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Abstract: Quantum chemical calculations were performed by using Density functional theory (DFT) to understand the hole 
transport properties of the novel Triphenylamine-Aminoanthraquinone azomethine compound, (E)-N-(4-
(diphenylamino)benzylidene)-9,10-dihydro-9,10-dimethyleneanthracen-2-amine (C3). The theoretically calculated energy levels 
of the compound were well matched with the other layers of the perovskite sensitized solar cells to fit as hole transport material 
in perovskite sensitized solar cells. The results suggest that this compound can be considered as a promising hole transport 
material for perovskite sensitized solar cells. 
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I. INTRODUCTION 
Energy consumption has been increasing at one of the fastest rates in the world, due to the population growth and economic 
development. The worldwide demand of energy is expected to be doubled by the year 2050 and tripled by the end of century. The 
energy consumed is produced from conventional resource, fossil fuels, such as coal, petroleum, and natural gas. But the most 
concerned topic is depletion of fossil fuels, and negative effects on the environment by enhancing the natural greenhouse effect and 
causing global warming, due to the combustion of fossil fuels [1-4]. For global, economic, and environmental stability, an abundant 
supply of energy is needed. The renewable energy systems such as sunlight, wind, tides, and biomass are starting to play a 
significant role in power generation, replacing fossil fuels. In this, solar energy has been considered as the largest single source of 
clean energy to satisfy our present global energy needs. The amount of solar energy that hits the surface of the earth in one hour is 
greater than the total amount of energy that the entire human population requires in one year. Scientists have been encouraged by 
this fact to harvest the solar energy in usable form and ultimately resulted in the form of different types of solar cells or photovoltaic 
cells [1-5].  
Looking at solar cells, Perovskite solar cells (PSC) are the fast-growing solar technology [6-9]. They have recently received an 
extraordinary attention of the research community due to rapid increase in the photovoltaic conversion efficiency from 3.8% to 26% 
[6-10]. The challenge in PSC research is the discovery of the hole transport materials (HTMs) that are excellent in performance, low 
cost and high stability, so as to commercialize the device successfully [11-23]. The ideal HTM for PSC fulfil certain requirements to 
enhance the efficiency of the cell. The HTM must have highest occupied molecular orbital (HOMO) and lowest unoccupied 
molecular orbital (LUMO) level are well aligned with the HOMO level of the perovskite material and conduction band of the TiO2 
to participate in efficient charge transfer process. The shift of HOMO level towards perovskite will leads to enhancement in the 
open circuit voltage. It should have a high hole transfer efficiency to facilitate hole conduction and prevent charge recombination. It 
should suppress the diffusion between back electrode metals and perovskite layer. The HTM must form amorphous thin film with 
glass transition temperature above 100°C to avoid crystallization. Furthermore, minimum absorption or transparency in visible 
region is desirable to hinder sunlight from efficiently reaching the perovskite material. Moreover, the HTM should possess thermal 
and photo stability and environmentally friendly and have resistance to external degradation factors such as moisture and oxygen for 
long term device performance. Several small molecule or polymer based HTMs have been synthesized extensively in this aspect. 
Most of these HTMS are synthesized by time consuming coupling reactions, such as Suzuki [24-26], Buchwald-Hartwig [27-28], 
Wittig-Horner [29], Ullmann [30]], Stille [31], Sonogashira [32] coupling reactions. These reactions are carried out in the presence 
of expensive transition metal catalysts and need strict reaction conditions and extensive product purification. Hence, still more 
efforts must be made to develop efficient and low cost HTMs alternative to spiro-OMeTAD for successful commercialization of the 
device. 
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Based on the extensive literature survey it was observed that azomethine based HTMs have great attention in Perovskite solar cells 
in recent years due to its simplicity and easiness of reaction to develop hole transport materials [33]. Azomethines are isoelectronic 
with their vinylene counterparts [34]. Since azomethines are prepared by straightforward condensation of complimentary amines 
and aldehydes and can purify by straightforward precipitation, drastically reduce the cost of PSCs [35]. The studies clearly shows 
that highly conjugated aromatic azomethines are stable and resist hydrolysis and are thermally stable above 300ºC [36-38]. 
Particularly, Triphenylamine (TPA) azomethines have received appreciable recognition due to the excellent hole transport properties 
of TPA [33]. Triphenylamine (TPA) has excellent electron donating capability. The three N-C bonds of TPA, conjugation through 
lone pair of electrons on the N atom makes TPA and its derivatives as appropriate HTMs in PSC. The study demonstrates the design 
and theoretical study of novel Triphenylamine-Aminoanthraquinone azomethine compound, (E)-N-(4-(diphenylamino)benzylidene)-
9,10-dihydro-9,10-dimethyleneanthracen-2-amine (C3). 
The specific objective of this work is to demonstrate the design of novel Triphenylamine-Aminoanthraquinone azomethine based 
conjugated organic hole transport material, (E)-N-(4-(diphenylamino)benzylidene)-9,10-dihydro-9,10-dimethyleneanthracen-2-
amine (C3) for perovskite solar cells. The investigation was initially focused on theoretical study of designed material and evaluate 
the adaption of these material in perovskite solar cells as hole transport material and to confirm the structure and energetic 
properties to fit in perovskite solar cells. This conjugated system can act as push pull system due to the nature of constituents. 
Triphenylamine can act as a good electron donor molecule due to its lower ionization potential than many organic and inorganic 
materials. The aminoanthraquinone molecule accepts electron through azomethine bond to complete the conjugated system. The 
proposed structure of azomethine has given in Fig 1. 

 
 
 
 
 
 
 

 
 
 

 Fig. 1  Structure of the proposed HTM 
 

II. METHOD 
Quantum chemical calculations were performed by using Density functional theory (DFT) to understand the structure and electronic 
properties of the compound. Density functional theory (DFT) computations were performed to understand the structure and 
electronic properties of the compound using Gaussian 09 with the basis set of B3LYP/6-311G (d, p) and the results were visualized 
using Gauss view. DFT method was used to calculate the most ground state electronic structure calculations of atoms, molecules 
and solids. DFT calculation focuses its attention on electron density instead of wave function to compute the energy. B3LYP is the 
most popular DFT model. The molecules were first optimized by the method B3LYP with 6-311G (d, p) basis set in Gaussian 09 
program. The frontier molecular orbitals were visualized by molecular visualization program Gauss view 5.  
 

III. RESULT AND DISCUSSION 
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LUMO 

Fig. 2 Depiction of HOMO and LUMO of compound C3 calculated using DFT analysis 
 

HTM EHOMO(eV) ELUMO(eV) Eg(eV) 
C3 -5.57 -3.08 2.49 

Table.  1 Summary of energy of the HOMO and LUMO of C3 
 

 
Fig. 3 The proposed energy level diagram of PSC by using C3 as HTM 

 
In this work, we report the theoretical study of conjugated hole transport material based on Triphenylamine and 
Aminoanthraquinone unit linked with azomethine bond. This conjugated system can act as push pull system in which 
Triphenylamine can act as a good electron donor molecule and aminoanthraquinone molecule accepts electron through azomethine 
bond to complete the conjugated system (Fig 1). Quantum chemical calculation by using Density functional Theory (DFT) can be 
able to predict the structural and electronic properties of the new compound (Fig 1). In this work, DFT/B3LYP with 6-311 G (d, p) 
basis set in Gaussian 09 was used to optimize the structure of the new HTM. The molecular visualization program, Gauss view 5.0.8 
was used to obtain frontier molecular orbitals of the new HTM.  
The frontier molecular orbitals of the HTM are presented in Fig 2. The analysis of frontier molecular orbitals will give a first insight 
on the charge transport properties of the HTM. The delocalized HOMO orbitals are favourable for hole transport materials. The 
analysis shows that electron density of HOMO of the molecule was concentrated on the electron donating Triphenylamine moiety 
and LUMO found on Aminoanthraquinone moiety through azomethine linkage. The distribution of frontier molecular orbital 
favours the intramolecular charge transfer through the system. The energy of the HOMO and LUMO of these HTM are summarized 
in Table 1. The HOMO-LUMO gap of C3 was calculated to be 2.49 eV.  The basic requirement for hole transport material is that its 
HOMO and LUMO levels are compatible with the HOMO level of the dye and the conduction band of TiO2 to achieve the 
maximum charge transfer process. The energy levels and energy gap calculated theoretically are well matched with CH3NH3PbBr3 
based perovskite solar cells. The all results indicates that this new hole transport material can fit in CH3NH3PbBr3 based perovskite 
solar cells as HTM and will show high performance. 
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IV. CONCLUSIONS 
The quantum chemical calculations by using Density functional theory (DFT) study found that Triphenylamine-
Aminoanthraquinone azomethine based conjugated organic hole transport material, (E)-N-(4-(diphenylamino)benzylidene)-9,10-
dihydro-9,10-dimethyleneanthracen-2-amine (C3) can perform as efficient HTM for perovskite solar cell applications from the 
comparison of the HOMO-LUMO values and the predicted energy band alignment of this compound confirms that the exciton 
dissociation and charge transfer at the interface are energetically favourable for perovskite solar cell.  
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