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AND THEIR METAL COMPLEXES
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Two novel asymmetrical Schiff-base ligands, H2L
1 and H2L

2, were prepared by reacting two half-unit Schiff-
base compounds with 2-methyl-7-formyl-8-hydroxyquinoline. The two half-unit Schiff-base compounds were
initially prepared by condensing dimedone with either ethylenediamine or p-phenylenediamine, respectively.
Both ligands are dibasic and contain two sets of NO coordinating sites. Twelve metal complexes were
obtained by reacting both ligands with Cu(II), Ni(II), Co(II), Mn(II), Fe(III), VO(IV) cations. The ligands
and their metal complexes were characterized by elemental analysis, IR, UV–Vis, ESR and mass spectra,
also magnetic moments of the complexes were determined. Visible spectra of the complexes indicated distorted
octahedral geometries around the metal cations. ESR spectra indicated mononuclear and dinuclear structures
of the complexes of ligands H2L

1 and H2L
2, respectively. Magnetic moments of the complexes were rather low

compared with those expected for octahedral geometries and indicated polymeric linkage of the metal com-
plex molecules within their crystal lattices. The insolubility of the metal complexes in most organic solvents
support the polymeric structures.

Keywords: Asymmetrical schiff bases; Transition metal complexes; ESR spectra of TM complexes; Magnetic
moments of TM complexes

INTRODUCTION

Schiff bases offer versatile and flexible ligands capable of binding with metal cations to
yield complexes, some of them have suitable properties for practical applications [1–3].
Quinoline, its derivatives and their metal complexes were also used in therapeutic

treatments for diseases [4–6].
The present study deals with the preparation of two asymmetric Schiff-base ligands

and their metal complexes. These Schiff-base ligands were prepared by condensing two
half-unit compounds with 2-methyl-7-formyl-8-hydroxyquinoline. The two half-unit
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compounds were initially prepared by the condensation of dimedone with either ethy-
lenediamine or p-phenylenediamine.
The parent aldehyde, 7-formyl-8-hydroxyquinoline, used in the present study as its

2-methyl derivative for the preparation of the two asymmetrical Schiff-base ligands,
was previously used to prepare its own metal complexes [7]. The Co(II), Ni(II) and
Cu(II) complexes possess tetrahedral, octahedral and square planar geometries, respect-
ively, and the ligand behaved as a neutral monodentate ligand coordinating only
through the oxygen atom of the aldehyde group. The Hg(II) and Cd(II) complexes
coordinated to the oxygen atom of the aldehyde group and to the oxygen atom
of the phenolic group through the replacement of its hydrogen atom. In the latter com-
plexes, the aldehyde behaved as a monobasic bidentate ligand. It was surprising that the
nitrogen atom of the quinoline ring did not participate in coordinating metal cations
since 8-hydroxyquinoline itself is an efficient chelating agent through the nitrogen
atom of the heterocyclic ring and the oxygen atom of the phenolic group.
The two asymmetric Schiff-base ligands H2L

1 and H2L
2 (Structure 1) reacted with

Cu(II), Ni(II), Co(II), Mn(II), VO(IV) and Fe(III) ions to form complexes which
differ in their structures as will be shown later.

EXPERIMENTAL

All chemicals used were either BDH, Analar or Merck products. The chemicals used
were 8-hydroxy-2-methylquinoline, dimedone, ethylenediamine, p-phenylenediamine,
copper(II) perchlorate hexahydrate, nickel(II) and cobalt(II) acetate tetrahydrates,
manganese(II) chloride tetrahydrate, iron(III) nitrate nonahydrate and vanadium(II)
sulfate monohydrate. The mineral acids utilized were perchloric, nitric and hydrochlo-
ric acids. The organic solvents used were ethanol, chloroform, ethylacetate, dioxane,
dimethylformamide (DMF), dimethylsulfoxide (DMSO), carbon tetrachloride, dichloro-
methane, benzene and diethylether.

STRUCTURE 1 Structures of the asymmetrical Schiff-base ligands.
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The nickel(II) and cobalt(II) acetate tetrahydrates were converted to their corre-
sponding perchlorate hexahydrate salts through their reaction with perchloric acid.

Preparation of 7-Formyl-8-Hydroxy-2-Methylquinoline

8-Hydroxy-2-methylquinoline (1.59 g, 10mmol) was added to 8.5mL (105mmol) chloro-
form and 20ml of an aqueous solution of 15% NaOH. The reaction mixture was heated
under reflux for 4 h on a water bath, during which time the color of the solution changed
to brown. The excess chloroform was evaporated and the solution was left to cool to
room temperature. The pH of the solution was adjusted to 4–5 by dilute hydrochloric
acid and the formed precipitate was filtered and washed with twice distilled water then
chloroform to remove any traces of the unreacted 8-hydroxy-2-methylquinoline. The
color of the product was orange yellow. Anal. Calcd. for C11H9NO2 (F.W. 187.2) (%): C,
70.6; H, 4.9; N, 7.5. Found: C, 70.8; H, 4.8; N, 7.0; m.p. 214�C, yield 1.31 g (70%).

Preparation of the Half-Unit Schiff Bases

Half-unit Schiff bases were prepared by slow addition of equimolar amounts of
ethylenedimine (0.6 g, 10mmol) or p-phenylenediamine (1.08 g, 10mmol) dissolved in
absolute ethanol to an ethanolic solution of dimedone (1.4 g, 10mmol). The ethanolic
solution was kept at room temperature and stirred for 10 h where ethanol was totally
evaporated. The product of dimedone and ethylenediamine (A) was solidified by wash-
ing with ethylacetate to which one or two drops of dioxane was added. The product of
the p-phenylenediamine (B) was precipitated immediately. Both products were filtered,
washed several times with ethanol and dried in vacuo. The products were pale yellow.
Anal. Calcd. for (A) C10H18N2O (F. W. 182.3) (%): C, 65.9; H, 10.0; N, 15.4.
Found: C, 65.9; H, 9.9; N, 15.3; m.p. >280�C. Anal. Calcd. for (B) C14H18N2O (F.
W. 230.3) (%): C, 73.0; H, 7.9; N, 12.2. Found: C, 72.8; H, 7.9; N, 12.0; m.p. 175�C.
Yields of the half-unit Schiff bases were 60–70%.

Preparation of the Schiff-Base Ligands H2L
1 and H2L

2 (Structure 1)

The preparations were carried out by refluxing equimolar amounts of the obtained half-
units 1.82 g, 10mmol of (A) or 2.30 g, 10mmol of (B) with 1.87 g, 10mmol of 7-formyl-
8-hydroxy-2-methylquinoline for 10 h in a mixture of dioxane and ethanol (1:1 by
volume). The resulting solution was left to cool to room temperature and the solids
were precipitated by adding a few drops of water. The separated solids were purified
by recrystallization from dimethylformamide. The colors of the ligands H2L

1 and
H2L

2 were greenish yellow and pale brown, respectively. Anal. Calcd. H2L
1

C21H23N3O2 (F. W. 349.4) (%): C, 72.2; H, 6.6; N, 12.0. Found: C, 72.1; H, 6.8;
N, 12.0. Anal. Calcd. for H2L

2, C25H25N3O2 (F. W. 399.5) (%): C, 75.2; H, 6.3;
N, 10.5. Found: C, 75.3; H, 6.2; N, 10.5. m.p. >280 and 200�C, respectively. Yields
were 60–65%.

Preparation of the Metal Complexes

LiOH �H2O was used as a deprotonating agent. LiOH �H2O (0.082 g, 2mmol) (or
0.126 g, 3mmol in the case of the reaction with the Fe(III) salt) dissolved in the least
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amount of distilled water (2mL) was added to a suspension of the ligand (1mmol) (or
1.5mmol in the case of Fe(III) ion) in 20mL ethanol. The mixture was stirred for 1 h,
then the metal salt (1mmol), namely (Cu(ClO4)2 � 6H2O, Ni(ClO4)2 � 6H2O,
Co(ClO4)2 � 6H2O, MnCl2 � 4H2O, Fe(NO3)3 � 9H2O or VOSO4 �H2O, dissolved in the
least amount of distilled water was added. The reaction solution was left for 2–4
days at room temperature while stirred occasionally to ensure the complete formation
of the metal complexes. The precipitated solid complexes were filtered, washed several
times with distilled water followed by ethanol to remove any traces of the unreacted
metal salts then washed with diethylether and finally dried in a desiccator over anhy-
drous CaCl2. The complexes are partially soluble in DMSO, DMF, CHCl3 and ethanol
and insoluble in most other common organic solvents viz. benzene, CCl4 and CH2Cl2.
Electronic spectra of the ligands were recorded as solutions in DMSO, DMF, diox-

ane and CHCl3; the metal complexes as Nujul mulls and as solutions in either DMSO
or DMF on a Jasco V-550 UV–Vis spectrophotometer. IR spectra of the compounds
were recorded on a Shimadzo IR spectrometer model 470 and a Perkin-Elmer 598
IR spectrometer using KBr discs, polystyrene was used as a calibrant. ESR spectra
of the solid metal complexes were recorded on a JEOL microwave unit JES-FE2XG
spectrometer at the Central Laboratories of Tanta University, Tanta, Egypt. The
magnetic field was calibrated with 2,2-diphenyl-1-picrylhydrazine purchased from
Aldrich. Mass spectra of the ligands and one of the complexes was recorded on a
Hewlett-Packard mass spectrometer MS 5988 at the Microanalytical Center, Cairo
University. The fragmentations were carried out at 300�C and 70 eV. Magnetic suscept-
ibilities of the complexes were measured by the Gouy method at room temperature
using a Johnson Matthey, Alfa Products, Model MKI magnetic susceptibility balance,
mercury(II) tetrathiocyanate-cobaltate(II) was used as a calibrant. The effective mag-
netic moments were calculated from the expression �eff¼ 2.828 (�mT)1/2 B.M., where
�m is the molar susceptibility. Diamagnetic corrections were calculated from Pascal’s
constants.
Microanalyses of carbon, hydrogen and nitrogen were carried out at the

Microanalytical Center, Cairo University. Analyses of the metals followed decomposi-
tion of their complexes with concentrated nitric acid, the resultant solution was diluted
with water and filtered to remove the precipitated ligand. The solution was neutralized
with ammonia solution, the metal ions were then titrated with EDTA. Vanadium was
estimated by a Perkin-Elmer Atomic Absorption Apparatus Model 3100 HGA 600 at
the Faculty of Science, Ain Shams University.

RESULTS AND DISCUSSION

Half-Unit Schiff Bases

Two half-unit Schiff bases were prepared by reacting dimedone with either ethylenedi-
amine or p-phenylenediamine (Structure 2).
The mass spectrum of the former half-unit Schiff base (A), Structure 2, indicates that

its molecules weight is 182, calculated¼ 182.
The IR spectra of both half-unit Schiff bases showed bands at 3260 and 3080 cm�1,

for half-unit (A) and at 3423 and 3340 cm�1 for half-unit (B). These bands are assigned
to �as and �s vibrations of the NH2 group, respectively. A band due to �NH group
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originating through resonance of the ketonic form to the enolic forms (Structure 3) of
the half-unit compounds appeared at 3080 and 3230 cm�1 for half-unit (A) and (B),
respectively. However, the former band is overlapping with the �s vibration of the
NH2 group of half-unit (A). The stretching vibration of the enolic OH group appears
as a weak broad band at 3440 and 3450 cm�1 for half-unit compounds (A) and (B),
respectively. In the parent dimedone compound this band appears at 3460 cm�1.
Strong bands in the range 1500–1635 cm�1 are assigned to �C¼O, �C¼C and �C¼N
bonds originating through resonance between the ketonic and enolic forms of the
half-unit molecules [8]. Two bands in the range 1240–1280 cm�1 are assigned to �C–O
and �C–N bonds whereas the spectrum of the parent dimedone compounds shows
only one band at 1248 cm�1 assigned to �C–O bond.

Asymmetrical Schiff-Base Ligands

Two asymmetrical Schiff-base ligands (Structure 1) were prepared by condensing the
parent aldehyde, 2-methyl-7-formyl-8-hydroxyquinoline with the half-unit Schiff
bases (A) or (B), Structure 2, to yield the ligands H2L

1 and H2L
2, respectively.

The IR spectra of the ligands are devoid of the bands due to the NH2 group of the
half-unit compounds and the band due to the C¼O group of the parent aldehyde, which
appears at 1685 cm�1, in the spectrum of the free aldehyde, due to condensation of
the NH2 and C¼O groups to produce the Schiff-base linkage. Instead, the intensity
of the band at � 1580 cm�1, due to the heterocyclic C¼N group, is enlarged in the
case of the ligands due to its overlap with the azomethine group of the Schiff-base link-
age. The stretching vibration of the phenolic OH group persists at � 3380 cm�1 as for
the parent aldehyde. The low values of the latter bands may be attributed to the forma-
tion of intramolecular hydrogen bonding between the nitrogen atom of the heterocyclic
ring or the azomethine group and the phenolic OH group as shown in Structure 4.
The stretching vibrations of the NH and the enolic OH groups originating through

resonance, Structure 5, appear at 3230 and 3335 cm�1, respectively, in the case of

STRUCTURE 2 Ketonic forms of the half-unit Schiff bases.

STRUCTURE 3 Enolic form of the half-unit Schiff bases.
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H2L
2 ligand while they are overlapped by the strong and broad absorption band of the

phenolic group in the case of ligand H2L
1. The band due to the remaining C¼O group

of the dimedone moiety appears as a shoulder at 1635 cm�1. The �C–N of the heterocyc-
lic ring and �C–O of the phenol moiety appear at 1330 and 1365 cm�1, respectively.
The �OH of the phenolic group appears as a doublet at 1265 and 1247 cm�1 which
would reflect the effect of both types of H-bonding as shown in Structure 4, besides
the presence of the enolic OH group, Structure 5.
The UV–Vis spectra of the asymmetrical Schiff-base H2L

1 shows five bands in the
ranges 248–251, 281–286, 330–339, 395–430 and 440–473 nm respectively. The first
three bands could be assigned to electronic transitions within the aromatic ring,
C¼O and C¼N groups. The latter two bands can be assigned to an intramolecular
charge transfer originating from the quinoline moiety to the azomethine linkage. In
the case of ligand H2L

2, the second and third transitions overlap and appear as
a single broad band. Also, only one charge transfer band appears in the region
395–473 nm.
The mass spectra of each of the ligands H2L

1 and H2L
2 show a molecular ion peak

corresponding to its formula weight. Also, their degradation patterns show some
similar fragments which indicate the similarity of their molecular structures.

Metal Complex

Reaction of the two asymmetrical Schiff-base ligands H2L
1 and H2L

2 with the transi-
tion metal cations Cu(II), Ni(II), Co(II), Mn(II), VO(II) and Fe(III) yielded twelve
metal complexes. The metal complexes were characterized by their chemical analyses,
IR, UV–Vis and ESR spectra (Tables I and II). Also, the magnetic moments of the
complexes were determined.

Magnetic Moments of the Metal Complexes

The values of the magnetic moments of the metal complexes, Tables I and II are
rather peculiar, thus our discussion will start with these values. The values of the mag-
netic moments are generally lower than those expected for known geometries [9,10],
Table III. These low values indicate strong antiferromagnetic exchange between

STRUCTURE 4 H-bonding in asymmetric Schiff-base ligands (only one half of the ligand molecule is
shown in this figure which contains the quinoline moiety and where H-bonding occurs).

STRUCTURE 5 Resonance occurring in the dimedone moiety of the asymmetric ligands, H2L
1 and H2L

2.
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adjacent metal cations, probably existing in polymeric structures. The very weak
solubility of all metal complexes in organic solvents strongly support this suggestion.
Table III compares the observed magnetic moments of the metal complexes with

those expected for octahedral, five-coordinate, tetrahedral and square-planar geome-
tries. The values of the magnetic moments for all metal complexes are generally
lower than the cited values for all geometries. However, no regular relation exists for
a certain ligand with the different metal cations. The values observed in the case of
Co(II) are higher than square-planar geometry and lower than either tetrahedral or
octahedral geometries. Also, for the Ni(II) complex of ligand H2L

1, the value obtained
is lower than octahedral, five-coordinate or tetrahedral geometries but it is definitely
not square planar as it would be diamagnetic. On the basis of other spectroscopic
results, as mentioned later, the octahedral geometry would be favored. The differences
in the locations of different metal cations in their different crystal structures would lead
to different antiferromagnetic interactions, which in turn would be reflected in the wide
differences of their observed magnetic moments.

ESR Spectra of the Metal Complexes

Next, we discuss the ESR spectral data of the metal complexes as they relate to and sup-
port the previous magnetic results. The ESR spectra of the metal complexes of ligand
H2L

2, except that of the VO(IV) and Ni(II) complexes, are shown in Fig. 1 together
with the Ni(II) complex of ligand H2L

1. The spectra of the other corresponding
metal complexes of ligand H2L

1 are quite similar and were thus deleted.
Copper (II) complexes of ligands H2L

1 and H2L
2 showed a broad signal at g values

1.924 and 1.926 and a shoulder at 1.973 and 1.981, respectively. The former band would
be assigned to gk and the latter shoulder to g?. These results indicate distorted octahe-
dral geometry of the Cu(II) complexes [11]. The apparent broadening of the ESR sig-
nals would be due to the interaction between Cu(II) cations present in nonequivalent
lattice positions.
Surprisingly, the Ni(II) complex of ligand H2L

1 showed a sharp signal at g value
1.903, Fig. 1. The Ni(II) ions have an even number of unpaired electrons and
the lowest energy state would be nondegenerate and thus ESR silent. However, due
to the distortion of the geometry of the complexes, as a result of their polymeric struc-
tures, the actual geometry of the Ni(II) ions would have an orbitally degenerate ground
state. The degeneracy of the ground state would thus be lifted in the magnetic field

TABLE III Comparison between magnetic (B.M.) of the metal complexes and those expected for different
symmetries

Metal cation �eff for metal complexes Literature cited values a

H2L
1 H2L

2 Octahedral
high spin

5-coordinate tetrahedral square-planar

Cu(II) 1.72 1.38 1.70–2.20 – – 1.70–2.20
Ni(II) 2.20 – 2.90–3.30 3.20–3.40 3.2–4.1 Diamagnetic
Co(II) 3.68 2.87 4.70–5.20 – 4.40–4.80 2.10–2.80
Mn(II) 3.26 4.37 5.90 – – –
VO(II) 1.30 1.37 1.70–1.80 – – –
Fe(III) 4.17 2.06 5.90 – – –

a[9,10].
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which would allow an ESR signal to be observed. Distorted tetrahedral cores [12] have
been shown on the basis of X-ray single crystal studies of Ni(II) Schiff-base complexes
containing bulky groups attached to the coordinated azomethine nitrogen atoms.
Cobalt(II) complexes of both ligands showed a sharp signal at g¼ 1.906, Fig. 1. No

splitting was observed which would be expected, due to the interaction of the unpaired
electrons with 59Co nuclei which have nuclear spin, I¼ 7/2, as the spectra were
carried out at room temperature which would lead to the concentration of the
paramagnetic ions.
Manganese (II) complexes of ligands H2L

1 and H2L
2 showed very broad signals at g

values 1.909 and 1.906, respectively. It has been previously reported that Mn(II)–Schiff

FIGURE 1 ESRpowderspectra;X-bands,of [Fe2(L
2)3] � 4H2O(1), [Mn2(L

2)2] � 6H2O(2), [Cu2(L2)
2] � 6H2O(3),

[Ni(L1)] � 6H2O(4), [Co2(L
2)2] � 4H2O(5) complexes. The signal at � 3370 G is due to the dpph field calibrant.
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base chelates with bulkier substituents tend to favor the formation of polymeric species
in the solids showing a single broad signal at room temperature [13,14].
Iron (III) complexes showed three signals with gx¼ 1.959, gy values in the range

2.115–2.119 and gz values in the range 2.227–2.234. These results indicate severe distor-
tion of the octahedral geometry in the solid state [15].
The VO(IV) complexes showed multi-line spectra indicating either mononuclear or

dinuclear patterns. The vanadyl complex of ligand H2L
1 showed an eight line pattern

and that of ligand H2L
2 showed fifteen lines pattern, Fig. 2. The g values of the

former complex are in the range 1.815–2.079 and the latter complex are in the range
1.809–1.969. The hyperfine structures observed are due to the interaction of the
unpaired electron with the 51V nucleus which has a nuclear spin, I¼ 7/2.
It could be concluded from the observed ESR spectra of the vanadyl complexes that

the size of the inner cavity of ligand H2L
1 is suitable for coordinating the vanadyl

cation. On the other hand, the structure of ligand H2L
2 does not allow a mononuclear

structure due to the presence of the phenyl group between the two sets of coordinating
groups. In the latter case, the dinuclear form would exist where each vanadyl cation

FIGURE 2 ESR powder spectra, X-bands of [VOL1](1) and [VOL2]2(2).
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links only one azomethine nitrogen atom and a phenolic oxygen atom of each of two
adjacent ligand molecules facing each other.
Comparison between the ESR results and the magnetic moments of the metal

complexes indicate that both tools supplement each other. Thus, while the ESR results
indicated that the metal complexes of ligand H2L

1 are mononuclear and those of ligand
H2L

2 are dinuclear, magnetic data indicated that either mononuclear or dinuclear prod-
ucts are further linked in polymeric chains leading to the observed decrease of their
magnetic moments.
Structures 6 and 7 indicate the linkage of either mononuclear or dinuclear complex

molecules to each other, through coordination bonds to oxygen atoms from neigh-
boring molecules. Thus, all metal complexes would acquire the distorted octahedral
configuration. Also, Fe(III) complexes, which are surrounded by three covalent and
three coordinate bonds from three halves of three chelating ligand molecules, would
suffer severe distortion of the octahedral geometry as reflected in its ESR spectra.

STRUCTURE 6 Suggested structures of metal complexes of the ligand H2L
1.
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IR Spectra of the Metal Complexes

The IR spectra of the metal complexes of a certain ligand are similar. The �C¼N of the
azomethine group is shifted to lower frequencies � 10 cm�1 indicating its involvement
in coordinating metal cations. The low value of this shift is attributed to the already
decreased value of �C¼N in the parent ligand due to H-bonding between the nitrogen
atom of the azomethine group and the hydrogen atom of the adjacent phenolic
group, Structure 4, as previously mentioned. Also, the �OH of the phenolic group is
replaced by the �OH of the hydrated water molecules.

STRUCTURE 7 Suggested structures of metal complexes of the ligand H2L
2.
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The vanadyl complexes showed two bands; a strong band at 925–930 cm�1 and
a medium band at 975 cm�1. The location of the former band indicates that
the VO(IV) cation is hexacoordinated. The presence of two absorption bands
assigned to the VO(IV) cation and the insolubility of the vanadyl complexes
in common organic solvents indicate polymerization through V¼O! V¼O
bonds [16,17].

The Visible Spectra of the Metal Complexes

The visible spectra of the metal complexes were carried out as nujol mulls and DMSO
or DMF solutions where the metal complexes were sparingly soluble.
The Cu(II) complex of ligand H2L

1 showed a broad band at 650 nm in nujol mull,
also a broad band at 625 nm in its DMSO solution. The Cu(II) complex of ligand
H2L

2 in either nujol mull or DMSO solution showed a broad band at 625 nm. These
absorption bands indicate distorted octahedral geometry around the Cu(II) cations [10].
The Ni(II) complexes of both ligands showed a broad band, at 650 nm either as a

nujol mull or in its DMF solution. This visible band would be due to 3A2g ! 3 T1g
transition in octahedral geometry. The 3A2g ! 3 T1gðPÞ transition is not observed as
it is overlapped by ligand absorptions. The 3A2g ! 3 T2g transition would be in the
near IR region [9].
The Co(II) complexes of ligands H2L

1 and H2L
2 showed broad bands at 700 and

550 nm, respectively, in their DMF solutions. In their nujol mulls, they showed
broad bands at 670 and 650 nm, respectively, and a shoulder at 700 nm. The energies
of these bands would be due to 4T1g ! 4 T1gðPÞ transition in octahedral geometry [9].
However, their colors are bluish green and greenish black, respectively, which differ
from the usual red color of octahedral Co(II) complexes. This could be due to the poly-
merization of the complexes which would lead to distorted octahedral structures and/or
due to charge transfer bands within the ligand molecules.
Mn(II) octahedral complexes are expected to show very weak bands due to spin-

forbidden transitions, also show light colors. The Mn(II) complexes of ligands H2L
1

and H2L
2 are deep green and olive green colored, respectively. They showed broad

absorption bands of measurable intensity at 640 and 660 nm in their nujol mulls, re-
spectively. Also, they showed a broad band at 690 nm in their DMF solutions. The dis-
tortion of the octahedral geometry of these complexes, due to polymerization, would be
the main reason for shifting the absorbance bands and the increase of their intensities.
The colors of the ligands would also contribute to the observed colors of the various
complexes.
The VO(IV) complexes are brown with a narrow band at 700 nm in their nujol mulls.

This band would be due to b2 ! e transition characteristic of octahedral VO(IV) com-
plexes [9]. Only, the VO(IV) complex of ligand H2L

1 showed a well characterized band
at 680 nm in its DMSO solution.
The Fe(III) complexes of ligands H2L

1 and H2L
2 are black with narrow bands at 685

and 695 nm, respectively, in their nujol mulls and broad bands at 610 and 650 nm,
respectively, in their DMSO solutions. These bands are assigned to the spin-forbidden
6A1 !

4 T2ðGÞ transition [9].
All complexes showed charge transfer bands at 400–500 nm in their DMF or DMSO

solutions. These bands are similar to those occurring in the parent ligands and can be
assigned to the intramolecular charge transfer from the quinoline moiety to the
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azomethine linkage. They are slightly shifted to higher energy than the parent ligands.
These bands could also be assigned to ligand!metal, or vice versa, change transfer
bands. These charge transfer bands would also affect the colors of the metal complexes
and lead to their observed deep colors.

Mass Spectra of the Metal Complexes

A representative dimeric complex of the ligand H2L
2, [MnL2]2 � 6H2O, was selected and

its mass spectrum, Fig. 3, indicated peaks till m/e¼ 901.5. The m/e of the anhydrous
complex is 904.9. Thus, this spectrum supports the dimeric nature of the metal complex.
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