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Abstract 

Hybrid nanocomposite materials comprising of organic polymer and inorganic metal 

nanoparticles with unique properties are popular for their advanced technological applications 

including resistive switching memory devices. Herein, nanocomposites (NCs) of 2-

naphthalene sulfonic acid doped polyaniline nanotubes (PANI-NSA NTs) and nickel 

nanoparticles (Ni NPs) were synthesized via a facile chemical synthesis procedure where 

metallic Ni nanoparticles were embedded/deposited onto surface of PANI-NSA NTs by a 

simple reduction method. Different characterization methods revealed successful deposition of 

weak ferromagnetic Ni NPs onto the PANI-NSA matrix. The bipolar resistive switching 

behaviour of the as synthesized PANI-NSA+Ni NCs was explored under the application of 

voltage stress in a two terminal sandwiched device configuration. The fabricated Indium Tin 

Oxide/PANI-NSA+Ni/Silver (ITO/PANI-NSA+Ni/Ag) device displayed bipolar resistive 

switching property having a memory window of ~1.5 ×103, and switches effectively over 200 

cycles. Ohmic conduction at lower voltage regime and space charge limited Mott–Gurney 

current conduction model at higher voltage region were identified as major charge conduction 

mechanism in the HRS of the device. On the other hand, in the entire LRS region experimental 

data followed Mott-Gurney conduction model. 

 

 

 

 

 

 

 

Keywords: Polyaniline, Nickel nanoparticles, Nanotubes, Ferromagnetic, Resistive switching 



3 
 

1. Introduction 

Recently, tremendous advancement in data storage device technology have governed 

to the search for high-performance, cost-effective memory devices which could overcome the 

limitations of conventional silicon-based device technology. The device architecture 

comprising of two metal electrodes and a thin film of an active material sandwiched between 

the electrodes whenever showed electrical switching amongst high resistive state (HRS) to low 

resistive state (LRS) under the application of a voltage stress is considered as a device called 

resistive random-access memory (ReRAM) [1,2]. In data storage technique the HRS is 

equivalent to digital “0” state and LRS can be regarded as digital “1” state. Moreover, ReRAM 

possess superior potential to fulfil high density data storage capacity, quick access, rapid 

transfer of data, low power consumption as well as neuromorphic computing which could 

comply with the needs for data storage with ultrahigh density capacity and for artificial 

intelligent technologies [3-5]. Numerous materials including inorganic compounds, organic 

materials and inorganic-organic hybrids have been explored as active components of resistive 

switching devices [6-20]. 

Among others, organic and inorganic-organic hybrids/composites have stimulated 

attention of the scientific community owing to their unique properties like high performance, 

light weight, flexibility, high scalability, low cost and, most significantly, easy implication of 

solution-processing techniques such as inkjet printing and screen printing for large-area roll-

to-roll fabrication of the thin film devices [21-23]. 

Within the class of organic polymeric materials, the intrinsically conducting 

nanostructured polyaniline (PANI) is very popular polymer. Unique properties such as tunable 

electrical conductivity, adjustable doping and de-doping effect, pH-sensitive, reversable redox 

reaction properties, light weight, and good environmental stability of PANI have made it an 
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excellent choice for various applications [24-27]. These include gas sensors, supercapacitors, 

adsorbent, electrocatalysis etc. [28-33]. 

As PANI polymer and its nanocomposites having excellent tunable electrical 

properties, several studies have explored their resistive switching properties for ReRAM device 

applications [34-42]. However, it is still imperative to explore new material with higher 

resistive switching performance applicable to ReRAM devices.  Meanwhile, inclusion of 

metallic nanoparticles into the PANI matrix can exhibit functional resistive switching property 

whereas PANI can perform as current limiting counterpart. In an effort to examine the resistive 

switching behaviour of nanostructure PANI based nanocomposites, we have synthesized 

magnetic nickel (Ni) nanoparticles embedded 2-nathalene sulfonic acid doped PANI (PANI-

NSA) nanotubes. Various physico-chemical techniques were used for morphological and 

structural characterization of PANI-NSA+Ni NCs. Resistive switching property of the two 

terminal ITO/PANI-NSA+Ni/Ag device was studied under the application of a voltage stress. 

Detailed charge transport and resistive switching mechanism were also explored for the first 

time.  

2. Materials and experimental methods  

2.1. Materials  

The monomer aniline (ANI,) with 99% purity achieved from Sigma Aldrich, USA, used 

for the PANI synthesis, was purified through the process of double distillation, then preserved 

at 0–5 °C temperature before use. The dopant 2-naphthalene sulfonic acid (2-NSA) with 70% 

purity, the oxidant ammonium persulfate (APS, 98% purity) utilized for polymerization, metal 

precursor Ni (II) chloride hexahydrate, hydrazine hydrate (HH, 50–60%) used as reductant, 

ethylene glycol (EG) and sodium hydroxide (NaOH), polyvinylpyrrolidone (PVP 360) polymer 
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used for film formation of nanocomposites were also procured from the same chemical 

company.  

2.2. PANI-NSA nanotubes synthesis 

Nanotubes of 2-NSA doped PANI polymer, were synthesized as follow: 0.2 mL ANI 

monomer, and 0.208 g of 2-NSA, were added into 80 mL of de-ionized water while the mixture 

was stirred with a magnetic stirrer and the reaction temperature was kept constant between 0–

3 °C for 30 minutes. Afterwards, to the ANI-2-NSA reaction mixture, an aqueous solution of 

APS (0.456 g in 5 mL de-ionized water) was added. Subsequently, the process of stirring was 

continued for additional 1 minute. The above reaction solution was conserved at 0–3 °C without 

stirring for 24 hours to complete of the polymerization reaction. After that, 2-NSA doped PANI 

(PANI-NSA) polymer was filtered through vacuum filtration and washed thoroughly with 

deionized water and methanol followed by drying for 24 hours at 60 °C in a vacuum oven. 

2.3. PANI-NSA+Ni nanocomposites synthesis  

The nanocomposites of nanotubular PANI-NSA coated with Ni nanoparticles were 

manufactured by depositing metallic Ni nanoparticles onto the previously synthesized PANI-

NSA nanotubes surface/matrix by a reduction process. For the formation of Ni nanoparticles 

onto the surface of PANI-NSA nanotubes, 0.2 g powder of PANI-NSA polymer being 

dispersed onto the solution of ethylene glycol (20 mL) and NiCl2, 6H2O (0.404 g) through 

mechanical stirring. Afterwards, addition of 5 mL HH and 2 mL NaOH (1M) solution into the 

(PANI-NSA + Ni2+ + EG) dispersion leading to the reductive formation of Ni nanoparticles 

with metallic in nature on top of the PANI-NSA nanotubes surface. The whole reduction 

reaction was accomplished at 60 °C in an oil bath for 3 hours. The as obtained PANI-NSA+Ni 

nanocomposites with ~ 33.3 wt % Ni nanoparticles loading were filtered, washed by deionized 
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water, subsequently with ethanol. Lastly, the nanocomposites were vacuum dried at 60 °C for 

24 hours. 

2.4. Characterization techniques 

A Carl Zeiss, Germany Focussed Ion Beam-Scanning Electron Microscope (FIB-SEM) 

and a JEOL JEM-2100 (from, Japan) transmission electron microscope (TEM) with high 

resolution (HR) imaging system, were utilized to envisage the morphology and size of the 

PANI-NSA polymer and PANI-NSA+Ni NCs, respectively. Various chemical bonding of the 

PANI-NSA+Ni NCs were determined using the Fourier transformed infrared (FTIR) spectrum 

achieved through FTIR Spectrum 100 spectrometer with attenuated total reflection (ATR) 

facility obtained from Perkin–Elmer, USA. Crystalline structure of bare PANI-NSA and its 

PANI-NSA+Ni NCs counterparts was examined by using a X’Pert PRO diffractometer from 

PANalytical. Elemental composition analysis and detection of oxidation state of the formed Ni 

NPs were performed by X-ray photoelectron spectroscopic (XPS) measurements with Thermo-

Scientific (USA) ESCALAB 250Xi XPS spectrometer where a monochromatic Al X-ray 

source was used. Magnetic property of the nanocomposites of PANI-NSA+Ni was explored by 

the Vibrating Sample Magnetometer (VSM) measurement option of a Physical Property 

Measurements system (PPMS Evercool-II), from Quantum Design, USA. 

2.5. Fabrication of PANI-NSA+Ni memory devices 

To fabricate the devices, initially the Indium doped Tin Oxide (ITO) coated onto 

polyethylene terephthalate (PET) substrates were cleaned with ethanol in an ultrasonicated bath 

for 5 minutes. Thereafter, PANI-NSA+Ni nanocomposites with a loading of (0.01 wt%) were 

mixed with PVP (used as binder) solution (1.0 wt%) to acquire a homogeneous mixture. Then, 

the 150 μm-thick nanocomposite film were drop-casted onto the ITO substrate by drop casting 
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process. Subsequently, the top Ag electrode, with of 100 μm thickness, was deposited onto the 

PANI-NSA+Ni layer by using a conductive Ag paste. Average diameter of the Ag electrodes 

was about 3 mm. Finally, the devices were allowed to dry at room temperature for 48 hours 

prior to device property measurements. ITO/PANI-NSA/Ag device was also fabricated using 

similar method for comparison. The photograph of the as fabricated ITO/PANI-NSA+Ni/Ag 

device is shown in Fig. 1. 

 

Fig. 1. The photograph of the fabricated device. 

3. Results and discussion 

3.1. Characterization 

Tubular morphology of the as prepared polymer (PANI-NSA) and its nanocomposites 

PANI-NSA/Ni was visualized from the FE-SEM images as displayed in Figs 2(a) and (b), 

respectively. These images confirm the formation of nanotubes of PANI-NSA with smooth 

surface and the diameter varied between the range of 140-160 nm. On the other hand, because 
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of supporting the Ni nanoparticles with spherical/nearly spherical shapes, the diameters of the 

PANI-NSA nanotubes are increased to about 200–220 nm range (Fig. 2b) having a rougher 

surface texture. Moreover, formation of Ni NPs onto the nanocomposite surface is verified with 

EDX (Figure 2c) and elemental mapping image (Fig. 2d) of C, O, S, and Ni for PANI-NSA+Ni 

NCs. The presence of pronounced Ni peak in the EDX spectrum and uneven distribution of Ni 

NPs onto the composite surface (Fig. 2d) established the effective deposition of Ni NPs onto 

the nanotubular PANI-NSA matrix. 

Fig. 2. SEM images of (a) PANI-NSA nanotubes, (b) PANI-NSA+Ni nanocomposites, (c) 
EDX spectrum and (d) Elemental mapping of PANI-NSA+Ni nanocomposites. 
 

From the HR-TEM images of the polymer PANI-NSA and its PANI-NSA+Ni NCs as 

displayed in Figs. 3(a), (b) (c) and (d), it can be perceived that Ni nanoparticles are unevenly 

(a) (b) 

(c) (d) 
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coated onto the PANI-NSA nanotubes smooth surfaced (Fig. 3a) matrix. The HR-TEM image 

of PANI-NSA+Ni (Fig 3d) showed clear crystal lattice fringes with inter planer spacing 0.208 

nm which is in conformity with the face centred cubic (fcc) metallic Ni (111) crystal planes, 

demonstrating high crystallinity of the as formed Ni NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.  HR-TEM image of (a) PANI-NSA nanotubes, (b) and (c) PANI-NSA+Ni 
nanocomposites. 
 

(a) (b) 

(c) (d) 
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      The ATR-FTIR spectrum of the prepared PANI-NSA nanotubes as depicted in Fig. 4(a) 

was utilized to determine the chemical bonding structure. The vibrational stretching 

characteristics of quinonoid (Q) along with benzenoid (B) rings of the PANI polymer are 

occurred at 1591 cm-1 and 1494 cm-1 of the ATR-FTIR spectrum in Fig. 4 (a). The detected 

bands at 1283 cm-1 and 1223 cm−1 could be allocated to the stretching vibration of the C-N 

bonds inside Q-B-Q and B unites. Meanwhile, the frequency peaks at 1163 cm−1 and 811 cm−1 

are the representative of stretching vibration of B-NH+=Q and bending vibration of C-H 

aromatic rings within the backbone of PANI polymer [43]. The doping of sulfonic acid 

(−SO3H) groups from 2-NSA within the polymer structure during polymerization was 

confirmed by the appearance of 1037 cm-1 and 693 cm-1 wave number bands in the FTIR-

spectrum of PANI-NSA polymer [44]. Additionally, as observed in Fig. 4b it can be inferred 

that after formation of PANI-NSA+Ni composite nanotubes all the characteristic FTIR 

vibrational bands of PANI-NSA were red shifted to higher wave number. 

The X-ray diffraction (XRD) pattern of bare PANI-NSA nanotubes and PANI-NSA+Ni 

composite nanostructures are depicted in Fig. 4(b). The strong intensity peaks detected at 2θ 

values of 9.1°, 21.7° and 25.7° are in conformity with the reflection from (001) (020) and (200) 

crystal planes with pseudo-orthorhombic cells of PANI-NSA polymer [40]. The sharp intensity 

peaks (Fig. 4a) of diffraction appeared at 2θ values of 44.7°, 52.1° and a small peak at 76.7°are 

resembled with the diffraction from (111), (200) and (220) crystal planes of zero valent or 

metallic Ni NPs (JCPDS cards No. 65-0380). These facts suggest that the Ni NPss are evidently 

grown onto the PANI-NSA nanotubes surface. Furthermore, at 2θ = 20.01° and 25.1° the 

observed broad diffraction peaks (Fig. 4a) of the PANI-NSA nanotubes corroborating with the 

amorphous feature of the PANI polymer upon formation of nanocomposite [45]. These results 

specify a possible chemical interaction between the Ni NPs deposits and PANI-NSA nanotubes 

of the NCs.  
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Fig. 4. (a) ATR-FTIR spectra of PANI-NSA nanotubes and PANI-NSA+Ni nanocomposites 
and (b) XRD patterns of PANI-NSA nanotubes and PANI-NSA+Ni nanocomposites. 

 

Figure 5(a) represents the survey spectrum of the PANI-NSA+Ni nanocomposites 

undergone through XPS measurements. In the survey spectrum peaks of C 1s, N 1s, S 1s are 

the representative the binding energies of the PANI polymer doped with 2-NSA, while the 
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originated Ni 2p binding energy peak is designated to the as grown Ni nanoparticles. These 

binding energy peaks endorsed the presence of both Ni and 2-NSA doped PANI components 

into the composite nanostructures. Figure 5(b) shows deconvoluted core level spectrum of N 

1s. The peaks centred at 398.9 eV can be attributed to doped imine (-NH+=) while binding 

energy peaks centred at 399.8 eV and 400.8 eV corroborated with benzenoid amine (-NH-), 

and cationic nitrogen atoms (-NH•+) representing polaron or bi-polaron, respectively [46]. 

Thus, approves effective doping of 2-NSA within PANI structure. Core level spectrum of Ni 

2p as shown in Fig. 5(c) constitutes with doublets of Ni 2p1/2 and Ni 2p3/2 originating from 

transitions of multiple electrons. The main binding energy peak at about 855.8 eV along with 

its satellite (sat Ni 2p3/2) peak corresponds with peak of Ni 2p3/2 state, whereas the peak around 

873.5 eV and its satellite peak corroborating with the Ni 2p1/2 state. These results confirm the 

occurrence of Ni2+ species onto the surface of PANI-NSA+Ni NCs [47]. Additionally, the 

presence of metallic Ni nanoparticles onto the nanocomposite surface was confirmed by the 

binding energy peak centred at 852.5 eV (2p3/2) of Ni 2p level [47]. Presence of less metallic 

Ni with less peak area compared to those of Ni2+ species (oxides or hydroxide of Ni) might be 

due to the fact that metallic Ni nanoparticles are highly susceptible to air oxidation which leads 

to the formation of a thin layer of Ni2+ species onto the surface of PANI-NSA+Ni NCs.  

The room temperature (300 K) hysteresis curve i.e., magnetization (M) vs field (H) 

loop used to determine the magnetic property of the PANI-NSA+Ni NCs acquired in the range 

of -10000 Oe to +10000 Oe and is depicted in Fig. 5 (d). It is worth noticing from the M-H 

curve that PANI-NSA+Ni nanocomposites display the saturation magnetization (Ms) value of 

16.6 emu/g which is the characteristic of a weak ferromagnetic material. The obtained Ms value 

of PANI-NSA+Ni nanocomposites is noticeably lesser than the Ms value of 55 emu/g Ni for 

bulk Ni at 300 K [48]. Existence of diamagnetic PANI-NSA polymer within the PANI-

NSA+Ni NCs might be responsible for the suppression the MS value to certain amount. 
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Fig. 5. (a) XPS survey spectrum of PANI-NSA+Ni, (b) N 1s core level spectrum of PANI-
NSA+Ni, (c) Ni 2p spectrum of PANI-NSA+Ni and (d) M-H curve of PANI-NSA+Ni at 300K. 

 

3.2. Current–voltage characteristics 

Current-Voltage (I-V) characteristics of all the manufactured devices were obtained at 

ambient temperature subjected to the bias voltage applied to the top Ag electrode whereas the 

bottom ITO electrode was grounded. A compliance current was set to the value of 100 μA to 

prevent the permanent damage of all the devices. Figures 6 (a) and 6(b) display I-V curve of 
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ITO/PANI-NSA/Ag and ITO/PANI-NSA+Ni/Ag devices in linear scale where voltage bias 

was increased from 0 to +2V with 10 mV steps. From Fig. 6 it can be observed that an abrupt 

increase in current is occurred when the applied bias voltage is positive, which is called first 

Set process or the forming process. Because of the formation of conducting path the devices 

resistance is switched from the initial high resistance state (HRS) to a low resistance state 

(LRS).  For the device with PANI-NSA as active layer the current remains almost zero up to 

the voltage 1.5V, called forming voltage, whereas for PANI-NSA+Ni device the forming 

process occur at a voltage of 1.72V. For the pure PVP film no switching behaviour was 

observed when tested under the same experimental conditions. Figs. 6 (c) and 6 (d) show I-V 

characteristics of ITO/PANI-NSA/Ag device and ITO/PANI-NSA+Ni/Ag device in semi-log 

scale for the first sweeping bias voltage of 0→+2→0→-2→0V, respectively. The direction of 

the resistive switching for the devices are shown by the arrows. After the set process, an applied 

voltage of -1.76V for PANI-NSA device and -1.47V for PANI-NSA+Ni device leads the 

resistance of the devices back to HRS and this process is called Reset, suggesting rapture of 

formed conducting path [49]. The dynamic of Reset for PANI-NSA is different than that of 

PANI-NSA+Ni. This might be because of different charge transport mechanisms involved for 

the two devices in the Reset process.  Owing to the fact that the Set as well as Reset appear at 

opposite polarities, both PANI-NSA and PANI-NSA+Ni devices are categorized as bipolar 

resistive switching type device [50]. It is worth noticing from Fig. 6 that the PANI-NSA+Ni 

NCs device represents similar switching behaviour as that of PANI-NSA counterparts under 

the same operating conditions. However, the Set voltage for PANI-NSA is less than that of 

PANI-NSA+Ni device. Additionally, both the devices exhibit similar Set and Reset process 

even for multiple cycles (Fig. S1) with the ratio of on current and off current (Ion/Ioff) ~103, 

adequate towards the reading of an error-free digital data amongst logical 1 and logical 0 state 

[51-54].  Meanwhile, the acquired I-V curves for both the devices are asymmetric in nature, 
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this might be related to the formation of stochastic and breakage of the conducting path [55]. 

Since for Ag/PANI-NSA/ITO device on 20th cycle resistive switching hysteresis loops were 

collapsed further studied were conducted on ITO/PANI-NSA+Ni/Ag devices only. 

 

 

 

 

 

 

 

 

 

Fig. 6. I-V Characteristics of PANI-NSA and PANI-NSA+Ni device (a) and (b) forming curves 
in linear scales and (c) and (d) first sweep cycles in a semilogarithmic scale. 

An endurance test was performed in order to explore the non-volatile memory characteristic of 

the ITO/PANI-NSA+Ni/Ag device. The endurance of the ITO/PANI-NSA+Ni/Ag device is 

investigated at a reading voltage of +0.5V which was in the form of a pulse signal for 200 

cycles as depicted in Fig.7 a. It is perceived that over the cyclic tests the Ag/PANI-

NSA+Ni/ITO device stays stable, with minor degradation or fluctuation in both ON and OFF 

state current. The average memory window which is defined as the HRS (5.72 x 106 Ω) and 

LRS (3.74x 103 Ω) resistance ratio (HRS/LRS) is calculated as ~1.5 ×103 and is almost constant 
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for the whole endurance experiments. The acquired endurance test results suggest that PANI-

NSA+Ni nanocomposites is a superior material for the application in non-volatile memory 

devices [56-58]. 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. 7. (a) Endurance cycles and (b) Positive bias I-V characteristic in log-log scale.  
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3.3. Conduction and switching mechanism 

Various theoretical models like interface-limited Scottky emission, interface limited 

Fowler-Nordheim, space charge limited conduction (SCLC), Ohmic conduction, tunnelling 

bulk limited Poole-Frenkel (PF) emission have been employed to explore the charge 

conduction and resistive switching mechanism of various materials. Herein, to explore the 

conduction mechanism of the PANI-NSA+Ni NCs device, experimentally acquired I-V data is 

presented on a log-log scale as shown in Fig 7(b) for the positive bias voltage. For different 

voltage regions different charge transport models can be fitted for the investigation of the 

resistive switching mechanism. It is worth noticing that up to the 0.8V voltage region in the 

HRS curve Ohmic charge transport model is in conformity with the experimental data (Fig. 8a) 

as the correlation coefficient (R2) is ~ 0.98 for the HRS region. For the high voltage region of 

HRS current conduction followed by space charge limited Mott–Gurney law, where I (current) 

is proportional to V2 (voltage2) as represented by the Figs. 8 (b) and 8 (c) with higher R2 values 

[59]. Beyond the bias voltage of 1.5V an abrupt increase in current is observed which lead to 

the device to the LRS. On reversing the voltage bias from 2-0V, the charge transport 

mechanisms are in good agreement with Mott- Grney law as shown in Fig 8 (d). The incidence 

of Ohmic conduction in the course of HRS owing to electrons generated thermally from the 

top Ag electrode, Ni nanoparticles of the nanocomposites as well as from the deprotonation 

process of the polyaniline. Meanwhile, during the LRS current conduction originated due to 

the trap controlled current conduction mechanism [49]. The detailed resistive switching 

mechanism of the PANI-NSA+Ni NCs is projected in the scheme 1. Initially, the resistance of 

the device originated from oxide layers of PANI-NSA+Ni sample. The existence of thin layer 

of oxides is due to the fact that Ni nanoparticles are highly susceptible to oxidation in the 

presence of air. The application of a positive voltage bias to the top Ag electrode, the generated 

oxygen ions resided on the surface drift towards the Ag electrode and constitute local intrinsic 
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conductive filaments under the influence of electric force, causing Ohmic conduction at the 

lower portion of HRS of the device. The π electrons from PANI-NSA are also contributing 

towards the resistive switching process in the PANI-NSA+Ni nanocomposite device. 

Consequently, this switching process involves an electroforming process with a large positive 

bias voltage on resemblance with the oxygen ion migration switching [60-62]. On increasing 

the positive bias voltage, the number of oxygen ions (O2-) increases which generate a 

conductive path amongst top and bottom electrodes and thereby the PANI-NSA+Ni device 

switches to LRS. Moreover, at the set process, protons are liberated from N-H sites of 

polyaniline and empty traps are occupied by produced electrons, leading to the resistance 

reduction of the layer, and therefore highest current is detected in the device. Reversal of the 

applied bias polarity, the migrating ions/electrons orient themselves in the opposite direction. 

In the Reset process as protonation of the PANI-NSA is dominant, the concentration of 

generated oxygen ions or free electrons is declined. The minimum number of electrons, empty 

traps, and filament breakage due to Joule’s heating reduces the LRS and high resistance state 

was perceived in the nanocomposite device. Furthermore, oxidized (NiO) or metallic Ni which 

can be the either semi-conductive or conductive, dispersed onto the PANI-NSA matrix induce 

electric field lines which converge in the vicinity of nanoparticle’s sites, and the electric field 

intensity around nanoparticles can significantly enhanced than those of the further section [49]. 

As the Ni nanoparticles improved the electric field, the O2- ions surrounding the nanoparticles 

sites can easily move towards the top Ag electrode and leads to the formation of conducting 

path along the possible shortest route involving Ni nanoparticles compare to the other regions, 

that allows their generation possibility along the identical pathway in the repetitive resistive 

switching cycles [49]. 
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Fig. 8. (a) Low voltage HRS regime, (b) and (c) high voltage HRS region and (d) Low voltage 
LRS region. 

  

 

 

Scheme 1: Plausible resistive switching mechanism of PANI-NSA/Ni nanocomposites-  

 - Oxygen ions,    -Free electron    
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4. Conclusion 

In this work we have successfully synthesized tubular composite nanostructure of 

PANI-NSA nanotubes and magnetic Ni nanoparticles. FE-SEM and HR-TEM images confirm 

nanotubular morphology of the prepared nanocomposites. Structural characterization suggests 

inclusion of metallic weak ferromagnetic Ni nanoparticles onto PANI-NSA matrix. The I-V 

characteristic of the ITO/PANI-NSA+Ni/Ag device and the device structure with PANI-NSA 

as active layer displayed bipolar resistive switching behaviour with an ION/IOFF ~103. An 

average memory widow of ~1.5X103 was detected over 200 stable switching cycle. The 

experimental I-V data are in good conformity with the Ohmic conduction model for lower 

voltage region of HRS state, where as space charge limited conduction mechanism was 

observed for higher voltage region for HRS state. Space charge limited conduction model was 

also in well conformity with experimental data for LRS regime. Possible conducting path 

formation with oxygen ions, free electrons, and deprotonation of PANI polymer were identified 

as the major origin of resistive switching process. These results infers that the PANI-NSA+Ni 

NCs can be considered as an alternative potential nanostructures material for non-volatile 

resistive switching memory device application. 
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