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Abstract. 
Photovoltaic devices based on nanocomposites composed of conjugated polymers and inorganic nanocrystals show promise for the fabrication of low-cost third-generation thin film photovoltaics. In theory, hybrid solar cells can combine the advantages of the two classes of materials to potentially provide high power conversion efficiencies of up to 10%; however, certain limitations on the current within a hybrid solar cell must be overcome. Current limitations arise from incompatibilities among the various intradevice interfaces and the uncontrolled aggregation of nanocrystals during the step in which the nanocrystals are mixed into the polymer matrix. Both effects can lead to charge transfer and transport inefficiencies. This paper highlights potential strategies for resolving these obstacles and presents an outlook on the future directions of this field.


1. Introduction
Hybrid solar cells combine both organic and inorganic semiconductors in an active layer such that the organic or polymer semiconductor serves as the electron donor and transports photogenerated holes, whereas the inorganic semiconductor accepts and transports electrons [1–6]. Theoretically, the hybrid photovoltaic devices (HPVs) are expected to achieve a high power conversion efficiency (PCE) because they combine the advantageous characteristics of polymers and nanocrystals (NCs), including the flexibility, light weight, and low fabrication costs of polymer materials [7–9] and the high electron mobility, size-dependent optical properties [10, 11], and physical and chemical stability of inorganic NCs [12]. Unfortunately, the PCE values obtained thus far in hybrid devices have not exceeded 4% under simulated air mass (AM) 1.5 illumination [13]. The main barriers to a higher PCE are thought to be an inefficient exciton dissociation at the donor/acceptor (D/A) interface [14–16], inhibition of recombination [17, 18], and poor charge transport to the electrodes [19–21]. Therefore, the design of compatible surfaces, accounting for the different chemical properties of the organic and inorganic materials, and control over the phase separation of the composites are crucial for achieving rapid and high-yield charge separation at the D/A interface and for promoting charge transport and collection at the electrodes. Three distinct strategies have been explored toward improving the interface design in the nanocomposite materials to enable hybrid solar cells to achieve high PCE. The first approach, ligand exchange, uses a mix of polymers and inorganic NCs prepared via colloidal synthesis approaches. The second strategy, grafting, utilizes the grafting of a polymer from/onto the NCs, yielding polymer/NCs nanocomposites with improved grafting density. The third strategy, direct NC growth, involves the use of a molecular precursor to the inorganic semiconductor dissolved together with the polymer in a common solvent and this solution may then be used to deposit the photoactive layer.
Improving the photovoltaic efficiency requires a clear understanding of the structure-properties relationship; therefore, we focus here on one type of hybrid solar cell, hybrid bulk heterojunction solar cells. This paper provides the reader with insight into the basic principles underlying these devices and discusses the current state-of-the-art in the three synthetic strategies mentioned above. A goal in this field is to understand the crucial parameters that are responsible for HPVs performance. Motivated by the rapid growth and development of this field, this review describes the recent advances and progress toward device improvement. An outlook is provided on the future materials and technologies that are likely to guide the future directions of research.
2. Hybrid Solar Cells
2.1. Definitions
“Hybrid” refers to the association of at least two components of distinctly different chemical natures, the molecular-level distribution of which components are achieved either through simple mixing or through linking the components together via specific interactions, such as covalent, coordination, ionic, or hydrogen bonds. Each hybrid component possesses its chemical identity and can exist independently of the hybrid material [22].
A bulk heterojunction is by definition a homogeneous blend of a p-type and an N-type semiconductor (donor/acceptor). Organic photovoltaic devices (OPVs) based on blends of conjugated polymers and fullerenes form interpenetrating donor/acceptor networks and have been used in prototype bulk heterojunction geometry applications. Bulk heterojunctions in polymer-inorganic hybrid solar cells may be formed by replacing the fullerenes, which act as organic nanoparticles (NPs), with inorganic semiconductors as electron acceptors for dispersal in the polymer matrix. NCs based on metal oxides (ZnO [23–25], TiO2 [26–28]), group II–VI (ZnS [29, 30], ZnSe [31], CdTe [32–34], CdS [35–37]), group III–V (GaAs [38, 39], InP [40]), group IV–VI (PbSe [41], PbS [42–44]), group IV (Si [45, 46]), CuInS2 [47, 48], CuInSe2 [49], have been tested for their utility as electron acceptors.
2.2. Device Structure and Working Principle
NCs/polymer bulk heterojunction hybrid solar cells usually have device architecture similar to those of organic solar cells (Figure 1). Anodes are often prepared by depositing indium tin oxide (ITO), which is conductive and transparent and which displays a high work function, onto a flexible plastic or glass substrate. The conducted polymer poly(3,4-alkenedioxythiophenes):poly(styrenesulfonate) (PEDOT:PSS) provides an anode buffer material that enables efficient hole extraction. Photoactive layers may be prepared by spin-coating a NC/polymer blend solution onto an ITO substrate to form a thin film 100–200 nm thick. A top metal electrode (e.g., Al, Ag, and Ca) is then vacuum-deposited onto the photoactive layer as the cathode.




	
		
		
		
		
		
		
		
		
		
	



	
		
		
		
		
		
		
		
		
		
		
		
		
	




	
		
		
		
		
		
		
		
		
		
		
		
	




	
		
		
		
		
		
		
		
		
		
		
		
		
	









	
		
		
		
	


	
		
		
		
		
		
		
		
	
























	
		
	


	
		
	


	
		
	
	
		
	
	
		
	
	
		
		
	


	
		
	


	
		
	


	
		
	
		
	
		
	
		
	
		
	
		

Figure 1: Schematic diagram showing the structure of a typical NC/polymer hybrid solar cell.


As with OPVs, the conversion of light energy into electricity takes place in four main steps: photon absorption, exciton diffusion, charge transfer, and charge carrier transport and collection (Figure 2). Both organic semiconductor materials and inorganic NCs can absorb incident light and create bound electron-hole pairs called excitons. The excitons diffuse to the D/A interface and then dissociate into free-charge carriers. The excitons dissociate at the interface if the energy levels of the NCs and the polymer are properly aligned. This charge transfer process is necessary for creating a free-charger carrier. After charge separation, the electrons and holes are transported to their respective electrodes through percolating pathways. The holes are transported through the conjugated polymer, and the electrons are transported through the inorganic semiconductor (Figure 2).
















	
		
		
			
		
	


	
		
		
			
		
	






	
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
	



	
		
	
	
		
	


	
		
			
		
	
	


	
		
			
		
	
	


	
		
			
		
	
	


	
		
			
		
	
	


	
		
			
		
	
	


	
		
			
		
	
	


	
		
			
		
	
	


	
		
			
		
	
	


	
		
			
		
	
	


	
		
			
		
	
	


	
		
			
		
	
	















Figure 2: Schematic diagram showing the photocurrent generation mechanism in a bulk heterojunction hybrid solar cell: exciton generation 
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The mechanism can be broken down into a number of steps, each of which may be characterized by an efficiency (
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), which is defined on a scale of 0 to 1. The successful operation of a photovoltaic device requires that most or all of the steps are characterized by 
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 close to 1. The overall efficiency of the conversion of incident photons to current, that is, the external quantum efficiency (EQE), can be written as
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 is the photon absorption yield. Most polymers have a bandgap larger than 2 eV, which limits the light absorption range. As such, materials with a complementary absorption spectrum in the near-infrared range [42] or ultraviolet range [57, 58] could be conjugated to the inorganic NCs.
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 is the exciton diffusion yield. The fraction of excitons that reach the D/A interface is determined by the exciton diffusion length and the location at which an exciton is created with respect to the nearest dissociation center. The exciton diffusion length in both an OPV and an HPV is in the range of 10–20 nm for a conjugated polymer [59–61].
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 is the exciton dissociation yield, which is the ratio of the number of excitons that dissociate to free charges at a D/A interface to the total number of excitons that reach the D/A interface. In a well-designed HPV, the donor and acceptor materials must have suitably been aligned with energy bands that enable exciton dissociation and provide a high overall electrochemical potential. These requirements constrain the type and range of suitable donor and acceptor materials, as well as the interactions between these materials at the D/A interface [2, 5].
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 is the charge transport yield, which is the ratio of the number of free charge carriers transported to the collecting electrode to the number of excitons dissociated at the heterojunction interface. Donor and acceptor materials are both required for a highly efficient percolated network that spans the entire active layer to provide efficient charge transport. Structural defects, impurities, and the crystallinity of both the donor and acceptor materials in the active layer can cause the charge carriers to become trapped and recombine, which reduces the transport efficiency [2]. Device architecture also require that each phase is continuous throughout the active layer to provide a pathway for rapid carrier transport to the respective electrodes.
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 is the charge collection yield. This parameter represents the ability of the charges to transfer from the photoactive layer to the electrodes. 
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 depends on the energy levels of the active layer and the electrode, as well as the interface properties between them [2].
A low photocurrent in an HPV results from limitations on the parameters 
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. Our research group has applied significant efforts toward exploiting the high internal surface area and nanoscale dimensions of inorganic/organic nanocomposites as a means for overcoming the limitations of current HPVs.
The power conversion efficiency is one of the most important parameters for characterizing the solar cell performance. Figure 3 shows a schematic diagram of the current density-voltage (
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 are two basic factors to determine the solar cell efficiency. An understanding of the physical processes governing these two parameters is needed for the design of new materials and device configurations that would yield a high conversion efficiency [3].




	
		
		
			
		
	


	
		
		
			
		
	









	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
	


	
		
			
		
			
		
	


	
		
		
		
		
	


	
		
			
		
			
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
	
	
		
		
		
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	















Figure 3: Current density-voltage (
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) characteristics of a typical solar cell in the dark (dashed line) and under illumination (solid line).
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 is the photon energy. Although inorganic acceptors can absorb light at certain wavelengths, the majority of light absorption usually takes place in the donor polymer. Dayal et al. [13] reported that the contribution of light absorption from CdSe in a poly[2,6-(4,4-bis-(2-ethylhexyl)-4H-cyclopenta[2,1-b;3,4-b′]dithiophene)-alt-4,7-(2,1,3-benzothiadiazole)] (PCPDTBT)/CdSe hybrid containing about 90 wt% CdSe nanotetrapod was only 34%. Similarly, TiO2 and ZnO only absorb sunlight in the UV range, which is characterized by a lower photon flux than the visible or IR ranges. The calculations may therefore be simplified by assuming that light absorption only occurs in the polymer.
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 in polymer inorganic hybrid solar cells was found to depend on the difference between the polymer’s highest occupied molecular orbital (HOMO) and the inorganic acceptor conduction band [71]. Due to the quantum confinement effect, the bandgap of inorganic semiconductors varies as a function of particle size, leading to a shift in the conduction band energy level [72], which can also affect the 
	
		
			

				𝑉
			

			
				O
				C
			

		
	
. The 
	
		
			

				𝑉
			

			
				O
				C
			

		
	
 of a hybrid solar cell can be increased by either moving the polymer HOMO farther away from the vacuum level or pushing the inorganic acceptor conduction band closer to the vacuum level, while retaining an energy offset between the polymer’s lowest unoccupied molecular orbital (LUMO) and acceptor conduction band larger than the exciton binding energy (
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3. State-of-the-Art in Hybrid Photovoltaic Materials
Bulk heterojunction hybrid solar cells lag behind the fullerene derivative-based OPVs with respect to device performance due to the limits of the current. Enhanced PCEs in bulk heterojunction HPVs may be achieved by increasing the D/A interface area, which improves the efficiency of exciton dissociation and charge transfer, and by creating interpenetrating bicontinuous percolating pathways for effective charge transport to the corresponding electrodes. Therefore, interfacial behavior and nanoscale morphology of an active layer are these critical performance factors for HPVs. Increase of D/A interface and control over the nanoscale morphology of composite layer are required; however, many issues must be overcome. First, blending inorganic NCs and organic conjugated polymers remains challenging. Dispersing inorganic NCs in a polymer matrix requires the presence of a capping agent that prevents particle aggregation but usually suppresses exciton dissociation and charge transport. Another issue is that charge transport through the composite phase is both highly sensitive to the NCs structure and to the presence of trap states within the NCs. Fortunately, significant progress toward enhancing the PCEs of HPVs has been made by optimizing colloid synthesis [73–76] and self-assembly [77, 78] procedures for preparing the NCs, as well as by tuning the shapes of the NCs (dots [79–81], rods [82–84], tetrapods [13, 85, 86], hyperbranched structures [87], wires [56], etc.). These approaches seek to prepare continuous pathways for charge transport and reduce the prevalence of carrier traps on NCs. Moreover, quantum size effects [72] may be harnessed to tune the device performance by designing the relative alignment of the energy levels in the donor and acceptor materials [84, 88].
In this review, we focus on three strategies for improving the PCE in an HPV: ligand exchange, grafting, and direct NC growth. These methods have been used to improve the polymers/NC interface properties and to control the blend morphology. The characteristics of bulk heterojunction HPV devices are summarized in Table 1.
Table 1: Overview of hybrid solar cells prepared using nanocomposites comprising organic and inorganic materials.
	

	Hybrid system	Aim of the work	Strategy approach	PCE (%)	Summary of findings	Reference
	

	ITO/PEDOT : PSS/CdSe : PCPDTBT (9 : 1 wt ratio)/LiF/Al	Characterize the properties of an HPV prepared using CdSe tetrapods and a low bandgap polymer.	Ligand exchange	3.19	Low bandgap polymers played an important role in improving the solar harvesting efficiency and the contribution of the NCs towards the PCE.	Dayal et al. (2010) [13]
	

	ITO/PEDOT : PSS/CdSe : PCPDTBT/Ca/Ag	Demonstrating charge transport enhancement using CdSe nanorods (NRs) and quantum dots (QDs).	Ligand exchange	3.6	A NR network in combination with small QDs produced highly interconnected pathways for electron transport within the polymer matrix. This structure enhanced charge transport and reduced recombination.	Jeltsch et al. (2012) [20]
	

	ITO/PEDOT : PSS/TiO2 : MEH-PPV/Al	Characterize the properties of an HPV prepared using MEH-PPV : TiO2 in combination with the ligands oleic acid (OA), n-octyl-phosphonic acid (OPA), or thiophene (TP).	Ligand exchange	0.157	TiO2 capped with thiophenol yielded a higher PCE and proved to be one of the best ligands for fabricating HPVs.	Liu et al. (2008) [50]
	

	ITO/PEDOT : PSS/CdS : P3HT/Al	Carrier mobility enhancements could be accomplished by improving the blend interface without the use of a surfactant.	In situ growth	2.9	P3HT acts as a molecular template for CdS NC growth. The aspect ratios of CdS NRs were controlled according to the cosolvent (dichlorobenzene (DCB) and dimethyl sulfoxide (DMSO)), which induced conformational variations into the P3HT chains. Enhanced charge separation at the interface suggested electronic coupling between the P3HT and CdS components. The highly interpenetrating network increased charge transport. 	Liao et al. (2009) [51]
	

	ITO/PEDOT : PSS/ZnO : P3HT/Al	Characterize the nanoscale P3HT : ZnO bulk heterojunction 3D morphologies using electron tomography.	In situ growth	2	The 3D exciton diffusion equation was solved, photophysical data were collected, and the 3D morphology was characterized as a function of film thickness. Charge generation and charge transport were identified as limiting the device performance.	Oosterhout et al. (2009) [52]
	

	FTO/PEDOT : PSS/P3HT : CdSe/P3HT/Al	A P3HT : CdSe composite was prepared using the P3HT ligand as a CdSe surface cap. The quantity of P3HT in the precursor solution was found to affect the optical properties.	In situ growth	1.32	The quantity of P3HT in the reaction did not affect the shape or phase of the CdSe superstructure samples, although it did affect the photoabsorption and photoluminescence emission intensities.	
						Peng et al. (2013) [53]
	

	ITO/PEDOT : PSS/CdSe : P3HT/Al	HPVs were fabricated by grafting P3HT onto the CdSe nanoparticles (NPs).	Grafting	1.1	The end functional P3HT enhanced the performance of the P3HT : CdSe HPV by increasing the dispersion of CdSe without the need for a surfactant.	Liu et al. (2004) [54]
	

	A device was fabricated using pristine ZnO, ZnO : P3HT composites and ZnO : didodecyl-quaterthiophene (QT) composites.	HPVs were prepared using P3HT and single ZnO nanowires (NWs) grafted QT	Grafting	0.036	Oligothiophene and polythiophene were grafted onto the ZnO NWs to produce p-n heterojunctions. The efficiencies of the ZnO : P3HT composites were high (0.036%) compared with the efficiencies of other devices. 	Briseno et al. (2010) [55]
	

	ITO/PEDOT : PSS/CdS : P3HT/BCP/Mg/Ag where BCP is bathocuproine 	Solvent-assisted chemical grafting and ligand exchange were used to control the P3HT/CdS interface and the CdS QD interparticle distances.	Grafting	4.1	P3HT/CdS-grafted NW structures prepared by solvent assistance (dichlorobenzene and octane) can increase the electronic interactions between the CdS QDs and the P3HT NWs. Ligand exchange reduces the distances among CdS QDs, leading to efficiently separated charge transfer.	
						Ren et al. (2011) [56]
	



3.1. Nanocomposites Prepared by Ligand Exchange Chemistry
Two distinct routes may be taken to produce NCs: physical approaches, in which the NCs are fabricated by lithographic methods, ion implantation, or molecular beam deposition, or chemical approaches, in which the NCs are synthesized by colloidal chemistry in solution. The unique optical and electrical properties of colloidal semiconductor NCs have attracted significant interest and have been explored in a variety of applications, such as optoelectronic devices [89], sensors [90], and photovoltaics [2, 6]. Colloidal NCs synthesized in organic media (e.g., alkyl thiol, amines, phosphines, or phosphine oxides) are usually soluble in common organic solvents and can be mixed together with conjugated polymers, which tend to be soluble in the same solvents. Most organic surfactants and ligands tend to be insulated, which impedes charge transfer between the polymers and the NCs and impedes electron transport between adjacent NCs. In the absence of passivating ligands, it is difficult to control the composite morphology because the inorganic NCs tend to be poorly soluble in polymer matrices. The performances of such devices are significantly reduced.
In 1996, Greenham et al. investigated the effects of a QD capping ligand on the initial charge transfer process between a polymer and the CdSe QDs by simply and physically mixing the polymer and NCs [91]. By considering effective luminescence quenching as a manifestation of the exciton dissociation, these authors observed that the quenching of the photoluminescence (PL) of poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV) did not occur when 4 nm diameter CdSe NCs were capped with a long alkyl chain, such as trioctylphosphine oxide (TOPO), but that PL quenching was efficient after treatment with pyridine. The authors proposed that the lack of PL quenching was due to the ligand-covered NCs creating a barrier layer that prevented the NCs from approaching the polymer (reducing the interfacial area). The 11 Å thick TOPO alkyl barrier surrounding the CdSe NCs was sufficient to prevent charge transfer [91]. Long chain ligand-capped NCs could be exchanged with short chain ligands to enhance the interface area.
Pyridine ligand exchange is commonly used to improve the efficiency of hybrid solar cell performance. Long alkyl chain-capped NCs are generally washed with methanol several times and then refluxed in pure pyridine at the boiling point of pyridine for 24–48 h. Pyridine treatment appears to replace the insulating ligand, and the effects of pyridine exchange have been examined in the context of poly(3-hexylthiophene) (P3HT):CdSe [79, 92], PCPDTBT:CdSe [13], and MEH-PPV:CdSe [81] bulk heterojunction devices. These studies indicated that replacing the insulating ligands on the NCs with pyridine favored electron transport between NCs by reducing the insulating effects of the ligand and more intimated the contact with NCs and polymer, leading to improved 
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. Pyridine ligand exchange is a standard technique for preparing NPs suitable for polymer/CdSe solar cells. It is not universally suitable, however, because some polymers (such as P3HT) are not soluble in pyridine and the mechanism of ligand exchange process is still unclear [92].
The identity of the capping ligand strongly affects the degree of phase separation and the morphology of a NC/polymer thin film. A series of capping ligands (tributylamine, oleic acid, pyridine, stearic acid, and butylamine) [63, 93] have been tested in a study of their effects on the morphology and 
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 characteristics of a P3HT:CdSe HPV device. The highest PCE (up to 1.8%) was obtained by using butylamine-capped CdSe NPs with a w/w mixing ratio of 12 : 1 (CdSe:P3HT) and a posttreatment temperature of 110°C. Butylamine has the advantage of providing NCs that are soluble in typical polymer solvents and of inducing the formation of a composite phase with small domains on the order of the exciton diffusion length (Figure 4). Therefore, there is considerable room for engineering ligands that can improve exciton separation, enhance the charge transfer efficiency at the polymer/NC interface, and form percolating electron transport pathways to the cathode [94].






































































	
		
		
	
	
		
	


	
		
		
	
	
		
	


	
		
		
	
	
		
	
	
		
	


	
		
		
	
	
		
	
	
		
	


	
		
		
	
	
		
	
	
		
	


	
		
		
	
	
		
	
	
		
	


	
		
		
	
	
		
	
	
		
	


	
		
	
	
		
		
		
	


	
		
	
	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
	
		


	
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
	
		


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
		
	


	
		
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
		
		
	


	
		
			
			
			
		
		
			
		
		
			
		
		
			
		
	

Figure 4: AFM images and 
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 characteristics of CdSe NCs/P3HT films prepared using various capping ligands: (a) butylamine, (b) stearic acid, (c) pyridine, (d) oleic acid, and (e) tributylamine. Reprinted from [63] with permission from Elsevier.


After ligand exchange with short chain ligand, NCs tend to aggregate and precipitate out of organic solvents, which complicate the preparation of stable mixtures of NCs and polymers. Zhou et al. applied a novel postsynthetic treatment method to spherical CdSe QDs in which the NCs were washed with hexanoic acid without inducing ligand exchange [64]. The PL quenching, TEM, and dynamic light scattering (DSL) measurements suggested that the ligand sphere had been reduced during the washing step, thereby improving the photovoltaic device efficiency (Figure 5). One advantage of this approach is that the QDs retained their solubility after acid treatment, which allows a high concentration of the CdSe QDs in P3HT (increasing 
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). The large amount of CdSe led to the formation of efficient percolation networks during annealing of the photoactive composite film. Solar cells achieved efficiencies of 2.0%, which is the highest value yet reported for devices prepared using quasispherical CdSe NPs conjugated with a polymer.




	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
	
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
	
	
		
			
		
		
			
		
	
	
		
			
		
		
			
		
	
	
		
			
		
	
	
		
			
			
			
		
	
	
		
			
		
		
			
			
		
	
	
		
			
		
		
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
		
	
	
		
			
		
		
			
			
		
		
			
		
		
			
		
		
			
			
		
		
			
			
		
	
	
		
			
		
		
			
			
		
		
			
		
		
			
		
		
			
			
		
		
			
			
			
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
		
			
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
		
			
			
			
		
		
			
		
	


	
		
			
			
			
		
	
	
	
		
			
		
			
		
			
		
			
	
	
		
			
		
			
		
			
		
			
	
	
		
	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
	
	
		
	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
	
