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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the

“ United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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 rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not .
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. ' ‘
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Previous x- ray structural work has shown the compounds F11XePt and
F1:XeAs to be XeF5 salts. The structure of the arsenic compound, how-

ever, was never'vcompleted to satisfaction and remains unpublished. In.

-the structure of the platinum compound, the residual value of 0.14 was

- sufficiently high to allow the poSsibility of the incorrect space group

having been chosen. Even allowing the correctness of these structures,
howeverji their precision were Sufficientlyiliéw that they.failed to-pro-
vide decisive information on one important bonding feature. The relative
bond lengths of the apical and equaforial F-Xe bonds in the XeFs' cation
has relevance to the various bohding models‘for this and related species.

The previous structures did not establish significant differences for

») S ) S

these bonds. s

e

X-ray powder data and infrared spectra of the ruthenium and iridium
compounds suggested they might be isostructural with the'platinum com-

plex. Furthermore, 51nce crystalllne XeF6 can be formulated as XeF<tF7,
\

© e

all theil lﬁadducts are probably XeF5 s'lts.’ In an endeavor to obtaln

T

e .
a ﬁore prec1se °tructure, the ruthenlum comp]ex Fi1:1XeRu was selecued.
This compound prov1des for a greater relatlve contribution of the

' i ‘ 4 S ' . :
fluorine atoms%yo the x-ray scatitering than in the platinum compound
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because of the lower scattering factor of futhenium relative to platinum.
The lowei x-ray absorption by thé ruthenium compound was also advan-
tageous.v

Thé crystal étructure of the ruthenium compound has been deter-
mined with sufficient precision to eétablish that the axial Xe-F bond
in XeF5+ is significantly shorter than the equatorial. The 5ond lengths
_ are compétible with simple banding modeis.

In an effort to explore the relative fluoride ion‘donor properties
of Xng and XeFg toward RuFsg and the possibility of mélecule-ion adducts,
asvalreédy observed in XeFzo+XeFg*AsFs and Xng-EXer-QAst,‘the system
Xng/XeF5+RuF6' was investigated. No mixed valence compounds were ob-
tained, nor was XeFg displaced from XeF5+RuF6; by XeF-. These results

support predictions based on previous experimental evidence.



I. INTRODUCTION

-The chemistry of noble gas compounds evolved in 1962 as'a resuit
of Bartlett's discovery that xenon gas could be oxidized with platinum
hexéfluoride vaporito produce. a platinu? complex fluoride.l Since then,
many new types of xenon compounds have %een prepared by cbmbining the
noble gas atom with highly elecirqnegati;e ligands.g In addition to
its high electronegativity andvsmall size} thérmodynamic considerations
indicate fluorine to be the most favorable ligand with which to prepare
noble gas c0mpounds.3 Fluorine will.form stronger bonds with noble
.~ gases, and its compounds will be ﬁhermodynamically moré_stable than
those forméd from other halogens, oxides, or other highly electro-
negative ligands. | |

Xenon difluoride was'originally synthesized by two independent .

5,6

and has since been'prépared by various methods.7’8’9 Soon

groups,
' 11,12,13,1u'we

afterwaid, xenon tetrafluoridelo and x=non hexafludride re
reported.

A_variety of XeF- complexes have been prepared,_and the difluoride
established as a fluoride ion donor in providing bo_th.Xeng+ and XeF
salts. It has been demonstrated that the tetrafluoride is a much
inferior fluoride ioh donor,_but, curiously, the hexafluoride is a
better:fluoride ion donor than the difluoride.15 |

16,17,18

Reported derivatives of the hexafluoride include XeFgAsFs,

20,21

XGF6SbF5, 19 XerPth, . Xer:[I'Fs, 15 XeFgBFs ,,16 XeF6G6F4, and

The two XeFcMFs structures that have been done to date indicate

that'these compounds are XeFs' salts and suggest apical Xe-F bond

shortening. The data, however, are inconclusive on the basis of

e
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reported standard deviations. Previous x-ray structural work on
species geometrically similar to the XeF5+ cation do show shortening
of the Xe-F apical bond. These results, as well as the two previous

XeF5+ structure results, are tabulated bglow in Table I.

TABIE I.

 Bond lengths (&) and Bond Angles (degrees)
with standard deviations given in parentheses.

TeF;”  IFs (XeF5')PtFg”  (XeFg)AsFg”
- M-Fg 1.84(2) 1.817(20) 1.81(8) 1.79
M-F,  1.96(2) © 1.873(5)  1.88(8) 1.82
Fa-M-Fp  78.9(1.6) 80.9(2) 79.0(4) 70. 4
Reference 2l 25 21 26

It was gbnsideredvljkely that the ruthenium_XeF5+ stiugture analysis
would eliminate existing ambiguitieé;

Earlier wdrk has shown that xenon difluoride forms molecular
adducts with XeF5+ Speéies. To daté.Bartlett and Wechsberg have
prepared and isolated the 1:1:1 and the 1:2:2 adducts in the XeFo/

XeF6/AsF5 system.27 These were prepared by simply fusing the neat

components in appropriate molar ratios in Kel-F tubes under nitrogen'

oot ‘ i
T Raman data showed these to beTmolecularvcom—

1

plexes, the structures of which aré compatible with xenon difluoride

‘ 2
atmosphere at 85°C.

. i L . _ : ] + -
bond polarity. The occurrence of molécular XeF, in the XeFg AsFg

structure adds further support to the greater fluoride ion donor

o : o :
! It was of interest to

ability of XeF6 as compared to Xng.



»investigate the possibility of XeF- adducts in the XeFg/RuFg system
to see if XeFo and XeFg exhibit similar F~ donor properties'in this

transition metal system.
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II.  EXPERIMENTAL

- A. General Techniques

Moisture.and air sensitivity as well as the high oxidizing
power of xenon fluoride complexes require special handling.
Campoﬁhds were prepared on.a metal vacuum system as préviously
descriﬁ’ed,28 in Kel-F or monel vesseis. Sample:manipulétion was
carried'éub in a Vacuunm Atmospheres-Corporation_Dri-LaB suppliedﬂ
with hitrogen as the inert gas.

For x-ray powder and single crystal wdrk,'the specimeés were
packed in dry quartz capillaries in the Dri-Lab atmoSphere,’sealed
temporarily with KQl-F grease, then sealed permanently with an
oxygen torch upon‘removal to the air. A Shortaée of commercially
made, thin:-walled quartz capillaries necessitated hand blowing
our dwn.- These handmade capillaries IAter caused.problems with
date collection; their thick, and uneven walls resulted in very
high and inconsisteht_backgfound counts.

. Samples. used in taking infrared spéctra were sealed between

silvér'chloride windows of a prefluorinated Kel-F infrared cell.

‘ .



. B. Preparation of F;1RuXe

‘This compound was first successfully prepéred by Sladky from
a xenon, fluorine,vRuFS mixture ﬁsing an excess of fluorine gas.29
AS'é_simple alternative, we synthesized the compdund by flubrinating
a saﬁple of XerRuféJprepared_earlier in this laboratory by M.
Geﬁis$. 

Preparation. Using a 1 liter ballast, fluorine (h66'torr)

waévlafgely transférred to a préfluorinated 45 ml bomb at -196°C
co‘nﬁaining XeF*RﬁFG' (1.00 g.). The bomb was heated 1k hoﬁrs in |
a#?and bath at 350°C and slowly coolédbto room temperature. Excess
fluérine was pumped off at -196°C.

Characterization. The r¢SUlting compound remaining in the

bomb was avpale green powder (m.p. 136°C) which gave an x-ray powder
pattern corresponding exactly to that obtéined previously.by
Sladky for XeF6:RuFs. The infrared spectrum bf the po&der betﬁeen
AgCl plates showed strong lines at 699 and 6Q7 cm;l. Other
| chafacteristic bands appeared at 675, 295, and 222 cm-l, in order

of deéréasing intensities. Theée résults are also in agreement
'with:the findings of Garrison.30 On the basis of freqﬁency and
intensity, it is possiﬁle that the 69‘8'cm_l band Qoirespbhds to
lines at 687 em™t in the’iridiﬁm compound, and to 677 em™t in the
plqtinﬁm analogue, all of ﬁhiéh are the defivatives of the V3

octahedral mode for the MFg~ species.
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C. XeFz Complexes'with'XeF5+RuF6'

Ppe’parafion of a molecule-ion adduct of XeF» with XeFs'RuFe”
was éttempted by fusion of the neat components with varying
conditions of bressure and temperature.

-Preparation. Following the procedure outlined in the Ast

27

complex synthesis; XeFo (1 mmole)_and‘XeF5+RuF6- (1 mmole) were
crushed and.miged togétﬁer in the Dri-Lab using an agate mortar
and pestal. The mixture was tfansferred to a Kel-F tubé'and shaken
.vigorously.to further enhance homogeneous mixing.  The tube was
heated to a.temperature of 105°C for 5 hours under nitrogen atmosphere
in an oii bath. Since the color of the substénce as seen through
the tubé changed from pale to dark green, it was assumed a melt
had been obtained at 105°C. After slowly codling the tube to foom |
temperature, the proauct appeared unchaﬁged from the starting =
materiai.' Powder patterns of this product matched those ofv
XeFstRuFg™. No XeFz lines were observed.

Two subsequent attempts at fusing‘the neat components at
120°C and 140°C produced similar powder patterns of very intense
Xer{RuFa' lines. In both cases there was no indication of the
presence of molecular XeFo-. Xenon diflﬁoride had apparently
..sublimed out, and large white crystals characteristic of xenon
diflﬁoride adhered to the tops of the Kel-F tubes. One such
crystal was mounted on a precession_éamera and identified as the
XeF.» tetragonal species.

~Finally, the synthesis was attempted using HF solvent to

insure homogeneous mixing of the components. The powder pattern
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of therproduct shoWed no evidence of complex formation or any
XeFz-ion interaction. |

Failure to produce a new phase from the Xng/XeF54RuF6-
mixtureé-by these methods indicates that there is unlikely to be

a strong interaction between XeFo and XeFs' in the fluororuthenate.
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III. THE CRYSTAL STRUCTURE OF Fy;XeRu

A. Single Crystal Growth

Well—forméa single erystals of FllxéRu were grown in sealed
quarﬁz éapiliaries by sublimation. Clear tablet-shaped crystals
sublimed in situ after heating the capillaries for three to five
days at 120°C in.a Variac cont;olled furnace designed and built
by D. Gibler and illustrated in Figure 1. The nichrome wire was
coiled in such a way as to provide a temperaturé gradient.

The single crystal chosen for this x-ray work, however, was
grown by in situ sublimation under reduced pressure; The capillary.
was sealed under 1 atmosphere nitrogen pressure in the dry box.
Apparatus for this procedure consisted of simply attaching to a
vacuumvline a Pyrex tube containing unsealed qﬁartz capilla;ies
loaded with minute amounts of the rﬁthenium salt. With the tube
under dynamic vacuum, the temperature was confrélled at approximately

Gi°C. TFigure 2 illustrates this apparatus.



Figure 1. - Varlac controlied Pyrex furnace, Nichrome
wire provides temperature gradlent over which crystals
sublime. ‘ :

\_) N
Figure 2, .Apvaratus for growing crystals 1n near-vacuum

atmosphere. ‘Sumple 1s kevot in evacuated tube as it is
being heated by a Variac controlled furnace.
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B. Crystal Data

A clear, tablet-shaped crystal of dimensions 0.15 x 0.06 x
0.10 mm fixed to the sides of a sealéd quarﬁz‘capilléry,was
oriented -on a Nonius goﬁiometer head with its ¢ axis parallel to
the fotation éxis of the capillary. From film precession and
Weissenberg photographs, the space gioup and cell dimensions were
determined. These photographs exhibited orthorhombic symmetry
- with systematic absences Okﬁ; k + z.= 2n and hkO, h =‘2n.

Crystal cell dimensions from the films were refined by a least

. squares analysis of high angle diffractometer data to be:

'17_.771(10) B

a8 =
b = 8.206(10) &
e = 5.617(10) A

The com@ound was refined in the>centrosymmetric Space group Pnma:
(numbér 62) after spot-checking intensities of reflections in
 th and hkf made the non-centrosymmetric space group Pna2, less -
‘likely. For this compound, U = 773.027 K3. For.four formula‘
units in the celi; the calculated density is 1.896 g/cm3. |

Sets of symmetry equivalent positions for Pnma are given in Table IT.



TABLE IT.

Symmetry Relations for Space Group
o Pnma

(origin at 1)

Number of ' Wyckoff Point Coordinaetes of Equivalent ' Conditions Limiting

hositions Notation Symmetry © Positions Reflections
8 d 1 X,¥525 BHK,3-Y,3-25 X, 4,25 5-X,¥,5v2 Okl: k+l = 2n
by 1 l,,. 1 .1 1 ‘ . . '

Xy¥s25 2-X,2%Y, 525 X,5-Y,2; tX,¥,2-2 ~ hkO: h =2n

3
L ¢ m X,3525 3-X,T,5+2} 3K, %, 5-2

b | b 1 o O:O:%B O:%}%5 %,0,0; %:‘5:0 hkl: h+l = 2n

, ‘ k=2n

' i : ' e X . l‘ .l, 1 1 1
-k : o a 1 : 0,0,0; 0,3,05 5,0,35 5,3,3

—'t'[-



C. Structure Determination S .

Diffraction data wére collected on a Picker automatic
diffractometer using Mo-Ka radiation, A = 0.7107 A. Six high
angle reflections éentered at a 3° take-off angle were used as
the;bésis for a least squares refinement to give the final cell
constants, which are tabulated in'Sectidn B.

',Intensities of the form hk£, hkf, and hE2 were collected
for 26‘§ 55° using a 6 —26 scén at a rate‘of‘l° per minute.
Intehsities of three strbng standard reflections were coliected
evéry 150 reflections and showed no sign of decompoSifion during
daﬁéICOllection.

A'total of 2948 intensities were recorded which were éveraged
| to give a data sgt of 960 independent reflections. IaVe is simply
an-arithmetic average, Iafe = Zi/N, where N 1s equal to the number

of reflections. The standard deviation, o(I_. .), is calculated

ave

. A Y
from the formula O(Iave) = [2(¢®) 1?/N. Also, S = [0(Z5%) 13/N-1,

where 8 = (I . - I ). The standard deviation, o(I__ ), is
_ obs ave . ave

used in all cases éxcept when S > 0; in which cases the vaiue for

. S is used.

Anomolous dispersion, Lorentz and polarization corrections

were applied, and net intensity was calculated from the relationship:

i

I = C - (B + BE)(TC,/ETb) s

where C represents the total recorded counts in scan time Tc and

By and B are background counts for time T,,. The standard

. . \ . :
deviation of the measured intensities is formulated as:
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o(1) = [+ (1,/20)3(8, + B) + (an)°J°

where q is an arbitrary value of 0.05 to prevent very small
‘relative errors in lérge.counts.

Values of FZ and o(F°) were calculated from I and o(I). By
the mefhbd of finite differences, the-sigma‘of the structure factor

is. determined from:

o(F) = F, - [F 2 - SG(’I)/LPJ% ;

' L
where S is the scaling factor in F_ = (sI/1p)°. When 1. <o(I),

i 1
o(F) becomes [So(I)/Lpl2. Refinements were carried out using
Zalkin s unpublished version of a full-matrix least squares program

whichvminimiZes the function
R = Sw([F| - [F )%/ swlF,|? .

F, and Fc are magnitudes of the observed and calculated structure
factors, and the weighting factor w = [o(F)]72. Anisotropic

temperature factors of the form
L2 .2 2 . ‘
exp(-B11h" - Book™ - B33l - 23:2hJ - 2B13hl - 2Bzskl)

were used. The Bij values reported are related to the B's in the

above expression by the relation
U - {%g 0%
ij hBij/al aj*,

in which ai* is the ith reciprocal cell length. All atoms were

considered to be in their neutral valence state, and Cromer's
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scattering factors were used for all atoms.3l No absorption
»
correction was applied.

All calculations were done on a CDC-6600 compﬁter using
unpublished versions of least squares, FORDAP and other pfograﬁs
_written and revised by A. Zalkin. Molecular and Stereoscopic
dfawings were done using Jognson's ORTEP.program;32

| Since there was evidence to support that Fj;i XeRu is iso—
structural with the platihum compound on the basis of x-ray powder
patterns and infrared spectra, initial atamic parameters Qére taken
from the platinum si:,ructu;r'e.gl Positions of fhe heavy atoms weré
verified from a three-dimensional'Patters§n analysis. A difference
Fourier verified positions of the fluorines, showing six to be in
a closely octahedral arrangement around the ruthenium aton. Three
cycles of a full-matrix least squéres refinement on 737 reflections
having I > 10 yielded a residual index of R = 0.083. Allowing
anisdtropié parametefs for the heavy atoms‘reduced the residual
to 0.074. Finally, a fuil-matrix fefinement with all atoms
“anisotfppic gave an R of 0;062. At this point, limiting the
refinement to the 556 reflections where I > 30 reduced R to a value
of 0.0k2,

Ihe intensity of one fluorine peak Qas determined from a .
final Fourier electron density map. vfhe highest peak on a final
difference.Fourier proved to be only 0.0% the intensity of one
fluofine peék taken from the Fourier, thus accounting for all
atoms. Final positional parametefs and:temperéture factors are

_givén;in Tablgs Ili and. IV, interatomic distances are tabulated in

Table V, and structural angles listed in Table VI.

e e e -
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TABLE III.

Final Positional Parameters’ (k)
with Estimated Standard Deviations

*in fractional cell coordinates.

Atom X y 2
Ru .54318(7) /4 .22046(24)
Xe .34978(6) /4 .70090(23)

F(3) SH1TE(39) L7539(78) .22713(146)
F(k) . 18802 (6k) /4 ’ .51096(183)
F(5) .59210(61) 1/h .06886(22)
F(6) .63925(56 1k .37393(218)
F(T) . hho8(52) 1/4 .06797(167)

. F(8) .34575(50 .09389(83) L46413(149)

F(9) -31279(50) -0955L4(90) S911LT(157)
7(10) .2h562(56) 1/h4 | .62895(267)



Atom

Ru
Xe
F(3)
CF(W)
F(5)
F(6)

F(T)

7(8)
F(9)

F(10)

Anisotropic Thermal Parameters (

Bi1

2288(53)
2094 (L4 )

5043(351)
3568(492)
3185(490)
2122(415)
29h6(435)
6074 (480)
5795(L437)
1294(389)

TABLE IV.

multiplied by 10~

: _and Estimated Standard Deviations

Boo

S 1832(Lk6)
- 316L(L4T)

2256(246)
3753(42k)
5756(582)
4252 (LET)
3206(389)
3449(326)
4323(382)
7296(694)

- B33

2116(58)

2926(55)
4296(353)

. 2575(465)

L2k2(625)
L673(615)

2121(395)
3614(379)

4800(438)
8357(863)

Biz

0

0
43118(227)

0

0

0

0

0

'-8672(308)

0

3

) in_./i2

Biz

-1715(4k)

-3717(37)
-7933(295)

- =97(347)

1281 (429)
-6300(367)
-3067(317)
[1639(317)
925(329)

-2292(465)

B23

0

| 0
5958(275)
o

0

o0

0

0
8310(319)

O .



Ru

Ru
Ru

Ru

Xe
Xe
Xe
Xe
Xe

Xe
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TABLE V.

(-]
Interatomic Distances (A)
and Their Standard Deviations

Bond Distanée:
- F(3) 1.850(7)
- F(k) ©1.876(11)
- F(5) 1.820(12)
-'F(e) : 1.827(10)
SF(T) . 1.867(9)
- 7(3) o 2.924(7)
- F(4) 2.552(11)
- F(7) 2.601(9)
- F(8) 1.848(8)
- F(9) 1.841(8)

- F(10) 1.793(8) E
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TABLE VI.

Ihteratomic Bond Angles
and Their Standard Deviations

Angle
F(3)-xé-F(10)
F(8)-Xe-F(&)
F(8)-Xe-F(9)
F(8)-Xe-F(1o)
F(7)-Xe-F(10)

F(l4)-Xe-F(10)

Ru-F(7)-Xe
Ru-F(3)-Xe
Ru-F(4)-Xe

e

F(4)-Ru-F(T)
F(4)-Ru-F(6)
F(5)-Ru-F(6)
F(5)-Ro-F(T)
F(6)-Ru-F(75
F(4)-Ru-F(5)

1129.59(.30)
87.78(.25)
88.LL(L41)
78.59(.43)
140.57(.65)
142.26(.69)

154.86(.29)
139.91(.22)
14k . 26(.34)

87.76(.53)
91.&0(.61}
91.36(.56)
89.48(61)
179.16(.81)
177.24(.79)
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IV. RESULTS AND DISCUSSION

A. Description of FiiXeRu Structure

Final values of atomic positions and caléulated bbnd angles
are consistent with the cation énd anion formulation XeF5+RuF6-
as shown in Figures.3 and 4. A stereoséopic drawing can be found
in thé Appendix, Figure 5.

Six fluorine atoms around ruthenium form é slightly distorted
octahedron, the Ru-F bond lengths ranging from 1.83(6) to 1.88(5) &,
and the angles ranging from 88° to 91°. The two Ru-F short bonds
are trans to the elongated bridgeé. Most probably the ocfahedral
‘RuFg~ anion exhibits this slight distortion because certain fluorine
atoms of the RuFg group are attracted more strongly than otherS'h
-to the xenon aﬁoms. |

The xenon is surrounded by five'close‘fiuorines in a
square pyramidai arrangement. Xenoh sits\slightly below the
planar base of this pyramid, making the cation umbrella shaped;
the angle Faxial—xe—Fbasal is less than 90°. Thg four basal Xe-F
bonds are approximately equal in lengfh, but the apical Xe-F
distance is significantly shorter, 1.79(8) K..

The XeF5+-ion is cdordinated to four Rqu_ anions. One fluorine
.atcm of,eaéh RuFg is bridging to xenon. The four bridging fluorines
are so arranged as to avoid the four—fold-axis of the XeF5+,
indicating that a Sterically actiﬁe lone pair lies along that axis.
This is consistent,with an isolated cation having a_molecular
geometry very similar to its isoelectronic relative, 1T, as 

illustrated in Table I.
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The fluorine bridge interactioﬁs afe of interest. Two of
| these, F(3) and F(3'), are fluorine atoms which have like species
in trans positionnin the RuFg group. The cher two bridgiﬁg
fluorine atoms, F(4) and F(7), arevin cis relationship in the
RuFa;. It is notable tﬁat'the cis related bridging fluorine étoms
make closer contacts with the xenon atom. |

'The_xenon coordination includes,'thereforé, nine fluorine
atomé, ﬁen-if the non-bonding electron pair is also included,

as illustrated in the figure below.

F(3')
{
!

F(9')  p(10)! B(8")

' [

B Xe LW

1 .

F(9) i F(8)
f
F(3)

The geometiy is essentially that of a capped Archimedian

antiprism.
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An interesting feature of the XeFs" cation.is the high
thermal motion of the axial fluorine in the plane parallel to
that of the basal fluorines. The aniSotrdpié temperature factor
in the 81: plane is 7.295 as compared to a value of 1.294 for
thermal motion in the P2z plane. In other words, that axial

- fluorine islgreatly constrained to vibrate only in one plane.
Johnson's ORTEP30 program represents this thermal motion by an
ellipsoidal shape based on 50% probability. A more realistic
picture-of the shape of this high thermal mbtion was obtained from
a érude hand plot of electron density taken from a Fourier analysis
in the region of the axial fluqrine. Looking down the F(lO)—Xe‘
bond, the thermal motion of F(10) avoids the area of the basal

fluorines:

The packing diagrams shown in Figure 6 and in Figure 7 of the Appendix‘
?somewhat illustrate the constraining effects imposed Qn-the axial

‘fluorine by other surrounding atoms.
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Figure 6
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of the one non-bonded electron pair tends to repel the four basal
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B. Bonding Models Compatible with XeFst Geometry

1. Electron pair repulsion model. _GiileSpie's valence shell

33

electron pair repulsion theory™~ assumes that each fluorine bond

to the xenon involves an electron pair and that all non-bonding

valence electron pairs have steric effect. Basic to the theory

" is the condition that the repulsion of non-bonding electron pairs

is greater than repulsion of bonding electron pairs. Electron pair

separation is thus maximized. Xer+ has six electron pairs, five
bonding and one non-bonding. Using this theoretical model, the

EN . ' .
XeFs cation is viewed as a pseudo octahedron, the non-bonding

valence electron pair occupying one of the.octahedral sites and

each Xe-F bond involving a bOnding electron pair. The repulsion

¥

Xe-F bonding electron pairsbby pushing them up and out. This accounts

for the F Xe-F angles of less than 90 and the Fb-Xe--Fb angles

v
S

of less than 180°.
“\\\\ ]

{_@\
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In addition; since the unique fluofine bonding electron pair
interacts -at about 90° with four bonding electron'pairs, whereas
each f]ﬁorine atom of the square planar arrangement interacts with
one noanqnding pair plus three bondihg pairs, the:repulsioh
experienced by the latter basal fluorine bond pairs ié greater
than for the axial fluorine. °Consequently, the valence electron
pair repulsién theory also suggests a somewhat shorter axi;l bond

and thus is compatible with the observed XeFst cation geometry.

2. Molecular orbital treatment. Simple molecular orbital

treatments of the bonding in xenon fluorides as'proposed by

34 35,36

Piment&l~ and Rundle involve only 5s and Sp orbifals of the
valence shell to form sigma-type bonds. These and other aﬁthors
hold that the use of orbitals higher than valence shell is unlikely
in view of very high promotional energy.37’38’39

In the case of XeF5+, three 3-center molecﬁlar orbitals are
generated ffom the xenon 5pX and a pr prbitai'of each fluorine ligand
in co-linear disposition. The xenon atom contributes two electrons
and each fluorine contributes one electron to this p-éigma sjstem,

leaving the antibonding molecular orbital empty..

OO OO O wmwme
OO @0 OO
O@ @ O D @ bonding

)
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As shown in tﬁe_diagram,-two electrons occuﬁy the bonding 3-center

molécuiaf‘orbital, and -two occupy the ﬁonbonding molecuiar ofbital,
The latter places electron density primafily on the fluorine atoms.
This gives the Xe-F bond semi-ionié characte:tc',,+O the xenoh atom

being positively charged and the fluorine atom negatively charged.

(-1/2) F o F (-1/2)
) | “'\ o /
(-1/2) F / X \F (-1/2)

AN

Thus, the unique fluorine atom is considered bound to the #enon
atamn by a conventional electron pair bond and pairs of opposite
‘ fluorine atoms in the sduare‘base are bound by weaker 3-center
L-electron bonds. |
Although the polarity will enhance the bonding on the three-
_cenfer bonds, there is, nevertheless, the expectation from this
‘model that the F_ . .-Xe electron pair bond will be stronger (hence
shortef) than the Feq-Xe bohds. This three-center bonding is
ideally characterized with a linear F-Xe-F bond. In this structure,
however, the angles of this boﬁd are less than 180° as predicted

by valence electron pair repulsion theory.
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3. Bilham and Linnett Model. The bonding mbdel proposed by

Linnett and Bilham&l is very similar to the electron-pair repulsion

model described earlier. Instead of describiné Xe-F bonds as

o+

p)

includes two electron pairs, the axial Xe-F bond and the non-bonding

electron>pairs, however, Linnett'é description of the XeF speéies
electron pair, and four one—electron.XeaF équatorial bondé;

Such a picture of electronic structure is developed on the
basis that each atom will have an octet of electrons composed of
two spin sets of four. Normally, to. minimize electron repulsion,
each spin set of four is tetrahedral, but Linnett relaxes this
condition somewhat for heavief atoms.

In the case of the XeF * cation, we can formulate a Linnett

5

. X
representation by beginning with the - XXey F+ electron-pair
. . . x

bound species. TB this add four fluorine atoms, each‘atom acquiring
a share in.a xenon eiectron: Xee—>»TF. Thus; of the eight xenon
electrons we can visualize two (a spin pair) donated to F' and four
(singly) donated to four fluorine atoms and a non-bonding spin pair
remains. The geometry anticipated for the group XeF5+.is then one

derived from the six electron-group array: one noh—bonding electron

pair, one bonding pair, four single electron species.

Bonding
F ¢ & F
‘X © F ¢ X xF
,XXeX Xe

x«. . ‘x .
_ Nonbonding
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The geometry which places the electron pairs trans in an
-octahedron appears to be the most favorable. Thus, a square-based
pyramid geometry is again suggested. As in the electron-pair

repulsion picture, the equatorial fluorine ligands;will be pushed

i upwérds by the non-bonding electron pair. Furthermore, the'Fe -Xe |

q
bonds should be more polar; and alsb, since they are single electron

bonds, should be weaker than the F, -Xe bond. The Bilham and

xial

Linnett model, therefore, has in it elements of both other ﬁodels.

k. valence bond model. 1In constructing a valence bond modelug

for the bonding in XeF5+, we begin by determining the ionic formula-

tion that will give the maximum number of possible vélence bonds,

3+
3 3] J

30 has a pyramidal structure and preserves the octet around

namely; three. This ionic formulation is [XeF ]3+[EEJ- . [XeF
like SbF
xenon. This ionic description provides the maximum number of

possible resonance forms with the observed geometry if the two

fluoride ions are attached symmetrically:

F F
, ax ax
X e xe
’,6“‘ / .
’¢ . \‘
F ‘F F

Here the axial Xe-F bond 1s an electron-pair bond, and the two

fluoride ions make their approach along an axis co-linear to the

3+

Xe-F bond in the pyramidal'XeF3 ion in order to generate maximum
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fésonance energy. The equatorial Xe-F bohds are the resonance
hybrids of (F-Xe)+°-;~F—, and F—-‘--(Xe-F)+ipairs.

Thus, as in the Pimentel-Rundle and Linnett models, the Feq—Xe
will be a semi-ionic, single electron bond, and similar expectations
| apply té the Xerf geometry. Interestingly, all models, including
the valence electron pair repulsion mbdel, are.consistent with the
obserQed catipn geometry. Since the Fax—Xe bond length is not
markedly shorter than the Feq-Xe length, the theories must be made

much more quantitative for a good choice to be made.
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C.' Fluoride Ion Donor Properties of'Xer with RuFg

Earlier wbrk has shown that XeFg is superior to XeFz as a
fiuoride ion donor.15 The pfeviougly described work helps to
support the view thatvthe XeFg adducts with fluoride ion acceptors
are XéF5+ salts.‘ XeF4 does form compognds with the Best fluoride
ion acceptor, SbFsh3 but no‘evidence for the -XeF3+ ion presently
exists; ‘ ’ - o

The extremely good donor prOpérties of XeFg and the peculiar

stability of the pseudo-octahedral geometry of the XeFS+ cation

are compatible with the enthalpies of ionization associated with

thése reactions.
 0ur,experiments in the XeF5+RuF6-/XeF2 system support the earlier |
contention that XeFz is not capable §f displacing XeFg from its salts. - |
Furthermore, xenon difluoride does not form an adduct with XeF5+ in
the Rqu— case. Although there is no satisfactory explanation to _ 1
account for the absence of an adduct here, in contrast to the
XeF5+AsF6- behavior, it may be Eorrelated with the fact that the
anion.in one caée is a transition metal MFg and in the other case
not, d—ofbitals on the ruthenium can provide for pi-bonding of
the fluorine ligands of RuFg , whereas in AsFg adducts this is ' *-ﬁ
lessllikely to be so. This may be the reason why the XeFs cation
in XeFs RuFg  is coordinated to four RuFs” ions, whereas in XeFs AsFg”
there are three bridging fluorine atoms (of thz anion). Of courée,
the_differénce in cobrdihation of the XeFS+ in the two cases may also

be résponsible for the difference in XeFp» adduct formation.
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APPENDICES
Figure 5. Stereoscopic drawing of the XeFs RuFg unit.

Figure 7; Stereoscopic packing diagram of 1.5 unit cells of

XeFs RuFg .

These stereoscopic drawings were done using Johnson's ORTEP program.



L Y Y A

-35-

XL 716-6472

Figure 5
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