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Abstract

In recent years, prophyrin composites have received a great deal of interest owing to their remarkable
photocatalytic characteristics. Applications for these composites, which include water purification, air
pollution management, and energy conversion, have been found for a wide range of materials, including
porphyrins and metals, metal oxides, and carbon-based compounds. Recent advances in porphyrin
composites for photocatalysts are summarised in this chapter. This chapter discusses how these
composites are made, what properties they exhibit, and how effective they are as photocatalysts. We also

talk about the difficulties and potential of porphyrin composites in photocatalytic activity.
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1. Introduction

The macrocyclic compounds known as porphyrins have a central metal ion and a cyclic structure having
four nitrogen atoms that may be utilised to interact with some other molecules and facilitate electron
transport. Just 18 of the 22 electrons present in the porphyrin cores are involved in conjugation (refer
Figure 1, bold). These compounds are given stability, planarity, and unique electrical properties by the
porphyrins' aromatic system.It has been referred to as the "pigments of life" because it's crucial role
in many biological activities, including oxygen transport (haemoglobin), reduction-oxidation reactions for
the detox of substances like cytochrome P450, and photosynthesis such as chlorophylls and
bacteriochlorophylls [1,2]. Porphyrins stand out among this large collection of molecules because of both
its physicochemical and electrical characteristics.The central metal ion, connecting different groups, and
geometry may all be used to tune these features. When the porphyrin characteristics are tuned properly,

they can absorb light in nearly the whole UV-visible range. Apart from having a high molar absorptivity
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(ca 105 L. mol™. cm™), porphyrins also have the right electronic states for both transfer of energy as well

as single transfer of electrons in a number of photoprocesses [3-5].
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Figurel: Prophyrin ring and its UV spectrum

Solar energy conversion is one of the core areas in which porphyrin photocatalysts are used [6-8]. They
have a wide range of wavelengths that they can absorb, and when stimulated, they have the ability to
transmit energy or electrons to acceptor molecules, like water, to produce hydrogen and other
hydrocarbons [9]. As sensitizers that enable the conversion of light into electrical energy, porphyrins are
also employed in the construction of dye-sensitized solar cells [10]. They have also been used to degrade
pollutants in the environment and water, such as dyes, pesticides, and medications [11-12].The creation
of oxygen species that are reactive, which may oxidise or degrade contaminants, is facilitated by their
ability to serve as electron donors as well as acceptors [13]. These chemical compounds have a significant
amount of documented photocatalytic performance. The stability and sensitivity to deterioration of
porphyrin photocatalysts are among their drawbacks. By changing porphyrins' constitution and chemical
makeup, researchers hope to increase their stability and effectiveness. Porphyrin or other opto-electronic
compounds can be combined to create novel hybrid structures (composites), which appear to be perfect
for satisfying augmented light-harvesting and charge-transfer features. This results in an increase in the

effectiveness of photocatalysis with better stability and customised characteristics.
2. Porphyrin Composites

As contrasted with porphyrins, porphyrin composites, which are compounds in which porphyrins are
combined with some other chemicals, exhibit increased photocatalytic properties. Coupling porphyrins to
semi - conductive substances like polymeric materials,oxides of metals, nanomaterials, carbon-based

compounds, or graphene oxide is one method for making porphyrin composites. These substances may
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function as electron acceptors as well as donors, making the photocatalysts process more effective by

promoting electron transfers.

Some illustrations of porphyrin composites are listed below:

1.

2.1.

Metal-organic frameworks (MOFs) based on porphyrin: MOFs also are porous materials made of
metal ions linked together by organic linkers. Because porphyrins can pair up with metal ions,
they were employed as basic components in the making of MOFs [14].

Carbon nanotubes (CNTs) with encapsulated porphyrin are cylinder-shaped carbon constructs
with distinct mechanical and electrical characteristics. CNTs may include porphyrins to create
hybrid substances that have better properties. The possibility for using porphyrin-CNT composites

in electrical and sensing applications has also been explored [15].

Porphyrin-silica composites Because of its outstanding stability and bio-compatibility, silica is a

substance that is utilised extensively [16].

Porphyrin-polymers: To create composite materials with improved qualities, porphyrins may be
covalently joined to polymers. For instance, porphyrin-featuring polymers have already been

examined for their possible application in biosensing and solar cells [17].

Composites fabricated of porphyrin and graphene: Graphene is a two-dimensional type of material
with superior electrical and mechanical characteristics. Graphene can together with porphyrins to
create composite materials with improved characteristics. Composites made of porphyrin and

graphene can be employed in modern electronics, sensors, and power storage [18].

Synthesis of Porphyrin Composites

In order to form a functionalized composite, the porphyrin molecule is often added to a matrix phase

or onto a surface during the fabrication of porphyrin composites.

Porphyrin composites may be made in a variety of ways, including:

© 2023, [JSREM | www.ijsrem.com | Page 3



http://www.ijsrem.com/

”g;é’ ‘33%?

International Journal of Scientific Research in Engineering and Management (IJSREM)

‘ IJSRE
w Volume: 07 Issue: 10 | October - 2023 SJIF Rating: 8.176 ISSN: 2582-3930

=

Synthetic methods for Porphyrin Composites
Il

Sol-Gel Process Electrochemical deposition Chemical Vapour Covalent bonding
deposition

Sol-Gel Process: The porphyrin molecule is combined with a sol-gel precursor mixture via the
sol-gel process, which then results in the gel's production. The resultant gel may undergo further

processing to create a composite [19].

Electrochemical deposition: In this method, the porphyrin molecule is deposited onto a material
surface by using an electrode. An electrical potential is supplied while the electrode is submerged

in a solution which contains the porphyrin molecule to aid with in deposition procedure [20].

Chemical vapour deposition: Using a gas-phase process, the porphyrin molecule is deposited
onto a surface under this process. The porphyrin molecule is released onto the substrate as a

vapour, where it performs a chemical process to create the composites [21].

Covalent bonding: The porphyrin molecule is covalently joined to a functionalized area or
matrices material. This may be accomplished through a number of chemical methods, such as

esterification processes or amide formation [22].

2.2. Photocatalytic Applications of Porphyrin Composites

Due to

high p

their distinctive electrical and optical characteristics, porphyrin composites have demonstrated

hotocatalytic activity. The porphyrin molecule possesses a significant conjugated-system that

enables effective absorbance in the UV-Vis spectrums [23]. The porphyrin molecule may function as a

photosensitizer when it is included into composites, transferring excitation energy to the adjacent matrix

material so that it can engage in redox processes. Porphyrin composite's photocatalytic activity may be

further

reduce

increased by modifying the molecular makeup of the composite to maximise charge transfer and
photoexcited hole and electron recombination. For instance, a hybrid composit with enhanced
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photocatalytic activity may be made by covalently attaching porphyrin molecules to a semiconductor
nanostructure, like Titanium dioxide [24]. Although the semiconductor nanoparticle offers a surface for
separation of charge and their transfer, the porphyrin serves as a sensitizer. The breakdown of organic
contaminants [25], the creation of hydrogen by water breakdown [26], as well as the conversion of
atmospheric CO; to fuels [27] are only a few of the photocatalytic uses for porphyrin composites ( Figure
2). Techniques including UV-vis and fluorescence spectroscopy along with electrochemical tests may be

used to analyse their photocatalytic activity.
Water Splitting
- Photocatalytic
Applications

of porhyrin
composites

Environmental

N N N

Figure 2: Some Important photocatalytic applications of porphyrin composites.

Porphyrin composites are a noteworthy family of photocatalytic materials that have a significant amount
of potential for use in the environment and in the production of energy. This chapter covers all significant
photocatalytic uses of porphyrin composites, including the photocatalytic breakdown of dyes and organic
contaminants, water splitting, and more importantly the conversion of atmospheric carbon dioxide into

compounds with environmental benefit.
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2.2.1. Photocatalytic production of hydrogen fuel by water splitting

The reckless use of fossil energy over the past two centuries has brought us to a junction where we must
urgently seek for new, more sustainable forms of energy and growth. Hydrogen is getting a lot of
attention because of its potential as a renewable energy source having zero carbon emission along
with high energy density, although the conversion of solar energy is still the most viable option. It has
great promise as a futuristic energy source because to its ability for production from plentiful sustainable
materials like water and even biomass and its ease of storage and transmission. Hydrogen is produced by
a process called water splitting, which relies on the photo-induced formation of charge carriers,
specifically electron-hole pairs, as its foundational mechanism. Charge passes to the surface, and as a
result, photogenerated electrons may reduce water to make H., whereas holes can oxidise water to
produce O2 in a 2:1 [28] (Figure 3).

H

Reduction

Oxidation

Photocatalyst

Figure 3: Plausible mechanism for photocataytic Production of Hz by water splitting.

Due to their potent and effective panchromatic light absorption, strong S and Q-band, ability to transfer
electrons, high fluorescence, chemical and thermal stability, and suitable energy levels for

photosensitizing various semiconductors, porphyrin as well as their metallic derivative products with
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conjugate structures have drawn more attention. Moreover, studies emphasising the use of porphyrin
moieties as molecular or supramolecular light collecting systems have been stimulated by their central
role in natural photosynthesis. It is discovered that the central metal ion, connecting groups, and
attachment geometry all have a significant impact on how effectively porphyrin functions as a sensitizer.
It has been discovered that electron withdrawing moieties at the meso position are beneficial for hydrogen
evolution. High - performing hydrogen evolution catalyst may be easily created by the formation of
hybrid materials (composites). For effective photocatalytic H> generation, porphyrin has been
functionalized on a large number of dye-sensitive metal oxides. Upon irradiation, photoexcited porphyrin
electrons are injected into the metal oxide's conduction band and eventually transferred, causing the
reduction of H20 at the cathode and the production of hydrogen. Porphyrin composites have been used
successfully in a number of investigations to split water photocatalytically. These are a few examples of
various porphyrin hybrid materials in use.

2.2.1.a. Metal oxides-porphyrin composites

Liu et al. [29] investigated the Hydrogen evolution abilities of a variety of Sn-porphyrins with various
functional groups using Pt nanostructures being a sensitizer for Pt/TiO2. The synergistically effect
between the sensitised TiO2 and the Q-band of Tin-porphyrins was attributed to the increased
photocatalytic activity of Pt/TiO2 sensitised Tin-porphyrins. A set of metalated and base
free trifluoromethylated porphyrin sensitised tinoxide and TiO2 was utilized to study the mechanism of
interfacial electron transport [30]. By changing the meso substituents on the porphyrin ring, redox
potential may be fine-tuned. Both of these porphyrins on SnO2 showed similar electron injection rates,
according to time-resolved spectroscopic observations, transient absorption, and computational estimates,
but Zn-porphyrin on TiO2 howed effective electron injection.While SnO was effectively bombarded with
electrons, the free base porphyrin complexes displayed a quick recombination. In order to create the
cathode for something like a tandem photoelectrochemical cell, platinum-coated CuFe,O4 sensitised by
MnTPP served as an effective hybrid material and developed both Hydrogen and oxygen at a low voltage
bias [31]. The Mott-Schottky plot and high cathodic current relative to dark current proved the copper
ferrite's p type property.The intense and prolonged optical absorption of the porphyrin moiety in addition
to the efficient photo-excited transfer of electrons from the dye molecule to CuFe>Os were both
considered to be the causes of the increased photocurrent densities in porphyrin connected samples. The
Electrochemical impedance spectrum also showed reduced resistance and improved charge transport at
the contact. Hagiwara et al. [32] investigated the porphyrin/GaN:ZnO composite's photocatalytic
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performance. As a first step in the production of superior performance porphyrin sensitised composites,
the effect of nitridation parameters on the crystalline structure and photoabsorption characteristics was
thoroughly analysed. The atomic composition of the GaN:ZnO composite was discovered to be primarily
responsible for determining the photocatalytic performance, despite the fact that the composition had no
impact on absorption spectra. As a co-catalyst for the production of oxygen, IrO2 packed on galliume zinc
oxynitride was used. The efficacy of photocatalysis seems to be enhanced by high nitrogen surface

concentration.
2.2.1.b. Carbon material-Porphyrin composites

Graphene, CNT, and CsN4 are examples of -conjugated carbon structures that provide an excellent
platform for promoting charge transport and electron transfer from porphyrins moeity to carbon surfaces.
Hasobe et al. have provided a thorough discussion of supramolecular composite designs for light
harvesting and electronics that combine porphyrin functionalities with fullerenes, CNT, carbon
nanohorns, and graphene. [33] Tetra(4-carboxyphenyl)porphyrin (TCPP) was tested for photocatalytic
hydrogen evolution in the presence of a sacrificial donor after being simply adsorbed onto the surface of
platinum-loaded g-C3N4 [34]. The hetero configuration with overlapping band gap, which promotes
electron transport and prevents electron-hole recombination, was primarily responsible for the
heterogeneous double enhancement of the H2evolution capacity of Pt/g-C3N4 following porphyrin
sensitization. Because to the greater negative LUMO of TCPP compared to C3N4 conduction band,
photogenerated electrons are transported to C3N4 before being eventually collected by Pt nanoparticles.
Simultaneously, the holes of C3N4 from the valence band move to the TCPP HOMO, resulting in
efficient and quick charge separation. Catalytic efficiency was significantly influenced by the kind of
electron donor, with triethanolamine having the best results. The maximum activity was attained at pH =
9, and triethanolamine's protonation may be to responsible for the activity decline at acidic pH levels.
With its outstanding electron-accepting and electron-transport characteristics, graphene oxide (GO) may
provide a fantastic matrices for immobilising porphyrin. In this regard, GO has been functionalized both

covalently and non-covalently. Here are a few recent examples:

It was suggested that an effective hybridized material for the visible light-driven hydrogen evolution in
the presence of ethanolamine as a sacrificial donor was methylpyridyl substituted Zinc porphyrin
stimulated MoS2/RGO [35]. By measuring emission quenching, it was determined that RGO efficiently
transferred electrons from the sensitizer to the MoS», and an oxidative quenching mechanism was

postulated. With a rise in GO content in the composite, emission quenching increased.

© 2023, [JSREM | www.ijsrem.com | Page 8



http://www.ijsrem.com/

&t’ ‘QQ%

IJSRElnternatlonal Journal of Scientific Research in Engineering and Management (IJSREM)
)
w Volume: 07 Issue: 10 | October - 2023 SJIF Rating: 8.176 ISSN: 2582-3930

The electrostatic as well as co-ordination contact between the pyridyl group of the porphyrin moiety and
the Co ion preimplanted on the graphene oxide surface, which was used to create porphyrin pillared
graphene oxide, was shown to be conducive to hydrogen evolution [36]. According to reports, Co?
functions as an interface linker across GO and porphyrin, enhancing the efficiency of charge transport and
segregation as shown by fluorescence spectra. Due to the weak contact between GO and the porphyrin
moiety in the absence of Co?" porphyrin molecules accumulate as J aggregates on the surface of GO. A
nanohybrid with strong photocatalytic activity was produced by noncovalently anchoring 5,10,15,20-
tetrakis-(4-hydroxyphenyl)porphyrin (THPP) and 1-pyrene sulphonic acid (PSA) on GO [37]. It was
hypothesised that THPP and PSA were joined to GO via a hydrogen bond and a stacking interaction.
Efficient charge segregation and activity were ascribed to a broader light responsiveness and multichannel

electron transfer.
2.2.2. Photocatalytic degradation of dyes and organic pollutants

Due to rising industrial and agricultural activity, the environment suffers from water contamination,
which poses major issues for aquatic life [38,39]. Large quantities of dangerous nitro and
amino pollutants along with dyes, pesticides and herbicides, etc are released into water bodies on an
annual basis, degrading the water's quality for human consumption.This is why there are more and more
scientific efforts being made to eliminate these hazardous chemicals from wastewater [40, 41]. Again for
adsorption and destruction of these organic contaminants, many techniques including have been used like
electro-catalytic degradation, precipitation, ultra-filtration. The removal of these contaminants from
water using photocatalytic degradation has shown to be an efficient use of energy and money. Several
catalysts were employed in order to examine how organic contaminants in water are degraded. Visible
light is significantly absorbed by porphyrinoids, which makes them useful as photocatalysts that are
triggered by visible light [42]. Nevertheless, porphyrinoids' agglomeration in solution, limited surface
area, low reuse, and difficulty in postseparating the catalysts from the reaction medium restrict their
utility in homogeneous catalysis [43]. New photocatalysts must also be created in order to address major
problems such the narrowed bandgap, high solar absorbance, quick electron-hole recombination, and
seamless recuperation from of the reaction medium. To this purpose, porphyrin-based hybrids composite
materials have received a lot of interest in the applied chemical industry over the last several decades [44—
46]. They are potential photocatalysts for the breakdown of organic contaminants in water. There are
typically five phases involved in the photocatalytic breakdown of organic pollutants (OP) (Figure 4). A
photocatalyst absorbs visible light and an organic dye in the first stage. As a consequence, after bridging
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the band gap, the valence electrons go into the conduction band. The photocatalyst's surface gains
electron-hole (e-/h+) pairs as a consequence of this promotion. Next, in a series of subsequent reactions,
these photogenerated holes (h+) combine with H>O to produce an extremely reactive hydroxyl radical
(*OH), and electrons combine with dissolved oxygen to create fenton reaction superoxide radical anions
(O2¢). OP is eventually broken down into tiny molecules and CO2 and H2O by these photos- generated,

extremely reactive superoxide radical anions and OH radicals.
This porphyrin-based porous framework P has a five-step mechanism.

P+hv—P(e—+h+) (1)
H20 + h+ — «OH + H+ (2)
O2+2e—— 02— (3)

*OH + OP — degraded products (4)
Oo— + OP— degraded products (5)
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Figure 4: General mechanism for photocatalytic degradation of Organic Pollutants.

The capacity of porphyrin composites to photodegrade organic contaminants has gained much attention.
Examples of organic contaminants that have been broken down by porphyrin composites include as
follows:

By allowing the porphyrin subunits to self-assemble in the medium of graphene and Fe203-TiO>

nanoparticles, D.D. La et al. have created the graphene@Fe2Os-TiO@porphyrin composite. This hybrid
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mix surpasses existing photocatalytic methods in the breakdown of Rhodamine B dye, with degradation
rate constants up to 1.12 x 10”2 min~1[47]. The other porphyrin composites that were employed to break
down the colour Rhodamine B were created by chemically attaching (trans-dihydroxo) (5,10,15,20-
tetraphenylporphyrinato)tin(IV) (SnP) to the mesoporous structure of MCM No. 41 (MCM-41) and SiO>
nanoparticles. The photocatalytic destruction of anionic erioglaucine and cationic dye (rhodamine B), and
neutral m-cresol purple dyes in an aqueous phase is supported by the incorporation of SnP into MCM—-41
and SiO2. As compared to SnP@SiO2, SnP@MCMA41 has a larger pseudo-first-order breakdown rate
constant (0.013 min-1 vs. 0.011 min™) and a stronger degrading power (0.013 min™) [48]. In another
instance, porphrin linked graphene composite was utilised to degrade several kinds of contaminants,
including the dye methylene blue (MB), the herbicide 2,4-D, and polyethylene glycol (PEG), a
component in personal care and household items. Methylene blue (MB) and polyethylene glycol (PEG)
had the best photocatalytic degradation results [49].1 n order to enhance the photodegradation of
methylene blue (MB) in visible light, Wan et al. in 2016 created a Ternary combination of TiO;
nanotubes containing less graphene oxide (rGO) along with meso-tetra (4-carboxyphenyl) porphyrin. It
was found that the 92% purity of the MB waste water handled by this composite product. As a result, it
demonstrated 4.3 times greater photocatalytic activity than pure TNT [50].Mele et al. used
porphyrin(Pp)/Fe co-loaded TiO2 hybrids to study the photocatalytic degradation of para-nitrophenol
while subjecting them to UV light and H>O,. After examination, it was discovered that this complex

composite's photocatalytic activity was more effective than that of simple bare TiO2 or Fe-TiO2[51]
2.2.3. Conversion of COz2 to value-added chemicals

Due to rising worldwide output and population, human civilization has faced difficult challenges in recent
decades, including an increase in global temperature and a need for energy from clean, renewable sources
[52-53]. Despite the fact that carbon dioxide is crucial for maintaining the earth's habitable temperature
and radiative balance, a significant rise in CO2 levels is also to blame for rising temperatures, rising sea
levels, and a rise in ocean acidity. Due to the buildup and dissolving of CO, in ocean water, the
atmospheric CO, concentration has grown from 310 parts per million to around 390 parts per million in
the previous 50 years alone [54]. This might cause the pH of the ocean to decrease between 8.2 to 7.8 by
2095. As a result, research in the fields of environmental and energy has focused heavily on the process
of transforming carbon dioxide into high-value compounds [55-57]. Modern technology has successfully
converted CO; into tiny C1 structure chemicals like CO, CHa, formaldehyde, and formic acid, as well as
highly energetic high - density liquid fuels like methanol (MeOH), ethylene (CH2CH2), ethanol,
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petrochemical polymers, hydrogels, and CO[58], CH4[59], and formic acid [61-62].Due to their high
catalytic properties, stability, and selectivity, porphyrin compounds have been demonstrated as efficient
catalysts for this reaction. Porphyrin composites are also simple to synthesis utilising a number of
techniques, making them a desirable alternative for mass manufacturing. Using sunshine or other sources
of light energy to activate the porphyrin composites and start a chemical process with CO2 molecules is
the process of photocatalytic carbon dioxide conversion. After that, the stimulated porphyrin composite

may reduce CO: to the required fuel product by transferring electrons to it (Figure 5).

CO, CH,, CH,OH,

Figure 5: General mechanism for photocatalytic Conversion of CO-.

There have been multiple investigations on the photocatalytic processing of carbon dioxide into value-

added fuels using porphyrin composites. Here are some noteworthy examples:
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Metal-organic framework (MOF) hybrids with embedded porphyrin have been utilised to photocatalyze
the conversion of CO2into useful fuel. In one experiment, carbon dioxide was converted into carbon
monoxide and a hydrogen molecule using an iron-MOF composite with porphyrin incorporated in it.
Pyrene was employed as the linker. A self-contained photocatalyst is created when the pyrene conduits in
the MOF capture photons and transport electrons to the porphyrin catalyst. With a flip over number for
CO of 22 in 2 hours, the developed heterogeneous photocatalyst demonstrates activity for CO2

photoreduction under irradiation at 390 nm [68].

In another work, CO2 was photocatalytically converted to methane and carbon monoxide using a metal-
semiconductor hybrid composite with embedded porphyrins. During visible light irradiation, the
composite, which was made of tetra (4-carboxyphenyl) porphyrin-featured TiO2 nanoflakes, generated
carbon monoxide at a rate of 141.74 umol g—1 h—1, which is much greater than that of the majority of

reported catalysts [69].

Another example makes composites of various TiO2-covalent porphyrin polymers using the in-situ
hydrothermal method (COP-Ps). The COP-Ps/TiO2 composites showed increased photocatalytic
properties for the carbon dioxide transformation into CO owing to the strong contact between the two
moieties. The greatest outcomes are obtained when TiO2 is more equally mixed with the sulfonated
porous COP-P (sh-COP-P). In this case, a CO production rate of 5.70 mol g-1 h-1 was found, which is
around 20.4 times more than that of pure TiO2 having 2.3 times greater than sh-COP-P polymer [70].

For the photocatalytic conversion of CO2to formic acid, Sobral's team employed a graphene oxide
enhanced using cobalt metallated aminoporphyrin material. Under visible light irradiation, the composite

produced 96.49 mol of formic acid in 2 hours while displaying strong formic acid selectivity [71].

Co-porphyrin (Co-TCPP) was placed on the surface of MgAIl coated double hydroxide to create a
wonderful metal free nano-composite (LDH). Comparing the final composite material (Co-TCPP@LDH)
to pure MgAl LDH, it was discovered that it had higher photocatalytic activity. According to the findings
of the experiments, 20% Co-TCPP@LDH has the highest photocatalytic activity, with a CO production
rate of 0.40 mol gcat-1, a value that is 4.1 times and 3.3 times greater compared to MgAIl LDH or Co-
TCPP, respectively [72].
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Conclusion

To recap, porphyrins that are class of organic compounds with exceptional light-absorbing properties that
may be utilised to catalyse processes by transferring electrons from an excited porphyrin to its reactant
molecules. The photocatalytic activity of porphyrins may be increased by combining them with a
composite material like a semiconductor/ metal oxide, which can then be used to degrade pollutants at a
higher rate.H20 splitting, atmospheric purification through Carbon dioxide reduction, especially organic
pollutant destruction are just a few of the photocatalytic uses of porphyrin-based composites that we've
examined in this chapter. High catalytic performance and persistence across a wide range of
environmental conditions have been shown for porphyrin composites in this research. In addition,
porphyrin composites are desirable both for commercial and ecological applications due to their cheap
cost, simplicity of manufacture, and biocompatibility. In sum, existing data suggests that porphyrin
composites have promising future applications as effective photocatalysts, and further study in this field is

warranted.

References

[1] Lesage, S., Xu, H., Durham, L., The occurrence and roles of porphyrins in the environment:
possible implications for bioremediation. Hydrol Sci J.,38, 343-354, 1993.

[2] Biesaga, M., Pyrzynska, K., Trojanowicz M., Porphyrins in analytical chemistry. A review.
Talanta., 51, 209-224, 2000.

[3] de Souza, A. A. N., Silva, N. S., Miiller, A. V., Polo, A. S., Brocksom, T. J., de Oliveira, K.
T. J., Porphyrins as Photoredox Catalysts in Csp2—H Arylations: Batch and Continuous Flow
Approaches. Org Chem.83, 15077-15086, 2018.

[4] Rybicka-Jasinska, K., Shan, W., Zawada, K., Kadish, K. M., Gryko, D. J., Porphyrins as
Photoredox Catalysts: Experimental and Theoretical Studies. Am Chem Soc., 138, 15451
15458, 2016.

[5] Rybicka-Jasinska, K., Konig, B., Gryko, D., Eur, J., Porphyrin-Catalyzed Photochemical C—H
Arylation of Heteroarenes. Org Chem.,:2104-2107, 2017.

[6] Mahmood, A., Hu, J.-Y. Xiao B., Tang, A., Wang, X., Zhou, E., Recent progress in
porphyrin-based materials for organic solar cells. J. Mater. Chem.A., 6 16769-16797, 2018.

[7] Song, H., Liu, Q., Xie, Y., Porphyrin-sensitized solar cells: systematic molecular
optimization, coadsorption and cosensitization. Chem. Comm. 54 1811-1824, 2018.

[8] Zhang, Y., Ren, K., Wang, L., Wang, L., Fan, Z., Porphyrin-based heterogeneous
photocatalysts for solar energy conversion. Chin Chem Lett ., 33, 33-60, 2022.

© 2023, [JSREM | www.ijsrem.com | Page 15



http://www.ijsrem.com/

s v 23%@

%RE.M International Journal of Scientific Research in Engineering and Management (IJSREM)
)
w Volume: 07 Issue: 10 | October - 2023 SJIF Rating: 8.176 ISSN: 2582-3930

[9] Neill, Jessica S. O., Kearney L., Brandon, M. P., Pryce, M. T., Design components of
porphyrin-based photocatalytic hydrogen evolution systems: A review. Coord. Chem. Rev.,
467, 214599, 2022.

[10] Park, J. M., Lee, J. H., Jang, W.-D., Applications of porphyrins in emerging energy
conversion technologie. Coord. Chem. Rev.407, 213157, 2020.

[11] La, D. D.,,Ngo, H. H., N. D. D,, Tran, N. T., Vo, H. T., Nguyen, X. H., Chang, S.
W., Chung, W. J., Nguyen, M. D.-B., Advances and prospects of porphyrin-based
nanomaterials via self-assembly for photocatalytic applications in environmental treatment.
Coord. Chem. Rev., 463, 214543, 2022.

[12] Wang, Y., Cui, X., Zhang, P., Wang, Y., Lu, W., Synthesis of porphyrin porous organic
polymers and their application of water pollution treatment: A  review.
Environ. Technol. Innov., 29, 102972, 2023.

[13] Coppellott, O., Fabris, C., Soncin,M., Magaraggia, M., Camerin, M., Jori, G., Guidolin, L.,
Porphyrin photosensitised processes in the prevention and treatment of water- and vector-
borne diseases. Curr Med Chem, 19, 808-19, 2012.

[14] Liu, J., Fan, Y.-Z., Zhang, K., Zhang, Li., Su, C.-Y., Engineering Porphyrin Metal-
Organic Framework Composites as Multifunctional Platforms for CO2 Adsorption and
Activatio. J. Am. Chem. Soc., 142, 34, 14548-14556, 2020.

[15] Hijazi, I., Bourgeteau, T., Morozan A., Filoramo, A., Leroy, J., Derycke, V., Jousselme,
B.,Campidelli, S., Carbon Nanotube-Templated Synthesis of Covalent Porphyrin Network for
Oxygen Reduction Reaction. J. Am. Chem. Soc., 136, 17, 63486354, 2014.

[16] Cai, J.-H., Huang, J.-W., Yu, H.-C., Ji, L.-N.,Fabrication and characterizations of silica
composite microspheres immobilized with porphyrins and their photocatalytic properties. J
Taiwan Inst Chem Eng., 43, 958-964, 2012.

[17] Zhu, W.,Wang, X., Li, T., Shen, R., Hao, S.-J.,, Li, Y., Wang, Q., Li, Z., Gu, Z.-G,,
Porphyrin-based porous polyimide polymer/Pd nanoparticle composites as efficient catalysts
for Suzuki—Miyaura coupling reactions. Polym. Chem., 9, 1430-1438, 2018.

[18] Bera, R., Sadananda, M., Mondal, B., Jana, B., Nayak, S. K., Patra, A., Graphene-
Porphyrin Nanorod Composites for Solar Light Harvesting.ACS Sustainable Chem. Eng. 4, 3,
1562-1568 2016.

[19] lamamotohérica Y., Sacco, H. C., Biazzottokatia, J. C., Ciuffio K. J., Serra, O. A,
Porphyrinosilica and Metalloporphyrinosilica: Hybrid Organic-Inorganic Materials prepared
by Sol-Gel Processing. An. Acad. Bras. Ciénc., 72, 1, 2000.

[20] Tesakova, M. V., Lutovac, M., Parfenyuk, V. I.,Electrodeposition of catalytically active
polyporphyrin films of metal complexes of amino-substituted tetraphenylporphyrins. J Porphyr
Phthalocyanines., 22, 12, 1047-1053, 2018.

[21] Baba, K., Bengasi, G., Loyer F., Paulo, J., Fernandes, J. P. C., Assad, D. E., Castro, O. D.,
Boscher, N. D., Fused Metalloporphyrin Thin Film with Tunable Porosity via Chemical Vapor
Deposition. ACS Appl. Mater. Interfaces., 12, 33, 37732-37740, 2020.

[22] Dasler, D., Schafer, R. A., Minameyer, M. B., Hitzenberger, J. F., Hauke, F., Drewello, T.,
Hirsch, A., Direct Covalent Coupling of Porphyrins to Graphene. J. Am. Chem. Soc., 139, 34,
11760-11765, 2017.

© 2023, [JSREM | www.ijsrem.com | Page 16



http://www.ijsrem.com/
https://www.sciencedirect.com/journal/coordination-chemistry-reviews/vol/407/suppl/C
https://www.sciencedirect.com/journal/coordination-chemistry-reviews/vol/463/suppl/C
https://www.sciencedirect.com/journal/environmental-technology-and-innovation/vol/29/suppl/C
https://pubmed.ncbi.nlm.nih.gov/?term=Magaraggia+M&cauthor_id=22214456
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Bruno++Jousselme
https://pubs.rsc.org/en/results?searchtext=Author%3AXuan%20Wang
https://pubs.rsc.org/en/results?searchtext=Author%3ASi-Jia%20Hao
https://pubs.rsc.org/en/results?searchtext=Author%3AYunxing%20Li
https://pubs.rsc.org/en/results?searchtext=Author%3AZhi-Guo%20Gu
https://pubs.rsc.org/en/results?searchtext=Author%3AZhi-Guo%20Gu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Rajesh++Bera
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Bikash++Jana
https://www.worldscientific.com/toc/jpp/22/12

s v 23%@

%RE.M International Journal of Scientific Research in Engineering and Management (IJSREM)
)
w Volume: 07 Issue: 10 | October - 2023 SJIF Rating: 8.176 ISSN: 2582-3930

[23] Silva, R. C.,Silva, L. O. d., Bartolomeu, A. d. A.,Brocksom, T. J., Oliveira, K. T. d.,
Recent applications of porphyrins as photocatalysts in organic synthesis: batch and
continuous flow approaches. Beilstein J Org Chem., 16, 917-955, 2020.

[24] Ismael, M., Latest progress on the key operating parameters affecting the photocatalytic
activity of TiO2-based photocatalysts for hydrogen fuel production: A comprehensive review.
Fuel, 303, 121207, 2021.

[25] Kim, H., Kim, W., Mackeyev, Y., Lee, G.-S., Kim,H.-J., Tachikawa, T.,Hong, S., Lee, S,
Kim, J., Wilson, L. J., Majima, T., Alvarez, P. J. J.,Choi, W., Lee, J., Selective Oxidative
Degradation of Organic Pollutants by Singlet Oxygen-Mediated Photosensitization: Tin
Porphyrin versus C60 Aminofullerene System. Environ. Sci. Technol., 46, 17, 9606-9613,
2012.

[26] Gonuguntla S, Tiwari A, Madanaboina S, Lingamallu G, Pal U. Int J Hydrogen Energy.
2020;45:7508-16.

[27] Wang, Z., Zhou, W., Wang, X., Zhang, X., Chen, H., Hu, H., Lequan, L., Ye, J., Wang, D.,
Enhanced Photocatalytic CO2 Reduction over TiO2 Using Metalloporphyrin as the
Cocatalyst. Catalysts, 10, 654, 2020.

[28] Xiao, N., Li, S., Li, X., Ge, L., Gao Y., Li, N.,The roles and mechanism of cocatalysts in
photocatalytic water splitting to produce hydrogen. Chinese J. Catal, 41, 642-671, 2020.

[29] Koposova, E., Liu, X., Pendin, A. A., Thiele, B., Shumilova, G., Ermolenko, Y.,
Offenh ausser, A., Mourzina, Y., Influence of Meso-Substitution of the Porphyrin Ring on
Enhanced Hydrogen Evolution in a Photochemical System. J. Phys. Chem. C. 120 13873-
13890, 2016.

[30] Jiang, J., Swierk, J. R., Materna, K. L., Hedstr€om, S., Lee, S. H., Crabtree, R. H,
Schmuttenmaer, C. A., Batista, V. S., Brudvig, G. W., J Phys Chem C 2016;120:28971e82.

[31] Li, X, Liu, A,, Chu, D., Zhang, C., Du, Y., Huang, J., Yang, P. Catalysts 2018;8:108e18

[32] Hagiwara, H., Kakigi, R., Takechi, S., Watanabe, M., Hinokuma, S., Ida, S., Ishihara. T.,
Surf Coating Technol 2017;324:601€6.

[33] Hasobe, T., Photo-and electro-functional self-assembled architectures of porphyrins. Phys
Chem Chem Phys,14, 15975e87, 2012.

[34] Mei, S., Gao, J., Zhang, Y., Yang, J., Wu, Y., Wang, X., Zhao, R., Zhai, X., Hao, C., Li,
R., Yan, J., Enhanced visible light photocatalytic hydrogen evolution over porphyrin
hybridized graphitic carbon nitride. J Colloid Interface Sci, 506, 58e65, 2017.

[35] Yuan, Y. J.,, Chen, D., Zhong, J., Yang, L. X., Wang, J. J,, Yu, Z. T., Zou, Z. G,,
Construction of a noble-metal-free photocatalytic H2 vevolution system using MoS2/reduced
graphene oxide catalyst and zinc porphyrin photosensitizer.J Phys Chem C, 121, 24452e62,
2017.

[36] Luo, Q., Zhu, K., Kang, S. Z., Qin, L., Han, S., Li, G., Li, X., A novel cobalt ion implanted
pyridylporphyrin/graphene oxide assembly for enhanced photocatalytic hydrogen production.
J Porphyr Phthalocyanines. 22, 877e85, 2018.

[37] Luo, Q., Ge, R.,, Kang, S. Z, Qin, L., Li, G., Li, X., Fabrication Mechanismand
Photocatalytic activity for a novel grapheme oxide hybrid functionalised with tetrakis-(4-
hydroxyphenyl) porphyrin and 1-pyrenesulfonic acid.Appl Surf Sci., 427, 15e23, 2018.

© 2023, [JSREM | www.ijsrem.com | Page 17



http://www.ijsrem.com/
https://pubmed.ncbi.nlm.nih.gov/?term=Costa%20e%20Silva%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Oliveira%20da%20Silva%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Brocksom%20TJ%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7214915/

27 V38
%RW International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 07 Issue: 10 | October - 2023 SJIF Rating: 8.176 ISSN: 2582-3930

[38] Schwarzenbach, R. P., Egli, T., Hofstetter, T., Von Gunten, U., Wehrli, B., Global Water
Pollution and Human Health. Annu. Rev. Environ. Resour., 35, 109-136, 2010.

[39] Naidu, R., Biswas, B., Willett, I. R., Cribb, J., Kumar Singh, B., Paul Nathanail, C.,
Coulon, F., Semple, K. T., Jones, K. C., Barclay, A., Chemical Pollution: A Growing Peril
and Potential Catastrophic Risk to Humanity. Environ. Int., 156, 106616, 2021.

[40] Wang, Q., Li, H., Yu, X, Jia, Y. Chang, Y. Gao, S., Morphology regulated
Bi2WOG6 nanoparticles on TiO2 nanotubes by solvothermal Sb3+ doping as effective
photocatalysts for wastewater treatment. Electrochim. Acta.,330, 135167, 2020.

[41] Parvulescu, V. L., Epron, F., Garcia, H., Granger, P., Recent Progress and Prospects in
Catalytic Water Treatment. Chem. Rev., 122, 2981-3121, 2022.

[42] Mota, H.P., Quadrado, R. F. N., Iglesias, B. A., Fajardo, A. R., Enhanced Photocatalytic
Degradation of Organic Pollutants Mediated by Zn(ll)-Porphyrin/Poly(Acrylic Acid) Hybrid
Microparticles. Appl. Catal. B Environ., 277, 119208, 2020.

[43] Li, Y., Wang, L., Gao, Y., Yang, W., Li, Y., Guo, C., Porous metalloporphyrinic
nanospheres constructed from metal 5,10,15,20-tetraksi(4'-ethynylphenyl)porphyrin for
efficient catalytic degradation of organic dyes. RSC Adv., 8, 7330-7339, 2018.

[44] Guo, X, Li, Y.-Y., Shen, D.-H., Song, Y.-Y., Wang, X., Liu, Z.-G., Immobilization of
cobalt porphyrin on CeO2@SiO2 core-shell nanoparticles as a novel catalyst for selective
oxidation of diphenylmethane. J. Mol. Catal. A Chem., 367, 7-11, 2013.

[45] Yoo, H.-Y., Yan, S., Ra, J. W., Jeon, D., Goh, B., Kim, T.-Y., Mackeyev, Y., Ahn, Y.-Y.,
Kim, H.-J., Wilson, L. J., Tin porphyrin immobilization significantly enhances visible-light-
photosensitized degradation of Microcystins: Mechanistic implications. Appl. Catal. B
Environ., 199, 33-44, 2016.

[46] Wang, J., Zhong, Y., Wang, X., Yang, W., Bai, F., Zhang, B., Alarid, L., Bian, K., Fan, H.,
pH-Dependent Assembly of Porphyrin-Silica Nanocomposites and Their Application in
Targeted Photodynamic Therapy. Nano Lett., 17, 6916-6921, 2017.

[47] La, D. D., Nguyen, T. A., Nguyen, X. S., Truong, T. N., Nguyen, H. P. T., Ninh, H. D.,
Vo, H. T., Bhosale, S. V., Chang, S. W., Rene, E. R., Nguyen, T. H., Lee, S. M., Tran, L. D.,
Nguyen, D. D., Self-assembly of porphyrin on the surface of a novel composite high
performance photocatalyst for the degradation of organic dye from water: Characterization
and performance evaluation J. Environ. Chem. Eng., 9, 106034, 2021.

[48] Shee, N. K., Park, B.-H., Kim, H.-J., Hybrid Composite of Sn(IV)-Porphyrin and
Mesoporous Structure for Enhanced Visible Light Photocatalytic Degradation of Organic
Dyes. Molecules, 28, 1886, 2023.

[49] Ussia, M., Urso, M., Miritello, M., Bruno, E., Curcuruto, G., Vitalini, D., Condorelli, G.
G., Cantarella, M., Privitera, V., Carroccio, S. C., Hybrid nickel-free graphene/porphyrin
rings for photodegradation of emerging pollutants in water. RSC Adv., 9, 30182-30194, 2019.

[50] Wan, J., Wei, M., Hu, Z., Peng, Z., Wang, B., Feng, D., Shen, Y., Ternary composites of
TiO2 nanotubes with reduced graphene oxide (rGO) and meso-tetra (4-carboxyphenyl)
porphyrin for enhanced visible light photocatalysis. Int. J. Hydrog. Energy,14692-14703,
2016.

© 2023, [JSREM | www.ijsrem.com | Page 18



http://www.ijsrem.com/
https://sciprofiles.com/profile/author/SFZKdExjbEx5ckdMSXVqYXA1QVJVTjB6YjlTYkJna216YUc2b1BXQXZFQT0=
https://sciprofiles.com/profile/author/RzVBL3BNcWdJcUVYOTJLcU5mMUxoSHVxQnV2OWtwc1pJMWhGRnliOHgvUT0=
https://doi.org/10.1039/2046-2069/2011
https://www.sciencedirect.com/science/article/pii/S0360319916303585
https://www.sciencedirect.com/science/article/pii/S0360319916303585
https://www.sciencedirect.com/science/article/pii/S0360319916303585

s v 23%@

%RE.M International Journal of Scientific Research in Engineering and Management (IJSREM)
)
w Volume: 07 Issue: 10 | October - 2023 SJIF Rating: 8.176 ISSN: 2582-3930

[51] Mele, G.,Pio, I., Scarlino, A., Bloise, E.,Sole, R. D.,Palmisano, L., Vasapollo,G., New
Porphyrin/Fe-Loaded TiO2 Composites as Heterogeneous Photo-Fenton Catalysts for the
Efficient Degradation of 4-Nitrophenol.J. Catal., 4, 1-7, 2013.

[52] Chen, X., Li, C., Gratzel, M., Kostecki, R., Mao, S. S., Nanomaterials for renewable
energy production and storage, Chem Soc Rev., 41, 7909-7937, 2012.

[53] Liu, C., Dasgupta, N. P., Yang, P., Semiconductor nanowires for artificial photosynthesis,
Chem. Mater., 26, 415-422, 2014.

[54] Feely, R. A., Doney, S. C., Cooley, S. R., Present Conditions and Future Changes in a
High-CO2 World. J. Oceanogr., 22, 36-47, 2009.

[55] Aresta, M., Dibenedetto, A., Angelini, A., Catalysis for the Valorization of Exhaust
Carbon: from CO2 to Chemicals, Materials, and Fuels.Technological Use of CO2. Chem.
Rev., 114, 1709-1742, 2014.

[56] Qiao, J., Liu, Y., Hong, F., Zhang, J., A review of catalysts for the electroreduction of
carbon dioxide to produce low-carbon fuels, Chem Soc Rev,43, 631-675, 2014.

[57] Wang, W.-H., Himeda, Y., Muckerman, J. T., Manbeck, G. F., Fujita, E., CO2
Hydrogenation to Formate and Methanol as an Alternative to Photo- and Electrochemical
CO2 Reduction. Chem. Rev., 115, 12936-12973, 2015.

[58] Shen, J., Kortlever, R., Kas, R., Birdja, Y. Y., Diaz-Morales, O., Kwon, Y., Ledezma-
Yanez, I., Schouten, K. J. P., Mul, G., Koper, M. T. M., Electrocatalytic reduction of carbon
dioxide to carbon monoxide and methane at an immobilized cobalt protoporphyrin. Nat.
Commun,, 6, 8177, 2015.

[59] Frese, K. W., Leach, S.,Electrochemical Reduction of Carbon Dioxide to Methane,
Methanol, and CO on Ru Electrodes.J. Electrochem. Soc., 132, 259-260, 1985.

[60] Nakata, K., Ozaki, T., Terashima, C., Fujishima, A., Einaga Y., High-Yield
Electrochemical Production of Formaldehyde from CO2 and Seawater. Angew. Chem., Int.
Ed.,53, 871-874, 2014.

[61] Abdinejad, M., Ferrag, C., Hossain, M. N., Noroozifar, M., Kerman, K., Kraatz, H. B.,
Capture and electroreduction of CO2 using highly efficient bimetallic Pd—-Ag aerogels paired
with carbon nanotubes. J. Mater. Chem. A, 9, 12870-12877, 2021.

[62] Abdinejad, M., Motlagh, M. K., Noroozifar, M., Kraatz, H. B., Electroreduction of carbon
dioxide to formate using highly efficient bimetallic Sn—Pd aerogels. Materials Advances, 3,
1224-1230, 2022.

[63] Kar, S., Sen, R., Goeppert, A. Prakash, G. K. S., Integrative CO2 Capture and
Hydrogenation to Methanol with Reusable Catalyst and Amine: Toward a Carbon Neutral
Methanol Econom. J. Am. Chem. Soc., 140, 1580-1583, 2018.

[64] Kim, D., Kley, C. S., Li, Y., Yang, P., Copper nanoparticle ensembles for selective
electroreduction of CO2 to C2-C3 products. Proc. Natl. Acad. Sci., 114, 10560-10565, 2017.

[65] Li, Y.C., Wang, Z,, Yuan, T., Nam, D.-H., Luo, M., Wicks, J., Chen, B, Li, J., Li, F.,
Arquer, F. P. G. d., Wang, Y., Dinh, C.-T., Voznyy, O., Sinton, D., Sargent, E. H.,Binding Site

© 2023, [JSREM | www.ijsrem.com | Page 19



http://www.ijsrem.com/

@;&’ ‘%&4
o SJInternational Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 07 Issue: 10 | October - 2023 SJIF Rating: 8.176 ISSN: 2582-3930

Diversity Promotes CO2 Electroreduction to Ethano.J. Am. Chem. Soc., 141, 8584-8591,
20109.

[66] Guo, L., Sun, J., Ji, X., Wei, J., Wen, Z.,, Yao, R., Xu, H., Ge, Q., Directly converting
carbon dioxide to linear a-olefins on bio-promoted catalysts. Commun. Chem., 1, 11, 2018.

[67] Ferrag, C., Abdinejad, M., Kerman K., Can. J. Chem 2019, 1-18

[68] Gao, H., Wang, J., Jia, M., Yang, F., Andriamitantsoa, R. S., Huang, X., Dong, W., Wang,
G., Construction of TiO2 nanosheets/tetra (4-carboxyphenyl) porphyrin hybrids for efficient
visible-light photoreduction of CO2. J. Chem. Eng.,374, 684693, 20109.

[69] Kumar, S., Yadav, R. K., Ram, K., Aguiar, A., Koh, J., Sobral, A. J. F. N., Graphene oxide
modified cobalt metallated porphyrin photocatalyst for conversion of formic acid from carbon
dioxide. J. CO2 Util. 27, 107-114, 2018.

[70] Zhang, Y., Zhang, G.-L., Wang, Y.-T., Ma, Z., Yang, T.-Y., Zhang, T., Zhang, Y.-H., In-
situ  synthesized porphyrin polymer/TiO2 composites as high-performance Z-scheme
photocatalysts for CO2 conversion.J. Colloid Interface Sci. J COLLOID INTERF SCI 596,
342-351, 2021.

[71] Zhang, K., Goswami , S., Noh, H., Lu, Z., Sheridan, T., Duan, J., Dong, W., Hupp, J. T.,
An iron-porphyrin grafted metal-organic framework as a heterogeneous catalyst for the
photochemical reduction of CO2. J. Photochem. Photobiol. B.,10, 100111, 2022.

[72] Xu, J., Liu, X., Zhou, Z., Deng, L., Liu, L., Xu, M., Visible Light-Driven
CO2 Photocatalytic Reduction by Co-porphyrin-Coupled MgAl Layered Double-Hydroxide
Composite.Energy Fuels, 35, 19, 16134-16143, 2021.

© 2023,IJSREM | www.ijsrem.com | Page 20


http://www.ijsrem.com/
https://www.sciencedirect.com/journal/journal-of-photochemistry-and-photobiology/vol/10/suppl/C

