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Raman spectroscopy and electrical properties of polypyrrole
doped dodecylbenzene sulfonic acidhO3; composites
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The doped dodecylbenzene sulfonic acid (DBSA) with polypyrrole (PPy) and also incorporated an increasing concentrafiptoaibtain

the composites of PPy-DBSA2¥; via chemical polymerization technique. The PPy-DBSAG¥ composites formation were confirmed

by interaction between PPy-DBSA and ®;-particles utilizing Raman spectroscopy. The SEM micrographs show that the composites are

in the form of lengthened chains; increase in the particles size as equated with pristine PRPyOgnela¥ also studied. Thermal stability

of PPy-DBSA- Y,0O3 composites was improved as enhanced the load.@fs¥particles. The increase in DC conductivity by mixing Q3

into PPy-DBSA at all temperatures showed the three-dimensional Mott’s variable range hopping model. Density of localized states, hopping
dimension as well as activation energy are computed and found to be affected due to the preses@einfDBSA-PPy. The ESR of

Y203 (~12 Q2), PPy (~11.8012), PPy-DBSA (11.3012) and PPy-DBSA-8%Y¥0O3; composite £9.5012). EIS results confirm that the
PPy-DBSA-8% Y% 03 composite with a low value of impedance gives a maximum value of electrical conductivity.
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1. Introduction bipolarons moving charge carriers that are accountable for
their electrical conduction and also suitable for the fabrica-
Conjugated polymers have been a significant research areali@n of electronic devices [15]. The charge transport mecha-
pure and applied fields since the last two years [1-4]. Thdlism taking place in polyacetylene was observed due to the
conjugated polymer, for example polypyrrole, polyaniline, moving solitons [16]. Among various conjugated polymers,
etc., are polymers with electronically conjugated backbonehe polypyrrole (PPy) is frequently used owing to elevated
that, when doped, conduct electricity. electrical conductivity and good environmental stability [17].

These materials have recently fascinated attention due t9MONng lots of inorganic material, Y03 has been broadly
their possible use in numerous technological applications thatiudied due to its good thermal stability and is mainly used
could benefit from their exceptional polymeric and electronicin Phosphors host matrices [18] and dielectric insulator of
properties [5]. The possible applications of conjugated poly-£/€ctro-luminescent devices [19-20]. MoreovepOf is a

mers are the fabrication of solid-state devices, for instance/€"y €ssential ceramic compound that can be used as a cor-

schottky diodes, microelectronics as well as solar cells Nufosion resistance material, temperature dependent electronic

merous conjugated polymers possess poor environmental sidevices fabrication pgrticularly due tc_) high thermal stabi_lity.
bility and low mechanical properties, owing to which they The Y,03 plays very important role in laser host materials

were not valuable for the fabrication of devices. To mini- ©© €nhance the life span of luminous lamps and their ther-
mize these difficulties, many efforts were made to syntheMal stability [21-22]. Finally, the ¥O; owing to high sur-

size the conjugated polymer composites to achieve the mdace area was utilize_zo_l as a catalyst carrier [23] in order to in_—
chanical properties [6-8]. Some of the variations requireocrease the conductivity of temperature dependent electronic

to synthesize the hybrid materials provide an organic matedevices. Until now, a literature review refers to temperature

rial through inorganic oxides of various metals, for example d&Pendent DC conductivity, thermal stability and impedance
Sno;, [9], TiO, [10], fly ash [11], FgO, [12] and ZrG, [13] investigations on PPVJBSA—Y203 are unusual. In present
are also mixed conjugated polymers to provides the compo&?0rk, we report chemical preparation of PPy-DBSA®%
ites. The study of charge transport mechanism in these confOMPosites, and the prepared material is characterized using
posites was a significant part of polymer investigation. Everft@man spectroscopy, TGA and EIS analysis.

though a combination of functional dopant like dodecylben-  The results cover thermal stability, impedance and tem-
zene sulfonic acid (DBSA) is added into the conjugated polyperature dependent DC conductivity; hopping length in ad-
mer, which may distort the polymer chain and produces podition to activation energy were calculated and discussed the
larons and bipolarons [14]. Conjugated polymers are verpbtained results were valuable for electronic devices fabrica-
cheap organic semiconductor material having polarons anton.
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2. Experimental details Scanning electron microscope was carried out on EVO50
) ) ZEISS tool. The thermogravimetric analysis (TGA) was car-
2.1. Chemicals and material ried out on Mettler thermo balance STAR S.W. 8.10 for all

. samples. Temperature-dependent DC conductivity for en-
Pyrrole (Fluka) was refined under reduced pressure and tem- .
. i . tire samples was executed by Keithley, 2400 electrometers
perature preceding to its usage. Ammonium persulphate, Dg-, ; X
. L - . : along with the current source electrometer, employing the

decylbenzene sulfonic acid in addition to Yttrium oxide were, o robe method. Electrochemical impedance Spectrosco
purchased (Sigma-Aldrich) utilized as achieved. The Whole{/ P ' P P d

: . . EIS) measurements are taken at 0.7 V potential with 0.005
material was employed as presented without slightly furthe . . 0
purification. rms amplitude in the (10tol) Hz frequency range.

2.2. Preparation of PPy and PPy-DBSA-¥O3

The 0.3 mol of Pyrrole was incorporated gradually into the4' Results and discussion

solution which was placed on a magnetic stirrer. While strong )

stirrers retain the pH value between 0 and 1, 30% HCl waé-1. Raman spectroscopy analysis

also added into the reaction solution. In this solution, the 0.15

mol of DBSA and Y¥;0; powder were both dispersed into a Raman spectroscopy was employed to observe structural
reaction mixture under a strong stirrer. In the next hour, thevariations by adding YOs-particles into DBA-PPy. Fig-
required quantity of ammonium persulphate was dispersed idres 2 (a-b) shows the Raman spectra of polypyrrole and
100-mL distilled water dropwise under a magnetic stirrer 1/2-DBSA-PPy. The peaks were observed at 1055 tif1060
hour period. The molar ratio of dopant/ monomer/oxidantcm™* for polypyrrole) associated with the polaron quinonoid
was kept 1/4:1:1. At that time, one-liter methanol was mixedstructure. Moreover, two peaks were observed at 934'cm
into the solution mixture which was kept at qD for 48  and 1255 cm! also correlated to bipolaron quinonoid struc-
hours to obtain the entire polymerization. Finally, the so-ture that confirmed the doped PPy structure [24]. The peak
lution is cleaned and purified using de-ionized water until theobserved at 1578 chis a typical quinoid C = C stretched
filtrate solution becomes colorless. The greenish-black pastaode of polymer chain. The DBSA-PPy composite with im-
of polypyrrole and PPy-DBSA-YO; was achieved by being proved bipolarons (1255 cm) as equated to polarons in PPy

dehydrated in a vacuum oven at°Tdfor 24 hours. spectra also increased the electrical conductivity [25].
Figures 2 (c-e) shows the Raman spectra of-BBgBA-
" PyrroletHC1 | Ammonium Y203 by incorporating the various load ratio of,®3 from
Added. dropwise per sulfate (APS) 2%, to 8% into PPy-DBSA. The major peaks were observed

Solution
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30 min Yttrium oxide
+ Distilled water,
sonicated for 30 min
-
=
o
o
=
=
(7]
=
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Dried at 70 °C .E
=
<
=
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o
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FIGURE 1. Flow chart for the preparation of PPy-DBSA:®3
composites by in-situ polymerization process.
L] T T T Ll T T T
200 400 600 800 1000 1200 1400 1600
-1
3. Measurements Wavenumber /cm

A Renishaw RM 1000 (He-Ne laser) Olympus metallurgical FIGURE 2. Raman spectra of a) pure PPy b) PPy-DBSA c) 2% d)
microscope and a CCD detector were utilized for all samples4% e) 8% load of ¥Os in PPy-DBSA.
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FIGURE 3. Scanning electron micrographs of a) pure PPy b) PPy-DBSA c) PPy-DBSA-8% ¥omposite d) ¥Os.

in PPyDBSA-Y ;05 composites at 1177 cm (N-C extend-  tion of strong interaction between the polymeric chain and
ing band), 1304 cm' (C-N extending band), 1045 cmi(C- Y ;03-nanoparticle.

H in-plane distortion) as well as pristing,®; peak was seen

at 444 cnt!. Furthermore, two peaks were also examined

at 607 cnt! correlated with distortion in the benzene ring 4.2. Scanning electron microscopy (SEM) analysis

[26] and at 574 cm! attributed to a cross-link between PPy

chains [27]. The peak observed at 607 ciwas identified  Figures 3(a-d) exhibits SEM micrographs of PPy, PPy-DBSA
as distortion of a benzene ring in PPy backbone. Figure 1(eand its PPy-DBSA-YO; composite as well as pure,0s-
shows that the intensity of the peak at 607 cnincreases particles. It was clearly observed from the SEM image of
as compared to the peak observed at 574 tmhich sug-  polypyrrole (PPy) that it has bunches of globular shaped
gests the confirmation regarding the interactions between thearticles. The SEM morphology of PPy doped DBSA also
polymer elements. It has been revealed that after mixing thehows the cluster of particles which might be due to better
Y203 presenting the strong interaction between PPy chainghter-chain interaction and consequences to enhance the con-
was also observed [28]. The comparative intensity of a pealjuctivity [29]. The SEM image is suggestive of the hemi-
investigated at 607 crt shows that PPy-DBSA composite spherical nature of polymer as clusters in PPy-DBSAQY
including Y,Os-nanoparticles provides a strong interchain composite and flakier structure of pristing®;. The Y,O3-
interaction. This effect was also observed in the compositgarticles are encircled into PPy-DBSA chain owing to robust
that contained 8% load of XO3. From this investigation, it particle-interaction. From this, it may be concluded that PPy-
can be concluded that the induced variations in the observegBSA-Y,0; composite is seeing more progress in particle
spectrum of new peaks in all composites confirm the formasize and a platelet structure.
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FIGURE 4. TGA of a) PPy b) DBSA-PPy c) 2% d) 4% e) 8% load 15 20

of Y203 in PPy-DBSA.
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FIGURE 5. Nyquist graphs of a) YO5; b) PPy c) DBSA-PPy and
d) PPy-DBSA-8% ¥%03, in 5 mV AC

4.3. Thermogravimetric analysis (TGA) 45. Electrical properties

Figures 4(a-e) shows the typical TGA curves for PPy, DBSA-4 5.1. DC conductivity

PPy and their composites with 2% to 8% weight ratio of

Y205 nanoparticles doped in PPy-DBSA. The TGA study A series of composites was synthesized to maintain the con-
shows the two-phase of mass loss: the initial phag®)(°C)  centrations of pyrrole-constant but adding an increasing ex-
can be permitted humidity desorption from polymer; nexttent of Y,0Os-nanoparticles into DBSA-PPy. Composites
phase starts from 23C to 550C and it is owing to thermal  with an increasing quantity of XO5 produce different con-
degradation of the polymer [30]. In comparison to DBSA- ductivity as shown in Fig. 6. The increase in conductivity
PPy, it might be seen that there is no sharp inception of thefyia the enhancing load of Y05 can be attributed to decreas-
mal breakdown that occurs at 3WD plotted in the Fig. 4 ing the conductive path because of(¥; as an insulator na-
curve (b). From Fig. 4 curve (e), it can be observed thature. The increasing quantity of,0; reduces the level of
the mass loss arises in DBSA-PPy-8%Y, slowly as com-  conjugatedr-bonds in PPy-DBSA and disorders the polymer
pared to pure PPy owing to volatilization of small molecules.chains, which increases the conductivity of composites.
Hence, the ¥O5; mixed into DBSA-PPy improves thermal
stability of all the composites [31].

1.0x10°%7

. . . 4
4.4, Electrochemical impedance analysis 8.0x10

£
S
Moy
@
>

L 6.0x10™7
At room temperature, the electrochemical impedance was £

=

measured using a 1M-KOH electrolyte and the mass of the g o
sample was chosen (0.01 g). The Nyquist plot of all samples 2 sl
has the vertical line in the high-frequency region, although 3

a semicircle executed in the low-frequency region with alow 29

value of impedance indicates the capacitive nature of all sam-

ples [32]. The impedance was measured for all samples with 0.07
equivalent series resistance (ESR). The ESR of PPy-DBSA- % 4% 2% PPyDBSA PPy Y203
8% Y,03 composite is lower as compared to pureOf, Weight % of Y,0,

PPy, and PPy-DBSA as executed in Figs. 5(a-d). ESR of
Y205 (~12 ), PPy (11.8012), PPy-DBSA (~11.300) FIGURE 6. Conductivities of PPYDBSAY>05; composites with
and PPy-DBSA-8% YO5; composite £9.5012). different weight % of % Os.
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FIGURE 8. Variation in DC conductivity with Temperature for a)

FIGURE 7. Graph of Log%, against Log" for a) PPy b) PPy-  ppy 1y ppy.DBSA ¢) 29 d) 4% e) 8% load 0f®; in PPy-DBSA.
DBSA c) 2% d) 4% e) 8% load of O3 in PPyDBSA composites.

Consequently, ¥Os-particles perform an important role in The activation energya is given by Eq. (6):

the conductivity of composites. E, = d(Logo)/d(1/KT). )

4.5.2. Temperature dependant DC conductivity Therefore, activation energy is calculated from the slope

The correlation between DC conductivity and temperatur®’ L09(¢) vs. 1/T and distorted in finding the hopping charge
for polymer samples may offer significant information aboutiransport mechanism. By using Egs. (1) and (6), we get the

the charge transport mechanism through the polymer schem{@!1oWing Eq. (7):
Mott’s variable range hopping model adopts the following T -1
equations [33-35]. E, = WKTO(?O) (1)

0 = ogexp (T,/T) ™7 (Sem™), (1) wherey =1/(1 +n).

where he e expression (5.1 ) pre-cxponentl B POUIS Lot sl () sope of a st
factor is the conductivity of material at the specified temper-

; - nent may bey ~ 1/4 in addition ton ~ 3. This confirmed
atureT'(K), despiteT,(K) Mott’s characteristic temperature. i / . . .
The value ob could be attained from intercepts in addition to that the 3-dimensional variable range hopping charge trans

slope of Logo) plot against'—'/4. The following equations port mechanism dominates in PPy-DBSAQ; composites,

can be adopted to calculate the average hopping length [Ft%;g::ls%rotr? rt:g dzﬁgn;r;leonndalinv?rrlftt):lzsreaggzuhrnggf c::;gcté
cmy], density of states [N(H, cm—3eV~!] as well as hooping ' :

activation energy [W, eV] as: Log(c) has a direct relationship witih' — 1/4 as shown in
gy W, ' Fig. 8. The density of localized states decreases whereas

oo = e2R2uph N (Er), ) hopping Ieng.th, activation energy as well @g were ob-
served to be increased by the raised load ratiogy The
T — Ao? (k) 3) effective dimensionality: depends upon the interchain cou-
° " EkEN(EF) ’ pling of the charge transport mechanism. It can be observed
1 that the charge transport mechanism in conjugated polymers
_ [ 9 } ! (cm) (4) rises via a 3-dimensional variable range hopping model net-
8rakTN (Er) ’ work. The conjugated polymers with various morphology at
3 different temperatures show conductivity data with exponent
= N (Er) (eV). (5)  neither equal to 1/4 [36-38] or 1/2 [39-41] strongly depend-

ing on the temperature. The value of the exponefar tem-
The charge transport mechanism is determined by emperature dependent DC conductivity is 1/4 and effective di-
ploying the data in terms of Mott’s variable range hoppingmensionalityn = 3 [y = 1/(1 + n)]. Consequently, con-
model. From Eg. (1) exponentis a dimensionality system, ductivity data leads to a 3-dimensional variable range hop-
its valuen = 1, 2 or 3 showing 1, 2 or 3-dimensional variable ping model for strong interchain coupling. The value of the
range hopping charge transport mechanism. exponent is 1/2 (» = 1) and was described in terms of the

Rev. Mex. Fis70010502
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TABLE |. Mott’s parameters of PPy, PPy-DBSA and PPy-DBSAQ¥ composites at 303 K.

Samples T (K) N(Er) (cm~3eV1) R (cm) Whop (V) odc (Slem)

PPy 2.43 x 10" 3.20 x 10% 5.90 x 107° 0.458 2.30 x 107*
PPy-DBSA 3.26 x 10*! 2.40 x 10% 6.40 x 107° 0.450 2.64 x 107*
PPy-DBSA-2% ¥%Os 5.40 x 101 1.50 x 10%° 7.30 x 107° 0.416 2.76 x 1073
PPy-DBSA-4% %0; 4.30 x 10" 1.80 x 10%® 6.90 x 107° 0.427 2.83 x 1073
PPy-DBSA-8% %O; 3.60 x 10" 2.20 x 10% 6.60 x 107° 0.436 3.22x 1073

Efros-Shklovskii [41] model or granular metal model [42] SEM also confirms the platelet structure in PPBSA-Y ;O3
variable range hopping in the case of weak interchain coueomposites. The TGA curves confirmed that the thermal
pling. The best fit conductivity data to our synthesized PPy=stability is increased in all composites by incorporation of
DBSA-8%Y,03 sample follows the 3-dimensional variable the Y,Os-particles rather than the pure polymer. The in-
range hopping model. From these outcomes, we found thaulator behaviour of ¥O3 disrupts delocalization of charge
robust interchain interaction exists in PPy-DBSAQ; com-  carriers and shrinks the inter-chain coupling, due to which
posites. However, the reduction in DC conductivity was in-o4. = 3.20 x 102 S/cm at 30C for PPyDBSA-8%Y,0s is
vestigated owing to the insulator nature ofO% into DBSA-  greater as compared g, = 2.70 x 1073 S/cm at 3030C
PPy. for PPyDBSA. The temperature dependent DC conductivity
was investigated and the conduction mechanism in these sam-
ples follows 3dimensional variable range hopping model.
The ESR of %05 (~12 ), PPy 11.80(2), PPyDBSA
PPy-DBSA and also mixed 503 nanoparticles have been (~11.3092) and PPyDBSA-8% Y>O3; composite {9.502).
successfully prepared PBBSA-Y,O; composites utiliz- Hence, the calculated values of density of localized states,
ing the chemical polymerization route. The structure of pre-hopping length as well as activation energy are observed to
pared samples was explored with Raman spectroscopy. TH varied by mixing ¥Os-particles into DBSA-PPy.

5. Conclusions
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