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ABSTRACT

In the present research work, the absorption défifele and comparative absorption spectroscopic etuitivolving
4f-Af transitions of Pr(lll) with acetyl acetone r[Rcack(H,O),] and their adducts with structurally related
ligands viz., aniline (an), bromoaniline (Bran) darchloroaniline (Clan) complexes in different\saits like
methanol (CHOH), acetonitrile (CHCN) and dimethyl formamide (DMF) have been caraetl The intra 4f-4f
transition spectra yield sharp bands which were lgped individually by Gaussian curve analysis, #rergy
interaction parameters (EEX), Lande spin orbit couplingZ(), nephelauxetic ratiof), bonding parameter {5),
percent covalencyo] were calculated and intensity parameters havenbe@mputed on computer using partial
multiple regression analysis. The obtained resahs used to determine the probable geometry of tmwap in
solution and nature of the bond between Pr (11 and ligands, the inner sphere coordination of#ftransition.
Key words: Electronic spectra, nephelauxetic effeatetyl acetone

INTRODUCTION

During the past three decades, new fields of agiitins have been found for the lanthanide cooritinat
compounds in solutions Viz., in constructions afuld laser in studying transuanic element, as wnigpectral
models in examining structure and function [1-3fheTuse of lanthanides as absorption spectral prolseveral

biochemical reactions involving €aand Md? has open up a new dimension for the fast devegpipétd of optical

spectroscopy.

S. N. Misra et al [4, 5] studies the solid compkxef Pr(lll) and Nd(lll) from mononucleotide and
mononucleosides dissolved in organic solvents &eit spectra were recorded. Their results sugdestthese
complexes, when dissolved in the solvents, retaithedir nonacoordinated stereochemistry possessdbein
crystalline state. The silent changes in the a#oitlstrength of 4f-4f bands as well as the chaimgemgnitude of
Judd Ofelt intensity parameters has led to an ngesim the quantitative analysis of spectral baraaf Pr(lll) and
Nd(IIl) in crystalline as well as in solution stafehis change depends on the nature of solventsireiand varying
affinities of ligands [6, 7].

In the present research work, we have preparedRh@cac)(H.O),] complexes and their adducts with structurally
related nitrogen donor ligands like aniline , br@amitine and chloroaniline their absorption spectr#r(lll) have
been interpreted in terms of various parameterseharSalter-Condon (J, Lande spin orbit coupling4;), Racah
(EX), nephelauxetic ratiop, bonding parameter {® and percent covalency)(were calculated and intensity
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parameters have been computed on computer usitiglpaucltiple regression analysis, which gives mfiation
about the nature of complexation.

MATERIALSAND METHODS

Pr(ll) chloride heptahydrate of 99.9% purity fravis Indian Rare Earths Ltd., acetyl acetaieAR grade from
Qualigens, nitrogen donor ligands viz., anilineprbpaniline and chloroaniline were from Sisco Chethic
Laboratory. The CEODH, DMF and CHCN solvents used for recording the spectra. ThagwéAR grade from E.
Merck. They are double distilled before use. Tharantal analysis was carried out on Carlo-Erban8tniatzione
Strada Rivoltand 200 9D Rodono lItaly, at CSMCRI @fegar. Pr(lll) contents were determined gravingatty as
Oxinate using 8-hydroxyquinoline. All the spectreere recorded on Perkin Elmer Lambda-2 UV-Visible
spectrophotometer in the range 380-620nm, in theatration of Pr(lll) complexes in1OM.

Synthesis of [Pr (acac)s (H,0),]

Pr(lll) chloride heptahydrate 3.734 gm was dissdlirewater, the methanolic solution of acetyl anet®.2 gm was
added very slowly with constant stirring with reedl in isolation of yellow crystalline solid. Aftereutralizing the
contents with ammonia the product was filtered avashed thoroughly with methanol and was purified by
recrystallization with methanol.

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

The [Pr (acag) (H,0O),] of 4.77 gm added into methanolic solution of 1¢96 of aniline and put it for constant
stirring.  Yield yellow precipitated the amount pffecipitated increased tremendously on additioraramonia
solution drop wise. The yellow micro crystallindidavas obtained and they were recrystallized fraethanol, the
bromoaniline and chloroaniline complexes have #&lsen synthesized by similar procedure. These aslicdhate
been synthesized and characterized by elementdysaand molecular weight determination, the eletake
analysis and molecular weight determination cardetiat CSMCRI, Bhavnagar. Molecular weight and Kxieal
data are shown in Table 1 and Table 2. Metal R) {llas estimated first by decomposing the chelate b
concentrated nitric acid and evaporating it to g8 The dried mass was extracted with dilute Hdlthe metal
was precipitated as oxinate by using 8-hydroxy gliiie method.

The Coulombic and magnetic interaction betweeh @g¢ctrons leads to energy level of"4jonfiguration and
these interaction can be expressed in terms otlietronic repulsion parameters Salter-Condan B, Fe), G.
Racah [8, 9] (E E? E°) and spin orbit interaction parameter, Lande spibit coupling &) as a first
approximation. The energy &f the % level is given by the following equation,

Ej(Fi-&ar) = Eqj(F%.Ear) + X (BEj/8Fy) AF+ (SE;/8E4) ALy
k=2,4,6

Where, E; is the Zero order energy of th lievel is given by E. Y. Wong [10, 11]. The valuelsE;; , partial
derivative (E/5F) and §E/5s), for different levels were known. The nephelaixeffectsmeasures the change
in R with respect to free ion and expressed by nepketauratio(B), which is defined as,

p= Ftk ka

Where, c and f referred to complex and free iore @mount of mixing of 4f orbital and ligand oabitan be
measured by the bonding parametéfYiwhich is given by [12-16],

hl."l — [1 _ ﬁ 2]1.'1

S. P. Sinha [17, 18] introduced another parametpercentage covalency parametes) ( as,
6=[1-p/p] = 100
The experimental value of oscillator strengthy,dPof absorption bands were calculated by perform@ayssian
Pons = 4.60 % 107 €,(7) (d7)
curve analysis using the following relationship,
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Where€,, is the molar extinction coefficient correspondiogehergj':F),
RESULTSAND DISCUSSION

The Fig. 1 shows coparative absorption spectra Pr (lll) complexes in methah There is marginal red shiof
4f-4f transition bonds in [Pr(aca(hl.O),] the enhancement is more in case chlorganilCan) indicating a better
ligand than bromoaniline (Brimvhen reccded in methanol. The intensity  &fl,— 3P, > *H,—*P, > *H, —°Pp>
*H,—'D, [19, 20].

ABSORBANCE

WAVELENGTM

Fig. 1 Compar ative absor ption spectra of 1) [Pr(acac)s(an);] 2) [Pr(acac)s(Bran),], 3) [Pr(acac)s(H20),] and 4) [Pr(acac)s(Clan),]
complexesin methanol.

able 1 shows the observed and calculated valuesot#cular weight of F (11l) complexes. This indicates that t
observed and calculated values of molecular weghhearly same; it means that the complexatipnoger

Table 1 showsthe observed and calculated values of molecular weight of Pr(111) complexes.

Complexes Cal. MW | Obs. MW
Pr (acac)s(H,0), | 477.36 474.18
Pr (acac)s(an); 539.20 534.10
Pr (acac)s(Bran), 617.55 616.16
Pr (acac)s(Clan), 576.90 570.16

Table 2 shows the observed and calculated valuemaliytical data whereas Table 3 shows experimeantd
computed values of Ptl) complexes in Cl,OH, DMF and CHCN solvents. The m. s. deviationo are varies
from 107.8&0 173.73 showing that acction of the various energy interaction parame

Table 2 Observed and calculated values of analytical data Pr (111) complexes.

Complexes % metal % Carbon %Hydrogen | % Nitrogen
Obs Cal Obs Cal Obs | Cal | Obs | Cal
Pr (acac)s(H.0), | 29.52 | 29.68 | 36.71 | 37.80 | 4.88 | 5.05 - -
Pr (acac)s(an), 2411 | 26.25 | 6044 | 59.66 | 6.74 | 6.70 | 514 | 521
Pr (acac)s(Bran), | 24.61 | 2451 | 55.66 | 56.60 | 6.11 | 6.29 | 489 | 491
Pr (acac)s(Clan), | 21.77 | 22.76 | 51.88 | 52.63 | 5.77 | 585 | 4.46 | 454
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Table 3 Observed and calculated energies (cm ™) of Pr (111) complexesin CH;OH, DMF and CH3CN solvents

3 3 3 1
Complexes and Solvents P2 Py Po D: oI ms
CHLOH Obs Cal Obs Cal Obs Cal Obs Cal
Pr (acac)s(H.0). 22489 | 22424 | 21311 | 21215 | 20736 | 20660 | 16893 | 17117 | 131.30
Pr (acac)s(an), 22435 | 22245 | 21258 | 21162 | 20722 | 20734 | 16878 | 17044 | 135.20
Pr (acac)s(Bran); 22446 | 22287 | 21304 | 21156 | 20741 | 20741 | 16835 | 16959 | 133.98
Pr (acac);(Clan), 22452 | 22289 | 21281 | 21156 | 20727 | 20729 | 16821 | 17040 | 156.18
DMF
Pr (acac)z(H,0), 22432 | 22557 | 21254 | 21128 | 20690 | 20690 | 16836 | 17107 | 173.73
Pr (acac)s(an), 22528 | 22390 | 21361 | 21238 | 20775 | 20735 | 16945 | 17117 | 129.05
Pr (acac)s(Bran); 22542 | 22394 | 21357 | 21247 | 20712 | 20770 | 16949 | 17115 | 107.86
Pr (acac)s(Clan), 22532 | 22383 | 21354 | 21231 | 20771 | 20767 | 16921 | 1712 133.98
CH3CN
Pr (acac);(H,0), 22914 | 22392 | 21363 | 21261 | 20776 | 20774 | 16932 | 17118 | 128.18
Pr (acac)s(an), 22524 | 22319 | 21350 | 21221 | 20754 | 20755 | 16930 | 17106 | 129.95
Pr (acac)s(Bran); 22512 | 22352 | 21331 | 21201 | 20746 | 20741 | 16903 | 17108 | 145.85
Pr (acac)s(Clan), 22502 | 22342 | 21321 | 21191 | 20741 | 20740 | 16901 | 17086 | 138.41

Table 4 shows energy interaction parameters Sfatmdon (), Lande spin orbit interactiorg4), nephelauxetic
ratio (3), bonding parameters(B) and covalency paramete) for Pr (l1l) complexes in CkOH, DMF and CHCN
solvents. It shows that the values of nephelawedtiect 8) in Pr (11l) complexes were vary from 0.921 to 449
which is less than unity. The value of bonding peeters (5% were varies from 0.128 to 0.168 and which is
positive indicate covalent bonding between Pr @hy ligand.

Table 4 Computed values of energy interaction parameters Slator Condon (F), Lande spin orbit coupling (&), nephelauxetic ratio (B),
bonding par ameters (b*?) and covalency parameter (8) for Pr(l11) complexesin CH;OH, DM F and CH3CN solvents.

Complexes and Solvent F, Fa Fe (Ex) B 6?6
CH3;0H

Pr (acac)y(H;0)z 308.85 | 42.68 | 4.66 | 719.64 | 0.944 | 0.166 | 5.890
Pr (acac)s(an), 311.80 | 43.04 | 469 | 651.28 | 0.929 | 0.129 | 3.428
Pr (acac)s(Bran); 311.88 | 43.06 | 4.71 | 65845 | 0.921 | 0.128 | 3.799
Pr (acac)y(Clan); 31171 | 43.03 | 4.70 | 653.68 | 0.925 | 0.128 | 3.359
DMF

Pr (acac);(H,0), 308.10 | 4254 | 465 | 71935 | 094 | 0.168 | 6.032
Pr (acac)s(an); 31170 | 43.03 | 4.70 | 676.74 | 0.928 | 0.132 | 3.519
Pr (acac)s(Bran); 31153 | 43.00 | 468 | 67825 | 0.925 | 0.131 | 3.551
Pr (acac)s(Clan), 311.66 | 43.05 | 4.77 | 689.30 | 0.924 | 0.134 | 3.561
CH3CN

Pr (acac)y(H.0)z 308.17 | 42.53 | 4.65 | 720.06 | 0.943 | 0.166 | 5.953
Pr (acac)s(an), 31134 | 4295 | 471 | 67151 | 0935 | 0.136 | 3.521
Pr (acac)(Bran), 311.36 | 42.98 | 4.73 | 67153 | 0.936 | 0.136 | 3.521
Pr (acac)s(Clan), 31137 | 42.99 | 478 | 672,73 | 0.931 | 0.137 | 3.524

S. N. Misra et al [21-24] observed decrease in takies of (g E and &4 parameters as compared to
corresponding parameters of aqueous ion. Theyatserved that Pr (lll) complexes wifkdiketone and donor
ligand aniline, bromoaniline and chloroaniline. Fhtd,— °P,, *H,—*P, °H, —°P,, ®*H,—'D, transitions are not
hypersensitive in orthodox sense, yet these higingification and wide variation of oscillator stgeh.

*H,— 3P, °H,—°P; *H, —*P, and®H,—'D,. All these four transitions are showing substaniiation of oscillator
strength which conform the ligand mediated pseugdetsensitivity of these pseudohypersensitive ttams. D. G.
Karaker shows that the shape, energy and oscilkitength of hypersensitive and pseudohyperseaditansition
can be correlated with coordination number [25, 26]

CONCLUSION
The results of this study reveals that the Pr (itiinplexes with acetyl acetone and their addudts mirogen donor

ligands like aniline, bromoaniline and chloroamilicomplexesreates high degree of intensification to different
pseudohypersensitive transitions in different imiatd coordination environment. It is quite apparé¢hée
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stereochemistry possible for octacoordination areliaterconvertible. The change in the stereocheynisould
change the distance between lanthanide and ligaelsce, this could change the extent of interastibatween
lanthanide and ligands.
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