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Characterization of Some Pr(III) Complexes in
Terms of Electronic Spectral Parameters
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Pr(I1I) complexes from the ligands derived from methyl acetoacetate,
ethyl acetoacetate, veratraldehyde, ethyl vanillin and 2,5 dimethoxy
benzaldehyde forming Schiff-bases with ortho, meta and para phenylene
diamines have been synthesized. The complexes have been characterized

in terms of various Slater-Condon Landé and Judd-Ofelt parameters.
The various trends in the parametric values have also been described.
The involvement of 4f-orbital in the Pr(IIT) complexes including deviation
in the symmetry have been discussed on the basis of electronic spectral
parameters. The validity of the theories used has been established while
comparing observed and calculated energies and intensities of the various
banas in the present complexes on the basis of r.m.s. deviation. The
trends of the curves observed in the solution spectra have also been
discussed.

INTRODUCTION

Lanthanide (III) ions exhibit absorption spectra characterised by bands
in visible region but these spectra have not been studied extensively!-4 in
terms of Slater-Condon-Landé and Judd-Ofelt parameters, covalent
contributions to bond formation have been invoked to explain certain
effects of the extremely complicated spectra resulting from the fe f
electronic transitions®-18 in the lanthanide ions. Although the bonding
between the ligands and the lanthanide ions is sufficiently electrostatic
yet with appreciable interactions between the 4f-orbitals and ligand
orbitals>-'8, The interelectronic repulsions and spin-orbit interactions
involved in the metal-ligand bond may be given in terms of Slater-Condon-
Landé parameters whereas the intensities of the various bands observed
may be given in terms of Judd-Ofelt parameters in lanthanide com-
plexes’-!8, In the present paper some Pr(IlI) complexes have been
characterised in terms of these electronic spectral parameters.

EXPERIMENTAL

Synthesis of Pr(XII) Complexes

The complexes have been synthesized from the method described by
Ansari and Ahmed?® by refluxing the mixture of ethanolic solution of
PrCl;.6H,0 and the ligands in 1:1 molar ratio. In the reaction mixture
the precipitation occurs with a change in colour from buff to dark reddish
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brown. Complexes were found soluble in DMSO, N,N dimethyiformamide
and water acetic acid mixture. The ligands were also prepared by the
condensation reaction in ethanol from o-, p~ and m~ phenylene diamine
and methyl acetoacetate, ethyl acetoacetate, veratraldehyde, ethyl vanilline
and 2,5-dimethoxy benzaldehyde in the 1 : 2 molar ratio. AnalaR grade
chemical were used for synthesis.

(a) Solution Spectra: The solution spectra of the various complexes
in the present work have been recorded by using the standard spectro-
photometer in the region 350-750 nm.

(b) Analytical and IR-Studies: The analytical and IR studies have
been carried out at CDRI, Lucknow and AIIRA, Ahmedabad respectively.
However metal percentage of the complexes have been estimated by using
the standard methods?®. These studies suggest the following molecular
formulae for the present Pr(III) complexes.

(i) Pr(CI)(L)(H20)4, where L = MecAA-OPD, McAA-PPD, MeAA-
MPD, EtAA-OPD, EtAA-PPD, EtAA-MPD, EtV-OPD, EtV-PPD,
EtV-MPD.

(ii) Pr(L")(H20)4Cl;, where L' =2,5 DMB-OPD, 2,5 DMB-PPD,
2,5 DMB-MPD, V-OPD, V-PPD, V-MPD.

Parametric Calculations

As has been reported earliers-18 the following equations involving
Slater-Condon-Landé and Judd-Ofeld theories to compute energy and
intensity parameters resulting from f-f transitions have been employed in
the present Pr(IIl) complexes.

(i) Slater-Condon-Landé Equation :

OE.
Ei(Fk, £4) = Eoj(F%, ¢%) -I- XAF: +5 JXAF4

Ey Ejy
+8_I-76XAF6 + mxdfﬂ"

(ii) Judd-Ofelt Equation :
Pops = [UD X Tz 4+ [U@Py X T4 + [UO]v X T

RESULTS AND DISCUSSIONS

In the present Pr(III) complexes, the solution spectra yield four bands
viz. 3H, — 3P,; 3H4 —» 3Py 3Hy — 3P, and 3H, — !D,. The energies of the
bands observed have been recalculated by applying Slater-Condon-Landé

MeAA = methylacetoacetate; EtAA = ethyl acetoacetate; EtV = ethyl vanilline;
V = veratraldehyde; 2,5 DMB = 2,5 = dimethoxy benzaldehyde; OPD = o-phenylene-
diamine; PPD=p-phenylenediamine MPD = m-phenylenediamine.
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equation in which computed parametric values from experimental energies
have been used. The r.m.s. deviation between experimental and recalcu-
lated values of the bands varied from 494 to 4158 cm~!. These have
been reported in Table 1.

The various energy parameters viz. F,, Fq, Fg, B, b1/2 and %F, have
been reported in Table 2. These parameters suggest that there is decrease
in Fy-parameters when compared with the parametric values reported for
free Pr(III) ion. This has been given in terms of percentage reduction in
Fa-parameter, alongwith nephelauxetic ratio (8) and bonding parameter -
(b/2). The results show that the interelectronic repulsions have been
decreased when Pr(III) ion forms complexes. '

In the formation of complexes, spin-orbit-interactions have also been
decreased. This has been given in terms of Landés parameter (£4) and
has been reported alongwith Racah parameters in Table 3.

The intensity of the bands observed has been given in terms of oscil-
lation strength (P). The values of intensity for the bands have been
recalculated by applying the Judd-Ofelt equation in which computed para-
metric values from experimental intensities have been used. The r.m.s.
deviation in between experimental and recalculated values for the oscil-
lator strengths varies from 4-0.01x 10-¢ to 40.08 x 106, These have been
reported in Table 4.

The Judd-Ofelt intensity parameters T,, T4 and Tg have been reported
along with the ratio T4/T¢ in Table 5. A constancy in the ratio Ty4/Ts
value suggests qualitatively to have a common symmetry in the series of
complexes but in the present case the value of ratio has been slightly
varied and hence the various complexes can be grouped according to the
ratio value.

In the present series Pr(III) complexes the following inferences have
been derived with respect to their spectral characterisations in terms of
various spectral parameter.

(a) The order in terms of B'/2 and %, *F»

(i) MeAA > EtAA
When amines used are OPD, MPD and PPD for the formation
of ligands.

(ii) 2,5 DMB > Et.V >V
When amines used are OPD, MPD and PPD for the formation
of ligands.
(b) The order in terms of % 4.
(i) Et.AA > MeAA

When amines used are OPD, MPD and PPD for the formation
of ligands.
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TABLE 2
COMPUTED VALUES OF VARIOUS SPECTROSCOPIC PARAMETERS
Fx, B, b'/* and %TF, OF Pr(IlI) COMPLEXES WITH B-KETO ESTER
VERATRALDEHYDE, ETHYL VANILINE, 2,5.DMB AND -0, “m, ™p
PHENYLENEDIAMINE, SCHIFF’S BASES

No. Parameters Fa F4 Fs B
*  Pr(III) Complexes (in cm-!) (incm-') (incm-!)

«

bl %I'Fz

1. Pr-Me.AA-OPD 311.65 43.02 4.71 0.96758 0.12732 3.24
2. Pr-Et AA-OPD 312.64 43.16 472  0.97065 0.12114 3.03
3. Pr-V-OPD 311.86 43.03 4.71 0.96822 0.12606 3.18
4. Pr-EtV-OPD 311.09 42.95 4.70  0.96585 0.13067 3.41
5. Pr-2,5DMB-OPD 310.80 42.91 470  0.96494 0.13240 3.51
6. Pr-Me.AA-PPD 311.51 43.00 4.71 0.96716 0.12814 3.28
7. Pr-Et.AA-PPD 31241 43.12 472  0.96995 0.12258 3.01
8. Pr-V-PPD 311.53 43.00 4,71 0.96722 0.12802 3.28
9. Pr-EtV-PPD 310.63 42.88 4.69  0.96441 0.13340 3.56
10. Pr-2,5DMB-PPD 310.23 42.83 4.69 0.96317 0.13570 3.68
11. Pr-Me.AA-MPD  310.98 42.93 4.69 0.96246 0.13700 3.45
12, Pr-Et. AA-MPD 311.98 43.06 4.71 0.96861 0.12528 3.14
13. Pr-V-MPD 310.96 42.92 469 096545 0.13143 3.44
14. Pr-EtV-MPD 310.83 4291 4.69  0.96505 0.13219 3.50
15. Pr-2,5 DMB-MPD 312.16 43.09 4.71 0.96917 0.12416 3.08
* Pr-? free ion 322.09 44.46 4.87 — — —
TABLE 3
COMPUTED VALUES OF VARIOUS SPECTROSCOPIC PARAMETERS
(EXx and ¢4t) OF Pr(11I) COMPLEXES WITH 8-KETO ESTER AND
VERATRALDEHYE, ETHYL VANILLINE, 2,5 DMB SCHIFF’S BASES
Parameters E! E? E3 ¢
§. No. Pr(I1I) Complexes (in cm™) (incm™) (incm-') (in gr'n-‘) Yoréat
1. Pr-Me.AA-OPD  4575.58 23.93 362.61 654.38 11.69
2. Pr-Et.AA-OPD 4590.10 24.01 464.08 623.83 15.81
3. Pr-V-OPD 4578.59 23.95 462.91 658.05 12.26 -
4. Pr-EtV-OPD 4567.39 23.89 461.78 658.05 11.19
5. Pr-2,5DMB-OPD  4563.07 23.87 461.34 672.99 9.18
6. Pr-Me.AA-PPD 4573.58 23,92 462.41 659.26 11.03
7. Pr-Et.AA-PPD 4586.79 23.99 463.74 644.10 13.08
8. Pr-V-PPD 4573.89 23.92 462.44 655.06 11.60
9. Pr-EtV-PPD 4560.56 23.85 461.09 661.94 10.67
10. Pr-2,5DMB-PPD  4554.72 23.82 460.50 665.61 10.17
11. Pr-Me.AA-MPD  4565.78 23.88 461.62 661.59 10.72
12. Pr-Et.AA-MPD 4580.45 23.96 463.11 644.84 12.98
13. Pr-V-MPD 4565.31 23.88 461.59 660.68 10.84
14. Pr-EtV-MPD 4554.29 23.87 461.40 665.65 . 10.17
15. Pr-2,5 DMB-MPD 4583.07 23.97 463.37 640.25 13.60
* Pr-? free ion 4729.00 24.78 476.13 741.00 —
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TABLE 5
COMPUTED VALUES OF T, PARAMETER OF Pr(III) COMPLEXES WITH
B-KETO ESTER AND VERATRALDEHYDE, ETHYL VANILLINE AND
2,5 DMB SCHIFF’S BASE

S. No. Pr{f‘go“;f;‘;;xes Tax 100 Tyx10® Tex10'  TefTs
la. Pr-Me.AA-OPD 58.02 19.40 63.49 031
. Pr-Me.AA-PPD 43.65 19.91 60.99  0.33

c. Pr-Me.AA-MPD 59.20 09.55 5661  0.17
2a. Pr-Et.AA-OPD 24.80 18.10 49.05 037
b. Pr-Et. AA-PPD 36.38 18.50 58.18  0.32
c. Pr-Et.AA-MPD 38.28 14.17 5215 027
3a. Pr-Vera~OPD 42.80 21.40 6722 032
b. Pr-Vera-PPD 42,98 21.20 92.36  0.26
c. Pr-Vera-MPD 54.73 13.94 5609 025
4a. Pr-Et.V-OPD 27.55 17.30 5381 0.32
b. Pr-Et.V-PPD 44.76 24.02 90.98  0.26
c. Pr-Et.V-MPD 65.92 12.58 5155 025
sa. Pr-2,5.DMB-OPD 52.53 2074 11040 019
b. Pr-2,5.DMB-PPD 55.05 18.89 67.98 028
c. Pr-2,5.DMB-MPD 48.35 15.14 5244 029

(i) 2,5 DMB > Et.V <V
When amines used are OPD and PPD.
(iii) 2,5 DMB > EtV <V
When amines used in MPD for the formation of ligands.
(c) The order in terms of T4/T¢ ratio
(i) OPD > PPD > MPD
When carbonyl compounds used are EtAA, EtV and V for the
formation of ligands.
(ii) MPD > PPD > OPD
When 2,5 DMB has been used for the formation of ligands.
(iii) PPD > OPD > MPD
When MeAA has been used for the formation of ligands.

Trends in Solution Spectra

The solution spectra showing absorption trends in the cases of ligands
derived from PPD and OPD have been shown in Fig. 1 and 2. The
spectra have been well distinguished as far as intensities of the various
bands are concerned. The solution spectra of these complexes appear to
have a strong absorption in the UV region as the curve have the begin-
ning with high absorption near 400 nm. The effect of absorption band
in the UV region has been minimised in all the complexes at the band

Asian J. Chem, _
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near 590 nm. A similar trend has also been observed in the complexes
derived from MPD.
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