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Abstract 

The performance of bulk heterojunction organic solar cell can be enhanced by 

incorporating plasmonic copper nanoparticles. In this study, a device with the 

architecture ITO/PEDOT:PSS:CuNPs/P3HT:PCBM/Ag was fabricated, where 

PEDOT:PSS was treated with copper nanoparticles synthesised by chemical 

reduction. Transmission electron microscopy revealed spherical copper 

nanoparticles with increasing average particle size as the concentration of 

copper sulphate increases. A face-centred cubic structure with (111), (200) and 

(220) phases for copper nanoparticles was confirmed using X-ray diffraction. 

The incorporation of copper nanoparticles induced the plasmonic resonance at 

562 nm resulting in light scattering, which was not observed for pristine 

PEDOT:PSS. The copper nanoparticles are uniformly dispersed in PEDOT:PSS 

as displayed by scanning electron microscopy. The increase in concentration 

and annealing temperature of copper nanoparticles improved the intensity of 

Cα = Cβ vibration mode for PEDOT:PSS and P3HT:PCBM. Incorporating 

copper nanoparticles in PEDOT:PSS has improved the power conversion 

efficiency of ITO/PEDOT:PSS:CuNPs/P3HT:PCBM/Ag solar cell from 0.09 to 

5.44% as a result of the induced plasmonic resonance observed in the 

ultraviolet-visible spectra. 
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1 Introduction 

Metal-polymer nanocomposites, which consist of metal nanoparticles (NPs) 

incorporated into a conducting polymer, have generated much interest for the last two 

decades or so because of their tuneable electrical [1], mechanical [2], magnetic [3] and 

optical [4] capabilities. These nanocomposites have been used in different applications, 

such as capacitors [5], solar cells [6], light-emitting diodes [7] and sensors [8], because 

of their attractive properties, including enhanced thermal stability [9], membrane 

permeability [10], good mechanical behaviour [11], high photocatalytic activity [12] 

and high optical absorption [13], [14]. Poly(3,4-ethylene dioxythiophene):poly(styrene 

sulphonate) (PEDOT:PSS) is a conducting polymer with a work function of 5 eV [15] 

and frequently used as a buffer layer in organic solar cells (OSCs) between the anode 

[16] and the photoactive layer (PAL) [17]. Su et al. [18] used PEDOT:PSS as an anode 

buffer layer in copper phthalocyanine (CuPc)/fullerene-based solar cell with the 

structure ITO/PEDOT:PSS/CuPc/C60/4,7-diphenyl-1,10-phenanthroline/Al, which 

gave a power conversion efficiency (PCE) between 1.15% and 1.43%. 

OSCs are a rapidly developing photovoltaic (PV) technology, which offer advantages 

such as lightweight, mechanical flexibility, low-cost [19] and solution-processed 

fabrication [20]. Nanostructures can enhance the conductivity of PAL in OSCs by band 

engineering, light absorption and carrier separation, and prevent fast exciton 

recombination. Shen et al. incorporated copper nanoparticles (CuNPs) in OSCs with the 

structure ITO/PEI/P3HT:ICBA/WO3:CuNPs/Ag, which showed an increase in PCE 

from 4.65% to 5.36% [21]. In another experiment, Liu et al. [22] incorporated CuNPs 

inside the PEDOT:PSS layer of OSC and they observed improvement in PCE from 

3.58% to 3.96% for ITO/PEDOT:PSS:CuNPs/P3HT:PC60BM/Al device and from 

6.79% to 7.43% for ITO/PEDOT:PSS:CuNPs/PTB7:PC70BM/Al device. Huang et al. 

[23] fabricated multilayered OSCs, by incorporating CuNPs in 

ITO/PEDOT:PSS/P3HT:PC61BM:CuNPs/Ca/Al and ITO/PEDOT:PSS/PBDTTT-

EFT:PC71BM:CuNPs/Ca/Al, which showed improvements in PCE of 3.26–3.43% and 

6.35–7.28% respectively. Ng et al. [24] incorporated gold (Au) nanospheres (NSs), 

nanorods (NRs) and nanocubes (NCs) individually in different OSCs, and increased the 

PCE from 7.5% for pristine device to 8.0%, 8.1% and 8.2% respectively. The gold 

nanoclusters (AuNCs) in their device showed increased PCE due to improved light 

absorption in a broad wavelength region of 400–700 nm. Table I summarises the OSCs 

fabricated by previous researchers along with their performance. 

Adding sub-wavelength-dimension metal NPs to PEDOT:PSS sheets have been found 

to increase the composite’s absorption in the visible spectrum because of localised 

surface plasmon resonance (LSPR) [25]–[27], as opposed to embedding the NPs in the 

PAL [28], [29]. In the past, much focus about plasmonic solar cells was on noble metal 

NPs such as Au and silver (Ag) because of their high stability. However, the cost of 

these noble metals is high. This can influence the cost of OSCs and negatively affect 

their commercialisation. Cu is more abundant and costs less than Au and Ag. The 
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application of CuNPs might be the desirable solution since they also have LSPR in the 

visible spectrum [23], [30]. 

TABLE I 

SUMMARY OF OSCS AND THEIR PCE 

Structure NPs PCE (%) Ref. 

ITO/ZnO:CuNPs/P3HT:PCBM/MoO3/Ag Cu 2.74 [18] 

ITO/PEI/P3HT:ICBA/WO3:CuNPs/Ag Cu 5.36 [21] 

ITO/PEDOT:PSS:CuNPs/P3HT:PC60BM/Al Cu 3.96 [22] 

[22] ITO/PEDOT:PSS:CuNPs/PTB7:PC70BM/Al Cu 7.43 

ITO/PEDOT:PSS/P3HT:PC61BM:CuNPs/Ca/Al Cu 3.43 [23] 

[23] ITO/PEDOT:PSS/PBDTTT-EFT:PC71BM:CuNPs/Ca/Al Cu 7.28 

 

In addition, it has been noted that adding CuNPs to PEDOT:PSS can increase both the 

material’s conductivity and surface roughness [20]. Surface roughness improves 

incident light scattering while decreasing reflection-related losses. Owing to their 

superior optical, structural and electrical characteristics, hybrid CuNPs-PEDOT:PSS 

thin films have the potential to enhance the photovoltaic performance of OSCs [31]. 

In this study, colloidal CuNPs were synthesised by chemical reduction and incorporated 

in PEDOT:PSS within the OSC. The effects of varying their concentration showed a 

LSPR with a wider wavelength and tunability in the visible spectrum, which indicates 

improved light absorption. 

2 Experimental Method 

2.1 Materials 

Ascorbic acid (AA), polyvinyl pyrrolidone (PVP), trisodium citrate (Na3C6H5O7), 

sodium hydroxide (NaOH), sodium borohydride (NaBH4), copper(II) sulphate 

pentahydrate (CuSO4.5H2O), and P3HT:PC61BM were all obtained from Sigma Aldrich 

and used as received. The 20 mm × 15 mm indium tin oxide (ITO) coated glass 

substrates and PEDOT:PSS were obtained from Ossila. 

2.2 Synthesis of Copper Nanoparticles 

Citrate-capped CuNPs were synthesised using a method developed by Dang et al. [32]. 

Briefly, 52.8 mg of AA was dissolved in 15 mL of deionised (DI) water. Under vigorous 

stirring, 0.01 M CuSO4 solution was added to the AA. PVP (0.01 M) was added to 

CuSO4 at three different ratios. After 1 hour of stirring at room temperature, 

0.1 M NaBH4 was added to the mixture and followed by vigorous stirring for 

10 minutes. NaOH (1 M) was added to the resultant solution dropwise until the pH 

reached 12. The colour of the reaction changed from blue to yellow, then pale brown. 
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The CuNPs were separated and rinsed with DI water. Excess PVP was removed using 

acetone. The precipitates were dried for 4 hours [32]. 

2.3 Substrate Cleaning 

ITO pre-patterned glass substrates were cleaned by soaking in NaOH solution for 

10 minutes and then rinsed in DI water [33]. After cleaning, the substrates were soaked 

in ethanol and then agitated for 10 minutes in an ultrasonic bath. The substrates were 

rinsed in DI water, soaked in acetone, rinsed again, and then dried using nitrogen gas 

[33]. The cleaned substrates were placed in a UV ozone cleaner for 15 minutes to 

increase wettability. 

2.4 Fabrication of Solar Cell 

PEDOT:PSS was first filtered through a hydrophilic filter before being spin-coated on 

ITO glass at 3 000 rpm for 30 s. The first solution was pristine PEDOT:PSS whereas 

the others contained varied volumes of CuNPs. The annealing temperature for the thin 

films was 120 °C for 15 min which were then allowed to cool to room temperature. 

P3HT and PCBM were dissolved in dichlorobenzene with a molar ratio of 1:1 and 

stirred with a magnetic stirrer for 12 hours. The P3HT:PCBM blend was spin-coated on 

top of PEDOT:PSS at 3 000 rpm for 30 s and annealed at 120 °C for 5 min. The samples 

were put in a corning glass desiccator for 24 hours, to allow natural drying. Then 100 nm 

thick Ag contacts were thermally evaporated at a working pressure of 4.5 × 10-6 mbar 

and a deposition rate of 0.1 Å/s using a resistive evaporator. The schematic diagram of 

the OSC fabricated is illustrated in Fig. 1. 

 

Fig. 1. Schematic diagram of OSC incorporated with CuNPs in the PEDOT:PSS. 
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2.5 Characterisation 

The morphology of CuNPs was determined using field emission gun transmission 

electron microscopy (FEG-TEM, Jeol 2100). The morphology of PEDOT:PSS and 

P3HT:PCBM was determined using field emission scanning electron microscopy (FE-

SEM Zeiss Ultra PLUS microscopy). The particle sizes of the NPs were measured from 

the TEM and SEM micrographs using ImageJ software. Agilent Cary 60 Bio UV-Vis 

spectrophotometer was used to measure the absorption of the particles. X-ray diffraction 

patterns were obtained using a German Bruker D2 PHASER X-ray diffractometer with 

a CuKα radiation (1.5418 Å) source. Raman spectroscopy was performed using a 

WITec alpha300 RAS+ confocal Raman microscope with a 532 nm excitation laser. 

The current density–voltage (J–V) characteristics were measured under 1 000 W/m2 

radiation using the Ossila Solar Cell I-V Test System. 

3 Results 

3.1 X-Ray Diffraction 

X-ray diffraction (XRD) patterns of CuNPs for different concentrations of CuSO4 are 

illustrated in Fig. 2. All three samples have (111), (200) and (220) Cu peaks indexed at 

42°, 49° and 74° respectively. These diffraction peaks confirm that CuNPs produced in 

this study have a face-centred cubic (FCC) crystal structure. The (111) peak has the 

highest intensity indicating the crystallinity of CuNPs. This is in agreement with Samim 

et al. [34] where they have synthesised CuNPs with different concentrations of CuSO4. 

It has been established that CuNPs are vulnerable to oxidation, easily forming copper 

(I) oxide and copper (II) oxide that appears as a thin layer [34], [35]. The three XRD 

patterns show no signs of crystallographic impurities which confirms the absence of 

oxidation, attributed to the addition of ascorbic acid (AA) which acted as an antioxidant 

in the synthesis process. 

Table II presents the XRD analysis of CuNPs indicating increase in crystallite size and 

decrease in d-spacing. The average lattice constant of CuNPs was calculated to be 

0.36 nm. Suárez-Cerda et al. [35] synthesised CuNPs using native cyclodextrins in 

which they calculated the same lattice constant. Similarly, Thirugnanasambandan and 

Alagar [36] prepared Cu nanopowder from CuSO4 in which they obtained the same 

lattice constant. 
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TABLE II 

XRD ANALYSIS OF THE OBTAINED Cu NPs 

Sample Peak 2θ (deg.) β (deg.) D (nm) d-spacing (nm) a (nm) 

[5mMCu] [PVP] 111 42.861 0.867 9.737 0.211 0.365 

 200 49.976 0.964 8.999 0.182 0.365 

 220 74.480 0.714 13.823 0.127 0.360 

[10mMCu] [PVP] 111 42.412 0.774 10.898 0.213 0.369 

 200 49.449 0.846 10.237 0.184 0.368 

 220 73.173 0.703 13.925 0.129 0.366 

[15mMCu] [PVP] 111 42.395 0.914 9.226 0.213 0.369 

 200 49.456 1.007 8.598 0.184 0.368 

 220 73.184 0.942 10.393 0.129 0.366 

 

Fig. 2.  XRD patterns of CuNPs at different concentrations of CuSO4. 
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3.2 Transmission Electron Microscopy 

TEM images of the water-soluble CuNPs made from different concentrations of CuSO4 

are displayed in Fig. 3. CuNPs produced in this study are spherical. The average particle 

sizes of CuNPs containing varying concentrations of 5, 10 and 15 mM CuSO4 are 

6.01 ± 0.89 nm, 17.32 ± 0.55 nm and 32.00 ± 0.75 nm, respectively. This suggests that 

the difference in concentration of CuSO4 had a major effect on the size of the CuNPs. 

However, this size effect is also influenced by the concentration of PVP as it is a ratio 

to the concentration of CuSO4. PVP prevents aggregation of CuSO4, acting as a 

polymeric capping agent as well as a size controller [32]. 

3.3 Raman Spectroscopy 

The Raman spectrum of PEDOT:PSS is illustrated in Fig. 4(a). The peaks at 997, 1 108 

and 1 572 cm−1 are assigned to PSS. The peaks at 449, 701, 1 267, 1 373, 1 446 and 

1 511 cm−1 are assigned to C–O–C and C–S–C deformations [37], Cα–Cα’ inter-ring 

stretching, Cβ–Cβ stretching, Cα = Cβ symmetrical, and Cα = Cβ asymmetrical vibrations 

modes for PEDOT, respectively [38]–[40]. 

The different volumes of CuNPs have not changed the vibrational bonds but slightly 

increased the intensity as shown in Fig. 4(b). The intensity increases with the increase 

in different volumes. However, the annealing temperatures have shown a decrease in 

intensity at 140 °C as the pronounced peak is smaller than 120 and 160 °C observed in 

Fig. 4(c). 

The Raman spectrum of P3HT:PCBM is shown in Fig. 4(d). The intense peak at 

1 467 cm-1 is assigned to the Cα = Cβ symmetric stretch mode while 1 390 cm-1 

represents Cβ–Cβ’ inter-ring stretch mode of the aromatic thiophene ring [41]. The peak 

Fig. 3. TEM images of Cu NPs with AA at (a) 5 mM, (b) 10 mM and 

(c) 15 mM CuSO4. 
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at 731 cm−1 is assigned to Cα–S–Cα’ ring deformation [42]. The other smaller peaks 

(1 099, 1 217 and 1 535 cm−1) are assigned to Cβ–Calkyl stretching mode, Cβ–H stretching 

mode and Cα=Cβ antisymmetric stretch mode, respectively [42], [43]. These results are 

in agreement with previous results [43]. 

Fig. 4. Raman spectra of PEDOT:PSS for (a) pristine, (b) different volumes of 

CuNPs, and (c) different annealing temperatures. Raman spectra of P3HT:PCBM for 

(d) pristine, (e) different volumes of CuNPs, and (f) different annealing temperatures. 



Seimela et al. 

9 

3.4 Ultraviolet-Visible Spectra 

Ultraviolet-visible (UV-Vis) absorption spectra of CuNPs are shown in Fig. 5, with 

absorption bands ranging from 500–600 nm in the visible region [32], [44]. It has been 

reported that oxidised CuNPs absorb at 618 nm [45] and 636 nm [46]. Fig. 5(a) depicts 

the NPs synthesised without AA and shows the absorption peak at 740 nm. After some 

time this peak red shifts to 775 nm (Fig. 5(b)), which indicates oxidation. Fig. 5(c) and 

5(d) shows the UV-Vis spectra of the CuNPs synthesised using AA at different CuSO4 

concentrations. The plasmonic resonance of CuNPs synthesised with AA at 

5 mM CuSO4 was 560 nm, whereas those made with 10 and 15 mM CuSO4 were both 

at 562 nm. These absorption bands were not far from each other showing that the 

concentration did not play a role in the plasmonic resonance. Ismail [47] also observed 

absorption bands of CuNPs at 560 nm under the same conditions. 

Fig. 5. UV-Vis spectra of CuNPs prepared without AA (a) immediately after 

synthesis, (b) after 1 day of synthesis and prepared with AA (c) 5 mM of CuSO4, 

(d) (i) 10 mM of CuSO4 and (ii) 15 mM of CuSO4. 
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Fig. 6(a) and 6(b) present the UV-Vis spectra of PEDOT:PSS with and without CuNPs. 

The pristine PEDOT:PSS is a transparent polymer used in OSCs. This is shown by the 

absence of an absorption peak in Fig. 6(a). The incorporation of CuNPs decreased the 

PEDOT:PSS absorption since this introduced peak at 533 nm was regarded as their 

plasmonic resonance as shown in Fig. 6(b). The increase in the volume of CuNPs had 

an impact on the intensity of the absorption in the polymer. The 30 μL volume was 

higher than the 10 and 20 μL, which indicates that more CuNPs absorb more light which 

is good for solar cells. Otieno et al. [48] reported similar results when incorporating Au 

NPs in PPEDOT:PSS where they observed plasmonic resonance of the NPs. 

The UV-Vis spectra of P3HT:PCBM are shown in Fig. 7. P3HT:PCBM resulted in a 

bimodal spectrum as shown in Fig. 7(a). P3HT and PCBM absorb at different 

wavelengths of 448 and 330 nm, respectively, which implies that P3HT absorbs in the 

visible range and PCBM absorbs in the UV region. According to Shaban et al. [49], the 

peak at 487 nm is attributed to band-to-band transitions deduced from π–π* transitions 

between the permitted highest occupied molecular orbital (HOMO) and the lowest 

unoccupied molecular orbital (LUMO) of P3HT:PCBM [41]. The incorporation of 

CuNPs in the PAL has resulted in the combination of the two peaks of P3HT and PCBM 

as shown in Fig. 7(b). 

Fig. 6. UV-Vis spectra of (a) pristine PEDOT:PSS and (b) PEDOT:PSS containing 

different volumes of CuNPs. 
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The UV-Vis absorption spectra of P3HT:PCBM annealed at different temperatures are 

presented in Fig. 8(a), and the absorption spectra of PEDOT:PSS with CuNPs show 

temperature-dependent absorption in Fig. 8(b). CuNPs are shown to produce the same 

broad peak between 320 and 500 nm observed in Fig. 6(b) spectra. This peak shows a 

minor blue shift at high annealing temperatures (> 160 °C), attributed to the heat 

treatment disrupting the structure and orientation for the P3HT chain ordering at 602, 

550 and 510 nm, respectively. Absorption characteristics (S0, S1, S2) related to P3HT 

excitonic absorption were discovered. Shaban et al. [49] observes excitonic absorptions 

creating singlet exciton, exciton plus phonon, and exciton plus two phonons. 

 

Fig. 7. UV-Vis spectra of (a) pristine P3HT:PCBM and (b) P3HT:PCBM containing 

different volumes of Cu NPs. 

Fig. 8. UV-Vis spectra of CuNPs incorporated in (a) P3HT:PCBM and 

(b) PEDOT:PSS annealed at different temperatures. 



Seimela et al. 

12 

3.5 Scanning Electron Microscopy 

SEM images of PEDOT:PSS and P3HT:PCBM with CuNPs at different volumes are 

presented in Fig. 9. The images show full coverage of the polymers onto ITO without 

any cracks. The full coverage was influenced by the viscosity of ethanol amine, which 

helped PEDOT:PSS stick onto the ITO substrate. The CuNPs are not visible in any of 

the P3HT:PCBM polymers in Fig. 9(a) to 9(c). The different volumes of CuNPs 

incorporated in PEDOT:PSS can be seen in Fig. 9(d) to 9(f) as white dots. The density 

of the incorporated CuNPs increases with increasing CuSO4. CuNPs are well dispersed 

in PEDOT:PSS, with no significant aggregation. The particles are generally spherical, 

with average sizes ranging from 20 to 40 nm. The NPs are uniform in size as it was the 

same concentration of CuSO4 used in the preparation. The SEM results agree with 

Hassan et al. [50] who observed similar morphology when they uniformly deposited 

PEDOT:PSS. 

Fig. 10(a) to 10(c) presents the SEM images of P3HT:PCBM annealed at different 

temperatures from 120 to 160 ℃. The morphology in Fig. 10(a) to 10(c) has rough 

surfaces while the 160 ℃ became smooth. SEM images of PEDOT:PSS containing 

20 μL CuNPs annealed are presented in Fig. 10(d) to 10(f). The smooth surfaces are 

observed in Fig. 10(d) and 10(e). The 160 ℃ annealed sample has become porous as a 

result of the higher temperature. 

Fig. 9. SEM images of CuNPs incorporated in P3HT:PCBM for (a) 10 μL, (b) 20 μL 

and 30 μL; and PEDOT:PSS for (d) 10 μL, (e) 20 μL and (f) 30 μL. 
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3.6 Current Density–Voltage (J–V) Measurements 

Fig. 11 shows the J–V characteristics of ITO/PEDOT:PSS/P3HT:PCBM/Ag OSC with 

varying CuNPs concentrations in PEDOT:PSS under illumination with intensity of 

1 sun (1 000 Wm-2). The J–V graphs show an increase in Jsc from 1.17 to 7.86 mAcm-2 

and decrease in Voc from 0.85 to 0.79 V. Incorporating CuNPs in PEDOT:PSS alters its 

work function, consequently improving the current density. According to Otieno et al. 

[48], the PEDOT:PSS’s reduced work function is responsible for the drop in series 

resistance (Rs) by AuNP. This is in agreement with the 20 µL CuNPs, which exhibit low 

resonant absorption intensity and strong photocurrent. 

Fig. 12 shows the J–V characteristics of devices with varying CuNPs concentrations in 

the PEDOT:PSS layer after 1 week of fabrication. The pixel area of the device was 

decreased from 0.010 to 0.001 cm-2, which resulted in the increase of Jsc from 10.70 to 

12.86 mAcm-2 for the 20 μL CuNPs device. The PCE of the device with 20 μL also 

increased from 5.44 to 8.77%. 

Fig. 10. SEM images of CuNPs incorporated in P3HT:PCBM at annealing 

temperatures of (a) 120 ℃, (b) 140 ℃ and 160 ℃; and PEDOT:PSS at annealing 

temperatures of (d) 120 ℃, (e) 140 ℃ and (f) 160 ℃. 
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Table III lists the specific OSCs parameters in detail. The PCE from these results has 

shown improvement as compared to the same devices containing CuNPs a week before. 

The devices with higher fill factor (FF) have gained reasonable PCE. 

 

Fig. 11. J–V characteristic curves under illumination that compared the performance 

of OSC measured on the same day for (a) pristine and (b) 20 μL CuNPs. 

Fig. 12. J–V characteristic curves under illumination that compared the performance 

of OSC measured after 1 week for (a) pristine and (b) 20 μL CuNPs. 
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TABLE III 

AN OVERVIEW OF THE PHOTOVOLTAIC CHARACTERISTICS FOR OSCs 

THAT WERE ACQUIRED USING THE J–V DATA 

 Pixel PCE (%) FF (%) Jsc (mAcm-2) Voc (V) 

Fresh Pristine 0.09 0.19 −8.58 0.85 

 20 μL CuNPs 5.44 93.60 −10.70 0.84 

After Pristine 3.78 66.59 −7.86 0.72 

1 week 20 μL CuNPs 8.77 87.95 −12.86 0.78 

 

The effect of annealing temperature of the ITO/PEDOT:PSS:Cu/P3HT:PCBM/Ag OSC 

was investigated and is shown in Fig. 13 with the J–V characteristics. The improved 

OSC device displayed JSC of 12.93 mAcm-2 and Voc of 0.78 V at 160 °C. The minimal 

change in JSC at about 160 °C shows that the PAL’s phase separation or breakdown is 

not accompanied by the rise in charge transportation. When the annealing temperature 

was raised from 120 to 160 °C, JSC values increased from 1.10 to 12.93 mAcm-2, which 

shows an increase in photon-to-current conversion efficiency. Based on the measured 

values of PCE, FF, Voc and JSC, the ideal annealing temperature for fabricating the OSC 

was 140 °C. Table IV outlines the OSC parameters with different annealing 

temperatures. 

TABLE IV 

SUMMARY FOR PERFORMANCE OF OSC WITH VARYING ANNEALING 

TEMPERATURES 

Pixel PCE (%) FF (%) Jsc (mAcm-2) Voc (V) 

120℃ 0.74 88.76 −1.10 0.71 

140℃ 0.90 27.95 −11.88 0.77 

160℃ 0.55 30.52 −12.93 0.78 

 

Fig. 13.  J–V characteristic curves under illumination that compared the performance 

of OSC at annealing temperatures of (a) 120 ℃, (b) 140 ℃ and 160 ℃. 
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4 Conclusion 

In this study, the structural and optical properties of CuNPs in PEDOT:PSS were 

investigated. The CuNPs were successfully synthesised using chemical reduction in 

which CuSO4 was capped separately with AA and reduced to Cu using NaBH4 and heat. 

The TEM analysis confirmed the spherical shape of the NPs with an average particle 

size of 5.0 ± 1.2 nm for CuNPs. The FE-SEM revealed compact coverage of 

PEDOT:PSS showing the NPs incorporated. The UV-Vis spectra for NPs and P3HT 

had peaks in the visible region, whereas PCBM had a peak in the UV region. The FCC 

crystal structures for CuNPs were confirmed by XRD with (111), (200) and (220) peaks 

between 20 and 80°. The CuNPs also showed increases in PCE for the devices measured 

on the same day, however, the OSC having 20 μL of CuNPs improved by 5%. After one 

week of fabricating the OSCs, the PCE of pristine and 20 μL CuNPs devices have 

improved. Further studies can be done by synthesising different shapes and sizes of 

plasmonic NPs to be incorporated into PEDOT:PSS. 
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