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ABSTRACT

Studying the absorption difference and comparativif-4f transition spectra of Nd(lll) with
hexafluoroacetylacetonef,0,F¢] and their complexes with o-phenanthroline andybiglyl using comparative
absorption spectroscopy involving 4f-4f transitioirs various solvents like methanol acetonitrile and
dimethylformamide, the change in coordinationesphin various solvent medium is observed. The fd{fahsition
spectra yield sharp bands which were analyzed iddally by Gaussian curve analysis, the energyratgon
parameters (kF.,Fes,E" E*, E)Lande spin orbit couplingZf), nephelauxetic ratiof), bonding parameter {5),
percent covalencydy, oscillator strength (P) were calculated and Ju@dlet intensity parameters have been
computed on computer using partial multiple regi@ssnalysis.
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INTRODUCTION

The Ln(lll) prasedonium and neodymium can be wdizas absorption spectral probe to investigatentieeaction
of biomolecule like calcium in vitra. The lanthaeidomplexes used as an anticancer material. Thbalaide
chelate of ligand possessing oxygen and nitrogemoidatoms finds applications as fungicide and baites.
Some complexes of lanthanide are used in radiagbgitalysis in human body system[1]. The use dhkamides as
absorption spectral probe in several biochemicattiens involving C¥ and Md? has open up a new dimension
for the fast developing field of optical spectrosgi@].

Khan et al[3] study the complexes of o-phenanthemlbipyridine and pyridine, they are concluded thpyridine
is a weaker ligand than o-phenanthroline, pyridias been found most effective in promoting 4f- réhsitions
intensity and increase in oscillator strength is #olvents due to dynamic ligand polarization naeism.

Misra et al [4, 5] studies the solid complexes afllB and Nd(lll) with adenine, adenosine, ademasi5
monophosphateadenosine 5 diphosphate, adenosinphbsphate were dissolved in organic solvents it
spectra were recorded. Their results suggest testet complexes, when dissolved in the solventained their
nonacoordinated stereochemistry possesses indtysialline state. The silent changes in the kadoil strength of
4f-Af bands as well as the changes in magnitudeidd Ofelt intensity parameters has led to anunggsin the
quantitative analysis of spectral behavior of IPr@nd Nd(IIl) in crystalline as well as in solati state. This
change depends on the nature of solvents mixtutevanying affinities of ligands [6-8].
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The present study deals with comparative absorjmactral studies of Nd(IIl) with hexafluoroacetygsone and
their adducts with o-phenanthroline and bipyridyhe 4f-4f absorption spectra of Nd(lll) have bésterpreted in
terms of various parameters namely Salter-Conég)) Lande spin orbit coupling(), Racah (E), nephelauxetic
ratio (), bonding parameter ¥B), percent covalencys), oscillator strength were calculated and intgnsit
parameters have been computed on computer usitiglpadltiple regression analysis, which gives mfiation
about the nature of bonding between Nd(I1l) metal Bgand complexes.

MATERIALSAND METHODS

Nd(l11) chloride heptahydrated of 99.9% purity frodys Indian Rare Earths Ltd., hexafluoroacetylanetof AR
grade from Aldrich USA, nitrogen donor ligands oephnthroline and bipyridine were from Sisco Cheinica
Laboratory. The CEDH, DMFand CHCN solvents used for recording the spectra. TheygwéAR grade from E.
Merck. They are distilled before use. The elemeatmlysis was carried out on Carlo-Erba Strumeitae
StradaRivoltand 200 9D Rodono Italy, at CSMCRI Bieyar. Nd (I1) contents were determined gravincetty as
Oxalateusing 8-hydroxyquinoline. All the spectra reverecorded on Perkin Elmer Lambda-2 UV-Visible
spectrophotometer in the range 400-900 nm, in dneentration of Nd(I!l) complexes inTOM.

Synthesis of [Nd (Hfaa)s(H20),]

Nd(lll) chloride heptahydrate3.858gm was dissolvad distilled water, the methanolic solution
ofhexafluoroacetylacetone6.24gm (4.25ml) was adayg slowly with constant stirring on magnetic iirwhich
resulted in isolation of yellow crystalline solidfter neutralizing the contents with ammonia theduct was
filtered, washed thoroughly with methanol and wexystallizedby methanol.

Synthesis of [NdHfaa); (ph)]

The [Nd (hfag) (H,O),]Jof 4.35gm added into methanolic solution of 0.@9®f o- phenanthroline and put it for
constant stirring. Yield yellow precipitated the @mt of precipitated increased tremendously on tamdiof
ammonia solution drop wise. The yellow microcryital solid obtained was purified by recrystallipatiform
methanol, the bipyridyl complexes have also beamh®gized by similar procedure. These adducts Heen
synthesized and characterized by elemental anadygismolecular weight determination carried ouC&MCRI,
Bhavnagar. Molecular weight and analytical datastw@wvn in Table 1 and Table2. MetalNd(I11) was mastied first
by decomposing the chelate by concentrated nitiid and evaporating it to dryness. The dried mass extracted
with dilute HCI and the metal was precipitated asl@te by using 8-hydroxy quinoline method.

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

E = f* FetAg Ear

Where fand A, are angular part angknd;, are the radial parts of columbic and spin orbittiactions.(Only
termswith k = 2,4,6 are significant for configuosis with equivalent electrons). The Columbic andgnetic
interaction between 4 flectrons leads to energy level of 4pnfiguration and these interaction can be exprkss
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 energyoEthe " level is given
by the following equation,

Ej(Fi-&ar) = Eqi(F%.Lar) + X (BE;/8Fy) AR+ (SE;/8E )ALy
k=2,4,6

Where, E; is the zero order energy of tHelgvel is given by Wong [11, 12]. The zero ordeemgy values aref
partial derivative §E/5F,) and §E/5E4), for different levels were known. The nephelaixeffects measures the
change in Fwith respect to free ion and expressed by nepRetauratio@), which is defined as,

B=F% Fy

Where, ¢ and f referred to complex and free ionoldm studiesinvolvingPr(ll)and Nd(lll) with wideviety of
ligands, we have observed good linear relationsbtpveen bonding parameter,
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(b*?) which is derived from the nephelaxetic effecj1The oscillator strength of hypersensitive tréiosishowed

hlrz =[1-p/ 2]13
gradual increase with the increased nephelauxifict€1f)and bonding paramett | '

) ) 5=[1-p/Pp] = 100
S. P. Sinha [20-22] introduced another parametstgntage covalency paramei®aé,

The experimental value of oscillator strengthy,dPof absorption bands were calculated by perform@ayssian
curve analysis using the following relationship,

p=431x10"°x [ em(v) dv

9n ]
(n? +2)?
Also the observed value of oscillator strengthf(g)all peaks in complex has been computed usiegidhowing

relationship.
p=4.60x10"°x g, X Avs

Where€,is the molar extinction coefficient correspondiogaherg;': v) , h is the refractive index of the medium.
RESULTSAND DISCUSSION

The Fig. 1 shows comparative absorption spectrildifll) complexes in methonal. There is marginadl hift
observed in 4f-4f transition bands of [Nd(hfa@),O),] and blue shift observed in o-phenanthroline. The
enhancement is more in case bipyridyl indicatingt thipyridyl is a better ligand than o-phenantmeliwhen
recorded in methanol. The intensity order of Ng(domplexes is'Fs;>"Gs>*F7>°F3>"Grp, [23-28]. Table
1shows the observed and calculated values of mlaleweight of Nd(Ill) complexes. These are chardzésl by
elemental analysis and molecular weight determonatiarried out at CSMCRI, Bhavnagar. Molecular \weignd
analytical data are shown in Table 1 and Table2.
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Fig. 1 Compar ative absor ption spectra of 1)[Nd(hfaa)s(H20),]2)[Nd(hfaa)s(oph)] 3)[Nd(hfaa)s(bipy)] complexesin methanol.

Table 1 showsthe observed and calculated values of molecular weight of Nd(I11) complexes.

Complexes Cal. MW| Obs. MW
Nd (hfaa}(H20). 832.90 831.50
Nd (hfaa)(oph) 1011.70 1009.64
Nd (hfaa)(bipy) 1070.78 1069.89

Table 2 shows the observed and calculated valuasaiytical data of Nd(IIl) complexes
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Table 2 showsthe observed and calculated values of analytical data

% metal %Carbon % Hydrogen % Nitrogen
Obs Cal Obs Cal Obg Cal Obs Cal
Nd (hfaa)(H.O), | 16.60| 16.28| 20.16 21.71 111 1.21
Nd (hfaa)(oph) | 13.38| 13.7§ 3138 3216 2.65 2.7 2/48 257
Nd(hfae)s(bipy), | 13.86 | 1331 | 3035 | 30.37 | 26¢ | 2.5 | 232 | 2.62

Complexes

Table 3 Experimental and Computed energiesvaluesin (cm ) of Nd(I11) complexesin CH;OH, DM F and CHsCN solvents

7 7 7 7 7
G Gsp F 2 Fsi Fan

Complexes
obscz obscz obcal obsca onCal

r.m.s.

Solvent MeoH
Nd(hfaa}(H,0), | 19100| 19165 1723 17296 13361 13370 12498 1253654211 11479| 51.6]
Nd(hfaa)(phen) | 19165 19166 17272 17290 13370 13871 145045271p 11546] 11474 36.21
Nd(hfaas(bipy) | 19127 | 1916¢ | 1719« | 17287 | 1336¢ | 1335f | 1250( | 1252 | 1154« | 11467 | 56.6¢
Solvent DMF
Nd(hfaa}(H.0), | 19081 | 19119 17171 17235 13354 13318 12483 1248651811 11433| 52.88
Nd(hfaa)(phen) | 19091] 1911% 17233 173%1 13352 13818 124488486lP 11519 11437 51.1B
Nd(hfaa}(bipy) | 19104| 19065 17191 17235 13365 13325 124984942 11534| 11402 62.1
Solvent CHCN
Nd(hfaas(H.0), | 19147 | 1920( | 1726¢ | 1731% | 13377 | 13397 | 1250: | 12557 | 1154( | 1139¢ | 45.52
Nd(hfaa)(phen) | 19180] 19192 172609 17309 13409 13810 1250655212 11550 11497 36.5
Nd(hfaa)(bipy) | 19152] 19169 17194 17279 13381 13373 125005382 11538 11468 45.6

™~

Oy Oy

Table 3 shows experimental and computed energiésd@fl) complexes in CHOH, DMF and CHCN solvents.
The r.m.s. deviatiow are varies from 36.21 to 62.12, clearly shows #tauration of various energy interaction
parameters.

Table 4 shows energy interaction parameters Sfaomdon (), Lande spin orbit interactiori), nephelauxetic
ratio (3), bonding parameters(}) and covalencyd) for Nd(lIl) complexes in CHOH, DMF and CHCN solvents.

It shows that the values of nephelauxetic eff@xtif Nd(Ill) complexes werevaries from 0.975 to @9which is
less than unity. The value of bonding parametefd (were varies from 0.104to 0.108 and which is pesiindicate
covalent bonding between Nd(Ill) and ligand. Mistaal [29-33] observed decrease in the valuesmof) andéy
parameters as compared to corresponding paranwtagueous ion. They also observed that Nd(lIl) plexes
with p—diketones and nitrogen donor ligands. TABsg “Gs, ,*F212, °Fai , “Gy), transitions are not hypersensitive in
orthodox sense,

Table 4 Computed values of energy interaction parameters Slator Condon (Fi), Lande spin orbit coupling (€4), nephelauxetic ratio (B),
bonding parameters (b*?) and covalency parameter (5) for Pr(l11) complexesin CHsOH, DM F and CHCN solvents

Complexes F IR IR][ G E [ EJ]E [ [b*P]
Solvent MeoH
Nd(hfaa)(H;,0), | 330.66| 47.77] 5.13 886.13 4971.12 24l44 490.22 50{90.104| 2.244
Nd(hfaa)(phen) | 331.20] 47.98 5.1 884.88 4972|54 2456 49[.8.977| 0.106] 2.321
Nd(hfaa)(bipy) | 330.98| 48.22 5.1 894.21 4976.02 24|34 492.3.990| 0.106| 2.25
Solvent DMF
Nd(hfaa)(H.0), | 330.98| 48.70] 5.16 884.68 4953.66 2446 493.78 10(98.107| 2.781
Nd(hfaa)(phen) | 330.85| 47.87 5.15 883. 497212 24.45 89[1.0.984| 0.108 2.331
Nd(hfaa)(bipy) | 331.21| 46.98 5.1 884.12 4972.12 24|41 491.40.985| 0.107] 2.321]
Solvent CHCN
Nd(hfaas(H;0), | 331.1Z | 47.9¢ | 5.1F | 895.4« | 4974.6: | 24.27 | 492.1: | 0.991 | 0.10¢ | 2.14¢
Nd(hfaa)(phen) | 330.25] 48.63 5.1 89546 4974/69 24.36 392.B.988| 0.105 2.221
Nd(hfaa)(bipy) | 330.56| 48.800 5.1% 895.98 4974.88 24|27 492.20.991| 0.104] 2.234

©

All these fivetransitior$s,,"Gs, ,*F7p, *Far2 , “G7,0fNd(l1)are showing substantial variation of ofatibr strength
which conform the ligand mediated pseudohypersgitgitof these pseudohypersensitive transitionsrakear
shows that the shape, energy and oscillator stneofghypersensitive and pseudohypersensitive tiianscan be
correlated with coordination number [34-36]. TalBleshows experimental and computed values of Ogtmilla
strength thed ) r. m. s. deviation varies from 2.146 to 2.78 heodymium (lll)complexes also we have observed
high sensitivity oflg,>*Gy/5, *Fr12, “Fs2 *Faptransitionsin addition to the known hypersentititige>“Gtransition.
Our studies involving about three hundred spedtir@)&Nd(lIl),have clearly indicated hypersetisie cannot be
restricted to hypersensitive transitions only the hature, coordinating ability, chelating powesrmalized bite
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conformation of ligand and nature of complex spetigy induce hypersensitivity to non hypersensitigasition
we would like to back call transitions as pseuglpdusensitive transitions.

Table5 Experimental and computed values of Oscillator strength (Px10° in CH30H, DMF, CH3CN

7 3 3 7 3
G Gsp F 2 F s F a2 c

Complexes
obsce obsca obsCa obsca obcal r.m.s.

Solvent Meot
Nd(hfaa)(H:0), | 9.702 | 8.774] 32.97] 3255 1387 13.98 14]96 16551225] 5.641| 0.884
Nd(hfaa)(phen) | 12.54| 12.98 40.3¢ 39.98 17.33 18)66 1999 9821 7.446| 7.841| 1.121
Nd(hfaa)}(bipy) | 9.982 | 9.662| 36.99 36.92 16.19 16.01 16/44 997 5.968| 6.234| 0.654
Solvent DMF
Nd(hfaa}(H0), | 11.32 | 11.12| 37.777 38.87Y 20.98 19.52 18/68 20.455666) 7.654| 1.238
Nd(hfaas(phen | 13.1Z | 12.9¢ | 43.8¢ | 43.7¢ | 20.9¢ | 20.4f | 21.17 | 22.11 | 8.12¢ | 8.65¢ | 1.32¢
Nd(hfaa)(bipy) | 11.56 | 11.32] 37.9d 3810 1945 1765 18[12 9®@d 7.65 | 7.335] 1.356
Solvent CHCN
Nd(hfaa}(H.0), | 10.56 | 08.54| 25.88 27.8%5 11.95 12.06 12/564 14328804 5.023| 1.566
Nd(hfaa)(phen) | 15.54| 1297 34.87 35.11 20.J5 2023 1822 .6520 6.323| 8.121| 2.11d
Nd(hfaa}(bipy) | 14.78 | 11.22| 32.02 34.12 1722 16.56 16/49 .12§ 4.612| 6.855| 2.327

Table 6 shows Judd Ofelt intensity parameters areved from the observed oscillator strength anfl sVaries
from0.614 to 0.798 this shows the wide variationostillator strength of pseudo hypersensitive items. The
variation of T, T4,T6 parameters clearly shows that, the highiteitys towards coordination and position of the
substituent as well as the nature of solvent.

TableNo- 6 Judd Oflet I ntensity Parameters (Tx10™)for Nd(I11) Complexes in different Solvents

Complexes T T T | TJTs
Solvent MeoH
Nd(hfaa)(H,0), | 12.492| 21.912| 29.708 0.737
Nd(hfaa)(phen) | 13.854] 24.213 39.421 0.614
Nd(hfaa)(bipy) | 16.985| 22.445| 29.661 0.767
Solvent DMF
Nd(hfaa}(H:0), | 16.321| 24.545| 29.458 0.830
Nd(hfaa)(phen) | 14.584] 23.984 35.127 0.683
Nd(hfaa)(bipy) | 13.882| 20.584| 27.898 0.737
Solvent CHCN
Nd(hfaa}(H,0), | 15.323| 21.213| 26.588 0.798
Nd(hfaa)(phen) | 16.231] 20.897 30.58 0.683
Nd(hfaa)(bipy) | 13.211| 20.514| 26.985 0.760

CONCLUSION

The results of this study reveals that the Nd(dmplexes with hexafluoroacetylacetone and thedtuats with
phenanthroline and bipyridyl complexes creates hiigigree of intensification to ‘65,29465,2, 4F5,2, pseudo
hypersensitive transitions, in different immediat®rdination environment around Pr(lll) as a rsof different
functional groups of—diketone and ligands. It is quite apparent theesighemistry possible for octacoordination
and are interconvertible. The change in the stér@ogstry could change the distance between Nd@hy ligands.
Hence, this could change the extent of interactimta/een lanthanide and ligands.
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