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BY A1J...AN ZALKIN; J. Do FORRESTER, AND DAVID H~ TEMPLETON 

Crystals of NahXe06·6~2o were studied by X-ray diffraction, and 

~-:the .subsequent crystal-structure analysis determined its compositio'rr~ -. 

This material crystallizes in the orthorhombic space group. Pbca., with 

a = 18.!~4, b = lO~ioJ, and c = 5.873 A. There are four molecules per · .. ... - . 

unit cell and the calculated X-ray density is 2.59 g./cc. The structure 

consists of two types of layers stacked alternately in the ~ direction, 

and tied to each other by hydrogen bonds. One type layer contains an 

hexagonal array of all of the perxenate and half of the sodium ions, 

and the second type has all of -the water in octahedra. about the 

remaining ·sodium ions. ~e perxenate ion in this salt is octahedral 

OL + o with an average Xe-0 bond distance of 1.~ - .02 Ao 

Introduction 
NNN,...N#\#NNN""'NN 

Ma.lm, Bane and Holt2 prod1:1ced hydrated sodium· salts of -+8 xenon by -~- _ 

hydrolysing XeF6 in sodium hydroxide. Siegel and G~bert3 reported the ceri 

d;mensions of three such phases. Hamilton, Ibers, and }fuckenzie4 identified 

one of these phases by a. crystal ~ructure dete~nation as Na.hXe06•8H20; 

they found the. perxenate ion to be a. regular octahedron. The hexahydrate 

. reported here is a. different crystallographic species :filom any of the above 

mentioned phases. We undertook the crystal structure analysis of this 

.·, 
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r\ 
!:~ ·.material to determine its composition, and to study the chemical and. 

. . ·.~ ' !i 
: .~ .. 

geometric properties of xenor1 in the compounded·state. · 

. , ... r 
.. ·'k 

~~~~~i2~·- Crystals of Na4xeo6o6H2o were pr~p~ed5 from. the. reaction..~.:<':·:·.' . fi 

of aqueous Xeo
3

6' 7 and sodium hydroxideo . Several preparations were required ·: . + 
. for the production of enough fresh crystals to 'complete the X-ray analYSis. 

1 
.. : I 

::.:.A typicaJ. preparation was as follows. 0.100 mlo of o.2o8·11 Xe0
3 

{aqueous) and·.··.:. :·· '\, , .. 

o.o6 ~ NaOH were ~L~ed together resulting in a pale yellow solution; upon. 

. setting.in a refrigerator for one d~ at 5°, vor.i thin, fragile, colorless 
'.~ --:---~·· .,- . . . . . . 

., .. 

crystals developed. This .:plate-like appearance of the hexahydrate, makes: l:it . 'j' 

·easy to ·.distinguish from the granular octahydrate which ·was·· found· .on ·occasion.· 

in some of the solutions o 

~~il'!!~~~ Q~~~~!~~~£~1}. .-The crystals of. the he:xahydrate are fairly · 

unstable. Our first attempt to study the crystal was to remove one from the 

{, . 

·• 

.·, ... •: 

·r . ! 
r 

L 
I; 
1 ' 

mother liquor and to glue it to· a. glass fiber for the X*-ray worko Weissenberg . ·. '' 

. patterns were taken for abeut t~o;o days before di:rfraction. from the sample 

ceased. The patterns were of very poor quality, with.:elonga:ted spots ·:tnd~~ating > .··~:\ 

. a great deal .. of disorder. The crystal .physically curled on its m,ount. A 

space group could ·not be determined from these films, but an orthorhombic·. 

cell v1ith .! = 10~10, ~ = 5.87, and £ = ·6.23 A. was measured which corresponds, 

to that described by ·siegel and Gebert3 as possibly a dihydrate; . the values 

they report are 10.28, 5.77, and 6.25A. 
'·. 

'To keep the crystals from dehydrating they were placed inside :··.:· 0.5 mm. 

capillaries that had been wetted by the mother liqu~r, and the capillaries 

w~re then sealed. In spite of these precautions; the ccystals decayed during 

the data taking period • The half life of the phase· (. as measured by moni taring 
. . 

I' 

·' 

.... . · ·, -~ : . >. 

the 4od reflection ) varied from two to twenty-four hours~ Upon decomposition·: .. ·· 

~. ~1 - ... 

two phases ·grew into the crystal in situ vrithout changing the physical shape·· _, I -- ,. 

'l . 
i I 
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of the crystal. These phases were also unstable as He could only get 

diffraction patterns from them for a day or two of photographing before 

the,y ceased to diffract. From some poor Weissenberg patterns we measured .~wo 

phas~s as ·well .as::we could. One phase is possibly orthorhombi_c with 

a= 6.25, ~ = 5.16, .B:ncl _s = ·5.89 A. The second phase appears to be".tw:Lhned 

and seems to be monoclinic with a = 6q25, E_ == 20;16, _s .:.: ?_.89A, and 

50· 
~ == 9lo o 

Our experience with the octahydrate4 show~ it. to be considerably more 

stable than the hexahydrate. The octahydrate would undergo X-radiation 

for dayswith no apparent decomposition, whereas the hexahydrate would 

decompose at a steady rate. The octahydrate could be handled in air for 

- several hours with no serious dehydration, and under the same conditions 

the hexahydrate would be badly desiccated. 

~~~~ ~i!!!~~~i2~o--Data for this work ~~eobtained from five different 
- . 

crystals, though more were used for some of the·preliminary investigations. 

/ 

The crystals were fragile thin plates about 0.3 mm. in t~e planar dimensions, 

and very thin, probably less than 0.05 mm• The crystal thickness was impossible 

to measure with our microscope as it had to- be .. vie'tved through. th~ .capi.J,lary. wall 
'' 

into the drop of mother liquor surrounding it, and it just could not be:seen 

clearly. The crystals could be rapidly oriented along the E_ or .2. axis of 

the cell with the use of polarized light. The a axis is nonnal to the crystal 

plate.- The alignment and data taking were done on a G. E. XRD-5 and goniostat 
It 

using OoOOl Zr filtered Mo Ka radiation ( ~al= 0.70926 Ao ) and a 

scintillation counter. 

. ". 

Ulti.>nately 992 independent reflections· were--measured.- .. -The maximum 28 value . ' 

was 60°. Up to )0° of 29 all of the available reflections were measured. 

As the crystals had a ·:.short: lifetime, we .·limited the data :.taking: ill. the 30°. 

to 60° re"gion to those reflections that would give some economy on set up 
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time. Host of the data above 30° of 2e '·:ere equal to or belOi·T twice the 
'_ ... _ 

background. 

L 
I. ,. 
L 

fi 
f' , '·: . I. 

.... ·: -~~·· ·._ . . b' 
' . . ( 

The data were adjusted for decomposition and normalized among the fi~e ·, · . ... ( ~: ::.:<. !t . 
[: ' . . . 

··crystals. The uOO reflection Has used as a standard, and .was measured . - j: 
Small adjustments of the normalizing factor,~;··;.-:-·_,-~ r· 

r 
frequently durir.g the data taking. 

were -made toward the end of th~. "tlork after least squares had shown systematic 

variations among the five sets of data. The crystals varied in shapes and· ·. 

sizes which accounts for some of the SIJStematic errors; ·because of these 

_f_·_,:.-··· r r r . E . r i 
,-,.· . 1 ; 
' ~ ··, .· l ; 

'The data were' corrected for the Lorentz . and polarization effects. ·All . '' · : · :,, q , .. :--'complexities absorption corrections 'tvere not even attempted. 

'· 

. ; . 
__ , ... 

;,_ :: ... _ ... · 

,. 

of the calculations were rna.de on an IBM-7094 using a goniostat-setting program ·. ~ :~ 
by A. c. Larson, a Fourier aAd data processing pzrogram by A. Zalkin, and a . ·. . f : 
modified least squares program by P,; K. Gantzel:)., R. A. Sp~rks, and K. N • 

. Trueblood (all unpublished). The function minjmized in.the least squares 

c ompu tatiom :vras 2 w (IF 1-1 F I )2 ~ HF 2 , :v1here 'tf is the weighting factor· -.. · . - -o -c . -o · - ·. . . 

. and E_
0 

and ~ are the observed and calculated structure factors.. 491 reflections 

. 1-rere given· unit weight. 501 reflections with 2e greater than 40° and 1-1hose 

intensities :vrere measured to be .equal to or less than background ( 3 counts/second ) . -

were given zero we:i,.ght. The zero vreighted data have no effect on t}fe results, 

_but 1-1ere included to assure us that those reflections i:,ha:t were observed very 

weak are also calculated very weak. Atomic scattering factors.were. taken.for .. · 

Na +l ~ neu_tral Xe, and ne~tral oxygen :(Ibers8). unmodified' for dispersion ,. 
._) 

(Templeton9) which for the heaviest atom Xe is only -0.5 electrons •. _ 
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~~~~ £~11 ~~ ~~~£~ ~~2~E·--The crystals are orthorhombic with unit 

cell dimensions: · ~ = 18.44! .01, £ = 10.103 '± .001, and£= 5.875·~ .oo5 A. 
vlith four molecules per unit cell, the density calculated from the above dimensions. 

is 2.59 g./c.c.; the crystals 1rrere observed to sink in ethylene bromide 

( / ) ( 15 } density 2.17 g. cc. • The space group is Foca D2h · , the only one ~oJ'hich 
. ··-· 

. , J I 

requires the systematic extinctions: Ok~, k I 2n; hO~,. t I 2n; and hkO, h T 2n. 

Determination of Structure • ..:.....The arrangement of the Xe atoms v1as inferred 
• NNNNNNNNNNNNN NN NNN-NNNNN 

from the pseudo face-centering indicated by the data. Since .there were only 

four Xe atoms in the unit cell they were placed at the origin and at the face 

~ 
centers. Three Fourier projections perpendicular to the three ma,jor axes 

were calculated using only the face-centered terms, and the signs of all these 
I 
\ 

terms being positive. These early calculations were done in space group 

P~1~1~1 as He had observed a few 1rreak spurious reflections 1r1hich indicated 

no glide plane extinctions. We later found these reflections to be absent 

on a freshly prepared crystal. These projections shm-1ed a grouping of small . 

peaks about the Xe which were interpreted as an octahedron of oxygen, a couple 

of larger peaks that were interpreted as sodium atoms, and a scattering of small· 

-· 
peaks which 1r1ere interpreted as being water of hydration about the sodium. On 

the basis of these ·calculations .1rm: were able. to propose the composition as 

Na4xeo6 • 6H2o. This ·trial structure Has geometrically and chemically very· 

satisfactory, ari:l except ~or the detailed numbers 1-ras substantially the same 

structure at the end of the analysis. 

vle c omrn~nced the least squares refinement of the structure while the 

data 1r1.ere being taken; and progress was slow. When all of the data were available, 
,•' 

a ):.dimensional Patterson functi.. on ~-las calculated which vras in excellent 

agreement vTi th the trial structure. The structure being refi.'I'J.ed consisted of 

one Xe, four sodium, and twelve oxygen atoms all ingeneral positions in 

I 

I 
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·'"'···· 
· .. 
._.,,. ._.· .,. -~ . ·, . ·r : ',' 

space gr¢'\lP P~1~13.1~· <All of the atoms· 'tv'ere treatedisotropically vrith a · ' 

' te~perat~~:f a;~-;r-~f.t~~··fo~.~. e~{~]!}f-r/=,§;1 f).,. vr~efe It i,s :the ·thermal: partw1~:ter)·._, •. 
':in i\2' § .is the; B;agg .··diffractio~ a!lgle, ~d i 'is the x.;;ray wave l~ngth in K)·, •( 

.{·., '·.·,. ·. \·. 

P .. t· :the end· of the ttrelfth series 'of refinements the structure had r~firied 

·an unr~lia~ilityfactor; R ;,.LIIF I-IF II/ZIF· Lot: .Oo12 o , .... · . .. ' .... ·. :.: .·., -o . -c. . . -o. . . . · ',:.··._:·· 

A study of the structure ·indicated that itcoUid be 

' accurately in space group Po ca •.. From a freshly 'made sample v.re obtained 'a 
.. -··· •. 

· crystal and irnmediately checked fo~ space group .extinctions, cmd indeed. found· 
. •, . . ~ : " . .·' . ·. 

that the. extinctions corresponded exactly to Pbca. The.non-extingl.J.ished 
7 ' . . . . 

reflections agreed very 't-Tell With the previOUS measurements o ' 

In Pbca the Xe is in a special four fold positionat the origin, 
'I . : . \ .. .. . .. ··:'•,· 

also a center of symmetry •. Th~. sodium and oxygen a toms occupy general eight ·, : ~· ., · .. ; . 
. . ' . 

~fold positionso The intensities were corrected for several blunders 
~ ... ~ ,1· •... 

the mi~typing of data cards, and the missetting of the goniostato · After a .. < 
. . ' 

. -.... series of refinement the five scale fact.ors were re~adjusted •. At the end of. 
;-.,~ ·-~:-'. :. : ;· 

• . ". ~' ·;. ·'t; . 

·., .' ,. 

···the fifteenth series of refinement the R factor was Oo092 o. Although this 

· is a respectable R factor, we were haunted by some distur?ing features of 

results. In particular, one .of the 'lvater molecules (il5), vras less ·than 
. . 

away fr~m a sodium (Na3), whereas all the other water molecule d:fstances }. 

''t-Tere greater than 2 o3 A. . Also a few .of the weaker reflections were in bad . 
. ' .. .. . ... 

agreement, a fact that was confirmed by carefully remeasuring these data. 

~Temperature factors of similar. oxygen atoms lvere quite differento .. 

/ .·· .... ' ..... ' 

., (.' . 

Several series of refinements ~ere . tried 'tvi th minor adjustments in the, ; . : . ... '· , 
. •. . .-.r; 

structure. First we tried to vary the ·z parruneter of the errant·w~ter mol~d~e~ · .. :: 
. . . . ,... . ' . . . . ' .... ~ . :~ '~ .;, --:~:·. ; __ 

,:,·:.It was moved to alocation that gave it better interatomic distances, but it~'. 
:·.-, : 

..·· .. · . .. .. ., 
< . refined back to its old location. Then the ! parameters of sodium and the . 

. . : ~ ' t ' . ' . 
. .. other tvro 1..rater oxygens were reset, and this refined to a .less desirable· 

·' 'structurc·with an R .factor· of o.1i • .xe .. vras given an:· ·aniso:tropic temperat~~e .factor· 

'.> .·',·\<···~ ... .. ~' ~\ .. .. •' •: ., .· : .. ':-· ,._,"' 
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. 3 3 
of the form eY.p~ Z: -B .. a~a~n. h ./4 
~ i=l •j=l ~J l J l J 

·2 , 'l·rhere B... are the thermal parameters in A , 
. '·. ~J. 

a·· is the reciprocal axis length and his the Hiller. index«' This made no basic 

change in the structure, though it loHered the R factor to. 0.082 • 

· Success· was ·· · achieved- · ; "t..rhen the l parameter of the troublesome 

vmter molecule (VJ5) was reset to a value greater ~han Oo5 1..rhereas previously 

it r.ad refined to a value of le'Ss than 0.5. This last change made a dramatic 

difference. The bad distance improved considerably, the temperature factors 

of the oxygen atoms. became more uniform, a.':ld the disc_repancies between the 

·- --·observed ~nd calculated values of certain weak reflections disappeared. 

Xenon v1as treated anisotropic ally· in the f:L'13.l refinements. Since the 
~ . 

standard deviations of th~ B
12

, B
13

, ~~d B
23

'parameters were larger than the 

para~eters themselves, thes~ parameters were set to zero and not refinedo 

/ 

.' .··· 

i. 

. + 6 + ~ . + . ~ ·2 The values for B11, B22 , and B
33 

are lolO- .o '· 0.73 _ .o~, and Oo71 _ .0/ A. 

respectively. The average. of these values is reported in Table I.· The final · 

R factor is 0.073. 
10 
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.. ·. 

·..;_ .... 

. . ·. . ~: .. -. --· ··'.·.; i . . • 

". . . £~~2-t:iE~~£~· ££' '§~t~£~~~.-The xenon atoms: are. located at: the: o.rigin'> . 

. and face centers of ~he cell.in: a_'f our fold po;{tio~.··, E~ch. of :th~: two· ·soai.ums 

. . ' 

:.·. three. perxeriate. O:>:yt;ens, . an~ t~~e Hater·: ~~gens·· OC~~W. th~ ·g~~~ral~ e~g;t .•. 
,-..... 

. ·· . . . ' ·._ .... <_ f<?ld ·position: .:!; .· ( x,y ,z; .1/2+x;l/2;..y,-:z; -x,l/2+y,l/2-z; 1/2~x,-y ,l/2+z-.)-~ ;'''> 
. , : ..... -.. -. ···_.• 

The final atomic parameterscand temperature fact~·rs, and their standard 

. deviations are sho~om Jn Table I.~ . · 
: !' 

~·; ' 

TABLE:·r.·.· ... · .. -._· . 

.·./'. · ..... -. 
~. ( . . . ·. FI:NAL POSITIONAL P.ARPJ1ETERS Ai\~ 'TENPERATURE FACTORS;_ .. ' 

'• ·-
~- \ 

A.riD THEIR STANDP.RD DEVIATIONS IN Na4Yeo6•6H2o ·.' .... : 
·.Atom '· x ~- z ·.· · ~ o.2) {?. ~) ~_(;£) · .<r.(~) · , ::cr<£> 
Xe ;- .. o.o ·. o.o o.o (r ... (o~8,5)! o·.o o.o o.o , , : 

' '., . () 

. Na. (1) 
'·· 

~ ·;.009· 

·.252 

-.164,· .. 001 ,. 

~001 

l't003. 

.002 .· 

•, ,. 

;, .. : -~ . . ·' 
Na(2) 

.~;. . . oJ$5··· .. . ·' .001; 
"'. · .. . 

• 060 ... oOOk. .253 lo2 .003 o003 

·· .o64 .• ·. · .115 · ..• 854 1.1 
· .. ,. 

·.-._ .. • 951 ' ~136 . .127 · 1.o. · ..• oor.·; ·: \oo2 > · ..• 003 . . . . '·.·: \·.,:· 
b •. 

O(Wl)- :: .169 ·.200. • 242 ·. 1.6 
: .;.·· . 

\ ~ . i': 
:.· .. 

.. _,... O(W2) 
. ,· 

. ;_ .. ~~: . . 

' ' ' . ,• ' 0 CW3) 
'- ~' e :."" 

·•.' ,_,,. 

' "f. ~ •. ·;· .. ·~ . 

(· .. 

. . ' 
•, •' - :-~ 

'. 

• 340 

.192 .. 

.• 183 

.518 

' .835 .· .. ·1.5 

.242 2.2 

~ .-: 

.. 

; ,· 
·· . 

.); .· ' .• 001 ;. ..002 
~· ~. . . '.004 .. 

/ ·, ~· 
·':.·.' 

!Isotropic .value .equivalent to average of anisot~opic ·values. 
-~.. . - f -~ ._ ,i . 

£a (Wn) means .the oxygen of water molecule no · 

:-··-·. 

. ... 

. ····-
.... .. . > . .-

.2 

.2 

.2 

,· 
.- .. 

:~. . 

·· . . . :; ..... -; ·~ .'-: _. 

:.· .)- ,' .. 
' 'I:: , . -~. -· 

,·(·'· 
. ' 

~ . .., 

'; 

All of thELiilteratomic ·distances less than ·3.0 A are listed in Table 
· .. ·.. ,_ .. 

t·. #', ... · 

{ :~ ~: ~-. :;:-
· .. •' 

..... ' :·. (. l 

. . ·-~ 

•• -1 

: ·-·t' 

_., f 

·,·, 

' ,. . . . ~ -· 
··i ' .. ~-<' .. . ~- .. 

_·.-\'·, 
.'. 

._·:-. .. . ..._· 

! 

. '' 

.·,' 

..... -.-
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. TABIE II 

INTERATOHIC D~STANCES AND STANDARD DEVIATIONS LESS -THAN 3.0:P.~ IN Na4xeo6 •6H20 . 
r 
Atoms ·n(P ... )'.cr-(D) Atoms D(A.) V(D) Atoms Deft.) ()(D) . 

Xe .-2 0(1) 1 .. 86 -a 
o.o~- 0(1) - Xe 1.86=- 0.02 . 0 (3) - Xe a 1.8o= 0.02 

\ 

-2 0(2) 1.87 .o2!: - Na (1) 2 .. J5 .03 - Na(1) 2.41 .03 

-2 0(3) 1 .. 80 a Na(1) 2.60 . o03 - Na (1). 2.42 / .03 .02- . -
.. ~ 0 (2) 2.60 o03 - 0(1) 2.52 .03 

Na(l) - 0(1) 2 .. 35 .03 - 0(2) 2 .. 66 .03 - 0(1) 2.65 .03 

- 0(1) 2.60 ~03 -- 0(3) 2.52 .03 - 0(2) 2.55 .03 

- 0(2) 2~41 • 03 - 0(3) 2 .. 65 • 03 . - 0(2) 2 .. 63 . .03 . 

- 0(2) 2.58. .03 - 0 (~\71) b 2 .. 81- .. 03 - O(H2) 2.7(}:. .03 
~ b - 0(3) 2.41 .03 - 0 (\-12)' 2o69- .03 

... 0(3) 2.42 .02 O(Hl)- Na(2) . 2~.37 .02 

0(2) - Xe 
. a 

1.87- .02 - Na(2) 2.44 . .02 

Na(2) "" O(i-11) 2.37 .02 ~ Na(1) 2.41 .03 - 0(1) 
. b 

2.81- .03 

-:-· 0 (i-11) 2.44 .02 . - Na(1) 2.58 .03 - 0(2) b 
2~77- .03 

- o (vl2) 2.39. .02 - 0(1) ,2.-60 .03 

- O(V12) 2.59 .02 - 0(1) :2.66 .03 0 (W2)- Na (2) 2.39 .02 

.- o (vl3) 2.39 .02 . . \' 

- 0(3) '2.55. .03 - N~(2) .· 2'.59 ;,02 

- 0(113) ·.2 .. 45 .02 . - 0(3) .",· 2.63 .03 - 0(1) b 2.69- .03 
.. b . ·' b . -. 'O(Wl) 2.77- • 03 .. - 0 (3) 2 0 70::. .• 03 . . . . ' . ' r. ·. 

~ o (tv3) 
b •. 

2.79~ .03 - o(viJ) b 2.97- .03 
\ 

,,· ~· ,. 

O(Ttl3)- Na(2) 2.39 .02 

.:. Na(2) . 2.45 .02 
.. 

2.7~ ,;. 0(2) .03 ., . . ,,, . · . . ·. ·.~ 

.. .. .. . ~ 0 (\-12) 
. b 

... 2.97- .03 
· ... ·· ·, 

b . ' .. .. . . 
~ . '''• ".J .. · !:Pe-rxenate Xe-0 bonds .· -Hydrqgen bonds . . , . . .. 

~' 

.. . . ·' . "' . . ... ; 

.:,:' : ., .. 
o:' '· 
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... , .. 

The structure consists of the.}tacking of two types ,oflayer; iri 
,~-- "' . · ... -·.· 

~ directiori. held .toget~er ~.ti th a. rid1 · netv1d:rk o .f· hydrogen bonds.·.·. The 

of octa."ledral. · type· of layer has the. compositionNa
2
xeo6 a.ri.d __ C!onsists 

.·perxenate.ions and.the.Na(l): ty~t~~1ium ion{>~s: sh~i~ in:Fig.·1. · 
. ·.· . . 

layer the sodium ions sit in the center of distorted octahedra of oxygens ,·. 

fr.om the ,neighboring perxenate ions·. 
' . ' 

Tne packin~is very nearJy hexagonal. 

The second type ·layer' has the composition Na
2 

(H
2 

0) 6 and ·ccmsists of Na (2 Y 
. . . ' 

type sodium atoms located in.the centers of distorted octahedra 

· molecules as shmm in Fig o 2 •· The end-on stacking of .these layers. in 

. ~ direction is shown in Fig. 3~ 

&~r£[~n ~£n~i!2~::,-Direct, evide~ce of the hydrogen positions was·: ,. 
•'! 

unobtainable from our data, qowever, ·the assignment 'of ":. .. six. hydror;eh· 
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bonds was possible from the interatomic distances. and .angles •. · Five' of.' • 't·?}~1j (;. ; / ~ 
the ., six .: bonds are bet-..reen the layers as described· above, and one hydrogen·;:;:·~_·{'· ... ;.: .. ~ 

'bond is ir1 the same layer to another. .water mcy-gen •.. A suromary of the .. • .. · · · .• ,:.·:· .:.; .. :···· ~~: .. ·; 
·hydrogen bonds is ·shown in Table III. ·· · · · · . 

T.ABIE ;III. . ·-. 
··,.,. 

,HYDROGEN B()ND DISTANCES· AND ANGIE~ 

·Atom D(A) .. Atom ri (A). Atom 

0 (1) ••• ~ ·2.81-o (\-11)-2. 77~ ••• •0 (2) 

0(1) ·~ •• 0 2·.69~(vJ2)-2. 76• ~ • ·.~0 (3) 

{ .... 

Angle ··. 
'' 

88°. 
:·.··.'. 

88°' 
.· ... 

0 ·. 

:J-07 :.)~ ' . ~· 
. , ~st:i.mated standard deviation of the distances are ±.03 1., and 

. ,··''•>':• 

the angles ±l0
o 

:. ·~ .·. -~ : 

Perxena te Ion.-The · geometry of the_ Xeo6:..4 octahedra in t. he· hexahyd_· rate ~-
. NNNNNNNNN NNN 

· .. ;. ' . . . ~ '· 

. ; 

. ·: is summarized in Table IV. -_:...' 
' .... : . . , 
.•"' ;..; 

·, . 
:·.· 

:.· '··· 
.... ,· 

·.' 
'... ' ·~ . ~ ·~ •, r' 'o •• 

. . ~ .. . .. .... 
• ·.> .. •' 

'• ... 

~ . ··-~··. '" 

·. (: .. 
.•' 

.. " '· . . ·;. \ 

·. ':.' ,··, 
. .,. ~' .. ·· . 

.· '. ; . 

•'/'.•. 
;.. ' 
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'. ~ . . ~- ... 
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.. TABLE IV ·:- • i> ~ . -

GEOMETRY OF .. THE PERXENATE ION IN Na
4

xeo6·6H2o . . .. 

Bond Distance Bond Angle Angle " .. 
•' 

' ' 

Xe 0(1) 1.86 ::r 0.02 • A. 0(1) Xe 0(2) '89 :i" 1° ' . 

- -Xe ~ 0(2) 1.87 ::r 0.02 l. ~· . - 0(1) Xe 0(3) 87 :!: io .. , '/ . · .. ~. 

. . 

·' 

Xe 0(3) 1.Bo ± o.o2 A.. 0(2) Xe 0(3} 88 ± 10 

The bond distances were not corrected for thermal vibrational effects. · 

Th0 effect is 0.005 A or. less on the above three .distances, and is. 

negligible. The average value of the Xe - 0 bond distance is 1.84 ± 0.02 A. 
This is to be compared with.._l.87 ± 0::02 A.. observed in the octahydrate4 

~nd 1.86 I O.Ol ~. observed in the pot~ssium salt K4x~o6 •9H2o. 11 
. The possibility that some of the hydrogen atoms are.associated with 

the perxenate ion is neither confirme.d nor ruled out by these results. 

~10 of the three independent Xe - 0 distances are longer by about thre~ 

standard deviations .:than the :.·third,. but· this·: difference .could be ·the . . . . . . . 

result of· systematic errors in the·data~ Our determination does not 

establish any deviation from id~al 'octahedral symmetry. 

· We thank Prof. S. M •. Williamson and Dr. c. w. Koch for their close 

cooperation which made this work possible, .. 
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Figure Captions 

Fig. 1.-The layer containing the perxenate ions and half of the sodium 

ions. 

Figo 2.-The layer containing the water oxygens and half of the. sodium 

:i.onso 

Figo 3o-Projection of the str~cture in the ab plane. The hydrogen 

bonding is.represented by the dotted lines. 
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Appendix 

Table of obser-.,red and. calculated structure factors for NahXe06 o6H20o 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



/ ~/ . 

:l 

:' :·· -1\. 
''J:;.'' 

,, 
.. ·'' 

'./ 

·,-... .1 

1' 

l 

<; 

'\· / 

'.: / 

" 


