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ABSTRACT

Two potential photocatalytic material were synthesized and characterized using mechanochemical method. We
describe two molecular metal phthalocyanine with a carboxylic acid group attachment (MPcCOOH; M = Cu, Co)
that is ball-milled with a Sulphur-doped carbon nitride (SCNy). Two different pathways were taken to synthesized
the Sulphur-doped carbon nitride and were named SCNx.1 and SCNx-2 respectively. The resulting four composites
(SCNxMPcCOOH) were characterized using the Spectrum 100 spectrometer made by PERKINS which scanned the
FT-IR in the ATR-IR mode. The presence of a carboxylic acid is acknowledged by the spectra and it conforms with
results presented in the literature. There a band stretching at around 600-700 cm™ in all the composite material
indicating a functionalization of the Sulphur addition. Surface reorganization of the O-H functional group is
noticeable at around 3500 cm™ and also amide stretching indication the presence of carbonyl group in both materials
understudy. This work ultimately portrays the huge potential of these materials; however, Cu-derivatives show a
distinctive characteristic after it is ball-milled.
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INTRODUCTION

Change in the average weather condition of the world has been the prominent bone of contention for humanity in the
last few decades. The average temperature is rising alarmingly, with around 1.08°C higher than the last decade's
average (Menne et al., 2018). The primary cause of this erratic increment in the global temperature is the surge in the
earthly energy demand, which is achieved through the burning of fossils. The combustion process of burning fossil
fuels emits CO2, which is not fully reduced by the natural process of the carbon circle. Other anthropogenic
greenhouse gasses are also the cause of a warmer earth. According to Eurostat, fossil fuels (such as coal, natural gas,
and oil) made up 72.3% of the EU's total inland energy consumption in 2020. Without an understanding of the
chemistry of the atmosphere, the effect of these greenhouse gases on the rise in the average global cannot be properly

appreciated.

The atmosphere is composed of many gases, but nitrogen (N2) and oxygen (O2) are the two most prevalent ones.
Almost 78% of the atmosphere is made up of nitrogen, while only 21% of oxygen. Other gases like argon, carbon
dioxide, neon, helium, and methane (CH4) make up the final 1% of the atmosphere. Water vapor (H20), which is
crucial for the water cycle and weather patterns, and ozone (O3), which shields life on Earth from the damaging
ultraviolet (UV) radiation, are the other trace gases found in the atmosphere. The approximate value of the amount
of solar energy reaching the Earth from a mean distance of the sun is 1366 Wm (Gueymard, 2004). However, only

two-thirds of this energy reaches the Earth, while the rest is reflected back into space.

The remaining high-energy UV radiation that reaches the Earth is absorbed by the ozone layer, which forms a
protective barrier that serves as a natural shield and transforms it into heat. Particularly, UV-C and most UV-B rays
with wavelengths of less than 120 — 290 nm are the most dangerous types of UV radiation, and they are absorbed by
ozone (Os) molecules in the stratosphere. UV radiation causes the splitting of ozone molecules, resulting in the
formation of an oxygen molecule (O2) and an oxygen atom (O). This reaction absorbs the energy of the UV radiation,
preventing it from reaching the Earth's surface. The ozone-oxygen cycle is then finished when the oxygen atom (O)
reacts with another ozone molecule (O3) to produce two oxygen molecules (O2). As shown in the following equations

(Portmann et al., 2012):
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O3 + UV radiation —» O2 + O (1.2)
O+03—20 (1.2)
302 + UV radiation — 203 (1.3)

Equation 1 represents the absorption, equation 2 represents the formation of the new oxygen, and the last equation
represents the formation of the new ozone. However, it has been discovered that a number of man-made substances,
including sulfur dioxide (SO), nitrogen oxides (NOx), and chlorofluorocarbons (CFCs), can damage ozone
molecules and contribute to the thinning of the ozone layer. The ozone layer is essential for shielding life on Earth
from UV radiation, which can destroy organisms and cause skin cancer, cataracts, and other illnesses in people and
other animals. As a result, international accords like the Montreal Protocol were developed with the intention of
gradually ending the manufacturing and use of ozone-depleting compounds. Also, the scientific community is geared

to provide alternative means of producing energy, such as developing renewable energies.

1. LITERATURE REVIEW- CO2 REDUCTION FOR SUSTAINABLE FUEL PRODUCTION WITH
MODIFIED CARBON NITRIDE & COBALT PHTHALOCYANINE

An appealing way through photocatalytic reduction of CO> to produce storable fuels is to capture it and eventually
use it to implement a carbon-neutral energy cycle. The development of efficient, long-lasting, and financially
viable catalysts and light absorbers is at the core of research on solar fuels' use of CO.. Recently, it has become
clear that hybrid photosynthetic systems with molecular catalysts immobilized on solid supports (light-absorbing
semiconductors or dye-sensitized semiconductors) are a promising approach for suspension-based photoreactor
applications because they combine the selectivity of molecules with the durability of heterogeneous materials
(Dalle et al., 2019). Graphitic carbon nitride (g-CNx), which can absorb both UV and visible light and is resilient
to photochemical conditions, has recently gained attention as a promising semiconductor for photocatalytic
processes like water splitting and CO2 reduction. With a suitably low conduction band energy minimum (@1.10
V vs. NHE at pH 6.6) and a moderately small band gap, g-CNx can absorb UV/Vis light and then reduce a surface

tension (Liu et al., 2015).
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In CNx-based photocatalytic systems for CO2 reduction, a variety of co-catalysts have been used, such as weakly
anchoring Ruthenium (Ru) complexes or (Ruthenium Rhenium) Ru-Re dyads functionalized with phosphonic acid
(Maeda et al., 2013), Nanowires made of sodium niobite, molecular cobalt and iron complexes in solution,
metalloporphyrins covalently grafted on CNX, single-atom cobalt sites built into the compound, single-atom cobalt
sites (Shi et al., 2014). Here, the photocatalytic conversion of it stated how to convert CO to CO using a robust
organic-inorganic hybrid material. The polymeric cobalt phthalocyanine (CoPPc; PPc stands for polymeric
phthalocyanine) is activated by solar radiation being absorbed by mesoporous carbon nitride (mpg-CNx) catalyst
that has been deposited on the surface as show in Fig. 1.6 In situ polymerization causes CoPPc to be deposited on
mpg-CNx and is a successful method for immobilization of a catalyst. VB and CB stand for the valence and
conduction bands, respectively, in Figure 1.7 below, which shows a schematic representation of the light-driven

CO2 reduction catalysed by the mpg-CNx CoPPc hybrid
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Fig. 1. A pictorial representation of the light-driven CO2 reduction catalysed by the mpg-CNx CoPPc hybrid
(Wiley, 2019).

Copper also exhibits distinctive characteristics in its ability to catalyse electrochemical reactions conversion of CO

into alcohols, hydrocarbons, and other compounds with a maximum of three carbon atoms (Kuh et al., 2012). The

primary outcomes of the copper-mediated CO2 reduction reaction (CO2RR) consist of Cz products. Both ethylene and
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ethanol possess a substantial worth for the chemical and fuel sectors. Ethylene possesses potential as a viable means
of producing various chemical intermediates, utilizing ethylene oligomerization, such as polyethylene, ethylene

oxide, and diesel.

Additionally, ethanol may be utilized as a chemical feedstock with similar applications. Ethene, glycol ethers, amines,
and esters have found utility as solvents and fuels within the contexts of various scientific and industrial fields. The

utilization of copper for product selectivity presents a persistent challenge.

The carbon dioxide reduction reaction (CO2RR) on copper produces a variety of C1, C», and Cz compounds in addition
to hydrogen, ethylene, and ethanol, according to empirical studies (Kuh et al., 2012). The link between C; and C,/Cs
production is greatly influenced by copper's surface shape, according to Hori et al. (2003). Compared to the tightly
packed Cu (111) facet, the Cu (100) surface with more openness exhibits increased selectivity towards products
containing C-C bonds. An important finding about Cu-based catalysts is that in order to produce ethylene and ethanol
with a considerable degree of selectivity, strong overpotentials must be applied, which prevents the development of

by-products (Figueiredo et al., 2016).

The study conducted by Kortlever et al. (2015) examined the capability of the material in exhibiting selectivity
towards H,, HCOO—, and CHa4. The elements have piqued academic interest in the investigation of potential
mechanisms that aid the CO- reduction response (CO2RR) and the fundamental processes that control it. Significant
challenges have been faced in experimental research into the underlying processes driving CO2 reduction reactions
(CO2RR). Variable numbers of electrons and protons must participate in the CO; electroreduction process in order to
generate the desired products. Based on the main products they produce; Three groups can be made up of elemental
metallic catalysts. These include the creation of cobalt (Co), lead (Pb), bismuth (Bi), tin (Sn), indium (In), and zinc
(Zn) using gold (Au), silver (Ag), palladium (Pd), and zinc (Zn). Mercury (Hg) for the synthesis of formic
acid/formate, and copper (Cu) to produce a variety of hydrocarbons. Despite showing notable selectivity for a variety

of compounds, the catalysts are still insufficient for practical deployment as posited by Bridja (2020).

The process of Carbon dioxide (CO2) reduction electrochemically can progress through multiple pathways of

reduction, involving a range of two (2) to eighteen (18) electrons, leading to the formation of diverse end products
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such as methanol (CH3OH), carbon monoxide (CO), methane (CH4), and formic acid (HCOOH)/formate (HCOO),
and acetic acid. Chemical compounds such as acetic acid (CHsCOOH), ethanal (CH3CHO), ethanol (CHsCH>OH),
ethylene (CH.CHy>), and various other substances belong to the category of organic compounds. Table 1 presents a

compilation of the reactions that have been reported with the highest frequency.

REACTIONS (V vs. RHE) = E°
2H" +2e— — H» 0.00
CO,+ 2H"+ 2e— — CO + H20 —0.10
CO; + 2H" + 2e— — HCOOH —-0.12
CO, + 6H" + 6e— — CH30H + H,0 +0.03
CO; + 8H" + 8e— — CHs + 2H,0 +0.17
2CO; + 8H" + 8e— — CH3COOH + 2H,0 +0.11
2CO; + 10H* + 10e— — CH3CHO + 3H>0 +0.06
2CO; + 12H* + 12e— — CH3CHOH + 3H,0 +0.09
2C0O2+ 12H* + 12e— — CaHas + 4H0 +0.08
3CO; + 18H* + 18e— — CH3CH2CH>0H + 5H,0 +0.10

Table 1. Equilibrium potentials for electrochemical processes.
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2. METHODS AND MATERIALS
This section presents the synthesis methods for producing a composited photocatalyst using Sulphur-doped
carbon nitride and carboxylic acid functionalized metal phthalocyanine. An explanation of its physicochemical
characteristics and photocatalytic potentials, precisely carbon dioxide (CO2) reduction. It also contains an
overview of some characterization techniques that are adopted in the study of materials’ microstructure,
morphology and optical properties.

a) Chemical Used : The reagents used in this study and their respective suppliers are listed in the Table 2. below

REAGENTS SUPPLIER
1. N, N-dimethyl formamide [68-12-2] Sigma - Aldrich
2. Melamine [108-78-1] corporation
3. tri-thiocyanuric acid [638-16-4]

4. Thiourea [62-56-6]

5. Trimellitic acid anhydride (2.6 mmol, 0.5 g)

6. Cobalt(ii) acetate tetrahydrate (1.28 mmol, 0.32 Q)
7. Ammonium chloride (1.9 mmol, 102 mg)

8. Urea (16.6 mmol, 1 g)

9. Ammonium heptamolybdate (0.042 mmol, 0.050 g)
10. Nitrobenzene

11. Diethylether

12. Copper (1) acetate tetrahydrate (1.28 mmol, 0.32 g)

Table. 2. Table of Reagent
b) synthesis of Sulphur Doped Carbon Nitride

To create homogeneous solutions, melamine (1.000 g, 8 mmol) and tri-thiocyanuric acid (1.410 g, 8 mmol) were
mixed into 50.0 mL of distilled water (DI water) and 25.0 mL of N, N-dimethyl formamide, respectively. The
resulting aqueous melamine solution was added dropwise to the tri-thiocyanuric acid solution and agitated for 0.5
hours at 200 rpm to produce a light-yellow mixture. This combination was then swirled for another 6 hours at 80
°C to produce supramolecular aggregate. 250 mL DI water was added to the mixed solution after it had cooled to
room temperature (20 °C), and it was then agitated for another 12 hours in an ambient environment. Vacuum
filtration was used to collect the light-yellow product, which was then baked at 60 °C for 12 hours to dry it (Wang
et al., 2018). The solid underwent annealing annealed under aerobic condition in a furnace at 550 °C for 4 h

(heating rate of 5 °C min %) to yield a yellow product named as SCNy.1 as depicted in Fig 2.1.
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Plate 1. Pictures of the steps taken in the synthesisation of SCNy.1

c. Method 2 (Thiourea precursor)

Thiourea (10g) was heated at 550 °C for 4 h in air at a heating rate of 5 °C/min (Lv et al., 2020). The resulting yellow

powder was ground using an agate mortar and pestle. Material named as SCNx-2 which is shown in Fig 2.2

Plate 2. Picture of SCNx-2 after it was heated.

d. Synthesis of Cobalt Phthalocyanine(CoPc-COOH)

Trimellitic acid anhydride (2.6 mmol, 0.5 g), cobalt (I1) acetate tetrahydrate (1.28 mmol, 0.32 g), ammonium chloride
(1.9 mmol, 102 mg), urea (16.6 mmol, 1 g), and ammonium heptamolybdate (0.042 mmol, 0.050 g) were first ground
into a solid mixture in an agate mortar. Then, the mixture was transferred to a Schlenk flask, 5 ml nitrobenzene was

added, and the mixture was purged with N2. The mixture was refluxed overnight. After cooling, the mixture was then
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diluted with diethylether and filtered. The precipitate was then suspended in aqueous KOH solution (80 mL, 1 M)
and heated for 12 h at 80 °C under stirring. The hydrolysed product was precipitated by adding concentrated
hydrochloric acid (10 mL) and then filtered. The supernatant was discarded, and the solid residue was washed with
H20O for five times to reach neutral pH. The resulting sample was dried under vacuum to afford the title compound

as a blue-green solid (Shang et al., 2022).

e. Sythensis of copper Phthaylocyanine(CuPc-CooH)

Trimellitic acid anhydride (2.6 mmol, 0.5 g), copper (I1) acetate tetrahydrate (1.28 mmol, 0.32 g), ammonium chloride
(1.9 mmol, 102 mg), urea (16.6 mmol, 1 g), and ammonium heptamolybdate (0.042 mmol, 0.050 g) were first ground
into a solid mixture in an agate mortar. Then, the mixture was transferred into a 20 mL glass vial and heated at 180
°C for 2 h in a muffle furnace. Next, the dark solid was dispersed in water with sonication and centrifuged (7155 g,
10 min). The supernatant was discarded. The precipitate was dissolved in 40 mL of aqueous KOH (1 M) and heated
for 12 h at 80 °C with stirring. The hydrolysed product was then precipitated by adding 10 mL of concentrated
hydrochloric acid and centrifuged (7155 g, 10 min). The precipitate was washed with water five times to reach a
neutral pH and dried in air.

e. Balling Methods

Ball milling is the process of grinding flakes to the desired powder size. Fig. 2.3 shows where the raw material would
be fed into a big spinning cylinder loaded with steel balls. The rods stand inside the framework while the cylinder
spins, creating a cascading impression of steel balls. The varying impact of the balls produces a crushing action,
reducing the amount of coarse powder. Once the particles have been reduced to the correct size, they are propelled
by the downstream blower's airflow. Many final product qualities (density, dimensional variation, strength,

compressibility, and so on) are determined by the ball mill process.

The operator modifies the following ball mill settings based on the particle size and density distribution results: intake

speed, air flow, and ball level. Fig. 2.3 is an image of a ball milling machine.
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Fig. 2. Schematic illustration of a ball milling machine and the ball-milling process showing its impact on the

ductility of the spherical particles (Jung et al., 2013)

The ball milling operation is critical since it determines many characteristics of the final products (density,
dimensional change, green strength, compressibility, etc.). Based on the size distribution and density results, the

operator adjusts the following ball mill parameters: feed rate, air flow rate and level of balls.

After the sulphur doped carbon nitride and the metal-catalyst has been synthesised. 100 mg of bulk carbon nitride, 5
mg CoPcCOOH/CuPcCOOH, and 0.1 mL DMF were ball milled with stainless steel balls (3 balls in each container)
for 30min at 25 Hz. The resultant powder was collected using ethanol, filtered using a membrane filter, and washed
thoroughly with DMF (3x5 ml) and ethanol (5x5 ml).

The mechanochemically generated materials using ball milling method are given in Table 2.1 below:

SIN Material abbreviation Carbon nitride Catalyst
1 SCNx-1/CoPcCOOH SCNx1 CoPcCOOH
2 SCNyx-2|CoPcCOOH SCNx-2 CoPcCOOH
3 SCNx-1|/CuPcCOOH SCNx-1 CuPcCOOH
4 SCNx-2|CuPcCOOH SCNx-2 CuPcCOOH

Table 3: List of the materials understudy.
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3. RESULTS AND DISCUSSIONS

The main result obtained is to describe the physical, morphological characteristics and the reaction mechanism of
these heterogeneous catalysts, hence, the primary characterization techniques employed is the Attenuated total
reflectance infrared (ATR-IR) whose analyses are given below. The analyses are solemnly based on the description
of the functional group(s) present in the materials understudy, to describe the overall spectra peaks, to describe the
observable changes in the spectra peaks, the intensity and adsorption characteristics, the surface reaction observed

and the photocatalytic pathways in corelation with the photocatalytic performance of the materials.

A. FT-IR SPECTRA OF SULPHUR-DOPED CARBON NITRIDE AND COBALT
PHTHALOCYANINE PHOTOCATALYST

The experimental ATR-IR spectra of CoPcCOOH was consistent with the one reported in literature (Roy & Reisner,
2019; Xiao et al., 2018). The noticeable difference is due to the ethanol that was used in the collection of the catalyst
after ball milling, hence the presence of O-H stretching vibration as shown in Fig 3. We observed small differences
in the ATR spectra between the SCNy.1 and SCNx.1/CoPcCOOH nanocomposites. These differences are related to the
presence of CoPc molecules attached to the SCNx.1 surface. The O—H stretching vibrations were detected at 3200 to
3350 cm™. A peak around 1350-1400 cm is found which corresponds to C-N stretching vibrations in the cobalt
phthalocyanine core (Shang et al., 2022).

The principal bands (absorption bands) observed in the SCNx.1/CoPcCOOH spectra at around 600-700 cm™

corresponding to C-S stretching vibrations of the Sulphur-containing functional groups adsorption.
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Fig 3 FT-IR spectra of melamine precursor sulphur-doped carbon nitride, CoPcCOOH and SCNx-1|CoPcCOOH

As seen in Fig 3, a prominent peak at 1600 cm™ indicates the existence of aromatic C=C bonds. Aromatic C-H
stretching vibrations, on the other hand, are not shown. Knowing how the modifier is deposited on the catalytically
active metal surface is critical for understanding asymmetric catalysis on modified metals phthalocyanine (Manbeck
& Fujita, 2015).

The spectra in Fig. 3 and 4 are identical, however, the proportion of IR transmitted is higher in the thiourea precursor
(SCNx-2). A surface reorganisation of the O-H groups explained the signals of the positive signal at 3200 cm™ being
coupled with a negative signal at 3500 cm™. In Fig. 4, an amide stretching is detected about 1660-1690 cm™,

confirming the presence of a carbonyl group.

The -C=0 bands in Fig.4 are crisp and strong, at roughly 1646 and 1688 cm™, indicating overlap of the -C=0 of
amide and -C=0 of -COOH for both the CoPcCOOH and SCNx-2| CoPcCOOH before functionalization.
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Fig 4. FT-IR spectra of Sulphur-doped carbon nitride, CoPcCOOH and SCNx-2|CoPcCOOH

After it has been functionalized, the creation of another C=0 of an amide group may be responsible for the small

shift. The amide N-H stretch in the SCNx.2JCoPcCOOH is represented by the band at 1556 cm™. Similarly, for SCNy.
1/COPcCOOH and SCNx-2|CoPcCOOH, a shift from 1688 cm™ to 1660 cm™ was observed, resulting from the
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transformation of the -C=0 of -COOH to the -C=0 of amide, Fig. 4, while the band at 1250 cm™ (Fig. 3) was observed
at 1200 cm* (Fig. 4), due to the amide N-H stretch.

B. FT-IR SPECTRA OF SULPHUR-DOPED CARBON NITRIDE AND COPPER PHTHALOCYANINE
PHOTOCATALYST

When the catalyst was exposed to the ethanol feed, changes in the relative intensities of the bands were detected when
compared with the pure liquid phase spectra (Figueiredo et al., 2016). A comparison of spectra following the ball-
milling of SCNx.1 and CuPcCOOH is shown in Fig 5. Bands at 1650, 1900 and an intensely broad spectra at 3450
cm ™t were observed not to be in the fingerprint region in the CuPcCOOH spectra, whereas in the fingerprint region
spectra, bands at 750. 1200. 1350, and 1400 cm™* were also observed.
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Fig 5. FT-IR spectra of Sulphur-doped carbon nitride, CuPcCOOH and SCN.1|/CuPcCOOH

The stretching bands observed in the CuPcCOOH had disappeared in the SCNy.1|CuPcCOOH spectra. It is evident
that bands that are present on CuPcCOOH are lost when CN is pre-adsorbed on the catalyst. The increase in the
intensity in the fingerprint region in the SCNx-1|CuPcCOOH can be further attributed to this adsorption, as observed
Fig 5.

The FT-IR spectra of SCNx-2, the carboxylic acid-functionalized nanoparticles and their respective phthalocyanine
nanocomposites are presented, Fig.6. Most of the vibrational bands of interest could not be undisputedly assigned
due to the absorption of N-H and O—H bands which are around the same region. For instance, the SCNx-1|CuPcCOOH
in Fig.4, possess both N-H and O—H functional groups in SCNx.2]CuPcCOOH Fig 5, suggesting that the bands at
above 3200 cm™ may be due to the overlap absorption of N—H and O—H stretching modes. Also, in the SCNy.
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2|CuPcCOOH nanocomposites (Fig. 5), because not all of the carboxylic acid sites on each nanoparticle are
anticipated to be involved in the amide bond formation, some O-H groups on the surface of the nanoparticles are
likely to remain unbound. As a result, the bands above 3200 cm in the nanohybrids might be attributed to the overlap
absorption of the free NH ends of the SCNy.1|/CuPcCOOH, as well as the nanoparticles' free O-H and N-H. The

proposed numerous absorptions might therefore explain the observed band broadness at > 3200 cm™.
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Fig.6 FT-IR spectra of Sulphur-doped carbon nitride, CuPcCOOH and SCNx-2| CuPcCOOH composite.

The FT-IR spectrum of the SCNx.1|/CuPcCOOH and SCNx.2| CuPcCOOH nanocomposite showed generally similar
vibrational modes, therefore, making it difficult to identify the vibrational bands responsible for the amide linkages,
Fig.5. The FT-IR spectra (Fig.5) showed the expected vibrational bands in all the CuPcCOOH (Chen et al., 1993; Liu
et al., 2023). The —C=0 stretching bands due to the amide linkage were not so distinct, because of the overlap
absorption of the N—H stretching and bending modes which are present in both the SCNx-1|CuPCCOOH and the SCNj.
2|CuPcCOOH.

The other characteristic carboxylic group vibrations such as C—O stretching, (C—O) and in-plane —C—O—H bending,
(C—O—H) modes are expected between 1150 and 1450 cm™ region. The bands at 200 and 400 cm™ in the SCNy.
2|CuPcCOOH nano-catalyst may be attributed to Cu-C stretching vibrations, while 300 and 500 cm™ are caused by
Cu-N bending (Z. Liu et al., 2023). However, these bands interact with various bands that are aromatic, making their

clear assignment problematic. Furthermore, because these bands are lacking in the core SCNx-;, they might be
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attributed to C-N absorption. Because these bands are strikingly lacking in the spectra of CuPcCOOH, the extra bands
at 2563, 2750, and 2875 cm™ may account for the structural variations produced by the existence of the SCNx-2
monolayer. This shows that the bands at 2563, 2750, and 2875 cm™ were caused by the S-S interaction of the thiol
group SCNx.2 (Abu-Sari et al., 2023).

C. COMPARATIVE DIFFERENCE OF THE EFFECTS OF SULPHUR DOPED CARBON NITRIDE
ON TWO METAL PHTHALOCYANINES CATALYST

Figure 4 below shows the comparison of the results of all the studied compound, it is observed that each if the
compound has its uniqueness in the fingerprint region that is the region less than 1500 cm™ which contains a lot of
bands, it would be daunting to interpret these observed spectra in this region however they show similar spectra due

to the similarity in the constituent materials.

1.2+

0.8-

— CoPcCOOH
— CuPcCOOH
SCNx-1
— SCNx-1|CoPcCOOH

SCNx-1|CuPcCOOH
— SCNx-2

SCNx-2|CoPcCOOH
— SCNx-2|CuPcCOOH

Transmittance
o
‘."

o .
T

0.2

500 1,000 1,500 2,000 2500 3,000 3,500 4,000
Wavenumber (cm™)

Fig. 7: FT-IR spectra of Sulphur-doped carbon nitride, MPcCOOH and MPcCOOH composite photocatalyst.

The major differences are depicted in the 100 - 500 cm™ region, the strong bands in the region 125-550 cm™ and
3000-3500 cm™* for MPcCOOH(s) may be attributed to the carboxylic group. Bands associated with copper-ligand
vibrations, such as Cu-N and Cu-C bonds are present in 250 cm-1 and 400 cm respectively, this is due to copper-
carbon stretching vibrations. there is a shift in nitrogen-based vibrations due to the influence of copper, around 1050
cm™’. The changes in C-H stretching vibrations around 3250 cm™ due to distortion in the copper coordination (Z. Liu
etal., 2023). This is also evident in the result of the CoPcCOOH, however it is not as glaring as it is in the CuPcCOOH.
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Similar bands in CuPcCOOH core—shell are noticeable on comparing the relative intensities with that of CoPcCOOH.,
but have been greatly attenuated by the more intense bands attributed to the SCNx.1 substrate. A series of peaks
ranging between 1200 and 1700 cm—1 are typical stretching vibration modes of the dramatic C-N and C-N
heterocycles. The broad absorption peak around 3200 cm™ originates from the N H and O H bond stretching
vibrations (Yan et al., 2009). All the characteristic vibration peaks of Co CN are the same as the pure CN except a
slightly lower intensity at around 3200 cm™?, suggested that the addition of CoPcCOOH even facilitated the
deamination process during the self-polymerization of melamine at high temperatures. It is also notable that the
spectra of SCNx.1|/CuPcCOOH and SCNy-2|[CuPcCOOH are similar, suggesting that phthalocyanine CuPcCOOH as
the additive in the precursor had no obvious influence on the typical structure of the SCNy.1 and SCNx... The results
also show that the addition of CoPc speeds up the deamination process during melamine self-polymerization at high

temperatures (Liu et al., 2019).

The key similarities between the two potential photocatalysts are the amine functional group properties. Amine N-H
stretches are significantly narrower and less severe than -OH stretches, often appearing in the 3300-3500 cm™ range.
Primary amines have two amine hydrogens and two N-H stretches. Secondary amines have a single amine hydrogen
and one N-H stretch. Tertiary amines have no absorption in this area because the amine nitrogen contains no hydrogen

atoms. The NH stretches in an amide occur in the same 3300-3500 cm™ range.

4. CONCLUSION

The Research focuses on the synthesis and analysis of photocatalysts composed of a combination of sulphur-doped
carbon nitride (SCNy) and carboxylic acid functionalized metal phthalocyanine (MPcCOOH). The main aim of this
study was to investigate the influence of sulphur incorporation into carbon nitride on the photocatalytic CO2 reduction
process, specifically in the presence of two different metal phthalocyanines: cobalt phthalocyanine (CoPcCOOH) and
copper phthalocyanine (CuPcCOOH). The examination and comprehension of these mixed photocatalysts yielded
valuable details about their structure and functional features. The principal characterisation approach was Attenuated
Total Reflectance Infrared (ATR-IR) spectroscopy, which allowed the identification of different functional groups
contained in the materials, the detection of molecular vibrations, and the assessment of surface contacts between the
composite materials. The ATR-IR spectra of pure metal phthalocyanines and their composite photocatalysts exhibited
considerable changes and shifts in characteristic bands, suggesting good functionalization and interaction between
the components. The ATR-IR spectroscopy results have provided valuable insights into the structural changes and
interactions within the composites. Due to residual ethanol from the ball-milling process, the presence of O-H
stretching vibrations in the CoPcCOOH photocatalysts was detected. Shifts in C-N stretching vibrations and the
appearance of discrete bands associated with the amide group were signs of good functionalization. Similarly, the
ATR-IR spectra of CuPcCOOH catalyst indicated alterations in vibrational bands associated with the carboxylic

group and copper-ligand interactions, demonstrating the excellent integration of SCNy with phthalocyanine.
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5. RECOMMENDATION

To analyse materials more thoroughly, it is imperative to use additional characterization methods in addition to FT -
IR spectroscopy. Techniques such as XRD, SEM, TEM, and XPS can reveal materials' structure, shape, and elemental
content. Investigate how functional groups, metal centres, and surface contacts affect catalysis. However, this may
require advanced spectroscopic methods like in-situ FT-IR or X-ray absorption.

Nanocomposite materials' surface area and porosity affect photocatalytic activity, examining it using technique such
as Brunauer-Emmett-Teller (BET) analysis would give more insightful results about the photocatalytic performance
of Sulphur-doped carbon nitride with carboxylic functionalized metal phthalocyanine (SCNx|MPcCOOH). Assess
photocatalyst stability and recyclability over time.

Lastly, it is necessary to examine the materials' ability to degrade organic contaminants, produce hydrogen, and other
processes. By conducting in-depth kinetic research to understand reaction rates and mechanisms. To further explore
if these metal phthalocyanines and carbon nitride-based compounds could be used in water purification, air pollution

control, and carbon capture and conversion.
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