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Abstract 
 
Today, very high amount of energy is required to run our industries, 

transportation, household purposes etc. Cole or fossil fuels are used for that 

purpose but these sources are limited and main reason for environmental 

pollution. So, we need some efficient pollution free sources of energy. These 

drawbacks of fossil fuels can be resolved by the use of limitless solar energy. 

Various instruments and technique are discovered to utilize solar energy such 

as solar cell, photo catalysis, generation of hydrogen fuel, formation of light 

harvesting dendrimers etc. Transition metal based dendrimers, complexes 

and chromophores etc. are much more important due to more tendencies to 

capture photons from sun light and its economical value in comparison to 

other chemical techniques. A bionic leaf is constructed for better study of 

generation of hydrogen to produce fuel. Several dyes are designed to capture 

photons from sunlight which are used in dye sensitized solar cell and also 

oxides of transition metals are usable in PEC.  
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1 Introduction 

There are many sources of energy in our environment that is natural or 

manmade. Coal is an ultimate source of energy and nowadays its 

consumption is at high end. But, burning of coal as a energy source have 

many drawbacks such as pollution. Many toxic gases released when coal is 

burned. It is well known that coal is a limited source of energy and coast of 

coal increasing day by day due to its limited storage and high demand[1], [2]. 

Then, the alternative which comes is solar energy as we know “solar energy 

is only limitless source of energy”. Solar energy is the safe, efficient and 

unending source of energy that can be used in many processes such as 

household purposes, photochemical reactions, to generate high potential and 

many other activities. Many strategies and processes are known to make best 

use of this limitless energy source for example light harvesting and photo 

catalysis to split water into hydrogen and oxygen[3], [4]. The aim of these 

techniques is to prepare environment friendly, low cost and more efficient 

energy resources derived from limitless solar energy that is capable to solve 

almost all energy related problems. Solar cell is a pollution free energy 

source that convert solar energy directly into electricity by photovoltaic 

effect but it has very low efficiency and not storable to use later. This 

drawback is recovered by the generation of solar fuel. Solar fuel is a 

manmade chemical fuel prepared from the solar energy. It can be prepared by 

artificial photosynthesis and photochemical reactions as shown in fig.1. Light 

is used as energy source to reduce water to produce hydrogen. Solar fuel can 

be stored to use later when sun light is not available[5], [6]. It is a good 

alternativeof fossil fuel such as coal, fuel gases, petroleum, etc.   

 
Figure 1 Schematic diagram of solar cell 

Artificial photosynthesis also used to convert sunlight to usable chemical 

fuel. The energy converging efficiency is increased by replacing biological 

agent in natural scheme with solid state material in chemical reaction to 

produce solar fuel[7], [8]. The principal of artificial photosynthesis is based  
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on electrochemistry (fig.2). Natural occurring reactions produce electricity 

with sufficient voltage. This phenomenon is used to prepare one of worlds 1
st
 

battery. One of the biggest benefits of artificial photosynthesis the 

byproducts of these reactions are environment friendly.     

 
Figure 2 Schematic Presentation of Artificial Photosynthesis 

 

The important feature of artificial photosynthesis is to produce hydrogen 

fuel which is carbon free and environment friendly. The hydrogen fuel is 

manmade and we can use it again and again because in renewable source. 

This fuel can be used in transportation. Transition metals also play an 

important role in artificial photosynthesis discussed later in the article[9], 

[10]. 

The light harvesting is the study of material or molecules that capture 

photons from the solar light. This includes the study to understand those 

artificial systems that are designated or prepared to promote to produce solar 

fuel from photochemical reactions. Transition metal plays an important role 

in production of efficient energy resources by light capturing. Transition 

metals have large range of complexes such as dendrimers, arborols, cascades 

and chromophores.These complexes used in artificial light 

harvesting.The light-harvesting complexes or antenna complex is a subunit 

ofchlorophyll and protein molecules fixed in thylakoid membranes 

ofcyanobacteria and plants which pass light energy to a chlorophyll molecule 

at the reaction (nucleus) of the photosystem.They are used by bacteria and 

plants to capture photon from sunlight. Light harvesting complexes have a 

wide variety with respect to photosynthetic species. But transition metal 

complexes have much more importance because of the important 

applications in light harvesting molecules field to harvest light. These types 

of complexes (dendrimers) designed by many strategies for such as upward  

 



 

 
 

 

 

 

 

or downward strategy discussed later.Transition metal complexes also 

capable oflight harvesting(visible light harvesting)with T1 exited state 

discussed later in article[11], [12].   

 

2  Transition metals in artificial photosynthesis 

Non-natural photosynthesis is also named photo catalysis. It is a process 

of translating photonic energy into chemical energy in the existence of 

semiconductors. Transition metals are also used in photo catalysis. For well 

understanding of transition metal based non-natural photosynthesis, a bionic 

leaf was devolved. This leaf is made up of “NiMoZn” and “Co-OEC” (cobalt 

phosphate cluster). One crosswise of leaf is bonded with NiMoZn and 2
nd

 

side is bounded by the Co-OEC. A sunlight storer is placed between two 

bonded sides. The OEC (oxygen evolving core) with PS2 is credited the 

purposeful and mechanical units. When the earth metals oxidized +2 to +3 

the Co-OEC self-stabilized itself, this progression worked in neutral water at 

NTP. This process also skilled to activate water with proton couple electron 

transfer. When, this bonded leaf is set in water in presence of sunlight, O2 

and H2 gases discharged by the NiMoZn side (fig. 3). Water splits into its 

fundamental components. These gases are operational in fuel cell for the 

creation of energy like electricity. Iridium, ruthenium, nickel, cobalt etc. 

these metals also used in artificial photosynthesis in the presence of photo 

sensitizer and sacrificial oxidant[13], [14]. 

 

 
Figure 3 Schematic Diagram of Bionic Leaf for the Production of Green Energy 
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3  Electrolytic hydrogen evolution (based on TMD) 

It is a process of water splitting for the production of hydrogen energy. 

This electrochemical process depends on the principle of over-potential (gap 

between thermodynamic potential and given potential. If overpotential 

decreases then efficiency for photon capturing increases for an efficient 

catalyst. Catalyst of Platinum (Pt) and its group’s metals are mostly used for 

hydrogen evolution reactions due to almost zero overpotential as reported in 

the case of Pt. But the major drawback is the cost; due tohigh cost its use is 

restricted. To recover this drawback sulfides of molybdenum and tungsten 

are used.WS2 and MoS2 are used as catalyst in HER for industrial use[15], 

[16].  

MoS2 reported as catalyst in HER (Hydrogen Evolution reaction) in 

1970. But its bulk material has low catalytic action because of its low 

conductivity and restricted active sites due to this MoS2 proven poor catalyst 

in HER. Then in 2005 Hinnemenn et. al. reported coordinated edged site of 

MoS2 used as active site for Electrocatalytic hydrogen evolution reaction 

(HER) (fig. 4). This active site makes it useful and advance electro catalysts 

for HER.   

 
Figure 4. Hydrogen generation in the presence of MoS2 

 

In HER an emblematic process on the exterior of electrode has done in 

various steps. 

 In 1
st
 step proton assimilation is done from the electrolyte from the 

exterior of electrode to produce hydrogen atom. Along with the circuit 

electrons moved to the electrode and joint with protons.      

H3O + e- + Metal (active site) → MH adj + H2O (where metal is 

molybdenum and tungsten) 

In 2
nd

 step formation of hydrogen takes place un face of catalyst by two 

different processes 

 

 

 



 

 
 

 

 

 

 

 

3.1 Tafel mechanism  

In this mechanism two head-to-head hydrogen atom form bond to 

produce hydrogen 

2MH adj → 2M + H2 

 

3.2 Heyrovsky mechanism   

In this mechanism another proton directly reacts with MH adj  

MH adj + e- + H+ → M + H2  

In 3
rd

 step produced hydrogen desorption take place from the metal 

based electrolyte  

 

4  Transition Metal Based Complexes (Dyes) Used in DSC 
for Light Harvesting 

4.1 Titanium Complexes 

Titanium Ti(IV) complexes (fig. 4) are generally used in DSC. They are 

colorless until the attached ligand falls in visible region.    
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Figure 4. Titanium-complexes with various chelating ligands 

 

These titanium complexes used in DSC. Due to the presence of polar 

groups such as carboxyate or hydroxy on the peripheri of ligand they are able 

to do interaction with TiO2 and transfer electrons. These complexes in DSC 

show effectual and little photocurrent production close the IR region and in 

UV region. Total avg. productivity of these dyes is just 0.2 %.   

 

4.2 Manganese  

Manganese complexes are very rarely used in DSC. The manganese is an 

important part of artificial photosynthesis. Metalloporphyrins which 

containing zinc display ability as sensitizer.  

 
Figure 5. Phorphyrin-based complexes with various transition metals  

 

The DSC is laminated with Pt, TiO2 as cathode and photo anode 

respectively, and work in presence of (I‾/I3‾) electrolyte. Six complexes 

(shown in fig. 5) display distinctive spectra with huge energy balance band 

and lower energy conduction band. In case of manganese dye the balance 

band is splited into various frequency (max = 481, 426, 381). The efficiency 

is 5.85% for standard ruthenium dye use in DSC on comparing with 

matalloporphyrins shows the efficiency 3.58 for zinc (Zn) and below 0.05% 

for metal like cobalt, iron and manganese (fig 6). 



 

 
 

 

 

 

 

 
Figure 6. Structure of [Mn-HT-SCN] complex 

 

4.3 Iron 

Effective Sensitizers for DSC always dominated by those sensitizers 

which contain osmium Os(II) and ruthenium Ru(II). But in 2004 a paper 

published reported some iron based dyes foe DSC. X-ray assimilation spectra 

and DFT calculation ae used to prove the variation of electronic assembly of 

Fe(II) and Ru(II). Based sensitizers. Metal ion`s [M(phen)3]2+ and 

[M(bpy)3]2+ is octahydral then π* transition interchanges to low energy 

from Ruthenium to iron and excessive transmission of charge from 

iron/ruthenium to nitrogen.  

The 1
st
 iron complex used as photosensitizer in DSC 1

st
 time discovered 

in 1998. Which is [Fe{bpy-4,4'-(CO2H)2}2(CN)2]. These complex used in 

existence ofchenodeoxycholics acid in DSC. These complexes have 

assimilation maximuma at 430nm and also at 635nm. The spectrum of 

photocurrent shoes that the inoculation from high energy band present at 

430nm is more effective and efficient from other bands. 

This study of complexes stretched to some other iron complex’s which 

are  

[Fe {bpy-4,4'-(CH2PO3Et2)2}2(CN)2],  

[Fe {bpy-4,4'-(PO3Et2)2}2(CN)2],  

[nBu4N]8[Fe{bpy-4,4'-(PO3)2}2(CN)2], 

[nBu4N]4[Fe{bpy-5,5'-(CO2)2}2(CN)2], 

[nBu4N]8[Fe{bpy-4,4'-(CH2PO3)2}2(CN)2], and  

[Fe {bpy-4,4'-(CH2OH)2}2(CN)2  

These complexes used as dye in DSC and show photon capturing 

capacity. When 2 molecule of ligand [N,N-bis(2 ,2':6',2"-terpyridinyl-4'-

(4phenyl))]aniline directly react by FeCl2.4H2O mettalocyclic hexamer are 

formed which is [Fe6(ligand)][PF6]12 (fig.7).  

FeCl2.4H2O + 2 [N,N-bis(2 ,2':6',2"-terpyridinyl-4'-(4phenyl))aniline] → 

[Fe6(ligand)][PF6]12 

(METAL),(LIGAND),(COMPLEX) 
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Figure 7. Strucure of cationic [Fe6(ligand)][PF6]12 

 

Iron complex used for light harvesting in DSC  

Proton NMR information show the existence of aspecies and 

electrospray mass spectra of [PF6]– is constant with preservation of hexamer. 

[Fe6(10)6][PF6]12 absorb powerfully in UV with low fascination has molar 

extinction constant 177000 dm3mol–1cm–1. This huge fascination make a 

path for [Fe6(10)6][PF6]12 to tried as a sensitizer. 

 

4.4 Nickel  

The very mutual characteristic of nickel (Ni) in DSCs it is used as 

semiconductor in photo cathodes, in tandem cell, but some nickel complex 

usable as photosensitizers in DSCs. Nickel based dye contain the dithiolen 

(fig. 8). Coworkers and Robertson reported complexes containing ester and 

carboxylic acid units. Molecule display strong fascinations in UV section. 

Both the complexes absorbed in visible section at 560 and 530 nm. 

 

R = CO2H 

 

 

 

 

   

R = CO2 

 

 

 

 

 
Figure 8. Structure of Nickel dithiolene sensitizer 



 

 
 

 

 

 

 

 

R=CO2Et, bands has ε =7300 dm3mol–1cm–1. The performances of 

DSCs retaining with R=CO2H as photosensitizer on a FTO/TiO2 

photoanoade. Performance for both CO2H and CO2Et has very low (η = 

0.006–0.084%) on comparing with the platinum (II) complex as a 

photosensitizer (η = 3.000%). 

 
                 Figure 9. Structure of Nickel(II) coordinated polymer 

 

Nickel(II) based polymer has 8-hydroxyquinolinato and polycarbazoel 

backbone and tested as sensitizer with Zn(II) (fig. 9). Electrode of TiO2 in 

dipped in DMF solution of zinc and nickel holding sensitizer before reacting 

by electrolyte and electrode. By this procedure the 0.45% effectiveness is 

reached for nickel sensitizer and for zinc based sensitizer1.11% efficiency in 

achieved.    

 

5  Some Standard Transition Metal Complexes Used in 
Light Harvesting 

5.1 N3 Dye 

It is a ruthenium complex known as N3 used for light harvesting. N3 is a 

standard dye used in DSC to harvest light. Having chemical formula 

C26H16N6O8RuS2 [cis-bis(isothiocyanato)bis(2,2-bipyridyl-4,4-

dicarboxylato) ruthenium(II)] . This dye is devolved for high performance in 

light harvesting since it devolved it become the best example for charge 

transfer sensitizer for solar cells.  Fully protonated N3 have maximum 

assimilation at 380nm and 518nm. Where extinction constant id 13.5 and 13 

KM-1cm- respectively. This dye is totally immersed at TiO2 film. The total 

efficiency for this dye is 105 at AM 1.5 irradiation. N3 dye is also 

responding with visible light with range 800nm. N3 dye has a important role 

to absolve sun light and for its conversion in other form like electricity. 
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Figure 10. Structure of Ruthenium based complex (N3 dye) 

 

This dye in synthesized by the RuCl3.3H2O on reacting with the2,2'-

bipyridine-4,4'-dicarboxylic acid both are dissolved in DMF. Then the 

mixture is heated to fefluxing of N2 gas for eight hours at 150 degrees 

Celsius under dark condition. After that at the mixture in cooled at room 

temperature. After that red black solid part is filtered from the solution and 

washed with eather and acetone. After that again refluxed with the 0.1m 

NaOH and with ammonia thiocyanate for 6 hours. By using pressure 

distillation, the cool rxn mixture was filtered out. After that he remaning 

solid is washed with the water to remove other impurities. After that HNO3 

was added to the solid part and filter again. By completing this process N3 

dye was obtained.     

 

5.2 N719 Dye     

It is a ruthenium based bye used for light harvesting. N719 has chemical 

formula C58H86N8O8RuS2 [Di-tetrabutylammonium-cis-

bis(isothiocyanato)bis(2,2-bipyridyl-4,4-dicarboxylato) ruthenium(II)] (fig. 

10). It is a ammonium salt of N3 dye, N719 dye also known as one of most 

common high performance dyes that are developed for light harvesting. 

N719 dye has some important characteristics:  

Amphiphilic 

Increased electrostatic binding onto the TiO2 film surface  

More stability  

More oxidation potential 
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Figure 10. Structure of Ruthenium based complex (N719 dye) 

The preparation of N719 dye followed 3 steps: - 

1
st
 step is the normal step it is just a shield for the carboxylic acid for the 

prevention from Fisher esterification. The 1st stage of the procedure troubled 

Reduction of solvent, Reduction of sulphuric acid quantity and Nature of 

catalyst 

2
nd

 step is the creation and distillation of [Ru(i-Bu2dcbpy)2(NCS)2] 

complex. Procedure for synthesis proceeds under nonreactive atmosphere 

and conditions.In this step[i-Bu2dcbpy] is react and reflux through the RuCl3 

and when creation of dichloro complex is done extra(NH4SCN) added to the 

combination and creation of wanted yield occurs. 

RuCl3 + [i-Bu2dcbpy] + NH4SCN → [Ru(i-Bu2dcbpy)2(NCS)2] 

3
rd

 step is about the amount or product and for purification of the 

product. Firstly, saponification of the complex cis-[Ru(iBu2dcbpy)2(NCS)2] 

done by adding the tetrabutyl ammonium hydroxide in acetonitrile. After that 

evaporation is done and acetonitrile is evaporated completely, the soild is 

mixed with H2O and precipitated by adding the acid. After adjusting pH of 

precipitate mixture at 3.8, filtered the compound to get the final product, 

N719 dye.  

 

6  Conclusion 

Solar energy is limitless source of energy and a good alternate of fossil 

fuel. It is pollution free and limitless source. By making its utility more 

feasible, we can control environmental pollution.Transition metal complexes 

are important in light harvesting due to their high photon capturing tendency 

and cost efficiency. Several dyes and complexes based on transition metals 

are designed to produce solar fuel such as iron complexes, platinum 

complexes, ruthenium complexes etc. Some of the dyes such as N3 and N719 

are well designed and are highly efficient in DSC. In the study it was 

observed that transition metal based  dyes are highly usseful in photo-

catalysis for solar fuels production (hydrogen generation). Eventhough 

numbers of reportes are availabe, still it need more attention of scientific 

community to produce better and effiecient catalyst for artificial catalysis to 

harves more and more solar energy.  In future it will have a big role in 

society for providing harmless, efficient and low cost energy resource for our 

daily needs.    
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