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Abstract 
(C2HIoN2)3 [V10028 ].2H20, tris(ethylenediammonium) 
decavanadate dihydrate, crystallizes in the monoclinic 
system (P21/n). Its structure, solved by single-crystal X- 
ray diffraction with a final R value of 0.0237 for 5136 
unique reflections, is characterized by a pseudo body- 
centred arrangement of the [V10028] 6- polyanions,  be- 
tween which are intercalated the e thylenediammonium 
cations and the water molecules. 

Comment 
We have recently described a new family of  vanadyl 
vanadates intercalated by organic templates and for- 
mulated as [(VwO)(VvO4)]2.diamine (Riou & Fdrey, 
1995a,b). Their  two-dimensional  structures are built up 
from inorganic layers of comer-sharing vVo4  tetrahedra 
and [VwO8] units in the form of two square pyramids; 
the organic cations are intercalated between them. In 
these phases, it was thought that the deintercalation of 
the amines from the structures could lead to a new form 
of  V205. The thermal degradation method failed, as did 
the in situ oxidation of the amine in aqueous medium 
by hydrogen peroxide using VO(VO4).0.5(ethylenedi- 
amine) as the starting compound. We have not ob- 
tained a new form of V205 but a new member in the 
long list of decavanadates templated by organic cations 
(Zurkova & Vavra, 1993; Sucha, Sivak & Schwendt, 
1993): (C2H10N2)3[V10028].2H20 (Fig. 1). In this com- 
pound, the centrosymmetric decavanadate group is built 
up from five independent atoms. Its topology is very 
close to that recently described by Averbuch-Pouchot 
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(1994). In the cell, the [V10028] 6- anions located around 
the origin and around the centre of the cell describe a 
pseudo body-centred arrangement. The electroneutrality 
is ensured by the e thylenediammonium cations, which 
also form strong hydrogen bonds with the water mol- 
ecules and with some O atoms. 
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Fig. 1. Projection of the structure along the b axis. The N and C atoms 
are represented by dark and light shaded circles, respectively, OW 
by black circles and H by small circles. 

Experimental 
The title compound was prepared by dissolution then recrystal- 
lization at room temperature of VO(VO4).0.5(N2C2H10) (Riou 
& Fdrey, 1995a,b) (300 mg) in H202 (50 ml). In a first step, 
the vanadyl vanadate compound dissolved in 2-3 h to give an 
orange solution; after one day, small orange crystals were ob- 
served on the inner wall of the flask, their growth continuing 
until the decolouration of the solution. The density Dm was 
measured by multipycnometry (1305 micromeritics under He 
flow). 

Crystal data 

(C2 H 10N2)3 [V 10028 }.2H20 
Mr = 590.0 
Monoclinic 
e21/n 
a = 10.5096 (8) ~, 
b = 10.8730(10) A, 
c = 14.3200 (10) ,~, 
/3 = 106.261 (8) ° 

Mo Ka radiation 
A = 0.71073 A, 
Cell parameters from 38 

reflections 
0 = 14-16 ° 
# = 3.119 mm -~ 
T = 293 K 
Truncated parallelepiped 
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V = 1570.9 (2)/13 
Z = 4  
Dx = 2 .496  M g  m -3  

D m =  2 .50  (7) M g  m -3  

0 .324  x 0 .270  x 0 .102  m m  

O r a n g e  

Data collection 

Stoe  S i e m e n s  A E D - 2  

d i f f r a c t o m e t e r  

w/20 scans  

A b s o r p t i o n  cor rec t ion :  

by  in tegra t ion  f r o m  crys ta l  

shape  

Tmi, = 0.32,  Tmax = 0 .95 
8682  m e a s u r e d  re f lec t ions  

6917  i n d e p e n d e n t  re f lec t ions  

Refinement 

R e f i n e m e n t  on  F 2 
R[F 2 > 2or(F2)] = 0 .0237  

wR(F 2) = 0 .0625  

S = 0 .994  

5136  re f lec t ions  
240  p a r a m e t e r s  

All  H - a t o m  p a r a m e t e r s  

re f ined  
w = 1/[o'2(Fo 2) + ( 0 . 0 3 4 1 P )  2 

+ 0 . 9 6 0 7 P ]  
whe re  P = (Fo 2 + 2F 2 ) / 3  

(A/o ')max = 0.001 

5136  o b s e r v e d  re f lec t ions  

[I > 2 a ( / ) ]  

Rint = 0 .0248  

0max = 35.02 ° 
h = - 1 6  ~ 16 

k = 0 +  17 

l = 0 ---* 23 
3 s tandard  re f lec t ions  

f r e que nc y :  60  min  

in tens i ty  decay :  2 .6% 

z~pmax = 0 .564  e A - 3  

Z~pmin = -0 .437  e ,~-3 
Extinction correction: 

SHELXL93 (She ldr ick ,  

1993) 
Ex t inc t ion  coef f ic ien t :  

0.0011 (2) 
A t o m i c  sca t te r ing  fac tors  

f r o m  International Tables 
for Crystallography (1992,  

Vol. C, Tables  4 .2 .6 .8  and 

6 .1 .1 .4)  

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (/~2 ) 

Ueq = (1/3)Ei~jUijaT a;ai.a j. 

x y z Ueq 
VI 0.07550 (2) 0.96103 (2) 0.11266 (2) 0.01176 (5) 
V2 -0.23043 (3) 0.91135 (2) 0.02515 (2) 0.01361 (5) 
V3 0.12381 (3) 0.88083 (3) 0.82161 (2) 0.01598 (6) 
V4 0.03275 (3) 0.24113 (2) 0.04924 (2) 0.01476 (5) 
V5 0.23216 (3) 0.31050 (3) 0.46924 (2) 0.01602 (6) 
Ol 0.26258 (11) 0.79591 (12) 0.90172 (9) 0.0178 (2) 
02 0.16907 (10) 1.10898 (10) 0.09495 (8) 0.0131 (2) 
03 -0.05119 (I 1) 0.83307 (10) 0.07502 (8) 0.0135 (2) 
04 -0.21629 (11) 0.96607 (11) 0.14894 (8) 0.0163 (2) 
05 -0.34299 (11) 1.03131 (11) -0.03807 (9) 0.0166 (2) 
06 0.03984 (12) 1.00722 (11) 0.21521 (8) 0.0165 (2) 
07 0.21170 (11) 0.86960 (11) 0.14927 (8) 0.0164 (2) 
08 0.37060 (12) 0.19896 (11) 0.48355 (9) 0.0176 (2) 
09 -0.00228 (12) 0.23983 (1 I) 0.16733 (9) 0.0169 (2) 
O10 -0.32563 (13) 0.79379 (13) 0.01270 (11) 0.0242 (3) 
Oi 1 0.13067 (13) 0.35760 (12) 0.05540 (10) 0.0221 (2) 
O12 0.14337 (14) 0.85183 (14) 0.71685 (9) 0.0250 (3) 
OI3 0.08495 (10) 0.93266 (10) -0.03320 (8) 0.0126 (2) 
O14 0.10706 (13) 0.22907 (13) 0.41218 (10) 0.0235 (3) 
OWl -0.07454 (13) 0.80374 (13) 0.30274 (10) 0.0240 (3) 
NI -0.5521 (2) 1.0632 (2) -0.20378 (12) 0.0231 (3) 
N2 0.3792 (2) 1.1607 (2) 0.25382 (12) 0.0244 (3) 
N3 0.1136 (2) -0.0344 (2) 0.42313 (11) 0.0215 (3) 
C1 -0.5694 (2) 0.9889 (2) -0.29382 (14) 0.0243 (3) 
C2 0.4396 (2) 1.0496 (2) 0.31133 (14) 0.0260 (4) 
C3 0.0714 (2) -0.0218 (2) 0.51297 (12) 0.0209 (3) 

Table 2. Selected geometric parameters (/~, o) 
v1--06 1.6903 (12) v4--Ol i 1.6186 (13) 
VI--07 1.7005 (12) V4--08 ~ 1.8209 (12) 
V1---03 1.8966 (11) V4--09 1.8287 (12) 

VI---<)2 1.9388 (I1) V4---O2 v' 2.0051 (11) 
V1---<)13 i 2.0976(11) V4----O3 vii 2.0119(11) 
V1---<)I 3 2.1410 (11) V4-----O13 vii 2.2348 (11) 
V2--O10 1.6021 (13) V5---O14 1.6057 (13) 
V2---O5 1.8221 (12) V5.-----OI viii 1.8399 (12) 
V2----O4 1.8360 (12) V5---O8 1.8609 (12) 
V2----O3 2.0074 (11) V5----O5 ~x 1.8834 (12) 
V2---<)2 ~ 2.0108 (11) V5---<)7 x 2.0500 (12) 
V2---<)l 3 i 2.2647 (11) V5---OI 3 x 2.3048 (11) 
V3--<)I 2 1.6016 (13) NI---CI 1.489 (3) 
V3---O1 1.8327 (13) N2--C2 1.499 (3) 
V3------O9 ii 1.8684 (12) N3---C3 1.480 (2) 
V3----O4 ni 1.9142 (12) C1-----C2 i 1.513 (3) 
V3----O6 iii 2.0518 (12) C3-----C3 xi 1.517 (3) 
V3----OI 3 iv 2.2984 (11) 

O6--V1---O7 106.15 (6) o9ii--v3-----O6 iii 83.95 (5) 
O6---V1--<)3 98.98 (5) o4i i i - -V3--- -oai i i  83.00 (5) 
O7--V1---O3 97.02 (5) O12--V3---O13 ~v 175.98 (6) 
O6---V1-----<)2 96.38 (5) O1--V3-----<)I 3 iv 82.48 (5) 
O7--V 1---O2 96.40 (5) O9ii--V3-----O 13 iv 78.27 (5) 
O3---V 1-----<)2 155.91 (5) o4"i--v3--O13 iv 78.19 (4) 
O6----Vi-----OI 3 i 88.13 (5) o6iii--v3----Ol 3 iv 74.84 (4) 
O7--V1---O13 ~ 165.65 (5) O11--V4---O8 v 103.71 (6) 
O3--V1----O13 ~ 81.74 (5) O11--V4---O9 104.19 (6) 
O2--V1---<)13 ~ 80.32 (4) O8~--V4----O9 94.53 (6) 
O6---V1---O13 166.52 (5) Ol 1--V4---<)2 ~ 99.07 (6) 
O7--V1---OI 3 87.22 (5) O8v--V4---O2 ~i 154.80 (5) 
O3---V 1-----<)13 80.66 (4) O9--V4----O2 vi 90.18 (5) 
O2--V1--O13 80.10 (4) O11--V4-----O3 vii 98.32 (6) 
Ol3i--Vl---O13 78.46 (5) O8"--V4---O3 *ii 89.69 (5) 
O10---V2--O5 102.56 (7) O9----V4---O3 vii 155.37 (5) 
O10---V2--<)4 104.19 (6) O2Vi--V4-----O3 vii 76.37 (5) 
O5--V2---O4 96.52 (6) O11--V4--<)13 TM 172.91 (5) 
O10---V2--<)3 101.29 (6) O8v--V4---O13 vii 80.70 (5) 
O5--V2---O3 153.41 (5) O9----V4--O13 TM 80.77 (5) 
O4---V2---O3 88.84 (5) O2Vi--V4---O 13 TM 75.64 (4) 
O10---V2----O2* 99.03 (6) O3Vii--V4-----O13 vii 75.98 (4) 
O5--V2--O2 i 88.44 (5) O14---V5---O1 viii 104.69 (7) 
O4---V2-----<)2 i 154.52 (5) O14---V5-----O8 101.55 (6) 
O3--V2--O2 i 76.35 (5) O 1 v i i i - - v 5 " ' - O 8  91.75 (6) 
O 10----V2------O 13 i 174.18 (6) O 14----V5------O5 ix 101.80 (6) 
O5----V2-----<) 13 i 79.88 (5) O l  viii--VS-----O5 ix 91.65 (6) 
(M--V2---<) 13 i 80.63 (5) O8---V5---<)5 ix 154.70 (5) 
O3---V2--O13 i 75.32 (4) O14----V5--<)7 x 97.82 (6) 
O2i--V2------O13 i 75.65 (4) Ol viii--V5------O7 x 157.49 (5) 
O12--V3--<)1 101.47 (7) O8--V5---O7 x 84.15 (5) 
O12--V3---<)9 ~ 102.19 (7) o5ix--V5---<)7 x 83.17 (5) 
O1--V3----O9 ~i 92.08 (6) O14---V5--<)13 x 173.16 (6) 
O12--V3---O4 i" 100.79 (7) OlVtii--V5----O13 x 82.15 (5) 
O 1 - - V 3 - - - - - ~  iii 91.97 (6) O8---V5---O13 x 78.02 (5) 
o 9 i i - - v 3 - " ' O 4  iii 155.36 (5) O5iX--V5---O13 x 77.63 (5) 
O12--V3------O6 iii 101.21 (6) O7x--V5---O13 x 75.34 (4) 
O 1--V3----O6 iti 157.31 (5) 

Symmetry codes: (i) - x ,  2 - y, - z ;  (ii) - x ,  1 - y, 1 - z; (iii) - x ,  2 - 
y, 1 - z; ( i v )x ,y ,  1 +z ;  ( v ) x  - ½, ½ - y,z - ½; (vi) x , y  - 1,z; (vii) 
- x , l - y , - z ; ( v i i i )  ½ - x , y -  ½ , ~ - z ; ( i x )  ½ + x , ~ - y ,  ½ + z ; ( x )  
½--x,y-- ½,½-z;(xi)--x,--y,l-z. 

Data  co l lec t ion :  DIF4 (S toe  & Cie,  1988a) .  Cel l  r e f inement :  

DIF4. Data  reduc t ion :  REDU4 (S toe  & Cie,  1988b) .  P ro -  

g ram(s )  used  to so lve  s t ructure:  SHELXS86 (She ldr ick ,  1990).  

P r o g r a m ( s )  used  to ref ine  s t ructure:  SHELXL93 (She ldr ick ,  

1993).  M o l e c u l a r  graphics :  MOLVIEW (Cense ,  1992).  

The  authors  thank Professor  M. Leb lanc  (Univers i t6  
du Maine)  for his  he lp  in data col lect ion.  

Lists of  structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: DUl l41) .  Copies may be obtained through The 
Managing Editor, International Union of  Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 



514 (C2HloN2)3 [VloO28].2H20 

References 
Averbuch-Pouchot, M. T. (1994). Eur. J. Solid State lnorg. Chem. 31, 

557-565. 
Cense, J. M. (1992). MOLV1EW. Ecole Nationale Sup6rieure de 

Chimie de Pads, France. 
Riou, D. & F&ey, G. (1995a). Inorg. Chem. In the press. 
Riou, D. & F6rey, G. (1995b). J. Solid State Chem. In the press. 
Sheldrick, G. M. (1990). Acta Cryst. A46, 467-473. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of G0ttingen, Germany. 
Stoe & Cie (1988a). DIF4. Diffractometer Control Program. Version 

6.2. Stoe & Cie, Darmstadt, Germany. 
Stoe & Cie (1988b). REDU4. Data Reduction Program. Version 6.2. 

Stoe & Cie, Darmstadt, Germany. 
Sucha, V., Sivak, M. & Schwendt, P. (1993). Monatsh. Chem. 124, 

809-814. 
Zurkova, L. & Vavra, R. (1993). Monatsh. Chem. 124, 619-625. 

Acta Cryst. (1996). C52, 514-516 

Tetrakis(dimethyl sulfoxide-O)copper(II) 
Bis(perchlorate) 

ALEXANDER J. BLAKE,i" RACHEL S. GRIMDITCH,t SIMON 
PARSONS AND MARTIN SCHR6DER t 

Department of Chemistry, The University of Edinburgh, West 
Mains Road, Edinburgh EH9 3J J, Scotland. E-mail: a.j. 
blake@nottingham.ac.uk 

(Received 18 July 1995," accepted 6 October 1995) 

below [by 0.106(4) and 0.104(3)A, respectively] this 
plane. The four S atoms lie on the same side of the 
O4 plane, but their deviations from it vary widely: 
for S1, $2, $3 and $4 these are 0.978 (8), 0.209 (8), 
0.582(9) and 0.092(9)A,, respectively. There is, in 
addition, an interaction between the ligands themselves, 
with each S atom interacting weakly with the O atom 
of a nei~hbouring ligand at distances of 2.873(6)- 
3.188 (6)A. 

CH 3 CH~ 

\ s  / - II oclo ,  o /  
CH~\ /.. /CH~ 

3 = 0  ~ C u - - O ~ S  
c. / / I  \CH 3 :/ O 3 

/ II o~oo / s \  

CH 3 CH3 

(I) 

The C--S  bond lengths within the complex 
[1.754 (10)-1.789 (10) A,] are apparently shorter and the 
S---O bond lengths [1.505 (6)-1.534(6)A,] somewhat 
longer than in uncoordinated sulfoxides [1.81 (3) and 

o 
1.497 (13)A, respectively (Allen et al., 1987)]. Any dif- 
ference is presumably due to the withdrawal of electron 
density from the S atom and the diminishing of the S -  
O double-bond character on coordination. 

The structure of (I) differs from the structures 
Of Cu(DMSO)2C12 (Willett & Chang, 1970) and 
Cu(DMSO)2Br 2 (Willett, Jardine & Roberts, 1977), both 
of which exhibit five-coordinate geometry around the 
Cu-atom centre. Both structures contain four normal 

Abstract 
The four dimethyl sulfoxide ligands of the title com- 
plex, [Cu(C2H6OS)412+.2C104 - ,  adopt a tetrahedrally 
distorted square-planar arrangement around the central 
Cun ion, with all Cu---O bond lengths falling within the 
range 1.934 (6)-1.954 (6)A,. One O atom from each of 
the axial perchlorate anions interacts weakly at distances 
of 2.466 (8) and 2.640 (8) A.. 

Comment 
The dimethyl sulfoxide (DMSO) ligands of the title 
complex, (I), were found to form a distorted square- 
planar arrangement around the central Cu" ion, with 
all angles around the Cu ion close to 90 ° [031 - -Cu- -  
O21 92.1 (3), Oll---Cu--O31 86.8 (3), O21--Cu---O41 
88.2(3), O41--Cu---Oll  93.5 (3)°]. The Cu ion was 
found to lie exactly in the mean plane of the four 
coordinating O atoms; however, there is a tetrahedral 
distortion at the metal centre, with O11 and O21 lying 
above [both by 0.105 (3)1~], and O31 and O41 falling 

t Present address: Department of Chemistry, The University of 
Nottingham, Nottingham NG7 2RD, England. 

• "-~ d _~L~ C42 

: 52 

Fig. 1. A view of the complex (I) with atom-numbering scheme. 
Displacement ellipsoids enclose 50% probability surfaces and H 
atoms are shown as spheres of arbitrary radii. Dotted lines indicate 
interactions between adjacent coordinated DMSO ligands. The 
axially coordinated perchlorate anions have been omitted for clarity. 
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