
STUDIES ON THE DIELECTRIC AND ELECTRONIC PROCESSES IN POLYMERS 

WITH SPECIAL REFERENCE TO 

POLE VINYL CINNAMATE AND POLY VINYL CARBAZOLE 

P. KARUNAKARAN NAIR 

THESIS SUBMITTED TO 
INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

FOR THE AWARD OF THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

DEPARTMENT OF PHYSICS 
INDIAN INSTITUTE OF TECHNOLOGY, DELHA 

JULY. 1976 



.11.6_21°C_L_WLED EMS 

I en çeat1y indebted to lay research supervisor, Prof 

fbr the couagaiont and advice I have received throughout the course of 

title work. I an particularly thankful to him for the cooperation and pa1Lenoe 

he has shown during the preparation. of the manuscript. 

I have received invaluable assistance from my colleagues, Mr .S.K..Agaxwal 

and Mr. Rabiaidra.nath, at all stages of the work. I am thankful. to Miss Rashrai 

for helping me with some of the observations. 

My thanks are pti so  duo to Mr. N.S. Gupta for the preparation of the 

drowings and to Hr. M.P. Joseph for his sincere efforts in getting this thesis 

into this neat type-script. 

I are also ga'ateful to many of Li,y friends and other colleagues for the 

constant encouragamon-b and entertainment I have received daring the pursual 
of this work. 

Now Delhi 11 0029 
July 26, 1976 

(e. Hair 
Physics Dopartraont 

Indian Institute of Technology Delhi 



PREFACa] 

Polyr.h.ro havr., fcuay. applications in almoot all walks of life. 

In the fi€11+:; of electrical and electronic industries, polynors have 

considerably ianl)roved their status in recant years. In addition to 

their conventional role as electrical insulators,they now feature as 

sensitive oloitonto - sensitive to temperature, radlotion and electric 

stress. The furthering of these newer vistas demands an understanding 

of the underlying dielectric and electronic processes in polymers. 

Arid this forms the topic of the present thesis. 

Caning to think of the tdielectric and electronic processes in 

polymers!, one is rauinded. of Ecclesiastes (Chapt. 9,  Verse 11 ): 

"The race is not to the swift, nor ±ho battle to the strong - 

But time and chance happeneth to than all." 

In polymers, we deal with slow and sluggish charge carriersresent at 

1 minion, en-  level) which at an electric field as high as 1 IX cm-1, 

hardly manage to drift across one centimetre length in a secondts time. 

nd here, we deal with the 'hesitating' dipoles which take years to 

settle dawn to the tarinodyri&io equilibrium (upon the application 

or withdrawal of an electric stress). But still the polymers conduct, 

and their dipoles rotate, and when we subject them to a. changing tamper-

atur , radiation or olsotric field, they do respond'. 



In the first chapter, a survey of the current trends in the study of 

the dielectric and electronic processes in polymers is presented. Sono of 

the practical applications of polymers such as in lelectrots 1  and lelectro-

photographys are critically reviewed. The last section of this chapter 

presents the scope of the present work - analysis of the photocresslinliing 

in Poly(vinyl cinnamato) (PVCn) by the dielectric and electrical muthods 

and the investigation of the photocarrier generation and trapping in 

Poly( N-vinyl carbazole) (PVK) and their applications in electrophotograPhY. 

Chapter II contains the details of sample preparation and measure-

mont tedhniques employed in the present study. Design and development of 

a number of experimental setups for the different studies are also briefly 

described. 

In Chapter III, the photocrosslinking in PVCn is analysed using 

a. c. and d.c. tedhniques. Activation energies for dipolar relaxation and 

charge carrier generation for PVCa and its ores slinked product are obtained 

from the isothermal relaxation and steady state current data. 

Chapter IV illustrates the utility of non-isothemal relaxation 

(thermally stimulated discharge current or TSC) technique in analysing the 

photecrosslinki'ng process in PVCn. TSC is employed to study the dipolar 

relaxation times, their distribution and activation energies. The capture 

cross section, attempt to escape frequency and low frequerw dielectric 

loss are also computed from the TSC data. 



Chaptors V and VI resiaectivoly deaaswith the photoconduction and 

photooloctrot state in PVK. Tho offoct of illutaination intensity, tempor-

aturo, electric fiold„purity and crystallinity on tho photo and dark carrior 

genoration, transport and trapping aro investigatod. The studios load to 

tho conclusion that tho high fiold photoconduction in PUN is duo to the 

field-assisted carrior detrapping. 

Corona-induced surface activation in polymers is of ilimenso academic 

and practical interest. The decay of the surface charge sprayed onto the 

polymer foil from the corona discharge can yield valuable information about 

its transport parameters. The thermal and photodissipationsof the surface 

chargo, whi.ch form the basis of electrostatic printing techniquos, have 

considerable technological applications. The surface activation tochnique 

could also ho used in the fabrication of vary strong foil hemo-electrots and 

to improvo the solf-adhosion of polymer films. Chapter VII contains an 

analysis of the m chanism and dynamics of the corona-induced surface acti 

vation of polymers. Many of the above mentionod aspects as applied to F‘TIC 

and PVCn are also studied. 

Chapter VIII could be considered as totally application,-orionted.PVK 

and its charge transfer complexes (with electron acceptor dyes) are the boat 

organic photo conducting systems. They possess chargo acceptance and decay 

eharaeteristics well suited for electrophotograPhic applications. The studi 

show that double layer structure consisting of a Pirntrinitrofluorenone layer 

coated over pure Pvx exhibits ooliont eloctrophotographic perfbrmanee. 

Thus„ INK Offers an alternative (,44),' the coatZlor selcaTiurn 'master plates' 
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in Xerocraphy. Moreover, the flexibility of the polymer system, suggests 

the possibilities of developing detachable 'master sheets' that could be 

fixed to a i:ictallic circa in the automatic ' ,1L.,c-broprinbingl machines, in 

place of the seloniva coated metallic Orums. 

Chapter IX features the summary of the results from the different 

studios on PVCn and PVK. It is shown that comparison and correlation of 

the results yielded from different investigations give useful information 

about the microscopic properties of the polymer system with special refer-

ence to FVCn and PVK. 

It is hoped that the present work will be of some interest o the 

solid state scientist in general and the oxperiuental polymer physicists 

in particular. It offers a new method for the study of the photecrosslinag 

process in polymers - a field which is gaining interest because of the 

importance of photolithography in all microminiaturation techniques. It 

also explains, to a certain extent, the mechaniams responsible for the 

high field photoconduction in PVK - a polymer which offers immense prospects 

in the electrical and electronic industry. The work is also believed to be 

of technological importance, as it provides an alternative photoreceptor 

systan, with added advantages, over the costly selenium plates and drmns 

now prevalent in the electrophotographic machines. 
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Phys. (accepted for publication). 
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