Asian Journal of Chemistry Vol. 11, No. 4 (1999),' 1418-1422

Electronic Spectral Characterisation of Pr(III) Systems
Involving Sulphonanilide Environment in DMF Medium

H.K. PANDEY*, G.K. JOsHI and S.S. SHRIMALI
Department of Chemistry
Government Dungar College, Bikaner-334 001, India

Electronic spectral eters, viz., nephelauxetic ratio (f),
bonding parameter (bl ) and Judd-Ofelt intensity parameter (T))
have been computed for some modified doped systems involving
Pr(III) surrounded by sulphonanilide ligand. Oscillator strength of
all the four bands (°P3, 3Py, >Pg and 'D; levels) in each system has
been reported and recalculated using Judd-Ofelt equation. The r.m.s.
deviations have been found to be +1.82 x 10~ to £9.43 x 10™°. A
linear correlation between oscillator strength of hypersensitive band -
(®P2 level) and VT has been observed.

INTRODUCTION

The electronic spectral characterisation of various Pr(IIl) systems involving
sulphonanilide ligands of medicinal importance in DMF-medium have been
studied. This involves synthesis of twenty-one sulphonanilides using the steps
reported in the literature™ 2. A modified doped system™* has been undertaken to
record solution spectra in DMF medium using standard spectrophotometer. The

. various electronic spectral parameters have been computed by using computerised
programming method’. The calculations involve Judd-Ofelt equation and other
relations as described in the literatureS. The present work infers covalency in
metal-ligand bonding in the systems undertaken. The study also provides some
useful information regarding metal-ligand interaction and the change in symmetry
around lanthanide ion in terms of Judd-Ofelt parameters (T,). The systems
undertaken have been classified on the basis of T,/T¢ ratio (symmetry parameter).
The validity of the relation Pec vT¢ has been examined and found in good
agreement in these systems.

EXPERIMENTAL

Synthesis of sulphonanilides®?: Twenty-one sulphonanilides were syn-

;thesized by employing two steps. In the first step, chlorosulphonic acid is taken
in a round bottom flask, fitted with an electrical stirrer. Salicylic acid or methyl
salicylate or ethyl salicylate is taken in 1 :2 molar ratio and is added in small
lots during the course of 20 min. Temperature is maintained 0-5°C. Stirring is
continued for another 1.5 h. The thick reaction mixture is poured into crushed
ice. Sulphonyl chloride derivative is obtained as white solid. It is filtered, washed
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with water and kept immediately for drying as sulphonyl chloride derivative is
susceptible for hydrolysis. Crystallisation is done with chloroform. Melting point
is recorded.

In the second step, sulphonyl chloride derivative is refluxed with aromatic
amine in dioxane solvent in the presence of a pinch of anhydrous sodium acetate
for 6-8 h. It is cooled and transferred into conc. HCI. It is left overnight on
dilution, sulphonanilide is precipitated. It is filtered, washed with water and
crystallised with alcohol-water. Melting point is recorded. AR grade chemicals
have been used for synthesis.

All the sulphonanilides may be represented by the formula

RZ
HO SO:NH —@
OOR' ’
where R! = H, CH;, C,Hs, R? = 0-, m- and p-Cl, o- and p-OCH;, o-, m- and p-

CHa. ‘

" Standard grade chemical Pr(Ill) as chloride salt (supplied by Indian Rare
Earths Ltd.) has been used for studies. Twenty-one systems have been prepared
on doped model with minor modification. 10 mL of 0.12 M Pr(III) solution has
been mixed with 10 mL of 0.24 M ligand solution in DMF medium. In this way
the concentration of ligand has been taken in excess which serves the purpose of
modified doped model. Solution spectrum for the Pr(IlI)-ligand system has been
taken in the range 400-625 nm by using Systronic spectrophotometer (Model-
106).

RESULTS AND DISCUSSION

In the present Pr(IlI)-ligand systems, the solution spectra yield four bands,
viz., *Hy — 3P2; H, - %Py; *H, — 3P0 and *H, — 'D,. The energies of these
bands have been found to be in between 22470-22730 cm™, 21370-21550
cm™, 2053020830 cm™! and 16950 cm™, respectively. The value of nephel-
auxetic ratio (B) has been computed by involving hypersensitive band (*P,) using
the following relationship.

_ Average value of energy for 3p, band in the system (in cm™)
Value of energy8 for °P, band in Pr(III) free ion (23161 cm™)

- The bonding parameter b"? has been computed by using the following
equation. b'? = G(1- B)1"2
Using the Judd-Ofelt equation,
Pope = [UPIV X T, + [UDPv x T, + [U®)2v x T,

the intensity parameters (T,, T4 and Tg) have been computed and reported in
Table-1. Assuming hydrogen-like wave function, the value of T, has been found
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to be negative. The systems undertaken have been classified on the basis of
symmetry parameter (T4/T) into three categories, viz., A, B and C. The value of
T4/T¢ for these three categories ranges from 0.15 to 0.27, 0.27 to 0.39 and 0.39
'to 0.51 respectively.

The intensity of the bands observed has been given in terms of oscillator
strength (P). The values of oscillator strength of these bands have been recalcu-
lated by applying the Judd-Ofelt equation using computed values of T
parameters. The r.m.s. deviation in between experimental and recalculated values
for the oscillator strength varies from +1.82 x 10™ to +9.43 x 10™ as reported
in Table-1.

Various relations have been suggested to correlate intensity of hypersensitive
band in terms of oscillator strength with vT, or VT, or vTg or vb%. In the present
work, the relation P e VT for hypersensitive band has been examined for its
validity. The value of K = O.S.(P)/vTg for various categories have been computed
and reported in Table-1. It has been observed that the value of K remains almost
constant for all systems of one category.

The values of  and b'? suggest that the covalency in metal-ligand bond in
three categories of the systems undertaken follows the order: A >C > B.

The present study shows that the change in T,;/Tg value indicates the change
in stereo environment (or coordination number) around Pr(III) ion.

The hypersensitive transition (°P, band) shows variation of: high order as’
compared to other bands in oscillator strength (P) value which varies from
9:66 x 1076 to 27.33 x 107 in the present systems.

A linear relationship between O.S.(P) and VT4 has been shown which is
indicated by the values of K in different categories of the systems.
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