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The reaction of Ni(NO3),-6H,O with Na,SeO; in the pres-
ence of tetramethylethylenediamine (TMEDA) in a water/
ethanol mixture vyielded the heteroleptic complex
[{Ni(TMEDA)SeOg3},] (1). Single-crystal X-ray diffraction
analysis showed that complex 1 consists of a dinuclear spe-
cies in which the two nickel atoms are held together by two
bridging selenito anions. The crystal packing of 1 is deter-
mined by networks of hydrogen bonds, involving cocrystal-

ized water molecules and the oxygen atoms of the bridging
SeO3% groups. The two nickel ions in 1 exhibit antiferromag-
netic coupling with J = -25.7 0.1 cm™, in good agreement
with DFT calculations. In addition, when a less sterically hin-
dered ancillary ligand, such as ethylenediamine (en), was
used, the homoleptic complex [Ni(en);](SeO3) (2) was ob-
tained.

Introduction

In the last decade, interest in the structural chemistry of
selenites and tellurites has grown significantly, in view of a
series of interesting properties. First, they produce solid-
state structures containing channels and cavities suitable to
housing the selenium or tellurium electron lone pairs and
form organically templated open-framework structures.['l In
fact, their electron lone pairs can often function as “chemi-
cal scissors”, which break up three-dimensional networks,
giving rise to layered or hollow structures.”>3 Moreover, the
presence of electron lone pairs also affords non-centrosym-
metric compounds displaying useful properties such as sec-
ond-order nonlinear optical (NLO) behavior, ferroelec-
tricity, and piezoelectricity.®] In addition, the bridging
properties of selenites and tellurites to connect to transition
metal cations permits magnetic exchange between paramag-
netic centers.’] Finally, the weakly coordinative capability
of the Se' and Te'Y electron lone pairs could give rise to
supramolecular interactions, as observed for the polyoxosel-
enitepalladate anions [Pd,s(u3-SeO3)10(13-O)1oNa]’~ in the
solid state.[®]
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Nevertheless, relatively few studies on transition metal
selenites and tellurites have been reported until now. By hy-
drothermal synthetic methods, a number of compounds
have been synthesized and structurally characterized, for
example, CoSeO; and CuSeOs,! NiSeO; and MnSeO5,!
PdSe0;,) MnTeO;, CoTeO5, and NiTeO5.['Y) By using suit-
able organic ligands it is possible to obtain oligonuclear
transition metal selenite or tellurite complexes, which can
be considered the building blocks of the extended solid-
state structures of metal selenite and tellurite. In fact, in
these oligonuclear compounds the selenite and tellurite
anions exhibit the same bridging behavior between metal
centers, which is the structural leitmotiv of the correspond-
ing extended solid. In this regard, Sousa-Pedrares and co-
workerst!!] have reported the synthesis, structural charac-
terization, and magnetic properties of a series of heterolep-
tic copper selenites with N-containing chelating bidentate
ligands (phenanthroline and bipyridine). These compounds
show polymeric or dinuclear structures with antiferromag-
netic coupling.

In this context, we have attempted the synthesis of hetero-
leptic selenite complexes of nickel(IT) with aliphatic biden-
tate amines with different steric demand, such as N,N’-tet-
ramethylethylenediamine (TMEDA) and ethylenediamine
(en). The relevant results are reported in this paper, dealing
in particular with the synthesis, structural characterization,
and magnetic properties, along with DFT calculations, of
the heteroleptic dinuclear nickel selenite complex
[{Ni(TMEDA)SeO5},] (1). By using the less sterically de-
manding ethylenediamine (en) as a chelating ligand, the
homoleptic mononuclear complex [Ni(en);]SeO5 (2) is ob-
tained, in which the selenite anion does not participate in
the coordination to the Ni** cation.
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Results and Discussion

This paper deals with the synthesis, characterization, and
magnetic properties of the heteroleptic selenite Ni** com-
plex with N,N’-tetramethylethylenediamine as ancillary li-
gand. In addition, the homoleptic selenite Ni*>* complex,
with the ethylenediamine ligand, is also reported. These an-
cillary ligands were chosen in order to avoid the formation
of polymeric solid-state inorganic structures, due to the
ability of the XO5? moiety (X = S, Se, Te)l! to bridge metal
centers and form extended structures.

Synthesis and Structural Characterization of Complexes 1
and 2

Green crystals of binuclear complex [Ni(TMEDA)-
(Se03)],*(H,0)g (1) were obtained by reacting an aqueous
solution of Na,SeO; with an ethanol solution of tetra-
methylethylenediamine (TMEDA) and Ni(NO;),:6H,0,
followed by slow evaporation of the solvents (Scheme 1).
Variations of the molar ratios of Ni>*/TMEDA do not af-
ford any products other than 1. Formation of the tris(tetra-
methylethylenediamine)nickel cation [Ni(TMEDA);]** is
not favorable, due to the steric hindrance of the TMEDA
ancillary ligand.['l Mass spectroscopic analysis of 1 (by
ESI-MS, Figure S1), carried out in methanol solution, indi-
cated the presence of dinuclear complex 1 even in solution,
suggesting its high stability.

.\\“\sef-r»
Me; 0 9 Me;
: H,O/EtOH N, ‘ O, ‘ N
NiNOy6H,0 + Na,5e03 ——— "N Ni
N(CH3),CHoCHN(CH), N ‘ Ny ‘ N,
Me; Me;
HoO/EtOH o /0
NH,CH;CH,NH, \sg

1
[Ni{NH2CH,CH,NH, )a1Se 0

2

Scheme 1. Synthesis of complexes 1 and 2.

Compound 1 crystallizes in the P2,/n space group, and
the asymmetric unit is represented by the Ni(TMEDA)SeO;
fragment that gives rise to a dinuclear structure with a cen-
ter of symmetry lying between the two nickel atoms. Each
metal is in a slightly distorted octahedral geometry achieved
by the N,N-bidentate TMEDA ligand and by four oxygen
atoms from two bridging selenite anions (Figure 1). Two of
these oxygen atoms behave as oxido bridges, as they directly
link the two metal centers, whereas the remaining oxygen
atoms connect the two metals through the O-Se-O moiety.
This behavior influences the coordination bond lengths,
since the Ni-O separation involving the oxido bridge [Ni—
01 2.170(1) A] is significantly longer than those originating
from the O-Se-O bridge [Ni-O2 2.078(1) and Ni-O3
2.085(1) A].
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Figure 1. ORTEP drawing of 1 with thermal ellipsoids at the 30%
probability level. The crystallization water molecules are omitted
for clarity. Symmetry codes: ' = 1 - x; 1 — p; 1 — z. Selected bond
lengths [A] and angles [°]: Ni-O1 2.169(1), Ni-O2 2.078(1), Ni-O3
2.085(1), Ni-N1 2.114(2), Ni-N2 2.121(2); N1-Ni-N2 85.47(7),
O1-Ni-02 73.27(5), O2-Ni-O3 162.12(6), O1-Ni-O3 94.50(5),
O1-Ni-O1’ 80.28(5), O2-Ni-O1" 91.84(5), O3-Ni-O1’ 72.92(5).

The Se—O bond pertaining to the oxido bridge is signifi-
cantly longer than the other two Se-O bonds [Se-Ol
1.727(1), Se-02 1.687(1), Se-03 1.686(1) A]. The O-Se-O
angles are smaller than 109°, which is in agreement with
the presence of the active lone pair on the selenium atom.
Nevertheless, the O(2)-Se-O(3) angle [105.68(7)°], which in-
volves the nonbridging oxygen atoms, is significantly wider
than the other two, O(2)/O(3)-Se-O(1) [96.06(6) and
95.90(6)°]. The metal-metal separation is 3.329(1) A, which
is at the upper boundary of the intermetallic separation
found for dinuclear nickel systems.[!3] All the oxygen atoms
of the selenite anion act as hydrogen bond (HB) acceptors
towards cocrystallized water molecules. In particular, the
Ols water molecule exchanges a HB with Ol and O2 of a
symmetry-related dinuclear complex (Figure 2).

Figure 2. Portion of the crystal packing of 1 depicting the molecu-
lar chains that run parallel to the crystallographic axis a. The O2s,
03s, and O4s crystallized water molecules are omitted for clarity.
Hydrogen bonds are shown as dashed lines. Symmetry codes: ' =
-x; 1 —y; 1 -2z " =x—1;y z Selected hydrogen bond lengths
[A]: Ols-01 2.780(3), Ols+-02s'" 2.778(3).

These interactions are responsible for the formation of
supramolecular chains that run parallel to the crystallo-
graphic axis a. Overlying chains are connected by means of
the O3s (HB donor) and Ols (HB acceptor), whereas paral-
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lel chains facing each other with the TMEDA moiety are
connected by means of an extensive net of HBs involving
the O2s, O3s, and O4s water molecules (Figure 3).

a0

Figure 3. Portion of the crystal packing of 1 depicting the connec-
tions between the molecular chains occurring through the O2s, O3s,
and O4s water molecules. Hydrogen bonds are shown as dashed
lines. Symmetry codes: " = 172 —x; 112+ ;32 -z, " = -x; 1 — y,
1 -2z ""=1-x;1-y; 2~z Selected hydrogen bond lengths
[A]: O1s+03s’ 2.808(3), Ols+03s"" 2.824(3), 03s+Ods 2.751(3),
0O4s-+-02s 2.761(3), 02s-04s’ 2.753(3), O2s+-03""" 2.829(3).

To the best of our knowledge, the coordination mode
(Ux*0,0":0’,0"") of the selenito group present in complex
1 is new and in general unusual for chalcogenite anions
(X032, X =S, Se, Te). Only few examples are reported
in the literature for this kind of coordination mode: the
discrete  complex [Cd(2,4,6-tri-2-pyridyl-1,3,5-triazine)-
(SO3)]5,1'" and the infinite chain of the dimer [Zn(4,4'-tri-
methylenedipiperidine)(SO5)],.[%)

By reacting an ethanol solution of Ni(NO3),:6H,O and
ethylenediamine (en) with a water solution of Na,SeOs,
water-soluble pink compound [Ni(en);](SeO5) (2) was ob-
tained (Scheme 1). Variations of the molar ratios of Ni?* to
ancillary ligand do not afford any products other than 2,
probably due to the high stability of tris-chelate [Ni(en)s]**
complex (logfBs = 17.5).11% In addition, a small amount of
insoluble NiSeO; was also formed, which was filtered off
and identified by infrared spectroscopy.l>® Crystals of
complex 2 suitable for X-ray diffraction analysis were ob-
tained by slow concentration of the mother liquor at room
temperature.

The IR spectrum of 2 exhibits the typical bands of N-H
and C-H stretching above and below 3000 cm™'. Character-
istic N-H bending peaks are also observed at 1588 cm™!. In
complex 1, the band around 640 cm™! can be attributed to
the SeO5>~ anion,!!”l hydrogen-bonded to the coordinated
ethylenediamine ligand (vide infra).

Compound 2 crystallizes in the trigonal space group
P3lc, and its molecular structure is shown in Figure 4. The
metal is in a regular octahedral geometry bound by three
bidentate ethylenediamine ligands. The SeO> anion is lo-
cated over a face of the [Ni(en);]>* octahedron, and the O1
oxygen atoms exchange hydrogen bonds with the nitrogen
atoms of three ethylenediamine ligands.
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Figure 4. ORTEP drawing of 2 with thermal ellipsoids at the 30%
probability level. The second selenite image was omitted for clarity.
Symmetry codes: "= 1-y; x—y;z, " =1-x+y; 1 —x; 2" =
X;x=p 12—z =1-x+py;»;12-z;,"=1-y; 1 —x; 1/2 - z.
Selected bond lengths [A]: Ni-N 2.103(8), Se-O1 1.79(2).

Magnetic Properties of Heteroleptic Complex 1

The temperature dependence of the magnetic suscep-
tibility is identical in the FC and ZFC protocols, and it is
displayed in Figure 5. The main feature is a transition from
high-temperature paramagnetism to an antiferromagnetic
ordered state slightly above 30 K.
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Figure 5. Temperature dependence of the magnetic susceptibility of
complex 1, measured in an applied field of 500 Oe. The solid line
is the fit of Equation (1) to the experimental data (diamonds) with
J=-257*0.1cm!, C=1.42%+0.01 emuKmol'O¢!, and p = 0.

Some samples also showed an additional Curie contri-
bution at low temperatures, due to small amounts of para-
magnetic impurities (Figure S2).I'8 Besides these tempera-
ture-dependent contributions, a minor temperature-inde-
pendent part is also observed. The latter amounts to
2.7%10~* emu/mol and comes from the sum of the orbital
paramagnetism of nickel, which is known to be
3 X 10* emu/mol in selenite,™! and a residual diamagnetic
contribution. Ferromagnetic contributions from eventual
impurities are absent, as confirmed by the field dependency
of magnetization at room temperature. In order to evaluate
the energy of the antiferromagnetic interactions, we per-
3329
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formed least-squares analysis of our data by using the
model function proposed for similar nickel molecular clus-
ters:[19]

T 3J
exp—— +5exp—

(& 3C KT Kyl
wD=prtl=pr " 3
1+3exp +5exp @
K&, T KT

Here p is the fraction of paramagnetic impurities, C the
Curie constant, and J the exchange constant. Best-fit values
of J vary slightly from sample to sample in the range —24.6
to -25.7 cm™.

In order to further investigate the magnetic coupling be-
tween the two metal centers in the dinuclear complex, DFT
calculations were performed on the “naked” [Ni(u-SeOs)-
(TMEDA)], and the “hydrated” [Ni(u-SeO3)(TMEDA)],
6H,O species. As revealed by the X-ray structure, eight
water molecules are present per each dinuclear entity, and
six of these interact with the six oxygen atoms of the two
bridging selenite anions by means of hydrogen bonds
(namely Ols, O2s and their symmetry related molecules).
In addition, only one water molecule links in an intermo-
lecular fashion to two dinuclear complexes (Ols), whereas
the other water molecules are involved in an extensive net
of hydrogen bonds with surrounding water molecules. It is
documented that, by virtue of the hydrogen bond, the spin
polarization can be transmitted intermolecularly,?’! but the
weak magnetic interaction that might occur between dinu-
clear entities by means of the bridging Ols will not be con-
sidered in this study. We have in fact focused on the influ-
ence exerted by the water molecules that surround the first
coordination sphere on the magnitude of the magnetic cou-
pling. For this purpose, we have compared the magnetic
and electronic properties of [Ni(n-SeO3)(TMEDA)], and
[Ni(n-SeO3)(TMEDA)],-6H,0. The calculated J values for
the “naked” (/ = -32cm ') and “hydrated” (J = 27 cm™')
forms point to an antiferromagnetic coupling between the
two metal centers, which is in very good agreement with the
experimental findings. The coupling between the two metals
occurs primarily through the bridging oxygen atom O1 and
also to a minor extent through the O-Se-O bridge (Fig-
ure 6, Table 1, and Figure S3), as attested by the spin den-
sity distribution.

The “hydrated” form exhibits an absolute value of J that
is slightly smaller than that of the “naked” species. This
suggests that the six water molecules minimally affect the
antiferromagnetic coupling between the two Ni** cations.
The spin density at the metal centers for the HS (ferromag-
netic quintet) and BS states (antiferromagnetic singlet) is
around +1.6/+1.6 and +1.6/-1.6, respectively, confirming
the localized nature of the spin at the metal centers (see
Figure 6 and Figure S3). The remaining spin density is dis-
tributed on the donor atoms that constitute the coordina-
tion sphere of the Ni** centers. Moreover, the spin density
localized on the metal centers has the shape of an octahe-
3330
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Figure 6. Energy levels of the antiferromagnetic singlet and of the
ferromagnetic quintet with hydrogen-bonded water molecules of
complex 1. The total spin density is reported (B3LYP/TZVP). Dark
and light gray refer to o- and B-spin density, respectively (iso-
surface plot at 0.001 esuA~).

Table 1. Relative energies, Mulliken spin densities (p), Mulliken
charges (¢), and expectation values of the <S>> operator for the
hydrated ferromagnetic quintet and for the BS antiferromagnetic
singlet for [Ni(u-SeO3)(TMEDA)],:6H,0, B3LYP/TZVP.

Ferromagnetic Antiferromagnetic
quintet singlet
Relative energy (kJ/mol) +0.9771 0
AE (cm™) +81.680
Spin densities (p)
Ni +1.6660/+1.6660  +1.6634/-1.6634
O(1) +0.0721 +0.0018/-0.0018
0(2) +0.0425 +0.0361/-0.0361
0(3) +0.0407 -0.0324/+0.0324
Se +0.0283 -0.0008/+0.0008
Atomic charges (¢)
Ni +0.738/+0.738 +0.738/+0.738
O(1) -0.681 -0.681
0(2) -0.638 —-0.637
0(3) -0.633 -0.632
Se +0.895 +0.894
<§*> 6.0073 2.0015

dron with empty faces in agreement with the t®,e,* config-
uration of the Ni** cations. The <S>> values for the HS
ferromagnetic and the BS antiferromagnetic states are in
accordance with the theoretical values of 6 and 2, respec-
tively.?!1 Only one other example of a heteroleptic selenite-
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bridged dinuclear complex, [Cu(l,10-phenanthroline)-
(Se05)],, has been described, and its magnetic properties
were reported.l!'!l In the [Cu(1,10-phenanthroline)(SeOs)]»
complex the SeO;* group bridges the two Cu?* ions
through two oxygen atoms, while the third oxygen atom is
involved in hydrogen bonding with water molecules of
crystallization. The J value obtained for this compound,
-22.1em!, is very similar to that obtained for 1, even
though the metals, the ancillary ligand, and the coordina-
tion mode of the selenito group are different.

Conclusions

This work gives further insight into the chemistry of a
selenite anion and its reactivity towards a Ni?* cation in the
presence of ancillary ligands with different steric hindrance.
In the case of the chelating ligand TMEDA, the heteroleptic
dinuclear selenite complex [{Ni(TMEDA)SeOs},] (1) was
obtained, in which the two nickel atoms are held together
by the bridging selenito groups. On the other hand, when
the less sterically demanding ethylenediamine (en) was used
as the chelating ligand, the mononuclear homoleptic com-
plex [Ni(en)s]SeOs (2) was formed, in which the selenite
anion does not participate in the coordination to the Ni**
cation. In complex 1, the two nickel ions exhibit antiferro-
magnetic coupling with J =-25.7+0.1 cm ™, in good agree-
ment with DFT calculations. The reactions of Na,SO; and
Na,TeO; with Ni(NOs),°6H,0, in the presence of the ancil-
lary ligand TMEDA, are currently being investigated in our
laboratory.

Experimental Section

Materials and Methods: All manipulations were carried out at room
temperature in air; ethylenediamine (en), tetramethylethylenedi-
amine (TMEDA), Ni(NO3),-6H,0, and Na,SeO; were purchased
and used as received (Aldrich). The C, H, N elemental analyses
were carried out by using a Carlo Erba EA1108 microanalyzer.
FTIR spectra (4000-400 cm™') were recorded with a Nicolet Nexus
spectrophotometer equipped with a Smart Orbit HATR accessory
(diamond). Experimental mass measurements were made with an
LTQ XL (Thermo Electron Corporation) instrument equipped
with an ESI interface operating in the positive ion (PI) mode; mass
spectra were acquired over the scan range m/z = 200-2000 by using
CH;OH as solvent. The source introductions were carried on by a
pneumatically assisted syringe (5 mLmin ') flowing into a contin-
uum flow (200 mLmin!) of pure methanol from an LC pump
(Finnigan Surveyor — Thermo Electron Corporation). The spray
voltage was set to 4.5 kV, and the capillary temperature was 250 °C.
All other instrumental parameters were automatically tuned in or-
der to achieve the best ion transmission to the analyzer.

INi(TMEDA)(SeO3)|,:(H,O0)s (1): A water solution (10 mL) of
Na,SeO; (0.173 g, 1 mmol) was added to an ethanol solution
(15mL) of TMEDA (0.150 mL, 1 mmol) and Ni(NO3),*6H,O
(0.290 g, 1 mmol). The green mixture was stirred for 30 min and
then filtered. Green crystals of [Ni(TMEDA)(SeO3)],(H,O0)s (1)
suitable for X-ray analysis were obtained by slow evaporation of
the solvents (Yield 55%). C;,H4sN4Ni»,O,4Se, (747.88): caled. C
19.27, H 6.47, N 7.49; found C 19.05, H 6.45, N 7.38. ESI-MS
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(MeOH): m/z (%) = 604.9 (100) [C,H3,N4Ni,O4Se, — H]*; 626.9
(68) [C1,H3,N4Ni,O4Se, — Na]*. FTIR (Diamond crystal HATR):
¥ = 3254 (s, br), 2996 (w), 2969 (w), 2931 (w), 2889 (w), 1659 (m),
1456 (ms), 678 (s), (br) cm .

[Ni(en)3](SeOs) (2): Na,SeOs (0.173 g, 1.0 mmol) dissolved in H,O
(10 mL) was added to an ethanol (15 mL) solution of ethylenedi-
amine (0.2 mL, 3.0 mmol) and Ni(NO3),:6H,0 (0.291 g, 1 mmol);
a small amount of light green powder of NiSeOj; precipitated while
stirring (yield 7%) at room temperature. After 30 min, the reaction
mixture was filtered. Pink crystals suitable for X-ray analysis of
[Ni(en);](SeOs) (2) were obtained by slow evaporation of solvents
(yield 65%). CsH4NgNiO;Se (365.94): caled. C 19.69, H 6.61, N
22.95; found C 19.54, H 6.50, N 22.78. FTIR (Diamond crystal
HATR): ¥ = 3325 (s), 3227 (s), 2942 (m), 2887 (m), 1588 (m), 1024
(vs), 640 (m), (br) cm™.

Computational Details: The calculations were performed on the di-
nuclear complex [Ni(TMEDA)(SeO3)], and on the hexahydrated
form [Ni(TMEDA)(SeO5)],*(H,O)s as experimentally derived from
the X-ray geometry. The water molecules that interact via hydrogen
bonding with the selenite anion were included in the calculation to
investigate their influence on the exchange coupling constant. The
calculations were performed without optimization, since small vari-
ations of the geometric parameters can lead to considerable pertur-
bation of the metal-metal interaction. The gradient-corrected hy-
brid density functionals, B3LYP,[*>23l were employed with the tri-
ple-¢ valence plus polarization basis set TZVP.2423 All computa-
tions employed the unrestricted Kohn-Sham formalism.?¢) The
“broken-symmetry” approach, originally developed by Noo-
dlemann, was used for the calculation of the electronic structure of
the antiferromagnetic low-spin state (Egg).*”! The spin Hamilto-
nian H = —-JS*S, (where S; and S, are local spin operators) was
considered for the calculation of the exchange coupling constant,
J, which defines the nature of the interaction between two paramag-
netic centers. The calculation of J was performed without spin pro-
jection, by the formula: J = 2(Egs — Ens)/S(S + 1), where Eyg is
the energy of the high-spin state (quintet), and S = S; + S, (S and
S, are the local spins). This approach considers that the B3LYP
broken symmetry (BS) wavefunction is a good approximate of the
low-spin antiferromagnetic state.”®! All the calculations were per-
formed with Gaussian 03 software.*”) Molecular orbital and spin
density diagrams were generated with the GaussView program.!

Magnetic Susceptibility Measurements: Magnetic susceptibility
measurements were performed with a Quantum Design MPMS
XL5 superconducting quantum interference device (SQUID) mag-
netometer, capable of fields as high as 5T. The powder samples
were closed in precalibrated sample holders, whose contribution
was cancelled by using the automatic background subtraction
mode of the instrument.

X-ray Data Collection, Structure Solution, and Refinement: The in-
tensity data for compounds 1 and 2 were collected at room tem-
perature with a Bruker AXS Smart 1000B! single-crystal dif-
fractometer equipped with an area detector having graphite-mono-
chromated Mo-K, radiation (1 = 0.71073 A). Crystallographic and
experimental details of structures 1 and 2 are summarized in
Table 2. The structures were solved by direct methods and refined
by full-matrix least-squares procedures (based on F,2)1*?! first with
isotropic thermal parameters and then with anisotropic thermal
parameters in the last cycles of refinement for all the non-hydrogen
atoms. The hydrogen atoms were introduced into the geometrically
calculated positions and refined as riding on the corresponding
parent atoms, excepting the hydrogen atoms of the water molecules
from crystallization in 1, which were found in AF and refined iso-
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tropically. In compound 2, the selenite anions were found disor-
dered in four positions that were refined with site occupancy fac-
tors of 0.25 each. In 2, due to the poor data quality of the crystals,
refinement restraints were applied to the Se-O bond lengths.
CCDC-810239 and -810241 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.

Table 2. Summary of crystallographic data for 1 and 2.
1 2

Formula C12H43N4Ni2014562 C6H24N6NiO3Se
FW 747.88 365.98
Crystal system P2,/n P3lc

Space group monoclinic trigonal

a (A) 7.519(2) 9.090(4)

b (A) 8.856(2) 9.090(4)

¢ (A) 22.189(5) 9.901(4)

a (°) 90 90

p(°) 99.590(4) 90

y(° 90 120

V(A3 1456.8(6) 708.4(6)

zZ 2 2

Deyiea (gem™) 1.705 1.716

F(000) 768 376

Crystal size (mm) 0.15%0.11X0.10 0.12X0.11 X 0.09
u (cm™) 38.52 39.46
1Reﬂectlons col- 16847 20174

ected

Reflections unique 3458 475
Reflections ob- 2992 412

served

[I>20(D)] Ry = 0.0318 Ry = 0.0911
Parameters 186 35

R indices!! R1 =0.0248, R1 =0.0487,
[I>20(D)] wR2 =0.0630 wR2=0.1017
R indices!! R1 =10.0312, R1 =0.0557,
(all data) wR2 = 0.0649 wR2 =0.1051

[a] R1 = X|[Fo| — [F/ZIFo|. wR2 = {Z[W(Fo? — FPYE[w(F))}

Supporting Information (see footnote on the first page of this arti-
cle): ESI-MS spectrum of 1, temperature dependence of the mag-
netic susceptibility for compound 1, energy levels of the antiferro-
magnetic singlet and the ferromagnetic quintet for [Ni(p-SeOs)-
(TMEDA))>.
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