Proc. Indian natn. Sci. Acad., 56, A, No.4, 1990, pp. 339-342
© Printed in India

MOSSBAUER SPECTROSCOPIC STUDIES OF Fe(III)
CHELATES OF SOME o-SUBSTITUTED AZO DYES

S VATSALA

Department of Chemistry, Providence Women's College,
Calicut-673009, India

{Received 8 June 1987, after Revision 30 October 1989; Accepted 19
January 1990)

Mossbauer spectra of four iron (IIT) chelates with o-substituted azo dyes, (I-o-
carboxyphenylazo resorcinol (CPAR), I, o-carboxyphenylazo 2-naphthol
(CPAN), H1, 1-(2-fluorenylazo) resorcinol (FAR) and IV, 1-(2-fluorenylazo)-2-
naphthol (FAN), have been recorded at room temperature, using natural iron
for reference. The quadrupole splitting (AE) and isomershift (8) have been
calculated. The symmetry of the molecule and the covalent nature of the
bond between metal atom and the donor atom have been explained. It is
shown that the 2-naphthol dye complexes with Fe(Ill) are more symmetric
molecules than the corresponding resorcinol dye complexes. Further, the
M -L bond is more covalent in the 2-naphthol dye complexes than in resor-
cinol dye complexes.
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Introduction

Mossbauer spectroscopy is well suited for the study of the nature of the chem-
ical bond, a metal atom (Fe’) has in a coordinated compound. Through the
measurement of isomer shifts one obtains information on the valence state as
well as the degree of covalency of the bond whereas the quadrupole splitting
gives an idea of the symmetry around the metal atom (Fe) and the related elec-
tric field gradient. In view of the power of the technique, MOssbauer spectros-
copy has been used to study a number of Fe(IIT) chelates of some o-substituted
azo dyes.

Materials and Methods

Chemicals used in this investigation were of AR (BDH) grade. Double distilled
water was used throughout the preparations. The azo dyes were prepared by
diazotising the respective amines (anthranilic acid in the case of 1 & 1I and
2-aminofluorene in the case of IIl & IV) and coupling it with 2-naphthol and
resorcinol which were earlier purified by sublimation to obtain 1, II, Il & IV
[I-o-carboxyphenylazo resorcinol (CPAR), II-o-carboxyphenylazo-2-naphthol
(CPAN), I 1-(2-fluorenylazo) resorcinol (FAR) and IV-1-(2-fluorenylazo)
2-naphthol (FAN)].

The Mossbauer spectra of the four Fe(Ill) chelates with 1, 1, I & IV
were recorded with a constant acceleration Mossbauer spectrometer (ECIL.
MBS 35) coupled to multi channel analyser (MCA 38) using a moving 30 mCi
57, (pd) source. The spectra were recorded with reference to natural iron.



340 S VATSALA

Table 1
Moéssbauer parameters of Fe(IIl) chelates

Chelate Azodye AE (mm/sec) & (mm/sec)
[Fe(L)(LH)(H,0),] CPAR 0.71 +0.13
[Fe(L)(LH){H,0),] CPAN 0.68 +0.12
[FeL,(OH}, FAR 0.65 +0.09
[FeL,{OH)}, FAN 0.56 -0.16

Results and Discussion

The recorded spectra are shown in Fig. la, b, ¢, d. The spectra consist of
quadrupole split doublets, from which, the isomershift (8) and quadrupole
splitting (A E) were calculated and the values are shown in Table I .

The structures of the chelates have been established from their C, H and
N analysis, IR and UV spectral studies and their magnetic data’.

Of the Mossbauer parameters, isomer shift exhibits a considerable de-
pendence on the covalency of the bond between the metal and the donor atom
and the quadrupole splitting displays an indirect dependence?.

The spectrum of the metallic iron was preferred as a reference standard
for calibration of the spectrometer as the six hyperfine components of the
spectrum give a linearity check as well as define a zero as compared to the
spectrum of sodium nitroprusside. The latter with only two peaks and a large
separation provides no check on linearity and may cause comparatively large
errors in recorded shifts>,

Isomershift

Isomershift is a measure of the total s-electron density at the nucleus. Its
magnitude is influenced by two factors: the degree to which s-orbitals are oc-
cupied and the extent to which the electrons in s-orbitals are shielded from the
nucleus by other electrons®. Since only s-electrons have a finite density at the
nucleus, electrons in other orbitals can influence nuclear excitational energy
only indirectly. Thus if certain d-electron density is drained away from the me-
tal atom, screening of the s-orbital, by the d-orbital will be less to that extent
and hence the nucleus would experience a greater s-electron density. The grea-
ter the s-electron density at the nucleus, the lower is the excitational energy. That
is, in such cases, the isomer shift would be more negative or less positive. In
complexes of iron with different ligands, the decreasing sequence of isomer
shift will be approximately the same as the increasing sequence of covalency of
the bond between metal and donor atoms?.

The values of & obtained in the presenct investigation are given in the
decreasing order, which corresponds with the increase in the degree of coval-
ency of the bond between the metal ion and the donor atom in the ligand.
Comparing values of the first pair of complexes, it is evident that the d-
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Fig. 1a-d — Mossbauer spectra of Fe(IIl) complexes with ligand I (a), [1 (b); Il {c}and IV {d}

electron delocalisation from the metal ion to the donor atom is more in the
case of 2-naphthol dye than in the resorcinol dye. The same is the case with
the second pair (I & IV) of complexes. The values also indicate that 2-naph-
thol dyes have greater nephelauxetic effect than the resorcinol dyes.

Azo group is known to be a m-acceptor’. This promotes the electron
transfer from the non o-bonding orbitals of the central ion, to w-acceptor orbi-
tals of the ligand. with appropriate symmetry. The decreasing values from the
resorcinol dye to naphthol dye must be due to increase in both the ¢-donor
and s-acceptor strengths and hence the increase in the degree of covalency.
Unfortunately based on the d-values, it is not possible to evaluate the ¢ and
7-interactions separately?.

Quadrupole Splitting

The charges distributed asymmetrically around the atomic nucleus give
rise to an electric field gradient ¢, that differs from zero, on the site of the
atomic nucleus. The interaction of the quadrupole moment Q of a nucleus with
the electric field gradient g at the nucleus manifests itself as the splitting of the
resonance spectrum. The quadrupole splitting measures the asymmetry of the
iron wave function®. The increase in the symmetry of the molecule results in a
decrease in the quadrupole splitting.

Fe*” nucleus has the spin value I =1/2 in the ground state and /=3/2 in
the excited state. If the Fe’” nucleus in the absorber is subjected to an electric
field gradient, that is not spherically symmetric, the excited energy level, which
corresponds to /= 3/2 splits into two, forming a two-line spectrum.

All the four Fe(Ill) complexes that have been studied presently have given
two line spectra, showing the low symmetry of the molecules. Greater the va-
lue for the quadrupole splitting less is the symmetry of the molecules. A com-
parison of the values of AE shown in the table reveals, that 2-naphthol dyes
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form a more symmetric molecule with Fe(IIl) than the corresponding resorci-
nol dyes and also ITI and IV form Fe(Ill}) complexes which are more symmetric
than those of I & 11.

The decreasing sequence of quadrupole splittings corresponds approxi-
mately?, to the increasing sequence of covalency in the complexes. The values
of 6 and AE also reveal that Fe(Ill) complex with IV is the most covalent in
nature, which is supported by the e.s.r. spectral studies of the Cu(Il) complexes
with LI, TIT and IV,
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