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;?hatcryS£AifStru¢£nre of OsmiumaTetroxideffr;};

By Tatzuo , Ueki, Allan Zalkin and David H. Templeton f,“

.'Lawrence Radiation Laboratory and Department of Chemistry,

. University of California, Berkeley, California, U. S. A.nf_ ‘

LrCrystals of Osoh are monoclinic, space group C2/c, with h moleculesfa‘
in the cell with dimensions' L L 4,._,\_‘ _'_"”’ ‘
.v”v a= 9 379, b= u 515, c= 8 632 A b= 116 6°, .

" data the molecules are tetrahedral with Os—oO = 1.7h 1 (uncorrectedf,lfg- ‘

'"Wﬂhclosest packing.; The intermolecular 0—0 distances exceed 2.98-& .

":{j-and are congistent with weak intermoiecular-forces.indicated by .

jjthe high vapor'preSSurevand low meltingwpoint;;f_;zjiﬁ

-

Introduction

N S O O N PN ) P P2 P N

;:fThe crystal structure of oxmium tetroxide was investigated previously by

'?fﬁ“:were not determined from the intensity data. The complete structure has -

.f){By 1east-squares refinement of three-dimensional X-ray diffraction ﬁfdgl‘

'*it”for thermal motion) The molecular arrangement is approximately cubic .

4

: if”x~ray photographic methods (Zalkin 3< Tenpleton, 1953), but oxygen p031tions_'fffnirf

gj”now been eatablished with intensity data from the direct counting technique.f;j;ﬂf;ﬁj
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Experimental
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room temperature, Raw crystals were obtained from A. D MAckay, Inc.; 51”

Hradiation With Ni filter. A crystal with dimensions 0 19 )< O 063 )< O 092 mm

‘was nnunted in a goniostat on a General blectric XRD 5 apparatus equipped

vw1th 2 scintillation counter and pulse height discriminator., Accurate cell

vdimensions were determined using the goniostat and M.oKa1 radiation (l -» .

,0 70926 A) Intensities were measured for each independent reflection

- with sine/k less than 0. 71 (26 < 60°) with 10 seconds counting time for each
' reflection. A total of h79 independent reflections Were measured exclusive
jgxyilf H: of space group extinctions.' The linear absorption coefficient is estimated

- to be }L 39h cm -1 for MoKa radiation, and the absorption effect is appreciable.

'“T;FEEﬂf; Absorption corrections were made after partial refinement of the structure, fgﬂﬁﬁf?ﬁ

'},as described later. No correction was made for extinction.“-

L

Calculations were made with an IBM~7090 computer using our version of the

Gantzel-Sparks-Trueblood full matrix least squares program (unpublished)

,The function minimized was. ;i,5 | L jﬂf

- Sullx, | IF |>2/2th 12

~m§e% Ee&a -
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ii3;; rapor pressnre (Ogawa, 1931) They are’ monoclinic, with
; ' =9379:00057\(939I\).
= L5185 3 0,002 & (b.52 1),

= 8.632v:;o,oo3 k-(8.66 A),i»fp 1
= 116.6° £ 0.05° (116.7°), fttf
e - “33071\ | o ‘. g
;iThe values in.parentheses are from Zalkin & Templeton (1953), changed

m‘<

o 'l

(LS

e 15

‘d%d;to the new setting. With 2 = L the calculated density is 5 10 g cm 3 .

‘;compared with L.95 observed by Krauss % Schrader (1928) The systematic E*Ql].

.?ebsences: N . L if

. (tkt) absent if hié k # 25 (h0g) absent if h # 2n.or.if tdom

_afgnvare characteristic of space groups Cc and 02/0. The centrosymmetric group,:f;?”
'02/0, was chosen, and later 1t was confirmed by the successful result of o

" the structure determination._ Reflections are strong if h'+ k =2n and

- were all absent the lattice would be face-centered, and a smaller C—centered :l'd
| .';’, ;‘Z;d cell could be chosen. In the previous study (Zalkin % Templeton, 1953) - |
| s Hdil'these weak reflections escaped notice, and the 1attice was described on the.p%ﬁ-f
gﬁmnwcﬂL, | | v

_ ..~1ssz;nee:e;e~ .£.1s~ Structure -

fi_explain the strong reflections. In space group CZ/c this is possible‘};
1 “with special positions b(c), h(d), and h(e) Since we expected Osoh
%;fto be tetrahedral, the sets (c) and (d), at. centers of inwersion, were:?

f'fdiscarded and the set h(e)z

(0, O, 0; '2, -5, 0) * (O, In E)

h + & =’2n; otherw1se they are weak or absent,’ If“these weak reflections [Q_‘.'”'

' The osmium atoms must conform closely to a face-centered structure to S



This structure for the oxmium atoms explains the largest peaks in the

Patterson function. On the basis of, smaller peaks in the Patterson function‘
and expected nnlecular dimsnsions, two sets of oxygen atoms were placed in

general positions 8(f)

%: T 0) % (x: Yo 28 X5 =Y ‘é'f"z)

with coordinates (0.12, 0. 05, 0. 19) and (0.12, 0. us, 0. h3) This trial

(0) Oy 03

structure was refined by least squares with unit weight assigned to each of

”the u79 reflections. With isotropic tenperature factors of the form

-2

:exp( B l sinze) and no correction for absorption, the discrepancy index

R= ;E:IIF | IF ||/jE:|F | was reduced to 0. 170
| At this stage the discrepancies between the observed and calculated

,:structure factors were fairly large; therefore some of the intensities were

‘reneasured.‘ Another series~of~least“square~refinement~reduced~R~to*O 164

- Inspection of the structure factors then revealed a systematic discrepancy

which we attribute to: absorption errors. In general, |F | exneeded lF |-
“for negative 8 and IF | was 1ess than IF l for positive £ The 1ntensities]
. were measured with p_i 1ess than or more than 33 for these two classes

“of reflections, respectively._ Measurements of (020) and (OhO) as a functionf

“of ‘phi (the spindle axis of" the goniostat) in the full circular range showed%
chat their intensities varied 1n a manner ‘that could be approximated by

'a sinusoidal curve. The ratios*of observed to calculated intensities for ,”5

;strong reflections, when arranged as a function of E_,’ tend 1o follow

‘a similar variation (Fig. 1) While the absorption effect cannot be a function

UETS

simply of p__, it obviously has a strong correlation With this variable.

;The intensities were corrected with the empirical relation-':
|F0| (corrected) = IF |2 [l + 0 hS cos(2¢ + 6h°)]'1

Y
2

i
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';vseries of refinement was carried out with 31milar anisotropic tenperature_f"i'

'”ft{V_After this correction, refinement reduced R to 0 107

With an anisotropic temperature factor of the form exp( Bllh --ﬁzak

-2B13h8) for the osmium atom, 5 was reduced to 0. 082. The final

;"factors (except that all three cross terms are included) for the oxygen

V"mj_'atoms. The final R = 0.082 was no better, the sum of squares of residualsﬁzl'

decreased only’slightly, and the deviations from isotropy of the oxygen

B atoms hardly exceed the standard deviations. No  coordinate changed as 71';ff.-t'
- much as O 001. The final parameters are listed in Tables 1 and 2, and fﬁfﬁjgi

. the observed and calculated structures in Table 3. : S lagjﬁa_fﬁj

Discus
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vABond lengths and angles are listed in Table h with standard deviations.

. The deviations from tetrahedral symmetry of the molecule are not experimentally

51gnificant. This result is in accord with the 1nterpretation of Raman and

| infrared spectra by Wbodward P Roberts (1956). and Dodd (1959) The average )

‘" 0g=—0 bond distance is 1.7h ¢ 0,02 A, uncorrected for thermal motion. The‘u'~¥;- -
‘:77]iv r.m.st interatomic distance is larger because of thermal motion by an | ey
" amount which is estinated as 0.02 A (with the’assuMPtionvthat'oxygenbrideﬁ 'ffiffjjg:
'"iffbn osmium), but the magnitude of this correction is doubtful becauSe of l‘
!?ii}:the'iow precision of the thermal barameters. An early electronrdiffraction5;filﬁ'ﬁiw
:uésstudy (Brockway. 1936) gave 1 66 A for the Os-O distance, but this result -ithwétibf
iﬁis likely to be in error because of failure of the Born approximation SRl
{a:(Glauber zt Schomaker, 1953) ' A check on our result is given by the
tvlytconsistency of the isoelectronic sequence WOh R Reoh ’ Osoh, with bond :
; ‘tl}vfﬂ;'distances W--O - l 79 l. (Zalkin 9/.‘ Templeton, 196h Kay, Frazerg(‘ Almodovar,



,Uﬁﬁﬁillhﬁéfoi*vw

i‘196h) and Re-O '“:m77 Lf(Morrow, 1960).;1 ’ | o
, The crystal structure (Flg. 2) can be described approxlmately as ;If;,
ucubic °1°SeSt packing of oxygen atoms, w1th OSmium in tetrahedral holes.
giThe pseudo-cubic pseudo-cell COTPeSPOHdlng to the close packed oxygen vd
structure has axes which are related to the monoclinic axes by the. matrix Go
Jé /010/00% " |

3 can be descrlbed less- accurately as cubic. closest packing of Osou molecules,F{?Ll“gtw

From a different point of view, the structure

an arrangement which is common in crystals of spherlcal or nearly spherical
molecules. The axes of the pseudo-cell describing this packlng are derived
from the monoclinic axes by the matrix '-‘ .2 / / 1. In

this packing each osmium atom has 12 osmium neighbors at dlstances ranging.r
from L. 52 to 5. 20 L The intermolecular 0—0 dlstances exceed 2. 98 A and .
iare consistent with weak intermolecular forces indicated by ths high vapor |

~

‘h7¢‘pressure and Tow melting point.‘
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Atom

Atom 5'. A
 .”? o
o oaz
'33;;40(2)"¢.115-i

By

ﬁﬁ;;1.h7-%
o
BN

i:iﬂa(Bll)

0,05
12

A

10,2601

‘Final thermal parameters and estimated
_f Boo

1.96
‘£ h;2_g1j
38

°(322)

t1,°'°6f’ 
L3

1.1 v‘*V;1.2- j

oz e

0.038

0.L76 - 0.L25

e .i . 2.9 )

i °(333) °(312)

0.190 0,003

0,003 -

233' 1 | Bio = B3

'»0.9"73f 3 1

o, u

;60.9 f

o
0(313
0. %, -5--- | o ol
1. 3

1 0

1.0 ,”
" l.O’-:fﬁ

 15'structure factors (FCA), each multiplied by 10

T(table;td be’réproducgd photngaphically) e e

| : oly)
1M == 0.0004
10,007

. 0,006 |

_‘71.1 :f
0.8
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iF&nﬁl#codrdinéte#vaﬁdféstimated standard de#iations'

.',' O(Z)

o.ooh{\"" o

siandard'deviatiohsa'f.

‘l‘o,Shfff*V‘o

" 0. 2

0(§23)

1. 1

j" 0.9

co

Observed structure factor magnitudes (FOB) and calculated

0,003 -

, . &&:,.:
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;Tablé L. ;Intératdﬁi¢fdisﬁancés;and angles'in

Distance ()

'03“0.(.2)‘ : | "

1,71+ 0,03 .
0(1)=0(1)

' .1.76 £ 0,03 Aﬁ

0s0) ;

1 110.3 1.9

0(1)=0s—-0(2) | 110.5 £ 1.3 .

U 0(M)=0s—0(21) . 107.6 £ 1.3
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Figure Captionsii

N Fig 1. Ratgio of observed to calculated inten51ty as a function of p___. .
' . go 7 R
The roken curve is the ratio for (020), which can be measured at

’ brokew
.any phi because chi ig 90°. The - #o3id- curve corresponds to the correctn.on
equation, | |

'.F'ig:.v2. Crystal structure of 0s0). The ¥ coordinates '(multiplied by '100) o

,"_'-are indicated for some atoms.
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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.
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