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Abstract−−This study deals with the use of mo-

lybdenum trioxide doped with different quantities of 

lanthanum or yttrium as catalysts in the photocata-

lytic processes for removing methyl red from aque-

ous solution. Crystalline structure, surface area, 

pore volume, and pore diameter, characteristics that 

may significantly affect the photocatalytic activity of 

materials, have been studied, during the addition of 

lanthanum or yttrium to α-MoO3, using several ad-

vanced techniques such as X-ray diffraction, Raman 

spectrometry, and nitrogen absorption. Diffraction 

patterns did not show any changes in α-MoO3 struc-

ture when the doping rate was smaller than 0.6. In 

doping rates, greater than 0.6, new diffraction peaks 

related to other compounds have been noticed only 

in the case of LxMoO3. The addition of lanthanum or 

yttrium has increased the surface area of prepared 

materials, which contribute to enhancing the 

photcatalytic activity where the degradation rate of 

methyl red has reached to about 60% in the case of  

LxMoO3 and to 95% in the case of YxMoO3. 

Keywords−− Photocatalysis; Methyl red; Lantha-

num ; Yttrium ; molybdenum trioxide. 

I. INTRODUCTION 

Organic pollutants pose a serious threat to the environ-

ment and human health.These pollutants can be released 

by many industries such as textiles, tanning, electronics, 

pesticides, chemicals as well as medical establishments 

(Gong et al., 2015; Mansoori et al., 2008; Qiu et al., 

2012). Several methods have been applied to remove 

these pollutants in order to restore clean environmental 

conditions. However, most of these methods were either 

too expensive or cause more damage to the environ-

ment, so researchers recently resorted to an advanced 

process based on sunlight called photocatalysis (Li et 

al., 2015; Moura et al., 2017; Shivaraju et al., 2017). In 

this process, many semiconductors based on metal ox-

ides have been widely used as photocatalysts. 

Most of them were only active in the field of ultra-

violet light because of their large band gap. Scientists 

have therefore recourse to  the doping process with 

some metals or compounds to adjust the band gap of 

these substances to make them absorb a greater range of 

light including visible light and therefore improve the 

photocatalytic properties (Kiriakidis and Binas 2014; 

Pei et al., 2015; Shao et al., 2014; Védrine 2017). 

Many doping investigations have been carried out 

using rare earth elements that could contribute to con-

trolling the band gap of the materials through their emp-

ty orbits 4f and 5d.  

In addition, these elements have the potential to in-

crease  the surface area and pore volume, which en-

hance  the absorbance  of organic matter during the pho-

tocatalytic process (Areerob and Oh 2017; Meng et al., 

2016; Shi et al., 2012; Yao et al., 2012).  

MoO3, one of the wide band-gap semiconductors 

(about 2.9-3.5eV), has been subjected to a different dop-

ing actions with metal impurities in order to be used as a 

catalyst in many photocatalysis applications (Alfonsoa 

and Moreno 2014; Chen et al., 2010; Eftekhari et al., 

2016; Li et al., 2017; Pereira et al., 2008). 

The objective of this work is to evaluate the photo-

catalytic degradation of methyl red from aqueous solu-

tions using photocatalysts materials based on molyb-

denum trioxide (α-MoO3) doped with different quanti-

ties of a rare earth element (Lanthanum or Yttrium). 

II. METHODS 

A. Materials Preparation 

Doped molybdenum trioxide samples MxMoO3 (M= La 

or Y) were prepared using the impregnation method. A 

fixed quantity of α-MoO3 powder (orthorhombic crystal 

system from Merck, Germany) was suspended in aque-

ous solution of M(NO3)3.6H2O containing different 

amounts of lanthanum or Yttrium in order to achieve the 

molar  ratios (M/MoO3 = 0.02, 0.04, 0.06, 0.08, 0.1).    

The suspension  was heated at 80°C with constant stir-

ring for 4 hours. The solid material was then filtered and 

washed several times with distilled water, then dried at 

120°C. The powder was heated at 650°C for 7 h. 

B. Characterization Techniques 

The changes that can occur for molybdenum oxide, 

when adding rare earth  elements (La or Y), were stud-

ied using a class of advanced techniques: XRD model 

STOE STADI P operated at room temperature using Cu 

Kα (= 0.154049 nm) and a linear PSD detector at 50 

kV and 30 mA. All patterns were measured in 2 be-

tween 5 and 90o, with a step size of 0.02o. A Raman 

spectrometer, (Jobin Yvon, model Labram-800 with 632 

nm Helium Neon laser and a liquid-nitrogen Cooled 

CCD detector), has also been used to explore structural 

modifications and molecular arrangements during dop-

ing process. To estimate the surface area and pore size, 

a gas sorption analyzer (Quantachrome NOVA 2200) 

has been used. All measurements were made by the ad-

sorption of  nitrogen gas at the liquid nitrogen tempera-

ture. 
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Fig. 1. XRD patterns of pure MoO3,YxMoO3 and  LaxMoO3 

(x= 0.1). 

C. Photocatalysis procedure. 

For the photocatalysis  experiments, 200 mg of the con-

cerned material was suspended in 200 ml methyl red 

solution (30 mg/l). The suspension has been irradiated, 

at room temperature with constant stirring, using a 

commercial 20W UV lamp as a light source. In each 

run, the concentration of the methyl red was measured 

three times per hour at max = 506 nm, using a UV- 

spectrophotometer model JENWAY 7415. The degrada-

tion rate was calculated using the formula: 

(Degradation rate (%) = [(C0−C)/C0] ×100 

where C0 is the initial concentration of methyl red, C is 

the concentration at time t . 

III. RESULTS AND DISCUSSION 

A. Structural and textural analysis  

To keep track the structural changes that can occur as a 

result of the addition of lanthanum and yttrium to α-

MoO3, XRD patterns were collected for all prepared 

samples. When comparing these patterns, within each 

set of samples LaxMoO3 and YxMoO3, no significant 

changes were detected in molybdenum oxide structure 

for molar ratios (M/MoO3, M= La or Y) smaller than 

0.06. The comparison was therefore chosen between the 

XRD patterns for pure orthorhombic α-MoO3 and  sam-

ples containing highest molar ratio (M/MoO3= 0.1) as 

shown in Fig. 1. 

In the case of the LaxMoO3 group, when the molar 

ratio increases by more than 0.06, new diffraction peaks 

begin to appear along with the main peaks of pure mo-

lybdenum oxide. These peaks were attributed to the 

formation of secondary compounds attributed to Mo8O23 

(ICDD card No 84-1248), La4MoO9 (ICDD card No 23-

1144) and La2Mo4O15 (ICDD card No 23-1146) (Inzani 

et al., 2017; Tokarz-Sobieraj et al., 2001). The quantity 

of these compounds increases with elevation of the mo-

lar ratio La/MoO3. The only significant change , that 

can be noted in the diffraction patterns of these samples, 

is the diminution of peaks’ intensities related to pure α-

MoO3 (ICDD card No. 35-609) (Chithambararaj and  
 

 
Fig. 2. Raman spectra of pure MoO3,YxMoO3, and LaxMoO3  

(x= 0.1). 

Chandra Bose, 2011) as a result of the consumption of 

some of it to form the above mentioned materials. For 

the YxMoO3 samples group, the related diffraction pat-

terns didn’t exhibit any new peaks indicating the for-

mation of additional compounds even at the highest 

molar ratio (Y/MoO3=0.1). 

The difference in x-ray diffraction results for the two 

selected groups of samples can be attributed to the dif-

ference in physical and chemical properties of both ele-

ments lanthanum and yttrium. The atomic radius of the 

yttrium  is smaller than that of the lanthanum, so yttrium 

can intercalate between the layers of MoO3  more easily 

than lanthanum. Moreover, ionization energy for yttri-

um element is higher than that associated with lantha-

num, which makes the latter more reactive. This may be 

a reason for the formation of additional compounds 

when adding lanthanum to molybdenum oxide. 

With a view to confirm the observations obtained us-

ing XRD technique, Raman  spectra have been collected 

for all samples in the both groups LaxMoO3 and Yx-

MoO3. In respect of LaxMoO3 samples, new peaks have 

been revealed in Raman spectra for the samples contain-

ing molar ratios La/MoO3 greater than 0.06. One can 

also mention that, in addition to the appearance of these 

new peaks, there was a decrease in the intensity of the 

peaks of pure molybdenum oxide (Mihalev, 2014; Sato 

et al., 1986; Zhao et al. 2010). 

As for the samples of the second group YxMoO3, 

Raman related spectra did not display any new peaks for 

all molar ratios Y/MoO3 from 0 to 0.1. These observa-

tions correspond exactly to those obtained using x-ray 

diffraction. Figure 2 illustrates a comparison between 

the Raman spectra of pure α-MoO3, LaxMoO3 and Yx-

MoO3 at the highest molar ratio (M/MoO3 = 0.1). 

In the course of specimen characterization proce-

dures, the surface area, pore volume  and pore diameter 

have been measured using nitrogen adsorption tech-

nique. These parameters could  play an important role in 

the performance of the material, especially when used 

as photocatalysts. Table 1 summarizes the values of 

these parameters for all samples measured according to 

the above mentioned technique within an error of ± 

0.05. By looking through this table, one can observe that 

the surface area of molybdenum oxide gets larger by  
 



M.KASSEM 

 

79 

Table 1. Surface area and pore size for pure MoO3, LaxMoO3 

and YxMoO3 materials ( 0<x<0.1). 

 

raising the doping level with both elements (La or Y). 

However this increment, in surface area, is higher in 

YxMoO3 group than LaxMoO3 one. This could be at-

tributed, as suggest earlier, to the soft inclusion of yttri-

um between α-MoO3 layers without chemical reaction.  

Conversely, for the LaxMoO3 group, a chemical re-

action between lanthanum and molybdenum oxide leads 

to the formation of secondary compounds that may un-

favorably affect the surface area for this type of sam-

ples. 

B. Photocatalytic activity 

The photodegradation of methyl red, in aqueous solu-

tions under ultraviolet light, was selected to evaluate 

photocatalysis activities for α-MoO3, LaxMoO3, and 

YxMoO3 samples. Through an overview of the results 

obtained for all of these materials,as shown in Fig. 3, we 

found that the photocatalytic activity of α-MoO3 was 

greatly enhanced by adding elements such as Lantha-

num and Yttrium. In either case, the photocatalysis ac-

tivity is slowly increased for samples with molar ratios 

M / MoO3 less than 0.06. By increasing molar ratios to 

values greater than 0.06, photocatalysis activities of 

YxMoO3 samples continue to increase until the methyl 

red degradation rate reaches 95% while not exceeding 

60% for LaxMoO3. 

The enhancement in the photocatalytic activity by 

Lanthanum and Yttrium is generally attributed to the 

fact that the ions of these elements, through their empty 

orbits 4f and 5d, work as electronic traps within the 

bandgap, which reduces the rate of recombination be-

tween electrons and holes, generated by UV,  and thus 

promotes the rapid transfer of the electron from the sol-

id to the liquid, and allows holes to interact with the 

hydroxide ions to form the hydroxide radicals. This is 

what has been demonstrated through the results of much 

researches, such as those conducted on TiO2 (Štengl et 

al., 2009) 

Furthermore, the disparity in the photocatalytic ac-

tivity of the two groups of samples, LaxMoO3 and Yx-

MoO3, can be attributed to the difference in the phase 

composition and surface area values, especially at high 

molar ratios, where it was observed that the doping with 

lanthanum led to the formation of additional crystalline 

phases beside of the α-MoO3 while the yttrium was in-

tercalated inside the layered structure of α-MoO3  where 

it can move freely without forming other crystalline  
 

 
Fig. 3. Photocatalytic degradation rate of methyl red  using 

pure MoO3, LaxMoO3 and YxMoO3 (x= 0.1). 

phases that could contribute in the reduction of the pho-

todegradation of methyl red. 

In addition to the above, the difference in the surface 

area values for the two series can alter the nature of the 

contact between the photocatalyst and the methyl red 

and thus the photocatalytic activity changes. 

It is worth noting here that the role of the methyl red 

absorption process has been excluded through the chem-

ical equilibrium in the dark for two hours before begin-

ning to use ultraviolet radiation.  

IV. CONCLUSIONS 

The impregnation method was an effective approach for 

the preparation of photocatalysts based on rare earth 

metals (La or Y) doped Molybdenum trioxide. 

Advanced techniques such as XRD, Raman and ni-

trogen adsorption were very helpful to track the changes 

in structural properties, surface area and pore size of 

molybdenum oxide while adding different amounts of  

(La or Y). The results obtained using the above men-

tioned techniques revealed a clear variation in phase 

composition .This diversity has had a significant impact 

on the photocatalytic activity, where the degradation 

rate of  methyl red  was remarkably changed with the 

alteration of these properties  due to the addition of a 

rare earth element (La or Y) to molybdenum oxide. 

The degradation rate of the methyl red is greatly in-

creased, when the YxMoO3 samples have been  used as 

photocatalysts, to reach more than 95% within 120 

minutes while this rate did not exceed 60% when using 

LaxMoO3 samples. 
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