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INTRODUCTION

The majority of current research has focused on thin films
with a variety of uses, including photocatalysis, photovoltaics,
solar cells and superconducting resources with potential growth
[1]. The use of thin films as solar energy transducers is very
common [2]. These transducers typically acquire total energy
in a linear relationship with surface area. Therefore, in order
to collect a lot of energy, solar energy devices may have a big
surface area [3]. In this context, numerous binary and ternary
II-VI semiconductor resource properties have been studied,
and their applications in a number of devices have been estab-
lished [4-7]. The production of thin films, which are plentiful,
inexpensive and non-toxic with a wide range of uses, makes
considerable use of substrates and reagent materials. To produce
an incredibly thin and uniform film coating, the thin film
production and synthesis should be carried out with care.

Studies on ternary chalcogenide materials are attracting
considerable interest and is expanding fast [8]. These include
uses for nuclear power, industry, medicine and thermoelectricity
[9,10]. Many workers reported ternary thin films with a variety
of uses, including CuNiS [11], CuSbS2 [12] and Cu2SnS3 [13].
Ternary compounds have been researched for use as effective
solar energy conversion materials [14,15]. Ternary chalcogenides
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have undergone much development and characterisation in
recent years [16]. Some ternary compounds have been deve-
loped for window layer solar cells and optoelectronic devices
[17]. The techniques used for the deposition of thin films
include chemical bath deposition, molecular beam deposition,
spray pyrolysis, flash evaporation and chemical vapour deposi-
tion [18].

The chemical bath deposition is one of these technologies
that is affordable, practicable and offers a great area for depos-
ition. CuFeS2 and FeZnS2 ternary thin films have recently been
the subject of reports on the synthesis and effects of complexing
agents [19,20]. It is reported that FeNiS2 is the best alternative
to TiO2 due to its high reactivity, non-toxic nature, low cost and
also it act as best photocatalyst. Sindhuja et al. [21] reported
that FeNiS2 thin films deposited using sol-gel method and the
photodegradation activity of the prepared samples are tested
against three different dyes like methylene blue, malachite
green, crystal violet, respectively. The chemical bath deposition
method was used to deposit copper iron sulphide (FeCuS2) thin
films utilizing ferrous and copper sulphates as cationic sources
and sodium sulphide as an anionic source with complexing
agents, EDTA and Leishman stain. As the complexing agents
varied, the absorption edge changed toward a lower wavelength
and 3.57-3.85 eV was found to be the band gap value [19].
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Leishman stain and EDTA both function as complexing agents
and are anticipated to be crucial in the development of FeZnS2

thin films. FeZnS2 thin films displayed good optical charac-
teristics and high visible absorption and the band gap was found
to in between 2.37 to 2.77 eV [20].

EXPERIMENTAL

Synthesis: In this work, FeNiS2 doped EDTA and FeNiS2

doped Leishman stain films were developed by the sol-gel
method as per reported method [21]. The origin solution was
processed from ferrous sulphate, nickel nitrate, sodium sulphide
and distilled water. A EDTA solution (1 mL) was added to a
solution of molar ratio of FeSO4·7H2O:NiNO3:Na2S· 9H2O
(0.08:0.08:0.04) dissolved in distilled water and blend for 1 h
at room temperature to yield a clear and consistent sol ready
for coating. A soda lime glass substrate of 75 mm × 25 mm
was pre-cleaned by methanol and ultrasonically handled with
acetone. The sol solution was discarded on to the substrate
which was rotated at 4000 rpm for 30 s. After degradation by
spin coating, the films were dried at 300 ºC for 15 min to
remove the organic fragments. The process from coating to
drying was repeated 10 times before the desired uniform thin
films were attained. The same process was repeated for preparing
the FeNiS2 doped Leishman stain films [22,23].

Photocatalytic activity: The degradation of three dyes
viz. methylene blue, malachite green and crystal violet under
visible light irradiation, was used to determine the photo-

catalytic catalytic activity of FeNiS2 doped EDTA and FeNiS2

doped Leishman stain films. In a 100 mL glass tube photo-
chemical reactor, the coated films were placed in a dye solution
(methylene blue, malachite green and crystal violet) with a
concentration of 10 mg/L for the photocatalytic process. The
light source was a low pressure mercury lamp. The cylindrical
photoreactor’s UV lamp was positioned in its centre and
protected by a 25 mm diameter quartz tube. The UV lights
and solution surface were separated by no more than 15 cm.
The films must then be stored in a dark space to achieve the
equilibrium condition (for 30 min). Utilizing a UV-visible
spectrophotometer (Agilent Ultraviolet Spectrum carry 8454)
with a wavelength of 200-1000 nm, the concentration of each
sample was examined [24].

RESULTS AND DISCUSSION

SEM studies: In Fig. 1, in sample FeNiS2  (D1), the iron
from the substrate reacted with oxygen from air to form worn
scar like structure as a base. However, the sulphur atoms under-
go dispersion and moderately decrease from the surface to the
interior, which are absolutely survived in the depth of substrate,
and nickel presents scattered hexagonal shapes. The FeNiS2

film with EDTA after crystal violet dye degradation (D1CV)
also exhibited lightly distorted worn scar texture, which is
happened due to the dye degradation. Whereas the FeNiS2 films
with EDTA after methylene blue dye (D1MB) and malachite
green dye (D1MG) degradation homogeneously covered scatt-

D1
D1CV

D1MGD1MB

Fig. 1. SEM images of FeNiS2 with EDTA (D1), FeNiS2 with EDTA after degradation of dye crystal violet (D1CV), methylene blue (D1MB)
and malachite green (D1MG)

3280  Gayathri et al. Asian J. Chem.



ered crystal growth due to dye degradation. In present studies,
the valleys and pinholes of the precursor films in the investi-
gations to date may offer a short channel for atomic diffusion
and a sizable surface for the sulfurization reaction.

Similarly in Fig. 2, the FeNiS2 film with Leishman stain,
iron as a base, sulphur atoms react with Leishman stain to form
some grains and nickel atoms form some partially and fully
formed hexagonal shapes. The FeNiS2with Leishman stain
after crystal violet dye degradation (D2CV), the morphology
depicts the polycrystalline nature of film with random distribu-
tion of grains with varying sizes. The FeNiS2 film with Leish-
man stain after methylene blue dye degradation exhibits porous
network like structure (D2MB), whereas FeNiS2 with stain  Leish-
man after malachite green dye degradation (D2MG) depicted
that the grain size has irregular agglomeration [25].

EDX studies: The EDAX spectra (Figs. 3 and 4) show
the expected elements detected in the prepared thin films. The
elemental analysis was carried out only for FeNiS2 with EDTA
(D1) the average atomic percentage was found to be 2.4, 1.6,
8.3, 4.5, 6.1, 77.0 for FeNiS2 with EDTA after photocatalytic
dye degradation of crystal violet (D1CV) the average atomic
percentage was found to be 12.5, 8.7, 57.0, 4.4, 1.3, 8.8, 3.6,
1.1, 1.4, 1.2, FeNiS2 with EDTA after photocatalytic dye degra-
dation of methylene blue (D1MB), the average atomic percen-
tage was found to be 30.9, 1.9, 45.9, 6.1, 1.3, 11.1, 0.4, 1.1,
0.5, 0.1, 0.2, 0.5. The FeNiS2 with EDTA after photocatalytic
dye degradation of malachite green (D1MG), the average atomic

percentage was found to be 6.8, 6.1, 62.2, 3.4, 1.0, 0.5, 10.7,
3.5, 1.4, 2.7, 2.0.

The FeNiS2 with Leishman stain (D2), the average atomic
percentage was found to be 3.4, 2.5, 8.7, 3.5, 2.4, 79.5, FeNiS2

with Leishman stain (D2MG) after photocatalytic degradation
of malachite green, the average atomic percentage was found
to be 14.2, 3.7, 62.4, 6.3, 0.2, 9.8, 0.7, 0.8, 1.6, 0.3. The FeNiS2

with Leishman stain (D2MB) after photocatalytic dye
degradation of methylene blue, the average atomic percentage
was found to be 14.8, 3.2, 54.7, 7.9, 1.5, 0.2, 14.7, 0.4, 0.1,
1.4, 0.7, 0.2, whereas the FeNiS2 with Leishman stain (D2CV)
after photocatalytic dye degradation of crystal violet the
average atomic percentage was found to be 9.1, 1.9, 60.8, 7.2,
1.5, 0.3, 15.2, 0.3, 0.2, 1.5, 1.8 and 0.2. It is thought that these
elements may probably results from the microglass slides as a
substrate [26].

Mechanism of photocatalytic activity of FeNiS2 doped
with EDTA: The mechanism of photo catalytic degradation
of dye molecules by FeNiS2 doped with EDTA and Leishman
stain thin films are shown below:

FeNiS2 doped with EDTA

FeNiS2C10H16N2O8 → FeSC5H4NO4(h+) + NiSC5H4NO4 (e–)

NiSC5H4NO4 (e-) + O2 → O2
•−

O2
•− + H2O → HO2

• + OH−

HO2
• + H2O → H2O2 + OH•

D2 D2CV

D2MG
D2MB

Fig. 2. SEM images of FeNiS2 with Leishman stain (D2), FeNiS2 with Leishman stain after degradation of dye crystal violet (D2CV), methylene
blue (D2MB) and malachite green (D2MG)
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Fig. 3. EDAX analysis of FeNiS2 with EDTA (D1), FeNiS2 with EDTA after
degradation of dye crystal violet (D1CV), methylene blue (D1MB)
and malachite green (D1MG)

H2O2 → 2OH•

FeSC5H4NO4 (h+) + H2O → •OH

•OH + Crystal violet → CO2 + H2O

•OH + Malachite green → CO2 + H2O

•OH + Methylene blue → CO2 + H2O

FeNiS2 doped Leishman stain

FeNiS2C16H18CIN35 + C20H6Br4Na2O5 →

FeSC18H12Br2CIN17NaO3(h+) + NiSC18H12Br2N18NaO2(e–)

NiSC18H12Br2N18NaO2(e–) + O2 → O2
•−

O2
•− + H2O → HO2

• + OH−
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Fig. 4. EDAX spectra of FeNiS2 with Leishman stain (D2), FeNiS2 with
Leishman stain after degradation of dye crystal violet (D2CV),
methylene blue (D2MB) and malachite green (D2MG)

HO2
• + H2O → H2O2 + OH•

H2O2 → 2OH•

FeSC18H12Br2ClN17NaO3(h+) + H2O → •OH

•OH + Crystal violet → CO2 + H2O

•OH+ Malachite green→CO2+H2O

•OH + Methylene blue → CO2 + H2O

Photocatalytic activity of FeNiS2 thin films with different
dyes

Degradation of methylene blue: In order to observe the
degradation process in terms of colour loss, methylene blue
during photocatalytic degradation was recorded at different
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time intervals by UV-visible spectrophotometer in 300-1000
nm range. Methylene blue was gradually decomposed and
further colour removal due to the additional oxidation-reduction
processes, which led to the further degradation of dye molecules
into smaller fragments was accomplished over time by the
influence of both UV radiation and FeNiS2 photocatalyst, as
shown by the continuous decrease in absorbance intensity (Fig.
5). The colour of methylene blue reduced after 60 min of the
reaction. Percentage degradation of methylene blue photocata-
lyzed by FeNiS2 was estimated at different time intervals and
the obtained values are calculated [27].

Fig. 6 shows the concentration changes of methylene blue
without photocatalyst and over pure FeNiS2 thin films and
EDTA, Leishman stain FeNiS2thin films under their radiation
of sun light. It is observed that after 60 min, methylene blue
degradation ratio is only 7.6% in the absence of catalyst. After
60 min, whereas methylene blue degradation ratio for FeNiS2

thin films was 57%. Methylene blue dye degrades quickly on
EDTA and Leishman stain sensitized FeNiS2 thin films utilized
as photocatalyst, with 92% methylene blue green degradation
ratio after 60 min.

Degradation of crystal violet: Three absorption peaks
for crystal violet were observed at wavelengths of 530 nm,

1.0

C
/C

o

0  30 60

Irradiation time (min)

Photolysis
FeNiS2

FeNiS  + EDTA2

FeNiS  + Leishman stain2

Fig. 6. Photocatalytic degradation of methylene blue using FeNiS2 alone
and with EDTA and Leishman stain

510 nm and 500 nm, respectively (Fig. 7). The aromatic ring
containing the auxochrome-containing substituent groups
(−OH and −SO3) may be responsible for the observed peak in the
visible range. The combination of auxochromes and chromo-
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Fig. 5. UV-visible spectra of methylene blue reduction by FeNiS2 with (a) EDTA (D1) and (b) Leishman stain (D2)
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Fig. 7. UV-visible spectra of crystal violet reduction by FeNiS2 with (a) EDTA (D1) and (b) Leishman stain (D2)
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phore groups in the crystal violet structure gives the dye its
colou and its absorption band intensity increases over time
after being exposed to UV radiation with a thin layer of FeNiS2,
showing that the chromophoric structure has been destroyed
[28].

The concentration variations of crystal violet over pure
FeNiS2 thin films, over FeNiS2 thin films with EDTA and over
FeNiS2 thin films with Leishman stain are shown in Fig. 8
under the influence of solar radiation. Without a catalyst, the
degradation ratio of crystal violet is mere 6.6% after 60 min,
however after 60 min, the crystal violet degradation ratio for
FeNiS2 thin films is 54%. The reason is attributed due to the
rapid deterioration of crystal violet for EDTA and Leishman
stain sensitive FeNiS2 thin films employed as photocatalyst,
with 90% crystal violet degradation ratio after 60 min [29].
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Fig. 8. Photocatalytic degradation of crystal violet using FeNiS2 alone and
with EDTA and Leishman stain

Degradation of malachite green: The absorption peak
of FeNiS2 catalyst changes towards the longer wavelength
range as observed in the UV-vis spectra of FeNiS2 photocatalyst
at various time intervals (e.g. 0, 30, and 60 min) (Fig. 9). A
plot between absorbance and wavelength was used to ascertain
the photocatalysts’ band gap energies. As exposure time incre-

ases, the dye solution’s absorbance rises, suggesting that the
malachite green dye’s concentration has decreased [30].

Malachite green concentration variations are shown in Fig.
10 for three different thin films viz. pure FeNiS2 and FeNiS2

thin films with EDTA and Leishman stain, all of which were
exposed to sunlight. As can be observed, malachite green
degradation after 60 min was only 6.8% without a catalyst.
However, after 60 min, 52% malachite green degradation using
FeNiS2 thin film was achieved. Moreover, malachite green
photocatalyzed degrades quickly using thin FeNiS2 films doped
EDTA and Leishman stain with an 89% degradation after 60
min [20]. The degradation efficiency of methylene blue, crystal
violet and malachite green dyes after 60 min using FeNiS2,
FeNiS2 doped with EDTA and FeNiS2 doped with Leishman
stain are shown in Fig. 11.
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Fig. 10. Photocatalytic degradation of malachite green using FeNiS2 alone and
with EDTA and Leishman stain

Conclusion

The FeNiS2 with EDTA and FeNiS2 with Leishman stain
thin films were successfully deposited on a glass substrate by
sol-gel technique and characterized by SEM and EDX tech-
niques. The photocatalytic behaviour of FeNiS2 with EDTA
and FeNiS2 with Leishman stain thin films among methylene
blue, crystal violet and malachite green were successfully
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Fig. 9. UV-visible spectra of malachite green reduction by FeNiS2 with (a) EDTA (D1) and (b) Leishman stain (D2)
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achieved. Methylene blue, crystal violet and malachite green
degradation efficiency were optimum by utilizing FeNiS2 with
EDTA and FeNiS2 with Leishman stain thin films on sol-gel
method rather than the other tested photocatalysts.
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Fig. 11. Degradation efficiency of methylene blue, crystal violet and malachite green using (a) FeNiS2, (b) FeNiS2 with EDTA (D1) and (c)
FeNiS2 with Leishman stain (D2)
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