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crystal was used for intensity measurements. The single-crystal 
nature of the sample was checked and the possible space 
groups were determined using a precession camera. After 
careful observation of various diffraction patterns, only hkl 
reflections with h + k + 1 = 2n + 1 were recognized to be 
systematically absent, indicating the space groups I42m, 17~m2, 
1422, 14mm and 14/mmm. The space group was determined to 
be 14/mmm through structure analyses based on all these space 
groups, as described below. Neither long-range superstructure 
reflections nor streaking were observed. 

Reflections with 20 < 80 ° were measured in the full 
reciprocal sphere and reflections with 80 < 20 < 120 ° 
were measured in half the reciprocal sphere. Reflection data 
were corrected for Lorentz-polarization effects and absorption. 
The intensities of symmetrically equivalent reflections were 
then averaged, giving Rint = 0.13, indicating the difficulty 
in correcting for absorption given the very large absorption 
coefficient and extremely anisotropic shape of the crystal. To 
reduce the influence of the inadequate absorption correction 
on the results of structure analyses, reflections were collected 
in the largest multiplicity as described above. 

Full-matrix least-squares refinement was carried out using 
the ThCr2Si2 structure (Ban & Sikirica, 1965) as the initial 
structure model. The Gd, Rh and B atoms were placed at the 
crystallographic positions of the Th, Cr and Si atoms, i.e. the 
2a, 4d and 4e sites of the space group 14/mmm, respectively, 
while the C atoms were placed at the 2b site in the centre of the 
Gd plane. By varying the scale factor, the isotropic extinction, 
the atomic positions and anisotropic displacement parameters 
for Gd and Rh, the least-squares refinement converged to 
unweighted and weighted agreement factors, R and wR, of 
0.039 and 0.061, respectively. Furthermore, the occupancy 
parameter of Rh was refined to 0.934 (2), revealing a slight 
deviation from full occupancy of the 4d sites and leading to 
further convergence to R = 0.030 and wR = 0.023. The slight 
deficiency at the Rh site might suggest partial substitution 
of Rh by Cu, the presence of which had been revealed by 
EPMA. Refinements of the occupancies of other sites did 
not indicate any deficiency and R and wR were not reduced 
further. Six strong reflections in the low angle region of 20 
< 30 ° which might be strongly affected by absorption and 
extinction were excluded in the final stage of the structure 
refinement. This refinement resulted in the final R and wR 
values of 0.025 and 0.023, and produced an Fo versus Fc list 
in very good agreement. The final difference-electron density 
map had maxima and minima of 3.62 and -3 .72  e ,~-3 in the 
vicinity of the Gd atoms. 

Possible deviation from centrosymmetry was examined by 
full-matrix least-squares refinement in all the possible non- 
centrosymmctric space groups (I7~2m, 14rn2, I422 and I4mm). 
No shift in the structural parameters larger than the errors was 
observed and no significant improvement in the results of the 
structure analysis were obtained. Therefore, the space group of 
GdRh2B2C was determined as 14/mmm, the highest symmetry 
space group among those possible. 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1988). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
TEXSAN PROCESS (Molecular Structure Corporation, 1992). 
Program(s) used to refine structure: TEXSAN LS. Molecular 
graphics: ORTEPII (Johnson, 1976). Software used to prepare 
material for publication: TEXSAN FINISH. 

Lists of structure factors, anisotropic displacement parameters and 
complete geometry have been deposited with the IUCr (Reference: 
BRI145). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH ! 
2HU, England. 
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Abstract 
The  [{Er30(OH)3(H20)3}2AI2(Nb6019)5]  26- an ion  in 
the title c o m p o u n d ,  o c t a d e c a h y d r o g e n  oc t a sod ium 
d i a luminopen tanonacon taoxob i s ( t r i aqua t r i hyd roxooxo-  
t r i e r b i o ) t r i a c o n t a n i o b a t e ( 2 6 - ) - w a t e r  (1/40.5),  is corn- 
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posed of a central [{Er30(OH)3(H20)3}2] 8+ cluster sur- 
rounded by three equatorial [Sb6019]  8-  anions and two 
axial AI 3÷ cations within [AI(NbrO19)] 5- moieties with 
approximate D3 symmetry. A comparison of the geom- 
etry of this anion with that of the anion in the iso- 
morphous Eu complex reveals that the smaller ionic 
radius of the Er atom induces a contraction of the 
central {[Ln30(OH)3(H20)312} 8÷ cluster (Ln = Er, Eu) 
with a resultant attraction of the equatorial and axial 
[Nb6019] 8- anions toward the centre of the complex by 
0.09 and 0.07 ~,, respectively. 

Comment 
In the course of our studies on the synthesis and photo- 
luminescence of polyoxometalloeuropates, we have 
prepared and structurally characterized three multi- 
nuclear europate complexes with new structures: 
[Eu3(H20)3(SbW9033)(W5018)3] 18- (Yamase, Naruke 
& Sasaki, 1990), [Eua(MoO4)(H20)I6(MoTO24)4] 14- 
(Naruke, Ozeki & Yamase, 1991) and [{Eu30(OH)3- 
(H20)3}2A12(Nb6OI9)5] 26- (Ozeki, Yamase, Naruke & 
Sasaki, 1994). The first anion comprises a central 
[Eu3(H20)3] 9+ core in which the three Eu 3+ cations 

are bridged by H20 molecules with approximate 
C3,. symmetry. The second anion comprises a cen- 
tral [Eu~(MoO4)(H20)Ir] ~°* core in which each Eu 3+ 
cation is coordinated by nine O atoms belonging 
to H20, M004 and Mo7024 units with approximate 
D2d symmetry. The third complex has two trinuclear 
[Eu30(OH)3(H20)3] 4+ clusters in the centre, where each 
Eu 3÷ cation is coordinated by eight O atoms belonging 
to H20, OH-  and [Nb6Oig] ~- units with approximate 
D3 symmetry. The shortest Eu---Eu distance in the third 
complex [3.740 (7),4,] is much shorter than in the first 
and second complexes [5.015(5) and 6.158 (2) ~,, re- 
spectively]. 

The crystal structure of the title compound is isomor- 
phous with that of NaTH19[{Eu30(OH)3(H20)3}2AI2- 
(NbrOI9)5].47H20 (Ozeki, Yamase, Naruke & Sasaki, 
1994) as the atomic positions of the anion (Table 1) 
correspond to those of the Eu complex when the cell 
parameters are transformed according to (a' = a + b 
+ c, b' = - b ,  c' = - c )  and a symmetry operation of 
( - x  + 1 / 2 , - v  + 1 / 2 , - z  + 1/2) is applied. The struc- 
ture of the anion is illustrated in Fig. 1. The anion 
has approximate D3 point symmetry and consists of 
two [Er30(OH)3(H20)3] 4+ clusters, two A13+ cations and 
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Fig. 1. An ORTEPII (Johnson, 1976) plot of the [{Er30(OH)3(H20)3}2A12(Nb6Om)5] 26- anion. An [Nb6Ol9] 8- group behind the molecule is re- 
illustrated at the top left. Atoms are only labelled for the [Nb6Om] 8- groups and the two AI atoms for clarity. For other atom labels refer to 
Fig. 2. Displacement ellipsoids are shown at the 50% probability level for Er, Nb and AI atoms. 
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five hexaniobate [Nb6Oi9] 8- anions. Three of the five 
[Nb6Oi9] 8- anions are located on three molecular C2 
axes and the other two anions are located on a molecu- 
lar C3 axis. For convenience, the first three [ N b 6 0 1 9 ]  8 -  

a n i o n s  will be referred to as equatorial and the latter 
two as axial in the following discussion. Each of the 
two A13÷ cations, which lie on the C3 axis, is octa- 
hedrally coordinated by six O atoms: three from the 
[Er30(OH)3(H20)3] 4+ cluster and three from an axial 
[ N b 6 O I 9 ]  8 -  anion. 

Fig. 2 shows the two trinuclear [Er30(OH)3(H20)3] 4+ 
clusters together with the O atoms (shown by the shaded 
circles) belonging to the equatorial [ N b 6 0 1 9 ]  8 -  an-  

ions. Each of the six Er atoms is coordinated by eight 
O atoms: one #3-0 atom (O1/O2), two #2-0 atoms 
(O3-O5/O6-O8), one terminal O atom (O9-Ol l /O12-  
O14) and four O atoms from the equatorial [Nb6Ol9] 8- 
anions. The bond-valence sums (Brown & Altermatt, 
1985) are 1.48-1.52 for O1/O2, 1.15-1.22 for 0 3 -  
0 5 / 0 6 - 0 8 ,  and 0.22-0.33 for O9-Oll /O12-O14,  sug- 
gesting that the O atoms belong to O 2-, OH- and H20 
units, respectively. It should be noted that the aqua lig- 
ands con!aining O9-O11/O12-O14 are located 2.62 (5)- 
2.78 (3) A from the O atoms belonging to the equatorial 
and axial [Nb6Oi9] 8- anions, suggesting the presence 
of intramolecular hydrogen bonds which would stabilize 
the anion framework. Table 2 lists the interatomic dis- 
tances in the cluster. The Er. . .Er  (average 3.66 ,~) and 
Er--O [2.21 (3)-2.48 (2),~,] distances are shorter than 
the corresponding Eu--.Eu (average 3.76 .~,) and Eu---O 
[2.29 (3)-2.54 (3) A] distances, indicating a contraction 
of the central [{Er30(OH)3(H20)3}2] 8+ cluster. 
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Fig. 2. An ORTEPII (Johnson, 1976) drawing of the central 
[{Er30(OH)3(H20)3}2] 8+ cluster viewed along the same direction 
as the anion in Fig. 1. Other O atoms shown by the shaded circles 
belong to the equatorial [Nb6Oi9] 8-  anions. Displacement ellip- 
soids are shown at the 50% probability level for Er atoms. 

The O atoms in the [ N b 6 O l 9 ]  8 -  anions can be 
structurally classified as three species: six terminal O 
atoms, 12 bridging O atoms and one central O atom. 
Fig. 3 represents the O-atom sites (O,,-Oj) which bind 
to the Er and A1 atoms in the equatorial and axial 
[ N b 6 O i 9 ]  8 -  anions, respectively. The equatorial anion 
has seven O-atom sites for coordination to Er atoms, 
five of which are bridging O atoms (Oa-Oe) and two 
of which are terminal O atoms (Of and O~). Two 
sets (O,,,b and Oc,d) of four bridging O,,-Od atoms 
coordinate to two different Er atoms, respectively. The 
other bridging Oe atom links the two Er atoms. The 
terminal Of and O x atoms each coordinate to other, 
different Er atoms. As a result, the Nb--Oa_d and Nb- -  
Oe distances [ 1.96 (2)-2.07 (2) and 2.03 (2)-2.08 (2) ]k, 
respectively] are slightly longer than the other bridging 
Nb---O distances [1.88 (3)-2.04 (2) ,~,]. Similarly, the 
terminal oNb--Of and Nb--Og distances of 1.80(3)- 
1.84 (2)A are longer than the other terminal Nb--O 
bonds of 1.71 (3)-1.81 (4),~. Furthermore, the distances 
between the two Nb atoms coordinated by Of and Og 
are 3.443 (4)-3.458 (5),~, and are longer than the other 
Nb. . .Nb distances [3.313 (7)-3.386 (5) A] within the 
s a m e  [ N b 6 O i 9 ]  8 -  anion. Thus, the point symmetry of 
the equatorial [Nb6019] 8- anion is reduced to C2v from 
the idealized Oh symmetry. Three bridging O atoms (Oh, 
O; and Oj) in the axial [ N b 6 O i 9 ]  8 -  anion coordinate to 
the same AI atom. The distances [2.06 (2)-2.12 (2),~,] 
of Nb--Oh, Nb--Oi and Nb---Oj are longer than other 
bridging Nb--O distances [1.89 (3)-2.05 (2) ,~,]. The 
Nb.-.Nb distances [3.459 (6)-3.473 (8) A] for the Nb3 
triad linked by Oh, Oi and Oj oare longer than in 
the other triad [3.310(6)-3.355 (8)A]. Such elongation 
of the M----O and M. . .M distances, induced by the 
coordination of the [M6019]"- (M = Nb and W) anion, 
has been also observed for [Mn(Nb6Ol9)2] 12- (Flynn & 
Stucky, 1969) and [{(CH3)sCs}Rh(cis-Nb2W4019)] 2- 
(Besecker, Day, Klemperer & Thompson, 1984), where 
the [M60~9]"- anion is a tridentate ligand as shown 
in Fig. 3(b). Thus, the axial [Nb6019] 8- anions are 
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Of 
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Fig. 3. Polyhedral drawing of the (a) equatorial and (b) axial 
[Nb6Oi9] 8-  groups. The O atoms labelled as Oa-s  and Oh_ j are 
the coordination sites to Er a+ and A! 3+ cations, respectively. Oa-d 
correspond to 025-028 ,  044 -047  and 063-066 ,  Oe corresponds 
to O21, 040 and 059, Of, g correspond to O15, O16, O34, 035, 
053 and O54, and Oh_ j correspond to 0 7 8 - 0 8 0  and 097-099 .  
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distorted to C3v symmetry by the attachment to the A13÷ 
cations. 

These distortions of the [Nb6019] 8- anions have also 
been pointed out for the Eu complex (Ozeki, Yamase, 
Naruke & Sasaki, 1994) where the Nb---O, Nb. . .Nb 
and A1--O distances are almost identical with the 
corresponding distances in the Er complex. However, 
the contraction of the central [{Er30(OH)3(H20)3}2] 8+ 
cluster results in a shift of the equatorial and axial 
[Nb6O19] 8- groups towards the centre of the complex 
by about 0.09 and 0.07,4,, respectively, compared with 
the Eu complex. Hence, replacing Eu 3+ by Er a+ in the 
[{Ln30(OH)3(H20)312AI2(Nb6019)5] 26- anion induces 
a contraction of the central [{Ln30(OH)3(H20)3}2] 8+ 
cluster, resulting in an attraction of the five [Nb6019] 8- 
anions towards the anion centre. 

Experimental 

The compound was synthesized and recrystallized by the 
same procedure reported for the Eu complex (Ozeki, Yamase, 
Naruke & Sasaki, 1994) except for replacement of Em_O3 with 
Er203 (> 99.9%). 

Crystal data 

Nas Hi8 [ {Er30(OH)3- 
(H20)3 }2A12(Nb6O19)5 ].- 
40.5H20 

Mr = 6 5 3 8 . 4 7  

T r i c l i n i c  

PT 
a = 28 .01  (1)  

b = 2 8 . 2 2  (2)  ,4, 

c = 19 .24  (1)  ,4, 

a = 1 0 7 . 0 4  (6) ° 

/3 = 9 3 . 7 5  (6)  ° 

3' = 130 .71  (2)  ° 
V = 10 3 0 8  (14)  ,~3 

Z = 2  
Dx = 2.11 M g  m - 3  

Dm not measured 

M o  Ka radiation 
A = 0 . 7 1 0 7  A 

Cell parameters from 20 
reflections 

0 = 1 0 . 9 - 1 5 . 1  ° 

/.z = 4.121 mm -I 
T =  2 9 8  K 

P r i s m  

0 .3  x 0 .3  x 0 .2  mm 
P a l e  pink 

Data collection 
Rigaku AFC-5S diffractom- 

eter 
201w scans 
Absorption correction: 

refined from A F  

(DIFABS; W a l k e r  & 

Stuart, 1983)  

Train = 0.20, Tmax = 0 . 4 4  

4 9  151 measured reflections 
47  6 6 4  independent 

reflections 

24  061  observed reflections 
[ I  > 30"(/)] 

Rint = 0 .03  

0ma x = 30  ° 
h = - 3 9  - o  36  

k = - 3 6  ~ 38  

l = O - +  24  

3 standard reflections 
monitored every 100 

reflections 
intensity decay: 2 . 1 %  

Refinement 
Refinement on F 

R = 0 . 0 7 6  

wR = 0 . 0 9 8  

(m/o ' )max  = 0.29 
Apmax = 3.56 e .~-3 
Apmin = - - 3 . 1 3  e , ~ - 3  

S - 3.53 
24  061  reflections 
1174 parameters 
H atoms not located 
W = l /or2(F)  

Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
( 1 9 7 4 ,  Vol.  I V )  

Table 1. Fractional atomic coordinates and isotropic or 
equivalent isotropic displacement parameters (~2 ) 

U,~o for Na and O. Ueq = ( i / 3 ) ~ , ~ ) U i j ~ a i . a j  for Er, Nb and AI. 

x v : Ui~o/U~q 
Erl 0.37705 (7) 0.07094 (7) 0.31095 (7) 0.0183 (4) 
Er2 0.31978 (7) 0.14356 (7) 0.25110 (8) 0.0200 (4) 
Er3 0.36788 (6) 0.07056 (7) 0.11987 (7) 0.0173 (4) 
Er4 0.14770 (7) -0.07335 (7) 0.24143 (8) 0.0203 (4) 
Er5 0.13650 (6) -0.07001 (7) 0.05292 (7) 0.0177 (4) 
Er6 0.19199 (6) -0.14591 (7) 0.10344 (7) 0.0182 (4) 
Nbl 0.2631 (I) -0.0977 (1) 0.2924(I) 0.0187(8) 
Nb2 0.3607 q 1) -0.0536 (1) 0.1776 (I) 0.0162 (8) 

• Nb3 0.4282 q I) -0.0017 (I) 0.3679 (1) 0.0208 (8) 
Nb4 0.2451 I) -0 .2188(1)  0.1533(2) 0.0210(8) 
Nb5 0.3134,1) -0.1658 (1) 0.3410(2) 0.0236 (8) 
Nb6 0.4097, I) -0.1217 (I) 0.2300(2) 0.0215 (8) 
Nb7 0.1556,1) 0.0517 (I) 0.2385 (I) 0.0214 (8) 
Nb8 0.2678 I) 0.0931 (1) 0.3922 (1) 0.0215 (8) 
Nb9 0.2776 1) 0.2156 (2) 0.3819 (2) 0.0275 (9) 
Nbl0 0.1055 1) -0 .0039 (2) 0.3758 (2) 0.0295 (9) 
Nbll 0.1173 (2) 0.1185 (2) 0.3663 (2) 0.0334 (9) 
Nb 12 0.2270 (2) 0.1593 (2) 0.5161 (2) 0.0328 (9) 
Nbl 3 0.2635 (I) 0.0751 ( I ) 0.0282 (I) 0.0186 (8) 
Nbl4 0.2309 (1) -0.0741 (1) -0.0474 (1) 0.0178 (8) 
Nb15 0.3591 (1) 0.0688 (I) -0.0637 (2) 0.0233 (8) 
Nb16 0.1262(I) -0 .0676( I )  -0 .1290(1)  0.0229(8) 
Nbl7 0.2546(I) 0.0740(2) -0.1451 (2) 0.0273(9) 
Nb18 0.2214 (I) -0.0723 (2) -0.2187 (I) 0.0255 (9) 
Nb 19 0.5730 ( 1 ) 0.3529 ( I ) 0.4434 (2) 0.0288 (9) 
Nb20 0.5675 ( 1 ) 0.3490 ( I ) 0.2613 (2) 0.0289 (9) 
Nb21 0.6261 (1) 0.2886 (2) 0.3290 (2) 0.0297 (9) 
Nb22 0.6772 (2) 0.4979 (2) 0.4226 (2) 0.045 ( 1 ) 
Nb23 0.7296 (2) 0.4372 (2) 0.3127 (2) 0.0482 (9) 
Nb24 0.7346 (2) 0.4397 (2) 0.4879 (2) 0.045 (1) 
Nb25 -0.1089 (1) -0.2802 (2) 0.0578 (2) 0.037 (I) 
Nb26 -0.0735 (2) -0.3501 (2) -0.0829 (2) 0.040 (I) 
Nb27 -0.0534 (2) -0.3531 (2) 0.0948 (2) 0.033 (I) 
Nb28 -0.2307 (2) -0.4271 (2) -0.1012 (2) 0.074 (1) 
Nb29 --0. t778 (2) --0.4973 (2) --0.0657 (2) 0.063 (1) 
Nb30 -0.2109 (2) -0.4296 (2) 0.0702 (2) 0.056 (1) 
All 0.4814 (4) 0.2209 (5) 0.2907 (5) 0.021 (3) 
A12 0.0305 (4) -0.2217 (5) 0.0715 (5) 0.022 (3) 
Nal 0.3601 (7) 0.0153 (8) 0.6153 (8) 0.055 (4) 
Na2 0.4124 (9) 0.1809 (9) 0.718 (1) 0.082 (5) 
Na3 0.7902 (8) 0.0474 (9) 0.5554 (9) 0.075 (5) 
Na4 0.6183 (8) 0.0792 (9) 0.3537 (9) 0.077 (5) 
Na5 0.070 ( 1 ) 0.058 ( l ) 0.688 ( 1 ) 0.103 (6) 
Na6 0.746 (1) 0.335 ( 1 ) 0.657 (I) 0.124 (8) 
Na7 0.598 ( 1 ) 0.286 ( 1 ) 0.651 ( I ) 0.134 (8) 
NaB 1 0 I 0.097 (9) 
Na9 t 0.649 (2) 0.326 (2) 1.012 (2) 0.12 ( 1 ) 
O I 0.3189 (8) 0.0593 (9) 0.211 ( 1 ) 0.017 (4) 
02 0.1951 (9) -0 .0620(9)  0.151 (1) 0.023(5) 
03 0.4149 (9) 0.1823 (9) 0.336 (I) 0.021 (4) 
04 0.4103 (9) 0.1790 (9) 0.202 (1) 0.022 (4) 
05 0.4511 (8) 0.1328 (9) 0.2503 (9) 0.017 (4) 
06 0.1048(9) -0 .185(1)  0.153(1) 0.025(5) 
07 0.0941 (8) -0.1803 (9) 0.021 (I) 0.018(4) 
08 0.0640(8) -0 .1306(9)  0.123(1) 0.018(4) 
09 0.4814 (9) 0.158 ( 1 ) 0.419 ( 1 ) 0.028 (5) 
O10 0.3918 (9) 0.263 ( 1 ) 0.289 ( 1 ) 0.030 (5) 
OI 1 0.4782 (9) 0.144 ( 1 ) 0.116 ( 1 ) 0.031 (5) 
OI2 0.0555 (9) -0.161 (I) 0.265 (1) 0.029 (5) 
OI3 0.0229(9) -0 .140(1)  -0.021 (1) 0.029(5) 
OI4 0.1141 (9) -0.267 (1) 0.019(I) 0.030(5) 
OI5 0.2071 (9) -0.0864 (9) 0.306 (1) 0.021 (4) 
OI6 0.3738 (8) -0.0040 (9) 0.1240 (9) 0.017 (4) 
OI7 0.4971 (9) 0.081 (1) 0.444 (1) 0.029 (5) 
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OI8  
OI9  
020  
O21 
022  
023  
024  
025  
026  
027  
028  
029  
030  
O31 
032  
033  
034  
035  
036  
037  
038  
039  
040  
O41 
042  
043  
044  
045  
046  
047  
048  
049  
050  
O51 
052  
053  
054  
055  
056  
057  
058  
059  
060  
O61 
062  
063  
064  
065  
066  
067  
068  
069  
070  
O71 
072  
073  
074  
075 
076  
077  
078  
079  
0 8 0  
O81 
082  
083  
084  
085  
086  
087  
088  
089  
090  
O91 
092  
093  
094  
095  

0.1762 (9) 
0.296 ( I ) 
0.4627 (9) 
0.2955 (8) 
0.2580 (9) 
0.4140 (9) 
0.3765 (9) 
0.3534 (8) 
0.4259 (8) 
0.2025 (8) 
0.2760 (8) 
0.3899 (9) 
0.4702 (9) 
0.2430 (9) 
0.3209 (8) 
0.3357 (8) 
0.1343 (9) 
0.3251 (9) 
0.342 ( I ) 
0.041 (1) 
0.060 ( I ) 
0.252 (I) 
0.2243 (8) 
O. I OO6 (9) 
0.2806 (9) 
0.160(1) 
0.2389 (9) 
0.3222 (9) 
0.0988 (8) 
O. 1828 (9) 
0.201 (1) 
0.2906 (9) 
0.0593 (9) 
O. 15O5 (9) 
O. 1924 (9) 
0.2208 (9) 
O.28O5 (8) 
0.4455 (9) 
0.0395 (9) 
O.2O5 ( 1 ) 
0.264 (1) 
0.2504 (8) 
0.2185 (9) 
0.2670 (9) 
0.2354 (9) 
0.3299 (8) 
0.3528 (8) 
O. 1403 (8) 
0.1628 (8) 
0.3207 (9) 
0.3469 (9) 
O. 1322 (9) 
0.1582 (9) 
0.2414 (9) 
0.511 (I) 
0 .504(I)  
0.602 ( I ) 
0.696 ( 1 ) 
0.787 ( 1 ) 
0.798 ( 1 ) 
0.5118 (9) 
O.5518 (9) 
0.5541 (9) 
O.6O5 ( I ) 
0 .600(I)  
0.646 ( I ) 
0.689 ( I ) 
0.693 ( 1 ) 
0.651 (I) 
0.733 ( I ) 
0.782 ( 1 ) 
0.737 ( I ) 
0.650 ( 1 ) 

- 0 . 0 8 0  (1) 
- 0 .017  (I) 

0 .014(I)  
- 0 .297  (2) 
- 0 . 2 0 4  (I) 

- 0 . 3 0 0  ( I ) 
- 0 . 2 1 0  (I) 
- 0 . 133  (1) 
-0 .0507  (8) 
- 0 .143  (I) 
-0 .0733  (9) 
-0 .1663  (9) 
-0 .0046  (9) 

0.0270 (9) 
-0 .1841 (9) 
-0 .1494  (9) 
- 0 .067  ( 1 ) 
-0 .0299  (9) 
--O.242 (I) 
-0 .2078  (9) 
- 0 .1084  (9) 

0.005 (I) 
O.O83 ( I ) 
0.297 ( I ) 

- 0 . 0 8 6  ( 1 ) 
0.128 (I) 
0 .196(I)  
0.0479 (9) 
0.070 ( I ) 
0 .136(I)  
0 .158(I)  
0.1506(9) 
0.1809 (9) 

-0 .0291 (9) 
0.001 (I) 
0.203 ( I ) 
O.235 ( I ) 
0.026 ( I ) 
O.O58 ( I ) 
0.103(1) 

- 0 .1246  (9) 
O. 1242 (9) 
0.119(1) 

- 0 . 1 1 7 ( I )  
- 0 . 1 2 6  (I) 

0 .128(I)  
0.0000 (9) 

-0 .1162  (9) 
0 .118(I)  
0.001 ( I)  

-0 .0002  (9) 
0.1102 (9) 

- 0 .  I I O6 (9) 
-0 .0008  (9) 
-0 .0034  (9) 

0 .116(I)  
- 0 . 1 1 4 ( i )  

0.005 (I) 
-0 .001 (I) 

0.316(1) 
0 .312(I)  
0.209 ( I ) 
0.572 ( I ) 
0.468 ( 1 ) 
0.474 ( ! ) 
0 .310(i )  
0.2628 (9) 
0.2648 (9) 
0.441 (1) 
0.438 ( I ) 
0.388 ( I ) 
0.340(1) 
0.342 ( I ) 
0.391 (1) 
0.511 (i) 
0.463 ( I ) 
0 .514(I)  
0.393 ( 1 ) 

- 0 . 195  (I) 
- 0 . 315  (I) 
-0 .321  (1) 
- 0 .455  (2) 
- 0 .577  ( I ) 

0.073 ( 1 ) 0.030 (5) 
0.398 (I) 0.033 (5) 
0.205 ( 1 ) 0.030 (5) 
0.2196 (9) 0.012 (4) 
0.351 (I) 0.027 (5) 
0.168 (I) 0.021 (4) 
0.299 ( 1 ) 0.022 (4) 
0.3686 (9) 0.014 (4) 
0.2829 (9) 0.014 (4) 
O. 194 ( I ) 0.020 (4) 
0.107 (I) 0.019 (4) 
0.411 (1) 0.025 (5) 
0.322 ( I ) 0.023 (5) 
0.238 (I) 0.025 (5) 
0.146 (I) 0.019 (4) 
0.260 ( I ) 0.018 (4) 
O. 136 ( I ) 0.023 (5) 
0.390 (I) 0.026 (5) 
0.384 ( 1 ) 0.043 (6) 
0.373 (I) 0.033 (5) 
0.356 ( I ) 0.054 (7) 
0.620 ( I ) 0.048 (6) 
0.2731 (9) 0.016(4) 
0.254 (I) 0.031 (5) 
0.498 (I) 0.031 (5) 
0.480 (1) 0.044 (6) 
0.267 ( 1 ) 0.022 (4) 
0.382 (I) 0.022 (4) 
0.261 (I) 0.018 (4) 
0.376 (1) 0.025 (5) 
0.366 (1) 0.032 (5) 
0.490 (I) 0.028 (5) 
0.362 (I) 0.031 (5) 
0.487 ( 1 ) 0.030 (5) 
0.376 (I) 0.027 (5) 
0.002 ( 1 ) 0.020 (4) 
0.129 (I) 0.019 (4) 

- 0 .038  (I) 0.027 (5) 
- 0 . 1 5 2  (I) 0.030 (5) 
- 0 .312  (I) 0.038 (6) 
--0.181 (1) 0.041 (6) 

0.0496 (9) 0.015 (4) 
- 0 .152  (I) 0.021 (4) 
- 0 .033  ( I ) 0.029 (5) 
-0 .235  (I) 0.031 (5) 
-0 .0183  (9) 0.013 (4) 

0.0353 (9) 0.015 (4) 
- 0 . 0 7 4  ( I ) 0.019 (4) 
-0 .0160  (9) 0.015 (4) 
- 0 .167  (I) 0.022 (4) 
- 0 .107  (I) 0.025 (5) 
- 0 .217  (I) 0.028 (5) 
- 0 . 1 6 0  (I) 0.028 (5) 
- 0 . 0 9 4  (I) 0.021 (4) 

0.486 ( I ) 0.038 (6) 
0.182 (1) 0.040 (6) 
0.293 (1) 0.046 (6) 
0.457 (1) 0.068 (8) 
0.262 (1) 0.071 (8) 
0.573 ( I ) 0.068 (8) 
0.331 (1) 0.024 (5) 
0.248 ( I ) 0.020 (4) 
0.380 ( 1 ) 0.020 (4) 
0.464 (1) 0.036 (5) 
0.322 ( 1 ) 0.040 (6) 
0.232 ( I ) 0.035 (5) 
0.282 (1) 0.037 (5) 
0.429 (I) 0.041 (6) 
0.519 (1) 0.033 (5) 
0.360 ( I ) 0.043 (6) 
0.415 (1) 0.049 (6) 
0.506 (I) 0.045 (6) 
0.377 (1) 0.032 (5) 
0.103 (I) 0.055 (7) 

- 0 .133  (1) 0.056 (7) 
0.165 ( I ) 0.050 (6) 

- 0 .177  (2) 0.11 (I) 
- 0 . 1 0 9  (2) 0.086 (9) 

096  
097  
098  
099  
OI00  
O101 
O102 
OI03 
O104 
O105 
O106 
OI07 
OI08 
OI09  
O I I 0  
O l l l  
O I I 2  
O I I 3  
O I I 4  
O I I 5  
Ol16 
O I I 7  
O I I 8  
O119 
O120 
OI21 
OI22 
OI23 
OI24  
OI25 
OI26  
OI27 
OI28 
OI29  
O130 
OI31 
OI32  
OI33 
OI34  
OI35 
OI36  
OI37 
OI38  t 
O139 
OI40  
OI41 
OI42 
O143 
OI44  
OI45 
O146 
O147 
O148 
O149 t 
O150 t 
Oi51 

-0 .265  ( 1 ) 
- 0 . 0436  (9) 
-0 .0065  (9) 
-0 .0315  (9) 
-0 .182  (I) 
- 0 . 1 5 4  (1) 
-0.111 (1) 
-O.O98 ( I ) 
- 0 . 1 2 4  (I) 
- 0 . 1 6 6 ( I )  
- 0 .243  (I) 
- 0 . 2 2 6  ( I ) 
- 0 . 268  (I) 
- 0 . 1 4 0 ( I )  

0.770 (2) 
0.637 (2) 
0.945 (2) 
0.971 (2) 
0.833 ( I ) 
0.738(3) 
0.931 (I) 
O.868 ( I ) 
0.682 (2) 
0.702 (2) 
0.547 (1) 
0.651 (1) 
0.628 ( 1 ) 
O.5O3 ( I ) 
0.432 (2) 
O.557 ( I ) 
0.547 ( I 
0.579 ( 1 
0.468 (I 
0.445 ( I 
0.397 (I 
0.142 (2 
0.033 (2 
0.025 ( 1 
O. 102 (2 
0.513 (2 
0.386 (1 
0.337 (2 
0.041 (2) 
0.209 (I) 
0.334 ( 1 ) 
0.116(2) 
0.625 (2) 
0.313(1) 
0.187 (2) 
0.223 (2) 
0.666 (2) 
0.656 (2) 
0.721 (2) 

- 0 . 0 2 2  (2) 
1/2 
0.817 (3) 

t Site o c c u p a n c y  = 0.5. 

--0.462 (1) 0.127 (1) 
--0.258 (I) --0.005 (I) 
--0.313 (I) 0.021 (I) 
--0.262 (I) 0 .124(I)  
--0.329 (I) -0 .035  (I) 
--0.383 (I) --0.141 (I) 
--0.442 (I) -0 .113  (I) 
--0.445 ( I ) 0.024 ( I ) 
--0.389 (I) 0.138 (1) 
- 0 .332  (I) 0.109 (I) 
--0.507 (I) - 0 . 1 3 6  (I) 
--0.510 (I) 0.008 (1) 
- -0 .450( I )  - -0 .019( I )  
--0.388 (1) --0.003 (I) 

0.424 (2) 0.102 (2) 
0.400 (2) 0.096 (2) 
0.430 (2) 0.799 (2) 
0.209 (2) 0.358 (3) 
0.372 (2) 0.776 (2) 
0.270 (3) 0.406 (3) 
0.015 (2) 0.272 (2) 
0.053 (2) 0.366 (2) 
0.305 (2) 0.746 (2) 
0.321 (2) 0.931 (2) 
0.218(1) 0.921 (I) 
0.291 (2) 0.552 (2) 
0.162 (I) 0.457 (I) 
0.246 (I) 0.563 (1) 
0.316 (2) 0.556 (2) 
0.083 ( 1 ) 0.266 ( I ) 
0.167 (I) 0.603 (I) 
0.011 (1) 0 .427(I)  
0.144(1) 0.691 (1) 
0.213 (1) 0.849 (2) 
0.011 (i) 0.739(1) 
0.096 (2) 0.917 (2) 
0.090 (2) 0.967 (2) 
0.073 (2) 0.131 (2) 
0.412 (2) 0.743 (2) 
0.077 (2) 0.938 (2) 
0.163(1) 0.591 (1) 
0.199 (2) 0.733 (2) 
0.079 (2) 0.805 (2) 
0.018 (2) 0.556 (2) 
0.031 (I) 0.508 (I) 
0.063 (2) 0.043 (2) 
0.278 (2) O. lOl (2) 
0.057 ( 1 ) 0.674 ( 1 ) 
0.135 (2) 0.720 (2) 
0.322 (2) 0.387 (2) 
0.216 (2) 1.002 (3) 
0.099 (2) 0.174 (2) 
0.107 (2) 0.402 (3) 

--0.021 (2) 0.169 (2) 
0 1 
0.343 (4) 0.066 (4) 

0.070 (8) 
0.O25 (5) 
0.026 (5) 
O.O25 (5) 
0.057 (7) 
0.060 (7) 
0.055 (7) 
O.O52 (7) 
0.041 (6) 
0.040 (6) 
0.069 (8) 
0.061 (7) 
0.062 (7) 
0.037 (6) 
0 .12(I )  
0.14(1) 
0.14 (1) 
0.20 (2) 
0.09(1) 
0.24 (2) 
0.09 (1) 
0.09 (I) 
0 .10(I )  
0.10 (I) 
0.068 (8) 
0.088 (9) 
0.049 (6) 
O.O68 (8) 
0 .12(I )  
0.043 (6) 
0.037 (5) 
0.043 (6) 
0.067 (8) 
O.O84 (9) 
O.O54 (7) 
0.13(1) 
0.11 (!) 
0.09(1) 
0.18(2) 
0.11 (1) 
0.074 (8) 
0.10 (1) 
0 .04(I )  
0.09(1) 
0.049 (6) 
0.11 (I) 
0.14(1) 
0.O66 (8) 
0.16(2) 
0.15 (2) 
0.20 (2) 
0.16 (2) 
0.19(2) 
0.05 (I) 
0.30 (3) 
0.34 (3) 

Table 2. Selected interatomic distances (A) 
Eri.  -Er3 
Erl- -Er2 
E r 2 . . E r 3  
Er4- .Er6 
Er4- .Er5 
Er5. -Er6 
E r l - - O l  
Erl---O35 
Erl---O5 
Erl---O26 
Erl---O9 
Erl---O21 
Er 1----O25 
Erl---O3 
Er2---O I 
Er2----O54 
Er2---O I 0 

3.664 (2) Er3---O59 
3.678 (3) Er3----O63 
3.667 (3) Er3---O5 
3.652 (3) Er4---O2 
3.654 (2) Er4----O 15 
3.649 (4) Er4----O 12 
2.23 (2) Er4----O8 
2.28 (3) Er4--O46 
2.35 (2) Er4----O40 
2.37 (3) Er4---O47 
2.40 (2) Er4----O6 
2.41 (2) Er5----O2 
2.42 (3) Er5---O34 
2.44 (3) Er5--O7 
2.26 (3) Er5----O 13 
2.26 (2) Er5---O65 
2.33 (2) Er5---O66 

2.43 (2) 
2.44 (2) 
2.48 (2) 
2.22 (2) 
2.29 (3) 
2.33 (2) 
2.35 (2) 
2.37 (3) 
2.39 (2) 
2.42 (2) 
2.43 (2) 
2.28 (3) 
2.29 (3) 
2.33(3) 
2.37 (2) 
2.42 (2) 
2.43 (2) 
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Er2--O3 2.35 (2) Er5--O59 2.44 (2) 
Er2--O45 2.41 (2) Er5---O8 2.46 (2) 
Er2--O4 2.43 (2) Er6~O2 2.21 (3) 
Er2--O44 2.43 (3) Er6---O53 2.25 (2) 
Er2--O40 2.45 (2) Er6--O6 2.34 (2) 
Er3---O16 2.24 (3) Er6---O14 2.37 (2) 
Er3---OI 2.27 (2) Er6---O27 2.40 (3) 
Er3---O4 2.33 (2) Er6--O28 2.42 (3) 
Er3--OI 1 2.37 (2) Er6--~7 2.45 (2) 
Er3--O64 2.38 (3) Er6--O21 2.47 (I) 

During the refinement, Ui.~o for Na9 converged to a value 
which was too large (0.27 ,~z), so the site occupancy was 
reduced to 0.5. The resulting value of Ui.~o, 0.12(1)]k z, 
is reasonable for an Na ÷ cation. The site occupancies of 
the O138 and O149 atoms, both of which are from wa- 
ters of crystallization, were fixed at 0.5 because of the 
short distance (1.6A) between them. Although the dis- 
tance between Nb22 and 075 [1.68(4)A] is rather short 
for a terminal Nb--O bond, the same [1.68 (4)/~] and 
shorter [1.62 (2)/k] distances have been reported for NaTHIg- 
[{Eu30(OH)3(HzO)3}zA12(Nb6OIg)5].47H20 (Ozeki, Yamase, 
Nantke & Sasaki, 1994) and AgLaNb207 (Sato, Watanabe 
& Uematsu, 1993), respectively. The maximum Fourier peak 
(3.56e,~, -3) is 2.20, 2.20 and 2.21/~, from Ol10, O146 and 
O151, respectively, all of which are from waters of crystal- 
lization. These distances are too short for Na-..O or O-.-O 
hydrogen-bond distances. Moreover, since U,~o for O110 and 
O146 converged to moderate values [0.12 (1) and 0.20 (2),~2 
respectively] with site occupancies of 1.0, disorder among 
O110, O146 and the peak site is not likely to occur. Therefore, 
the maximum Fourier peak was not identified as an atom. The 
minimum Fourier peak (-3.13 e ~-3) is a very short distance 
from Nb28 (0.39 A), suggesting that it is a ghost of the Nb 
atom. The high R value of 0.076 is probably due to the rather 
poor quality of the crystal, which is strongly efflorescent. 

Program(s) used to solve structure: DIRDIF (Beurskens 
et al., 1992). Program(s) used to refine structure: TEXSAN 
(Molecular Structure Corporation, 1989). 

This work was supported in part by a Grant-in-Aid for 
Science Research on Priority Areas, 'New Development 
of Rare Earth Complexes' ,  No. 06241104, from the 
Ministry of Education, Science, Sport, and Culture. 

Lists of structure factors, anisotropic displacement parameters and 
complete geometry have been deposited with the IUCr (Reference: 
OAI001). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Abstract 
The title compound, beryllium tetrahydrogenhexaoxo- 
iodate(VII) tetrahydrate, is built up from slightly de- 
formed Be(OH2)4 tetrahedra (a,b) and IO_~(OH)4 octahe- 
dra (A,B) with cis configuration of the oxo ligands. They 
are arranged along [001] forming layers with stacking 
aBAbABaBAbAB. The [I-14IO6]- and Be(OH2)42÷ ions 
are held together by a network of eight independent 
hydrogen bonds of different strength. Two of the H 
atoms of [ H 4 I O 6 ] -  a re  disordered over O - - - H ~ H - - O  
split positions. 

Comment 
The title compound, which is very easily decom- 
posed by exposure to X-rays, was first described 
as Be(IO4)2.8H20 (Biber, Neiman & Bragina, 1941; 
Maneva, Georgiev & Pavlova, 1988). This was indicated 
by IR experiments, but resulted from the strong reac- 
tion with KBr used as the matrix. Raman spectroscopic 
and more careful IR experiments, however, revealed 
that the compound under study was an orthoperiodate, 
Be(H4IO6)2.4H20, rather than a metaperiodate (Maneva, 
Georgiev, Lange & Lutz, 1991). This has been con- 
firmed by the single-crystal X-ray studies reported in 
this work. 

The crystal structure, which represents a hitherto 
unknown structure, is built up of layers of Be(OH2)4 
tetrahedra (a,b) and double layers of H4IO6  octahedra 
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