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* Determination of the Crystal Struépure of Xenon Trioxide™

{

giDavid H, Templeton, Allan Zalkin, J. D. Forrester ‘and Stanley M. Willlamson

'f;:z Department of Chemistry and Lawrence Radiation Laboratory
o Unlverslty of. California, Berkeley, California
April, 1963
. Xenon trioxide was characterized by determination of its
AL;i;drystal and molecular structure By‘x-ray diffraction by .
single crystals. Four molecules of XeO3 occupy an
J;aorthorhomblc cell in space group P212121 with dlmen31ons

" a = 6,263 £ 0,008 &, b = 8.115 £ 0,010 A, ¢ = 5.23h 2 A

3fthat of the isoelectronic HIO;. The XeO; molecule has
?;'brigonal pyramidal shape with average Xe-b bond length :f:V
:fa1.76 X (corrected for thermal motion)'and average OQXe;O

* bond angle 103°.
INTRODUCTION

This paper is a moxre detailed version of an earlier reportl of the‘.r

‘ identificationibf.Xe03.by‘determinaﬁion of its crystal and molecular

structure. The preparation of thls material by hydrolysis of Xth and its
chemlcal analysis have been descrlbed by Williamson and Koch. 2 It was

independently prepared from XeF6 and identified by Smlth.3

_ *This work was done in part under the auspices of the U, S. Atomic Energy Commission.
(1) D. H. Templeton, A. Zalkin, J. D. Forrester and S. M. Willlamson, Je '

Am. Chem. Soc. 85, 817 (1963).

| 1(2) S. M. Williamson and C. W. Koch, Science 139, 10L6 (1963)

(3) D. F. Smith, J. Am. Chem. Soc. 83, 816 (1963).

© 0,008 A. The crystal structure is closely related to =~~~ Tt



‘ EXPERIMENTAL
The material used in this work resulted ffom the hydrolysis of
| Xth,'after which the solution was evaporated to dryness. A very'small'  '
amount of the white powder was placed an a glass slide in air and.was B
allowed to pick up water from the atmosphere until it completely
dissolved. Crystals were then grown by focuéing a microscopé 1émp on
" the saturated drops on the slide to provide gentle heating. 'With4a,
microscope of abOuﬁ Lo power, crystéls were ébse;ved to develop as
very finéfneedles ﬁhich grew in-a few-minufes to elongated rods. The
- Db axis coincides with the iong dimension of the crystal and is an  'V’ .
o ':extinction direction of lighxﬁwithﬁcrossed polarizers. : 3
| Crystalé 6.1 to 6.5 mm in size were separated from the solution and 3
iif:.‘stored on a glass slide (ﬁarm to the touch) in air, where they were
“>stable for short periods. After‘alsglection of crystals had been made, -
': _they wera'individuaily trapsferéd into thin-walled capillafies of 0.5 |
2ﬂf-mm diameter and stored with ongténd open in a desiccator'charged with
"';iifx CaSO).l (Drie?ite). When a crystal was needed for x-ray examination{ a
. | .cépillary was removed from the desiccator and the end sealed off. Each_v
.w‘i crystal stuck td the side of the capillary with its long direction,. the

e b axis, parallel to the direction of the capillary.

—“Séﬁéralucryéﬁai§“§é§g;;EQﬁifed’for“théfWErk“because*of-decompbéitibﬁw
vvdpring the irradiafion. The first five or six crystals were used in
learning how to'handle the subétanceland to take ﬂbissenbefg patterns
to establish thé crystal symmetry. An additional four or five crystals
~‘were required to get accurate cell dimensions and to take intenéiiy'qata.
These‘measurements were made with a Génerai Electric'XRD;S apparatus.

equipped with a goniostat andhscintillation counter and with Mo Ka
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’ irradiatibn the‘crystal would decompose and the resulting gas would form
o bubbleS'in this film; Where  the cfystal contacted the capillary these

~ bubbles caused the cfystal to move out of alignment, necessitating

‘x-rays. The tube was operated at 4O Kv and from 1 to 20 ma, the

"milliamperage being boosted as the crystal decayed. The cell dimensions

P
e

angle of 2°. The intensity data were obtained using 10 second counts with

take-off angle of L°. Ultimately Li82 independent reflections were observed, .

16 of which were below'the detection limit and recorded as zero. The

. intensities were measured only for.20 below 60°.

The crystals contained a film of moisture on their surfaces, probably

acquired.during.their~exposure to the room before sealing. During

.

frequent realignment of.the crystal. The crystal could be observed to

break up during the measurements. The decomposition rate decreased markedly

when the irradiation was stopped; therefore to diminish this damage a beam

~ stop was used which exposed the crystal to x-rays only during the actual

10 seconds oflcbunting. Even with these precautions, a crystal would only

last for about four to six hours oflmeasurements.

The (200)-réflection_was used as the standard reflection with which

o normalize all of the data. The data’were taken in an order dictated

B primarily by the convenience of setting the angles on the goniostat.

The actual order has been retained in reporting the observed and calculated

, values in Table 3. The intensities fell off with time principally because

the fragments were rotated to each other and therefore not all in diffraction

position, rather than because of?déstructién of the.lattice. .This.rotation--—- """

was not isctropic, and therefore the method of normalization is not correct.

It was patched up by introduction of additional scaiing factors as described

" below.



The Eourier‘énd least-squares calculations were done on an IBM-7090
coemputer, We used a Fourier‘program of our own design and a least-squares’
pfogram written by Gantzel, Sparks and Trueblood.h The 1east-squares
program minimizes the function:Z:w]]?o[-[Fc]12/§3wlFol2, and utilizes a
full matrix. For lack of any better estimate,; we used unity for all of -

- the weighting factors, W. Lorentz-polarizgﬁion corrections were applied.
io the data. Absorptioh corrections were not mgde.2 Atomic scatterihg »
factérs<for peutral xenon and oxygén wére taken.froﬁ Tables 3.3.1B and

.3;3.1A in the-Internation;l”l‘ables:s Anoma;ous dispérsion‘corréctions

- were omitééd.

DETERMINATION OF THE STRUCTURE

A set of Weissenberg films was sufficient to determine a set of
cell dimensions. A comparison of the a/b and c¢/b ratios with those in

3 A thorough check showed the
extinctions to correspond to space group P212121. As xenon is the principal

< diffractor in this crystal it was possible to estimate its location by an

Crystal Data6 showed a resemblance to HIO

investigation of first the h0O, 0kO and 00¢ data, and then a set of h0¢
'and_hko data. This position had parémg?§{§“§bat were less than 0,04
different from that found for I in HIOB; -
| An electron density projection using 55 non-zero hkO terms with

"' signs based on Xe only was calculated.l The three lafgeét peaks exclusive
.of the Xe peak were observed to occur at positions not far different from

those of oxygen in HIOB. We estimated the third parameter of each from

the iodic acid positions.

(4) P. Gantzel, R. Sparks, and K. Truehlood, private commnication (1961).
(5) vInternational Tables for X-ray Crystallography“, Vol. 3, Kynoch

Press, Birmingham (1962).
(6) J. D. Donnay and W. Nowacki, "Crystal Data", Memoir 30, The Geological

Society of America, New York (195L). .



least squares refinement proceededva$ follows. Four cycles of
least squares using 297 reflections and isotropic temperature factors
resulted in R = | IFO{-[F'CI |/ Z|F | = 0.24. More data were added to
make a total of 386, and another L cycles.reduced.R_to.O.l9.uuJith'all;jv
h82vreflections and 6 more cycles R was 0.17. The data were corrected
for obvious blunders by remeaéuremeﬁt of a few reflections that showed
ﬁery bad agreement. The reflections were separated into 12 greups, and
~a scaling factor was determined for each frpm the sums of observed and
‘ calculated structure factors. Six'cycles of refinement reduced R to 0,11.

A sééond rescaling was done aﬁd the nﬁmber of scale factors increased
to.lS. Tﬁe beginning and end of each group could be correlated with an
event in the data taking, e. g., a new crystal was put on, the crystal
was realigned, a fragment of the crystal dropped off, etc.

The final result after six more iterations, with R = 0.098, is
O shcuy zn Table 1 with all of the.pertinent crystal structure data.
Attempts to refine the xenon atom with ‘anisotropic temperature factors
did not improve the agreement and furthermore is of doubtful yalidity
considering the méthod of scaling. Any attempt at a thermal description
other than isotropic is not warranted from these data. The staﬁdard
- deviations listed in Table 1 are those estimated by the method of least
squares. The‘accuracy cannot be expeéted to be this good, at 1east'for
the thermal parameter of xenon.

The 15 scale faétors tﬁat wefe applied to the intensities are shown
in Table 2. Observed and'calculatedAstrﬁcture factors are listed in
Table 3, in the order in which they were ﬁeasured. A 1ist of inﬁeratomic

distances is given in Table L.



STOICHIOMETRY OF XeO3

Although the structures of HIO3 and XeO3 are closely related,
there are significant differences that forced us to conclude that
~ the stru;turé we had just analyzed was xenon trioxide rather than .
xenic acid". Todic acid has one hydrogen bond as deduced bvaells7
from the x-ray structure determination by Rogers and Helmholz.a

w~ Garrett9

.did a neutron diffraction study of H103 and confirmed the
i 1? basic structure as well as the location of the hydrogen bond as ‘
suggested By we115.7 In iodic acid this hydrbgen bond distance is 2,69 R,

and the corresponding distance in xenon trioxide is 3.19 R, far too long ..~ -

v~.to be considered_as a hydrogen bond. This is consistent with the observa&ion'

i
1
v

B thaﬁ though HIO3vis a larger molecule that Xe03; its crystal volume is ,
".smaller.due té the contraction by hydrogen bonding; Furthermore, we find |
. no é&idence_of a hydroggn bond elsewhere in the structure. The structures
of the tw& subétances'are otherwiée so similar that we could not believe |

that the xenon compound would not make a hydrogen bond if it contained

1 hydrogén. Structural data for Xe0., and H103 are compared in Table 5.

3
Thls formulatlon as XeO3 was’ shortly after conflrmed by chemlcal
'm.ana1y51s,173 | -
" ;ﬁ_m_.(7) A..F. Wells, Acta. Crysta.. 2, 128 (19h9) . e

- (8) M . Rogers and L. Helmholz, J. Am. Chem. Soc. 6;, 278 (19h1)
(9) B. S. Carrett, Oak Ridge Natlonal Laboratory Report l7h5 9 (195L). -

Abstracted in Structure Reports 18 393 (19Sh)



DISCUSSION

The arrangement of molecules in the unit cell is shown in Fig. 1.
The dimensions found for the molecule are shown in Fig. 2. No correctlon

‘has been made for thermal motion. Whlle we do not have an accurateh

”“descrlptlon of thls motion, —We - -estimate that it affects bond dlstances ;:J;H;;~~”“'

by less than 0.01 A.
Standard dev1atlons of coordlnates correspond to 0.002 A for L
7 xenon and 0.03 & for oxygen. ' Because of the unorthodox method of -

"f_scallng, the true accuracy may not be this good. Thus we have no-...

ba515 for claiming any 51gn1f1cant deviation of the dimensions of j3~jﬁ e
, v .

the molecule. from three-fold symmetry, and we report the average
- bond distance as 1.76 A and the average bond angle as 103°. These ,
dlmen51ons may be compared W1th 1.82 A and 97° reported for the

1soe1ectron1c 1odate 1on.10 :

Each xenon has three close oxygen neighbors from other molecules,v'
oo at an average distance of 2.86 A. The interaction of these atoms.
”'t,is analogousuto the situation in HIOB.which hasAbeen discussed in

-\'¥ terms'Of:"Veak secondary bonds".7’8

_ Whetever=its'nature, this interaction
”tfgipresumably is an important part of the explanation of the similarity & v
“*?.fiof the tno crystal structures. | | | |
» ‘:C}ystalsiof xenon‘trioxide'were first prepared et.Berkeley by
' ':’"5""_-__'er_. K. A.-Maxwelli ~We thank Prof. R. E.’ cé’n}'ﬁéie‘i‘fdr"bringing them T
- to'onriettention'end Dr. C;LW,fKoch fof'éssistenoelin the chemical

preparation and analysis.

‘ft (10) kJ.vA,_Ibe:s, Acta.Cryst..2,2225>(1956)5;;%} N

’ ; e SN VPRUUE J T
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 Table 1: Crystal Structure Data for XeOy . Lo
Cell data
o Orthorhonbic
Space Group P2.2.2 '(Dh)
pa 1141 2t
= 6,163 = .008 &
b = 8,115 ~ .00 &
¢ =5.23L 2,008 A
Z = ‘
V = 261.8 i’
Molecular weight = 179.30 ‘
‘ X-ray density = L.55 g/ml
~ Atomic parameters‘ -~ all atoms in the general posi‘bion
L ba x,y,z; 1/?-Xyi?sii/?+z;?1/2+x,?1/2f¥v?35¥§,317?#y,il/2rz .
| = b Z. B
CXe .9u38 % .0003 L1496 I .0003 2192 I .o00k 1.34 = L0k
01 . .537 %.00k  .267 .ok ..066 006 2.3 % .5
02 AT % ,005 .09 * .00 - L06  *.,006 2.2 F 5T
03 a2 gl # a2 * 006 1.8 % .
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- Table 2: Scaling factors applied to the raw intensities. These correlate

to those referred to in Table 3.
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Table 3: Observed and calculated structure 'féctors for XeOB. The order of %he

reflections is that of taking the data. The phase angle phi is given

. in te.rms of thousandths“of a circle. s

i

“217 29 310 31 32

T1C8 103 236 60 65 305 SCALE FACTOR 16

. I s 1 6 2 2 4 1 0 92 99 000 6 2 4
. SCALE FACTCR | 24C 72 37 36999 3 2 1 35 3L 841 8 2 0 15 17000 3 2 2 53 ST Ti2 M K L fOO FCh PHI
- 1 &€ 1 63 82 277 6 4 2 22 29 9557 s 1L 0 58 57T 750 6 4 & 29 25 132 1 1 5 41 43 .59
- ¥ K L FCB FCaA PHI L7 1 12 15 098 3 3 1 40 37 352 6 1 0 54 54 000 3 & 2 36 3% 361 L 2 S 2) 23 928
. o, 02 6 0130 139000 1 8 1 17 22 253 6 ¢ 2 11 22 946 7 L 0 19 22 150 3 5 2 12 14 008 1 3 5 &l 606 489
. . 4 ¢ 0 8 11 000 Ls$ 115 21 306 3 & 1 ST 49 708 8 1 0 9 9 000 3 6 2 32 4 161 1 4 S 40 34 701
g 6 & 0 34 34 500. L AC 1 67 56 745 .3 5 1109 91 742 7T 2 0 49 52 750 37T 2 5T 59 268 i 5 5 13 12 701
. 8 0 0 46 53 500 LIt 1 16 17 653 3 & 1 55 %4 30L 3 1 0 96 84 750 3 8 ¢ 30 29 749 1L 6 £ 32 29 284
By « @ 1 1 38 36 250 i 317 1 21 19 210 6 2 0 18 17 000 3 9 2 24 21 705 1 7 S5 42 4z 0iS
. ¢C 2 -2 3% 37 000 SCALE FACIOR 5 3 8 L 23 17 126 8 3 0 [+] 4 000 31072 22 18 493 1 8 5 172 18 069
» ¢ 3 3 18 18 750 3 S 1 56 43 240 S 2 0 14 12 750 6 % 4 30 32 494 2 1 5 640 40 i8s8
. G & & 47 54 500 H & L FCB FCA PMI 31C 1 32 24 742 T 3 0 37 36 250 6 3 & 21 20 822 2 2.8 31 371 4l0
. 0 5 5 45 5S4 150 2 6 2 32 33 550 6 T 2 12 14 ol6 . 6 1 4 29 32 ool 2 3 5 29 31 420
g c 6 6 10 12500 "2 1 2.27 28 327 6 5 2 40 48 Ol SCALE FACTUR 10 5 1 2 49 51 221 2 4 5 34 34 106
. 0 2 1 158 170 500 2 % 2 60 61 980 6 3 2 17 22 369 5 2 2 26 28 371 2 5 %5 42 43 153
0 4 2 101 104 000 2 3 2 45 65 649 6 1 2 41 54 529 _ H K L FGB FCa P 5 3 2 13 15 155 2 6 £ 34 33 837
0 6 3 31 33 500 4 ¢ 4 35 28 226 4 1 1 80 13 029 2 1 0 80 o4 000‘ 5 4 2 21 22 958 2 1T 5 21 22 86
C 8 & 15 16 000 .,*2 1 2 83 .84 448 6 2 2 14 14 428 4 2 0 25 22 500 5 5 2 4 6 442 5 1 3 44 4T TH2
C 3 1 39 35 7% 4 2 & 61 54 756 4 2 1 13 19 45 6 3 0 24 28 000 5 6 2 2C 22 950 5 2 3 &2 43 508
0 & 2 77 83500 2 1 1 62 80090 & 3 1 15 105 4937778746 0 28 39 000---Se-l..2. 47 51 296 5.3 3220008682t
¢ 9 3 23 26 150 4 -2 28 35 251 & 4 1 23 18 20% T 4 0 23 25 250 5 8 2 8 12 111 5 &4 '3 24 2% 91}
€ 4 1 84 84 000 6 3 3 39 42 028 4 5 ) 4 7 343 5 3 0 93 93 250 T S 2 11 12 506 5 5 3 61 61 251
C 8 2 21 22500, 2 2 1115 108 526 4 & ¢ 1 25 20 186 3 2 0 &) 62 250 7 4 2 26 20 643 $ 6 3 18 18 0bs
& 4 2 23 21 837 4 1 1 11 67 002 6 & O 30 30 000 7 3 2 33 34 7144 S 7T 3 16 15 806
SCALE FACTOR 2 6 & 3 22 25 135 4 €& 1 16 13 537 T 2 2 39 43 271 S 8 3 24 25 404 -
2 3 1 88 80 493 4 9 1 29 28 484 "SCALE FACTOR 11 7T 1 2 26 28149 7T 1 3 28 2682
' H K L FCB FCA pHi 4 62 15 1S 619 4 1¢ 1 [} 9.255 1 1 3 %4 57 614 T 2 3 2L 21 567
_ 0 5 1 24 26 750 2 4 1 67 60 056 8 3 2 13 17 286 H K L FCB FCA PHI 2 2 6 33 37 211 7 3 3 25 27 585
0 10 2 61 52 000 48 2 23 24 261 8 1 2 14 16 579 7 5 0 [} L 150 1 2 3 57 54 318 T- & 3 28 26 8C7
¢ 6 1 71 76 000 2 5 1 6 10 849 5 1 1 93 85 262 4 3 0 53 54 000 2 & 6 21 21 84O 1 1 4 69 69.768
' ¢ 7 1 4 1 250 2 6 1 51 46 976 5 2 1 1% 17 066 S 4 0 14 13 250 1 3 3 68 62 926 1 2 & 61 6y 227
G 8 1 70 73 500 2 1T 1 61 54 996 5 3 1 35 32 238 6 5 0 53 58 %00 2 6 &6 14 .18 641 1 3 4 32 33 161
0.9 1 14 14 250 2 8 1 65 58 499 S & 1 17 12 328 T 6 0 21 21 250 1 4 3 Ti 64 213 I &4 & 39 37 326
¢ 16 1 4 1 000 2 % 1 33 28 450 5 5 1 18 71 157 1 1 0 45 40 750 1 5 3 26 24 245 1 5 4 49 49 %37
¢ i1 1 9 9 7150 Z2 10 1 9 7 261} 5 6 1 10 13 681 2 2 0 65 603 500 1 6 3 64 56 7187 1 & 4 35 32 655
’ ) 2 1l 1 29 22 542 S 1T 1 19 18 267 3 3 0 100 1064 250 1 7 3 47 40 s¢8 1 7 4 22 19 839
SCALE FACTOR 2 4 § 2 38 &l 498 5 8 1 20 116 967 4 4 0 6 10 500 1. 8 3 29 24 680 1 4 & 4L 4] 268
4 1 2 16 19 447 5 9 1 45 39 244 5 5 O 7] 8 250 1 9 3 27 23 906 1 9 4 21 29 023
H - K L FCB FCA PHI @ % 2 73 77991, 6 1 1 45 39 963 6 6 023 30 500 1 10 3 51 40 250 2 9 4 23 24 101
0 1 2 4% 39 250 & 3 2 21 25 568 6 2 1 38 38 010 & 7T 0 17 19 000 2 5 6 13 16 995 2 7T 4 33 23 eul
. C .2 & 31 32 500 4 1L 2 15 85 506 6 3 1 68 64 522 5 6 O 0 10 2%¢0 2 3 6 3% 39 741 2 5 4 31 3218
: € 3 6 53 ST 750 ,6 1 3 33 37423 6 4 1 29 26404 4 5 0 95 95500 2 1 6 25 28308 2 3 4 51 53181
€ 3 2 27 357350 6 2 3 31 33561 6 S 1 9 5267 3 4& 0 35 36750 2 1 3 52 %4630 -2 1 4 48 53902
C 6 & 39 48 000 6 4 3 21 27 B4l 6 ¢ 1 25 19 589 6 8 0 9 9 500 & 2 6 6l &6 237 .
a5 2 6 & 2507 &6 S 3 1T 15 771 6 1 1 50 44 995 5 7 0 58 64 750 2 2 3 79 719 981 SCALE FACIUR (9%
C T 2 43 35 250 L G 1 140 183 250 6 8 1 30 25 9ie 2 3 0 11 11 000 & & 6 25 26 759
¢ 9 2 28 22 7150 2 G 2 90 99 500 T ¢ 1 35 3¢ 122 4 6 0 12 11000 0 2 3 3 71 67 954 H K L FOs FCa PH{
¢ 10 3 6 4 000 3 C 3 170 170 750 7T S 1 3% 33 756 5 8 0 9 13 750 .2 & 3 53 49 599 3 1 4 61 41 G565
¢ 8 3 58 59 000 4 € 4 20 16 00O T & 1 40 38 25% 3 5 0 [\] 4 256 2 5 3 44 41 218 3 2 4 27 34 183
cC 7 3 14 12 750 5 ¢ 5 12 T 750 T 3 1 15 1% 109 4 7 0 21 23 000 2 6 3 644 39 404 3 3 4 54 L2 250
€ 5 3 60 62 250 2 €1 41 44 750 T ¢ + 20 20 172 5 9 0 23 26 250 2 7 3 45 4t 539 3 4 4 51 47 931
0 4 3 50 S6 500 4 C 2 12 1€ 500. 7 1 1 37 34 267 L 2 U 185 171 250 2 8 3 41 35 030 3 5 4 25 24 477
0 2 3 .97 1Ci 000 6 C 3 29 32 250 8 1 1 16 13 894 2 4 0 .72 69 500 2 97 3 26 24-85) 3 6 4 4L 39 5380
¢ 4 6 15 1% 0Go 3 C 1 52 41 250 8 2 1 49 49 989 3 &6 0 12 1% 750 2 10 3 20 18 766 3 7T 4 &0 37 173
¢ 1 3 53 52 1% & 0 2 31 41 000 8 3 .1 17 14525 .4 8 0 0 T 000 43 6 1L 1i 572 3 8 4 21 17 349
& ' c.-2 6 8 8 000 4 ¢ 1 0 3 750 1 5 2 S6 53 991 4 9 0 37 43 000 4 1 0 11 18 441 3 7 ¢ 19 21 7952
0 1L & 49 48 750 8 € 2 33 45 000 L 6 2 56 .54 241 3 7 0 75 71 450 - 3 1 3 51 63 712 3.6 5 21 26 «09
cC 3 & 71 72 250 5 ¢ 1 20 19 750 L7 2 31 28313 2 5 0 719 94 500 3 02 3 49 49466 3% 5 21 26 Te%
a i 4 S 2 250 6 0 1 7 6 750 R 4 1C 0 0 7 500 4 1 & 41 45 978 3 4 S 28 30 588
0 7 4 38 42 750 T & 1 52 49 150 SCALE FACTOR 7 3 8 0 40 39 2% S 1 5 21 29 268 3.3 5 25 2% 437
0 9 ¢ 13 17 250. 8.¢C 1} S 5 150 1 3 0 41 381250 ,.5 2 5 &6 45 012 3 2 5 SL 5S¢ 993
¢ 8 S5 25 2§ 500 1 ¢ 2 63 57 000 H K L FOB FCA PHI 2 6 0 69 63 000 S 3 % 0 ittt 3 105 35 37 169
N C 7 5 14 15250 2 C 4 &2 60 000 8 4 1 28 25 471 .3 9 0 35 34 250 5 4 5 25 26 417 & 1 5 27 24 T27
B 0 6 5 23 22 000 3 C 6 56 48 009 I 1 2 38 41 349 4 7 4 15 12 940 4 2 5 T 16 ¢9%
¢ 4 5 22 21 000 3 ¢ 2 41 54 000 2 2 4 39 42 698 SCALE FACTOR 12 4 5 4 48 48 507 4 3 5 35 34 502
€ 3 5 32 32 250 & G 4 29 27 500 3 2,6 21 ‘18 698 473 4 1T 14 087 49 4 5 &4 4y 235
; 0 2 S 47 47500 5 C 2 23 280060 1 2 2125122 760 H K L FOW FCA PHI 3 & 3 44 41 129 4 5 5 14 11 752
C L 5 62 60 250 7 C 2 17 20000 .2 & & 43 46 420 3 0 0 4 250 3 5 3 68 64 246 4 6 5 32 30 713
€ 1 6 37 34 250 LG 3 117 104 750 1L 3 2 48 48 109 2 7T G0 13 18 000 3 7 323 26 623 1 6 & 18 18 113
G 5 6 6 3 750. 2 ¢ 6 22 20 500 2 €& 4 33 35 Coe 1 & 0 90 91 750 3 8 3 33 27 547 1 5 & 50 46 007
¢ 3 7 11 12 153 2 € 3 54 '54 250 1L 4 2 69 63 288 2 8 0 21 23000 N L 3 42 45 524 1 46 &6 19 20 382
¢c ¢ 17 8 11 0¢Co0 4 ¢ 6 6 2 500 2 8 4 28 29 803 2.9 0 36 35 000 & 2 -3 22 22 840 1 3 6 26 22 567
C L T 43 43 7500 & 0 3 S4 52 250 L 5 0 9 10 750 & 3 3 62 b6 905 1 2 €& 21 26 691
: SCALE FACTOR 8 210 0 45 46 500 4 & 3 3T 37 704 1L L & 4% 46 484
SCALE FACTCR 4 SCALE FACTOR 6 241 0 21 25 500 4 5 3 9 5 3il 3 1 6 22 23 403
H K L FCH FCa PHI I 6 0 70 66 a0 4 6 3 29 31 294 3 2 6 21 i9 983
H K L FCB FCA PHI H & L FCB FCA PHI 4 10 ¢ [¢] 7500, 1 7 € 37 34 750 4 7 3 48 51 S11 3 & €& 33 35 468
1 1 1 42 50 1664 S 0 3 12 14 250 0 1 ¢ Q 0 C82 L 8 0 70 65 250 4 8 o 11 212 3 05 € 2% 2% 994
2 2 2 43 42170 7 ¢ 3 31 42 250 G 2 0 58 52 500 i°9 0 21 20 250 4« 9 3 20 26 978 L 3 7 41 43 GO8
3 3 3 50 4l 871 1L € 4 149 16 %500 0 4 O 118 1i3 500 110 0 0 3 250 5 1 & 29 32 724 1 2 7T 14 17 485
4 & 4 33 27 2886 3 0 4 48 52 500 0O ¢ 0 T6 74 COO it il 0 18 15 250 5 2 4 18 14 856 1 1 7 24 27 507
5 5 5 34 26741 5 C 4 48 49 500 0 € 0 30 28 €00 . 5 3 4 41 41261 2 1 1 3L 3z 123
L 271 28 35835 7 C 4 17 185C0 0 1C O 63 63 500 SCALE FACTUR 13 S 4 4 42 38013 2 2 7 il il 660
2 4 2 BZ 1% 954 1 ¢ 5 4l 41 250 5 5 6 [} 9 967 3 03 2 112 96 102
3,6 3 34 298% 3 9 S5 17 19 250 SCALE FACTOR 9 H K L FOB FCA PHI 5 6 4 26 30 478 2 5 € 124 94 500
4« 8 4 37 31 751 4 ¢ 5 &0 62 150 -0 0 2 146 130 500 6 & 5 11 16 102 2 0 £ 43 35 150
1 ) 1 16 25 506 6 ¢ 5 29 39 7150 H K L FOB FCA PHI 0 U & 69 63 000 6 1 5 20 22 80 2 0 1 39 31 2%
2 &6 2 64 &C 560 1 -« 6 19 18 000 2 ¢ 0 152 139 000 0 0. 6 40 36 500 7T 1 & 26 26 594
3 09 3 38 32785 5 C 6 48 47000 & C 0 9 11000 3 1 2 63 65305 T 2 4 29 25 180
1 4 1 92 112 742 1 ¢ 7 12 14 750 6 € C 36 34 560 6 2 & 36 32771
2 8 2 18 18415 3 1 1 8 C 0 48°5) 500 3 L 2 .
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Table 53 XeO3 and HIO3 crystal structure comparison. The cell dimensions

for HIO; are those givéﬂ‘by Swanson et al ll, and the HIC

3 structural
datafare those of the neutron diffraction work of Garrett9
N S S Mol,  Y-ray
Cell Dlmeno}onu. - b c v 2 /o c/o W, density

L

. XeOy 6,163 A 8,115 A 5.23L & 241.8 & o759 U5 17963 LS5 g/ml

HIO;  5.888 & 7,733 % 5.538 4 2522 K L7601 .76 175.9  L.63 g/m
Atomic Parameters:
" Heavy atom: x v, oz . 0y x NG z
XeOy . W9h3B JL96 L2192 83T 4267 .C66
TTTTHIO T T 9Ll TSR0k e 503 2l s 0T T
L 02: j ox Yy z 032 X .y 2
XeOy ' TATL L096 . JL06 k2 Jlsh 389 '
HIO, 198 (086 .33 - (57 Gbb8 Ok
He o : x ¥y z o T
HIO, .3220 135 W23
- Intramolecular distances and angles:
;. He;vy aﬁom to O1 to -O2viito O3 N O.,_:O2 Ol-O3 02703
YOy . 1.7 & 176 R 11,77 A 2,84 A 2,68 & 2,734
_ HIO3 1,824 1°9Q'ﬁ‘ 1.78 B 2,80 4 2,77 ﬁ» 2,69 A
e _Xe_ P R PN CYP
Anolgs 'Ol 1 02‘ . Ol T 03 02 T 03
XeO, 108° . 100° 0°
HIO, 98 ~ 100° B
Selected intermolecwlar distances: o . - S
Diétance that ié hydrogen bond in HIO3 ' qeavy atom to Ol'- to 03“ to 03"
X0y 39k oo e RO 200k 2489 4
_HIO3 2.69 A 402*—*~H . Ol' o 2°507A 2,87 4 2.77 A

il v
He Eo Swanson, V¢ T, Gilfrich, and Ge M. Ugrlnxcg Standard X-ray Diffraction
Patterns, National Bureau of Standards Clrbulgr 539, 53 28" (1955)



Figure 1: Molecular packing in XeO, .
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Figure 23 Molecular dimensions of XeO
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