
198 [ L i ( C H 3 C N ) 4 ] C 1 0 4  

Refinement 

Refinement on F 2 
R[F 2 > 2o-(F2)] = 0.057 
wR(F 2) = 0.116 
S = 1.053 
9513 reflections 
501 parameters 
Only coordinates of H atoms 

refined 
W = 1/[o'2(Fo 2) + (0.0304P) 2 

+ 2.7861P] 
where P = (Fo z + 2F2)/3 

(A/o')max -- 0.006 

Apmax = 0.281 e A, -3 
Apmin = -0.265 e ,~-3 
Extinction correction: 

SHELXTL (Siemens, 
1994a) 

Extinction coefficient: 
0.00164 (14) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Absolute structure: 
Flack (1983) 

Flack parameter = 0.23 (8) 

All H atoms were treated as riding, with relative isotropic 
displacement parameters. The less-than-optimum mounting 
contributed to an unexpectedly large spread in the transmission 
coefficients. 

Data collection: SMART (Siemens, 1994b). Cell refinement: 
SAINT (Siemens, 1995). Data reduction: SAINT. Program(s) 
used to solve structure: SHELXTL (Siemens, 1994a). Pro- 
gram(s) used to refine structure: SHELXTL. Molecular graph- 
ics: SHELXTL. Software used to prepare material for publica- 
tion: SHELXTL. 

The authors are grateful to the National Science Foun- 
dation for a grant in support of this research. The 
structure was originally determined at the Iowa State 
Molecular Structure Laboratory. A second data col- 
lection was completed on a Siemens SMART CCD 
diffractometer, to obtain a better quality structure. Final 
refinements were completed at the X-ray Crystallo- 
graphic Facility at the University of Minnesota. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: DAI013). Services for accessing these 
data are described at the back of the journal. 
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A b s t r a c t  

The coordination around the Sm atom in the title com- 
pound, catena- poly [ [ [ tetraaqua- 1 n 2 0,2n 2 O- tetrakis(#- 
3,5-dinitrobenzoato-O:O')disamarium]-bis(#-3,5-dinitro- 
benzoato-O:O')] dihydrate], [Sm2(CTH3N206)6(H20)4] .- 
2H20, is eightfold. The irregular square-antiprism coor- 
dination of the Sm ion is provided by six O atoms from 
six carboxylate groups and two water O atoms. The Sm 
ions are bridged alternately by four and two ligands, 
resulting in linear polymeric chains with two different 
Sm. . .Sm distances of 4.2476 (7) and 5.0831 (8),~,,oand 
Sm--O distances in the range 2.355 (4)-2.559 (4)A. A 
set of hydrogen bonds exists between the nitro groups 
and the water molecules. 

C o m m e n t  
Rare earth carboxylates have been reported to show 
chelating, bridging and chelating-bridging modes of co- 
ordination which can be simultaneous or separate (Ma et 
al., 1994; Hiyalov et al., 1981; Bats et al., 1979; Moore 
et al., 1971; Tahir et al., 1996). The title compound, 
(I), was synthesized in order to study the structure of 
Sm-carboxylate and to find out the mode of coordina- 
tion around Sm. As can be seen from Fig. 1, the coor- 
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I R 

_ / C ~  O ] 
o R \ on 2 / C \ o  

~ \ I / l ~r./0 
"~ "2 ,  o R 6 0 H 2  '~ 

~ c  / B I 

] .2H20 
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0) 

OHz/°" 

°o! ?  /To- 
oH2 b. 

dination around the Sm ion is eighffold, involving six 
carboxylate O atoms [O1, 03,  05,  O 2  i, O 4  ii and o 6 i ;  

symmetry codes: (i) - x ,  - y ,  1 - z ;  (ii) 1 - x ,  - y ,  1 - z ]  
and two water O atoms (07 and 08). In the coordi- 
nation sphere, the shortest bond length [2.355 (4)A] is 
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Fig. 1. The polymeric structure of the title compound showing three Sm ions bridged alternately by four and two ligands, with the atomic 
numbering scheme and displacement ellipsoids at the 50% probability level. H atoms have been omitted for clarity. [Symmetry codes: (i) 
- x ,  - y ,  I - z;  ( i i )  1 - x ,  - y ,  l - z . ]  

between the central Sm ion and the carboxylate oxygen 
O4 ii, while the longest Sm----O distance [2.559 (4)A]  
involves the water oxygen 07 .  The Sm- -O(ca rboxy l -  
ate) distances, ranging from 2.355 (4) to 2.449 (3)A,  
are shorter than the Sm---O(water) distances [2.485 (4) 
and 2.559 (4),4,]. The Sm ions are bridged alternately 
by two and four carboxylate groups to form linear 
polymeric  chains. Within the polymeric  chains, only 
the bridging mode of  coordinat ion is observed (see 
Scheme). The single-mode coordinat ion might be the re- 
sult of  the simultaneous occurrence of  two nitro groups. 
The two different S m . . . S m  distances of  4.2476 (7) and 
5.0831 (8),~ are a consequence of  alternate bridging by 
four and two ligands, respectively. This structure re- 
sembles the polymeric  chains observed in cerium 3,5- 
dinitrobenzoato dihydrate (Tahir et al., 1996) with the 
difference that the title compound has an extra lattice 
water molecule in the structure. The lattice water mol- 
ecule, as well as the two coordinat ion water molecules,  
is involved in five intermolecular  hydrogen bonds to 
three different nitro O atoms and to two different water 
O atoms, so that the Sm ions are crossl inked by a vari- 
ety of  direct, covalent  and hydrogen-bond interactions. 
Details of  the hydrogen-bonding geometry are given in 
Table 2. 

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

3,5-Dinitrobenzoic acid (1.06g, 5.0mmol) and NaHCO3 
(0.42 g, 5.0 mmol) were added to hot distilled water (50 ml) 
and heated and stirred until complete dissolution had taken 
place. The solution containing Sm '÷ was prepared by dissolv- 
ing Sm(NO3)3-6H20 (0.74 g, 1.66 mmol) in water (10 ml). The 
solutions were mixed, filtered and allowed to concentrate by 
evaporation. The resulting solution yielded crystals after two 
weeks. 

Crystal data 

[S m2 (C7 H3 N2 O6)6 (H2 0)4 ]'- 
2H20 

Mr = 1675.5 
Triclinic 
PT 
a = 9.2836 (12) ,4, 
b = 11.4842 (13) ,4, 
c = 13.7777 (12) ,~, 
a = 106.896 (2) ° 

= 90.436 (3) ° 
3' = 93.930 (2) ° 
V = 1401.6 (3) ,~,3 
Z = I  
Dx = 1.985 Mg m -3 
Dm not measured 

Mo Ka radiation 
A = 0.71073 ~, 
Cell parameters from 25 

reflections 
0 = 11.46-20.81 ° 
/z = 2.205 mm-i  
T = 295 K 
Needle 
0.40 x 0.12 x 0.10 mm 
Colourless 



200 [S m2 (C7 H3 N2 O6)6 (H2 0)4 ]" 2H20  

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w/20 scans 
Absorption correction: 

empirical via ~b scans 
(Fair, 1990) 
Train - 0.725, Tma~ = 0.801 

5655 measured reflections 
5290 independent reflections 
4423 reflections with 

I > 2rr(/) 

Refinement 

Refinement on F 
R = 0.035 
wR = 0.038 
S = 1.12 
4423 reflections 
442 parameters 
H atoms: see below 
W = 1/rr2(F) 

Rint -- 0.017 
0max ---- 26.24 ° 
h = --11 ~ 0 
k = - 14 ~ 14 
l = - 17 ~ 17 
3 standard reflections 

frequency: 120 min 
intensity variation: 

negligible 

(A/o ' )max  --- 0 . 0 0 0 2  

mpmax - 1.37 e ,~-3 (0.99 A. 
from Sm) 

Apmin = - - 0 . 2 8  e , ~ - 3  

Extinction correction: none 
Scattering factors from Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 
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Table 1. Selected geometric parameters (,4) 
Sm. • .Sm i 4.2476 (7) Sm----O4 i~ 2.355 (4) 
Sm. • .Sm ii 5.0831 (8) Sm---O5 2.438 (3) 
Sm--Ol 2.449 (3) Sm--O6 ' 2.358 (4) 
Sm--O2 i 2.372 (4) Sm--O7 2.559 (4) 
Sm--O3 2.412 (3) Sm--O8 2.485 (4) 

Symmetry codes: (i) - x ,  - y ,  1 - z; (ii) 1 - x, - y ,  1 - z. 

Table 2. Hydrogen-bonding geometry (,4, o) 

D - - H .  • -A D - - H  H. • -A D. • .A D - - H .  • .A 
O7--H71.- .Oll i 0.854 2.207 2.981 (6) 150.8 
O7--H72. • .021 0.877 1.882 2.753 (7) 171.8 
O8---H81. • -O9 ii 0.986 2.527 3.184 (6) 123.9 
O8--H82. • -07 iii 0.891 1.926 2.787 (5) 162.2 
O21--H212. • .020 w 0.838 2.435 3.148 (7) 143.5 

Symmetry  codes: (i) - x ,  1 - y ,  1 - z ;  (ii) x , y -  1, z; (iii) 1 - x ,  - y ,  1 - z ;  
(iv) x, y, z - 1. 

The water H atoms were found from a difference map. H 
atoms bonded to C atoms were placed geometrically 0.95 A, 
from their parent atoms. A riding model was used for all H 
atoms and their H-atom displacement parameters were fixed 
as Uiso(H)= 1.3Ueq(parent). 

Data collection and cell refinement: CAD-4 EXPRESS 
(Enraf-Nonius, 1993). Data reduction: MolEN (Fair, 1990). 
Program used to solve structure: MolEN. Program used to 
refine structure: MolEN. Molecular graphics: MolEN version 
of ORTEP (Johnson, 1965). Software used to prepare material 
for publication: MoIEN. Other programs include PLATON 
(Spek, 1990). 

The authors wish to acknowledge the purchase of  the 
CAD-4 diffractometer under grant DPTf rBAG1 of  the 
Scientific and Technical Research Council  of  Turkey. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM1246). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The title compound,  [Cr(C25H180)(CO)3], belongs to a 
new family of  chromenes complexed with tricarbonyl- 
chromium and exhibiting photochromic properties. The 
molecular  geometry is compared to that of  a similar 
structure [Hannesschlager et al. (1998). Acta Cryst. C54, 
221-223] in which one of  the phenyl groups is replaced 
by a methyl  group. 

C o m m e n t  
The photochromic properties of  3H-naphthopyrans (2H- 
benzochromenes)  (Becker & Michl,  1966) can be mod- 
ulated by introducing selected substituents onto the 
different positions of  the aromatic system. The com- 
plexation of  aromatic rings with t r icarbonylchromium 
modifies the reactivity and also the electronic distribu- 
tion on such structures, which affects the photochromic 
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