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Highlights

Wire-like (BiO)2COs and alkaline-earth metal ions doped-(BiO).CO3 were
prepared.

The cell parameters of doped nanowires shifted from those of pure nanowires.
TEM images show the doped ions introduced internal defects into (BiO)2COs
nanowires.

Doping ions altered PL emission intensity of (BiO)2COs nanowires.
Alkaline-earth metal ions doped-(BiO)2COs3 had enhanced photocatalytic activity.



Abstract

The photoluminescence (PL) properties and photocatalytic activities of pure
(BiO)2C0O3 nanowires and (BiO)2COs nanowires doped with alkaline-earth metal ions
(Mg?*, Ca?*, and Sr?*) were studied. X-ray diffraction (XRD) studies confirmed that the
as-prepared nanowires were orthogonal (BiO)2COs and the calculated cell parameters of
alkaline-earth metal ions doped-(BiO).COs nanowires shifted from those of pure
(BiO)2COs nanowires. High-resolution transmission electron microscopy (HRTEM)
images demonstrated that numerous defects were introduced into (BiO)2CO3s nanowires
by the doped ions. PL observations showed that (BiO)2COs doping altered the relative
intensity of PL emissions, by particularly lowering the emission at 467 nm. The Sr?* ions
and Ca?* ions showed the strongest and weakest effect on the PL property of (BiO)2COs
nanowires, respectively. The alkaline-earth metal ions doped nanowires had enhanced
photocatalytic activities, comparing to the pure nanowires. Therefore, the PL property
and photochemical performance of (BiO)2COs nanowires were expected to be adjusted by

doping with various cations.

Keywords: Photoluminescence; (BiO)2COs nanowires; alkaline-earth metal; ion-doped
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1 Introduction

In recent years, bismuth-containing ternary compounds, such as BiOxXy (X=Cl, Br,
or N2, BiVOs*%, Bi2WOs"#, BisNbO7°, BiPO4°, BisS2015%, (Bi0)2COs*, et al., have
attracted a great of attention due to their outstanding properties®>. Among them, bismuth
subcarbonate ((BiO)2COs3) has become one of the most popular researched
semiconductors in the past decade.!*'® Because of its unique layered structure and
tunable band gap, (BiO)2COs has potential applications as photocatalysts!’®, sensor
material?, anti-bacterial material'*?* and so on. (BiO)2COs with various morphologies,
size, and band gap has been prepared using the hydrothermal treatment or solvothermal
method, and its photocatalytic activities were widely studied.’> However, the
photocatalytic efficiency of pure (BiO)2COs remains low because of the broad band gap.
The band gap of a semiconductor is determined by its electronic structure and
microstructure. Besides, photoluminescence (PL) has been widely used to study the
electronic structures, surface defects, photo-induced charge carrier separation and
recombination processes of semiconductor nanomaterials because of its non-contact,
nondestructive features.?? Considering doping ions could modify the microstructures,
electrical structures, and surface defects of semiconductor materials, (BiO)2COs doped
with anions were prepared to improve their performance recently.?>?® Pure (Bi0)2COs
microspheres (with a diameter of around 2um) and COs?* self-doped (BiO)2CO3

microspheres showed a broad PL emission centered at 413 nm after excitation by a 250



nm light. The PL intensity decreased with increasing COs® content, while the
photocatalytic activity increased with increasing CO3? content.? Chang et al. introduced
sulfur into (BiO)2C0Os to form Bi202(COs3)1-xSx, and their results showed Bi202(CO3)1-xSx
with different sulfur showed different UV-DRS property and photocatalytic activities.?*
N-doped (BiO)2COs microspheres prepared by the hydrothermal method showed
enhanced photocatalytic activity towards removal of NO wunder visible light
irradiation.?®>?® However, very little works about the PL properties and photocatalytic
activities of cations doped (BiO)2COs were reported. Zhang et al. prepared
(BiO)2CO3:Eu®* microspheres and studied their PL property using an excitation
wavelength of 395 nm, results showed that three emission peaks appeared centering at
560, 592 and 613 nm and all the emission peaks corresponded to the specific emissions of
Eu®* ions.?’

Inspired by the achievements in the cations—doped Bi2WOs photocatalysts?®-3, it has
been accepted that cation doping can enhance the photocatalytic activity of the
photocatalysts. Alkaline-earth metal ions (Mg?*, Ca?*, and Sr?*) are widely employed as
dopants in modifying the electronic structures and properties of semiconductors. Doping
Mg into ZnO nanoparticles inhibited the growth of particles size, increased the band gap
and enhanced the PL emission.®! The photocatalytic performance of BiFeOs nanofibers
can be improved by the Ca-doping.®? Sr-doped CdS-ZnS solid solution photocatalysts
showed enhanced photocatalytic activities compared with pure CdS—ZnS photocatalyst

because the doping metal ions induced defects, which could improve the separation of the
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electrons and holes.® It is believed that doping alkaline-earth metal ions (Mg?*, Ca*, and
Sr?*) could modify the PL property of (BiO)2COs and improve the photocatalytic activity.
However, to the best of our knowledge, the photochemical properties of alkaline-earth
metal ions (Mg?*, Ca?*, and Sr?*)-doped (Bi0)2COs nanowires have not been reported.

In order to understand the effect of cation-doping on the photochemical properties, it
IS imperative to carry out systematic analysis on the photochemical properties of
(BiO)2COs with alkaline-earth metal ions doping. In this paper, pure (BiO)2COs
nanowires and alkaline-earth metal ions (Mg?*, Ca?*, and Sr?*) doped-(BiO)2CO3
nanowires were prepared by hydrothermal method. The effect of alkaline-earth metal ions
(Mg?*, Ca?*, and Sr?*) on the microstructure and PL property of (BiO)2COsz nanowires
was studied in detail. Moreover, their enhanced photocatalytic activity was demonstrated

by the decomposition of xanthate under visible light irradiation.

2 Experimental

2.1 Materials and methods

The bismuth trioxide powders (Bi20s) were purchased from Changde Fine Chemical
Co. Ltd. Sodium chloride (NaCl) and sodium carbonate (Na2CO3) were bought from
Tianjin Kernel Chemical Reagent Co. Ltd. Magnesium chloride (MgCl2), calcium
chloride (CaClz), and strontium chloride (SrCl2) were purchased from Xilong Chemical

Co., Ltd. All chemicals were used as they were received and without further purification.



Deionized water was used in the experiments.

In a typical synthesis of Mg?*-doped (BiO)2CO3s nanowires, 100 mmol NaCl, 0.5
mmol MgClz and 5 mmol Na2COs were first dissolved in 70 mL of deionized water, and
the solution was adjusted to pH 3.0 using 1 M HCI. Afterward, 5 mmol Bi2Os was added
into the solution under magnetic stirring conditions and kept the stability of pH 3.0. Then,
the mixture was transferred into a 100-mL Teflon-lined stainless steel autoclave, stirred
magnetically for 6 h at 160 °C, and subsequently cooled to room temperature. Afterward,
the products were collected by filtration, washed several times with deionized water and
ethanol, and dried overnight in an oven at 60 °C. The procedure for the preparation of
Ca2*-doped, and Sr?*-doped (BiO)2CO3 nanowires were same as that for the preparation
of Mg?*-doped nanowires, except for the replacement of the MgCl2 with CaClz and SrClo,

respectively.

2.2 Characterization

The phase composition of the as-synthesized (BiO)2CO3s nanowires was identified
by powder X-ray diffractometry (XRD, D/max, Rigaku, Japan) with Cu Ka as a radiation
source. The morphology was characterized by scanning electron microscopy (SEM,
Quanta 250 FEG, FEI, America), transmission electron microscopy (TEM, JEM-2100F,
JEOL, Japan) and high-resolution TEM (HRTEM, JEM-2100F, JEOL, Japan). PL
measurement was carried out by a fluorescence spectrometer (FLS980, Edinburgh

Instruments, UK) using an excitation wavelength of 250 nm at room temperature. The



photocatalytic activity was evaluated by decomposition of sodium isopropyl xanthate

solution under UV-visible light irradiation.

3 Results and Discussion

3.1 XRD characterization

The phase composition of alkaline-earth metal ions doped (BiO)2COs nanowires was
analyzed using XRD. Pure (BiO)2CO3 nanowires were employed for comparison. As
shown in Figure 1, all the diffraction peaks of pure (BiO)2COs nanowires could be
indexed to the orthorhombic phase with the lattice constants a = 3.865 A, b = 3.862 A,
and ¢ = 13.675 A ((Bi0)2COs, ICDD PDF card No. 09-4740). Most of the diffraction
peaks of alkaline-earth metal ions doped (BiO)2COs nanowires could be indexed to the
orthorhombic (BiO)2COs3, and the rest three peaks emerged at 14.9°, 25°, and 29° (2-theta)
could be assigned to BiO1s (ICDD PDF card No. 78-0736). Results apparently indicated
that the relative peak intensity varied from each other, intensity ratio of (002) to (013)
decreased, whereas the intensity ratio of (110) to (013) increased, suggesting that the

doped earth metal ions affected the growth orientation of (BiO)2CO3s nanowires.

The lattice parameters were calculated based on the XRD patterns to evaluate the
effect of dopants on the crystal structure, as listed in Table 1. The ironic radius ratio of

MZ/Bi®* (M?* = Mg?*, Ca?*, or Sr?* ion) were also listed in Table 1. Results indicate that the



lattice parameters of as-synthesized pure (BiO)2COs nanowires greatly agree with the
standard values. Due to the presence of the doped ions, the lattice parameters of doped
nanowires were less than the theoretical lattice parameters, especially for the ¢ value. The
calculated ¢ value of nanowires increased with the sequence, Mg?*-doped (BiO)2COs
nanowires < Ca?*-doped (BiO)2COsz nanowires < Sr?*-doped (Bi0O)2CO3s nanowires after
doping with Mg?*, Ca?*, or Sr?*, indicating that doping by ions substituted Bi®* and
deformed the structure along c-axis to some extent. In particular, the cell parameters of
Mg?*-doped (Bi0)2COs nanowires were 3.845 x 3.842 x 13.396 A, which were much
smaller than those of pure nanowires and the standard values because of the smaller ionic
radius of Mg?* (0.72 A) than Bi** (1.03 A). On the contrary, the increase in a and b with
doping with Sr?* can be attributed to the larger ionic radius of Sr?* (1.18 A) compared

with that of Bi®*.

3.2 SEM and TEM characterizations

In a typical hydrothermal environment, introducing impure ions may affect the
crystalline and growth orientation of nanostructures, resulting in different morphologies
and properties. As described in previous work, pure (BiO)2CO3z nanowires with uniform
diameter can be prepared using the hydrothermal method (Shown in Figure 2a).3 SEM
images (Figure 2a) shows the disordered wire-like morphology of the pure (BiO)2COs,
resulting from the random diffusing of ions under the hydrothermal condition. It was

different from those orderly ITO nanowires on the surface of a substrate prepared by the



thermal evaporation methodology, which focused on the conductivity and light
absorption®. Herein, SEM images were used to evaluate the effects of alkaline-earth
metal ions on the morphologies of nanowires. As shown in Figure 2, the morphologies of
all samples maintained the wire-like 1D structure despite the separate introduction of
different alkaline-earth metal ions. In particular, all the Mg?*-doped, Ca?*-doped, and
Sr?*-doped (Bi0O)2CO3 nanowires showed several nanowires that were bonded together
with some nanosheets. Besides, the ratio of wire-like structure to sheet-like structure
differed, which was probably caused by the different ionic radii. The radius of Mg?* is
0.72 A, which is much smaller than the 1.03 A radius of Bi®*. Thus, more sheet-like
structures appeared, as shown in Figure 2a. In contrast, fewer sheet-like nanostructures
emerged in the Sr?*-doped system, and nearly no sheet-like nanostructures could be
observed in the Ca?*-doped system due to their similar ionic radius (1.00 A for Ca?* and
1.18 A for Sr?*). In other words, the ionic radius of introduced ions affected the formation
of nanowires during the hydrothermal treatment of Bi2Os, wherein increased mismatch
between the added ions and bismuth ions, resulted in the appearance of a more sheet-like
nanostructure.

TEM and HRTEM images of Mg?*-doped, Ca*-doped, and Sr?*-doped nanowires
were recorded to investigate how the doped ions affected the microstructure of
(Bi0)2CO3 nanowires. As a comparison, TEM and HRTEM images of the pure
(Bi0)2CO3 nanowires were shown in Figure 3a,3b, which grew along the b axis. Figures

3c and 3d show us the TEM and HRTEM images of Mg?*-doped nanowires. It could be
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seen that the Mg?*-doped nanowires had diameters about 30 nm and a smooth surface.
Clear crystal fringes appeared in the HRTEM image. The spacing of adjacent fringes was
measured to be 0.1925 nm, which could be ascribed to (020) plane of (BiO)2COs. It
indicated that Mg?*-doped (BiO)2CO3 nanowires grew along the b axis, just like pure
(BiO)2CO3 nanowires. According to Figure S1, Bi-O bonds expose on the surface of
(BiO)2C0O3 nanowires when they grew along the b axis, so it was easy to substitute Bi
atom in the Bi-O layers of (BiO)2COs cells. As a result, the original Bi-O tetrahedrons
collapsed when smaller ions like Mg?* located at the Bi lattice sites. Numerous
distortions could also be observed in the HRTEM image (shown as oval-shaped circles in
Fig. 3d). Combining the smaller measured d-value of (020) crystal plane and defects with
the XRD results, we concluded that Mg?* intruded upon the original cell of (BiO2)COs
resulting in a distorted cell. Figures 3e and 3f show the TEM and HRTEM images of
Ca?*-doped nanowires, respectively. The observed nanowires showed a more uniform
diameter of 20 nm or so. In Figure 3f, clearer crystal fringes and fewer defects could be
observed, comparing with that of Mg?*-doped nanowires. The spacing was measured to
be 0.1935 nm, which belonged to the (020) crystal planes, too. Similarly, some defects
existed on the surface of the nanowire because Sr?* ions substituted some Bi** ions in the
(BiO)2C0O3 nanowires (Figure 3h). Combining HRTEM analysis (enlarged d-spacing and
defects) with XRD results, Sr?* was successfully introduced into the (BiO)2COs crystal

cell.
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3.3 PL properties

The photoluminescence spectra of the as-prepared pure, Mg?*, Ca?*, and Sr?*-doped
(BiO)2CO3 nanowires were recorded at an exciting wavelength of 250 nm. For a better
comparison, all the spectra were normalized based on the emission peak at 467 nm, as
shown in Figure 4. The pure (BiO)2COs nanowires showed one sharp emission peak at
467 nm, and one weak broad emission region around 425 nm. The peak at 467 nm could
be ascribed to the surface defect-induced emission due to the high activity of surface
atoms (Bi atoms and O atoms) in (BiO)2COs nanowires, and the weak broad peak around
425 nm could be contributed to the intrinsic defect-induced emission. Oxygen vacancies
are the main defect in metal oxidant semiconductors, such as ZnO%, TiO2*, et al. For the
(BiO)2COs nanowires, Bi-O layers expose on the surface, which could also lead to
oxygen vacancies. These oxygen vacancies acted as recombination centers to show up the
467 nm emission peak in the PL spectrum. Compared to the PL spectrum of pure
(BiO)2COs nanowires, the surface defect-induced emission peak at 467 nm appeared
broader with a tail. At the same time, the intrinsic emission of (BiO)2COs at 394 nm
showed up, indicating the energy band structure and defect types of (BiO)2COs varied
from that of pure (BiO)2COs nanowires after doping with alkaline-earth metal ions.
Moreover, the intrinsic defect-induced emission peaks shifted to 428 nm in the PL spectra
of doped (BiO)2CO3 nanowires comparing with that of pure nanowires, suggesting that

doping alkaline-earth metal ions subtly altered the defect type. The generated Me-O
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bonds are ionic bonds rather than covalent bonds of Bi-O because the electronegativities
of alkaline-earth metal ions are smaller than that of bismuth ion. As a result, the electron
cloud distribution and electronic structure of alkaline-earth metal ions doped-(BiO)2COs
nanowires varied from that of pure (BiO)2COs nanowires, leading to the broadened
defect-induced PL emission with a tail.*® 3° It also could be observed that all the PL
emission peaks were located at same wavelength positions. Generally, a shift of the PL
emission peak occurs after the impure ions are doped in the crystal due to the energy level
splitting. However, no noticeable difference in the PL emission positions was observed
here, just like the PL features of Mg?*, Ca?*, and Sr?* doped ZnO nanoparticles.*® Further
study is necessary to figure out the likely reasons. In order to have a better understanding
of the PL properties, we fitted all the PL spectra based on Gaussian-Lorentz (20:80)
calculation. A good fit with four emission peaks centered at 394, 428, 467 and 482 nm

was obtained for all of the PL spectra of the samples.

Table 2 shows PL intensity ratio of different chromophores to the total PL emission
intensity of pure nanowires and alkaline-earth metal ions-doped (BiO)2COs nanowires
based on the Gaussian-Lorentz simulation. The surface defect-induced PL emission made
up about 83.53% of the total PL emission, intrinsic defect-induced PL emission (9.63%)
and intrinsic PL emission (6.84%). For the Mg?", Ca?*, and Sr?*-doped (Bi0).COs
nanowires, the relative intensity of surface defect-induced emission dropped dramatically,

and the impurity defect-induced emissions at 482 nm were dominant because doping with
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nonequivalent ions caused numerous impurity defects, which were different from that of
pure (BiO)2COs nanowires. The highest intensity of surface defect-induced emission
(14.68%) belonged to Ca?*-doped nanowires, followed by 8.87% of Mg?*-doped
nanowires, and 4.91% of Sr?*-doped nanowires. The electronegativity of Mg, Ca, Sr, Bi,
and O is 1.31, 1.0, 0.95, 2.02, and 3.44,* respectively. While the ionic radius of Mg, Ca,
Sr, and Bi is 0.72, 1.0, 1.18 A, and 1.03 for Mg?*, Ca?*, Sr?* , and Bi®* ions*!, respectively.
For the geometrical part, the radius of Ca?* is extremely close to that of Bi**, leading to a
minimal structure change in the original crystalline cell of (BiO)2COs. Given that the
ionic radius of Sr?* was a little bigger than that of Bi**, the intruded Sr?* could enlarge the
original cell of (BiO)2COs and change the surface defect emission, leading to the lowest
surface defect-induced PL intensity. The radius of Mg?* was much smaller than that of
Bi*, the ions intruded into (Bi0)2COs cells and resulted in shrunken crystal cells and
impurity defects. For the (BiO)2COs electronic structural part, the generated Me-O bonds
have a different strength after they replaced Bi in the crystal lattice. Based on the
electronegativity, the ionicity of an A-B bond is given by*:

fionic=1-exp[-(Xa-Xg)%/4]

Where Xa and Xg are the electronegativities of the elements A and B. So that the ratio of
the ionic bond is 0.678, 0.774, 0.787, and 0.396 in Mg-O, Ca-O, Sr-O and Bi-O bond,
respectively. The Bi-O bond is more covalent character than ionic character; meanwhile,
all the Me-O bonds are ionic bonds. The greater the difference in electronegativity

between Me and O, the stronger the ionic bond that will be formed between them. Hence,
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the strength of the Me-O bond increase as the following order: Bi-O<Mg-O<Ca-O<Sr-O.
After Me had replaced Bi in the crystal lattice, the electron distribution between Me and
O shifted from the Bi-O bond, resulting in the shifting of the electronic structure of the
doped (BiO)2CO3 nanowires. Given that both the ionic radius and electronegativity of
doped alkaline-earth metal ions are different, the as-obtained PL results reflected the
interaction of ionic radius and electronegativity of doped ions. Therefore, doping with
alkaline-earth metal ions has a significant effect on the intrinsic defect PL emission and
impurity defect PL emission, but has little effect on the intrinsic PL emission of

(BiO)2CO0Os3 nanowires.

3.4 Photocatalytic activity

The enhanced photocatalytic activity of Mg?*, Ca?*, and Sr?*-doped nanowires was
determined by degradation of sodium isopropyl xanthate in agqueous solution under
UV-visible irradiation using a 250 W mercury lamp as light source. As well, pure
(BiO)2COs nanowires were employed as a contrast. Figure 5 shows the plot of
degradation rate (Ao-A:)/Ac%) of xanthate at different reaction time using Mg?*, Ca?*,
Sr?*-doped nanowires and pure (BiO)2COs nanowires as photocatalysts. Here, Ao is the
initial absorbance of sodium isopropyl xanthate, and A: is the absorbance of sodium
isopropyl xanthate solution at a reaction time t. As shown in figure 5, the degradation rate
of sodium isopropyl xanthate was less than 5% without photocatalyst. As a contrast, the
xanthate was degraded very quickly once the photocatalysts were added into the xanthate
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solution. At a time of 30 min without light irradiation, the degradation rate of xanthate by
Mg?*, Ca?*, and Sr?*-doped nanowires and pure nanowires was 97.9%, 66.7%, 88.9%,
and 52.4%, respectively. The results of UV-vis spectra of the xanthate-containing solution
indicated that sodium isopropyl xanthate decomposed into CSz and CsH7OH under
UV-vis irradiation, which was in accordance with the previous results of pure (BiO)2CO3
nanowires.?® It might be caused by the different morphologies shown in Figure 2.
Mg?*-doped nanowires and Sr?*-doped nanowires contained lots of sheet-like
nanostructures, which might absorb xanthate quicker than the single wire-like
nanostructure. The decomposition rate increased with the increasing of the reaction time.
After 60 min of reaction, the degradation rate of xanthate was 98.9%, 98.5%, 95.9%, and
94.4% in the presence of Mg?*-doped, Ca?*-doped, Sr?*-doped nanowires, and pure
nanowires, respectively. The Mg?*-doped-nanowires showed the highest photocatalytic
activity, followed by Sr?*-doped nanowires, Ca?*-doped nanowires and pure nanowires,
which was in accordance with the PL results. The ions-doped nanowires also showed a

high stability of photocatalytic activity after three successive runs (Shown in Fig.S2).

4 Conclusions

In summary, pure and alkaline-earth metal ions (Mg?*, Ca?*, and Sr?*)-doped (Bi0)2COs
nanowires were successfully prepared using the hydrothermal method. The XRD results
confirmed that the as-prepared nanowires were of orthogonal (BiO)2COs, and the

calculated cell parameters of doped-(BiO)2COs nanowires shifted from those of pure
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(BiO)2C0Os3 nanowires because of the mismatched radii and valence between doped ions
and Bi*". HRTEM images also demonstrated that numerous defects were introduced into
the (Bi0O)2COs3 nanowires by the doped ions. PL studies showed that the pure (BiO)2COs3
nanowires displayed one sharp emission at 467 nm, which was caused by surface defects.
Doping of (BiO)2COs altered the PL emission relative intensity. The Ca2*-doped
(BiO)2C0Os nanowires showed the similar PL property of pure (BiO)2COs nanowires,
followed by Mg?*-doped (Bi0)COs nanowires, and Sr**-doped (BiO)2CO3 nanowires,
resulting from their different ionic radius and electronegativity. The closer of the radii
between the doping atom and Bi atom is, the more similar the PL spectrum of (BiO)2COs
nanowires. The photocatalytic activity test demonstrated all the alkaline-earth metal ions
doped nanowires had an enhanced photocatalytic activity compared to the pure nanowires.
Therefore, the PL emission and photocatalytic activity of (BiO)2COs could be adjusted by

adding different impurities.
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Figure 1. XRD patterns of Mg?*-doped, Ca?*-doped, and Sr?*-doped (BiO)2CO3

nanowires and pure (BiO)2COs nanowires (solid circles: BiOu1s).
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Figure 2. SEM images of (a) pure (BiO)2COs nanowires, (b) Mg?*-doped (BiO)2CO3

nanowires, (c) Ca?*-doped (BiO)2COs nanowires, and (d) Sr?*-doped (BiO)2COs

nanowires
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Figure 3. TEM and HRTEM images of (a, b) Pure -doped (BiO).COs nanowires, (c, d)
Mg?*-doped (BiO)2CO3 nanowires, (e, f) Ca?*-doped (Bi0)2COs nanowires, and (g, h)

Sr?*-doped (Bi0O)2CO3 nanowires
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Figure 4. The normalized PL spectra of pure nanowires and doped nanowires
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Figure 5. Photocatalytic activity of Mg?*-doped, Ca?*-doped, Sr?*-doped, and pure

nanowires for decomposition of xanthate
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Table 1. lon radius ratio, absolute ion radius difference between M?* and Bi®* and lattice

constants of pure (BiO)2COs nanowires and (BiO)2COs nanowires doped with Mg?*, Ca?*,

or Sr?* ions
al A b/ A | c/A Absolute ion radius | lon radius
difference between | ratio  of
M2 and Bi%* /A M2*/Bi3*
Standard values 3.865 | 3.862 | 13.675 |/ /
Pure (BiO)2CO3 nanowires 3.868 | 3.866 | 13.676 |/ /
Mg?*-doped (BiO),CO3 nanowires | 3.845 | 3.842 | 13.396 | 0.31 0.699
Ca?*-doped (Bi0),CO3 nanowires 3.848 3.841 | 13.439 | 0.03 0.971
Sr?*-doped (Bi0O).CO3 nanowires 3.935 |3.846 | 13.455 | 0.15 1.140

* M?2* denotes Mg?*, Ca?*, and Sr?* ion.
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Table 2. PL intensity ratio of different emission of pure nanowires and alkaline-earth

metal ions doped nanowires

Doped | 394 nm (Intrinsic | 428 nm (Intrinsic | 467 nm  (Surface | 482 nm  (Impurity

cation | PL) intensity | defect-induced PL) | defect-induced  PL) | defect-induced  PL)
ratio, % intensity ratio, % intensity ratio, % intensity ratio, %

/ 6.84 9.63 83.53 /

Mg?* | 23.53 27.44 8.87 40.16

Ca?* |19.10 26.04 14.68 40.18

Sr 26.04 29.67 491 39.37
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