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Abstract 

The application of self-assembled molecules (SAMs) as a charge selective layer in 

perovskite solar cells has gained tremendous attention. As a result, highly efficient 

and stable devices have been released with stand-alone SAMs binding ITO 

substrates. However, further structural understanding of the effect of SAM in 

perovskite solar cells (PSCs) is required. Herein, three triphenylamine-based 

molecules with differently positioned methoxy substituents have been synthesised 

that can self-assemble onto the metal oxide layers that selectively extract holes. 

They have been effectively employed in p-i-n PSCs with a power conversion 

efficiency of up to 20%. We found that the perovskite deposited onto SAMs made by 

para-&ortho- substituted hole selective contacts provides large grain thin film 

formation increasing the power conversion efficiencies. Density functional theory 

predicts that para-&ortho- substituted position SAM might be formed a well-ordered 

structure by improving  the SAM’s arrangement and in consequence, enhancing its 

stability on the metal oxide surface. We believe this result will benchmark for the 

design of further SAMs.  
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Introduction  

The perovskite solar cell (PSC) is one kind of renewable photovoltaic energy source 

that attracts attention owing to outstanding optoelectronic properties like low exciton 

binding energy,1 high absorption coefficient,2 long charge carrier lifetime and 

diffusion length,3 and tuneable bandgap.4 The power conversion efficiency (PCE) of 

the PSCs has dramatically improved from 3.8% to above 25% within a decade.5,6 

PSCs are made of a light-absorbing perovskite layer sandwiched between the 

charge selective layers. These selective layers play a key role in extracting holes 

and electrons from perovskite films and transporting these charges to be collected 

at the electrodes.7  

The charge selective layers significantly impact the PSCs' final power conversion 

efficiency and stability.8,9 Over the last two decades, the major research in charge 

selective materials has been focused on designing and synthesising new hole 

selective materials for improving the power conversion efficiency and stability of 

photovoltaic devices by replacing high-priced commercial ones.10–12 Initially, hole 

selective layers (HSLs) provide the basis for a homogeneous film morphology and 

directly affect the crystal properties of the perovskite absorber layer in p-i-n 

configuration PSCs. A Poly[bis(4-phenyl)(2,4,6-trimethylphenyl)amine (PTAA) layer 

is widely used as an HSL in p-i-n configuration PSCs, its highly hydrophobic 

properties lead to increased perovskite grain sizes and directly affects the 

performance of the perovskite devices.13 On the other hand, its highly hydrophobic 

properties will reduce the repeatability of the perovskite devices and causes pinholes 

after depositing the perovskite layer.14,15 Self-assembled molecules (SAMs) have 

recently been used in p-i-n PSCs as HSLs, owing to advantages being cost-

effectiveness, stability, and absence of additives.16–18 Additionally, SAMs provide 

large-scale deposition capability due to their capacity to use different types of 

deposition techniques. SAMs typically consist of three groups; an anchoring group 

that connects the small molecules to the metal oxide surface via chemical bonding, 

a spacer that controls the packing geometry, and a terminal group that adjusts the 

surface and interface properties.19–21 The control of interface properties has drawn 

attention due to improving the charge extraction with better energy alignment and 

reduced trap density.22,23 Moreover, the terminal group determines the wettability of 
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the SAMs, which affects the grain size and consequently the grain boundaries of the 

perovskite layer.13 Furthermore, the presence of methoxy groups in SAMs creates 

wetting surfaces that ensure excellent covering and reproducibility of the perovskite 

layer.24 

The main purpose of our previous study was to investigate the affect of the spacer 

moiety of SAMs on the thermal stability of the PSCs. We demonstrated that the 

PTAA layer based devices exhibited inferior stability compared to SAMs.25 In this 

study, triphenylamine (TPA) moiety is selected as a spacer, which is drawn attention 

due to their good thermal and morphological stabile properties in PSCs.26 The glass 

transition temperatures (Tg) of HSLs are higher than the operating temperature 

(~100 °C), the molecular motion is minimised, therefore, transition to the crystalline 

state is reduced. In the opposite case, it leads to the intensified formation of grain 

boundaries, which might trap charge carriers and eventually result in degradation of 

device performance.27 Besides, TPA exhibits a good electron donor property with 

two key features: easy oxidizability of the amine nitrogen atom and the ability to carry 

positive charge efficiently.28 Having high Tg and low ionization potentials are 

important for HSL-based extremely stable and efficient PSCs.29,30 

Herein, we investigate how the methoxy (-OMe) group positions in TPA-based SAMs 

affect the electronic properties, the perovskite solar cell performance, and stability. 

According to the literature, the -OMe group might has electron-donating and 

electron-withdrawing behaviours under resonance stabilisation or due to its inductive 

effect, respectively.31 Hammett demonstrated the substitution position can introduce 

electron-donating or electron-withdrawing properties in the para- and meta-

positions, respectively, while the ortho-position causes more a steric hindrance.32 

Furthermore, Seok and co-workers revealed that the different arrangements of the -

OMe groups affect the energy of the highest occupied molecular orbital (HOMO) and 

the lowest unoccupied molecular orbital (LUMO). The higher LUMO energy level of 

small molecule as an electron blocking layer enhanced fill factor (FF) value.31  

In this work, the -OMe substituents are positioned in TPA-based small molecule 

structure on para-&ortho- (RC24), ortho-&meta- (RC25), and para-&meta- (RC34) 

and their structure-activity relationships as the HSL are explored in PSCs. We aim 
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to prove which substitution positions could give a suitable energy level to ensure 

high PSCs performance, likewise changing the wettability of the HSLs and 

increasing the grain size of perovskite. Furthermore, density functional theory (DFT) 

calculations completed our results by proving how the substitution position can affect 

having an ordered and stable layer on the metal oxide surface. The three SAMs have 

provided reproducible triple cation perovskite devices with the highest PCE reaching 

over 19.5% at one sun AM 1.5 G illumination. This study demonstrates that the -

OMe groups' position affects of minor importance to the PSCs performance and 

quasi-steady-state efficiency. On average, the para-&ortho- position SAM has  

slightly higher PCE compared to other positions.  

Results and Discussion 

Figure 1 a shows the synthesis pathway of the new TPA-based SAMs, where 4-

(bis(2',4'-dimethoxy-[1,1'-biphenyl]-4-yl)amino)benzoic acid (RC24), 4-(bis(2',5'-

dimethoxy-[1,1'-biphenyl]-4-yl)amino)benzoic acid (RC25) and 4-(bis(3',4'-

dimethoxy-[1,1'-biphenyl]-4-yl)amino)benzoic acid (RC34) have a TPA moiety as an 

electron donor unit. TPA based self-assembled moieties are modified with methoxy 

substituents due to assisting in lowering the oxidation potential and increasing the 

solubility of the molecules.26 The methoxy substituents are placed in para-&ortho-, 

ortho-&meta-, and para-&meta- positions as a terminal group. The methoxy 

substituent position's alignment mainly affects the work function, photophysical and 

surface properties of the molecule, which are crucially important for the perovskite 

device performance. The carboxylic acid is preferred as an anchorage to increase 

the coverage ratio of SAMs along the ITO surface and stabilises this surface by 

attaching chemically to the -OH group.16 The synthetic details of the TPA-based 

SAMs are presented in the SI.  

Initially, we have demonstrated that the TPA-based SAMs are chemically attached 

to the -OH group of the indium-tin-oxide (ITO) by using X-ray photoelectron 

spectroscopy (XPS). The chemical reaction between the anchor group (carboxylic 

acid, phosphoric acid, etc.) and the surface group (-OH) of the metal oxide can be 

defined as a condensation reaction that produces ester-type linkages (O-C=O).33–35 

The C1s spectra of the surface are decomposed into four peaks assigned to C-H 
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and C-C bonds at 284.7 eV, 284.8 eV, and 284.5 eV, to C-O bonds at 285.7 eV, 

285.8 eV, and 285.6 eV, to HO-C=O attributed bonds at 286.7 eV, 286.8 eV and 

286.6 eV, and to O-C=O bonds at 288.9 eV, 289.1 eV and 289.0 eV for RC24, RC25 

and RC34, respectively (Figure 1b).36,37 The O1s spectra decomposed into four 

peaks are dedicated to the In-O bond at 530.0 eV, to surface hydroxides at 530.9 

eV, to the C-O bond at 531.8 eV for all SAMs, and to the C=O bond at 533.1 eV for 

RC24 and 533.0 eV for RC25 and RC34 (Figure 1c).38 The bare ITO surface exhibits 

common O1s and C1s peaks compared to the SAM-deposited ITO surface, which is 

shown in Figures S1a and S1b that can be caused by solvent residues from the 

cleaning procedure as observed in the previous study. The description of the XPS 

method and the summarised fitting data of the C1s and O1s spectrum are given in 

the supporting information (see Table S1, ESI†).  

 

 

Figure 1. a) The syntheses pathway of RC24, RC25, and RC34. b) XPS high-resolution survey 
spectra of b) C1s and c) O1s for RC24, RC25, and RC34. d) Energy alignment of different layers. 
The band edge positions of RC24, RC25, RC34 and CsFAMA layers from UPS measurements in a 
schematic representation.  

After assigning the chemical bonds of the SAMs on the ITO surface, we investigated 

the corresponding energetic properties to demonstrate their hole selective abilities 

for PSCs. Herein, we have chosen the Cs0.05FA0.79MA0.16Pb(I0.84Br0.16)3 (onwards 

labelled as CsFAMA) perovskite as an absorber layer, owing to have higher device 

performance and stability, inducing highly uniform perovskite grains and increasing 

device reproducibility.39 TPA-based SAM's LUMO energy levels are calculated by 
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utilising the optical bandgap, which is estimated from the absorption edge 

wavelength (λa.e.) using UV-Vis measurements (see Figure S2 and Table S2, ESI†). 

The optical bandgap energies are assumed equal to electronic bandgap of the SAMs 

and these values are added to the HOMO energy levels to determine LUMO energy 

levels (for details see the method section, ESI†).31,40 The valence band (VBM) and 

the Fermi level (EF) values of RC24, RC25, RC34, and CsFAMA perovskite are 

determined by ultra-violet photoelectron spectroscopy (UPS) (see Figure S3, ESI†) 

and schematically displayed in Figure 1d where all values refer to the vacuum level.41 

The RC24 with para-& ortho- positioned -OMe substituents exhibit slightly lower 

oxidation potential as a result of resonance effect of substituent position and it has 

better electron blocking character than RC25 and RC34, owing to higher LUMO 

energy level.42 Furthermore, the solution-based SAM molecules' stability test is 

carried out by cyclic voltammetry measurements (Figure S4, ESI†). These tests 

showed SAM molecules have a stable reduction state after applied highly oxidation 

potential.43 

To understand the different role of different positioned terminal groups on top of the 

ITO surface, we focused on the surface's wettability after the deposition of SAMs. 

We used contact angle measurements to determine the SAMs covered ITO surface 

wettability, performed with water (for details see the method section, ESI†). The -

OMe group's position influences the hydrophobicity of SAMs in the following order: 

RC34 < RC25 < RC24. The contact angle as a measure of wettability is 42.0° for the 

para-&ortho- positioning, for the ortho-&meta- positioning 38.3° and 32.3° for the 

para-&meta- positioning (Figure 2a). The different position of the methoxy 

substituents in TPA-based SAMs shows a strong influence on the morphology of the 

obtained perovskite films (Figure 3), as discussed later. 
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Figure 2. a) Contact angle measurements on the RC24, RC25, and RC34 surfaces. b) X-ray 
diffraction patterns of perovskite layers grown on bare ITO, ITO/RC24, ITO/RC25, and ITO/RC34. 
The patterns are well in agreement with literature containing similar perovskite compounds. c) 
Luminescence emission band upon excitation at λex=470 nm for the CsFAMA/PMMA, 
RC24/CsFAMA/PMMA, RC25/CsFAMA/PMMA and RC34/CsFAMA/PMMA (total thickness of 550-
600 nm) at room temperature. d) Luminescence emission decays (λex=470 nm) measured for 1000 
ns for CsFAMA/PMMA, RC24/CsFAMA/PMMA, RC25/CsFAMA/PMMA and RC34/CsFAMA/PMMA 
on ITO coated glass substrate at room temperature. 

Figure 2c shows the photoluminescence spectrum of the CsFAMA film in a variety 

of bilayer configurations, including ITO/CsFAMA, ITO/RC24/CsFAMA, 

ITO/RC25/CsFAMA, and ITO/RC34/CsFAMA. The photoluminescence peak at 750 

nm entirely agrees with previous reports of emission from CsFAMA39, and the 

spectral position of the emission is stable among all the samples. Emission from the 

CsFAMA perovskite is almost entirely quenched upon contact with SAMs. RC34 

based perovskite film has slightly lower, yet noticeably, photoluminescence yield 

than RC24 and RC34 as shown in enlarged PL image in Figure 2c, that shows their 

efficient hole transporting character. Additionally, we used time-resolved 

photoluminescence (TRPL) to investigate the radiative decay dynamics using λex= 

470 nm as excitation wavelength as shown in Figure 2d, which is acquired with a 
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time-correlated single-photon counting (TCSPC) technique. Here, two different 

decay profiles for RC24 and one decay profile for RC25 and RC34 are observed, 

fitted to a bi-exponential function, y=A1 exp(-t/τ1)+A2 exp(-t/τ2)25 as in the earlier 

study.44 We assign the slower decay (τ2)  to the bimolecular recombination, while the 

fast decay (τ1) corresponds to trap filling for SAM-based perovskite films.45 The 

calculated lifetimes τ1 are 21 ns, 20 ns, 17 ns, and 19 ns for the CsFAMA perovskite, 

RC24, RC25, and RC34 respectively, while the lifetimes τ2 of the CsFAMA 

perovskite, RC24, RC25, and RC34 are 122 ns, 130 ns, 115 ns, and 107 ns 

respectively (see Table S3, ESI†). Our hypothesis is that the lifetime τ2 is due to either 

the passivation of defects at the interface between the SAMs and the perovkskite or 

it may well be to the different crystallinity of the perovskite after the initial nucleation 

of the fist nanometers of the film in direct contact with the SAMs. For instance, the 

RC24 will have different effects46 as seen by the increased PL yield, compared to 

RC25 and RC34. It has been reported that the presence of the Lewis acid-base 

interactions47 between the amino group in TPA and the positively charged defects 

such as under-coordinated Pb2+ in the perovskite cause passivation of surface 

defects and significantly decreases the non-radiative recombination in perovskite 

films.48–50 This was our initial motivation for the synthesis of the molecules used in 

this work. Moreover, TPA-based SAMs exhibit good thermal and morphological 

stability during device fabrication and general operating conditions.  

The thermal behaviour of RC24, RC25, and RC34 is analysed by differential 

scanning calorimetry (DSC) and thermogravimetry analysis (TGA) (see Table S4, 

Figure S5, ESI†). TGA showed remarkably high thermal stability with decomposition 

temperatures (5% weight loss) that are 347 °C, 383 °C, and 386 °C for RC24, RC25, 

and RC34, respectively. Likewise, DSC confirmed elevated Tg during the second 

heating cycle for RC24, RC25, and RC34 which are 190 °C, 196 °C, and 197 °C, 

respectively. The fact that TPA-based SAMs exist in both amorphous and semi-

crystalline states explains their uniform coating when annealing the perovskite films 

at 100 °C.51 

To examine the effect of the substitution position on perovskite films, the perovskite 

layers grown on SAMs are characterised by scanning electron microscopy (SEM). 

Figure 3 shows the full cross-sectional device, the surface morphology, and grain 
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size distribution of the perovskite thin film grown on SAMs. The perovskite thin films 

are uniform, cover the entire substrates, and are free of pinholes. Therefore, the 

bright small grains can be assigned to PbI2 due to an excess concentration in the 

perovskite thin film that can improve the device performance, as reported in previous 

studies.52,53 The perovskite layer that is grown on RC24 with para-&ortho- positioned 

methoxy substituents shows larger crystal grains and fewer grain boundaries with 

an average grain size of about 385±106 nm compared to 357±185 nm for RC25 and 

301±85 nm for RC34. However, we acknowledge that SEM images are inadequate 

to identify the perovskite grain size distribution.54 To further characterise the 

crystallite size of the perovskite layer deposited on the different SAMs, we performed 

Le Bail analysis on the corresponding XRD patterns (fitted patterns can be found in 

Figure S6, ESI†).55 The domain size of the perovskite can be quantified by the 

Lorentzian contribution to the peak broadening of the perovskite diffracted peaks in 

the XRD patterns. Le Bail analysis demonstrates that RC24-based perovskite 

exhibits the largest domain size (approximately 100 nm), whereas perovskite layers 

on RC25 and RC34 domain sizes of 77 nm and 70 nm, respectively, which agrees 

with the results given by SEM images. We note that a domain is the largest unit with 

the same orientation, and a grain can consist of multiple domains. Furthermore, the 

SEM cross-sectional images of RC25 and RC34 in Figure 3 indicate small grains at 

the interface of SAM/perovskite and grain boundaries in the vertical direction. In 

contrast, the perovskite layer grown on RC24 seems to have a monolithic grain 

structure. This can directly affect the charge transport and device's performance in 

a quasi-steady-state condition.  

By combining the average grain size with the hydrophobicity discussed previously 

(RC34 < RC25 < RC24), it is becoming evident that these two parameters correlate. 

Bi and co-workers showed the non-wetting substrate provides a higher grain 

boundary mobility and allows the growth of larger grains by the surface tension 

dragging force.13,56 Concisely, the position of a suitable substituent is critical to the 

formation of uniform perovskite films with large grain sizes, which directly affects the 

perovskite device performance. Additionally, the large grain size is vital for 

perovskite solar cells due to transporting/collecting charge carriers efficiently and 

reducing charge recombination.13,57,58  
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Figure 3. Scanning electron microscopic images of the top view of perovskite layers grown on 
ITO/RC24, ITO/RC25, and ITO/RC34 and their cross-sectional full device image shown above the 
top view for each SAM. The grain size distribution of the perovskite thin films based on SAMs are 
shown below the top view for each SAM. All scale bars are 800 nm. 

We have further fabricated perovskite solar cells to investigate the influences of 

differently positioned methoxy substituents in SAMs on the power conversion 

efficiency and stability. The state-of-the-art device architecture with 

ITO/SAM/CsFAMA/C60/BCP/Cu sandwich architecture is used in this study.39 TPA-

based SAMs are deposited on top of the UV-O3 treated ITO substrates using the dip-

coating deposition process. Then, the perovskite (CsFAMA) layer is placed on top 

of the SAMs using the one-step method.59 Following perovskite layer deposition, C60 

is thermally evaporated graciously as an electron selective layer to passivate the 

grain boundaries and surfaces of perovskite films.60,61 Afterwards, a thin layer of 

bathocuproine (BCP) is evaporated on top of the electron selective layer as a buffer 

layer for eliminating charge accumulation at the C60/BCP/Cu interfaces.62 A 100 nm 

copper (Cu) electrode is evaporated to complete the device. The experimental 

section gives all the fabrication processes of the perovskite solar cells.  
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All SAMs are deposited on top of the ITO substrates using a dip-coating method 

which is the most applied method for having a well-organised interface under the 

perovskite absorber. The unbound molecules could be eliminated with the used 

solvent by rinsing or an ultrasonic cleaning bath. A dip-coating method was 

optimised by using non-halogenated solvents thanks to the anchor group of SAMs. 

In this study, the most common non-halogenated solvents are used for optimising 

the effect of SAM on the performance of the perovskite solar cells. The statistically 

better performance of the RC24 and RC34 based perovskite devices with Ethanol 

(EtOH) and RC25 based devices with isopropanol (IPA) are shown by having higher 

FF (see Figure S7, ESI†). The best photovoltaic parameters of the solvent 

optimisation for each SAMs are summed up in Table S5, where the FF values of the 

RC24 have a significantly narrower distribution comparing to RC25 and RC34.  

The best device's current density versus voltage (J-V) plots recorded from RC24, 

RC25, and RC34 measured at a scan rate of 100 mV/s are demonstrated in Figure 

4a. Specifically, the open-circuit voltage (VOC) of the RC24 SAM-based device is 

approximately 17 mV larger than of RC25 and RC34 SAM-based devices, while the 

scan direction is from VOC to JSC. In addition, An and co-workers demonstrated that 

with increasing average grain size, the VOC could be significantly enhanced by over 

200 mV with a slight increase in FF.63 The best-achieved PCE of RC24, RC25, and 

RC34 is 19.8%, 19.6%, and 19.7%, surpassing the commercially available HSLs 

from literature, especially while using a PTAA layer in the same device structure in 

our previous study (Table 1).25,64  
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Figure 4. a) Best J-V curves from RC24, RC25 and RC34 in EtOH. b) Quasi-steady-state efficiency 
of best devices with RC24, RC25, and RC34. SAM for c) RC24 molecules d) RC34 molecules.  

The J-V scan of SAMs-HSL based full devices indicated a similar lower leakage 

current under dark conditions (see Figure S8b, ESI†). A low dark current is one of 

the proofs to show a high density of SAMs on the ITO surface. External quantum 

efficiency measurements (EQE) are done to understand how efficiently a perovskite 

layer transforms light into current.65 The integrated JSC,EQE of the best devices is 

close to the JSC,J-V in Figure S8a, and the devices show an insignificant hysteresis 

index (HI) between reverse and forward J-V scans. The photovoltaic parameters of 

the best devices and the average grain size distribution is estimated as listed in Table 

1.  

Table 1. Photovoltaic parameters of the best performing devices based on different 

SAMs and PTAA with a scan speed of 100 mV/s and the average grain size 

distribution. 

SAMs Average 
Grain Size 

(nm) 

JSC,EQE 

(mA/cm2) 
JSC,J-V 

(mA/cm
2
) 

V
OC

 

(mV) 

FF 
(%) 

PCE 
(%) 

HI 
(%) 

RC-24 385±106 21.5 22.3 1123 79 19.8 0.00 

RC-25 357±185 21.4 22.1 1116 79 19.6 0.02 
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RC-34 301±85 21.3 22.5 1109 79 19.7 0.00 
*PTAA - 21.2 21.9 1098 79 18.9 -0.01 

*The given reference data has an identical device architecture and photovoltaic 
parameters are measured using exactly the same equipment.25  

To understand the effect of a differently positioned methoxy substituent in SAMs with 

short-term perovskite device stability, maximum power point (MPP) tracks of the best 

devices are performed. After the first J-V scan, MPP tracks are made where RC25 

and RC34 display a significantly lower performance over RC24. As can be seen in 

Figure 4b, RC24, RC25, and RC34 based perovskite cells lost around 3%, 4%, and 

5% of their initial PCE after 120 seconds of MPP tracking, respectively. In addition, 

RC25 and RC34 devices exhibit a significant burn-in loss in the first few seconds at 

the MPP and continue to decrease afterwards. On the contrary, the ortho-&para-

position substituted RC24 devices show a more stable MPP output. At first sight, this 

can be attributed to its high hydrophobicity (water contact angle 42.0°), which can 

influence the response of the devices as shown in literature.66 More importantly, 

when the monolayer is created, the molecules link each other by the mean of 

dispersion interactions especially by π-π stacking between the phenyls group of 

nearby molecules, which tends to overlap. DFT calculations show that the monolayer 

formed by the RC24 molecule presents 0.12 eV larger interaction energy between 

pairs of molecules than RC34. This suggests that the RC24 molecules are more 

suited to form a more compact, ordered and thus stable monolayer, with respect to 

RC34, when adsorbed onto the ITO surface (Figure 4c and d). Moreover, previous 

reports show that mobile ions in the perovskite layers can be trapped at the grain 

boundaries, resulting in a longer transient in device response.67,68 Thus, the lower 

grain boundary density in perovskite grown on RC24 leads to a slower decay slope, 

as can be seen in MPP tracking (Figure 4b).  

Conclusion  

In conclusion, we synthesised and characterised three new self-assembled hole 

selective molecules for application in p-i-n perovskite devices. TPA based-SAMs are 

demonstrated to be effective in enhancing the efficiency of perovskite devices to 

19.8%. Our results provide a simple molecule design strategy for achieving reduced 

hysteresis and highly efficient perovskite devices. As we mentioned earlier, the -OMe 

group's existence increases the wettability of the metal oxide substrates, although 
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their position as a terminal group directly affects the device performance by 

increasing grain size. An enhanced crystal growth towards larger crystallite formation 

in the polycrystalline perovskite film reduces the grain boundaries density, which 

consequently reduces surface recombination, decreases hysteresis, and increases 

the PCE of the perovskite device. Lastly, DFT calculation showed that the terminal 

group of SAMs plays a critical role to form homogeneous and stable SAM on metal 

oxide surfaces apart from changing the surface and interface properties. This study 

provides new guidelines to understand the importance of the molecule design of the 

charge selective contact and their role in the efficiency and stability of the PSCs. 

Moreover, this study tends to provide a new perspective to the interfacial engineering 

of hole selective layer that might be also used in optoelectronic applications likewise 

light emitting diodes, etc.  
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