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Abstract

H30K4MnMo4Os53SiW7, tetragonal, P4/mnc (No. 128),
a=14.105(5) A, c=12476(T) A, v=2482.1 A3,z =2,
Rg!(F) = 0.064, wRre(F?) = 0.154, T =293 K.

Source of material

K4H2{SiW7:MosMn(H20)O39] - 13H>0 was synthesized by the
method in situ degradation. H4SiWgMo404p - (20-25)H20 (10 g),
which was prepared according to the literature method [1], was dis-
solved in 100 mi of water at 353 K in the water-bath, Mn(NO3),
(0.62 g) was added to this solution on stirring. The pH of the mix-
ture solution was adjusted to pH =4.7 - 5.0 with aqueous solution
of KAc-HAc (KAc:HAc:H>0 = 15:3:30). The crystals of title com-
pound was formed in a refrigerator at 270 K — 276 K. The compo-
nents of the compound was determined by chemical analysis as
follows. Manganese was estimated by DTPA methods (back-titra-
tion with standard zinc solution, in pH = 9.5 buffer in presence of
Zn-agent). Molybdenum and tungsten in the compound was sepa-
rated using literature methods [2], then Mo was weighed as MoO3
after precipitation with @-benzoinoxime and tungsten was weighed
as WOs3 after precipitation with cincholine. Potassium was
weighed as KB(CgHs)4 and silicon was estimated according to ref-
erence 3], the water content was estimated by TG. The presence of
hydrogen atoms in the crystal structure was deduced in order to have
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charge balance, but their positions could not be determined. The con-
tent of manganese was determined by chemical analytical methods
and it is supposed to be located at the same position as Mo and W be-
cause its content is very low.

Discussion

The structure of [SiW7MosMn(H20)O39]%" is very similar to that
of [SiW3M04O4o]4', which has the Keggin structure, but in the ti-
tle compound, seven W, four Mo and one Mn atoms oriented ran-
domly to one of the twelve positions and with the satistical weight
of 7/12,4/12 and 1/12, respectively. This compound is isostruc-
tural with KsH2PMogV3049 - 10H20 [4]). The site symmetry of
the molecule in the crystal is 4/m, which is incompatible with tet-
rahedral symmetry of the Keggin molecule. This apparent high
symmetry is effected by orientational randomness of the anion
[SiW7M04Mn(HzO)039]6' in the crystal, and can be interpreted in
the light of the model proposed by Sergienko and Pope [5-7]. The
tetragonal structure contains normal Keggin anion disordered as
whole in two position related by a 90° rotation about the anion 4
axis. For this reason, it seems that Si is surrounded by a cube of O
atoms at 1.64(2) A, with each O site half-occupied and M metal at-
oms (Mo, W, Ni) coordinated by seven O atoms. However, in an
ordered model, the Si and M metal atoms are coordinated by four
and six oxygen atoms, respectively, as shown in the figure. Ac-
cording to the number of atoms that the oxygen atom is coordinated
to, there are three groups of the M—O bonds: (a) for M-O, the dis-
tances are 1.64(2) A to 1.66(1) A; (b) for M—O—M, 1.87(2) A to
1.92(2) A; (c) for Si—O—M3, 2.34(2) A t0 2.38(2) A. The defor-
mation of the Keggin anion [SiM03W4O4o]4' caused by the re-
placement of one molybdenum atom by manganese could not be
studied in detail because of its randomness. In addition, due to the
50% occupancy of O1 as well as the occupancy of three different
atoms of different sizes at sites M1 and M2, the neighbouring oxy-
gen atoms suffer disordering, which lead to the relative large and
anisotropic displacement parameters of 02, 03, OS5, Ow7, OwS8,
and Ow10.

Table 1. Data collection and handling.

Crystal: brown fragment, size 0.45 x 0.55 x 0.65 mm
Wavelength: Mo K, radiation (0.71073 A)

u 178.43 cm™!

Diffractometer, scan mode: Bruker SMART-CCD, ¢

20max: 50.02°

N(hkl)measured, N(hkl)unique: 9567, 1158

Criterion for Jobs, N(hkl)g: Tobs > 2 0(Iops), 1044
N(param )refined: 91
Program: SHELXTL [8]
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K4H2[SiW4Mo7Mn(H20)039} - 13H,0

Table 2. Atomic coordinates and displacement parameters (in Ad.

Atom Site Occ. x y z Uiso

Si(h) 2a 0 0 0
1) 16i 172 0.012(2) 0.095(2) 0.075(2)

0.012(2)
0.017(5)

Table 3. Atomic coordinates and displacement parameters (in Al

Atom  Site Occ. x y z Un Un Uss Uz Uiz Uxn
Ww(l) 16i 7/12 0.13823(7) 0.10921(8) 0.20000(8) 0.0275(6) 0.0348(6) 0.0262(6) —0.0143(4) -0.0045(4) —0.0029(4)
Mo(1) 16i 4/12 0.13823 0.10921 0.20000 0.0275 0.0348 0.0262 -0.0143 -0.0045 -0.0029
Mn(1) 16i 1/12 0.13823 0.10921 0.20000 0.0275 0.0348 0.0262 -0.0143 —0.0045 -0.0029
W(2) 8h 712 0.24651(9) -0.0281(1) 0 0.0120(7) 0.0289(8) 0.0421(9) 0.0031(6) 0 0
Mo(2) 8h 4/12 0.24651 -0.0281 0 0.0120 0.0289 0.0421 0.0031 0 0

Mn(2) 8h 1/12 0.24651 -0.0281 0 0.0120 0.0289 0.0421 0.0031 0 0

K(1) 8h 0.2967(5) 0.2447(5) 0 0.047(4) 0.053(4) 0.033(3) -0.028(4) 0 0

0(2) 16i 0.235(2) 0.069(1) 0.105(2) 0.13(2) 0.028(8) 0.07(1) 0.001(9) 0.08(1) —0.006(8)
03) 16i 0.129(2) -0.016(1) 0.255(2) 0.14(2) 0.020(8) 0.11(2) -0.02(1) 0.10(2) -0.016(9)
0@) 16§ 0.122(1) 0.212(2) 0.105(2) 0.020(7) 0.12(2) 0.08(1) 0.010(9) 0.009(8) 0.07(1)
Oo(5) 8h 0.365(2) —0.044(2) 0 0.03(1) 0.08(2) 0.09(2) 0.01(1) 0 0

o6) 16i 0.203(1) 0.158(1) 0.296(1) 0.06(1) 0.07(1) 0.031(8) —0.046(9) -0.005(7) —0.016(8)
Oow(7) 8h 0.319(3) 0.442(2) 0 0.14(3) 0.08(2) 0.113) 0.01(2) 0 0
Ow(8) 8g 0.407(1) -x+ 12 1/4 0.035(7) uUll 0.16(3) 0.01(1) —0.03(1) U13
Oow9) 4e 112 12 12 0.065(4) 0.07(3) uUll 0.01(3) 0 0 0
Ow(10) 8g 0.113(2) -x+ 12 1/4 0.14(2) uUll 0.14(3) 0.06(3) —0.08(2) uUl3

Acknowledgment. We thank the state key basic program of China for the fi-
nancial support (No. G2000048).

References

1. Kokorin, A.-L; Polotetnova, N. A.: Heteroacids. 5. Heteroacids of phosphor
and silicon with motybden and tungsten containing addends of non-constant
composition. Zh. Obshch. Khim. 26 (1956) 3-10 (in Russian).

2. Zhou, B.-B.; Shan, Y.-K.: Quantitative separation and determination of
Mo and W by orthogonal test. Natural Sciences Journal of Harbin Normal
University 7 (1991) 54-58.

3. Xu, X.-Q.; Shan, Y.-K.; Gu, Z.-X.: Component analysis of molybdenum-
vanadium-tungsten system containing rare earth element. Natural Sci-
ences Joumnal of Harbin Normal University. 5 (1989) 50-54.

4. Shan, Y.-K.; Liu, Z.-X.: Synthesis and crystal structure of
K4H2PMo9V3040 - 10H20. Acta Chimica Sinica 49 (1991) 793-796.

5. Sergienko, V. S.; Porai-Koshits, M. A.; Fedotov, M. A.; Yurchenko, E.N.;
Kusnetsova, L. I.: X-ray structure and 0-NMR investigation of
phospho-molybdovanadium heteropoly compound. Zh. Strukt. Khim. 18
(1977) 976-980 (in Russian).

. Sergienko, V. S.; Porai-Koshits, M. A_; Yurchenko, E. N.: Crystal struc-

ture and role of molecular water in phospho-molybdovanadium heteropoly
complex. 1. Structure of new fake-Keggin heteropoly compound
H3:a[PM012-2VnOa0] - mH20 (n =2, 3; m =30 - 36). Zh. Strukt. Khim. 21
(1980) 111-125 (in Russian).

. Evans, Jr. H.-T.; Pope, M.-T.: Reinterpretation of five recent crystal struc-

tures of heteropoly and isopoly complexes. Inorg Chem. 23 (1984)
501-504.

. Sheldrick, G. M.: SHELXTL, Version 5. Siemens Industrial Automation

Inc., Madison, W1, USA 1995.



