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Facile synthesis of Cu2PO4OH hierarchical nanostructures and 

the improved catalytic activity by hydroxyl group† 

Yunxuan Zhao, a Fei Teng, a* Juan Xu, a Zailun Liu, a Yang Yang, a Qiqi Zhang, a Wenqing Yao b  

One- and three-dimensional (1D, 3D) Cu2PO4OH hierarchical architectures have been successfully prepared by a facile 

hydrothermal method, mainly through adjusting the precursors concentrations. A possible splitting mechanism is proposed 

to understand the evolution from 1D to 3D hierarchical architectures. Besides, through experiments and density functional 

theory (DFT) calculations, we find that copper hydroxyphosphate (Cu2PO4OH) shows an excellent catalytic activity for the 

degradation of rhodamine B (RhB). This has been mainly ascribed to the contribution of hydroxyl groups contained in 

Cu2PO4OH, which favours to form more hydroxyl radicals. Moreover, both partial density of states (PDOS) and total 

density of states (TDOS) have confirmed that conduction band (CB) is affected by part of O 2p orbitals of hydroxyls; thus 

the hydroxyl group is responsible for the increased band gap and the positive VB of Cu2PO4OH. This study suggests that the 

new photocatalysts or photoelectric materials can be developed through introducing hydroxyl groups. 

Introduction 

To date, various nanostructures from one-dimensional (1D) to 
three-dimensional (3D) have been intensively studied due to 
their excellent properties, such as catalysis, 1 gas sensors, 2 
optoelectronics, 3 battery electrodes, 4 and so on. Nowadays, 
incredible efforts have been devoted to develop new methods to 
fabricate nanomaterials with new hierarchical architectures. 5-6 
Among these, metal phosphates have attracted considerable 
attention due to various applications in catalysis, chemical 
materials and intercalation chemistry. 7-8 Recently, copper 
hydroxyphosphate 9 have attracted significant attention due to 
its excellent catalytic properties for hydroxylation of phenol, 10 
oxidation of azo dyes 11 and epoxidation of styrene. 12 It is well 
known that the particle morphology has a significant influence 
on the physicochemical properties of materials. 9,13 
Nevertheless, it still remains a big challenge to develop a facile, 
environment-friendly method without using any templates or 
surfactants for the preparation of novel micro/nanostructures. In 
particular, some of hydroxyl-containing photocatalysts have 
been developed, e. g., Bi2O2[BO2(OH)], 14 Bi2O(OH)2SO4, 

15 
MnOOH,16 etc. However, the role of hydroxyl contained in the 
material in the photo oxidation activity has not been well 
understood and revealed. 

     Herein, without using any templates or surfactants, 
Cu2PO4OH hierarchical architectures were prepared by a 
simple hydrothermal method. A crystal splitting mechanism 

was proposed to understand the formation of 1D to 3D 
hierarchical architectures. The photo degradation of RhB under 
ultraviolet (UV)-light irradiation (≤420nm) was used as the 
probing reaction to explore the catalytic activities of the 
samples. Besides, the contrast experiments, in which dimethyl 
sulfoxide (DMSO) was used as the scavenger of hydroxyl 
radicals (•OH) and ammonium oxalate ((NH4)2C2O4) as the 
electron scavenger, confirmed that the hydroxyl group 
contained in Cu2PO4OH favoured the generation of more •OH 
free radicals. We also investigated the influence of inorganic 
ions on the degradation of RhB. It showed that Cu2+ and PO4

3- 
ions have significantly reduced the degradation rate. 
Furthermore, the structure-property relationship was also 
studied through DFT calculations. It suggests that the hydroxyl 
groups contained in Cu2PO4OH greatly affect electronic 
structure and contribute the CB of Cu2PO4OH, leading to a 
wide band gap. The regulation strategy of hydroxyl groups 
would provide us a novel idea to develop new, excellent 
photocatalysts or photoelectric materials. 

Experimental 

Preparation of Strawsheaf-like (S) Cu2PO4OH 

In a typical synthesis, 2.57 mmol of KH2PO4 was added into 60 
ml of 0.083 M CuCl2·2H2O (5 mmol) solution under constant 
magnetic stirring. Then, 2.57 mmol of KOH was added into the 
solution. After stirring for 10 minutes, the mixture was 
transferred to a Teflon-lined stainless steel autoclave and 
maintained at 140 °C for 24 h. After the autoclave was cooled 
to room temperature naturally, the light green product was 
obtained by centrifugation, washed with deionized water for 
several times, and dried at 60 °C for 6 h. 

Preparation of Dumbbell- (D) and Butterfly-like (B) Cu2PO4OH 

The similar procedures as above were employed to prepare 
dumbbell-like (D) and butterfly-like (B) Cu2PO4OH samples, 
while the precursors concentrations were all reduced to 40% 
and 8% as high as those for the preparation of strawsheaf-like 
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sample, respectively. In order to describe clearly, we used the 
copper ion concentration to represent the precursors 
concentrations. 

Preparation of CuO flowers and Cu 

Synthesis of CuO flowers. 20 ml of 0.5M NaOH aqueous 
solution was directly added into 20 ml of CuSO4 (7.8 mmol) 
solution, and a blue Cu(OH)2 precipitate formed immediately. 
Subsequently, hexamethylenetetramine (HMTA) (50mmol) was 
added to the above mixture under continuous stirring at room 
temperature. After being stirring for 10 minutes, the above 
mixture was transferred into a 60 ml Teflon-lined stainless steel 
autoclave and maintained at 120 °C for 24h. When the reaction 
was completed, the autoclave was cooled to room temperature 
naturally. The product was harvested by centrifugation, washed 
with deionized water several times, and then dried in air at 60 
°C for 6h.  

Synthesis of Cu: 0.01 mol ethylenediaminetetraacetic acid 
disodium salt (EDTA-2Na), cupric sulfate, HMTA were added 
into 35 ml deionized water in sequence under stirring at room 
temperature. After 30 min, 0.8 g cetyltrimethyl ammonium 
bromide was added into the aqueous system and kept stirring 
for another 30 min to form a clear solution. The solution was 
then transferred to a 50-ml Teflon-lined stainless-steel 
autoclave and heated at 180 °C for 48 h. After the autoclave 
was cooled to room temperature naturally, the solid was 
collected by centrifugation, washed with ethanol and deionized 
water for 3 times, respectively. Finally, the product was dried at 
60 °C overnight. 

Characterization 

The crystal structures of the samples were determined by X-ray 
powder polycrystalline diffractometer (Rigaku D/max-
2550VB), using graphite monochromatized Cu Kα radiation 
(λ= 0.154 nm), operating at 40 kV and 50mA. The XRD 
patterns were obtained in the range of 20-80° (2θ) at a scanning 
rate of 7° min-1. The samples were characterized on a scanning 
electron microscope (SEM, Hitachi SU-1510) with an 
acceleration voltage of 15 keV. UV-vis diffused reflectance 
spectra of the samples were obtained using a UV-vis 
spectrophotometer (UV-2550, Shimadzu, Japan). BaSO4 was 
used as a reflectance standard in a UV-vis diffuse reflectance 
experiment. Fourier transform infrared spectra (FT-IR) were 
recorded on a Fourier transform infrared spectrometer (FT-IR, 
KBr disk method; Thermo Scientific Nicolet iS5) at 
wavenumbers 400-4000 cm-1. Nitrogen sorption isotherms were 
performed at 77 K and < 10-4 bar on a Micromeritics 
ASAP2010 gas adsorption analyzer. Each sample was degassed 
at 90 °C for 5 h before measurements. Nitrogen adsorption–
desorption isotherms were obtained at 77 K using the Autosorb-
iQ physicoadsorption apparatus (Quantachrome). Surface area 
was calculated by the Brunauer-Emmett-Teller (BET) method. 

Catalytic activity measurements 

The catalytic activity of the sample was performed under UV light 
irradiation (λ≤420 nm). 0.1 g of catalyst and 2 µl of H2O2 (30 vol.%) 
were dispersed in 200 mL of 10 mg/L RhB aqueous solution, which 
was irradiated with a 500-W high pressure Xe lamp as light source. 
The reaction system was placed in a sealed black box with the top 
opened, and the distance between the reaction system and light 
source was 15 cm. Before the lamp was turned on, the suspension 
was continuously stirred for 10 min in the dark to ensure the 
establishment of an adsorption–desorption equilibrium between the 

catalyst and RhB. During degradation, 3 mL of the solution was 
collected using a pipette at intervals of irradiation, and subsequently 
centrifuged to remove the catalyst. UV-vis spectra were recorded 
using a Spectrumlab 722sp spectrophotometer to determine the 
concentration of RhB. 

Theoretical calculations 

The energy band structure, total and partial densities of states 
(TDOS, PDOS) were calculated by density functional theory (DFT) 
as implemented in the CASTEP software. The calculations were 
carried out using the generalized gradient approximation (GGA) 
level and Perdew-Burke-Ernzerh (PBE) formalism for combination 
of exchange and correlation function. The cut-off energy is chosen 
as 400 eV, and a density of (3×3×4) Monkhorst-Pack K-point was 
adopted to sample the Brillouin zone. 

Results and discussion 

Effect of precursor concentration on the samples 

Fig. 1 shows the XRD patterns of the S, D and B-Cu2PO4OH 
samples, which were prepared at different precursors concentrations. 
It is obvious that all the diffraction peaks can be well indexed to the 
standard card (JCPDS 72-0462). No impurity peaks can be detected, 
confirming the formation of phase-pure Cu2PO4OH at different 
precursor solution concentrations. 

 

 

 

 

 

 

 

 

 

Fig. 1 X-ray diffraction patterns (XRD) of the samples synthesized 
at different precursors concentrations: S-Cu2PO4OH (0.083 M); D-
Cu2PO4OH (0.033 M); B- Cu2PO4OH (0.007 M). 

 

Table 1 BET areas and morphologies of the samples prepared at 
different precursors concentrations. 

[a] Surface area, calculated by the Brunauer-Emmett-Teller (BET) 
method; 

Samples Precursors 
concentrations 

[a] Surface area 
(m2/g) 

Morphology 

S-Cu2PO4OH 0.083M 1.0 Straw sheaves 

D-Cu2PO4OH 0.033M 5.3 Dumbbells 

B-Cu2PO4OH 0.007M 16.1 Butterflies 
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As observed from Fig. 2, the Cu2PO4OH samples show 
significantly different hierarchical architectures, namely, 
strawsheaves (Fig. 2a), dumbbells (Fig. 2b) and butterflies (Fig. 2c). 
At a high concentration (0.083 M), Fig. 2a reveals that the individual 
straw sheaf has a size of 60 µm × 8 µm, and a feeble splitting occurs 
in the central section of microrod (the inset of Fig. 2a). At a low 
concentration (0.033 M), the well-defined, uniform dumbbells form 
with the diameters of 13-17 µm (Fig. 2b), and the dumbbell consists 
of microrods. While further reducing the precursors concentrations 
(0.007 M), the butterfly-like superstructures have formed, which 
consists of the microrods about 27-35 µm in diameters (Fig. 2c). 
Further viewed along the axial direction (Fig. 2d), the fantail–like 
structure consists of a large number of microrods with the diameters 
of 35-45 µm. Fig. 2e reveals that an obvious splitting occurs for the 
superstructures, which leads to a large BET area of 16.1 m2/g. It is 
obvious that the precursors concentrations have a significant 
influence on the morphology and size of the sample (Table 1). 

Effects of reaction time and temperature on the samples 

To understand the formation process of the Cu2PO4OH straw 
sheaves, the time and temperature-dependent experiments were 
carried out, while keeping the other experimental conditions constant. 
Fig. S1 (seeing electronic supporting information (ESI)) shows the 
XRD patterns of the samples prepared at different reaction times and 
temperatures. All the diffraction peaks of the as-obtained samples 
can be indexed as orthorhombic structure (JCPDS No. 72-0462).  

Furthermore, the (220) peak becomes sharp and narrow with 
increasing reaction time and temperatures, suggesting that average 
crystallite size increases (Fig. S2(a,b)). Herein, Scherrer’s Equation 
is used to calculate the average crystal size.  

                      D=Kλ/(B cosθ)                                    (1) 

where D is the mean diameter of crystallites, K is taken as 0.89, and 
λ is the wavelength of X-ray (where Cu Kα =0.154178 nm), B is the 
full width of diffraction peak at half of the maximum intensity, and θ 
is Bragg angle. The results are displayed in Fig. S2(c,d). The average 
sizes of crystallites increase from 34.7 nm to 118.9 nm. It is obvious 
that the crystals grow larger with increasing reaction time or 
temperatures of crystallites increase from 34.7 nm to 118.9 nm. A 
high temperature or a long time is beneficial to crystal growth. 

As observed from Fig. S 3a (seeing ESI), only Cu2PO4OH 
microrods form at the initial stage (12 h). With increasing the 
reaction time, the strawsheaf-like Cu2PO4OH sample form (Fig. S3 
(b-d) of ESI), and the crystallinity and size of the sample also 
increase (Fig. S 1a and S 2c of ESI). In comparison, the Cu2PO4OH 
sample prepared at 24 h exhibits high peaks intensities, which means 
a high crystallinity.17 Fig. S4 shows the SEM images of the samples 
prepared at different temperatures (80-180 oC). It seems that reaction  

 

 

 

 

 

 

 

 

 

 

temperature has little influence on the morphology of the sample in 
our study. 

Growth mechanism of Cu2PO4OH 

On the basis of the above experimental results, a possible splitting 
mechanism is proposed to explain the formation of hierarchical 
architectures, which has been proposed for the other materials. 18-23 It 
has been reported19 that crystal splitting is associated with crystal 
growth rate, which is strongly dependent on the supersaturation of 
solution. Since Cu2PO4OH was synthesized without using any 
templates or surfactants, we are reasonable to assume that the 
splitting growth of crystal would be due to the variation in 
concentrations of raw reagents 24. Herein, the growth process of 
crystals could be proposed as follows: at the initial stage, the 
Cu(OH)2 nanocrystals would form through the reaction between 
Cu2+ and OH-. With increasing reaction time or temperature, the 
Cu(OH)2 nanoparticles would form. Subsequently, the 
transformation from Cu(OH)2 to Cu2PO4OH would occur, which is 
driven kinetically and thermodynamically. 25 In our synthesis, the 
chemical reactions (2, 3) are proposed as follows: 

Cu2+ + 2OH- → Cu(OH)2                                  (2) 

Cu2+ + Cu(OH)2 + H2PO4
- → Cu2PO4OH + 2H2O + H+         (3) 

 

 

 

 

 

 

 

 

 

 

Scheme 1 Schematic diagram for the morphological evolution and 
growth of Cu2PO4OH. 

In particular, the crystal splitting growth has been discovered 
previously in the other crystals, such as Bi2S3, 

19 Ce(1,3,5-
BTC)(H2O)6, 20 CuO, 26 and so on. It has been reported 27 that crystal  

(c) 

(a) 

5

(e) 

(d) 

(b) 

Fig. 2 Scanning electron microscopy (SEM) images of the samples synthesized at different precursors concentrations: (a) 0.083M; (b) 
0.033M; (c) 0.007M; (c, d) B-Cu2PO4OH observed  along different directions; Scale bar = 5 µm. 
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Fig. 3 FTIR (a) and UV–visible diffuse reflectance spectra (UV-
DRS) (b) and Tauc plots (c) of the Cu2PO4OH samples. 

splitting is closely relative to the fast growth rate that is dependent 
on the oversaturation. In our preparation, the splitting of Cu2PO4OH 
may be mainly caused by the precursors concentrations. On base of 
the morphology evolution from butterfly to microsphere, we can 
observe that the extent of crystal splitting decreases, while the 
concentration of Cu(II) ion increases from 0.007 to 0.033 M. The 
morphology of Cu2PO4OH evolves from sphere to dumbbell with 
increasing reaction time or temperature. These results are consistent 
with previous studies, 20,26 namely, the splitting degree decreases as 
the precursors concentrations increases. It is reported that the crystal 
splitting is possible if the oversaturation exceeds at a certain 
“critical” level. 27 At a higher concentration, however, more nuclei 

 

 

 

 

 

 

Fig. 4 (a) Band structure and (b) total and partial density of state 
(DOS) of Cu2PO4OH calculated by DFT. 

will form and the crystal growth rate becomes slower, 19 which will 
prohibit the splitting growth process. The schematic morphology 
evolution diagram of Cu2PO4OH is presented in Scheme 1. 

Effect of hydroxyl on energy band and electronic structure of 

Cu2PO4OH 

To further detect the presence of hydroxyl, the FTIR spectra of 
Cu2PO4OH samples were conducted (Fig. 3a). The FTIR spectra of 
the samples are approximately identical after deducting background. 
It is noteworthy that the absorption bands at 3466 and 812 cm-1 
correspond to the lattice vibration modes of hydroxyl, and the 
vibration mode of phosphate is found at 1054, 960, 635, 609 and 556 
cm-1.9 The results demonstrate that the samples contain hydroxyl and 
phosphate. 

Besides, the electronic structure of Cu2PO4OH was calculated 
by the ab initio density functional theory (DFT) using the CASTEP 
program package (Fig. 4). Valence band maximum (VBM) at the T 
point and conduction band minimum (CBM) at the G point 
confirmed the indirect band gap property of Cu2PO4OH (Fig. 4(a)). 
It can be found that the band gap between VBM and CBM is 2.82 
eV, which is close to experimental results (2.77-3.0 eV) by UV-DRS 
measurement (Fig. 3b, c). The calculated result agrees well with a 
common feature of DFT calculations. 15,28 At the same time, an 
obvious dispersed energy can be observed, which would favour for 
the transportation of photo-generated electrons and holes,29 thus 
improving the photocatalytic activity. Moreover, the total density of 
states (TDOS) and the partial density of states (PDOS) are presented 
in Fig. 4(b). It can be seen that VB is mainly composed of Cu 4s and 
P 3p orbits, while the CB bottom is mainly composed of Cu 3d, O 2p 
and P 3p orbits. For Cu2PO4OH, the photogenrated charge transfer 
would occur from the hybridization orbits of both Cu 4s and P 3p to 
the empty Cu 3d orbit.  

In order to further understand the effect of hydroxyl on the energy 
band structure of Cu2PO4OH, we have calculated another optimized 
super cell, in which the hydroxyls were removed (Fig. 5(a, b)). 
Compared with Cu2PO4OH, the distance between O(3) and Cu(2) of 
the optimized super cell increases from 2.121 to 2.937 Å and the 
bond angles of P(1)-O(3)-Cu(2) and O(3)-Cu(2)-O(2) change from 
138.710° and 91.909° to 79.670° and 134.862°, respectively, 
indicating that hydroxyl can greatly affect the crystal structure. 
Moreover, when the hydroxyls are removed, its energy band gap has 
changed from an indirect band gap to a direct band gap, and the band 
gap has decreased from 2.82 eV to 1.6 eV (Fig. 5(e)). In fact, the VB 
of the optimized cell without hydroxyl is similar to the original 
Cu2PO4OH cell, but its CBM decreases from 3.3 eV to 2.0 eV (Fig. 
5 (c, d)). The results are similar to the previous DFT calculations of 
Bi4B2O9 and Bi2O2[BO2(OH)]. 14 It suggests that the P 3p and O 2p 
(result from OH-) contribute to CB bottom. To conclude, the 
hydroxyl groups can affect electronic structure and contribute to the 
CB of Cu2PO4OH. 
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Effect of hydroxyl on catalytic activity of Cu2PO4OH 

The effect of the amount of catalyst in reaction was investigated in 
Fig. S5. It can be obviously seen that the degradation efficiency was 
low with only 61.1% after 40 minutes. When adding 0.015g S-
Cu2PO4OH in reaction, the degradation efficiency reaches at 75.7% 
after 40 minutes, indicating the S-Cu2PO4OH t is active. When the 
amount of the S-Cu2PO4OH is increased to 0.05, 0.1 and 0.15g, the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

degradation efficiency reaches 85.4, 94.7 and 83.5%, respectively. It 
is well-known that more S-Cu2PO4OH catalyst in solution will lead 
to the solution more turbid, which will interfered the penetration of 
light transmission and weaken the light absorption, then influence 
the catalytic degradation efficiency. Fig S 6a shows the degradation 
curves of RhB over the Cu2PO4OH samples in the presence of H2O2 
under UV light irradiation. The S-Cu2PO4OH sample exhibits a 
higher catalytic activity than the others. In Fig S  
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6b, the apparent  reaction rate constant (ka) of S-Cu2PO4OH (0.074 
min-1) is higher than D-Cu2PO4OH (0.055 min-1) and B-Cu2PO4OH 
(0.051 min-1). In order to understand their different activities, the 
crystallinities, absorbances and BET areas of the samples are 
investigated. Although the B-Cu2PO4OH sample has a higher BET 
area (16.1 m2g-1) (Table 1) and a higher absorbance ((Fig. 3a), its 
crystallinity is lower (39.8%) than D-Cu2PO4OH (5.3 m2g-1, 48.2%) 
and S-Cu2PO4OH (1.0 m2g-1, 55.9%). It seems that the BET area and 
absorbance are not the predominated factor for the activity in this 
study. The low crystallinity suggests that more defects are contained 
in crystal. 17 It is reported that the bulk defects of photocatalysts are 
usually considered to be the recombination centres for electrons and 
holes, 17 resulting in a low photocatalytic activity. Therefore, the S-
Cu2PO4OH shows higher catalytic activities could be attributed to 
their high crystallinities. The stability of catalyst has been discussed, 
as shown in Fig. S7. It is noteworthy that its degradation efficiency 
is scarcely reduced after five cycles, indicating a good stability of 
Cu2PO4OH catalyst. Fig. S8 shows the total organic carbon (TOC) 
value of the irradiated solution is analyzed to evaluate the 
degradation of RhB. It can be observed that during the degradation 
of RhB dye, the value declines with the time, with a velue of 33% 
after 40 minutes. It does not reach a complete conversion to CO2 
and H2O. It may be that the dye has been decomposed into the other 
small molecules and needs more time to complete degradation. 
Herein, we can not determine the intermediates, due to our limited 
experimental conditions. 

Furthermore, the comparative tests have been carried out to 
investigate the catalytic activity of S-Cu2PO4OH for degradation of 
RhB when using 2 µl of H2O2 (Fig. 6a). After 40 min irradiation,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

95% of RhB can be degraded by S-Cu2PO4OH; but only 61% of 
RhB can be degraded without catalyst, demonstrating that 
Cu2PO4OH contributes the improvement of degradation activity.  
Besides, without UV irradiation or H2O2 in the presence of S-
Cu2PO4OH catalyst, RhB can not be degraded. Overall, the 
comparative experiments suggest that the presences of S-Cu2PO4OH 
catalyst and UV irradiation and H2O2 are necessary for the 
degradation of RhB.  

 

 

 

 

 

 

 

 

 

Fig. 7 Degradation curves of RhB while adding different inorganic 
salts. 

Fig. 6 (a) Degradation curves of RhB at different test conditions; (b) Effect of different scavengers on the degradation activity of RhB over 
Cu2PO4OH under UV irradiation; (c) Degradation curves and (d) apparent reaction kinetic constants of the samples for the degradation of 
rhodamine B (RhB) under UV irradiation (λ≤420 nm). 
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In addition, the trapping experiments have also been performed 
to explore the photocatalytic degradation process, in which 
ammonium oxalate and dimethylsulfoxide (DMSO) are used as the 
hole scavenger 30 and the hydroxyl radical scavenger, 31 respectively 
(Fig. 6b). When adding 1 mmol ammonium oxalate, the degradation 
activity of RhB decreases slightly; but the degradation reaction has 
been nearly inhibited when adding 5 mL DMSO. The results indicate 
that the hydroxyl radicals could be the major active oxidative species 
for RhB over S-Cu2PO4OH. 

Moreover, to further understand the role of hydroxyl in S- 
Cu2PO4OH in the degradation reaction, we have compared the 
degradation activities of RhB while using different copper-
containing catalysts (Fig. 6c). It is found that Cu, CuO and 
Cu2PO4OH are catalytically active. In Fig. 6d, the apparent reaction 
kinetic rate constant (ka) over Cu2PO4OH is determined to be 
0.07357 min-1, which is higher than those of the others. Cu2PO4OH 
exhibits a higher catalytic activity than Cu and CuO. 

To reveal the role of inorganic ion in the degradation reaction, 
the comparative tests have been investigated (Fig 7). Compared with 
CuCl2, CaCl2 has improved activity greatly, whereas CuCl2 has 
refrains the reaction greatly, suggesting that the Cu2+ ion can refrain 
the degradation reaction. We hold that Cu2+ ion possesses the 
vacancy 3d orbit, thus a coordination bond could form between Cu2+ 

and H2O2. The coordination bond may inhibit the decomposition of 
H2O2, i.e. refraining the generation of hydroxyl radicals. The 
positive Ca2+ may promote the decomposition of H2O2. Similarly, 
NaCl also promotes the reaction, but Na+ is also less active than Ca2+ 
slightly, which may be closely relative to their different radii and 
charges. The higher charge Ca2+ ions have stronger polarization 
effect than Na+, which may favours the activation of H2O2. This 
would be beneficial to the decomposition of H2O2. It should be 
pointed out that the real reason is still unclear. Compared NaCl with 
Na3PO4, Na3PO4 has greatly inhibited the degradation reaction, 
which may be relative to their different pH values. It seems that a 
high pH value does not favour the reaction; 31 Nevertheless, 
compared CuCl2 with Cu(NO3)2, the Cl- ions also have an inhibitory 
effect on the degradation RhB more than NO3

-. Herein, the real 
reasons for different degradation activities are still unclear, which 
needs further studying.  

 

 

 

 

 

 

Fig. 8 The mechanism for formation of hydroxyl radicals. 

The activity difference between Cu2PO4OH and Cu4O(PO4)2 
may be relative to the crystal structure. As reported in previous 
studies, 32 Cu2PO4OH has an orthorhombic space group (Pnnm) with 
the unit cell parameters of a=8.062 Å, b=8.384 Å, and c=5.881 Å. It 
consists of PO4 tetrahedron, Cu(2)O5 trigonal bipyramid, Cu(1)O6 
octahedron and OH group. In our study, nevertheless, Cu2PO4OH 
crystallizes in an orthorhombic structure with space group Pnnm and 
lattice constants a=8.11 Å, b=8.47 Å, and c=5.92 Å. 33 It is obvious 
that the OH group attaches on copper sites of Cu2PO4OH. In 
comparison, Cu4O(PO4)2 results from dehydration of Cu2PO4OH. 
This is only their structure difference. 32 Herein, we could hold that 
the hydroxyl of Cu2PO4OH may favour to improve catalytic 

properties. Xiao et al. have also confirmed that Cu2PO4OH also 
shows a higher catalytic activity than Cu4O(PO4)2 in the 
hydroxylation of phenol by hydrogen peroxide. 34 

On base of the discussion above, we hold that the catalytic 
degradation of RhB dye over Cu2PO4OH is affected by two main 
factors as follows: (i) the separation and transfer efficiencies of 
photogenerated electrons and holes; (ii) the number of the formed 
•OH radicals. First, due to the presence of hydroxyl groups, 
Cu2PO4OH has a more positive EVB (3.38 eV) (Table S1) than that 
(2.7 eV) ofTiO2, which is higher than Eo (·OH/OH-)=2.38 eV. This 
would favour to react with H2O and/or H2O2 to produce more •OH 
radicals. As a result, the more •OH radicals and/or highly positive 
holes favour for the degradation reaction. Second, it has been 
reported 35-36 that the hydroxyl groups in crystal structure are easy to 
form hydroxyl radicals under light excitation. In particular, Xiao et 
al. 34

 have proposed a tentative mechanism for the formation of •OH, 
leading to an enhanced catalytic performance. Herein, the chemical 
reactions (4) may occur as follows in our reaction system: 

 

Cu-OH + H2O2  →                    →             + ·OH  →  Cu-OH        (4) 

                                                                         

Under light irradiation, the interaction of Cu-OH with H2O2, i.e. a 
coordinate bond and a hydrogen bond, would facilitate the formation 
of ·OH, which could attribute to the high catalytic activity (Fig. 7). 

Conclusions 

To conclude, novel Cu2PO4OH hierarchical architectures can be 
prepared by a facile hydrothermal method. The Cu2PO4OH exhibits 
an excellent activity for the degradation of RhB, which has been 
mainly attributed to the hydroxyl groups in Cu2PO4OH. Both PODS 
and TDOS results demonstrate that the hydroxyl group is responsible 
for the increased band gap and positive VB of Cu2PO4OH. This 
study suggests that the new photocatalysts or photoelectric materials 
can be developed through introducing hydroxyl groups. 
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