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ABSTRACT 

This thesis deals with the evaluation of thermal behaviour of polymers derived 

from nadimides and bisnadimides using ring opening metathesis polymerisation 

(ROMP), carbocationic polymerisation and thermal polymerisation technique! ROMP 

gave polymers with unsaturation in the backbone whereas carbocationic and thermal 

polymerisation gave saturated polymers. These nadimides were synthesised by reacting 

nadic anhydride with aromatic amines.i(  

The endo form of nadic anhydride has been reported in the literature to be inert 

to ROMP. Therefore, thermal isomerisation of nadic anhydride was carried out at 

190°C in order to convert the commercially available endo nadic anhydride into 

thermodynamically more stable exo form. The conditions of thermal isomerisation were 

optimised and the endo and exo isomers were characterised by FTIR and 'H NMR. 

N-phenyl nadimide and N-o/m/p-tolyl nadimides were synthesised by reacting 

endo/exo nadic anhydride with the corresponding amine at 120°C in glacial acetic acid. 

The melting points were dependent upon the exo content in the sample. The monomers 

were characterised by 'H NMR and FTIR. ROMP of nadimides was carried out using 

WC16/tetramethyltin catalyst system in chlorobenzene at 70°C. A glove box was used 

for transfer of catalyst due to its sensitivity to moisture and air. Only exo nadimides 

could be polymerised whereas the endo isomer was inert to ROMP. The conditions of 

polymerisation (duration, M/W/Sn) were optimised. The polymers were characterised 

by FTIR, 	NMR, GPC and thermal techniques. The [rd of poly(N-aryl nadimides) in 

CHC13 at 30°C varied from 38.5 to 44.5 mL/g. The Mn and Mw determined from GPC 

varied from 8.5 x104  to 16.5x104  g/mol. The Tg  of poly (N-o/in/p-tolyl nadimides) were 



found to be 233, 196 and 221°C respectively. The polymers showed one step 

decomposition and T., Tf and Tmax were 443 ± 3, 499 ± 1 and 471 ± 3°C respectively. 

Carhocationic polymerisation of N-o/m/p-tolyl nadimides was done using Pd(II) 

catalyst which was synthesised in the laboratory. The effect of different parameters 

such as duration, monomer/ catalyst molar ratio, temperature, position of substituent, 

gegen ion and solvent on % yield and molecular weight was studied. Under similar 

conditions of polymerisation, poly(N-m-toly1 nadimide) showed higher molecular 

weight (33487g/mol) compared to poly (N-o-tolyl-nadimide) (10134g/mol) and poly(N-

p-tolyl nadimide) (24241 g/mol). The polymers showed higher thermal stability than 

the polymers derived from ROMP. The values of T., Ti and Tn. were higher by 25-

30°C compared to polymers derived from ROMP. 

Bisnadimides containing different structures were synthesised by reacting nadic 

anhydride (endo/exo) with the : 1,4-1,3-bis (4'-aminophenoxy)benzene(Q/R), 2,2'- 

bis[4-(4'-aminophenoxyphenyllpropane (B) and bis[4-(4'-aminophenoxy) phenyl] 

sulphone (S). The diamines were synthesised by reduction of the corresponding dinitro 

compounds with Pd/C and hydrazine hydrate. The bisnadimides were characterised by 

FTIR, 'H NMR and thermal techniques. 

The bisnadimides were subjected to both ROMP and thermal polymerisation. 

ROMP was carried out using WCIo/tetramethyltin catalyst system under optimised 

polymerisation conditions. Thermal polymerisation was done at 300°C for 30min. The 

polymers obtained were insoluble in most of the organic solvents and were 

characterised by FTIR, DSC and TG. There was no significant difference in thermal 

stability of the polymers derived from thermal curing of endo and exo bisnadimides. 

A comparison of the thermal stability of polymers derived from ROMP and 

thermal polymerisation indicated higher % char yield for polymers derived from 



ROMP (54-72%) compared to those derived by thermal polymerisation (39-50%). The 

thermally cured polymers showed one step decomposition above 450°C whereas 

polymers obtained by ROMP showed a two step decomposition. 



CONTENTS 

Page No. 

LIST OF FIGURES 	 ( i-iv ) 

CHAPTER I INTRODUCTION AND LITERATURE SURVEY 

1.1 Introduction 	 1 

1.2 Synthesis of norbornene monomers 	 3 

1.3 Ring opening metathesis polymerisation (ROMP) of norbornene 

derivatives 	 9 

1.3.1 Conditions of polymerisation 	 9 

1.3.2 Norbornene monomers 	 10 

1.3.3 Catalyst-cocatalyst systems 	 11 

1.3.4 Mechanism of polymerisation 	 15 

1.3.5 Structure of the polymers 	 20 

1.4 Addition homopolymerisation of norbomene and its derivatives 	 21 

1.4.1 Catalysts 	 22 

1.4.2 Mechanism 	 23 

1.4.3 Polymerisation 	 24 

1.5 Thermal curing of nadimides 	 25 

1.6 Thermal characteristics of norbornene polymers 	 29 

1.6.1 Glass transition temperature (Tg  ) of polymers 	 29 

1.6.2 Thermal stability 	 33 



1.7 Applications 	 34 

1.8 Scope of the present work 	 36 

1.9 Plan of the thesis 	 37 

CHAPTER II MATERIALS AND 'TECHNIQUES 

2.1 Materials 	 39 

2.2 Characterisation techniques 	 39 

2.3 Thermal isomerisation of nadic anhydride 	 41 

2.4 Synthesis of diamines 	 45 

2.5 Synthesis of Pd (II) catalyst 	 54 

CHAPTER III CARBOCATIONIC POLYMERISATION OF N-ARYL 

NADIMIDES 

3.1 Introduction 	 57 

3.2 Experimental 	 59 

3.2.1 Synthesis of N-aryl nadimides 	 59 

3.2.2 Polymerisation 	 60 

3.3 Results and Discussion 	 61 

3.3.1 Characterisation of monomers 	 61 

3.3.2 Polymerisation of N-aryl nadimides 	 65 

3.3.3 Characterisation of polymers 	 73 



CHAPTER IV RING OPENING METATHESIS POLYMERISATION 

(ROMP) OF NORBORNENE DERIVATIVES 

4.1 Introduction 	 78 

4.2 Experimental 	 79 

4.2.1 Synthesis of N-phenyl nadimide 	 79 

4.2.2 ROMP of nadic anhydride / N-aryl nadimide 	 80 

4.3 Results and discussion 	 81 

4.3.1 Characterisation of N-phenyl nadimide 	 81 

4.3.2 Polymerisation 	 81 

4.3.2.1 ROMP of nadic anhydride 	 81 

4.3.2.2 ROMP of N-phenyl nadimide 	 83 

4.3.2.3 ROMP of N-tolyl-exo-norbornene dicarboximides 	 90 

CHAPTER V METATHETICAL AND THERMAL POLYMERISATION 

OF 5-NORBORNENE-2,3-DICARBOXIMIDE END 

CAPPED RESINS 

5.1 Introduction 	 101 

5.2 Synthesis of bisnadimides 	 102 

5.3 Polymerisation 	 103 

5.4 Results and discussion 	 104 

5.4.1 Synthesis and characterisation of bisnadimides 	 104 

5.4.2 Polymerisation of bisnadimides 	 107 

5.4.2.1 Metathesis polymerisation 	 107 

5.4.2.2 Thermal polymerisation 	 116 



CHAPTER VI THERMAL CHARACTERISATION OF POLYMERS 

6.1 Introduction 	 118 

6.2 Experimental 	 119 

6.3 Results and Discussion 	 121 

6.3.1 Thermal behaviour of nadic anhydride and N-aryl nadimides 	121 

6.3.2 Thermal behaviour of bisnadimides 	 126 

6.4 Polymers derived from ROMP 	 136 

6.4.1 Poly(nadic anhydride) 	 136 

6.4.2 Poly(N-arylnadimide) 	 136 

6.5 Polymers derived from carbocationic polymerisation 	 145 

6.6 Polymers derived from bisnadimides 	 145 

CHAPTER VII GENERAL DISCUSSION AND SUMMARY 

7.1 Introduction 	 153 

7.2 Synthesis and characterisation of monomers 	 154 

7.2.1 Thermal isomerisation of nadic anhydride 	 154 

7.2.2 Nadimides 	 154 

7.2.3 Bisnadimides 	 155 

7.3 ROMP of nadic anhydride and N-aryl nadimides 	 157 

7.4 Addition polymerisation of N-aryl nadimides 	 159 

7.5 Metathesis polymerisation of bisnadimides 	 160 

7.6 Thermal polymerisation of bisnadimides 	 160 



7.7 Effect of structure on thermal behaviour of polymers 	 161 

7.7.1 Linear polymers (Poly(N-aryl nadimides) 	 161 

7.7.2 Cross-linked polymers 	 162 

7.8 Suggestions for future work 	 166 

REFERENCES 	 168 

BIO-DATA 


