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Solvothermal synthesis of BiOCI nanoplates
with excellent photocatalytic activity for dye degradation

A two-phased solvothermal method was employed to synthesize BiOCI nanoplates using Bi(NO;);-5H,0, so-
dium oleate and KCl as the starting materials. The phases, morphology and optical property of the products
were characterized by X-ray powder diffraction (XRD), transmission electron microscopy (TEM) and UV-vis
diffuse reflectance spectroscopy (DRS). XRD and TEM images showed that the BiOCI nanoplates have a te-
tragonal phase with the lateral length of 50-100 nm. DRS exhibited that the obtained BiOCI samples have
great absorption in the ultraviolet light range. Methyl orange (MO) and Rhodamine B (RhB) were used as the
target degradation to assess the photocatalytic properties of the samples. Under UV irradiation, the degrada-
tion rate of MO and RhB was reached to 96.3 % and 97.7 % within 30 min. The results indicated that the
BiOCl nanoplates have great potential applications in dye degradation.
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1 Introduction

Water is essential to human life, industrial and agricultural production of natural resources. During the
last few decades, the dye using caused serious environmental pollution, especially water pollution. Textile
industry is rated as one of the most polluting sector among the different human activities due to their high
discharge volume and effluent composition [1]. Solving the dye wastewater problem has become a hot topic
of concern in the world. To date, semiconductor photocatalysis has attracted increasing attention as a poten-
tial environmental technology for wastewater remediation [2]. Photocatalysis is one of the most promising
methods for environmental protection. It is friendly to the environments and has a relatively low cost. Thus,
heterogeneous photocatalysts with high activities have attracted considerable interest

Recently, bismuth-based photocatalysts have received tremendous attention due to its unique layered
structure that helps the separation of photo-generated electron-hole pairs [3]. Among them BiOCl as one of
the most important bismuth oxyhalides, the predicted energy gap value is 3.3 eV, belongs to the indirect band
gap semiconductor characteristic. In indirect bandgap semiconductor material, composite of electron-hole
pairs can be conducted only by electron emission or absorption, which reduces the combination probability
of photo generated electrons and holes [4]. Therefore, indirect jumps the characteristic and open style lami-
nated structure at the same time exists is advantageous to the electron-hole effective separation and the elec-
tric charge transfer, causes that BiOCI have the good photochemical catalysis activity and the stability [5]. It
has been revealed that the photocatalytic properties of BiOCI are not only related with the morphology but
also synthetic methods. Various BiOCl nanostructures including nanobelts [6], nanowires [7], nanofibers [§],
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nanoplates [9] and 3D hierarchical nanostructures [10, 11] have been fabricated via different synthetic
routes, such as hydro/solvothermal method [12, 13], ionothermal synthesis [14], template-assisted synthesis
[15], microwave-assisted synthesis [16] and hydrolytic synthesis [17, 18]. The prepared samples in terms of
performance need further improvement, and the synthesis conditions are relatively harsh. In recent years,
lamellar structure BiOCI materials have attracted much attention [19, 20]. Owing to its unique electronic,
magnetic, optical, and catalytic properties, which mainly arise from their large surface areas [21]. Therefore,
exploring a facile method to prepare BiOCl nanoplates structure with excellent photocatalytic activity for
dye degradation is still desired.

In this paper, a two-phased solvothermal method was employed to synthesis BiOCl nanoplates. The
photocatalytic activities of the as-prepared samples were evaluated by degradation of MO and RhB under
UV light irradiation. The as-prepared BiOCl sample showed excellent photocatalytic activity for the degrada-
tion of MO and RhB, which was prepared without the presence of CTAB or NaOH. The degradation rate of
MO and RhB was approached to 96.3 % and 97.7 % within 30 min under the same conditions. It is expected
that the present study could be great potential value in photocatalytic activities.

2 Experimental

2.1 Preparation of photocatalyst

All of the reagents were analytical grade and were used as received. In a typical synthesis process,
2 mmol of Bi(NO;);-5H,0 and 6 mmol of sodium oleate were put into 200 mL three-necked flask containing
15 mL of deionized water, 15 mL of ethanol and 30 mL of hexane. After stirred at room temperature for 1 h,
the flask was moved into an oil bath and refluxed at a temperature of 70 °C for 30 minutes. Finally 4 mmol
of KCl was added for heating backflow with stirring for 1 h. After cooled down to room-temperature, the
mixture was transferred into a 25 mL capacity Teflonlined stainless steel autoclave, and kept at 180 °C for
12 h, and finally cooled to room temperature naturally. The product was washed with deionized water and
ethanol for three times. The final products were then dried at room temperature for further characterization.
This sample was denoted by BiOCI-1. For comparison, the BiOCI samples prepared by adding 6 mmol
CTAB or NaOH with stirring of 30 min before the addition of KCI under the same conditions was denoted
by BiOCl-2 and BiOCI-3, respectively. Another comparison sample was prepared by just refluxing for 2 h
without the solvothermal treatment, which was denoted by BiOCI-4.

2.2 Characterization

The crystal structure of the samples was determined by X-ray diffraction (XRD, BRUKER D2 with
Cu K, radiation (A = 1.54178 A)). The microstructures of the samples were characterized by transmission
electron microscopy (TEM, Hitachi H-600). The optical properties of the samples were tested by UV solid
reaction instrument (Shimadzu UV-4802S PC).

2.3 Photocatalytic activity measurement

For photocatalytic measurement, take MO and RhB as the target degradation. 20 mg catalyst dissolved
in 50 ml 10 mg/L MO and RhB solution respectively. Before the lighting, the suspensions were magnetically
stirred in dark for 1 h in photochemical reaction apparatus (Xu Jiang machine plant in Nanjing XPA) to reach
the adsorption-desorption equilibrium and then exposed to light from a 100 W Hg lamp. The suspension has
been given time interval for liquid. Fetched suspensions was fed into a centrifuge tube, then placed the mix-
ture in a centrifuge (Shanghai Anting Scientific Instrument Factory TCL-16C) in 10000 r/min centrifuged for
5 minutes to remove the catalysts. The suspensions were analyzed on a UV-vis spectrophotometer (Shimadzu
UV-2550 PC) for testing analysis. The percentage of degradation is reported as C/Cy, where C is the concen-
tration of the dyes for each irradiated time, and C, is the starting concentration.

3 Result and discussion

3.1 XRD and TEM

Figure 1 showed the XRD patterns of the as-prepared samples. All of the diffraction peaks can be tallied
with the standard card peaks of BiOCIl (JCPDS card no. 06-0249) except the weak reflection of Bi;OsCl, in
the sample BiOCI-3. The peaks were narrow and strong, indicating that the as-prepared samples had good
crystallinity. The XRD pattern of BiOCl-4 revealed a small amount of BisOsCl, impurity.
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Figure 1. XRD patterns of BiOCI powder prepared at different conditions

Figure 2 showed the typical TEM images of the BiOCI samples. It is clearly observed that the samples
consist of nearly regular sheets with a large distribution of 50—100 nm. As shown in Figure 2(a), BiOCI-1 has
a clear sheet structure. This nanoplate dispersed well and there is no significant agglomeration. The sample
BiOCI-2 shown in Figure 2(b), has larger sizes and serious agglomeration. Figure 2(¢) showed BiOCI-3
nanoplate with a smaller size and obvious aggregation. BiOCl-4 (Fig. 2(d)) showed the morphology of the
block structure. It can be concluded that BiOCI-1 has a more uniform particle size and better dispersion.

(a) — BiOClI-1; (b) — BiOCI-2; (¢) — BiOCl-3; (d) — BiOCl-4
Figure 2. TEM images of BiOCl

Figure 3(a) showed the UV-vis diffuse reflectance spectra of the BiOCI samples. It can be seen that all
the absorption peaks occurred at about 380 nm, which is consistent with the reported absorption edge of
BiOCl [5]. Figure 3(b) is band gap of BiOCI samples, which was calculated by the following equation
[22, 23].

ahv=A(hv — Eg)"?, (1)

Where a, v, 4 and E, represent the meaning of absorption coefficient, the frequency of the incident
light, scaling factor and bandgap energy, respectively. Among them, the value of n depends on the type of
semiconductor bandgap. The direct band gap semiconductor and indirect band gap semiconductor have dif-
ferent n value, and the value of n for indirect bandgap semiconductors is 4 [24, 25]. The band gap can be es-
timated by Tauc plot as shown in Figure 3(b). The band gaps of the as-prepared BiOCI samples were in the
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range of 3.0 eV to 3.25 eV. Wherein, the band gap of BiOCI-1 was 3.25 eV. The BiOCI-1 sample exhibited
wide ultraviolet absorption region and high light absorption, meaning that more electron-hole pairs can be
produced under the UV irradiation, which would benefit its photocatalytic performance as shown below.
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Figure 3. UV-vis diffuse reflectance spectra of BiOCl samples

3.2 Photocatalytic activity of BiOCI

The photocatalytic activities of as-synthesized BiOCl nano-plates have been evaluated by degradation
of MO and RhB solution ultraviolet light irradiation. Figure 4 (a—b) shows the absorption spectra of MO and
RhB solutions (10 mg/L) in the presence of BiOCI-1. The characteristic peak of MO at 4 = 463.5 nm and
RhB at 4 = 663 nm weakened gradually along with the illumination time extension. When the illumination
time was 30 min, the basic characteristic peaks were merely vanished. As a comparison, the photocatalytic
activities of the other samples were checked under the same conditions. This indicated the as-prepared
BiOCI has the excellent photochemical catalysis activity for both acid dyes and basic dyes. Figure 4(c—d)
displayed the dye degeneration performance of BiOCI nanoplates prepared under different synthesis condi-
tions. As showed in Figure 4(c—d), the dark adsorptions of MO and RhB were as low as 3 % and 9 %, respec-
tively, showing almost no dye adsorption performance. When UV lamp was turned on, it was found that the
sample of BiOCI-1 showed the highest catalytic activity among the samples and the degradation rate can
reach to 96.3 % and 97.7 % within 30 min.
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Figure 4. Spectral changes BiOCI-1 sample to ultraviolet MO and RhB solution absorption (a—b);
BiOCI-1 sample for photocatalytic degradation of MO and RhB solution percentage (c—d)
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4 Conclusions

In summary, the 2D sheet structure BiOCI nanoplates were synthesized through a two-phased
solvothermal method. The lateral sizes of the nanoplates are in 50-100 nm range. The X-ray diffraction anal-
ysis indicates that the product is pure phase tetragonal BiOCl. The dye degradation experiment revealed its
excellent catalytic performance for degradation of MO dye and RhB. The BiOCI nanoplates showed poten-
tial applications in the degradation of organic wastewater fields. This work provides a facile method for the
synthesis of high photocatalytic activity BiOCl nanoplates.
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Xait Tay JIro, bay JIun Way, [llay Man, )Ku Kan JKuan, A.b. Tareesa,
Cunraii Cy, I'T". baiikenoBa, M.W. Baiikenos, A. CaTsi0aniux

BosirpluTapabiH AerpaganusicblHA APHAJIFAH KOFAPbl GOTOKATATMTHKAIBIK
oescensii BIOCl HaHOOe/IIIEKTEPiHiH COTbBOTEPMAJIAbI CHHTE3]

Exidazansl conpBoTepmanapl omic Goibiaima BiOCl HaHOKaOBIKIIANApblH CHHTE3[ACY YIIiH OacTamkbl
marepuan peringe Bi(NOs);-5H,O, natpuit oneatsr sxone KCl xonmmansuigsl. TysIHABIIapIBIH (a3achH,
MOP(QOJIOTHSCHIH KOHE ONTHKAIBIK KACHETTepiH CHUIIATTay YIIIH PEeHTreHIIK YHTaKTHIK mudpakius (XRD),
anekTpoHbIK Mukpockonust (TEM), yneTpakyirin criektp adimarsiaga (DRS) nnddy3usibIK marsUIBICTEIPY
criekTpockonusl maiinaneniasl. XRD sxeme TEM cyperrepi BiOCl HaHOKaOBIKIIAIApBIHBIH JIATE€PAJIIBL
y3biH bl 50—100 HM, mimiHi TeTparonanasl exeHin kepcerti. BiIOCI ajbiHFaH yariiepi ynbTpakyJirin caye
aifiMarbIH/Ia JKOFaphI CiHipy KabineriMeH cumartanateiibii DRS kepcerti. Yirinepain (poToKaTaauTHKAIbIK
Kacuertepin Oaramay yumiiH merunopamx (MO) xone pomamua B (RhB) kompmanbuimpl. YisTpakyirin
coyinecinne MO sxone RhB perpananmsuiay sxeuigamuasirsl 96,3 % u 97,7 % peiiin 30 MUH apaybIFbIHIA
skorapianbl. KopbIThIHABI HOTHXKeci Oosiynbl asaiity Oapeichinga BiOCl nanoOemiiekTephiH aneyerTi
KOJIIaHy aiiMarbl apTaTBIHABIFBIH KOPCETTI.

Kinm coe30ep: BiOCl HanokaObIKIIANap, ekida3zaisl coTbBOTEPMAIIBI 9M1IC, POTOKATAIUTHKAIBIK KacCHEeTTep,
KYJIABIpay.

Xait Tay JIro, bay JIun Hay, [llay Man, )Ku Kan Kuan, A.b. Tareesa,
Cunraii Cy, I'I'. baitkenoBa, M.U. baitkenos, A. Catbiboananx

CoabBoTepMaibHbIA CHHTE3 HAHOIIACTHHOK BiOCI ¢ BbICOKOI
dorokaranuTHYECKON AKTHUBHOCTHIO IJIA IerPalallui Kpacuresen

Jst cunTesa HaHommactuHOK BiOCl ncnonp3oBanu 1Byx(a3HbIA CONEBOTEPMAIBHBIA METOH C IPUMEHEHUEM
B KauecTBe MCXOAHbIX MarepuaioB Bi(NO;);-SH,0, oneara natpus u KCIl. ®a3bl, Mopdosorust u onrude-
CKHE CBOWCTBA MPOAYKTOB XapaKTEPU30BAIKCh METOAaMH PEHTTEHOBCKOU mopoikoBoi audppakuuu (XRD),
npocseunBatoniel anexTpoHHoi Mukpockonuu (TEM) u cnekrpockonuu nuddysnoro orpaxenus B Y D—
BuanMoi obnactu crekrpa (DRS). U3o6paxenns XRD u TEM nokazanu, uto Hanomnactunsl BiOCl umerot
TeTparoHansHyIo (asy c garepanbHoi mmuHON 50-100 HM. DRS nokasan, uto nomydennsie oopasmusl BiOCl
o0J1afaroT OOJIBIINM IOTJIOIICHUEM B JIHaNa30He yIbTpadHoIeToBOro cBera. [ oneHkn (GoTokaTanuTHie-
CKHMX CBOMCTB 00pa3IoOB Ul IeTpajalliyl UCTIOIb30BATIN KPAaCUTEIN METWIOBEIH opamkesslii (MO) u poxa-
muH B (RhB). I[Ipn Y®-06myuenun ckopocts aerpaganuu MO u RhB nocrurana 96,3 % u 97,7 % B TeueHue
30 muH. Pe3ynbrathl mokaszanu, 4to HaHomtacTHHBI BiOCl nMeroT OoJbIION MOTSHIWAT IS JIeTpajandi
KpacuTesel py UX NPUMEHEHHN.

Kniouesvie cnosa: nanomnactuaku BiOCl, nByxda3Hblii CONbBOTEpMAaNbHbIH METOA, (pOTOKATAIUTHICCKHE
CBOICTBA, Jerpajanus.
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