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The structure of europium tungstate, Eu2(WO4)8, has been determined by single-crystal X-ray 
diffraction data. The crystals are monoclinic, space group, C2/c, with 

a = 7.676 _+ 0.003, b = 11.463 +_ 0-003, c = 11.396 _+ 0.005/~, fl = 109.63 + 0-04 °, Z = 4, dz = 7.37 g.cm -3 . 

The atomic arrangement may be described as a scheelite superlattice with ordered vacancies in the 
cation positions, but  atoms are displaced by considerable distances from the scheelite locations. 
Each W atom has four oxygen neighbors at  average distances of 1.74 or 1.78 A. Some ~7 atoms 
have a fifth neighbor at  2.19 A. Each Eu atom has eight oxygen neighbors at  an average distance 
of 2.43 A. 

Introduction 

The rare  ear th  elements form a series of isomorphou,~ 
tungs ta tes  wi th  the  generic formula  R~(WO4)8, where 
R s tands for a rare  ear th  element,  and  some of these 
compounds have  interest ing fluorescence propert ies 
(MacDonald, Vogel & Brookman,  1962). We have 
invest igated single crystals  of the  europium compound 
by  X - r a y  diffraction and  have  determined the struc- 
ture.  The atomic a r rangement  is closely related to 
t h a t  of CaWO4 (scheelite), and  it  m a y  be described 
as a scheelite superlat t ice wi th  ordered vacancies in 
the  cation positions. Considerable distortions of the  
s t ruc ture  occur a round these vacancies. These results 
m a y  give an  indication of the  s t ructure  a t  defects in 
scheelite solid solutions. 

Single crystals  of the  isomorphous compound 
Ce2(WO4)8 were s tudied by  Nelson & McKee (1946) 
who determined the uni t  cell and  probable  space 
group in agreement  with our results. 

Exper imenta l  

The synthesis of europium tungs ta te  from europium 
oxide and  tungst ic  acid and  the  growth of single 
crystals  a t  t empera tures  near  the  melt ing point  
(1130_+15 °C) has been described by  MacDonald,  
Vogel & Brookman  (1962). We had  avai lable single 
crystals up to several mm in size. l~hotographs o~ 
several crystals  by  Weissenberg and  precession tech- 
niques established the  s y m m e t r y  and  suggested the  
main  features  of the  s t ructure.  The final results 
repor ted here are based on da t a  from a crysta l  wi th  
dimensions approx imate ly  0.11 x 0.07 × 0.06 m m  which 
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U.S.A. 

was measured wi th  the  General Electr ic  XP~D-5 
X - r a y  goniostat  and  M o K ~  radiat ion.  Uni t  cell 
dimensions are based on /~=0.70929 ~ for Mo Kaz.  
Intensi t ies  were measured with a scintillation counter  
equipped with a pulse height  discr iminator  for the  
839 independent  reflections permi t t ed  by  the  space 
group in the  sphere with  sin 0//~ less t h a n  0.596 
(20 <50°) ;  of these, 36 were assigned zero intensi ty.  
The da t a  were corrected for absorpt ion assuming 
t h a t  the crystal  was a sphere ~dth /~r - -2-3 ,  according 
to the table  given by  Bond (1959). No correction was 
made  for extinction.  The l imiting factors in the  
accuracy of the  in tensi ty  da t a  are ext inct ion and the  
error in the absorpt ion correction. 

Calculations were made  with the  IBM-709 and 
IBM-7090 computers.  The least-squares ref inement  
was accomplished with a program wri t ten  by  P. K.  
Gantzel,  1~.. A. Sparks  and K. N Trueblood, wi th  
minor changes. The funct ion minimized was 
Z(]Fol-IFcl)2/Z[Fol 2. Atomic scat ter ing factors for 
Eu  8+ and neut ra l  W (Thomas & Umeda ,  1957) were 
modified for dispersion by  adding --0-4 for Eu  and 
--1.1 for W (Templeton, 1962). The imag ina ry  dis- 
persion t e rm was neglected. Scat ter ing factors for 
oxygen were es t imated  for O-½ by interpolat ion in 
the  tables of Ibers  (1962). 

Unit cell  and space group 

The dimensions of the monoclinic uni t  cell of 
Eu2(WO4)a are:  

a = 7 . 6 7 6  ± 0.003, b =  11.463 +_ 0-003, 

c = 11-396 ± 0.005 J~, fl-- 109.63 ± 0-04 °. 

The corresponding dimensions reported for Ce2(WO4)8 
are a = 7.68, b - -  11-72, c = 11.51 A, fl = 109.8 ° 
(Nelson & McKee, 1946, changed from k X  and  with  
a and c interchanged).  These cells are very  similar 
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except for a 5% difference in  volume in  l ine with 
the  lan than ide  contraction. Wi th  four formula uni ts  
(Eue(WO4)8) per uni t  cell, the  densi ty  is calculated 
to be 7.37 g.cm -3. The densi ty  measured by MacDonald,  
Vogel & Brookman (1962) is 7.44 g.cm -8. 

Reflections are sys temat ica l ly  absent  if h + k is odd, 
showing tha t  the latt ice is C-centered. Reflections hO1 
are absent  if 1 is odd (or if h is odd), suggesting Cc 
and  C2/c as probable  space groups. Morphological 
evidence and  failure to detect  a pyroelectric effect 
are cited by  Nelson & McKee (1946) as indicat ing 
centric s y m m e t r y  for the cerium crystals. The success 
of our s tructure de terminat ion  wi th  the assumpt ion  
of a center of s y m m e t r y  confirms C2/c(C~h) as the 
space group. Powder diffract ion da ta  show tha t  
Eu2(WO4)3, Cee(W04)3, and  several other rare ear th  
tungsta tes  are isomorphous (MacDonald, Vogel & 
Brookman,  1962). 

Fig. 1. Relation of the unit cell of Eu2(WO4) 3 to the tetragonal 
lattice of scheelite. The subscripts on a and c refer to the 
three settings mentioned in the text. 

The lat t ice is pseudo-orthorhombic.  A face-centered 
cell wi th  double the volume of the one given above 
and  which is called the 'second sett ing'  (Fig. 1) has 
dimensions : 

a2=7"676, b2=11.463, c2=21.468 _~, fl2=90"06 °. 

For this  set t ing the  space group symbol  is F2/d. 
I t  is possible tha t  the deviat ion of fl from 90 ° is less 
t h a n  the exper imenta l  error, and  this cell is convenient  
for the indexing of powder pat terns.  Whi le  the spot 
positions on the single crystal  photographs f i t  an  
or thorhombic lattice, the  monoclinic s y m m e t r y  is 
clearly evident  in the intensities.  Twinning might  be 
expected in this  la t t ice wi th  the result  tha t  the  inten- 
sities would mimic  or thorhombic symmet ry ,  bu t  no 

evidence of twinning  was observed in  any  of the  
photographs.  

Because the lat t ice is so near ly  orthogonal,  there 
exists a C-centered th i rd  sett ing (Fig. 1) which is 
easy to confuse wi th  the first  set t ing given above. 
I t  has the same a and b axes, bu t  c3= 11.403 A_ and  
fiB= 109"73 °. This c axis is [101] in  the first  setting. 
If  fl = 90 ° for the face-centered setting, the  two 
C-centered sett ings have ident ical  dimensions.  All 
subsequent  discussion in this  paper  is in  terms of the 
first  setting. 

D e t e r m i n a t i o n  of the  s t r u c t u r e  

The structure was found by  s tar t ing wi th  the assump- 
tion, suggested by  Dr 1%. A. Pasternak,  t ha t  i t  is 
related to tha t  of CaWO4 (scheelite). Scheelite is 
body-centered te t ragonal  (space group 141/a) with  
a = 5 . 2 4  and  c=11.37  .~ (Sillen & Nylander ,  1943). 
I t  was observed tha t  a la t t ice s imilar  to tha t  of 
europium tungs ta te  can be f i t ted  to tha t  of scheelite 
with its b axis corresponding to the  c axis of scheelite 
and its a and  c axes re la ted to scheelite as shown in 
Fig. 1. Fur thermore ,  the s y m m e t r y  C2/c is a subgroup 
of I41/a when the lat t ices are re la ted in this  way  and 
the origins are chosen in each case at  the  center of 
symmet ry .  The fact  tha t  europium tungs ta te  is not  
or thorhombic in  spite of its orthogonal lat t ice is 
understood when i t  is pointed out t ha t  there is no 
or thorhombic  subgroup of I4~/a. 

The t r ia l  s t ructure  was obta ined by  t ransforming 
the coordinates of the atoms in  scheelite to the 
monoclinic coordinate system. This process gives: 

(0, O, O; ½, ~, 0 ) +  
4W1 in  (e)" + (O ,y ,~ )  wi th  y = ~ .  

8W2 in (f) :  _+(x,y,z;  x , - y , z + ½ )  wi th  x = ~ ,  
y=~,z=~. 

Ca]cium atoms are in the same positions wi th  each 
y coordinate increased by  ½. If two-thirds of the 
calcium positions are occupied by  europium atoms, 
they  mus t  be in the 8( f )  positions. We chose the 
coordinates: 

8 Eu in  (f) wi th  x= ½-, y=-~-, z=~ .  
The oxygen atoms in  scheelite surround each 

tungs ten  a tom at  the  corners of a te t rahedron.  
There are four dis t inct  ways tha t  these te t rahedra  
can be oriented in  the  monoclinic lat t ice which are 
equivalent  to the scheelite structure.  The one which 
most  near ly  resembles our f inal  s tructure is shown 
in Fig. 2. In  any  case, 48 oxygen atoms are located 
in  the general  sets 8 (f) t aken  6 t imes. 

We a t t empted  to refine this t r ia l  s tructure wi th  
least  squares, f irst  using only W and Eu  atoms and  
about  half  of the data.  The unre l iab i l i ty  factor 
R=XIIFo I -]FcJl/XIFo[ was decreased quickly to 0.29. 
In t roduct ion  of oxygen atoms at  the coordinates 
derived from scheelite for two of the dis t inct  struc- 
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Table 1. Atomic coordinates, standard deviations and isotropic thermal parameters 
A t o m  x y z (r(x) (r(y) (r(z) B* 

E u  0.3338 0.3768 0.4066 0.0002 0.0001 0.0002 0"3t 
Wx 0 0.1318 ¼ - -  0.0002 - -  0"4t 
W~ 0-1452 0.3935 0-0507 0.0002 0.0001 0.0001 0 .1 t  
Ot 0.161 0.045 0.221 0.004 0.003 0.003 1.0 
O~. 0.132 0.208 0.388 0.004 0.002 0.003 0.7 
O 3 0.222 0.320 0.195 0.003 0.002 0.002 0.4 
O 4 0-359 0.450 0.038 0-003 0.002 0-002 0.3 
O 5 0.053 0.459 0.423 0.004 0.002 0.003 0.8 
O s 0.448 0.214 0.058 0.004 0.003 0.003 1.2 

* The  isotropic t e m p e r a t u r e  fac to r  is exp - -  (B2 -2 sin 2 0). 
I so t rop ic  p a r a m e t e r  cor responding  to  the  average  anisot ropic  p a r a m e t e r  (Table 2). 

o / 2 - . .  

' .  ', . ' k <  ,\ / %' . . \ / /  " C "  ~ ' /  ~ \ /  
_ I N / ' '  ~ a - - ~  " ~ / , " , ~ ' ~ '  

/ " \ ~ ' ~ / . ~ / ~  ~ " - V  ' / "-~ 
e -  , /~ .  %~- /~ .  e - T  , 

" .i , l '~a"-, , / / / , '  - .~'. / 

Fig. 2. Idea l  s t ruc tu re  of Eu2(WOd) a. The  circles represen t  
E u  a toms.  The  squares  r ep resen t  t e t r a h e d r a  of oxygen  
a toms  a r o u n d  each W a tom.  The  n u m b e r s  are y coordina tes  
of the  cor responding  E u  or W atoms.  The  b roken  circles 
and  squares  r ep resen t  E u  a toms  and  oxygen  t e t r a h e d r a  
wi th  y coordina tes  g rea te r  t h a n  ½. 

tures, after further refinement, achieved the same 
agreement with unrealistically large temperature 
factors. Introduction of oxygen atoms in certain 
other positions derived from a difference function 
gave no better results. 

The initial shifts calculated by least squares from 
a structure like this with special coordinates often 
are unreliable because many terms with small or zero 
calculated structure factors may be assigned incorrect 
signs. Therefore we went back to only Eu and W atoms 
and arbitrarily reversed the initial shifts of some of 
the coordinates from the ideal structure. Experimenta- 
tion with the x and z coordinates converged to another 
structure with R = 0.45. 

An examination of the early calculations revealed 
that  agreement was better in the layers with/c even, 
and that  for the hO1 reflections R was 0-17. The 
agreement was especially bad for some reflections with 
large odd values of k. Simple calculations made 
obvious that  the initial shifts in y were defective, 
and that  the agreement would be improved by revers- 
ing these shifts. 

The next refinement with half the data (low angles) 

reduced R from 0.28 to 0.18 in one cycle. Further  
cycles gave R--0.17. A parallel refinement with the 
high-angle data gave R=0.15 and nearly the same 
coordinates. In both cases the y coordinate of W: 
reversed its shift and went back to the direction 
achieved in the early calculations. 

An electron-density difference function (Eu and W 
atoms subtracted out) revealed a clear peak for each 
oxygen atom and peaks corresponding to anisotropic 
motion of each heavy atom. All other peaks were 
much smaller than an oxygen atom. This function 
was in striking contrast to the earlier difference 
function based on the incorrect heavy atom positions, 
which was a confusion of poorly shaped peaks. 

Table 2. Anisotropic thermal parameters* t 

E u  220 -- l l 7  213 - -2  -- l0  0 
W t 143 - 89 148 0 -- 56 0 
W~ 55 -- 117 201 13 -- 18 17 

* E a c h  x 105. 
t These  pa r ame t e r s  in the  t e m p e r a t u r e  f ac to r  exp -- (firth ~ + 

fl22 ]c2 + •3/2 + 2fl:2h/c + 2fl:3hl + 2•23]c/) are  those  ob ta ined  b y  
least  squares.  The  cause of the  nega t ive  values  of fl22 is dis- 
cussed in the  t ex t .  Obvious ly  these values  do no t  r ep resen t  
the  ac tua l  t he rma l  mot ion .  

Introduction of oxygen atoms ~dth isotropic tem- 
perature factors for all atoms reduced R to 0-13 for 
839 reflections. With anisotropic temperature factors 
for W and Eu atoms, R fell to 0.076 for 807 reflections 
with (sin 0/~t) greater than 0.2. The resulting param- 
eters are listed in Tables 1 and 2, and the observed 
and calculated structure factors are given in Table 3. 

A further refinement with anlsotropic temperature 
factors for all atoms gave negligible improvement and 
is not reported here. 

The thermal parameters (Table 2) do not correspond 
to physically realistic thermal motion because of the 
negative values of //22. These results show that  the 
intensities for low k are weaker than they should be 
relative to those for higher /c, probably because of 
insufficient correction for absorption. I t  is possible 
that  extinction effects also contribute to this error. 
The similarity of the thermal parameters for the three 
heavy atoms suggests that  the anisotropic refinement 
is mainly correcting for these effects in an empirical 
way rather than describing anisotropic thermal 



D A V I D  I t .  T E M P L E T O N  A N D  A L L A N  Z A L K I N  765 

Table 3. Observed structure factors (OBS) and calculated structure factors (CAL) f o r  Eu2(WO~) 3 

H K L 085  CAL H K L OBS CAL H K L OB$ CAL H K L 085  CAL H K L OBS CAL H K L OB$ CAL H K L "OBS CAL 

oO oo z 290 381 7 ~ - 9  2 . 3  282 ~ ~ - s  ,.1. 29 4 4 - z  89 - 7 2  0 6 ,, 32 - 1 2  .~ 7 - ~ ,  8 3 - 8 5  ~ 9 - 7  29 32 
1;'9 112 7 - 8  87 80 2 , , 8 - 2 0 4  4 4 309 27,. 0 6 5 z s z - 1 7 , .  7 - 3  26 - z o  9 - 6  213  208  

0 0 6 5 6 5  - 7 1 7  7 I - 7  0 2 2  1 3 1 3 9 3  - 3 3 3  4 4 1 1 8 5  - 1 5 3  0 6 6 6 9  6 9  5 7 - 2  3 3 4  - 3 0 4  5 9 - 5  2 9 2  2 8 4  
0 0 8 148 -158 7 l -6  172 -173 I 3 2 353 310 4 4 2 195 167 0 6 7 I14 -110 5 7 - I  164 -150 5 9 -4 l g z  183 
0 0 lO 192 -207  7 1 - 5  153 156 1 3 3 205 -175  4 4 3 284 -253  0 6 8 219  207  5 T 0 272  256  5 9 - 3  249  - 248  
0 0 12 82 53 7 1 -4  59 67  1 3 4 75 65  4 4 4 542 -508  0 6 9 299  279  5 7 1 189 -173  5 9 -2  62 62 
2 0-12 85 87 7 I -3  65 -64 1 3 5 5 8 6 - 5 7 5  4 4 5 53 -53 0 6 10 150 145 5 7 2 82 70 5 9 - I  68 -81 
2 0 - I 0  261 -304 7 I -2 122 -120 I 3 6 40 38 4 4 6 90 -83 0 6 I I  110 -104 5 7 3 4 3 5 - 4 2 1  5 9 0 239 229 
2 0 - 8  142 148 7 I - 1  223  223  l 3 7 94  - 83  4 4 7 74  - 74  2 6 -12  115 103 5 7 4 219  221  5 9 1 28?  - 292  
2 0 -6 171 210 7 I 0 27 -5 I 3 8 407 -397 `. 4 8 207 -212 2 6-11 155 149 5 7 5 160 -15`. 5 9 2 0 -22 
2 0 - 4  604  835  7 1 l 28 - 31  1 3 9 84 77 6 4 -11  97 83 2 6 -10  79  - -69 7 7 - 8  0 - 3  5 9 3 185 184 
2 0 -2 218 210 7 1 2 3 6 7 - 3 9 2  1 3 10 100 -93 6 4-10 118 109 2 6 - 9  60 53 7 7 - T  1 8 8 - 2 0 3  5 9 4 1 4 3 - 1 4 7  
2 0 0 l l 4  - 93  7 1 3 0 - 16  1 3 I I  466  473  6 4 -9  62 64  2 6 - 8  86  - 76  7 7 -6  243 -233  0 lO 0 301  328  
2 0 2 783 8 4 7  7 i 4 83 9 6  3 3 .  413 403 6 4 8 139 128 2 6 7 590 58,  7 7 5  222 2 2 4  0 1 0  1 26 30 
2 0 4 239  - 223  9 L - 6  155 -L76  3 3 -12  50 46  6 4 -7  46 36 2 6 -6  263  - 286  7 ? - 4  165 161 0 10 2 376  395 
2 0 6 2 9 8 - 2 9 9  9 L - 5  59 50 3 3-11 120 115 6 4 - 6  656 636 2 6 - 5  62 -52 7 7 - 3  58 -61 0 10 3 586 617 
2 0 8 286 299 9 i ,  0 8 3 . 10  363 366 6 45  130 129  2 6 ,  22.  201  7 72  29 7 010  4 27 25  
2 0 10 109 - lOg  9 I -3  79 -99 3 3 -9  57 -41 6 4 - 4  201 185 2 6 -3 198 -188 7 7 - I  2 2 5 - 2 2 0  0 10 5 48 49 
4 0-12 188 210 0 ~ 0 1,9 123 I I : , 8  24 11 6 4 - 3  1 4 1 - . 9  g 6 - ~  1 6 4 - 1 5 0  I I 0 1~5 1~8 0 1 0  6 89 -66  
4 0 - I 0  102 112 0 154 154 429 I ~ 55 6 4 - 2  36 9 6 985 -941 42 34 0 10 7 29 29 
4 0 -8  516  545 0 2 2 127 131 3 3 -6  50 10 6 4 -1  180 -176  2 6 0 142 115 0 8 0 680  730  0 IU 8 275 -296  
4 0 - 6  39 -42 0 2 3 787 lObb 3 3 - 5  166 -165  6 4 0 6 7 4 - 6 5 3  2 6 1 2 9 6 - 2 5 0  0 8 1 166 -173  2 l O - 9  59 56 
4 0 - 4  2 0 6 - 1 9 2  0 2 4 6 3  6`. 3 3 - 4  3 3 5 - 3 4 1  6 4 1 4 6  - 4 2  2 6 2 2 3 1  1 9 4  0 8 2 1 6 9  1 5 3  2 1 0 - 8  1 5 4  1 6 0  
4 0 - 2  941 -1093  0 2 5 277  287  3 3 -3  180 -159  6 4 2 258 -246  2 6 3 130 -112  0 8 3 147 -166  2 10 -7  432 -426  
4 0 0 428  -389  0 2 6 48 - 38  3 3 -2  224  201  6 4 3 0 23  2 6 4 341 304 0 8 4 25 17 2 10 -6  405  419  
4 0 2 1 6 2 - 1 4 3  0 2 7 2 5 1  2 5 7  3 3 - 1  4 7  `.2 6 4 4 2 1 9 - 2 2 4  2 6 5 5 5 0  5 1 3  0 8 5 3 5 1 - 3 5 4  2 1 0 - 5  2 7  - 3 2  
4 0 4 573 559  0 2 8 81 - 83  3 30  176 -140  6 4 5 88 109  2 6 6 l i e )  107 0 8 6 512  - 498  2 10 - 4  284  297  
4 0 6 154 163 0 2 9 310 -306  3 3 1 367 -317  8 4 -8  59 49  2 6 7 81 58 0 8 7 132 -129  2 10 -3  84 74 
4 0 8 168 185 0 2 lO 66 - 63  3 3 2 133 110 8 4 - 7  88 - 86  2 6 8 108 95  0 8 0 0 8 2 lO -2  228  233  
6 0-12 251 235 0 2 L l  84 87 3 3 3 50 27 8 4 -6 50 -46 2 6 9 163 158 0 8 9 I l l  -101 2 I0 - I  671 644 
6 O-lO 88 -80 0 2 12 50 -41 3 3 4 502 -467 8 4 -5 86 -83 2 6 lO 98 -95 0 8 lO 106 -102 2 I0 0 205 -192 
6 0 - 8  1 2 4 - 1 1 4  2 2 - 1 3  7 2  6 5  3 3 5 1 3 4  1 2 0  8 4 - 4  5 8 3 - 6 2 3  4 6 - 1 2  1 3 0 - 1 2 2  2 8 - 1 0  2 7 5 - 2 5 0  2 10 1 1 5 3  1 3 5  
6 0 - 6  637 -706  2 2 -12  57 - 30  3 3 6 25 - 21  8 4 -3  29  23 4 6 -11  234  196 2 8 -9  268  259  2 10 2 253 -240  
6 0 -4  207 -217  2 2 -11  159 -16 l  3 3 7 484  508  8 4 -2  256 -263  4 6 -10  203 -181  2 8 -8  87 83 2 lO 3 0 21 
6 0 - 2  25  - 1 9  2 2 - 1 0  6 4  6 4  3 3 8 62  - 3 2  8 4 - I  51  55  4 6 - 9  8 2  - 7 1  2 8 - 7  1 2 8  1 0 6  2 10 4 4 2 3  - 4 3 4  
6 0 0 689 714 2 2 - 9  94 -91 3 3 9 179 186 8 4 0 1 5 6 - 1 7 6  4 6 - 8  96 -82 2 8 - - 6  116 105 2 10 5 4 7 2 - 4 6 8  
6 0 2 2,,9 259 2 g - 8  24 -7  3 3 1 0  31~ 327 I 5-12 4 6 0 - 4 5 0  4 6 - 7  100 -87  22 8 8 - ,  25 2 9 1 0  ~ 1 7 6 - 1 8 ,  
6 0 4 2 7 6  2 9 8  2 - 7  4 8 2  - 5 6 5  5 3 - 1 2  " 15 5 - 1 1  - 4  4 6 - b  3 6  - 2 3  - 4  7 5 6  7 4 8  10 30  32  
6 0 6 205 -221 2 2 -6  82 89 5 3-11 428 -414 I 5-10 120 -110  4 6 - 5  6 9 5 - 6 6 3  2 B - 3  J 7 7 - 3 5 6  4 10 -8 72 58 
8 0 -10  347 -349  2 2 -5  28 14 5 3 -10  27 10 1 5 -9  366 -363  4 6 -4  272  253  2 8 -2  111 106 4 10 -7  29  18 
8 0 - 8  0 -28  2 2 - 4  ,.1 26 5 3 - 9  1 9 4 - 1 7 8  1 5 - 8  111 111 , 6 - 3  1 5 4 - 1 3 8  2 8 - 1  4 3 3 - 3 7 2  4 1 0 - 6  40 39 
8 0 -6  80 71 2 2 - 3  216  214  5 3 - 8  341 - 317  1 5 - 7  80 70 4 6 - 2  243  215  2 8 0 0 - 23  4 10 - 5  567  546  
8 0 - 4  578  620  2 2 - 2  87 78 5 3 -7  196 -189 "  1 5 - 6  492  513  4 6 - I  0 - 15  2 8 1 47 l  - 407  4 10 - 4  295  - 297  
8 0 - 2  258  257  2 2 - 1  995  1188  5 3 -6  49  47  1 5 - 5  54 - 30  4 6 0 346  308  2 8 2 814 -746  4 10 -3  92 87 
8 0 0 163 192 2 2 0 72 - 50  5 3 -5  217  211  1 5 -4  220  222  4 6 1 816  756  2 8 3 0 - 8  4 10 - 2  302 -304  
8 0 2  3 3 1 - 3 5 5  2 2 ~  ~ 308 317 5 3 - 4  1 . - 1 0 4  l ; - 3  305 321 4 6 ~  51 37 2 0 4 . 6 - 1 6 6  4 1 0 - ~  28 13 
1 1-13 51 53 1 3 2 - 1 1 3  ~ 3 - 3  3 3 - 1 5  I -2  24,  220 4 ~  2 2 4 2 1 1  2 2 8 8 6 ,  92 84 4 , 0  , ~ 6 - 3 8 1  
1 1 -12  351 352 2 2 3 129 119 3 -2  162 144  5 -1  260 -253  4 4 46  - 30  113 -103  4 10 1 557  - 550  
i 1-11 ,16 119 2 2 4 1 2 5 - 1 1 7  5 3 - 1  298 278 i 5 0 38 -10 , 6 5 19,, 188 2 8 7 285 280 4 1 0  2 49 -52  
1 1 -10  64  56 2 2 5 627 -632  5 30  270 -249  1 5 1 34  - 18  4 6 6 191 -186  2 8 8 280  265  4 10 3 87 - 81  
1 I - 9  413  4.?3 2 ? 6 ~1 - 23  s 3 1 182 177 1 5 2 3A6 318 4 6 7 315  - 2 9 5  `. 8 -10  0 -2 ` .  `. 10 4 78 62 
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mot ion .  Our  ob jec t ive  in  th i s  work  was to  de t e rmine  
the  a tomic  coordinates ,  which  are no t  expec ted  to  be 
sens i t ive  to  these  errors.  A p roper  desc r ip t ion  of the  
t h e r m a l  m o t i o n  requi res  a d d i t i o n a l  e x p e r i m e n t a l  work.  

D i s c u s s i o n  of  t h e  s t r u c t u r e  

E u r o p i u m  t u n g s t a t e  is descr ibed  as the  scheel i te  
s t r u c t u r e  w i t h  ordered  vacancies ,  b u t  the  ac tua l  
s t r u c t u r e  (Fig. 3) shows s u b s t a n t i a l  d i s to r t ions  f rom 
t h e  idea l  s t r u c t u r e  de r ived  f rom scheel i te  (Fig. 2). 
A toms  E u  a n d  W1 are w i t h i n  a b o u t  0.1 A of the  ideal  
posi t ions,  b u t  W2 is d i sp laced  abou t  0.5 .~. The la rges t  
d i s to r t ions  are in  t he  oxygen  posi t ions.  F o u r  oxygen  
a toms  s u r r o u n d  each W1 a t  t he  corners of a t e t r a h e d r o n  
whose  edges r ange  in  l e n g t h  f rom 2.73 to  3.11 A. 
E a c h  W~ a t o m  has  four  oxygen  ne ighbors  a t  the  
corners of a t e t r a h e d r o n  which  is even  more  d is tor ted .  
The  d i s tances  of these  four  ne ighbors  (Table 4) 
average  1-74 ~ for W~ a n d  1-78 ~ for W~. A f i f t h  
o x y g e n  ne ighbor  is 2 .19 /~  f rom We. If  the  coord ina t ion  
is considered to  be fivefold,  t he  coord ina t ion  poly-  
h e d r o n  is a n  i r r egu la r  t r i gona l  b i p y r a m i d ,  a n d  pairs  

~ / / ~ x ~  

, , \ \  ~ / " ~ ' - , V  / , ~ ,  
/ J -~/ / 0"37 ~ / / _'a 

/ " /;" 

0 5A 

I I , , , I 
Fig. 3. Actual structure of Eu2(WO4) ~. Eu atoms and oxygen 

tetrahedra are represented as in Fig. 2. 

". .-%. 

Fig. 4. Oxygen neighbors of two W 2 atoms. The broken line 
indicates the neighbor at 2.19 A. 

of these  p o l y h e d r a  share  edges across centers  of 
s y m m e t r y  (Fig. 4). :Bond angles  a t  W1 a n d  W2 are  
l i s ted  in  Tab le  5. 

These  d i s to r t ions  of o x y g e n  pos i t ions  h a v e  less 
d ras t i c  effect  on  the  e n v i r o n m e n t  of t he  E u  a tom.  
I t  has  e ight  oxygen  ne ighbors  a t  an  average  d i s t ance  
of 2.43 A, a n d  the  i n d i v i d u a l  d i s tances  (Table  4) 
differ  b y  l i t t l e  more  t h a n  the  e x p e r i m e n t a l  error.  

The  oxygen  coord ina tes  in  scheel i te  are  no t  k n o w n  
w i t h  h igh  accuracy .  The  coord ina tes  proposed  b y  
Si l len & N y l a n d e r  (1943) correspond to W - O  d is tances  
of 1-75 _~ a n d  C a - O  d i s tances  of 2.41 a n d  2.52 A, 
in  close ag reemen t  w i th  our  resul ts .  

Tab le  4. Interalomic distances in Eu2(WO4)3* 

Atoms Distance Atoms Distance 

Eu-O 1 2.42/~ W1-O 1 (2) 1.70/~ 
Eu-O2 2-44 Wl-O 2 (2) 1.78 
Eu-O 2 2.47 
Eu-O a 2.36 W2-O a 1.77 
Eu-O 4 2.38 W2-O 4 1-81 
Eu-O 4 2.46 WFO s 1-81 
Eu-O 5 2.42 W2-O 6 1-72 
Eu-O G 2.45 W2-05 2-19 

* The standard deviation is about 0.03 A for each distance. 

O1-W1-O 1 109 ° 
O9-W1-O~ 121 

Table  5. Bond angles* 

Angles at W 1 

Ol-Wl-O u 103°(2), 110°(2) 

Angles at W 2 

Oa-W2-O 4 109 ° O4-W2-O 5 134 ° 
Oa-W2-O 5 95 O~-Wp-O 6 111 
Oa-W~-O o 105 05-W2-0 o 104 
Oa-W2-05'" ~ 157 05-W2-05" 72 
Od-W~-O 5' 77 06-W2-O s" 96 

* The standard deviation of each angle is 2 ° or less. 
t 05" is the neighbor at 2.19 .~. 

These  resu l t s  for Eu2(W04)3 show t h a t  t he  WO4 
groups  are no t  r ig id  t e t r a h e d r a  a n d  sugges t  t h a t  i t  is 
more accura te  to  r ega rd  th i s  subs t ance  as a doub le  
oxide t h a n  as a sa l t  of t u n g s t i c  acid.  
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