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Abstract. — Four layered member Aurivillius compound SrBisTi4015 hasbeen reported for its potential asa photocatalyst
despite its weakness, such as the high recombination rate of electron-hole pair. Doped with rare earth elements such as
lanthanum could solve the weakness. In this research, SrBis-xLaxTi4015 (x = 0.05, 0.10, 0.15, and 0.20) were synthesized
using molten salt flux Na2SO4/K2SO4 and evaluated the photocatalytic activity in rhodamine-B degradation. The
diffractogram sample indicates that target materials were successfully obtained, although SrTiO3phase impurities were
formed. The SrBisxLaxT 4015 (x =0.05, 0.10, 0.15, and 0.20) particles exhibit plate-like morphologies with agglomerates.
Band-gap energy was calculated using the Kubelka-Munk equation from the UV-Vis DRS spectrum, and we obtained that
itshand-gap energy ranges from 3.02-2.97 eV. Sample containingthe highest Lanthanum content (x=0.20) exhibit the best
rhodamine-b degradation with 26.27% degraded after 60 minutes reaction under UV-light irradiation.

BACKGROUND

High photocatalytic activity has been reported for Aurivillius phase ferroelectric materials such as Bi:M O,
BisTisO12, and BisTisFeOss [1-3]. These properties have been attracted many researchers to investigate their
application, forexample, to degrade dye-waste pollution [1-3]. Aurivillius phase (Am-1BuBi.Osm:+3) arranged fromboth
the pseudo perovskite and bismuth layer alternately. Cation-A has large ionic radii, i.e., Bi, La, Nd, Sr, and Ba, while
cation-B has smallionic radii, i.e., Ti, Fe, Co, and Ni; meanwhile, the number of the pseudo-perovskite layer can be
identified by the m value[4].

Four layered member Aurivillius phase SrBisTisO1s exhibit excellent photocatalyst properties with band-gap
energy ranged from2.93-3.01 eV [5, 6]. It reveals an excellent opportunity for its utilization as a photocatalyst as it
could workundervisible light irradiation. The previous report showed the promising activities fromSrBisTi4O1s5 as a
photocatalyst to degrade methyl orange solution [5]. On the otherhand, some improvement could be implemented to
SrBisTisOss as it has a relatively high rate of electron and hole photorecombination activities [6].

Band-gap energy and recombination electron-hole rate are influencing the photocatalyst material performance.
Ideally, photocatalyst should have a relatively lowband-gap energy and low recombination electron-hole rate [7, 8].
One of many strategies to overcome this threat is to dope rare-earth elements into photocatalyst compounds [7-10].
Lanthanum can be used as a dopant in Aurivillius phase materials and was reported to successfully pronote
BisTisFeO1s’s photocatalytic activities to degrade the thodamine-b solution [1]. Particle morphology also was reported
to influences the photocatalytic activity of a material. Particles with large surfacearea and uniformsize could enhance
electron and hole pair migration, making separation effective, lowering the photorecombinationrate [11]. Therefore,
in this research, SrBisxLaxTis015 (x =0.05, 0.10, 0.15, and 0.20) has been synthesized using molten salt Na;SO4/K;SOs
flux then tested for its activity to degrade rhodamine-b dye solution.
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METHODOLOGY

Material

Materials usedin this research are Bi.Os (Himedia, 99,9% powder), SrCO; (Sigma-Aldrich, 99,9% powder), TiO,
(Sigma-Aldrich, 99% powder), La.0; (Sigma-Aldrich, 99% powder), Na.SOs (99,5% Merck, powder), KSO4
(Merck, powder), AgNOs, aquadest and acetone.

SrBisxLaxTisO15 (x = 0.05, 0.10, 0.15 & 0.20) Synthesis

SrBid.xLaxTi4sO1s (x =0.05, 0.10, 0.15 & 0.20) synthesized using moltensalt Na;SO4/K,SO. fluxmethod [12]. 2.5
gr target samples were produced by grinding SrCOs, Bi.Os, TiO, La;0Os, Na:SOs, dan K,SOs with calculated
stoichiometric composition for 60 minutes. Acetone is added accordingly to help the homogenization process evenly.
Afterthe mixture was evenly mixed, it was put into an alumina crucible and was heated for 750-850°C for 6 hours.
The solids fromthe alumina crucible were washed by aqua dest until they were clean fromboth Na»SOsand K.SO4
salts. The filtered powder then dried up in the oven at 750-850°C for 3 hours straight.

Material Characterization

The samples obtained were characterized using X-Ray Diffraction (XRD) technique (Rigaku Miniflex
diffractometer; Cu Ka (A = 1,540593 A)). The measurement used 26 (°) ranged from 3-90°. Diffractogram data was
refined by the Rietveld refinementmethod to acquire their crystallographic data using Multiphase Rietveld refinement
on FullProf Suite (September 2020 Version). Particle morphology was examined by scanning electron microscope-
energy (SEM) (Jeol JISM-6510). The optical properties were measured using ultraviolet-visible diffuse reflectance
spectroscopy (UV-Vis DRS) (Thermo Scientific Evolution 220 spectrometer) with 200-800 nm wavelengths. The
collected spectrumwas calculated using the Kubelka-Munk equation to obtain their band-gap energy.

Photocatalytic Activities Test

A series of photocatalytic activity tests were conducted using 100 mL rhodamine-bsolution (8.10°M).0.1 grans
samples were added into solutionthen stirred usinga magnetic stirrer for 30 minutes in a dark environment to acquire
adsorption-desorption equilibrium. The test was carried on under UV light irradiation from 9 ultraviolet lamps
(Gaxindo T5 N093 8 Watt) for 30 and 60 minutes reaction. Rhodamine-b solution concentration before and after the
reaction was evaluated using UV-Vis Spectroscopy (Thermo Scientific Evolution 220 spectrometer) with Amax =553.4
nm.

RESULT AND DISCUSSION

The sample’s diffractogramis shown in Fig. 1. SrBisxLaxTisO1s5 (x = 0.05, 0.10, 0.15, and 0.20) were successfully
synthesized using the molten salts method according to the comparison between diffractogram sample and
diffractogram standard of SrBisTi«O:15 in Inorganic Crystal Structure Database (ICSD) number 5186. The
corresponding peaks for and ICSD-5186 were marked with black circles. The inset picture in Fig.1showeda shifting
peak on 26= 30.8° into a higher position for higher lanthanum content and indicated that crystal lattice size was
shrinking as lanthanum content increases. However, the ionic radii (r) of La" into Bi** is somewnhat similar [13];
therefore, it can be assumed that ionic radii size was not responsible for this result. A similar result was reported in
previous research, and it was resulted fromthe absence ofa lone-pairelectron in La®" ion compared to replaced Bi**
ion [1]. SrTiOs phase was foundas an impurity, detected from26= 32,4° peak on all samples. Difficulties on single-
phase synthesis of lanthanum doped SrBisTisO1s was caused by instability resulted from higher lanthanum
concentration doping since it can replace Bi**-sites on the bismuth layer [1, 14, 15].
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FIGURE 1. XRD Diffractogram of SrBisxLaxTisO1s (x = 0.05, 0.10, 0.15, and 0.20)
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FIGURE 2. Diffractogram Multiphase refinement of SrBis.xLaxTisO1s (x = 0.05)

Crystallographic data for SrBis.xLaxTisO1s (x = 0.05, 0.10, 0.15 & 0.20) summarized on Table 1 resulted from
multiphase Rietveld refinementfromtheir diffractograms using ICSD-No. 51863 standard for SrBisTisO1s with A2;am
space group and ICSD-No. 91899 standard for SrTiOz with Pm-3m space group. The refinement plot of SrBis.
xLaxTi4015 (x = 0.05) was showed in Fig 2. Ry, value can be the determining factor fora ‘good’ refinement, the lower,
the better. x=0.20 has the highest Rw, values of 28.5%. Despite its high Rup value, our refinement is good if we look
closely at Figure 2; in refinement, we had to look at thenumber and the quality of our data [16]. Noise or background
in the data canbe attributed to highagreementbetween calculated and experimental data, hence lower Ry value [16].
All of ourrefinement is good enough with Ry value ranged from20-30%, and has arelatively flat blue line (sample-
standard fitness).

Multiphase refinement could estimate the percentage of each phase on our sample. From Table 1, we knew that
SITiO; formed in our samples was decreasing from x= 0.05-0.15 and increases for x= 0.20. Substitution of La* ion
into Bi** sites on the perovskite layer responsible for x= 0.05-0.15 and resulted in decreased orthorhombic distortion
in the crystal lattice because of the lack of lone-pair electron. On the other hand, the x=0.20 replaced Bi3+ on the
bismuth layer, causing structure instability; thus, higher SrTiOs was formed [15, 17].
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TABLE 1. The Crystallography data of SrBisxLayxTisO1s (x= 0.05, 0.10, 0.15, and 0,20)

Parameter SBli L2 T1Oss
x=0.05 x=0.10 x=0.15 x=0.20
Crystal lattice Orthorombic Orthorombic Orthorombic Orthorombic
Space group A2;am A2;am A2;am A2;am
a(A) 5.4388 5.4508 5.4482 5.4365
b (A) 5.4268 5.4347 5.4357 5.4327
c(A) 40.9751 40.9800 40.9844 41.0383
Cell volume (A3) 1209.4032 1213.9668 1213.7307 1212.0610
Rp (%) 24.6 219 21.8 284
Rup (%0) 24.4 22.3 22.6 285
Rexp (%) 7.65 7.37 7.20 7.74
GoF (%) 10.15 9.149 9.869 13.58
% SrTiOs 16.94 15.25 7.32 22.50

the agglomeration)

SrBisxLayTisO1s (x=0.05, 0.10, 0.15, and 0.20) particles morphologies were depicted on Fig 3. It can be seen that
platelike particles were formed. Many researchers reported that the platelike particle is characteristic of Aurivillius
phase materials [18]. SEM images also present the formofthe agglomerated particle in our samples (red circle mark).
The formed agglomerates were a consequence of SrTiOs impurities found in all samples [19-21].

Tauc plotting from UV-Vis DRS and the calculated band-gap energy each showed in Fig 4 and summarized in
Table 2. The Band-gap energy value attained by SrBis«LaxTisO1s (x=0.05, 0.10, 0.15, and 0.20) were incrementally
smaller from SrBisTisO15 (Eq= 3.00 eV) [6]. This suggests thatdoping can decreasethe band-gap energy of Aurivillius
phase material. Band-gap energy decrease was subjected to a phenomenon called quantum confinement for smaller
size particles caused by La** ion doping [22, 23]. Another report suggested that lanthanum doping caused Ti-O
electron density change along with increases in A-site steric strain [24]. Previous researchalso foundthat lanthanum
doping in Aurivillius phase material acts as a capturer of the electron produced in the excited state of photocatalyst,
resulting in a lower recombination rate between the electron and hole essentials for the photocatalytic reaction [8].
Unfortunately, it was not investigated in our research because of impurities found in our sample.
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FIGURE 4. Tauc Plotting of SrBisxLaxTisO1s (x= 0.05, 0.10, 0.15, and 0,20)

TABLE 2. SrBis«LaxTi4O15 (x= 0.05, 0.10, 0.15, and 0,20) band-gap energy

SrBisTisxLaxOss Band-gap energy (eV) Wavelength (nm)
x =0,05 3.02 410.54
x=0.10 2.98 416.05
x=0.15 2.99 414.66
x=0.20 2.97 417.46
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FIGURE 5. Photocatalytic Degradation of Rhodamine-B by SrBis.xLaxTisO1s (x= 0.05, 0.10, 0.15, and 0.20)

Photocatalytic activities for SrBis.xLaxTisO1s (x=0.05, 0.10, 0.15, and 0.20) was evaluated in degrading rhodamine-
b solution, and theresult showed on Figure 5. Sample with La®** content 0.20 (x=0.20) had the highest photocatalytic
activities degrading 26.27% of rhodamine-b solution within 60 minutes reaction under UV-light irradiation.
Enhancementin photocatalytic activity of our samples generated by smaller platelike particles formed as lanthanum-
ion increases [25]. From the optical perspective, band-gap energy is close to negligible since it does not show a
significant difference between those four samples. Meanwhile, the role of recombination electron-hole to activity
photocatalytic did not investigate in this research.

CONCLUSION

La** ion doping increased on Aurivillius phase SrBisxLaxTisO1s (x=0.05, 0.10, 0.15, and 0.20) could increase their
photocatalytic activities on degrading rhodamine-b dye solution. Particles with platelike morphology were found in
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all samples and encountered size shrinking as La®* increases. Even thoughthe band-gap energy was not significantly
reduced, the x=0.20 sample was successfully degraded 26.27% rhodamine-b solution within 60 minutes of reaction
under UV-light irradiation.
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