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Abstract
End-capped acceptors modification of fused ring electron acceptors (FREAs) is an attractive strategy to boost the opto-electronic and photo-voltaic properties of the materials. FREAsare also proven beneficial due to their tremendous applications in organic solar cells (OSCs). Among fused-ring electronic species, small fullerene-free FREAs have already been drawn more attention due to their near-infrared sensitivity and constantly increasing efficiencies. Therefore, we have designed six new FREAs (K1-K6) having selenophene as π-bridge in between the central alkylated indaceno[1,2-b:5,6b]dithiophene (IDT) unit after the incorporations of various end-capped acceptors on to the recently synthesized IDT2SeC2C4-4F molecule. Structural-property relationship, photophysical and photovoltaic properties of newly designed molecules are studied with the help of density functional theory (DFT) and time dependent-density functional theory (TD-DFT). Certain critical specifications like frontier molecular orbital (FMOs) alignment, density of states (DOS), absorption maxima, excitation energy, binding energy (B.E) along with transition density matrix (TDM), and the specifically estimated re-organizational energy values of electron and hole and the open circuit voltages of newly designed molecules are computed and compared with reference molecule. Generally, a red-shifting absorption behavior of FREAs is considered the most important reason for their high efficiencies in OSCs. Our novel designed molecules exhibit red shift in absorption spectrum. Similarly, low excitation and binding energies of designed molecules offer improved power conversion efficiencies (PCE) with highest possible charge photo-current density (Jsc) in OSCs devices. Furthermore, study of PTB7-Th/K1 complex is also done in order to examine charge transfer between within complex. By introducing the efficient end-capped acceptor moieties in reference molecule, enhancement in charge mobilities is noted. The large open circuit voltage, low reorganizational energies, narrower HOMO-LUMO energy gap, lower binding and excitation energies and highly red-shifting in absorption phenomenon indicates an efficient designing of molecules which could be best fitted for high efficiency OSCs. Finally, theorized molecules are much superior related to their photovoltaic and electronic properties and thus are recommended to experimentalist for their synthesis and out-looking future developments of highly efficient solar cells devices.
Keywords:  Fused ring electron acceptors (FREAs); Selenopheneπ-bridge; Photovoltaic properties; DFT; Acceptor modifications; Organic solar cells
1. Introduction
In recent days, fullerene-free based small-molecular acceptors (NF­SMAs) are highly preferred in up-coming organic solar cells (OSCs) because of its high power conversion efficiencies1–5.Some properties that are associated with NF-SMs are intense visible range absorption, good solubility and profound tunable energylevels6–8.Therefore,NF-SMAs based OSCs are widely utilized due to their excellent optoelectronic properties. Besides good PCE, some limitations are associated with NF-SMAs like these small acceptor molecules mostly have planar structure and massive alkyl units joined with core part causes self-aggregation in complex formation9. Now three dimensional structures are used to decrease this self-aggregation10. In last few years, researchers are involved in improving the structure of these NF-SMAs for high efficiency OSCs. As a result, many groups of fullerene-free acceptors with various geometrical dimensions and building blocks have been developed11. Fused-ring based electron-acceptors moieties with base core of A-D-A attracting more attention of researchers due to high performance in solar cells12–14. Optoelectronic properties of FREAscan be increased by changing terminal acceptor, electron donating core and π spacer such as selenophene15,16, thiophene17,18and alkoxylthiophene19,20between central polycyclic aromatic units and end-capped acceptor moieties for tuning of optical as well as photovoltaic properties. 
Narrow energy gap with red shifted absorption referred as some important properties of π spacer having FREAs. These properties are obtained by intra-molecular charge transfer phenomenon and increased electron delocalization. Literature revealed that PCEs and fill factor (FF) of OSCs based on near-infrared (NIR)absorbing FREAs can be enhanced by improving charge transport properties and intermolecular packing which is achieved by replacing phenyl bulky groups with alkyl-side chains21,22.Recently, Zhang and his co-workers synthesized fused ring electron acceptor material (IDT2SeC2C4-4F)23. In this molecule compact intermolecular π-π stacking with high electronic mobility was achieved. So, motivated from these findings we have designed new novel six FREAs (K1-K6) through end-capped modifications of recently synthesized low band gap FREA(IDT2SeC2C4-4F). IDT2SeC2C4-4F(R) containing selenophene π-bridge between central alkylated indaceno[1,2-b:5,6b]dithiophene (IDT) unit and terminal 1,1-dicyanomethylene-3-indanones (ICs) with 2 fluorine substituent.
In this report, six new novel FREAs (K1-K6) based on A-D-A backbone are designed via end-capped  replacements of R with 1-(dicyanomethylene)-2-methylene-3-oxo-2,3-dihydro-1H-indene-5,6-dicarbonitrile(K1), methyl 6-cyano-3-(dicyanomethylene)-2-methylene-1-oxo-2,3-dihydro-1H-indene-5-carboxylate (K2), dimethyl 1-(dicyanomethylene)-2-methylene-3-oxo-2,3-dihydro-1H-indene-5,6-dicarboxylate (K3), 2-(5,6-dichloro-2-methylene-3-oxo-2,3-dihydro-1H-inden-1-ylidene)malononitrile (K4), 3-chloro-6-(dinitromethylene)-5-methylene-5,6-dihydro-4H-cyclopenta[c]thiophen-4-one (K5) and 6-(dinitromethylene)-5-methylene-5,6-dihydro-4H-cyclopenta[c]thiophen-4-one (K6). After such key modifications, different parameters like structural-property relationship, photovoltaic and optoelectronic properties of the newly designed molecules were examined and differentiated with R molecule by employing DFT and TD-DFT with various functional groups. In addition, alignment of FMOs with supporting density of states plots, re-organizational energy of hole and electron, B.E along with TDM plots, open-circuit voltages, PTB7-Th/K5 complex study and optical properties of all DFT based tailored materials are also studied and compared with R molecule.


2. Computational details
In this study, entire quantum chemical procedures were performed with aid ofGaussian 09W24 program. The inputswere made as well as results are visualized through Gauss view 5.0. Firstly, evaluation of absorption maxima of Rwas madeby implement TD-DFT at four different functional like B3LYP25,CAM-B3LYP26,ωB97XD27 and MPW1PW9128 withbasis set 6-31G(d,p)29,30.Absorption maxima of R atMPW1PW91 with 6-31G(d,p) levelpresented good concurrence with experimentally recordedλmaxtherefore, it was best suited in further calculation of  architected moleculesK1-K6.
Reorganization energy of molecules was calculated by computed them atMPW1PW91 with 6-31G(d,p) basis set. Main components of reorganization energy are external (λext) and internal (λint) reorganization energies. Internal energy explores quick changes in internal composition, but external energy related with external environmental relaxation.Here, externalenvironment effect is ignored and we studied only internal environment effects.However, energy of hole (λh) and electron (λe) were estimated with equation (1 and 2)31,32:
	

	(1)

	
	(2)


In above equations (1) and (2),  and  are anionic and cationic energiesestimated through optimization of neutral molecule, respectively. Molecular energies of neutral compound calculated atanionic and cationic states areand. Furthermore, E+ and E-represent energies of optimized cationic and anionic molecules. E0represents single point energy at ground state.
3. Results and Discussion
3.1 Implementation of DFT approaches
Initially, four different functional B3LYP, MPW1PW91, CAM-B3LYP, and ωB97XD at 6-31G(d,p) level of basis sets applied to obtain absorption maxima ofR. Theλmaxof reference R on these levels are 809.34, 558.99, 505.72, 753.65nm, respectively, on the other hand, experiment recorded value is 756nm (Figure 1).MPW1PW91/6-31G(d,p) basis set exhibited great compatibility with the available reference value which has given reason to use it in further calculations.
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Figure 1 Comparison of UV of R at B3LYP, CAM-B3LYP, MPW1PW91 and ωB97XD with 6-31G(d,p) basis set in bar chart form
3.2 FMOs and DOS analysis
DFT based molecular engineering of R molecule with various end-capped acceptor moieties are presented in Figure 2. Optimized theoretical geometries of molecules (R and K1-K6) at MPW1PW91/6-31G(d,p) level of DFT exhibitedin Figure 3.To study optoelectronic parameters of OSCs, frontier molecular orbital alignment playeda vital role therefore, frontier molecular orbital alignment is also studied as aforementioned method. Electronic charge distribution in highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) are given in Figure 4. Calculated HOMO-LUMO orbital energy for reference is -5.62 and -3.46 eV.LUMO energies for sketched molecules are -3.91, -3.65, -3.48, -3.52, -3.53, -3.45eV while HOMO energies are -5.94, -5.74, -5.62, -5.66, -5.63, -5.58 eVrespectively.Band gap of all architected structures is 2.03, 2.09, 2.13, 2.14, 2.10, 2.13 eV, respectively(Table 1).K1 has least HOMO and LUMO energy values that probably because of efficient electronic charge with-drawing group i.e.1-(dicyanomethylene)-2-methylene-3-oxo-2,3-dihydro-1H-indene-5,6-dicarbonitrile, whereas in case of K2, values of energy orbitals are lesser than K4 and K5which is might be due to acetate substitutionof methyl 6-cyano-3-(dicyanomethylene)-1-oxo- 2,3-dihydro-1-H-indene-5-carboxylate.
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Figure2 Molecular designing ofK1-K6through end-capped acceptor modifications of R.
K3 and R molecule exhibit identical values of HOMO energy orbital. However, K4, K5 and K6 disclosed relatively similar HOMO levels with very minor difference. In the case of LUMO orbital energy values, K3 and R did not show identical values rather K3 molecule possesses more stable LUMO orbital as compared to R which is due to dimethyl 1-(dicyanomethylene)-2-methylene-3-oxo-2,3-dihydro-1H-indene-5,6-dicarboxylateacceptor unit.HOMO and LUMO energy values of all studied molecules arranged in decreasing trend as: K6> R=K2> K5> K4> K2> K1and K6> R> K3> K4> K5> K2> K1, respectively. It is obvious from order that all of the newly conceptualized molecules exhibit more stable HOMO and LUMO energy orbitals as compared to Rexcept K6 for which reversal is truth.
One of very vital parameter for feasible electron mobility is HOMO-LUMO band gap i.e. molecule with narrowgap would have larger rate ofcharge mobility33–41.Our all novel designed molecules K1-K6 disclosed narrow Eg than R. Thus, tailoredstructures contain good charge conductivitycharacteristics as compared to reference molecule. HOMO-LUMO energy gap value noted for Ris 2.16eV while novel designedmolecules K1-K6 have2.03, 2.09, 2.13, 2.14, 2.10 and 2.13 eV, respectively.Among studied molecules, K1displayed least HOMO-LUMO energy difference and this is because of an effective end-capped acceptor moieties.
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Figure 3 Optimized geometries of R and K1-K6at MPW1PW91/6-31G(d,p) level of DFT
Table 1: HOMO and LUMO energies value along with HOMO-LUMO energy gap of all studied molecules atMPW1PW91/6-31G(d,p) level of density functional theory.
	Molecule
		EHOMO
	ELUMO
	Egap=ELUMO-EHOMO

	R
	-5.62
	-3.46
	2.16

	K1
	-5.94
	-3.91
	2.03

	K2
	-5.74
	-3.65
	2.09

	K3
	-5.62
	-3.48
	2.13

	K4
	-5.66
	-3.52
	2.14

	K5
	-5.63
	-3.53
	2.10

	K6
	-5.58
	-3.45
	2.13


Second least desirability of energy gap is seen in K2 that is because of dimethyl 1-(dicyanomethylene)-2-methylene-3-oxo-2,3-dihydro-1H-indene-5,6-dicarboxylate acceptor unit. Molecules K3 and K6 express identical HOMO-LUMO Eg of 2.13 eV that depicted the electron withdrawing capability of these molecules is same. K5 disclosed narrow gap as compared to K4, K3, K6 and R and this is due to addition functional group in end-capped acceptor moiety. The relatively decreasing directive of HOMO-LUMO Eg among all the newly designed molecules is: R> K4> K3=K6> K5> K2> K1. From above discussion it is illustrated that our all designed molecules K1-K6 offer better optoelectronic properties than that of R, thus tailored molecules are best fitted FREAs for enhanced efficiency OSCs. 
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Figure 4 HOMO and LUMO distribution patterns of all molecules at MPW1PW91/6-31G(d,p) basis set of DFT.
DOS analysis was also accomplished foradvanced illustration of FMOs. DOS is performed at MPW1PW91 method combined with 6-31G(d,p) level of theory. DOS plots of R and K1-K6 are displayed in Figure 5. From Figure 5, itis evidently confirmed that electron attracting behavior of end-capped acceptormoieties has altered distribution array of HOMO and LUMO charge densities.According to results, HOMO density of R is majorly distributedon donating core and bridge while LUMO density is majorly present on accepting part. In K1-K6 molecules HOMO density is majorly present on donor entity and bridging part while lowest unoccupied molecule orbital density is majorly present on acceptor unit. So from obtained plots it found that end-capped acceptors efficiently withdraw electron density and bridge atoms facilitate them to do so, as presented in Figure 5. 
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Figure 5 DOS plots of R and K1-K6 at MPW1PW91/6-31G(d,p) basis set of DFT.
3.3 Optical properties
For evaluation of absorption properties in chloroform solution, oscillating strength, excitation energy and concerned molecular orbitals assignment of all studied molecules, MPW1PW91 method with 6-31G(d,p) basis set of  TD-DFT is used. Result of these calculations is tabulated in Table 2.Experimental recorded (λmax=756 nm) and DFT based computed (λmax=697.95 nm) absorption maximaof R show a reasonable agreement. Generally, it is observed that red-shifting in absorption spectrum with near-infrared sensitivity of small molecular acceptor offers high efficiencies. Our tailored molecules K1, K2, K3 and K5demonstrated good red shift in absorption spectra and end-capped  moietieswith large electron withdrawingability are the main reason forthis red-shiftedin absorption spectra of K1(λmax=729.25 nm), K2(λmax=709.04 nm) and K5(λmax=704.85 nm). Among allmolecules, K1 exhibit great red-shifted (λmax=729.25 nm) with near-infrared sensitivity and this is probably due to 1-(dicyanomethylene)-2-methylene-3-oxo-2,3-dihydro-1H-indene-5,6-dicarbonitrile acceptor unit. Second highest red-shifting is observed in the absorption spectrum of K2 and this is mainly because of the presence of various functional groups at acceptor unit.K3 (λmax=696.18 nm), K4(λmax=692.99 nm) and K6(λmax=693.23 nm) disclosed approximately similar absorption maxima values with minute difference. These molecule also exhibit a slightly blue-shifted as compared to R(λmax=697.95 nm). Decreasing fashion of λmaxfor all compounds is K1> K2> K5> R> K3> K6> K4. From order and above discussion, it is confirmed that tailored materials exhibit red-shifting in absorption spectra with near-infrared sensitive which offer high efficiencies. In addition all tailored molecules disclosed better oscillating strength as compared to R. (Table 2). Simulated absorption spectrum in Figure 6 also supports the above discussed results. 
Table 2: The experimental and DFT based absorption maxima (λmax),assignments(f), excited energy (Ex) with dipole moment in chloroform solvent
	Molecule
	DFT.λmax
	Exp.λmax
	Ex (eV)
	f
	Assignment

	R
	697.95
	756
	1.78
	1.95
	HOMO->LUMO (96%)

	K1
	729.44
	---
	1.70
	2.56
	HOMO->LUMO (97%)

	K2
	709.04
	---
	1.75
	2.64
	HOMO->LUMO (97%)

	K3
	696.18
	---
	1.78
	2.64
	HOMO->LUMO (97%)

	K4
	692.99
	---
	1.79
	2.72
	HOMO->LUMO (97%)

	K5
K6
	704.85
693.23
	---
---
	1.76
1.79
	2.54
2.54
	HOMO->LUMO (97%)
HOMO->LUMO (97%)


DFT.λmax=DFT based recorded absorption maxima, Exp.λmax=experimental recorded absorption maxima
Excitation energy (Ex) calculation is also an important factor to examine proficiency of OSCs. Usually, smaller Ex values grantees high power conversion efficiencies in fused ring electron acceptors. Our novel designed molecules have low values ofexcitation energy with respect to R. Excitation energy of K1-K6 is 1.70, 1.75, 1.78, 1.79, 1.76 and 1.79 eV, respectively. K3 and R disclosed identical excitation energy values, whereas K4 and K6 exhibit comparable Ex value with R. Lowest Exis noted for K1 and second lowest Ex is noted for K2. Small values of excitation energy of tailored molecules as compared to reference molecule are probably because of efficient end-capped acceptor units. So, from above discussion, it is evidently concluded that our tailored molecules K1-K6 offer better optical properties as compared to R therefore our architected materials are preferable contenders for future applications in OSCs.
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Figure 6 DFT based absorption spectra of R and K1-K6 in chloroform solvent.
3.4 Reorganizational energy
Reorganization energy is pondered as essential tool to assess performance of OSCs. Commonly, low values of reorganizational energy of acceptor molecules offer high charge mobility. In other words, a contrary relation is realized among charge transport and re-organization energy. Reorganization energy for all molecules is also computed at MPW1PW91-6-31G(d,p) level of DFT theory. Main components of reorganization energy are external (λext.) and internal (λint.) reorganization energies. Internal reorganization energy explores quick changes in internal composition, but exterior reorganization energy related with outward environmental relaxation. Here, outside environment effect is ignored and we studied only internal environment effects. Reorganizational energy of electron of Ris 0.0104eV. λe values of K1-K6 are 0.0033, 0.0042, 0.0049, 0.0049, 0.0070 and 0.0090eV, respectively as  shown in Table 3. Our all novel molecules exhibited minimum reorganizational energy of electron compared with reference molecule. The newly designed K1-K6, K1 unveiled lowest λe which might be of strong end-capped acceptor moieties. K3 (λe=0.0049 eV) and K4(λe=0.0049 eV) molecules expressed identical λevalues which suggest that the power of end-capped acceptor moieties in both molecules is somehow similar. The declining order of λe of all molecules is: R> K6>K5>K3=K4> K2> K1. This order suggested that our all novel designed molecules are suitable electron transport substances for efficient solar cells. 
The hole mobility of R is 0.0091 eV. λh values for deigned molecules are 0.0071, 0.0073, 0.0076, 0.0074, 0.0080 and 0.0080 eV, respectively. Designed molecules K1-K6 disclosed better hole mobility than reference molecule. λh values of new materials are significantly low than that of R which advised that designed molecules are perfect HTM for future organic SCs. The decreasing order of λh values is: R> K5=K6> K3> K4> K2> K1.  
By considering previous discussion, we may confirmed the efficient designing of FREAs are valuable runners for eficient OSCs. Moreover, K1 is best electron and hole transport material among all studied compounds.    
Table 3: Reorganizational energy of electron and hole of molecules (R and K1-K6)
	Molecules
	λe(eV)
	λh(eV)

	R
	0.0104
	0.0091

			K1
	0.0033
	0.0071

	K2
	0.0042
	0.0073

	K3
	0.0049
	0.0076

	K4
	0.0049
	0.0074

	K5
	0.0070
	0.0080

	K6
	0.0090
	0.0080


3.5 Binding energy (B.E) and TDM analysis 
One of another most encouraging parameters for estimation of opto-electronic properties, excited separation potential as well as working efficacy of OSCs is Eb. It also used for determining strength of columbic forces between electrons as well as in holes. The value of Eb is lesser than columbic attraction will also be lower or vice versa42–44. Low excitation energy recommendedhigh excitation segregation potential. In following equation (3), Eb is estimated by taking difference of HOMO-LUMO band gap (EH–L) with lowest energy needed for 1st excitation (Eopt) that originated from S0 to S1 by creating pair of electron and hole. 
	Eb = EH–L − Eopt
	(3)


Theoretically computed result of Eb is displayed in Table 4. Results of Eb reveals the results of all designed molecules K1(Eb=0.33 eV), K2 (Eb=0.34 eV), K3 (Eb=0.35 eV), K4 (Eb=0.35 eV), K5 (Eb=0.34 eV) and K6(Eb=0.34 eV) showed low Eb as compared to R(Eb=0.38 eV). So, novel designed molecules are suitable provide high PCEs, Jsc and better photovoltaic properties in highly efficient photovoltaic device. Different types of transition of studied molecules can be estimated with assistance of transition density matrixes (TDMs). To gain absorption and emission of S1 level at vacuum, similar MPW1PW91/6-31G (d,p)) was applied. In this work, hydrogen atoms have put small impact in transitions therefore their impact was neglected. TDM study gives knowledge about excitation of electrons, localization of hole and attraction between donor/acceptor groups in their excited forms. For reader simplification, all molecules K1-K6including Rare categorized in two portions; acceptor (A) and donor (D) as shown in Figure 7. TDM Figures showed that R and newly modified K1-K6 exhibit similar behavior in which electronic charge density present on donor diagonal and more on end-capped acceptor units. The charge connection phenomenon in R and in K1–K6 provides authenticity of transformation of electrons from donor to acceptor units, while, selenophene bridge in donor part provides support for their charge transformation without any hindrance to reach to acceptor side. So, from above discussion it is confirmed that investigated molecules are presented lesser binding energy than molecule R which is appreciable agreement with TDM results.
Table 4:Density functional theory based computed HOMO-LUMO energy gap (EH-L), first principle excitation energy (Eopt) and binding energy (in eV) of all studied molecules
	Molecules
	EH-L
	Eopt
	Eb

	R
	2.16
	1.78
	0.38

	K1
	2.03
	1.70
	0.33

	K2
	2.09
	1.75
	0.34

	K3
	2.13
	1.78
	0.35

	K4
	2.14
	1.79
	0.35

	K5
	2.10
	1.76
	0.34

	K6
	2.13
	1.79
	0.34
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Figure 7 TDM plots ofR and K1-K6 at MPW1PW91/6-31G(d,p) basis set of DFT.
3.6 Open circuit voltage
The most demanding factor that effectively enhanced functioning potential of OSCs is Voc. Mainly it is related to measure ofcurrent that can be taken from every sort of optical device. Voc is calculated by usingequation 445:

(4)
Voc mainly corresponds to a) saturated and b) light-generated which in turn rely on recombination in devices. Moreover, Voc directly narrate with HOMO-LUMO gap of investigated structure. The Voc is measured by scaling HOMO of donor and LUMO of acceptor. PTB7-Th is well recognized and often used donor polymer in valuable literature. In present study, we considered PTB7-Th as donor with all acceptor molecules (R and K1-K6). 
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Figure 8 Open circuit voltage of all acceptor molecules R, K1-K6 with respect to donor PTB7-Th molecule
Obtained value of Voc for R, K1, K2, K3, K4, K5 and K6 is 1.44, 0.99, 1.25, 1.42, 1.38, 1.37 and 1.45 V, respectively (Figure 8). All designedstructures displayed high and comparable Vocvalue than R and K6 exhibit highest Voc value which might be due to 6-(dinitromethylene)-5-methylene-5,6-dihydro-4H-cyclopenta[c]thiophen-4-one acceptor moiety. Second large Voc is noted for K3 (Voc=1.42 V) and this is because of presence of various functional groups at acceptor side. K4 and K5 disclosed closer values of Voc which suggest that the electron withdrawing capability of end-capped acceptor units of K4 and K5 is approximately similar. Decreasing open circuit voltage of all studied molecule is:K6> R> K3> K4> K5> K2> K1. From these investigations, K6 molecule has higher value of Voc thus K6 is proven as beneficial candidate for OSCs.
3.7 Charge transfer analysis
Determination of charge transport among K1 and donor PTB7-Th is carried out by analysis of complex (Figure 9). This complex study is done at MPW1PW91/6-31G(d,p). For complex formation K1 is selected as acceptor molecule owing to narrow HOMO-LUMO energy gap, low excitation and binding energy, good reorganizational energy of hole and electron, fine open circuit voltage and high red-shifting in absorption spectrum. PTB7-Th is well known and commonly employed donor for complex formation in solar cell application 46–48. Electronic transitions of studied complex are greatly affected by molecular orientation of K1 and PTB7-Th. Electron withdrawing end-capped 1-(dicyanomethylene)-2-methylene-3-oxo-2,3-dihydro-1H-indene-5,6-dicarbonitrile of K1 positioned towards donor molecule PTB7-Th.Dipole moment vector positioning of PTB7-Th/K1 complex is also estimated at same basis set of DFT. Dipole moment vector is originates from donor molecule and pointed towards acceptor molecule which indicate the transfer of charge density in PTB7-Th/K1 complex. The side of dipole moment is also expected as reason for excitation dissociation at PTB7-Th/K1 interface49–51. Moreover, charge distribution in complex is also examined through HOMO and LUMO density distribution pattern. This distribution pattern is also observed at same level MPW1PW91/6-31G(d,p). Figure 10 reveals that charge density of HOMO largely existing on donor and corresponding LUMO density mainly present on acceptor K1 which is a solid proof of charge mobility from donor to acceptor molecule. MO diagram is taken as solid evidenceof electron mobility from excited HOMO orbital to LUMO that illustrated perfect arrangement of molecular orbital between two molecules. Hence, newly constructed materials are demonstrated as beneficial acceptor materials for designing highly efficient organic solar cells.   
	



Figure 9 Optimized PTB7-Th/K1 complex at MPW1PW91/6-31G(d,p) basis set of DFT.
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Figure 10Distribution pattern of HOMO and LUMO density in PTB7-Th/K1 at MPW1PW91/6-31G(d,p) basis set of density functional theory 

4. Conclusion
In conclusion, different quantum chemical calculations have been used to explore the photo-physical, optoelectronic and photovoltaic properties of fused ring electron acceptor molecules. We have designed six new near-infrared sensitive FREAs (K1-K6) based on A-D-A by modifying end-capped acceptor moieties synthesized IDT2SeC2C4-4F reference molecule(R). All DFT and TD-DFT calculations are performed at MPW1PW91/6-31G(d,p) basis set. The attachments of various end-capped acceptor units prove beneficial to minimize HOMO-LUMO energy difference is observed in all newly designed molecules. K1-K6 molecules exhibit HOMO-LUMO energy gap of 2.03-2.14 eV which is quite narrower than the HOMO-LUMO energy gap of reference R (2.16 eV). Highest red-shifting in absorption spectrum is observed for K1 molecule (λmax=729.44 nm in chloroform solvent). Low reorganizational energies of electron (λe=0.0033-0.0090 eV) and hole (λh=0.0071-0.0080 eV) of K1-K6 molecules presents higher charge mobilities as compared to R (λe=0.0104 eV, λh=0.0091 eV). Low excitation and binding energy values of K1-K6 molecules provide high PCEs and Jsc values. Furthermore, DOS plots also supported the alteration of HOMO-LUMO orbitals after key modifications in reference molecule. Finally, results of all analysis revealed K1-K6 are appropriate FREAs for OSCs. Amongst all designed molecules K1 is established as valuable candidate for future OSCs development. Thus, our such kind of novel strategy to design efficient materials with improved opto-electronic characteristics for effective OSCs. These newly studied materials should be considered for synthesis to develop highly efficient solar cells.
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