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STRUCTURAL FEATURES OF THE [(PtW6O24)2H5]
11–

  

PROTON-BOUND DIMER* 

A. A. Kuznetsova
1**, P. A. Abramov

1
,  

and M. N. Sokolov
1
 

As a result of crystallization from a solution containing Na5[H3PtW6O24] and Cs2SO4, yellow crystals of  

a complex are obtained. The composition and structure of the complex are determined by single crystal  

X-ray diffraction (XRD). The complex has the composition Cs8.1Na2.9[(PtW6O24)2H5]⋅8H2O (1). For the first 

time, a proton-bound dimer [(PtW6O24)2H5]
11–of two Anderson-type anions is found in its structure. Its 

phase purity is confirmed by powder XRD for a freshly prepared sample. Sample ageing leads to a loss of 

water molecules and a change in its crystal structure. 

DOI: 10.1134/S0022476622090098 

Keywords: platinum(IV), polyoxotungstate, crystal structure. 

INTRODUCTION 

Complexes of polyoxometalates (POMs) with noble metals are of great interest due to a unique combination of the 

reactivity of the polyoxometalate matrix and noble metal. For instance, in these complexes, it is possible to stabilize high 

oxidation states of noble metal that usually acts as an active intermediate in catalytic oxidation reactions. Moreover, the 

complexes of this type fit well into the development of the field such as single-atom catalysis [1, 2]. 

Platinum complexes with POMs are among the most understood [3-5]. The most abundant representative of this 

family is the Anderson-type anion [PtIVM6O24]
8– (M = Mo, W) (Fig. 1). We have recently demonstrated for the first time [6] 

the possibility of obtaining a trimetallic [Pt{Sb(OH)2}W5O22]
8– anion isolated as K6Na2[Pt{Sb(OH)2}W5O22] 

(NO3)0.1(OH)0.911H2O. During its synthesis the Pt(IV) cation wins the “competition” over Sb(V) for forming an Anderson-

type polyanion in its coordination sphere. This fact evidences a significant thermodynamic stability of the [PtW6O24]
8– anion. 

Thanks to the numerous works of Korean Professor U. Lee, two features of the behavior of [PtIVMo6O24]
8– anions were 

discovered: (a) the possibility of existing in the form of two isomers (Fig. 1) and (b) protonation of Pt–O–Mo bridging oxide 

ligands. 

α-[PtIVMo6O24]
8– has the point symmetry group D3d, while the β-[PtIVMo6O24]

8– symmetry decreases to C2ν [7]. 

There are significantly less structurally characterized examples of a less symmetrical anion. For instance, the heptamolybdate 

[Mo7O24]
6– anion is a characteristic representative of the family of these structures. In addition, β-[H2SbMo6O24]

5– [8] and 
2

4 2 6 18
-[(MoO )(O) (Mo O )]

−

β  were described as building blocks in the structure of (NH4)28Pr8Mo58O200⋅40H2O [9]. 
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TABLE 1. Crystallographic Characteristics and Details of the Diffraction Experiments for Complex 1 

Parameter 1 

Chemical formula Cs8.10H69Na2.90O55.80Pt2W12 

М 4701.97 

Crystal system Monoclinic 

Space group C2/c 

a, b, c, Å 20.8524(11),  14.3943(8),  20.7951(12) 

α, β, γ, deg 102.307(2) 

V, Å3 6098.3(6) 

Z 4 

μ, mm–1 31.99 

Crystal size, mm 0.23×0.19×0.05 

θ range of data collection, deg θmax = 26.4,  θmin = 1.9 

Intervals of reflection indices –26 ≤ h ≤ 25,  –17 ≤ k ≤ 17,  –25 ≤ l ≤ 25 

Reflections: measured / independent / with I > 2σ(I) 47435 / 6213 / 4673 

Refined parameters, restrictions 386,  0 

R(F2 > 2σ(F2)],  wR(F2),  S 0.058,  0.154,  1.13 

Δρmin / Δρmax, e/Å3 –3.46 / 2.45 
 

RESULTS AND DISCUSSION 

When a cesium sulfate solution is added to an aqueous solution of Na5[H3PtW6O24]⋅20H2O, a slow formation of 

yellow needle-shaped crystals of the Cs8.1Na2.9[(PtW6O24)2H5]⋅8H2O complex occurs. The crystalline product was 

characterized by single crystal XRD. A dry freshly-prepared sample has a high phase frequency (Fig. S2, Supplementary 

Materials). However, a long-term storage (for several months) leads to a loss of crystallization water molecules. The complex 

does not exhibit significant solubility in water even upon boiling and is stable in 1М sulfuric acid. 

Compound 1 crystallizes in the monoclinic crystal system (symmetry space group C2/c) with unit cell parameters 

a = 20.8524(11) Å, b = 14.3943(8) Å, c = 20.7951(12) Å, β = 102.307(2)°. The main building block of the crystal structure is 

the proton-bound [(PtW6O24)2H5]
11– dimer (Fig. 2). The asymmetric unit of the unit cell contains only one [PtIVW6O24]

8– 

anion; correspondingly, the inversion center is in the geometric center of the dimer. The main geometric characteristics of the 

anion are listed in Table 2. These data show a minor distortion of the {PtO6} octahedron with bond lengths being in a range 

of 1.999(13)-2.031(15) Å. The coordination sphere of each tungsten atom includes three types of oxide ligands which 

noticeably differ in the W–O bond lengths: for W=O the respective distances are in a range of 1.696(15)-1.773(14) Å;  

d(W–μ2-O) = 1.901(16)-1.984(16) Å; d(W–μ3-O) = 2.095(13)-2.305(12) Å. 

The interdimer space is filled with solvated cations and crystallization water molecules. The Cs and Na cation 

positions are mainly disordered (except for Cs1) and overlap with each other in a chaotic manner, which indicates the 

possibility to obtain solid solutions in the cation sublattice with a rather wide substitution interval. As a result of the structure 

refinement by LSM, 8.1 Cs and 2.9 Na per formula unit were found for a specific crystal. Two most ordered Na+ cation 

positions (50% occupancy) are very close to the central part of the dimer (Fig. 2). This indicates the size correspondence of 

the vacancy between two [PtIVW6O24]
8– anions and the Na+ coordination sphere. In turn, this indicates the difficulty of 

complete substitution of all sodium cations in the crystal structure of this type. 

Within the [(PtW6O24)2H5]
11– dimer, five shortest distances between the oxide ligands of the neighboring anions can 

be distinguished, which correspond to five strong hydrogen bonds (Fig. 3). Four such contacts link the bridging oxide ligand 

in Pt–O–W and the terminal oxide ligand in W=O (two contacts at an O…O distance of 2.545 Å and two contacts at an O…O  
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