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Preparation and Characterization of Iron(Il, III),
Cobalt(II, III) and Nickel(II)-Complexes of 2,2-Dipyridyl

RAMADAN M. AWADALLAH
Chemistry Department, Faculty of Science
Aswan, Egypt

The Fe, Fe*, Co?, Co* and Ni?** dipyridyl complexes have been
synthesised. The isolated complexes are soluble in HO, EtOH, MeOH,
DMEF and DMSO. The solid complexes are paramagnetic and have magnetic
moment values near to the ground state values of the free ions. The magnetic
measurements in connection with the electronic spectra were used to
elucidate the different electronic geometrical structures of elements and
hence the configuration of the coordination polyhedra around the central
metal ions of the investigated complexes. The ligand behaves as a bidentate
chelating agent in all the complexes and complexation takes place through
two coordinate bonds between the two nitrogen atoms of the two pyridine
rings and the central metal ion.

INTRODUCTION

On the basis of quantum mechanics, the py values in BM associated

with the quantum, J, of a single electron is given by g[J + 1]1/2, where the

magnetogyric, g, (the g factor) is given by g=[S(S+1)-L(L+1)+
3J(J + 1)])/2J(J + 1). It should be noted that magnetic behaviour depending on J
values is qualitatively different from that depending on S values, i.e., the spin
only behaviour which gives a fair approximation for many of the d-block
elements’ 2 which is the subject of this paper. The d-d transition is thought to
be a perturbation of the situation obtained after consideration of J and the effect
of the ligand field, i.e., the 3d electrons of the transition metal ions are more or
less protected from the influence of the lattice by polarisation of 3s? and 3p6
closed shells. However, the symmetry properties of the crystal field at the ion
site will allow, forbid or quench transitions. 2,27-dipyridyl falls into the class of
aromatic heterocyclic ring compounds and the unique structural feature involv-
ing pyridine nitrogen makes it an interesting ligand. Though the pyridine
nitrogen of the ligand is normally considered to be the coordination site. The
solid complexes of Fe?*-, Fe3*-, Co**-, Co>*-, and Ni%**- violurates’,
dinitrosoresorcinolates4, murexideS, eriochrome black-T 6, 2-thenoyl-2,6,6-tri-
fluoroacetonates’, dibenzoyl methanates® and Ni%*- dipy complexcs9 were
prepared and characterised by chemical and physical methods. V¥*.Nb>*- and
Ta%*, Ce*-, Pr’*- and Gd**-dipy complexes were also studied’®™'2. In the
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present investigation a trial was suggested to conclude different transitions of

Fe?*-, Fe*-, Co?*-, Co>*- and Ni?*-2,2'-dipyridyl complexes, corresponding to

. ; -1
maximum wavelength or shoulders in nm or wavenumber in cm™".

EXPERIMENTAL

The metal salts, ligand and organic solvents were of AnalaR grade (99.9%)
and purchased from BDH, E. Merck, Aldrich and Riedel de Hagn.

Synthesis of Complexes

The Fe?*-, Fe**-, Co?*-, Co**- and Ni**-2,2'-dipyridyl complexes were iso-
lated in solid by the following method. An aqueous solution containing the
respective metal salts [(NH,),SO4FeSO46H,0, FeCly6H,0, CoCly6H,0,
Na3[Co(NO,)s, (NH4),SO4NiSO46H,0] and an alcoholic solution of the

ligand were mixed well and placed on a water-bath (except Fe?*-2, 2'-
dipyridyl complexes). A small amount of absolute ethanol was added to
dissolve any unreacted amount of ligand. A clear solution was thus obtained
to which an amount of acetone was added, whereby the solid complexes
started to separate. Butanol was added and the reaction mixtures of Fe3*-dipy
were stirred for 3 h. The isolated solid complexes were filtered off, washed
several times with n-BuOH and then dried. Fez*-dipy mixtures were
evaporated to near dryness by the aid of an electrical fan, then n-BuOH was
added whereby the solid complexes were isolated. Ni**-dipy complexes were
separated from ethyl alcohol and washed with an ethanol-water mixture.

RESULTS AND DISCUSSION

The results obtained are reported in Tables 1-4. The chelates are crystalline,
coloured [Fe?*-dipy (1: 1, 1: 2), red; Fe*- and Co*- (1:1,1:2, 1: 3), brown,
Co®* and Ni?* (1:1, 1 : 2), blue] and soluble in H,0, MeOH, EtOH and DMF.
The results show that the complexes have high and sharp melting points.
Melting points of the complexes are in the order 1:1>1:2>1:3. This is

because the 1:2 complex contains higher concentration of 2,2”-dipyridyl than
the 1:1 species, whereas the 1 : 3 complex contains a much higher concentra-
tion of dipy than the 1:1 or 1 : 2 species. On the other hand, the 1: 1 complex
has two coordinate bonds, while in the 1:2 and 1:3 complexes, four and six
coordinate bonds link between the central metal ion and the nitrogen atoms of
the pyridine rings of the dipyridyl molecules.

Therefore, the structure of the bulky complexes plays an important role in
melting behaviour. So, the complexes suffer from steric effect of ligand
molecules. In addition to these, the number of ligand molecules has a profound
effect on the molecular packing of the complexes. The decrease of the melting
point may be due to the increase of energy separation and the decrease of
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binding energy force strength which results in the release of the binding energy
linking between the metal and the ligand molecules. This leads to a decrease in
the fusion temperature of the complexes. The elemental analysis data are
consistent with the suggested chemical formulae of the complexes. Molar
conductance values (Table 1) of the complexes in DMF are in an excellent

accordance with the reference values', and show that (1 : 1) Fe?*-, (1 : 3) Fe**-,
(1 :3)Co>- and (1 : 1) Ni®*-dipy complexes are nonelectrolytes, while the other
complexes are 1 : 1 electrolytes.

The UV spectra of the complexes in DMF exhibit two intense absorption

maxima and can be assigned to pyridyl n-n and n-n* transitions'® !4, The
absorption spectra of the complexes appear two or three bands (maxima) in the
visible region and can be assigned as charge transfer (C.T.) and d—d transition

bands. The magnetic moment values of the 1:1 and 1:2 Féz-dipy complexes
lie in the range 5.0-5.3 B.M. which is characteristic of high spin octahedral

complexes. The electronic spectra of (1:1) Fez+-dipy complex show two
absorption bands at 18868 and 34483 cm™! in nujol mull and in DMF (vifvy =
1.83, €¢=1.2 and 6.25 x 103). The first band may be identified with the
4T1g(F) — Ty4(p) transition and the second band may be due to 2’I‘2g—> 6A1g
transition. The electronic absorption spectral bands are similar to those reported
for octahedral complexes. The observed magnetic moment values for the Fe*-
dipy complexes are in the range 5.03-5.70 B.M. and support the octahedral
stereochemistry of the Fe3+-dipy complexesls’ 16, The electronic spectra of
Fe**-dipy complexes show two bands at 25971 cm™ in nujol mull
(vi/v2=1.13) and 25411 and 29850 cm™ in DMF (vi/vy=1.17, €=6 and
2 x 10%) for the (1:1) Fe**-dipy complex. In the case of the 1:2 Fe**-dipy
complex, two bands at 18868 and 27777 cm™ in nujol mull (vy/v, = 1.47) and
at 18518 and 27027 cm™' (vi/vz=1.46, £=4.8 and 1.3 x 10°) in DMF are
shown. Whereas in the case of the (1 :3) Fe3"—dipy, two bands appear at 18348
and 27397 cm™ (vi/v;=1.49) in nujol mull pattern and at 18181 and
27777 cm™! in DMF (vi/v2 = 1.53, £ = 4.2 and 1.4 x 10%). The electronic spectra
values suggest octahedral geometrical structural configuration, and the bands
may be assigned to szg — 6Alg transition.’

Magnetic susceptibility measurements of the Coz*—dipy compoexes suggest
low (due to quenching by surrounding ligand molecules) and high spin oc-
tahedral geometry for the 1:1 and 1:2 complexes, respectivcly.15 The
electronic spectrograms show two bands at 15873 and 18868 cm™! in nujol mull
(viv=1.19) and 14814 and 28571 cm™! in DMF (Vi/vy =193, £=5.6 and

1.2x10% for the (1: 1) complex, and at 15576 and 20408 cm™ in nujol
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(vi/vp = 1.31) and 14814 and 28571 (vy/v, = 1.93, € = 9.6 and 8.0 x 10*)em™ in -
DMF. The bands may be assigned to

dyy = dy2_y2, 2Eg(G) = “T14(G) and ZEg(G) —= Ty,

transition in octahedral field.

The peg values (4.27-4.95 BM) of Co>*-dipy complexes characterise high spin
octahedral due to high orbital contribution. The electronic spectra of the 1 : 1
Co**-dipy complex exhibit two bands at 20000 and 26315 em™! in nujol mull
(vi/vy =1.32) and 28169 and 31746 cm™ in DMF (vy/v,=1.14, £ =7.8 and
18.3 x 10%). The electronic spectral data in nujol mull (1: 2, vi/v,=1.29; 1 :3,
vi/vp=129) and in DMF (1:2,vy/v;=1.13, £=6.8 and 1.53x10% 1:3,
vi/vp =113, £=9.6 and 1.59 x 10°) show two bands. These complexes are
6-coordinate and, hence, the structural geometry of octahedron can be suggested.
The bands can be assigend to 4'I‘lg(F) - 4T1g(F), 3A2g -3T lg(P) and
3A2g(F) - 1Tlg(P) transitions.

The magnetic moment values of Ni2*-dipy complexes are in the region 3.3-3.7
B.M. which show the presence of two unpaired electrons. The values are typical
of octahedral complexes indicating large orbital contribution. The octahedral
stereochemistry of the complexes is also indicated by two electronic absorption
bands at 16806 and 32786 cm™! (v;/v, = 1.95) in nujol mull and 16667 and 32258
(vi/v2=1.94, £ =89 and 1.1 x 10%) in DMF in the case of 1:1 Ni2+-dipy
complex, two bands at 17857 and 33333 cm™’ (vi/vy = 1.87) in nujol mull and
at 17543 and 32580 cm™ (v;/v, = 1.84, € = 10.5 and 1.3 x 10%) in DMF in the
case of 1:2 while in the case of (1:3) Niz"-dipy complex, the bands appear at
17543 cm™ (vy/v3=1.27) in nujol mull and at 17391 and 31250 cm™!
(vivp=1.22, €=11.6 and 1.5 x 10%) in DMF. The bands can be assigned to
3A2g(F) -3T 1g(P) transitions.

The Fe?*-, Fe**-, Co?*-, Co**- and Ni?*-dipy complexes exhibit varied spectral
patterns of splitting and sometimes of ligand bands. In the free dipy molecule,
strong interactions between C=C and C=N vibrations give rise to two groups of
doublets (1578, 1552) and (1750, 1415 cm™1). These bands undergo remarkable
changes due to coordination and new bands are found to appear in the complexes
as 1600, 1595, 1790, 1585 and 1580 cm™ confirming the coordinating nature of
dipyridyl ligand”’ 8 The infrared spectra of the complexes (4000-200 cm™)
show that the bands due to v(OH)H,O appear at 4440, 4040, 3550, 3520, 3420,
3400, 3380, 3340, 3300, 3240, 3230, 3180, 3120 and 3100 cm™.

The bands appearing at 1620, 1605, 1600 and 1680 cm™! may be assigned as
d(H,0) while those appearing at 775, 770, 765 and 760 cm™! can be assigned as
¥(H,0) (coordination water) bands. 2,2"-Dipyridy! itself does not absorb in the
region 300-200 cm™! but six strong absorption bands in this region (210, 220,
225, 230, 235 and 250 cm™!) in addition to strong and very strong bands (320,
330, 350, 370 and 385 cm‘l) are observed in the complexes.

These bands have been assigned to v(M-Cl) and v{M-N) bands. The stability
of M-N band increases with the rise of atomic number of the metal. The presence
of coordinated sulphate in the case of (1:1, 1:2) Fe?*- and (1:1,1:2,1:3)
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Niz*-dipy SO, complexes is indicated by splitting the bands into triplets (1245,
1150 and 1020 cm™) and (650, 630 and 610 cm™). Furthermore, the appearance
of the v, band at 975 em™! and vy at 1020 em’! supports the chelating nature of
SOy in the complexesl9.

X-ray powder diffraction analysis (Table 4) indicates that the complexes are
crystalline and they can be classified into six isomorphous groups, namely:
MSO(dipy)-6H,O (M = Fe?*, Ni?*), MSO4(dipy),-6H,0 (M = Fe**, Ni%*), MX;
(dipy) - 2H,0 (M = Fe3*, Co®, X = C1” or NO3), MXj(dipy),-4H,0 (M = Fe*,
Co™, X = CI” or NO3), MX;5(dipy)s3H,0 (M = Fe**, Co**, Ni**, X = CI", NO3
SO%7) and CoCl,-dipy-3H,0 and CoCly(dipy),H,0. The X-ray patterns show
very small deviation in the d-spacings and I/1. This may be attributed to different
scattering power of the ions, strain in the crystal lattice, some preferential
orientation of some (hkl) planes and the different crystalline size of the complexes.
The changes in d and in I/Iy values among the groups may be attributed to different
structures arising from the involvement of a number of lattice or coordinated
water molecuies around the central metal ion in the composition, or from possible
orientations of the ligands around it.

Based on the gained results, the chemical structural formulae of complexes
can be typified as follows.

X X X X
O O
N N N N
\n/ \Mn+/

" N/ \N

® O_@
A~

N
| A l A
G G

©
A. (1:1)M™-Dipy Complexes; B. (1:2)M"*-Dipy Complexes; C. (1:3)M™*-Dipy Complexes
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