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THE’CRYSTAL STRUCTURES'OF [XeF]+[RuF6]- and.[XeF5]+[RuF6]-

, . by o
N. Bartlett, M. Gennis, D. D. Gibler, B. K. Morrell and A. Zalkin

ABSTRACT

-tRuthenium pentafluoride forms complexes with\Xer and with XeF6
- but not with.XeF4. The .compound XeRuF7 is mondc]infc with a = 7.991;

11.086, ¢ = 7.250 (all + 0.006)R, 8 = 90.68 (+ 0.05)°; V = 642.2 &3,

b
z=4,d; = 3.78 g cm™3. Refinement has proceeded satisfactorily in
space group Eg]/g, using three dfmensioha] graphite monochromatized

MoKa X-ray déta. With anisotropic temperature factors for all atdms,‘a.
tfina] conventional R factor of 0.07, for 1044.1ndependent'%ef1ections,v
~for which T > 20(I), was obtained. | The crystél contains discrete XeRuF7
| units in wh1ch the xenon atom is approx1mate]y 11near]y coord1nated to
two fluorine atoms (F(1)-Xe-F(2) = ]77 1(1.2)°), one of which (F(]))
bound to the xenon atom alone (Xe F(]) 1. 872(17)3) and the other.
(F(2)) shared (Xe-F(2) = 2,182(15)A)vw1th the ruthenium atom to which itt
is closely coordinated (Ru-F(Z) = ].919(13)3). The other five fiudrinev
atomé, complete, with F(2), a distorted octahedral coordination of the

Ru atom, with the Ru-F interatomic distances: -F(3), 1.778(16); -F(4),
1.781(12); -F(5), 1.789(13); —F(6),.1.820(]4) and -F(7), 1.835(13), the



Ru- F(3) bond being trans to the Ru-F(Z) bond Tne angle XefF(Z)-Ru_=
137.19(46)°. o | o
XeRuF]] is orthorhombic withvapé 16 771(10).}b'¥'8 206(10),} |
= 5.617010)8, ¥ = 773.03 A%, 2 = 4, d_ = 3.79 gem "3, Data collec-
't1on and treatment was s1m11ar to that 1n the XeRuF7 case and reflnement
has proceeded satisfactorily in space group ana w1th a f1na] conven-
t1ona1 R factor of 0.042 for the 556 ref]ect1ons for wh1ch I> 30(1)
The structure reveals d1screte XeF5 and RuF6 un1ts w1th each XeF5 group
coord1nated to four RuF6 groups via one F atom on each RuF6 group _The
four Xe,.,F inter-group contacts,are 2.552(11),.2.60](9) and (twice) |
' 2.924(7)IZQJtThis-set,of four fluorine atoms, together_with’the'five'
fluorine atoms of the XeFg group,pack'in a distorted capped archimedian.
‘antiprism arrangement. The RuF, grOup is a s]ight1y distorted octahedron
wtth Ru F'distances‘ '-F(3)(tw1ce), 1. 850(7), -F(4), 1. 876(11), -F(S)
1. 820(]2), -F(6), 1. 827(]0) and Ru- F(7), 1. 867(9) A The.XeF5 group

a]most has £4v symmetry, with Xe-F(ax1a1) 1.793(8) and Xe%F(equatorial) =

(twice) 1. 841(8) and (tw1ce) 1.848(8) A. The angle F(axial-Xe-F(equa-
tor1a1)‘— 80° ] ' | o '

The crysta] structures are cons1stent with the salt formu]at1ons,
[XeF} [RuF6] and [XeF5] [RuF6] , the observed Jnteract1ons petween
~cation and anion being attributable to the unique1y'polariztng character_

of each of the cations.




s

- INTRODUCTION

An 1nvest1gat1on of the products of the interaction of xenon and

: f1u0r1ne w1th p]at1num pentafluoride, undertaken by Bartlett and Stewart

to he]p c]ar1fy the earlier studies, by Bartlett and Jhaz, of the Xe/PtF6»

and Xe/RhF6 sysfems, revealed that xenon(II) and xenon(VI) fluoride

comp]exes with Pth could be pfepared. CUriousiy; Xe(IV) complexes
T

~confirmed that XeF4 does not form eomp]exes with the known noble-metal

pentafluorides and they were able to exploit their finding to provide a_
chemical purification of xenon tetrafluoride.
~Since X-ray ‘crystallographic studies4 had shown the 1:1 XeF6.

complex with PtF, to be the salt XeF5+PtF6', the absence of a salt

eXeF3+PtF6'vimp1ied that XeF6 is a superior flucride ion donor'to XeF4.

On the other hand, the vibrational spectroscopic studies5 of the

. XeF,-MF. complexes indicated that they were, at least approximately, the

salts [FXe]+[MF6]f. On this basis, XeF4 was seen‘tq be inferior as a

~ fluoride ion donor to both XeF, and XeF6.

Crystal structure support for the Fxet MF6 " salt formulation was'

 c]ear1y desirable to confirm this peculiar fluoride-ion donor behaviour
- of the binary xenon fluorides. ‘However, the FXeMFG.compounds were also
of interest to us because the compounds FXePtF6 and FXeRhF are formed

when xenon interacts with the appropriate hexafluoride in excesjs?’5

Xe + 2MF6_+ FXe MF6 + MFs

The ruthenium compound, FXeRuF6 was chosen as the representative of

the FXeMF6 class, since the X-ray scattering factor for Ru is less

1

“were not observed. .In a subsequent investigation » Bartlett and Sladky ‘
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domihant tﬁan the Ir or Pt factors and the RuF5‘comp1ex is more réadily
prepared:ahd handled than its RhF5 re]ative. To hrdvide for a direct
cbmparisonvof‘thc.XeF+ and XeF5+ species, the crystal structure of XeF5+
RuFG'_was also carrfed.out,‘ A secondary purpose}qf,the lattér study was
to improve the description of the XeF5+ ion,_sihce the precision of the '

N , 4
XeF5+_PtF6 structure determination was rather low.

EXPERIMENTAL SECTION =~
The 1:1 Xng-Rqu complex was made by fusion, at 120°, of the
components, which were prepared as'pre§1ously describeds. Crystals of
~ the compound were grown by slow so]idification of minute quantities of |

the fused matekia] contained in closed quartz X-ray capillaries. An.

e]ectricél]y heated tube, with a smooth_temperature gradient-from 100 to

120°‘a1qng its length, provided for the crystal development.

The 1:1 XeFG‘—RuF5 complex was prepared by fiuorinating a sample of
the 1:1 XeF2-RuF5 complex with excess gaseous fluorine (460 torr) at
1350° overnight. The X-fay powder photograph'and.the mélting poinf'(152°)
agreed with the findings of_Baft}ett aﬁd Gib]ers. Crystals were grown
in quartz Xfray-capi11aries by sublimation undér reduced pressure. Thfs
was acgpmp]ished by placing quartz capi]]aries,lopen end uppermost, and
each'containing_é,minute amount of the compound, in a Pyrex tube which
was évacuated and held at approximately 94°, The quartz capillaries were
‘unloaded from the container in a.dry nitrogen atmos;here and were sealed

by drawing down in a small flame.



-5-

‘CRYSTAL DATA

7.991, b = 11.086,

642.2 A, z = 4,

XeRuF7 (md]7wt 365.36) is monoclinic with a

¢ = 7.250, (all + 0.006) A, g = 90.68 ¢ 0.05°, V
; |

and F(000) = 636.30. Sing1e.crysta1 precession photo-

4 =3.78 g cm . .
"graphs established the following conditions limiting possible ref]ections:

£ none; Q'O £, h+2% =2n; 0k0O: k= 2n. These indicated the space

"h
group Eg]/g (an alternate setting of space group No. 14 in the Ihtern?tiona]
' Tab]es7){ The structure was sutcessfu]]y refined in this spacé group;' |
;'(The'equivaient positions for this setting are: X,y,z; X,y,z; 1/2-x,
1/2+y, 1/2-z; V/2+x, 1/2-y, 1/2+z.) | v |

XeRuF]] (mo1e>wt 441.35) is orfhorhombic with a= 16;77],.§_f 8.206,
¢ =5.617 (all¢ ‘0.010)3 A, V = 773.03 23, ‘z_' =4,d = 3.79 ¢ c}m'v3.',v
' Sihg]é cryéta] precession andIWeisenberg’photographslestab1i§hedvthe
| fo]]owfﬁg conditions 11miting possible reflections: hk?, noﬁe: 0 E_gJ 
K+ &_b= 2ny; h k 0, h = 2n, indicating space groups Eb@g_or»Engg_ |

The structure was successfully refined in the former group (No. 62 in

the International Tables’).

" X-RAY MEASUREMENTS -

- A Piéker automatic four circle diffractometer, equipped with_a fine
focus Mo anode tube, was used for data collection. For each'crysta1‘r
high angle reflections were accgrate]y centered at a take-off ahg1e of
~2° and were used for a-ieast-squares reffnement of the.ce11 parameters.
Daté were co]lected énd treated as described inva_recent artic1e8- The
only differences from the previously desCribed proceedure for the data
treatment were in the choices‘for the value of g, thé arbitrary factor,'

employed to prevent the relative error for large counts becoming
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‘unrealistically small. A value q = 0.05 was asSdned fok.the treatment;

of the data from each crystal. o |

Zgggfj.- ‘The crystal used was an oval tablet, ~ 0.3 x 0.2 x 0.1 mm. vTWo
unique data sets, the -h, k, £ and the h, k, 2 werelco]]ected for

26 < 60°. 'Intensitites of two standards were collected at intervals of
every 60 retiections. A tota]vot 4137 intensity data were'recohded which

- were averaged to yie]d-a data set bf'1887 independent reflections. The
absorption coefficient u = 78 04 cm! , but, because of the irreaular shape of
the crystal and the absence of faces, no absorpt1on correction was made
'_erRuF1] A tablet of dimensions 0.15 x 0.10 x 0.06 mm (with c | )
approx1mate1y para]]e] to the capillary axis) was selected for the data
co]lect1on. Intens1ty data were co11ected for the sets of reflections:

-h, k,‘2 and h, -k, %, for 26.5 55°, Intens1t1es of three strong reflec-
tions were useddasvstandards end were recorded-every 150 relfections. |

They showed_no-change.during the period of data co]iectibn. A total df

2948 intensity data were recorded, which were averaged to give a set of

960 independent ref]ections.. The absorption coefticient u = 6576 cm"]

No absorption correction was made.

STRUCTURE REFINEMENTS

uThe ]east—squares program used in the structure hefinements was as
‘previously destribeds. Scattering factors for neutra1 fluorine, ruthenium, -
’and xenon were used as given by'Cromer and Manng.
- XeRuF,.- The positions‘of'the heavy atoms were determined from a three
d1men31ona] Patterson synthesis. The peakrintensﬁties dfd not support:
~ unequivocal assignment of the xenon or ruthenium atoms to the;tnovsets of

~positions. Both'possibi]ities were subjected to least-5quares refinement



and a]fhough'the agreement factor wasifdugh]y_the same'for the two cases
one showed‘]ﬁrge temperature factor anoma]ieé. A differehCe Fourier based
on thevother case revealed six peakg assignable to}f]uorine atoms, .in a
| :Inéar.octahedra].dispoéition about the Ru atom, wifh.a seventh peak,
attributab]e to a.F atom, approximately ZYK away fr0m‘the'Xe atom.
:Anothef ]eést-squares refinement including these fluofine atoms resulted
in a conventional R factor of 0.20 which improved to 0.13 when’thé.heaiy
atoms were é]]owed'aniSOtropic temperatdre factors, Further full matrix
refinements with all atoms anisotrbpiclgéve R : 0.09, R2 = 0.11.. “
“Examination of the observed and calculated structure factors showéd
. that the poorest agreement occurred with the low ang1é-h1gh ihfénsity |
reflections. Since absorption and extinctionlcorkectfbns’cou]d noflbe.'
reliably made, the lower angle data (sin 6/x f;O.ZO)vwas givén‘zerqj
weight in the.fina1 1ea$t4$duéres-refinements. This proceeddre resu1téd;
in R = 0.07, R2 = 0.08 and a standard deviation for an obsefvatioh 6f_
unit weight of 1.28. The nﬁmber of non-zero weighted data in this
refinemeht was 1044. The positional and thermalvparameters, reported

in the Tables I, are from this refinementlo. The Eo and Ec databfor XeFRuF6
(Table VI) and XeFSRu'F6 (Table VII) are given in the microfilm version |

of this paper.
ggggﬁll.- Since X-ray powder patterns and Raman spectra indicated
F]]XeRuvto be.isostructuraT with the platinum compo@hd; initial atomic

parameters were taken from the p]atinum strUctqré4

! A three—dimensiona1 
Patterson éna1ysis verified the heavy atom posjfions. A-difference o

: 'qurier eStab]ishéd the positions of the fluorine afoms to be similar

- to the>arrangement in the XeF5+PtF6— structure. Three cyc]es‘of a full
matrix least-squares reffnementIEmpioying 737 reflections having I > o(I)

yielded R = 0.083. Allowing ahisotropic parameters for heavy atoms
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reduced.R to 0.074. Fina11y, a fu]l-matrix'refineMent with all atoms
anisotropic gave a conventional R factor 6f-0.062.1 At this.point “ |

}1imitin§ the refinement to the 556 reflections where 1 > 30(I),reduced R -
o = 0.078 and a standard deviation for‘an observation of unit L
wewght 1 O8 The h1ghest peak on a f1na] d1fference Fourier proved to

to 0.042, R

be only 0.04 of the 1ntens1ty of one f1u0r1ne peak in the original Four1er.

Final pos1t1ona1 and therma1 parameters are given in Tab]e II]U

~ DESCRIPTION OF STQUCTURES -

ZEBny?‘ The crystal structure cons1sts of an ordered arrangement
of discrete FXeFRuF5 units, the c]osest contact between units being
2.90(27) A which is a contact between fluorine atoms F(7) and F(]) bound
_ to ruthenium and xenon respect1ve]y

The xenon atom in the formula unit is linearly coord1nated to two'
fluorine atoms (angle F(1)-Xe-F(2) = 177.08(1.23)*), One fluorine atom
(F(])) is}c]ose to the xenon atom (Xe-F(1) = ].872(17)&) and the other”-
(F(2));, although more distant from the xenon atom (Xe—F(Z)”= 2;182(15)&),
makes a close contact with the'ruthenidm atom (Ru;F(Z) = 1.919(13)3)..
The'other.fiVe fluorine atoms, of thevformula unit, eomplete a distdrted
octahedral coordination of the,ruthenium-atom. _The closest contacts

between a xenon of one formula unit and fluorine atoms in neighboring

° . - . .

unitsvexceed 3.1 A. The geometry of the formula unit is shdwn-in Figure 1.
The arrangement of the structura] units in the ]att1ce is 111ustrated in .,
tF1gure 2. Interatom1c d1stances and angles are given in Table III. |

X§Bng].- the structural analysis shows each xenon atom to be close
coordﬁnafed by five fluorine atoms in an»approximate1y square pyramida]d

arrangement} Each ruthenium atom is surrounded by six fluorine atoms in
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- a>di$tincf, approximaté1y“OCtah§dfa1, RuF6 grbUp.'_The Xerband RuF6-ngups
éké SO arrahged that.each'Xe?ébgroubvis nearly eqyidistéhtvfrom four RuF6 o
groups, such tHat'one'F'étom from éach'RuFG'gron'iS less thén-3u0 R
distant ffomftHe:Xenon'atom. ‘The four F atoms from the four separate RufF
Qroups‘arefépproxfmately cop1anér. THey are érréhged about the pséudo-v
four-fold axis of the XeFg group, ih a étaggéred configuration with
”ﬁespect to the basal fluorine atoms of that groQb.».The xenon cbordihaé
tion in f]Ubrinevatoms can therefore be described as a distorted, cappéd, '
 érchimédian anfiprism.. Tﬁe.important interatomic distances and.the gféﬁp
'geohetr{eé and disbosftﬁons ére illustrated fn Figure 1(b) and the gfoup'

, arrahgéments in the crystal lattice may be seen:frdm the stéreoééopiqf ;
view given in Figure'3. Interatbmic distances énd ahg]es are given,iﬁAf° 
Table v. | |
(Place Figures 1(a), 1(b), 2 and 3 here)

DISCUSSION

".CbmpéfiSOn of the two structures'revea1s that the RuF6 group is j '
more distorted in XeRuF7 than in XeRuF]]. The_average'RufF distance’ih.
the former is 1.81 A and the longest bond (1.91 A) is associated with the
fluorine atom, F(2), which makes a close approach (2.19 R)'to the xehon;
.-atom. Thevshorteét bond (Ru-F(3)) is trans to RuF(Z). It appeérs fhatf

-the RuFé distortion,in-XeRuF7 i;vdUe primarily tovthe.inferactfén ofiﬁﬁéﬁ,'
' group with the Xe-F group. In the XéRUF]1 case, thé average Ru-F -
“distanCGs in the RuFé group 15'1.85 E and the‘greatest deviations from 1

- this va]dé-ére only + 0.03 R. It is seen that the'f]uorinevatoms (F(4)5[
F(3), F(33)) which make closer contacts, each with a Xe atom of the fodf'-

close Xer groups, are associated with the'1onger'Ru—F bonding. The
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separation-of a RuF6 Qroup from a xenonatom in the_XeRuFn case'(closest
contact Xe...F(4) = 2.55 A) is much greater than in the XeRuF, case

( .F(2) = 2. 19 A). Another feature»Which appears to be common to the
‘two structures is the ang]e Ru-F...Xe which isvapprokimately 140°'in thetr .
'XeRuF7 and for 3 of the 4 assoc1at1ons in the XeRuF]] case (the fourth _

s 155°) ' | | .

" The structure of XeRuF]i 1nd1cates the formu]at1on [XeF ] [RuF 1.

Such a formu]at1on is compat1b1e with the bond lengths in the RuF6 group  7,;

Although no alkali hexaf]uororuthenate(v) structure has been worked out in

11

- deta11, it 1s known that the hexaf]uororuthenates(v) are a1most 150-. 

'd1mens1ona] w1th the other noble- meta] hexaf]uorometa]]ates(v) (M Rh;:

12°

Os, Ir Pt) The M-F d1stance in KOsF6

]3

is

1s 1.82 A and in O2 PtF6

The c]ose sfmi]arity in shape of the Xer'species‘with that of IFS;ﬂ

and TeF5 , as shown in Tab]e V  supports its formu1ation as a cation

’

“The ang]e F(ax1a1) Xe- F(equator1a1) is ~ 80° for a]] three 1soe1ectron1c

: spec1es | The bond length shorten1ng-1n the sequence TeF5 » TFg, Xngzif

may be attr1buted to the 1ncrease 1n the nuc]ear charge Te a-Xe]4. Thef

A'hXer- spec1es also occurs in the salts [Xer] [AsF 1" and [XeF5] [PdFﬁ]Z'_

 the structures of which are reported in the accompanylng papers]5 ]6

f_ Crystal11ne XeF6 may be formu]ated as [XeF5] F 7, ]8. It shou]d be'ﬁ;h' N :;.
noted that the‘XeF5 spec1es occuring in those structures ares1m11ar 1a"
,shape to that seen in [XeF5] [RuF 1, but the coord1nat1on of the cat1on
s often d1fferent In both [XeF M [AsF T 5 and [XeF ] [PdF6]2— ]6
"the xenon atom of the cat1on is assoc1ated w1th on1y two MF6 anion

spec1es,,thc xenon utom be1ng c1ose to two F atoms of one anion and one
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F atom of another, these 3 F atoms form1ng an approx1mate1y tr1angu1ar set
ﬂTh1s set is approx1mate1y symmetr1ca]]y d1sposed about the pseudo four- fo]d
- axis and be]ow the base of the XeF5' ion pyram1d

Since the xenon atom in [XeF ] reta1ns a non- bond1ng valence electron
pa1r19 20 ‘we can suppose_that this pa1r occupies a spac1a11y directed -
orbital, shch that the Xe atom is pseudo-octahedrally c00kdihated with
5 F atoms and the'sterically active va]enceéelectren‘pair.‘ With the

'non?bonding.pair' sterically active and projecting along the four—fo]d
axis, the effective positive charée of the cation wou]d.be shielded along
| _ that axis. Negatively charged species would then be attracted most. |
strongly‘when positioned off axis, as iliustrated in Figure 4(a). "The
f1uerihe;1igands of the XeF5 will themselves tend to be heutral oh :'*
| negatively charged, hence any negatively charged species will tend to be

distributed:be]ow the basal plane of the [XeF5]+.ion ahdvoff axis,:as

observed. . | | |

| As far as the XeRuF, compound is concerned it should be notedvfﬁrst :
_that this is one of a series of isomorphous compohnds which werehfor-tJ:

mulated by Bartlett and his coworkers on the basis of vibrational

spectroscopic evidences, as the salts [XeF]+[MF6]+ (M é‘Sb, Ru,th,th,

Pt). Thevstrdctufe observed for XeRuF, is in remarkable agreement with:

that postu]ated5 on the basis of the spectroscop1c evidence for [XeF]

[MF6] . We might expect the effect1ve center of pos1t1ve charge of |

[Xe-F1* tov11e near to the xenon nucleus. If however we allow that v

each octet of electrons about each atom in the cation is d1str1buted as

represented by an electron-pair repulsion mode]2], or by a Linnet sp1n?

quartet descr1pt1on22,-the pos1t1ve charge is seen to be least shielded
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on the mo]ecu]ar’axisv(as illustrated in Figure 4(6)). We wOu]d,'there;
fore, anticipate that any interaction with one negatively charged ligand(L)
" would result in a Tinear disposition F-Xe'...L.

23 for XeF, is probably the R

~The'Va1ence'BOhd model proposed by Coulson
v;mbst»jnformative déscription to apply fo XeRuF7.: Fol1oWing the XeF2'v
descfiptionzs, whére the dominant céhonita] formsﬁin the reSonance'hybrid
are (F4Xe)fF"fand F'(Xe-F)f;the anticipated canonical forms. for XéRuF7
are (F-Xe)"(RuF¢)™ and F™(Xe-F)'RuFg. " Since the Xe-F(1) bond (1. 88-X) o
is much shorter than the Xe-F bond 1n XeF (2 01 A), it is ev1dent that
the canonical form (FXe) (RuFG)' must be dominant (See ref. 24)

A]though the rather short cation-anion contacts in [XeF] [Rqu]' |
and in. [XeFS] [RuF6] could be 1nterpreted as ev1dence of some cova]ency,
“we believe that the ionic formu]atIOns, with due a]]owance for the

po]ar1z1ng influence and symmetry of the cation, provide s1mp1e and

suff1c1ent explanations.
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TABLE I

FINAL POSITIONAL AND THERMAL PARAMETERS FOR XeRuF,

B

b

c

The form of the anisotropnc thermal ellipsoid is exp( gllhz
48 /a a s where a and a are the 'it'1 and J

=

.th

- Bpok

Kumber in parentheses is the esttmqtéd standardldeviation‘1n»the Teast significant digit.

root-mean square displacement,

2 ’ |
- p3J& - 23,2h1 - 23,3hz - 2323k2)
reC1procal cell lengths

The-B{j in the table =

-9T-

Atom” X y - 2z B}]a' ‘822 833 , 812. 23 813 rmsd©
Ru ..2493(é)b .0358(1) '.7735(2) 2.90(5) 3.39(6) 6.29(7) 26 11308) .37(5) © . .2303
Xe .2432(1)’ .2156(1)“ | ,-3294(?)f . 3.14(4) ' 4.73(5) 4;75(4) .26(8) '.7}(3) .35(4)' .2308
Fi .1952(32) .3329(25) }1503(28) _14.97(1.28) N 15.11(1.73) >11.31(1.i6) | .8.58(1.315 | 5.93(1.04)' _8.11(1}2?) 4173
Fy Lans22) ..0737(22)' .5232(22) . 10.08(1.02)  10.29(1.13) 8.19(70) 4.26(88) 4.19(69) 3.67(73) .3466
Fy .1905(21)  -.0049(24)  .0059(24) - ,8;39(1.02) 12.93(1.26) . 8.85(79) - .93(94) ‘3,09(73)' 1.94(88) .3595
Fy .4175(19) j -.0553(14) - .7697(26) 6.81(80) 7.52(80) .1;.52(1.63) | 4.§7(68) \ .1.68(71)1 2.37(75) w27
Fe .0855(20)  .1457(14) 673N 7.04(46)  T.01(88) 16.5101.33) 4:31{69)- S ies(a) 51.55(55) 3503
Fo  .1025(21)  -.0768(17) +6919(30) '.6-?3(82)_ ' 10.44(1.17) _‘15;35(1.35) s - ;§2(83)“ . -5.55(1.12) :.‘43754':'
F, .391005) ';1529(15) | 8576(28) 5.06(51) 8.84(1.04) 'ié.75(i.19) ;3;é5(63)' | -1;29(655 ;3‘57(94) 3477
. .



TABLE I1

FINAL POSITIONAL AND THERMAL PARAMETERS FOR XeFg RUF,”

See TASLE [.

Atom X y z .3116-‘ Boo Bjs Bz By By vmsd
Ru- Lsang(nd i/4 .2205(2) 2.29(5) 1.#3(5)‘ IZ.iz(si 0 -.17(4) 'o'- | ;1623”_
~ Xe .34978(6) | . 1/4 .7009(25; - 2.09(4) -'3.15(5) | 2.93(5) ._o -5;37(§i 0. _-.1859 :
Fy .54i7(4) .4754(#)‘ .227(1) 5.008) 2.3(2) ._4.3(4) f.3(2)- -.8(3)‘ .5(3{2_U ,2213
Fy .4880(6) 174 512 3.6(5) 3.8(4)ﬂ 26() 0 o0 -.0(3) 0~: A.zoaé
| Fe .5921(6) | 1/4 -,069(2) 3.2(5) s.étsx 4.2(6) 0 »1.3(4)' 0 .;§§9i5?A
Fe .6392(6) 174 378(2)  2.1(4) 2.3(5) 457(5) 0 - .5(4): | : 0 .2160
F, .4443(5) 174 .068(2) 2.9(4) 3.2(4) . 2;1(4) 0 -'.3(3i_ 0 .f859"
Fg .3457(5) ;0939(8) .464(1) | 6.1(5) 3.4(3) 3.6(4) - 0 -1.5{3) o ;2355
Fy .3128(5) .0955(9) _.911(2) Lo 5.2(4) 4.3(4) . 4.8(4) _-;9(3) ,1(3)» _.8(3)” j;2459.
'Fio .2456(6) 14 629(3) .1;3(4) 7.3(7) | 8.4(9) o -2.3(5) | Pa——
a, b, ¢

=L1- .

LR

o

Repstaz

—
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TABLE 111

~ INTERATOMIC DISTANCES (A) AND ANGLES

Xe"Fz

Xe"Fs
XefF

- Xe-F,.

Xe-F
Xe-F,

- a

FOR XeF'RuF.”

6
‘(A11 F-F contacts > 2. 5A)
1.919(13)a ' -F2 ~Ru- F4 - 85.
1.778(16) . Fp-Ru-F. . 89.
1.781(12) - FpRu-Fg 9L,
1.789(13) Fp-Ru- F7 "89
1.820(14) Fyr -Ru- F4. 94
11.835(13) Fy-Ru-Fg 90,
Fy-Ru-F, 88,
1.872(17) Fy-Ru-F; 91
2.182(15) Fy-RusFg o 91
3.163(13) F,-Ru- F7 90.
3.171(15) Fe-Ru-F  89.
3.172(13)  Fg-Ru-F; 88
3.256(12) | _
- 3.483(29) Fy-Xe-F, 177.
- 3.506(20) | o
3.625(21) Xe-Fp-Ru 137,

'(DEG. )

65(76)
36(98)
30(1

.21(98)

27(121)

73(93)
22(109) ‘_'
.28(113)

.25(104)

77(82)
08(123)
93(86)

08(123) N

19(46)

Estimated Standard devfatibns in parentheses.
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,‘ TABLE IV
INTERATOMIC DISTANCES (A) AND ANGLES (DEG.)

¢ FOR XeFg'RuFg™
Ru-Fy 1.850(7)a | F4-RuQF; 87.76(53)
Ru-F 1.876(11)  Fy-Ru-Fg 91.40(61)
Ru-Fg 1.820(12) Fe-Ru-F¢ - 91.36(56)
Ru-F 1.827(10) . Fe-Ru-F 89.48(61)
Ru-F;  1.867(9) Fe-Ru-F;  179.16(81)
Fy-Ru=Fg  177.25(79)
Xe-F., 2.924(7) |
Xe-Fy  2.552(11)  FyXe-F  129.59(30)
Xe-F, 2.601(9) Fg-Xe-Fg ~ 87.78(25)
Xe-Fg 1.848(8) ~ Fg-Xe-Fy 88.44(41)
Xe-Fg  1.841(8)  Fg-¥e-Fy  78.59(43)
Xe-F1q = 1.793(8) Fg-xé-f-‘]0 179.43(51) |
‘  Fy-Xe-Fqy  140.57(65)
3 o - Fy-Xe-Fio  142.26(69)
i - o o | : » Ru—F7—Xe | 154.86(29) _
% P | f Ru—F3-Xev '¢139.91(22)
e - - Ru-Fy-Xe  144.26(34)

Estimated Standard Deviations in parentheses.




~ COMPARISON

_ Ter.

E'FaX(R).- . 541.34(2)?'

E-FoqA) - 1.95(2)

"FaX—E;Feq(°) 7?;8(17)-

" |

Reference

Number 1in paréntheses is the Estimated Stahdard Deviation in the least

significant digit.

a

b 'A. G. Robiette, R. H. Bradley, and P. N. Brier, Chem. Commun., 1567

(]971).

C

(1970).
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TABLE V

OF XeF " WITH ISOELECTRONIC SPECIES

S war +
IF5~ v - | Xer -

(gas) | (ih’IFS-XeFZ)

veea(s)  Lea(s) 1.845(9)

s.9(1) - 80.9(2) ‘79.0(17)

o
jo

work. " -

~A. J. Edwards, and M. A. Mouty, J. Chem. Soc. (A), 703 (1969). . -

6. R. Jones, R. D. Burbank, and N. Bartlett, Inorg. Chem., 9, 2264

1.844(25) '1.862(10)_'  1.703(8)

Present
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XBL 725-3040

Figure 1(a) The XeF'RuF,~ Structural Unit (distances in Angstroms

PRI Aol <UL Soalll 4 6

‘and standard deviations in parentheses).
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XBL 725-3039

'Figure 1(b) The XeF5+ and RuFG" Structural Units and the Coordinationut
+

of XeF

5

° - ’ ’
(distances in Angstroms and standard deviations in parentheses).
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XBL 725-6298

Stereoscopic View to Show Patking of the XeFRuF6 Units

in the Crystal Lattice.

Fioure 2
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b'XBL' 725-6299

Figure 3 Stereoscopic View Showing the Arrangement of XeF

5+.and

RuFG' Units in the Crystal Lattice.
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Figure 4 -Representation of the influence of non-bonding vé]ehce-elecfron
pairs, of the Xe atom, upon the polarizing character of the XeF' and XéF5

‘jons.” (Arrows indicate directions of maximum polarization of anions by

the ‘cations.)
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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 Atomic Energy Commission, 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 rights.
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