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ABSTRACT

Studies on the difference in energy interactionapagters and comparative absorption spectroscopyiing 4f-
4f transition spectra of praseodymium with hexafdasetylacetone [€H,O.F¢], and their complexes with pyridine
[CsHsN], 2-acetylpyridine, 3-acetylpyridine and 4-acelidine[C;HgNO]. The absorption spectrum were
recorded in different solvents like methanol @OH), acetonitrile (CHCN) and dimethylformamide
[(CH3),NCOH]. The change in coordination sphere in varimodvent medium is observed. The 4f-4f transition
spectra yield sharp bands, which were analyzedviddally by Gaussian curve analysis, the energgramttion
parameters (k,E¥), Lande spin orbit couplingZ{), nephelauxetic ratio4), bonding parameter ), percent
covalency {§), oscillator strength (P) were calculated and Ju@élet intensity parameters of the 4f-4f transiton
have been evaluated in order to investigate then&dion and the type of bonding in lanthanide ligadnplexes in
methanol, acetonitrile and dimethylformamide. Téwergy interaction and Salter Condon parametersewer
computed on computer using partial multiple regi@ssnalysis method.

Keywords: Absorption spectra, hexafluoroacetylacetorephelauxetic ratio.

INTRODUCTION

The lanthanide complexes used as an anticanceriaiaféhe lanthanides are excellent markers fordtagnosis
and prognosis of cancer in bones. Some complexéntfanide are used in radiological analysis MiRhuman
body system. The lanthanide polyamine carboxylhtdate complexes are used as contrast enhancimgsaipe
MRIL.[1].The trivalent lanthanide praseodymium angbdymium can be utilized as absorption spectrabgno
investigate the interaction of biomolecule likeotam in vitra. The use of lanthanides as absorpsioectral probe
in several biochemical reactions involving*€and Md? has open up a new dimension for the fast deveipfxtd

of optical spectroscopy|[2].

Some researcher studied the complexes of o-phewding) bipyridine and pyridine, they are concludsplyridine
is a weaker ligand than o-phenanthroline, pyridias been found most effective in promotitfg 4f transitions
intensity, and increase in oscillator strengthhiis solvents due to dynamic ligand polarization hagism][3].

Misra et al [4, 5] studies the solid complexes dfilf and Nd(lll) from mononucleotide and mononeackides,
dissolved in organic solvents and their spectraewercorded. Their results suggest that these coemlevhen
dissolved in the solvents, retained their nonadoatdd stereochemistry possesses in their crystaditate. The
silent changes in the oscillator strength of 4fbdfids as well as the changes in magnitude of Jdield iGtensity
parameters, has led to an upsurge in the quéwditanalysis of spectral behavior of Pr(lll) andi(lll) in
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crystalline as well as in solution state. This g@depends on the nature of solvents mixture andngpaffinities
of ligands [6, 8].

The present study deals with comparative absormectral studies of Pr(lll) with hexafluoroacetgsone and
their adducts with pyridine, 2- acetylpyridine,a&setylpyridine and 4-acetyl pyridine. Thdir4f absorption spectra
of Pr(lll) have been interpreted in terms of vasgoarameters namely Lande spin orbit coupli&g,( Salter-
Condon (g), Racah (E), nephelauxetic ratiopf, bonding parameter 1B, percent covalencys), oscillator
strength were calculated and intensity parametave been computed on computer using partial maltipgression
analysis, which gives information about the natofdonding between Pr(lll) metal and hexafluoroglestetone
and ternary nitrogen donor ligand complexes.

MATERIALSAND METHODS

Pr(lll) chloride heptahydrated of 99.9% purity frdwis Indian Rare Earths Ltd., hexafluoroacetylanetof AR
grade from Aldrich USA, nitrogen donor ligands vyizyridine,2-acetylpyridine, 3-acetylpyridine and 4
acetylpyridine were from Sisco Chemical Laboratdiye solvents used for recording the spectrg@ DMF and
CH;CN.They were of AR grade from S.d. Fine Chemicalsey are distilled before use. The elemental amly
was carried out on Carlo-Erba Strumentatzione &tRigoltand 200 9D Rodono Italy, at CSMCRI Bhavimadga
(1) contents were determined gravimetrically asa@te using 8-hydroxyquinoline. All the spectraraveecorded
on Perkin Elmer Lambda-2 UV-Visible spectrophotoengh the range380-620nm, in the concentration r¢fl 1P
complexes in 0.01 Molar.

Synthesis of [Pr (HFAA)3(H.0),]

Pr(lll) chloride heptahydrate 3.734gm was dissolved distilled water, the methanolic solution of
hexafluoroacetylacetone 6.24 gm (4.25ml) was addey slowly with constant stirring on magnetic mirwhich
resulted in isolation of yellow crystalline solidfter neutralizing the contents with ammonia theduct was
filtered, washed thoroughly with methanol and wexgystallized by methanol.

Synthesis of [Pr(HFAA)z (py)2]

The [Pr (hfaa) (H,O),Jof 4.15gm added into methanolic solution of O@@ of pyridine and put it for constant
stirring. Yield yellow precipitated the amount ofepipitated increased tremendously on addition mfmania
solution drop wise. The yellow microcrystalline idobbtained was purified by recrystallization fomethanol, the
2-acetylpyridine and 4-acetylpyridine complexes éhalso been synthesized by similar procedure. Thddacts
have been synthesized and characterized by eleh@ralysis and molecular weight determination, eélemental
analysis and molecular weight determination cardetiat CSMCRI, Bhavnagar. Molecular weight and Kxieal
data are shown in Table 1 and Table 2. Metal Bnflls estimated first by decomposing the chelatedmgentrated
nitric acid and evaporating it to dryness. The diriraass was extracted with dilute HCI and the meta
precipitated as Oxalate by using 8-hydroxy quirmlimethod.

The energy of 4fconfiguration consists of two major componentsuotdic and spin orbit interaction, between 4f
electrons,

E=f*Fi+Ag &a

Wheref“and A, are angular part an, and & are the radial parts of columbic and spin orbiefiactions.(Only
terms with k = 2,4,6 are significant for configtioas with equivalent electrons). The Columbic andgnetic
interaction between 4 glectrons leads to energy level of 4pnfiguration and these interaction can be expkss
terms of the electronic repulsion parameters Sé@lwerdon (i, Fs, Fs), G. Racah [9, 10]. (EE? E®) and spin orbit
interaction parameter, Lande spin orbit coupligg @s a first approximation. The energyok the " level is given
by the following equation,

. SE; OE;
Ej[Fiéar] = Eq[Fiéu] +X [s—pi] AR |Sar

k=2,4,6

]Afztf
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Where, E; is the zero order energy of tHelgvel is given by Wong [11, 12]. The zero ordeemyy values are

. . . SE; JOE; . .
partial denvanve[%] and[&%] for different levels were known. The nephelauxefiects measures the change in
k

F with respect to free ion and expressed by nepketawuratio $), which is defined a§ = i—%
k

Where, ¢ and f referred to complex and free iore @mount of mixing of 4f orbital and ligand oabitan be
measured by the bonding parametéf)which is given by [13-19],

hl2= [ﬂ

1/2
]

S. P. Sinha [20, 21] introduced another paramptgcentage covalency parame®rds, 8 = [1;7’3] x 100

The experimental value of oscillator strength,{Pof absorption bands were calculated by perforn@ayssian
curve analysis using the following relationship,

Pexp= 4.6 x 10 €m(v) dv

Where,€,, is the molar extinction coefficient correspondiogaherg)': F),
RESULTSAND DISCUSSION

The Fig. 1 shows comparative absorption spectRr@fl) complexes in dimethylformamide. There isngiaal red
shift observed in 4f-4f transition bands of [PréfgH,O),] and blue shift observed in 2acetylpyridine, the
enhancement is more in case 4-acetylpyridine itidigahat 4-acetylpyridine is a better ligand tt#aacetylpyridine
and 3-acetylpyridine when recorded in dimethylfomige. The intensity order of Pr(lll) complexes %id,—
3p,>*H,—°P; >°H, —°Py>°H, —'D,[22-27].

B—— — %00 550 nm 620
WAVELENGTH nm

Fig.1 Compar ative absor ption spectra of 1)[Pr(hfaa)s(H.0).] 2)[Pr(hfaa)s(py)], 3)[Pr(hfaa)s(4apy).], 4)[Pr (hfaa)s(2apy).],and
5)[Pr(hfaa)s(3apy).], complexesin acetonitrile

Table 3 shows experimental and computed values(df)Rromplexes in CHOH, DMF and CHCN solvents. The
r.m.s. deviations are varies from 119.70 to 170.80 this shows thauracy of the various energy interaction
parameters.
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Table 1: Theobserved and calculated values of molecular weight of Pr(l11) complexes

Complexes Cal. MW| Obs. MW
Pr (hfaa)(H.O), 829.40 828.20
Pr (hfaaj(py). 921.76 922.45
Pr (hfaaj(2apy) | 1002.68 1001.89
Pr (hfaas(3apy, | 1002.6¢ 1001.9¢
Pr (hfaaj(4apy) | 1002.68 1101.15

Table 2: The observed and calculated values of analytical data Pr(l11) complexes

Complexes % metal %Carbon % Hydrogen % Nitrogen
Obs Cal Obs Cal Obs Cal Ohs Cal
Pr (hfaa)(H,0), | 16.46| 16.20] 20.08 2171 108 1.21
Pr (hfags(py). 1453| 1498 3091 30.1p 258 2.60 292 290
Pr (hfaa)(2apy) | 14.17| 14.32| 3483 3438 236 237 2§86 282
Pr (hfaa)(3apyy | 14.19| 14.32| 3488 3438 237 237 2§87 282
Pr (hfaa)(4apy) | 14.15| 14.32] 34.61 3438 237 237 2§84 282

Table 3: Observed and calculated energies (cm ™) of Pr(I11) complexesin CHsOH, DMF and CH3CN solvents

3] 3 3] 1
Complexes and Solvents P2 it P D,
cheon Obs | Cal | Obs| cal| oObs| cal obs cd°"™>
Pr (hfaaj(H.O), 22538 | 22386| 2136 21233 20777 20774 16930 171188282
Pr (hfaa)(py)s 22496 22391 21356 21249 207f7 20745 16D55 171296.412
Pr (hfaa)(2apy) 22535| 22376) 2135] 21125 20765 20765 16021 170109.201
Pr (hfaaj(3apy) 22538 | 22379 2135% 21126 20766 20766 16923 170147.801
Pr(hfaa)(4apy) 22546| 22385 21366 21135 20772 20763 16916 170870.292
DMF
Pr (hfaaj(H.O), 22532 | 22382 21232 21351 20760 20756 16920 171103.283
Pr (hfaa)(py)s 22541 22380 21241 21368 20762 20758 16p41l 171218.643
Pr (hfaa)(2apy) 22541| 22365 21233 21312 20748 20745 16865 171224.425
Pr (hfaaj(3apy) 22543 | 22367 2123% 21314 20751 20746 16870 171243.895
Pr(hfaa)(4apy) 22521| 22361 21211 21325 207%4 20736 16875 171375.3714
CH;CN
Pr (hfaaj(H.O), 22421 | 22446| 2124 21116 20689 20681 16827 171100.8Q7
Pr (hfaa)(py)s 22533 22369 21339 21223 20768 20753 16p33 171188.912
Pr (hfaas(2apy). 22511 | 22370 | 21228 | 2119 | 20733 | 20735 | 169(2 | 17084 | 13721
Pr (hfaaj(3apy) 22514 | 22328 21330 21198 20740 20731 16905 170885.233
Pr(hfaa)(4apy) 22515| 22344 2133$ 21191 20745 20725 16912 140774.233

Table 4 shows energy interaction parameters Sfatmdon (), Lande spin orbit interactior4), nephelauxetic
ratio (3), bonding parameters(f) and covalency paramete) for Pr(lll) complexes in CEDH, DMF and CHCN
solvents. It shows that the values of nephelawsedtiect @) in Pr(lll) complexes were varies from 0.921 t84B
which is less than unity. The value of bonding peeters (B%) were varies from 0.125 to 0.145and which is
positive indicate covalent bonding between Pr@hy ligand.

S. N. Misra et al [28-32] observed decrease in thkies of (g EY and &y parameters as compared to
corresponding parameters of aqueous ion. Theyatiserved that Pr(lll) complexes wipadiketones (bzac, hfaa,
ttfa,acac, dbm) and nitrogen donor ligand anilim®moaniline and chloroaniline. Théli,— °P;, 3H4—>3P1, *H,
—3p,, *H,—'D, transitions are not hypersensitive in orthodoxsseryet these shows high degree of intensification
and wide variation in the values of oscillator styth.

Table 5 shows experimental and computed valuessofll&tor strength thes() r. m. s. deviation varies from 0.78 to
2.89.
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Table 4: Computed values of energy interaction parameters Slator Condon (Fx), Lande spin or bit coupling (&), nephelauxetic ratio (),
bonding parameters (b*?) and covalency parameter (3) for Pr(l11) complexesin CHsOH, DMF and CH3CN solvents.

Complexes and Solven ,F F. Fs (Ear) i ('3 (®)
CH;OH

Pr (hfaas(H20), 311.6: | 42.9¢ | 4.7C | 672.7¢ | 0.92: | 0.13] 3.621

Pr (hfaas(py)2 311.5¢ | 43.1: | 4.7Z | 675.3¢ | 0.92¢ | 0.13¢ | 3.53

Pr (hfaa)(2apy) 31171 | 43.11| 479 67061 0941 0.1p7 3.386
Pr (hfaa)(3apy) 311.68 | 43.08| 476 67071 0942 0.126  3.385
Pr (hfaa)(@apy) 311.76 | 42.94] 484 67L.71 0031 0182 3.443
DMF

Pr (hfaas(H20), 311.7C | 43.01 | 4.7C | 652.6¢ | 0.92¢ | 0.12¢ 3.35¢

Pr (hfaas(py)2 3117 | 43.3. | 4.71 | 662.5¢ | 0.92¢ | 0.12¢ | 3.36¢

Pr (hfaa)(2apy) 31181 | 43.13| 479 57130 0941 0.183 3586
Pr (hfaa)(3apy) 311.77 | 43.12| 471 57141 0942 0181 3541
Pr (hfaa)(@apy) 311.01 | 43.11] 4.71] 63141 00922 0.129  3.468
CH;CN

Pr (hfaa)(H,0), 311.08 | 42.98] 470 65558 009244 0.181 3581
Pr (hfaas(py)2 3115t | 42.97 | 475 | 676.4' | 0.93¢ | 0.14¢ | 353

Pr (hfaa)(2apy) 31150 | 42.93| 479 67068 0937 0.189 35p1
Pr (hfaa)(3apy) 31148 | 42.09] 471 67067 0936 0.188  35p1
Pr (hfaa)(@apy) 311.41 | 41.44] 474 67080 0944 0187  3.652

Table5: Experimental and computed values of Oscillator strength (Px10°) in CHsOH, DMF, CHsCN

3 3 3 1
Complexes and Solvents P it Po D, orms
CH.OH Obs Cal Obs Cal Obsg Cal Obs Cal
Pr (hfaa)(H:0) 1317| 13.16] 495 371 370 355 392 4B6 0.8
Pr (hfaa)(py), 42.32| 43.22] 1929 1758 16./8 1549 15/49 15.37 79 1
Pr (hfaa)(2apyh 31.36| 31.48] 1219 984 925 871 1316 1278 144
Pr (hfaa)(3apy) 30.98| 3148 1221 1076 1011 898 1297 1423 6 1B
Pr (hfaa)(dapy) 31.41] 32.02] 1257 1056 9.84 974 12012 1323  1B2
DMF
Pr (hfaa)(H:0), 2656] 2744 1066 901 811 799 10p2 1012  1.BO
Pr (hfaa)(py)» 36.37| 35.87] 1354 833 8.10 820 10004 1122  2.89
Pr (hfaa)(2apy 1867| 17.85| 768 514 519 497 658 664 144
Pr (hfaa)(3apy} 18.76| 17.78] 7.87] 521 516 494 685 657 141
Pr (hfaa)(4apy ) 19.34| 1897 1071 949 869 7.68 738 714 173
CH;CN
Pr (hfaa)(H:0), 1098] 11.44] 455 351 320 356 387 3B8 0.8
Pr (hfaa)(py). 34.68| 34.85 1113 899 7.85 7.87 114 1079 188
Pr (hfaa)(2apyh 32.30| 3151 983 683 676 678 068 9oh6 153
Pr (hfaa)(3apy) 31.96| 31.60] 9.75| 679 680 681 956 950 151
Pr(hfaa)(4apy) 31.82| 30.98] 1112 899 7.8 7.69 1158 1057 105

Table 6 shows Judd Ofelt intensity parameters arevedd from the observed oscillator strength agfglvaries
from 0.19 to 0.33 this shows the wide variationostillator strength of pseudo hypersensitive ttanss. The
variation of §, T, T parameters clearly shows that, the high sensittatyards coordination and position of the
substituent as well as the nature of solvent

All these four transitions of Pr (Ifjl,— 3P, *H,—P; *Hs —°P and *H,—'D.are showing substantial
variation of oscillator strength which confirm thégand mediated pseudohypersensitivity of these
pseudohypersensitive transitions. These transit@®s show variation in intensification and wavefgnwhich is
observed by observing values of energies at vatiausitions. We concluded that 4-acetyl pyridisédeétter ligand
than 2-acetyl, 3-acetylpyridine because it showseniotensification, easily complex formation thather. D.G.
Karrakar shows that the shape, energy and oscilkitength of hypersensitive and pseudohyperseaditansition
can be correlated with coordination number of lantle metal ion [33-35].
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Table 6 Judd Ofelt parameter s (Tx10™) for Pr(l11) Complexesin different solvents

Complexes and Solvent T T, Ts TiTs
CHsOH
Pr (hfaa)(H,0), 141.60| 11.18 41.39 0.27
Pr (hfaay(py)z 640.32| 28.89] 139.80 0.2%
Pr (hfaas(2apy). 861.23 | 2581 | 97.36 | 0.2¢
Pr (hfaa)(3apy) 866.34| 26.11 97.21] 0.27
Pr(hfaa)(4apy) 777.34] 26.38 12147 0.2}
DMF
Pr (hfaa)(H,0), 510.60[ 24.44] 83.5¢ 0.29
Pr (hfaay(py)e 622.73| 45.66] 13156 0.38
Pr (hfaas(2apy) » 19968 | 2356 | 10987 [ 0.23
Pr (hfaas(3apy> 201 24.6( | 110.4f | 0.22
Pr(hfaa)(4apy) 22034 2199 11541 0.8
CHsCN
Pr (hfaa)(H,0), 165.55] 9.68] 31.98] 0.3(
Pr (hfaay(py)e 142.19| 24.96] 109.78 0.22
Pr (hfaas(2apy) ; 14455 | 15.68 | 9787 | 0.15
Pr (hfaas(3apy> 146.41 | 15.9¢ | 96.8¢ | 0.1¢
Pr(hfaa)(4apy) 176.45] 20.20] 99.45 0.1
CONCLUSION

The results of this study reveals that the Pr@kmplexes with hexafluoroacetylacetone and thettuats with
pyridine,2-acetylpyridine, 3-acetylpyridine and éetylpyridine complexes are octacoordinated, the asiygen
atom satisfying six coordination position and twosiions are satisfies with nitrogen from pyriding;
acetylpyridine, 3-acetylpyridine and 4-acetylpyniijcreates high degree of intensification t4,— P, pseudo
hypersensitive transitions, in different immediat®rdination environment around Pr (lll) as a Hssof different
functional groups op—diketone and ligands. It is quite apparent theesighemistry possible for octacoordination
and are interconvertible. The change in the stér@méstry could change the distance between lardeamietal and
ligands. Hence, this could change the extent efrautions between lanthanide and ligands. Theddtien between
metal and ligands induced substantial changeseinntiensities ofif-4f transition bands and their perturbation was
reflected through oscillator strength and Judd Oififtensity parameters.
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