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Abstract 

Organic and dye sensitized solar cell devices have attracted a significant attention during last 

few years in scientific community due to their advantages such as low cost, easy processibility, 

large scale manufacturing and efficient conversion of solar energy into electrical energy. The 

main aim of this review is to provide torchlight for organic chemist willing to start exploration in 

the field of solar cell as it includes an overview of organic and dye sensitized solar cells. This 

review covers detailed history for development of solar cell, some basic terminologies used in 

organic and dye sensitized solar cells. The review article gives attention toward synthetic utility 

of organic molecules towards different types of solar cell such as single layer, double layer and 

bulk heterojunction solar cells, their mechanisms and type of materials which are generally used 

for solar cell device fabrication. The review specially gives focus on the up to date information 

about improvements in Organic Solar Cells (OSCs) and Dye Sensitized Solar Cells (DSSCs) 

which will be a handy tool for young budding researchers to explore the molecular engineering 

opportunities in terms of designing and synthesizing more efficient exotic materials for solar 

cell. 

Keywords: Organic Solar cell, Dye sensitized Solar cell, Efficiency, Metal Oxide 

Semiconductors. 
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1. Introduction 

Over the past decade, the thrust for renewable energies have came in limelight due to the 

world’s ever increasing demand for energy [1]. Different forms of renewable energies like 

biomass, wind, hydroelectric, marine tidal, geothermal and solar energy are recognized as 

alternatives for traditional sources [2]. Among these renewable energies, solar energy is a key 

technology obtained from sunlight which includes utilization of sun energy in different 

manner. Sunlight is inexpensive, non-polluting, abundant, unique natural resource of clean 

energy [3]. Earth receives 1.75 × 1017 W of energy from the sun which is enough to satisfy 

the annual energy demand of world in less than hour. This fascinating fact of sunlight is 

pinching researcher worldwide regarding its utilization for mankind and the main man made 

interface which converts sunlight energy into the electrical energy. The commercially existing 

solar cells are currently based on the inorganic silicon semiconductors which will result 

proliferation in of silicon demand in next decade and price of silicon will rise dramatically 

[4]. Due to this, Organic Solar Cells (OSCs) also known as Organic Photovoltaics or OPVs 

has gained considerable attention from industry and researchers in recent past. Use of OSCs 

in place of conventional inorganic semiconductors plays vital role due to their easy synthesis, 

low manufacturing costs, large area coverage and flexible surface [5]. Additionally, attraction 

towards OSCs was due to easy modulation in optical band gap and energy levels with respect 

to various conjugated building blocks, compatibility with other deposition technologies for 

device fabrication [6]. For an efficient OSCs following five processes are important: 

1. Light absorption followed by excitons generation 

2. Excitons diffusion towards active interface 

3. Then charge should be dissociated and separate 

4. Separated charge should be easily transport 

5. Collection of charge 



5 
 

2. Objectives of the Review 

Based on above mentioned principle steps, many researchers worldwide researching different 

types of conjugated organic donor and acceptor materials including small molecules and 

polymers to produce world class highly efficient organic photovoltaic devices. For the 

advancement of mankind, in recent years, worldwide thrust for newer, efficient, safer and 

greener energy sources has been increased tremendously. Moreover, sun light is the most 

reliable and affordable energy source for our planet. If we learn to harvest maximum energy 

provided by sunlight, we can bring lot of ecological, environmental and energy efficient 

technological benefits to the mankind to the level which were never achieved before. This is a 

a great need for the society and therefore, scientists are focusing how to tap the energy from 

sunlight in a more cheaper and safe way. In this review, we have tried to focus on some the 

recent advances taking place in OSCs and DSSCs research field with some fundamental 

knowledge using basic terminologies. Knowledge of historic development of OSCs and 

DSSCs technology along with current happenings in this domian will be helpful to the solar 

cell research community for their strateigeis and future work plan. Also, this review complies 

some basics of OSCs and DSSCs, their mechanism, type of materials involved, molecular 

engineeriging aspects attributed with various properties and recent cutting edgre research 

happeneing in this field. Main objective this review is to be a pathfinder for young growing 

communities and early stage researcheres who wants to explore energy harvesting materials 

and devices for future work.  

3. History of Photovoltaics (Solar Cell) 

“The beginning” of the solar cell technology is the discovery of photovoltaic effect by a 

French physicist Alexandre-Edmond Becquerel in 1839. He used two electrodes coated with 

AgCl or AgBr as light sensitive materials and kept in a black box surrounding in acid 

solution. The increased electricity was observed after exposing it to the light. Then it took 
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1873 when Willoughby Smith discovered selenium photo conductivity followed by William 

Grylls Adams and Richard Evans Day discovery in 1876 that selenium harvests electrical 

current on exposing with sun light. But drawback of this was created solar cell was very 

inefficient and energy created by this was not sufficient to run any electrical apparatus. In 

1893, Charles Fritts introduced the first solar cell from selenium wafer. Then in 1894, Charles 

Fritts coated a selenium with thin layer of gold and used as a light sensor, not as energy 

supply due to the low efficiency of about 1%. After this pioneer research in 18th centuary, 

German physicist Wilhelm Ludwig Franz Hallwachs in 1904 observed photosensitivity by 

combination of copper and cuprous oxide. Albert Einstein in 1905 discovered how exactly 

light caused photoelectric effect-essentially, photovoltaics. He stated that light travels as 

energy packets, he called them photons and energy fluctuates only with its frequency. This 

revolutionary theory gave well explaination to photon absorption with regards to light 

frequency. This theory was followed by Nobel Prize winning research by Robert Millikan in 

1916. He worked on the photoelectric effect and measured charge of the electrons. Then 

Polish chemist Jan Czochralski reported a growth of single-crystal silicon which shows 

efficiency increament for silicon-based cells. Bell Labs produced solar cells in 1950 which 

can be utilised for space activities by discovering a silicon solar cell and this was the first cell 

which can run electrical devices using sunlight. This fascinating discovery by Bell Labs was 

resulted in the launch of Telstar communications satellite powered (14W) by solar cells in 

1962. Simultaneouly, cadmium sulphide p-n junction was reported with 6% efficiency in 

1954 and in 1960, Hoffman Electronics came up with a solar cell having 14% efficiency.  The 

world’s first photovoltaic research and development laboratory ‘The Institute of Energy 

Conversion’, University of Delaware is established in 1972 with primary objective of 

research and development on thin-film photovoltaic and solar thermal systems. Then in 1972, 

David Carlson and Christopher Wronski, RCA Laboratories prepared first amorphous silicon 
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photovoltaic cells with 1.1% efficiency. University of Delaware in 1980 developed copper 

sulphide and cadmium sulphide thin-film solar cell which exceeds 10% efficiency. In 1981, 

Paul Macready made aircraft assembled with 1600 cells on its wings which produced a power 

of 3kW and this aircraft flew from France to England. In 1989, solar cells using reflective 

solar concentrators were reported. In 1992, University of South Florida made of cadmium 

telluride thin-film photovoltaic cell with 15.9% efficiency. The first solar cell to exceed 30% 

conversion efficiency was reported by National Renewable Energy Laboratory in 1994 using 

gallium indium phosphide and gallium arsenide which was again crossed as 32.3 % in 1999. 

Recently in 2007, university of Delaware achieved a 42.8% world record power conversion 

efficiency in solar cell technology. Since past few years, there has seen a huge investment in 

utility-scale solar plants and the efficiency record break is getting common due to 

advancement in sciences and critical mass working on these technologies. In 2012, “Golmud 

Solar Park” is in China came up with the largest solar energy plant with an installed capacity 

of 200 megawatts. This is perhaps exceeded by India’s “Gujarat Solar Park” scattered around 

the Gujarat region in the form of solar farms, with installed capacity of 605 megawatts. 

4. Conventional Solar Cell and Organic Heterojunction Solar Cells 

Conventional solar cells are based on the minority carrier diffusion process which creates the 

photovoltaic current. At p-n junction, a bunch of electrons move to the p-side, creating the 

built-in voltage. This electric field makes it easy for electrons to move from p to n, but 

impossible the other way around. A photon with enough energy will excite an electron from 

the p side to the n side causing interruption of electrical balance. Then application of external 

current drive electrons to the p side to which will then combine holes sent by electric field. 

This electron flow genearte the current and the cell’s electric field produces a voltage. This 

resulted current and voltage will give power.  
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However, use of two or more layers of different materials with different band gaps shows 

efficiency increment. Loading higher band gap material on the surface to absorb high-energy 

photons can result better efficiencies and this approach is used in multi-junction cells. The 

anode cannot be too large or it will block the incoming light. If it is too small, then it will not 

conduct well. A grid of some type is usually used. Additionally, an anti-reflective coating 

must be applied along with a glass cover to protect the cells. Organic solar cells involve 

majority charge carriers since holes are located in the highly occupied molecular orbital 

(HOMO) of donor phase and electrons are present in the lowest unoccupied molecular orbital 

(LUMO) of acceptor phase and their movements result in photovoltaic current. Organic solar 

cells made up from blends of conjugated polymers or conjugated organic compounds (donor) 

and fullerenes (acceptor). Upon absoprtion of photon or light, the active layer made of donor 

and acceptor mixed morphology creates electron-hole bounded pair called as an exciton. 

Exciton diffusion lengths are quite small and exctions can only travel till 10-20 nm distance.  

Upon reaching exciton at the interface of donor-acceptor present in the active layet, it gets 

disccosited into the free charges such as holes and electrons. The nanomorphology of the 

active layer blend plays a vital role to assist exciton diffusion and exction dissociation into 

free charges.so the active layer morphology engineering is extreemly important. 

 

Fig.1. (a) Conventional Solar Cell (b) Organic Heterojunction Solar cell 
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The active semiconducting materials used in organic or polymer solar cells is always carbon 

based organic compounds either in the form of small molecules, dendrimers or polymer 

which converts solar energy into electric energy. Such organic molecules with capability of 

light absorption induces the passage of electrical charges between donor conduction band to 

the acceptor conduction band of molecule. Such type of OSCs can be devided into three types 

as single layered, bilayer and bulk heterojuction (BHJ) structured cells.  

4.1 Single Layered Solar Cell  

The first generation of OSCs were mainly constructed by single organic layers [7-9] placed 

between two metal electrodes [10,11]. The single layer structure has an intrinsic limitation in 

achieving high efficiency because the organic layer, where it is p-type or n-type, between 

electrodes cannot properly generate individual charges (holes and electrons) owing to the 

extremely low charge separation yield originated from the nature of tightly-bound excitons in 

organic semiconductors [12]. Recently, Kippelen B et al, reported single-layer OSCs with 

efficiencies up to 5.9 ± 0.2% [13]. 

4.2 Bilayer structured cells 

In a bilayer/multilayer OSCs, photoactive layers containing donor and acceptor organic 

materials absorb sunlight and generate photocurrents. The donor material (D) is usualy 

electron rich molecules which are capable of donating electrons which create holes whereas 

the acceptor material (A) should have capacity to accept electrons. This photoactive layes 

harvest photons from sunlight to form excitons. Excitons is the state of electrons in which it 

gets excited from the valence band into the conduction band. This creation of excitons in 

donor layer resulted in concentration gradient phenomenon and due to this, excitons start to 

diffuse towards donor/acceptor interface and then separates into free holes and electrons. As 

soon as this charge separation process takes place free holes and electrons moves to the 

corresponding electrodes and resulted in photovoltaic. In a bilayer heterojunction device, p-
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type and n-type materials are consecutively placed with each other [14]. Different 

combinations of materials used in bilayer devices using organic semiconductors were 

reported [15-21]. 

4.3 Bulk Heterojunction Device 

The bulk heterojunction device [22-25] shows improved interfacial area where charge 

separation occurs as compared to bilayer device. Bulk heterojunction is prepared by bulk 

volume mixing of donor and acceptor components which results in very small exciton 

diffusion length at donor-acceptor interface [26]. In such type of devices, excitons are 

generated on photon absorption of organic materials. Then dissociation of excitons gives 

charge collection at corresponding electrodes and this process occurs at the heterojunction 

interface [27]. 

 

Fig 2. (a) Single layered solar cell (b) Bilayer structured cells (c) Bulk heterojunction 

device  

5. Comparison of Organic Solar Cells and Inorganic Solar Cells  

Inorganic semiconductors show good band gap energies in concern with solar spectrum. But 

the major drawback is they possesses lesser light absorptivity than organic materials. 
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Therefore, inorganic semiconductors require more quantity of absorbing layers which makes 

them thicker. Also, to achieve better efficiency, purity of inorganic semiconductors is most 

important factor which increases cost with increase in purity. In both types exited state has 

been achieved after photon absorption. However, in inorganic semiconductors required 

binding energy for excitons (also known as exction bidning energy) to form charge carriers is 

quite small as compared to OSCs and simply attained at room temperature. Due to this 

reason, inorganic semiconductor devices are generally possessing high efficiency as 

compared to OSCs. On other hand, OSCs can require exciton binding energy as high as 0.5 

eV or higher. This high exciton binding energy as compared to inorganic semiconductors is 

the consequence of a donor-acceptor heterojunction formation where exciton dissociation 

takes place and this process needs internal electrochemical driving force. In OSCs, 

combination of donor-acceptor is important with maximum interface area between them 

because formed excitons should reach the interface to disassociate as quickly as possible. At 

instant when formed excitons disassociate into two separated species i.e. electrons and holes 

(As shown in Fig. 1b), they must transfer proficiently in the direction of electrodes. So during 

fabrication of OSCs, we should aim toward easy mobility of electrons and holes which will 

ultimately results in better efficiency.  

6. Terminologies used in Solar Cell 

The most important terms that are widely used to determine the performance of solar cells are 

as follows; 

4.1 Air Mass (AM): 

The Air Mass is given as: 

AM=1/cos (θ) 

Where, θ is the vertical angle (zenith angle). When zenith angle is zero i.e. the sun is directly 

overhead, the value of Air Mass is eual to 1. 
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The air mass coefficient is generally used to describe the standardized condition performance 

of solar cells. Its value is representated as ‘AM1.5’ where 1.5 is thickness of atmosphere with 

48.2° solar zenith angle. Generally, a standard spectrum and power density are used for 

accurate and precise comparison between performance of cells at different time and location. 

The terms ‘AM 1.5G’ (G stands for global) which includes direct as well as diffuse radiation 

or ‘AM 1.5D’ which includes only direct radiation are used for standard spectrum at the 

Earth’s surface.  

4.2 Open Circuit Voltage (Voc): 

Open circuit voltage is defined as the maximum voltage available from a solar cell when net 

current through the device zero. It is represented by symbol VOC.  Usually theoretically open 

circuit voltage can be determined by taking the difference of HOMO of the donor component 

and LUMO of the acceptor component into account. This theoretical HOMO-LUMO 

difference can be corealted with the experimental obtained value via I-V characteristics. 

4.3 Short Circuit Current (ISC): 

This is the current when the terminals are connected to each other i.e zero load resistance. It 

increases with the intensity of light because higher intensity gives more photons and 

electrons. The short circuit current denoted by ISC is proportional to the area of the solar cell 

called short circuit current density symbolized by Jsc= Isc/A. 

4.4 Fill Factor (FF): 

In combination with Voc and Isc, it gives the vaue of maximum power generated by a solar 

cell and it is given by, 

FF= Pmax (mW.cm-2)/ Jsc (mA.cm-2). VOC (V) 

Where, Pmax is maximum power from the solar cell. 
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Efficiency ηcell can be determined by the ratio Pmax to the total incident light power Pirr (1 sun 

= Pirr= 100mWcm-2) shown by the equation- 

η%= Pmax/ Pirr .100% 

Uusally fill factor of organic solar cell devices depends on the charge carrier mobility of hole 

and electrons arising from the donor and acceptor components. If the hole mobility and 

electron mobility is higher and in balance then solar cell devices gives higher FF. 

4.5 Internal Photon to Current Conversion Efficiency (IPCE): 

IPCE defines the usefulness of a solar cell in terms of conversion of incident photons of given 

wavelength into photocurrent and its value is .  

IPCE= JSC.hc/Pirr . e. λ 

IPCE= (1239.8. JSC (mA.cm-2)/ Pirr (mW.cm-2) λ (nm).100% ) 

Where,  

c= speed of light (ms-1), JSC= short- circuit photocurrent density (Am-2), h= Planck’s constant 

(Js), Pirr= power of incident light (Wm-2), e= elementary charge (C)  

 

Fig 3. General representation of current- voltage response of solar cell 
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7. Mathematical modelling 

 

Fig 4. Representation for active layers of (a) Pseudo-bilayer solar cells (b) BHJ structure in 

which layer thicknesses of donor and acceptor (ld and la) are reduced to zero (c) Bilayer 

structure in the limit of zero blend layer thickness, lb (The Roman numbers represents 

boundary conditions) 

7.1 1D pseudo-bilayer device 

Firstly, for donor layer (Fig. 4a) where the conservation of holes and excitons takes 

place and Poisson equation can be solved as, 

( )

( )

2 ( )

0

. 0,

. ,

d
h

d ex
ex ex

ex

d
h

J

n
J G

T

e
n




 

 

  

 

 

Where,  

( )d
hJ and ( )d

exJ = Hole and Exciton fluxes in the donor layer,  
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exG = Exciton generation rate of donor, 

 exn = Exciton concentration, 

exT  = Exciton lifetime, 

 ( )d = Electric potential in the donor layer,  

e = Elemental charge,  

  = Dielectric constant of donor,  

0 = Permittivity of free space,   

hn = Hole concentration 

Also for the acceptor layer (Fig. 4a) where conservation of electrons takes place and 

the Poisson equation can be solved as, 

( )

2 ( )

0

. 0,a
e

a
e

J

e
n




 

 

  
 

where, 

( )a
eJ  = Electron flux in the acceptor layer,  

en = Electron concentration,  

 = Dielectric constant of acceptor 

Next case is for the blend layer, we can solve for conservation of electrons and holes 

coupled with the Poisson equation as, 

( )

( )

2 ( )

0

. ,

. ,

( )

b
e

b
h

b
h e

J S

J S

e
n n

 

 

 

  

 

where  

( )b
eJ and ( )b

hJ  = Electron and hole fluxes in the blend layer,  
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S  = Net charge generation rate,  

  = Dielectric constant of the blend layer 

Let’s now consider boundary conditions. 

First at the acceptor/current collector contact (see boundary I in Fig. 4a), the potential 

is without loss of generality set to be zero and the electron and hole concentrations are given 

by Boltzmann statistics, 

0, , exp b
e c h c

B

eV
n N n N

k T 
 

    
 

 

Where, 

cN  = Effective density of states for electrons and holes,  

bV  = Built-in voltage of the cell,  

Bk  = Boltzmann constant,  

T = Temperature 

At the donor/current collector contact (see boundary IV in Fig. 4a), the potential, 

charge concentrations and exciton concentration is given as, 

, exp , , 0b
a b e c h c ex

B

eV
V V n N n N n

k T 
 

     
 

 

Where, 

aV  = Applied voltage 

At the acceptor layer/blend layer interface (see boundary II in Fig. 4a), the electric 

potential and electron flux are assumed to be continuous, whereas holes are assumed to not 

move into the acceptor layer, 

( ) ( ) ( ) ( ) ( ), ( ). . 0a b a b b
e e x h xJ J e J e      
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At the blend layer/donor layer interface (see boundary III in Fig. 4a), the dissociation 

of excitons from donor layer pays to additional fluxes of electrons and holes; in addition, the 

electric potential and exciton concentration are given as, 

( ) ( ) ( ) ( ) ( )( ). . . , , 0d b b b d
h h x e x ex x exJ J e J e PJ e n         

Where,  

P = Dissociation probability 

Furthermore, trilayer structure of the organic pseudo-bilayer solar cell (Fig. 4a) can be 

reduced to the structure of a BHJ cell (Fig. 4b). In this limit, the mathematical model reduces 

to the conventional 1D as described above.  

Alternatively, Fig. 4c represent the structure of bilayer solar cell where h ~ 1 nm. In 

this limit, the mathematical model corresponds to a 1D, two-phase device model with the 

simplest D/A structure. However, one more set of boundary conditions is required as lb tends 

to h at the donor/acceptor interface,  

( ) ( )
/

( ) ( )

. . [ (1 ) ],

, 0

d a
h x e x e h r e h

a d
ex

J e J e h Pg P k n n

n 

    

 
 

where, 

/e hg  = Volumetric generation rate of interfacial e/h pairs within h from the D/A and also 

given as, 

( )

/

.d
ex x

e h

J e
g

h


  

 Substituting this value of /e hg , we can write above equation as, 

( ) ( ). . . (1 )d a
h x e x ex x r e hJ e J e PJ e h P k n n       

7.2 3D pseudo-bilayer device 

Above mentioned Poisson equations for D/A layers are the simplest case of two-phase 

models with a 1D bilayer donor-acceptor structure. However, two-phase models could also 
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incorporate general 3D bilayer donor-acceptor structures. The formulation for 3D two-phase 

models remains largely the same as the 1D formulation described above, with the exception 

of following two distinctions, 

1. The boundary conditions at donor-acceptor interfaces should be rewritten to 

rewritten the random orientation of donor-acceptor interfaces in 3D morphologies, 

. . . (1 ) ,

, 0
h e ex r e h

ex

J n J n PJ n h P k n n  

   
    

 
 

Where,  

n  = Unit normal vector pointing from acceptor phase to donor phase,  

  and   = Electric potential in acceptor phase and donor phase 

2. Additional boundary conditions are required at the bounding surfaces in the y- and 

z-directions, i.e. the non-contacted surfaces. These are assumed to be well-insulated, so that 

the following no-flux conditions apply, 

( ) ( ) ( )

( ) ( )

. . . 0

. . 0

y z h y z e y z ex

y z y z

e J e J e J

e e  

  

   
 

This mathematical formulation for 3D two-phase model serves as the starting point for 

deriving the spatially-smoothed device model. 

8. Metal Oxide Semiconductors 

Different inorganic materials such as titanium dioxide (TiO2), zinc oxidae (ZnO), tin oxide 

(SnO2), indium oxide (In2O3) and neobinium oxide (Nb2O5) have been used as n-type metal 

oxide semiconductors in DSSCs [29]. From these metal oxide nanostructures, TiO2 and ZnO 

is of interest since they are advantageous over others as photoelectrode. Additonally, TiO2 

and ZnO preparation is cheap and availability is abdudant so they can be suitable for reducing 

the cost of solar cell technology. 
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Generally, TiO2 is present in nature in three crystalline forms: anatase, rutile and brokite. Out 

of which rutile is the common and most stable. TiO2 has widely used as wide band-gap 

semiconductor. Rutile TiO2, shows band gap energy as 3.03 eV, whereas anatase TiO2 exibits 

3.2 eV band gap [30]. TiO2 shows diversity of applications such as ceramic, glass, paper 

industries, refractory coating, electronic components, cosmetics, medicine, food technology, 

painting, farming, chemical catalysis etc [31]. All these diversified applications are possible 

due to its corrosion resistance, low cost, abundance, nontoxicity, stability, durability, 

decomposing organic pollutants etc. Generally, TiO2 shows ultraviolet light absorption from 

the solar light [32, 33]. TiO2 shows photocatalytic activity and used for photodegradation of 

many organic molecules [34]. Nanocrystalline TiO2 exibits outstanding optical, catalytic, and 

dielectric properties which made it useful in many industrial applications such as solar cells, 

pigments, opacifiers, fillers and photocatalysts [35]. Till date many methods have been 

reported for sysnthesis of one-dimensional (1D) titania or titanate nanomaterials like sol-gel 

template method, combination of sol-gel processing with electrophoretic deposition, 

sonochemical synthesis, molten salt-assisted pyrolysis routes, anodic oxidative hydrolysis, 

inverse microemulsion method, metal organic chemical vapor deposition (MOCVD), 

hydrothermal method etc [36]. After coating of TiO2, generally thermal annealing is used for 

TiO2 crystallization which enhances refractive index, self-cleaning property [37]. 

ZnO generally shows hexagonal wurtzite crystalline with band gap of 3.3 eV and 

possesses larger exciton binding energy of 60 meV than GaN at room temperature showing 

bright UV luminescence emission [38]. ZnO also exibit high electron mobility as 115-155 

cm2 V−1 s−1 than TiO2 [39]. ZnO has of interest due to its applications in different areas such 

as light-emitting diodes, ultraviolet lasers, high performance nanosensors, field emission 

devices, piezoelectric nanogenerators, solar cells and nanopiezotronics [40]. ZnO is a used as 

acceptor layer in solar cell due to its excellent properties like non-toxic, low cost, earth-
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abundant material with multiple solution deposition routes for preparation of thin films [41]. 

ZnO is commonly used as n-type layers for inverted BHJ cells [42]. As in comparision to 

other n-type metal oxides, ZnO is an ideal as it has environmental stability, high electron 

mobility, wide bandgap, high transparency [43, 44]. There are many methods which has been 

reported for coating of ZnO like sol–gel, electrodeposition, chemical vapor deposition, spray 

pyrolysis, pulsed laser deposition, magnetron sputtering and hydrothermal [45]. 

9. Improvements in OSCs and DSSCs 

The active layer of organic or dye sesitized soalr cell made up of donor(D), acceptor (A) and 

π-linkages type of organic semiconductors. Researcher are modulating different combinations 

of D, A and π-linkages which results in different organic molecules with different 

efficiencies. Herein Table 1 complies some recent work done aiming towards improvement 

in OSCs and DSSCs followed by discussion regarding chemistry behind difference in results 

obtained. 

Table 1. Some recent work done aiming towards improvement in OSCs and DSSCs
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Sr. 
No 

Compound Jsc 
(mAcm-

2) 

Voc  
(V) 

FF 
η/PCE 

(%) 
Ref 

 Donor Material Acceptor Material 

1 

 

TiO2 18.692 0.636 0.6137 7.3 [46] 

2 

 

TiO2 13.26 0.724 0.661 6.68 [47] 
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3 

 

1-(3 methoxycarbonylpropyl)-1-phenyl-[6,6]-

methano-fullerene (PCBM) 
3.41 0.98 0.31 1.00 [48] 

4 

 

PCBM 5.94 0.776 0.3080 1.42 [49] 

5 

 

TiO2 7.547 0.62 0.6304 3.47 [50] 
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6 

 

[6,6]-phenylC61butyricacidmethylester 

(PC61BM) 
5.99  0.93 0.64 3.61  [51] 

7 

 

PCBM 3.10  0.89 0.45 1.27  [52] 

8 

 

PCBM 1.88 0.51 34 0.34 [53] 
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9 

 

PC61BM 14.0  1.08 0.32 
4.84 ± 

0.15  
[54] 

10 

 

PC61BM 4.18  0.92 54.4 3.15  [55] 

11 

N

CN

COOHH
N

N

O

O  

TiO2 8.60  0.63 0.75 4.11 [56] 
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12 

 

[6,6]-phenyl-C71-butyricacidmethylester 

(PC71BM) 
8.74 0.93 0.30 2.44 [57] 

13 

 

(C71-PCBM) 9.64  0.80 42 3.22 [58] 

14 

 

PC71BM 10.80 0.89 0.42 4.04 [59] 
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15 

 

PC71BM 9.24  0.78 48 3.42 [60] 

16 

 

PC61BM and PC71BM 5.8  0.95 0.47 2.6 [61] 

17 

 

C60 1.96 0.79 0.28 1.33 [62] 

18 

 

PCBM 5.41  0.79 0.40 1.72 [63] 
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19 

 

[6,6]-phenyl-C61-butyric acid methyl ester 

(PCBM) 
3.03 0.70 0.37 0.77 [64] 

20 

 

PCBM 2.62 0.96  45 1.17 [65] 

21 

 

PC61BM 2.68  0.90 0.61 1.46 [66] 

22 

 

PCBM 4.14   0.753 44 1.34 [67] 
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23 

 

PCBM 12.6  0.31 0.47 1.79 [68] 

24 

 

PCBM 6.3  0.76 0.36 1.74 [69] 

25 

 

TiO2 

 
8.36  0.66 0.74 4.07 [70] 

26 

 

TiO2 

 
4.65  0.79 0.63 2.32 [71] 
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27 

 

PC71BM 10.44 0.94 0.58 5.69 [72] 

28 

 

 

TiO2 

 

12.12 0.53 68.89 4.38 [73] 



30 
 

29 

PDBT-T1 [poly[dithieno[2,3-d:2′,3′-d′]benzo[1,2-b:4,5- 

b′]dithiophene-co-1,3-bis(thiophen-2-yl)- 

benzo-[1,2-c:4,5-c′]dithiophene-4,8-dione] 

 

11.98 0.90 0.66 7.16  [74] 

30 

 

Titania film 16.71 883 0.722 10.7  [75] 

31 P3HT 2.36  0.81 52 1.00 [76] 
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32 

 

[6,6]-phenyl-C61-butyric acid 

methyl ester (PC61BM) 
8.01  0.88 0.58 4.10 [77] 

33 

 

 

 

TiO2 

 

 

12.9  0.73 0.67 6.23 [78] 

34 

 

TiO2 10.01  410 0.64 2.6 [79] 

35 

 

TiO2 8.59  0.77 0.75 4.93 [80] 
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36 

 

TiO2 10.5  0.63 67.7 4.49 [81] 

37 

 

PCBM ([6,6]- 

phenyl-C61-butyric acid methyl ester 
7.65  0.86 51 3.3 [82] 

38 

 

TiO2 1.158 0.538 0.443 0.277 [83] 
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39 

 

TiO2 12.8  0.45 59 3.39 [84] 

40 

 

PCBM 9.15  0.59 67.8 3.66 [85] 

41 

 

fullerene C60 3.65  0.89 0.36 1.17 [86] 



34 
 

42 

 

 

TiO2 

 

5.65  564 0.62 1.97 [87] 

43 

 

TiO2 

 
14.33 0.69 0.63 6.24 [88] 

44 

 

D149 

TiO2 15.14 0.625 0.64 6.09 [89] 
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45 

 

TiO2 10.54 0.68 0.67 4.80 [90] 

46 

 

 

 

TiO2 

 

 

15.6  703 74.9 8.2 [91] 

47 

 

 

TiO2 

 

10.01 0.66 0.72 4.72 [92] 



36 
 

48 

 

TiO2 

 
16.0  708 0.67 7.62 [93] 

49 

 

TiO2 

 
11.22 0.825 0.721 6.67 [94] 
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50 

 

 

TiO2 

 

11.63 754 0.73 6.37 [95] 

51 

 

 

TiO2 

 

15.5  543 0.67 5.65 [96] 

52 

 

 

TiO2 

 

8.61  704 71.7 4.35 [97] 



38 
 

54 

 

PC71BM 11.28 0.92 0.60 6.02 [98] 

55 

 

TiO2 15.09 0.689 0.72 7.53 [99] 
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56 

N

N

N
B

N
F

FS

NC

S

N

N

N

OMK-PY  

TiO2 1.08 0.335 0.53 0.19 100 



40 
 

57 

 

PTB7:Th IEIC3 

12.8 0.93 58 6.9 101 

58 

 

V-BDT 

PC71BM 6.88 0.89 0.61 3.73 102 



41 
 

59 

 

TiO2  0.817 67.3 
7.09 103 
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60 

 

TiO2 9.037 0.666
72.011 4.333 104 

61 PTB7-Th 

 

3.12 1.06 
45.80 1.64 105 



43 
 

62 O

tBu

CN

COOH  

TiO2 
4.53 0.598

75.1 2.03 106 
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Hyo Jeong Jo reported synthesis of novel twin-anchoring donor acceptor π-conjugated (D-π-

A) organic dyes PRSCN2 and PRTCN2 (dye 1). These organic dyes have phenothiazine 

moiety as a donor, different numbers of thiophene units as a π-conjugated unit, and a 

cyanoacetic acid as an acceptor group. PRTCN2 gives higher efficiency than PRSCN2 due to 

higher HOMO energy level and high molar extinction coefficients or strong π-π interaction 

by introduction of bithiophene unit [46]. 

Novel carbazole organic D-D-π-A dyes containing either a furan or a thiophene unit as the 

conjugated bridge have been designed and synthesized by Jinxiang He et al. carbazole 

containing linear or branched alkyl side chain acts as an electron donor, triphenylamine acts 

as an electron-donating group and cyanoarylic acid acts as an electron acceptor. From these 

dyes an octyl-substituted carbazole and disubstituted furan (dye 2) has shown the best 

photovoltaic performance. This behaviour of dyes may be due to alkyl chains self-assembling 

on TiO2 film and a longer distance between the TiO2 film and electrolyte by lengthening of 

the alkyl chains, which block the recapture of the photo conditions, which indicated that the 

introduction of the alkyl chains into the carbazole moiety can inhibit the charge 

recombination and increases cell efficiency [47]. 

The photovoltaic behaviour of donor materials containing thiophene based 2-trimethylsilyl-

bithienyl moiety attached to different cores via acetylenic spacers was reported. In that study, 

Silvia Colella and co-workers gives the comparison of three compounds by the substitution of 

the bi-thienylene, electron withdrawing benzothiadiazole and electron-rich anthracene central 

core respectively for three compounds. Amongst them compound containing anthracene 

group (dye 3) found highest efficiency due to the more extensive conjugation of anthracene 

group which increases the HOMO energy as compare to the benzothiazole group which 

lowers the LUMO energy as it has electron withdrawing property. An donor molecules 
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suppose to show good π–π stacking interactions which gives better JSC and also donor should 

have low intermolecular overlap with the acceptor [48]. 

Annulated thiophene perylene bisimides and their triphenylamine based oligomers was 

synthesized and reported by Hyunbong Choi et al. Triphenylamine-based oligomer units used 

as donor in OSCs as these compounds exhibit broad absorptions with appropriate energy 

difference in the LUMO of donor-acceptor [49]. 

Four Benzimidazole based metal free organic dyes (D-π-A) namely 2-(4-

(diethylamino)phenyl)-benzimidazole-5-carboxylic acid (EB), 2-(4-(diphenylamino)phenyl)-

benzimidazole-5-carboxy lic acid (PB), 2-(1-cyano-2-(4-(diethylamino)phenyl)vinyl)-

benzimidazole- 5-carboxylic acid (ECB) and 2-(1-cyano-2-(4-(diphenylamino) phenyl)vinyl)-

benzimidazole-5-carboxylic acid (PCB) with N,N-diethylaniline and triphenylamine as 

donors and benzimidazole derivatives as π-bridge as well as acceptor was reported. Among 

these dyes, triphenylamine donor based dyes (PCB and PB) show higher efficiency compared 

to N,N-diethylaniline donor based dyes (ECB and EB). Introduction of cyanovinyl group in 

dyes PCB (dye 5) and PB increases the overall efficiency than the dyes without cyanovinyl 

group ECB an EB. This was due to the reduced band gap, red shift absorption bands in the 

visible region, longer recombination resistance and high electron lifetime [50]. 

Yanhua Chen and co-workers reported synthesis and fabrication of A1-π-A2-D-A2-π-A1 type 

molecule with electron-withdrawing group attached to a benzo[1,2-b:4,5-b0]dithiophene 

(BDT) core through electron-accepting benzotriazole in OSCs. D(CATBTzT)BDT small 

molecule gives 3.61% due to efficiency good thermal stability and deep HOMO level [51]. 

A series of five extended arylacetylenes was synthesized and reported. The highest PCE has 

been obtained for anthracene-based arylacetylene A-P6t. Here results suggested that 

acetylenic substitution for olefinic linkers on the molecular cores improves efficiency [52]. 
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Thermally stable donor materials containing thiophene or bithiophene and triphenylamine 

unit attached with conjugated bonds used for the fabrication of OSCs with [6,6]-phenyl C61-

butyric acid methyl ester (PCBM). Jongchul Kwon et al. explained effect of the morphology 

of dyes: PCBM on the cell efficiency. Ratio of 1:1 (dye 8: PCBM) films exhibited 

aggregation which may be due to the donor-donor interaction as donor concentration was 

high at this ratio. However, 1:4 (dye 8: PCBM) films shows homogeneous and good 

morphology [53]. 

Donor–π-acceptor–π-donor (D–π-A–π-D) typed two novel small molecules BDPTBT and 

BDATBT with 5,6-bis-(octyloxy)benzo[c][1,2,5]thiadiazole (DOBT) as electron-

withdrawing core (A), and triphenylamine (TPA) as electron-donating side group (D) and the 

benzene and ethynylbenzene as π-linkage were designed and synthesized by Lihui Wang co-

workers. The highest efficiency for D–A–D-typed benzothiadiazole (BT)–TPA based 

solution-processed small molecules (dye 9) could be caused by the linkage group of styrene 

and 2-phenylacrylonitrile which could not only improve the molecular planarity but also 

facilitate the photoinduced charge dissociation and hole mobility [54]. 

Diketopyrrolopyrrole molecule with (fluoronaphthyl)thienyl as endgroups was described by 

Rui Zhou et al. for bulk heterojunction OSCs. The compound with Fluorine shows good 

efficiency than compound without Fluorine. This was due to thermally-annealed thin film of 

DPP(TFNa)2 possesses more homogenous morphology with red-shifted absorption [55]. 

Ximing Chen et al. were report synthesis of different imidazole derivatives with 

triphenylamine and the 2-cyanoacetic acid as acceptor group to prepare two new 2D-π-A 

dyes coded as CD-4 and CD-6. Addition of imidazole derivatives in triphenylamine core gave 

a big difference to the photovoltaic performances of DSSCs. By introducing the p-

methoxyphenyl group to imidazole part (CD-4) gives higher Joc and Voc than the thiophene 

group to imidazole part (CD-6). This was due to CD-6 having a better planarity on the 
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imidazole unit than that of CD-4, which leads to the formation of π-stacked aggregation. To 

dissociate the π-stacked sensitizer aggregation chenodeoxycholic acid (CDCA) is utilized as 

coadsorbent [56]. 

Four D–A type chromophores having 2-cyanomethylene-3-cyano-4,5,5-trimethyl-2,5-

dihydrofuran (TCF) group as acceptor was designed and synthesized. Min Ju Cho et al. 

compare the device performance of dye 12 : P71BM and observed that device made of dye 12: 

P71BM (1:2) gives higher efficiency of 2.44% than 1:1, 1:3, 1:4 compositions and concluded 

that different donating groups affects on absorption coefficients and the molecular energy 

levels of the chromophores [57]. 

Push-pull organic semiconductors containing N,N-(6-bis(9,9-dimethyl-9H-fluoren-2-

yl)amino benzo[b]thiophene (bisDMFABT) as donor and the different acceptors attached 

with thiophene or vinyl thiophene π-conjugation bridges were prepared and investigated for 

their photovoltaic properties by Jooyoung Kim and co-workers. The ICT (intramolecular 

charge transfer transition) band of TCF acceptor was significantly red-shifted in comparision 

to NO2 and DCBP accetor because of the better electron withdrawing property of TCF. This 

paper also suggested that TiOx can excellently used as optical spacer [58].  

Another push-pull organic molecule DMM-TPA-Th2-MMN having planar fused 

triphenylamine (DMM-TPA) as donor and methylene malononitrile (MMN) as acceptor was 

reported. K. Do et al. used PC71BM with or without TiO2 for fabrication of solar cell because 

PC71BM gives improved spectral response in visible region than PC61BM. The cell efficiency 

was increased by the insertion of TiO2. Higher value of Jsc and FF were due to red- shift due 

to efficient intermolecular π–π stacking interactions giving better hole [59]. 

Youming Zhang and co-workers synthesized D–A–Ar-type dye 15 in which triphenylamine 

(TPA), diketopyrrolopyrrole (DPP) and phenanthrene (P) were used as the donor (D) core, 

acceptor (A) arm, and enlarged π-system of polycyclic arene (Ar) terminal gave efficiency of 
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3.42%. The key to this increase was due to incorporating additional DPP–P arm unit into the 

small molecules which can further improve photovoltaic properties of its derivative 

molecules. Improvement in hole mobility is also exhibited when TPA–DPP is replaced by 

TPA–DPP–P or TPA (DPP–P)2 as donor in the optimized hole-only devices. The increasing 

hole mobility is responsible for the improved FF value in the optimized dye 15/PC71BM 

device [60]. 

Acceptor-donor-acceptor (A-D-A) dye 16 with a central dithieno [3,2- b:2′,3′-d]pyrrole unit 

and thieno[2,3-c]pyrrole-4,6-dione as end-capping groups was prepared by Lauren G. 

Mercier and co-worker. A thiophene spacer was incorporated to decrease HOMO-LUMO 

gap. The obtained overall efficiency for dye 16/ PC71BM was 2.6% [61]. 

Ping Fang Xia and co-workers used Dye 17 with electron-donating triarylamino group and 

electron accepting tricyanovinyl group PhN-OFOT(n)-TCN in OSCs with efficiency of 

1.33% were obtained. This was probably because of an increased absorption due to thermal 

annealing of oligothiophene thin films at 100 °C resulting in reduction of device series 

resistance. Another reason for efficiency was tricyanovinyl group is highly efficient to 

decrease LUMO level and reduce the optical energy gap of a p-type photosensitizer [62]. 

Weifeng Zhang and co-workers report synthesis and donor–acceptor oligothiophenes 

PhNOF-OT (n)-DCN and G2-OT (n)-DCN where n=5,6. Amongst them triarylamine and 

dicyanovinyl asymmetrically disubstituted oligothiophenes 18 (PhNOF-OT (5)-DCN) gave 

more efficiency compare to other. The results were concluded that oligomers with extended 

donor-acceptor can be suitable as p-type low bandgap semiconductor [63]. 

W. Porzio	et al. proposed oligomers with different joining of thiophene (T) and fluorenone 

(F) units and proposed their effect on chemical, electrochemical and optical properties of the 

materials. Dye 19/PCBM has resulted in efficiency of 0.77 % [64]. 
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Dye 20 comprising anthracene-core donor molecules with acetylenic spacers with better 

efficiency than the donor molecule ontaining olefinic spacer [65]. 

By Wallace W. H. Wong gave synthesis of 9,9-dioctylfluorenyl hexa-peri-

hexabenzocoronene (FHBC) cores (Dye 21). Here authors have highlighted the molecular 

organization importance towards OSCs performance [66]. 

Derivatives of borondipyrromethene (BODIPYs) resulted in different fluorescent dyes that 

have attracted substantial attention in recent years. Theodulf Rousseau and co-workers report 

1.34% efficiency for BODIPY derivatives as donor and PCBM as acceptor. Dye 22 showed 

44 % FF due to the more extended π-conjugated structure which leads to better hole-transport 

properties or better charge collection at the electrodes [67]. 

merocyanine (MC) having low molecular weight as p-type component with PCBM as 

acceptor resulted 1.74% efficiency which may be attributed to tunable properties of MC dyes 

such as redox, absorption, film forming and packing [69]. 

The phenothiazine dyes comprise sulfur and nitrogen atoms with non-planar geometry. Aaron 

S. Hart and co-workers studied the effect of cyanoacrylic acid anchoring group position on 

ring periphery of phenothiazine dye towards DSSCs. 4.07% efficiency of dye 25 resulted due 

to wider spectral range, highly fluorescent, harder oxidation potential, low excited state 

energy [70]. 

A sequence of oligothiophene derivatives with cyanoacrylic acid group was prepared with 

conjugation length from one to five thiophene units by Miquel Planells and co-workers. As 

the thiophene chain length increases from one to five thiophene units lowers LUMO energies 

together with energy gap. Dye 26 with four thiophene units gave higher efficiency of 2.32%. 

This was may be possible because of number of thiophene units, if it lower or higher than 

three or four results in an energetic barrier for the charge extraction at the 

TiO2/oligothiophene/P3HT interface [71]. 
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Kwangseok Do and co-workers used D-A-D-A-D type molecule toward BHJ solar cells 

resulting efficiency of 5.69% which may be attributed to low ratio of electron and hole 

mobility [72]. 

Yafei Wang co-workers obtained an overall efficiency of 4.38% for D-π-A-π-A based dye 28 

containing 5-Phenyl-5Hdibenzo-[b,f]azepine (PDBAz) derivatives (donor), thiophene (π 

bridge) and isoindigo and cyanoacrylic acid (acceptors). Dye 28 showed red-shifted 

absorption contributed by conjugation extention and increased donor ability than the bis-

PDBA-aniline derivative [73]. 

Prashant Sonar and co-workers reported synthesis of low bandgap diketopyrrolopyrrole 

(DPP) derivatives with trifluoromethylphenyl as electron withdrawing groups and 

trifluorophenyl as acceptor in OSCs. The efficiency of 1.00% was may be due to DPP moiety 

which can be utilised as a capable building block for preparation of low bandgap acceptors 

[76].  

Recently again Prashant Sonar and co-workers were study Dye 32 (AS-2) with 

triphenylamine as donor, 1,4-phenylenediacetonitrile as acceptor and a thiophene ring as π-

bridge. Thin film of AS-2 showed an enriched light-harvesting ability, increase in 

wavelength, narrower optical band-gap. Efficiency of 4.10% may be due to extended 

molecular conjugation of thiophene functionality of AS-2 [77]. 

N-functionalized pyrrole-based organic dyes were designed and synthesized by Huiyang Li 

and co-worker. Dye 33 was consisting cyanoacetic acid moieties as acceptor, triphenylamine 

as donor. To decrease the aggregation of dyes on surface of TiO2, an electron-withdrawing 

group pentafluorophenyl was linked to the nitrogen atom of the pyrrole ring. It also enhances 

the photo-stability of the pyrrole-based dyes and the light-harvesting abilities [78]. 
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Triphenylamine-based organic dyes with different electron acceptors were prepared as 

sensitizers for DSSCs. Among different electron acceptors, cyanoacrylic acid electron 

acceptor gave highest efficiency of 4.93% [80]. 

Metal-free organic dye 36 containing thienylethynyl as spacer was synthesized by Manal Al-

Eid and co-workers for DSSCs. 4.49% efficiency of dye 36 indicated that as thiophene unit 

and length of conjugated spacer increases, the oxidation, reduction potential and subsequently 

band gap of the molecule decreases as compared to other dyes mentioned by Manal Al-Eid 

and co-workers [81]. 

Prashant Sonar with William Kylberg and co-workers again worked on the 

Diketopyrrolopyrrole (DPP)-based organic semiconductors. Dye 37 EH-DPP-TFPV 

containing branched ethyl-hexyl solubilizing alkyl chains and trifluoromethyl phenyl groups 

as end cap. This dye 37 was used in bilayer OPV devices with fullerenes as acceptors with 

PCE of 3.3% [82]. 

Recently, in our work we report synthesized and utilized D–D–A-type molecules containing 

enlarged linkers towards OSCs and studied co-adsorbent effect. We observed that cholic acid 

increases efficiency, whereas dodecylamine shows reverse effect [83]. 

Highly stable, solution-processable phenothiazine phenothiazine, 4-phenothiazin-10-yl-

anisole (APS) derivative (dye 40) as a hole collection material for Organic Solar Cells was 

reported by Jen-Hsien Huang and co-workers. This dye 40 gave PCE of 3.56% as it is highly 

stable to enhance the stability of OSCs and was good optical and electronic properties [85]. 

Star shape triphenylamine derivatized containing different combinations of 

thienylenevinylene branches with indanedione or dicyanovinyl groups were study by Sophie 

Roquet and co-workers. Optical and electrochemical studies reveled that data electron-

acceptor groups in the donor gives increase in oxidation potential. Synergistic effects of 
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extended photoresponse and increased open-circuit voltage for dye 41 gave power conversion 

efficiency up to 1.17% [86]. 

 Dyes with pyridine as anchoring group with different nitrogen-based heterocyclic units 

linked through benzothiadiazole were prepared by M.N.K. Prasad Bolisetty and co-workers. 

The dye 42 gave 1.97% power conversion efficiency which may be attributed to its red 

shifted absorption spectra [87]. 

Changjian Zhong and co-workers were synthesized and reported triarylamine-based dyes 

with π-conjugated bridge containing thienyl, bithienyl or thiophene-phenyl and cyanoacetic 

acid as acceptor in DSSCs. Dye 43 with thiophene shows highest molar absorption 

coefficient. Authors stated that as π-conjugation increases, distance between the electron 

donor and acceptor increases which reduces charge recombination between the oxidized 

sensitizer and injected electrons in TiO2 conduction band leads to higher Voc [88]. 

Jie Liu and co-workers reported synthesis and application of D-π-A type dye with a 

dithienosilole conjucation, carbazole as electron donor and cyanoacrylic acid unit as electron 

acceptor in DSSCs. The power conversion efficiency of 4.80% was due to to the 

incorporation of DODTS (4,4-dioctyl dithienosilole) unit and may be attributed to the 

conjugation broadening [90]. 

Two co-adsorbents, 4-(bis(9,9- dimethyl-9H-flouren-2-yl)amino)-1-naphthoic acid (HCA4) 

and 4-(10-(bis(9,9-dimethyl-9H-flouren-2-yl)amino) anthracen-9-yl)benzoic acid (HCA5), 

were prepared and used in DSSCs using porphyrin as dye by Taek Choi and co-workers. 

HCA4 based DSSCs exhibited superior charge resistance, extended electron lifetime and a 

better IPCE compared to other co-adsobent [91]. 

D-π-A carbazole molecules containing π-bridge of 4-phenyl-2-(thiophen-2-yl) thiazole was 

synthesized and reported by Ting Li and co-workers. It was observed that the π-bridge links 
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at the benzene ring instead of the N atom of the carbazole donor unit of molecule shows 

better results [92]. 

6H-Indolo[2,3-b]quinoxaline-based organic dyes comprising different conjugated linkers like 

oligothiophene, thienyl carbazole, and furyl carbazole were synthesized by Xing Qian and co-

workers. Dye 48 with oligothiophene π-linker revealed a broad region up to about 770 nm 

covering good visible light range and gave an efficiency of 7.62% [93]. 

Po-Yu Ho and co-workers gave synthesis of D-π-A organic photosensitizers based on 

triarylamine donor and selenophene π-linker for DSSCs. They conclude that starburst 

electron donor design can minimize dye aggregation on TiO2 [94]. 

Akhil Gupta and co-workers used 4-(cyanomethyl) benzoic acid as an acceptor group in 

DSSCs and compare it with cyanoacrylic acid acceptor with replacement of the bridging 

para-phenyl group in the triaryl donor with a thiophene group. It improves efficiency of 

device upto 6.37% [95]. 

Dyes with pyrenoimidazole donors, oligothiophene π-linkers and cyanoacrylic acid acceptors 

were reported by Dhirendra Kumar and co-workers. Results stated that as donor capacity of 

pyrenoimidazole and oligothiophene π-linkers increases, significant improvement in overall 

efficiencies of DSSCs can be achieved [96].  

Fei Wu prepared three D-π-A type dyes composed of diarylmethylene-bridged 

triphenylamine (electron donor), thiophene (π-spacer) and cynoarylic acid (electron acceptor) 

with 4.35% efficiency [97]. 

Ooyama et al. suggested that the (D)2–π–A BODIPY structure with two diphenylamine-

thienylcarbazole moieties as strong electron-donating units at the 3- and 5-positions on the 

BODIPY is an effective strategy to lead a high light-harvesting efficiency (LHE) in the range 

of visible light to NIR light [100]. 
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Recently, series of fused-ring electron acceptors with different side chains as π bridge were 

prepared and applied in non-fullerene OSCs with maximum average efficiency of 6.9% 

[101]. 

A-D-A type molecule based on dioctyltertthiophene-benzo[1,2-b:4,5-b′]dithiophene-

dioctyltertthiophene central donor and vinazene terminal acceptor was synthesised and 

systematically used for BHJ solar cell by grouping thermal annealing and solvent vapor 

annealing treatments, with an optimized PCE of 3.73% [102]. 

The dye QX23 with a furan π-bridge and a cyanoacrylic acid acceptor/anchoring group was 

reported a good PCE of 7.09% indicating it is a promising dye to construct DSSC [103]. 

Zhao DX et al. have developed a 3D triphenylamine moiety as electron donor group to solve 

the issues of dye aggregation, dark current and charge recombination in DSSCs and achieved 

efficiency of 4.333 % with NUIST1 dye [104]. 

A1-A-A1 type small molecules were synthesized by incorporating the benzothiadiazole and 

diketopyrrolopyrrole units (A) and naphthalimide units (A1) in the molecular backbone and 

non-fullerene BHJ-OSCs were obtained with PCE values of 1.23% and 1.64% by utilizing 

NI-BT and NI-DPP as acceptors and PTB7-Th as the donor [105]. 

A series of push-pull organic dyes incorporating a cyanoacrylic acid group (electron 

acceptor) and α-chalcogenopyranylidene group (X = S; O) (electron donor) has been prepared 

by Ferreira et al. with maximum efficiency of 2.03 % [106]. 

10. Recent Improvement in Electrolytes Used in Solar Cell 

The electrolyte plays major role in OSCs and DSSCs as it shows large effect on efficiency 

and stability of solar cell. As soon as light pass in to cell, it expels electron from the donor 

layer and then this electron enters the acceptor material layer and diffuses to an electrode. 

The main function of electrolyte is to provide electrons back to the dye for its regeneration 

[28]. The most efficient electrolyte that has been used in solar is based on an iodide/triiodide 
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couple. Another type of electrolytes such as ionic liquids has been also used in solar cells. 

Some of the reported electrolytes has been discussed as foolows: 

A liquid electrolyte used in dye 1 consisting of 3-propyl-1-methyl-imidazolium iodide (PMII, 

1 M), lithium iodide (LiI, 0.2 M), iodide (I2, 0.05 M), and tert-butylpyridine (TBP, 0.5 M) in 

acetonitrile/valeronitrile (85:15) has been reported with efficiency of 7.3% [46].   

Organic dye 2 uses electrolyte made from 0.1 M LiI, 0.05 M I2, 0.6 M PMII, 0.5 M TBP in 

the mixed solvent of acetonitrile and MPN (7:3, v/v) with efficiency of 6.68% [47].  

Synthesis and fabrication substituted benzimidazole organic dye 5 has been reported using 

0.5 M LiI, 0.05 M iodine (I2) and 0.5 M 4-tert-butylpyridine (TBP) in 3-methoxypropionitrile 

with efficiency of 3.47% [50].  

Synthesis of two different imidazole derivatives to the structure of triphenylamine, and the 2-

cyanoacetic acid acts as acceptor group to prepare two 2D-π-A dyes has been reported by 

Ximing Chen and co-workers. The electrolyte used was 0.6 M 1,2-dimethyl-3-

propylimidazolium iodide (DMPII), 0.0653M LiI, 0.03M I2, 0.28M 4-tertbutylpyridine (TBP) 

and 0.05M guanidium thiocyanate (GuSCN) in acetonitrile with efficiency as 4.11% [56]. 

 The photovoltaic performances of two dyes were assessed in DSSCs based the electrolyte 

consists of 0.05 M I2, 0.05 M LiI, 0.5 M BMII, 0.1 M DMPII and 0.1 M GuSCN in 

acetonitrile with overall efficiency of 4.38 % [73].  

Electrolyte composed of 0.1 M lithium bis(tri-uoromethylsulfonyl)imide (LiTFSI) and 0.5 M 

4-tert-butylpyridine (TBP) in acetonitrile gave efficiency of 10.7% [75].  

Huiyang Li and co-workers used electrolyte containing 0.1 M lithium iodide, 0.6 M 

butylmethylimidazolium iodide (BMII), 0.05 M I2 and 0.5 M 4-tert-butylpyridine (4-TBP) in 

the mixed solvent of acetonitrile and 3-methoxypropionitrile (7:3, v/v) [78].  

The organic electrolyte for DSSCs has been used by Xiaoqiang Yu and co-workers 

containing 0.06 M LiI, 0.03 M I2, 0.1 M guanidinium thiocyanate, 0.6 M 1-propyl-3-
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methylimidazolium iodide (PMII), and 0.5 M tert-butyl-pyridine in acetonitrile. Efficiency of 

4.93%, short-circuit photocurrent density Jsc = 8.59 mA/cm2, open-circuit photovoltage Voc 

= 0.77 V, and fill factor ff = 0.75 under 100 mW/cm2 simulated AM 1.5 G solar irradiation 

was reported [80].  

An ionic liquid electrolyte (0.60 M butylmethylimidazolium iodide (BMIM-I), 0.03 M I2, 

0.50 M 4-tertbutylpyridine (TBP) and 0.10 M guanidinium thiocyanate (GTC) in 

acetonitrile/valeronitrile 85/15 (v/v) was used for dye 36 providing efficiency of 4.49% [81].  

The electrolyte composition (electrolyte 1): 0.6 M dimethylpropylimidazolium iodide 

(DMPII), 0.05 M I2, 0.1 M LiI, and 0.5 M tert-butylpyridine (TBP) in acetonitrile has been 

reported in dye sensitized solar cell for dye 39 [84].  

M. N. K. Prasad Bolisetty and co-workers used electrolyte made up of mixture of 0.1M LiI, 

0.6 M DMPII, 0.05 M I2, and 0.5 M TBP in 3-methoxypropionitrile/ACN (volume ratio 1:1) 

[85].  

The synthesis of dye 43 was reported with efficiency of 6.24%. The electrolyte used for this 

was mixture of CH3CN solution of 0.3 M 1-methyl-3- propylimidazolium iodide (MPII), 0.03 

M I2, 0.07 M LiI, 0.1 M guandine thiocyanate and 0.4 M 4-tert-butylpyridine (TBP) [88].  

Electrolyte composition: 0.6 MDMPII, 0.5 MTBP, 0.05 MI2 and 0.1 MLiI in CH3CN has 

been used for dye 46 achieved a PCE of 7.7% [91].  

D-π-A carbazole molecule gave efficiency of 4.72%. The electrolyte used for this was 

composed of the CH3CN solution of 0.3M 1-methyl-3-propylimidazolium iodide (MPII), 

0.03M I2, 0.07M LiI, 0.1M guandine thiocyanate and 0.4M 4-tert-butylpyridine (TBP) [92].  

Xing Qian and co-worker synthesized novel organic dye 48 using electrolyte composed of 

0.3M DMPII, 0.1M LiI, 0.05MI2, and 0.5M 4-tertbutyl pyridine in acetonitrile [93].  

New D-π-A organic dye 49 was synthesized and applied as DSSCs with efficiency of 7.91%. 

The electrolyte used for dye 49 was composed of 0.1 M LiI, 0.6 M 1,2-dimethyl-3-
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propylimidazolium iodide (DMPII), 0.05 M I2 in a mixture of acetonitrile and 4-tert-

butylpyridine (volume ratio, 1:1) [94].  

Akhil Gupta and co-workers used nitrile-based and ionic liquid-based electrolytes containing 

1.0 M 1,3-dimethylimidazolium iodide, 0.03 M iodine, 0.1 M guanidinium thiocyanate, 0.5 

M tert-butylpyridine, 0.05 M lithium iodide in a mixture of acetonitrile/valeronitrile (85/15, 

v/v) and 1-ethyl-3-methylimidazolium iodide/1,3- dimethylimidazolium iodide/1-ethyl-3-

methylimidazolium tetracyanoborate/ lithium iodide/Iodine/ N-methylbenzimidazole in molar 

ratio (12:12:16:1:1.67:4) respectively [95].  

The electrolyte used for dye 55 was consist of 0.8 M PMII/0.05 M I2/0.10 M LiI/0.5 M tert-

butylpyridine in acetonitrile solution gives the power conversion efficiency of 7.53% [99]. 

11. Summery and Future Aspects 

Last year was the fruitgainer for the research area of OSCs as we able to cross the benchmark 

efficiency of 10 % for OSCs. Yan H et al reported efficiency of 11.7% processed from 

hydrocarbon solvents [107]. Phillips 66 (NYSE: PSX) has successfully achieved efficiency of 

11.84% [108]. Also Heliatek R&D team came up with 13.2% efficiency, setting up new 

world record for OSCs [109]. 

Betterment of mankind is largely depended on sustainable civilization. This can be achieved 

only if we tried to focus on utilising natural resources to fulfil our energy requirements. 

Therefore, if we closely look towards till date developments in energy harvesting field, 

indirectly we are trying to mimic nature, which is good sign for mankind. Because natural 

processes are most efficient and search for better and better transport layers in OSCs and 

DSSCs will be motivated by this point only.  If we try to lined up our research by keeping 

natural energy harvesting processes as standard one, we can achieve most safer and better 

alternative for the energy needs of mankind. As stated in objectives, first we need to find 

where we are standing now and by reviewing ongoing research where we can land up. 
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Therefore, in this article we tried to focus on designing of organic molecules by different 

combinations of donors, acceptors and linkers with smooth transport capacity for excitons.     

Over the last 10 years’ scientist designed and synthesized different OSCs and DSSCs which 

were assimilated in this review. Mainly, this review is based on the basic terminologies used 

in organic solar cell. For the fabrication of solar cell different donor and acceptor materials 

are used and they were fabricated by different ways which were presented here. There are 

many factors which affect efficiency of OSCs and DSSCs, mainly structure of molecule, 

function and molecule to molecule interaction. Another way to improve the efficiency of 

solar cell are electrolytes used in cell and addition of co-adsorbents which can prevent π-π 

stacking or aggregation of dyes. Considering all these factors, it is possible to design and 

synthesize novel molecules for efficient working in OSCs and DSSCs which is the main aim 

behind compiling this review. 

This review will be helpful to the organic chemist to assess and formulate necessary 

parameters for the fabrication of OSCs and DSSCs. Different types of compounds which 

have incorporated in this review can be considered as base for developing more efficient 

OSCs and thinking over the findings of different studies of different organic molecules 

towards their behaviour in the field of OSCs it is possible to device and fabricate newer and 

better organic molecules in future. There are number of factors used for the determination of 

fill factor and efficiency of solar cells which are necessary to know for the researchers and 

this review article will be a path finder for organic chemistry researchers in search of better 

organic molecules for OSCs. 
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