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Crystals of Xe(0SeF), are rhombohedral, space group R3m. At

(o]

b = 8.588(3), ¢ = 11.918(3)A,

23.5°C the hexagonal axes are: a
-3

Z=3,d = 3.345 gm cm 3, v = 761.2383. The molecule lies on

calcd
a 3-fold 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>0(F2) and with
anisotropic thermal parameters, R = 0.064. Bond distances are

]

Xe-0 = 2.12(5), Se-0'= 1.53(5), and Se-F = 1.70(2)A (uncorrected) and

Se-F 1.773 (corrected for thermal motion).



Introduction

The synthe5153 of xenoh(II)_bis(oxopentaf]uorose]enate(VI)) had
provided a xenon(II) compound of relatively high thermal stability and

melting point. Several substitutional derivatives of xenon difluoride
| as v

~ had previously been obtained, but hitherto FXeOSOzF was the sole
compound for which a full crystal structure had been reported.6 In
this papef in which We describe the single crysta1 x-ray diffraction
analysis of Xe(QSeF5)2 we have.the first'description of Xe(II) bound

symmetrically. to two oxygen ligands.

Experimental Section

Xenon(I1) bis(oxppentaf]uorose]énate(VI)) was: prepared from xenon
difluoride and pentafluoroselenic acid, HOSer, as previous]yldescribed.3
Crystals were grown by sublimation in Tef]oanEP‘tubing under dynamic
vacuum. Raman spectra of the crystals studied established that they
were representative bf the bulk materia1.7 The hydro]ytica]]y unstable
crystals, which were pafe yellow tablets, were ]oaded in a nitrogen-
filled Vacuum Atmospheres DRfLAB, into 0.2 mm‘diameter thin-walled
quartz capillaries. The capi]}aries were sealed in a small flame.

After preliminary study of several crystals by the precession
method? diffractometer measurgments were made of a crystal which did
not have we11definedfaces. Its dimenéions were approximately 0.11
X 0.}3 x 0.22 mm. Unit cell diménsions wefe determined from 9 hand-

centered reflections (36<26<42°) measured with a Picker FACS-I auto-
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matic. diffractometer which was equipped with a graphite monochrometdr
and used Molybdenum radiation (X =‘O.709263 for Ka]). The same
instrument was used to collect the intensity data. The integrated
intensity of each reflection was measured using a 6 - 26 scan technique
with a scanning rate of 1°/min from 0.6° below the 26 angle at which
Ka] was diffracted to 0.6° above the 26 ang]evat which Kaz 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'lOO 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, =1 to 20 of 45°. Of 723 reflections which were
measured, 140 are unique. For 123 of them F2>0(F2). The strongest
ref]ectioﬁ, 110, was calculated to be even stronger thah observed and
appearedvto suffer from some unidentified experimental error; it was
assigned zero weight in the refinement.

Absorption corrections calculated by an ana1y£ica]’integration8
» ranged from 2.337 to 4.602. Their validity was justified by multiple

measurements 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), ¢ = 11.918(3),
Z

3, d_=3.385 gn cm ", v = 761.238%, molecular weight = 511.20 gm,

102.71 em ',

H
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For the rhombohedral cell containing one molecule, a = 6.354(2)3,

o = 85.04(2)°.

Structure Determination

The structure was so}ved by.Fourier and least-squares methods.
Scattering factors for neutral Xe, Se, 0 and F were taken from Doyle
and Turherg and the anomalous dispersion correction from Cromer and

Liberman. |0

The Laue Symmetry 3m and the lack of systematic absences,
other than those of the rhombohedral 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 af the origin, and the

positibns 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 around each selenium atom, but because -

of the 3-fold symmetry no particular peak could be assigned to oxygen.
"bﬁ the basis of pke&fbds‘spectroscopit Work7 it was apparent that the
oxygen atom of the OSE?S ligand was linked to the Xe atom. We made
this assumption in“fhe assignment of electron density peaks. We also
‘assuméd that in each orientation of the molecule the 0-Xe-0 anglevwas
180°. The molecules must have disorder among thrée orientations,

with oxygen and f]uorine in the three positions with one-third and
two—thirdé p?obébi]iggnrespectiVe]y; The peak shapes are irregular
and suggest that theyfgfe almost resolved infé separaté 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 froh the orientational disorder, and in the face of the large
émp]itudes of thermal'motion, together with the disorder, it is
implausible that the 1ower symmetry could be maintained. For these
reasons the centric group R3m was used in thevanalysis;

A mode] was tested which assigned a sing1e atom to each peak
(four dfstinct atoms in the asymmetric unit), with scatfering power
of one;third oxygen and two-thirds fluorine for the peak which bridged
between Xe and Se. Least-squares refinemeht, with individual anisotropic
thermal parameters (18 independent parameters in all) reduced R] =

2912 +4 0.085 for 122

Z|aF|/Z|F,| to 0.061 and R, = [Zw(aF)?/zwF,
reflections. This model gives reasonably good agreehent'with the
diffraction data, but fails to give molecular dimensions which differ-
entiate the role of oxygen and fluorine ihvthe structure.

Several attempts were made to determine independent parameters for
oxygeh and fluorine, which of necessity were assighed to the three mole-
cular orientations with bne-third.probability. Refinement reduced'R2
as low as 0.059, but the'resu1ting bond distances and thermal parameters
were unrealistic. We conclude that the 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 md]ecu]es is shown in
Figure 2. The three crystallographically independent Se-F bond 1engths
are constrained to be equal, the F(1)-Se-F(3) bond ang]e.fs required tov
be.180°, and F(1) and F(3) .are given equal thermal parameters, as are
F(2) and 0. These.constraints cn 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
re]ative]y‘rigid_OSer group. The~mo1etu1e hés 2/m symmetry, and F(2)
.vgnd 0 are constrainéd‘to lie in the mirror plane. With this model of

6 atoms in the asymmetric unit and anisotropic thermal parameters (22
jndependent parameters in all) the full matrix least-squares refinement
‘reduced Rz,'the quantity minimized, to 0.080 and R] to 0.064 for 122

2(F2) =_52(F2) + (0.10F%)%,

reflections with'F2>d(F2). We used ¢
sz(Fz),is the variance of»vF2 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(AF)2> as a function of magnitude of F;

,;w.= (q(F))’z,.or,zero for reflections weaker than‘o(FZ). The standard

deviation of observation of unit weight was 1.345. 1In the last cycle,

: no,parameter changed more that 0.00450. Final pafameters are listed
1

in Table 1.



Discussion

The bond angles are listed in Table II. The F-Se-F angles in each’
OSeF5 group, other than the two constrained to be 180°, are 90° within
the experimental qccuracy, and thus correspond to a regular octahedral
configuration. The 0-Se-F(2) angle deviates by 10° from 1inearify, a
deviation which although outside the accuracy‘limits estimated by least
squares, neve;théless{hasfrafher»doubthT significance in view of the
_constrained natdre of the model. For the same reasoﬁ the Xe-0-Se aﬁg]e,
125(2)°, may not be as accurate as indicated. v |

The bond distances are: XYe-0 = 2.12(5), Se-0 = 1.53(5) and Se-F =
170(2)3, Uncorrected for thermal motion. It is clear that therma]‘motion
effects are significant, and a correction based on the riding model gives
a weighted.avefage of 1.77R for the Se-F bonds. Thermal corrections for
bonds to oXygen are not reported because the thermal parameters of this
atom were not determined'1hdependent1y, 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-be11 shapéd_mo]ecu]es, one per primitive
cell, péck in the pseudocubic rhombohedral unit cell. The packing is
dominated by the interactions of the'nearly spherical fluoroselenate -

' grbups; from this point of view the structure is nearly body-centered
7

Al

cubic. It is evident from a comparison of the vibrational spectra
of Xe(OSeFS)2 and OSeFS' salts that the OSer'group in the xenon compound
is not simply ionic. In particular the v Se-0 in- KOSeFg is 920 em!

whereas in the xenon compound the highest frequency fundamentals Tie
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at 791 and 731 cm™ ).

Unfortunately the alkali oxopentafluoroselenates(VI)
are all cubi_c7 and.the anions are eyident]y‘disordered. The OSeFS' ion '
has therefore not been def1ned Ne can be sureA.however, that the 0-Se
d1stance of 1 53(5 )A observed in Xe(OSer)2 js longer than that which
occurs in the d1screte an1on Moreover the Xe-0 distance of 2. 12(5)A
is 1ess than one would ant1c1pate for a Xe2 cat1on OSeF5 anion contact.
The Xe 0 d1stance is indeed not s1gn1f1cantly different from the Xe 0
'd1stance of 2. 155(8)A observed6 in the FXe- 0502F compound The Xe-0-Se
ang]e of ]25(2) "is also s1m11ar to the Xe-0-S ang]e (]23.7(5)°) found6
in FXeOSOéF. '§v1dent1y the Xe-O bonding is essentially the same in

'both Xe(OSer)2 and FXeOSOzF with'the orbital hybridization of the oxygen
atom approximately spz. It is of interest that the Xe-0-Se(S) angles are
51gn1f1cant1y different from those recently observed.l2 in these labora-
tor1esv1n the compound U(OTeFS) where the U-0-Te angle is ~170°.

A]thoogh 1igehdcrowdingin the U(OTeF5)6 compound alone could account

for the approach to linearity it is also possible that = bonding through-
out the U-0-Te three-center system'may be the inherent reason for the
greater angle. m-Bonding influences are considered by us to be much

less 1ikely for the Xe containing systems. As in Xer, FXe0SO,F and

2
related molecules we assume that the canonical forms ((F5$eOXe)+QSeF5')
and (FSSeO-(XeOSeF5)+)are dominanf. |

Crystals of the corresponding tellurium compound, Xe(OTeFS)Z, were
found to be orthorhombic (space group Cmca),5 but a detailed structure |
has not been determined. “Ihe 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 ane XeF2, which are both tetragona], pack with two perpendicular
orientations of the linear molecules in the krypton compound]3 and all
parallel orientations in.the xenon compound.]4 A]] of these mo]ecu1es
(to a first approximation at least) possess.quadrupo1ar character but
it .is of interest that none adobts the Pa3 space group utilized by (202.]5
It has been suggesteu ‘that quadrupolar interactions determine the mole-
cular prientations of CO2 in this cubic structure.]6 Evidently the

factors which determine the packing arrangement of such molecules are

subtle indeed.

SuppTementary Material Available: A listing of structure factor
amp]itudes'(l page). Ordering information is given:on any current

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

Atom X y z 311b By Byz. By2 By3 Ba3
Xe 0 0 0 14.8(2) 148 772 714 0 0

“Se 0 0 .2723(2) 8.5(2)' 8.5 - 7.5(2) 42 0 0
F(1)  -.201(2) -.074(16) .207(2)  9.7(10) 23.5(77) 11.0(10)  8.7(32) -2.8(9)  -1.2(19)
F(2)  -.077(2) .077 .378 13.7(21)  13.7 12.4(20)  10.8(21) -1.4(6) 1.4
F(3)  .201 .074 .337 9.7 23.5 1.0 8.7 -2.8 -1.2
0 .055(2) -.055 64(5) 137 13.7 12.4 10.8 -1.4 1.4

-ll-

qEstimated standard deviation of last digit is enclosed in parenthesis; if none is given, the
parameter is subject to a constraint.

b

The form of the temperature factof.is exp [-0.25 (B]]'hz ?

a*® + 28y, hka*b* + ...)]

a0

;]
L

neabw

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

0-Xe-0' 180°
F(1)-Se-F(1") 88(8)
F(1)-Se-F(2) 88(3)
F(1)-Se-F(3) 180°
F(1)-Se-F(3") 92(8)
F(1)-Se-0 85(2)
F(2)-Se~F(3) 92(3)
F(2)-Se-0 170(2)

Xe-0-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.



Figure 1.

Figure 2.

'Figure 3.
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FIGURE CAPTIONS

Xe(OSeFS)ZImolecule._,Disorder model.

Xe(OSer)2 hbiecu]e as refined by least squares; three of
these molecules ave superimposed to give the disorder
model shown in Figure 1;

Molecular packing of Xe(OSeF5)2. The upper diagram shows
the arrangement with respectvfo fhe primitive rhdmbohedra]
unit cell-with a = 6.3548 and o = 85.04°. The 3-fold axis
is horfzohtaT; In the lower diagram the origin is shifted
to a f]uorpse1enate ion to sth the‘near]y body-centered

packing_in the nearly cubic cell.
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OBSEPVED STRUCTURE FACTORS, STANDARD DEVIATIONS, AND DIFFEREMCES. (ALL X 1.7)
XELOSEFS5)2 ) ' F(0,0,0) = £82

£0R AND FCA ART THE QRSERVED A%D CALCULATEN STRUCTURE FACTCRS.
§6 = ESTIMATED STANDARN DIVIATIAN DF -¥1B, DEL = /FOB/S - /FCA/.
* JNDICATES 77527 WEIGHTED DATA,

L FO3 SG6 DEL L F"R SG DEL L F33 SG D=L L F0B S6G BEL L FO3 SG DEL
HyK= 3, 3 1. 8¢ 5 -3 11 32 2 -1 T 35 2 -1 HeK= 5, O
3 224 11 17 4 182 17 9 HeyK=- 25 1 190 6 3 1 2 40 2 1
6 55 3 -3 7 99 5 19 1 71 4 -5 He= 3, 3 5 3.1 2
S 6 3 3 10 18 1 1 4 153 8 -5 9 69 & -3 8 11 2 -1
12 8 5 =2 HeK= 1, 1 T 38 5 -1 3 33 2 =2  HeK= 5, 1
HeK= 0y 1 N0 238 15 -85% 10 12 1 1 6 5 6 -=-2¢ 1 6 2 1
2113 6 12 3 157 8 15 HeK= 2, 2 9 6 2 1 4 33 2 1
5 57 3 4 6 16 1 2 01132 6 -5 H,k= 3, 4 7 15 1 -3
8 66 3 6 9 14 1 2 3. 12 &4 -3 2 18 1 =2 HeK= S5, 2
11 38 2 -0 12 g8 2 -9 6 13 1 1 5 4 5 =2% 0 35 2 -}
HyK= D, 2 HeK= 1, 2 9 9 2 -2 8§ 1T 2 -0 3 17 2 2
1 86 4 -3 2 15 1 =D HeK= 2y 3 HyK= 3, 5 6 4 4 2%
4 128 T =2 5 3 2 =2 2 32 2 3 1 4 4 - 3% HsK= 5, 3
T G656 5 ' 5 8 45 2 -1 5 9 1 -1 4 13 1 2 2 7 1 -4
13 16 1 3 11 22 1 -1 8 19 1 -0 HeyK= 4, 0 5 5 2 0
Hy,K= 0, 3 HyK= 1, 3 HeK= 29 4 1 37 2 2 Hy K= Se 4
3 74 4 11 1 28 2 -4 1 5 2 -1 4 107 6 1 1 4 5 3%
6 6 1 1 4& 87 4 -2 4 44 2 0 7 46 2 4] HyX= 6, ¢
g 16 1 -1 7T 57T 3 -4 7 21 1 -2 1D 7 1 3 0 39 2 -0
HeK= D 4 10 7 2 0 He= 24 5 HeK= 44 1 3 19 2 2
2 3 1 2 HeyK= 1, 4 3 19 2 2 D 85 4 0 6 2 5 -2=
5 5 2 -1 3 39 2 -1 6 4 3 -4 3 45 2 -8 HyK= 6, 1
8 21 2 2 6 15 1 1 HeyK= 24 6 6 g8 1 3 2 8 2 -4
11 1 1 -1 ) 6 2 -2 2 2 & -8% 9 3 4 -=-2% 5 2 4 =-2%
HeK= Dy 5 Hy¥= ) 5 5 ) 4 -5% HeK= ) 2 HeK= 6, 2
1 9 1 0 2 23 1 1 HeK= 34 23 2 32 2 -0 ] 4 4 3
4 53 3 2 5 8 4 -3 0 135 7 3 5 7 3 1 4 11 1 -1
7 21 2 -3 2 13 1 2 3 195 6 -7 8 9 1 =2 HeK= 6, 3
12 3 5 2% HeK= 1, 6 6 17 1 1 HeK= 4, 3 0 12 1 2
Hy= 3y 6 1 6 6 3* 9 10 3 -1 1 -5 5 4% HeK= 7, &
3 22 1 ) 4 23 1 3 HeK= 3,4 1 4 22 1 -1 1 3 5 . Z=
& 8 2 -2 T 12 1 2 55 3 =2 7 11 1 =2 4 14 1 1
HyK= 0, 7 HoK= 1, 7 S 23 1 =2 @ HK= &4, 4 HeK= T, 1
2 T 2 -5 3 8 1 1 8 26 1 -3 0 22 1 1 0 14 1 2
5 3.5 =3x% Hek= 24 O 11 17 1 -1 3 11 1 1 3 9 1 4
He K= Qe 8 2 &5 3 -2 HyK= 3 2 6 6 1 1
1 5 & 4% 5 4 1 ] 1 23 1 1 HeK= 4, §5
HeyK= 1y 2 8 54 3 -1 © 78 4 -1 2 3 5 -=3%
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