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Abstract. A detailed study of electrical conduction mechanism in bimetallJzed ferrocene-dop~_~] polyvinyl 
pyrrolldonc films was carried out. The measurements were carried out on films o1" about 20/zm thick, in 
the field range of (2.0-80)• 10 ~ V/cm at temperatures ranging from 363 to 423 K. An investigation of the 
effect of impurity such as ferroeene in the polymer matrix was undertaken. Lowering of activation energy 
and increase in current due to doping were observed. The results showed that the charge calTiers were 
generated by field-assisted lowering of coulombic barriers at the traps and were conducted through the 
bulk of the material by a hopping process between the localized states by a Jonseher-Ansari modified 
Poole-Frenkel mechanism. The dependence of curt'ant and acti,'ation energy on the ferroeene concentration 
is explained on the basis of charge transfer type of interaction between dopant and polymeric material. 
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1. Introduction 

Polymers with controlled conductivity and thermal sen- 
sitivity are very much desirable in various applications 
(Cassiers 1960; Dresner and Cc~mizzoli 1972; Pillai et 

a l  1980). Studies of  the transport mechanisms in polymer 
films have gained irnpertance in recent years <3witlg to 
the potentiN applications of films in various device 
technologies (Seanor t982). Based on current-voltage 
characteristics, the deduction of the responsible conduc- 
tion mechanism amongst various possibilities is seldom 
simple. Different workers have given different interpre- 
tations of their results but it seems no ultimate view 
has yet been reached. The eIucidation of the underlying 
chargc injection and carrier migration pracess is vital to 
the future utility of these materials. It has been shown 
that charge storage property and carrier mobility can be 
greatly affected by impregnating the polymers with sui- 
table dopant (Sinha and Srivastava 1979; Mizutani e t  a l  

I984; Nm'simba Red et al  1986; Mohana Raju et  a l  

1990; Vinod Dtabey e t  al  1990). Depending on their 
chemical structure and the way in which they react with 
the macromolecular matrix, doping decreases the resis- 
tivity of  the potymer to different degrees. The structural 
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changes affect the conductivity by changing the number 
of charge carriers and/or their mobility. 

Polyvinyl pyrrolidone (PVP) is known to have a grow- 
ing pharmaceutical importance and possesses good eIee- 
trical properties (Prescatt 1965; Narsimha Red and 
Ka[palatha 1987; Khare e t  a t  1994a; Khare and Chandok 
1995b), which are greatly modified by impregnating it 
with sttitable dopant. The effect o f  impurity like fermcene 
an electrical conduction, which can give a better under- 
standing regarding the motion of molecules and the 
migration of charge carriers inw?lved in the relaxation 
mochar~ism b ~  not been studied before. Ferrocene, a 
nonpolar inorganic substance, was selected in the present 
case as a doping substance far  two reasons: 0) it is a 
,"r-bonded cyclopentadiene complex and due to the active 
zr-bond it allows nuclear substitutional reactions (Wood- 
ward 1952), which means the chances of  its linking with 
polymer matrix are increased, and (ii) it is a monomer 
(Phadke et al  1978) i.e. a polymer making substance 
and hence its chances a f  changing the properties of  
poIymer seem to be ~ea te r  (Khare e r a l  1994b). 

In this paper, the experimental results on electrical 
conduction of  ferrocene-doped PVP with different corn- 
binations of  vacuum coated electrodes are discussed to 
elucidate the mechanism o'~ nature of  electrical conduction 
which may prove to be interesting from both the scientific 
and technalogical points of view. The study is also 
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aimed at finding the possibility of the existence and 
nature of distribution of  traps and the role played by 
the carriers injected from the electrodes and volume- 
generated carders. 

2. Materials 

Potyvinyl pyrrolidone (PVP) and fermcene used in the 
present study were procured from M/s Giaxo Laboratory, 
Bombay. PVP is a polar polymer due to its carbenyl 
group of double bond in pyrrolidone ring (Tan and 
Challa I976). The network structure of PVP has. different 
lengths of .~ and ~r bonds in between nitrogen, oxygen, 
carbon and hydrogen atoms (Kasha and PuIlenan 1962; 
Palaska 1970; Stanclen and Stool 1970). The asymmetric 
distribution of electronic charges near differer~t atoms 
(N, O, C anti H) may be possibte in PVP; hen'ce it is 
a disordered material. Ferrocene is a ~-bonded, ormlge, 
nonpolar crystalline solid. It is a cyclopentadiene complex 
having molecular formula Cn)tfmFe in which an iron 
atom is sandwiched (Dunitz and Orgel I953) between 
two cyclapentadiene anions. Tlaere are eighteen valence 
electrons (in addition to single C-H bonds and C-C 
bonds of the two rings), i.e. a pair for each of the nine 
orbitats of iron atoms. These nine pairs of electrons may 
be distributed on ten C-C and ten Fe-C bond positions 
using only stable orbitals of atoms. The Fe-C bonds 
have a small amount (12%) of ionic character. 

3. Experimental 

avoid ground loops or extraneous electricat noise. The 
voltage w ~  applied from a stabilized high voltage unit 
EC (HV 4800 D). 

The measurements were carried out with the polarizing 
fields ranging from (2-8) x 10~Wcm at temperatures 
363--423 K. The temperature and field range were limited, 
because, beyond these films showed breakdown. 

4. Results and discussion 

The current-voltage (I-V) characteristics of ferrocene- 
doped (50 nag) polyvinyl pyrrolidone (PVP) on a semilog 
scale are shown in figure 1, for various fixed temperatures 
(363, 373, 393, 403, 408, 413, 418 and 423 K). The 
effects of higher concentrations of :['errocene (i.e. 100, 
I50 and 200 rag) on I -V  characteristics of polymer matrix 
(at a fixed temperature 373 K) have aIso been placed in 
the same figure. The I-V curves show two distinct 
regions corresponding to two different types of  conduc- 
tion. At lower fields (region I) the slope o'1" the I -V  
curve lies between 0.92 and 1.13, suggesting ohmic 
behaviour in this region. At moderate fields (region iI), 
the slope of the f-Vcurve ranges from 1-4-1.68, indicating 

The isodtermal immersion technique was utilized for 
preparing films ef ferroeene-doped polyvinyl pyn'olidnne 
(PVP), The solution was prepared in a glass beaker l~y 
f~rst dissolving 2 4 g  PVP in 30 ml of chemically pure 
chloroform at room temperature. The doping concentration 
was changed by varying the amount of ferrocene (i.e. 
50, I00, 150 and 200 mg) added to the polymer matrix 
by weight quantities. A change of colour of doped films 
from white to yellow was noticed. A dopant concentration 
of 50 mg was used unless specified otherwise. The upper 
metal electrode was also vacuum deposited. The followimz 
electrode combinations were used--Al-Al, A1-Ag, AI~Cu 
and AI-Sn. The thickness of the samples was of the 
order of 2(3 ~m and estimated by me~uring the capaci- 
tance of the fabricated sandwiches taking the value nf 
dielectric constant, e, of PVP as 2.5. Samples of different 
thicknesses were obtained by changing the concentration 
of polymer solution. "The geometry of die sandwich 
configuration of the eIectrode and the variation of current 
in these structures' as a function of the applied field~ 
temperature and thickness was the same as' reported 
previousIy (Khare and Srivastava 1992a, I994; Khare et 
al 1993, 1994d), The current was recorded with a Keithley 
610 C electrometer which was grounded and shielded to 
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Figure I. Log I. vs Jog V plots of fermcene-doped (50, 100, 
150 and 200 nag by weight) PVP films. 



Electrical conduction mechanisnl in, PVP f i lms 141 

non-ohmic behaviour. The transition voltage which sepa- 
rates the two regions was found to be independent of  
temperature. The ah(~ve results indicate that with the 
increase ~t temperature the probabilhy of thermal ioni- 
zation of the trapping centres increases, thus causing a 
shift in the quasi-Vermi leveI, which gives rise to a 
Iowering of the bm'rier across w[~ich eIeetmns have to 
be transported and the conduction becomes more or less 
ohmic. The increase in current at high temperatures can 
be due to softening of" the substailce and because of this 
the injected charge carriers can drift more easily to the 
dielectric voIume. This gives rise to a large current at 
high tcmperatures. At lower fields, the injection of 
cm'riers from the contact is less and the initial current 
is governed by the intrinsic free carriers in the materials. 
The current will be ohmic untiI the injected free carrier 
density becomes comparable with the thermal carrier 
density. 

In materials having h~w conductivity such as polymers, 
electric cun'ents induced by c~riers htiected from the 
electrodes are generally bulk limited. This bulkqimited 
cm-rent requires that a sufficient carrier reservoir, available 
for injectioi~, is maintained at the contact. The steady 
state current in such a cos6 varies as the square of the 
applied field. The current-vnltagc relationship, t ~  s 
does not fit well with the expelimental data. Hence 
the possibilily of space charge Iimited current can be 
excluded. 

In general, the polymers are homogeneous mixtures 
()g poIycrystaIline aad amorphous regEons. Hence, there 
have been controversies over transport theories in Ihe 
literature and no single mechanism was able to explain 
the entire eonduceion in these materials. However, the 
theories proposed for amorphous and poJycrysmlline in- 
organic solids are normally applied to describe the con- 
duction behaviour of these m:Lterials with few limitations 
(Dasaradhudu and Narsimha Roe 199~.). The other likely 
processes are tunneling (Emtage and Tantraporn 1962), 
ionic conduction (Molt and Gamey 1948), field-enhance- 
ment  thermionic emission either over an interracial barrier 
(Schottky emission) (Langyet I966) or fi'om localized 
crmlembic traps in the dielectric material (Poole-Frenkel 
(P-F)  mechanism) (Frenke[ 1938). 

The results based o n  the isothcrlnal I - V  characteristic 
indicate thermally activated conduction over the entire 
temperature range (t'igure 1). Hence, the possibility of 
a tunneling mechanism being operative in the present 
case can be ruled out. The Richards(m-Sehottky (R-S) 
plots between log I and ~ a* dii"ferent temperatures are 
shown in figure 2. The nature of these plots indicates 
that the conduction process is governed by a mechanism 
in which the charge carriers are released by thermN 
activation over a coulombic potential barrier that is 
decreased by the applied electric field. The nature o1" 
such a barrier can be understood in two ways. The 

charge carriers (electrons) can cross over the barrier 
between cathode ,rod dielectric, as is the case with 
Schottky emission, taking the image force into consi- 
deration. Alternatively, carriers can he released due to 
ionization of impurity eentres in the dielectrics (Poolc-  
Frenkel effect). In both the above processes there is the 
current-field relatio~lship of  the form 

I ~ e x p f l E  't2. 

The restoring force in R-S and P - F  effects is the 
Coulomb interaction between the escaping electrm~ and 
positive cflarge. They differ in that the positive image 
charge is fixed for P -F  barriers but mobile for Schottky 
emission. This restiits in a barrier lowering twice as 
much for the P - F  effect. 

To determine the actual conduction mechanism, the 
value of the f - factor  at different temperatures calculated 
from the slope of log t vs "4E are compared with the 
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Figure 2. Log l vs "4'.K plots (Schottky pltas--similar (AI-AL) 
and dissimilar (A1-Cu, Ag-Ag and AI-Sn) electrode combina- 
tions) for ferrocene-doped PVP films. 
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theoretically calculated value of fl assuming a particular 
mechanism to be operative. The theoreticad values of /3~ 
may be obtained fi'ora the relationship 

flE'~ = 2fl~s = 2 , (1) 

where % is the permittivity of fYee space, ~ the high 
frequency dielectric constant and e the eIectronic charge. 

The experimental and theoretical values of /3 for 
Richardson-Schottky and Poole-Frenkel mechanisms are 
shown in table 1. The experiment,al values of fi are in 
close agreement with the theoretically calculated values 
of  fip~. Hence, the P-F mechanism seems to be the 
governing mechanism in the preser~t case. 

The variation of current with thickness of ferrocene- 
doped PVP films was aIso studied to predict the con- 
duction mechanism (figure 3). With the decrease in the 
thickness of  the fibns the value of currents increases, 
The charge release is determined by the thickness of 
th~ charge layer reIative to that of the sample. Thin 
samples wil{ re le~e  more charges than thick ones because 
the charge carriers responsible for electret effect do not 
penetrate to a depth of more than few microns. The 
shallow traps are filled first and the charges move to 
the deeper traps afterwards. I f  the sample is thin, all 
the charges trapped in shallower traps is rete~ed 
immediately, however, the ch,"trge carriers that have moved 
to the deeper "~raps are not released immediately, con- 
sequently, charge released in case of thin samples is 
greater than the thicker ones. The rmture uf the plot is 
such that the space charge conduction (SCLC) mechanism 
in these films can be r01ed out because SCLC predict 
a linear variation of current with thickness. 

However, mere compatibility between fl~,,p and t3tb,o ̀ 
values cannot be taken as evidence for deciding the 
actual conduction mechanism (Simmons 1967), since [J 
values depend on a number of experimental conditions. 
Further, there are a number of shortcomings in Schottky 
emission theory ,as it suffers from large deviations in 
its constants, which may not correlate with theoretical 
and experimental results (Lamb 1967). Similarly, the 

Poote-Frenkel mechanism maintains Richai-dson-Schottky 
formalism, taking into consideration the ban'iers due to 
traps. Several workers have tried to distinguish between 
the two mechanisms by a comparison of /3 values but 
point out that values of /3  may vary with condition of 
traps in the bulk of the polymer (Mark and Hartman 
1967; Yeargan and Taylor 1968; Rehnebaker 1969). The 
P-F  mechanism assumes that once the c~riers are ther+ 
maIly activated from their trapping sites with the ~s,;is- 
tance of the field, they are free to move unobstructed 
within the conduction band of the insulator. However, 
the concept of unobstructed motion of charge carriers 
is incompatible owing to the low mobility of ' the  charge 
carriers observed in polymers (u < 10 -Tern -~ s-') 
(Cresswell et al 1972). According to Jonscher and Ansari 
(1971), conduction in polymeric dielectrics with low 
mobility charge carriers should be interpreted as con- 
duction by localized charge carriers performing hopping. 

In order to decide the type of  conduction mechanism 
operating in the polymer films, the effect of the nature 
of the electrodes of different work functions on the 
I -V  characteristic was studied, since electrodes of differel~t 
work functions induce different amounts of cl~arge carriers 
into the bulk of the dielectric in the case of R-S 
mechanism, whereas the current flowing through the bulk 
of the film will be independent of  the electrode materials 
in the case of the P-F  mechanism. Therefore, if one 
takes an asymmetric metal-insulator-metal structure with 
two electrodes of different work functions, the current 
in the case of  the Schottky effect will be asymmetl-Jcal 
when polarities are reversed (Khare et a! 1994a) but 
will remain practically unchanged in the case of the 
Poole--Frenkel effect, since it does not depend on potential 
barriers cff the interfaces. This is the proper way of 
distinguishing between the Poole---Frenkel and Sebottky 
mechanisms as suggested by Jonscher and Ansari (197t) 
and Carchano and Vanentin (1975). Figure 2 shows 
Richardson--Schottky plots with aluminium electrodes 
along with corresponding curves for silver, copper and 
tin electrodes. It may bc observed fi'om these curves 
that the effect of  different electrode materials on the 

Table 1. Theoretical and experimeatal wdues offl and activation energies for fcrroeene (50 mg)-dopecl 
polyvfnyl pyrrolidone films, 

Dielectric Field Acdvati on 
Teraperaturc constant /3Rs Bee 2 /3~,p. , (.. x 104) energy 
(K) (e) ( . .  x ~0 -2) (. :x  10- ) ( . .  x tO--) (V/era) (~V) 

363 2-70 2-897 5.694 4.982 2.0 0.97 
373 2-64 2.6 l 3 5.226 4.766 3.0 0.91 
393 2.62 2-591 5.182 4,529 4.0 0-84 
403 2.63 2.522 5.044 4.769 5.0 0.772 408 2.60 2.397 4.794 4.139 6.0 0.720 
413 2.57 2.422 4.844 3.989 "743 0.66 
418 2.54 2.264 4.528 3.4-91 8.0 0.62 
423 2.55 2.187 4.374 3.586 
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I - V  characteristics is negligible within the experimental 
error. Hence conduction is not electrode limited, and 
therefore the P - F  conduction mechanism seems to be a 
more appropriate mechanism. 

The electrical conduction, in general, may be attributed 
to ions, impurity incorporations and electrons which 
migrate along the poiymer chains and also to the charges 
released by electroIytic dissociation under thermal aeti- 
ration. The distinction between electronic and ionic con- 
duction is difficult but it is suggested that ionic conduction 
is characterized by low mobilities and high activation 
energies, while electronic conduction is associated with 
relatively higher mobilities and lower activation energies. 
It is not possible to give definite limits for activation 
energy, but Jonscher and Ansari (197I) suggest that 
values less than 0.8 eV would normally be considered 
as the electronic conduction mechanism, while values 
around and excess of  0.8 cV would normally be attributed 
to ionic support. The modified P-F  model (Jonscher and 
Ansari 1971) assumes that the electrons produced as a 

result of the field-assisted thermal ionization of donor-like 
centres perform thermally activated hopping between 
localized states. The effect of  an external field is to 
lower the potential barrier between the hopping states 
from the initial value Wr to a value W 0 - v  E t/2 where 
v = (eZ/~zteJ/z and has the same value as in the classical 
P -F  mechanism. The modified P - F  mechanism predicts 
an activation energy which is decreasing with the square 
root of the apptied field. 

The conductivity w ~  evaluated from the measured 
values of current from the plots o f  figure 1 at different 
temperatures, the characteristics of  which are shown in 
figure 4. Two distinct regions are seen and these indicate 
different slopes at lower and higher temperature regions. 
Two cases are readily distinguishable experimentally 
simply by comparing the activation energies at lower 
and higher temperatures in different regions. In case 
of many polymers, glass transition temperature T can 
be measured from the change in slope of cr vs I()3/T 
plots. A change in slope in cr vs 10"~/T plot of figure 4 
is also observed in the present ease and indicates a 
transition temperature of  doped P V P -  393 K. The T of 
pure PVP (Pataska 1970; Standen and Scool 1970) is 
413---433K, but in the present ooze, it is found to be 
393 K, indicating that dopant reduces T of the polymer 
matrix. The dependence of conductivity on temperature 
for doped samples shows two distinct regions (figure 4) 
i,e. one below T and the other beyond T. 
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Figure 3. Log I vs ioa V plots for dil'fcrLmt thlcknc~;se,,,; (5. 
10. 20, 25, 30 and 35tam) oI: ferroc~ne-doped PVP films. 
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doped PVP films, 



I44 P K Khure er. ol  

The low-temperature slope is an arbitrary one and 

depicts the complex temperature dependence of distri buied 
relaxation processes (Vanderschuren and Linkens t978). 
The high-temperature slope (T> T) is generaIly related 
to an ionic conduction process. According to Van Turn- 
horn (1975), conductivity in polymers show'; a simrp 
increase near T. At 7", molecular motion of the chain 
segments lowers the trap depth considerably and trapped 
charges are released by thermal exciLatioa. Above 7~, 
life time of carriers in  the conduction band is more 
which increases the conductivity rapidly. At low tem- 
peratures, conductivity is low. The smltll conductivity is 
due to trapping of injected charge carriers from electrode 
at different levels (Perhnan [972). Detrapping ft'otrl these 
levels requires increased molecular motion of polymer 
chains. When thermal energy is supplied to a polymer 
its temperature tara'eases which induces various transition 
]n them. Increased mol,.'cular motion due to increase of 
temperatm'e causes thermal excitation of charge carrier 
from the traps, either directly or dnc to lowering of trap 
depth. Molecular motions also result in release of trapped 
carriers due to loss of trapping si.te~. 

The e]ectricnl conductivSty for samples doped at lower 
concentration remains low even beyond 7"... It see~s that 
chaita motion is not effeciive in mobilizing the traps 
formed by dopant molecules and charge carriers released 
tram mobilized traps, are again trapped in traps provided 
by dopant molecular sites. Thin polymer films are known 
to be a mixture of amorphous and cQ, staIline regions 
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Figtu-e 5, Activation cncrg), vs ~,quare root oF Field t"o,- 
fe.rrncene-doped PVP films. 

(Chopra el al  t971). Tile conductivity hehaviour of stlch 
films may be dominated by the properties of the amor- 
phous regions (Kosaki et a/ 1971). Tfne presence of 
amoiphous regions gives rise to locaIi:zed states. Since 
there are many localized seateR, tl~e release or excitation 
of the cmTiers in these states dominates the conduction 
process. Consequently, doping should not affect the con- 
ductivity too much (Mar]khin el a! 1965), unless the 
dopat~t is present in sufficient quantities to  m:,rkedly 
affect the position of the Fermi level  1)opant molecules 
enter either the amorphous regions of the potymer or 
the defect regions like chain folds. ' i f  they are presem 
in low concentrations, they will give rise to additio0al 
molecular sites for trapping nf charge era'tiers (Jonscher 
1967). Such localized sites can be defined in molecular 
terms using the difference in ionization potential as an 
indication of trap depth. As the dopant concentration is 
incrcused, the molecules start bridging the gap separating 
the two localized states and lowering ttne potential barrier 
between them thereby facilflating the transfer of charge 
carriers (Sinha and Srivaatava t979; Ku[shrestha and 
Srivastava i980). 

The activation energies were calculated from the slopes 
of Figure 4 and were plotted against the square root of 
t he  applied voltages. A sLraight line (figure 5) is obtained. 
The intercept of this straight line at zero field gives a 
value of W,= t .568x 10 -m J '  (fl.98 eV). Its slope gives 
the value of "~,=5.976xltl-~'4jmUaV ~ which is in 
agreement with its theoretical wdtte of 6.214x ]0-~-"J 
m m V -ra. Hence, our data fits fairly well in the modified 
P-F equation. 

The activation energy values observed in the present 
case are *airly high. Therefore, the possibility of charge 
carrier species inside the polymer hulk ionic ]n nature 
cannot be compJetely ruIed out. Ionic conduction in 
polymeric materials is a controversial subject. Adamec 
and Calderwood (1978) have reported the existence of. 
free charge curriers in polymers. Lilly and McDowetl 
(1968) have also reported ionic space charge conduction 
,ruder high fieid conduction. 

A comparison of cgn'ents of pure PVP and ferrucene- 
doped PVP reveals that an increase in current is observed 
with doping. Ferrocene is rnnrkedIy aromatic in character 
and has three trap levels (Sauthgate 1976). The presence 
cff trap levels may be due to morphological changes in 
structure. Addition of impurities like l'errocene, introduces 
charge carriers -'rod trapping levels in PVP-ferrocetm 
m~trices (Khare e! at 1997). The increase in current and 
decrease in activation energy in ferrocenc-doped F'VP 
films can be expIained in terms of charge trans~'er 
complex formation as evidenced by the optical absorption 
spectra of  pure ferrocene and ferroccne-doped PVP films. 

The formation of charge-transfer complexes ]s cha,-ac- 
terized by the appearance of a new absorption bnnd or 
shifiing of the absorption band i n  addition to the broad- 
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ening in the absorption band in the UV-visibte region 
of the spectrum (Rao 1967). The UV spectrum of 
ferrocene, undoped and ferrocene (50 mg)-doped PVP 
are shown in figures 6 and 7, respectively. A well-defined 
sharp band at 246 nm for PVP was observed. The [_IV 
specm~m [:or fcn'c)cene consists of one ill-defined band, 
along with ,,~ sharp and a wide band at 252, 284 and 
4 4 0 + 2 0 n m ,  respectively. However, in the case of 
ferrocene (50 mg)-doped PVP, UV spectrnm exhibits all 
the three bands (as in the case of  pure ferrocmm) at 
252.5, 294 and 44[)nm. respectively, The width and 
intensity or the bands have been found to increase with 
dopant inc{~rporation. 

The effect of d{~pant incoq3oradon may alsn be intcl-- 
preted on the basis of  (he microscopic structure of the 
polymer  in thin film form. The poiymer film, in general, 
consists of crystMtine reginns in which the molecular 
chains of  the polymer are regularly folded or cntangJcd. 
These crystalline regions are connected to amorphous 
regions in which the molecular chains of the poIytner 

are irregularly foIded. The m{~tion or carriers is impeded 
at these crystalline--amorphous interfaces. Dopants, wNch 
may be present either as molecules or as molecular 
aggregates, generally tend to diffuse preferentially into 
the amorphoas regions of the polymer (Khare and Singh 
1994). The presence of dopants in these regions causes 
a reduction of the crystalline-amorphous interface, which 
provides conductive pathways through the amorphous 
regions. 

Table 2, Ac[h, ation cncrgy Fur ferrocene-doped potyvinyl 
pyrrelidonc films at 373 K. 

Acdva[ian energy (LW + 1.5%) 

Field P'ert'occnc contem in polymer matrb~ 
( . . •  104 . . . . . . . . .  
V/era) 5(1 mg 100 mg 150 mg 200 mg 

2.0 0.97 0.952 C,.948 {1-939 
5.0 0-772 0.769 (t.75 ] 0-749 
8.0 0.62 0.619 0.608 0-597 
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In polymers,  surface atates, chain folding, molecular 
disorders, erystalline-amorphotJs boundaries and chain 
ends may act as trapping sites, In addition polymer 
COrltains polar groups, where each dipole carl act a~ an 
electron ar hole trap (Seanor 1982). Pot,'u" groups may 
act as trapping sites and the chain folding also acts as 
traps. The charge carriers trapped at these trapping sites 
may be excited and contribute to the total conduction. 
PVP is a polar  polymer. The polar  side group moiety, 
pyrro/ idone ring in PV'P has carbonyl group of  doubIe 
bond. This group is attached to the main chain with an 
amide bored. The a c t i w  groups o f  PVP are carbonyl 
groups and tertim'y nitrogen atoms attached to the amide 
bond, which are in a reactive posit ion at certain tem- 
peratures, The higher electronegativity o f  different atoms 
such as oxygen or nitrogen of  PVP suggests the formation 
ef  CTC with ferrocene (Khare :mcl Jait~ 1997). The side 
group of  PVP (~r electrons) may form CTC by donating 
the electrons to ferrocene or nitrogen atom may also be 
involved in CTC formation at certain higher temperatures 
after the side group rotation of  PVP. Ferrocene is 
~-bonded tlonpolar crystalline soil& Increase io fen-drone 
concentration in PVP ir~creases the anisotl-opy (Khare 
and Chandok 1995a), which may be responsiNe for the 
creation o f  new tapping sites. Due to active ~-bond it 
allows nuclear substitutional reaction which may result 
in the formation of  charge transfer complexes.  "['his 
aN'cos with the earlier findings (Khare and Srivastava 
i992b; Khare et at 1993). 

5. Conclusion 

The current-voltage characteristics o f  ferrocene-doped 
PVP films show two regions corresponding to two di- 
fferent types of conduction. The conduction in Iow-field 
region ~.s nearly ohmic while in moderate field region 
it is controlled by a Jonscher-Ansar i  modified P - F  
mechanism. The dependence of  current and activation 
energy on the ferrocene concentration is attributed to 
charge transfer type of  interaction. 
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