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ABSTRACT 
 
The  niobium (V) phenoxides  of  composition  NbCl4(OAr1,2)  and  Nb(OAr1,2)5  (where  OAr1=  OC6H4-C6H5-2  and  
OAr2=  OC6H3-But-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, yielding Nb2O5 as the final product of decomposition based on % mass loss and authenticated by IR spectra. 
The single step decomposition is substantiated by exothermic peaks in DTA curve. 
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INTRODUCTION 

 
Although  literature  abounds  with  reports  on  metal  alkoxides  [1-8]  and  phenoxides  [9-11]  of  main  group  
elements, transition  metals  lanthanides  and  actinides  [12-13]  yet,  in  recent  past  these  complexes  have  
received  renewed interest as precursors for metal oxides[14-15]. It is of interest to note that the early and late d- 
block metals have been exploited extensively for the synthesis of novel metal phenoxides using sterically hindered  
phenols in order  to  study the   structural   and   chemical   effects   of   π-donor   properties   of   these   ligands   
offering   dramatic   spectroscopic manifestations. Of  group  five  compounds,  niobium  phenoxides  have  been  
reported  to  exhibit  a  range  of  fascinating structural  complexities  wherein the  versatility of phenoxide ligands 
has been  demonstrated  [16-26]. As a part of our interest and  an extension of our work on the synthesis of   
niobium  phenoxides  [27-31]   we   report   herein   our investigations on the thermal behaviour of newly 
synthesized niobium (V) complexes derived from 2-phenylphenol and 2-tert-butyl-4-methoxyphenol (Fig.1).The 
very   objective   of   this   work was   to   study   the   influence   of   the substituents  on  the  thermal  behaviour  of  
the  newly  synthesized  complexes  besides  the  substantial  modification  of steric   and electronic properties. 
Furthermore, these   studies   assume   special   significance  in   view of   an   ever-increasing interest of material 
scientists in alkoxides, heterobimetallic alkoxides and phenoxides  of niobium as potential  precursors to  niobium  
oxides  [32-35]  owing  to  the  considerable  technological  interest  in  niobium  oxide powders and films [36-40]. 
 

MATERIALS AND METHODS 
 
NbCl5 (Fluka)  was  used  without  further  purification  and  its  purity  was  checked  by  chlorine  analysis. 2-
phenylphenol (Merck M.pt. 55.5-57.5ºC) was recrystallized from benzene and purity was checked by its sharp 
melting point 56°C and the purity of 2-tert-butyl-4-methoxyphenol (Merck  M.pt.  70-73ºC) was  checked  by its  
sharp  melting  point 69°C. Solvents were made  anhydrous  before  use  by  standard  methods.  The  niobium  
content  in  the  complexes  was  determined  as Nb2O5   after  decomposing  the  complexes  with  a  mixture  of  
conc.  H2SO4   and HNO3   followed by heating at 650-700°C.  Chlorine was determined by Volhard’s  method.  
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Microanalyses for carbon and hydrogen was performed on an Eager 300   NCH system Elemental Analyzer. Molar 
conductance(10-3M solutions) in benzene/nitrobenzene were obtained at 25±0.1�C on an Elico conductivity bridge 
(type Cm-82T). Molecular weights were determined cryoscopically in benzene (0.0015-0.0020M) using a 
Beckmann thermometer. IR spectra were recorded on a Nicolet-5700 FTIR spectrometer and 13C-NMR spectra 
were recorded on a Bruker Avance II 400 spectrometer using CDCl3. The molecular dynamic simulation was  done  
up  to  1000K (relaxation  time 1ps).  Thermograms of complexes were recorded on simultaneous TG-DTA 
SHIMADZU DT-60 thermal analyzer in air at a heating rate of 20oC min-1 using platinum crucible. Thermocouple 
used was Pt/Pt-Rh (10%). The temperature range of the instrument was from room temperature to 1300oC. 
 
Synthesis 
To a suspension of niobium pentachloride (3.0 g, 0.011 mol / 2.5 g, 0.009 mol) in CCl4 (25 ml) were added one and 
five equivalents of 2-phenylphenol and 2-tert-butyl-4-methoxyphenol in the same solvent (25ml) in separate 
experiments. The mixing of reactants resulted in the formation of dark brown solution and evolution of HCl gas was 
observed.  The  reaction  mixture  refluxed  till  the  evolution  of  hydrogen  chloride  gas  ceased  to  ensure 
completion of the reaction. It was then filtered and solvent was distilled off. . The resultant concentrate was then 
evaporated under vacuum. The addition of hexane yielded a dark brown complex. It was dried under vaccum. 
 

RESULTS AND DISCUSSION 
 
Complexes of composition NbCl4(OAr1,2) and Nb(OAr1,2)5 ( where OAr1= OC6H4-C6H5-2 and OAr = OC6H3-But-2-
OMe-4) have been synthesized according to the scheme1. 
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Scheme 1 Synthesis of complexes 

 
The newly synthesized complexes have been characterized by physicochemical, IR, 1H and 13C NMR spectral 
studies. 
 
Thermal studies 
The thermal decomposition behaviour of complexes [NbCl4(OC6H4-C6H5-2)] (1) [Nb(OC6H4-C6H5-2)5] (II) 
[NbCl4(OC6H3-C(CH3)3-2-OCH3-4)] (III) [Nb(OC6H3-C(CH3)3-2-OCH3-4)] (IV) has been studied by 
thermogravimetric and differential thermal analysis technique in air. The TG-DTA curves of niobium (V) 
phenoxides are illustrated in Figs1-4 and thermal data is presented in table1.  
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Table 1 Thermal data of niobium(V) phenoxides 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Complex Sample 
mass/mg 

IDT/ �C Stages of 
decomposition 

TGA DTA 

Decomp. 
Range/�C 

Mass 
Loss/% 

Obs./Calc. 

Decomp. 
Product 

Peak 
temp./�C 

Peak 
Nature 

NbCl4(OC6H4-C6H5-2)                              6.60                     51.9                  Single                    51.9-490.3                     68.1                        Nb2O5                                   409.08                   Exothermic 
(I) 
Nb(OC6H4-C6H5-2)5                                     6.30                     48.50                Single                    48.5-477.5                     73.2                        Nb2O5                      505.50                   Exothermic 
(II) 
NbCl4(OC6H3-C(CH3)3-2-OCH3 -4)         9.50                     71.4                  single                     71.4-465.8                     68.5                        Nb2O5                                   451.12                   Exothermic 
(III) 
Nb(OC6H3-C(CH3)3-2-OCH3 -4)5             15.00                   62.2                  Single                     62.2-525.1                     86.5                        Nb2O5                     490.24                   Exothermic 
(IV)  



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

254 
Pelagia Research Library 

HO

 
                                                                                      
                                                                                                        2-phenylphenol  
        
 
 
                                                     

                                                           
HO

C

OCH3

CH3

CH3

CH3

            
 

2-tert.butyl-4-methoxyphenol 
 
 
 

(Fig. 1) Structure of Ligands 
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(Fig.2)TG and DTA curve of NbCl4(OC6H4-C6H5-2)  
 
 
 
 

 
 

 (Fig.3)TG and DTA curve of Nb(OC6H4-C6H5-2)5 
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(Fig.4) TG and DTA curve of NbCl4(OC6H3-C(CH3)3-2-OCH3-4) 
 
 
 
 

 
 
 
 

(Fig.5) TG and DTA curve of Nb(OC6H3-C(CH3)3-2-OCH3-4)5 
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The thermogravimetric curves of complexes (I-IV) (Figs. I-IV) have shown these to be thermally stable up 
51.9ºC,48.5ºC, 71.4ºC and 62.2ºC respectively after which temperature the complexes have been found to undergo 
decomposition  in  single   step.   Based  upon  initial  decomposition  temperature,  the  order  of  thermal   stability  
of complexes  has  been  inferred  as  III  >  IV  >  I  >  II.  The complexes derived from 2-tert-butyl-4-
methoxyphenol  have been found to be more thermally stable than those derived from 2-phenylphenol.The mass loss 
of 68.1%, 73.2%, 68.5% and 86.5% respectively accounted for the formation of Nb2O5 as the final product of 
decomposition authenticated by white colour of residue formed in each case and absorption bands observed in 630-
620 cm-1 region in IR spectra. The scheme of decomposition may be represented as: 
 

NbCl5-n(OAr1,2) → Nb2O5  + Organic matter 
(where n = 1and 5) 

 
DTA curves of the complexes (I-IV) exhibited exothermic peak at 409.08ºC, 505.5ºC, 451.12ºC and 490.24ºC 
respectively thereby substantiating one step decomposition in TGA. 
 

CONCLUSION 
 
The two series of niobium (V) phenoxide complexes derived from 2-phenylphenol (I,II) and 2-tert-butyl-4- 
methoxyphenol(III,IV) studied by TG-DTA studies have been observed to decompose in one step. Based upon 
initial decomposition temperature, the order of thermal stability of complexes has been inferred as III > IV > I > II 
suggesting thereby that the complexes derived from 2- tert-butyl-4-methoxyphenol are thermally more stable than 
those derived from 2-phenylphenol. On the basis of mass loss, the formation of Nb2O5 as the final residue has been 
inferred for all the complexes suggesting these as potential precursors of niobium pentaoxide. 
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