
C H A P T E R  II 
L IT E R A T U R E  SU R V A Y

2.1 E lectronic Structure o f  Polypyrrole

B rédas e t  a l . (1983) presented the first-principle calculation  on the 
geom etric  and electronic structures o f  undoped and doped Ppy chains, indicating 
the appearance, upon a high doping, o f  the bipolaron state in the gap. A conductivity 
m echanism  based on the m otion o f  spinless b ipolarons w as consisten t w ith the 
absence o f  ESR  signal in the electrochem ically  cycled highly conducting  Ppy.

N echtschein  e t  a l . (1986) conducted  an electrochem ical polym erization o f  
Ppy to  investigate the polaron and bipolaron form ations in Ppy. T he result show ed 
tha t the energy required for creating a bipolaron w as about the sam e as for creating 
tw o polarons. The non-N em stian  behavior, the non linear relation betw een the 
applied  potential and the am ount o f  charges that occurs during the electrochem ical 
polym erization  observed for the redox process, was explained by the introduction o f  
the in terparticle charge repulsion interaction.

In 1986, three research groups, Fink and Scheerer [1986], W em et e t  

o/[1986]., a n d  Freund and G onska [1986], studied the  electronic structure o f  Ppy- 
based conducting  polym ers by using the high-resolution electron-energy-loss 
spectroscopy and electron diffraction. The evolution o f  the rc-electron band structure 
as a function o f  oxidant can be explained in term s o f  a bipolaron m odel. Strongly 
oxidized Ppy is not a m etal, but it has narrow er bands in the gap w hich can be 
assigned as the bipolaron bands. The dielectric functions o f  electrochem ically  
reduced Ppy film s w ere well described by a linear-com bination o f  atom ic-orbital- 
com plete-neglect-of-d ifferential-overlap  calculation on o ligom ers (F ink e t  a l . ,  1986). 
T he treatm ent o f  as-grow n oxidized Ppy film s by alkali m etals led to alm ost 
neutralized  but not the n-type dopant films. The treatm ent o f  oxidized Ppy with 
N aO H  did not change the 7t-electron band structure on the carbon atom  but led again 
to  a  reaction on nitrogen atom s. M oreover, the XPS and ultraviolet photoelectron 
spectroscopy data o f  perchlorate-doped Ppy and tosylate-doped Ppy studied by Batz
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e t  a l .  (1991) show ed that the valence-band structure o f  the latter agreed w ith the 
theoretical expected features for a one dim ensional polym er. T he finite density  o f  the 
state at Ferm i energy w as in accordance with polaronic bands m odulated by 
C oulom b repulsion, as well as w ith a d isorder-induced destabilization  o f  Peierls 
ground state (B âtz e t  a l . ,  1991).

2.2 C hem ical Synthesis o f  Polypyrrole

Lee e t  a l . [1995] used a chem ical polym erization process to synthesize Ppy 
dope w ith DBSA . The polym er w as soluble in m -cresol and conditionally  soluble in 
chloroform , dichlorom ethane, or 1 ,1,2,2-tetrachloroethane. Soluble polypyrrole 
show ed the sam e FT-Ram an scattering and U V -light absorption  spectra as those o f  
e lectrochem ically  polym erized Ppy. T he solution o f  polym er in chloroform  w as cast 
to  a s tiff  film  with a very sm ooth surface and the electrical conductiv ity  o f  the film 
w as 5 s/cm .

Ppy doped w ith arylsulfonate w as synthesized by a chem ical route 
(T hiéblem ont e t  a l . 1995). From the therm al analysis, at high tem perature (T>230 
๐C), the oxidation appeared to be a bulk phenom enon, w hich led to  the 
decom position  and com plete com bustion o f  the polym er. A t m oderate tem perature 
(T <  230 °C), the oxidation was a slow  and gradual process, m ost likely lim ited by O 2 

diffusion in the oxidized m aterial. T he kinetics o f  this oxidation process was 
determ ined and its activation energy w as evaluated to be about 110 k j m o l'1.

For the chem ical synthesis m ethod, the experim ental result o f  A ppel e t  a l.  

(1996) show ed that the best initial m onom er concentration w as about 0.4-0.5 M, and 
less than 0.1M  o f  oxidant should be added instantly to achieve a high electrical 
conductivity . M oreover they studied the technique that em ployed a coating  o f  thin 
film  on a non conductive substrate. They found that by exposing an oxidant/dopant 
solution to  pyrrole vapour, a very thin and highly conductive film  could be obtained.

The in  s i t u  doping polym erization o f  Ppy, using p-naphthalene 
sulfonic(N SA ) acid as dopant, w as carried out by Shen and W an (1997). The 
polym er could be dissolved in m -cresol because N SA  reduced interm olecular and 
in tram olecular interactions betw een Ppy chains, and prevented the crosslinking
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am ong Ppy chains during the polym erization  process. The product exhibited a 
fib rillar m ophology. Casinol et al.(1997) also used in situ doping polym erization to 
synthesize Ppy. In their reaction m édias, FeC l3 and (NHLO2 S2 O 8 acted as oxidants, 
and parato luenesulfonic (TS) acid and naphtalnesulfonic (N S) acid acted  as dopants. 
T hey found that Ppy, doped w ith TS, exhibited the h ighest conductiv ity  and therm al 
stability . The conductivity  had rem ained constant for over 14 days. T he m oisture 
content in Ppy, affecting the conductivity , w as investigated. W hen the m oisture 
content in Ppy increased, the conductivity  o f  Ppy increased and vice versa. Due to 
w ater m olecules, they could ionize the N H  groups in Ppy, causing num ber o f  charge 
carriers to  increase.

2.3 E lectrical C onductivity o f  Polypyrrole

An envirom entally  stable study o f  Ppy/poly(vinyl alcohol)(PV A ) was 
conducted  by B enseddik e t  a l . (1995). T he XPS study show ed that a strong oxidation 
occurred  upon aging w ith the form ation o f  bonds such as c=0, and possibly CO O H  
and C O O R  at the chain end. The strong aging effect by oxidation  w as the m ost 
probable cause to explain the decrease o f  the conductivity  observed in the sam ples, 
w hereas the PVA m atrix  also m ight have played an im portant role. Therefore, it 
should be interesting to perform  sim ilar m easurem ent in conducting  Ppy prepared as 
a com posite w ith another m atrix.

C hild  and Kunh (1997) proposed that the stability o f  Ppy coating  could be 
enhanced  significantly  w ith an addition o f  2 ,4-d ihydroxybenzophenone into the 
reaction  m ixture. This additive did not serve as a  dopant, but w as used in conjunction 
w ith arylsulfonate dopants. The conductivity  o f  Ppy coated ffabrics, containing 
D H B P, displayed a dram atic increase during short aging tim es at elevated 
tem peratures. The m agnitude o f  th is annealing effect w as dependent on the film 
th ickness, the aging tem perature, and the am ount o f  D H B P introduced. C heah e t  a l. 

(1997) investigated the therm al stability o f  Ppy. From  the result o f  their experim ent, 
a  slight increase in conductivity w as observed for acid treated  Ppy film s w hich was 
found to  be due to the protonated pyrrole structure. T his effect w as dram atically 
enhanced by a treatm ent at high tem perature w here an increase in conductivity  o f
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m ore than 84% could be achieved. Base treatm ent o f  Ppy film  resulted in the 
decom position  o f  pyrrole structure leading to  the loss o f  conductiv ity  (<40%). 
Prelim inary  XPS results indicated that both acid and base treatm ents resulted in the 
elim ination  o f  reactive sites for oxygen. Long term  therm al aging o f  these treated 
film s w ere conducted  at 150 °c in air. The conductivity  decay behavior w as found to 
follow  m ultiple first order chem ical reaction kinetics.

G ilani and Ishiguro (1997) stated that the stretched PFô'-doped Ppy had low 
resistiv ity  due to the increase in the interchain transfer o f  charge.

In 1998, Fedorko and Skâkalovâ concluded that there w as an unusual low 
pressure dependence o f  electrical conductivity  in the  B FT-doped Ppy. The 
reversibility , glass transition, piezochrom ism , IR spectra and analogy w ith sim ilar 
effects in polythiophene supported a coil-rod conform ational transition effect which 
could explain the hysteresis observed. From  a practical point o f  view, one should be 
aw are that, if  there w as an uncertainty in pressure control, the effect could appear in 
usual electrical conductivity  experim ent w ith Ppy as chem ical gas sensors. 
Potentially , the effect could be interesting in a low pressure detection.

Based on the X RD  and conductivity  results, the increase in short range 
ordering in polym er film  increased conductivity  but not conductiv ity  stability, w hich 
w as governed by o ther chem ical changes (Cheah e t  a l ,  1999).

A ndo e t  a l .  (2001) studied the electrical conductiv ity  changes o f  Ppy and 
polythiophene film s w ith a heat treatm ent. From  room  tem perature to  150 °c, the 
conductivity  o f  Ppy film  rem ained constant. From  150 to  300 °c the conductivity 
dropped due to the decom position o f  Ppy and the loss o f  dopant ion (G O T )- Above 
300 °c, the conductivity  increased again. A bove 750 °c, the conductiv ity  w as higher 
than that o f  the original film  due to the form ation o f  a carbonaceous m aterial.

2.4 Polypyrrole as G as and C hem ical V apor Sensor

In 1989, G ustafsson e t  a l .  studied interactions betw een N H 3 and Ppy. There 
are tw o interaction types, reversible and irreversible interaction that was 
interpreted by the change o f  electrical properties o f  Ppy treated  w ith N H 3. The 
irreversible change occurred when the m aterials w ere exposed to  high concentration
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o f  N H 3 for a long period o f  tim e due to  the form ation o f  am ide-type carbonyl groups, 
am ine groups, and am m onium  ions.

Jonathan e t  a l . (  1992) studied polypyrrole doped w ith brom ine as gas and 
vapor sensors. The polym er was exposed to m ethanol, hexane, 2 ,2-dim ethyl butane, 
am m onia, and hydrogen sulfide. They found that the resistance change o f  
polypyrrole w as due to a m ixed response involving electronic effect and physical 
effect. The electronic effect w as caused by the tranfer o f  electrons betw een the gases 
and the polym er chains. The physical effect w as caused by the sw elling o f  polym er 
due to  vapor acting as a solvent.

N agase e t  a l . [1993] studied the response o f  Ppy to  organic vapors by 
varying the doping anions. The detection o f  m ethanol reached to 10 ppm . They found 
th ree response patterns depending on the doping anions.

Selam pinar e t  a l .  (1995) used an electrochem ical polym erization to 
synthesize polypyrole-polyam ide com posite (Ppy-PA ). T he synthesized polym er was 
exposed to N H 3 and CO2 and consequently  m easured the resistiv ity  response. The 
result show ed that the gas sensitivity o f  Ppy-PA  to N H 3 and CO2 w as greater than 
those o f  the pristine polym er in term s o f  both tem poral and reversible responses. 
M oreover by com paring FTIR, SEM , a solubility study and a pyrolysis experim ent 
betw een the electrochem ical synthesized polym er and the m echanical blending 
polym er, the electrorochem ical route yielded graft conducting polym ers.

Brie e t  a l . [1996] studied effect o f  initial conductivity  and doping anions on 
gas sensitivity  o f  conducting  Ppy film s to am m onia. They found that the response o f  
T sO - doped Ppy film s to  am m onia w as different from that o f  Ppy doped w ith CIO4'. 
T he sensitiv ity  to N H 3 w as higher for the Ppy film s w ith a low er initial conductivity. 
T he responses o f  the Ppy film s w ere identical for a long tim e interval. The response 
o f  Ppy to N H 3 w as explained by Y adong e t  a l . in 2000. T hey stated that the 
e lectrons o f  N H 3 acted as the donor to the P- sem iconductor Ppy w ith the 
consequence o f  reducing o f  the num ber o f  holes in Ppy and increasing the resistivity 
o f  polypyrrole.

In 2000, Prisanaroon e t  a l .  reported Ppy film s doped w ith  D B SA  used to 
detect sm all am ounts o f  SO 2 in SO 2 -N 2 m ixtures. T he short tim e conductivity 
response o f  the conductive film s w as im proved at higher doping levels or by



10

exposures to h igher SO 2  concentrations. The gas sensitiv ity  o f  a film  o f  a given 
doping  level, as m easured by AcJdc, increased w ith SO 2 concentration. H ow ever, for a 
g iven SO 2 concentration, the gas sensitiv ity  o f  the conductive film s depended on the 
doping level. B elow  a critical doping level, the gas sensitiv ity  w as independent o f  
doping level. A bove the critical doping level, the gas sensitiv ity  rised sharply to a 
m axim um  and then slightly declined as the dopant concentration  w as increased. The 
results w ere interpreted in term s o f  the changes in the conductive film  m orphology 
from  three-dim ensional random  coils to rod-like fibrillar structures.

In 2003, R uangchuay e t  a l . used Ppy doped w ith seven dopant anions, at 1/12 
D /M  ratio to  detect acetone vapor. They found that the specific electrical 
conductiv ity  change depended exponentially  on the type o f  dopant, doping level. It 
also  depended linearly on the proportion o f  bipolaron and o f  the order o f  aggregation 
o f  Ppy. H ow ever it depended inversely on the proportion the im ine-like defect. The 
interaction betw een Ppy and acetone vapor w as investigated by SEM  and XRD. The 
sw elling, the hydrogen-bonding form ation, and the reduction o f  charge carriers 
played an im portant role in the change o f  specific conductivity .

2.5 T he Interaction Betw een G as and Zeolite

Ferrari e t  a l .  (1997) studied the interaction betw een C O  and alkali cations, 
Li+, N a+, K+, R b+,and C s+, in the zeolite fram ew orks by using the density  function 
m odel cluster calculation. They dem onstrated  that the interaction betw een CO  and 
alkali ion w as an electrostatic interaction. The o  atom  o f  C O  bounded to the cation 
caused  the red shift o f  the CO  stretching in contrast to  the bounded c  atom  that 
caused  the blue shift o f  the CO stretching.

Li e t  a l . (1999) conducted FTIR  experim ents and sim ultaneously  use an ab 
initio  calculation to  observe the interaction betw een C O  an alkali earth  cation. The 
com putational results reproduced the observed trends in the experim ental vibrational 
frequencies and confirm ed that interaction w as the electrostatic interaction.

In 2000 ,Y am asaki e t  a l .  รณdied the absorption behavior o f  CH 4  and CO in 
pores o f  Q -zeolite by using FT-IR  and an absorption m easurem ent. CO  was 
preferentially  adsorbed in the sm all pores, the 8 -m em bered oxygen ring. C H 3 was
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absorbed in the sm aller pores w hen the  tem perature w as h igher than 250 K. The ad 
m olecule in the sm aller pore suffered a strong van der W aals interaction. The 
adm olecule in the larger pores experienced a strong electric field, 6.3 X 109 v/m..

Piti e t  a l .  (2001) studied the absorption o f  N O  and CO  onto C u-ZSM  by 
using an ab initio em bedded cluster m ethodology at the B 3LY P level o f  theory. For 
absorption  o f  CO , the calculated b inding energy w as 32 kcal/m ol w hich w as nearly 
the sam e as the experim ental data obtained betw een 29 to  32 kcal/m ol. For the 
absorption  o f  N O , the calculated binding energy w as 22 kcal/m ol w hich w as much 
sm aller than the experim ental value.
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