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Neutron diffraction diagrams of the orthorhombic form of UaO s show tha t  the structure previously 
assumed on the basis of X-ray data must be in error. A modified unit  cell is derived in which two 
of the uranium atoms are surrounded by a distorted octahedron of six oxygen atoms at  distances 
of Uz-O 2 = 2.07 /~ and Uz-O 4 = 2.18 /k. The other four are surrounded by seven oxygen atoms 
at distances U~-Os = 2.07 A, U~-O z = 2.21 ~,  U~-O~ = 2.17 ~ and U2-O~' = 2.42 /~. The sym- 
metry conforms with the orthorhombic space group D~s-C222. 

Introduction 

I n  the  de terminat ion  of the structures of the uranium 
oxides based on X-ray  data,  one has had  to rely 
great ly on spatial  considerations for determining the  
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Fig. 1. c axis projection of previously assumed unit cell of U~O 8. 

oxygen positions. Utilizing the  more favourable  rat io 
between the coherent scattering ampli tudes  of uranium 
and oxygen for neutrons,  bu = 0.85 × 10 -z2 cm. and  
b e - - 0 " 5 8 × 1 0  -12 cm., i t  was found of interest  to  
check some of the  proposed structures by means of 
neut ron  diffraction. 

For  the  or thorhombic  form of UaO s a s t ructure  has 

close relat ion with the  ~-UO3 structure.  Fig. 1 shows 
the  project ion along the c axis of the proposed un i t  
cell, the  dot ted  lines giving the  outlines of the hexag- 
onal UOa cell, whose dimensions are (Zachariasen, 
1948) a o - -3 .971+0.004 /~ and c o = 4.168±0.008 /k. 
The a axis of the  or thorhombic cell is somewhat  less 
t han  ~/3a 0 being (Hoekstra et al., 1955) a = 6.704/~,  
while b = 11.95 J~ and c = 4.142 J~ are very closely 
equal to 3a 0 and c 0. Thus the only dimensional  change 
taking place on t rans i t ion from UOa to UaO s is a slight 
contract ion along the  a axis. To obtain the correct 
composition the  oxygen atoms in the  posit ions 
(0, 0, ½) and (½, ½, ½) were removed as indicated by  
the  dot ted  rings. The six uran ium atoms of this  
uni t  cell are all surrounded by a staggered ring of six 
oxygen atoms, and four of them are in addi t ion bonded 
to two oxygen atoms above and below at z = ½, 
forming linear chains along the  c axis. 

Experimental  

Neutron  powder diffraction diagrams were t aken  with 
the  automat ic  diffractometer  at  the  Kjeller  reactor  
J E E P  using a cylindrical sample holder of d iameter  
1 cm. and neut rons  of wavelength 1.04/~. The resolu- 



A R N E  F. A N D R E S E N  613 

400- 

300 
.E 
E 

8 u 
200 

100 

330 

960 

200 
¢ 

130 00; 
ool 

310 

'I 24O 
~ , 

150 

221 

040 2olO4   
110 220131 l 

1'0 2'0 ' 

332 

202 
062 

132 4, t, 
260 

400 

~2 

i2 

20 
Fig. 2. Neu t ron  diffraction diagram of or thorhombic  form of UaO s. In s t rumen ta l  background  subtracted.  

tion of this instrument is kept rather poor in order to 
gain intensity, and this causes a severe overlap of the 
peaks as seen in the diagram of Fig. 2. Still, enough 
characteristic features are visible in the low-angle 
region to allow one to draw decisive conclusions 
regarding the positions of the oxygen atoms. All the 
observed reflections could be indexed on a c-centred 
orthorhombic cell of the dimensions given above. I5 
became, however, immediately evident that  the struc- 
ture given in Fig. 1 was not correct, and that  a re- 
arrangement of most of the oxygen atoms had to be 
undertaken. The model predicted for instance a strong 
(131) reflection, whereas at this point in the diagram 
hardly any peak is visible. 

Discuss ion  
From the X-ray data and the established close relation 
to the a-UOa structure it was obvious that  only slight 
changes in the positions of the uranium atoms could 
be made. For the oxygens, however, a different ar- 
rangement was derived by the following reasoning. 
Since in the unit cell of Fig. 1 the oxygen atoms have 
retained their positions from the hexagonal UO a cell, 
no orthorhombic space group can be assigned to this 
cell. Effort was therefore directed towards changing 
positions so as to conform with the proper ortho- 
rhombic space group. In the X-ray data no systematic 
absences can be found outside those resulting from 

the c-centring. Possible space groups are then: C222, 
Cram2, Cmmm, Cmma. :From spatial considerations 

, U ~  3 

O O x y g e n  ~Uran ium 

Fl£. 3. e axis projection of ~he derived tL~Jt ceil of U308. 
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the space groups involving symmet ry  planes can be 
considered unlikely, and so the correct space group is 
assumed to be / )~-C222.  

This means introducing a 2-fold axis along the c axis 
bringing each pair  of oxygens previously related by  
the  centre of inversion at (0, 0, 0) to the same level 
of z. To ma in ta in  reasonable distances between the 
oxygens slight changes in the x and y parameters  are 
also needed. Rather  little space is left for the oxygen 
atoms projected on the a axis, and we therefore 
assume tha t  in the t ransi t ion from U03 to U30 s one 
of these is removed rather  than  the one at (0, 0, ½), 
leaving the remaining one in the position (½, 0, 0). 
Correspondingly oxygens are left in the positions 
(½, ½, ½) (0, ½, 0). This is in accordance with the 
observation tha t  the only dimensional  change taking 
p lace  in the t ransi t ion is a contraction along the a axis. 

The projection of the uni t  cell thus derived is shown 
in Fig. 3. To provide more room for the oxygen atoms 
at (½, 0, 0) and (0, ½, 0) a slight t ranslat ion of the 
neighbouring u ran ium atoms along the b axis seems 
reasonable and also leads to a better  agreement for 
the X- ray  data.  For  the neutron da ta  all the changes 
ment ioned produce a better  agreement between ob- 
served and calculated intensities, and by  trial  a fur ther  
ref inement  of the parameters  was carried out bringing 
the percentage mean  error of the integrated intensities 

Table 1. Observed and calculated intensities 

hkl Ic Io hkl Ic 

020 1.88 ~ 2.60 3-2 061 9.34 
110 0.72 j 132 26.67 
001 41.18 44.9 202 20.16 
130 35.72 / 331 9.24 
021 0 / 260 11-20 
111 6.22 64.69 60.2 042 0.66 
200 22.75 222 4.20 
040 0-09 - -  400 14.66 
220 0.77 ~ 170 6.99 
131 2-30 ~ 2.30 3.0 350 2.08 
201 0 j 420 0 
041 2-24 ~ 8.09 9.8 261 0.79 
221 5.85 j 401 2.35 
150 6.79 | 171 0.70 
240 21.66 / 33.22 27.9 152 12.50 
310 4.77 242 14.26 
002 32.67 33.2 351 0.93 
060 26.95 ] 312 2.69 
151 5.96 / 421 2-62 
022 0.78 080 0.07 
241 14.35 109.4 117.7 440 2.64 
112 6.45 062 22.73 
330 46.17 332 36.65 
311 8.75 081 1.66 

003 0.98 
441 1.28 

96.13 90.0 

36.12 35.7 

65.94 89.3 

down to 11.2%. This value cannot be given much  
weight since most of the peaks consist of two or more 
reflections as seen in Table 1, where the observed and 
calculated intensities are compared. However, as- 
suming linear chains of uran ium and oxygen atoms to 
run along the c axis through all u ran ium positions 
only 4 parameters  have to be determined. In  Table 1 
the observed intensities have been normalized to the 
calculated ones. The temperature  factor has been 
omit ted since we are only dealing with low-angle re- 
flections. 

The atomic parameters  resulting from the ref inement  
are given in Table 2. Each U x atom is bonded to 
six oxygen atoms forming the corners of a distorted 
octahedron at distances U1-O 2 = 2-07 A and U1-O 4 -- 
2.18 A. The other u ran ium atoms are surrounded by  
7 oxygen atoms of which the 2 above and below 
are at the short distance U2-0  a = 2.07 A, while the  
other 5 are close to the (001) plane forming a ring at  
distances: U2-O 1 = 2.21 A, U2-O ~ = 2.17 J~, and 
U ~ - O ~ ' =  2-42 A. The shortest O-O dis tance is 
2.64 A. 

Table 2. Atomic parameters in UaO 8 
Space group D~-U222 

o, 0, o; ½,½,½; + 
2U~ in a: 0,0,0; 
4L19 in g: 0, y, 0; 0, y, 0; y =  0.315 
201 in b: 0,½,0; 
209 in d: 0,0,½; 
4Oa in h: 0, y, ½; 0,~,½; y =  0.315 
8 0  a i n  l :  x , y , z ;  x , y , z ;  x =  0.19 

x,y,z;  x,y, 5; y =  0.145 
z ~ 0.08 

Whereas the  model of Zachariasen predicted one 
U 4+ ion and two U 6+ ions per molecule, the model  
suggested here favours the other a l ternat ive of 
2 U 5+ and 1 U 6+ ion. This is in agreement with con- 
clusions dra~a~ by  Haraldsen & Bakken (1940) from 
measurements  of the magnet ic  moment .  

The author  would like to acknowledge the k ind  co- 
operation of F. Gr~nvold, Univers i ty  of Oslo, who 
supplied the sample which was used. 
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