3 2 IS' I -2 H,I(= 5, 2 

11 38 2 -0 12 8 2 -0 6 13 1 1 5 4 5 -2* 0 35 2 -1 
H,K= 0, 2 H,K= 1, 2 9 9 2 -2 8 7 2 -0 3 17 2 2 

1 86 4 -3 2 15 1 -J H,K= 2" 3 H,I(= 3" 5 6 4 4 -.~* 

4 128 1 -2 5 3 2 -2 2 32 2 3 1 4 4 3* t-f,K= 5, 3 
7 96 5 ') 8 45 2 -1 5 q 1 -1 4 13 1 2 2 7 1 -4 

13 16 1 3 11 2? 1 -1 8 19 1 -0 t-f,I<= 4, 0 5 5 2 0 
H,K= 0, 3 H,K= 1, 3 H,K= 2, 4 1 31 2 2 H,K= 5, tt 

3 14 4 11 1 38 2 -4 1 5 2 -1 4 107 6 1 1 4 5 3* 
6 6 1 1 4 37 4 -2 "- 44 2 0 1 46 2 0 H,~:: 6, 0 
q 16 1 -1 7 57 :3 -4 7 21 1 -2 1.0 7 1 3 0 39 2 -0 

H,K= 0, 4 10 1 2 0 H ,I( = 2, 5 H,I<= 4, 1 3 19 2 2 
2 g 1 2 H,K= 1 , 4 3 19 2 'J 0 85 4 0 6 2 5 -2* 
5 5 2 -1 3 39 2 -1 6 4 3 -4 3 45 2 -S ~,K= 6, 1 
8 21 2 2 6 15 1 1 H,K= 2, 6 6 8 1 3 2 8 2 -4 

11 16 1 -1 9 n 2' -2 2 2 4 -8* 9 3 4 -2* 5 2 4 _.? ,1< 

HtK= 0, 5 H,K= 1 , 5 5 :» 4 -5* H,K= 4, 2 H,K= 6, 2 
1 q 1 0 2 23 1 1 H"K= 3, i) 2 32 2 -0 1 4 4 3 
4 53 3 2 5 6 4 -3 0 135 7 3 5 1 3 1 4 II 1 -1 
7 21 2 -3 B 13 1 2 3 105 6 -1 S 9 1 -2 H,K= 6, 3 

lO 3 5 0* H,K= 1, 6 6 11 1 1 H,K= 4, 3 0 12 1 2 
H,K= 0, 6 1 6 6 3* 9 10 3 -1 1 5 5 4* H,K= 7, 0 

3 22 1 -J 4 2:) 1 3 H,K= 3, 1 4 22 1 -1 1 3 5 2* 
b ~ 2 -2 7 12 1 1 2 55 ., 3 -2 7 11 1 -2 4 14 1 1 

H,K= ,), 1 ~,K= 1 , 7 5 23 1 -2 H,K= 4, 4 H,K= 7, 1 
2 1 2 -5 3 8 1 1 8 26 1 -3 0 22 1 1 0 14 1 2 
5 3 5 -3* 1-4,K= 2, 'J 11 11 1 -1 3 11 1 1 3 q 1 4 

H,K= 0, 8 2 65 3 -2 I-I,K= 3. 2 6 6 1 1 
1 5 6 4* 5 4 1 () 1 23 1 1 H,K= 4, 5 

H,K= 1, ;) 8 54 3 -1 4 18 4 -1 2 3 5 -3* 



· . 

" u !:,) 

_--------LEGAL NOTICE-----------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned righ ts. 



TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 




