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4.1. Introduction 

The preparation of higher-order structural architectures from binary 

nanocomposites would be advantageous for their better performance or for exploring 

more areas of application.1-3 Functionalized multiwalled carbon nanotube 

nanocomposites with conducting polymer via the formation of core-shell morphology 

can act as an effective synergistic host to accommodate different materials. A sizeable 

surface-to-volume ratio in nanostructured conducting polythiophene-CNT 

nanocomposites would be beneficial to incorporate additional nanofillers to the surface 

of its lightweight framework.4,5  

 

Figure 4.1. Metal nanoparticles incorporation with different polymer-carbon nanotube 

nanocomposites and their scanning electron microscopic images (adapted from (a) 

malekkiani et al. 2022 (b) Hou et al. 2010 (c) Tang et al. 2016 and (d) Patole et al. 

2015.) 

Incorporating metal nanoparticles as fillers into conducting polymer-carbon 

nanotube nanocomposites find new applications by gaining additional properties with 

enhanced performance. Structurally different morphologies can be obtained for such 

ternary nanocomposites based on synthetic routes, types of polymer, and the nature of 

the incorporated metal. Some of the reports of ternary systems of polymer-carbon 

nanotube nanocomposites with metal nanoparticles are shown in figure 4.1.6-9 Silver 

nanoparticles are an attractive choice among metal fillers as it exhibits high electrical 

and thermal conductivity.10 Distinct characteristics of silver nanoparticles rendering 

different applications such as catalysis, surface-plasmon resonance, antimicrobial 

Carbon nanotubes (structural 
frame of composites)

Silver nanoparticles

Polyaniline layer

Silver nanoparticles

Polythiophene layer

MWCNT

MWCNT-COOH
Chitosan

ZnO nanoparticles

(a) (d)(c)(b)

MWCNT/ZnO/
Chitosan ternary 
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action, surface-enhanced Raman scattering tags, therapeutic usages, electrochemical 

applications, electromagnetic interference (EMI) shielding etc.11-13 However, the long-

term use of bare silver nanoparticles as such is not viable due to the high surface charges 

on nanoparticles, which create low negative fermi potential and get aggregated easily.14 

Stable silver nanoparticles require suitable capping agents to avoid their tendency of 

aggregation.12 Inorganic or polymeric stabilizing supports can be effectively used 

against aggregation and promote the silver nanoparticle’s stability.14,15 

 

Figure 4.2. Different possibilities for the formation of carbon nanotube-metal 

nanoparticle nanocomposites. 

The incorporation of silver nanoparticles with polymer materials can generally 

be carried out in two different ways. One method is the in-situ synthesis of silver 

nanoparticles in the presence of a polymer scaffold. The second method is the ex-situ 

attachment of silver nanoparticles to the desired polymer material.15,16 Preparation of 

silver nanoparticles with polymerization in a single step is also reported rarely.17 An 

5

• Non-selective attachment of
nanoparticles both inside and outside of
carbon nanotubes

• Selective attachment of nanoparticles
inside of carbon nanotubes

• Outer protection of nanoparticles
• Large inner diameter of carbon nanotubes

• Selective attachment of nanoparticles
outside of carbon nanotubes

• Inner protection of nanoparticles
• Small inner diameter of carbon nanotubes

• Selective attachment of nanoparticles on
the opened tube’s ends of carbon
nanotubes

• Mainly obtained by vapour phase
deposition

Figure 4.2. Different possibilities for the formation of carbon nanotubes-metal nanoparticles nanocomposites.
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advantage of in-situ preparation is the uniform attachment of soluble silver ions with 

the pre-structured polymer framework, producing a homogeneous distribution of 

nanoparticles with the solid matrix.15 Selection of suitable polymer material should also 

required for excellent properties. Conducting polythiophene exhibits good 

environmental stability and compatibility with silver nanoparticles.18 Polymer alone or 

in hybrid/composite form could be used as a suitable scaffold to accommodate silver 

nanoparticles. The structural features of scaffolding materials are essential to control 

the size, shape and assembly of metal nanoparticles formed.19,20 Among different 

scaffolding materials to accommodate in-situ formed silver nanoparticles, core-shell 

structured polythiophene-carbon nanotube binary nanocomposites would be attractive 

for its typical characteristics such as one-dimensional nano-structural confinement, 

conducting host framework, good thermal stability and ability to form a stable aqueous 

dispersion. Methods of area specific and area non-specific attachment of metal 

nanoparticles in carbon nanotubes are schematically represented in Figure 4.2. The 

selective area attachment of nanoparticles on inner walls, outer walls and/or end caps 

are possible, and they possess unique benefits leading to specific applications.21-25    

Adopting green approaches for silver nanoparticles embedded polythiophene-

functionalized multiwalled carbon nanotube ternary nanocomposites can render several 

benefits, such as cost-effectiveness, good dispersibility in the aqueous phase, high 

electrical conductivity, and thermal stability.26,27 Applications of prepared silver 

nanocomposites will be determined by their processability and other properties.28 

Studies on ternary nanocomposites incorporating stable silver nanoparticles into 

polythiophene-functionalized multiwalled carbon nanotubes were rarely reported. 

Patole et al. reported the preparation of PEDOT/PSS-ethylenediamine functionalized 

multiwalled carbon nanotube-silver nanoparticle nanocomposites by reduction of 

AgNO3 using NaBH4 in dichloromethane medium for improving electrical conductivity 

and thermal properties of polycarbonate matrix. Studies on the bicomponent systems, 

such as polythiophene-silver nanocomposites or carbon nanotube-silver 

nanocomposites, were conducted by various researchers. A recent literature review by 

Al-Refai et. al. based on polythiophene nanocomposites discusses the advantages and 

relevance of incorporating nanomaterials such as metal nanoparticles and carbon 

nanotubes into polythiophene matrix.28 The ternary structural combination of silver 
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nanoparticles into a polythiophene-carbon nanotube nanocomposite framework could 

open up various applications with cohesive properties. 

In the present chapter, we have put forward a facile and green synthetic 

approach for developing silver nanoparticles embedded in polythiophene-

functionalized multiwalled carbon nanotube nanocomposites by reduction of silver 

nitrate using ascorbic acid (Vitamin-C) in an aqueous medium. Binary nanocomposite 

(PTCNT-COOH 300) acted as a nanofibrous template in which silver nanoparticles 

grew to form a ternary nanocomposite. Here, the polythiophene-functionalized 

multiwalled carbon nanotube nanocomposites act as a stable framework to 

accommodate and protect highly labile silver atoms as solid nanoparticles; otherwise, 

it might agglomerate in the absence of a strong capping agent. Interestingly, the tangled 

silver nanoparticles embedded ternary polythiophene-functionalized MWCNT 

nanocomposites having good dispersibility in water, high electrical conductivity, good 

solid-state ordering, and high thermal stability were established.  

4.2. Experimental 

4.2.1.   Materials and reagents used: Silver nitrate and multiwalled carbon nanotubes 

(MWCNT) were purchased from Sigma Aldrich. Ascorbic acid, sodium hydroxide, 

hydrochloric acid, acetic acid, ammonium hydroxide, acetone and deionized water were 

purchased from Merck chemicals India.  

4.2.2. Measurements and instruments: Fourier transform-infrared spectra of the 

samples were recorded by Shimadzu IR Affinity 1 spectrometer using the KBr pellet 

method. Raman spectra of samples were taken by LabRam spectrometer by HORIBA 

JOBIN YVON using argon ion laser of wavelength 514.5 nm. UV-vis spectra of the 

samples were recorded by Shimadzu UV-Visible spectrophotometer, UV 1800 series 

in the range 200-800 nm with HPLC grade chloroform, ethanol and deionized water. 

The powder wide-angle X-ray diffraction of the samples was measured using 

PANALYTICAL, Aeris research with 2θ values ranging from 5 to 80°. The field 

emission scanning electron microscope (FE-SEM) images were recorded by ZEISS 

ƩIGMATM field emission scanning electron microscope. The transmission electron 

microscopic analysis was carried out by JEOL/JEM 2100 instrument having a capacity 

of 200 KV and with magnification 2000X – 1500000X. Thermogravimetric analysis 

(TGA) of the samples was measured using Perkin Elmer, Diamond TG/DTA in an inert 



                    

        Preparation of Silver Nanoparticles Entangled Ternary Nanocomposites   

 

87 
 

atmosphere of nitrogen at a heating rate of 20°C. 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. The XPS analysis was 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 elements were carried out with XPS spectra. 

4.2.3. 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 the 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 added 

to this mixture under strong stirring conditions for 30 s, followed by gentle stirring for 

30 min at room temperature. The mixture was kept undisturbed for 12 h and then 

washed with deionized water (till the pH of the filtrate became neutral from alkaline). 

The ternary nanocomposite mixture was finally washed with acetone and dried in a 

vacuum oven at 70o C. Yield: 0.28 g. FT-IR (KBr, cm-1) 693, 787, 1534, 1646, 1695, 

and 1747. 

4.2.4.  Synthesis of MWCNT-COOH Ag: MWCNT-COOH (0.16 g) was dispersed 

in 500 mL of deionized water by sonication. Ascorbic acid (8.81g, 5.00 mmol) was 

added to the above dispersion followed by the 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 conditions for 30 s followed by gentle stirring for 30 min 

at room temperature. The mixture was kept undisturbed for 12 h and then washed with 

deionized water (till the pH of the filtrate became neutral from alkaline). The binary 

silver nanocomposite mixture was finally washed with acetone and dried in a vacuum 

oven at 70oC. Yield: 0.31 g. FT-IR (KBr, cm-1) 1550, 1646, 1705, 1754. 

4.2.5.  Leaching study of PTCNT-COOH 300 Ag with different pH: PTCNT-

COOH 300 Ag (0.010 g) was dispersed in HCl (15 mL, 1M, pH: 0.8) by sonication for 

5 min. Then it was magnetically stirred for 3 h. It was washed with water, filtered and 

the residue obtained was dried in a vacuum oven at 60°C for 1 h. The above residue 

was subjected to record UV-Vis spectra by dispersing in water. 
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The above procedure was repeated by changing the medium into CH3COOH (1M, 

pH:2.8), water (pH:7.0), NH4OH (1M, pH:11.5) and NaOH (1M, pH:12.8). 

4.3. Results and Discussion 

4.3.1 Synthesis and characterization of PTCNT-COOH 300 Ag and MWCNT-   

COOH Ag 

Figure 4.3. Schematic representation of the synthesis of PTCNT-COOH 300 Ag 

 The ternary silver nanocomposite PTCNT-COOH 300 Ag was prepared by 

reducing silver nitrate solution to silver nanoparticles using ascorbic acid as the 

reducing agent in the presence of aqueous dispersed PTCNT-COOH 300 

nanocomposites. The formation of PTCNT-COOH 300 Ag is schematically represented 

in Figure 4.3. (see Table 4.1. also) Ascorbic acid (vitamin C) is a green and bio-

friendly reducing reagent. Silver nitrate reduction was carried out in the presence of 

stable aqueous dispersion of PTCNT-COOH composites discussed in chapter 3. 

Sonication for 15 min produced stable dispersion of binary PTCNT-COOH 300 

nanocomposites. Here, the PTCNT-COOH 300 functioned as a hard template to 

accommodate the reduced form of silver nanoparticles by providing a large enough 

surface area in its nanotubular assembly. The synthesis was carried out in basic pH≈10. 

Control on pH was carried out by adding NaOH solution. The same procedure was also 

used to synthesize binary silver nanocomposites named MWCNT-COOH Ag formed 

6

Figure 4.3. Schematic representation of the synthesis of PTCNT-COOH 300 Ag
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by reduction of silver nitrate in presence of functionalized MWCNT-COOH 

(conducting polythiophene is not present).           

Table 4.1. Atomic concentration of samples from XPS spectra, pH of the samples, 

morphology of samples, thermal stability of samples, and electrical conductivity of 

samples.    

 

 

        

Figure 4.4. FT-IR spectra of MWCNT-COOH, MWCNT-COOH Ag and PTCNT-

COOH 300 Ag . 
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 PTCNT-COOH 300 Ag and MWCNT-COOH Ag were subjected to FT-IR 

studies to characterize the formation of respective nanocomposites (see Figure 4.4.). 

The functionalized MWCNT-COOH Ag have shown peaks of MWCNT-COOH at 

1534 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 

vibration in acid groups respectively. PTCNT-COOH 300 Ag sample has shown 

characteristic peaks of thiophene at 787 cm-1 and 693 cm-1 due to C-H out-of-plane 

deformation mode and C-S stretching mode of the thiophene ring in addition to the 

peaks of MWCNT-COOH. MWCNT-COOH Ag and PTCNT-COOH 300 Ag samples 

have shown a decline in carbonyl stretching frequency at 1695 and 1747 cm-1, which 

could be attributed to the nanocomposites formation with silver. 29-32 FT-Raman spectra 

of PTCNT-COOH 300 Ag and MWCNT-COOH Ag in powder form were recorded 

using 514.5 nm argon laser (see Figure 4.5.). 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 the polythiophene chain, which showed the presence 

of polythiophene in the ternary nanocomposite.32,33        

            

Figure 4.5. FT Raman spectra of MWCNT-COOH Ag and PTCNT-COOH 300 Ag 
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Figure 4.6. XPS spectra of PTCNT-COOH 300 and PTCNT-COOH 300 Ag 

 

Figure 4.7. WXRD pattern of PTCNT-COOH 300 Ag and MWCNT-COOH Ag 

The X-ray photoelectron spectra of  PTCNT-COOH 300 and PTCNT-COOH 

300 Ag have shown peaks at 162.75 eV, 226.95 eV, 283.25 eV and 531.45 eV 

corresponding to binding energies of S 2p, S 2s, C 1s and O 1s respectively. In addition, 

ternary silver nanocomposites PTCNT-COOH 300 Ag have shown peaks of silver 

atoms 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 
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nanocomposites (see Figure 4.6.).34 Wide angle X-ray diffraction studies of PTCNT-

COOH 300 Ag and MWCNT-COOH Ag have also been carried out to confirm the 

formation of silver nanoparticles in conducting polythiophene-functionalized MWCNT 

nanocomposites (see Figure 4.7.). 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 nanocomposites.35 The 

weak peak at 2θ value 26.69° was due to diffraction from (002) plane of the graphitic 

structure of CNT.36 The presence of highly crystalline silver nanoparticles increases the 

overall solid state ordering of the samples.    

                 

 
Figure 4.8. Dispersion of PTCNT-COOH 300 Ag (A) and MWCNT-COOH Ag (B) in 

different solvents. UV-vis spectra of PTCNT-COOH 300 Ag and MWCNT-COOH Ag 

in water and ethanol (C). UV-vis spectra of PTCNT-COOH 300 Ag in water with 

different concentrations (D). 

MWCNT-COOH Ag and PTCNT-COOH 300 Ag could be easily dispersed in 

water and ethanol, allowing us to record the UV-vis absorption spectra (see Figure 
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4.8.). The tendency of formation of stable dispersions was retained in ternary composite 

by keeping an energy barrier against aggregation. Whereas, in the case of binary silver 

nanocomposite the dispersion get settled down after 30 min. The UV-vis absorption 

spectra have shown absorption maxima at 285 nm due to the π-π* absorption from 

multiwalled carbon nanotube. The ternary nanocomposites PTCNT-COOH 300 Ag 

samples in water and ethanol have shown polaron- π 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.37,38                      

4.3.2. Morphological analysis of ternary and binary silver nanocomposites              

                  

Figure 4.9. FE-SEM images of MWCNT-COOH Ag (A), dispersed PTCNT-COOH 300 

Ag (B), PTCNT-COOH 300 Ag (C (cropped image) and E) and electron diffraction 

pattern of PTCNT-COOH 300 Ag (D) 

15

PTCNT-COOH 300  Ag

A

d

B

c

200 nm

C D

E

Figure 4.9. FESEM images of MWCNT-COOH Ag (A), dispersed PTCNT-COOH 300 Ag (B),

PTCNT-COOH 300 Ag (C (cropped image) and E) and electron diffraction pattern of PTCNT-COOH

300 Ag (D)
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The field emission scanning electron microscopic images of MWCNT-COOH 

Ag and PTCNT-COOH 300 Ag and dispersed PTCNT-COOH 300 Ag exhibited silver 

nanoparticles embedded the conducting polymer-carbon nanocomposites (see Figure 

4.9. (A),(B), (C) and (E)). The striking observation made from field emission-scanning 

electron microscopy images of PTCNT-COOH 300 Ag was that embedded silver 

nanoparticles exhibited a tangled nature and spaces were observed between each 

nanotube of ternary nanocomposites. The predominant involvement of the non-covalent 

interaction of PTCNT-COOH 300 with silver nanoparticles (Ag) was evident from 

these images. Here nanocomposite were appeared without aggregation of silver atoms. 

 

Figure 4.10. Transmission electron microscopic images of PTCNT-COOH 300 Ag 

(A) and its size calculation (by taking the average size of 10 nanoparticles) (B) 

Transmission electron microscopic analysis of the nanoparticles has revealed 

the formation of tangled solid silver nanoparticles over PTCNT-COOH 

nanocomposites with an average size of 25 ± 5 nm obtained as an average of 10-12 

nanoparticles (see Figure 4.10.). Entangled silver nanoparticles embedded over 

polythiophene-functionalized multiwalled carbon nanotube appear as aggregated silver 

particles. However, there were isolated nanoparticles in the PTCNT-COOH fibrous 

matrix and a close look at the silver nanoparticles revealed that they were embedded in 

the nanocomposite matrix. PTCNT-COOH 300 Ag has a ring-like electron diffraction 

pattern with bright spots, which indicates that Ag nanoparticles are crystalline (see 

Figure 4.9. (D)).39     

It is important to note that silver nanoparticles have nearly spherical shapes even 

though they exist in tangled fashion, as seen in Figure 4.11. In the case of ternary silver 

nanocomposites formation, the Ag+ ions from silver nitrate were attracted to sulfur 

16

A B

Figure 4.10. Transmission electron microscopic images of PTCNT-COOH 300

Ag (A) and its size calculation (by taking average size of 10 nanoparticles) (B)
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atoms 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 is converted to semidehydroascorbic acid radical ion and then to 

dehydroascorbic acid.34,40 Anchoring of silver nanoparticles to the surface of the 

nanocomposites occurs via its complex formation with the sulfur atoms and the 

carboxylate group contained in PTCNT-COOH nanocomposites.41,42 The sulfur atoms 

in closely packed polythiophene chains can assist the silver nanoparticles to decorate 

over the PTCNT-COOH 300 in a tangling fashion along with the carboxylic group of 

functionalized carbon nanotubes using the non-covalent force of interactions. 

 

Figure 4.11. Scheme for the formation of silver nanoparticle embedded ternary nano 

composite. 

4.3.3. Electrical conductivity and thermal stability of ternary and binary     

nanocomposites 

The four-probe electrical conductivity of the samples was recorded by DFP-

RM-200 four-probe set-up with a constant current. The electrical conductivity of the 

samples was measured at four different points and the average value has been reported. 

The electrical conductivity of the PTCNT-COOH 300, MWCNT, MWCNT-COOH Ag 

17

Figure 4.11. Scheme for the formation of silver embedded ternary nano composite.
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Figure 4.12. Four probe electrical conductivity measurements of PTCNT- COOH 300, 

PTCNT-COOH 300 Ag and MWCNT-COOH Ag and pristine MWCNT (A). The 

schematic illustration of polythiophene as a connecting bridge between MWCNT-

COOH and silver nanoparticles (B). 

and PTCNT-COOH 300 Ag were 1.64, 8.66, 12.40 and 80.76 S/cm, respectively (see 

Figure 4.12. (a)). The electrical conductivity of polythiophene was less than pristine 

multiwalled carbon nanotube and polythiophene-functionalized multiwalled carbon 

nanotube binary nanocomposites. Effective charge transfer of the charge carriers in 

binary and ternary nanocomposites resulted in higher electrical conductivity. The silver 

nanoparticles loaded polythiophene-functionalized MWCNT nanocomposites were an 

interesting case of ternary conducting polymer nanocomposite due to conducting 

polythiophene layer.  The conducting polythiophene layer acts as a conductive bridge 

that transfers electrical charges between more conducting silver and multiwalled carbon 

nanotube via a hopping mechanism. Therefore the overall electrical conductivity of the 

system increases (see Figure 4.12 (b)). 

   Thermal stability of 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 an inert nitrogen atmosphere (see Figure 4.13.). The thermal 

stability of PTCNT-COOH 300 Ag was found to be higher than PTCNT-COOH 300. 

Sample PTCNT-COOH 300 Ag has shown 10 % weight loss at 620°C.43 
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Figure 4.12. Four probe electrical conductivity measurement of pristine MWCNT, PTCNT-

COOH 100, PTCNT-COOH Ag and MWCNT-COOH Ag and pristine MWCNT (A). Schematic

illustration of polythiophene as conducting bridge between MWCNT-COOH and silver

nanoparticles (B).
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Figure 4.13. Thermograms (A) and differential thermograms (B) of PTCNT-COOH 

300, MWCNT-COOH Ag and PTCNT-COOH 300 Ag 

 Accommodation of silver nanoparticles in ternary composite PTCNT-COOH 300 Ag 

enhances the thermal conductivity of the system.44 The high thermal conductivity of 

multiwalled carbon nanotube and silver nanoparticles might have played a crucial role 

in enhancing thermal stability by building a perfect heat transfer network in ternary 

nanocomposites even though it contains a high percentage of thermally less stable 

polythiophene.45 The highest thermal stability obtained for MWCNT-COOH Ag for 

10% weight loss was 750 °C, which was devoid of the polymer sample. Therefore, the 

thermal stability and thermal conductivity of PTCNT-COOH 300 (binary composite) 

and functionalized MWCNT-COOH could be increased significantly by making 

entangled sliver nanoparticle ternary nanocomposites.46 Differential thermal analysis 

exhibited that decomposition of functionalized MWCNT-COOH was observed from 

510˚ C. Whereas decomposition rate of PTCNT-COOHs was observed in two stages, 

one stage from 260 to 340˚C due to degradation of polythiophene and the other one 

starting from 470˚C due to the CNT structural decomposition (see Figure 4.13. (b)). 

Good thermal stability of MWCNT-COOH Ag and PTCNT-COOH 300 Ag was 

observed with a much lower rate of decomposition, so they can perform as suitable 

materials in high temperature applications.  

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 media (see Figure 4.14.). The stability of the ternary nanocomposites at 

TGA and DTG19
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Figure 4.13. Thermograms(a) and differential thermograms of PTCNT-COOH 300, MWCNT-COOH

Ag and PTCNT-COOH 300 Ag



Chapter 4 

98 
 

        

Figure 4.14. UV-vis spectra of PTCNT-COOH 300 Ag after 3 h of stirring and washing 

with different media of different pH. 

different pH has been checked via UV-vis absorption spectroscopy by noting the 

changes in the surface plasmon peak (> 360 nm). The study revealed that silver 

nanoparticles have good stability against leaching in basic medium (high pH). 

Compared to NaOH medium, leached silver nanoparticles percentage in other media 

such as NH4OH, H2O and CH3COOH are 11.79%, 29.23% and 60% respectively.  

Badawy et al. reported that electrostatically stabilized silver nanoparticles exhibit high 

degree of aggregation at low pH (acidic conditions). The surface charge densities will 

be less negative at low pH of the medium and resulted higher particle-particle 

interaction. As pH of the medium decreases the silver nanoparticles get aggregated 

easily and into larger particles. The larger particles get leached out easily from the 

surface of composite.47 Ternary  nanocomposites can be effectively utilized for catalytic 

applications in a basic medium and therefore, they can be a durable catalyst with 
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Table 4.2. Comparison study of our work with similar systems reported in the literature. 
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multiple uses.48,49 Present work has significant advantages over other systems, 

especially in cost, efficiency and many other improved properties related to 

conductivity and thermal stability in nanocomposites. Synthesis of tangled silver 

nanoparticles embedded on polythiophene-functionalized multiwalled carbon 

nanotubes have been adopted in the cheapest and greener medium. Comparison of 

ternary and binary silver nanocomposites with other literatures are given in Table 4.2. 

The binary and ternary nanocomposites have been prepared efficiently on a laboratory 

scale with reproducibility and with improved processability. Therefore, the ternary 

nanocomposites prepared will open a doorway to different applications such as high-

performance electrochemical electrodes, polymer supercapacitors, sensors, SERS tags, 

thermoelectric materials, catalytic applications and so on.49-53  

 

Figure 4.15. Illustration of the formation of water-dispersible ternary nanocomposite 

and its advantageous outcomes. 

4.4. 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 

nanocomposites (PTCNT-COOH 300) as a nanofibrous platform as well as the co-

component matrix in its ternary composite. Here, we could effectively establish a facile 

synthesis of PTCNT-COOH 300 Ag from the dispersed state of PTCNT-COOH 300 
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binary composite by reduction of silver nitrate using ascorbic acid in green solvent 

water. A binary multiwalled carbon nanotube-silver nanocomposites (MWCNT-COOH 

Ag) were also synthesised using a similar in-situ reduction strategy. Formation of 

PTCNT-COOH 300 Ag and MWCNT-COOH Ag were primarily characterized by FT-

IR spectroscopy, FT-Raman spectroscopy, XPS analysis and X-ray diffraction pattern 

analysis. 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° indicated by Bragg’s reflections from (111), (200), (220) and 

(311) planes. Scanning and transmission electron microscopic analysis gave 

information about the formation of embedded silver nanoparticles on PTCNT-COOH 

300 with an average size of 25 ± 8 nm in PTCNT-COOH 300 Ag. UV-vis spectra of 

PTCNT-COOH 300 Ag and MWCNT-COOH Ag have shown surface plasmon 

resonance of silver nanoparticles as a shoulder up to 550 nm. Tangled silver 

nanoparticles formed in the ternary nanocomposites were embedded over 

polythiophene-functionalized multiwalled carbon nanotube by the complex formation 

of sulfur atoms of thiophene moiety with silver. PTCNT-COOH 300 Ag exhibited 

higher electrical conductivity and thermal stability (two times higher) than PTCNT-

COOH 300 for 10% weight loss due to the presence of embedded silver nanoparticles. 

The important and promising outcomes of the present investigations were summarized 

in Figure 4.15. The silver nanocomposites could effectively utilize catalytical, 

antibacterial, electrical and thermal applications based on their dispersibility, 

reusability, enhanced electrical conductivity and thermal stability. 
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