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Abstract

Luminescent polymeric graphitic composites have the potential to be efficient energy

converters for sophisticated displays and light sources. Thermal condensation is used to

synthesize g-C3N4-ZnS composites. The XRD, and FTIR analyses confirmed the synthesis

of the pure host, filler, and composites. FESEM, and TEM images revealed that the ZnS

nanosheets were evenly distributed over the g-C3N4 sheets. The addition of ZnS improves

the thermal stability of g-C3N4. The optimized gZ15 band gap is determined to be 2.98 eV

with a crystallite size of 4.2 nm and a micro stain of 35.42×10−3. With a purity of 63.4 %,

gZ15 demonstrated a significant rate of recombination in the blue region. All of the improved

properties demonstrated that polymeric g-C3N4-ZnS was the optimum materials for usage in

the active or emissive layer of optoelectronic devices.
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1 Introduction

Two-dimensional (2D) van der Waals (vdW) nanomaterials are currently attracting a lot of at-
tention, due to their unique features in optics and electronics [1, 2]. Among the various possibili-
ties for exploring attractive sustainable energy sources and technologies, nanostructure materials
with their intense optical properties are the most appealing and promising materials for directly
harvesting, converting, and storing renewable solar energy & Organic light emitting diode for
generating sustainable and green energy, as well as a wide range of environmental applications
[3]. Non-centrosymmetric features, such as triangular-shaped holes in graphene or monolayer or
turbostratic stacking patterns in transition metal dichalcogenides (TMDs), can induce piezoelec-
tric responses in two-dimensional (2D) layered materials [4]. There are many materials used in
optoelectronics, from that polymeric graphitic carbon nitride (g-C3N4) has evolved as one of the
most potential materials for optoelectronic applications due to its distinctive lattice, optical and
electronic properties [5].

Polymeric Graphitic carbon nitride (g-C3N4) is a metal-free semiconductor with a 2D struc-
ture. g-C3N4 is a fascinating material with excellent mechanical strength, thermal conductivity,
water resistance, and chemical inertness. Due to this properties it have major applications as a
photoelectric converter, catalyst for organic synthesis, gas and fluorescent sensors, optoelectronic
devices, field emitters, fuel cell electrode, and hydrogen storage material etc. [6, 7, 8]. Because
of its easy synthesis process, unique structure, non-toxicity, high temperature resistance, chemical
stability, and high rate of electron-hole recombination mechanism, g-C3N4 has significant benefits
over other materials [9]. It may be produced by direct condensation of low-cost N-rich feed stocks
like as melamine and urea. Heating in furnace is more effective and dependable, with benefits
such as time savings, reduced energy consumption, and high economic feasibility. Because of its
polymeric composition, it enables for easy modification by doping of metal, non-metal, metal sul-
fide and metal oxide semiconductors. It can increase visible light absorption as well as the lifespan
of photo-generated electron-hole (e-h) due to quicker recombination [10]. Some recent study has
showed that exfoliated thin layers of g-C3N4 can boost reactive sites, specific surface area, mass
transferability, electron transport, light absorption, and photo catalytic activity, etc. [11].

Semiconductor nanocrystals are promising materials for their form and size-based electrical,
structural, thermal, and optical properties, have piqued the curiosity of many researchers in recent
years [12]. ZnS is a Wurtzite crystal structure broad and direct band gap compound semiconductor
nanomaterial. It is widely utilized in light-emitting diodes, optoelectronics, field-effect transistors,
and transparent films. ZnS nanosheets have recently been shown to have a variety of luminescence
properties, including electroluminescence [13]. ZnS quantum dots are widely used in flat-panel
displays and infrared windows due to their high exciton binding energy of 40 meV [14]. The incor-
poration of ZnS into the synthesis process helps to enhance the optical characteristics, structure,
and thermal stability of pure g-C3N4. Many scientists and researchers have developed different
methods for synthesizing composites for improving the properties of materials used in energy
conversion and storage systems. The g-C3N4-ZnS composites utilized for photo-degradation of
organic dye under uv-vis light are explained by Palanisamy et al. [15]. Dai et al. synthesized the
g-C3N4-ZnS composites using a simple method that demonstrated outstanding photo stability [16].
Ghosh et al. created two distinct types of 2D g-C3N4 samples from the same starting material
(melamine), each with its own set of optical and optoelectrical characteristics, just by altering the
post-growth annealing ambiance [17]. Mixture of quantum dots and ZnS nanoparticles used as
emissive layer in LED was described by Song et al. [18]. Until now, no one has explained the
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impact of zns in the g-c3n4-zns composites, therefore it is a huge step to employ the g-C3N4-ZnS
composites in the emissive layer with the materials’ enchaining capabilities.

In this article, we describe the synthesis of polymeric g-C3N4-ZnS nanocomposite with the vari-
ation of the ZnS wt % from 5 to 20. The synthesized materials were structurally, morphologically,
thermally and spectroscopically characterized using XRD, FTIR, FESEM, TEM, TGA, DTA,
DSC, Photoluminescence, and Ultraviolet-Visible (UV-vis) methods. The variations in the com-
posites were noticed and thoroughly discussed in the section below, as well as how it is employed
for the emissive layer (active layer) in optoelectronic devices.

2 Experimental

2.1 Materials

All of the ingredients used in this synthesis are bought and not purified further. The percentage of
the purification of the chemicals are more than 99 % and all the chemicals are purchased from Alfa
Aesar, and TCI. Zinc nitrate hexahydrate (Zn(NO3)2).6H2O (MW=297.49), thiourea (CH4N2S)
(MW=76.12), ethylenediamine (C2H8N2) (MW=60.1) were used for the synthesis of ZnS. In the
process of synthesis for g-C3N4, melamine monomer (C3H6N6) (MW=126.12) was used. In the
whole process deionized water, acetone, and ethanol were used for the synthesis and washing
purpose to avoid the contaminated.

2.2 Synthesis of ZnS

Zinc sulphide nanoplates were created using the solvothermal process. A 1:3 M combination of
zinc nitrate hexahydrate and thiourea was dissolved in 60 ml of ethylenediamine solution while
being magnetically stirred. The solution was sonicated for 1 hour before being transferred to a
stainless steel autoclave lined with Teflon and held at 180 ◦C for 48 hours. The precipitate was
then centrifuged and washed many times with distilled water and ethanol. The white material
is then collected and dried overnight in a vacuum oven. The white powder was then annealed
for 2 hours at 400 ◦C in a muffle furnace. When the temperature of the material was reduced to
room temperature, the color of the material changed slightly to a brilliant grey tint, and the entire
sample was collected and characterized.

2.3 Synthesis for g-C3N4-ZnS nanocomposite

g-C3N4-ZnS nanocomposites were synthesized through thermal condensation of melamine with the
presence of ZnS in a muffle furnace as shown in the fig.1. In four separate beaker, 5 g of melamine
was taken with 30 ml of DI water. Then (5, 10, 15, 20) wt% of ZnS added into the solution
separately at constant stirring. After 2 hrs the temperature gradually increase to 80 ◦C for five
hrs at continuous starring. Then the whole solution were kept in the oven at 120 ◦C for 12 hrs to
evaporate all the water from the solution. Then the samples were collected, and ground it properly
for 2hrs to get well mixture powder sample. All the four sample, typically placed in four different
alumina crucible with lid cover and heated to 550 ◦C in a muffle furnace at a heating ramp of 2.5
◦C/min and maintained at 550 ◦C for 3 hours. After the system had naturally cooled to room
temperature, the final yellow color product was crushed into powder, cleaned with deionized water
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and ethanol, and then dried in an air dry oven at 60◦C for 6 hours for further characterization. In
similar process the pure g-C3N4 was synthesized with out the presence of the ZnS.

Figure 1: Schematic representation for synthesis of gZ nanocomposite.

2.4 Characterization Technique

Table 1 contains information on the model and instrument utilized in the characterization of the
nanocomposite.

Table 1: The model and instrument used for the characterization study.

Characterization Instrument Make/Model

X-ray analysis HRXRD Rigaku/Smartlab
FTIR FTIR spectrophotometer PERKIN ELMER Spectum 2.0

Surface morphology FESEM Zeiss/Supra 55

In depth morphology HRTEM
Thermo Scientific/
Talos F200X G2

Elemental analysis XPS PHI/5000 versa probe III
Thermal Analysis TGA/DSC/DTA STA 6000 (Perkin Elmer)

Absorbance and Band gap UV-VIS Spectrophotometer Agilent/Cary 500
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3 Result and Discussion

3.1 Formation and morphological study

As shown in Fig. 2(a), X-ray diffraction was applied to quantify the crystal phase and purity
of as-synthesized g-C3N4, ZnS, and g-C3N4–ZnS nanocomposite materials. All of the peaks in
the g-C3N4 XRD pattern are well matched with the JCPDS data (JCPDS-87-1526). The XRD
pattern of pure g-C3N4 (at 550 ◦C) indicated a bigger diffraction peak at around 27.7 ◦and a
smaller one at around 13 ◦. The 13 ◦diffraction peak is indexed as (1 0 0) plane and corresponds
to an in-plane structural packing motif of tri-s-triazine units. The (0 0 2) plane of the conjugated
aromatic system stacking is indexed at 27.7 ◦and corresponds to inter-layer stacking of aromatic
segments separated by 0.32 nm [19]. At the same time, Wurtzite ZnS has a hexagonal tightly
packed structure in which the Zn atom is tetrahedrally coordinated with four sulfide atom, and
each sulfide atom binds four zinc atoms. As a result, hexagonal Wurtzite ZnS has two polar faces,
one with just Zn ions and the other with only S ions. These two faces are alternately layered
along the c-axis. The coordinate number of Zn+2 ions and S−2 ions is 4. As a result, this structure
has a 4:4 coordination. The XRD pattern of the synthesized ZnS shows diffraction peak at 26.94
◦, 28.5◦, 30.53◦, 39.62◦, 47.56◦, 51.77◦, 57.63◦, and 72.95◦correspond to the (0 0 2), (0 1 0), (0 1
1), (0 1 2), (1 1 0), (0 1 3), (1 1 2), and (0 2 3) planes respectively which are well matched with
the ICDD: 98-004-3597 data base. Using Bragg’s law, we can calculate different parameter of the
sample given below,

2d sinθ = nλ (1)

where n is the diffraction order (usually used first order n =1), λ is the X-ray wavelength, and d
is the inter-planar distance. The inter-planar spacing d in hexagonal ZnS is linked to the lattice
constants a, c, and miller indices h, k, and l which is related to the below equation [20],

1

d2hkl
=

4

3
(
h2 + hk + k2

a2
) +

l2

c2
(2)

By taking all the values of the ZnS we calculated the lattice parameters for ZnS. Using above
equation we found a = b = 3.606, and c = 6.604 Å, hence c/a = 1.8313 and unit cell volume
is 74.37 Å3. The crystallite size of synthesized materials determined using the Debye-Scherrer
formula using the equation below [21],

D =
kλ

βhklCosθ
(3)

where λ is the X-ray wavelength of the Cu-Kα line, D is the average crystallite size, and k is
the Scherrer’s constant (shape factor) of 0.91. β represents the peak’s full width at half maximum
(FWHM). The dislocation density was also calculating using below equation [22],

Dislocation density, δ =
1

D2
(4)

where D is the average crystallite size. All the parameter of the materials at prominent peak were
calculated and tabulated in the table no.2. Dislocation density of the materials increased with the
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addition of the ZnS in to the host materials. It was obvious from the XRD data that the materials
were well synthesized for oled and optical applications.

Figure 2: (a) XRD patterns of as-prepared different sample, (b) FTIR spectra of synthesized
sample.

Table 2: Strutural parameters and crystalline size of synthesized sample

Synthesized
materil

Prominent
peak (2θ)

Crystallite
size (nm)

Micro strain
(ǫ)(×10−3)

Inter-planer distance

dhkl (Å)
Dislocation denstiy

(δ) lines/m2

g-C3N4 27.7 11.6 12.53 3.22 8.6×1016

ZnS 26.98 11 13.23 3.30 8.2×1015

gZ5 27.6 8 18.16 3.23 1.5×1016

gZ10 27.6 5 29.29 3.23 04×1016

gZ15 26.99 4.2 35.42 3.30 5.6×1016

gZ20 27.4 4 36.43 3.26 6.2×1016

FTIR spectroscopy was used to analyze all of the synthesized materials, and the findings
are represented in Fig.2(b). All of the functional groups found in the sample were thoroughly
investigated. Major peaks in the spectra of g-C3N4 and related nanocomposites may be seen
about 3290 cm−1, 1250-1650 cm−1, and 809 cm−1. The N-H groups’ stretching mode results in a
broad band in the 3290 −1 area [23]. Many peaks are visible in the area between 1250 and 1650
cm−1, which are linked to the existence of C-N stretching vibrational mode [24, 25]. The peaks
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at 809 cm−1 which attributed to the regular breathing mode of the s-triazine or heptazine ring
vibrations [26]. In the FTIR spectra of ZnS, a large wide peak in the range of 3200-3500 cm−1

is ascribed to the existence of a vibrational O-H group caused by the sample’s surface absorbed
water molecules [27]. Peak near 1628 cm−1 due to the presence of O-H bending of water. There are
many peaks in the region between 400 to 650 cm−1 in ZnS due to the Zn-S bond where the peak
shown at 670 cm−1 is attributed to the S-S band. FTIR analysis provides information that is very
well satisfied with the XRD data, and the formation of the polymeric composites was confirmed.

The optical examination employed field emission scanning electron microscopy (FESEM) and
transmittance electron microscopy (TEM) studies to explore the surface morphological nature of
the as synthesized materials. FESEM pictures of the synthesized materials are shown in Fig.3.
Fig. 3(a) depicts a FESEM picture of g-C3N4 irregular particles with a lamellar structure. Fig.
3(b) depicts the hexagonal sheet-like structure of pure ZnS. Fig. 3(c-f) depicts the morphology
of the gZ5, gZ10, gZ15, and gZ20 respectively. In the case of g-C3N4-ZnS nanocomposites, it is
clear that irregular ZnS nanosheets were deposited on the surface of g-C3N4, resulting in hetero-
structured gZ nanocomposites. When ZnS was added to the melamine monomer and the thermal
polycondenstation process was carried out for formation of composites, the morphology of the
composites changed and the hexagonal structure of the ZnS was well spread across the host
material’s surface. The presence of the filler in the composites were conform through the Energy
dispersive X-ray spectroscopy (EDS) in a selected area of the FESEM image.

Figure 3: FESEM images for (a) g-C3N4, (b) ZnS, (c) gZ5, (d) gZ10, (e) gZ15, (f) gZ20
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The EDS of host g-C3N4, ZnS, and the optimized gZ15 composite are depicted in 4. The pure
g-C3N4 demonstrates the presence of carbon, nitrogen, and oxygen as specified in (a, b).The EDS
of pure ZnS shown the formation of the ZnS and the presence of the zinc and sulphur in the metal
sulfide (c-d). The presence of zinc, sulphur, carbon, and nitrogen in the composite indicates that
the ZnS was dispersed throughout the gZ15 composite (e-f). EDS confirmed the synthesis of the
composites as well as the purity and absence of impurities in the composites.

Figure 4: EDX analysis of (a-b) g-C3N4, (c-d) ZnS, (e-f) gZ5

HR-TEM images of g-C3N4, ZnS, and gZ15 were characterized for better morphological studies,
as shown in fig. 5. The polymeric g-C3N4 displays a sheets-like structure in fig. 5(a). Fig. 5(b)
depicts ZnS’s hexagonal structure. Fig. 5(c) depicts the presence of ZnS and g-C3N4 in gZ15
composites. The ZnS was evenly distributed across the gZ15’s surface. The black patch were
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shown in the TEM images of the composites were ZnS where the white sheet like structure were
g-C3N4. Fig. 5(d) shows the selected area electron diffraction (SAED) pattern of the composites.
The polycrystaline nature of the materials were conformed through the SAED lattice fringes. The
planes estimated from the SAED pattern in TEM] images are nicely matched with the materials’
xrd pattern. as a result of this it provides substantial information for the formation of composites.

Figure 5: HR-TEM images for (a) g-C3N4, (b) ZnS, (c) gZ15, (d) SAED pattern of gZ15.

The chemical composition of the g-C3N4-ZnS hetero-junctions and the interaction of ZnS with
the g-C3N4 and electronic and oxidation state were investigated further using XPS analysis in the
binding energy range of 0-1200 eV [28]. The entire XPS spectra of the g-C3N4-ZnS (gZ15) hetero-
junctions are shown in Fig. 6. The survey scan (6(a)) shows the presence of the Zn, S, C, N. At
the same time a faint O 1s signal was also noticed, which can be attributed to a little quantity of
O2 adsorbed on the sample’s surface during the polymerization process. The C 1s peaks 6(b) were
deconvoluted into three distinct peaks at 284.5 eV, 286 eV, and 288 eV, respectively, attributable
to the hybridized sp2 C-C bond, C-N bond, and C-N =C bond. There are four deconvoluted
peaks in the binding energy part of the N 1s spectrum as shown in fig. 6(c). Peaks at 398.7
eV, 397.9 eV, 399.2 eV, and 400.4 eV are assigned to the -C=NH, C=N-C, C-NH3, and graphitic
N, respectively, confirming the triazine units’ sp2 linked N atoms. The tertiary N in N-(C)3, as
well as the N atoms in aromatic hetero-cycles, are all linked to π-excitation and charging effects
of g-C3N4, respectively. Fig.6(d) shows the high-resolution spectra of Zn 2p. Zn2+ electronic
states (Zn 2p3/2 and Zn 2p1/2, respectively) are represented by the two peaks at 1022.7 and 1045.7
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Figure 6: XPS survey scan spectra for (a) gZ15; detailed scan for (b) C 1s electronic state, (c) N
1s electronic state, (d) Zn 2p electronic state, (e) S 2p electronic state; (f) TGA analysis for the
synthesized sample.

eV. The bivalent state of Zn is shown by the difference of ∼ 23 eV between the two core level
components of Zn 2p3/2 and Zn 2p1/2. Furthermore, the main sulphur species on the surface of
can be divided into two main characteristic peaks at 161.2 eV and 163.2 eV, ascribed to the S
2p3/2 and S 2p1/2, respectively, in good agreement with the energy of the Zn-S bond, as shown
by the fitting of the XPS spectrum of sulphur S 2p peaks fig.6(e). The XPS examination clarifies
the oxidation and material composition of the composites. which shown that these materials are
appropriate for the emissive layer of oleds and the active layer of optoelectronic devices.

3.2 Thermal Analysis

In this method, the physical characteristics of materials are monitored as a function of a controlled
temperature change. Weight loss due to heating, melting point, heat and energy transfers, change
in shape, changes in dimension, and changes in viscoelastic characteristics are all part of this
process.The thermal stability of g-C3N4, ZnS, and gZ15 composites was shown in Fig. 6(f). The
evaporation of the adsorbded moisture in the sample is attributed to the minor weight of ∼1 %
weight loss below 200 ◦C. Meanwhile, weight loss between 200 and 300 ◦C is due to citric acid
breakdown. The deterioration of g-C3N4 began at 600 ◦C and ended at 770 ◦C, as shown. However,
because of the presence of ZnS in the composites, the sample % degraded less than the pure in the

10



case of the gZ15. In the temperature range of 0 to 900 degrees, pure ZnS lose around 8% of their
weight. It is apparent that ZnS has more thermal stability than pure g-C3N4, hence adding ZnS
to the g-C3N4-ZnS (gZ15) composites boosts the stability when compared to the host materials.

Figure 7: (a) DSC analysis for the g, ZnS and gZ15; (b) DTA analysis for the g, ZnS and gZ15.

Differential scanning calorimetry may be used to better understand how polymers behave when
heated. This may also be used to characterize a polymer composite’s melting and crystallization
temperatures. The glass transition of the synthesized materials is shown in fig. 7(a), whereas
g-C3N4 displays an exothermic peak at 499.2 ◦C, which is ascribed to the crystallization of the
materials. A dip endothermic peak was seen at 758.2 ◦C, which was attributable to the melting
of the components. The melting point of gZ15 was found to be about 748.5 ◦C. TGA, DSC, and
DTA analyses confirmed that gZ composites were more thermally stable than other pure materials,
allowing them to be employed in optoelectronic devices.

3.3 Spectroscopy Analysis

The optical properties of synthesized polymeric composites, in the 200-800 nm range were inves-
tigated using Ultra Violet -visible diffuse reflectance spectroscopy.
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Figure 8: (a) Reflectance spectra of host, filler and their composites; (b) Band gap value and error
calculation.

The reflectance spectra of g-C3N4, ZnS, and gZ nanocomposites are shown in Fig.8(a). Because
the scattering component cannot be ignored in powder materials, optical absorption spectroscopy
is not an effective technique for determining the value of Eg. Diffuse reflectance spectroscopy
(DRS) is an improved way of calculating the band gap. The comparable Tauc graphs may be
created using DRS by computing the Kubelka-Munk or re-emission function, (F(R∞)), using Eqs.
(5), (6), and (7) given below [29]:

R∞ =
RSample

RStandard

(5)

F (R∞) =
(1−R∞)2

2R∞

=
K

S
(6)

where R∞ is the diffuse reflectance of the sample ”infinite thickness,” implying that the sup-
porting material has no contribution, and S & K are the absorption and scattering K-M coefficients.

F (R∞)hν = β(hν − Eg)
n (7)

Where F(R∞) is the Kubelka-Munk function, hν is the photon energy of incident radiation in
eV, β is the constant depending on the type of transition, Eg is the optical band gap (eV), and n is
the index related to the nature of the electronic transition, where the value of n is 3, 3/2, 2, and 1/2
for indirect forbidden, direct forbidden, indirect allowed, and direct allowed electronic transitions,
respectively. Although the Tauc method’s foundations are well-established, success in determining
Eg typically rests on the analyst’s experience. The value of the band gap is calculated from the
plot of energy (hν) vs [F(R∞)hν]1/n by extrapolating the straight line of this curve at [F(R∞)hν]1/n

= 0. In this case, n is the band gap transition dependent exponent, whose value is determined by
whether the band gap transition is direct or indirect, as well as whether the transition is allowed
or disallowed. Plotting [F(R∞)hν]1/n vs energy hν yields the band gap. n should be considered as
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1/2 for the straight band gap transition of g-C3N4, ZnS and gZ nanocomposites. The band gap
value of the as synthesized materials shown in fig.9. The value for the band gap of the composites
slightly increases to the host materials due to the atomic vibrations increase which leads to larger
inter-atomic spacing. At the time of calculating the band gap of the material, error calculations
are also performed, as shown in fig.8(b).The optimized materials had a band gap of 2.98 eV, which
was appropriate for the emissive layer. Table 3 summaries the results of all band gap calculations.

Figure 9: Band gap values for (a) g-C3N4, (b) ZnS, (c) gZ5, (d) gZ10, (e)gZ15, (f) gZ20.

Urbach energy (Ec) measures the degree of absorption edge smearing produced by structural
and external lattice disordering. The Urbach empirical rule, which is provided by the equation,
connects Urbach energy to absorption coefficient (α) and photon energy (hν) in the low photon
energy range.

α = α0(
hν

Ec

) (8)
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where ’α0’ is a constant and ’Ec’ is the width of the band tail, commonly known as the Urbach
energy. Taking logarithm on both sides of equation (8) provides a straight line, the equation of
which is:

lnα = lnα0(
hν

Ec

) (9)

As a consequence, the Urbach energy may be estimated from the straight line slope by plotting
ln(α) along the Y-axis and photon energy (hν) along the X-axis, as shown in fig. 10. The Urbach
energy is obtained by taking the reciprocal of the linear component of the slope of the curve, which
is calculated and reported in table no.3. The refractive index (n0) of the synthesized materials is
shown in table 3, which was calculated using the following relation,

n2
0 − 1

n2
0 + 1

= 1−

√

Eg

20
(10)

Figure 10: (a) Urbach energy for the synthesized materials, (b) Optical conductivity for g, ZnS
and their composites.

The optical response of a material is often studied in terms of optical conductivity (σ), which
is provided by the relationship,

σ =
αn0c

4π
(11)

where c denotes the speed of light, α the absorption coefficient, and n0 the refractive index.
It is apparent that the optical conductivity of a material is directly proportional to its absorption
coefficient and refractive index.

At ambient temperature, the pl spectra of g-C3N4 (g) and gZ nanocomposites are exhibited in
Fig.11(a). The recombination and separation of photo-generated electrons and holes was studied
using PL spectra with an excitation wavelength of 325 nm. Because of the greater charge recombi-
nation rate and presence of the π state of g-C3N4 [30], the PL spectra of host g-C3N4 (g) exhibits
an intense emission peak about 460 nm, indicating vivid blue. Figure 11(b) depicts the emission
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Table 3: Optical value calculation for the synthesized materials.

Synthesized
Materials

Band gap
(eV)

Urbach energy
(meV)

Refractive index
(n0)

g 2.86 214.6 2.074
ZnS 3.53 704.2 1.932
gZ5 2.96 401.6 2.049
gZ10 3.00 323.6 2.040
gZ15 2.98 333.3 2.044
gZ20 2.99 334.5 2.042

band at 390, 520, 570, and 625 nm, which shows deep purple, green, yellowish green, and orange
red, respectively. The emission band at lower wavelength as a result of the sulphur vacancy trap
state mediated process of radioactive recombination [15]. The addition of ZnS to pure g-C3N4

causes a red shift as the intensity increases. As the concentration of ZnS in the composites grew,
the PL intensity steadily increased to a point, then decreased for gZ20 and furthermore. When
compared to pure, the emission band intensity of gZ5, gZ10, and gZ15 increases. The greatest
intensity, gZ15, was optimized for this work. Because of the separation of the electron and hole
in the gZ20 nanocomposite, a highly quenching process occurs, indicating a high photocatalytic
reaction.

Based on the trapping process, the Shockley - Read - Hall (SRH) model describes the statistics
behind the recombination and production of holes and electrons in semiconductors [31]. The
movement of electrons from the valence band (VB) into the conduction band (CB) is referred to
as electron-hole pair production. A charge current will be generated as a result of the production
of a free hole and an electron in the CB and VB, respectively.

Figure 11: Room temperature Pl spectra of (a) gZ nanocomposites, (b) ZnS and (C) CIE spectra
of synthesized materials
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Fig.12 showed the energy level diagram for the gZ composite. In this case, ZnS is stimulated by
a wavelength of 325 nm, and electrons travel to the upper level, where the excited vibrational levels
are in the conduction band. Through the charge transfer mechanism, this excited wavelength is
transferred to the σ∗ state of g-C3N4 material. After the exciton life period, the electron released
energy via a non-radiative transition to enter the π∗ and Nitrogen (L.P) states. This is the energy
level diagram for light emission in gZ composites for emissive layer materials.

Figure 12: Energy level diagram for gZ composite.

The apparent emitted color of the produced luminescent materials may be predicted using CIE
(Commission Internationale de l’éclairage) color coordinates as a function of excitation wavelength.
CIE color coordinates are a measurement of the color distribution created by materials as a function
of wavelength (λ) as seen by human brains. As illustrated in Fig. 11(c), the CIE chromaticity
coordinates are calculated using the PL information of all nanocomposite components in the
chromaticity diagram. Color purity is the degree to which the dominant wavelength seems to
predominate in the light. It is computed by comparing the distance between the (x, y) color
coordinates and the CIE white illuminants of 1931. The following relationship is used to calculate
color purity [32],

Color purity =

√

(x− xi)2 + (y − yi)2
√

(xd − xi)2 + (yd − yi)2
× 100% (12)

where (x, y) represent the coordinates of the synthesized materials, (xi, yi) represent the co-
ordinates of the reference white illumination point, and (xd, yd)represent the coordinates of the
dominant wavelength. The CIE value and color purity of the synthesized materials are tabu-
lated in the table no. 4. The color purity of the optimized gZ15 composite showed 63.4 %.
The nanocomposites color correlated temperature (CCT) values were calculated using McCamy’s
formula, which is presented below [33, 34],

CCT = −437n3 + 3525n2
− 6823n+ 5520.23 (13)
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Where, n = (x - xe)/(y - ye) is the inverse slope line with (x, y) being the CIE color coordinates
and xe = 0.3320, ye = 0.1858 as the epicenter. Color correlated temperature (CCT) is regarded
as an important feature that quantifies the appearance/performance of a light source in common
parlance. If the CCT value is less than 3200 K, the lights are considered warm, and bulbs with
CCT values more than 4000 K are considered cool. Temperatures in the middle of this range are
considered neutral in appearance. Using this formula the CCT value of the ZnS was calculated as
4287 K. The CCT value of the composites increases which are more than 10 thousand.

Table 4: CIE, color purity and Duv value of synthesized materials.
Synthesized
Material

CIE
(x, y)

Purity
(%) Duv

g-C3N4 (g) (0.1702, 0.1806) 69.5 -0.0552
ZnS (Z) (0.3572, 0.4017) 27.8 0.0188
gZ5 (0.1802, 0.2105) 62.8 -0.0448
gZ10 (0.1822, 0.2251) 60.5 -0.0448
gZ15 (0.1786, 0.2100) 63.4 -0.0460
gZ20 (0.1996, 0.2398) 53.3 -0.0344

All of the findings from the optical study indicated that the composites were suitable materials
for the active or emissive layer in optoelectronic devices.

4 Conclusion

The thermal condensation method was used to synthesize g-C3N4-ZnS composites, whereas the
solvothermal approach was used to synthesize ZnS. The formation of the pure host, filler, and
their composites was confirmed by XRD and FTIR analyses. The optimized sample gZ15 has a
crystallite size of 4.2 nm and a micro stain of 35.42×10−3. ZnS was displayed as a nanosheets,
with the composites evenly distributed over the surface of the sheet. The presence and purity
of the components were verified by EDX analysis and the proportion of elements included in
the composites. In the preceding discussion section, HR-TEM images of the pure and optimized
samples were shown, confirming the composites’ development. XPS analysis was used to calculate
the oxidation and binding energy of the elements contained in the composite. Due to the presence
of ZnS in the composites, which revealed an endothermic reaction, the gZ15 had a higher thermal
stability than the host. The optimized material’s binding energy was 2.98 eV, with an Urbach
energy of 333.3 meV. The refractive index of the materials was computed, and the value for the
gZ15 was 2.044. With a purity of 63.4, the photoluminoscence displayed a nice intense peak in
the vived blue area. The cct value indicated cold light with a high recombination rate. All of
the material’s characteristics indicated that it is an excellent choice for the active layer (emissive
layer) of an optoelectronic device.
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