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Abstract

Carbazole-based materials have attracted much attention, in last decade, as
molecular ~ electronic materials and find widespread application as
photoconductors, field effect transistors, organic photorefractive materials and
components of electroluminescent devices. These materials also exhibit high
thermal, chemical, environmental and morphological stability. The factors making
these carbazole-based materials as very attractive for industry can be investigated
by considering the two basic properties of fully aromatic carbazolyl group viz.
easy oxidizability of N atom and its ability to transport positive charge centers via
the radical cation species.

It is a well established fact that the polymer properties are determined by
molecular properties like molecular weight, molecular weight distribution,
chemical composition, stereochemical sequence of copolymer chains, degree of
cross-linking etc. Thus, in order to harness their potential to the fullest a control
on structure becomes a fundamental requirement.

Conventional free-radical polymerization of acrylates and methacrylate
polymers does not allow any precise control over molecular properties and
structure. Hence, there arises a need of a different polymerization technique.
Living anionic polymerization has offered opportunities to tailor-make model
macromolecules with well-defined structures of technical interest. After much

speculation classical anionic initiators were picked to synthesize homo- and co-
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NMR spectroscopy has emerged as a powérful tool for determining the

polymer structure at the micro level. Various one (*H, “c{'H}, DEPT-135, 90,



45) and two dimensional (HSQC, TOCSY, HMBC) NMR techniques were
utilized for a comprehensive analysis of microstructure.

The thesis consists of five chapters. A brief Introduction about the current
research work and the literature reported in this area has been given in Chapter 1.
The chapter reveals the industrial importance of carbazole-based photoconductors
along with the current scenario of research on various organic photoconductors.
Literature survey done reflects the need of a control on various properties of these
polymers like structure, molecular weight, glass transition temperature etc. in
order to make them industrially more viable in terms of their processability,
charge transport and thin-film making properties. Anionic polymerization has
played an eminent role in achieving control on tacticity. Various aspects of
anionic polymerization have been reviewed. The crucial part played by NMR in
determining the microstructure has been highlighted. Also, the approach adopted
in this research work along with its contribution to the field of polymers and NMR
has been incorporated.

Chapter 2 contains the experimental details of the research work done.
This chapter gives a brief overlay of the various experimental techniques and
methods used during the entire course of current research work. The detailed
synthesis of the monomers 2-N-carbazolylethyl acrylate and 2-N-carbazolylethyl
methacrylate has been reported. The experimental details about the optimization
of reaction conditions for homopolymerization and copolymerization both via
free-radical and anionic polymerization has been given.

Amongst various characterization techniques, Gel Permeation

Chromatography (GPC) for determination of molecular weight and molecular
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weight distribution and Differential Scanning Calorimetry (DSC) and Differential
Thermal Analysis (DTA) for thermal studies have been used. The experimental
details for the various 1D ('H, PC{'H}, DEPT-45, 90 and 135) NMR and 2D
(Heteronuclear Single Quantum Correlation (HSQC), Total Correlation
Spectroscopy (TOCSY) and Heteronuclear Multiple Bond Correlation (HMBCQ))
NMR experiments have been incorporated. The details of the reactivity ratio
calculations along with the calculations of copolymef compositions from
intensities of signals in 'H NMR spectra have also been reported.

Chapter 3 investigates for the first time the effectiveness of t-C4HyMgBr
as an initiator for the synthesis of a stereoregular polymer containing bulky
pendant moiety viz. poly(2-N-carbazolylethyl methacrylate) via anionic
polymerization. Analytical evaluation of stereoregularity in this homopolymer
along with end-group analysis has been done using 2D NMR spectroscopy.
Poly(2-N-carbazolylethyl methacrylate) with varying degree of tacticities was
synthesized by anionic and free radical polymerization. 2,2’ azobisisobutyronitrile
(AIBN) and t-C4HoMgBr were used as initiators for free-radical and anionic
polymerizations, respectively. Molecular weight distribution was determined by
Gel Permeation Chromatography (GPC). However, any attempts towards
preparing homopolymer of the corresponding acrylate viz. poly(2-N-
carbazolyethyl acrylate) using t-BuMgBr failed completely.

The mechanism involved in the anionic polymerization of 2-N-
carbazolylethyl methacrylate by the initiator t-C4HoMgBr Was also investigated
with the help of various NMR techniques. An exhaustive analysis of the

microstructure with unambiguous assignments has been reported along with a
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comparison with poly(2-N-carbazolylethyl methacrylate) synthesized by free
radical polymerization. The validity of these assignments has been tested and
confirmed by calculations using statistical relationships.

Signal assignments to different carbon resonances were done using
By iH} NMR in conjunction with DEPT-135 spectrum. The various assignments
in ¥C{ 'H} NMR spectrum were done by determining peak areas using Lorentzian
curve-fitting and then correlating them with peak areas calculated on the basis of
Bernoullian statistics. There was a good agreement between the two set of values,
suggestive of the assignments being authentic. The peak splittings for a-methyl
carbon resonances were used to achieve tacticity assignments up to the pentad
level. It was seen that the chemical shift value of mr triad of sample (a) was not
coincident with that of sample (b). This reflects that the '>*C NMR chemical shifts
of vinyl polymers are stereosequence dependent as the local conformation in the
vicinity of each resonating *C nucleus is sensitive to stereoregularity.

The B-methylene carbon of the main-chain showed configurational
sensitivity up to the tetrad level. 2D Heteronuclear Single Quantum Coherence
(HSQC) spectrum along with Total Correlation Spectroscopy (TOCSY) further,
helped in making complete spectral assignments and strengthening them. The 2D
Heteronuclear Multiple Bond Coherence (HMBC) studies proved highly
beneficial in resolving the configurational sensitivity of the non-protonated
carbons viz. the quaternary and carbonyl carbon up to pentad level.

The propagation was very slow as compared to the initiation reaction, and the rate
of the polymerization fitted first-order plots indicating the living character of

polymerization. Fast initiation and slow propagation along with the living
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character are responsible for a low PDI. High degree of isotacticity (Py, = 0.8) was
achieved which was comparable to that achieved in PMMA. The glass transition
temperature (Ty) was found to be lower than the traditional photoconductive
polymers which meant an easier processing.

Chapter 4 deals with the evaluation of efficacy of the classical initiator, t-
C4sHoMgBr, in the anionic copolymerization of a bulky monomer viz. 2-N-
carbazolylethyl methacrylate with methyl acrylate and methyl methacrylate for the
first time. Various experimental parameters involved were optimized to achieve
an enhanced control on the stereoregularity of the resulting polymers. Isotactic
random and block copolymers were prepared.

A series of 2-N-carbazolylethyl methacrylate and methyl acrylate
copolymers witﬁ varying compositions and tacticity were synthesized via anionic
polymerization with t-C4HoMgBr and free radical polymerization using a, ao’-
azobisisobutyronitrile as an initiator. Copolymers resulting from free-radical
polymerization were predominantly syndiotactic (rr > 90%). While, anionic
polymerization with t-BuMgBr led to isotactic stereoregulation of these
copolymers. Isotactic random and block copolymers were prepared. The
copolymer compositions containing higher proportions of methyl acrylate in
poly(2-N-carbazolylethyl methacrylaté-co-methyl acrylate) were also obtained in
low yields. The polymerization of methyl methacrylate with the living anion of
isotactic poly(2-N-carbazolylethyl methacrylate) formed with t-C4HoMgBr gave
an isotactic block copolymer with unimodal MWD and proved the livingness of
the system. Highly encouraging results were obtained when 2-N-carbazolylethyl

methacrylate was copolymerized with MMA. Almost 100% isotacticity was
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achieved. The 0.5 / 0.5 composition was analyzed in depth. The various
experimental parameters like, solvent used for polymerization and temperature
were optimized. It was found that ideally higher conversion is achieved at very
low temperatures (-60°C). The solvent for polymerization was also varied and it
was found that almost similar degree of tacticity was achieved in DCM and
toluene, but yields go down in case of THF. Thermal behavior of these
copolymers was analyzed. The glass transition temperature was found to vary with
change in tacticity as well as composition.
Chapter 5 discusses in detail the sequence determination and stereoregularity in 2-
N-carbazolylethyl acrylate / methyl methacrylate copolymers using 2D NMR
spectroscopy. A control on glass transition temperatures of these random
copolymers was achieved by varying their compositions. A series of 2-N-
carbazolylethyl acrylate (C) and methyl methacrylate (M) copolymers with
varying compositions were prepared in toluene at 60°C using AIBN as an
initiator. The molar outfeed ratio (F¢) for various compositions was determined
from '"H NMR spectra. Reactivity ratios calculated using Kelen-Tudos (KT) and
non-linear error in variable (RREVM) methods were found to be rc = 0.43+£0.8
and ry=2.78+£0.52. Molecular weight distribution was determined by Gel
Permeation Chromatography (GPC). The a-methyl carbon of M unit showed
splitting up to the pentad level in *C{'H} NMR spectra and was found to be
sensitive to the variation in C/M copolymer compositions.

The backbone methylene and carbonyl carbons of both M and C unit along
with a-methyl carbon of the M unit showed both compositional and

configurational sensitivity. Distortionless Enhancement by Polarization Transfer



(DEPT) helped in differentiating the methylene carbon signals from the methine
and methyl carbon resonances. 2D Heteronuclear Single Quantum Coherence
(HSQC) and 2D Total Correlation Spectroscopy (TOCSY) were used in tandem to
deduce all spectral assignments. 2D Heteronuclear Multiple Bond Coherence
(HMBC) played an important role in studying the stereoregularity of the carbonyl
carbon which was found to be sensitive up to the pentad level.

The glass transition temperature (Tg) of various C/Mcopolymer
compositions were found to vary with change in composition as seen in Figure 8.
It was observed that the T, of various compositions of these copolymers varied
between the T, of the respective homopolymeré viz.poly(2-N-carbazolylethyl
acrylate) and poly(methyl methacrylate).

Comparing the Tg of these polymers with that of PVK (Tg = 500°C)
wherein the carbazole moiety is directly attached to the backbone chain, we
observe a major decline. The conformational stiffness of the carbazole group
results in a higher Tg. Thus, introduction of flexible spacers between main-chain
and carbazole ring renders flexibility and prevents tight packing between
polymeric main-chains. This leads to an increase of free volume in the

homopolymer, PC leading to a lower Tg.
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