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1. ABSTRACT

TBPs and their derivatives are one of the most interesting topics in recent years because of their
large potential and utility in inorganic chemistry, organic chemistry, material sciences, and also
in medicinal chemistry. In Organic chemistry, these TBPs and their derivatives are suitable for
OFETSs devices and also in LCDs. In photodynamic therapy, these porphyrin units play an
important role as a photosensitizer and help in the treatment of cancer. Owing to their vast
applications researchers have developed various methods for their synthesis as the synthesis of
these compounds is important for their maximum utilization. There has always been a problem
in synthesizing these compounds so much research is still going on their development. In this
report, | have discussed some methods of synthetic developments of TBPs and their derivatives

along with their application.



PHOTOCATALYTIC REDUCTION OF CO,USING
MANGANESE COMPLEXES

A Project Report Submitted in Partial Fulfillment for the Award of M.Sc. Degree In
Chemistry
(CHEM-4106)

Submitted By
PRAJIJWAL SHARMA
M.Sc. (F) Chemistry
Inorganic Specialization, Group-1V
Examination Roll Number- 20036746064

Under The Guidance Of
Dr. SANDEEP KAUR
(Associate Professor)

Department of Chemistry
University of Delhi
Delhi- 110007
April, 2022



DECLARATION BY THE CANDIDATE

The project entitled “PHOTOCATALYTIC REDUCTION OF CO:2 USING
MANGANESE COMPLEXES” is in partial fulfililment of the requirements of Paper no.
4106 (Inorganic Chemistry Project and Evaluation) for the award of degree of Master of
Science (M.Sc.) in Chemistry of the University of Delhi.

| hereby state that:

e The project is an original script extracted from the published literature and has been
written in my own language.

e Content of this project does not contain any text, diagram without appropriate
acknowledgement.

e This work has not been submitted earlier for any diploma and/or degree of the
University of Delhi or any other University.

e | stand solely responsible for the errors/mistakes that might have occurred in the
compilation of the project report despite all precisions taken to the best of my ability.

e | am solely responsible for all the plagiarized texts, tables and figures,if any.

Prajjwal sharma

M.Sc. Chemistry (Final)
Department of Chemistry
University of Delhi
Delhi-110007



CERTIFICATE

This is to certify that the project report entitled “PHOTOCATALYTIC REDUCTION OF
CO2 USING MANGANESE COMPLEXES” has been compiled by MR. PRAJJWAL
SHARMA | student of M.Sc. (F) Chemistry, Inorganic Specialization, Semester 1V
(Paper no. 4106, Examination Roll Number-20036746064) is purely on the basis of
literature survey towards the partial fulfillment of the requirements for the award of degree of

Master of Science (M.Sc.) in Chemistry from University of Delhi.

Dr. SANDEEP KAUR Prof. ASHOK K.PRASAD
Associate Professor Head of Department
Department of Chemistry Department of Chemistry
University of Delhi University of Delhi
Delhi-110007 Delhi-110007



ACKNOWLEDGEMENT

This dissertation work has been accomplished under the expert guidance of Dr. SANDEEP
KAUR, Associate Professor, Department of Chemistry, University of Delhi, and New Delhi.
I would like to express my sincere gratitude to her for her constant valuable guidance,
constructive criticism and encouragement. | shall be indebted to her for this great and
valuable

mentorship.

I am grateful to the Head of the Department, Prof. for his cooperation and guidance. |
would also like to thank all the teachers of the Department of Chemistry, University of Delhi
for their advice and support.

| would also like to thank Dr. D.T. Masaram, Dr. S. Deka and Dr. F. Hussain for
their constant support and advice during the project. Lastly, | thank my family and friends

and for their constant encouragement without which this work would not have been possible.

Signature

Prajjwal sharma



CONTENTS

LiSt Of ADDIEVIALIONS. .. eeiveeiieeiiee i i st e e e s e e e e st eeaeesteesteesaeesaeesaeesaeessbeebeeteesreesraesseeaneeeseens 5
A 01 - Uod SRS PPTSSR 6
IO 1] oo [0 od o] o SR SRR 7
1.1 BACKGIOUND ...ttt b 7
1.2, PROOCALALYSIS. . . cverueeeiiteeire sttt st r e e r et e e n e nrear e nenre s 8
1.3 Thermodynamics of Carbon Dioxide REAUCTION............cceiveiiiniiineceeeee e 9
1.4 Reduction of CO2 photoChemMICaIY ...........ccviiiiiiiiiicce e 10
2. Component of photocatalytic reaCtion............c.covieiiieii i 13
N O ;1LY B (O | ) TSSOSO SRR 14
2.1.1 Types of Catalysts for Photocatalytic Reduction of CO- (Type | vs Typell) ......c..c.c........ 15.
2.1.1.2 Type | PhotocatalySt SYSIEIM ........cccoviiiiiciiiiiie ettt sne s 15
2.1.1.2. TYPe IPhOLOCALAIYSE .....ecviiieciicie et st sbe st st nne s 16
2.2 PROLOSENSITIZEN (PS)...iuiiiveiiiiie ittt ettt s ettt r e te st e s te et e s beesa e besaeeseesteenbesteeraenrens 17
2.2.1. Examples Of PhOtOSENSITIZEN ........c.civiiieieiecice ettt are s 19
2.2.1.1. RU(I1) diimiNg COMPIEXES......eciiiiiiieieite ittt sttt s re e s re e ee e e 19
2.2.1.2. Re(l) carbonyl diiming COMPIEXES ......ccviveiiiiiie e 20
2.3 EIECtrON DONOT (D)...c.viiiiiiiiiieiieiteieee sttt 21
F S o] Y o | USSR 22
3 Standard terms of photocatalytiC reaCtiON ...........coveveiiiiiiiiese s 23
3.1 Turn Over Number (TON) and Turn Over Frequency (TOF) .....ccccoeiiiiiiinenineneeee 23
3.2 CatalYTiC SEIECLIVILY .....ocuiieitiieeieee bbb 23
3.3. Photochemical QuUantum Yield (D) ......ccuuvriririierieieieiees s 24
4.Photocatalytic Reactions: Basic MEChANISMS ...........cooviiiiiiniiiee s 25
5. Why Manganese as a PhotOCAtalYSE? ..........occviiiiiiiiiiieiee e 26
6. Development in Manganese complexes for photocatalytic reduction.............ccoccevvvveiennnnne. 27
7. Different studies on manganese CatalySt .........ccovviiiiiiieie i 29
7.1. Photocatalytic Reduction of Carbon Dioxide to CO and HCOOH (facMn(bpy)(COyBr .....29
7.2. Reduction of Carbon Dioxide to CO and HCOOH Using fac-Mn(CN)(CO)s................... 31
7.3.CO; Reduction consisting of a Cu(l) photosensitizer Mn(1)Catalysts...........cccceveririiennnnnnn. 34
8. CoNClUSION aNd FULUIE PIOSPECTS .......c.viviriiiiirieriisiesieie ettt 37
LT ] 1= T g To0 ST PRRSSR 38
AN o] 0L 0o | USSR 38



LIST OF ABBREVATIONS

ACN Acetonitrile

bpy 2 ,2’-bipyridine

Cat Catalyst

CS Catalytic Selectivity

DCM Dichloromethane

DMA Dimethylacetamide

DMF N, N-dimethyl formamide
D Electron Donor

PN Phosphinoaminopyridine
PS Photosensitizer

SOL Solvent

™ Transition Metal

TON Turn Over Number

TOF Turn Over Frequency
TEA Triethylamine

TEOA Triethanolamine

THF Tetrahydrofuran

IMLCT Singlet metal-to-ligand charge transfer
SMLCT Triplet metal-to-ligand charge transfer
dmb 4,4’-dimethyl-bpy

ppy 2-phenylpyridine

tpy 2,2 6,2-terpyridine

phen 1,10-phenanthroline

NN diimine ligand



ABSTRACT

For the upcoming decades, fossil fuels will may not continue to dominate the energy market.
It is critical to develop clean techniques for turning CO2 back into a high-energy-density
liquid fuel in order to minimize the massive amounts of CO. discharged into the
environment. While still an emerging field, manganese-based catalysts can be successfully
integrated into electrochemical and photo electrochemical devices for CO. reduction.
Manganese shows similar photocatalytic properties as Rhenium, it could be a replacement for
rare earth metals. This review summarizes the basic components of photocatalysis and

development in the field of manganese as an emerging photocatalyst.
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ABSTRACT

The project aims to introduce Inorganometallic Chemistry as a distinct field of non-metal
(other than H, C, N, O, S, and halogen) and metalloid—metal element chemistry with potential
significance to organometallic chemistry that has been recognized over time. While the
formation and breaking of transition metal (TM) carbon bonds are important in the catalysis
of organic compounds, the reactivity of inorganometallic species, such as those involving the
transition metal (TM) metalloid (E) bond, play a vital role in metalloid derivative conversions
catalysed by the TM complex. It presented the background of inorganometallic catalysis and
its development over the years. The significance of inorganometallic having Transition metals
benefits from unconventional electronic and steric environments as well as molecular
functionalities provided by main group metal and metalloid supporting ligands. E bonds in
catalytic transformations of compounds (mostly from groups 13, 14, 15, and 16). The most
recent advances in the catalytic use of transition metal complexes with an M—E bond (where,
E is major group metal or metalloid element) stabilized by a multidentate ligand are
summarised. Transition metal properties frequently result in remarkable catalytic activity,
distinct product selectivity, and new molecular transformations. This viewpoint highlights the
potential utility of main group metal and metalloid compounds in synthetic chemistry as a new
class of supporting ligands for transition metal catalysts. The review of inorganometallic
catalysis summarises recent advances in catalytic methods for the synthesis of organometalloid
compounds and their applications in advanced organic synthesis as part of tandem processes.
Transition metals benefit from unconventional electronic and steric environments as well as

molecular functionalities provided by main group metal and metalloid supporting ligands.
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ABSTRACT

Emerging chemical pollutants (ECPs) are newly recognized naturally or synthetically
occurring compounds that are not yet covered by regular routine monitoring and regulatory
programs and have known or suspected adverse effects on humans and the environment. Due
to the complicated sample matrices, extremely low environmental levels, and the "emerging"
nature of ECPs, current research on ECPs is substantially hindered by the lack of analytical
methodologies. The application of nanomaterials (NMs) to the analytical problem of ECPs is
a thriving field of research. In the consecutive years, this field has continued to rapidly develop
with many new materials and technologies emerging. This paper therefore reviews recent
progress in the applications of nanomaterials in the analysis and monitoring of ECPs. Various
types of NMs and analytical techniques are covered. Notably, we pay special attention to newly
developed nanomaterials, such as carbon dots, MXenes, carbon nanotubes, metal organic
frameworks and different analytical techniques (e.g., electrochemical sensing, fluorescent
detection, colorimetric detection, adsorption, photocatalysis). We also discuss the current

challenges and give our perspectives on the future in this rapidly developing area.
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