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Mg-doped BiOI nanostructures as visible-light-driven photocatalyst were synthesized by a
sonochemical method. The products were characterized by X-ray diffraction (XRD),
transmission electron microscopy (TEM), selected area electron diffraction (SAED) and
X-ray photoelectron spectroscopy (XPS). In this research, the products were specified as
tetragonal BiOI nanoplates and Mg-doped BiOI nanobelts. Photocatalytic activities of the
samples were investigated by degradation of rhodamine B (RhB) under visible light
irradiation. The Mg-doped BiOI show significantly improved photocatalytic activity for
the degradation of RhB under visible light irradiation as compared to pure BiOI sample.
The mechanism of photodegradation of RhB by Mg-doped BiOI was discussed in this
research.
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1. Introduction
Recently, bismuth oxyhalides BiOX (X = Br, Cl and I) have been found to be promising
visible light photocatalysts due to their unique layered structure, high activity, high photocorrosion
stability, and excellent electrical and optical properties [1, 2]. Among them, BiOI shows an
excellent photocatalyst to decompose organic compounds into inorganic substances containing in
polluted wastewater due to its low band gap energy (1.7–1.9 eV) and strong absorption in visiblelight region [1, 3, 4]. Nevertheless, utilizing BiOI is disadvantage in photocatalytic application
because of its rapid electron-hole pair recombination [1, 3]. Metal ion dopant may also be an
effective way to improve the photocatalytic activity by improving charge separation of
photogenerated electrons and holes [5, 6].
In the present research, Mg-doped BiOI photocatalysts were synthesized using an
ultrasonic method. The products were characterized by X-ray diffraction (XRD), transmission
electron microscopy (TEM), selected area electron diffraction (SAED) and X-ray photoelectron
spectroscopy (XPS). The photocatalytic performance of as-prepared Mg-doped BiOI photocatalyst
was evaluated for photocatalytic degradation of rhodamine B (RhB) as model dye under visible
light illumination.
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2. Experimental procedure
To synthesize 0–10 wt% Mg-doped BiOI, 0.005 mole Bi(NO3)3·6H2O and NaI, and 0–
10% Mg(NO3)2 by weight were dissolved in 100 ml deionized water under vigorous stirring until
complete dissolution. Subsequently, 3 M NaOH solution was slowly added to these solutions until
reaching at the pH of 12. They were processed in 35 kHz ultrasonic bath at 80 oC for 5 h. The
precipitates were collected, washed and dried for further characterization.
Photocatalysis was carried out as follows. 200 mg of catalyst was dispersed in 200 ml of 1
–5
x 10 M RhB aqueous solutions. The suspensions were kept in the dark for 30 min under
magnetical stirring before visible light illumination from a Xe lamp. At a given time interval, 5 ml
sample was collected and centrifuged. The residual concentration of RhB was measured at 554 nm
using a UV–visible spectrophotometer.
3. Results and discussion
Phase, structure and purity of as-synthesized pure BiOI and Mg-doped BiOI samples were
investigated by XRD as the results shown in Fig. 1. All the diffraction peaks of pure BiOI and 1
wt% Mg-doped BiOI can be indexed to the tetragonal phase of BiOI in agreement to that of the
JCPDS no. 10-0445 [7]. It can be seen that the diffraction angle of the (110) plane of doped
sample was shift toward higher angle because ionic radius of Mg2+ (0.057 nm [6]) is smaller than
that of Bi3+ (0.096 nm [8]). It confirmed the incorporation of Mg2+ ions in BiOI lattice. Moreover,
the mixed phase of orthorhombic Bi5IO7 structure (JCPDS no. 40-0548 [7]) as major phase and
tetragonal BiOI structure as minor phase were detected by doping with Mg of > 1 % by weight.
Therefore, the limit content of Mg doped in BiOI lattice is 1% by weight.

Fig. 1. XRD patterns of 0–10 wt% Mg-doped BiOI.
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Fig. 2. XPS spectra of (a) Mg 2p and I 4d, (b) Bi 4f, (c) O 1s and (d) I 3d of 1 wt% Mg-doped BiOI
synthesized by sonochemical method.

To further verify surface chemical composition of the sample, XPS spectra of as-prepared
sample were carried out. Fig. 2a shows an overlap binding energies at 49.22 eV (Mg 2p3/2) and
50.8 eV (I 4d5/2), suggesting that Mg was doped in the BiOI crystal in the form of Mg2+ [9–11].
The XPS spectrum (Fig. 2b) shows two peaks at binding energies of 159.06 eV and 164.35 eV
which were assigned to Bi 4f7/2 and Bi 4f5/2 of Bi3+ in the Mg-doped BiOI sample [12, 13]. The
XPS spectrum of O 1s can be fitted to five peaks at 529.85, 531.20, 532.01, 533.07 and 534.20 eV
demonstrating that there are five different kinds of oxygen species containing in the sample. The O
1 s peak (Fig. 2c) at 529.85, 531.20 and 532.01eV can be assigned to the Bi–O, Bi–O–Mg and
Mg–O in Mg-doped BiOI sample [12, 13, 14]. Other XPS peaks of O 1s are the O–H bonds of
adsorbed H2O and C–O bonds of adsorbed ambient atmosphere on the surface of BiOI [13, 15, 16].
The I 3d core level of Mg-doped BiOI (Fig. 2d) was detected at 619.12 and 630.62 eV
corresponding to I 3d5/2 and I 3d3/2, associating with I– ions in Mg-doped BiOI sample [12, 13].
According to the results, they confirmed that Mg ions have been successfully doped into the BiOI
lattice.
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Fig. 3. TEM images and SAED patterns of (a, b) BiOI and (c, d) 1 wt% Mg-doped
BiOI synthesized by sonochemical method.
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Fig. 3 shows the TEM images and SAED patterns of BiOI and 1 wt% Mg-doped BiOI
samples. The pure BiOI phase shows nanoplates with a diameter of 200–400 nm. Its SAED pattern
was indexed to the (110), (200) and (1–10) planes of [00–1] direction for tetragonal BiOI structure
which can be concluded that the bottom and top surfaces of BiOI nanoplate was the (001) facets.
The morphology of product changed to nanobelts with aspect ratio of 50–70 for 1 wt% Mg-doped
BiOI. The SAED pattern of Mg-doped BiOI nanobelts from a single nanobelt was indexed to the
(110) (200) and (1–10) plane with zone axis of [00–1] which indicated that Mg-doped BiOI
nanobelts are highly exposed (001) facets.
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Fig. 4. (a) Absorbance of RhB solution photocatalyzed by 1 wt% Mg-doped BiOI. (b) Photocatalytic
efficiency and (c) ln(C0/Ct) of BiOI and 1 wt% Mg-doped BiOI for different lengths of time under visible
radiation. (d) Schematic illustration for photocatalytic mechanism of Mg-doped BiOI.

Fig. 4a shows the spectral change in the range of 200–700 nm for RhB during degradation
reaction photocatalyzed by the 1 wt% Mg-doped BiOI. It was found that the absorption peak of
RhB solution at 554 nm continuously decreased with the increase of irradiation time. It can be
observed that the maximum absorption peak of RhB was blue shifted to 498 nm which was
attributed to the de-ethylated reaction in the irradiating process [15, 16]. Fig. 4b shows the
photocatalytic performance of RhB degradation using photocatalysts under visible light irradiation.
It can be seen that 1 wt% Mg-doped BiOI as photocatalyst shows higher photocatalytic
degradation of RhB under visible light irradiation than pure BiOI phase, which can be attributed to
inhibit electron-hole recombination in photocatalytic reaction of BiOI. After 240 min of visible
light irradiation, the performance of RhB degradation was 89.8% for pure BiOI and was 98.6% for
1 wt% Mg-doped BiOI. It can be concluded that the photocatalytic activity of BiOI was
significantly improved by Mg dopant. The reaction kinetics of RhB degradation over photocatalyst
was calculated by Eq (1).
ln(C0/Ct) = kappt

(1)

, where C0, Ct, kapp and t are the initial concentration, the concentration at different reaction time,
the apparent reaction rate constant and the reaction time, respectively [15, 16]. Fig. 4c shows the
plot between the ln(C0/Ct) and reaction time of RhB degradation over photocatalyst within 240
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min. They show a well linear relationship indicating that the photocatalytic reaction belongs to a
pseudo-first-order reaction. The apparent reaction rate constants for degradation performance of
RhB by pure BiOI and 1 wt% Mg-doped BiOI were 8.94 x 10–3 and 0.0167 min–1. The 1 wt% Mgdoped BiOI showed 1.87 times reaction rate constant of that of pure BiOI, indicating that
photocatalytic activity of Mg-doped BiOI was enhanced.
Fig. 4d shows the schematic mechanism for photocatalytic reaction of RhB degradation by
Mg-doped BiOI under visible light irradiation. After visible light irradiation, photogenerated
electrons and holes were excited to valence band and conduction band of BiOI [1, 4, 12].
Subsequently, they diffused to surface of BiOI and reacted with O2 and H2O molecules to form
superoxide anion radical (O2–) and hydroxyl radical (OH) [1, 4]. In the end, RhB was degraded
by these strong oxidants to CO2 and H2O as final products [1, 4, 12]. When Mg ions were doped in
BiOI lattice, Mg 3s state as Fermi level showed up under the conduction band which may provide
a favorable channel for the photo-induced charge carrier diffusion and accelerating the diffusion of
electrons to O2 molecules [5, 6]. Thus, the recombination of the photo-generated charged carriers
was effectively suppressed and the carriers participated in the photocatalytic process, leading to
the enhancement of photocatalytic efficiency.
4. Conclusions
In summary, Mg-doped BiOI was successfully synthesized via a sonochemical
method. The Mg-doped BiOI samples displayed significantly improved photodegradation activity
in removing RhB under visible light irradiation because of the inhibited recombination of photogenerated electron–hole pairs.
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