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ABSTRACT

In the present investigatigthe absorption difference and comparative absorpspectroscopic
studies involving 4f-4f transitions of Pr(lll) witcetyl acetone [Pr(acagH20),] and their
adducts with structurally related ligands like mjine (py), bromopyridine (Brpy) and
chloropyridine (Clpy) complexes in different suits like CHOH, CHsCN and DMF have been
carried out. The intra 4f-4f transition spectra Igiesharp bands which were analyzed
individually by Gaussian curve analysis, the endrggraction parameters (EE*), Lande spin
orbit coupling €), nephelauxetic ratio4), bonding parameter {f5), percent covalencys)
were calculated and intensity parameters have beemputed on computer using partial
multiple regression analysis. The difference in émergy parameters with respect to ligands
atoms and with various solvents reveals that thengbal environment around the Pr(lll) ion
has great influence on 4f-4f transition and any nde in the environment results in
modification of the absorption spectra.

Key words: Electronic spectra, nephelauxetic effects, acetgtane.

INTRODUCTION

Analysis of intra 4f-4f transition has been usedcassfully in elucidating the structure of
lanthanide complexes with ligands [1]. The useanithanides as absorption spectral probe in
several biochemical reactions involving'©and Md? has open up a new dimension for the fast
developing field of optical spectroscopy. Duringe tlipast three decades, new fields of
applications have been found for the lanthaniderdination compounds in solutions Viz., in
constructions of liquid laser in studying transwaelement, as unique spectral models in
examining structure and function [2, 3, 4].
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S. N. Misra et al [4-6] studies the solid complexé$r(l1ll) and Nd(lll) from mononucleotide
and mononucleosides were dissolved in organic stdvand their spectra were recorded. The
results suggest that these complexes, when diskolwe the solvents, retained their
nonacoordinationated stereochemistry possessdteindrystalline state. The silent changes in
the oscillator strength of 4f-4f bands as welhaschanges in magnitude of Judd Ofelt intensity
parameters determined from observed 4f-4f transitindicates minor coordination changes
around Pr(Ill) and Nd(lll) as a result of slighiffdrences in binding capabilities of these
structurally related ligands. This change dependshe nature of solvents mixture and varying
affinities of ligands.

In the present study, we have prepared the [Ri}#ERO),] complexes and their adducts with
structurally related nitrogen donor ligands likeidine, bromopyridine and chloropyridine their
absorption spectra of Pr(lll) have been interprétetgrms of various parameters namely Salter-
Condon (R), Lande spin orbit couplingtf), Racah (E), nephelauxetic ratiop], bonding
parameter () and percent covalency)(were calculated and intensity parameters have bee
computed on computer using partial multiple regoesanalysis, which gives information about
the nature of complexation.

MATERIALSAND METHODS

Pr(lll) chloride heptahydrate of 99.9% purity fravids Indian Rare Earths Ltd., acetyl acetohe
AR grade from Qualigens, nitrogen donor ligands,\pgridine (py), bromopyridine (Brpy) and
chloropyridine (Clpy) were from Sisco Chemical Latory. The CHOH, DMF and CHCN
solvents used for recording the spectra. They weAR grade from E. Merck. They are double
distilled before use. The elemental analysis wasiedd out on Carlo-Erba Strumentatzione
Strada Rivoltand 200 9D Rodono Italy, at CSMCRI @tegar. Pr(lll) contents were determined
gravimetrically as Oxinate using 8-hydroxyquinelirAll the spectra were recorded on Perkin
Elmer Lambda-2 UV-Visible spectrophotometer inthege  380-620nm, in the concentration
of Pr(lll) complexes in10° M.

Synthesis of [Pr (acac)s (H20),]

Pr(lll) chloride heptahydrate 3.734 gm was dissolirewater, the methanolic solution of acetyl
acetones.79 gm was added very slowly with constant stiysivith resulted in isolation of yellow
crystalline solid. After neutralizing the contentsth ammonia the product was filtered and
washed thoroughly with methanol and was purifieddnyrystallization with methanol.

Synthesis of [Pr (acac)s (py)2]

The [Pr (acag)(H20),] of 4.72 gm added into methanolic solution of 1gs8 of pyridine and
put it for constant stirring. Yield yellow precipted the amount of precipitated increased
tremendously on addition of ammonia solution drapew The yellow micro crystalline solid
obtained by purified by recrystallization form matlol, the bromopyridine (Brpy) and
chloropyridine (Clpy) complexes have also been tssized by similar procedure. These
adducts have been synthesized and characterizedelmental analysis and molecular weight
determination, the elemental analysis and molecwarght determination carried out at
CSMCRI, Bhavnagar. Molecular weight and Analytidata are shown in Table 1 and Table 2.
Metal Pr(lll) was estimated first by decomposing tthelate by concentrated nitric acid and
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evaporating it to dryness. The dried mass was eelawith dilute HCI and the metal was
precipitated as Oxinate by using 8-hydroxy quirelmethod.

The Coulombic and magnetic interaction betweeh @¢ctrons leads to energy level of"4f
configuration and these interaction can be expdesseterms of the electronic repulsion
parameters Salter-Condony (&, Fs), G. Racah [7,8] (E E% E® and spin orbit interaction

parameter, Lande spin orbit coupling) as a first approximation. The energyok the " level
is given by the following equation,

Ej(Fx.8ar) = Eqj(F%.ar) + Y. (OE;/8F k) AFy + (SE;/0&ar) At
k=2,4,6

Where, E; is the Zero order energy of tHe [pvel is given by Wong [9, 10]. The values of E
partial derivative §E/5F) and §E/5Es), for different levels were known. The nephelaixet
effectsmeasures the change ip With respect to free ion and expressed by nepketauratio
(B), which is defined as,

ﬁ = Ft]{ Ff]{

Where, ¢ and f referred to complex and free iore @imount of mixing of 4f orbital and ligand
orbital can be measured by the bonding parametéy hich is given by [11-15],

-hl.l'l — [1 _ ﬁ 2]1}1

S. P. Sinha [16, 17] introduced another paramptecentage covalency parame®ras,
a=[1-p/p] = 100

The experimental value of oscillator strengthydPof absorption bands were calculated by
performing Gaussian curve analysis using the fahgwelationship,
Pops = 4.60 = 107 €,,(7) (A7)

Where€, is the molar extinction coefficient correspondingenergy(® .
RESULTSAND DISCUSSION

The figure 1 shows comparative absorption spedtfar@ll) complexes in methanol. There is
marginal red shift of 4f-4f transition bonds in [Bcac) (H.0),] the enhancement is more in
case chloropyridine (Clpy) indicating a better tigathan bromopyridine (Brpy) when recorded
in methanol. The intensity otH,— 3P, > *H,—>P, > *H, —*P> °H, —'D, [18].
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Fig. 1 Comparative absor ption spectra of 1) [Pr(acac)s(py).] 2)[Pr(acac)s(Brpy),], 3)[Pr(acac)s(H,0),] and 4]
[Pr(acac)s(Clpy),] complexesin methanol.

Table 1 shows the observed and calculated valuemlgfcular weight of Pr(lll) complexes. This
indicates that the observed and calculated valtiesotecular weight are nearly same; it means
that the complexation is proper.

Table 1 showsthe observed and calculated values of molecular weight of Pr(l11) complexes.

Compound Cal. MW | Obs. MW
Pr (acacyH,0), A477.26 474.18
Pr (acac)py). 601.51 599.98
Pr (acac)Brpy), | 756.60 753.15
Pr (acacXClpy), | 667.97 665.19

Table 2 shows the observed and calculated valuemalfytical data whereas Table 3 shows
experimental and computed values of Pr(lll) cometein CHOH, DMF and CHCN solvents.

The r.m.s. deviatiow are varies from 107.09 to 173.73 showing that tmn of the various
energy interaction parameters.

Table 2 shows the observed and calculated values of analytical data Pr(l11) complexes.

Compound % metal % Carbon % Hydrogen | % Nitrogen
Obs | Cal Obs | Ca Obs | Cal | Obs | Cal
Pr (acag(H,0), | 29.52| 29.68 36.71 37.80 4.88 5.05 i -
Pr (acag)Py), | 22.48| 2348| 49.66 50.11 544 5.0 451 4|60
Pr(acac)Brpy), | 18.55| 18.62 39.60 39.60 4.44 4.25 2/88 2,16
Pr(acac)Clpy), | 21.11| 21.21 44.39 4493 480 479 401 411

Table 4 shows energy interaction parameters Sfatmdon (k), Lande spin orbit interaction
(&a1), nephelauxetic ratioBf, bonding parameters B and covalency parameted) (for Pr(lll)
complexes in CEDH, DMF and CHCN solvents. It shows that the values of nephelatixe
effect @) in Pr(lll) complexes were vary from 0.9421 to 479 which is less than unity. The
value of bonding parameters*® were varies from 0.1662 to 0.1689 and which isitpe
indicate covalent bonding between Pr(lll) and lidan
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Table 3 Observed and calculated energies (cm ™) of Pr(l11) complexesin CH;OH, DMF and CHCN solvents

3 3 3 1
Complexes and Solvents P Py P D: P
CH.OH Obs Cal Obs Cal Obs Cal Obs Cal
Pr (acac)H,0), 22489| 22424 21311 21215 20736 20660 16893 171171.303
Pr (acacXpy). 22536| 22375 21361 21225 2072 20770 160937 171116.903
Pr (acac)Brpy), 22537| 22407 2135 21237 20778 20768 16037 171207.092
Pr (acac)Clpy), 22508| 22390 21316 211746 210pP8 20669 16837 170917.383
DMF
Pr (acag)H,0), 22432| 22557 21254 21128 206P0 20690 16836 171073.737
Pr (acac)py), 22524 | 22381 21350 21224 207p6 20752 160930 171080.802
Pr (acac)Brpy), 22504 | 22314 21328 21143 20744 20737 16894 170719.504
Pr (acac)Clpy). 22498| 22328 21318 21181 20740 20738 16882 170761.364
CHsCN
Pr (acagH,0), 22914| 22392 21368 21261 207)76 20774 16932 171183.182
Pr (acac)py). 22531| 22390 21361 21238 207[78 20736 16946 17119.603
Pr (acac)Brpy), 22528| 22375 21351 21122 2070 20770 160917 170019.700
Pr (acag)Clpy), 22522| 22370 21354 21232 20767 20755 160974 171567.810

Table 4 Computed values of energy interaction parameters Slator Condon (Fy), L ande spin orbit coupling
(E4), nephelauxetic ratio (B), bonding parameters (b"?) and covalency parameter (3) for Pr(I11) complexesin
CH3;OH, DM F and CH3;CN solvents.

Complexes and Solvent F, F, Fq (Ear) B (b9 (3)
CH;OH

Pr (acac)H,0), 308.8561| 42.6863 4.6686 719.64i7/0 0.9445 0.1668908.8
Pr (acac)py), 308.8670] 42.6278 4.6637 719.8653 0.9445 0.1666716.8
Pr (acac)Brpy), 308.8670| 42.8998 4.6696 721.1446 0.9448 0.1668226.8
Pr (acac)Clpy), 308.8800| 42.4890 4.6660 720.1447 0.9446 0.16622286.8
DMF

Pr (acacyH,0), 308.1064| 42.544]1 4.6534 719.3510 0.9421 0.1688326.0
Pr (acac)py), 308.1108| 42.5452 4.6653 778.9200 0.9430 0.1689496.D
Pr (acacyBrpy), 308.2128] 425577 4.6654 718.9476 0.9430 0.1689498.0
Pr (acacyClpy), 308.1735| 42.5392 4.6519 719.2825 0.9431 0.1688448.0
CH;CN

Pr (acacyH,0), 308.1788| 42.5304 4.6500 720.0623 0.9431 0.1666538.9
Pr (acac)py). 308.2608| 42.5404 4.6530 720.9980 0.9430 0.1667818.8
Pr (acacyBrpy), 308.3394] 42.5654 4.6652 721.3840 0.0470 0.1662818.8
Pr (acac)Clpy), 308.2880] 42.4206 4.6400 721.3334 0.9430 0.168419@.0

S. N. Misra et al [19-21] observed decrease invhees of (g EX) and &4 parameters as
compared to corresponding parameters of aqueous Tibey also observed that Pr(lll)
complexes with p—diketone and donor ligand pyridine(py), bromogyre(Brpy) and

chloropyridine(Clpy). Their®Hs— °P,, *Hs—P1 *Hs —Py, *Hs—'D. transitions are not
hypersensitive in orthodox sense, yet these hitgnsification and wide variation of oscillator
strength.

*H4— %P,  *H,~P:, *Hs—%Py and *Hs—'D;.
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All these four transitions are showing substantaiation of oscillator strength which conform
the ligand mediated pseudohypersensitivity of theseudohypersensitive transitions. Karaker
shows that the shape, energy and oscillator stiepighypersensitive and pseudohypersensitive
transition can be correlated with coordination nemi2, 23].

CONCLUSION

The results of this study reveals that the Pr@djnplexes with acetyl acetone and their adducts
with nitrogen donor ligands like pyridine (py), bmopyridine (Brpy) and chloropyridine (Clpy)
complexescreates high degree of intensification to differps¢udohypersensitive transitions in
different immediate coordination environment. ltgigite apparent the stereochemistry possible
for octacoordination and are interconvertible. Thange in the stereochemistry could change
the distance between lanthanide and ligands. Hehisegould change the extent of interactions
between metal and ligands.
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