metal-organic papers

Acta Crystallographica Section E
Structure Reports
Online

ISSN 1600-5368

Yue-Juan Yao, Hui-Ming Shu,
Chuan-Qin Du and Huai-Ming
Hu*

Department of Chemistry, Northwest University,
Xi’an 710069, People’s Republic of China

Correspondence e-mail: chemhul@nwu.edu.cn

Key indicators

Single-crystal X-ray study
T=293K

Mean ¢(C—C) = 0.003 A

R factor = 0.032

wR factor = 0.083
Data-to-parameter ratio = 16.6

For details of how these key indicators were
automatically derived from the article, see
http://journals.iucr.org/e.

© 2007 International Union of Crystallography
All rights reserved

Bis{2-[N,N-bis(2-aminoethyl)amino]ethanaminium}-

nickel(ll) hexacyanidoferrate(ll)

In the title compound, [Ni(C¢H;oN,),][Fe(CN)g], the Ni** and
Fe?* cations are both octahedrally coordinated. The complex
cations and anions, both of which are centrosymmetric, are
linked by a network of N—H- - -N hydrogen bonds to form a
three-dimensional network.

Comment

The title compound, (I), is a molecular salt containing complex
cations and anions (Fig. 1). It complements related materials
containing hexacyanidometalate anions that show novel
magnetic properties (Kou et al., 2002).
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The general synthetic approach for these types of bimetallic
assemblies is to utilize ligands in the cation that can make
hydrogen bonds to the anion. In particular, chelating ligands
such as 2,2’-bipyridine (Brinker & Konig, 1979) and diethyl-
enetriamine (Razak et al., 2000) have been studied. Here we
use a tripodal ligand, which has attracted more and more
attention recently (Hajela et al., 2001, and references therein).

Figure 1
The molecular structure of (I) with displacement ellipsoids drawn at the
30% probaility level. All H atoms have been omitted for clarity. Atoms
with the suffix A are generated by the symmetry operation (1 —x, 1 — y,
1 — z). Unlabelled atoms in the anion are related to labelled atoms by
1-x2-y,2—-2).
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Figure 2
The layer structure in (I) arising from hydrogen bonds (dashed lines). C-
bound H atoms have been omitted.

Figure 3
The three-dimensional hydrogen-bonding network in (I), with the
hydrogen bonds shown as dashed lines. C-bound H atoms have been
omitted.

The structure of (I) consists of one [Ni(Htren),]*" [Htren =
tris(2-aminoethyl)ammonium cation, CgH;oN,*] complex
cation and one [Fe(CN)¢]*~ complex anion. Both metal atoms
have site symmetry 1. The Ni" ion is coordinated by the two
N,N,N-tridentate ligands in a distorted octahedral geometry
(Table 1). The mean Ni—N bond length of of 2.129 (2)A is in
the normal range (Barkigia et al, 1999). The N—Ni—N
chelate bite angles in (I) are comparable to those of other Ni''
complexes with the tris(2-aminoethyl)amine ligand (Cala-
tayud et al., 2003). The Fe—C bond lengths in (I) are slightly
shorter than those observed in [Zn(C4H;3N3),]»
[Fe(CN)g]-4H,O (Razak et al., 2000).

In this complex, the protonated Htren can provide
numerous N—H groups for hydrogen bonding (Table 2),
resulting in a three-dimensional network (Figs. 2 and 3). Each
complex cation is surrounded by six adjacent complex anions
and vice versa.

Experimental

The tren ligand (146 mg, 1 mmol) was added to a 50 ml aqueous
solution of Ni(ClO,),-6H,O (183 mg, 0.5 mmol), forming a green
solution, which was then added dropwise to a 50 ml aqueous solution
of K4[Fe(CN)s] (183 mg, 0.5 mmol) at room temperature. The
resulting solution was allowed to stand for several days to obtain red
crystals of (I). Elemental analysis found: C 23.10, H 1.86, N 15.80%;
calculated for C;gHsgFeN4Ni: C 22.50, H 1.89, N 15.75%.

Crystal data

[Ni(CH19N4),][Fe(CN)g] y =119.56 (3)°

M, = 565.18 V =606.5 (2) A®
Triclinic, P1 Z=1

a=86744 (17) A Mo Ka radiation

b = 87883 (18) A w=141 mm™"
¢=93802 (19) A T=293(2)K

o =9245 (3)° 0.48 x 0.35 x 0.20 mm
B =99.70 (3)°

Data collection

Enraf-Nonius CAD-4
diffractometer

Absorption correction: ¥ scan
(North er al., 1968)
Tnin = 0.551, Tphax = 0.765

2632 measured reflections

2632 independent reflections
2350 reflections with I > 20(1)
3 standard reflections
every 97 reflections
intensity decay: none

Refinement

R[F? > 20(F%)] = 0.032
wR(F?) = 0.083

§ =097

2632 reflections

159 parameters

H-atom parameters constrained
Apimax =039 e AT

APmin = —0.67 ¢ A7

Table 1

Selected geometric parameters (A, °).

Nil—N1 20956 (19)  Fel—C9 1.907 (2)
Nil—N2 2.1369 (17) Fel—C7 1912 (2)
Nil—N3 2.1558 (18)  Fel—C8 1.906 (2)
NI—Nil—N2 91.77 (8) N2—Nil—N3 81.67 (7)
N1—Nil—N3 8223 (7)

Table 2

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N1—HI1A. - N7 0.90 2.06 2.946 (3) 168
N1—H1B-- N6 0.90 2.20 3.014 (3) 151
N2—H24.--N5" 0.90 2.30 3153 (3) 158
N2—H2B. - -N7" 0.90 246 3307 (3) 157
N4—H4A- - -N6" 0.89 1.92 2.791 (3) 166
N4—H4B- - -N5" 0.89 1.94 2.792 (3) 161
N4—H4C- - N7" 0.89 2.27 3.016 (3) 141

H atoms were placed at calculated positions (C—H = 0.93-0.97 A,
N—H = 0.89-0.90 A) and refined as riding with U,(H) = 1.2
U.qy(carrier) or 1.5Uq(N).

Data collection: CAD-4 Software (Enraf-Nonius, 1989); cell
refinement: CAD-4 Software; data reduction: MolEN (Fair, 1990);

program(s) used to solve structure: SHELXS97 (Sheldrick, 1990);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);

Acta Cryst. (2007). E63, m1208-m1210

m1209

Yao et al. + [Ni(CgH19N4),][Fe(CN)g]



metal-organic papers

molecular graphics: XP (Siemens, 1994); software used to prepare
material for publication: SHELXTL (Siemens, 1995).
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