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Sedium Perxenste Hexahydrate
~ Abstract. Sodium perxenaxe hexahydrate (NahXe06.6H20) has been
”7ﬁfidentiz1ed by determination of the crystal structure by x~-ray diffraction. “
" The perxenate ion'(Xeoéah) has the shape of a regular octahedron with

 Xe~0 bond distance-l.Bh i.

Some hydrated sodium salts of xenon in the +8 oxidation state were

f 'E{Zproduced by Malm, Bane, and Holt (1) by hydrolysis of XeF6 in the presence

1£10f sodium hydroxide. Crystal data were reported by Siegel and Gebert (2)

?g‘for three phases produced in this way. By determination of the crystal

:phases is Na) XeOgz.8H,0, containing perxenate ion (Xeoé'h) in the shape

'ﬁ%of a regular octahedron. ‘

| We have produced another salt which is chérgéterized as NahXeoé;éﬂzo -
;{iby determination of the crystal structure. We find the same shape for the
;} perxenate ioh‘with dimensions close to thosg reported in the wérk on the
é¥:octahydrate (3). This hexahydrate is not o;e ofithe phases reported by
1?-31ege1 and Gebert (2).

, | The crystals of NahXeoé 6Hé0 were obtained from the reaction of pure j.f
’*{vaenlc acid (aqueous XeO ) (4,5) and sodium hydroxide. When 0,100 ml of ‘

" was pale yellow.. After one day in a refrigerator at 5° crystals grew as

.“"very thin fragile sheets. The production of crystals from the reaction is

;structure Hamilton, Ibers, and Mackenzie (3) have shown that one of these  ;; R

kﬁ»O 208 M XeO (Aq)» and 0.060 ml of 6 M NaOH were mixed the resulting solutzoh .
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?Vifi;mgch more rapid at elevated temperatures, ca. 60°, but at this higher
.. temperature the product is the octahydrate. It was identified by its

"‘cell dimensions which we measured as a = 11.86L, b = 10.358, ¢ = 10. h26 A

;;f‘;‘(each % O. 005 1), in agreement with the previous work (2,3).
The hexahydrate is much less stable than the octahydrate. The x-ray

L study was made of crystals sealed in thin-walled glass capillaries cdntaining

" some of the mother liquor. Most crystals survived only a few hours in the

‘”Ziﬁcapillaries, and several preparations were necessary before adequate data S

' were obtained. Photography of one crystal by the Weissenberg technique

'\ﬂhgave'some preliminary information. Intensity data with MoKa radiation were _4'

gathered by direct countihg with a scintillation counter for about 1250
" yeflections (including about 250 absent because of the space group) on one

f?; or more of 10 different crysiais. At higher angles many of the reflections

. structure refinement was based on 191 reflections from one or another of'
'QTS different crystals, incluéing 1L reflections which.yere assigned zero
1intensity. These crystals were 0.3 mm or less in the largest dimensioh
;f;with thicknesses 100 thin to be measured with our microscope. Experiments -
%fby a technique described elsewhere (6) showed that absorption reduced some
"‘intensities about 20 percent, but was negligible for most of the data.

~ The crystals are orthorhomblc, space group Pbca, with a = 18. hh z 0, 01
b =10.103 £ 0,007, ¢ = 5.873 & o.ops i. The density is calculated as

;;;2 59 g/mi with L molecules pér unit cell. The crystals were observed to
12;81nk in ethylene bromide (den31ty 2.17 g/ml) Xenon atoms are on centers

"fiigof inversion at the oragin and face centers

if}8-fold sets of‘p031tions.

-with mixed (even and odd) indices were too weak to be observed reliably. The -

LAll othar atoms are in general B
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A1l atoms (except hjdrogen, which is not detected with these data) were
_iq*recoghized in the Patterson function. The refinement never changed the -
-~ "main features of the structure; but it was circuitous because change of o

‘Ti"51gn of several of. the coordinates has little effect on most of the intensities

a and because strong correlation among some of the parameters results from
pseudosymmetry of the structure. Refinement by least squares eventually
;nfaif;reduced R = jE;lIF |-|F II/QEZIF | to 0.072 with the atomic parameters
‘tf;i?fllsted in Table 1. Standard deVlations of coordinates correspond to 0,01 A
E(ﬂ:-for sodium and 0.02 X for oxygen. A three-dimensional Fourier synthesis of
.l?ﬁl F_~F, showed no peaks as high as 2 electrons/A .

a—pm

‘I.'vTable 1. Aﬁomic coordinates and thermal parameters in NahXe06.6H20.

Atom o ‘ x ' Yy oz . i By 12

S 6,009 -; i “0.16 "“?ﬂi'”o;h92.§”:f f‘ﬁ‘1.h £ 0.2,

| ; fg{;Qoos ‘:'ﬁff}1,2sz‘ |

'?%;4; A .oéh"-ffffgﬁ; 118 - }ﬁ;gfiQBSht. i
'"foggl':ii:;?” .136 T“i’;:;?127i?j,, :

v

Cose 1.7 £ 0.2 :
Cn2soz
1.8k 0.l

1.0 £ 0.

0.3

L339 183 . .836 . L.5%0.3

L 060",

i+

+

i+

69 .20 . .22 L6

©192 518 2t 2.2:0.

of anisotropic temperature factor.
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" The perxenate ion is centrlc by the spaceagroup symmetry.u The

B Q_three independent Xe-o distances are:

-0(1).- : 1. 85 1+ 0,02 A ,
ekmm)n'efﬂlﬁéxdwﬁfw"
Xe-0(3) : 1.81 + 0.02 i

" The deviations from the average value 1.84 A are not 51gn1f1cant Our data
concerning thermal motion are incormplete, but we estimate that the correction J

Qiibfor thermal motion would increase this distance less than 0.01 A. The

" bond angles 0-Xe-0 which would be 90° for regular octahedral shape range

inft from 87.1° to 92.9° with standard deviations of about 1°. We do not consdder :

7' these deviations from 90° to be significant. These results are in accord

#’~ﬁf-with those from the octahydrate (3) in which the angles were found closer

U to 90° and the average bond distance was reported as 1.875 + 0. 021 A, w1thbj; _;
Jl?{somewhat Jrore scatter from the average than in the hexahydrate. 3
Each Na(l) has six oxygen neighbors belonglng.to perxenate ions at . .-

-

an average distance 2.46 A." Each Na(2) has six oxygen neighbors”(waterff?;id‘
;f?mbleculeé) at an average distance 2;hhbﬂ. In eacn.caee the sixxneighbors-vﬁ
:iiare at the corners of an irregular octahedron.  "

| The overall structure is qulte different from that of the octahydrate.ti,
fiIt con31sts ‘of layers perpendicular to the a axls. Layers contalnlng e

ﬂthe perxenate and half of the sodium alternate with layers containing theliﬁﬂlf o

rest of ‘the sodlum and all of the water. The‘six independent hydrogen _E

atoms are assxgned to hydrogen bonds whlch all have reasonable dlstances ﬁ?;“'
f'and angles. Five of these bonds, between water and oxygen of perxenate,

hold. the layers to each other.(?) d:;”
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