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Les listes des facteurs de structure et des facteurs d'agitation thermique 
anisotrope ont 6t6 drposres au drprt d'archives de I'UICr (Rrfrrence: 
DU 1060). On peut en obtenir des copies en s'adressant h: The Managing 
Editor, International Union of Crystallography, 5 Abbey Square, Chester 
CH1 2HU, Angleterre. 

R6f6rences 
Bakker, H. & Hyde, B. G. (1978). Philos. Mag. A38, 615-628. 
Becker, P. J. & Coppens, P. (1975). Acta Cryst. A31,417-425. 
Busing, W. R. (1971). Acta Cryst. A27, 683-684. 
Debaerdemaeker, T., Germain, G., Main, P., Refaat, L. S., Tate, 

C. & Woolfson, M. M. (1988). MULTAN88. A System of 
Computer Programs for the Automatic Solution of Crystal Struc- 
tures from X-ray Diffraction Data. Univs. de York, Angleterre, 
et de Louvain, Belgique. 

Lemoine, P., Tomas, A. & Guittard, M. (1992). Acta Cryst. C48, 
774-776. 

Rodier, N & Laruelle, P. (1973). Bull. Soc. Fr. Min&al. Cristal- 
logr. 96, 30-36. 

Shannon, R. D. (1976). Acta Cryst. A32, 751-767. 
Tomas, A., Chevalier, R., Laruelle, P. & Bachet, B. (1976). Acta 

Cryst. B32, 3287-3289. 
Tomas, A. & Guittard, M. (1980). Mater. Res. Bull. 15, 1547- 

1556. 
Tomas, A., Guittard, M. & Brossard, L. (1980). J. Solid State 

Chem. 34, 11-16. 
Tomas, A., Palazzi, M., Chaqour, S. M., Guittard, M. & 

Guymont, M. (1992). Mater. Res. Bull. 27, 1083-1089. 
Tomas, A., Rigoult, J., Guittard, M. & Laruelle, P. (1980). Acta 

Cryst. B36, 1987-1989. 
Walker, N. & Stuart, D. (1983). Cryst. A39, 158-166. 

Comment 
The heteropolymolybdate structure containing plat- 
inum(IV) exhibits an a ~ fl-o a geometrical isomerism 
when gradually protonated. The structures of [H3.sCt- 
PtM06024] 4-5- (Lee, 1988), [H4fl-PtMo6024] 4- and 
[Ha.50t-PtMo6024] 3"5- (Lee & Sasaki, 1984) have been 
determined previously. 
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Fig. 1. The structure of the [Hrt~-PtMo6024] 2- polyanion (H atoms are 
not shown; starred O atoms are protonated). 
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Abstract 
The structure of the fully protonated hexamolybdoplati- 
nate polyanion salt K2[H6a-PtMo6024].5H20 has been 
determined from X-ray diffraction data. This polyanion 
has a center of symmetry and protonation of the O atoms 
is different from that of heteropolyanions having the so- 
called Anderson structure, [Xn+(OH)6Mo6018] (6-n)- (X is 
a hetero atom), where all the O atoms in the central XO6 
octahedron are protonated. In the present compound, 
four central ( P t - - O c - - M o 2 )  and two bridging ( M o - -  
O b - - M o )  O atoms are protonated. 
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The O atoms in the polyanion are classified as either 
Ot, Ob or Oc atoms, where Ot is a terminal O atom, Ob 
is bridging between two Mo atoms and Oc is coordi- 
nated to one Pt and two Mo atoms (Fig. 1). The ranges 
of M o - - O  distances are M o - - O t  = 1.66-1.75, M o - -  
Ob = 1.89-2.08 and M o - - O c  = 2.12-2.37/~,. 

An important result of this study is the location of the 
H atoms. Their positions could not be observed in the 
Ap maps. Instead, the protonated O atoms were identi- 
fied from unusually long M o ~ O  bond distances and 
short O.--O contact distances between two polyanions, 
which suggested hydrogen bonds (Fig. 2). The long 
M o l - - O c 2 ,  M o l - - O c 3 ,  Mo2- -Oc3 ,  M o 2 ~ O b 4 ,  
M o 3 - - O c 2  and M o 3 - - O b 4  bond distances (Table 2) 
indicate that the H atoms are bonded to Oc2, Oc3 and 
Ob4. The average bond-distance elongations of M o ~  
Oc and M o - - O b  caused by protonation are about 0.19 
and 0.16/~, respectively, suggesting that the M o - - O  
bond orders are reduced. These values agree well with 
those of the [n3.50~-PtM06024] 4"5- and [I-L, sa- 
PtMo6024] 3"5- polyanions. The H atom of Oc3 does not 
contribute to the interanion hydrogen bonding. 

In the B series of polyanions having the so-called 
Anderson structure, [H6X 3+Mo6024] 3- [X is Cr 3+ (Perloff, 
1970), Co 3+ (Nagano, Lee, Ichida & Sasaki, 1990), Rh 3÷ 
(Ozawa, Hayashi & Isobe, 1991) or A13÷ (Lee, Park & 
Lee, 1991)], each O atom of the central XO6 octahedron 
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is protonated. The present polyanion has six protonated 
O atoms but cannot be classified as belonging to the B 
series because two of the protons are on Ob instead of 
Oc atoms. 

Fig. 2. The crystal packing of K2[H60~-PtMo6024].5H20 in the unit cell 
shown as polyhedra with interanion hydrogen bonds. 

Experimental 

The fully protonated title compound was prepared by mixing 
aqueous solutions of K2Pt(OH)6 (20 ml) and K2MoO4 (20 ml) 
in the molar ratio 1:6 (4 x 10-4:2.4 x 10 -3 M). The pH 
was adjusted to 0.7 by adding IM HNOa. The solution was 
concentrated to about 10 ml by heating on a water bath. 
Transparent single crystals were isolated at room temperature. 

Crystal data 

K2 [H6o~-PtMo6024 ] . 5 H 2 0  
Mr = 1329.04 
Monoclinic 
c2/c 
a = 21.100 (7) ~k 
b = 12.922 (3) A 
c = 10.067 (3)/~ 

= 105.79 (3) ° 
V = 2641 (2) A 3 
Z = 4  
Dx = 3.343 Mg m -3 

Data collection 
Rigaku four-circle diffrac- 

tometer 
w-20 scans 
Absorption correction: 

by integration from crystal 
shape 
Tmin --- 0.246, Tm~, = 
0.621 

4105 measured reflections 
3513 independent reflections 
2372 observed reflections 

[Fo > 3.0cr(Fo)] 

Mo Kc~ radiation 
A = 0.71069/~ 
Cell parameters from 25 

reflections 
0 = 20.0-25.0 ° 
# = 8.42 mm-1 
T = 298 K 
Hexagonal prism 
0.25 x 0.18 x 0.13 mm 
Lemon yellow 

Rint = 0.0072 
0max = 30 .0  ° 

h = 0---~ 29 
k=O---* 18 
l = - 1 4  ~ 14 
3 standard reflections 

monitored every 100 
reflections 

intensity variation: < 1% 

Refinement 

Refinement on F 
R = 0.055 
wR = 0.055 
S = 3.26 
2372 reflections 
191 parameters 
H atoms not located 
w = 1/[cr2(Fo) + 0.0004F 2] 

(A/tr)max = 0.42 
mpmax = 4.0 e / ~ - 3  

Apmin = - 3 . 0  e A -3 
Atomic scattering factors 

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

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

Beq = (87r2/3 )~]i~]jUija T a~ ai.aj. 

x y z Beq 
Pt 1/4 1/4 0 0.97 (1) 
Mol 0.3481 (1) 0.2371 (1) 0.3277 (1) 1.49 (3) 
Mo2 0.1962 (1) 0.3300 (1) 0.2627 (1) 1.49 (3) 
Mo3 0.4035 (1) 0.1572 (1) 0.0647 (2) 1.68 (3) 
Ocl 0.3288 (5) 0.2522 (8) -0.0731 (10) 1.1 (2) 
Oc2 0.3030 (5) 0.1429 (8) 0.1249 (10) 1.2 (2) 
Oc3 0.2826 (5) 0.3437 (8) 0.1617 (I1) 1.3 (2) 
Ob4 0.1477 (7) 0.4270 (10) 0.1020 (13) 2.4 (3) 
Ob5 0.2590 (6) 0.2263 (9) 0.3426 (12) 1.8 (3) 
Ob6 0.4049 (5) 0.2526 (11) 0.2082 (11) 1.9 (3) 
Ot7 0.1288 (6) 0.2906 (11) 0.3100 (14) 2.6 (4) 
Ot8 0.2261 (7) 0.4424 (lO) 0.3555 (13) 2.4 (3) 
Ot9 0.3790 (7) 0.3375 (9) 0.4375 (13) 2.3 (3) 
OtlO 0.3796 (6) 0.1275 (9) 0.4134 (13) 2.2 (3) 
Otll 0.4280 (7) 0.0455 (I I) 0.1530 (14) 2.7 (4) 
Ot12 0.4658 (7) 0.1964 (12) 0.0060 (15) 3.0 (4) 
KI 0 0.3711 (6) 1/4 4.0 (2) 
K2t --0.0091 (6) 0.0638 (9) 0.0588 (12) 4.3 (3) 
Owl 0.1158 (l l)  0.0604 (13) 0.0981 (21) 5.2 (6) 
Ow2 0.1757 (9) 0.0259 (12) 0.3770 (17) 3.9 (5) 
Ow3 0 0.0859 (17) --1/4 4.3 (8) 

t Occupancy factor of 0.5. 

Table 2. Selected geometric parameters (A, o) 

Pt--Mol 3.388 (I) Mol--Mo3 3.336 (3) 
Pt--Mo2 3.314 (2) Mo2 Mo3 i 3.397 (2) 
Pt--Mo3 3.347 (2) Pt---4)c2 2.00 (1) 
Pt----Ocl 1.99 (1) Mol---Oc2]" 2.35 (1) 
Pt---Oc3 2.00 (1) Mo2---Ocl' 2.12 (1) 
Mol---Oc3t 2.31 (1) Mo3--49cl 2.17 (1) 
Mo2--Oc3t 2.32 (I) Mol---Ob5 1.93 (1) 
Mo3----Oc2, 2.37 (1) Mo2--4)b5 1.90 (1) 
Mol----Ob6 1.93 (1) Mo2---Ob4 t 2.08 (1) 
Mo3---Ob6 1.89 (1) Mol-4) t9  1.71 (1) 
Mo3---Ob4it 2.05 (1) Mo2---4)t7 1.70 (1) 
Mol--Otl0 1.70 (1) Mo3----Ot I 1 1.70 (1) 
Mo2---Ot8 1.75 (1) Ob4. • .Otl..0.ii, 2.65 (2) 
Mo3----Ot12 1.66 (2) Oc2. • -Ot8m:l: 2.68 (2) 
MoI--Mo2 3.317 (3) 

MoI--Pt--Mo2 59.31 (3) Mol--Pt--Mo3 59.39 (4) 
Mo2--Pt--Mo3 118.67 (4) Ocl--Pt----Oc2 82.1 (4) 
Ocl--Pt----Oc3 98.9 (4) Oc2--Pt--4)c3 84.1 (4) 

Symmetry codes: (i) ½ - x, ½ - y , -z ;  (ii) ½ - x, ½ + y, ½ - z; 
(iii) ½ - x , y -  ½,½-z. 

t Indicates protonated O atom. 
~: Interpolyanion hydrogen-bond distance. 

The position of the Pt atom was obtained from the Harker line 
and plane (Buerger, 1959) of the C2/c space group. Refinement 
was by block-diagonal least-squares methods. The programs 
used were UNICSIII (Sakurai & Kobayashi, 1979) and ORTEP 
(Johnson, 1965). All calculations were carded out on a HITAC 
M280-H computer at the Computer Centre of the University 
of Tokyo. 
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Lists of structure factors, anisotropic displacement parameters, angles 
within the polyanion and probable hydrogen-bond distances have 
been deposited with the IUCr (Reference: ABlll3). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CHI 2HU, England. 
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(Lee, 1988; Lee & Sasaki, 1994). Surprisingly, the iso- 
merism occurs because of a change of only 0.5 in the 
number of non-acidic H atoms attached to the polyanion. 
It seems that the gradual protonation of the polyanion 
plays an important role in the isomerism; the characteri- 
zation of the [H4fl-PtMo6024] 4- polyanion is therefore 
very important. Problems encountered in the structure 
determination of (NHn)a[Hnfl-PtMo6024].l.5H20 made 
detailed discussion difficult. These included disordered 
NH~ ions and water molecules, distinction between the 
N(NH~) and O(H20) atoms, and determining which O 
atoms in the polyanion were protonated. These problems 
are solved by the structure determination of the title 
compound. 

( ~03t 7 0 2 t  

0 t Mo2 Mol 011,6 b k'--" 05 t  

l';i"Cilo  o ' 
I 

, o,o, 

Fig. 1. The structure of the [n4fl-PtM06024] 4- polyanion (H atoms not 
shown; starred O atoms are protonated). 
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Abstract 
The potassium salt containing the [H4~-PtM06024] 4- 
polyanion, which has approximate 2mm symmetry (bent 
structure), has been isolated and its structure determined 
by single-crystal X-ray diffraction. This polyanion is an 
isomeric form of the 3m (flat-structure) species. 

Comment 
The hexamolybdoheteropolyanion (the so-called Ander- 
son-structure heteropolyanion) has possible flat and bent 
isomeric forms. This isomerism was investigated ini- 
tially by the structure determinations of (NHn)n.5[n3.sa- 
PtMo6024].3H20 and (NH4)4[H4fl-PtMo6024].l.5H20 
(Lee & Sasaki, 1984), and K3.5[H4.sa-PtMo6024].l.5H20 

2. The crystal packing of the [H4fl-PtM06024] 4- polyanion in the Fig. 
unit cell shown as a polyhedral model with interanion hydrogen 
bonds. 
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