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A B S T R A C T   

Tangled silver nanoparticles embedded layered polythiophene-functionalized multiwalled carbon nanotube 
ternary nanocomposite (PTCNT-COOH 300 Ag) has been prepared by ascorbic acid reduction of silver nitrate 
solution in presence of aqueous dispersion of polythiophene-functionalized multiwalled carbon nanotube 
(PTCNT-COOH) binary nanocomposites. Binary polythiophene–functionalized multiwalled carbon nanotube 
nanocomposites have been prepared by in-situ chemical oxidative polymerization of thiophene monomer sta-
bilized by sodium bis(2-ethylhexyl) sulfosuccinate (AOT) micelles in presence of functionalized multiwalled 
carbon nanotubes (MWCNT-COOH) using ferric chloride (FeCl3) as an oxidizing agent in chloroform solvent. The 
structural formation and composition of binary and ternary nanocomposites have been confirmed by fourier 
transform infrared spectroscopy, fourier transform Raman spectroscopy, X-ray photoelectron spectroscopy (XPS) 
and wide angle X-ray diffraction studies. Scanning electron microscopy (SEM) studies have revealed the nano-
fibrous morphology in binary nanocomposites (PTCNT-COOHs), whereas in ternary nanocomposite (PTCNT- 
COOH 300 Ag), silver nanoparticles were densely embedded as nanoparticles over nanofibrous structure. 
Transmission electron microscopic (TEM) images have provided the evidence regarding silver nanoparticles that 
existed in a tangled state over the nanofibrous structure. Stable dispersion of binary nanocomposites (PTCNT- 
COOHs) in water, ethanol and chloroform enabled us to record the UV–visible absorption spectra which have 
shown two peaks at 260 nm and 360 nm corresponding to π-π* transition from aromatic rings and π-polaron 
absorption of polythiophene respectively. On the other hand, ternary nanocomposite have shown surface plas-
mon resonance as broad peak tailing to 550 nm. The electrical conductivity of nanocomposites PTCNT-COOH 
100 (binary nanocomposite), PTCNT-COOH 200 (binary nanocomposite), PTCNT-COOH 300 (binary nano-
composite), pristine MWCNT, functionalized MWCNT-COOH, MWCNT-COOH Ag (binary nanocomposite) and 
PTCNT-COOH 300 Ag (ternary nanocomposite) were 4.42 � 10� 2, 5.30 � 10� 1, 1.64, 8.66, 2.80, 12.40 and 
80.76 S/cm respectively. The enhanced electrical conductivity of ternary nanocomposite was due to the effective 
charge transport through polythiophene layer which act as conductive bridge between multiwalled carbon 
nanotube and silver nanoparticles. Thermogravimetric analysis have revealed that high thermal stability of 
ternary silver nanocomposite of PTCNT-COOH 300 Ag up to 620 �C for 10% weight loss. Silver nanoparticles 
embedded ternary nanocomposite in basic medium shows least leaching effect, therefore it could be potentially 
useful in catalytical applications.   

1. Introduction 

Conducting polymer-carbon nanocomposite materials find several 
applications in technologically advanced research fields and hence there 
have been growing interest for the fabrication of binary or ternary 

conducting polymer-carbon nanocomposites [1–10]. The components of 
nanocomposites generally possess attractive features which could be 
imparted to the finished nanocomposites as an enhancement or modi-
fication [11–13]. Conducting polymers and multiwalled carbon nano-
tubes (MWCNTs) possess inherent properties such as optical, electrical, 
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mechanical and thermal properties at distinct levels. Diverse applica-
tions have been reported for such materials in electrical circuits and 
displays to power devices, super capacitors, micro-electro-mechanical 
systems (MEMS), solar cells, sensors, catalysis and so on [12,14–25]. 
Among different conducting polymer-carbon nanocomposites, 
polythiophene-multiwalled carbon nanotube nanocomposite system has 
interesting structural features, electrical and optical properties, thermal 
and bio compatibility etc [11,26–32]. Conducting 
polythiophene-multiwalled carbon nanotube nanocomposite materials 
are potentially suitable for polymer light emitting diodes, electro-
chemical sensors, energy storage devices, super capacitors, electro-
magnetic radiation shielding, photovoltaic devices and so on [33–36]. 

Polymer nanocomposites can be synthesized by in situ polymeriza-
tion of monomer in the presence of CNT or functionalized CNT [37,38]. 
Functionalized multiwalled carbon nanotubes can act as effective syn-
ergistic host by the formation of core shell morphology with other ma-
terials via taking advantage of its large surface area [39,40]. 
Functionalized MWCNT with functional groups attached to the surface 
of MWCNT can undergo non-covalent interactions at the interface with 
other components to which it is attached. Functionalized MWCNT syn-
thesized with properly controlled size, shape and functional groups can 
be utilized to produce stable dispersion, which can improve the pro-
cessability of these materials tremendously in applications [41,42]. 
Further improvements in the performance of functional nanocomposites 
could be imparted by the addition of metal fillers into binary nano-
composites. Incorporation of metal nanoparticles as filler is an emerging 
frontier approach to enhance the performance of conducting 
polymer-carbon nanotube nanocomposites [43]. Although studies on 
polythiophene-carbon nanotube composite materials have been carried 
out by various researchers, incorporation of stable silver nanoparticles 
into polythiophene-functionalized multiwalled carbon nanotube was 
rarely reported. Patole et al. reported preparation of 
PEDOT/PSS-ethylenediamine functionalized multiwalled carbon 
nanotube-silver nanoparticle nanocomposite by reduction of AgNO3 
using NaBH4 in dichloromethane for improving electrical conductivity 
and thermal properties of polycarbonate matrix [44]. Adopting green 
approaches can render a more facile pathway to prepare silver nano-
particles embedded polythiophene-functionalized multiwalled carbon 
nanotube with several advantageous over cost, efficiency and many 
other merits such as good dispersibility, high electrical conductivity and 
thermal stability. The performance of the nanocomposite materials in 
many applications heavily depends on the properties and processability. 

In the present studies, we have put forward a facile and green syn-
thetic approach for the development of silver nanoparticles embedded 
polythiophene-functionalized multiwalled carbon nanotube nano-
composites by the reduction of silver nitrate with ascorbic acid 
(Vitamin-C) in aqueous medium. Here, we have introduced chemically 
synthesized binary nanocomposite (PTCNT-COOH 300) as a nano-
fibrous template in which silver nanoparticles were allowed to embed as 
ternary nanocomposite. Here, the polythiophene-functionalized multi-
walled carbon nanotube nanocomposite could act as stable framework 
to protect and accommodate highly labile silver atoms as solid nano-
particles, otherwise they agglomerate in the absence of strong capping 
agent. Interestingly, the tangled silver nanoparticles embedded 
polythiophene-functionalized MWCNT nanocomposite possess good 
dispersibility in water, high electrical conductivity, good solid state 
ordering and thermal stability. 

2. Experimental 

Materials and reagents: Thiophene, sodium bis (2-ethylhexyl) sul-
fosuccinate (AOT), ferric chloride, silver nitrate and multiwalled carbon 
nanotubes (MWCNT) were purchased from Sigma Aldrich. Nitric acid, 
ascorbic acid, sodium hydroxide, chloroform, deionized water, hydro-
chloric acid, glacial acetic acid, ammonium hydroxide and acetone were 
purchased from Merck chemicals India. 

Measurements and Instruments: Fourier transform-infrared 
spectra of the samples were recorded by Shimadzu IR Affinity 1 spec-
trometer using KBr pellet method. Raman spectra of samples were taken 
in powder form by LabRam spectrometer by HORIBA JOBIN YVON 
using argon ion laser of wavelength 514.5 nm. UV–Visible spectra of the 
samples were recorded by Shimadzu UV–Visible spectrophotometer, UV 
1800 series in the range of 200–800 nm with HPLC grade chloroform, 
ethanol and deionized water. The elemental analysis (CHNS) of the 
samples were recorded by elementar vario EL III element analyzer. The 
powder wide angle X-ray diffraction of the samples were measured using 
PANALYTICAL, Aeris research with 2θ values ranging from 3 to 80�. 
Field emission scanning electron microscopic images were recorded by 
ZEISS ƩIGMA™ field emission scanning electron microscope (FE-SEM). 
The transmission electron microscopic analysis was carried out by 
JOEL/JEM 2100 instrument having capacity of 200 KV with magnifi-
cation 2000X – 1500000X. Thermogravimetric analysis (TGA) of the 
samples were measured using PerkinElmer, Diamond TG/DTA in an 
inert atmosphere of nitrogen at heating rate 20�C/min. The four probe 
electrical conductivity of the samples was measured using DFP-RM-200 
with constant current source Model CCS-01 and DC microvoltmeter. The 
pH measurements were carried out using HM digital PH -80 Temp hydro 
tester. XPS analysis has been carried out using PHI 5000 Versa Probe III 
instrument. Both wide scan spectra (in the range of 150–600 eV) and 
narrow scan spectra of individual element range were carried out using 
XPS spectra. 

3. General procedure 

3.1. Synthesis of MWCNT-COOH 

MWCNT (0.40 g) was added to nitric acid (5 M, 50 mL) taken in an R. 
B. flask and then sonicated for 15 min for making dispersion. The re-
action mixture was refluxed at 100 �C for 7 h with magnetic stirring. The 
refluxed reaction mixture was washed with deionized water until pH of 
filtrate becomes neutral. It is then washed with acetone, filtered and 
dried in vacuum oven at 60 �C for 3 h. Yield: 0.36 g. FT-IR (KBr, cm� 1) 
1465, 1504, 1648, 1698, 1741. 

3.2. Synthesis of PTCNT-COOH 300 

Thiophene (1 mL, 12.50 mmol) and AOT (0.22 g, 0.50 mmol) was 
dissolved in chloroform (20 mL) and sonicated for 5 min. To the 
monomer-AOT mixture, MWCNT-COOH (0.30 g) was added and soni-
cated for 10 min. Ferric chloride (2.43 g, 15.00 mmol) dispersed in 10 
mL chloroform was added drop by drop to monomer-surfactant- 
MWCNT-COOH mixture and sonicated for 15 min. After that it was 
stirred using a magnetic stirrer for 3 h. The resulting conducting 
polymer-carbon nanotube composite was washed using water and 
acetone and dried in vacuum oven at 70 �C for 3 h. Yield: 0.70 g. FT-IR 
(KBr, cm� 1) 675, 785, 1458, 1512, 1648, 1676, 1747. Elemental anal-
ysis (anal. wt %) C: 66.58, S: 17.53, H: 0.30. 

The nanocomposites PTCNT-COOH 100 and PTCNT-COOH 200 
were prepared similarly by changing the weight of functionalized 
MWCNT as 0.10 g and 0.20 g respectively (see supporting information 
for synthesis). 

3.3. Synthesis of PTCNT-COOH 300 Ag 

The sample PTCNT-COOH 300 (0.16 g) was dispersed in 500 mL of 
deionized water by sonication. Ascorbic acid (8.81 g, 5.00 mmol) was 
added to the above binary composite followed by addition of NaOH 
solution (10 M, 20 mL, 21.00 mmol) with magnetic stirring for 5 min 
and allowed to equilibrate the pH for 3 h. Fresh AgNO3 solution (5 mL, 
0.30 M, 1.50 mmol) was then added to this mixture under strong stirring 
condition for 30 s followed by gentle stirring for 30 min at room tem-
perature. The mixture was kept undisturbed for 12 h and after that 
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washed with deionized water (till pH of filtrate becomes neutral from 
alkaline). Ternary nanocomposite mixture was finally washed with 
acetone and dried in vacuum oven at 70 �C for 3 h. Yield: 0.28 g. FT-IR 
(KBr, cm� 1) 693, 787, 1534, 1646, 1695, and 1747. 

3.4. Synthesis of MWCNT-COOH Ag 

MWCNT-COOH (0.16 g) was dispersed in 500 mL of deionized water 
by sonication. Ascorbic acid (8.81 g, 5.00 mmol) was added to the above 
dispersion followed by addition of NaOH solution (10 M, 20 mL, 21.00 
mmol) with magnetic stirring for 5 min and allowed to equilibrate the 
pH for 3 h. Fresh AgNO3 solution (5 mL, 0.30 M, 1.50 mmol) was then 
added to this mixture under strong stirring condition for 30 s followed 
by gentle stirring for 30 min at room temperature. The mixture was kept 
undisturbed for 12 h and after that washed with deionized water (till pH 
of filtrate becomes neutral from alkaline). Binary silver nanocomposite 
mixture was finally washed with acetone and dried in vacuum oven at 
70 �C. Yield: 0.31 g. FT-IR (KBr, cm� 1) 1550, 1646, 1705, 1754. 

4. Results and discussions 

Polythiophene–functionalized multiwalled carbon nanotube nano-
composites were prepared by in situ chemical oxidative polymerization 
of thiophene monomer in presence of functionalized multiwalled carbon 
nanotubes (MWCNT-COOH) using ferric chloride as the oxidizing agent 
and sodium bis(2-ethylhexyl) sulfosuccinate (AOT) as anionic surfactant 
(see Fig. 1). Thiophene-AOT micellar complexes, in the vicinity of 
functionalized multiwalled carbon nanotubes, get attached to the walls 
of multiwalled carbon nanotube through non-covalent interactions and 
get polymerized by oxidizing agents to result water dispersible core shell 

nanostructured polythiophene-functionalized MWCNT nanocomposites 
[40]. Multiwalled carbon nanotubes were functionalized by refluxing 
with nitric acid (5 M) at 100 �C for 7 h. The functionalization of mul-
tiwalled carbon nanotube enhances the dispersibility in various polar 
solvents which in turn facilitates the polymerization of thiophene to 
takes place easily on the surface of multiwalled carbon nanotubes. For 
the typical preparation of polythiophene-functionalized multiwalled 
carbon nanotube nanocomposites, thiophene monomer along with 
anionic surfactant AOT was dissolved in chloroform followed by the 
addition of functionalized multiwalled carbon nanotube with sonication 
(see Table S1 in supporting information). The ferric chloride dispersed 
in chloroform was added drop by drop to the above mixture for poly-
merization reaction to take place. The anionic surfactant sodium 
bis-(2-ethylhexyl) sulfosuccinate was utilized as dopant for poly-
thiophene and stabilizer for polythiophene-functionalized multiwalled 
carbon nanotube nanocomposites [45–49]. The polymer attached on the 
surface of functionalized multiwalled carbon nanotube possess more 
than one non covalent interactions such as pi-pi stacking, weak 
hydrogen bonding and van der Waals interaction at various positions to 
stabilize the nanocomposites [50–52]. 

The FT-IR spectroscopic studies of the pristine MWCNT, MWCNT- 
COOH and PTCNT-COOHs (100, 200 and 300) were carried out by 
making thin pellet of the samples with KBr powder (see Fig. 2). Pristine 
MWCNT have shown characteristic peaks at 1528 and 1641 cm� 1 due to 
in-plane vibrations of graphitic walls of carbon nanotubes and C––C 
stretching vibrations of carbon nanotubes respectively [53–55]. Good 
symmetry of the carbon nanotube produces weak dipole moment change 
and hence poor signals [56]. However, functionalized multiwalled car-
bon nanotubes MWCNT-COOH and PTCNT-COOHs (100, 200 and 300) 
have shown strong infrared signals. Functionalized MWCNT-COOH 
samples have shown peaks at 1465, 1504, 1648, 1698 and 1741 cm� 1 

due to C–O bending of aliphatic alcohol, in-plane vibrations of graphitic 
walls, C––C stretching vibrations, C––O stretching vibrations of carbonyl 
(keto or aldehyde functional group) and C¼O streching vibration of 
carboxylic groups respectively [53–59]. PTCNT-COOHs nano-
composites (100, 200 and 300) have two extra peaks present at 785 and 
675 cm� 1 corresponding to C–H out of plane deformation and C–S 
stretching of polythiophene chains in addition to the peaks in 
MWCNT-COOH [26,60–62]. FT-IR spectra of polythiophene was shown 
in supporting Fig. S1. The broad peaks were present in the range 
3612–3744 cm� 1 belongs to hydrogen bonded OH functional groups 
including water molecules attached to CNT (see supporting Fig. S2) [63, 
64]. Raman spectroscopy of purified MWCNT (see supporting infor-
mation) and functionalized MWCNT-COOH have been carried out to 
find out the extent of disorder in the graphitic structure of multiwalled 

Fig. 1. Schematic representations of synthesis of MWCNT-COOH and 
PTCNT-COOH. 

Fig. 2. FT-IR Spectra of pristine MWCNT, MWCNT-COOH, PTCNT-COOH 100, 
PTCNT-COOH 200 and PTCNT-COOH 300. 
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carbon nanotube (see supporting Fig. S3). The characteristic peaks of 
multiwalled carbon nanotube termed as G band for graphitic structure 
and D-band for disorder and defects of structure were present at 1576 
cm� 1 and 1348 cm� 1 respectively [54,56,63]. The G band was due to 
in-plane tangential stretching of the carbon-carbon bonds in graphene 
sheets and D band is due to presence of amorphous carbon and disor-
dered structure in CNT [56,65,66]. The ID/IG ratio of purified MWCNT 
and functionalized MWCNT-COOH were found to be 1.28 and 1.34 
respectively. The acid washing removes the impurities, however acid 
oxidation produced functionalization of carbon nanotube as well as 
removal of impurities which gives higher the ID/IG ratio for function-
alized MWCNT-COOH [54,67,68]. 

The X-ray photoelectron spectroscopy (XPS) analysis of pristine 
MWCNT, functionalized MWCNT-COOH, PTCNT-COOH 100 and 
PTCNT-COOH 300 has been carried out to understand their function-
alization ratio (see Fig. 3 and see Table 1). Pristine MWCNT have shown 
high intensity peak at 283.25 and very weak intensity peak at 531.45 eV 
corresponding to C 1s and O 1s respectively. MWCNT-COOH exhibited 
intense peak at 283.45 corresponding to C 1s and relatively intense peak 
at 531.6 eV corresponding to O 1s (see Fig. 3) [65]. An enhancement in 
the intensity of O 1s peak was observed in functionalized 
MWCNT-COOH in comparison with pristine MWCNT, which reveals 
that oxygen containing functional groups were incorporated by acid 
oxidation. Samples like PTCNT-COOH 100 and PTCNT-COOH 300 
were exhibited characteristic peaks of sulfur at 226.95 eV (S 2s) and 
162.75 eV (S 2p) in addition to C 1s and O 1s peaks, which confirms the 
presence of polythiophene in PTCNT-COOHs [22,69]. Nanocomposite 
samples like PTCNT-COOH 100 contains high compositional ratio of 
polythiophene, which was evident from its higher peak intensity than 
PTCNT-COOH 300. The pH measurements of the samples like 
MWCNT-COOH, PTCNT-COOH 100, PTCNT-COOH 200 and 
PTCNT-COOH 300 have been carried out by dispersing samples in water 
via sonication. The pH measurement of MWCNT-COOH have shown pH 
value 4.8 (acidic due to dissociation of Hþ ion from carboxylic acid 
groups present), whereas pH values of PTCNT-COOH 300, 
PTCNT-COOH 200, PTCNT-COOH 100 were gradually increased to 5.4, 
6.2 and 6.7 respectively. MWCNT-COOH was relatively more acidic due 
to carboxylic acid groups, whereas in nanocomposites of 
PTCNT-COOHs gradually lose acidity as we decrease the amount of 
MWCNT-COOH in feed. The decrease in acidity was not due to sup-
pression of dissociation of the hydrogen ions by the polythiophene layer, 
but due to low amount of MWCNT-COOH added to the system. 

The solid state ordering of functionalized MWCNT-COOH, poly-
thiophene (PT), PTCNT-COOH 100, PTCNT-COOH 200 and PTCNT- 
COOH 300 have been analyzed by powder X-ray diffraction studies (see 
Fig. 4). Functionalized MWCNT-COOH have shown mainly an intense 

peak at 2θ value 25.85� due to (002) diffraction plane of MWCNT with a 
graphitic structure [70–72] (See supporting Fig. S4 for WXRD of pristine 
MWCNT). Polythiophene (PT) has the amorphous broad peak centered 
at 18.68�. Polythiophene-functionalized multiwalled carbon nanotube 
nanocomposites like PTCNT-COOH 100, PTCNT-COOH 200 and 
PTCNT-COOH 300 were also shown (002) peaks of carbon nanotube at 
2θ value 26.02�. The intensity of (002) peak goes up and the intensity of 
amorphous peak of polythiophene (in the 2θ range 13–30�) goes down 
on moving from PTCNT-COOH 100 to PTCNT-COOH 300. This result 
suggests that polythiophene was attached as nano-layer to 
PTCNT-COOH 300, which have more surface area than other samples 
[73–75]. The low compositional ratio of thiophene in PTCNT-COOH 
300 was reversed by increasing the thiophene monomer in feed (see 
supporting information for the synthesis PT2CNT-COOH 300 and 
PT3CNT-COOH 300). On increasing the thiophene content in feed, 
amorphous peak of polythiophene increases (see supporting Fig. S5). 
Powder X-ray diffraction studies have revealed that ordered arrange-
ment of polythiophene increases with the more surface area of multi-
walled carbon nanotubes. Weak non-covalent forces like π-π stacking, 
hydrogen bonding and van der Waal forces present in the nano-
composites assist the formation of ordered solid state packing in 
polymer-carbon nanocomposites. 

The surface features and shape of functionalized MWCNT-COOH 
and PTCNT-COOHs (100 and 300) were analyzed using scanning elec-
tron microscopy (see Fig. 5). Field emission-scanning electron micro-
scopy images of pristine MWCNT have bundled nature (see supporting 
Fig. S6), whereas acid functionalization in MWCNT-COOH produces 
cleanly separated carbon nanotubes as a result of purification and 
washing. Therefore, functionalized carbon nanotube (MWCNT-COOH) 
utilized in the present case could easily retain the nanotube core struc-
ture without cut shorted length for the formation of nanocomposites 
with polythiophene. However, binary nanocomposites such as PTCNT- 
COOHs (100 and 300) have shown an increase in thickness without any 
phase separation. The inner dimensions of the nanocomposite (PTCNT- 
COOH 300) have been analyzed using transmission electron microscopy 
(TEM) (see Fig. 5 d). TEM images have shown comparably thick outer 
layer with outer diameter of 14.80 � 5 nm and inner tube diameter of 
4.20 � 3 nm (see supporting Fig. S7). Higher diameter ratio (outer/ 
inner) suggests that polythiophene was attached on the surface of the 
MWCNT as an outer layer through weak non-covalent interactions, 
which was responsible for the core shell morphology formation reported 
similar to our previous work [40]. 

The pristine multiwalled carbon nanotubes were usually insoluble in 
any common solvents mainly due to bundling nature of carbon nano-
tubes and lack of functionalization. However, covalent functionalization 
of multiwalled carbon nanotube by acid oxidation introduces polar 
groups such as carboxylic acid, hydroxyl and carbonyl groups which 
enhance the solubility, especially in polar solvents. The functionalized 
MWCNT-COOH covered with conducting polymers reduces the 
bundling effect via repulsion between the tethered polymer chains 
creating an energy barrier against aggregation by controlling intertube 
potential [74]. Theoretical aspects with simulation study based on 
interaction of conducting polymers with carbon nanotubes utilizing 
non-covalent interactions could enhance better performance in dis-
persibility and hence the processability [75]. Sonication of functional-
ized MWCNT-COOH and PTCNT-COOHs (100, 200 and 300) 
nanocomposites in water, ethanol and chloroform have produced fairly 
stable dispersions (see supporting Fig. S8). The functionalized multi-
walled carbon nanotube (MWCNT-COOH) have shown absorption 
maximum at 260 nm due to aromatic π-π* absorption of carbon nano-
tube (see supporting Fig. S9) [76,77]. The UV–visible spectra of 
PTCNT-COOH 100 in chloroform and PTCNT-COOH 300 in ethanol and 
chloroform have shown well resolved peak at 360 nm in addition to peak 
at 280 nm (see Fig. 6). The characteristic peak at 360 nm was due to 
π-polaron transition of polythiophene, which was intense for 
PTCNT-COOH 100. The sample PTCNT-COOH 100 possess less amount 

Fig. 3. XPS spectra of pristine MWCNT, functionalized MWCNT-COOH, 
PTCNT-COOH-100, PTCNT-COOH 300 and PTCNT-COOH 300 Ag. 

T.S. Swathy and M. Jinish Antony                                                                                                                                                                                                          



Polymer 189 (2020) 122171

5

of functionalized MWCNT-COOH (100 mg) than PTCNT-COOH 300 
(300 mg), therefore thick layer present in PTCNT-COOH 100 must have 
resulted in strong absorption of polaron transition (see Fig. 6) [25,39]. 

In the present system, we have obtained stable nanodispersion by 
sonicating polythiophene-multiwalled carbon nanotubes in water and 
ethanol, which was advantageous for making higher order (ternary or 
quaternary) nanocomposites. Here, we have attempted to synthesize 
silver nanoparticles embedded polythiophene-multiwalled carbon 
nanotube ternary nanocomposites by making use of its dispersibility in 
water. Polythiophene-functionalized multiwalled carbon nanotube 
nanocomposite system can act as effective host for accommodating sil-
ver nanoparticle and to act as a stabilizer to prevent bulk aggregation of 
silver nanoparticles into microns. The ternary nanocomposite PTCNT- 
COOH 300 Ag was prepared by reducing aqueous silver nitrate solution 
into silver nanoparticles using ascorbic acid as the reducing agent in 
presence of water dispersed PTCNT-COOH 300 nanocomposites (see 
supporting Fig. S10). A similar method was also used to synthesize bi-
nary silver nanocomposite with functionalized MWCNT-COOH (no 
conducting polymer) represented as MWCNT-COOH Ag. PTCNT-COOH 
300 Ag and MWCNT-COOH Ag were subjected to FT-IR studies in order 
to characterize the formation of respective nanocomposites (see 
Fig. 7A). The functionalized MWCNT-COOH Ag have shown peaks at 
1550 cm� 1, 1646 cm� 1, 1695 cm� 1 and 1747 cm� 1 corresponding to in- 
plane vibrations of graphitic walls, C––C stretching vibrations, carbonyl 
groups and C––O stretching vibrations in acid groups respectively. 
PTCNT-COOH 300 Ag sample have shown characteristic peaks of 
thiophene at 787 cm� 1 and 693 cm� 1 due to C–H out-of-plane 

Table 1 
Atomic concentration of samples from XPS spectra, pH of the samples, morphology of samples, thermal stability of samples, and electrical conductivity of samples.  

Samples Components Type of 
nanocomposite 

Atomic Concentration (%) pH Shape Thermal 
Stability (�C) 

Conductivity (S/ 
cm) 

C1s O2s S2p Ag3d 

Pristine 
MWCNT 

– – 98.36 1.64 – – – nanotubes – 8.66 

MWCNT- 
COOH 

– – 94.42 5.58 – – 4.8 nanotubes 560 2.80 

PTCNT-COOH 
100 

Thiophene þMWCNT- 
COOH 

Binary 82.44 5.63 11.93 – 6.7 PT covered nanotubes 300 0.04 

PTCNT-COOH- 
200 

Thiophene þMWCNT- 
COOH 

Binary – – – – 6.2 PT covered Nanotubes - 0.53 

PTCNT-COOH- 
300 

Thiophene þMWCNT- 
COOH 

Binary 88.63 5.70 5.68 – 5.4 PT covered Nanotubes 340 1.64 

MWCNT- 
COOH Ag 

MWCNT-COOH þ Ag Binary – – – –  Ag Nanoparticles þ
nanotubes 

750 12.40 

PTCNT-COOH 
300 Ag 

Thiophene þ Ag þ
MWCNT-COOH 

Ternary 86.66 7.75 4.22 2.37 7.9 Ag Nanoparticles þ PT 
covered Nanotubes 

620 80.76  

Fig. 4. Wide angle powder X-ray diffraction patterns of MWCNT-COOH, Pol-
ythiophene (PT), PTCNT-COOH 100, PTCNT-COOH 200 and PTCNT- 
COOH 300. 

Fig. 5. FE-SEM images of a) functionalized MWCNT-COOH, b) PTCNT-COOH 
100, c) PTCNT-COOH 300 and d) High resolution TEM image of PTCNT- 
COOH 300. 

Fig. 6. UV–visible absorption spectra of a) PTCNT-COOH 100 in chloroform, 
b) PTCNT-COOH 300 in chloroform and c) PTCNT-COOH 300 in ethanol. 
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deformation mode and C–S stretching mode of thiophene ring in addi-
tion to functionalized MWCNT-COOH peaks. PTCNT-COOH 300 Ag 
sample have shown decline in carbonyl stretching frequency at 1695 and 
1747 cm� 1 and the C–S stretching frequency at 693 cm� 1 which could be 
attributed to the ternary nanocomposite formation with silver [72,78]. 
FT-Raman spectra of PTCNT-COOH 300 Ag and MWCNT-COOH Ag in 
powder form were recorded using 514.5 nm argon laser (see Fig. 7B). 
MWCNT-COOH Ag has shown characteristic G band and D band at 
1576 cm� 1 and 1348 cm� 1 respectively. In the case of PTCNT-COOH 
300 Ag, an additional intense peak was observed at 1450 cm� 1 due to 
symmetric in phase vibration of polythiophene chain, which confirms 
the presence of polythiophene in these ternary nanocomposite [43a,79, 
80]. MWCNT-COOH Ag and PTCNT-COOH 300 Ag were easily 
dispersed in water and ethanol which enabled us to record the UV–vi-
sible absorption spectra (see Fig. 7C and supporting Fig. S11 for dis-
persions). Tendency of formation of stable dispersions was retained in 
ternary composite by keeping energy barrier against aggregation. The 

UV–visible absorption spectra have shown absorption maxima at 285 
nm, which was due to the absorption from multiwalled carbon nano-
tube. The ternary nanocomposite PTCNT-COOH 300 Ag sample in 
water and ethanol have shown π-polaron peak at 360 nm. Surprisingly, 
the longer wavelength peak at 360 nm was extended as shoulder up to 
550 nm, which could be attributed to the surface plasmon resonance of 
silver nanoparticles [81,82]. Wide angle X-ray diffraction studies of 
PTCNT-COOH Ag and MWCNT-COOH Ag have been carried out to 
confirm the formation of silver nanoparticles in conducting 
polythiophene-functionalized MWCNT nanocomposite (see Fig. 7D). 
Both the samples have shown highly crystalline peaks at 2θ values 
38.15�, 44.33�, 64.52

�

and 77.46�, which represent Bragg’s reflections 
from (111), (200), (220) and (311) planes of Ag nanoparticles in 
nanocomposite [83]. The weak peak at 2θ value 26.69� was due to 
diffraction from (002) plane of the graphitic structure of CNT. The 
presence of highly crystalline silver nanoparticles increases the overall 
solid state ordering of the samples [50,84]. The XPS spectra of 

Fig. 7. (A) FT-IR Spectra of MWCNT-COOH Ag and PTCNT-COOH 300 Ag, (B) Raman spectra of MWCNT-COOH Ag and PTCNT-COOH 300 Ag, (C) UV–Visible 
spectra of MWCNT-COOH Ag and PTCNT-COOH 300 Ag in water and ethanol and (D) Wide angle XRD pattern of MWCNT-COOH Ag and PTCNT-COOH 300 Ag. 
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PTCNT-COOH 300 Ag have shown peaks of silver atoms present at 
367.45 and 373.45 eV representing binding energies of 3d5/2 and 3d3/2 
respectively which indicates the formation of silver nanoparticles in the 
nanocomposite (see Fig. 3) [85]. 

The field emission scanning electron microscopic images of PTCNT- 
COOH 300 Ag and PTCNT-COOH 300 Ag dispersed in acetone have 
exhibited silver nanoparticles embedded on polythiophene- 
functionalized multiwalled carbon nanotube nanocomposite (see 
Fig. 8a and b respectively). The striking observation made from field 
emission-scanning electron microscopy images of PTCNT-COOH 300 
Ag (Fig. 8a) was that embedded silver nanoparticles show the tangled 
nature (rather than straight) and also have spaces between each nano-
tube of ternary nanocomposites. The predominant involvement of non- 
covalent interaction of PTCNT-COOH 300 with silver nanoparticles was 
evident from these images. Otherwise, severe bulk aggregation would 
have resulted between mutually attached nanotubes by silver coating 
(See supporting Fig. S12). The field emission scanning electron micro-
scopic images of MWCNT-COOH Ag, binary composite without polymer 
have shown a mix of multiwalled carbon nanotubes and silver nano-
particles with slightly higher size 40 � 10 nm in the composite matrix. 
Thiophene layer that predominantly control the decoration of the silver 
nanoparticles rather than limited acid functionalized groups attached to 
the functionalized multiwalled carbon nanotube. Transmission electron 
microscopic analysis of the nanoparticles have revealed that the for-
mation of tangled solid silver nanoparticles over PTCNT-COOH nano-
composites with average size 25 � 8 nm by taking average of 10–12 
nanoparticles (see Fig. 8 d). Entangled silver nanoparticles embedded 
over polythiophene-multiwalled carbon nanotube appears as aggre-
gated silver particles. However, there were isolated nanoparticles in the 
PTCNT-COOH fibrous matrix (see supporting Fig. S13) and a close look 
on the silver nanoparticles revealed they were embedded to the nano-
composites matrix. PTCNT-COOH 300 Ag has ring like electron 
diffraction pattern with bright spots, which indicates that Ag nano-
particles were crystalline in nature (see supporting Fig. S14) [86]. It is 
important to note that silver nanoparticles have nearly spherical shape 
even they exist as tangled condition. In the case of ternary silver nano-
composite formation, the Agþ ions from silver nitrate were attracted to 
sulfur atom in the heterocyclic polythiophene chains and get reduced to 
silver nanoparticles by accepting electrons from ascorbic acid present in 
the aqueous dispersion. Ascorbic acid itself converted to radical ion 

semidehydroascorbic acid and then to dehydroascorbic acid [85,87,88]. 
Silver nanoparticles formed were anchored to the surface of 
PTCNT-COOH 300 matrix through the complex formation of silver 
atoms with sulfur atoms of polythiophene chains and carboxylate group 
of functionalized multiwalled carbon nanotube [43a,82]. The sulfur 
atoms in closely packed polythiophene chains can assist the silver 
nanoparticles to decorate over the PTCNT-COOH in a tangling fashion 
along with carboxylic acid group of functionalized carbon nanotubes 
using the non-covalent force of interactions (see the scheme Fig. 9). 

The four probe electrical conductivity of the samples were recorded 
by DFP-RM-200 four probe set-up with constant current. The electrical 
conductivity of the samples were measured at four different points and 
average value has been reported. The electrical conductivity of the 
polythiophene (PT), PTCNT-COOH 100, PTCNT-COOH 200, PTCNT- 
COOH 300, pristine MWCNT, functionalized MWCNT-COOH, 
MWCNT-COOH Ag and PTCNT-COOH 300 Ag were 4.42 � 10� 2, 5.30 
� 10� 1, 1.64, 8.66, 2.80, 12.40 and 80.76 S/cm respectively (see 
Fig. 10). The electrical conductivity of polythiophene was less than 
pristine multiwalled carbon nanotube and polythiophene-functionalized 
multiwalled carbon binary nanocomposites [89]. Effective charge 
transfer of the charge carriers in binary and ternary nanocomposites 
resulted in higher electrical conductivity. Literature studies reveals that 
electrical conductivity of polythiophene have reported both in the 
semiconducting and conducting range [26,61]. However, polythiophene 
derivatives like poly(3,4-ethylenedioxy thiophene), poly(3,4-dimethyl 
thiophene), shows higher conductivity by pinning of charges with 
appropriate methods [90,91]. Decreased band gap due to proper 
conductive pathways for carrier mobility and stable doped state in the 
polymeric material would result in good conductive nature to the con-
jugated polymer. The silver nanoparticles loaded 
polythiophene-functionalized MWCNT nanocomposites were an inter-
esting case of ternary conducting polymer nanocomposites, because the 
conducting polythiophene layer can act as conductive bridge which may 
help to transfer electrical charge between more conducting silver and 
multiwalled carbon nanotube via hopping mechanism and hence it can 
increase the overall electrical conductivity of the system. 

Thermal stability of functionalized MWCNT-COOH, PTCNT-COOH 
100, PTCNT-COOH 300, MWCNT-COOH Ag and PTCNT-COOH 300 
Ag have been carried out using thermogravimetric analysis at a heating 
rate of 20�C per minute under inert nitrogen atmosphere (see Fig. 11). 
The samples PTCNT-COOHs (100 and 300) have shown 10% weight loss 
at 300 �C. Samples like functionalized MWCNT-COOH and PTCNT- 
COOH 300 Ag have shown 10% weight loss at 620 �C. Accommodation 
of silver nanoparticles in ternary composite PTCNT-COOH 300 Ag en-
hances the thermal conductivity of the system [92,93]. The high thermal 
conductivity of multiwalled carbon nanotube and silver nanoparticles 
might have played a crucial role to enhance thermal stability by building 
a perfect heat transfer network in ternary nanocomposite even though it 
contain high percentage of thermally less stable polythiophene [93,94]. 
The highest thermal stability obtained for MWCNT-COOH Ag for 10% 
weight loss was 750 �C, which was devoid of any polymer sample. 
Therefore, the thermal stability of PTCNT-COOH (binary composite) 
and functionalized MWCNT-COOH could be increased significantly by 
making tangled sliver nanoparticle nanocomposites [95] (see supporting 
Fig. S15 for DTG). Relatively poor thermal stability of the conducting 
PTCNT-COOH nanocomposites was due to the degradation of carbon 
from polythiophene chains and also low content of multiwalled carbon 
nanotubes for their preparation [40]. The pH sensitivity of the ternary 
nanocomposite system has been checked by the leaching tendency of 
embedded silver in ternary nanocomposite in acidic, basic and neutral 
medium (see supporting information for procedure and supporting 
Fig. S16). Stability of the ternary nanocomposite at different pH has 
been checked via UV–visible absorption spectroscopy by noting the 
changes of surface plasmon peak (>360 nm). The study revealed that 
silver nanoparticles have good stability against leaching in basic me-
dium (high pH). Ternary nanocomposites can be effectively utilized for 

Fig. 8. Field emission scanning electron microscopy images of (a) PTCNT- 
COOH 300 Ag (b) dispersed PTCNT-COOH 300 Ag in acetone (c) MWCNT- 
COOH Ag and (d) Transmission electron microscopy image of PTCNT-COOH 
300 Ag. 
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catalytic applications in a basic medium and therefore it can be durable 
catalyst with multiple use [96,97]. Literature studies reveal that the 
present work has significant advantages over other nano composite 
systems especially in cost, efficiency and many other deserving merits 
related to conductivity and thermal stability (see Table S2 in supporting 
information). Synthesis of tangled silver nanoparticles embedded on 
polythiophene-functionalized multiwalled carbon nanotube has been 
adopted in cheapest and greener medium. The binary and ternary 
composites have been prepared efficiently in a laboratory scale with 
reproducibility and the processability of the nanocomposites as stable 
dispersion in water and ethanol has been accomplished. Ternary nano-
composite could also perform well in suitable high temperature appli-
cations due to its high thermal stability. By comparing with other 
systems we could observe that mutually connected nanoparticles 

exhibited good performance in different applications. Easy synthesis, 
remarkable electrical conductivity, good solid state ordering and ther-
mal stability of ternary nanocomposites can open doorway to different 
applications such as high performance electrochemical electrodes, 
polymer super capacitors, sensors, SERS tags, thermoelectric materials, 
catalytic applications and so on. 

5. Conclusion 

In summary, the present work demonstrated a facile and green 
synthetic approach to prepare water dispersible, highly conductive and 
thermally stable ternary silver nanoparticles embedded polythiophene- 
functionalized multiwalled carbon nanotube nanocomposite (PTCNT- 
COOH 300 Ag) by efficiently utilizing the aqueous dispersion of binary 
polythiophene-functionalized multiwalled carbon nanotube nano-
composite (PTCNT-COOH) as a nanofibrous platform as well as co- 
component matrix in its ternary nanocomposite. Here we could effec-
tively establish facile synthesis of PTCNT-COOH 300 Ag from dispersed 

Fig. 9. Schematic representation of formation of silver embedded ternary nanocomposite.  

Fig. 10. Four probe electrical conductivity measurements of pristine MWCNT, 
PTCNT- COOH 100, PTCNT-COOH 200, PTCNT-COOH 300, MWCNT-COOH 
Ag and PTCNT-COOH 300 Ag. 

Fig. 11. Thermogravimetric analysis of MWCNT-COOH, PTCNT-COOH 100, 
PTCNT-COOH 300, MWCNT-COOH Ag and PTCNT-COOH 300 Ag. 
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state of PTCNT-COOH binary composite by reduction of silver nitrate 
using ascorbic acid in green solvent water. The important outcomes of 
the present investigations are summarized as follows i) FT-IR spectra of 
the samples have given primary evidence of nanocomposite formation 
by examining peaks corresponding to both functionalized MWCNT and 
polythiophene. ii) Raman spectra have shown that ID/IG ratio of purified 
MWCNT and functionalized MWCNT-COOH were 1.28 and 1.34 
respectively which is comparable to the literature. Raman spectrum of 
PTCNT-COOH 300 Ag has shown the characteristic peaks of poly-
thiophene at 1450 cm-1 iii) X-ray photoelectron spectroscopy have 
shown the corresponding binding energies of each elements present in 
nanocomposites which confirms functionalization of MWCNT and also 
the formation of binary and ternary nanocomposites. (iv) The pH mea-
surements indicated that acid functionalized multi-walled carbon 
nanotubes (MWCNT-COOH) shows acidic pH due to the presence of free 
carboxylic acid groups. (v) Powder WXRD studies of binary composites 
(PTCNT-COOHs) have shown amorphous peaks of polythiophene in the 
range of 13–30� along with peak corresponding to (002) plane of 
MWCNT at 26.02�. vi) The formation of crystalline silver nanoparticles 
in PTCNT-COOH 300 Ag was confirmed by WXRD analysis by noting 
the sharp crystalline peaks at 38.15�, 44.33�, 64.52

�

and 77.46� indi-
cated by Bragg’s reflections from (111), (200), (220) and (311) planes. 
(vii) Scanning and transmission electron microscopic analysis gave in-
formation about the formation of thick polymer layer around the outer 
walls of MWCNT and also shows embedded silver nanoparticles with 
average size 25 � 8 nm in PTCNT-COOH 300 Ag. (viii) UV–Visible 
spectra of functionalized MWCNT-COOH have provided characteristic 
absorption band at 260 nm characteristic of aromatic π-π* absorption, 
whereas in PTCNT-COOHs (100, 200 and 300) were shown additional 
band at 360 nm corresponding to π-polaron band of polythiophene. (ix) 
The nanocomposites PTCNT-COOH 300 Ag and MWCNT-COOH Ag 
have shown surface plasmon resonance of silver nanoparticles as 
shoulder up to 550 nm. (x) Tangled silver nanoparticles formed in the 
ternary nanocomposites were embedded over polythiophene- 
functionalized multiwalled carbon nanotube by the complex formation 
of sulfur atoms of polythiophene with silver. xi) Electrical conductivity 
of binary nanocomposites PTCNT-COOH 100, PTCNT-COOH 200 and 
PTCNT-COOH 300 were 4.42 � 10� 2, 5.30 � 10� 1, 1.64 S/cm respec-
tively and that of ternary silver nanocomposite PTCNT-COOH 300 Ag 
was 80.76 S/cm. (xii) PTCNT-COOH 300 Ag have exhibited higher 
thermal stability (two times higher) than PTCNT-COOH for 10% weight 
loss due to the presence of embedded silver nanoparticles. In a nut shell, 
we have put forward a simple and green approach for the synthesis of 
tangled silver nanoparticles embedded over layered polythiophene- 
functionalized multiwalled carbon nanotube ternary nanocomposites 
possessing very good dispersibility in water, high conductivity, good 
solid state ordering and good thermal stability. The ternary silver 
nanocomposites PTCNT-COOH 300 Ag can be effectively utilized for 
catalytical, antibacterial, electrical and thermal applications based on its 
dispersibility, reusability, enhanced electrical conductivity and thermal 
stability. 
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