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2669 reflections 
186 parameters 
All H atoms refined 
w = l /[ tr2(Fo 2) + ( 0 . 0 3 4 7 P )  2 

+ 0 . 3 5 5 5 P ]  
whe re  P = ( F  } + 2F~) /3  

Sca t te r ing  factors  f rom 
International Tables for 
Crystallography (Vol. C)  

Table 1. Selected geometric parameters (A, o) 
Cu--N1 2.027 (2) Cu---CI 1 2.3010 (8) 
Cu--N2 2.039 (2) Cu--CI I i 2.7511 (9) 
Cu------CI2 2.2665 (7) Cu---CI2" 3.1325 (11) 

NI---Cu--N2 87.28 (9) C12----Cu---CII i 102.48 (3) 
N I---Cu------CI2 165.46 (7) C l l ~ u ~ l l '  87.59 (3) 
N2---Cu---CI2 94.90 (6) N 1 ------Cu---CI2 'i 83.48 (6) 
N 1 - - - C u ~ l  I 88.87 (6) N2---Cu---CI2 'i 82.66 (6) 
N2- - -Cu~I  I 171.11 (6) C12---Cu---CI2 i' 82.56(3) 
CI2----Cu--CI I 90.82 (3) CI I ~ u ~ 1 2  i' 104.87 (3) 
N I----Cu---CII i 92.03 (6) Cll'------Cu-----C12 ~i 166.61 (2) 
N2--Cu--CII i 84.53 (6) Cu--Cll---Cu i 92.41 (3) 

Symmetry codes: (i) 1 - x, 2 - y, 1 - z; (ii) i - x, 2 - y, - z .  

Ref ined  C - - H  d i s tances  are in the range  0 .84  ( 3 ) - 0 . 9 7  (3) ,~,. 
Da ta  col lec t ion:  MSC/AFC Diffractometer Control Software 

( M o l e c u l a r  S t ruc ture  Corpora t ion ,  1993).  Cel l  ref inement :  
MSC/AFC Diffractometer Control Software. Data  reduct ion:  
MSC/AFC Diffractometer Control Software. Prog ram(s )  used  
to so lve  s tructure:  SHELXS97 (Sheldr ick ,  1990).  P rog ram(s )  
u sed  to refine s t ructure:  SHELXL97 (Sheldr ick ,  1997). M o l e c -  
ular  graphics :  ZORTEP (Zsolna i  & Pr i tzkow,  1995).  Sof t -  
ware  used  to p repare  mater ia l  for  publ ica t ion :  PLATON (Spek,  
1990).  

This work was partially supported by CONICYT and 
CSIC (Uruguayan Organizations). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SX!092).  Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The structure of the first nickel coordination com- 
plex with 1,10-phenanthroline (phen) containing thio- 
urea as a cocrystallization molecule is reported. The title 
compound, [Ni(CI2H8N2)3](NO3)2.CHnN2S-H20, crys- 
tallizes in the centrosymmetric space group C2/c. The 
crystal structure is formed by [Ni(phen)3] 2+ cations, 
water and thiourea molecules positioned on a twofold 
axis, with the nitrate anions in general positions. The 
packing is directed by electrostatic interactions, stack- 
ing of phen molecules and hydrogen bonds between the 
crystallization molecules and the nitrate anions. 

Comment 
This work reports the crystal structure of the com- 
pound tris(1,10-phenanthroline)nickel(II) dinitrate thio- 
urea monohydrate, (I). The structure is composed of 

m m 

(I) 

2+ 

.2NOyCH4N2S.H20 

[Ni(phen)3] 2÷ cations, two nitrate anions, one water and 
one thiourea molecule per cation. Although the pres- 
ence of thiourea has been reported in other cocrystal 
structures, there are no reports of its cocrystallization 
with phen or with other nickel complexes. The crystal 
structure is properly described in the centrosymmetric 
space group C2/c with the asymmetric unit comprising 
half of the [Ni(phen)3] 2+ cationic complex, half of the 
cocrystallization solvates and one independent nitrate 
anion. The Ni atom, as well as the O51, C31 and $31 
atoms, are positioned on a twofold axis of symmetry to 
maintain the necessary 1:2 cation-anion ratio. Tris(1,10- 
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1992 [Ni(ClzH8N2)3](NO3)2.CH4N2S.H20 

phenanthroline) compounds have been described previ- 
ously, in fact, the [Ni(phen)3] 2÷ complex has been stud- 
ied extensively (Butler & Snow, 1971; Frenz & Ibers, 
1972; Abdel-Rahman et al., 1995; Marek et al., 1995; 
Decurtins et al., 1996). In some of the compounds stud- 
ied, the symmetry of the complex is described as ap- 
proximately C2. The present is the first report of such 
a complex exhibiting exact C2 symmetry. Fig. 1 shows 
the complex with the atom-labelling scheme. 

There are two independent essentially planar phen 
molecules (phenl and phen2) coordinated to the Ni 
atom, but one of them is positioned on a twofold axis 

C15 C16 

C13 C 1 4 / ~ ~  C17 C18 

" cll° s31 

O41 
~ 043 : / f 

051 

Fig. 1. ZORTEP (Zsolnai & Pritzkow, 1995) drawing showing the 
[Ni(phen)3] 2+ cation with the atom-labelling scheme. Displacement 
ellipsoids are drawn at the 30% probability ievcl and H atoms have 
been excluded for clarity. 

(phen2). Ni - -N bond distances are in the expected 
range. The angle N---Ni--N with both N atoms belong- 
ing to the same phen moiety is close to 80 ° as expected, 
due to the fixed bite of phen. This rigid ligand forces 
the coordination sphere around nickel to be distorted 
from that of a regular octahedron. This is clearly evi- 
denced by the t r a n s - N - - N i - - N  angles of 171.93 (6) and 
173.53 (8) °, far from the expected value for regular oc- 
tahedral coordination. Table 1 shows selected geometric 
parameters. The values of the dihedral angles of the 
phen planes are 88.09 (3) (phenl-phen2) and 84.38 (3) ° 
(phenl-phenl i) [symmetry code: (i) - x ,  y, - z -  ½], are 
near the ideal value expected for steric considerations. 

Previous reports have described that [Ni(phen)3] 2÷ 
units pack leaving holes or boxes for the anions and 
other small molecules (Decurtins et al., 1996). In 
this structure, the holes are filled by the nitrate an- 
ions, the thiourea molecules and the water molecules. 
Marek et al. (1995) have reported the similar structure 
[Ni(phen)3](NO3)2.2CHC13.H20, (II), where the holes 
are occupied by chloroform and water molecules. That 
structure is not related to the one described in this paper 
as it crystallizes in space group P2~/n. The  interac- 
tions between proximal units of the complexes are the 
stacking of phen molecules. There are two stacking in- 
teractions with perpendicular distances between equiv- 
alent planes of 3.253 and 3.414,~, for phenl-phenl  ii 
and phen2-phen2 iii, respectively [symmetry codes: (ii) 

1 l - x ,  l - y ,  l - z ;  (iii) ~ - x ,  ½ - y ,  -z] .  In spite of 
the similar composition, no stacking interactions are de- 
scribed in (II). 

Geometrical parameters for the nitrate anion and the 
thiourea molecule are as expected. Relevant geometrical 
parameters of the thiourea are included in Table 1. 

Fig. 2. View of the crystal packing and unit cell for the title compound. The arrangement shows the C centering clearly. Atoms were drawn 
as spheres of arbitrary radii. H atoms have been excluded for clarity. 
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Al l  H a t o m s  b o n d e d  to d o n o r  a t o m s  are  i n v o l v e d  

in h y d r o g e n  b o n d s  w i t h  O a t o m s  o f  n i t ra te  ions  and  

w a t e r  m o l e c u l e s .  Tab le  2 lists the  h y d r o g e n - b o n d i n g  
g e o m e t r y .  N o t e  that  H51 is i n v o l v e d  in t w o  h y d r o g e n  
b o n d s  that  can  be  d e s c r i b e d  as a u n i q u e  t h r e e - c e n t e r e d ,  
or  b i fu rca t ed ,  h y d r o g e n  bond .  T h e  s u m  o f  ang l e s  
abou t  H51 [ 0 5  l - - H 5 1 - - - O 4 2  144 (5), 0 5  l - - H 5 1 - - O 4 3  
1 6 2 ( 5 )  and  O 4 2 - - H 5 1 - - - O 4 3  5 3 . 6 ( 1 3 ) " ]  is 3 6 0 ( 7 ) "  
( Je f f rey  & Saenge r ,  1991).  T h e  c rys ta l  p a c k i n g  and  

un i t  cel l  o f  (I) are  s h o w n  in Fig .  2. N o t e  the  C 
cen t e r i ng ,  the  s t a c k i n g  in t e r ac t i ons  b e t w e e n  e q u i v a l e n t  

p h e n 2  m o l e c u l e s  and  the  a n i o n s  and  s o l v e n t  m o l e c u l e s  
l o c a t e d  in the  ho le s  lef t  by  the  ca t ions .  

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

The title compound  was obtained as a by-product of  the 
synthesis of  1,10-phenanthroline and thiourea complexes of  
nickel. It crystallizes as prismatic orange single crystals of  
suitable size for X-ray data collection. 

Crystal data 

[Ni(CI2HsN2)3 ](NO3)2.- 
CHnN2S.H20 

Mr = 817.48 
Monoclinic 
C2/c  
a = 11.2528 (16) ,~ 
b = 25.346 (2) A 
c = 13.0637 (15) ,~, 
/3 = 106.117 (9) ° 
V = 3579.5 (7) A 3 

Z = 4  
Dx = 1.517 Mg m -3 
Dm not measured 

Mo Ka radiation 
A = 0.71069.4, 
Cell parameters from 25 

reflections 
0 = 13.20-19.13 ° 
# = 0.667 m m - i  
T = 293 (2) K 
Prismatic 
0.43 × 0.38 × 0.22 m m  
Orange 

Data collection 

Rigaku AFC-7S diffractom- 
eter 

0/20 scans 
Absorption correction: 

~p scan (Molecular 
Structure Corporation, 
1993) 
Train = 0.762, Tmax = 0.867 

4312 measured reflections 
4108 independent  reflections 

3418 reflections with 
I > 2o'(/) 

Rint = 0.034 
0max = 27.49 ° 
h = 0 ---~ 14 
k = 0 ---~ 32 
l = - 16 + 16 
3 standard reflections 

every 150 reflections 
intensity decay: 1.3% 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)] = 0.040 
wR(F 2) = O. 116 
S = 1.028 
4108 reflections 
315 parameters 
All H atoms refined 
w = 1/[o.2(Fo 2) + (0.0714P) 2 

+ 1.9001 P] 
where P = (Fo 2 + 2F2)/3 

(A/o')max = 0.001 
Apmax = 0.509 e ,~-3 
Apmin = - 0 . 9 0 9  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Tab le  1. Selec ted  geometr ic  parame te r s  (,4, °) 

Nil--N21 2.0701 (15) S31--C31 1.695 (3) 
Nil--NI2 2.0805 (15) C31--N31 1.325 (3) 
Nil--NIl 2.1060 (16) 

N21--Nil--N21' 80.63(9) NI2--NiI--NI1 79.81 (6) 
N21--Nil--NI2 171.93 (6) N21--Nil--NI 1' 91.62 (6) 
N21--NiI--N12' 95.25 (6) NI2--NiI--NI I' 95.56 (6) 
NI2--Nil--N 12' 89.65 (9) NI I--Nil--N11 ~ 173.53 (8) 
N21--NiI--NII 93.31 (6) 
Symmetry codes: (i) 1 - x, y, 3 _ z; (ii) -x ,  y, 3 _ z. 

Tab le  2. Hydrogen-bond ing  geome t ry  (A, o) 

D--H. • .A D--H H. . .A D. • .A D--H. • .A 
N31--H31B. • .O51' 0.90 (4) 2.11 (4) 2.937 (5) 152 (3) 
N31--H31A. • .O41" 0.83 (3) 2.25 (3) 3.064 ~4) 164 (3) 
05 l--H51- - .042 0.82 (6) 2.39 (5) 3.092 (4) 144 (5) 
O51--H51...043 0.82 (6) 2.33 (6) 3.115 (3) 162 (5) 
Symmetry codes: (i) x - ½, y - ½, z; (ii) ½ - x, ~ - y, 2 - z. 

All H atoms were refined; C - - H  distances are in the range 
0.89 (3)-1.00 (2) ,4,. 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1993). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
MSC/AFC Diffractometer Control Software. Program(s) used 
to solve structure: SHELXS97 (Sheldrick, 1990). Program(s) 
used to refine structure: SHELXL97 (Sheldrick, 1997). Molec- 
ular graphics: ZORTEP (Zsolnai & Pritzkow, 1995). Software 
used to prepare material for publication: PLATON98 (Spek, 
1990). 

T h e  au tho r s  g r a t e f u l l y  t h a n k  P E D E C I B A - Q u f m i c a  
and  C O N I C Y T  for  f inanc ia l  a id  and  Dr  R i c a r d o  B a g g i o  

for  he lp fu l  d i s c u s s i o n s .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SXI088). Services for accessing these 
data are described at the back of the journal. 
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