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Abstract 
The DC conductivity of nickel nanoparticles–polydimethylsiloxane (NiNPs–PDMS) composite 
materials has attracted considerable attention due to their promising applications in flexible 
electronics, sensors, and energy storage devices. The electrical performance of these composites is 
largely governed by the formation of conductive networks within the insulating polymer matrix. 
Incorporating nickel nanoparticles into PDMS introduces conductive pathways that significantly 
enhance DC conductivity once a critical percolation threshold is reached. Several key factors influence 
the DC conductivity of NiNPs–PDMS composites. The size and morphology of nickel nanoparticles play 
a crucial role, as smaller particles with higher surface area-to-volume ratios facilitate better particle–
particle contact and more efficient conductive networks. Equally important is the uniform dispersion of 
nanoparticles within the PDMS matrix, as poor dispersion or agglomeration can disrupt conductive 
pathways and limit charge transport. The loading fraction of nickel nanoparticles strongly affects 
conductivity. Increasing filler concentration generally leads to higher conductivity due to the increased 
number of conductive paths. However, excessive nanoparticle loading may cause agglomeration, which 
can reduce effective conductivity and compromise mechanical flexibility. Interfacial interactions 
between NiNPs and the PDMS matrix also significantly impact electrical behavior. Surface 
functionalization of nanoparticles can improve compatibility with PDMS, enhance dispersion, and 
promote efficient charge transfer across interfaces. Temperature dependence is another critical aspect 
of DC conductivity in NiNPs–PDMS composites. Elevated temperatures typically increase conductivity 
by enhancing electron mobility and hopping mechanisms. Nevertheless, at excessively high 
temperatures, polymer degradation or nanoparticle aggregation may occur, leading to a decline in 
electrical performance. Understanding these factors is essential for optimizing NiNPs–PDMS 
composites for practical applications. In this present study, we prepared a polymer nanocomposite 
using Polydimethylsiloxane (PDMS) as the polymer network and Ni nanoparticles as a dopant. The 
PDMS nanocomposites were loaded with different weight percentages (wt%) of NiNPs filler. The 
electrical properties of these nanocomposites over a wide temperature range were analyzed by our 
team. Our findings indicate that the electrical conductivity of the nanocomposites strongly depends on 
weight percentage of the Ni nanoparticles. Understanding these factors is crucial for tailoring the 
electrical properties of these composites for specific applications. 
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INTRODUCTION 

Polymer nanocomposites are the active 

combination of polymer and nanomaterials. The 

presence of nanomaterials in polymer improves its 

mechanical, thermal, electrical, and gas barrier 

properties [1–5]. Recently, Ni nanoparticles have 

attracted great attention due to their unique 

properties and wide applications [6–8]. NiNPs 

properties include small size, high surface area, 
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magnetic properties, catalytic activity, biomedical applications, excellent electrical conductivity, and 

tunable properties [9–13]. While the special features of PDMS that make it useful for the semiconductor 

industry include its thermal stability, low surface energy, excellent electrical insulation properties, 

optical transparency, and flexibility [14, 15]. In the presence of chemical catalysts, when heated 

together, PET is produced [16, 17]. The main mechanism for electron transport in disordered systems, 

especially conductive materials dispersed in nonconductive networks, is the Efros–Shklovskii variable-

range hopping (VRH) model [1–4] in a low concentration and low temperature regime and the Mott 

model in a high concentration and high temperature regime [18–20]. For both models, the conductivity 

can be expressed as follows: 

σ = A exp [–(T0/T)a] (1) 

Where σ is the electrical conductivity, A is a constant, T0 is the characteristic temperature, T is the 

measurement temperature, and a is ½ for the ES model and ¼ for the Mott model. The aim of this work 

is to study the influence of the NiNPs content on the DC conductivity of nanocomposite films. 

 

TO PREPARE THE FILM BODY 

Of NiNPs–PDMS (nickel nanoparticles–polydimethylsiloxane) for different weight percentages of 

NiNPs [5, 6]. The following steps were performed: 

 

 

Materials and Equipment 

• Nickel nanoparticles (NiNPs) 

• Polydimethylsiloxane (PDMS) 

• Solvent (Hexane) 

• Glass substrate 

• Spin coater 

• Oven 
 
Preparation of NiNPs–PDMS Solution 

• Desired amount of PDMS [8–10] was weighed and placed in a clean container. 

• Appropriate amount of Hexane (solvent) was added to the PDMS and mixed well until a 
homogeneous solution was obtained. 

• NiNPs were dispersed in the PDMS solution while stirring gently. The weight percentage of 
NiNPs was adjusted according to the desired concentration. 

 
Film Deposition 

• Glass substrate was cleaned thoroughly to remove any contaminants. 

• Sufficient amount of the NiNPs–PDMS solution was poured onto the glass substrate. 

• Spin coater was used to spread the solution evenly across the substrate surface. The rotation speed 
and time were adjusted based on the desired film thickness. 

• Coated substrate was allowed to dry using an oven. 
 
Film Characterization 

• Once the film was completely dry, it was characterized using techniques of scanning electron 

microscopy (SEM), Grazing Incidence X-ray Diffraction (GIXD), and Transmission Electron 

(TEM) to analyze its morphology, structure, and composition [16]. 

 

Repeat Steps for Different Weight Percentages 

• To prepare films with different weight percentages of NiNPs, steps 2–4 were repeated while 

varying the amount of NiNPs added to the PDMS solution. 

 

Through the aforementioned process, we prepared nanocomposite films with varying filler amounts of 
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Ni nanoparticles (14.88 wt%, 15.77 wt%, and 16.65 wt%). 
METHOD OF INVESTIGATION 

We sandwiched the prepared nanocomposite film between the two disc-shaped copper electrodes of 
a sample holder. The samples with the holder were put inside an electrical furnace where the 
temperature was measured by a thermometer. We applied a DC voltage and measured the current; the 
measured current was used for the conductivity measurements at a given temperature [11]. The DC 
conductivity of the films was calculated using the well-known relation σ = J/E = Id/AV; where d is the 
sample thickness, I is current drawn at applied voltage V, and A is the cross-sectional area [15]. 
 
Our Findings and Detailed Discussion of the Observed Results 

What we observed, we shall try to illustrate it here with the help of graphical representations, so as 
to give a better understanding of it to the readers in Figures 1–4. 
 

 
Figure 1. Plot of conductivity vs. temperature for virgin PDMS at different applied voltages. 
 

 
Figure 2. Plot of conductivity vs. temperature for PDMS–14.88 wt% NiNPs nanocomposite film at 
different applied voltages. 
 

 
Figure 3. Plot of conductivity vs. temperature for PDMS–15.77 wt% NiNPs nanocomposite film at 
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different applied voltages. 

Variation of 𝒍𝒏(𝝈)with 𝑬𝟏/𝟐 

The above-tailed variation of ln(σ) with E¹/², at different temperatures, is illustrated through Figures 

5–8. It can be evidently observed that there is a linear dependency of ln(σ) on E¹/².  

 

The electrical conductivity of insulators/semiconductors for the Poole–Frenkel process, according to 

which these plots of ln(σ) vs. E¹/² should be linear, was also observed to be satisfied through  

Figures 5–8. 

 

 
Figure 4. Plot of conductivity vs. temperature for PDMS–16.65 wt% NiNPs nanocomposite film at 

different applied voltages. 

 

 
Figure 5. Plot of ln(σ) vs. E¹/² for virgin PDMS at different temperatures. 
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Figure 6. Plot of ln(σ) vs. E¹/² for PDMS–14.88 wt% NiNPs at different temperatures. 

DISCUSSION 

Dependence of Conductivity on Temperature 

The variation of DC conductivity with temperature in the case of virgin PDMS and PDMS–NiNPs 

nanocomposite films is demonstrated by Figures 1–4. Here, electrical conductivity is seen to increase 

with rising temperature, but it is observed from these plots that this increasing tendency of conductivity 

is sharper at higher temperatures. An increase in conductivity with an increase in temperature is the 

characteristic behavior of semiconductors. Figures 9–12 show the ln(σ) vs. 10³ × T⁻¹ plots [11–14]. 

From these ln(σ) vs. 10³ × T⁻¹ plots, the activation energy of the samples was computed. This activation 

energy was calculated by the equation below: 

𝜎 = 𝜎𝑜exp(−𝐸𝑎/𝐾𝑇)  (2) 

Where   𝜎𝑜 =  Pre-exponential factor and        𝐾  =  Boltzmann constant. 

Mott’s (1968) concept of variable-range hopping conduction, Mott’s theory, relates the conductivity 

with the temperature through a simple mathematical relation: 

𝑛𝜎 = 𝑙𝑛𝜎𝑜 − (
𝑇𝑜

𝑇
)

1/4

 (3) 

Equation (3) suggests that the plot of ln(σ) vs. T⁻¹/⁴ should be linear. 

 

The ln(σ) vs. T⁻¹/⁴ plots for virgin PDMS and PDMS–NiNPs nanocomposite sample films at different 

applied voltages are shown in Figures 13–16. It is evident from these plots that ln(σ) varies linearly 

with T⁻¹/⁴, as suggested by Mott’s theory Figure 2 [17–20]. 

 

 
Figure 7. Plot of ln(σ) vs. E¹/² for PDMS–15.77 wt% NiNPs at different temperatures. 
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Figure 8. Plot of ln(σ) vs. E¹/² for PDMS–16.65 wt% NiNPs at different temperatures. 

 
Figure 9. Plot of ln(σ) vs. 10³ × T⁻¹ for virgin PDMS at different applied voltages. 

 

 
Figure 10. Plot of ln(σ) vs. 10³ × T⁻¹ for PDMS–14.88 wt% NiNPs nanocomposite film at different 

applied voltages. 

 

 
Figure 11. Plot of ln(σ) vs. 10³ × T⁻¹ for PDMS–15.77 wt% NiNPs nanocomposite film at different 
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applied voltages. 

 
Figure 12. Plot of ln(σ) vs. 10³ × T⁻¹ for PDMS–16.65 wt% NiNPs nanocomposite film at different 

applied voltages. 

 

  

  
Figure 13 [(a–d)]. Linear plotting of ln(σ) vs. 10³ × T⁻¹/⁴ for virgin PDMS at different applied voltages 

(V). 

 

(a) (b) 

(a) (b) 

(c) (d) 
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Figure 14 [(a–d)]. Linear plotting of ln(σ) vs. 10³ × T⁻¹/⁴ for PDMS–14.88 wt% NiNPs at different 

applied voltages (V). 

 

  

  

Figure 15 [(a–d)].  Linear plotting of ln(σ) vs. 10³ × T⁻¹/⁴ for PDMS–15.77 wt% NiNPs at different 

applied voltages (V). 

 

(a) (b) 

(c) (d) 

(c) (d) 
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Figure 16 [(a–d)]. Linear plotting of ln(σ) vs. 10³ × T⁻¹/⁴ for PDMS–16.65 wt% NiNPs at different 
applied voltages (V). 
 
CONCLUSION 

The incorporation of nickel nanoparticles (NiNPs) into a polydimethylsiloxane (PDMS) matrix has 
shown promising results in enhancing the electrical conductivity of the composite. The DC conductivity 
of NiNPs–PDMS composites is influenced by several factors, including the concentration of NiNPs, 
their size and shape, and the dispersion within the PDMS matrix. The presence of NiNPs creates 
conductive pathways within the insulating PDMS matrix, allowing for the flow of electrons. As a result, 
the overall conductivity of the composite material increases. The size and shape of the NiNPs play a 
crucial role in determining the conductivity of the composite. Smaller nanoparticles with a higher 
surface area-to-volume ratio provide more contact points for electron transfer, leading to increased 
conductivity. Additionally, a uniform dispersion of nanoparticles within the PDMS matrix ensures 
efficient electron transport throughout the material. 

 
As a summary, we can say that the DC conductivity of NiNPs–PDMS composites is a promising area 

of research with potential applications in various fields. The enhanced conductivity of NiNPs–PDMS 
opens up new possibilities for various applications, such as flexible electronics, sensors, and energy 
storage devices. By understanding and controlling the factors that influence conductivity, researchers 
can develop composite materials with tailored electrical properties for specific applications. 
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