Inorganica Chimica Acta 498 (2019) 119175

Contents lists available at ScienceDirect

Inorganica
Acta

Inorganica Chimica Acta

journal homepage: www.elsevier.com/locate/ica

Research paper

Check for
updates

Formation of a carbonato bridged Ni4-complex by atmospheric CO, fixation:
Crystal structure and magnetic properties

Monotosh Mondal™", Jilia Mayans®, Ashutosh Ghosh™*

& Department of Chemistry, University College of Science, University of Calcutta, 92, A.P.C. Road, Kolkata 700 009, India

" Department of Chemistry, Haldia Government College, Debhog, Purba Medinipur 721657, India

© Departament de Quimica Inorganica i Organica, Seccié Inorganica and Institut de Nanociéncia i Nanotecnologia (IN?UB), Universitat de Barcelona, Marti i Franqués 1-
11, 08028 Barcelona, Spain

ARTICLE INFO ABSTRACT

Keywords:

Atmospheric CO, fixation

Tetranuclear Ni compound

New coordination mode of carbonate for Ni
cluster

Magnetic interaction

Magnetostructural correlation

Reaction of NiCly6H,O with a simple N,O donor tridentate reduced Schiff base ligand, 2-[(3-methylamino-
propylamino)-methyl]-4-nitro-phenol ~ (HL) yielded a tetranuclear complex, [NigL4Clo(pg-CO3)
(CH3CN),]-0.5CH3CN-H,0 (1) which was structurally characterized. Complex 1 is an example of atmospheric
CO, fixation model with uniqueness in a new y4-k*x%n"':n'-carbonato coordination mode to Ni(II). Involvement
of this type of NNO donor ligands for the synthesis of carbonato bridged polynuclear compounds by spontaneous
atmospheric CO, fixation is very rare. All Ni(Il) ions are in octahedral environment in 1 with phenoxido and
hexadentate pu4-carbonato bridging. Variable temperature magnetic measurements showed overall anti-
ferromagnetic coupling between Ni(II) centers with J; = —60.32cm ™', J, = —19.52cm ™%, J5 = 2.6 cm ™! and
J4 = 3.3cm ™. The magnetic behavior of the complex has been explained considering the carbonato and phe-

noxido bridging angles.

1. Introduction

Atmospheric CO, fixation is an important phenomenon for its re-
levance in controlling the global warming, usage as natural source of C1
chemical feedstock for preparation of various organic compounds by
metal catalysts and conversion into metal carbonates, most of which are
the useful mineral in the earth crust [1-8]. The carbonate ion is a very
good and versatile flexidentate bridging ligand as each of its three
oxygen atoms can coordinate to a metal ion in monodentate or bridging
bidentate mode (Scheme 1) and thus can produce discrete polynuclear
complexes with metal ions [9]. Such carbonate bridged complexes have
drawn attention of the chemists because of their significance in un-
derstanding the bio-mineralisation process as well as the function of
metalloenzymes like carbonic anhydrase and nonheme Fe(Il) in the PS-
11, which can activate and hydrate carbon dioxide [10-12]. Moreover,
the magnetic properties of the carbonate bridged complexes of para-
magnetic transition metal ions and of lanthanides are also of interest
due to the intriguing magnetic coupling between the metal centers and
their single molecule magnet behaviour [13-18]. However, formation
of such carbonate bridged complexes by spontaneous fixation of CO, is
rather a rare phenomenon presumably due to its low concentration in
the atmosphere and high stability and therefore, the carbonate bridged
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complexes are prepared frequently by the addition of carbonate/bi-
carbonate salts or passing CO, to the reaction mixture [19-20]. Lit-
erature shows that spontaneous fixation occurs more often in basic
solution than in neutral medium [21]. Therefore, all the reported car-
bonate bridged complexes produced by the spontaneous absorption of
CO,, seems to be the result of serendipity rather than planned synthesis
[22-24]. A new example of such species is worthy to report as it may
help in better understanding of the factors that determine its formation/
isolation and consequently in designing a general method for synthesis
of such complexes.

As CO, fixation is highly pH dependent phenomenon and usually
happens in basic medium, the choice of ligands in a particular medium
is one of the important factors. Various multidonating N- and/or O-
donor non-Schiff base ligands are preferred for synthetic purpose be-
cause these types of ligands are resistant to any change with respect to
pH of the reaction medium (> C=N- bond of Schiff base ligands is
prone to hydrolysis at low or high pH) [25-26]. A few carbonato
bridged Ni(II) complexes of Schiff base ligands are known but those
Schiff bases are bi-compartmental, dinucleating types [27-29]. In-
volvement of simple NNO donor tridentate Schiff base ligands are very
rare and only one such structure has been reported previously [30].

Hereby, we report spontaneous fixation of atmospheric CO, and its
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Scheme 1. Reported bridging modes of carbonate around Ni(II) centers. [a = anti-anti-uy, b = kx>, ¢ = k>0, d = ps-«*n:n', e = syn-anti-us, f = pu4

', g = ', b= pen’].

conversion into carbonate during the reaction of a NNO donor tri-
dentate reduced Schiff bases ligand, 2-[(3-methylamino-propylamino)-
methyl]-4-nitro-phenol (HL) with methanolic solution of NiCly-6H,0
that leads to the formation of a tetranuclear p4-x*x%n':n'-carbonato
bridged complex, [Ni4L4C12(M4-C03)(CHgCN)Z]O5CH3CNH20 (l) The
complex is separated only from basic medium and can also be synthe-
sized by bubbling CO, or by addition of carbonate salt into the reaction
medium. It is characterized by single crystal X-ray crystallography,
electronic spectrum, IR spectrum and elemental analyses. The magnetic
property of this carbonato bridged Ni, species is explored experimen-
tally. The molecule is antiferromagnetically coupled, consistent with
different bridging modes and angles between metals and ligands.

2. Experimental section
2.1. Starting materials

2-hydroxy-5-nitrobenzaldehyde, N-methyl-1,3-propanediamine, so-
dium borohydride and potassium carbonate were purchased from
Spectrochem, India and were of reagent grade. They were used without
further purification. The other reagents and solvents were of commer-
cially available reagent quality, unless otherwise stated.

2.2. Synthesis of the ligand 2-[(3-methylamino-propylamino)-methyl]-4-
nitro-phenol (HL)

Solid 2-hydroxy-5-nitrobenzaldehyde (835.6 mg, 5 mmol) was dis-
solved in warm methanol (30 mL). Then N-methyl-1,3-propanediamine
(0.52 mL, 5 mmol) was added to this solution and the mixture was put
under refluxed for 1h. The resulting solution was cooled to 0°C and
solid sodium borohydride (210 mg, 6 mmol) was added slowly to it with
constant stirring. After completion of the addition, the resulting mixture
was acidified with concentrated HCl (5mL) and then evaporated to
dryness. The reduced Schiff-base ligand (HL) was extracted from the
solid residue with methanol. This methanolic solution was used for the
formation of complex [31-32].

2.3. Synthesis of [NisL4Clz(14-CO3)(CH5CN)2]-0.5CH;CN-H:0 (1)

Complex 1 was produced by spontaneous atmospheric CO, fixation
as described in method 1 below. However, the yield was low. Therefore,
in order to increase the yield, method 2 (bubbling of CO,) and method 3
(addition of K,CO3) were adopted.

Method 1: NiCl,-6H,0O (518.36 mg, 4 mmol) dissolved in 20 mL of
methanol, was added to a methanolic solution (20 mL) of the Schiff base
(HL) (4 mmol) with constant stirring for 30 min followed by slow ad-
dition of triethylamine (0.56 mL, 4 mmol). The resulting solution was
kept in open air until the solvent got evaporated to result in a solid
greenish mass. The green solid was washed with diethyl ether and
dissolved in CH5CN. X-ray quality deep-green single crystals of complex
1 were obtained by diffusion of diethylether to the acetonitrile solution.
These crystals were used for single crystals X-ray analysis and also for
other experiments.

Yield: 288 mg; (200/0) Anal. Calcd. For C50H73_5C12N14_5Ni4016: C,
41.72; H, 5.15; N, 14.11. Found: C, 41.65; H, 5.05; N, 14.05. IR (KBr
pellet, cm ™ 1): vey_gny, 3249 cm ™Y, 1(CO3), 1480, 1455, 741 cm ™ .

Method 2: A solution was prepared by mixing NiCl,'6H,0 (4 mmol),
HL (4mmol) and triethylamine (4 mmol) in methanol as described
above. Then CO, gas was bubbled through the solution for 2h. The
resulting solution was kept in open air until a greenish solid was ob-
tained on evaporation of the solvent. The solid was dissolved in CH;CN
and layered with diethylether to obtain the crystalline product. Yield:
791.6 mg (55%) Anal. Caled. For CsoH735CloN745NisOq6: C, 41.72; H,
5.15; N, 14.11. Found: C, 41.89; H, 5.21; N, 14.23.

Method 3: Solid K,CO3 (0.276 gm, 2mmol) was dissolved in
minimum amount of methanol-water mixture 10:1 (v/v). It was then
added slowly with constant stirring to a previously synthesized solution
containing NiCly'6H,0 (1 mmol) and ligand (1 mmol) in methanol as
stated above. Slow evaporation of the resulting green solution gave a
green microcrystalline compound. The green solid was then filtered and
washed with diethyl ether and dissolved in CH3CN. Crystalline product
was obtained from this solution by slow diffusion of diethylether. Yield:
244.6 mg; (68%). Anal. Calcd. For CsoH735CloN7145NifOq6: C, 41.72; H,
5.15; N, 14.11. Found: C, 41.61; H, 5.01; N, 14.00.
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2.4. Physical measurements

Elemental analyses (C, H and N) were performed using a Perkin-
Elmer 2400 series II elemental analyzer. An IR spectrum in KBr pellets
(4500-500 cm ~ 1) was recorded using a Perkin-Elmer RXI FT-IR spec-
trophotometer. An Electronic spectrum (1500-250 nm) was recorded in
a Hitachi U-3501 spectrophotometer. Solid-state, variable-temperature
and variable-field magnetic data were collected on powdered samples
using a MPMS5 Quantum Design magnetometer operating at 0.03 T in
the 300 to 2.0 K range for the magnetic susceptibility and at 2.0 K in the
0-5T range for the magnetization measurements. Diamagnetic correc-
tions were applied to the observed susceptibilities using Pascal con-
stants. The quality factor was parametrized as
R= (XMTexp - XMTcalc)Z/(XMTexp)z-

2.5. X-ray crystallographic data collection and refinement

Collected diffractable single crystal of complex 1 was mounted on a
Bruker-AXS SMART APEX II diffractometer equipped with a graphite
monochromator and Mo-Ka (A, = 0.71073 ;\) radiation. The crystal was
positioned at 60 mm distance from the CCD. 360 frames were measured
with a counting time of 5s. The structure was solved using direct
method by using the SHELXT 2014/5 [33]. Non-hydrogen atoms were
refined with independent anisotropic thermal parameters. The hy-
drogen atoms bonded to carbon were included in geometric positions
and given thermal parameters equivalent to 1.2 times (1.5 times for
methyl hydrogens) those of the atom to which they were attached.
Absorption corrections were carried out using the SADABS program
[34]. The structure was refined by full-matrix least-squares on F? using
ShelXL programme [35]. The details of crystallographic data for com-
plex 1 are given in Table 1. CCDC-1914050 (1) contains the supple-
mentary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif (see Table 2).

3. Results and discussion
3.1. Synthesis of the complex

The tridentate Schiff base ligand was synthesized via condensation
between N-methyl-1,3-propanediamine and 2-hydroxy-5-ni-
trobenzaldehyde (1:1 M ratio) in methanol. In situ reduction by sodium
borohydride and subsequent treatment with conc. HCI, it readily

Table 1
Crystallographic parameters for complex 1.

Complex 1
Chemical formula C40H70Cl5N;4Ni4015,0.5CH3CN,H,0

Formula weight 1439.3
Crystal system Tetragonal
Space group I4,cd

a(k) 15.5680(15)
b (&) 15.5680(15)
¢ (A) 56.601(9)
a, B, y deg 90

v (A% 13718(3)

Z 4

Peac(g cm ™) 1.390

1 (Mo Ka) (mm™ %) 1.228
F(000) 5964
Reflections collected 47,815
Independent reflections 6967
Reflections with I > 20(I) 5516

R:%, WRy" 0.0544, 0.1518
GOF ¢ 1.02

Residual electron Density, e/A3 —-0.50, 1.54

? Ry = Z||Fo| - [Fe| |/E[F,|, "WRz (Fo?) = [ZIw(F,* — F**/Zw Fo'1” and
‘GOF = [Z[W(F,* — F*)*/(Nobs— Nparams)]1”.
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Table 2
Hydrogen-Bond Parameters in Complex 1 (in A and °).
D-H....... A d(D-H) d(D...A) d(H...A) < (D-H...A)
N(32) — H(32)...0(10) 0.98 3.054(6) 212 159
N(36) — H(36)...Cl(1) 0.98 3.341(5) 2.39 163
N(18) — H(18)...0(52) 0.98 3.141(13) 2.24 153

produced the tridentate reduced ligand, 2-[(3-methylamino-propyla-
mino)-methyl]-4-nitrophenol (HL). The ligand on reaction with
NiCl,'6H,O in basic medium (containing triethylamine) produced tet-
ranuclear carbonato bridged Ni(II) complex (1), rather serendipitously
by atmospheric CO, fixation but in very low yield. We succeeded to
produce the complex in higher yield via two other methods: (i) con-
tinuous bubbling of CO, and (ii) adding K,COs3 as an external source of
CO3%~ into the methanolic solution of NiCl,6H,0 and HL as described
in the experimental section and shown in Scheme 2.

3.2. IR and electronic spectrum of the complex

The electronic spectrum (Fig. S3) of this tetranuclear Ni(II) complex
are recorded in acetonitrile solution. The bands observed at 369 nm for
complex 1 are assigned to those of L — M charge transfer transitions
which is characteristic of the transition metal complex with Schiff base
ligands. This strong band masks the higher energy d-d bands (*A; —
3T1g(P)). The other two spin allowed d-d transitions for octahedral
complex 1 (viz. 3A2g — 3T1g(F) (v1), 3A2g — 3ng(F) (v5)) are observed at
589(v;) nm and at 955(v,) nm [36-37].

The IR spectrum (Fig. S4) of complex 1 shows a sharp peak at
3249 cm ™! due to the symmetric stretching vibration of N—H bond. The
reduction of C=N bond is evident by absence of any sharp and strong
peak at the range of 1600-1620 cm ~ !, characteristic of C=N stretching
[38-40]. According to literature survey, all carbonate related vibration
modes are observed in between 1400 and 1500 cm ™~ '. The complex
shows absorption peaks at 1480, 1455 and 740 cm ™! due to different
stretching and bending modes of carbonate [41].

3.3. Description of the crystal structures

The molecular structure of complex 1 is shown in Fig. 1. It com-
prises of discrete tetranuclear unit of the neutral compound,
[NigL4Clo(ps-CO3)(CH3CN)2]-0.5CH3CN-H,0 having a C, axis passing
through the carbon (C(1)) and one of the oxygen atoms [O(2)] of car-
bonate ion. The asymmetric unit contains two deprotonated reduced
Schiff base ligands (L), one chloride anion, one coordinated acetoni-
trile molecule, two nickel centers and half unit of bridging carbonate. In
the tetrameric structure, four nickel atoms are bridged in a y, fashion
by a single carbonate ion via its oxygen atoms. The three Ni-O-Ni angles
are different; thus, Ni(1)-O(1)-Ni(2) 140.5(2)°, Ni(1)-O(2)-Ni(1)*
175.2(4)° and Ni(2)-0(24)-Ni(2)* 98.2(2)° and the Ni-Ni bond dis-
tances are Ni(1)-Ni(2) 4.071 A, Ni(1)-Ni(1)* 4.296 10\, and Ni(2)-Ni(2)?
3.157 A. The carbonato ligand together with four Ni centers are nearly
coplanar. The deviations of the Ni atoms from the mean plane passing
through four Ni centers are 0.22 A, 0.30A from Ni(1) and Ni(2), re-
spectively. The average O—C—O bond angle [0(1)-C(1)-0(2), 117.5°, O
(1)-C(1)-0(1)?, 125.0°] is 121.2°. The C—O—Ni angles are different; Ni
(1)-0(1)-C(1) 89.6(5)°, Ni(2)-0O(1)-C(1) 127.0(5)°, Ni(1)-0O(2)-C(1)
92.4(2)°. Both the nickel atoms in the asymmetric unit are six-co-
ordinated (Fig. S1), but the environments around them are not
equivalent. Ni(1) is bonded to the uninegative chelating tridentate li-
gand through secondary amine nitrogen atoms, N(18), N(22) and
phenoxido oxygen atom, O(10) in mer-configuration with usual bond
distances. Two oxygen atoms [O(1), O(2)] from the central carbonate
anion, and a chloride ion which is trans to the carbonate oxygen atom,
0O(2) complete the octahedral geometry. The basal plane around Ni(1)
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Scheme 2. Synthesis of complex 1.

Fig. 1. Ortep diagram of complex 1 with ellipsoids at 30% probability (* = x,
—y, —z). Hydrogen atoms and non coordinated solvents are omitted for clarity.

center is composed of four donor atoms, N(18), CI(1), O(2), O(1). The
bond lengths in the basal plane vary in the range of 2.079(7) to
2.356(2) A. Deviations of the coordinating atoms N(18), Cl(1), O(2) and
O(1) from the least squares mean plane through them are 0.047(8),
—0.042(3), —0.070(1) and —0.064(5) A, respectively, and that of the
Ni(1) atom from the same plane is 0.026(1) A towards the axially co-
ordinated N(22) atom. The two axial positions are occupied by O(10)
and N(22) of the tridentate Schiff base at a distance of 2.062(6) and
2.139(6) /o\, respectively with a O(10)-Ni(1)-N(22) bond angle of
172.2(3)°.

By contrast around Ni(2), there is no chloride anion; instead one
acetonitrile solvent is coordinated to it. The hexacordination around Ni
(2) is completed by the tridentate ligand in facial configuration via its
secondary nitrogen atoms [N(32), N(36)] and phenoxido oxygen atoms
[0(24)], one phenoxido oxygen atom O(24)* of a second ligand

together with O(1) of p4-CO5>~. The basal plane is constituted by O
(24), N(32), N(36) and O(24)? atoms. The N(1) atom of the acetonitrile
molecule and O(1) atom of ps-CO5>~ occupy the two axial positions.
The Ni(2)-0(24)? bond of 2.072(5) A is shorter than the Ni-O(24) bond
of 2.105(5) A. Deviations of the coordinating atoms 0(24), N(32), N
(36) and O(24)? from the least squares mean plane through them are
0.144(5), —0.130(7), 0.118(7), and —0.132(5) Z\, respectively, and
that of the Ni(2) atom from the same plane is 0.076(1) A towards the
axially coordinated N(1) atom. The Ni-N bonds fall in the range of
2.082(6)-2.125(9) A. The bond with N(1) of acetonitrile is slightly
longer than O(1) of bridging carbonato ligand in axial position with
bridging angle, 178.3(3)°. In the structure, there are three hydrogen
bonds which is shown in Fig. S2, N(32) to 0(10), N(36) to Cl(1) and N
(18) to O(52) with dimensions H(32)...0(10) 2.12 [o\, H(36)...CI(1)
2.40 A, H(18)...0(52) 2.24 A; N(32)...0(10) 3.059(9) A, N(36)...CI(1)
3.349(8) 10\, N(18)...0(52) 3.141(13) A and N(32)-H(32)...0(10) 159°,
N(36)-H(36)...C1(1) 163°, N(18)-H18...0(52) 153° respectively. Se-
lected bond lengths and angles are summarized in Table S1.

Usually flack parameter gives the idea of absolute configuration in
any chiral crystal. In case of complex 1, the value is 0.01(3) which
indicates that enantiomeric purity of single crystal. The employment of
ligands with a prochiral center in coordination chemistry generates
chiral center in the final complex. The presence of chiral centers in the
molecule induces the phenomenon of chirality transfer, which produces
structures with predetermined supramolecular chirality that can be
observed at different levels. In our case, the two N-donors of the Schiff
base are bonded to three different groups (Scheme 2) and after co-
ordination to the metallic cation become chiral centers which can have
R or S configurations. The reaction that allows to the syntheses of HL is
not selective and contains two prochiral N atoms, and thus, the starting
ligand should be a racemic mixture of the (RR), (SS), (RS) and (SR)
enantiomers. Noteworthy, it is surprising that among the four possible
configurations (there is no steric impediment to change the H and
methyl positions), the clusters of 1 are enantiomerically pure (RR) or
(SS) isomers, related between them by reflection planes in the network.

This chirality is also transmitted to the Ni centers which have 6
different ligating atoms around them (which meant that are
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Fig. 2. Left, coordination sphere of Ni(1) and Ni(2) for the (RR)-L™ ligand, and
right, coordination sphere of Ni(1) and Ni(2) for the (SS)-L~ ligand. The atom
in orange show the H atoms coordinated to the N chiral centers. (For inter-
pretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

automatically chiral centers). Fig. 2 represents the coordination spheres
of Ni(1) for (RR) molecules and Ni(1) for (SS) molecules showing that
they are not superimposable. The same is true for the coordination
spheres of Ni(2).

Among the reported carbonato bridged complexes, the majority
contain Cu(II) and Zn(II) ions in homonuclear and 3d(Cu, Ni, Zn)-4f
ions in heteronuclear structures. Quite a few carbonato bridged Ni(II)
complexes are also reported and the nuclearity of these complexes
varies from Ni, to Ni;». Of these structures, only two are tetranuclear
and the bridging mode of carbonate in these two are: {n':n':n*u4} and
{n%m>u4} [29,42]. Thus, the present complex is only the third example
of carbonato-bridged tetranuclear Ni(II) complex and a new coordina-
tion mode of carbonate (/J4-K22K227112711) to Ni(ID) is identified in it.

3.4. Magnetic properties

The T product plotted as x,T vs. T for complex 1 is represented in
Fig. 3 in the temperature range 2-300 K. The magnetic behaviour of the
carbonate bridge presents different type of interactions depending on
the coordination mode, and has been widely studied for many para-
magnetic metallic centers [43-45]. The bridging modes which are
present in complex 1 are shown in Fig. 4. The experimental y T value of
4.03 cm®K'mol ~! at room temperature, agrees perfectly with the ex-
pected value of four non interacting Ni(II) cations. The curve decays
with lowering of temperature, reaching S = 0 at low temperature. This
behaviour is characteristic of a carbonate bridged paramagnetic centers
with a global antiferromagnetic coupling.

The plot of yy, vs. T is represented in Fig. 3, inset which has a value
of 0.013 cm®mol ™! at room temperature and increases continuously
when the temperature decreases reaching a maximum value of
0.071 cm®mol ! at 13K and decreasing again to a final value of
0.028 cm>®mol ~! at 2 K. This behaviour with a maximum in the y vs. T
curve, confirms the global antiferromagnetic behaviour and the S = 0
ground state of complex 1.

From the structural data we realized that there are four main,
clearly different superexchange pathways: the interaction between Ni
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Fig. 3. xm T vs. T for complex 1. Inset, %y vs. T representation which confirms
the overall antiferromagnetic behaviour. Solid lines represent the best fits.

Fig. 4. Environments of Ni(II) ions in complex 1 with different bridging modes

(phenoxido, pu4-k*:x%n":n'-carbonato).

(1) and Ni(2) which is mediated by one oxo donor with a large Ni-O-Ni
bond angle of 175.2°, two interactions between Ni(1) and Ni(2) (and
symmetry related ones) with a Ni-O-Ni bond angle of 140.5°, two syn-
anti carbonato bridges and finally the Ni(2)-Ni(2)’ interaction mediated
by phenoxo bridges with Ni-O-Ni bond angles of 98.2°. On the basis of
these interactions, the coupling scheme for 1 is depicted in Fig. 5 and
the derived isotropic spin-Hamiltonian to fit the magnetic behavior of
the complex using the PHI software [46] is:

H
= —2J; Snir-Swir) — 2 (Swin-Sniz + Swir-Sniz) — 20
(SwirSniz + Snir-Sniz) — 204 (Swio Sniz)

The fit yields in the values of J; = —60.32cm™?,
Jy=—-19.52em™ Y, J; = 2.6cm ™! and J, = 3.3ecm ™ L. The g value is
2.3. As should be expected, the stronger antiferromagnetic interaction
corresponds to the larger Ni-O-Ni bond angle (J;), a lower but also
strong interaction to the two Ni-O-Ni bond angles (J). The syn-anti
interactions mediated by the carbonato bridge are a poor super-
exchange pathway (J3) and the J4 value is characteristic of phenoxo
bridges with bond angles close to the ferro-antiferromagnetic border.
Despite the weak ferromagnetic character of J; and J4 very strong
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Fig. 5. Coupling scheme for complex 1 with two antiferromagnetic exchange
pathways (J; and J») and two ferromagnetic pathways (J3 and J,).

antiferromagnetic interaction through Ni(1) and Ni(1’) with an angle of
175.2° (J;) and the also antiferromagnetic coupling between Ni(1)-Ni
(2) and Ni(1")-Ni(2’) (J2) dominate the overall couplings.

As the magnitude of J5 and J, are very small compared to that of J;
and J,, a second fit was tried using only J; and J,. However, this ap-
proach resulted in a worse fitting of the curve because, the product was
not diamagnetic below 10K (xuT ~ 1 cm*K:mol '), and therefore J;
and J, cannot be neglected.

4. Conclusion

In this paper, we have shown the formation of a tetranuclear Ni(II)
complex by spontaneous absorption of aerial CO, and thereby in situ
generation of carbonate ligand. The novelty of the work is in that a
simple N,O donor reduced Schiff base ligand is found to be effective as
ancillary ligand for the atmospheric CO, fixation, which is very rare in
the literature and a new bridging mode (us4-k*x%nt:n!) of CO52~ to Ni
(ID) has been identified in complex 1. This bridging mode of the central
carbonate anion along with a diphenoxido bridge affords a unique
connectivity between the paramagnetic octahedral Ni(II) ions in the
complex, which plays a crucial role in the observed overall anti-
ferromagnetic coupling. The analysis of magnetic data suggests that the
carbonato oxygen atoms mediate strong antiferromagnetic coupling as
the bridging angle is very wide (175.2°, 140.4°) whereas weak ferro-
magnetic coupling occurs through phenoxido bridge as the bridging
angle is much smaller (98.2°) and also via the syn-anti carbonate bridge.
Further studies are going on to isolate some more complexes of this type
with various metal ions in order to understand the driving forces for
atmospheric CO, fixation during the preparation of such complexes and
to investigate their magnetic properties.
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