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Synthesis and charecterization of some Lanthanidell) complexes
with N-(furfuralidene)-N '-isonicotinoylhydrazine
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ABSTRACT

A series of lanthanide nitrato complexes with N-(furfuralidene)-N “isonicotinoylhydrazine (INH-
FF) were synthesized. These complexes were characterized by elemental analysis, conductance,
magnetic moment measurements, IR, UV-visible, TGA-DTA and luminescence studies. In these
complexes the hydrazone, N-(furfuralidene)-N “isonicotinoylhydrazine behave as a neutral
bidentate ligand with the carbonyl oxygen and azomethine nitrogen as two coordinating sites. All
the three nitrate ions also coordinate unidentately with seven coordination for the lanthanide
(111) ions with a tentative monocapped octahedral geometry for the complexes. All the complexes
have a general formula, [Ln(L)2(NOz)s] where Ln= Pr(111), Nd(I11), Sm(111), Gd(I11) or Tb(llI)
and L= N-(furfuralidene)-N*isonicotinoylhydrazine. =~ Spectroscopic  determination  of
nephelauxetic ratio(g), covalency factor(b'?), Sinha parameter(d%) and covalency angular

overlap parameter (x) show a weak covalent bond formation between the metal ion and the
ligand in the complexes.

Key words:Lanthanide(lll),N-(furfuralidene)-Nisonicotinoylhydrazine, Nephelauxetic rafi(
Covalency factor(?) ,Sinha parametei%) and Covalency angular overlap paramair.(

INTRODUCTION

Complexes of hydrazones with paramagnetic lantleamidtal ions have attracted close attention
because of their novel structural features andsaglee to biological processes [1-6]. The study
of ligand involving hydrazone is interesting asréhaes versatility in the co-ordination, the
tendency to yield stereochemistries of higher coatibn number, the ability to behave as
neutral or deprotonated ligand and the flexibility assuming different conformations.[7] In
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connection of our work on complexes of hydrazone here in report the study of complexes of
some lanthanides with the ligand N-(furfuralideh&jisonicotinoylhydrazine (INH-FF)
synthesized via. reaction of furfural and isonicimtiacid hydrazide.

EXPERIMENTAL SECTION

The chemical used were of analytical grade; Fulf(ifamedia), Isonicotinic acid hydrazide
(Himedia) ,Lanthanide (lll) nitrate hexahydrateD({d) was used as such.

Physical Measurements

The infrared spectrum was run on potassium bronpbase from 400-4000¢hrange on
Shimadzu FTIR 8400S at Department of Chemistry, iManUniversity. The electronic spectra
of the neodymium(lll) and samarium(lll) complexes (DMSO) solution were recorded on
Perkin Elmer Precisely,Lambda-35 UV/VIS Spectromeite the range of 400-900nm at
Department of Chemistry, M.U. Magnetic susceptipilmeasurement of the synthesized
lanthanide(lll) complexes were carried out at rodsemperature on Sherwood Scientific
Cambridge UK. Conductances were measured on EUTEON 510 at 2% in DMSO. The
complexes were analyzed for C, H and N on Eleme¥wtio EL Il Carlo Erba 1108 at
Regional Sophisticated Instrumentation Centre, GRtknow. TGA and DTA curves were
obtained on a Perkin Elmer precisely STA 6000, &iameous Thermal Analyzer at Department
of Chemistry, Manipur University. The samples wheated in platinum crucibles, in nitrogen
atmosphere, within the temperature rangéC2% 9468C. The heating rate was %D min™.
Luminescence study was also done in Perkin Elmerigely LS-55 Fluorescence Spectrometer
at Department of Chemistry, Manipur University. iEsttion of halide was also done with usual
silver nitrate method. Metals were estimated as thedes.

Preparation of N-(furfuralidene)-N'-isonicotinoylhydrazine (INH-FF)

A mixture of 0.969g of furfural (AR) and 1.3g of isicotinic acid hydrazide (AR) were dissolved
in 25ml of ethanol and 3ml of glacial acetic acidsradded to catalyze the reaction. A little more
ethanol was added to get a clear solution andehetion mixture was refluxed for 3 hours. The
solution was cooled overnight when the brown Ni(ftalidene)-N-isonicotinoylhydrazine
(INH-FF) crystallized out. The compound was isalaémd recrystallised from ethanol and dried
in air. (M.P=216C)

N-(furfuralidene)-N -isonicotinoylhydrazine (INH-fF

Preparation of lanthanide complexes

Procedure: N-(furfuralidene)-N-isonicotinoylhydrazine (INH-FF) (0.002M) was disged in
A.R. ethanol (30ml) by little warming and to thisasv added lanthanide(lll) nitrate
hexahydrate(0.001M) (where lanthanide(lll)= Pr, 1$a,Gd or Th). The mixture was refluxed
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on a steam bath for 4 hours in all the cases, doateroom temperature and then left in a
refrigerator overnight. The resulting yellowish stgls were filtered and washed several times
with warm ethanol to remove any excess of the nmetedte and/or ligand. Finally, the complex
was dried in air.

Table :1 Characterization data , Magnetic momentsad Molar Conductance of Ln(lll) complexes of INH-F-
found (calcd.)

. Mert | Molar Conductance
Clc_)lr%agﬂfqd Colour Metal C H N (B.M) |  (ohm™*cm?mol™)
P in 0.002M DMSO
61.46 | 4.27 | 19.33
. 18.73 | 34.94 | 2.31 | 16.62
. 18.83 | 34.76 | 2.25 | 16.53
. 19.81 | 3456 | 2.39 | 16.48
[SM(C1HgN30,),(NOs)s] | Light yellow (19.62)| (34.45)| (2.35)| (16.44) 1.84 25.67
. 20.39 | 34.21 | 2.30 | 16.25
. 20.44 | 34.01 | 2.34 | 16.29
Table :2 IR spectra (cm™) bands of Ln(lll) complexes of INH-FF
Ligand/Compound v(C=0) | v(C=N) | v(N-H) | v(N-N) | v4(NO3) | vi(NO3) | v(M-N) | v(M-O)
C11HgN30» 1649 1620 3271 995
[Pr(Ci1HgN30,)-(NOs)s] | 1625 1577 | 3234| 1022] 1470 1344 550 414
[Nd(C11HoN30,),(NOs)s] | 1616 1583 | 3228] 1028 1468 1341 546 42p
[SM(Ci1HoN30,)(NOs)s] | 1623 1579 | 3229| 1025 1471 1343 541 417
[Gd(C11HoN30,)(NO3)s] | 1619 1586 | 3234| 1024 1469 1344 543 41P
[Tb(C11HoN30,),(NO3)] | 1624 1584 | 3231| 1023 1471 1341 541 418
Table 3: Electronic Spectral data of Ln(lll) complexes of INH-FF
Band max(cm’) .
Complex in DMSO Assignment Parameters
B/:O.9897
i)16890 cm-1 Hs—'D, b'%=0.0718
[Pr(CiaHoN3O)o(NO2):] i)20490 cm-1 *H,—P, n-0.0052
3(%)=1.040
)19,493cmi . 4|9,24—»2c;g,2 $=0.9838
||)17,153cm1 |g/2—> G5/2, G7/2 b*=0.0636
[NA(C11HoN30O2)2(NOs)s] ii)13,569cm Yorr—?SopFos | 120.0082
iv) 12,422cm-1 No—"FepHop | 8(%)=1.64

RESULTS AND DISCUSSION
Analytical data, their molar conductance and magnmpoments values of the lanthanide(lll)

complexes with N-(furfuralidene)-Nsonicotinoylhydrazine are presented in Tablel.The
analytical data revealed that the metal to ligaattbris 1:2 in all these complexes. The molar
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conductance values of the lanthanide(lll) complexe®BMSO at room temperature are much
lower than the values reported for the 1:1 elegteo]8].

Room temperature magnetic moments of the complelxes a slight deviation from Van Vleck
values indicating weak interaction of the 4f elent in metal ligand bond formation [9]. From
the above result, these complexes can be formuasdtdn(INH-FF}(NOs3)3] where Ln=Pr(lll),
Nd(II1), Sm(lIl), Gd(lll) and Tb(Ill), and INH-FF=aN-(furfuralidene)-N-isonicotinoylhydrazine.

Infra red:

The ligand N-(furfuralidene)-Nisonicotinoylhydrazine (INH-FF) has three coording sites,
the possible co-ordination sites being pyridineagén, carbonyl oxygen (in keto or enol form)
and azomethine nitrogen. The lanthanides on therdthnd, are well known for exhibiting a
wide array of co-ordination numbers, from six rigipto eleven or twelve [10]. The ligand INH-
FF can exhibit as tridentate (NNO) or bidentate YNd»nor behavior. However, in our
synthesized complexes, the pyridine nitrogen isdet of co-ordination sphere because of the
position of nitrogen atom of the pyridine ring. Thbration attributable to the(N-H) mode is
observed at 3271chfor the free ligand and at (3228-3234) tiior the complexes. This fact
suggests that the ligand INH-FF function as a @ligand to the lanthanide ions [11]. For the
complexes, the bands assigned tovl@a=0) andv(C=N) vibrations are observed at (1616-1625)
cm™ and (1577-1586) crhrespectively whereas the corresponding bandshéofree ligand are
observed at 1649 c¢mand 1620cr respectively[12-16]The shifts of théC=0) andv(C=N)
vibrations of the bands towards lower wave numimgrscomplexation indicate that carbonyl
oxygen and azomethine nitrogen coordinate to th&almen in all the complexes[13,14,17].
Further, coordination through azomethine nitrogealso supported by the shifting\@>N-N-)
bands at 995 ctin free ligand towards higher wave number in theplexes at (1022-1028)
cm® [17-20]. Bands observed in the ranges (541-550) @nd (414-422) cih which are
attributed to the stretching vibrations of (Ln-Njda(Ln-O), respectively also confirm the
bonding through carbonyl oxygen and azomethinegén [21,22].

The IR spectra of the complexes have five additiopands, which do not have any
corresponding bands in the spectrum of the ligdiheé. two bands observed in the region (1468-
1471)cnt and (1341-1344)cthare assigned te, andv; vibrations, respectively of coordinated
nitrate ion. As the difference betweenandvs, is ~127 cril, the nitrate ions are monodentately
coordinated to the lanthanide (lll) ions in thesenplexes [23,24]. These observation in the ir
spectra of the ligand and the complexes show Heatigand INH-FF acts as a neutral bidentate
ligand coordinating through the carbonyl oxygen azdmethine nitrogen in these complexes.
The nitrate ions present in these complexes ads@mdary ligands coordinating unidentately.

Electronic spectra:

The electronic spectra of Pr(lll) and Nd(lll) corapés were recorded as 0.002M DMSO
solutions. The spectral data along with variousdwog parameters calculated from the spectral
data are given in Table 3. The absorption band cesed with the nearly degenerate
*loi—"Gs2,°Gyy2 transition of the Nd(I1l) exhibits strong hypersiive behaviour [25] making it
specially suitable for probing the coordination ieonment around Nd(IIl) ion. The spectral
shape of the hypersensitive transitidly4—"Gs, °Gr;5) of [Nd(INH-FF),(NOs)s] compare well
with the bands of seven co-ordinated Nd(Ill) compkereported by Karraker[26]. Compared to
the spectra of the aquoneodymium(lll) complex,tifgpersensitive band mentioned above shows
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a significant red shiff{v=204cm"). For other important band3d—"He/,*Fs2; lo/o—"Sa/2,*Fr2;
4I9,2—>4G7,2,2K3,2) the red shift is much less. Various spectral petars like the nephelauxetic
ratio B, (3= average value of compielVaqud[27], the covalency factor$, (b/*=1/2[(18)*?)) [28],
Sinha Parameted(%), 6(%)=[(1- B)/B]x100[27], and covalency angular overlap parameter
n=(1pY3/pYY [28] have been calculated from the hypersensitive tiansiof the
lanthanide(lll) spectra(Table 3).

The electronic spectra of Pr(lll) complex exhitiiends around 16890¢tand 20490cm in the
visible region which may be due ttH,—'D, and *H,—°P, transitions respectively [9].
Compared to the spectra of the aquo Pr(lll) comptlese bands show a slight red shift
(Av=[1130cm’; (1160 cm'). The other bands in these regions cannot bedda these bands are
presumably buried underneath the strong metalndiggharge—transfer band around 24006cm
The values obtained were close to those calcufatesimilar other Nd(IIl) and Pr(lll) chelates.
The B values in the complex are close to unity showinty @ slight covalent character of the
Ln(lll) —ligand interaction; thef5 values suggest a small participation of 4f orbitalbonding
and along withd values indicate relative low covalent charactethefbond.

Thermogravemetric analysis:

The thermogram curve of the complexes shows thenaglesof water molecule either in or out of
the coordination sphere. The analyses of theseeswsuggest that above 2@0the compound
start to loss mass with partial evaporation of dhganic ligand. The residues obtained after
heating up to 9T, to constant weight were very close to those ebemefor the lanthanide(l11)
oxides. All these results are in accordance withabmposition of the complexes determined by
elemental analyses.
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Fig.1 TGA -DTA Thermogram of the [Tb(INH-FF) 5,(NOs)3] complex

Luminescent study:

The luminescent spectrum of Th(lll) complex with(MNffuralidene)-N-isonicotinoylhydrazine
excited at 364nm was recorded. The characteristid fransitions of TE ion were observed
with maxima at 487nm, 545nm, 585nm and 615nm atitle to transition3D, —'Fes, 'Fs, 'F4
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and ‘F3respectively [29,30] (Fig.2). The fluorescencenstty of the complex is weaker than
that of the Tb(lll) ion. This result indicated tithe complex have the function of decrease in the

fluorescence.
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Fig.2 Emission spectrum of the [Th(INH-FF)5(NQ3)3| complex
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CONCLUSION

The non electrolytic behavior of the complex suggebat all the three nitrato ions are
coordinated to the central lanthanide(lll) ion. Tinga-red studies reveal that the ligand co-
ordinate in a bidentate manner. Thus on this bésis,revealed that the lanthanide(lll) ions is
surrounded by two oxygen atom of carbonyl group @vanitrogen atoms of azomethine group
and three anionic nitrato ligands producing a coatibn number seven for the lanthanide(lll)
complex with a tentative monocapped octahedrahgy for the complexes. The proposed
structure of the complexes is shown below
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