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A novel assembly ultrathin PbBiO2Br nanosheets were 

synthesized by a facile solvothermal method. Structural 

characterizations indicate that the quaternary oxyhalide 

compound with a thickness of 8−9 nm can assemble into 

hierarchical architecture. The e-/h+ pairs can separate 10 

efficiently in such 2D structure, so that ultrathin PbBiO2Br 

nanosheets exhibit superior photocatalytic activity towards 

organic contaminants degradation under visible light. 

Being faced with increasingly serious energy crisis and 

environmental problems, photocatalysis as a “green” technology 15 

plays an important role in solar energy conversion and 

degradation of organic pollutants.1-3 The research on 

semiconductor photocatalysts has attracted considerable attention 

in the past decades.4,5 As first generation photocatalyst, TiO2 has 

been widely investigated because of its good activity, stability 20 

and nontoxicity.6-9  However, its relatively wide band gap (3.2 eV 

of anatase TiO2) makes it could only absorb high-energy UV light 

(ca. 4% of the solar spectrum), which limits its further application. 

Therefore, it is highly desirable to develop novel photocatalysts 

that can be motivated under visible light. Up till now, numerous 25 

materials which show photocatalytic activity under visible light 

irradiation have been reported.10-14 Among them, as a new visible 

light-responding photocatalyst, PbBiO2Br has aroused a growing 

interest recently, due to a band gap of 2.47 eV and its unique 

layered structure.15,16 Generally, PbBiO2Br is synthetized by 30 

traditional solid state method, which are mostly irregular large 

particles.17,18 Considering that the photocatalytic activity closely 

relates with the size and the structure of the photocatalysts, it is 

meaningful to design and fabricate PbBiO2Br nanostructures with 

advanced structures and improved properties. However, to our 35 

knowledge, no research has been focused on it yet.  

Over the past decades, two-dimensional (2D) anisotropic 

nanostructure of semiconductor material, which possesses  
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nanoscale dimension in thickness only and infinite length in the 

plane, has attracted great research interest.19-22 In such unique 50 

anisotropic 2D structure, photoinitiated charge carriers experience 

two kind of the confinement. The strong confinement (thickness) 

is necessary to increase sufficiently the free energy of conduction 

band electrons for photocatalytic reaction, meanwhile, the weak 

confinement (length and width)23-25 is needed to facilitate 55 

effective delocalization of longer-living excitons and separated 

charges.26 Thereby, the probability of photoinduced electron-hole 

recombination is effectively minimized. Thus, exploration of 

facile and efficient methods for synthesis of 2D nanomaterial may 

greatly improve their current performance and open up new 60 

applications. 

Herein, for the first time, we synthesized a novel hierarchical 

PbBiO2Br assembled with  ultra-thin nanosheets via a facile 

solvothermal method. The as-prepared samples were 

characterized by X-ray diffraction (XRD), scanning electron 65 

microscopy (SEM), transmission electron microscopy (TEM) and 

UV-visible spectroscopy techniques. The characterization results 

demonstrate that the PbBiO2Br nanosheets are well-crystallized 

and have strong absorption in the visible range up to 500 nm. The 

assembly PbBiO2Br nanosheets show excellent photocatalytic 70 

activity for organic contaminants degradation under visible light 

irradiation, which is primarily attributed to the synergistic effect 

of the high surface area, specially assembled structure and the 

low  recombination rate of charges in the ultrathin nanosheets.  

 75 

 

  

 

 

 80 

 

 

 

 

 85 

 

 

 

 

Fig. 1 XRD patterns of nanosheets and bulk samples of PbBiO2Br. 90 
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Fig. 2 (A and B) SEM images of PbBiO2Br nanosheets samples. Inset shows 

local magnification SEM image of PbBiO2Br. (C) TEM and (D) HRTEM 20 

images of the as-prepared nanosheets PbBiO2Br samples. The inset in (D) is 

SAED pattern. 

Fig. 1 shows the XRD patterns of the PbBiO2Br crystals 

synthesized via facile solvothermal and solid state methods, 

respectively (see ESI†for experimental details). All the peaks 25 

can be indexed to pure tetragonal structure PbBiO2Br (JCPDS 

Card No. 38-1008) and no impurity can be detected, indicating 

that pure phase PbBiO2Br samples were successfully synthesized 

under these two different conditions. The intense and sharp 

diffraction peaks suggest that the product synthesized by 30 

solvothermal process is well-crystallized. Moreover, much 

stronger of the relative intensity of the (110) indicates that 

PbBiO2Br nanosheets preferentially grow oriented the (110) 

direction, which means more (110) facets have been exposed in 

this sample. The result is in good agreement with the high-35 

resolution transmission electron microscopy (HRTEM) 

observation. 

Fig. 2 shows the corresponding structure of the novel 

hierarchical PbBiO2Br assembled with ultra-thin nanosheets. 

Typical low-magnification SEM image (Fig. 2A) reveals that the 40 

sample is consists of massive uniform flowerlike spheres with an 

average diameter of 2 μm. The magnified image in Fig. 2B shows 

that the spheres are constructed of a large number of nanosheets, 

which almost stand vertically and connect with each other to form 

a hierarchical structure. As shown in the inset between Fig. 2A 45 

and 2B, the PbBiO2Br nanosheets are 8~9 nm in thickness, which 

is consistent with the concept of ultra-thin defined by Ozin.27 

These nanosheets do not overlap together tightly but join each 

other with angles into network structure which ensures a lot of 

surface exposure outside. For comparison, the SEM images of 50 

bulk PbBiO2Br and products obtained by solvothermal method 

with different synthesis conditions (see Table S1 in ESI† for 

experimental details) are shown in the Fig. S1 and Fig. S2 
respectively. TEM images of an individual sphere (Fig. 2C and 

Fig. S2) clearly show nanosheets at the edge of the sphere, which 55 

further confirms that it is assembled by sheets.  The clear lattice 

fringes which observed in the HRTEM image (Fig. 2D) reveal the 

highly crystalline nature of the nanosheets. The lattice spacing is 

about 0.282 nm, which is consistent with the (110) atomic planes 

of tetragonal structure PbBiO2Br. 60 

Fig. 3 shows the corresponding UV-vis diffuse reflectance 

spectra of PbBiO2Br samples and reference samples TiO2-xNx, 

C3N4 and BiOBr. All products exhibit absorption in the visible 
light region. The absorption edges of TiO2-xNx, C3N4 and BiOBr 

are located at about 425 nm, 450 nm and 430 nm, respectively. In 65 

contrast, both nanosheets and bulk structural PbBiO2Br have 

strong absorption in the visible range up to 500 nm, which is due 

to the intrinsic transition of the semiconductor. The result is 

consistent with the colour of samples (The inset in Fig. 3). The 

absorption edge of nanosheets sample shows an obvious blue-70 

shift as compared to the bulk sample which might be ascribed to 

the quantum size effect of the nanosheets. The XRD patterns of 

TiO2-xNx, C3N4 and BiOBr are shown in the Fig. S3, indicating 

that all of the samples were synthesized successfully. 

The photocatalytic activity of ultrathin PbBiO2Br nanosheets 75 

was evaluated by the degradation of methyl orange (MO) dyes 

under visible light irradiation (λ > 420 nm) (Fig. 4). As shown in 

Fig. 4A, the main absorption peak of MO molecules at 464 nm28 

decreases rapidly with the irradiation time, and almost disappears 

after about 90 min. The inset in Fig. 4A shows the corresponding 80 

colour changes of MO solution from the bright orange of the 

starting solution to colourless gradually with increasing visible 

light irradiation time. During the decomposition process, the 

colour of photocatalysts turned into dark yellow at first, and then 

turned back with increased irradiation time eventually. This is 85 

because the dye first adsorbed on the photocatalyst, leading to the 

colour change of the photocatalyst, which then  was decomposed 

under light irradiation.29 For comparison, as shown in Fig. 4B, we 

also have studied the photocatalytic performances of BiOBr, 

C3N4, TiO2-xNx and bulk PbBiO2Br. It can be seen that MO is 90 

very stable under visible light irradiation without any catalysts 

and is slightly degraded in the presence of C3N4 and TiO2-xNx. 

However, in the presence of PbBiO2Br nanosheets, the 

degradation rate was remarkably enhanced, about 90% of MO 

dye molecules were decomposed in 90 min, while in the case of 95 

bulk PbBiO2Br, only about 25% of MO dye molecules could be 

decomposed under visible light irradiation. It can be concluded 

that PbBiO2Br nanosheets exhibit the highest photocatalytic 

activity for MO degradation compared with  classical 

photocatalysts, such as TiO2-xNx, C3N4, and BiOBr. To 100 

demonstrate the structure-induced enhancement of the  
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Fig. 3 Ultraviolet–visible diffusive absorption spectra of the as-prepared 

samples. (a) bulk PbBiO2Br, (b) PbBiO2Br nanosheets, (c) C3N4, (d) TiO2-xNx, 115 

(e) BiOBr nanosheets. 
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Fig. 4 (A) The absorption variation of MO dye over PbBiO2Br nanosheets 

(Fig. 2) at different irradiation time. The insert demonstrates the color 

changes of MO over PbBiO2Br nanosheets. (B) The MO normalization 

concentration versus the exposure time under visible light (λ>420 nm). a) 15 

without catalyst, b) TiO2-xNx, c) C3N4, d) bulk PbBiO2Br, e) BiOBr nanosheets 

and f) PbBiO2Br nanosheets.  

photocatalytic performance, further photocatalytic tests were 

performed using other nanostructured PbBiO2Br powders 

(nanosheets, and nanoparticles, see Fig. S2 in ESI†). Fig. S5 20 

shows that activities of PbBiO2Br nanosheets (S4) and 

nanoparticles (S3) are higher than that of the bulk PbBiO2Br, but 

are still lower than that of assembly PbBiO2Br nanosheets.  

The apparent difference of photocatalytic activity of PbBiO2Br 

demonstrates that the structure can be large contribution to the 25 

enhancement of the photocatalytic performance. Here, we use a 

diagrammatic figure (Fig. S6) to further clarify the origins of the 

photocatalytic superiority of the assembly ultrathin PbBiO2Br 

nanosheets, and three factors should be noted. First of all, such 

assembly hierarchical structure is advantageous for the enhanced 30 

light harvesting due to multi-reflection of trapped incident light 

within the nanosheets and lengthened optical path length.30 

Moreover, hierarchical organization and porous textures with a 

large active surface area and capacious interspaces provide more 

chances for the diffusion and mass transportation of MO 35 

molecules, and more photocatalytic reaction sites for the 

absorption of reactant molecules.29 Finally, such ultrathin sheet-

like structures, which reduce diffusion path lengths, could 

promote the charge transfer from the bulk to the surface of the 

photocatalysts. Thus, the direct recombination of the 40 

photogenerated electron–hole pairs is drastically reduced,31 and 

consequently enhanced the photocatalytic activity. PL emission 

spectra have been widely used to evaluate the rate of charge 

recombination as reported in the previous papers. Fig. S7 shows 

the PL emission spectra of PbBiO2Br nanosheets and the bulk 45 

PbBiO2Br particles. The peaks of two samples emission spectra 

centered at 542 nm have been ascribed to the band-edge 

transitions of PbBiO2Br. The stronger PL emission intensity 

indicates a faster recombination rate of the photogenerated 

electron-hole pairs, leading to a lower photoactivity of 50 

photocatalyst. The result suggests that the PbBiO2Br nanosheets 

do have a lower recombination rate than bulk PbBiO2Br, mainly 

because the ultrathin nanosheets structure effectively minimizes 

the probability of the electron-hole recombination. 

  In summary, a hierarchical PbBiO2Br assembled with ultra-55 

thin nanosheets of 8-9 nm in thickness has been prepared by a 

simple solvothermal method. The photocatalytic performance 

studies of MO degradation indicate that such novel PbBiO2Br 

nanosheets exhibit much higher activities than bulk PbBiO2Br, 

BiOBr, C3N4 and TiO2-xNx under visible-light irradiation. The 60 

results found in this work clearly reveal that the rational 

fabrication of assembly hierarchical structure may be an effective 

technique for development of highly efficient visible-light 

sensitive photocatalysts.  
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