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Abstract  Visible-light-active Fe-POMs was fabricated via precipitating Fe3+ with Keggin type polyoxometalates 
(H3PW12O40, H4SiW12O40 or H3PMo12O40) under solvothermal condition. The as-prepared Fe-POMs were denoted as 
FePW, FeSiW and FePMo, respectively. Among the three kinds of Fe-POMs, FePMo displayed the highest visible light 
absorption, the largest specific surface area, the most sensitive photocurrent response and the smallest charge transfer 
resistance, which were all beneficial for heterogeneous photocatalysis. The efficiency for Cr(VI) reduction was ca. 88% 
by FePMo after 50 min visible light irradiation. The estimated rate constant(0.042 min–1) was ca. 2.5 and 1.8 times that 
by FePW and FeSiW, respectively. FTIR spectra indicated that the Keggin structure of PMo12O403– was maintained in 
FePMo. Mechanism study indicated that the photogenerated electrons in LUMO and the holes in HOMO were thermo-
dynamically feasible for Cr(VI) reduction and H2O oxidation, respectively. Using FePMo as an optimized photocatalyst, 
good stability was also observed after 5 cyclic runs in both photocatalytic performance and XRD structure. 
Keywords  Cr(VI) reduction; Photocatalysis; Polyoxometalate; FePMo; Visible light 

 
1  Introduction 

Heavy metal chromium is widely used as a raw material in 
tanning, electroplating, printing, dyeing and other industries[1,2], 
resulting in a large amount of chromium-containing wastewater. 
If it is discharged into environment without proper treatment, hu-
man beings will suffer from huge health risks. Since the main 
oxidation states of chromium are Cr(VI) and Cr(III), the vital 
step for chromium remediation is the reduction of carcinogenic 
Cr(VI) to Cr(III), which can be easily precipitated and removed 
under alkaline conditions[3]. Compared with traditional     
methods[4,5], photocatalysis was considered as a green and    
energy-saving way[6]. Using the star photocatalyst(TiO2) as an 
example, electron-hole pairs can be generated in the conduction 
band(CB) and valence band(VB) under UV light, respectively. 
Cr(VI) can be reduced to Cr(III) by capturing the photogenerated 
electrons in CB. However, due to the low proportion of ultra-
violet light in solar radiation(<5%), the use of visible light     
(ca. 50%) has been widely concerned. 

Different from metal oxide photocatalyst, polyoxome-
talates(POMs) are composed of metal oxygen clusters with more 
abundant composition and reversible redox properties[7—10]. 
Upon proper light irradiation, the electrons in POMs can jump 
from the highest occupied orbit(HOMO) to the lowest space  

orbit(LUMO), generating electron-hole pairs in excited POMs*. 
Subsequently, reductive and oxidative reactions can be initiated. 
Using the most frequently studied Keggin type POMs 
(H3PW12O40, H4SiW12O40 or H3PMo12O40) as example, they 
were successfully applied in the field of photolysis, including 
degradation of organic pollutants and reduction of heavy metal 
ions. Despite of this, they are soluble in water, leading to reco-
very difficulty. Thus, great efforts have been devoted to the   
development of heterogeneous POMs. Generally, immobiliza-
tion on a substrate and precipitation with counter ions are two 
effective ways[11—14].  

Typically, heterogeneous Keggin type POMs were fabri-
cated via precipitation with monovalent counter ions(K+, NH4+, 
Cs+ or Ag+). For example, K3PW12O40 was obtained by precipi-
tation of H3PW12O40 with K+ at room temperature followed by 
calcination at 450 ℃. Organic dyes(RhB, MG, MB and MV) can 
be photodegraded in the presence of H2O2. Visible-light-active 
Cs3PMo12O40(CsPMo) was obtained by chemical etching of 
Cs2CO3 with H3PMo12O40[15]. However, its efficiency for phenol 
degradation was limited. After 300 min visible light irradiation, 
it was less than 20% by pure CsPMo. Ag3PMo12O40 was also 
fabricated via ball milling. Followed by in-situ photo-deposition, 
the Ag/AgxH3-xPMo12O40 composite was obtained, which dis-
played boosted performance for either degradation of methyl 
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orange or reduction of Cr(VI)[16]. Recently, we also reported the 
fabrication of iron tungstosilicate(FeSiW) using Fe3+ as counter 
ion to precipitate with H4SiW12O40 via solvothermal way. Cr(VI) 
can be rapidly photoreduced by FeSiW within 90 min[17].  

In this study, the abundant and non-toxic Fe3+ was fixed as 
counter ion. H3PW12O40, H4SiW12O40 or H3PMo12O40 was used 
as pristine POMs. Three kinds of visible-light-active Fe-POMs 
(FePW, FeSiW and FePMo) were fabricated under solvothermal 
conditions. The effects of different pristine POMs were syste- 
matically studied, including optical properties, specific surface 
area, photocurrent response and charge transfer resistance. In 
particular their photocatalytic performances were evaluated via 
reduction of Cr(VI) in aqueous media. The optimized Fe-POMs 
were further investigated in the field of operation conditions and 
cyclic experiments. Finally, the possible reaction mechanism 
was also proposed. 

2  Experimental 

2.1  Preparation of Fe-POMs 

For the preparation of FePMo, equimolar(2 mmol) of 
Fe(NO3)3·9H2O and H3PMo12O40 were mixed in 40 mL of  
methanol at room temperature. After stirring for 10 min, the mix-
ture was transferred into a 100 mL Teflon-lined stainless-steel 
autoclave, followed by heating at 160 ℃ for 4 h. After cooling 
to room temperature, the precipitate was washed with ethanol 
and water, respectively. In the similar way, FePW and FeSiW 
were also prepared using H3PW12O40 and H4SiW12O40 in the  
initial step, respectively. The only difference is that the initial 
molar ratio of Fe(NO3)3 to H4SiW12O40 was 4:3. The synthetic 
processes for different Fe-POMs are shown in Scheme 1. 

 
 
 
 
 
 
 
Scheme 1  Preparation processes for different 

Fe-POMs 

2.2  Characterization 

Three kinds of Fe-POMs(FePW, FeSiW and FePMo) pow-
ders were coated onto FTO as film electrodes. The photocurrent 
response, electrochemical impedance spectroscopy(EIS), and 
Mott-Schottky plots of the as-prepared films were monitored by 
an electrochemical workstation(CHI660E, Shanghai, China). 
The Brunauer-Emmett-Teller(BET) specific surface areas(SBET) 
were measured by N2 adsorption-desorption isotherms(Quanta-
chrome Autosorb-IQ). UV-Vis diffuse reflectance spectra(UV-
Vis DRS) were measured on a UV-visible spectrophotometer 
(Hitachi 3010). The optimized FePMo powder was characterized 
by X-ray diffraction(XRD, Rigaku D/Max 2500, Japan), Fourier 
transform infrared spectrometer(FTIR, Bruker VERTEX-70),  
and X-ray electron spectrometer(XPS, SCA lab 220i-XL). The 

generation of HO• radicals was monitored by electron spin   
resonance(ESR) spectroscopy(Bruker EPR ELEXSYS 500). 

2.3  Photoelectrochemical Analysis 

The photoelectrochemical properties were tested on a CHI 
660E electrochemical workstation(Shanghai Chenhua Instru-
ment Co., Ltd., China), and the three-electrode system was 
used in the test. The specific operation was as follows: at room 
temperature, a xenon lamp(XQ 500 W, Shanghai Lansheng 
Electronics Co., Ltd., China) was used as the light source. A 
filter was applied to ensure visible light(λ≥420 nm) with 100 
mW/cm2 intensity. The platinum plate and Ag/AgCl electrode 
were used as counter electrode and reference electrode, 
respectively. Photocurrent response was monitored through 
time-current curves(i-t curves, applied voltage: 0.2 V vs. 
Ag/AgCl,) in 0.1 mol/L Na2SO3-Na2SO4 mixed solution. The 
EIS Nyquist plots were tested in 0.5 mol/L Na2SO4 solution 
with no external voltage during the measurements. Mott-
Schottky plots were tested in 0.5 mol/L Na2SO4 solution in the 
shielding box.  

2.4  Photocatalytic Experiment 

The photocatalytic performances of the as-prepared   
Fe-POMs were evaluated using Cr(VI) as target pollutant. The 
light source was a 300 W Xe lamp(CEL-300, Beijing 
Zhongjiao Jinyuan Co., Ltd., China) equipped with a filter to 
ensure visible light(λ≥420 nm). Photocatalyst(50 mg) was 
added to a beaker containing 50 mL of Cr(VI) aqueous solution 
(80 μmol/L) in the presence of 2 mmol/L EDTA-2Na. Before 
photocatalysis, the suspension was stirred in the dark for 30 min 
to ensure adsorption-desorption equilibrium. Upon visible light 
irradiation, the suspension was sampled every 10 min and sepa-
rated by centrifugation. The concentration of Cr(Ⅵ) in the su-
pernatant was determined by 1,5-diphenyl carbazide colorimet-
ric method[17], using characteristic maximum absorption(544 nm) 
as monitoring wavelength.  

3  Results and Discussion 

3.1  Optical Response 

In this study, three types of Fe-POMs(FePW, FeSiW and 
FePMo) were prepared via solvothermal method. Their optical 
properties were compared via measuring UV-Vis-DRs spectra 
and digital photos. As shown in Fig.1(A) and Scheme 1, the 
deep yellow FePMo powder displayed the highest absorption 
in visible light region. The corresponding band gap(Eg) was 
estimated to be 2.53 eV[Fig.1(B)], which was narrower than 
that of FePW(2.83 eV) and FeSiW(2.70 eV). 

Although in most cases, narrower band gap is beneficial  
for photocatalysis under visible light, there is no absolute  
correlation between Eg and photocatalytic performance. The 
photoexcitation is only the first step of photocatalysis, and  
the separation of electron-hole pairs has a significant impact 
on the photocatalytic performance. Thus, photoelectrochemical 
measurements were further carried out to study the excitation,  
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Fig.1  UV-Vis-DRS spectra(A) and corresponding Tauc 
plots(B) of FePMo, FePW and FeSiW 

separation and transfer of photo-generated charge carriers. 

3.2  Photoelectrochemical Properties 

As shown in Fig.2(A), FePMo exhibited the highest photo-
current density, indicating the most sensitive photocurrent 
response. Besides, EIS Nyquist plots were used to analyze the 
interfacial transfer behavior of photogenerated charges. As 
shown in Fig.2(B), the radius of arc reflects the charge transfer 
resistance. The smaller the radius of the circular arc, the faster 
the charge transfer rate[18]. Thus, it can be deduced that FePMo 
has the lowest charge transfer resistance. Considering the above 
optical and photoelectrochemical properties, FePMo can be con-
sidered as a highly active candidate for photocatalytic applica-
tions.  

3.3  BET and SEM Analysis 

For a heterogeneous photocatalyst, the BET specific sur-
face area(SBET) was another important factor, which may influ-
ence the photocatalytic performance. Typically, larger SBET indi-
cates more surface active sites, which may be beneficial for 
photocatalysis. Herein, the N2 adsorption-desorption isotherms 
of the as-prepared Fe-POMs were further measured to estimate 
the SBET. The results are displayed in Fig.3. It can be observed 
that the calculated values of SBET for the three systems followed 
the order of FePMo(40.8 m2/g)>FeSiW(8.0 m2/g)>FePW     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2  Photocurrent response(A) and EIS Nyquist 
plots(B) of FePMo, FePW and FeSiW 

 
 
 
 
 
 
 
 
 
 

Fig.3  Comparison of BET surface areas of 
different Fe-POMs 

(7.3 m2/g). Since FePMo displayed the highest SBET, it was   
selected as the optimized sample for following structural    
analysis. 

To further investigate the surface structure, the morphology 
of FePMo was investigated by SEM and the results are illus-
trated in Fig.4. It can be observed that the diameters of FePMo 
spheres mostly ranged from 3 μm to 5 μm[Fig.4(A)]. Besides, 
the enlarged picture of the broken sphere indicated that it is  
composed of many small particles[Fig.4(C)], which may be the 
reason for the large specific surface area. 

 
 
 
 
 
 
 
 

Fig.4  SEM images of FePMo under different scales 
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3.4  Structural Analysis 

In order to probe possible structural changes of 
H3PMo12O40 induced by precipitation with Fe3+, the XRD pat-
terns were compared and the results are shown in Fig.5(A). It 
is obvious that H3PMo12O40 displayed distinct XRD peaks at 
2θ=7.2°, 20.5° and 27.2°. Comparing with characteristic peaks 
in JCPDS No.09-0412, Keggin structure of phosphomolybdate 
phase can be confirmed[19]. As for FePMo, the broad region at 
2θ=20°—40° indicated its amorphous state[20]. Such difference 
may be ascribed to the changes of secondary structure in POMs, 

such as the three-dimensional arrangement[21]. 
For more structural information, FTIR spectra were fur-

ther carried out to determine the vibrational peaks associated 
with chemical bonds[Fig.5(B)]. It can be observed that the 
Keggin structure of PMo12O403– was maintained in FePMo.  
In the pristine H3PMo12O40, the characteristic peaks corre-
sponding to ν(P—O), ν(Mo—O) and ν(Mo—O—Mo)     
appeared at 1063, 960, 868 and 776 cm–1, respectively. As for 
FePMo, the characteristic P—O, Mo—O and Mo—O—Mo  
vibrations can still be observed, but with slight shift[22]. 

 
 
 
 
 
 
 
 
 

Fig.5  XRD patterns(A) and FTIR spectra(B) of FePMo and H3PMo12O40 
The FePMo sample was further characterized by XPS tech-

nique to obtain the information of surface element composi-
tions and chemical states. The XPS survey spectrum was illus-
trated in Fig.6(A). Obvious signals corresponding to Fe, O, P 
and Mo elements can be detected. High resolution spectra of 
Mo3d, Fe2p and P2p were also deconvoluted. For example, as for 
Mo3d [Fig.6(B)], the binding energy peaks centered at 235.8 
(Mo3d3/2) and 232.5 eV(Mo3d5/2) were attributed to Mo6+ in   

Mo—O bond[23]. As for Fe2p[Fig.6(C)], the peaks at 712.6(Fe2p3/2) 
and 725.8 eV(Fe2p1/2) were attributed to Fe3+. Consistent with 
previous reports[24], the Fe2p3/2 can be devolved into multiple 
peaks. Meanwhile, there were no Fe2+ shakeup satellite peaks(ca. 
715 eV). As for P2p[Fig.6(D)], the peak at 133.8 eV was ascribed 
to surface PO43− species[25]. Thus, it can be deduced that the 
chemical states of Fe, P and Mo in FePMo were well maintained, 
which were the same as those in the original H3PMo12O40. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.6  Survey XPS spectra(A) and high resolution XPS spectra of Mo3d(B), Fe2p(C) and 
P2p(D) of FePMo 
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3.5  Photocatalytic Activity 

The photocatalytic performances of the as-prepared    
Fe-POMs were evaluated via Cr(VI) reduction. As shown in 
Fig.7(A), among the three tested samples, FePMo displayed the 
highest photocatalytic performance. Under visible light irradia-
tion, the reduction efficiency for Cr(VI) reached 88% within  
50 min. Whereas, the values were 58% and 69% by FePW and 

FeSiW, respectively. Control experiments in the dark were also 
performed using FePMo as catalyst. It is obvious that the reduc-
tion of Cr(VI) was negligible. Besides, the initial adsorption 
amounts of Cr(VI) on different Fe-POMs were also compared 
and the results are listed in Table S1(see the Electronic Supple-
mentary Material of this paper). After 30 min dark reaction, the 
adsorption amount was 5.1% on FePMo, which was much less 
than that on FeSiW or FePW.  

 
 
 
 
 
 
 
 
 
 

Fig.7  Photocatalytic reduction of Cr(VI) at pH=2 with 1.0 g/L different Fe-POMs(A) and corresponding 
pseudo-first-order kinetic curves(B) 

To further confirm the importance of FePMo, more supple-
mentary experiments were performed. First, if H3PMo12O40 was 
not added, only 2 mmol of Fe(NO3)3·9H2O was dissolved in 
methanol for solvent thermal reaction, and red precipitate was 
produced. Second, if Fe(NO3)3·9H2O was not added, only 
H3PMo12O40 was treated in the same way, no precipitate was 
found. As shown in Fig.S1(see the Electronic Supplementary 
Material of this paper), the reduction of Cr(VI) was negligible 
after 50 min visible light irradiation by pure H3PMo12O40. The 
reduction efficiency was ca. 50% by the red precipitate, which 
is far lower than that by FePMo. In addition, partial dissolution 
of the red precipitate can be directly observed. The value of  
Fe3+ leaching in the red precipitate suspension was calculated to 
be 204.2 mg/L. However, less than 0.1 mg/L Fe3+ was detected 
in the suspension of FePMo (Fig.S2, see the Electronic Supple-
mentary Material of this paper), which further confirm the    
superiority of FePMo. 

The estimated pseudo-first-order rate constant was 0.042 
min–1 by FePMo[Fig.7(B)], which was ca. 2.5 and 1.8 times that 
by FePW and FeSiW, respectively. Additionally, it should    
be noted that FePW was not stable and easily dissolved under 
the present condition. Therefore, FePMo was selected as the 
optimal Fe-POMs in the following studies. 

For the photocatalytic reduction of Cr(VI), the effect of  
operating factors(initial solution pH, concentration of coexisting 
organics, catalyst loading amount) were further investigated. As 
shown in Fig.8(A), the reduction of Cr(VI) was accelerated at 
acidic pH. Higher pH was deleterious to the reduction of Cr(VI). 
In particular, the activity dramatically decreased to ca. 10%    
at pH 8. This can be attributed to the larger thermodynamic  
driving force and consumption of H+ during the reduction of 
Cr(VI)[26—28]. With the decrease of pH, the thermodynamic  
driving potential exhibited 78 mV/pH enhancement, due to the 
difference between ECB(59 mV/pH) and ECr(VI)/Cr(III)(138 mV/ 

pH). Furthermore, at different solution pH values, Cr(VI) may 
exist in different forms, such as Cr2O72– and CrO42– in alkaline 
media, Cr2O72– and HCrO4– under acidic conditions. For all the 
forms of Cr(VI), H+ was always consumed during the reduction 
of Cr(VI) according to equations. 

14H+ + Cr2O72– + 6e– → 2Cr3+ + 7H2O       (1) 
8H+ + CrO42– + 3e– → Cr3+ + 4H2O        (2) 
7H+ + HCrO4– + 3e– → Cr3+ + 4H2O       (3) 
6H+ + H2CrO4 + 3e– → Cr3+ + 4H2O       (4) 

In addition, the effect of coexisting organics(EDTA-2Na) 
was also studied. The results in Fig.8(B) indicated that the  
presence of organics can promote the reduction of Cr(VI). When 
the concentration of EDTA-2Na increased from 0.5 mmol/L to  
2 mmol/L, the reduction efficiency increased from ca. 20% to 
88% after 50 min visible light irradiation. When the concentra-
tion was further increased to 3 mmol/L, Cr(VI) can be nearly  
100% reduced within 20 min. Herein, the presence of organics 
may act as a hole scavenger[28,29], which may promote the   
separation of photogenerated electron-hole pairs.  

The effect of FePMo loading amount was also investigated. 
As shown in Fig.8(C), the reduction of Cr(VI) was accelerated 
with increasing the FePMo amount. The growth trend slows 
down when the loading amount was larger than 1.0 g/L. Consi-
dering both economic and practical aspects, 1.0 g/L was selected 
as the optimal one. Additionally, the effect of initial Cr(VI)  
concentration was also studied. As shown in Fig.S3(see the Elec-
tronic Supplementary Material of this paper), higher concentra-
tion of Cr(VI) was further studied. After 150 min visible light 
irradiation, 160 μmol/L Cr(VI) can be completely reduced by 
FePMo. Such performance was good comparing with similar 
POMs as well as star TiO2(Table S2, see the Electronic Supple-
mentary Material of this paper). Pure POMs(H3PW12O40     
and H3PMo12O40) and TiO2 displayed weaker photocatalytic          
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Fig.8  Effect of initial solution pH(A), coexisting EDTA-2Na concentration(B), catalyst loading amount(C) and 
coexisting organic types(D) on the reduction of Cr(VI) by FePMo under visible light 

 
performance relative to FePMo, and some of them only worked 
under UV light. Higher activity can be observed when noble 
metals(such as Ag and Pt) were loaded. In general, considering 
both application cost and efficiency, the as-prepared FePMo 
has some advantages.  

Finally, the effect of coexisting organic types was studied. 
As shown in Fig.8(D), with a fixed concentration(2 mmol/L 
organics), the reduction of Cr(VI) was different. The results 
indicated that EDTA-2Na and ammonium oxalate had more 
stronger accelerating effect than others. 

3.6  Stability of FePMo 

For a good photocatalyst, high performance and good sta-
bility are two important metrics in practical applications. Herein, 
the stability of FePMo was firstly investigated after 5 successive 
runs, and the results are displayed in Fig.9. The reaction condi-
tions were: initial pH 2, 1.0 g/L FePMo and 2.0 mmol/L EDTA-
2Na. After 5 cycles, the photocatalytic performance was well 
maintained[Fig.9(A)]. Importantly, possible changes in structure 
were investigated by XRD analysis. As shown in Fig.9(B),  
similar XRD patterns of FePMo can also be observed before and 
after cyclic experiments, indicating the stability of crystal struc-
ture. Furthermore, the leaching of Fe3+ in the dark and during the 
photocatalytic reaction process was monitored using 10-phenan-
throline colorimetric method. The concentration of leached Fe3+ 
was calculated from the stand curves. As shown in Fig.S2, after 
50 min under visible light, the concentration of dissolved Fe3+ 
was less than 0.15 mg/L. Assuming that the initial added 
FePMo powder(50 mg) was totally dissolved in 50 mL of   
reaction solution, the maximum concentration of dissolved 
Fe3+ was ca. 29.5 mg/L. Thus, the percentage of Fe3+ leaching 

after each cycle was less than 1% at pH 2. At a higher pH value, 
such as pH 8, the leaching was slightly higher(Fig.S4, see the 
Electronic  Supplementary Material of this paper). After 50 
min visible light irradiation, the leaching of Fe3+ was less than 
0.3 mg/L. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    

Fig.9  Photocatalytic reduction of Cr(VI) by FePMo in 
5 consecutive cyclic runs(A) and comparison of 
XRD patterns between fresh and recycled 
FePMo(B)     
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3.7  Proposed Mechanism 

In this work, visible-light-active FePMo displayed high 
photocatalytic performance for Cr(VI) reduction, which can be 
ascribed to efficient generation and separation of photogene- 
rated charges. In order to understand this, we need to know the 
positions of LUMO and HOMO in FePMo. As a POMs salt, 
the LUMO and HOMO position of FePMo was similar to the 
conduction band(CB) and valence band(VB) in a semiconduc-
tor, respectively. The positive slope of Mott-Schottky plots  
indicates the n-type nature of the catalyst. Besides, the CB  
position(ECB) of an n-type photocatalyst is ca. 0.1 V more   
negative than the flat band. The flat band potential(Efb) can be 
obtained from Mott-Schottky plots. Thus, ECB can be calcu-
lated according to Eq.(5): 

ECB = Efb – 0.1                  (5) 
Moreover, the band gap(Eg) was the difference between 

the maximum energy of VB and the minimum energy of CB, 
which can be obtained by UV-Vis DRS spectrum, and calcu-
lated using Eq.(6): 

Eg = EVB – ECB                          (6) 
Thus, in this way, the position of VB can be calculated[30]. 

As shown in Fig.10(A), positive slope in Mott-Schottky plots 
indicated n-type behavior of FePMo. Besides, Efb was esti-
mated to be –0.3 V vs. Ag/AgCl(or –0.1 V vs. NHE). Thus, the 
LUMO position(ECB) can be deduced to be –0.2 V vs. NHE. 
Moreover, the corresponding Eg of FePMo was ca. 2.53 eV by 
UV-Vis-DRS spectra[Fig.1(B)]. Thus, the HOMO position can 
be calculated to be 2.33 V vs. NHE. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

Fig.10  Mott-Schottky plots of FePMo at different 
frequencies(A) and typical DMPO-HO•  
signals monitored by ESR(B) 

Since the LUMO position(–0.2 V) is more negative than 
ECr(VI)/Cr(III)(0.51 V)[31,32], the electron transfer from the LUMO 
of FePMo to Cr(VI) is thermodynamically feasible. Meanwhile, 

the HOMO position(2.33 V) is energetic enough for the oxida-
tion of surface hydroxyl groups(EOH−/•OH=1.99 V)[33]. Thus, the 
generation of highly oxidative HO• radicals was thermodyna-
mically feasible. Indeed, the formation of HO• was further con-
firmed by ESR experiment. As shown in Fig.9(B), distinct 
DMPO-HO• signals can detected. Therefore, according to the 
above analysis, a proposed mechanism for Cr(VI) reduction by 
FePMo is depicted in Fig.11. Under visible light irradiation, 
photogenerated electrons in the LUMO of FePMo can be trans-
ferred to Cr(VI), leading to the reduction of Cr(VI). The holes in 
HOMO can directly oxidize organics or induce the generation of  
active HO• radicals.  

 
 
 
 
 
 
 
 
 
 

Fig.11  Proposed charge transfer mechanism over 
FePMo under visible light irradiation 

4  Conclusions 
In summary, we reported the fabrication of three kinds of 

visible-light-active Fe-POMs(FePW, FeSiW and FePMo) photo-
catalysts using solvothermal procedure. Among which, FePMo  
displayed highest photocatalytic activity for Cr(VI) reduction. 
The reason can be attributed to the suitable visible-light response 
and photoelectrochemical properties, which were beneficial for 
the generation, separation and transfer of electron-hole pairs. 
Moreover, the FePMo powder has good stability in cyclic runs 
even under acidic condition. This present study provides the  
access to a series of efficient and highly stable candidates for 
heterogeneous POMs photocatalysis in environmental remedia-
tion. 

 
Electronic Supplementary Material 

Supplementary material is available in the online version 
of this article at http://dx.doi.org/10.1007/s40242-020-0320-y. 
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