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ABSTRACT 

The intrinsic viscosity, electrical conductivity and IR absorbance were measured 
for the sample of poly ( 4-ethylidene-1, 3-cyclopentylene vinylene). The sample 
is strongly oxidized in air. Under vacuum the activation energy is 1.38 eV at T > 
377°K. The electrical conductivity of the annealed samples increases at low 
temperature and decreases at high temperature. The electrical conductivity of the 
samples which were exposed to air shows the metallic behaviour. 

INTRODUCTION 

.Electrical conduction in organic molecular solids (Gutmann et al. 1967) differs 
in several important ways from that in metals and typical semiconductors like 
silicon and germanium. Really, there is no satisfactory theory of organic 
conduction that has yet emerged, but the molecular nature of organic solids dictates 
their electrical properties. 

There are four principal types of organic conductors, namely, conjugated chains, 
free radicals, charge transfer complexes and oroganometallic compounds. Charge 
carriers are most readily formed by the activation of non-bonding or n-bonded 
electrons which then delocalized in a conjugated system form as internal 
conduction path of high mobility. 

The aim of this work is to study the effect of annealing on the electrical conductivity 
of poly ( 4-ethylidene-1, 3-cyclopentylene vinylene) and also to study the IR 
absorbance spectra at room temperature. 



The electrical and optical properties 

EXPERIMENTAL 

Poly ( 4-ethylidene-1, 3-cyclopentylene vinylene) was prepared in the same way 
previously described in case of polymerizing 5-ethylidene-2-norbornene using 
WCL6/(CH3) 4Sn as catalyst. (Feast and Harper 1985). 

The viscosity measurements of the title polymer were made at 25"C ± 0.05"C using 
ASTM Standard equipment with chlorobenzene as standard. 

The electrical conductivity was measured in a continuous regime at a rate of about 
0.5"C/min. The conduction current was measured using an electrometer type 
610C-Keithly instrument (Mounir et al, 1987). Compressed pellets of 1 em' area 
and 0.1-0.15 em thickness were moulded at 25"C and at pressure of 10 tons/em'. The 
samples were changed from white powder to transparent plastic sheets at pressure 
10 tons/cm2

• 

The samples must be under vacuum during the electrical measurements to avoid 
any oxidations. 

TheIR spectra was studied using a PYE UNICAM Sp 2000 infrared spectrophoto­
meter. 

RESULTS AND DISCUSSIONS 

The intrinsic viscosity of poly ( 4-ethylidene-1, 3-cyclopentylen vinylene) was 
estimated as 8.1 x 10-3 deciliters/gram from plotting the ratio '1 sp/C against C 
(Fig.l), and extrapolate to infinite dilution, where sp is the specific viscosity of the 
polymer and C its concentration in grams per lOOm! of solution (Flory, 1981). 

Fig. 2 shows that the electrical conductivity decreases with temperature at 
temperature range 377 - 300°K, this decrease in conductivity may be due to 
humidity or surface impurities. 

At temperature > 377"K, the conductivity increases with temperature, i.e. there 
are two slopes or two mechanisms of condution. At this range of temperature the 
activation energy is 1.38 eV which is calculated from Arrhenious Eq. 

o'o = ()" exp -E/KT 

This value of activation energy shows that this sample has the semiconducting 
character. 

Fig.l shows the temperature dependence of the electrical conductivity of the 
annealed samples. As the time of annealing increases the transition temperature is 
shifted towards higher temperature. 
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Fig. 1: Concentration dependance of fVj. sp/C of Poly· ( 4 - ethylidene - 1, 3 -

cyclopentylene vinylene) in chlorobenzene at 25"C ± 0.05"C. 

The electrical conductivity of the annealed samples increases at low temperature 
and decreases at high temperature. The decrease of conductivity at high 
temperature with increasing the time of annealing may be due to recombination 
mechanisms of carriers or destruction of the plastic network. 

Fig. 2 inset (a) shows the increase of the conductivity at low temperature range with 
increasing the time of annealing. 

Fig. 3 shows the temperature dependence of the electrical conductivity at different 
annealing temperatures in air; the time of annealing is constant (1 hr). The 
electrical conductivity increases with increasing the annealing temperature. As 
temperature increases the electrical conductivity decreases i.e. the samples are 
oxidized and the behaviour is metallic according to the Eq. 

cf = e'n AC 
6KT 

Where f... is the mean free path of the carriers between two collisions, C molecular 
velocity, n number of charge carriers and K is Boltzmann constant. 

97 



The electrical and optical properties 

-,__ Z1 
~ 

~2 
-31 ·~ 

: 1,9 

1·8 

2 3 
-3.' t,,.,t or ,Mic.J•.., ~(J,.r) 

.33 

-3 J 

-35 L__2~2,..--..,2~.4-2o-:6,---:-2.""8--:-3D::---:3~-2-3::':.4~-:;3~.6-~ 

103 IT (K-1 ) 

8 
7 
6 
5 
4 

§ 

i 2 
lo 

1 

166 
9 
8 
7 
6 
5 
4 

60 2.5 3.0 3.5 

103/T (K-
1

) 

98 

Fig. 2: The temperature dependence 
of the de electrical conductiv­
ity of poly ( 4 - ethylidene - 1, 3 
- cyclo - pentylene vinylene) 
before and after annealing. 
The temperature of annealing 
is lOO"C. 
. unannealed sample 
o time of annealing is 1 hour 
x time of annealing is 2 hours 
Inset (a) variation of conduc­
tivity as a function of time of 
annealing. 

Fig. 3: The temperature dependence 
of the electrical conductivity 
of poly ( 4 - ethylidene - 1, 3 -
cyclo - pentylene vinylene) at 
different annealing tempera­
tures in air. 
The time of annealing is 1 
hour. 
70"C.' 0 86"C' X lOO"C. 
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Norbornene - derived polymers (El Saffin et. al. 1982) and bicyclo - fulvenes -
derives polymers (Feast et. al. 1985) are easily susceptible to air oxidation. These 
polymers were found to be oxidized through tertiary C - H bond which are also 
allylic. The polymer collected from 5 - ethylidene - 2 - norbornene have the same 
characters; it was found to be oxidized easily. 

The IR absorbance spectra of the oxidized sample was made in the range 4000 I 600 
em·'. The observed bands are 3400, 2900, 1700, 1600, 1430 and 1350 em ' which 
refer to hydrated H 20, CH, C = 0, C = C, CH2 and CH3 respectively (Fig. 4). 

Under pressure the sample is changed-from white powder into colourless plastic 
sheet. The plastic sheet is strongly oxidized after few hours in air, and its 
conduction mechanism shows the metallic behaviour. 
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Fig. 4: The IR absorbance spectra of the oxidized sample. 

Under vacuum the electrical conductivity shows two conduction mechanisms. At T 
> 377°K the activation energy is 1.38 eV, i.e., the sample has the semiconducting 
behaviour. The presence of 'V (C = 0) in the IR spectra may be due to oxidation. 

99 



The electrical and optical properties 

REFERENCE 

El Saafin, I.F.A.F. and Feast, W.J. 1982. Metathesis polymerization of 
arylpolycyclic olefins. J. Mol. Catal. 15 : 61 - 73. 

Feast, W.J., and Harper K. 1985. Metathesis polymerization of some heteropoly­
cyclic alkenes. J. Mol. Cat. 28: 293 - 311. 

Feast, W.J. and Millichamp, I.S. 1985. Metathesis polymerization of bicyclic 
fulvene derivatives. J. Mol. Catal. 28: 331 - 336. 

Flory, P.J. 1981. "Principles of polymer chemistry". Cornell University Press. 4, 
308 - 311. 

Gutman, F., and Lyons L.E. 1967. Organic Semiconductors. John Wiley, N.Y. 

Mounir, M., Darwish, K.A., El-Ansary, A.L. and Hassib, H.B. 1987. The electrical 
properties of some 2 - aminopyrimidine and 2 - amino - pyrazine Schiff 
bases. Thermochim. Acta. 114 (2): 257 - 263. 

100 



~~ ~~~ ~I_, ..... ~.JIJ <r.,.HSJI J: · o_,:a.JI 
( .• .• I.IJ.aj .• .• 1-:.· .... 1< ••.• _ Y", ' _ • ~~ _ f ) 

IJ'!"*! .. ~~ ~ .. r. 

.J! t 0 ' ,, 0 J 

~)'~ ~~~~ Ll,;..l di.A_, ~~~~ J:...:._,:>JI '-"'~~I lolA~ 

w.:'F·!~- r · '- ~~!- t) ~>:>~~I ~,J.).JJI_, ~>1~1 ~ 
<S_,W_,(undervacuum) ~>l,.ll "':"~ ~ b.:.t~·.;JI ~U..; a.:'i "':"~ ~ ..!i_, ( ~~ - -
..:.~ ~~I J:...:._,:>JI ul ~-' ..!i_, T 377K ~~~ ~ .:J.,S ~! 1.38ev 

Ji_, 1 d Ui,>e ~)J'="o .. :.l~J..I ~ J.i:J d 1 0Q.; j a ~)J'="o ..:.4-.J..I ~ ..11..1~ 4.... 1; j 1! 1 all 

101 




