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0 < k < 2 0 ,  - 1 9 < l < 1 9 ;  w120 scan mode with 
Aog= (1.0 + 0.14tan0) °] were corrected for Lp. No 
correction for absorption was applied in view of a < 6% 
intensity variation of the 360 ° ~, scan of the close- 
to-axial reflection 2740. The structure was solved with 
standard heavy-atom methods and refined with blocked 
full-matrix least-squares techniques on F (SHELX76; 
Sheldrick, 1976). H atoms were included on calculated 
positions (C--H = 1.08 A) with one overall isotropic 
thermal parameter [U = 0.137 (3) A2]. Convergence 

w a s  reached at R = 0.0638, wR = 0.0644 [w = 1, 3204 
reflections with 1>2.5a(1),  369 variables, (A/a) 
= 0.1, S = 1.88]. A final difference synthesis showed 
no residual density higher than 0.44 e A -a. Scattering 
factors from Cromer & Mann (1969); anomalous- 
dispersion factors from Cromer & Liberman (1970). 
Geometrical calculations and illustrations by programs 
of the EUCLID package (Spek, 1982). Atomic co- 
ordinates and equivalent isotropic thermal parameters 
are given in Table 1.* Fig. 1 shows the atom-numbering 

* Lists of anisotropic thermal parameters, H-atom positions, 
complete lists of bond distances and angles and observed and 
calculated structure factors have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 43762 (29 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. 

scheme and geometry of the molecule. Bond lengths 
and angles and torsion angles are listed in Table 2. 

Related literature. For the preparation of the com- 
pound and a discussion of the results see van der Knaap 
et al. (1983). For a related r/2-phosphaalkene nickel 
complex see Cowley, Jones, Stewart, Stuart, Atwood, 
Hunting & Zhang (1983). 

Part of this work was supported by the Netherlands 
Foundation for Chemical Research (SON) with finan- 
cial aid from the Netherlands Organization for the 
Advancement of Pure Research (ZWO). 
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Abstract. Aquadiformatooxovanadium (IV), [VO- 
(HCOO)2(H20)], M r - - 1 7 5 . 0 ,  orthorhombic, Pcca, 
a = 8 . 3 9 5 ( 2 ) ,  b - 7 . 4 3 3 ( 1 ) ,  c = 8 . 5 1 0 ( 1 ) A ,  V =  
531.0 A 3, Z = 4, D m = 2.2, D x = 2.19 g cm -3, 
2(Mo K-6)= 0-71073 A, ~ = 19.3 cm -~, F(000)=  348, 
room temperature, R = 0.047 for 680 unique observed 
reflections. Distorted VO(H20)(HCOO)4/2 octahedra 
with the V atom and trans oxo and aqua O atoms on 
the twofold rotation axes parallel to [010] are linked 
into polymeric layers perpendicular to that direction by 
the bidentate formato ligands. The layers are connected 
in pairs by weak, bifurcated hydrogen bonds between 
aqua and formato O atoms. 

Experimental. Blue crystals obtained by hydrothermal 
synthesis from vanadium(V) oxide and formic acid at 

0108-2701/87/061218-02501.50 

423K. Crystal 0 . 2 x 0 . 2 x 0 . 1 m m ,  D m by flota- 
tion, Syntex P21 diffractometer with graphite mono- 
chromator. Lattice constants from setting angles of 15 
reflections with 25 < 20<  27 °, intensities by 09 scan 
with scan rates of 0.7-58.6 ° min-k Three standard 
reflections every 100 reflections; only small, random 
variations. No correction for absorption. 1171 unique 
reflections measured with (sin0)/2 up to 0.807 A -~ and 
0 < h < 1 3 ,  0 < k < l l ,  0 < l < 1 3 ;  680 observed 
reflections with 1 > 1.96a(/). 

Heavy-atom method, full-matrix least-squares refine- 
ment based on F magnitudes; observed reflections only, 
weighted according to w = [a2(F) + (0.025 I Fol)2]-I. 
H atoms located by the difference Fourier method and 
included in the final refinement of 51 parameters (one 
scale factor and all variable coordinates and thermal 

© 1987 International Union of Crystallography 
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pa rame te r s ,  i so t rop ic  for  H and  an i so t rop ic  for n o n - H  
atoms) .  R = 0 . 0 4 7 ,  wR = 0 . 0 4 9 ,  S = 1.173.  All  A/tr in 
final cyc le  0 . 0 0 ;  Apm~, and  Apmax in final d i f ference 
Four i e r  syn thes i s  - 0 . 7 3  and  + 0 . 5 8  e A -a, respect ive ly .  
A t o m i c  sca t te r ing  fac to rs  for the neu t ra l  a t o m s  f rom 
C r o m e r  & W a b e r  (1974) ,  wi th  co r rec t ions  for 
a n o m a l o u s  d i spers ion  o f  the V a tom f rom C r o m e r  & 
L i b e r m a n  (1974).  All ca l cu la t ions  pe r fo rmed  wi th  the 
Syn t ex  (1976)  E X T L  p r o g r a m  sys tem on  a D a t a  
G e n e r a l  Ecl ipse  S / 2 0 0  compu te r .  

T h e  a tomic  p a r a m e t e r s  are listed in Tab le  1,* 
in te ra tomic  d i s tances  and  angles  in Tab le  2. Fig.  1 
shows  the coo rd ina t i ng  l igands  a r o u n d  the V a tom;  Fig.  
2 is a s tereo plot  o f  the c rys ta l  s t ruc ture .  

J~) H{2) 

0 H(2i) ~0(2) 

Fig. 1. The distorted VO(H20)(HCOO)4/2 octahedron with 50% 
probability ellipsoids (size of H atoms arbitrary; ORTEPII, 
Johnson, 1976). 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 43722 (5 pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH l 2HU, England. 

Tab le  1. Atomic coordinates and (equivalent) isotropic 
thermal parameters with e.s.d. 's in parentheses 

x y z B~q]'(BH)(A 2) 
V 0.0 0.2271 (1) 0.25 1.38 (1) 
O(1) 0.0 0.0138 (5) 0.25 3.1 (1) 
0(2) 0.0 0.5245 (5) 0.25 3.4 (1) 
0(3) -0.2891 (2) 0.2725 (3) -0.1433 (3) 2.11 (5) 
0(4) -0.1072 (2) 0.2664 (3) 0.0402 (3) 2.44 (6) 
C -0.2444 (4) 0.2342 (4) -0.0075 (4) 1.76 (5) 
H(I) -0.324 (5) 0.181 (5) 0.067 (5) 3.5 (9) 
H(2) 0.072 (7) 0.598 (7) 0.191 (7) 9 (2) 

"~ Bcq l *2 2 =-s(Blla a + BiEa*b*abcosy + ...). 

X 

Fig. 2. Stereo plot of the crystal structure with polymeric layers and 
hydrogen bonding. 

Related literature. Seifert  (1962) ;  S a t a p a t h y ,  P a r m a r  & 
S a h o o  (1963) ;  Ka l inn ikov ,  Ze len t sov ,  Vo lkov  & 
S h o s t a k o v s k i i  (1964).  

Tab le  2. Interatomic distances (A) and angles (o) 

V-O(1) 1.586 (4) O(1)-V-O(2) 180.0 
V-O(2) 2.210 (4) O(l)-V-O(3") 99.6 (1) 
V-O(3 H) 2.019 (2) O(l)-V-O(4) 98.3 (1) 
v-o(4) 2.021 (2) O(2)-V-O(3 H) 80.4 (1) 
C-O(3) 1.248 (4) O(2)-V-O(4) 81.7 (1) 
C-O(4) 1.245 (4) O(4)-V-O(3 u) 89.0 (1) 
C-H(I) 1.00 (4) O(4)-V-O(3 m) 88.2 (1) 
O(2)-H(2) 0.96 (6) O(3)-C-O(4) 122.4 (3) 
0(2)...0(3 ~v) 2.998 (2) O(3)-C-H(1) l l8 (2) 
0(2)..-0(4 ~v) 3.054 (3) O(4)-C-H(I) 118 (2) 
H(2)...0(3 ~v) 2. l0 (6) H(2)-O(2)-H(2 I) l l0 (5) 
H(2)...0(4 ~v) 2.23 (4) O(2)-H(2)...O(3 I~) 155 (4) 

O(2)-H(2)...O(4 jr) 144 (5) 

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