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Three nickel(II) mixed ligand dinuclear complexes were pre-
pared, Niz(tae)(tmen)zxz'nHZO where tae = tetraketonate; tmen = N-
alkylethylenediamine; X = B(C6H5)4 , ClO4 , or NO3 ; n =0 or 3.
Each complex assumes the unique combination of square planar and

octahedral coordination geometries in the dinuclear entity.

A 1,1,2,2-tetraacetylethanate dianion1)(tae, see Structure 1) is a poten-
tially tetradentate 1ligand to form a dinuclear complex with metal ions.z)

Although there were many reports about the complexes with linear polyketonate

3)

ligands such as triketonate and tetraketonate, there were not so many

)

works with this branched tetraketonate ligand.2 In this study, we have syn-

thesized three nickel(II) mixed complexes with
hﬁe the tetraketonate (tae) and N,N,N',N'-tetra-
“ne methylethylenediamine(tmen) showing the fol-

lowing formula: Niz(tae)(tmen)zxz'nHzo, where

O

0 X = B(C6H5)4", ClO4_ or NO3_, and n=0 or 3.
() The perchlorate, Niz(tae)(tmen)z(ClO4)2-3H20
e d the nitrate, Ni,(tae)(tmen),(NO,)
an e nitrate i ae men were
Me Me =CHj; © 2 2277302

prepared by mixing ethanolic solutions of the
tae appropriate nickel(II) salt, tae and tmen with
Structure 1 2:1:2 molar ratio. The tetraphenylborate,

Niz(tae)(tmen)z(B(C6H5)4)2, was prepared from
the nitrate by adding sodium tetraphenylborate(solid) to the 1,2-dichloro-
ethane(DCE) solution of the nitrate with vigorous stirring. All the complexes
were recrystallized from DCE.

Elemental analyses of the complexes are shown in Table 1 with some other
properties. The tetraphenylborate and the nitrate are anhydrous. The perchlo-
rate contains three water molecules from the analytical data. This has been
confirmed by TG-DTA analysis using a thermal analytical equipment Shinku-Riko
TGD-3000 (heating rate: 1 °C/min, in static air). The data of this thermal
weight loss during the temperature range 60-85 °C showed that the perchlorate

contained 2.9H20.
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The red color of the tetraphenylborate suggests the square planar
this complex is diamagnetic (see in

nation

peak at
other hand,

20.8x10

3

in the case of

-1
cm

of both nickel(II) ions.
Table 1) and its solid reflectance spectrum
due to a square planar d8 Ni(II) transition.
the magnetic moment per molecule

In fact,

the perchlorate

shown in Fig.
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coordi-

1 has a main
4) On

single
the

Colors, analytical and magnetic data of the complexes obtained

Table 1.
Complexa) Color C(%)b) H(%)b) N(%)b) Magnetic momentc)
( M gg/B.M.)
1 Red 70.82 7.70 4.91 Diamagnetic
(70.98) (7.15) (4.73)
2 Reddish-  33.38 6.24 6.69 3.14  2.449)
brown (33.07) (6.31) (7.01)
3 Bluish- 39.33 6.79 12.58 4.56  3.22%)
green (39.44) (6.62) (12.54)
a) 1 ; Niz(tae)(tmen)z(B(CGH5)4)2, 2 ; Niz(tae)(tmen)2(0104)2-3H20, 3

Niz(tae)(tmen)z(NO

32"

c) At room temperature.
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b) Calculated values are shown in the parentheses.

d) Magnetic moments per nickel.

Fig. 1. Solid reflectance
spectra of the complexes,
1 (—— ) ;tetraphenylborate,
2 (----); perchlorate,

3 (-+-+); nitrate.
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falls in the range of atomic magnetic moment of Ni(II) octahedral species (see
in Table 1). This means that one Ni(II) moiety is a square planar structure
(diamagnetic) and another one is an octahedral structure(paramagnetic) in the
dinuclear complex. The IR data of the perchlorate with a JASCO IR-A3 spectro-
photometer by Nujol r .1 method show no splitting of the strong and broad band
at 1100 cm_1 and of the strong and sharp band at 620 cm-1, indicating that the
C104_ anion acts c-ly as a counter ion. Solid reflectance spectrum of the per-
chlorate shows the existence of two nickel species due to the planar and the
octahedral coordinations. The absorption maximum for planar Ni(II) moiety
exists at 20.8><103 cm—1 which resembles closely that of the tetraphenylborate
shown above, and the other two peaks at ca. 16><103 (shoulder) and 9.8><103 cm—1
are attributable to the octahedral species containing two coordinated water
molecules. The latter spectral bands are similar to those of the nitrate (vide
infra). The nitrate is green crystals. The magnetic moment suggests the octa-
hedral coordination for both nickel(II) ions. Solid reflectance spectrum of

this complex shows a typical octahedral pattern with peaks at 9.5><103 cm_1 and

at 16.4x10° cm™| and there is no absorption peak at ca. 20><103 cm_1 due to the
square planar nickel(II) moiety(see in Fig. 1). The band due to NO3_ in the
region 1700-1800 cm™ | splits into two components (1770 and 1720 cm™').  These
bands have been used for the diagnosis of the coordination mode of the N03_
anion.s) According to Lever et al., (1) ionic nitrate shows no splitting on
this band. (2) The splitting of this band being less than ca. 25 cm_1 shows
the unidentate nitrate coordination mode, and (3) the splitting more than ca.
20 cm"1 indicates the bidentate coordination. From the criterion, in this
case, it 1is clear that each nitrate ion in the dinuclear complex acts as a
bidentate 1ligand which is the same as in the g?se of the mononuclear mixed

chelate [Ni(acac)(tmen)(NO3)] reported before, where acac represents acetyl-

acetonate bidentate ligand.
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0

Fig. 2. Possible structures of three dinuclear complexes, 1 ; tetraphenyl-

borate, 2 ; perchlorate, 3 ; nitrate.
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In conclusion, each of the present three complexes with a general formula,
Niz(tae)(tmen)2X2°nH20, has a different combination of square planar and octa-
hedral coordination geometries in the dinuclear entity. (1) Both nickel(II)
moieties have a square planar structure and diamagnetic. The tetraphenylborate
ions act only as the counter ion, [(tmen)Ni(tae)Ni(tmen)](B(C6H5)4)2. (2) The
square planar-octahedral complex in which two kinds of nickel(II) geometries
are present, i.e., the square planar form and the octahedral one containing two
coordinated water molecules. The perchlorate ions also act only as the counter
ion, [(tmen)Ni(tae)Ni(tmen)(H20)2](C104)2-H20. (3) The octahedral-octahedral
dinuclear complex in which both of the nickel(II) are octahedral containing the
bidentate nitrate ligand, [(NO3)(tmen)Ni(tae)Ni(NO3)(tmen)].

The authors wish to thank Professor Kozo Sone of Ochanomizu University for

his valuable discussion and continuous encouradgements throughout this work.
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