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Abstract:  PVDF (polyvinylidene fluoride) is a very well known material for converting mechanical energy into 

electrical energy and gold nanoparticle are versatile material for a broad range of applications with well 

characterized electronic and physical properties. In this work, we developed gold nanoparticle doped PVDF 

nanofiber based nanogenerators which are concurrently harvest light and mechanical energy into electrical 

energy. Here nanofiber has been made by electrospinning process. Characterization of fiber has been done by FE 

– SEM instrument , UV – VIS spectroscopy instrument and FTIR instrument. Beside this, characterization of film 

(Casted at 120
0
c)  has also been done . For nanogenerator preparation ITO coated polyethylene terephthalate 

(PET) and silver fabric were used as electrodes. Finally polydimethylsiloxane (PDMS) were used for coating these 

nanogenerators. Electrical output data have taken in different combination of light and mechanical energy and 

calculated the damping ratio of these nanogenerators (before PDMS coating) in cantilever geometry. In future 

GO, RGO or Semiconductor quantum dots (QDs) can be incorporated into this nanofiber based nanogenerator for 

improvement of better optical ,electrical and/or electronic properties. 
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I. Introduction 
Nanogenerators (NGs) based on the piezoelectric 

[1,2,3]
, triboelectric 

[4]
 or pyroelectric 

[5]
 effect, which 

can convert trace energy in the environment into electric energy, have performed as an efficient energy source 

for nanodevices and nanosystems. Self-powered nanosystems have been proved viable in self-powered pH 

sensors 
[6]

, UV sensors 
[7]

, self-charging power cells 
[8]

, small liquid crystal displays 
[9]

, commercial laser diodes 
[10]

, etc. Piezoelectric nanogenerators with the ability of converting ambient mechanical energy to electric power 

can be an interesting candidate for energy harvesting applications. These fabricated nanogenerators by 

nanomaterials have attracted lots of attentions since the first report on utilizing piezoelectric zinc oxide 

nanowires for mechanical energy harvesting in 2006 
[3]

. More and more piezoelectric nanomaterials have been 

researched in mechanical energy scavenging such as ZnO 
[11,12,13]

, ZnS 
[14]

, GaN 
[15]

, PZT 
[16, 17]

 and BaTiO3
 [18]

. 

Compared with those inorganic nanomaterials in realistic applications, piezoelectric polymers are promising 

alternatives for energy harvesting devices. These materials combine structural flexibility, chemical stability with 

ease of processing 
[19]

 and simplicity in device designing. Especially, polyvinylidene fluoride (PVDF) has a 

relatively high piezoelectric property owing to its polar crystalline structure, consisting of at least five different 

crystalline forms (namely α, β, γ, δ and ε) 
[20, 21]

, among which β phase is primary for its piezoelectric activity. 

On the other hand, electrospinning is an effective way on β phase formation which combines electrical poling 

and uniaxial stretching in one step 
[22]

. 

Gold nanoparticles 
[23]

 interaction with light is strongly dictated by their environment, size and physical 

dimensions. Oscillating electric fields of a light ray propagating near a colloidal nanoparticle interact with the 

free electrons causing a concerted oscillation of electron charge that is in resonance with the frequency of 

visible light. These resonant oscillations are known as surface plasmons. For small (~30nm) monodisperse gold 

nanoparticles the surface plasmon resonance phenomona causes an absorption of light in the blue-green portion 

of the spectrum (~450 nm) while red light (~700 nm) is reflected, yielding a rich red color. 

In this work gold nanoparticle doped PVDF nanofiber  (prepared by electrospinning process) based 

nanogenerator has been demonstrated for harvesting light and mechanical energy into electrical energy. 

Characterization of electrospinning fiber has been done by FE – SEM, UV - VIS and FTIR instrument. Then 

this nanogenerator are coated by Polydimethylsiloxane(PDMS). Finally the output voltage of this nanogenerator 

have been taken in different combination of light and mechanical energy. The damping ratio in cantilever 

geometry (before PDMS coating) is also measured. 
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II. Experimental Procedure 
2.1. Materials 

Poly (vinylidene fl oride) (    ) pellets (  w   275 000, Sigma-Aldrich, USA), N, N-

dimethylformamide (DMF),  acetone (Merck Chemical, India), chloroauric acid ((Sigma-Aldrich, Germany), 

Indium tin oxide coated PET(Sigma-Aldrich, Germany). 

 

2.2. Gold Nanoparticle preparation 

For the preparation of gold nanoparticle , 10 µM of HAuCl4·3H2O (Sigma-Aldrich, Germany) were  

added to 12 wt % (w/v) PVDF-DMF (Sigma-Aldrich, Germany) solutions which were afterwards vigorously 

stirred at 32
o
C for 6 h. 

 

2.3. Electrospinning sample preparation 

For the preparation of electrospinning sample, first 300µl, 500 µl and 700 µl of previously prepared 

gold nanoparticle solutions has been added in 12wt% (w/v) PVDF – DMF solution  respectively. Then added 4 

ml of acetone with it and stirred (30 minutes) by magnetic stirrer for final solution(10ml) of electrospinning 

process. Then  loaded this samples in syringe(20ml) for electrospinning process. We placed our ITO coated 

PET onto aluminium foil for collecting the electrospinning fiber. 

 

 
Fig.1. Schematic illustration of  the basic setup for electrospinning. The inset shows a typical SEM image of the 

PVDF nanofibrous membranes deposited on the collector. 

 

2.4. Nanogenerator preparation 

For the nanogenerator preparation , silver fabrics and ITO coated PET is used as electrodes. After that 

this nanogenerators has been coated with polydimethylsiloxane(PDMS).HerePVDF.300AuPVDF, 

PVDF.500AuPVDF, PVDF.700AuPVDF  nanogenerator means 300µl ,500µl, 700 µl of AuPVDF solutions are 

concurrently mixed with 12wt% PVDF - DMF solution respectively. In addition we have also casted the 

solution of electrospinning samples(before the addition of acetone) at 120
0
c for 4 hours for the film 

characterization. Next measured the the electrical output of these nanogenerators in presence of light and 

mechanical energy. Before the coating of PDMS the output response in cantilever geometry have been taken. 

Capacitor(4.7µF) charging voltage of PDMS coated nanogenerators are measured and also taken the voltage 

across different resistances. 

 

 
Fig.2. (a) Electrospinning fiber;  (b) electrospinning fiber on ITO coated PET substrate.( inset shows its 

flexibility); (c) nanogenerator before    PDMS coating.( inset shows reverse side of nanogenerator); (d) PDMS 

coated nanogenerator; (e) sewing machine for providing continuous thrust; (f) bridge circuit for capacitor 

charging. 
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III. Results And Discussion 
For characterization of nanofiber ,  ATR – FTIR , FE – SEM and UV – VIS instruments were used. 

We noticed and calculated different output voltage generation of these nanogenerator in different mechanical 

conditions. With the increase of resistance voltage drop across the resistance also increased. Then damping ratio 

of this nanogenerators has been calculated in cantilever geometry. After that we notice the output voltage in 

presence of light (green, blue) and mechanical stress (after PDMS coating). The capacitor charging voltage has 

also been found out of three nanogenerators respectively. 

 

3.1 FE – SEM analysis 

Figure 3 shows FE – SEM image of different AuPVDF doped electrospinning fiber and AuPVDF 

casted film. From fig 3(f) , it can observe the presence of gold nanoparticle in AuPVDF film. Diameter of 

electrospinning nanofiber are varying from 100 – 1000 nanometer range. 

 

 
Fig.3.  FE - SEM image of (a) Neat PVDF electrospinning fiber ( inset shows diameter distribution curve of 

nanofiber); (b) PVDF.700AuPVDF electrospinning fiber; (c) PVDF.500AuPVDF electrospinning fiber; (d) 

PVDF.300AuPVDF electrospinning fiber; (e) Neat PVDF film at 120
0
c (4 hrs. casting); (f) AuPVDF film at 

120
0
c (4 hrs. casting). 

 

3.2.  FTIR and temperature dependent FTIR analysis 

In case of electrospinning fiber[24,25,26,27] wavenumber 1275cm
-1
(β), 840 cm

-1
(β) and 1234 cm

-
1(ɣ) 

related absorbance peak is present but in case of casting film no 1275cm
-1

 wavenumber related peak 
 
is present. 

The asymmetric and symmetric stretching vibrations of the CH2 group, respectively, at 3016 cm
-1 

 and 2978 cm
-

1
(Fig.5)

 
are present in both electrospinning fiber and casting film. In case of all electrospinning fiber 2924cm

-1  

wavenumber related peak is present but in case of casting film only PVDF.300AuPVDF casting film shows this 

kind of peak.  In figure 4 and 5 different types of IR  absorbance peak has been shown and corresponding 

wavenumber also. 

 
Fig.4. FTIR spectroscopy graph of (a) different electrospinning fiber; (b) casted films in 1600 – 500 cm

-1 

(wavenumber) range. 
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Fig.5.  FTIR spectroscopy graph of (a) different electrospinning fiber; (b) casted film in 3200 – 2800 cm

-1 

(wavenumber) range. 

 

From FTIR measurement of PVDF.500AuPVDF electrospinning fiber (Fig.6.(a)) at different 

temperature it is observe that at higher temperature(175
0
c) , β phase related peak (1275cm

-1
) is vanished but ɣ 

phase related peak(838cm
-1

) is present. From this we can say that melting temperature of ɣ phase is higher than 

β phase. So ɣ phase is thermally more stable than β phase.  rom this fig re it can also concl de that the IR 

absorbance at 1275 cm
-1 

wavenumber is higher than 838 cm
-1

 wavenumber. 

 

 
Fig.6. (a) Temperature dependent FTIR curve of PVDF.500AuPVDF electrospinning fiber; (b) absorbance vs 

temperature graph of 838cm
-1

 wavenumber of PVDF.500AuPVDF electrospinning fiber; (c) absorbance vs 

temperature graph of 1275cm
-1

 wavenumber of PVDF.500AuPVDF electrospinning fiber. 

 

3.3. UV – VIS analysis 

From UV – VIS curve it is observed  a absorbance peak in between the wavelength of 500nm and 

600nm due to the surface plasmon resonance phenomena of gold nanoparticle which is present in PVDF 

solution. Fig. 7(b) shows  AuPVDF solution and PVDF solution respectively. Colour change of AuPVDF 

solution  is the primary evident of  gold nanoparticle formation.  

 

 
Fig.7. (a) UV – VIS spectroscopy curve of gold nanoparticle solution; (b) AuPVDF solution and PVDF 

solution. 
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3.4. Electrical analysis 

The output voltage were also measured from our developed Ngs (PVDF.300AuPVDF, 

PVDF.500AuPVDF and PVDF.700AuPVDF) and PVDF.700AuPDVF nanogenerator gives maximum ~100V 

(positive peak of AC output). It also shows maximum DC voltage of ~25V by heavily finger tapping . 

 
Fig.8. Output voltage from  DSO by heavily finger tapping (a) AC output of PVDF.700AuPVDF Ng ; (b) AC 

output of PVDF.500AuPVDF Ng; (c) AC output of PVDF.300AuPVDF Ng ; (d ) DC output of 

PVDF.700AuPVDF Ng; (e) DC output of PVDF.500AuPVDF Ng; (f)  DC output of PVDF.300AuPVDF Ng. 

 
Fig.9. (a) Output Voltage across difference resistances (inset shows the circuit); (b) output of three 

nanogenerators in different mechanical condition. 

 
Fig.10. (a) Power consumption across different resistance; (b) capacitor charging voltage of three 

nanogenerators (inset shows charging circuit). 
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Capacitor charging voltage across 4.7µF capacitor for these three nanogenerators  respectively are 

1.6V, 1.8V, and 2.0V. (Capacitor charging circuit is shown in Fig2(f)). In cantilever geometry, before PDMS 

coating Damping ratio of  PVDF.700AuPVDF nanognerator for thrust ( by one finger)  given from 1cm, 2cm, 

3cm, 4cm distance respectively are 0.0084, 0.011, 0.01104, 0.00488, damping ratio of PVDF.500AuPVDF 

nanognerator for thrust given from 1cm, 2cm, 3cm, 4cm distance respectively are 0.0038, 0.0036, 0.033,0.0092 

and damping ratio of PVDF.300AuPVDF nanognerator for thrust given from 1cm, 2cm, 3cm, 4cm distance 

respectively are 0.0040, 0.0059, 0.0054, 0.0063. 

 
Fig.11.  Output of  three nanogenerators in cantilever geometry by finger thrust given by 1 finger from distance 

of (a) 1cm away; (b) 2cm away; (c) 3cm away; (d) 4cm away (blue response for PVDF.700AuPVDF 

nanogenerator, red for PVDF.500AuPVDF and green for PVDF.300AuPVDF nanogenerator). 

 

From Fig.11 it can observe that voltage is increasing for thrust given from 1cm away to 4 cm away to 

this cantilever system and approximately in every cases PVDF.700AuPVDF nanogenerator gives maximum 

output voltage. 

Then output voltages were measured in presence of sewing machine and blue/green light. From Fig.12 

it is also observe that output voltage increases when blue light falls on these nanogenerators. but in case of 

green light(Fig.13) no such observation were noticed. So it can say gold nanoparticle doped nanogenerator  is 

sensitive to blue light. 

In future graphene oxide (GO) and/or reduced graphene oxide (RGO) can be incorporated  into this 

electrospinning fiber for making better electrical and/or electronics properties so that it can able to generate 

more electrical voltage that means more power. Semiconductor quantum dots (QDs) also  have been drawing 

great attention recently as a material for solar/light energy conversion due to their versatile optical and electrical 

properties. CdS, CdSe, ZnS quantum dot can also incorporate into this nanofiber for the improvement of 

efficiency of this kind of Nanogenerator where optical and mechanical energy are both concerned. It will be 

possible to transfer any data, charging our cell phone wirelessly. 

 
Fig.12.  Output response of three nanognerators in no light condition (only sewing m/c pressure) and in 

presence of both blue light and sewing machine pressure. 
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Fig.13.  Output response of three nanognerators in no light condition (only sewing m/c pressure) and in 

presence of both green light and sewing machine pressure. 
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