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ABSTRACT: Conducting polymer polypyrrole is reported to have a poor adhesion to substrate which limits its applicability as

thin films. In this article, we report synthesis of well-formed and continuous film of polypyrrole through treatment of hydropho-

bic substrates. However, in place of the widely used organosilanes, the substrates were simply treated with surfactant cetyl trime-

thylammonium bromide (CTAB) prior to vapor phase polymerization under controlled environment. Polypyrrole films formed

on CTAB pretreated substrates were found to have improved adhesion and continuity compared to the films formed on

untreated substrates. The improved adhesion results in better electronic properties as seen during Electron field emission studies.

Based on contact angle analysis, we propose that CTAB molecules act as anchoring agents for the oxidant layer on the substrate

and hence assist in the deposition of a more continuous polypyrrole film. VC 2013 Wiley Periodicals, Inc. J. Appl. Polym. Sci. Appl.

Polym. Sci. 2014, 131, 39771.
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INTRODUCTION

Conducting polymers such as polypyrrole (PPy) have been

extensively studied for their unique physical and chemical prop-

erties and hence diverse application in various fields such as

organic electronic devices,1 chemical and biological sensors,2

and electromagnetic shielding applications.3 For novel device

applications, it is desirable to synthesize PPy as thin films, on

flexible hydrophobic substrates like PET (Polyethylene tereph-

thalate), polyester, and other different fabrics. Thin films of PPy

are usually prepared by chemical process (and a subsequent

process such as spin coating) or by electrochemical method,

both the methods being in liquid phase.4–6 In addition to these

two processes, a new method of polymerization of pyrrole

monomers on the substrate surface, directly from vapor phase

has also been recently reported.7–10 This technique has a lot of

advantages over the other method of deposition of PPy. For

example, in liquid phase, the presence of a transport medium

increases the probability of particle agglomeration. In vapor

phase, however, such probability does not exist and hence the

use of dispersants or stabilizers is not necessary. Moreover, in

vapor phase, polymerization can occur in different types of sub-

strates in contrast to electrochemical method, where only con-

ducting substrates can be used.

One of the major obstacles for PPy film formation is the poor

adhesion of PPy molecules to the substrate surface.11 Though

polymerization of pyrrole does not depend on the substrate, the

polarity of the substrates has an important bearing on the adhe-

sion of the polymer. The adhesion is worse for substrates with-

out polar groups.12 In order to overcome the problem of

adhesion, the substrate surface is usually pretreated with an

adhesive promoter layer, such as different types of organosi-

lanes13,14 or polymer (PVA and PFO) containing oxidants10,15,16

before exposing to pyrrole vapors. These adhesion promoter

molecules are appropriately functionalized organic molecules

which allow anchoring of the polymer molecules on the sub-

strate surface. For example, the adhesion promoter molecules

like 3-((pyrrol-1yl) propyl trimethoxysilane,17,18 6-(pyrrol-1-yl)-

n-hexyl trichlorosilane,19 and other pyrrole substituted organo-

silane monolayers20,21 consist of an adhesive group to the

substrate, an alkyl spacer, and a terminal pyrrole group,22 the

last acting as nucleation sites of PPy films with good adhesion.

Many authors have also proposed plasma treatment of the sub-

strates as an alternative to increase the adhesion between the

substrate and conducting polymer.23–25 Plasma modification is

reported to increase the wettability of the substrate due to

increase of their surface energy.
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In this article, instead of the conventional adhesion promoter

material or plasma treatment, we have adopted a new technique

of surface treatment of the hydrophobic substrates for forma-

tion a uniform and continuous PPy film, by simply treating the

substrates with surfactants, prior to polymerization. Surfactants,

like Cetyl trimethylammonium bromide, are mostly used in the

synthesis of nanostructured polymers through micellar nuclea-

tion method.26–28 Here a new role of surfactants as anchoring

agents, for the formation of a uniform and continuous PPy

coating on hydrophobic substrates is pointed out. We have

shown, through an extensive study, that the structural, optical

and electronic properties of PPy (using Ammonium persulphate

as oxidant) grown on CTAB treated hydrophobic substrates are

significantly different from PPy film synthesized on untreated

substrates. Based on our results of surface energy analysis, we

have proposed schematics to explain the role of surfactant in

the growth of uniform PPy thin film.

EXPERIMENTAL

For vapor phase deposition of polypyrrole, we have selected

PET (polyethylene terephthalate), ITO coated glass and silicon

wafer as the substrates. The PET and ITO substrates were

cleaned by ultrasonication in ethanol and DI water respectively

for 30 min, while the silicon wafers were cleaned following RCA

method. 0.1 M Ammonium persulphate (APS; MERCK; mixed

with 100 lL of 35% hydrochloric acid was used as the oxidant.

The effect of substrate modification was also studied using

cupric chloride (CuCl2 � 2H2O; MERCK). The first set of sub-

strates was pretreated with cetyl trimethylammonium bromide

(CTAB; LOBA; by spin coating) and then spin coated with the

oxidants. We have used three different concentrations of CTAB,

0.06, 0.1, and 0.19M. For the second set, the oxidants were spin

coated directly on the substrate surface. Polypyrrole (PPy) films

were synthesized by exposing both set of oxidant coated sub-

strates to pyrrole (SPECTROCHEM) vapor for polymerization

time of 5, 10, and 20 min respectively, at 80�C in a closed envi-

ronment. The PPy films were cooled to room temperature and

washed repeatedly with de-ionized water and ethanol. The films

have been identified in text both on the basis of the type of

substrates used. Type A films indicate PPy films on CTAB pre-

treated substrates while Type B refer to PPy films on CTAB

untreated substrates. The samples were studied using Fourier

transformed infrared spectroscopy (Shimadzu FTIR-8400S),

X-ray photoelectron spectroscopy (XPS) using monochromatic

Al Ka (hm 5 1486.6 eV) X-ray source and a hemispherical ana-

lyzer (SPECS, HSA 3500), Atomic force microscopy (AFM;

AFM-NT-MDT, Solver Pro.), field emission scanning electron

microscope (FESEM Hitachi S-4800), and UV–vis spectroscopy

(Shimadzu-UV-3101-PC). The field emission (FE) characteris-

tics have been investigated in our home made high vacuum

field emission setup.

The wettability or hydrophobicity of untreated PET and CTAB

treated PET was studied using contact angle analysis by sessile

drop method. However, instead of using image analysis algo-

rithms, we have estimated the contact angle from the image

captured digitally by a high resolution camera by using a soft-

ware (NT-MDT).29,30 The process was repeated ten to fifteen

times for each drop per liquid in order to obtain the average

value of the contact angles, which are reported in the text. The

error in measurement of contact angle was obtained as 60.8�.

RESULTS AND DISCUSSION

FTIR Studies

The FTIR absorption spectra of PPy films, shown in Figure 1,

confirm that polypyrrole was successfully deposited using vapor

phase deposition technique. Figure 1 shows the FTIR spectra in

the range 500–2000 cm21 for PPy films of Type A (solid line;

CTAB 5 0.1M) and Type B (dotted line) for a deposition time

of 10 min. PPy films of Type A shows some well-defined fea-

tures of polypyrrole. The characteristic bands around 1545 and

1430 cm21 correspond to asymmetric and symmetric stretching

vibration of polypyrrole ring,31,32 while the relatively sharp peak

around 1100 cm21 has been identified with the stretching vibra-

tion on C–N bond.32 Below 1000 cm21, a broad envelope with

several weak signatures is observed. This broad band with sev-

eral overlapping weaker bands and a maximum near 900 cm21,

been associated by Davidson et al.33 with C–H out of plane

bending vibration in either quinoid or benzoid structures of

pyrrole unit. C–H bending vibrations have also been identified

with bands near 960 cm21 by Olk et al.34 The FTIR spectrum

for Type B films, shown as dotted line in Figure 1, has a similar

profile as that of Type A PPy film. However, only the bands

corresponding to C–N vibration around 1100 cm21 and PPy

stretching vibrations at 1430 cm21 can be identified clearly, due

to a lower intensity of the FTIR peaks of Type B PPy films. The

similar nature of the FTIR spectra suggests a semblance of Type

A and Type B PPy films, since the polymerization time and

other conditions were same for both the films. However, the

lower intensity of the FTIR peaks of Type B films as compared

to Type A may be attributed to a well-formed polypyrrole coat-

ing on CTAB treated substrates resulting in a more pronounced

absorption spectra.

Figure 1. FTIR absorption spectra of PPy films of Type A and B deposited

from vapor phase deposition technique. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.3977139771 (2 of 10)

wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


XPS Analysis

The elemental analysis of PPy on CTAB treated hydrophobic

surfaces and on untreated hydrophobic substrates was per-

formed using XPS technique. Figure 2 shows the wide survey

scan XPS scan (0 to 1380 eV) of PPy thin films on CTAB

coated and uncoated substrates. The presence of C, N, and O

are clearly evident in XPS spectra of PPy thin films. The survey

spectra match well with that reported for typical PPy sam-

ples.35,36 However, the intensity of PPy samples on CTAB coated

substrates is seen to be higher than the PPy on CTAB uncoated

substrate for the entire range of spectrum scanned.

The C1s and N1s core level spectra for PPy thin films on CTAB

coated substrates are shown in Figure 3(a) and (b) while the

corresponding core level spectra for PPy on CTAB uncoated

substrates are shown in Figure 3(c) and (d), respectively. The

carbon 1s peak [in Figure 3(a) and (c)] is broad and asymmet-

ric and can be fitted by two peaks, at binding energies of 284.6

and 287.9 eV. This is evident from the excellent matching

between the C 1s spectrum and the envelope of the fitted

curves. According to various literature reports, the C1s peak of

polypyrrole is complex, containing the contribution of two

superimposed lines, characteristic of the a and b carbons of the

pyrrole, along with contributions at higher binding energies

from other phenomena such as defectively bonded carbon

atoms, steric effects, and chain termination.37 Due to the com-

plicated nature of this C 1s peak, the positions of the different

fitted peaks (that are obtained on deconvolution) are not

strictly defined. In general, the peaks located in the low binding

energy region (283.7–284.8 eV) are assigned to a and b carbons,

while the peaks at binding energy values between 285–289 eV

Figure 3. Core level XPS spectra of C1s and N1s of PPy on CTAB coated and uncoated hydrophobic substrates. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

Figure 2. XPS survey scans of PPy samples on CTAB coated and uncoated

hydrophobic substrates. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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are assigned to carbon atoms bonded to a functional group or

elements like N and O.35–40 Figure 3(b) shows the core level

spectra of the N1s peak of Type A PPy films. The spectrum fea-

tures a major contribution at 399 eV with a shoulder at 401.8

eV. The peak around 399 eV is attributed to N atoms in the

(–NH–) group of pyrrole, while the higher binding energy peak

arises due to N atoms in the positively charged amine (–NH1–)

group, as a result of doping.36,39

In Figure 3(d), we have shown the segment of XPS spectrum

where the N1s peak is occurs. The N1s peak, for Type B PPy

sample, is of very low intensity so that the contribution from

the background noise becomes appreciable. Moreover, the con-

tribution of the (–NH–) group of pyrrole (at 399 eV) is also

not distinguishable in Figure 3(d). The low counts per sec for

the N 1s spectrum of Type B PPy can probably be linked to

inadequate presence of PPy molecules on substrate not treated

with CTAB.

The N1s core level spectrum plays an important role for con-

firming the presence of the PPy species rather than the C1s

spectra, due to the polymeric nature of the substrate itself. The

higher count of N1s for Type A PPy as compared to Type B

PPy indicates a higher concentration of polypyrrole on the

CTAB coated substrates as a result of increased adherence of

PPy molecules.

Roughness Analysis Using AFM Technique

The three-dimensional representation of the surface topography

of PPy samples on CTAB treated and untreated surfaces,

obtained using Atomic Force Microscopy is shown in Figure

4(a) and (b), respectively.

The images were obtained by scanning an area of 5 3 5 lm.

The corresponding cross sectional analysis, providing the

height profile of PPy surface, as obtained by AFM, is shown

alongside. The roughness of the samples, estimated by taking

the average difference between five highest peaks and lowest

valleys relative to the mean plane, was �1.5 nm for Type A

PPy film and �4 nm for Type B PPy film. The smaller

roughness value of PPy film on CTAB treated surface than

PPy films on untreated substrates, indicating that CTAB treat-

ment of the substrates leads to more homogeneous and

smoother surfaces of the polypyrrole films. Interestingly, the

average roughness of both types the PPy films reported here

are much lower than that reported in literature for PPy

films.31,40

FESEM Study

The continuity of PPy samples on both types of (untreated and

treated) PET substrates, investigated using FESEM technique,

for large area scan of magnification of the order of 5 lm are

shown in Figure 5.

The insets show a magnified image of higher order magnifica-

tion (1003 k). Figure 5 (a–c) represent PPy film for untreated

and treated substrate for CTAB molarity of 0.06 and 0.19M,

respectively, for deposition time of 5 min while the PPy films

deposited for 10 min for same concentration values are shown

in Figure 5(d–f), respectively.

Figure 4. AFM three dimensional images and height profiles of PPy sample on (a) CTAB coated substrate and (b) CTAB uncoated substrate. [Color fig-

ure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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The CTAB untreated substrates [Figure 5(a,d)] show a very

non-uniform deposition of PPy film. The polypyrrole was

observed only in certain isolated patches on the substrate sur-

face with large clusters occurring in certain regions. On the

other hand, when the substrates were initially treated with

CTAB [Figure 5(b,c,e,f)], a definite improvement in the conti-

nuity of PPy films is observed. The uniformity of the PPy films

appear to depend more on the time of polymerization than

the molarity of the surfactant [as can be seen by comparing

the insets of Figure 5(b) and (c) with the insets of Figure 5(e)

and (f)].

The adherence and continuity of the oxidant (cupric chloride)

on untreated and treated ITO coated glass substrates is shown

in Figure 6 (a) and (b), respectively. CuCl2 when spin coated

directly on hydrophobic substrates, shows poor adherence and

continuity [Figure 6(a)]. However when the same substrate is

pre-coated with CTAB, a uniform oxidant layer is formed

[Figure 6(b)], leading to a continuous Polypyrrole film [Figure

6(c)]. The detailed characterization of Polypyrrole (oxidized

using CuCl2) and difference in morphology of polymer films

using different types of oxidants have been discussed in a differ-

ent publication.42

UV–Vis Spectroscopy

Figure 7 (a) and (b) shows the UV–Vis spectra (750–300 nm)

of PPy samples of Type A (CTAB 5 0.19M) and Type B on PET

substrates, for deposition time of 5 and 20 min, respectively.

For comparison, we have also plotted the absorption spectra of

a substrate which was prepared and treated in the same way but

was not introduced in the polypyrrole deposition chamber. The

absorption spectra of PPy samples is characterized by p–p*

transition which is reported to occur 400–600 nm.31,43 However,

the position of the interband transition is dependent on the

level of oxidation. Bredas et al.44 reported interband transition

around 3.6 eV (�345 nm) for fully oxidized PPy film, while

Figure 5. FESEM image of PPy films deposited from vapor phase deposition technique on (a) CTAB untreated, (b) 0.06M CTAB pretreated, (c) 0.19M

CTAB pretreated PET substrates for 5 min, (d) CTAB untreated, (e) 0.06M CTAB pretreated, and (f) 0.19M CTAB pretreated PET substrates for 10 min.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Akinyeye et al.45 reported p–p* transition for PPyDW and

PPyHCl at 291 and �300 nm for PPyNSA sample. The amount

of oxidation or doping is also responsible for appearance of

additional peaks in the absorption spectra of PPy samples.

For all the samples, a strong absorption is observed around 310

nm. The absorption spectra of PPy films of Type B are similar

in shape for both 5 and 20 min. The only difference that is

obvious from the graph is the higher absorbance of the film

deposited for 20 min as compared to the film deposited for 5

min. The effect of increase of deposition time results only in an

increase of absorption, a consequence of more PPy molecules

being deposited with time. The effect is however more compli-

cated for Type A films. In this case, also, the increase in poly-

merization time results in higher absorbance of PPy film

deposited for 20 min. However, the shape of the two curves for

5 and 20 min are not similar. While the absorbance of Type A

PPy film (for 5 min) shows a strong resemblance to that of the

Type B PPy films, the Type A PPy film (for 20 min) not only

show absorption peak around 310 nm but also increased

absorbance in the wavelength range �350 to 600 nm, which can

probably be linked to modification of the PPy structure as the

interaction between the growing PPy chains increase with time.

Field Emission Studies

Figure 8 compares the typical field emission current density

versus applied field (J–E) characteristics of PPy film of both

Type A (solid line; CTAB 5 0.1M) and Type B (dotted line)

for a deposition time of 10 min. A very poor field emission

characteristic is observed for Type B films. On the other

hand, for the same deposition time, temperature, and molar-

ity of the oxidant, a higher current density and lower turn on

field (�3.15 V/lm) is observed for Type A films. The

Fowler–Nordheim (F–N) i.e., ln(J/E2) versus 1/E plot of PPy

Figure 6. FESEM image of (a) CuCl2 on ITO substrate, (b) CuCl2 on CTAB pretreated ITO substrate, and (c) PPy on CTAB pretreated ITO substrate.

Figure 7. UV–Vis spectra of (a) Type A and (b) Type B PPy films in the range 750–300 nm. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

Figure 8. Field emission current density J versus Electric field E of PPy

films of Type A and B deposited from vapor phase deposition technique.

The inset shows the F–N plot of PPy film of Type A. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.3977139771 (6 of 10)

wileyonlinelibrary.com
wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


films of Type A have been shown in the inset of Figure 8.

The Fowler–Nordheim (F–N) model46 can be expressed by

the eq. (1)

J5au21 bEð Þ2exp 2bu
3

2 bEð Þ21= �
h

(1)

where J is the emission current density, a and b are constants, /
is the work function (4.5 eV for PPy47), and b is the field

enhancement factor. The enhancement factor b can be calcu-

lated from the slope of the F–N plot using eq. (2).

b52
bu

3=2

m
(2)

The present calculation shows a high enhancement factor of

3234 (for Type A PPy film), which is higher than some of the

reported data on polypyrrole.48,49

Contact Angle Analysis

Contact angle analysis offers an easy method for determining

the wettability (or hydrophilicity) and adhesion of a given liq-

uid on a solid surface. Figure 9 shows the drop profile images

of aqueous solution of 0.1M APS and 0.1M CTAB, on ultrasoni-

cally cleaned PET surface. A lower contact angle �36.7� of the

CTAB solution compared to that of APS solution �51.2� dem-

onstrates the higher wettability of the PET surface by CTAB.

Another parameter to estimate the spreading of a liquid on a

solid surface is to estimate the free surface energy. The funda-

mental equations that relate the interfacial tension or the free

surface energy corresponding to the solid–liquid interface (cSL)

to the free surface energy of the solid surface (cS) and liquid

(cL) and the contact angle (h) between the drop of liquid and

the solid surface, is given by the Young’s equation50

cSL5cS2cLcos h (3)

Each of the surface free energy components in Young’s equation

can be subdivided into dispersive (cd) and polar (cp)

components51

ci5cD2cp (4)

Modifying the Young’s equation accordingly, Owen and Wendt

obtained for a two phase (solid–liquid) system52

cSL5cS2cL22 cD
S cD

L

� �0:5
522 cP

S cP
L

� �0:5
: (5)

Combining eqs. (3) and (5)

cD
S cD

L

� �0:5
1 cP

S cP
L

� �0:5
50:5cL

11cos hð Þ (6)

Figure 9. Drop profile image of aqueous solution of 0.1M APS and 0.1M

CTAB on ultrasonically cleaned PET film. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

Figure 10. Drop profile image of (a) and (b) water droplet on Untreated and CTAB treated PET substrate respectively, (c) and (d) glycerol droplet on

Untreated and CTAB treated PET substrate respectively. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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We can determine the surface free energy of any given solid

cS 5cP
S 1cD

S

� �
by measuring the contact angle using two test

liquids. Here, we have used water cP
L551 mJ=m2; cP

L5
�

21:8 mJ=m2Þ and glycerol cP
L530 mJ=m2; cP

L534 mJ=m2
� �

29,30,53

as test liquids.

We have calculated the polar and the dispersive components of

an untreated PET substrate and CTAB treated PET substrate

using the two test liquids. As seen from Figure 10, the contact

angle of the water droplet decreases from 74.5� to 19.8� and

that of glycerol droplet decreases from 60.8� to 33.1� when the

PET surface is treated with CTAB. The changes in the polar and

the dispersive components of the surface energy for the

untreated and CTAB treated surfaces are shown in Figure 11.

The dispersive component cD
S

� �
of the surface free energy of the

PET surface decreases from 2.33 to 1.43 mJ/m2 and the polar

component cP
S

� �
increases from 1.71 to 2.93 mJ/m2 on CTAB

treatment.

These results clearly indicate the surface wettability or hydro-

philicity of the PET substrate increases on CTAB treatment.

The adherence and continuity of PPy, film in vapor phase

deposition, depends largely on the attachment of the oxidants

molecules on the substrates. A necessary condition in vapor

phase polymerization technique is that the substrates must

first be activated with an initiator or oxidant like FeCl3,

CuCl2, etc.54 Since polypyrrole is formed wherever the mono-

mer vapors interact with the oxidant molecule, it is manda-

tory that both the oxidant and polymer should adhere to the

substrate for formation of uniform and stable PPy film.

Hydrophilic oxidants like APS and CuCl2 on the other hand

spread non-uniformly, due to their poor attachment on the

hydrophobic substrates, forming lumps or clusters in certain

regions, resulting in PPy films that have a scattered, uneven

morphology.

The reason behind uniformity of PPy films on CTAB treated

substrates can be attributed to the structure of CTAB itself.

CTAB molecule consists of a hydrophobic tail with a hydro-

philic head group. Due to this structure, CTAB spreads readily

on both hydrophobic and hydrophilic substrates. Pre-coating

the hydrophobic substrates with CTAB increases the hydrophi-

licity or wettability as seen from the surface free energy values.

This ensures a more uniform spreading of the aqueous solution

of the oxidant. Since the pyrrole vapors polymerize directly at

the oxidant adsorbed sites, a uniform oxidant layer ensures a

continuous and denser PPy film deposition than on an

untreated substrate. Introduction of polar groups on hydropho-

bic substrates by means of a surfactant coating, also promotes

different types of interactions like dipolar interactions, van der

Waals forces or hydrogen bonds between the polymer coating

Figure 11. Variation of polar and dispersive components of surface free

energy of untreated and CTAB treated PET surface. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 12. Schematics of PPy deposition from vapor phase on CTAB treated surface. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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and the substrate surface, so that the polymer films are not

swept away when the polymer films are repeatedly washed after

polymerization. The schematics of PPy deposition on CTAB

treated surface is shown in Figure 12.

CONCLUSIONS

CTAB has been widely used as micelle formation agent in the

synthesis of nanostructured PPy. However, these surfactants can

find an alternate application as an adhering agent in vapor phase

deposition of PPy, especially on hydrophobic surfaces. As seen in

this study, oxidants like APS and CuCl2 do not spread easily on

hydrophobic substrates. However, when treated with CTAB, the

same substrates show a lower contact angle for adherence of

hydrophilic liquids. Subsequent polymerization of pyrrole from

vapor phase on these substrates result in PPy films with higher

absorption in infrared and visible regions, a lower surface rough-

ness, a more uniform morphology and higher field emission cur-

rents than PPy films on CTAB untreated substrates, under the

same polymerization conditions. We propose that coating sub-

strates with CTAB, prior to polymerization, improves their

hydrophilicity and hence promotes the adhesion of the oxidant

(APS/CuCl2) resulting in deposition of uniform PPy film.
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