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Abstract 
The title compound, tetraammonium disodium octacosa- 
oxo(dimolybdenumoctavanadium)ate decahydrate, is a 
mixed V/Mo salt which has a well known decavana- 
date structure. The centrosymmetric polyanion consists 
of eight (V/Mo)O6 and two VO6 edge-sharing distorted 
octahedra. Each of the two Na ÷ cations is surrounded 
by six water molecules in a distorted octahedral arrange- 
ment. The V--O and (V/Mo)--O distances are between 
1.571 (6) and 2.432 (5),4,. 

Comment 
Numerous crystal structures of decavanadates have been 
reported, for example, Na6VIoOeg.12H20 (Xu et al., 
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1996) and (C4HI2N)4[Li(H20)4][VI0028].4H20 (Zavalij 
et al., 1997). However, only one example of the struc- 
ture of a mixed decaoxometallate of vanadium with 
molybdenum, [(CH3)4N]4[H2MoV902g]C1.6H20, has 
been reported (Strukan et al., 1997). We report here the 
single-crystal structure of the reduced V/Mo decaoxo- 
metallate (NH4)4Na2(Mo2VIVVVO28). 10H20, (I), where 
eight Mo/V-atom positions in the structure are occupied 
by six V and two Mo atoms. 
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The structure of the centrosymmetric polyanion 
[ M o 2 V I 2 v v v o 2 8 ]  6 -  is similar to that of the polyan- 
ions [V10028] 6- (Xu et al., 1996; Zavalij et al., 1997) 
and [ M o V 9 0 2 8 ]  5 -  (Strukan et al., 1997), and consists 
of eight MoFVO6 and two VO6 edge-sharing octahe- 
dra. The O atoms in the anion can be divided into 
four groups, O,., O3b, O2t, and Or, where Ot repre- 
sents a terminal O atom bound to one metal atom 
( M o N  or V atom), 02b represents a doubly bridging 
O atom bound to two metal atoms, O3b represents a 
triply bridging O atom bound to three metal atoms 
and O,. represents a central O atom coordinated to 
six metal atoms. The distances from metal M ( M o N  

O ( 1 2 )  

~ v -q~,o(7) 

9/(2) ~ ' O ( 1  l ) 

0(9) 

Fig. I. The structure of [Mo2V~VVVO2816- drawn with 50% prob- 
ability displacement ellipsoids. The eight metal (M) positions are 
randomly occupied by two Mo and six V atoms. 
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1734 (NH4)4Na2 [Mo2VsO28] .  1 0 H 2 0  

or V)  to o x y g e n  are M--Or 1.571 ( 6 ) - 1 . 6 9 2  (6),  M - -  
O2b 1 . 6 6 0 ( 5 ) - 2 . 1 7 5  (5),  M - - O 2 b  1 . 8 6 9 ( 4 ) - 2 . 1 3 2 ( 5 )  
and M - - O c  2 .049  ( 4 ) - 2 . 4 3 2  (5) A. A s imilar trend has 
been found in Na6VIoO28 .12H20  (Xu et al., 1996),  
( C 4 H I 2 N ) 4 [ L i ( H z O ) 4 ] [ V I 0 0 2 8 ] . 4 H 2 0  (Zavalij et al., 
19971 and [ (CH3)4N]4[H2MoVgO28]C1 .6H20  (Strukan 
et al., 1997).  Each N a  ÷ cation is coordinated by 
six water m o l e c u l e s ,  with N a - - O  distances  b e t w e e n  
2 .289  (7) and 2 .555  (7) .~. 

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

The title compound was synthesized by a hydrothermal 
method. A mixture of  NH4VO3, Na2MoO4, H2C204 and H20 
(pH = 6.0) was sealed in a 15 ml Teflon-lined reactor and 
kept at 433 K for 4 d. On cooling to room temperature, a blue 
solution resulted. After standing for 2 d, dark-brown single 
crystals suitable for X-ray diffraction studies were obtained. 

Crystal data 

(NH4)4Na2 [Mo2VsO28 ].- 
10H20 

Mr = 1345.71 
Triclinic 
P1 
a = 8.595 (2) ,~ 
b = 10.449 (2) ,~. 
c = 11.243 (2) ]k 
c~ = 68.96 (3) ° 
/3 = 81.14(3)  ° 
"7 = 66.90 (3) ° 
V = 866.7 (3) ~3 
Z = I  
D,  = 2.578 Mg m -3 
Dm not measured 

Mo Kc~ radiation 
A = 0.71073 A, 
Cell parameters from 30 

reflections 
0 = 4 .72-12 .82  ° 

= 2.904 m m -  
T = 293 (2) K 
Prism 
0.36 x 0.28 x 0.16 mm 
Dark brown 

Data collection 
Siemens P4 diffractometer 
w-20 scans 
Absorption correction: 

empirical via ~b scans 
(North et al., 1968) 
Tmin = 0 . 5 8 2 ,  Zmax = 0 . 6 2 8  

2975 measured reflections 
2237 independent reflections 
1965 reflections with 

I > 2o-(/) 

Rint = 0 . 0 1 9  

0m~ = 25.39 ° 
h = - 1  ---, 9 
k = - 1 0  ~ 11 
l = - 1 3  ~ 13 
3 standard reflections 

every 97 reflections 
intensity decay: none 

Refinement 
Refinement on F 2 
R[F z > 2o.(F2)] = 0.046 
wR(F 2) = 0.151 
S = 1.065 
2237 reflections 
244 parameters 
H atoms not located 
w =  l/[o.2(F 2) + (0.0807P) 2 

+ 6.9369P] 
where P = (F,~ + 2F,21/3 

(z~/o.)max < 0 .001  

APma× = 0.695 e ,~-3 
Z~Pmin = - 0 . 6 9 8  e ,~-3 
Extinction correction: none 
Scattering factors from 
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Table I. Fractional atomic coordinates and equivalent 

Mol 
VI 
Mo2 
V2 
V 
Mo3 
V3 
Mo4 
V4 
Na 
OI 
O2 
03 
O4 
05 
O6 
07 
08 
09  
O10 
Oll  
O12 
OI3 
OI4 
NI 
N2 
OWl 
OW2 
OW3 
OW4 
OW5 

Occupancy 
0.22 (I) 
0.78 ( 1 ) 
0.38 (2) 
0.62 (2) 
1 
(I.31 (2) 
0.69 (2) 
0 .10(I)  
0.90 ( 1 ) 

isotropic displacement parameters (~2 ) 

Ueq = ( 1 /3 )~ i~j  UOa'ata,.aj. 
x ~,' c Ueq 

0.68924(14) 0.00360(111 0.47916(111 0.0261 (3) 
0.68924(141 0.00360(111 0.47916(111 0.0261 (3) 
0.52453 (131 -0.00647 (10) 0.74361 (9) 0.0262 (3) 
0.52453 (13) -0.00647 (10) 0.74361 (9) 0.0262 (3) 
0.4722(2) -(I.29089(141 0.76315(131 0.0261 (41 
0.62224(131 -0.28588(101 0.50293(101 0.0246(3) 
0.62224(131 -0.28588(101 0.50293(101 0.0246(31 
0.8258(2) -0.28573(121 0.72318(121 0.0263(4) 
0.8258(2) -0.28573(121 0.72318(121 0.0263(4) 
1.0681 (4) -0.1668(31 0.1280(31 0.0280(8) 
0.7391 (6) 0.1315(51 0.3598(5) 0.0181 (11) 
0.5666(5) -0 .1244(5)  0.6056(4) 0.0106(101 
0.5170(61 -0.3712(51 0.6313(51 0.0197(111 
0.8711 (6) -0.1199(51 0.5732(5) 0.0173(111 
0.6025 (6) 0.1205 (5) 0.5842 (4) 0.0117 (10) 
0.6822 (6) -0.1145 (5) 0.3843 (4) 0.0128 ( 101 
0.3897 (7) -0 .3973 (6) 0.8623 (51 0.0334 (14) 
0.8270(6) -0 .3638(5)  (I.5965(51 0.0177(111 
0.4924(7) 0.1001 (5) 0.8266(5) 0.0234(12) 
0.7469 (6) -0 .1340 (5) 0.7942 (4) (I.0160 (1 I) 
0.4385(6) -0.1397(51 0.8318(51 0.0196(11) 
0.6576(7) -0 .3810(5)  0.4108(51 0.0246(121 
0.7035 (7) -0 .3815 (5) 0.8239 (5) 0.0255 (131 
1.0205 (7) -0 .3805 (6) 0.7877 (5) 0.0298 (13) 
1.1775 (9) -0 .2915 (7) 0.4933 (7) 0.028 (2) 
0.7212 (10) -(I.3250 (7) 0.0729 (7) 0.038 (2) 
0.2067 (7) -0 .0143 (6) 0.9879 (5) 0.0320 (14) 
0.9702 (8) -0 .3174 (7) 0.2987 (6) 0.045 (2) 
0.6569 (8) -0 .6826 (6) 0.7533 (6) 0.042 (2) 
1.0708 (9) -0.3275 (7) 0.0252 (6) 0.044 (2) 
1.0207 (8) -0 .0069 (7) 0.2425 (6) 0.044 (2) 

Table 2. Selected geometric parameters (,4, o) 
MI--O1 1.660 (5) V---O2 2.297 (4) 
M I - - 0 4  1.781 (5) M3---O12 1.600(5) 
MI- -O5  1.869 (4) M3--O3 1.733 (5) 
M1--O6 1.920 (4) M3--O8 1.923 (5) 
M I - - O 2  2.049 (4) M3--O6 2.012 (5) 
M1 - - 0 2 '  2.223 (5) M3--O5'  2.104 (5) 
M2--O9 1.617 (5) M 3 ~ 2  2.237 (4) 
M2--O11 1.749 (5) M4----O 14 1.692 (6) 
M2---O10 1.883 (5) M4----O13 1.742 (5) 
M2---O5 2.010 (4) M4--O10 1.873 (5) 
M2--O6'  2.132 (5) M4--O8 1.875 (5) 
M2--O2 2.215 (4) M4--O4 2.056 (5) 
M2--V 3.103 (2) M4--O2 2.432 (5) 
M2--M4 3.105 (2) Na--OW2 2.289 (7) 
V--O7 1.571 (6) Na---4)W5 2.338 (6) 
V--O3 1.874 (5) Na--OW4 2.346 (7) 
V- -OI  I 1.903 (5) Na--OWI" 2.356 (6) 
V - - O I 3  1.947 (6) Na--OW3 m 2.527 (7) 
V- -OJ '  2.175 (5) Na~-OWI' 2.555 (7) 

OW2--Na--OW5 89.8 (2) M1--O2- -M3 96.8 (2) 
OW2--Na--OW4 83.6 (2) M2--O2- -M3 167.9 (2) 
OW5--Na--OW4 170.5 (3) M1- -O2- -V  170.4 (2) 
M I - - O 2 - - M 2  92.2 (2) 

S y m m e t r y  codes:  (i) 1 - x ,  - y ,  1 - z ;  (ii) 1 + x, 3', z - 1; (iii) 2 - x ,  - 1  - 

3',1 - z , .  

The occupancy factors of V and Mo on each of the M1. M2, 
M3 and M4 sites were refined as least-squares parameters, with 
the sum constrained to be 1.0. 

Data collection: P4 (Siemens, 1994a). Cell refine- 
ment: P4 and XSCANS (Siemens, 1994b). Data reduction: 
XSCANS. Program(s) used to solve structure: SHELXL86 
(Sheldrick, 19851. Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: SHELXTL- 
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Plus (Sheldrick, 1990). Software used to prepare material for tances range from 1.556 (3) to 1.562 (3),~ and the P - -  
publication: SHELXL93. N--P bonding angles are 133.3 (2) and 135.8 (2) °. 

This work was supported by grants from the Natu- 
ral Science Foundation of China (Nos. 29733090 and 
29671012) and the State Key Laboratory of Structural 
Chemistry, Fujian Institute of Research on the Structure 
of Matter, Chinese Academy of Sciences. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA1273). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The structure of the title compound, trichloro[(trichloro- 
phosphoranylidene)iminio]phosphorus(V) hexachloro- 
phosphate, (NP~CI6)PCI6 or [N(PC13)2]+.PCI6 - ,  contains 
two formula units in the asymmetric unit. The cations 
show slightly distorted C2,. symmetry. The P--N dis- 

Comment 
The crystal structure of the title compound, (I), was 
previously determined by Faggiani et al. (1980).  They 
isolated the compound from a complex mixture of solid 
products of the reaction of S7NH with PC15. Since 
they collected reflection data at room temperature using 
Mo Ko~ radiation only to a maximum 0 of 17.5 °, the 
P--N distances in the two cations of the asymmetric 
unit range from 1.513(13) to 1.561(10)A. In the 
course of our work on trichlorophosphazenes, more 
accurate structural data of this fundamental substance 
were desirable. 

In principle, the structure determination of (I) per- 
formed at 95 K confirmed the earlier structure analysis. 
The atomic labelling scheme was retained. The P--N 
distances in the two cations of the asymmetric unit are 
now much more reliable; as expected, the P--N dis- 
tances within a cation are equal. According to the cor- 
relation between the P--N distance and the P - - N - - P  
bonding angle in acyclic comPounds (Belaj, 1995a), the 
mean value of these distances is larger by about two 
standard deviations in the cation which is more bent by 
packing forces. Both cations show only slightly distorted 
t rans - t rans  conformations [the groupings of CI - -P - -  
N--P--C1 display a 'W' form, with torsion angles C1-- 
P - -N- -P  _> 174.0(2)°], as observed in C13PNP(O)CI2 
(Belaj, 1993) or in SO2(NPC13)2 (Belaj, 1995b). As dis- 
cussed in the latter work, the N--P---CI angles includ- 
ing a C1 atom of the 'W' fragment (namely C114, Cl18, 
C120 and C122) are significantly smaller [109.36(12)- 
110.04 (12) °] than the others [112.76 (12)-113.97 (12)°], 
whereas the opposite is true for the CI--P---CI angles 
[106.80 (6)-107.64 (6) versus 105.60 (6)-106.20 (6)°]. 

In the PC16- anions, the P--C1 distances range from 
2.1212 (12) to 2.1624 (12) ,~,, the cis C1--P--CI angles 
range from 89.32 (5) to 90.85 (5) ° and no trans angle is 
smaller than 179.0 (6) ° . 

There are two remarkably short inter-ionic C1-..C1 
distances between the anions [C12.--C111 3.182(2) 
and C17---C17 3.194 (2),~, compared with the sum of 
the van der Waals radii of 3.50A (Bondi, 1964)]. 
They are also present but not mentioned in the 
room-temperature structure determination of Faggiani 
et al. (1980) [3.186(8) and 3.260 (7) ,~,, respectively]. 
In contrast, the shortest inter-ionic CI...C1 distances 
are 3.335 (1)A, between a cation and an anion, and 
3.630 (2),~ between two cations. This strange situation, 
in which contacts between counter-ions are larger than 
between anions, shows that a simple inspection of short 
interionic C1..-CI contacts is not sufficient, and that an 
examination of the arrangement of the P atoms at the 
centre of the anions and in the NPC13 groups of the 
cations is necessary. 
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