
1968 Cd4GeS6 

S(li). • .S(3 v) 
s(2iv). . .S(5 iii) 
s(2iv)...S(3 v) 
S(3V)...S(5 iii) 
Cd(3)---S(I i.). 
Cd(3)--S(6 m) 
Cd(3)---S(5 v~) 
Cd(3)--S(4 ~ii) 
S(li). • .S(6 iii) 

S(1 i)----Cd(l)---S(5 ii ) 
S( 1 i)---Cd( I )----S(3 ) 
S(P)--Cd(1)---S(6) 
S(3)---Cd(1)--S(5 ii) 
S(3)---Cd(1)---S(6) 
S (5")---Cd(1)---S(6.) 
S(I')--Cd(2)----S(5 m) 
S(I')---Cd(2)---S(2 i') 
S(I')---Cd(2)--S(3"). 
S(2'~)--Cd(2)---S(5 u') 
S(2'v)--Cd(2)---S(3 ~) 
S(3V)---Cd(2)--S(5 iii) 
S(1 i)----Cd(3)---S(6 iii ) 
S(li)--Cd(3)--S(5 v*) 
S(1 i)----Cd(3)---S(4 vii ) 

4,157 (5) Ge--S(3) 2,184 
4,353 (5) Ge----S(2) 2,203 
3,675 (5) Ge---S(6 x) 2,205 
3,914 (5) S(3)...S(4 TM) 3,709 
2,540 (4) S(3)...S(6 ~) 3,584 
2,545 (4) S(2)...S(4% 3,573 
2,546 (4) S(2)...S(6 x) 3,510 
2,566 (4) S(4'x) .. .S(6 x) 3,595 
4,302 (5) S(2)-..S(3) 3,468 
123,7 (2) S(5Vi..)----Cd(3)---S(6 iii) 111,6 
113,5 (2) S(4v")---Cd(3)---S(5 v') 110,6 
111,5 (2) S(4V ii)-------Cd(3)-----S(6 iii) 94,5 
112,7 (2) S( I')----Cd(4)---S (5') 116,8 
84,9 (2) S(Ii)----Cd(4)---S(2 vi") 124,2 

102,9 (2) S(li)----Cd(4)---S(4 ~) 98,9 
122,1 (2) S(2viii)-----Cd(4)-----S(4 iv) 85,7 
111,4 (2) S(2 viii)--Cd(4)--S(5 i) 116,5 
108,2 (2) S(4~)---Cd(4)---S(5 ') 101,6 
118,1 (2) s(4ix)----Ge----S(3) 116,7 
90,8 (2) S(4~x)----Ge---S(2) 109,5 
99,4 (2) S(4~x)----Ge---S(6 x) 110,4 

115,5 (2) S(2)----Ge---S(3) 104,5 
112,1 (2) S(2)--Ge---S(6 x) 105,5 
111,3 (2) S(3)----Ge---S(6 x) 109,5 
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Codes de symdtrie: (i) x, 1 - y, ½ + z; (ii) x - ½, ½ - y, ½ + z; (iii) 
x -  ½, ½ +y,z; (iv) ½+x, ½ +y,z; (v)x, 1 +y,z: (vi) x -  ½, ~ - y ,  ½+z; 
(vii) x, 1 - y , z -  ½; (viii) ½ +x, ] - y ,  ½ +z; ( i x ) x , - y , z -  ½; (x) 
x - ½ , ½ - y , z - ½ .  

Les corrections d 'absorpt ion ont 6t6 rdalisges a l 'aide du 
programme de J. A. Ibers d'apr~s la mdthode analytique 
dgcrite par de Meulenaer  & Tompa (1965). 

Rgsolution de la structure: MULTAN80 (Main et al., 1980). 
Affinement de la structure: ORXFLS (Busing, 1971) modifi6 
par P. Laruelle. Trac6 des figures: MOLVIEW (Cense, 1990). 
Calcul des distances et des angles interatomiques: ORFFE 
(Busing, Martin & Levy, 1964). 

Les auteurs remercient S. Bamier (Laboratoire de 
chimie mindrale structurale de la Facult6 des Siences 
pharmaceutiques et biologiques de Paris) qui a prdpar6 
le cristal 6tudid, et A. Mazurier (Laboratoire de Physique 
de la Facult6 des Sciences pharmaceutiques et bi- 
ologiques de Pads) qui a rdalis6 l'enregistrement des 
intensitds diffractdes aux rayons X. 

Les listes des facteurs de structure et des facteurs d'agitation thermique 
anisotrope ont 6t6 ddpos6es au ddp6t d'archives de I'UICr (Rdfdrence: 
DUIll9) .  On peut en obtenir des copies en s'adressant ~: The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, Angleterre. 
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Abstract 
Barium orthoperiodate was synthesized and its structure 
determined by single-crystal X-ray diffraction. The 
structure consists of Ba 2÷ and (H3IO6) 2- ions alternately 
located on the trigonal axis (c axis). The IO6 polyhedron 
has D3 symmetry, but is greatly distorted from a 
regular octahedron. A three-dimensional network of IO6 
octahedra is formed through short O - - H . . . O  hydrogen 
bonds. The H atom is positionally disordered. 

Comment 
As some periodates show non-water-soluble character- 
istics, the title compound was synthesized in order to 
investigate its solubility in water. 

A drawing of the structure is shown in Fig. 1. 
The structure comprises Ba 2+ and (H3IO6) 2- ions, 
with the Ba 2+ ion at the origin and the I atom at 

! Six O atoms coordinate to an I atom with I - -  0,0,~. 
O bond lengths of 1.879 (2)~ .  The IO6 coordination 
octahedron has D3 symmetry: one threefold axis of 
rotation and three twofold rotation axes perpendicular 
to the former through the central I atom. Therefore, 
the octahedron is highly symmetric but distorted from a 
regular octahedron. The distortion is characterized by (a) 
the angle between the I---O bond and the trigonal axis 
being 53.5 (1) °, smaller than that of 54.8 ° for a regular 
octahedron, (b) by an elongation of the octahedron along 
the trigonal axis, and (c) by the fact that the two faces 
perpendicular to the trigonal axis are rotated with respect 
to each other by an angle of 17.7 (2) ° , which shows that 
the octahedron is twisted around the trigonal axis. Thus, 
the distortion is fairly large in contrast to the distortions 
observed in related compounds, e.g. Cd[H3IO6].3H20 
(Braibanti, Tiripicchio, Bigoli & Pellinghelli, 1970) and 
Mg[H3IO6].3H20 (Bigoli, Manotti Lanfredi, Tiripicchio 
& Tiripicchio Camellini, 1970). 

The H atom is positionally disordered at two equiv- 
alent sites [0.8 (2)A apart] so that a half H atom 
is attached to each O atom. The IO6 octahedra are 
linked through hydrogen bonds to form an infinite 

©1995 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Crystallographica Section C 
ISSN 0108-2701 ©1995 



M I K I O  S A S A K I ,  T O M I O  Y A R I T A  A N D  S H O I C H I  SATO 1969 

t h r e e - d i m e n s i o n a l  n e t w o r k  in the  crysta l ,  as s h o w n  in 
Fig.  2. Such  a h y d r o g e n  b o n d  is a lso  r epo r t ed  for  

(NH4)2[H3IO6] ( H e l m h o l t z ,  1937) and  r e s e m b l e s  those  
o f  K D P - t y p e  crys ta ls  in the pa rae lec t r i c  p h a s e  ( K D P  is 
KH2PO4)  (West ,  1930; N e l m e s ,  1987).  T h e  O - - - H  b o n d  
has  a d i s tance  o f  0 .90(10) /1 ,  and  the O - - - O  d i s t ance  
is short  at 2 .517 (4),/~. T h e  ti t le c o m p o u n d  p r e s u m a b l y  
u n d e r g o e s  a t rans i t ion  at s o m e  l o w e r  t e m p e r a t u r e  in to  a 
phase  wi th  o rde r ed  H a toms ,  as in K D P  ( N e l m e s ,  1987). 
T h e  shor tes t  B a . . - O  con tac t  is 2 .916  (2) /~ .  

+ c  

Fig. 1. An ORTEPII (Johnson, 1976) view of the title structure. The 
H atoms have been omitted. Displacement ellipsoids are drawn at 
the 80% probability level. 

Fig. 2. A projection of the structure along c, showing the hydrogen- 
bond formation and the disordered H atoms (circles). Polyhedra 
represent the 106 groups; dashed lines represent the hydrogen 
bonds. The Ba atoms are not shown. 

E x p e r i m e n t a l  

Very small colourless and pseudo-hexagonal prismatic crystals 
of Ba[H3IO6] were isolated by sedimentation from an aqueous 
solution of BaCO3 and H5IO6. The crystals obtained were 
barely soluble in water. 

Crystal data 

Ba[H3IO 6] Mo K a  radiation 
M, = 363.3 A = 0.71069/~ 
Trigonal Cell parameters from 25 
R32 reflections 
a = 7.6178 (9)/~ 0 = 11-12.5 ° 
c = 7.2537 (7)/~ # = 14.5 mm -1 

V = 364.54 (4)/~3 
Z = 3  
Dx = 4.96 Mg m -3 

T = 2 9 7 K  
Prism 
0.16 x 0.06 x 0.06 mm 
Colourless 

Data collection 

Rigaku AFC-5R diffractom- 
eter 

~/20 scans 
Absorption correction: 

refined from A F  
(DIFABS; Walker & 
Stuart, 1983) 
Tmi~ = 0.36, Tm~ = 
0.42 

1131 measured reflections 
491 independent reflections 
685 observed reflections 

[I > 3or(/)] 

Refinement 

Refinement on F 
R = 0.011 
wR = 0.014 
S - 1.29 
251 reflections 
15 parameters 
All H-atom parameters 

refined 
w = 4F/[tr2(F) + (0.007F) 2] 
(A/Cr)m~ = 0.002 
Apm~ = 0.39 e A -3 
Apmin = - 0 . 2 5  e / ~ - 3  

Rint = 0.020 
0max = 25 ° 
h = - 1 3  ~ 13 
k = 0 ---~ 13 
l = - 2  ~ 14 
4 standard reflections 

monitored every 150 
reflections 

intensity decay: 0.6% 

Extinction correction: 
TEXSAN (Molecular 
Structure Corporation, 
1992) 

Extinction coefficient: sec- 
ondary, 0.199 (6) x 10 -5 

Atomic scattering factors 
from International Tables 
for  X-ray Crystallography 
(1974, Vol. IV) 

Table  1. Frac t i ona l  a tomic  coordinates  and  isotropic or  

equiva len t  isotropic  d i sp lacemen t  p a r a m e t e r s  (/~2) 

Bis o for H; Beq = (8~r2/3)~i~jUija~a~ai.aj for Ba, I and O. 

x y z Beq]Biso 
Ba 0 0 0 0.964 (5) 
I 0 0 1/2 0.981 (5) 
O 0.2262 (4) 0.0831 (3) 0.3457 (3) 0.94 (3) 
Hi 0.26 (1) -0.01 (1) 0.33 (2) 2.7 (5) 

t Occupancy = 0.5. 

Table  2. Se lec ted  geomet r i c  p a r a m e t e r s  (!k, o) 

I--0 1.879 (2) 

O----I-----4) i 88.2  (1) O---I-----O ii 83.1 (1) 
O----I----O iii 102.4 (1) O----I----O iv 166.1 (1) 

S h o r t  c o n t a c t s  
Ba.  • .O 2.927 (2) 
O.  • .O *~ 2.957 (4) 

Hydrogen bonds 
O---H 
H" • "O vii 

I----O. • .H 

Ba. • .O * 2.916 (2) 

0.90 (10) O. • .O vii 2.517 (4) 
1.68 (9) H. • .H vii 0.8 (2) 

113 (7) O-- -H.  • .O *ii 154 (10) 

Symmetry codes: (i) --y,x -- y, z; (ii) x -- y, --y, 1 -- z; (iii) y,x, 1 -- z; 
(iv) --x, y -- x, 1 --z; (v)y-- ~,x-- ], ~ - z ;  (vi) ~ --x, ~ +y--x,  ~ - z ;  
(vii) ~ + y, x -- ~, ] -- z. 

Intensity data were corrected for Lp effects. The validity of the 
refined absorption correction was confirmed by a subsequent 
refinement including a ~,-scan absorption correction, which 
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produced a comparable Tmax/Tmin ratio. The structure was 
solved by Patterson methods and DIRDIF92 (Beurskens et al., 
1992). The position of the H atom was deduced from differ- 
ence Fourier maps. Structure refinement was performed using 
TEXSAN (Molecular Structure Corporation, 1992). Graphics 
were produced using ORTEPII (Johnson, 1976) and CHARON 
(Lauher, 1989). All computations were performed on an IRIS 
INDIGO. 

Lists of structure factors and anisotropic displacement parameters have 
been deposited with the 1UCr (Reference: OH1082). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
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KYP4OI2 

Comment 
The cyclotetraphosphates corresponding to the general 
formula MILnP4OI2 are well known (Hong, 1975a,b; 
Koizumi, 1976a; Koizumi & Nakano, 1978; Averbuch- 
Pouchot & Dutif, 1983; Durif, Averbuch-Pouchot & 
Guitel, 1983). The compounds obtained for M I = K 
and Ln = Sm, M x = Rb and Ln = Nd, and M I = 
NH4 and Ln = Pr and Nd, are isostructural (Fetid, 
Ariguib & Trabelsi,  1987; Koizumi & Nakano, 1977; 
Masse, Guitel & Durif, 1977). The title compound is 
isostructural with the compounds of this series. In the 
present work we report its chemical preparation and 
structural investigation. 

This structure contains the centrosymmettical cyclo- 
tetraphosphate ring anion P4Ot 4- .  As shown in the 
projection onto the ab plane, the P4012 tings form 
layers perpendicular to the c axis at z = 0 and 1/2. The 
YOs polyhedra interconnect the P4012 rings to form a 
three-dimensional framework. This disposition creates 
intersecting tunnels in which the K atoms reside. All 
the K ÷ and y3+ ions are located on twofold axes in the 
z = 1/4 and z = 3/4 planes. The coordination around the 
Y atom forms a lozenge antiprism which shares its two 
lozenge faces with two neighbouring KO10 polyhedra. 
The YO8 polyhedra are isolated from one another since 
they do not share any O atoms. This type of isolation 
appears responsible for the good fluorescence properties 
shown in lanthanide compounds, such as those of the 
series MINdP4Ot2 (M I = Li, Na and K) (Otsuka, Miy- 
azawa, Yamada, Iwasaki & Nakano, 1977; Chinn & 
Hong, 1975; Tsujimoto, Fukuda & Fukai, 1977; Tofield, 
Weber, Damen & Liao, 1975). The shortest Y . . . Y  
distance [5.978(1)/1,] has a value between those of 
the corresponding N d . . . N d  distances in NaNdP4012 
(5.719/~) (Koizumi, 1976b) and RbNdP4Ot2 (6.129 ,/k). 
The structures of KYP207 (Hamady, Zid & Jouini, 
1994) and the related compound RbYP207 (Akrim, 
Zambon, Metin & Cousseins, 1993) display shorter 
Y . . . Y  distances of 5.423 and 5.30 A, respectively. In 
the KO10 polyhedron, the K---O distances exhibit a .  
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Abst rac t  

Potassium yttrium cyclotetraphosphate is isostructural 
with RbNdP4012. The structure is built up from P4OI~- 
cyclotetraphosphate anions linked by YO8 polyhedra to 
form a three-dimensional framework, which delimits 
intersecting tunnels in which the K + ions are located. 
The P40~2 ring anion is centrosymmettic. 

1 

Fig. 1. The KYP4OI2 structure projected along the c axis showing the 
P4012 rings. 
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