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ABSTRACT

The niobium (V) phenoxides of composition NbCl,(OAr*?) and Nb(OAr'?)s (where OAr'= OCgH,s-CgHs-2 and
OAr?=  OCgH3-Bu'-2-OMe-4) synthesized from the reactions of niobium pentachloride with 2-phenylphenol
and 2-tert-butyl-4-methoxyphenol in metal : ligand 1:1 and 1:5 molar ratios in carbon tetrachloride have been
studied by TG and DTA techniques. The TG profiles of complexes showed these to undergo decomposition in single
step, yidding Nb,Os as the final product of decomposition based on % mass loss and authenticated by IR spectra.
The single step decomposition is substantiated by exothermic peaksin DTA curve.
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INTRODUCTION

Although literature abounds with reports oretah alkoxides [1-8] and phenoxides [9-11] mfin group
elements, transition metals lanthanides andnides [12-13] yet, in recent past these plexes have
received renewed interest as precursors for noeddes[14-15]. It is of interest to note that trele and late d-
block metals have been exploited extensively fer gfinthesis of novel metal phenoxides using stgribandered
phenols in order to study the structural awltiemical effects ofz-donor properties of these ligands
offering dramatic spectroscopic manifestatidds. group five compounds, niobium phenoxidesve been
reported to exhibit a range of fascinatingaural complexities wherein the versatilitypifenoxide ligands
has been demonstrated [16-26]. As a part of otarést and an extension of our work on the swighef
niobium phenoxides [27-31] we report hereiour investigations on the thermal behaviour efly
synthesized niobium (V) complexes derived from 2#pfiphenol and 2-tert-butyl-4-methoxyphenol (Figihe
very objective of this workwas to sgudhe influence of the substituents oe thermal behaviour of
the newly synthesized complexes besides thlestantial modification of steric and electmproperties.
Furthermore, these studies assume spedighifisance in view of an ever-increasingeirest of material
scientists in alkoxides, heterobimetallic alkoxidesl phenoxides of niobium as potential precsrsor niobium
oxides [32-35] owing to the considerable teshgical interest in niobium oxide powders difds [36-40].

MATERIALSAND METHODS

NbCls (Fluka) was used without further purificaticend its purity was checked by chlorine lgsia. 2-
phenylphenol (Merck M.pt55.5-57.8C) was recrystallized from benzene and purity wlascked by its sharp
melting point 56°C and the purity of 2-tert-butylethoxyphenol (Merck M.pt.70-73C) was checked by its
sharp melting point 69°C. Solvents were made ydrdus before use by standard methods. Tiubium
content in the complexes was determined a©Nbafter decomposing the complexes with a tuméx of
conc. HSO, and HNQ followed by heating at 650-700°C. Chlorine veltermined by Volhard’'s method.
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Microanalyses for carbon and hydrogen was perforaredn Eager 300 NCH system Elemental AnalyzexiaiM
conductance(IM solutions) in benzene/nitrobenzene were obtaate25+0.11C on an Elico conductivity bridge
(type Cm-82T). Molecular weights were determinegoscopically in benzene (0.0015-0.0020M) using a
Beckmann thermometer. IR spectra were recorded blicalet-5700 FTIR spectrometer and 13C-NMR spectra
were recorded on a Bruker Avance Il 400 spectrometing CDC}. The molecular dynamic simulation was done
up to 1000K (relaxation time 1ps). Thermograofiscomplexes were recorded on simultaneous TG-DTA
SHIMADZU DT-60 thermal analyzer in air at a heatirage of 26C min-1 using platinum crucible. Thermocouple
used was Pt/Pt-Rh (10%). The temperature randgeedhstrument was from room temperature to 2300

Synthesis

To a suspension of niobium pentachloride (3.0 @LD.mol / 2.5 g, 0.009 mol) in C125 ml) were added one and
five equivalents of 2-phenylphenol and 2-tert-butyinethoxyphenol in the same solvent (25ml) in safea
experiments. The mixing of reactants resulted enfttmation of dark brown solution and evolutionH£l gas was
observed. The reaction mixture refluxed tile evolution of hydrogen chloride gas ceaged ensure
completion of the reaction. It was then filtered aolvent was distilled off. . The resultant cortcate was then
evaporated under vacuum. The addition of hexaridedea dark brown complex. It was dried under vatcu

RESULTSAND DISCUSSION

Complexes of composition NbQDAr"?) and Nb(OAt?)s ( where OAt= OCGH,-CsHs-2 and OAr = O@H,-Bu'-2-
OMe-4) have been synthesized according to the sehem

®

HO ccl O

NbCls + n —“>NbCI5,n ) + nHCI
@ Reflux n

CCl
NbCly + N HO—Q—OCH3 R—ﬂ“»Nbcgn( —Q—OCH3) + nHCl
HsC L\CHS H3C/DCH3
Hs
Scheme 1 Synthesis of complexes

The newly synthesized complexes have been chaimseby physicochemical, IRH and **C NMR spectral
studies.

Thermal studies

The thermal decomposition behaviour of complexedbGNOCsH,;-CeHs-2)] (1) [Nb(OGH4-CgsHs-2)s] (11)
[NbCI4(OCeH3-C(CHs)3-2-OCHs-4)]  (ll)  [Nb(OCgH3-C(CHs)s-2-OCH:-4)]  (IV) has been studied by
thermogravimetric and differential thermal analyséchnique in air. The TG-DTA curves of niobium (V)
phenoxides are illustrated in Figs1-4 and therrash @ presented in tablel.
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Table 1 Thermal data of niobium(V) phenoxides

TGA DTA
Complex n?gmss/?:qe IDT/ IC decStor?mg&:s(')tfi on Decomp. L'\(;Iszi; Decomp. Peak Peak
9 P Range/[1C 0 Product temp./LIC Nature
Obs./Calc.
NbCly(OCsH4-CeHs-2) 6.60 51.9 Single 51.9-490.3 68.1 Nb,Os 409.08 Exothermic
0}
Nb(OGsH4-CeHs-2)s 6.30 48.50 Single 48.5-477.5 73.2 Nb;Os 505.50 Exothermic
(n
NbCL(OCsHs-C(CHs)3-2-OCH; -4) 9.50 71.4 single 71.4-465.8 68.5 Nb,Os 451.12 Exothermic
(i
Nb(OGH3-C(CHs)3-2-OCH; -4)s 15.00 62.2 Single 62.2-525.1 86.5 Nb,Os 490.24 Exothermic

(V)
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HO
2-phenylphenol
H
T
Clt—CH3
CHj;
CHj;

2-tert.butyl-4-methoxyphenol

(Fig. 1) Structureof Ligands
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(Fig.2)TG and DTA curve of NbCl,(OCeHs-CsHs-2)
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(Fig.3)TG and DTA curve of Nb(OCgH4-CeHs-2)s5

255
Pelagia Research Library



Amit Pathania and Neeraj Sharma Adv. Appl. Sci. Res., 2013, 4(5):251-258

TGA DTA
% u¥
100.00 o m e et eeanen EESN
7148 =i
B — Dra
\ — TGA | 10000
451.'1155“:;\"“--—-—/"
£ o ;
4
[=]
[ :
E .kdfi.n% 4 50.00
a SE50%
60.00
40.00 10.00
0.00 Z00.00 400,00 500.00 300,00
Temp"[C]

(Fig.4) TG and DTA curve of NbCl4(OCgH3-C(CH3)3-2-OCH3-4)
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(Fig.5) TG and DTA curve of Nb(OCgH3-C(CH3)3-2-OCH3-4)s5
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The thermogravimetric curves of complexes (I-IV)ig&: I-IV) have shown these to be thermally stabje
51.9°C,48.5°C, 71.4°C and 62.2°C respectively aftech temperature the complexes have been founmhdergo
decomposition in single step. Based updtiaindecomposition temperature, the ordertloérmal stability
of complexes has been inferred as Ill > B | > Il. The complexes derived from 2-tert-yjies-
methoxyphenol have been found to be more therrstdlyle than those derived from 2-phenylphenolmass loss
of 68.1%, 73.2%, 68.5% and 86.5% respectively actmmli for the formation of NKs as the final product of
decomposition authenticated by white colour ofdesiformed in each case and absorption bands ausan630-
620 cm' region in IR spectra. The scheme of decompositiay be represented as:

NbCls(OAr*? — Nb,Os + Organic matter
(where n =1and 5)

DTA curves of the complexes (I-1V) exhibited exatiméc peak at 409.08°C, 505.5°C, 451.12°C and 490.24
respectively thereby substantiating one step deositipn in TGA.

CONCLUSION

The two series of niobium (V) phenoxide complexesivtd from 2-phenylphenol (1,11) and 2-tert-butd-
methoxyphenol(lll,1V) studied by TG-DTA studies labeen observed to decompose in one step. Based upo
initial decomposition temperature, the order ofrii@ stability of complexes has been inferred & 1IlV > | > I
suggesting thereby that the complexes derived Rentert-butyl-4-methoxyphenol are thermally moral$¢ than
those derived from 2-phenylphenol. On the basimas$s loss, the formation of My as the final residue has been
inferred for all the complexes suggesting thesgodsntial precursors of niobium pentaoxide.
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