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27 SUMMARY:
28  This article describes a synthetic method to obtain bismuth oxyiodide microspheres, which are
29  highly functional to perform the photocatalytic removal of organic pollutants, such as
30 ciprofloxacin, in water under UV-A/Vvisible light irradiation.
31
32  ABSTRACT:
33  Bismuth oxyhalide (BiOl) is a promising material for sunlight-driven—environmental
34  photocatalysis. Given that the physical structure of this kind of materials is highly related to its
35 photocatalytic performance, it is necessary to standardize the synthetic methods in order to
36 obtain the most functional architectures and, thus, the highest photocatalytic efficiency. Here,
37 we report a reliable route to obtain BiOl microspheres via the solvothermal process, using
38 Bi(NOs)3 and potassium iodide (KI) as precursors, and ethylene glycol as a template. The synthesis
39 isstandardized in a 150 mL autoclave, at 126 °C for 18 h. This results in 2—3 um-sized mesoporous
40 microspheres, with a relevant specific surface area (61.3 m?/g). Shortening the reaction times in
41  the synthesis results in amorphous structures, while higher temperatures lead to a slight increase
42  in the porosity of the microspheres, with no effect in the photocatalytic performance. The
43  materials are photo-active under UV-A/visible light irradiation for the degradation of the
44  antibiotic ciprofloxacin in water. This method has demonstrated to be effective in interlaboratory
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tests, obtaining similar BiOl microspheres in Mexican and Chilean research groups.

INTRODUCTION:

A plethora of semiconductors has been synthesized so far, aiming for photocatalysts with high
activity under visible light irradiation, either to degrade organic compounds or to generate
renewable energy in the form of hydrogen?. Bismuth oxyhalides BiOX (X = Cl, Br, or I) are
candidates for such applications because of their high photocatalytic efficiency under visible light
or simulated sunlight irradiation®*. The band gap energy (Eg) of bismuth oxyhalides decreases
with the increase of the atomic number of the halide; thus, BiOl is the material displaying the
lowest activation energy (Eg = 1.8 eV)°. lodide atoms, bonded via Van der Waals force to bismuth
atoms, create an electric field that favors the migration of the charge carriers to the
semiconductor surface, triggering the photocatalytic process*®. Moreover, the architecture of
the crystallite has a critical role in the separation of the charge carriers. Highly oriented structures
in the (001) plane and 3D structures (such as microspheres) facilitate the charge carrier
separation upon irradiation, increasing the photocatalytic performance’~*2. In light of this, it is
necessary to develop reliable synthetic methods to obtain structures that boost the photo-
activity of the bismuth oxyhalide materials.

The solvothermal method is, by far, the most commonly used and studied route to obtain BiOl
microspheres'3~16, Some methodologies using ionic liquids have been also reported?’, although
the expenses associated with these methodologies can be higher. Microsphere structure is
usually obtained using organic solvents such as ethylene glycol, which acts as a coordinating
agent to form metallic alkoxides, resulting in a gradual self-assembling of [Bi»02]** species!®?*?,
Using the solvothermal route with ethylene glycol facilitates the formation of different
morphologies by changing the key parameters in the reaction, such as temperature and reaction
time*!®, There is a wide body of literature on synthetic methods to obtain BiOl microspheres,
which shows contrasting information to achieve highly photoactive structures. This detailed
protocol is aimed at showing a reliable synthetic method to obtain BiOl microspheres highly
functional in the photocatalytic degradation of pollutants in water. We intend to help new
researchers to successfully obtain this kind of materials, avoiding the most common pitfalls
associated with the synthesis process.

PROTOCOL:

NOTE: Please read all the material safety data sheets (MSDS) before using the chemical reagents.
Follow all the safety protocols by wearing a lab coat and gloves. Wear UV protection safety
glasses during the photocatalysis tests. Be aware that nanomaterials may present important
hazardous effects compared to their precursors.

1. Preparation of the BiOl microspheres
1.1. For Solution 1, dissolve 2.9104 g of bismuth nitrate pentahydrate (Bi(NOs)3:5H,0) in 60 mL

of ethylene glycol in a glass beaker. For Solution 2, dissolve 0.9960 g of Kl in 60 mL of ethylene
glycol in a glass beaker.
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NOTE: It is important to completely dissolve the inorganic salts in organic solvent; it may take
around 60 min. Sonication may be helpful to dissolve both precursors.

1.2. Dropwise, add Solution 2 to Solution 1 (at a flow rate of approximately 1 mL/min). The
colorless Solution 2 will change to a yellowish suspension. Sometimes, when Solution 2 is
abruptly added, a black color may appear, due to the formation of the Bils complex. In such cases,
the synthesis must be aborted and started again.

NOTE: Laboratory material must be completely dried since the occurrence of water promotes the
uncontrolled precipitation of bismuth oxide (Bi>03).

1.3. Stir the mixture, using a moderate speed for 30 min at room temperature. Then, transfer the
mixture to a 150 mL autoclave reactor. Carefully swirl the beaker to remove the remaining
suspension from the sidewalls. It is possible to add 1 to 5 mL of ethylene glycol to rinse the
beakers. Make sure to tightly close the reactor.

NOTE: The autoclave should be filled from 40% to 80% of its capacity in order to achieve the
optimal pressure conditions to the formation of the BiOl microspheres. A soft seal of the reactor
may result in the loss of pressure, spoiling the synthesis.

1.4. Supply thermal treatment to the reactor in a furnace, from room temperature to 126 °C,
using a temperature ramp of 2 °C/min. Maintain the final temperature for 18 h'°, Then, cool the
autoclave reactor to room temperature.

NOTE: Do not preheat the oven or provide a rapid heating since it will spoil the formation of the
microspheres.

CAUTION: Do not induce cooling by washing the autoclave with cold water, as it may cause the
deformation of the autoclave. Do not attempt to open the reactor while it is still hot, as this may
result in the release of iodine gas.

2. Washing the BiOl microspheres

2.1. Separate the solid material by decantation and wash it to remove ethylene glycol as much
as possible. Prepare a filtration system consisting of a 0.8 um filter paper (Grade 5, free of ashes)
properly adhered to the walls of a glass funnel. Connect it to an Erlenmeyer flask using a pierced
cork stopper. Carry out the filtration step by gravity.

2.1.1. (Optional) When pouring the suspension from the reactor to the funnel, use deionized
water to rinse the autoclave reactor.

2.2. Wash the solid product retained in the filter paper—of an intense orange color—several
times with distilled water and absolute ethanol (technical grade). Alternate the washing solvent
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until the leachate is colorless.

NOTE: Please note that deionized water removes inorganic ions, while absolute ethanol removes
the remaining ethylene glycol; thus, both solvents must be used.

2.3. Use deionized water in the two last washing steps to remove any trace of absolute ethanol
and dry the intense-orange-colored product at 80 °C for 24 h. Last, store the material in amber
glass bottles, in the dark, preferably in a desiccator.

3. Characterization of the BiOl microspheres

3.1. Perform the X-ray diffraction analysis of the powder material, using a monochromic Cu-Ka
light source, with A = 1.5406 A, operated at 30 kV and 15 mA.

3.2. Determine the specific surface area by the Brunauer—Emmett—Teller (BET) method, via the
adsorption of Na.

3.2.1. Degas the powder samples (500 mg) at 80 °C overnight, prior to the analysis. Perform the
N adsorption measurements at -75 °C. Calculate the specific surface area and the pore volume
from the adsorption isotherms.

3.3. Determine the UV-visible diffuse reflectance spectra of the materials, using a
spectrophotometer with a praying mantis accessory.

3.3.1. Dry the powder samples, in a laboratory oven, at 105 °C overnight. Then, carefully put 30
mg in the sample port of the praying mantis accessory.

3.3.2. Irradiate the powder samples with a light source within the range of 200 to 800 nm in order
to obtain the light absorption spectrum of the material. Calculate the Eg using the absorption

spectrum of the sample.

3.4. Determine the secondary size of the BiOl microspheres by scanning electron microscopy
(SEM).

3.4.1. Put the powder sample on a carbon tape and, then, in the microscope stub, to perform the
observations.

3.4.2. Determine the chemical composition of the samples by energy-dispersive X-ray
spectroscopy (EDS) analysis.

4. Photocatalytic activity test

4.1. For the test solution, dissolve 7.5 mg of ciprofloxacin in 250 mL of distilled water, to obtain
a 30 ppm solution. Then, transfer the test solution to the glass photocatalytic reactor. Thoroughly
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stir the solution, with a magnetic stirrer, keeping the temperature at 25 °C. Bubble air to the
solution at 100 mL/min in order to maintain air saturation.

4.2. Add 62.5 mg of the BiOIl photocatalyst to the test solution to achieve a concentration of 0.25
g/L. Immediately, take the first sample (8 mL) using a glass syringe. After 30 min of stirring in the
dark, take the second sample and turn the light source on.

4.2.1. Given that the experiments are performed under UV-A/Vvisible light conditions, use a 70 W
lamp in the photocatalysis tests. Locate the light source 5 cm above the photoreactor.

4.3. Take liquid samples (8 mL) after 5, 10, 15, 20, 30, 45, 60, 90, 120, 180, 240, and 300 min of
irradiation. Filter all the withdrawn samples by passing them through a 0.22 um nylon membrane,
in order to remove any solid particle from the liquid prior to analysis. Store the filtered samples
in amber glass vials at 4 °C until analysis.

4.4. Determine the mineralization of ciprofloxacin by analyzing the total organic carbon (TOC)
concentration remaining in the liquid samples throughout the photocatalytic process.

4.4.1. Measure the concentration of total carbon (TC, in mg/L) via wet combustion at 720 °C, in
the presence of a Pt catalyst and air atmosphere. Under such conditions, all the carbon is oxidized
to CO; and quantified in an FTIR detector coupled to the TOC device.

4.4.2. Determine the inorganic carbon concentration (IC, in mg/L) via acidification of the samples
with 1 M HCI, leading to the conversion of carbonate and bicarbonate to CO,-H;0, which is
qguantified in the FTIR detector.

4.4.3. Calculate the concentration of the TOC remaining in water samples by the following
equation.

Toc=TC-1IC

NOTE: In order to avoid interferences and, thus, incorrect results, it is very important to remove
any trace of organic impurities by thoroughly cleaning all the glass material used in the sample
preparation. This may be warranted by washing several times with hot water.

4.4.4. Calculate the mineralization yield via the depletion of TOC throughout the reaction, using
the following equation.

TOCo—-TOC

Mi lization = —————— x 100
ineralization T0Co

Here, TOG, is the concentration of total organic carbon at the beginning of the irradiation, while
TOC is the concentration of total organic carbon at any time of the photocatalytic reaction.
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REPRESENTATIVE RESULTS:

3D microstructures of BiOl were successfully synthesized by the proposed synthetic method. This
was confirmed by the SEM images shown in Figure 1a—c. The microspheres are formed from
laminar structures of [Bi»02]?*, which are bonded by two iodide atoms?. The formation of the
microspheres depends on the temperature and time of the solvothermal procedure, as these
parameters rule the crystallization of the oxyhalide3~®. [Bi»02]?* slabs start to interact with iodide
atoms to form laminar structures when the temperature in the solvothermal approach goes
above 120 °CL. Then, at a higher temperature and/or longer reaction time, lamellae are randomly
arranged to build the microspheres!. When a temperature of 130 °C was supplied for 12 h,
amorphous structures were observed (Figure 1a), and iodide was not completely assimilated on
the atomic lattice, resulting in the formation of the BisO;l material. Then, when the thermal
treatment was 126 °C for 18 h, perfectly shaped spherical structures were obtained (Figure 1b).
Mesoporous microspheres of BiOl were also achieved when a solvothermal treatment was
performed at 160 °C for 18 h (Figure 1c). Based on SEM analysis, the mean diameter of the
structures was found in the range of 2 to 3 um.

Analysis by X-ray diffraction indicated the prevalence of the tetragonal crystalline phase (Table
1), with a high exposition of the (110) and (012) planes, according to the JCPDS card 73-2062. As
microspheres were formed, the orientation of the crystallite dropped due to the self-assembly
of the BiOl slabs into 3D structures, which is commonly observed in previous works=3>17_ Figure
2 compares the X-ray diffraction (XRD) patterns of the BiOl microspheres obtained at 126 °C and
160 °C with the XRD pattern of a OD BiOl material. From this information, it is possible to conclude
that the crystallization of the BiOl material starts at temperatures above 100 °C, and then, [Bi,0,]*
slabs randomly arrange to form BiOl microspheres with no orientation of the crystalline phase.

The specific surface area of the microspheres (61.28 m?/g) was quite similar to that reported for
other semiconductors typically employed in photocatalysis, such as TiO, (Table 1). A wide specific
surface area may be beneficial in the photocatalytic process since a higher number of organic
molecules can be adsorbed on the semiconductor surface to react with the reactive oxygen
species (ROS) produced by the charge carriers (e.g., *OH, *0Oy, and H.0,).

The specific surface area and pore volume increased with the temperature and reaction time in
the solvothermal treatment, from 9.61 m?/g in the amorphous phase to 61.28 m?/g when 126 °C
and 18 h were used. No significant differences in the specific surface area were found when
microspheres synthesized at 126 and 160 °C were compared; thus, 126 °C for 18 h were set as
the optimal conditions of synthesis. Type IV isotherms were obtained in BET analysis (Figure 3),
indicating that BiOl microspheres are mesoporous materials. The optical characterization of the
microspheres unveiled their capacity to be photoactive under visible light irradiation, as noted
by the band gap value showed in Table 1.

A chemical characterization of the materials was performed by a compositional analysis via EDS.
The composition of the BiOl materials that kept a stoichiometric ratio was maintained when the
solvothermal synthesis was carried out at a low temperature (Table 2). On the other hand, when
the temperature of the solvothermal synthesis increased, the iodide-loading decreased. This may
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be attributed to the inclusion of the halide atoms within the semiconductor lattice, resulting in a
lower quantity of the halide atoms on the surface. When the solvent in the solvothermal route
was changed to water, the assimilation of iodide significantly decreased to obtain BisOsI.

The photocatalytic activity of the microspheres synthesized at 126 °C and 18 h was assessed
following the mineralization of the antibiotic ciprofloxacin in pure water, under UV-A/visible light
irradiation. As can be seen in Figure 4, microspheres were able to mineralize the antibiotic
compound in water via the photocatalytic process. It is clear how photolysis was unable to
completely oxidize the organic molecule to CO; (Figure 4, blue), while mineralization could be
achieved, at different levels, using BiOl as a photocatalyst. These results demonstrate the
photoactivity of the synthesized materials to completely oxidize complex organic molecules, such
as ciprofloxacin. A comparison of the mineralization rate was made using the BiOl washed with
ethanol and water (as stated in the protocol) and other microsphere materials, which were
washed only with water (Figure 4, red and black). It was observed how the incompletely washed
material was able to release organic carbon to the solution, interfering with the TOC
measurements in water samples, as well as with the mineralization process.

The release of organic carbon from the photocatalyst was observed at the first stage of the
photocatalysis assays when stirring in the dark was provided. Figure 5 shows the adsorption rate
of ciprofloxacin on the surface of the BiOl microspheres washed only with water and those
treated with the ethanol/water mixture. Microspheres washed with the ethanol/water mixture
showed some adsorption of the organic molecule, while the release of organic carbon was
detected for the material washed only with water. This can be explained by the incomplete
cleaning of the adsorption sites on the BiOl material washed only with water, resulting on the
one hand in the release of ethylene glycol and on the other hand in the lower adsorption of
ciprofloxacin, with the consequent drop in the photocatalytic activity.

FIGURE LEGENDS:

Figure 1: SEM images of the materials. Obtained at (a) 130 °C for 12 h, (b) 126 °C for 18 h, and
(c) 160 °C for 18 h. On the left, low-resolution images are shown, while zoomed-in images are
provided on the right side.

Figure 2: X-ray diffraction patterns. Of (a) 0D BiOl (001)-oriented material, (b) BiOl microspheres
synthesized at 126 °C for 18 h, and (c) BiOl microspheres synthesized at 180 °C for 18 h. The graph
shows the loss of orientation of the crystals when microspheres were obtained. The diffraction
patterns are compared with the reference JCPDS card 73-2062.

Figure 3: N2 adsorption isotherms of the bismuth oxyhalide microsphere materials synthesized
at 126 and 160 °C and compared with OD BiOl, oriented in the (001) facet. Type IV isotherms,
describing mesoporous materials, are shown in this graphic.

Figure 4: Mineralization rate of ciprofloxacin in photolysis and photocatalysis tests using the
BiOl microspheres obtained with and without the washing step using the ethanol-water
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mixture. The experimental error is given by standard deviation bars.

Figure 5: Total organic carbon (TOC) concentration in water samples at the beginning of the
experiments and after 30 min of stirring in the dark. The experimental error is given by standard
deviation bars. The determination of the TOC was performed in a sample of the test solution
after this solution had been in contact with BiOl microspheres while stirring for 30 min in the
dark. On the y-axis, TOCg refers to organic carbon in the test’s solution, while TOC, represents
the content of organic carbon after 30 min of stirring in the dark, just before the light source is
turned on. The graph shows how the material washed with ethanol and water (washed) presents
a positive adsorption of the organic carbon from the solution, while the material washed only
with water (not washed) expressed a negative adsorption, which means the release of organic
carbon into the solution.

Table 1: Characterization of the BiOl microspheres synthesized by the proposed method.
Table 2: Chemical composition of the BiOl materials determined by EDS.

DISCUSSION:

We consider the mixture of the precursors as the critical step in the solvothermal synthesis of
the BiOl microspheres. A very slow dripping of the Kl solution into the Bi(NO3)s solution (at a
maximum of 1 mL/min) is crucial to obtain mesoporous microspheres, since it allows the slow
formation and self-assembly of the [Bi»0,]*2 slabs, followed by the bonding with the iodide atoms
to form the BiOl laminates. The lamellae are the bricks of the microspheres in the solvothermal
step (Figure 1). Temperature and reaction time are the key factors in the solvothermal synthesis
since high temperatures initially allow the crystallization of the [Bi;02]* slabs and, then, the
arrangement of these slabs to create the microspheres'3. Mesoporous microspheres were
obtained when the temperature was maintained above 120 °C, while 3D structures were
incompletely formed when the reaction time was below 18 h. Similarly, the assimilation of iodide
was incomplete at a lower temperature and shorter reaction time, resulting in iodide deficient
materials such as the BisOsl; (yellow-colored).

The correct washing of the BiOl materials must be performed in order to obtain functional
photocatalysts since ethylene glycol can prevail on the material surface when it is only washed
with water (even with hot water). The remains of ethylene glycol can be released into the solution
before the photocatalytic tests are started, hampering the degradation and mineralization of
ciprofloxacin when the light source is turned on. It is important to keep in mind that alcohols are
able to raise the carbon content measured by TOC analysis disproportionately. For this reason, it
is very important to wash the materials alternately with ethanol and water. When the
concentration of organic carbon in water increases through the photocatalytic process, it can be
solved by recovering the material and washing it with ethanol and hot water.

The proposed method can be modified in terms of the autoclave size. Here, we are reporting the
synthesis with a 150 mL Parr reactor; however, syntheses using a bigger reaction chamber can
be performed. Based on our experience, 250 mL Parr reactors can be used in the synthesis,
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resulting in a slight increment of the specific surface area of the microspheres. However, such a
modification has no effect on the photocatalytic performance of the material. It is important to
consider that scaling up the method to higher volumes—the highest volume of solvothermal
reactors on the market is 2,000 mL—requires further experiments.

Limitations of the proposed method lie in the low potential of scaling up to higher volumes, given
that bigger reactors are hardly found on the market. Also, as mentioned above, losses of ethylene
glycol may occur when the autoclave reactor is not tightly closed. Be aware of any leaching of the
organic solvent throughout the synthesis process in order to avoid spoiling the product; some
autoclave reactors are equipped with a manometer to make this task easier. In case of leakage,
the autoclave can be closed with the adequate safety equipment, preventing the cooling of the
reactor. When this problem is solved within the first 2 h of the synthesis, microspheres with
acceptable photocatalytic activity can still be obtained.

Microspheres are barely formed when other organic solvents (glycerol, methanol, ethanol) are
used, while using water results in the lowest assimilation of iodide, leading to the formation of
the BisO7I (white-colored) material. A further increment of the reaction temperature (above 180
°C) may result in the chemical reduction of bismuth to metallic bismuth, which may be facilitated
by ethylene glycol acting as a reductive agent.

So far, there are a few alternative methods reporting the synthesis of BiOl microspheres. For
instance, Montoya-Zamora et al.?° performed precipitation with EDTA, resulting in irregular
microspheres with a low BET area. On the other hand, the research of He et al.?! was aimed at
the mechanical synthesis of BiOl microspheres at room temperature, achieving oriented crystals
with a lower BET surface area than that observed in this study. The synthetic method proposed
in this work is currently used to synthesize other bismuth oxyhalides, such as BiOCI?? and BiOBr?3,
which have demonstrated to be efficient in the photocatalytic removal of organic pollutants in
water and NOx in air?%, as well as in the evolution of hydrogen®®. The most recent research aims
to use bismuth oxyhalides in the reduction of the CO; molecule to produce hydrogen and light
hydrocarbons (artificial photosynthesis)?4. Considering that synthesis by the solvothermal
method has been successfully performed with reproducible results in two different countries
(Mexico and Chile), it is expected this method can be scaled up and its application in water
treatment plants enhanced.
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Table 1

PARAMETER
crystalline structure
crystallite size (nm)
BET area (m2/g)
pore diameter (nm)
Eg (eV)

VALUE
Tetragonal
4-Dec
61.28

17.7

1.94

Click here to access/download;Table;Table 1.xIsx %


http://www.editorialmanager.com/jove/download.aspx?id=930743&guid=16cc2a16-b604-4f6f-a655-81c1c08462dc&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=930743&guid=16cc2a16-b604-4f6f-a655-81c1c08462dc&scheme=1

Table 2

Bi (at. %)
BiOl 33.65+0.86
Bi50,| 40.43 +0.21

BiOl @ 1262C 37.09 £ 0.98
BiOl @ 160°C 26.81 +0.42

O (at. %)
33.59+0.54
52.37 £0.38

38.50+£0.35
58.97 £0.51
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| (at. %)
32.76 £ 0.58
7.19+0.18

24.41 £ 0.37
14.21 +0.46
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Name of Material/ Equipment Company Catalog Number Comments/Description
Bismuth(lll) nitrate pentahydrate Sigma Aldrich 383074 ACS reagent, 298.0%
Potassium iodide Sigma Aldrich 746428 ACS reagent, 298.0%
Ethylene glycol Sigma Aldrich 324558 Anhydrous, 99.8%

Ethanol Meyer 5405 Technical Grade, 96%
Ciprofloxacin Sigma Aldrich 17850 HPLC, 298.0%
Used for the Band gap
Cary 5000 UV-Vis-NIR determination by the Tauc
spectrophotometer Agilent model.
JSM-5600 Scanning Electron
Microscope JOEL Used for the SEM images.
Used for the
Qantachrome determination of surface
Autosob-1 Instruments area and pore diameter.
TOC-L Total Organic Carbon Used for determination of
Analyzer Shimadzu total organic carbon in

Bruker AXS D8 Advance - X-ray Bruker Determination of crystal
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Iltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
EStandard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1 Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-

of the Article, and in which the Author may or may not
appear.

2 Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3i Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create

existing works, such as a translation, musical arrang it,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JOVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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daptations, st ies or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

il ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JOVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11 JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equip 4
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the making of a video by JOVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JOVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until pay is received

14, Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JoVE'’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
C ealth of Massachusetts without giving effect to

experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JOVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic trar shall be d d to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site
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3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebbutal
letter.docx

Dear reviewers:

We'd like to thank you for your kind and constructive comments. They were very useful to
enhance the quality of our work. Below you will find the responses to your suggestions and
queries.

Comments from Editor

Comment 1: Please take this opportunity to thoroughly proofread the manuscript to ensure
that there are no spelling or grammar issues.

Response: Done, manuscript has been revised by a native English speaker in order to
improve the grammar and syntax.

Comment 2: Please add more details to your protocol steps. There should be enough detail
in each step to supplement the actions seen in the video so that viewers can easily replicate
the protocol. Please ensure you answer the “how” question, i.e., how is the step performed?
Alternatively, add references to published material specifying how to perform the protocol
action.

Response: Done, more details have been supplied to the description of the protocol, and
references, if any, have been added.

Comment 3: Please specify what is used in the filtration system and write the text in the
imperative tense.

Response: Done
Comment 4: In 2.4, 4.6, 4.7: Please write the text in the imperative tense.
Done

Comment 5: In 3.2-3.4: Please describe how these experiments/measurements are done
including sample preparation.

Response: Done, explanations on the measurements and details regarding the sample
preparations are given in the new version of the manuscript.

Comment 6: In 4.1: Please specify the organic compound used.

Response: We used ciprofloxacin in this experiment. This detail is now provided in several
parts of the protocol.

Comment 7: In 4.6: What is the distance between the light source and sample? What
container is used to hold the sample?

Response: The lamp was allocated 5 cm above the reactor, and samples are contained in
amber vials until analysis. This information is given in the new version of the manuscript.

Comment 8: In 4.8: How to analyze the TOC in liquid samples? Please mention how to
calculate mineralization rate.
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Response: Done, this information, as well as the equations used to calculate the
mineralization yield is given in the new version of the manuscript.

Comment 9: Please combine some of the shorter Protocol steps so that individual steps
contain 2-3 actions and maximum of 4 sentences per step.

Response: This modification has been done in order to make the protocol clearer and
succinct.

Comment 10: Please include single-line spaces between all paragraphs, headings, steps,
etc.

Response: Done.

Comment 11: After you have made all the recommended changes to your protocol (listed
above), please highlight 2.75 pages or less of the Protocol (including headings and spacing)
that identifies the essential steps of the protocol for the video, i.e., the steps that should be
visualized to tell the most cohesive story of the Protocol.

Please highlight complete sentences (not parts of sentences). Please ensure that the
highlighted part of the step includes at least one action that is written in imperative tense.
Please include all relevant details that are required to perform the step in the highlighting.
For example: If step 2.5 is highlighted for filming and the details of how to perform the step
are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must
be highlighted.

Response: Done.

Comment 12: Figure 3 legend: Please remove the panel labels because they are not in the
figure.

Response: Done.
Comment 13: Figures 3 and 4: Please define error bars in the figure legend.
Response: Done, error bars are now defined in the figure legend.

Comment 14: In Table 1, the number “2” in the unit of BET area should be a superscript.
Please revise. What does 4-Dec refer to?

Response: The reviewer is right, the number 2 appears as superscript. Regarding the 4-
Dec, this was a mistake in the Excel table, as the program converted the number 4.38 to the
date format.

Reviewers' comments

Reviewer #1

Manuscript Summary: The paper is probably publishable after major revisions. The paper
reports "A Facile Synthesis Method to Obtain Bismuth Oxyiodide Microspheres Highly
Functional in the Photocatalytic Processes to Clean Water". The experiments are feasible
and the results presented are possible. No faults of logic were detected in the interpretation
of the experimental data. By its content the manuscript belongs well to JoVE Produced



Video. Overall, | do believe that the manuscript should be published. There is the major
revision is necessary.

Major Concerns: Here are some specific comments:

Comment 1. Suggestion There are more recent papers involving BiOIl/g-CsNg-assisted
photodegradation of dye that could be included in manuscript (RSC Advances, 2016, 6,
33478-33491)

Response: We have included this manuscript in the list of references.

Comment 2: Suggestion: There are more recent papers involving BiOIl/GO-assisted
photodegradation of dye that could be included in manuscript. (Journal of Colloid and
Interface Science, 2019, 533, 319-332; RSC Advances, 2016, 6, 82743-82758) RSC
Advances, 2016, 6, 40664-40675; RSC Advances, 2015, 5, 23450-23463; RSC Advances,
2016, 6, 2323-2336

Response: We have included some of these articles in the list of references.

Comment 3: Suggestion: There are more recent papers involving bismuth Bismuth
Oxyiodide-assisted photodegradation of dye that could be included in the manuscript.
(Journal of Colloid and Interface Science, 2018, 526, 322-336; Journal of Colloid and
Interface Science, 2018, 532, 375-386; Molecular Catalysis, 2017, 432, 196-209;RSC
Advances, 2015, 5, 30851-30860; Journal of Hazardous Materials, 2015, 283).

Response: We have included some of the articles in the list of references.

Comment 4: Authors provided the results of XPS or BET for BiOl. It would be great to tell
us the characterization of catalysts.

Response: Done, more information on the physical characterization of the materials is given
in the new version of the manuscript, such as the isotherms obtained in BET analysis (Figure
3). However, we were unable to characterize by XPS. Instead of XPS, we are providing the
compositional characterization of the microspheres obtained by EDS analysis (Table 2).
Some discussion is given in this respect in the new version of the manuscript.

Reviewer #2

Comment 1: The control factor temperature 'T' was important to obtain BilO microspheres.
The statement showed that T > 120 °C was necessary, but the basis for this conclusion was
insufficient.

Response: The reviewer is right, in the new version of the manuscript this point is profoundly
explained and supported with references.

Comment 2: Since 'a very slow dipping of Kl solution is crucial’, the suitable speed should
be pointed out.

Response: The reviewer is right, the optimal flow to add the KI solution to the bismuth
solution (1 mL/min) is now provided in the protocol as well as in the discussion section.

Comment 3: Only Fig.3 explained the TOC results, so the photocatalytic activity of the
products was not clear.



Response: Thank you for your kind comment. The photocatalytic activity of the materials
was in fact assessed by the mineralization of the antibiotic ciprofloxacin in water (now in
Figure 4). We selected to assess the mineralization as the evidence of the complete
oxidation of the organic molecule via photocatalysis using the BiOl microspheres. In the light
of such results, it is possible to assert that the synthesized BiOl microspheres are
photocatalytically active. Additionally, we observed that washing with the ethanol/water
mixture was the best treatment of the materials to obtain a better photocatalytic activity.



Rebuttal Letter 2 Click here to access/download;Rebuttal Letter;Response to
editor.docx

Dear Editor

Your comment “Please track the changes to identify all of the manuscript edits” has been
addressed. We’ve also highlighted the essential steps of the protocol for the video.


http://www.editorialmanager.com/jove/download.aspx?id=930748&guid=dbe69133-6a07-489e-acd0-0e65b4a3d6ad&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=930748&guid=dbe69133-6a07-489e-acd0-0e65b4a3d6ad&scheme=1

Rebuttal Letter 3

Click here to access/download;Rebuttal Letter;Rebbutal letter

3.docx

Dear Editor

Thank you for your comments. We've addressed all of them. In the new version of the manuscript,
Previous changes have been marked in red, while new changes are highlighted in blue. The
important parts of the protocol to be broadcasted are also highlighted in grey.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues.

Done, grammar and syntax manuscript was revised one more time.

2. JoVE cannot publish manuscripts containing commercial language. This company names of
an instrument or reagent. Please remove all commercial language from your manuscript
and use generic terms instead. All commercial products should be sufficiently referenced in
the Table of Materials and Reagents. Examples of commercial language in your manuscript
include Whatman, etc.

Done, any commercial language has been removed from the manuscript.
3. Step 1.4: Room conditions? Do you mean room temperature?

We referred to temperature and pressure (no vacuum) conditions in laboratory. The sentence has
been changed as suggested by editor.

4. 2.1:Please ensure all text is written in imperative tense.
Done.

5. 3.2:Please ensure all text is written in imperative tense.
Done.

6. 3.3.1-3.3.2: Please write these steps in imperative tense.
Done.

7. 3.4: Please ensure all text is written in imperative tense.
Done.

8. 4.4: Please split this step into two or more sub-steps. Please ensure that each sub-step is
written in the imperative tense.

Done.

9. Figure 2: Please add a short description of the figure in addition to the figure title in Figure
Legend. Please add a unit for x axis. Please add a symbol for y axis.

Short description is now given in the text, while units in the x axis and title in the y axis is given in
the version of Figure 2.

10. Figure 3: Please add a symbol for y axis.

Done, as well as to Figure 2, y axis corresponds to the intensity of the signal in arbitrary units (a.u.).

*


http://www.editorialmanager.com/jove/download.aspx?id=930752&guid=53db6bfe-c333-4aae-889c-d9ba26b593d9&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=930752&guid=53db6bfe-c333-4aae-889c-d9ba26b593d9&scheme=1

