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ABSTRACT

Synthesis, structural characterization and therrdafradation studies on novel precursors, phenylrdmidium
lanthanum (Ill) ethylenediaminetetraacetate hydsatehNHNH[Ln(EDTA)(H,O),](H,0); where Ln= La, Ce, Pr,
Nd, Sm, Eu, Gd, Th and Dy to potential binucledrydroxo clusters are reported. The conductivity sueaments
reveal that the phenyl hydrazinium part, PANHNHE ionic and outside the coordination spheres. Tifeared
spectra shows the presence of both coordinated latttce water molecules and characteristic bands fo
ethylenediaminetetraacetate moiety along with tHe 8tretching for non coordinated phenyl hydrazimiion. The
simultaneous TG-DTA experiments in air reveal tfesence of two coordinated and three lattice watetecules.
All the complexes undergo multi-step degradatiolyitdd respective oxides and A0y as the final residue. The
metal analyses, infrared spectra and X-ray poweehhique have been used to confirm the end prodhet X-ray
diffraction patterns of the complexes are in acemrck with the isomorphism among the series. Dilke@resence
of several unpaired electrons and large size oftHanide (Ill) ions, these complexes are expectegpdssess
antioxidantal properties. Among the lanthanide cteres praseodymium complex shows maximum activitythee
gadolinium complex shows poor activity. Howeveg, filee radical quenching powers of other complaleggend on
the number of unpaired electrons in the respectve earth metal ion.

Key words: Ln (lll) complexes; phenyl hydrazinium cation;Xaelendate ligand; Coordinated water and eight
coordination

INTRODUCTION

Lanthanide ions and complexes occupy a speciatippsn developing synthetic nucleases capableatdlgzing

the hydrolytic cleavage of RNA and DNA. Trivalemnthanide ions are expected to be more effectivthim
capacity than transition metal complexes due to #iteong Lewis acidity and kinetic lability of tiecomplexes [1,
2]. Ligand controlled hydrolysis of the lanthanidas is a new avenue in lanthanide coordinatiomisiey which

is a effective approach to assemble structurallyl defined polynuclear lanthanide — hydroxo compke of

definite size. Polynuclear lanthanide complexesitekia variety of unusual symmetries and structyratterns.
Polyamino polycarboxylic acids angdamino carboxylic acids are the novel and effec8upporting ligands for
controlling the hydrolysis of Ln (lIl) ions. Thesaixiliary ligands occupy a part of the metal cooatiion sphere,
thereby reducing the number of sites availablesfater coordination and thus prevent the extentydfdiysis. The
pH of the reaction medium exert a strong influenoelanthanide complexation which takes place eithesugh

carboxylate group or simultaneous coordination émpoxylate and amino moieties.
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The lanthanide — amino acid complexes generatedrur&ltral or basic conditions exist as polynucleathanide —
hydroxo clusters, while at low pH mono, di or ndaster polynuclear forms dominate. The pH of tha&hanide —
EDTA mixture when raised, the aqua ligand of ifiigiformed nine or eight coordinated complexes wiobke
deprotonated giving rise to a p-hydroxo bimolecudamplexes which further leads to the formationtiod -
hydroxo bridged diamond-shaped intermediates whithubsequent condensation offered a tetranueletiranide
clusters. The binuclear core, doubly bridged byith@H group encapsulated by two hexadented EDTankig one
on each metal atom has been reported [3-6]. Oblyidie water of coordination plays a vital roletire formation

of polynuclear complexes. Hence the number of doatdd water is crucial in deciding the extent of
polymerization. With polyamino polycarboxylic aciilsvas observed that the maximum number of wataeoules
inside the sphere is three as reported in the caée simple L"HEDTA hydrates [7-9] and
M[Ln"(EDTA)(H,0)3].H,O complexes where M="K Na', NH," and NHs" [10-15]. The serious limitations with
these compounds in exploiting them as precursogstgdroxo bridged complexes is that while incregdhe pH

of the medium, deportanation of all the water moles takes place leading to uncontrolled polymé&éona Hence,
synthesis of bi, and tri- nuclear species could b®trealized. Hence, search for di hydrated andontomrated
complexes considered worth for controlled depotttanaand hence controlled polymerization. Only & fen (IIl)
polyamino polycarboxylates with two coordinated evatmolecules have been prepared and structurally
characterized and reported to yield binuclear hydrmomplexes [6, 7].

However, no singe method was found satisfactorgyimthesizing a series of structurally similar coexgls with
desired composition, with two coordinated waterenales, which also lacks uniformity. Hence attenfiatge been
made in this row by changing the counter ion irgtefaligands. In the present investigation, wheemt hydrazine
was used as a base or charge neutralizing speaesiere able to synthesize a series of new pheydidazinium
diaquoethylenediaminetetraacetatolanthanate(lihydirates. Furthermore, so for no such phenyl rgidiam
complexes of metal/lanthanide carboxylates have eeestigated except a cobalt pyridine dicarbobeylomplex
repotted recently [16]. Hence in this paper we visheport the synthesis, characterization, sped¢harmal, X-ray
diffraction and antioxidant studies on PhNH}Ith(EDTA)(H,0),](H,0); where Ln= La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb and Dy which could be used as precursors tbithed tri nuclear lanthanide complexes.

EXPERIMENTAL SECTION

The chemicals used were of AnalaR or equivalerdegrahe solvents were distilled before use andlldistwater
was used for the preparation and analyses. Pheualyahine (99-100%), HEDTA (99.5%) and rare earth oxides
were used as received from S.D. fine chemicals. Omélll) nitrates, ligands and complexes were jare and
analyses were carried out using fresh doubly thdtilvater and the solvents were distilled before. Uhe metal
contents were determined by complexometric titregiafter decomposing the complex with concentrateit acid

to eliminate the organic part [17]. The C,H and mMlgises were carried out using a Perkin — Elmereh@840
CHN analyzer. The molar conductivity at room tengpere was determined in conductivity water usingestury
digital conductivity meter model CC 601 and a dype cell with a smooth platinum electrode. The nedign
susceptibility measurements were made by Gouy'shogetat room temperature using powdered samples of
complexes. Hg[Co(NSG]) was used as the calibrant and the diamagnetiections were applied by summing up
the Pascal’s constants for the diamagnetic coritabs of various atoms of the molecule. The elagtrabsorption
spectra of the complexes in water were recorded @&himadzu 160A/240A UV-visible spectrophotometidre
infrared spectra of the solid samples in the 50004@m" were recorded on a Perkin — Elmer 597/1650
spectrophotometer using KBr pellets. The thermalyses (TG-DTA) for the complexes were recorded @TA
1500 thermal analyzer using about 5mg of the sasnpith the heating rate of P& per min and the platinum cups
as sample holders. The X-ray powder diffractiontgrgas were recorded on a Philips PW 1050/70 diffraeter
using Cu-kx radiation {=1.540598 A) and scintillation counter as detector.

Antioxidant testing

The effect of complexes on DPPH radical was esthatcording to the procedure described in liteegl8]. The
concentration of the antioxidant required to deseeby 50% of the initial substrate concentratioGsd)l is a
parameter widely used to measure the antioxidamepgMolyneux 2004). The lower the Jgthe higher is the
antioxidant power. Free radical activity was meaduby a decrease in absorbance at 516 nm of a nuditha
solution of coloured DPPH (diphenylpicrylhydrazidepught about by the sample. A stock solution 8FBl was
prepared such that 125 ml of it in 5 ml methanalegan initial absorbance of 0.88. This stock solutivas used to
measureghe antiradical activity. Decrease in the absorbaimcthe presence of the sample solution at differe
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concentrations was noted after 15 minutesgg W@&s calculated from percentage inhibition. Effitieoncentration is
the concentration of that causes 50% loss of DP&MNity. BHA (butylated hydroxyanizole) was used @ssitive
control. Percentage inhibition was calculated usigformula

% inhibition = 100-A
Where A= sample absorbance x 100 /initial absorbdrycDPPH.

Preparation of (C¢HsNHNH3),Hedta:

The ligand, di(phenyl hydrazinium) dihydrogen etimgdiaminetetraacetate st&sNHNH-),H,edta was prepared by
the acid-base neutralization reaction of ethyleamitietetraacetic acid and phenyl hydrazine hydrate?2 ratio.
Aqueous solution (5ml) phenyl hydrazine (2 ml, W)2vas added to an aqueous solution (30ml) suspe s
Hedta (2.92 g, 0.01M). The acid was slowly dissoltedbtain the clear solution. The clear soluticasiltered
through Whatmann filter paper and finally concetetlato about 25ml using a water bath. The cleastswol thus
obtained was kept for crystallization. The colosslerystals obtained after 2-3 days was filtereashed with 1:1
water-alcohol mixture and dried in air. The crystakre further purified by recrystallization usidigtilled water.

Preparation of CsHsNHNH3[L n(edta)(H,0),](H,0)as:

The lanthanide nitrate hydrates were prepared bsotliing 0.01mol of respective lanthanum oxide§Nh nitric
acid and evaporating the clear solution thus obthito dryness. The residue, the respective hydilatgtianide
nitrates were dissolved in 30ml of distilled wat&o the above solution, an aqueous solution (3@hljigand
(5.08g, 0.02mol) was added with constant stirriffe mixture when stood at atmospheric pressureraach
temperature became turbid. This turbid solution fitkered through Whatmann filter paper, the coltags powder
thrown out was identified as free acid,gdta. The clear solution thus obtained was evapadrad 30ml. This
concentrated solution thus obtained was kept amrdemperature to yield the crystals of the respecti
lanthanum(lll) complexes. The crystals finally db&d were filtered, washed quickly several timethvite-cold
distilled water through suction pump and driedim a

RESULTSAND DISCUSSION

The di(phenyl hydrazinium) dihydrogen ethylenediagtétraacetate, (8sNHNHs),H,edta was prepared by the
neutralization reaction between aqueous solutiadefita and phenyl hydrazine in 1:2 ratio. The chehnezction
may be represented as follows.

H4edta + 2@"5(NHNH2) > (CﬁHsNHNHg)szedta

The salt obtained was highly crystalline, stablaiim soluble in water and insoluble in ethanole @omposition of
the salt was determined by microanalysis and hyaeaanalysis. Our attempts to prepare mono pheygiazinium
salt were not successful, because the additiormsé Ibo HEDTA inl:1 ratio resulted in dissolution of a paftthe
acid, which on filtration and evaporation yieldedly the diphenyl hydrazinium. Our attempt to prepar
corresponding tri and tetra salts were also ungsfakand resulted in a viscous liquid after evagion. The
formation of these two salts is not quite expediedause of the high pKa values of two protons (Gud 10.26)
and hence weak bases like ammonia, hydrazineemyplydrazine cannot replace them. The high PKaegafor
two protons are attributed to the zwitter ion fotioia.

Phenyl hydrazinium lanthanide ethylenediaminetettste hydrates, PhNHNHN(EDTA)(H,0),](H,O); were
prepared by the reaction of di(phenyl hydraziniwalt and respective lanthanide nitrate hydratesimratio. Since
the complexes are 1:1 complexes with respect torital and EDTA, the excess EDTA was precipitatedhfthe
solution, which was removed by filtration. The cdexgs are highly crystalline, stable in air, sokubl water and
insoluble in alcohol, ether and chloroform. The position of the complexes was determined by eleatearid
metal analyses. The results of chemical analyseswammarized in Table 1. The preparation of theseptexes by
mixing ligand and lanthanide nitrate in 1:1 failedyield the above complexes. However, an aqueolugien of
H,EDTA and phenyl hydrazine hydrate in 1:4 ratios whelded to respective lanthanide nitrate yieldgdtatiine
complexes. This observation reveals the fact tigtision of phenyl hydrazinium ion is possible oiilif is present
in excess. The chemical reaction is representéaollas/s.
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Ln (NOs); . XH,O + 2 [GHs NoHal, Hy EDTA +yH,0 = CeHs NoH, [Ln (EDTA) (H.0)s] (H,0)s + H,EDTA +
3CsHs NHNH.NO; +(x+y -8) HO

Where Ln = La, Ce, Pr, Nd, Sm, Eu, Gd, Tb and Dy

Ln (NOy); . XH,O + HEEDTA + 4GsHs NoHs + yH,0 > CgHs NoH, [Ln (EDTA) (H,0)3] (H20)s + 3CsHs N,H4.NO;
+(x+y -8) KO

Where Ln = La, Ce, Pr, Nd, Sm, Eu, Gd, Tb and Dy

Molar conductance
The molar conductivity of the complexes in aguesaisitions at infinite dilution gives useful inforti@n about the
total number of ions formed by the complexes ingohs and the charge type on each ion.

The molar conductance value (Table 1) of the corgag0.01 mol) in aqueous solution were found tdrbthe
range 80-130 ohrten?mol™ indicating these complexes are of 1:1 type elédes. This is, infact, a strong
evidence for the presence of phenyl hydraziniumaotside the coordination sphere as charge nezitrglspecies.

M agnetic properties

In the case of lanthanides, excepf’Land LJ* ions, which have no unpaired electrons which @endgnetic all
other L ions, are paramagnetic in nature (Table 1). Thez#fe magnetic moments are similar to those oleser
in the case of hydrazinium complexes [13,.14]

Electronic spectra

The electronic spectra of Pr, Nd and Sm comple&esrded in water were compared with that of respeequeo
complexes. These data shows the shift in bandipositowards greater wave numbers when comparetieto
aquated ions. Furthermore, the electronic spepatierns obtained for the present set of complexessimilar to
those of known ammonium and the hydrazinium anaeg@ihe electronic spectra of Pr, Nd and Sm coreglexe
shown in Figs. 1, 2 and 3 respectively.
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Fig.1 Electronic Spectrum of C¢HsNHNH;3[Pr(edta)(H20),](H20);
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Fig.3 Electronic Spectrum of C¢HsNHNH3;[Sm(edta)(H.0),] (H20)3

Infrared Spectra
The infra red spectrum of ¢Ns), (H,edta) exhibits bands around 1600tmhich are assigned to CO and COO

respectively. The sharp band observed for N-Ndieg at 960cil indicates the presence ofGNHNH;" ion.

The N-N stretching frequency of these complexasbiserved in the range 960-970 tmhich corresponds to non-
coordination of GHsNHNH;™ ions present in these complexes [19]. This is wellcoincidence with the
conductance values observed for these complexes.

In the case of hydrazinium transition metal ethgtiiaminetetraacatate hydrates also the non-codiatinaf N,Hs"
ions to the transition metals has been reporte@. idhic nature of phenyl hydrazinium cation is quitxpected
because for the electronic reasons it would becigatied that the nitrogen lone pair adjacent topthenyl ring in
the GHsNHNH;" cation must be not readily available for donatiorthe Ln (I1l) cation. Further, the steric effect
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also plays a vital role so that the rare earth hiets could not accommodate the phenyl hydrazingation inside
the sphere.

The asymmetric and symmetric stretching frequenafesarboxylate groups in the complexes are obsenvehe
range 1600-1620ctand 1340-1380cth The separation is in the range 180-228dmindicative of the fact that
the OCO groups from the all the four carboxylateups present in the edtare coordinated to the lanthanide ions
in the monodentate fashion [20].

The infrared spectra of the complexes were clogbferved and it is seen that a broad band is gras#re regions
3000-3500cm. In the most of the hydrazinium metal carboxylathe band in the above region are expected to be
sharp and these bands are due to the presenceHadidt O-H stretching vibrations. Further, the pneseof both
coordinated and non-coordinated water molecule atsy be responsible for the broad band. The chéimedysis
data indicate the presence of five water moleciHiesnce, two water molecules should be presenténaidl three
outside the coordination sphere.

From the literature survey it is evident that thregmsed molecular formulas8sNHNH;[Ln(edta)(HO),](H-0);
complexes are quite probable because similar gatassliaqua(cydta) ytterbium(lll) pentahydrate haveen
thoroughly studied [12] and the crystal structufetle lanthanum complexes has been investigatedaréa
spectrum of Ce complex is given in Fig. 4 as aes@ntative model.
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Fig. 4 Infrared Spectrum of CsHsNHNH3[Ce(edta)(H20),](H20)s

Thermal analysis

Since all the lanthanide ions form similar typecofnplexes their thermal degradation patterns @@ expected to
be similar. Hence, the TG-DTA of only two lightenthanide and two heavier lanthanide complexes resm@ded
as representative examples.

All the complexes show multi step degradation. Titst stage is dehydration of three lattice wat@lenules in the
temperature range 40-9C showing the non-coordination of water moleculése two coordinated water molecule
are lost in the temperature range 100-160The DTA shows two endotherms for these stagesn The anhydrous
complex decomposes to give ammonium salt. DTA shawsendotherm corresponding to this stage. The
ammonium salt further undergoes decomposition @ tdmperature ranges 365-4%D and 460-500C to give
respective lanthanide (lll) oxalate as an interratedi, and oxide as the end product. The last tagest are
exothermic. The intermediates were assigned orbéisés of TG weight loss. The formation of end pridihas
been confirmed on the basis of metal analysespéetsa, TG weight loss X-ray powder diffraction armnbustion
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studies. The simultaneous TG-DTA of the Pr and bithlexes are shown in Figs.5 and 6 respectivelg. géneral
scheme of thermal degradation is given below.

PhNHNH{LA(EDTA)(H,0),)(H,0)> PhNHNH[LN(EDTA)(H,0)]  -------mr 1)
PhNHNH{LN(EDTA)(H,0).] > PhNHNH[LN(EDTA)]  =eeoeeee @)
PhNHNH{LN(EDTA)] > NHJLNEDTA)] e ©
NH4[LH(EDTA)] > 1/2|_nz(C204)3 ---------- (4)
Ln2(Cz04)3 N2 7o N — (5)
100 TG
80
;\j
5
= 604
40
DTA
205 200 400 600 800

Temperature (Deg C)

Fig. 5 Simultaneous TG-DTA of CeHsNHNH;[Pr (edta)(H20)](H20)s
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Fig. 6 Simultaneous TG-DTA of CsHsNHNH;[Nd(edta)(H,0),](H20)s

X-ray powder diffraction

The X-ray powder diffraction patterns of the conxgle were recorded to confirm the isomorphism. Tatéepns are
almost identical and the peaks are very sharp atidig the structural similarity among these cometexThe X-ray
powder patterns of Ce and Pr complexes are showigs7 and 8 respectively for comparison.
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Fig. 7 X-ray powder diffraction pattern of CsHsNHNH;3[Ce(edta)(H.0),](H20)s
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Fig. 8 X-ray powder diffraction pattern of CsHsNHNH;3[L n(edta)(H20),](H20)s

Coordination Geometry

Due to their large size, lanthanide ions genetzdlye coordination number higher than that of ttaorss metal ions.
Coordination numbers greater than 6 for transiti@tal ions are formed with difficulty because of gtrong ligand
repulsion in the coordination sphere.

Based on the analytical, spectral, thermal andyXp@wder diffraction data, the eight coordinationund the Ln
() ions is proposed. The phenyl hydrazinium catiand three water molecules are expected to tmdeuthe
coordination sphere. The lanthanide ions are erdett posses eight coordinated geometry with hendate
ethylenediaminetetraacetate ion and two coordinatgdr molecules.
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Table 1 Analtical data of CegHsNH NH3[L n(EDTA)(Hzo)z](Hzo)g
Ln =La, Ce, Pr, Nd, Sm, Eu, Gd, Tb and Dy

Compound Colour C (%) H (%) N (%) M (%) Magnetic | Molar conductance
(Mol. Weight) | (yield %) | Obs. (Calc.)] Obs. (calc.)|] Obs. (Calc.)| Obs. (Calc)] moment (Ohni?)
La Colourless | 3,75 (30.69) 4.93 (4.99) 896 (8.94) 21.922.18) - 103
(626.36) (70)
Ce Colourless | 3, 66 (30.62) 4.96 (4.98) 894 (8.98) 22.022.33 2.26 105
(627.57 (85)
(62?36) C?g%‘;” 3053 (30.58) 4.99 (497) 890 (8.91) 22.522.43)| 3.9 111
(63'\‘1d69) ?7";)‘; 3047 (3042) 492 (495) 883 (8.87) 22.0284)| 3.60 125
Sm Pale yellow| 5409 (30.13) 4.89 (490) 876 (878) 2442358 1.37 108
(637.80) (75)
Eu Colourless | 3 05 (30.05)| 4.92 (489) 870 (8.75) 24923.77)| 1.33 106
(639.41 (89)
Gd Colourless | 59 93 (29.81)| 4.93 (4.85) 873 (8.60) 24.484.40) 7.8 115
(644.70) (80)
(64T6b37 Co'(%r)'ess 2065 (29.73) 490 (483) 871 (86)) 840459 | 115 115
Dy Pale yellow| 54 49 (2957) 478 (481) 870 (8.6p) 25225.00)| 104 119
(649.95) (85)

Table 2 Thermal data of CsHsNHNH;3[Ln(EDTA)(H,0),](H20)s

TG-Temp. | DTA peak | Weight loss (%) .
Compound Range °C) | Temp. °C) | Found Calci Residue

40-80 60(+) 7.00 8.60 A

80-140 112(+) 16.00 14.34 B

Pr 160-220 205(+)b 26.50 28.84 C

220-450 358(-) 58.00 56.56 D

460-500 464(-) 73.50 72.91 E

40-90 60(+) 7.00 8.56 A

90-125 117(+) 13.00 14.26 B

Nd 140-225 205(+)b 27.00 28.68 C

225-450 367(-) 56.00 56.27 D

460-540 496(-) 72.00 73.37 E

50-100 70(+) 8.00 8.45 A

100-140 112(+) 15.00 14.09 B

Eu 160-230 205(+)b 27.00 28.34 C

230-440 357(-) 54.50 55.59 D

460-530 482(-) 73.00 72.48 E

40-100 60(+) 7.50 8.38 A

100-150 112(+) 14.00 13.97 B

Gd 160-240 205(+)b 28.50 28.11 Cc

240-450 357(-) 56.00 55.13) D

46(-50C 4741) 72.50 71.6 E

A: PANHNH[LN(EDTA)(H.0),], B: PANHNH[LN(EDTA)], C:NH,[Ln(EDTA)]
D: ¥ Lmp(Cy04)3, E: LipOs, E*: PrgOyy, (+): endothermic, (-): exothermic and b: broad

Antioxidant properties

The results of antioxidant testing of the new phédwygrazinium complexes are summarized in Table I3 T
comparison of the results with the control, bugthhydroxyanizole shows that the present set optexaes are also
very effective in neutralizing free radicals. Theagtities of the compounds used to prepare thdisotof efficient
concentrations are higher than the control iskatted to the higher molecular weight of the come&exAmong the
series of complexes praseodymium complex showsehigttivity.
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Table 3 Antioxidant activity of N,Hs[Ln(edta)(H,0)].5H,0

Ln | Mg/ml | Volume of solution used (ml) % Inhibitiop 1Cs¢
0.5 8.96
1.0 22.74

La 20 15 37.62 39.9
2.0 50.22
0.5 7.04
1.0 16.51

Ce 25.9 15 23.05 61.1
2.0 32.09
2.E 53.07
0.5 9.79
1.0 21.16

Pr 8.6 15 27.70 17.9
2.0 38.90
25 60.20
0.5 12.28
1.0 23.65

Nd 145 15 40,69 26.7
2.0 54.22
0.5 13.39
1.0 27.34

Sm 16.8 15 43.01 33.3
2.0 50.40
0.5 15.83
1.0 29.63

Eu 20.6 15 43.74 34.8
2.0 59.26
0.5 10.20
1.0 20.00

Gd 20.0 15 30.24 25.0
2.0 40.00
0.5 7.24
1.0 18.92

Tb 18 15 30.25 43.4
2.0 40.62
25 50.22
0.5 16.34
1.0 34.30

Dy | 24.2 15 51.40 35.3
2.0 68.61
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