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Abstract 
Hydrothermally prepared zinc dihydroxide divanadate 
dihydrate crystallizes in the trigonal system (space 
group P3ml). Its structure was solved ab initio from 
conventional X-ray powder data. Zn atoms occupy three 
of four octahedral sites in a close-packed layer of O 
atoms. These layers are connected by pyrovanadate 
groups and form a porous framework. Relatively large 
cavities are filled by water molecules. 

Comment 
Recently, mild hydrothermal reactions driven by tem- 
plate cations such as tetramethylammonium (Whitting- 
ham et al., 1995) and/or hydrated transition metals were 
successfully used to obtain metastable vanadium oxide 
phases. These compounds, with relatively open frame- 
works, are of particular interest as cathode materials in 
lithium batteries and electrochromic devices. We have 
also shown that the tetramethylammonium ion is ca- 
pable of providing a range of new vanadium oxides, 
LixW2-yO4-y.H20 (Chirayil, Zavalij & Whittingham, 
1996a) and LixW2-yOa-y (Chirayil, Zavalij & Whit- 
tingham, 1996b), and their intercalates [ N ( C H 3 ) a ] V 4 O I 0  

(Zavalij, Whittingham, Boylan, Pecharskii & Jacobson, 
1996) ,  [ N ( C H 3 ) 4 ] V 3 0 7  (Zava i i j ,  Chirayil & Whitting- 
ham, 1997). This work presents the crystal structure of 
a new zinc hydroxide pyrovanadate, which was found 
during systematic investigations of the hydrothermal in- 
teractions in the system ZnC12-V205-[N(CH3)a]OH. 

The title structure is built up of zinc oxide layers 
which are kept apart by pyrovanadate columns (Fig. 1). 
This brucite type of layer is formed by close-packed ter- 
minal O atoms of pyrovanadate and hydroxide groups. 
The Zn atoms occupy three of four octahedral sites. The 
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Ba5.24Sr0.76Mg7F26 

remaining site is surrounded by pyrovariadate tetrahedra. 
The OH group forms a hydrogen bond (Table 1) to the 
water molecules that fill cavities in the porous frame- 
work. The size of these cavities is much greater than is 
required. Therefore, the water molecules are disordered 
around the site 2 1 I and are able to make strong 3' 3' 2 
hydrogen bonds. The two distances Ow. . . 02  of length 
2.84 (2) A indicate the presence of two hydrogen bonds 
formed by H atoms of the water molecules. 
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Fig. 1. Polyhedral representation of Zn3(OH)?V2Ov.2H20. 

The structure of the zinc hydroxide pyrovanadate is 
very similar to that of thallium pyrovanadate, T I 4 V 2 0 7  

(Jouanneaux, Joubert, Evain & Ganne, 1992), where the 
V207 group is at the same position as in the zinc com- 
pound and two T1 atoms occupy the positions of the 
water molecule (Ow) and the hydroxide group (O1). 
The Zn site is unoccupied. The copper pyrovanadate 
compound Cu3(OH)2V2OT.2H20, with the same stoi- 
chiometry as the title compound (Basso, Palenzona & 
Zefiro, 1988; Lafontaine, Le-Bail & Ferey, 1990), is 
almost identical to the zinc compound. The lattice of 
the copper compound (space group C2/m) is derived 
from the hexagonal lattice of the zinc compound by a 
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Fig. 2. Comparison of observed (circles) and calculated (solid line) 
intensities for Zn3(OH)2V2Ov.2H20. The difference pattern appears 
below. 
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m o n o c l i n i c  d e f o r m a t i o n :  amon = ahex3 I/2, bmon = ahex 
and  Cmo n = Che x. It is i n t e r e s t i ng  that  e v e n  in the  m o n o -  
c l in ica l ly  d e f o r m e d  lat t ice,  the  w a t e r  m o l e c u l e s  r e m a i n  
d i s o r d e r e d ;  m o r e o v e r ,  the  b r i d g i n g  O a t o m  o f  the  py-  

r o v a n a d a t e  g r o u p  is d i s o r d e r e d  as wel l .  In  the  case  o f  

the  t i t le c o m p o u n d ,  this  O a t o m  ( 0 3 )  a lso  has  a sig- 

n i f ican t ly  h i g h e r  Uiso va lue :  0 .03 versus 0.01 ,~2 for  the  

o t h e r  O a toms .  

Experimental 
The title compound  was prepared by hydrothermal treat- 
ment  of  ZnCI2, V205 and te t ramethylammonium hydroxide, 
[N(CH3)4]OH, in a 1:1:3 molar ratio at pH 5.6. The reaction 
mixture was heated in a Teflon-lined Parr reactor for 2.5 d at 
438 K. White crystalline powder resulted. 

Crystal data 

Zn3 (OH)2 V2 Or. 2H20 
Mr = 480.05 
T_rigonal 
P3m 1 
a = 6.05098 (5) 
c = 7.19498 (9) ,~ 
V =  228.145 (7) ,~3 
Z = I  
Dx = 3.4937 (1) Mg m -  3 
Dm not measured 

Cu Kal,  Ka2 radiation 
A = 1.54056, 1.54439 ,~ 
# = 27.4 m m -  
T = 295 K 
25 x 25 × 1 mm 
White 

The powder  diffraction pattern was indexed in a hexagonal 
system using the TREOR program (Werner, Eriksson & 
Westdahl, 1985) with merit M(20) = 124. The space group 
P3ml was chosen from general considerations and confirmed 
by the subsequent structure refinement. The structure was 
solved by direct methods using the integrated intensities. 
Zn and V atoms were found on the E map and four O 
atoms, including one of  the water molecules,  were localized 
from the subsequent difference Fourier map among the first 
five peaks. After Rint = 10% was reached, the Rietveld 
refinement was applied. The difference Fourier map showed 

I 2 1 that the water molecule is not exactly located at 3, g, 
but is disordered around a threefold axis. This correction 
significantly improved the R factors and atomic displacement 
parameters. The final refinement (Fig. 2) was performed using 
the CSD crystallographic package (Pecharskii, Akselrud & 
Zavalij, 1987) in the isotropic (metal atoms in anisotropic) 
approximation of  the atomic displacement parameters. The 
CSD preferred-orientation correction /co, = lob~/[1 + (7 -2 -- 

1)sin2~] 1/2 was applied with axis 001" 7- = 0.702 (5). 
Data collection: DMS Software (Scintag Inc., 1994). Cell 

refinement: CSD (Akselrud et al., 1993). Data reduction: CSD. 
Program(s) used to solve structure: CSD. Program(s) used to 
refine structure: CSD. Molecular graphics: STRUVIR [VRML 
version of  STRUPLO (Fisher, 1985) created by A. Le-Bail]. 
Software used to prepare material for publication: CSD. 

T h e  w o r k  at B i n g h a m t o n  was  s u p p o r t e d  by  the  Na-  
t ional  S c i e n c e  F o u n d a t i o n  t h r o u g h  g ran t  D M R  9 4 2 2 6 6 7 .  

Data collection 

Scintag XDS2000 diffrac- 
tometer 

w/0 scans 
Specimen mounting: packed 

powder pellet 
Specimen mounted in 

reflection mode 

h = 0---~ 3 
k = 0---~ 5 
1 = - 7  ---~ 8 
20rnin = 10, 20max = 120 ° 
Increment in 20 = 0.03 ° 

Refinement 

Refinement on l,e, 
Re : 0.052 
Rwp = 0.085 
Rexp = 0.020 
9 profile parameters 
Profile function: pseudo- 

Voigt 
152 reflections 
18 parameters 
H-atom parameters not 

refined 

w = 1/[Yi + ,r(Yi)] 
(Z~/O')max = 0.01 
Apmax = 0.54 e ~ - 3  
A p m i n  = - 0 . 6  e ] k  -3 
Extinction correction: none 
Scattering factors from Inter- 

national Tables for  X-ray 
Crystallography (Vol. IV) 

Tab le  1. Selec ted  geometr ic  parame ter s  (,~, o) 

Z n ~ l '  1.941 (2) Zn----492 "i 2.226(2) 
Zn--OI ii 1.941 (2) V--O2 TM 1.695 (2) 
Zn--O2 ~'i 2.226 (2) V--O2 v 1.695 (2) 
Zn--O2 'v 2.226 (2) V--O2 .... 1.695 (2) 
Zn--O2 * 2.226 (2) V---O3 1.781 ( I ) 

D--H. • .A D--H H- - -A D. • .A D--H. • .A 
O I--H 1. • .Ow 0.95 1.90 2.84 (2) 169 

Symmetry codes: (i) x, y, z -  I; (ii) I -x ,  -y ,  1 -z ;  (iii) i - y , x - y ,  z -  1; 
(iv) - x + y , - x , z -  l ; (v)  y , - x + y ,  1 - z; (vi) 1 + x - y , x , !  - z; 
(vii) -x ,  -y ,  1 - z; (viii) x - y, x, 1 - z. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BRII88). Services for accessing these 
data are described at the back of the journal. 

References 
Akselrud, L. G., Zavalij, P. Y., Grin, Yu. N., Pecharskii, V. K., 

Baumgartner, B. & Wolfel, E. (1993). Mater. Sci. Forum, 133/136, 
335-340. 

Basso, R., Palenzona, A. & Zefiro, L. (1988). Neues Jahrb. Miner. 
pp. 385-394. 

Chirayil, T. A., Zavalij, P. Y. & Whittingham, M. S. (1996a). Solid 
State Ion. 84, 163-168. 

Chirayil, T. A., Zavalij, P. Y. & Whittingham, M. S. (1996b). J. 
Electrochem. Soc. 143, LI93-195. 

Fischer, R. X. (1985). J. Appl. Cryst. 18, 258-262. 
Jouanneaux, A., Joubert, O., Evain, M. & Ganne, M. (1992). Powder 

Diffr. 7, 206-211. 
Lafontaine, M. A., Le-Bail, A. & Ferey, G. (1990). J. Solid State 

Chem. 85, 220-227. 
Pecharskii, V. K., Akselrud, L. G. & Zavalij, P. Y. (1987). Soy. Phys. 

Ctystallogr. 32, 514-516. 
Scintag Inc. (1994). DMS Software. Release 2.91. Sunnyvale, Califor- 

nia, USA. 
Werner, P.-E., Eriksson, L. & Westdahl, M. (1985). J. Appl. Cryst. 18, 

367-370. 
Whittingham, M. S., Guo, J.-D., Chen, R., Chirayil, T., Janauer, G. & 

Zavalij, P. Y. (1995). Solid State Ion. 75, 257-268. 
Zavalij, P. Y., Chirayil, T. A. & Whittingham, M. S. (1997). Acta 

Cryst. C53, 879-881. 
Zavalij, P. Y., Whittingham, M. S., Boylan, E. A., Pecharskii, V. K. 

& Jacobson, R. A. (1996). Z. Kristallogr. 211,464. 


