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Abstract
C24H36ClN4NaNi2O8, monoclinic, C2/c (no. 15),
a = 19.5909(11) Å, b = 10.8023(6) Å, c = 14.5722(8) Å,
β = 112.032(1)°, V = 2858.7(3) Å3, Z = 4, Rgt(F ) = 0.0260,
wRref(F

2) = 0.0701, T = 93(2) K.

CCDC no.: 2098373

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the
list of the atoms including atomic coordinates and
displacement parameters.

Table : Data collection and handling.

Crystal: Red block
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Rigaku Saturn, ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: REQAB [], CrystalClear [],
SHELX [, ], WinGX/ORTEP []
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Source of material

Preparation of 5,7,12,14-tetramethyl-1,4,8,11-tetraaza-
cyclotetradeca-4,6,11,13-tetraene (LH2): Ethylenediamine
(6.7 mL, 0.1 mmol) was added to acetylacetone (10.29 mL,
0.1 mmol) in methanol (50 mL) taken in a 100 mL volu-
metric flask. The solution was stirred on amagnetic stirrer
while 70% perchloric acid (8.9 mL, 0.1 mmol) was added
slowly from a dropping funnel. The temperature of the
reaction mixture was maintained at 333–338 K, at which
stage the solution turned yellow. The resulting mixture

was refluxed for 15 h. The reaction mixture was then
allowed to stand for 2–3 days at room temperature, after
which the solid product was filtered off, washed with
methanol and finally with diethyl ether. The white crys-
talline product, LH2, was dried in vacuo.

Preparation of nickel(II) complex of L: Nickel acetate
tetrahydrate (0.25 g, 1.0mmol) and LH2 (0.449 g, 1.0mmol)
were dissolved separately in 30 mL hot methanol and
mixed. After heating on a water bath for a fewminutes, the
solution immediately turned brown. The solution was then
heated for 30 min to reduce the volume to 20 mL. Sodium
perchlorate (0.368 g, 3.0 mmol) was added to the cooled
solution. After standing overnight, a deep-brown precipi-
tate, anticipated to be [NiL](ClO4)2, was separated by
filtration, washed with methanol followed by diethyl ether
and stored in a vacuum desiccator.

Preparation of crystals: Crystals were grown by the
slow crystallization from its acetonitrile/n-hexane (1:1, v/v)
solution. X-ray crystallography proved to the formulation
to be [NiL]2Na(ClO4), a known species [6], so no further
characterisation was performed. The melting point of the
sample was not determined as perchlorates are explosive
at elevated temperatures.

Experimental details

The C-bound H atoms were geometrically placed
(C–H = 0.95–0.99 Å) and refined as riding with
Uiso(H) = 1.2–1.5Ueq(C). Owing to poor agreement, one
reflection, i.e. (−1 1 6), was omitted from the final cycles of
refinement.

Comment

In continuation of recent and on-going studies of N4-
donor macrocycles and their transition metal complexes
[7, 8], an attempt was made to synthesise the nickel
(II) complex derived from 5,7,12,14-tetramethyl-1,4,8,11-
tetraazacyclotetradeca-4,6,11,13-tetraene, prepared from
the 1:1 condensation reaction of ethylenediamine and
acetylacetone. However, under the reaction conditions
employed, cyclisation did not occur/persist and the title
complex [NiL]2Na(ClO4), hereafter (I), was obtained.
While the crystal structure of (I) has been reported
previously [6], the new data enables a more detailed dis-
cussion of geometric parameters and the absence of
disorder facilitates the discussion of supramolecular
association in the crystal.

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Ni . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
Na . . () . . ()
Cl . . () . . ()
O . () . () . () . ()
O . () . () . () . ()
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The molecular structure of two-fold symmetric (I) is
shown in the figure (70% probably displacement ellip-
soids); the Na1 and Cl1 atoms lie on the two-fold axis of
symmetry. The nickel(II) centre lies within a square-planar
geometry defined by a N2O2 donor set with the r.m.s.
deviation for the five atoms being 0.0175 Å; the maximum
deviation from the least-squares plane being 0.0208(5) Å
for atomO1. There is no pattern in the Ni–O and Ni–N bond
lengths with Ni–N1 [1.8527(11) Å], Ni–N2 [1.8592(12) Å]
and Ni–O2 [1.8552(9) Å] being equal within experimental
error and shorter than Ni–O1 [1.8625(10) Å]. Greater
ranges of Ni–O [1.8570(18) and 1.8663(18) Å] and Ni–N
[1.8454(18) and 1.8553(18) Å] bond lengths are noted in the
structure of NiL [9]. These observations suggest the
interactions formed between the O1 and O2 atoms
and the sodium cation [Na1/O1 = 2.3953(9) Å and
Na1/O2 = 2.3285(11) Å] do not exert a significant influence
upon the Ni–O bonds. In the N1–C3–C2–C1–O1 residue, the
sequence of bond lengths, i.e. 1.3110(18), 1.414(2), 1.368(2)
and 1.3003(16) Å, in particular the lengthening and short-
ening of the formal imine and alkoxy bonds, suggest
considerable delocalisation of π-electron density; the
equivalent values for the N2–C6–C7–C8–O2 residue are
1.3107(18), 1.419(2), 1.367(2) and 1.3006(17) Å, respectively.

The Na1 cation provides the link between the two NiL
complexes and also interacts with symmetry equivalent
perchlorate–O3 atoms [2 × 2.4948(15) Å]. This results in a
disparity in the Cl–O bonds, with Cl1–O3 [1.4454(12) Å] being
longer thanCl1–O4 [1.4208(14)Å], inkeepingwithexpectation.

The structure of (I) is not the only example where a
second residue links two NiL complexes. In another
example, Zn(NCS)2 mediates the formation of a three-
molecule aggregate, with the zinc centre attaining a N2O4

donor set [10]. With each of Cd(NCS)2 and Cd(N3)2, NiL2 is
an ancillary ligand in one-dimensional coordination
polymers formulated as {Cd(NCS)2NiL2}n and
{Cd(N3)2NiL2}n, respectively [11].

In the crystal, methylene-C–H/O(perchlorate)
[C5–H5a/O3i: H5a/O3i = 2.50 Å, C5/O3i = 3.2369(19) Å
with angle at H5a = 131° for symmetry operation (i):
3/2−x, 3/2−y, 2−z] and methyl-C–H/O(perchlorate)
[C10–H10c/O4ii: H10c/O4ii = 2.43 Å, C10/O4ii = 3.386(2) Å
with angle at H10c = 165° for (ii): 3/2−x, −1/2+y, 3/2−z]
interactions combine with methylene- and methyl-C–
H/π(chelate ring) interactions, well-known in coor
dination chemistry [12], within a three-dimensional arc
hitecture.While each ringparticipates in twoC–H/π(chelate
ring) contacts, one to either side of the plane, only data-
for the shortest contact for each are given [C11–
H11c/Cg(O1,N1,C1–C3)i: H11c/Cg(O1,N1,C1–C3)i = 2.78 Å
with angle at H11c = 145°; C10–H10b…Cg(O2,N2,

C6–C8)iii: H10b…Cg(O2,N2,C6–C8)iii = 2.54 Å with angle at
H10b = 149° for (iii): 3/2−x, 1/2+y, 3/2−z].

An analysis of the calculated Hirshfeld surfaces and of
the full and delineated two-dimensional fingerprint plots
was also conducted, being calculated with Crystal Explorer
17 [13] employing literature methods [14]. The calculations
show all surface contacts involve hydrogen and over half
of these are H/H contacts, contributing 52.5%. The next
most significant contributions to the Hirshfeld surface
are O/H/H/O contacts at 23.2%. The remaining
contributions to the surface are from C/H/H/C [14.2%],
N/H/H/N [5.9%] and Ni/H/H/Ni [4.2%].
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