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ABSTRACT 
 

The greatest challenges that are faced by today’s generation is shortage of energy sources 

Scientists has emphasized their efforts for the production of clean, environment friendly and 

sustainable sources of energy. There is concern that the emission of harmful gases will deplete 

the ozone layer and increase temperature which leads to global warming. 

Hydrogen is a promising alternative energy carrier fuel since it is a renewable contains high 

energy content and do not show participation to the green house effect also, the most abundant 

element in the universe. There are various techniques for hydrogen production which includes 

various biological methods as there is formation of various side products numerous challenges 

are related with these techniques. It is essential to develop an appropriate electrocatalyst which 

can produce chemicals selectively with high faradic efficiency. Electrocatalysts based on Noble 

metals such as Pt, Pd, and Ru are good towards hydrogen evolution but are not in application 

because of their high cost. Recently, studies have been made using earth abundant metal 

complexes. 

In the current studies, copper based complex are found to be attractive and it had been used for 

electrochemical reduction of protons to produce hydrogen. We have synthesized copper 

electrocatalyst and studied its electrochemical properties in presence of acids giving TOF 3.1s-1 

at an overpotential of 90 mV. Also, the reaction is proved to be diffusion controlled at different 

scan rates all these studies showed the possibility of catalyst towards the hydrogen evolution. 

However, controlled potential coulometry (CPC) coupled with gas chromatography studies will 

confirm the hydrogen evolution. 
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CHAPTER 1 –INTRODUCTION 
 

The major challenge of twenty first century is to meet the global demand for energy due to 

increasing population and rising standards of living. There is need of non fossil energy to solve 

this problem. Hydrogen has attracted the considerable attention and can be used as chemical fuel 

vector because of its following properties: 

 

• Hydrogen has high quality to carry energy with high efficiency. 

 
• Hydrogen shows good electrochemical properties due to which it can be used in fuel cell. 

 
• Hydrogen can be stored in different forms for its applications. 

 
Due to zero-emission fuel hydrogen has its widespread applications and can act as good fuel 

source. 

 Hydrogen production 
 

There are various environmental concerns that are caused by the production and use of energy 

such as, acid rain depletion of ozone layer and several other climate changes to solve these 

environmental problems we need to produce hydrogen from environment friendly techniques. 

[1].With the increase of energy demand there is large amount of rise of greenhouse gases (GHG) 

in the atmosphere. Steam reformation of natural gas led to emissions of large amount GHG and 

about 50% of the globally hydrogen is produced by  steam reformation of natural gas,  30%  

from chemical industries reformation, 18% from gasification of coal, and 0.1% from other 

sources [2]. 

 Natural gas steam reforming 

 

Almost, half amount of the hydrogen is produced in the world is obtained through reformation of 

natural gas. In this method the natural gas, methane, reacts with high temperature steam in a 

catalytic converter. Nickel catalyst and temperature above 1000 K is required for this reaction. 

Carbon monoxide and hydrogen is generated by steam methane reaction [3]. 
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Water reacts with carbon monoxide further to produce hydrogen 
 
 

 

 Coal gasification 
 

Coal gasification is another method for hydrogen production. The process includes conversion of 

coal from a solid to natural gas which can be used to create different fertilizer, chemicals. Coal is 

oxidized in the presence of oxygen and steam and is combined to produce synthesis gas. 

 

 Partial oxidation 

 

Partial oxidation of hydrocarbons is method for hydrogen production which is exothermic in 

nature. Heavy hydrocarbons are converted to mixture of H2, CO, Co2 by superheated steam and 

oxygen. 

 

 Electrolysis 

 

Water electrolysis is one of the industrial hydrogen production processes which do not depend on 

fossil energy also. The method includes splitting of elements or compounds when electric current 

is passed through it. It is also called solid oxide steam electrolysis a method in which water gets 

splitted into oxygen and hydrogen by passing an electric current. Reactions carried out at various 

electrodes as follow: 

 

Cathode: 4H2O + 4e- → 2H2 + 4OH- 

Anode:  4OH- → O2  + 2H2O + 4e- 

Net: 2H2O → 2H2 + O2 

Electrolysis is considered as one of the cleanest method to produce hydrogen. Photo-electrolysis 

is another method, in which the photovoltaic cells act as electrodes that decompose water into 

hydrogen and oxygen gas. 
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 Photocatalytic hydrogen production 
 

Photocatalytic hydrogen production includes the production of hydrogen using solar energy. It is 

considered as an environmentally safe energy source also, low cost fuel production method. We 

can produce hydrogen from H2S whose main source is waste of refining industries which 

contributes to acid rain. On the other hand, Photocatalytic hydrogen production using H2S is 

environmental friendly method but coal as non-renewable energy source will be depleted and 

there will be no H2S to produce hydrogen [4].Therefore, solar-light-dependent splitting of water 

using TiO2 seems good for hydrogen production. Electrochemical cell construction consists of 

TiO2 electrode which is connected to platinum electrode is active towards hydrogen evolution. 

The reactions occurring are as follow: 

 

TiO2 + hv → 2e- + 2p+ (excitation of TiO2 by light) 

2p+ + H2O → 1/2O2 + 2H+ (at TiO2 electrode) 

2e- + 2H+ → H2 (at platinum electrode) 

H2O + 2hv → 1/2O2 + H2 (overall reaction) 

Using nanomaterials is another effective way for photoelectric water splitting for generating 

hydrogen in an easy and sustainable way and by further improving these photocatalyst according 

to their band width increases its efficiency towards hydrogen production [5]. Hydrogen can be 

photochemicaly evolved from heterogenous environment in water from catalysts using nanorods 

as photosensitizer and a sacrificial donor for the complete reaction[6]. 

 Biological process 

 

Microorganisms such as bacteria and algae can produce hydrogen through biological processes  

in environment. Hydrogenase is an enzyme that actively participates in catalysis by reduction of 

proton to generate hydrogen molecule. The metalloenzyme that produce hydrogen is base for 

many anaerobic bacteria[7] which produces 0.3Gt hydrogen every year[8] Hydrogenases are of 

three type Fig. 1.1 [Fe-Fe] Fig. 1.2 [Ni-Fe] Fig. 1.3 [Fe] only. The [Ni-Fe] and [Fe-Fe] 

hydrogenase both contains an active site and Fe-S cluster. The Fe-only contains only one active 

site not Fe-S cluster. Hydrogenase enzyme produces hydrogen at organometallic Fe-Fe, Ni-Fe, 
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Fe active sites[9]. Cu metal fused with porphyrin ring has its great activity towards hydrogen 

production with maximum TOF which is biologically supported HER reaction[10]. 

 

 [Fe-Fe] hydrogenase 

 

Fe-Fe hydrogenase consists of Fe-S cluster in their active site. It is biological catalyst for active 

for hydrogen oxidation and reduction it is highly sensitive towards oxygen and gets inactivated  

in presence of aerobic environment. 

 

 

Fig. 1.1 Structure of [Fe-Fe] hydrogenase enzyme 

 
 [Ni-Fe] hydrogenase 

 

Ni-Fe hydrogenase consists of Ni-S and Fe-S clusters. Like [Fe-Fe] hydrogenases, [Ni-Fe] 

hydrogenases are known to be usually deactivated by molecular oxygen[11]. Nickel metal 

participate in the redox reaction for catalytic process. 

 

 

 

 

Fig .1.2 structure of [Ni-Fe] hydrogenase enzyme 

 
 Fe-only hydrogenase 

 

Fe only hydrogenase catalyses the reduction of Methenyltetrahydromethanopterpin with 

hydrogen to Methylenetetrahydromethanopterin. 
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Fig. 1.3 structure of Fe hydrogenase enzyme. 

 
Though, hydrogenase enzymes also uses earth abundand metals for oxidation and production of 

hydrogen but they are not capable of producing hydrogen in large amount as to meet the 

commercial demands also these enzymes are not stable under certain conditions so there was 

need of other catalyst that produce hydrogen in environment friendly way also should produce 

hydrogen to meet the global demand. These all considerations led to development molecular 

catalysts based on abundance of metals several complexes that produce hydrogen these contain 

nickel, iron cobalt and molybdenum electrocatalysts for the production of hydrogen. 

 Electrocatalytic hydrogen production 

 

An electrocatalyst is defined as a catalyst that takes part in electrochemical reactions and 

increases the rate of chemical reactions without being used in the reaction. These are form of 

catalysts that itself work at electrode surfaces or can be the electrode surface itself. It can be 

heterogeneous or homogenous by nature. 

 

Several efforts have been made for the development of the low cost and highly efficient 

catalysts. The metals based on first row transition metals found to be highly active for this 

availability as they are highly available and are less toxic also. Metals such as Pt and its alloys 

are expensive and are not used as much for this work but the complexes of iron[13] nickel[14-15] 

cobalt[16], copper, zinc, and molybdenum[17] are known as electrocatalyst for  hydrogen 

production Cu based electrocatalysts acts as a good source for fuel production. Cu metal and its 

complexes have been used for the solar fuel production. Mainly this group metals are focused for 

hydrogen production application because they are abundant in nature and produce energy sources 

without causing any harm to environment. As much catalysts are not known for copper but 
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recently a mononuclear complex of copper is active towards HER reaction though it needs higher 

overpotential [18]. 
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CHAPTER 2- LITERATURE REVIEW 
 

This chapter provides the detailed literature survey made by various researchers in this field. In 

this chapter we will study about the literature of the metal assisted hydrogen evolution, ligand 

assisted hydrogen evolution. 

Dempsey et al.19 in their work reported that Co(dmgBF2)2(L2) (dmgBF2= 

difluoroboryldimethylglyoxime) which catalyses the reduction of aqueous Hcl using Cr2+ as 

electron donor. Dissociation of an intermediate chloro-bridged complex was formed during 

inner-sphere electron transfer from Cr2+ to Co2+, produces [Co(dmgBF2)2L]- in the acid presence 

Co1+ anion is protonated to form hydride which evolves hydrogen. Peters et al.20 reported the 

water soluble molecular cobalt compexes with tetraaza macrocyclic ligands are capable of 

electrocatalytic hydrogen production at pH of 2.2 out of which two diimine-dioxime complexes 

were reported capable of catalytic hydrogen activity at lower overpotential as compared to other 

cobalt complexes in aqueous solutions. 

 Ligand centered hydrogen evolution 
 

Haddad et al.21in their work they had showed the homogenous electrocatalytic hydrogen 

production and oxidation using metal free transition complexes. Diacetyl-bis(N-4-methyl- 

thiosemicarbazone) and zinc diacetyl-bis(N-4-methyl-3-thiosemicarbazone) displays highest 

TOF of any homogenous ligand centered hydrogen evolution electrocatalyst at 1320s-1 and 

1170s-1also, turnover frequency for hydrogen oxidation is 72s-1. Haddad et al.22 reported the 

complex of rhenium that is ReL3(L is diphenylphosphinobenzenethiolate) which is acting as a 

good electrocatalyst for hydrogen evolution or hydrogen oxidation. In presence of acid and base 

shows different results with overpotential 380mV and turn over frequency of 32s-1 and in 

presence of base it gives value of TOF 4s-1 therefore it was reported as ligand dependent 

hydrogen evolution. Haddad et al.23reported Cu(II) complex of diacetyl-bis(N-4-methyl-3- 

thiosemicarbazonato) as an ligand dependent for hydrogen evolution under electrochemical 

studies displaying maximum turn over frequency in presence of acetonitrile as compared in 

dimethylformamide at different overpotential values. Also, the gas chromatography analysis 

confirms it as electrocatalyst for hydrogen evolution with faradic efficiency of 81%. Kinetic 

isotopic effect was 7.54 using deuterated acid. 
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 Metal-centered hydrogen production 
 

Khandekwal et al.24 in their work they have studied the effect of protic functionalities on cobalt- 

salen groups towards the electrocatalytic hydrogen production. The complexes containing 

carboxylic group functionalities have their different activity towards hydrogen evolution.in their 

work have shown the dependence of pH of their complexes towards hydrogen evolution. And the 

cobalt complex shows posistive result at below pH 4. The NMR data shows that the presence of 

protic functionalities in water plays a vital role in hydrogen production even in inactive Co-salen 

complexes. 

Cao et al.25-26 schiff-base Cu and Ni complexes were synthesized by this group and Cu(II) 

species with TOF of 457(pH 7) and TON 817mV was reported for electrochemical hydrogen 

production from neutral water and faradic efficiency of 91.5% was observed with no 

decomposition of catalyst. also, electrochemical studies show that Ni complex evolved hydrogen 

from acetic acid or from water.TOF of 193 (in DMF) and 574 (in buffer, pH 6) moles of 

hydrogen per mole of catalyst per hour. GC analysis was performed and 42 h electrolysis was 

done with no observable decomposition of the catalyst. 

Hong et al.27made studies on the electrocatalytic and photocatalytic hydrogen evolution of Ni(II) 

complexes using S2N2 type of tetradentate ligands of different sizes. Two complexes with five 

membered and six membered chelate ring out of which five membered chelated ring is more 

active towards Photocatalytic and electrocatalytic hydrogen production. In electrochemical 

measurements it was observed that first reduction was electron transfer reaction which forms 

Ni(I) complex and second one is proton-coupled electron transfer reaction. In photocatalytic 

hydrogen evolution the complex with five membered ring is more active. Liu et al.28in their work 

reported that Cu(II) complex can acts as good hydrogen evolution catalyst in neutral aqueous 

solution which could further be developed to form water reduction. Characterization carried by 

CV gave the value of TON equals to 5876 and TOF 734s-1 in film form also, it was estimated  

that due to presence of ligand the film becomes stable therefore, Cu catalyst is found to be more 

systematic and stable catalyst for proton reduction in aqueous medium. 
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Table2.1 List of electrocatalyst showing activity towards hydrogen evolution reaction. 
 
 

S.No. Metal Catalyst TON TOF Overpoten 

tial 

Faradic 

efficiency 

1. Cu 
 

 

- 10000s-1
 0.80V  

   (ACN)  81% 

   5100s-1
 0.76V  

   (DMF)   

2. Re 
 

 

- 32s-1
 

(CH2Cl2) 

4s-1 

(base) 

0.38V - 

3. Zn 

 

- 1170s-1
 - - 

4. Co 
 

 

- 255s-1
 0.67V - 

5. Ni 
 

 

19 3.6 h-1
  80% 
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6. Ni 
 

 

1100 2.3×102h-1
  95% 

7. Cu  
 

 

817 457s-1
 - 91.5% 

8. Ni  
 

 

- 193s-1
 

(DMF) 

574s-1
 

(buffer) 

- - 

9. Ni 
 

 

900 57600s-1
 - - 

10. Ni 
 

 

6190 27000s-1
 - - 
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CHAPTER 3- MATERIALS AND METHODS 
 

This chapter contains all the information on chemicals, glassware, labware, instruments and 

methodologies used for carrying out the research work described in this thesis. 

 MATERIALS 
 

 Chemicals used 
 

Salicylaldehyde(C7H6O2), Aniline(C6H5NH2), Ethanol(CH3CH2OH), Triethylamine 

N(CH2CH3)3, Copper nitrateCu(NO3)2, Diethyl ether(C2H5)2O, Acetonitrile(CH3CN), Glacial 

acetic acid( CH3COOH). All these chemicals were bought from Loba chemicals and were used 

without further purification. 

 Glassware and labware used 
 

Beakers (100mL), round bottom flasks (250mL), measuring cylinder, magnetic bead, condenser, 

guard tube, spatula, dropper, oil bath, filter paper, glass vials, buchner funnel, thermometer, 

magnetic stirrer, micropipettes ( 2-20L, 0.2-2 L), quartz cuvettes (2.5mL). 

 Equipments and instruments used 
 

 Magnetic stirrer with hot-plate 
 

In this research work, a magnetic stirrer with hot plate Tarsons Spinot digital was used. It is a 

laboratory device which is used to provide magnetic field which allows the magnetic stir bar to 

rotate when immersed in liquid also, it contains heat plate that heat the liquid when placed on it. 

 Rotary evaporation 
 

In this research work, rotary evaporation was used. It is a device that is used in laboratories for 

efficient and proper removal of solvents from samples by evaporation method. 
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 Vacuum filtration 
 

Vacuum filtration is a technique mostly used dry out small amount of solutions to get the solid 

products that are generally crystals. This method needs a Buchner funnel filter paper and a 

rubber. 

 UV-Visible spectrophotometer 
 

UV- Visible spectrometer (PerkinElmer Lambda 35) is used in this work. UV-Visible 

spectroscopy is type of absorption spectroscopy in which light of ultra-violet region (200- 

400nm) is absorbed by the molecule. Absorption of these radiations leads to excitation of 

molecules from ground to excited state and the energy absorbed by molecule is equal to the 

energy difference of ground and excited state. Mostly transitions occurs from highest occupied 

molecular orbital (HOMO) to lowest unoccupied molecular orbital (LUMO) and possible 

transitions in their increasing order are n- n-    The law followed during 

absorption of substance is beer- Lambert law which states that absorbance of light is directly 

proportional to the molar concentration of the sample and path length. 

A= log10 (I0/I) = c.l 

 
Where, A- Absorbance, I0- Intensity of incident light, I- Intensity of transmitted light c- Molar 

concentration of solute, l- path length, - molar absorptivity. 

With increase in concentration the value of transmittance decreases. Detector gives us value of 

transmittance but the graph is plotted between absorbance and concentration as shown by 

formula which is useful for calculation of concentration of sample. 

Log10 (1/T) = c.l 

 
When the graph is plotted between absorbance and wavelength then the value at which  

maximum absorbance occurs corresponds to max. This technique is useful for calculation of 

concentration and wavelength of the unknown compound. 
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Fig. 3.1UV-Visible spectrophotometer 

 
 Cyclic voltammetry 

 

In this work cyclic voltammetry instrument is used to carry out the electrochemical studies. It is  

a potentiodyanamic electrochemical measurement technique used for electrochemical studies and 

also useful for studying the electrode reactions. The working electrode potential is varied linearly 

with time. In this technique initial current obtained is capacitive current which is formed by 

double charge layer formed at the surface of electrode. As the as experiment progressed we get 

peak current and as moving towards positive current value we get anodic peak potential (Epa)  

and anodic peak current (ipa) and, towards negative current anodic peak potential (Epc) and 

anodic peak current (ipc) is obtained. In forward potential value oxidation peak and in reverse 

potential reduction peak is formed. To verify whether the reaction is reversible or not the 

difference in cathodic and anodic peak potential should be equal to 59 mV also, the ratio of 

anodic peak current value to cathodic peak current should be equal to one. 

 Methodology 
 

 Synthesis of Schiff-base Cu complex 
 

Salicylaldehyde (488.88 mg, 4mM ) and aniline (372.52 mg, 4mM ) was dissolved in 10mL of 

ethanol and was set up for refluxing for one hour at 50 °C as the setup shown below (Fig. 3.2). 

After one hour TLC of the reaction was checked and reaction mixture was brought to room 

temperature after that triethylamine (607.14 mg, 6mM ) and copper nitrate (375.12 mg, 2mM ) 

dissolved in 5 mL of ethanol was added drop wise to it. Solution was concentrated followed by 

dissolving of diethylether to it and product was vacuum filtered and washed with DI water (5 

mL) and diethylether (2×5 mL) and further was air dried to  afford brown crystals with 82% 

yield. 
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Scheme. 3.1 Synthesis of Schiff- base metal complex. 
 

 

 

 
 

 
 

 

Fig.3.2 Set up for synthesis of schiffs base 
Cu complex . 

Fig.3.3 Synthesized Cu complex 
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 Sample prepration for UV-Visible spectroscopy 
 

0.1 mM of Cu solutions were prepared in 10mL of ethanol and were taken 2mL for UV-Visible 

spectroscopy. 

3.5 Set up and sample prepration for Cyclic Voltammetry 

 

The first step is cleaning of electrodes so that there is good electron transfer. Cleaning process 

includes sonication of working electrode (glassy carbon with 0.071cm2 area) and counter 

electrode (platinum wire) in acetonitrile for 2-3 minutes and and reference electrode (Ag/AgCl) 

was rinsed properly first with water and then with acetonitrile. Reference electrode, working 

electrode, counter electrode were dipped in solution of (0.1M ACN/TBAHFP) and connections 

are made in such a way that black clip is connected to working, red to counter and white to 

reference electrode and all three electrodes should be dipped such that they are equidistant from 

the bottom. Firstly voltammogram was run for 5mL blank solution (0.1M ACN/TBAHFP). after 

that for solution with Cu catalyst [Cu(2mM) in 5ml of Acetonitrile] with potential -1.5V to 

+1.5V with varying scan rates (1V,0.5V, 0.2V, 0.1V, .05V) followed by voltammograms with 

varying glacial acetic acid concentrations (30 mM, 60 mM, 90 mM). 

 

 
Fig.3.4 Set up for cyclic voltammetry 
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CHAPTER-4 RESULTS AND DISCUSSIONS 
 

The studies of prepared catalyst using various spectroscopic techniques have been discussed in 

this chapter with include the study of catalyst by cyclic voltammetry and UV-Visible 

spectroscopy. 

 Electronic spectroscopy: 
 

The catalyst dissolved in acetonitrile shows the absorption peak at 274nm corresponding to - 

 transitions Showing the progress from ligand to complex formation with metal. Also first two 

bands in spectra are due to Cu(II) to ligand charge transfer (MLCT) transitions. The presence of 

this band indicates the complex formation of ligand with Cu metal whereas third band is due to 

d-d transition. 
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Fig4.1: UV-Visible spectra of 0.1Mm solution of [L1Cu] in acetonitrile 
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 Cyclic voltammetry: 

The cyclic voltammetry of CuL1 in acetonitrile containing 0.1M TBAHFP used as a supporting 

electrolyte displays the value of irreversible reduction at 1.35 V. Additional data obtained by 

scanning at various scans from 0.05 to 1V/s in acetonitrile (Fig. 4.2). 
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Fig.4.2 CVs for CuL1 in 0.1M TBAHFP in acetonitrile at various scan rates 
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Fig. 4.3 Plot of peak current v/s square root of scan rate 

 

 
 

The value of slope calculated from this graph gives the value of diffusion coefficient equals to 

9.4 × 10-5cm2/s calculated from Randles Sevcik equation[29] which shows that the reaction is 

diffusion controlled reaction with above value of diffusion coefficient. 
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 Electrochemical studies using acid concentrations: 
 

On addition of 20mM of acid in CuL1 in 0.1M TBAHFP in acetonitrile solution gives the value 

of cathodic current at 0.9V indicating the reduction of catalyst in presence of acid as compared to 

blank solution on acid addition (Fig. 4.4). Also, rise in current shows the reduction occuring at 

metal centre and due to addition of metal complex the current rises highly with potential shifting 

to less negative value [30]. 
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Addition of acetic acid at various concentrations shifts the reduction potential of CuII/I from -0.69 

to 0.99V and there is generation of catalytic cathodic current at -1.3V with shift of potential of 

1.6V.with increase in concentration of acid the current increases continuously and at 90mM it 

shows saturation and current starts decreasing means reaction becomes acid independent at this 

concentration. The values for CuII/I ip is 2.6×10-4 at icat × calculated from the acid 

independent region. The maximum value of icat/ip is 4.05 giving TOF 3.15s-1
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Fig.4.5 Change in cathodic current with increasing acetic acid concentration 

 

 

NOTE 
 

The current polarity of above all voltammograms are opposite than as shown. 
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4.2.3 Parameters Calculated: 
 

1. Diffusion coefficient ( D0 ) 
 

Slope ≡ 3.4×10-4 = 0.4463FA[cat][(FD0/RT)]0.5 

A=0.071 cm2
 

[cat] = 2×10-6 moles/L 

F = 96485 C/mole e- 

R = ideal gas constant 

T = 298 K 

D0 = 9.4018×10-5 cm2/s 

 

2. Catalytic current ( icat) =10.53×10-4 A 
 

3. Peak current (ip) = 2.6×10-4 A 
 

4. icat/ip = 4.05 
 

5. TOF = 1.94×v×(icat/ip)
2 v = 0.1V 

 

= 3.15 s-1
 

 
6. Overpotential 

 

The value of overpotential is calculated by using reference of Aaron M Appel [31-32]
 

 
(η) = EH

+ - Ecat/2 

 
EH

+ v/s Fe = -0.028-(0.0591 × 23.51) = -1.41V 

 
Here 23.51 is pka of acetic acid 

 
Now, Ecat/2 vs Fc+/Fc = -1.28-0.04 = -1.32V 

Overpotential = EH
+- Ecat/2 = -1.41-(-1.32) = 0.09 V 



22 
 

CHAPTER 5- CONCLUSION AND FUTURE 

RECOMMENDATIONS 

 

 Conclusion 
 

We have successfully synthesized Schiff-base copper based electrocatalyst as an earth-abundant 

electrocatalyst. The synthesized complex was characterized by UV-Visible spectroscopy and 

cyclic voltammetry. UV-Visible spectroscopy confirmed the formation of ligand metal copper 

complex with maximum absorption at 274 nm and electrochemical studies in the presence of 

acetic acid showed the complex activity towards hydrogen production in the presence of acid. 

giving current at lower overpotential of 90mV with TOF of 3.15s-1. The TOF achieved is low 

because of metal-ligand interaction as compare to good overpotential value which is due to 

surrounding environment. This is good approach towards the hydrogen production in 

environment friendly way without emissions of any harmful pollutants. 

 Future recommendations 
 

We can confirm the hydrogen production by Cu catalyst by performing GC and can further 

faradic efficiency can be calculated. Kinetic isotopic effect can also be calculated by using 

deuterium source and photochemical studies towards hydrogen evolution can be performed by 

using this catalyst and we can see the efficiency by this method to. By attaching different 

functional groups to our complex we can study electrochemical properties which will differ 

efficiency, TOF, overpotential and current according to its selectivity with different groups. 
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