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Introduction

Photovoltaics is a promising technology for energy sustainability, security, reliability

and environmental safety. Organic solar cells (OSCs) including polymer solar cells

(PSCs); have the advantage of light weight, flexibility and ease in processing. The

performance of PSCs is limited by poor optical absorption, low carrier mobility and

misalignment of the donor and acceptor energy levels. The prototype PSCs consist of

poly-3-hexylthiophene (P3HT) as the donor material and the fullerene, (6-6) phenyl-

C61-butyric acid methyl ester (PCBM) as the acceptor material. However, PCBM

suffers from morphological instability, low optical absorption and difficulty in band

gap engineering [1]. Graphene, the ‘wonder’ material of the century is characterized

by high carrier mobility, optical transparency, material flexibility, mechanical strength,

and specific surface area [2]. Owing to these outstanding properties, it is suited for

application in OSCs. This presentation is focused on the use of graphene derivatives,

graphene oxide (GO) and N-doped graphene-germanium quantum dots nanocomposite

(GeQD/NGr) in the active layer of P3HT:PCBM-based PSCs.

.
METHODOLOGY

 GO was synthesized by the modified Hummers method.

 GeQD/NGr nanocomposite was prepared as outlined by Amollo et al [3]

 Devices with GO and GeQD/NGr in the photoactive layer were fabricated as

outlined by Amollo et al [3]

(a) GO and P3HT:PCBM:GeQD/NGr

 The observed images (Figure 1) of GO and the nanocomposite show transparent

sheets of 2D morphology. Uniformly distributed GeQDs are anchored on NGr sheets

attributing the nanoparticles growth to in situ reduction and self-assembly growth

mechanisms.

Figure 1 TEM images of (a) GO and (b) GeQD/NGr nanocomposite.

 Both of the P3HT:PCBM:GO and P3HT:PCBM:GeQD/NGr films exhibit stronger

absorbance in the visible region than the P3HT:PCBM film as shown in Figure 2.

Figure 2: UV-Vis absorbance spectra for the active layer films.

 Figure 3 shows the current-voltage (J-V) characteristics of the fabricated devices .

From the J-V characteristics, the electrical parameters such as the open-circuit

voltage (Voc), short-circuit current densities Jsc, fill factor (FF) and PCE were

obtained for the devices.

 The P3HT:PCBM:GO and P3HT:PCBM:GeQD/NGr active layer devices exhibited a

Voc, Jsc, FF, PCE of 0.57 V, 18.2 mA cm-2, 43%, 4.4% [4] and 0.50 V, 18.9 mA cm-2,

55%, 5.1% [3], respectively. The P3HT:PCBM device showed a Voc, Jsc, FF and PCE

of 0.52 V, 9.6 mA cm-2, 41% and 2.0%, respectively [4].

 Overally, the modified active layer devices showed improved photovoltaic

performance in comparison to the reference device. This is attributed to (i) the large

2-D planar structure of GO and GeQD/NGr (Figure 1) creates wide donor-acceptor

interfaces for charge generation and transportation, (ii) the stronger optical

absorption (Figure 2) leading to higher photogeneration of charge carriers, and (iii)

better charge transport originating from created interconnected pathways for charge

transfer which limits charge recombination.

 The superior performance of the P3HT:PCBM:GeQD/NGr device originates from

the high electron affinity of Ge and charge selectivity of NGr that promotes electron

extraction and transfer at the interfaces.

Figure 3: J-V characteristics of the PSCs with GO and GeQD/NGr in the active layer.

.

Conclusion

 The modified active layer films manifested stronger optical absorbance.

 Superior photovoltaic performance is achieved in the modified active layer

devices, with the P3HT:PCBM:GeQD/NGr device performing better than the

P3HT:PCBM:GO device.

 The inclusion of GO and GeQD/NGr in the active layer blend serves to enhance

charge carriers photogeneration, separation and transportation to yield improved

PCE.
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