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Abstract

In the title compound, {2-[(2-hydroxybenzyl)imino-
methyl]phenolato-O, N, O’ }(piperidine-N)nickel(II), mol-
ecules of [Ni(C,4H;,NO,)(C;H,,N)] adopt a trans form,
as imposed by the geometry of the monodentate and
tridentate ligands, and the Ni atom is in a slightly
distorted square-planar environment.

Comment

Schiff base complexes are considered to be among
the most important stereochemical models in main
group and transition metal coordination chemistry due
to their preparative accessibility and structural vari-
ety (Garnovskii, Nivorozhkin & Minkin, 1993). The
electron delocalization which produces resonance struc-
tures of nickel(II) and copper(II) metal complexes
with square-planar coordination and containing salicyl-
aldehyde and naphthaldehyde groups has been ex-
amined previously (Ferndndez-Garcia et al., 1987). Cop-
per(I) and nickel(Il) ions react with tridentate anionic
Schiff bases and have dimerized square-planar com-
plexes (Maggio, Pizzino & Romano, 1974). The present
paper reports the structure of a Schiff base—nickel com-
plex, (I), and aims to explain the procedure by which
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the nickel(II) ion reacts with both the tridentate N-
(2-hydroxybenzylidene)salicylaldimine ligand and the
monodentate piperidine ligand.

The monodentate and tridentate ligands are coor-
dinated to nickel(Il) in a square-planar arrangement.
The bond lengths of several complexes of N-substituted
salicylaldimines are compared in Table 2 with the val-
ues for the title compound. The Ni—O distances of
1.848 (3) and 1.822 (3) A agree with the values in these
square-planar coordinated complexes. The Ni—N1 bond
length of 1.871 (3) A, however, is definitely shorter than
Ni—N2 and other values from the literature. A pos-
sible explanation is the coordination of Ni by two O
atoms and one N atom of the same ligand which pro-
duces a close approach of Ni'l towards the N atom.
This short value agrees, however, with the Ni—NI1
bond distances in {1-[(2-hydroxyphenyl)iminomethyl}-
naphthalen-2-olato-O,0’, N}(piperidine)nickel(II) (Eler-
man, Paulus & Fuess, 1991).

The conformation of the planar groups around the
Ni atom in (I) shows significant differences from
related compounds. In earlier work (Elerman, Paulus
& Fuess, 1991; Elerman, Kabak & Tahir, 1996), the
coordination of the ligands around the Ni atom is
almost planar and the angles between the planar organic
groups are less than 8°. In (I), however, the methyl
group plays a predominant role in the distortion of the
molecule as a whole. The molecule is twisted about
the C7—O1 direction and the coordination of the Ni
atom by the two O atoms and one N atom of the
same ligand produces a close approach of the Ni!' ion
towards the N atom. The torsion angles Nil—Ol—
Cl—C6 [53.6 (4)°], Nil—O1—C1—C2 [-126.4 (4)°],
N1—C7—C6—Cl1 [—-53.6 (6)°] and N1—C7—C6—C5
[126.5 (4)°] show this distortion. The interplanar angle
between the salicylaldimine group and the NiN,O;
coordination plane was found to be 50.2 (1)°.

A search of the Cambridge Structural Database (Allen
& Kennard, 1993) for octahedrally coordinated Ni!' ions
resulted in 104 compounds with Ni—O and/or Ni—N
bonds. The average Ni—O and Ni—N distances are
2.084 and 2.110 A, respectively, and are significantly
longer than in the title compound. As can be seen from
Table 2, the C—O, C—N, Ni—N and Ni—O bond
lengths also show no significant differences in similar
Ni'l complexes. The bond length of 1.291 (5) A between
the N1 and C8 atoms is typical of a C=N double bond.
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The piperidine ring was found to be wholly disordered
and so was modelled as two equally occupied orienta-
tions (see Experimental). Further improvements to the
precision of the molecular geometry within the disor-
dered piperidine ligand would require the collection of
low-temperature data.

Ci0

Cit

C13

C3

Fig. 1. A view (Spek, 1996a,b) of (I) showing one component of the
disordered piperidine group. Displacement ellipsoids are drawn at
the 50% probability level and H atoms have been assigned an
artificial radius for clarity.

Experimental

A solution of N-(2-hydroxybenzylidene )salicylaldimine
(1.136 g, Smmol) in absolute ethanol (50 ml) was pre-
pared and piperidine (1.5ml, 15 mmol) was added slowly.
Ni(CH3COO);.4H,0 (1.245mg, 5mmol) was dissolved by
dropwise addition into hot methanol (30 ml). A mixture of
the two solutions was then refluxed for 5h. The red crystals
which formed during the reflux operation were washed twice
with ethanol.

Crystal data

[Ni(Ci4H;1NO2)(CsH; N)] Mo Ka radiation

M, = 369.11 A=0.71073 A

Monoclinic Cell parameters from 25

P2/c reflections

a=10838(2) A 9 =2-12°

b= 18.347(4) A p=1.134 mm™'

c=8948(1) A T=293(12)K

B =103.34(1)° Prismatic

V=1731.3(3) A’ 0.45 x 0.40 x 0.10 mm
Red

Z=4
" Dy =1416 Mgm™’
D,, not measured

Data collection

Enraf-Nonius CAD-4
diffractometer

1973 reflections with
1> 20()

wl26 scans
Absorption correction:
1 scans (Kopfman &
Huber, 1968; North,
Phillips & Mathews,
1968)
Tmin = 0.73, Trmax = 0.89
3680 measured reflections
2265 independent reflections

Refinement

Refinement on F?

RIF? > 20(F*)] = 0.0433
wR(F?) = 0.1289

S =0.736

2265 reflections

205 parameters

869
Rin = 0.0396
Omax = 27.29°
h=-11—-11
k=0—20
=-10—-5

3 standard reflections
frequency: 120 min
intensity decay: 2.4%

w = 1/[cX(F2?) + (0.108P)°
+ 3.7262P]
where P = (F2 + 2F3)/3
(A/O')max = 0.003
Apmar = 042 A3
Apmin = =042 ¢ A~3

Extinction correction: none

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

H-atom treatment: isotropic
with fixed Ueq = 0.10 A?

Table 1. Selected bond angles (°)

02—Nil—01 170.86 (12)  NI1—Nil—N2 1679 (2)
02—Nil—N1 95.28(14) C1—OI—Nil 118.4(2)
O1—Nil—NI 93.73(14)  C14—02—Nil 128.2(3)
02—Nil—N2 93.8(2) C19—N2—C15 100.8 (5)
O1—Nil—N2 77.5(2) C19'—N2’'—C15’ 113.9(5)

Table 2. Mean bond lengths (A) in some similar Ni!

complexes
Ni—NIl  Ni—N2 Ni—O CcC—0 C=N
I 1.871(3)  1.961(4) 1.835(13) 1.329(16) 1.291(5)
) 1.916 (4) - 1.829(2) 1321 3)  1.300(2)
(I 1912(3) - 1.832(2)  1.305(4)  1.297(4)
av) 1.941 (3) - 1.828(3)  1.332(5) 1279(6)
v) 1.854(4) 19704  1.828(4) 1335(8) 1.263(5)
1)) 1.898(4)  1.936(5)  1.848(8)  1.322(2)  1.285(4)
(VD) 1.848(4) 19474 1817(1) 1315(2)  1292(5)

Notes: (I) N-[(2-hydroxybenzyl)salicylaldiminato]piperidinenickel(II)
(present work); (II) bis{N-[(1,3-dioxolan-2-ylymethylsalicylaldimin-
ato] }nickel(II) (Ferndndez-Garcia et al., 1987); (III) bis{ N-[(1,3-dioxo-
lan-2-yl)methyl-2-hydroxy- 1-naphthaldiminato}} nickel(II) (Fernandez-
Garcia er al., 1987); (IV) bis{N-[(1,3-dioxolan-2-yl)-3-hydroxy-1-
naphthaldiminato]}nickel(Il) (Fernandez-Garcia et al., 1987); (V) N-[(2-
hydroxyphenyl)salicylaldiminatoJamminenickel(II) (Elerman, Svoboda
& Fuess, 1992); (VI) N-[(2-hydroxyphenyl)salicylaldiminato]jdiethyl-
aminenickel(II) (Elerman, Paulus, Svoboda & Fuess, 1992); (VII) {1-
[(2-hydroxyphenyl)iminomethylJnaphthalen-2-olato-O,0’ N}piperidine-
nickel(II) (Elerman, Paulus & Fuess, 1991).

During refinement, we found chemically unrealistic bond
distances and large displacement parameters in the piperidine
ring. Accordingly, we adopted a disorder model incorporating
two equally occupied orientations (N2, C15-C19 and N2/,
C15’—Cl9°’ ), isotropic reﬁnemento and restraints to C—C
[1.51(9) A] and C—N [1.51 (2) A] distances. The H-atom
positions on the piperidine N-atom components could not be
located.

Data collection: Enraf~Nonius SDP-Plus (Frenz, 1985).
Cell refinement: Enraf-Nonius SDP-Plus. Data reduction:
Enraf-Nonius SDP-Plus. Program(s) used to solve structure:
SHELXS86 (Sheldrick, 1990). Program(s) used to refine struc-
ture: SHELXL93 (Sheldrick, 1993). Molecular graphics: PLA-
TON96 (Spek, 1996a) and PLUTON96 (Spek, 1996b).
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: BM1142). Services for accessing these
data are described at the back of the journal.

References

Allen, F. H. & Kennard, O. (1993). Chem. Des. Autom. News, 8,
31-34.

Elerman, Y., Kabak, M. & Tahir, M. N. (1996). Acta Crvst. C52,
1154-1156.

Elerman, Y., Paulus, E. F. & Fuess, H. (1991). Acta Cryst. C47, 70—
71

Elerman, Y., Paulus, E. F., Svoboda, I. & Fuess, H. (1992). Z.
Kristallogr. 198, 132-133.

Elerman, Y., Svoboda, 1. & Fuess, H. (1992). Z. Kristallogr. 198,
127-128.

Feméndez-Garcia, J. M., Rosalez-Hoz, M. J., Rubiyo-Arroyo, M. F.,
Salcedo, R., Toscano, R. A. & Vela, A. (1987). Inorg. Chem. 26,
349-357.

Frenz, B. A. (1985). Enraf~Nonius SDP-Plus Structure Determination
Package. Version 3.0. Enraf-Nonius, Delft, The Netherlands.

Garnovskii, A. D., Nivorozhkin, A. L. & Minkin, V. 1. (1993). Coord.
Chem. Rev. 126, 1-69.

Kopfmann, G. & Huber, R. (1968). Acra Cryst. A24, 348-351.

Maggio, F., Pizzino, T. & Romano, V. (1974). Inorg. Nucl. Chem.
Lerr. 10, 1005-1009.

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Crysi.
A24, 351-359.

Sheldrick, G. M. (1990). Acta Cryst. Ad46, 467-473.

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of
Crystal Structures. University of Gottingen, Germany.

Spek, A. L. (1996a). PLATONSG. Program for the Display and
Analysis of Crystal and Molecular Structures. University of Utrecht,
The Netherlands.

Spek, A. L. (1996b). PLUTONS6. Program for the Display and
Analysis of Crystal and Molecular Structures. University of Utrecht,
The Netherlands.

Acta Cryst. (1997). C53, 870-872

Strontium Acetate Nitrate Trihydrate,
[Sr2(CH3C00),:(NOs):(H,0)3]

CHRISTIAN L. LENGAUER AND GERALD GIESTER

Universitit Wien-Geozentrum, Institut fiir Mineralogie und
Kristallographie, Althanstrafle 14, A-1090 Wien, Austria.
E-mail: christian.lengauer@univie.ac.at

(Received 17 September 1996; accepted 19 February 1997)

Abstract

The structure of the title compound, di-p-acetato-tri-
aquadinitratodistrontium, is characterized by a band-like
succession of alternating pairs comprising an Sr?* cation
and an acetate group along [101]. Two neighbouring
strontium acetate bands are combined into sheets paral-
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[Ni(C14H | 1NO2)(CsH 1 N)]

lel to (010) by sharing a corner O atom of the SrOg poly-
hedra and by two additional bonds to intermediate NO;
groups. The sheets, however, are linked only by three
corresponding Sr—O bonds via a second NO; group.
The water molecules are ligands of the Sr** cations and
are further hydrogen bonded to the O atoms of the NO;
groups. The centricity of the structure is in accordance
with the lack of piezo-electric properties.

Comment

During the systematic search for organic crystals
with interesting physical properties, we obtained the
title compound, (I), which is reported to be non-
centrosymmetric (Groth, 1910). However, all physi-
cal investigations have failed to confirm the proposed
polar structure type. Therefore, to clarify this, the struc-
tural investigation was performed. We have established
through the Cambridge Structural Database (Allen et
al., 1979) that only a few alkaline-earth acetate struc-
tures have been determined and that no crystallographic
information is given for any acetate—nitrate compound.

o
H,0 ‘ o)
NO3\\/ -CH
NO =St 3
71N,
e
NO
CH3< Sl’—Z—NO33
oo
0

M

The structure of the title compound consists of two
Sr?* cations, two acetate groups, two nitrate groups and
three water molecules. It can be characterized by pairs,
consisting of a Sr’* ion bonded to both O atoms of the
acetate group (Fig. 1). Neighbouring pairs are oriented
in alternating directions and are connected laterally via
two Sr—O bonds. All bonds between the Sr** ions and
the acetate groups are arranged almost parallel to the
plane (121), thus forming Sr-acetate bands along [101].
These bands are combined via four Sr bonds to the O
atoms of the (N1)Osz group establishing sheets parallel
to the (010) plane (Fig. 2). In the case of Sr1—ON11—
Sr2, a corner-sharing of the Sr coordination polyhedra
can be observed. The second (N2)O; group located
between the sheets, however, exhibits only three Sr—
O bonds in this linkage along the b axis. This structural
characteristic explains the plate-like habit and cleavage
of the investigated crystals.

The Sr cations are ninefold coordinated and the Sr—
O distances vary between 2.5073 (15) and 2.812(2) A
with a mean value of 2.65(11) and 2.64 (8) A for Sr1—
O and Sr2—O, respectively. Only the Sr1—ON22 bond
which is part of the intersheet linkage exhibits a longer
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