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Two ternary complexes (Ce(sal);(phen),) (1) and (Bi(sal);(phen),) (2) with salicylic acid (sal) and 1,10-phenanthroline (phen)
have been synthesized and characterized by analytical techniques such as UV-visible spectroscopy, FT-IR spectroscopy, PXRD,
and SEM. The UV-visible study indicated the shifting of peak positions of metal complexes compared with the individual ligands
whereas FT-IR analysis demonstrated that the metals were successfully coordinated with different functional groups of the ligands.
The photocatalytic properties of prepared complexes were evaluated against Congo red dye as a model pollutant under ultraviolet
and sunlight irradiation. The degradation efficiency of complex (2) was greater than that of complex (1). The results indicated that
the investigated complexes can be employed as potential candidates for photocatalytic breakdown of synthetic dyes and can be

safely recommended for environmental remediation.

1. Introduction

The uncontrolled and unmonitored dumping of dyes from
different manufacturing units is a global issue which con-
taminates the water resources [1]. Most of the dyes are toxic
and carcinogenic; therefore, their presence deteriorate the
quality of water. It has been estimated by the World Bank
that nearly 17-20% industrial water pollution is due to the
dyeing units [2]. This increasing percentage and alarming
health concerns have prompted the scientists around the
globe to develop effective methods to treat the dye con-
taminated water. Adsorption, coagulation, sedimentation,
biosorption, flocculation, and microbial degradation are
some of the conventionally used methods to treat the waste
water [3]. These methods are not efficient enough to
completely remove the hazardous chemical substances.
However, recently photocatalysis has been found to be an
effective technique toward the decontamination of different
pollutants in the water matrix. The practical application of

photocatalysis requires a light source and a suitable catalyst
for the photochemical degradation of the pollutant. Con-
siderable efforts have been made to develop efficient pho-
tocatalysts having strong ability to degrade the pollutants of
diverse origin [4]. Coordination compounds are well known
as highly active catalysts capable of ensuring a high selec-
tivity of chemical reactions [5]. The latest research studies
are focusing on the synthesis of such metal complexes which
can utilize solar energy, a renewable source, to photodegrade
the pollutant [6-9].

The coordination complexes offer more structural flexi-
bility than other materials because different organic ligands
and metal centers can be used to obtain unique combinations.
However, the type of the central metal atom, number of
coordination sites, and nature of substituent group play a key
role in designing their structures. Carboxylate and N-donor
ligands are highly flexible and are widely used in coordination
complexes [10]. Salicylic acid is an important ligand in co-
ordination chemistry which coordinates through the
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carboxylate group. It is naturally obtained from the amino
acid, phenylalanine; on the other hand, it can also be syn-
thesized artificially from sodium salicylate. Among N-donor
ligands, 1,10-phenanthroline has been extensively reported
and it coordinates through two pyridinic nitrogen groups
[11, 12]. Sun et al. have reported the Co(II) complex with
multidentate O-donor or N-donor ligands as an active catalyst
against the photodegradation of methylene bluehttps://www.
sciencedirect.com/topics/chemistry/methylene-blue, methyl
violet, orange G, and rhodamine B [13]. Recently, Naik et al.
reported the coordination complexes of Ni (II) with N-donor
(imidazole) and O-donor (4-nitrobenzene) ligands for the
photocatalytic removal of Amaranth dye [14]. Ortiz—Zarco
et al. have also reported the Fe(III) complex for the photo-
degradation of Rhodamine B [15]. It is established in literature
that heavier p block and f block elements have been relatively
less explored for various applications. Among these blocks,
bismuth and cerium are potential candidates due to their
flexible coordination numbers, strong spin orbit coupling
constant, easy handling, and relatively less toxic, especially in
case of bismuth when compared to its neighbors i. e. thallium
and lead. Cerium exhibits excellent features like optical
properties, good electrical conductivity, high diffusivity, and
thermal stability [16]. There are numerous bismuth com-
pounds which have been reported for the degradation of dyes
including oxides, oxyhalides, vanadates, ferrites, molybdates,
and its different nanohybrids [17-20]. Similarly, cerium is
another emerging candidate in this respect [21].

Keeping in view these characteristics of bismuth and
cerium, in this paper, we describe the structure/morphology
of two complexes of Ce(III) and Bi(IIT). Their photocatalytic
behavior toward Congo red dye as a model pollutant is also a
part of this manuscript.

2. Experimental Methods

2.1. Materials. Cerium chloride heptahydrate (98%), bis-
muth nitrate pentahydrate (98%), salicylic acid (99%), 1,10-
phenanthroline monohydrate (99%), and sodium bicar-
bonate (99%) were used and supplied by Sigma Aldrich.
Congo red (CR), ethanol, dimethyl sulfoxide (DMSO), and
dimethylformamide (DMF) were obtained from Merck.
Optical properties of the complexes were analyzed by a UV-
Visible spectrophotometer (T90+ UV-VIS spectrophotom-
eter Perkin Elmer A-35, Waltham, MA, USA) in the range of
200-400 nm. FT-IR analysis was performed using a FT-IR-
4100 type spectrophotometer in the range of 4000-650 cm ™.
The structural properties of the obtained products were
characterized by an X-ray diffractometer (XRD-Shimadzu
XD-3A), and surface morphologies were observed using a
scanning electron microscope (VEGA3 TESCAN) employed
at an accelerating voltage of 12.5kV. The thermal stability of
the prepared complexes was analyzed by a thermogravi-
metric analyzer (PerkinElmer Diamond Series unit, USA).

2.2. Synthesis of Cerium(Ill) and Bismuth(IlI) Complexes.
The mixed ligand complexes of Cerium(III) and Bismu-
th(III) were fabricated by reacting the metal precursor
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solution with the mixture of ligands following the procedure
reported by Gao et al., with slight modifications [22]. The
ligand solution was synthesized by taking salicylic acid
(0.0621g, 0.03mol) and 1,10-phenanthroline (0.5406g,
0.02 mol) in anhydrous ethanol solution (15mL). 15mL of
CeCl;.7H,0 (0.0558 g, 0.01 mol) was added drop wise in the
aforementioned solution of ligands. The aqueous solution of
NaHCO; (0.0378 g, 0.03 mol) was added dropwise in the
prepared solution while stirring vigorously. The resulting
mixture was refluxed for 1h at 70°C with continuous stir-
ring. The obtained solution was filtered and slowly evapo-
rated at 25°C for two days to get mustard yellow precipitates
of (Ce(sal);(phen),), complex (1). The second complex was
synthesized following the same procedure using bismuth
nitrate (0.0727 g, 0.01 mol), and the bright white precipitates
of (Bi(sal);(phen),), complex (2) were obtained. The general
synthetic route of two complexes is given in (Scheme 1).

2.3. Photocatalytic Study. Photocatalytic activity of synthe-
sized metal complexes was studied against the Congo red
dye. Each complex (10 mg) was added in the solution of
Congo red dye (10mg/L, 50 mL) and stirred for one hour
under dark conditions. The absorbance of the sample was
noted at A,,,,=498nm using a UV-visible spectropho-
tometer; then, the solution was irradiated with a 6 W UV-A
lamp with photon flux density of 3.12x107°
einsteincm ™ s~'. The absorbance of dye solution was
recorded after each 30 min interval and photocatalytic ac-
tivity was determined in terms of percentage degradation
using the mathematical expression (equation (1)).

A —A
Degradation (%) = [ OA t] x 100, (1)

0

where A, is the initial absorbance of Congo red solution,
whereas A, denotes absorbance at specific interval of time [17].

The optimization of different photocatalytic parameters
were also carried out for complexes (1) and (2). The effect of
initial concentration of dye, catalyst dosage, pH, tempera-
ture, and light irradiation time were studied. The photo-
catalytic experiment was also carried out in sunlight (sunny
day of August, 11 am-2 pm) to investigate the photocatalytic
activity of complexes (1) and (2) under natural light.

The recyclability of the catalyst is an important pa-
rameter to investigate the stability of the catalyst. The cat-
alyst was recovered after its first use through centrifugation,
washed thoroughly with water, and oven-dried at 60°C. The
recovered catalyst was reused for the photocatalytic deg-
radation of Congo red.

3. Results and Discussion

The synthesized complexes were subjected to various ana-
Iytical techniques to analyze their structural and morpho-
logical features.

3.1. FT-IR Analysis. The FT-IR spectra were recorded in the
range of 4000-650cm™' and provided valuable insights
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about the coordination of functional groups in the prepared
complexes. The FT-IR spectra of complexes (1) and (2) were
compared with the FT-IR spectra of salicylic acid and 1,10-
phenanthroline in order to find their involvement in the
metal complexes. According to the IR absorption spectra, the
structure of the complexes showed the peaks of different
functional groups. Figure 1 shows that the stretching vi-
brations of carbonyl (C=0) group at 1665cm™" for salicylic
acid has been red-shifted to 1630 cm™" with reduced intensity
in the synthesized complexes, revealing that the oxygen of the
ligand coordinated with the Ce and Bi metals in complexes (1)
and (2), respectively [22]. The peak that appeared around
1437 to 1450cm™" for (1) and (2) was ascribed to the
stretching vibrations of (—~C=N) suggesting that the N atoms
of the 1,10-phenanthroline has successfully coordinated with

o

[Ce(sal);(phen),]
(1)

[Bi(sal);(phen),]
)

ScHEME 1: General synthetic route of (Ce(sal);(phen),), (1) and (Bi(sal);(phen),), (2) complexes.

the metal atoms in both complexes [23]. It has also been
observed that stretching vibrations due to the C-H groups of
1,10-phenanthroline (740 cm™ and 807 cm™) and salicylic
acid (736cm™" and 850cm™') disappeared and some new
peaks appeared at 720cm ™', 753 cm” ', and 862 cm™" in our
complexes which is found to be in agreement with the re-
ported literature [24]. Moreover, symmetric and asymmetric
stretching vibrations of-COOH group of salicylic acid
appearing at 1345cm™" has shifted to 1449 cm™" upon the
formation of the complexes. As established from the litera-
ture, this shifting indicates the formation of bond between
oxygen atom of carboxyl functional group and metal atoms
[25, 26]. The absence of stretching vibrations of hydroxyl and
nitrate groups in complexes (1) and (2) indicated the purity of
synthesized complexes [22].
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FiGure 1: The FT-IR spectra of 1, 10-phenanthroline, salicylic acid,
complexes (1) and (2).

3.2. UV-Visible Spectroscopy. The optical properties of the
prepared complexes were analyzed through UV-visible
spectroscopy. The absorption spectra of the ethanolic so-
lutions of (1) and (2) were obtained in the wavelength range
of 200-400 nm (Figure 2). It is evident that the characteristic
peaks of 1,10-phenanthroline and salicylic acid appeared in
the UV range at 280 nm and 303 nm, respectively, and were
allocated to the m— n* transitions of aromatic ring of the
ligands [23]. The complex (1) has shown a characteristic peak
at 279 nm indicating a slight blue shift compared with the
main peak of 1,10-phenanthroline around 280 nm, owing to
the coordination of nitrogen atoms of 1,10-phenanthroline
with cerium metal [24]. Although, the absorption spectrum
of the complex (1) has a prominent absorption peak of 1,10-
phenanthroline but a very small shoulder peak of salicylic
acid around 300 nm shows the coordination of both ligands
with metal atoms [25]. The complex (2) shows two ab-
sorption peaks, one main peak at 327 nm with a shoulder
peak of 300nm [27]. The red shifting of ligand peaks in
complex (2) reflects the bathochromic effect and is also an
indication for the metal-ligand coordination. The results of
our study are in accordance with the reported absorption
peaks of the 1,10-phenanthroline and salicylic acid at 280,
305, 330 nm and 265, 303, 320 nm, respectively, with slight
shifting in their positions after coordinating with the metal
[26].

The UV-vis data were used to evaluate the band gap
energy of the catalysts using Tauc’s plot method (equation

(2)) [28].
(ahv)" =k(hv - E,), (2)

where a, h, v, k,E;, and n represent the absorption coeffi-
cient, Planck’s constant, frequency, probability parameter
for the transition, the optical band gap, and type of electronic
transition, respectively. The value of n =2 was used for direct
allowed transitions. The graph was plotted between energy at
x-axis and (ahv)” at y-axis. The value of optical band gaps
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FiGUure 2: UV-visible absorption spectra of salicylic acid, 1,10-
phenanthroline. Complex (1) and (2).
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FiGure 3: Tauc’s plots of salicylic acid, 1,10-phenanthroline,
complex (1) and (2) for the estimation of band gap energy.

were obtained by extrapolation of the linear part of the curve
(Figure 3). Tauc’s plots revealed semiconducting behavior of
the complexes. The complex 1 has shown the optical band
gap of 3.48¢eV, and complex 2 has shown the value of
3.39 eV. It has been established in the literature that a narrow
band gap is associated with the better photocatalytic per-
formance [29].

3.3. X-Ray Diffraction Analysis (XRD). The crystal structures
of the complex (1) and (2) were analyzed from the data of
X-ray diffractograms obtained at room temperature (Fig-
ure 4). Different characteristic peaks of cerium and bismuth
complexes were observed at the angle 26 in the range of
10-80". The appearance of well-defined sharp peaks revealed
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FiGURrE 4: XRD patterns of complexes (1) and (2).

the crystalline nature of the synthesized complexes. The
main diffraction peaks were appeared at 31.70°, 34.51°,
36.30°, 47.45°, 56.50°, 62.88°, and 67.88" indexed to the
diffraction planes of (311), (221), (110), (113), (222), (211),
and (331), respectively. The obtained XRD patterns were
compared to the reported patterns of salicylic acid (JCPDS
card no. 14-0882) and 1,10-phenanthroline (JCPDS card no.
29-1839) [30, 31]. It has been observed that the peak position
and intensity of the diffraction peaks in the complexes were
slightly different from the reported patterns of the ligands.
This variation indicated the coordination of the metal with
the functional groups of the ligands [32, 33]. Moreover, the
disappearance of some ligand peaks has also been observed
along with the emergence of some new peaks, thus con-
firming the successful synthesis of metal complexes, and it is
in accordance with the reported literature [30, 31, 34]. The
crystallite size (D) of the synthesized complexes (1) and (2)
was calculated with the Scherer formula (equation (3)).

D = (kA)/ (f8 cos 0), (3)

where k, A, f5, and 0 represent Scherer’s constant (0.9),
wavelength of the X-ray (0.154 nm), the full width of peak at
half maxima (FWHM), and Bragg’s angle, respectively. The
mean crystallite size for the Ce(III) complex was calculated
to be 15.3 nm while for Bi(III) complex was 19.5nm using
Debye Scherer’s equation.

3.4. Scanning Electron Microscopy (SEM). SEM illustrations
were obtained to observe the surface morphology of syn-
thesized metal complexes (1) and (2). The Ce(III) complex
demonstrated accumulated and irregularly dispersed cu-
boid-rod shaped particles of various sizes (Figure 5, 5(a) and
5(b)), while on the other hand, Bi(IlI) complex showed a
heaped distribution of diamond shaped lumps as repre-
sented in (Figure 5, 5(c) and 5(d)). Presumably, the high
synthesis temperature leads to increased energy; therefore,
particles aggregate with each other to yield large shaped
morphology [16]. Both complexes revealed distinguishable

morphology from each other with slight spongy nature
which can be advantageous for the adsorption of pollutant
molecules onto the surface of the catalyst [25, 35].

3.5. Thermogravimetric Analysis (TGA). The stability of the
synthesized complexes was determined through thermog-
ravimetric analysis (TGA) in the temperature range of 23 to
1000°C (Figure 6). The TGA curve of complex 1 was found to
be stable up to 239°C, whereas complex 2 showed stability up
to 210°C. Afterward, the decomposition process set in with
two distinct decomposition steps. The first weight loss of
50.2% and 39.3% was observed in the temperature range of
239-412°C for complex 1 and complex 2, respectively. The
observed weight losses were ascribed to the removal of
organic ligands due to the combustion [36]. The removal of
ligands continued, and another weight loss of 8.1% was
observed for complex 1 in the temperature range of
412-570°C, and complex 2 showed ca. 6.4% weight loss in
the temperature range of 412-650°C. Such type of weight loss
with two distinct degradation steps is in well agreement with
the recent study of Huang et al., where two step weight loss
was reported for the removal of organic ligands from the
bismuth(III) complex ((1,10-phen)Bi(C,04),5) [37]. The
TGA curve became stable after 570°C for complex 1 and
650°C for complex 2; no further weight losses indicated the
stability of the residues due to the formation of corre-
sponding metal oxides [38]. The high thermal decomposi-
tion temperature indicated good thermal stability of the
complexes due to the highly polarized M-O bonds [39].
Moreover, the high stability temperature of complex 2 with
overall small weight loss compared to the complex 1 indi-
cated that complex 2 was more stable than complex 1.

3.6. Photocatalytic Degradation Studies. The photocatalytic
degradation of fabricated complexes was studied against
Congo red as a model pollutant. Figure 7 shows that there
was a negligible degradation rate when the solution of dye
was exposed to UV light for 120 min indicating the high
stability of the dye. However, the addition of synthesized
metal complexes appreciably enhanced the degradation
efficiency. It was noticed that the percentage degradation
was 83% using complex (1); whereas, for complex (2), the
degradation efficiency reached up to 92% within 120 min.
The slight difference in the photocatalytic behavior of
complex (1) and (2) was attributed to the different nature of
the central metal atoms. These results were supported by
the relevant literature, for instance, Sangsefidi et al. re-
ported the degradation efficiency ~90% for cerium com-
plexes against azo dyes [16]. Likewise, Tan et al. reported
the degradation efficiency =99% against Rhodamine B dye
using {(Hphen)(BiCl,),} complex [38]. Table 1 compares
the photocatalytic efficiencies of different reported com-
plexes against the degradation of Congo red.

3.7. Optimization of Photocatalytic Parameters

3.7.1. Effect of Initial Concentration of the Dye. The influence
of initial concentration of dye was studied by changing the
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TaBLE 1: Comparison of the photocatalytic activities of different reported complexes with the synthesized complexes against the degradation

of Congo red.

Catalyst Dye . Photocatalytic Irradiation

Type of catalyst Pollutant amount concentration Light source capacity (%) time (min) References
{(Cdy(HL0) (tpeb)a(l,2-chdc)n)H,0 O™ 1omg  200mgL 06 W xemon 90 90 [10]

red lamp
QuFII)/ Guanidine functionalized Congo 50 mg 200 mg/L 400 W sodium 97 50 (40]
disiloxane complex red lamp
Copper(II) complex from bis-(2- 4 5
pyridylmethyl)amine NNN-derivative Congo  5x10 3:3x10 250 W Hg- 100 90 [41]
i red mol/L mol/L vapour lamp
igands
{(Cos(BTC),(Bimb), 5)*2H,0},, C;’:j" 10 ing/ 0.0l mmol UV irradiation 15.8 135 [42]
(Bi(sal);(phen),) Congo . . 92 .
(Ce(sal)5(phen),) red 10 mg 10mg/L UV irradiation 83 120 This work

tpeb = 1,3,5-tri-4-pyridyl-1,2-ethenylbenzene. CHDC = 1,2-cyclohexanedicarboxylic acid. Bimb = 1,4-bis ((1H-imidazole-1-yl)methyl) benzene. H;BTC = 1,3,5-

benzenetricarboxylic acid.

concentration of Congo red in the range of 5 mg/L to 30 mg/
L at neutral pH and catalyst dose of 10 mg. It was observed
that when concentration of dye was increased from 5 mg/L
to 10 mg/L, the degradation efficiency was enhanced from
66% to 69% for complex (1), and 68% to 72% for complex (2)
(Figure 8(a)). When dye concentration was further increased
(15mg/L, 20 mg/L, 25 mg/L, 30 mg/L), it was observed that
degradation efficiency decreased gradually for both com-
plexes. This behavior is explained by the fact that initially
when dye concentration was increased, there were sufficient
catalytic sites present for the dye molecules to get adsorb and
degraded by the catalyst. However, when it is further in-
creased, the presence of large amount of dye particles
compete for the surface of the catalyst which in turn reduces
the availability of free radicals to the dye molecule; therefore,
degradation of the dye is prevented [38]. Another con-
tributing factor toward the reduced degradation efficiency is
that photons may be interrupted to reach the surface of the
photocatalyst when higher concentrations of dye are used
[43].

3.7.2. Effect of Catalyst Dose. The influence of catalyst
dosage on the dye degradation was examined by using
different doses of catalyst (10 mg-60 mg) and other pa-
rameters were kept constant. It has been noticed that the
percentage degradation first increased by increasing the
catalyst dose owing to the availability of numerous active
sites on the catalyst surface (Figure 8(b)). These large
number of catalytic sites generated more free radicals for the
dye degradation. When catalyst dose was further increased, a
decrease in the percent degradation was observed due to less
penetration of photons caused by the light scattering effect
[44, 45]. In addition, the high dose of catalyst also increases
the collision frequencies between activated and ground state
molecules leading to the agglomeration of the catalyst,
thereby reducing the active sites of the catalyst [46].

3.7.3. Effect of pH. The photocatalytic activity of the two
complexes was studied at various pH (3-9) while keeping the
optimum dye concentration and catalyst dose. As evident

from the (Figure 8(c)), both complexes have shown similar
trend. The maximum degradation of dye was observed at
neutral pH, whereas decreased activity was observed in
acidic and basic media. Based on the established pre-
sumption, the agglomeration of catalyst takes place in acidic
conditions (below pH=6) which leads to the decreased
surface area, and hence less active sites. In case of basic
conditions, the surface of the catalyst may become negatively
charged due to excess hydroxyl ions, which repel the anionic
Congo red dye [45, 47].

3.7.4. Effect of Temperature. The effect of varying temper-
ature was studied on the photocatalytic properties of the
complexes. As shown in (Figure 8(d)), the photocatalytic
degradation efficiency increases by increasing the temper-
ature. The maximum catalytic efficiency was observed at
333K with a degradation percentage of 75% and 77% for
complex (1) and complex (2), respectively. This could be due
to the increase in the collisions of the reactant molecules by
increasing the temperature which in turn enhance the re-
action rate [48, 49]. When temperature was further increased
up to 343 K, the rate of photocatalytic reaction decreased due
to the enhanced recombination of charge carriers [50].

3.7.5. Effect of Time. Figure 8(e) shows the effect of irra-
diation time on the photodegradation of Congo red. It can be
seen that initially, degradation efficiencies were 50% and
58% for complex (1) and complex (2), respectively, in only
first 5 min of irradiation. This is because in the early stages of
reaction, there are numerous active sites which instantly
degrade the pollutant by producing several free radicals.
Although maximum degradation was achieved in 35-40 min
of irradiation for both complexes, but this time the degra-
dation rate was not as abrupt as in the first 5min of light
exposure. The slow rate of reaction after certain time is due
to the competition between reactants and intermediates for
the availability of the free radicals. When reaction medium
was further exposed to light (up to 60 min), almost constant
percent degradation was observed because it is assumed that
at this stage, the intermediate products start depositing on
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FIGURE 9: Degradation efficiencies of complexes (1) and (2) against
Congo red under solar light irradiation.

the catalyst surface, and no more active sites remain available
for catalytic activity [31, 51].

3.8. Photocatalytic Activity under Solar Light Irradiation.
The degradation efficiencies of complexes (1) and (2) were
also analyzed in the presence of sunlight. Initially, the dye
solution was exposed to sunlight only and no degradation
was observed. However, the addition of the Ce(III) complex
has led to 19% and the Bi(III) complex led to 33% degra-
dation in first 30 min of light exposure, and there was a
continuous improvement in the degradation performance as
a function of time (Figure 9). The degradation efficiencies
reached 42% for the Ce(III) complex and 80% for the Bi(III)
complex in 180 min only. These results were in agreement
with the reported literature where bismuth complexes have
been reported for the effective photocatalytic activities
against azo dyes under solar light [52].

3.9. Photodegradation Mechanism. The plausible mecha-
nism for the abovementioned photocatalytic reaction can be
proposed as per the existing literature [53]. The photo-
catalytic reaction starts when light is exposed on the surface
of the photocatalyst. The energy from the light photons
causes the transfer of electrons from the highest occupied
molecular orbital (HOMO) of the catalyst to the lowest
unoccupied molecular orbital (LUMO). This migration re-
sults in the formation of holes in the HOMO and electrons in
the LUMO (equation (4)). The positive holes react with
water molecules and produce hydroxyl radicals (equation
(5)). On the other hand, electrons react with dissolved
oxygen to yield superoxide radicals (equation (6)). The
superoxide radicals may further react with protons to yield
hydrogen peroxide (H,O,) which produces hydroxyl

LUMO / B} _\ ,, q
\ CO,
{ E;=339eV ) Congo red ==Y
\ / H,0

\ /

h* h* ht
HOMO ( *OH

H,0

FIGUure 10: The plausible mechanism of the photodegradation of
Congo red under UV light irradiation using complex 2.

100
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FiGure 11: Reusability of the complex 1 and 2 under UV light
irradiation.

radicals (¢OH) upon dissociation (equations (7)-(9)). Thus,
a series of redox reactions produce reactive radicals on the
surface of the catalyst which are powerful oxidizing agents
and attack the dye molecules and finally yield small less toxic
degradation products such as carbon dioxide and water
(equations (10) and (11)). Figure 10 represents the general
mechanism of the photocatalytic activity of the complex 2
against Congo red.

Complex 2 +hv — hjjom0 + €Lumos (4)
hiomo + H,O — OH® + HY, (5)
erumo + 0, — #0;, (6)

0, + H,0 — HO;, (7)

2HO; — H,0, + 0,, (8)

erumo + H,0, — OH’, (9)
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OH" + Congo red — Degradation products, (10)

¢0, + Congored — Degradation products. (11)

3.10. Reusability of the Complexes. The stability of the
complexes 1 and 2 was studied in terms of repeated use of the
complexes as catalysts under similar conditions of photo-
catalytic reaction against Congo red. Figure 11 shows that
complex 1 and 2 were stable even after five runs of pho-
tocatalytic activity with photocatalytic activities reaching
74% and 84.7%, respectively. The complex 1 has shown 9%
loss of photoactivity after 5 reuse, whereas complex 2 has
shown only 7.3% loss of photocatalytic efficiency revealing
its greater stability and potential to be used again and again.

4. Conclusions

The Ce(III)- and Bi(III)-based mixed ligand ternary com-
plexes were synthesized by the solution technique,
employing salicylic acid and 1,10-phenanthrolie as ligands.
The formation of Ce(III) and Bi(IlI) complexes were con-
firmed by UV-visible spectroscopy, FT-IR spectroscopy,
XRD, and SEM techniques. The photocatalytic efficiency of
the Bi(III) complex against Congo red was found to be
higher (92%) compared with the Ce(III) complex (83%)
under UV light irradiation, which is attributable to the
smaller band gap of the Bi(III) complex (3.39 eV) than the
Ce(III) complex (3.48eV). The reusability of the catalyst
suggested its stability with a small loss of photocatalytic
activity even after five runs. Furthermore, the satisfactory
photocatalytic activity (80%) of the Bi(III) complex under
sunlight indicated its potential to be used as a cost-effective
photocatalyst to remove pollutants.
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