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We report for the first time the fabrication of nanocomposite hole-blocking layers consisting of poly-

3,4-ethylene-dioxythiophene:poly-styrene-sulfonate (PEDOT:PSS) thin films incorporating  networks 

of gold nanoparticles assembled from Au144(SCH2CH2Ph)60, a molecular gold precursor. These thin 

films can be reproducibly prepared on indium tin oxide by spinning on it Au144(SCH2CH2Ph)60 10 

solutions in chlorobenzene, annealing the resulting thin film at 400oC, and by subsequently spinning 

PEDOT:PSS on top. The use of our nanocomposite hole-blocking layers for enhancing the 

photoconversion efficiency of bulk heterojunction organic solar cells is demonstrated. Varying the 

concentration of Au144(SCH2CH2Ph)60 in the starting solution and the annealing time, different gold 

nanostructures were obtained, from individual gold nanoparticles (Au NPs) to tessellated networks of 15 

gold nanostructures (TessAu NPs). Improvement in organic solar cell efficiencies up to 10% relative to 

a reference cell is demonstrated with TessAu NPs embedded in PEDOT:PSS. 

Introduction 

Metallic nanoparticles (MNPs) have been utilized successfully to 

improve the performance of thin film solar cells.1-4 Incorporation 20 

of MNPs into different components of photovoltaic devices can 

improve their light collection efficiency as well as their overall 

performance. In MNPs charge carriers collectively interact with 

incident photons at specific wavelengths corresponding to the 

plasmon resonance of the particles4, which results in a strong 25 

interaction with light at specific frequencies. This interaction is 

highly dependent on the size and shape of the specific system of 

nanoparticles being considered.4,5 The resulting enhancement of 

the local electric field in the proximity of the nanoparticles may 

lead to a higher absorption of incident light in a solar cell active 30 

layer located in the vicinity of MNPs. In addition, the increased 

optical cross section offered by MNPs of specific sizes may lead 

to an increased amount of light that can be scattered and trapped 

into the solar cell active layer.6-8 Additional enhancements in 

solar cell performance are possible when MNPs are deposited 35 

directly onto the transparent conducting oxide thin film electrode 

of a solar cell. Transparent electrodes decorated with MNPs have 

resulted in an improved sheet conductivity9 and, thereby, 

improved solar cell photoconversion efficiency4, 10. 

 Several methods to incorporate metallic nanoparticles in thin 40 

film solar cells have been developed to date, which loosely fit in 

two categories. A first category, “top down” fabrication methods, 

relies on costly and time-consuming fabrication techniques, 

including optical and electron-beam lithography to pattern 

nanoscale metallic enhancement layers.4 These methods provide 45 

the best control of the nanoparticle size and spacing and lead to 

relatively high performance enhancements. Conversely, a second 

category of techniques, “bottom up” methods, involves random 

growth of MNPs onto the requisite substrate by solution 

processing,3,11 thermal evaporation of metallic thin films followed 50 

by thermal annealing, or other similar methods.5 These 

approaches are more cost effective than “top down” methods, but 

distributions of particle shape, size, and spacing need to be 

carefully optimized in order to produce beneficial effects on the 

solar cell performance. Solution-processing techniques are 55 

promising methods for the incorporation of metallic nanoparticles 

into organic photovoltaics12, but their effectiveness is still a 

matter of debate due to the difficulty in obtaining narrow 

distributions in particle size and a controlled patterning of MNPs. 

 In this paper, a novel, simple, and cost-effective solution-60 

processing method to form systems of interconnected gold 

nanoparticles for plasmonic enhancement applications is 

presented. Nucleation is demonstrated at relatively low 

temperatures directly on indium tin oxide (ITO) thin films. 

Au144(SCH2CH2Ph)60, henceforth referred to simply as Au144, is 65 

here utilized as the molecular gold precursor by first dissolving it 

in chlorobenzene and by subsequently spin-coating the resulting 

Au144 solution onto ITO-coated glass substrates. The sample is 

then annealed leading to the nucleation of Au144 molecules into 

tessellated systems of Au nanoparticles. These nanoparticles are 70 

of 5-40 nm  in diameter, similar to what we previously observed 

for the nucleation of Au25(SC2H4Ph)18 molecular precursors in 

polyimide.13 In addition, we are here presenting a method to 

independently control both the size and distribution of the 

resulting nanoparticles by independently changing two 75 
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parameters: the annealing time and Au144 concentration in the 

starting solution. Voronoi tessellation patterns of polystyrene 

nanoparticles on silicon are known to be attainable by exploiting 

spin-coating dynamics under specific conditions.14 Here we 

demonstrate that the same method can also be used to control the 5 

nanoscale morphology of systems of MNPs and, specifically, 

gold nanoparticles, in ways that are not possible with 

conventional solution processing methods. Work by Yoon et al.15 

focused on depositing MNPs directly from solution. Although 

their method is relatively simple, it has far less control than ours 10 

over the specific MNP morphology. A significant benefit of using 

Au144 as a precursor for MNPs is in the large number of organic 

solvents that can be used for deposition. Consequently, a large 

variety of morphologies can be fabricated depending on the 

specific spin-coating dynamics involved. Specifically, Au144 and 15 

chlorobenzene as a solvent, we have been able to obtain for the 

first time Voronoi tessellation patterns from gold.  

 As a proof of concept of the relevance of our findings, we 

demonstrate our patterned gold layers in plasmonically enhanced 

Poly(3-Hexyl-Thiophene-2,5-diyl):[6,6]-Phenyl-C61-Butyric acid 20 

Methyl ester (P3HT:PCBM) bulk heterojunction solar cells, in 

which they are incorporated in the hole-transport layer and 

demonstrated to overperform uniformly distributed gold 

nanoparticles (Au NPs). Consequently, our work indicates for the 

first time an avenue towards transferring molecular gold 25 

nanoclusters from the realm of fundamental chemistry and 

physics into practical applications in nanoplasmoniscs. 

Experimental 

 Au144 molecules were synthesized by a modified Brust-

Schiffrin method as reported elesewhere.16 With this method, 30 

HAuCl4:3H2O was dissolved in 50 mL water. Subsequently, 100 

mL toluene containing 4.68 mmol of tetra-n-octylammonium 

bromide (TOABr) was added to the solution. The resulting salt 

was eventually transferred to the organic phase, which was then 

separated and cooled to 0 °C. Phenylethanethiol (19.4 mmol) was 35 

then added to the product, which was stirred for 3-hours until its 

color turned to an opaque white. At that point, 50 mmol (1.89 g) 

of sodium borohydride, dissolved in 30 mL of ice-cold water was 

added under vigorous stirring for 24 h. The resulting mixture was 

then repeatedly purified by solvent extraction using methanol and 40 

the purity of the product was checked using UV-visible 

spectrophotometry ,1H nuclear magnetic resonance spectroscopy, 

as well as electrochemistry methods.16 17  

 A set of Au-NP decorated ITO thin films were prepared using 

the following methods.  ITO-coated glass substrates (Aldrich cat 45 

no. 636916, 15-25 Ω/□ sheet resistance) were pre-cleaned in a 

bath sonicator using sequential detergent, acetone and methanol 

baths. Solutions of Au144 in chlorobenzene (PhCl) were 

subsequently spin-coated at 8000 rpm onto the ITO substrates. A 

set of samples was spin-coated by varying the concentration of 50 

Au144 in PhCl from 0.63 mg/mL to 5.00 mg/mL. This was done to 

study the effect concentration has on the resulting Au NP 

diameter and film morphology. These ITO thin films, with an 

Au144 layer spun on it, were all annealed for 9 min at 400 °C in 

air on a hot plate in order to nucleate the Au NPs. A second set of 55 

samples was prepared to study the effects of annealing time on 

the nucleation of Au NPs. This set of films was fabricated by 

annealing Au144 in air at times ranging from 9 min to 132 min at 

400 °C while the concentration of the Au144spin-coating solution 

in PhCl (5 mg/mL) was kept constant. All other spin-coating 60 

conditions were kept the same. A LEO (Zeiss) 1540XB Scanning 

Electron Microscope (SEM) operating at 10 keV was used to 

record electron microscope images of the samples. Energy-

Dispersive X-ray (EDX) spectra were recorded with the same 

SEM instrument in order to verify that the nanoparticles were 65 

actually pure gold. 

 Two sets of solar cells utilizing a P3HT:PCBM bulk 

heterojunction architecture were prepared in order to demonstrate 

that our Au-NP decorated ITO thin films can lead to an 

enhancement in solar cell photoconversion efficiency. Thermal 70 

annealing of ITO at  400 °C and more is well known to induce 

structural, optical, and electrical changes in indium-tin oxides18,19. 

Consequently, the reference cell was treated by annealing the ITO 

layer to match the structural and optical changes undergone while 

forming the Au-NP layer. The first cell architecture (henceforth 75 

called TessAu-NP) featured an Au144 layer produced by spin-

coating a 5.0 mg/mL solution of Au144 in PhCl directly onto ITO 

and then annealing in atmosphere at 400 °C for 132 min. A 

second type of cells (labeled as Au NP) were constructed by 

using a much thicker and continuous Au NP layer deposited by 80 

spin-coating at 1000 RPM from Toluene at 10 mg/mL 

concentration and then annealing at 400 °C for 10 min. 

 Each of the solar cells were prepared using the fabrication 

procedure described in detail in Ref. 20. Briefly, an electron-

blocking, hole-transport layer consisting of a 30-nm Poly(3,4-85 

Ethylene Di-Oxy-Thiophene):Poly-Styrene Sulfonate thin film 

(PEDOT:PSS, Aldrich cat no 483095) was spun at 3000 rpm 

from aqueous solution. The ITO films, with the PEDOT:PSS 

layer on the top of them, were introduced in a Nexus II dual glove 

box (Vacuum Atmospheres Co.) dedicated to organic solar cell 90 

fabrication and loaded with high-purity nitrogen, with oxygen 

and moisture levels less than 5 ppm. In this glove box, the ITO 

films coated with PEDOT:PSS were baked on a hot plate at 

140°C for 30 min. The subsequent solar cell fabrication steps also 

occurred in the same glove box. The photovoltaic active layers 95 

were assembled by spinning on the top of PEDOT:PSS a 15:15 

mg P3HT:PCBM solution in PhCl (Aldrich, cat no. 698989 and 

684430, respectively). A spin-coating speed of 650 rpm, resulting 

in an active layer thickness of ~220 nm, was used. The resulting 

solar cells were then annealed at 120 °C for 15 min in the glove 100 

box and transferred, without direct exposure to air, into a 

contiguous high vacuum chamber with thermal evaporation 

facilities. The chamber was pumped down to ~10-7 Torr base 

vacuum. Ca/Al bilayer backing electrodes (20 nm Ca thickness 

and 80 nm Al thickness, measured by a Sycom STM-2 thickness 105 

monitor) were evaporated on each solar cell using a patterned 

shadow mask.21 Each solar cell had the resulting device area of 

0.245 cm2. The resulting solar cell architectures are presented in 

Figure 5. Solar cell photoconversion efficiencies were determined 

from I-V curves measured directly in the glove box, using a 110 

Newport 9600 1.5 AM solar simulator at 1 sun. The solar 

simulator was calibrated using a Sciencetech SC-LT standard cell 

with certification accredited by the National Institute of Standards 

and Technology (ISO-17025). External quantum efficiency 

(EQE) measurements were performed outside the glove box using 115 
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a custom built apparatus22 consisting of a 1000 W halogen lamp, 

a monochromator, and a calibrated photodiode. 

Results and discussion 

SEM characterization of samples of spun from solutions of Au144 

at variable concentrations are shown in Figures 1a - 1d. We 5 

observe that both the size and distribution of the nanoparticles 

can be readily tuned by altering the concentration of Au144 in 

chlorobenzene. Varying the concentration from 0.625 mg/mL to 

5.00 mg/mL gold nanoparticles with mean sizes between 5 nm 

and 30 nm were obtained in different samples. Resulting particle 10 

size distributions obtained at different concentrations of Au144 in 

PhCl are shown in Fig. 1e. Notably, samples prepared from PhCl 

solutions at higher concentrations of Au144 also exhibit more 

remarkable aggregation of the resulting gold nanoparticles.  

 15 

 

 

 

 

 20 

 

 

 

Figure 1: Inset images have a scale bar of 200 nm and large images have a 

1 µm scale bar. SEM images of Au NP films nucleated from various 25 

concentrations of Au144 in solution. a) 5 mg/mL b) 2.5 mg/mL c) 1.25 

mg/mL and d) 0.625 mg/mL. All samples were annealed at 400 °C for 9 

min. (e) Particle size analysis on different samples. Higher concentration 

yield to TessAu-NP structures, as in panel a, while lower concentrations 

yield small clusters of nanoparticles. Very low concentrations appear to 30 

give an even distribution. 

 

 

 

 35 

 

 

Figure 2: Diagram to show the process by which these films are 

deposited. a) Initial nucleation stage. Voids are created in the solvent film 

due to de-wetting. b) Voids continue to expand. c) Voids collide and can 40 

no longer expand. d) De-wetting continues and results in droplets. The 

remaining solvent is highly concentrated.  

 Figures 1a - 1d show that the networks of Au NPs on ITO 

obtained on these samples form web-like patterns that bear a 

good morphological resemblance to the structures described by 45 

Stange et al.14 They found that under specific spin-coating 

conditions they can deposit interconnected networks of 

polystyrene. Stange et al show that such structures are a general 

result from rupturing of the solvent layer and the subsequent 

expansion of voids. This leads the polystyrene to form a 50 

connected network of polygons known as a Voronoi tessellation 

(compare Figure 1a with Figure 1d in Ref. 12). Due to the strong 

similarity between our Au-NP films and the polystyrene films of 

Stange et al and the similarity between the deposition methods we 

assert that the same physical processes underlie both of films. 55 

More recent work has been done to study these types of films in 

depth.23, 24 The authors find that the interface between the solvent 

and the substrate strongly influences the resulting film 

morphologies and that the pattern formation process is driven by 

de-wetting and evaporation of the solvent. With this in mind we 60 

can understand how the different morphologies in figure 1 arise. 

We have outlined the process undergone during the deposition of 

these films in figure 2. Initially small voids form in the film due 

to spontaneous de-wetting, figure 2a. These voids then expand as 

shown in figure 2b until the voids collide as in figure 2c. During 65 

this entire process the concentration of Au144 in solution will be 

continuously rising due to the rapid evaporation of the solvent 

during spin-coating. Eventually the concentration of the Au144 

reaches the saturation concentration of the solvent and will start 

precipitate out of the solution. They key to understanding how the 70 

different morphologies in figure 1 arise is to consider that the 

concentrations of the initial starting solutions is quite different. 

Therefore for different starting concentrations the saturation 

concentration will be reached at different times during the spin-

coating process. The morphology in Fig 1a will result if the 75 

solvent reaches saturation concentration during the stage shown 

in Fig 2c as Au144 will start to precipitate while the "arms" shown 

in Fig 2c are still present. Continued de-wetting and solvent 

evaporation transforms the solvent into isolated droplets that 

result in the films seen in Fig 1b-c. The main difference between 80 

these films is that the droplets are allowed to reach smaller size 

before Au144 starts to precipitate. This then results in the smaller 

globules of Au-NPs that are observed and even the isolated 

nanoparticles that are observed in Fig 1d. 

 85 

 

 

 

 

 90 

 

 

 

Figure 3: SEM images of Au NP films spin-coated at concentration of 5 

mg/mL and then annealed at 400 °C for times up to 132 min.  a) Pre-95 

annealed state b) 9 min. annealing c) 72 min annealing, d) 132 min 

annealing. Highlighted is a cluster of NPs coalescing into a larger particle. 

Longer annealing times lead to TessAu NPs. e) Particle size distributions 

were measured on the SEM images. 

 In order to understand the processes occurring during the 100 

nucleation of the Au nanoparticles, the Au144 films were 

examined by SEM before and after thermal annealing at 400 °C. 

Figure 3a shows the films spun from 5 mg/L solution of Au144 in 

its pre-annealed state. The Au144 film (Figure 3a) deposits in  

much the same way as the resulting nanoparticles obtained after 105 

annealing (Figure 3b).  This indicates that the micron scale 

morphology is due to spin-coating dynamic effects, as discussed 

above. It is therefore apparent that annealing times as short as 9 

min. are sufficient to induce a complete transformation from an 
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assembly of Au144 molecules on ITO to a corresponding assembly 

of AuNPs. Longer annealing times permit an increase in the size 

of the nanoparticles by allowing more time for surface diffusion 

of Au atoms. This may be explained in terms of a statistical 

Ostwald ripening process,25 for which larger particles grow at the 5 

expense of the smaller, because they are more thermodynamically 

stable due to lower surface energies. Small Au NPs will tend to 

coalesce into larger NPs given a sufficiently long annealing time. 

This process is observed in Fig 3c where we have highlighted a 

pair of small nanoparticles combining into a larger nanoparticle. 10 

 Compositional analysis of AuNP decorated ITO films was 

performed using EDX in order to estimate the purity of the 

AuNPs. Au144 molecular nanoclusters consist of 60 sulphur atoms 

per 144 Au atoms.26 This gives an S/Au atomic ratio of 0.41. 

EDX measurements on our films show that S/Au = 0.36±0.01 15 

indicating a slight sulphur deficiency in our films. This indicates 

that not every Au144 cluster is completely covered in thiol groups. 

After annealing EDX spectra of our samples show faint sulphur 

related peaks, with a nearly undetectable S content in most 

samples, as demonstrated in Figure 4. The reduction in sulphur 20 

content upon annealing can be explained by noting that the 

sulphur to gold bond is not stable at temperatures higher than 160 

°C in an oxidizing environment.27 Hence we expect that at 

temperatures of 400 °C in air the S bond will be oxidized 

following by subsequent evaporation of the thol group. 25 

 

 

 

 

 30 

 

 

Figure 4: Ratio of S atomic % to Au atomic percent as measured by EDX. 

Initially there is a high S content. Annealing, even at short times removes 

most of the S from the NPs with the quantity being barely detectable 35 

under longer annealing times. . Blue line is a stretched exponential fit of 

the data. 
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Figure 5: Diagram showing the solar cell architectures used in this work 

a) using tessellated gold nanoparticles in PEDOT:PSS fabricated by spin-50 

coating 5 mg/ml of Au144 in ClPh and annealing for 132 min. b) 

Individual gold nanoparticles in PEDOT:PSS fabricated by spin-coating 

10 mg/ml of Au144 in toluene and annealing for 10 min. Scale bars in the 

SEM images on the right are 200 nm. 

 55 

 Different sets of bulk heterojunction organic solar cells were 

fabricated to determine if these Au NP films can be used as an 

plasmonic enhancement layer. Figures 5a and 5b show the solar 

cell architecture and the SEM images of the gold-PEDOT:PSS 

nanocomposite hole-transport layers utilized in the two solar cells 60 

incorporating gold nanostructures assembled from Au144. The 

first solar cell (panel a) utilizes a network of TessAu NPs at 5 

mg/mL concentration in PhCl annealed for 132 min at 400 °C. 

The second solar cell (panel b) utilizes uniform layers of Au-NPs 

fabricated by spin-coating 10 mg/ml of Au144 in toluene and 65 

annealing for 10 min at 400 °C. 

Table I – Series resistance (Rseries), open circuit voltage (Voc), short circuit 

current density  (Jsc), fill factor and AM 1.5 photoconversion efficiencies 

(η) for the optimized solar cells studied in the present work compared to a 

reference cell with a PEDOT:PSS layer not containing gold nanoparticles.  70 

 Rseries 

(Ω) 

Voc 

(V) 

Jsc  

(mA/cm
2
) 

Fill 

factor 

(%) 

η  

(%) 

TessAu-NP 

PEDOT:PSS 

78±0.5 0.60±0.01 6.98±0.07 56.9±1.2 2.36±0.08 

Au-NP 

PEDOT:PSS 

174±1 0.53±0.01 3.5±0.04 47.2±0.9 0.88±0.04 

Reference 91±0.5 0.59±0.01 6.82±0.07 53.7±1.0 2.14±0.07 

 

 Current-voltage curves of the solar cells under AM 1.5 

illumination are displayed in figure 6 with additional information 

shown in Table 1. The Au-Tess cell yields Jsc=6.98±0.07 in 

comparison the reference cell has Jsc=6.82±0.07 for an overall 75 

increase in Jsc of 2.3%. In contrast in the Au-NP/PEDOT cell 

there is a reduction in Isc of 51%. There are two competing 

factors that must be considered to understand the differences in 

these cells. First, that the local surface plasmonic resonance 

(LSPR) is concentrated strongly around the particle. The 80 

extension of the field enhancement is typically only a few 

nanometres.28 Therefore the nanoparticle needs to be in close 

contact with the active layer to produce an enhanced absorption 

effect. When the AuNPs are placed below the PEDOT:PSS layer 

the LSPR field can decay significantly before reaching the active 85 

layer. It is therefore important to optimize the thickness of the 

PEDOT:PSS layer to achieve the best field enhancement. In our 

solar cells PEDOT:PSS films of approximately 30 nm were 

utilized. In this cell the Au-NPs used are 10 nm in diameter as 

seen in figure 5b. Therefore the LSPR has likely decayed before 90 

reaching the active layer and we expect the AuNP cell will yield a 

small or negligible LSPR enhancement. Indeed Yoon el al15 have 

constructed similar devices using 5 nm Ag nanoparticles. They 

report an negligible change in Jsc when a MNP layer is deposited 

below the PEDOT:PSS layer. When the same MNPs are 95 

deposited on top of the active layer they then report an increase in 

J. This effect can also cause an increased optical absorption in the 

PEDOT:PSS layer which can further reduce the amount of 

available light collected in the active layer. The second factor 

involved is exciton quenching at the donor/acceptor interface. 100 

Work by Fung et al.28 has shown that large concentrations of 

AuNP's has a detrimental effect on Jsc by way of exciton 

quenching. The interface between PEDOT:PSS and P3HT:PCBM 

gets increasingly rough and then results in a reduced Jsc by way of 

exciton quenching at the donor/acceptor interface. 105 

 In contrast, our Au-TessNP cell shows a slight improvement in 
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Jsc. In figure 3d-e, we can observe that the Au-TessNP films 

include larger MNPs, between 20 - 50 nm in size, in addition to 

ensambles of smaller nanoparticles of ~10 nm diameter. Smaller 

nanoparticles may have a detrimental effect on the overall device 

efficiency. As discussed by Fung et al.28 a high density of small 5 

nanoparticles incorporated into the PEDOT:PSS layer can result 

in a decrease in Jsc. However, in our Au-TessNP solar cell, small 

MNPs are present at an overall density that is much lower than in 

the solar cell with uniformly distributed Au NPs.  

 Figure 6b shows the dark I-V curves of the Au-TessNP cell. 10 

The cell with the Au enhancement layer shows a slightly lower 

series resistance (Rs= 78±0.5 Ω) in comparison to the 

corresponding control cell (Rs = 91±0.5 Ω) calculated by taking 

the slope of the dark I-V curve at 0.8 V bias voltage. Since the 

equivalent circuit of a solar cell consists of a current source in 15 

parallel with a diode and a shunt resistor we can estimate the 

series resistance of the cell from the slope of the I-V curve taken 

above the diode turn on voltage. The improved series resistance 

indicates that the tessellated Au-NP layer is improving the 

electrical characteristics of the ITO contact in addition to the 20 

optical effects. Random distributions of MNPs can also have this 

effect, but the interconnected nature of these nanoparticle 

networks provide percolating conductive pathways that yield a 

significant improvement in sheet conductivity. This decrease in 

series resistance then leads to an improvement in fill factor, 25 

increasing from 53.7±1.0 % to 56.9±1.2 %. Combined with the 

improved Jsc we find a total improvement of solar cell efficiency 

from 2.14±0.07 % to 2.36±0.08 for an increase of 10.2 %. 

 

 30 

 

 

 

 

 35 

 

 

 

 

 40 

 

 

 

 

 45 

 

 

Figure 6: I-V curves of the prepared solar cells. a) I-V Curves under 

illumination. b) I-V Curve of TessAu-NP cell measured in the dark.  

  50 
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Figure 7: Normalized EQE showing an increase due to an enhanced light 

trapping in the solar cell utilizing a TessAu-NPs:PEDOT:PSS 

nanocomposite hole-transport layer. A redshift of the EQE spectrum is 65 

also noticeable for this device. 

EQE measurements were performed on the solar cells that 

showed a net improvement in cell efficiency. These are shown in 

Figure 7. The enhanced solar cell shows a small increase in the 

measured EQE across almost the entire spectrum, with the largest 70 

improvement showing around ~620 nm. The plasmonic 

resonance peak of the AuNP films typically rests at around ~530 

nm29 so an enhancement indicates that the plasmonic resonance 

peak has possibly shifted due to a change in dielectric 

environment as the Au Nps are imbedded in PEDOT:PSS. 75 

Additionally there is a redshift in the EQE data that shows a more 

efficient collection of light at higher wavelengths further 

suggesting a plasmonic enhancement. 

 In conclusion, a simple way to fabricate an interconnected Au 

NP network by utilising the solvent deposition dynamics of a 80 

Au144(SCH2CH2Ph)60 clusters dissolved in chlorobenzene is 

demonstrated. The fact that Au144 clusters are soluble in many 

halogenated and aromatic organic solvents, such as 

chlorobenzene and toluene,  gives them a wide range of possible 

uses as a AuNP precursor in comparison to precursors that can 85 

only dissolve in aqueous solution such as HAuCl4.3H2O. The 

utility of these films as a plasmonic enhancement layer in organic 

solar cells was also demonstrated as they yield a 10% 

improvement in cell efficiency when incorporated into the 

PEDOT:PSS layer. Future work will focus on better 90 

understanding how all the different morphologies presented in 

this paper influence thin film organic solar cells. 
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