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High-Density Nanowire Electrode on Paper for 

Biomedical Applications 

P. Mostafalu and S. Sonkusale  

Paper-based devices have heralded new direction for low-cost, point-of-care medical 

diagnostics. In this paper, we bring the benefits of nanotechnology to paper-based diagnostics 

by presenting a room temperature, low-cost process to fabricate high-density nanowires 

directly on paper substrates using a template-assisted electrodeposition and simple adhesive 

tape-based patterning. Different types of nanowires made from platinum, nickel and copper are 

fabricated and patterned with microscale resolution on paper substrates. Nanowires are 

characterized using scanning electron microscopy (SEM), energy dispersive spectroscopy 

(EDS) and impedance spectroscopy. The approach was used to make dry paper-based nanowire 

electrodes that exhibit excellent electrode-tissue impedance suitable for recording of 

electrocardiogram signals without any wet-gel adhesives. Another application employed a 

nanowire electrode on paper as a cathode in battery for energy harvesting from natural acidic 

sources. The battery generated sufficient power of around 6 mW with dimensions of just 4 cm2 

from simulated gastric acid environment. Many more applications ranging from high surface 

area electrodes for supercapacitors and batteries to next generation chemical and biological 

sensors will be enabled by the proposed approach of bringing nanotechnology to paper-based 

devices. 

 

Introduction 

Development of low-cost, reliable, self-contained medical 

diagnostic devices using common earth-abundant materials is 

receiving significant attention owing to its potential to 

significantly improve health outcomes in regions of the world 

with limited resources.1-4 Of many possible alternatives, 

common paper has been suggested as a suitable substrate 

material for such devices. Papers are typically prepared from 

cellulose fibers through earth-abundant renewable sources like 

wood, cotton, etc.5 Different synthesis approaches can be used 

to produce paper with a wide range of properties such as 

hydrophobicity and pore sizes.6  Paper is flexible, lightweight, 

and biocompatible, making it an ideal platform for sensing and 

electronic applications. Capacitive touch pads, dopamine 

sensors, glucose sensors and bioassays on paper substrates have 

been recently demonstrated.7-9 Moreover the fabrication of 

paper-based devices is straightforward and utilizes low-cost, 

environmentally friendly, room-temperature processing steps.7, 

8, 10 For example, one can begin with hydrophilic 

chromatography and filter papers and pattern them using 

standard photolithography or wax printing to define 

hydrophobic regions to make paper-based microfluidic devices 

for sensing.11-15 One can also work with hydrophobic 

alternatives such as parchment or wax papers, on which either 

chemical treatment or laser ablation is used to define 

hydrophilic areas for microfluidic flow-based assays.10, 16, 17 

Potential of paper-based devices can be further enhanced if one 

can bring new materials and approaches to enhance 

performance or add new functionality. 

Nanowires and nanoparticles, with their unique properties such 

as high surface area, high surface to volume ratio, and 

outstanding electrical transport behavior are emerging materials 

for realization of electrodes for sensors, batteries, and 

supercapacitors.18-22 Biomedical devices have also benefited 

from the following properties of nanomaterials: antimicrobial 

susceptibility,23, 24 contrast agents in imaging,25 cancer 

therapeutics through photothermal or magnetic heating 

effects,26, 27 low impedance and high surface area electrodes for 

recording of neural activity,28, 29 and biosensors for the 

detection of biological targets such as DNA and dopamine 

using nanowires, nanopores and nanoneedles.30-34 Introducing 

nanowires and nanopowders on paper substrates will 

synergistically bring together the low-cost paradigm of paper-

based substrates with the outstanding physical, electrical and 

chemical properties of nanomaterials for many applications in 

sensing, energy storage and batteries. However, some 

techniques for growth of nanowires such as Vapor-Liquid-Solid 

(VLS),35, 36 and Chemical-Vapor-Deposition (CVD),37 require 

high temperatures (more than 300 °C) and cannot be performed 
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on paper substrates owing to its low ignition temperature. Only 

low temperature approaches that rely on solution phase 

deposition or bottom-up and directed assembly are feasible for 

paper integration. In order to realize high-density nanowires on 

paper, we employ a template-assisted growth technique where a 

porous membrane with closely packed nanopores is used as a 

template for electrodeposition of nanowires through them.38, 39 

This approach is low-cost, and can be performed at room 

temperature for growth of many different types of nanowires 

such as palladium, platinum, copper, nickel, and silicon.40-45 

For the choice of membranes with nanopore arrays, there are 

two possible options: Anodized Aluminum Oxide (AAO) and 

Poly Carbonate Membrane (PCM). We utilized a nanoporous 

AAO template in this study.  To make a template, first, a thick 

(~50 µm+), ultra-pure layer of aluminum film is required. 

However, difficulty in deposition of such a thick layer and its 

subsequent anodizing make direct growth of nanowire on paper 

unworkable. In turn, we have developed an approach, which 

involves making an AAO template separately, and then 

transferring the template on paper for subsequent growth of 

nanomaterials through them.  

Control of the geometry, size and spatial location for nanowire 

electrodes on paper is achieved by patterning the seed electrode 

layer on paper first; these locations then dictate areas on paper 

where nanowires electrodeposit through the AAO template 

whose pore density and spacing is controlled separately in 

preparation of this template.  This process provides inherent 

alignment without the need for any photolithographic steps for 

realization of patterned nanowires on paper. Moreover, the 

process also allows one to have multiple electrodes with 

different types of nanowires at different locations on the same 

paper. The entire fabrication process is simple and 

straightforward: Screen-printing is used for patterning of 

electrodes, and double-sided adhesive tape is used for initial 

attachment.  The processing is performed at room temperature 

outside the clean room in a very low-cost process.  

 There are many potential applications for such heterogeneous 

nanowire electrode arrays on paper such as for chemical and 

biological sensing or for energy applications (e.g. 

supercapacitors, battery). To demonstrate one such viable 

application, we demonstrate its use as flexible electrodes for the 

recording of electrocardiogram (ECG) signals.  Typically, wet 

gel adhesives are needed for ECG recording, which make them 

inconvenient for long term monitoring. However, the high 

surface area and low impedance of the proposed paper-based 

electrodes facilitates ease of recording even with a dry 

attachment to the skin. Another target application is employing 

a nanowire electrode on paper as a cathode in a battery for 

energy harvesting from natural acidic environments such as 

body fluids (gastric juice, sweat, urine etc.).  While biopotential 

recording and acidic battery were two examples, there are many 

other applications for such nanowire electrode arrays such as 

recoding and stimulation of brain or heart cells, electrochemical 

and biological sensors and supercapacitors, where the proposed 

approach to bring nanotechnology on paper would be very 

advantageous. 

Experimental 

ECG recording was done on a healthy volunteer who provided 

informed consent for this measurement. 

 Chemical and materials 

In this study, Whatman chromatography paper (Sigma-

Aldrich), parchment paper (Reynolds), and photo paper (Epson) 

were used as a substrate. Whatman AAO membranes with 

different pore sizes (20 nm and 200 nm) were supplied as 

templates. Papers with smoother surfaces give higher 

conductivity for silver ink patterned on them; in Table S1 

resistivity of the electrode on different papers is compared. It 

shows higher conductivity of the electrodes on photo paper, 

treated parchment paper, and wax paper. Since these two papers 

are hydrophobic, the surfaces need to be treated to make them 

hydrophilic for the fabrication of an electrode.  This process 

can be achieved using laser ablation, chemical treatment or 

using oxygen plasma.10, 17 Thin solvent-resistant double-sided 

tape (Mcmaster, MA) was used for the attachment of AAO 

membrane to the paper. Silver ink (Ag 510, Conductive 

Compound, and MA) was used as a conductive material for 

screen-printing of electrodes. The thickness of double-sided 

tape affects the fabrication process and it should be selected 

carefully which will be discussed in the fabrication process 

section. Nickel, Copper, and platinum electroplating solutions 

(Technic, Inc. USA) were purchased and used without further 

modification.  

Fabrication process 

Two methods are proposed for the fabrication of nanowire 

electrodes on the paper. One approach has been detailed in Fig. 

1. First, the tape was patterned as a positive mask by laser 

engraving using a laser cutter (Versa, VLS2.40) (power 40%, 

speed 20%) and attached to the parchment paper, which served 

as a substrate (1). Plasma treatment made the spots hydrophilic, 

and then silver ink was spin-coated (5000 rpm for 60 s) on the 

top. The ink was cured (15 minute in 121 °C) and left in the 

desiccator (30 minutes) to remove the remaining residue. At the 

end of this step, interconnects and electrode pads are obtained 

on paper. For electrodeposition of nanowire through pores of 

the AAO membrane, a conductive seed layer electrode on top 

of the AAO is required. Therefore, small electrodes with a 

desired geometry are patterned on the top-side of the AAO 

template. For this process, the Mylar shadow mask was 

prepared by the laser cutter and attached to the AAO template 

using Aerosol spray which is an easily removable adhesive; 

then either 200 nm of the silver (NSC 3000 Magnetron sputter 

tool) or eutectic Gallium-Indium (Sigma Aldrich, USA) was 

painted. Eutectic Gallium-Indium is a liquid metal which has 

been used as a seed layer for nanowire growth in previous 

studies.41  

In the next step, patterned interconnects on the paper were 

covered and a conductive epoxy (Norland NCA130) was screen 

printed on the patterned paper-based electrodes; cover of the 

double-sided tape was peeled off, and the AAO template with  
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Mterohm) for several hours depending on the desired length of 

nanowires. After electrodeposition, the AAO template was 

etched in sodium hydroxide (20 ml, 2 M) for 1 hour. For 

electrodeposition and etching, the 3D-printed electrochemical 

cell has been used. Figure 1c shows patterned nanowire 

electrodes on the paper.  

One of the concerns in electrodeposition is the quality of the 

seed layer for electroplating. In the second approach we 

employed the cured silver ink as the seed layer. The impedance 

measurement in the dry state shows 1.16 Ω over a wide range 

of frequency (see Fig. S1). The wet state demonstrates the high 

kinetic transport of the silver ink electrode which is comparable 

with a sputtered silver electrode. The measured impedance 

varies between 700 Ω to 500 Ω which is due to the ohmic drop 

of a 0.1 M phosphate buffer electrolyte between the silver-ink 

electrode and Ag/AgCl as a reference electrode.  

Results and discussion 

The growth of nanowires with the desired length and diameter 

is one of the critical design parameters in such high density 

nanowire electrodes on paper. In general, varying the time of 

deposition or current density or the thickness of the AAO 

template or the nature and type of the electrodeposited 

materials, or the concentration of electrodeposition bath will 

control the length of nanowires in the proposed template-

assisted approach.  Current density affects the quality of 

deposition; it should always be kept as low as possible (less 

than 5 mA/cm2) to get a uniform electrodeposition. Here we 

have used a current density of 1 mA/cm2, which gives a 

deposition rate of 20 nm/minute. The thickness of Whatman 

AAO templates are 60 µm so the maximum length of nanowire 

is limited to 60 µm. Electrodeposition time is the most effective 

parameter in controlling the length of nanowires; a longer time 

would cause longer nanowires. For example, we have 

performed copper electrodeposition for 1 hour, 2 hours, and 5 

hours, and nanowires that resulted in growth of nanowires of 

lengths of 2, 5, and 10 µm respectively. Moreover, another 

parameter that controls length and morphology of nanowires is 

the type of material itself. Voltage during deposition of the 

copper is kept very small ~0.2 V; for nickel it is ~0.6 V, and for 

platinum it is high ~1.5 V. These numbers were obtained 

empirically and the differences could be because of the 

different reduction potential of plating materials and resistivity 

of the plating solutions, with copper solution being the least 

resistive. 

 
Table 1. Voltages used for electrodeposition  

 

The second parameter in growth of nanowires is its diameter, 

which is limited to the pore size of the AAO template.  In this 

study, we used a commercial Whatman AAO template with 

pore size of 20 nm and 200 nm. The SEM images in Fig. 2a and 

Fig. 2b show nickel nanowire with these two different 

diameters. However, electrodeposition of high-density 

nanowires on paper has some other issues which should also be 

considered. Paper is quite lightweight and is not very stable 

during electrodeposition, it might move physically over long 

deposition time. Utilizing double-sided tape and applying 

uniform force with a clamp inside a custom 3D-printed cell 

made paper more stable during deposition in our experiments. 

In this case, double-sided tape should be smooth and the clamp 

tight enough to not let solution go through the pores of the 

AAO template into the unpatterned areas. Leaking of the 

solution into the unpatterned area reduces the electrodeposition 

rate but will not stop the nanowire growth. It is also better to 

use solvent resistant tape to increase the stability and lifetime of 

tape in solution.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 SEM images of high-density nanowires on paper (a) Nickel nanowires with 

diameter of 200 nm (b) Nickel nanowires with diameter of 20 nm (c) Copper 

nanowires with diameter of 20 nm (d) Platinum nanowires with diameter of 20 

nm. 

Another issue, which may also be problematic, is the unwanted 

soaking of the paper from the solution even in areas where 

there are no electrodes. Using hydrophobic paper like a 

parchment paper, wax paper, or photography paper could solve 

this problem. Another solution is to use wax printing to form a 

hydrophobic channel around the electrodes, which will limit the 

flow of the solution only in the hydrophillic areas. Details can 

be found in previous studies.3, 47 

Electrode characterization 

For the physical characterization of nanowires, scanning 

electron microscopy (SEM) and Energy-dispersive X-ray 

spectroscopy (EDS) have been used. SEM images of nanowire 

electrodes were acquired using FESEM ultra55 (12 kV) to 

determine the structural features of the fabricated nanowires on 

the paper substrate. Samples were mounted on the aluminum 

stubs using conductive carbon paint. As shown in Fig. 2, we 

successfully grew nickel nanowires (Fig. 2a, b), copper 

nanowires (Fig. 2c) and platinum nanowires (Fig. 2d). Figure 

2a, b show nickel nanowires with diameters of 200 nm and 20 

nm. Copper nanowires with length of more than 10 µm are 

Electroplated metal Voltage (V) 

Nickel 0.6 

Copper 0.2 

Platinum 1.5 

1 µm 

 5µm 1 µm 

(d) 

(b) 

(c) 

(a) 

50 nm 
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achieved (Fig. 2c). We used EDS for investigation of the 

nanowires composition. The electron beam from SEM tools 

excited the sample and an X-ray spectrum emitted by the 

sample was obtained using the X-ray detector. Results of EDS 

analysis for nickel, copper and platinum high-density nanowires 

are shown in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 EDS analysis of different types of nanowire on paper (a) Copper nanowire, 

(b) Platinum nanowire, and (c) Nickel nanowire. 

The high surface area of nanowires, which is another unique 

aspect of high-density nanowires, is confirmed by measuring 

impedance of the electrode-electrolyte interface.  

A high-density nanowire electrode with a diameter of 2.4 cm 

and Ag/AgCl served as an anode and cathode respectively. A 

phosphate buffer solution with pH of 7.4 was used as an 

electrolyte and a LCR Meter (Agilent E4980A) was utilized for 

the measurement of the impedance spectra (Fig. 4e). An 

impedance model of the electrode-electrolyte interface is shown 

in Fig. 4f. Based on the model, charge transfer resistance and 

double layer capacitance are the dominant variable parameters 

at the low and intermediate frequency range respectively. 

Solution resistance and interconnect resistance, which are the 

two constants play a significant role only at very high 

frequency. 

Since in the buffer electrolyte there is negligible charge 

transfer, effect of its resistance is also insignificant. Moreover, 

the buffer electrolyte is chosen to be highly conductive. 

Therefore the most useful frequency range for surface area 

information is the intermediate frequency (500 Hz – 2 MHz). 

The Bode plot shows that the impedance magnitude reduces 

when a nanowire electrode is used (see Fig. 4a). The X-axis 

intercept in the Nyquist plot shows ~ 1000 Ω for both 

electrodes which refers to the resistance of the solution and the 

interconnect combined. When frequency goes higher than 2 

MHz, the impedance in the nanowire-based electrode becomes 

less than that of the bare electrode because of the higher double 

layer capacitance (CD) resulting from its higher surface area. 

Impedance model analysis shows significant enhancement of 

the surface area in nanowire-based electrode. 

 

Fig. 4 Impedance measurement of copper bare electrode and copper nanowire 

electrodes both on paper. (a) Bode plot - magnitude. (b) Bode plot - phase. (c) 

Nyquist plot of nanowire electrode. (d) Nyquist plot of bare electrode. (e) 

Impedance measurement test set up. (f) Impedance model where RC, RCT, CD, and 

RS are interconnect resistance, charge transfer resistance, double layer 

capacitance and electrolyte solution resistance respectively. 

From an application point of view, the platinum nanowire is a 

strong electrocatalyst metal and is used for numerous 

electrochemical sensors.45, 48 Since biodegradable cellulose 

papers have recently been discovered, growth of nanowire on 

the paper using biocompatible materials provides the 

opportunity of using these high quality electrodes in 

implantable devices.  

 Moreover, platinum is an inert metal and it can be used for 

long term monitoring, utilizing the high conductivity and 

electrical transport of nanowires along with wearability of the 

paper, making it an appropriate electrode for ECG. This will be 

discussed in Electrocardiography section.   

Energy harvesting 

Harvesting energy from natural acidic environments such as 

body fluids such as sweat, urine, gastric juice forms the basis of 

the proposed battery. Recently, we proposed energy harvesting 

from gastric juice in the digestive tract.49 This battery is 

essentially a galvanic cell in which an electroactive metal like 

zinc oxidizes and generates electrons. The generated electrons 

are used for reduction of hydrogen ions coming from the acidic 

environment.   

In this study, we replace the traditional cathode electrode with a 

high-density nanowire electrode. Zinc and platinum nanowire 

electrode served as an anode and cathode respectively. For 
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fabrication, two silver electrodes were patterned on paper using 

a screen-printing approach. Then zinc was electroplated on one 

electrode as the anode, and then a nanowire electrode was 

fabricated using the previously mentioned approach. Nafion (5 

ml) was dropped on the cathode and left to dry overnight at 

room temperature. We have characterized device using a 

simulated gastric acidic solution with background 

contaminants, made using SIF powder (Biorelevent, Surrey, 

UK), and NaCl (400 mg) in DI water (200 mL), and pH was 

adjusted to 1.6 using hydrochloric acid (which models the 

gastric environment pH ranges from 1 to 3). Filter paper was 

soaked in gastric juice and attached to the paper on which 

electrodes were fabricated. The open load voltage is 0.84 V (see 

Fig. 5b). Maximum power of 6.3 mW with 32 mA current was 

achieved for a 6 Ω load impedance (see Fig. 5c,d), and this 

reveals that the internal resistance of the battery (~6 Ω) is 

improved considerably with respect to the previous work.49 One 

can envision utilizing this battery as part of an ingestible pill for 

smart drug dosage. 

 

Fig. 5 Energy harvesting results using nanowire electrode on paper as a cathode, 

and simulated gastric juice as an electrolyte (a) Structure of the battery. (b) 

Transient response (c) Output voltage (d) Output power.   

Electrocardiography  

Cardiovascular diseases are the leading cause of the death in the 

world.50 One could manage chronic heart conditions by 

continuous monitoring of electrocardiogram (ECG) activity. 

Development of an electrode and device for long term ECG 

monitoring is therefore essential to monitor heart activity in at-

risk patients. 

The electrodes that interface with the skin are a very important 

part of such a device to monitor the heart’s electrical activity. 

However, current ECG electrodes typically used for these 

applications are made from Ag/AgCl with a gel electrolyte 

interface. It has a tendency to dry up over time and also 

degrades considerably due to sweat and motion; this 

consequently affects the quality of the signal received from the 

heart.51 Moreover wet electrodes are uncomfortable for the 

patients since direct skin contact is necessary at all times. 

Recently, dry ECG electrodes have been reported as a 

promising approach for replacement of wet ECG electrodes 

because they can facilitate long term monitoring with little 

inconvenience to the patient.51-54 However, dry electrodes are 

very sensitive to motion artifacts and poor contact with skin and 

limited biocompatibility restrict their utility. In this study we 

have proposed wearable and flexible paper-based nanowire 

electrode as a viable dry ECG electrode for long term ECG 

monitoring. Circular ECG electrodes with a diameter of 10 mm 

were fabricated according to the aforementioned fabrication 

process. Conceptual demonstration of high-density nanowire 

electrode on skin as a dry ECG patch is shown in Fig. 6a. For 

the evaluation of the ECG electrode, we have used a 3-

electrode setup: Two nanowire electrodes on paper were 

connected to the left and right arm, and one regular screen 

printed silver electrode was connected to left leg as it is shown 

in Fig. S2b.  

Since the electrical signal is very small and noisy, amplification 

and filtering is required. In general, one of the main reasons of 

noise in ECG measurement especially with dry electrode is 

electrode-contact variation due to motion and respiration. There 

are different approaches to solve this problem such as using 

high pass filter with cut off frequency of ~ 1Hz which is 

effective for motion cancelation. However, design of these 

elements was not the focus of this research article and can be 

found elsewhere.1, 55 

The electrical circuit composed of mentioned components is 

implemented on a printed circuit board (PCB) using the circuit 

topology previously discussed.56 Details are explained in Fig. 

S2c.  

Flexibility and easy attachment of the nanowire on paper 

electrode using a double-sided tape on the human body will 

make for a very easy method to interface the electrode system 

for obtaining these measurements. As mentioned earlier, a 

critical aspect to receive a high fidelity ECG signal is a good 

contact between electrodes and skin. The electrode-skin contact 

impedance has been measured to characterize the proposed 

ECG electrode. For the measurement of the impedance 

interface, the configuration which is shown in Fig. 6bi was used 

based on an approach proposed in previous studies.57 In this set 

up, 3 electrodes (A, B, and C) were attached to the skin. 

Electrode B is the main electrode, which is addressable for the 

measuring of its contact impedance with skin. Current in the 

range of 1-20 µA (using a function generator and Rext) is 

applied to electrode A while B and C are in open load. The 

voltage measured between electrodes B and C (Vout) is only 

function of voltage drop across the tissue-electrode impedance 

for electrode B (Re2 = Vout/Iin). As Fig. 6bii shows, impedance 

magnitude changed from 100 kΩ to 1 kΩ when frequency 

varied from 5 Hz to 1.5 kHz. 

The recorded ECG signal using these electrodes is shown in 

Fig. 6c. Q,R,S and T waves which reflect the rapid 

depolarization of the right and left ventricles are labelled on the 

graph. The results are very similar to those from commercially 

available ECG electrodes. Moreover, since the paper is foldable 

and flexible, and nanowires establish better contact in motion, 

the proposed ECG electrode provides more stable 

Page 7 of 9 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



RSC Advances 

 ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 7  

measurements even in a dry state without the need for any wet-

gel adhesives. 

 

Fig. 6 ECG analysis using nanowire electrode on paper. (a) Conceptual 

demonstration of high density nanowire electrode on skin as a dry ECG patch. (b) 

Electrode-skin contact impedance measurement. (c) The recorded ECG signal 

from a healthy volunteer. 

Conclusions 

In conclusion, we presented a simple room-temperature 

approach to grow and pattern high-density nanowire electrodes 

on paper substrates. This is a first time that electrodepoistion of 

nanowires patterning has been performed on paper substrates. 

The approach we presented is significant for its low cost 

through primary use of cheap raw materials (paper, adhesive 

tapes) in a room-temperature process. The approach also 

enables different nanowire electrodes on the same paper 

substrate. This has enabled one to bring the advantage of 

nanotechnology to paper based diagnostics. 

 For proof of concept, different types of metal nanowires with 

different lengths were grown on paper substrates and 

successfully characterized using SEM and EDS measurements. 

The approach utilized electrodeposition of nanowires through 

nanoporous template on conductive electrodes that were printed 

and patterned on paper. Initial electrode pattern which serves as 

a seed layer for electrodeposition is made either from a eutectic 

alloy of Gallium-Indium or sputtered silver or conductive silver 

ink. It uses double-sided adhesive tape for patterning and 

release in a benchtop room-temperature approach. The 

nanowires on paper electrodes provide very high surface area 

and low electrode impedance making it suitable for a wide 

range of applications. We showed that this electrode could be a 

viable dry alternative to wet gel electrodes for recording of the 

electrocardiogram (ECG) signal. Impedance between skin and 

an electrode was measured and it varied from 100 kΩ to 1 kΩ 

when frequency was swept from 5 Hz to 1.5 kHz, and was 

found to be comparable to the values found in the literature for 

a good quality electrode. In another application, we utilized 

nanowire electrode on paper as a cathode in an acidic battery 

and it provided a significant amount of power around 6 mW 

which can be employed for powering an endoscopy capsule. 

Beyond these applications, the proposed approach for 

fabrication of nanowire electrodes on paper opens other 

opportunities that bring the promise of nanomaterials and 

nanotechnology to paper-based devices while also keeping the 

advantages of low-cost and ease of fabrication for paper-based 

platforms. Such examples include realization of chemical and 

biological sensors, electrodes for supercapacitors and batteries 

and environmental applications. 
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