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CRYSTAL .AND HOLECULAR STRUCTURE OF XENON .·'TROXIDE~· 

(1) This t-rork vra.s done in part. unde::.~ tha auspices of the U. So. 

'Atomic. Energy Com."P.ission. 

Sir: 

Hydrolysis of xenon tetrafluoride yields a solution f:..•om Hh-; ch 

colorless crystals can be obtained 'by e·irc:.po::.~c:.tion. By dcte::c:r:irLation 

of the Cr"~Jstal stl"'llcture and by che:nical analysis He lo.ave identified 

this substance as Y.znon trio:r.ide" The molecule XcO? is in th8 shape 
..) 

of a trigo:ro.al pyrarnid ~·lith dirr;8nsions similar to those of the isoelectronic 

·iodate ion. 

The crystals are stable for dzys in d.17 ail .. , but readily absorb 

1..rater from humid air to form a concentrated :.:wlut,io:!. .The vapor 

pressure at room temperature is too lou to permit distillation to 

be observed under high vacumno Dry crystals :react e::-..'})losively vrith 

cellulose. 

Violent detonation upon r.8ating makes cr.ernical analysis by. the 

direct ineasurement of the oxygen and xenon difficult. By other 

. ~ 'h h . 1 ~ 1 ~ v 0 h b ~i d experJ..menvs, t. e c. enu.ca~ 1. or:rrru_a 0.1. .t.e 
3 

. tas een com rme • Iodine 

and xenon Here liberated vlhen solid potassium iodide -vms added to an 

acidified aqueous solution of t.b xenon compound. ThE: oxidation state 

of the xenon ~ras determined by rr:eans of the iodine to xenon ratio. 

Also by rr;8ans of tr.is reaction, 5.12 mg.·· of the dry crystals yielded 

28.75 micromoles of xenon gas. Anal. Calcd. for Y.eo
3

: I/Xe, 6.oo; 

Xe, 73.2,3. Found: I/Xe , 6. 06; Xe , 7 3. 73. 
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Crystals Here tr9-nsferred in to t.hin--v1alled glass capillary 

tubes;. Hhere they were held to the Halls by Hhatever solution was on 

their surfaces. Preliminary c:cystal data ~·:ere obtained f:.:-om oscillation 

and 'deissenberg x-ray diffraction photop~aphs. The structure reported 

here is based on angles and intensities rrr:;;asured ·~rith a goniostat and 

scintillation counter with Mo Ka rc.diation, · A.(Ka1) = 0. 70926 A. Ten 

crystals, in.the form of rods elongated in the direction of the b axis, 

were exaii'.ined. Because of decomposition_, ec:ch crystal sm~vived only· 

a fm.; hours of expo sure to :x:-rays. Frequent· ad justi'i:3nt of aligmr!;nt Has 

necessary. 

Combination· of measurerr.2nts from three crystals gave intensities 

for the 482 independent reflect.ions perrl'.it.ted by the space group "L·Iith 

povrer dropped 1<J'it,h tir•'12.:; it Has necessa:-y to make frequent adjustrr~nts of 

scale by comparison Hith rrBasurcrr.::;m.s of the. (200) :..~eflection. In th3 

subsequent l~efinement, it 1vas found that ".:.he agreement uas i1;1proved by 

adjustment of scale factors for l):portions of the data, grouped according. 

to the sequence of rreasurement. 

The orthorhombic unit cell has dirrensions a :.::; 6.16.3 ;;; 0.008, 

b ~ 8.115 ± 0.010, c ~ 5.2.34 ± 0.008 A. With 4 molecules per unit cell 

the density is 4.55 g./roJ.. Syste:rr:atic absencG of odd orders of hOO, 

OkO, and· oo..e correspond to s~oace group P21 2121 . Atoms are in t.he 

general sets 4(a): X.} z; l 
y~ "2 -·X ..... ' 

1 
-y, -2 -:- z; 1 1 

2 + X~ 2 - y, 
. -z, 

-::.::, 1 
+ 

1 
~ 

y, 2 - z. 
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ThesG crystal data rasernble ·those of iodic 2-4 acid, for 1-rhicb. 

(2) H. rn Rogers and 1. Heb"'1olz J J. .D .... r;~ .. Ch.c.-r; Soc 63 278 (1941) ~ .l.o .............. , ... .::___:. ;J - --- ,...,:...,., 

(.3) "0 S~ Garrett, Structu:.-8 f(3Dor~-ts, 18 J .393 (1954). .Uo -------- ~N 

(h) H. 1;' S1-rar.son, N. T. Gilf:t'ich ..... a11d G. M ... Ug::.~inic, ·,\T.-.+ 
J,.\C:. '-1 o E\.1r. 

Standa:cds Circular 5.39, ~, 28 (1955). 

a= 5.89, b"" 7.7.3, c = 5.54 A (a::es pe:rmu.:tcd.) and '(·:rhich has the sa;-;:.:.: 

a fact 1-rhich v7as helpful but not essential in -cr:e detcrr:·:ir.:ation of the 

structure. 

Simple calculations yielded· appro)-:i:·:ute · cco~cdir.k!tes for Xe, ' .. v:n:tcn 

tends to dc:n'linate tbe st::.--:-ucturc factors •. A projecticn dm·m thG c axis 

revealed the oA-ygen atoms 

least-squares cool-dine. t;:; s repartee for 

t.he fir~al 12 coordin3.tes, 

4 isotro:;>ic tenpe:cature facto:cs, a"1a. 15 scale factors, the conventional 

"0 Ji •• 2 
X y z J.J; 

Xo 
·~ o. 9L,38 0.1496 ·0. 2192 L3 

O(l) 0.537 0.267 o.o66 ? "' ~-.) 

0(2) 0.171 o.o96 o.Lo6 2.2 

'o(J) O.:-J-42 0.454 0.389 1.8 

0 

Standard deviations of coordin.;:.tes correspond to 0.002 A fo:c 

~~non and 0.03 A fo? OAJgen. The Xe-0 bond distances are 1.74, 1.?6, 

and 1.77 A, each i 0.0.3 A. Bond angles 0-Xe-0 ere ,0,0o 
~v J! and 



101°) each;; 2°. 

distanCe less tr~n OoOl A~ 

z.r:::: of doubtful significance. Tt1e average bcr:d distance, corrected 

for thcrmal rwtion, and th8 ave:.:·age bond angle are l. 76 .~. and 103°, 

respectively. L"l iodate ion5 the angle is 97°, ar:d o.:.he bond distance, 

(5) J • .A. Tbers, Acta C:ryst., 2, 225 (1956). 

L82 A, is slightly-longer as expected. 

'l'he shortest 0-0 distance bc"c:·Icen r:,olecules is 2. 91 A. As 

· discussed by Hells, 6 the co:c:ce spending co::rt;::ct in Hro
3 

is u:nsui table 

(6) .A. _F .. T~el~s, ..t .. cta Cl--~rsto~ ~,.128 (1949). 

for hydrogen bonding. i\.ll ot,~ner i~-!·Cel~r;:olcc·u.la:;.~ 0-0 contacts in _XeO"":.!. 
,.,) 

HXeo
3 

irrplausible in spite of ·chc; sin'lilarity of the st:rv.cturc to that 

Another aspect of th::.s lack of bonding is that 'the unit cell 

volmre is gr.:::ater in Xeo
3 

than 

a:ce srnaller. 

HI0
3 

although the moleculaj,~ dimensions 

Each xenon atom 'has o-::.-ygen n;:;ighbo:cs ·at 2.80, 2.89, 
0 

and 2o 90 ~C.. 

in three adjacent rtolecules" 

Crystals of· x~r1on t:riozi de Here first prepared at Be:tkeley by 

~·Je t~.ank:· Prof o R .. E~ Cormick for b1 .... inging tr1e~-n 

•! ·•'. 



to our att8ntion .s.nd Dr. C. vl. Kocn for a~sista.nce in the chemic~l 

ar~alysi~~ 

Dl~Vm H., 'I'Et·1PLET01~ 

.. U.:·iP..ENCE ::ti!.DI.ATIOlf L.A..BORATORY ALU.N ZALKIN 

UNIVERSI'l'Y OF CALIFORNB. J. D. FOR.?~STER .. 
BERI\EKEY, C.A.LIFOR.J.'UA STA1•TLEY H. HILLIAHSON 
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