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Spectrophotometric Characterisation of Doped Pr(III) Ion in
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derived from Carbonyl Compounds
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The stereo-environment of doped Pr(III) ion in saturated solution
of some thiosemicarbazones of carbonyl compounds in alcoholic
media has been discussed on the basis of various electronic spectral
parameters. The various electronic parameters, viz., Judd-Ofelt in-
tensity parameter, (Tj) Slater-Condon (Fy), Lande’s ({4¢) intensity
of hypersensitive band (3P2) and Racah’s (Ey) as well as bonding
parameter b for Pr(III) ion doped in alcoholic saturated solution
of thiosemicarbazones derived from thiosemicarbazide and ethyl
vanillin, 3,4-dimethoxy benzaldehyde, 2,5-dimethoxy benzalde-
hyde, chalcone, p-hydroxy acetophenone, benzophenone, 3-nitro-
benzaldehyde and 4-amino acetophenone etc.

INTRODUCTION

In the present discussion the study has been made on the basis of utility of
some lanthanide substituted thiosemicarbazones of carbonyl compounds, Owing
to their immense medicinal application'™, on the basis of Judd-Ofelt and
Slater-Condon theory. Since in the field of science and technology the doped
study of certain systems finds immense application*™'3, therefore, on the basis of
Judd-Ofelt'*"7 intensity as well as other electronic spectral parameters a correla-
tion of f < f transition for Pr(IIl) ion doped in saturated solution of some
thiosemicarbazones of carbonyl compounds and the stereo-environment around
Pr(IIT) ion has been attempted. A saturated solution in alcoholic media has been
made by dissolving some thiosemicarbazones derived from carbonyl compounds
at room temperature (30 +2°C) and a constant amount of Pr(IIl) chloride has
been added to each of the solutions. Characterisation of some of the electronic
parameters for Pr(IIl) ion doped in saturated alcoholic solution of these com-
pounds was made spectrophotometrically. On the basis that Pr(III) ion yields four
bands in visible region, viz., 3p,, 3P;, P, and 'D,, the change in the intensity of
these bands is indicated by red shift caused by the change in coordination
environment around the ion resulting from f < f transition in lanthanides.
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EXPERIMENTAL

Equal molar concentration of thiosemicarbazide and ethyl vanillin, 3,4-dime-
thoxy benzaldehyde, 2,5-dimethoxy benzaldehyde, chalcone, p-hydroxy aceto-
phenone, benzophenone, m-nitrobenzaldehyde and p-amino acetophenone were
refluxed for 5 to 6 h at temperature 70 to 80°C; thiosemicarbazones derived as
such were crystallized and various saturated solutions'®2 of above componds
and 0.014 M of PrCl;-6H,0 (99.9% purity supplied by Indian Rare Earth’s
Udyogmandalam, Kerala) were added to each of the solutions. The solution
spectra of these systems were recorded by using standard spectrophotometeru’29
(Spectronic-20) in the visible region. The calculation for various electronic
parameters was made by computerized statistical method reported earlier?>%,

1. EtO CH=N—NH—£—NH2

OMe
Ethyl vaniline thiosemicarbazone

MeO CH=N—NH—£—NH2

2.
OMe
3,4-Dimethoxy benzaldehyde thiosemicarbazone
OMe
3. CH=N—NH: —NH,
OMe

2,5-Dimethoxy benzaldehyde thiosemicarbazone
4. @CH=CH ==N—NH—C—NH,

Chalcone thiosemicarbazone

5. @ —N—NH—C—NH,

Benzophenone thiosemicarbazone
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6. HO @—E———N"‘NH——C"—NHz
H,

4-Hydroxy acetophenone thiosemicarbazone

7. CH3—<fH ==N—NH—C—NH,
CH3"——\ H3

Phenazone thiosemicarbazone

8. ©—¢:=N-—NH——C——-—NH2
NO,

3-Nitro benzaldehyde thiosemicarbazone

I
9. NHZ4<©>—?——-N——1~1H——c—-—NH2
CH,

4-Amino acetophenone thiosemicarbazone

RESULTS AND DISCUSSION

The analytical data of thiosemicarbazones are given in Table-1. The absorption
at 1600 cm™ in the thiosemicarbazones can be attributed to v(C=N) of imine
nitrogen which is in agreement with early reports'® '®, The bands observed in
1630-1130 cm™ region are assigned to v(C=S)?>"2!. The computed values of
various parameters have been given in Tables 2 and 3. The present study shows
that the f < f transition resulting from spin orbit interaction in Pr(IIl) is due to
interaction with the ligand present in the saturated solution which is remarkably
manifested in terms of change in the energy of various electronic parameters. The
decrease in computed values of spin orbit interaction paramter (4), oscillator
strength of P, band, Judd-Ofelt parameter (T,) and Slater-Condon parameter
(F)) in comparison to free ion values clearly reflects symmetry change around
the metal ion in the solution. The T4 Tg ratio reflects the change in stereo
-environment around the metal ion present in the solution and thereby change in

coordination number. Therefore the change in the surrounding environment
around the metal ion involving the suitable interaction between the metal ion and
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ligand has been well characterized by decrease in the various inter-electronic
replusions and spin-orbit interactions.

TABLE-1
ANALYTICAL DATA OF THIOSEMICARBAZONES

% Analysis, Found (Caicd.)

Thiosemi-
carbazones fo H N S

1 52.17 5.92 16.60 12.64
(52.20) (5.90) (16.61) (12.60)

2 50.20 5.43 17.57 13.38
(50.18) (5.40) (17.55) (13.40)

3 50.20 5.43 17.57 13.38
(50.22) (5.40) (17.60) (13.35)

4 68.57 5.00 15.00 11.42
(68.60) 4.49) (15.04) (11.31)

5 65.88 5.09 16.47 12.54
(65.42) (4.48) (16.50) (12.44)

6 51.67 5.26 20.09 15.31
(51.68) (5.25) (20.05) (15.32)

7 54.75 6.46 26.61 12.16
(54.80) (6.52) (25.92) (12.20)

8 42.85 3.57 25.0 14.28
(42.70) (3.62) (24.95) (14.11)

9 51.92 5.76 26.92 15.38
(50.99) (5.62) (27.13) (1543)

TABLE-2

COMPUTED VALUES OF ENERGY (cm™!) OF OSCILLATOR STRENGTH T) AND
T4/Te FOR Pr(III) ION DOPED IN ALCOHOLIC SATURATED SOLUTION OF VARIOUS
THIOSEMICARBAZONES OF CARBONYL COMPOUNDS

Com. P2x10%  3Pix10®  pox10° 'Dyx10%  Tx107
Ta/Te

ounds
P exp Peal Pexp Peal Pexp Peal Pexp Peal T Ty T6

240 240 9.67 9.67 350 349 3.61 3.61 -778 18.1 74.1 0.24
19.8 19.8 773 773 291 290 381 3.81 450 145 61.1 024
279 279 1140 11.40 487 4.85 424 424 -879 224 849 026
285 285 11.70 11.70 5.08 5.06 5.17 517 -713 23.1 869 0.27
20.6 20.6 805 805 305 304 3.11 311 -659 152 634 024
246 246 1280 12.80 436 4.34 472 472 -569 23.6 744 032
28.7 287 11.80 11.80 499 496 4.31 431 -937 23.1 883 0.26
277 217 1007 1007 397 395 5.14 514 -676 20.2 85.7 0.24
232 232 737 737 274 272 285 285 -891 139 724 0.19
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The parametric values provide useful information regarding the coordination
behaviour of Pr(III) ion. The coordination behaviour varies as the change in ratio
of T,/Tg takes place. The similar values indicate the similar stereo-environment

around Pr(IlI) due to solute-interaction present in the solution.

The values of Slater-Condon parameter (F,) in the present system decrease
from free ion value and show close similarity whereas Lande’s parameter ({y5)
which shows spin-orbit interaction has been found to show much variation. This
shows that spin-orbit interactions in f < f transition are much more affected in
comparison to inter-electronic interaction. The intensity of hypersensitivity band
also shows similar trend.

The study provides useful information regarding stereo-environment around
Pr(III) ion as significantly exhibited by T,/T¢ ratio. The nephelauxetic ratio as
indicated by the values of b* also reflects some bonding character in the form of
change in stereo-environment around the central metal ion.

The various other electronic parameters reported in Tables 2 and 3 have their
usual significance as reported earlier by Soni et al.3""*2,
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