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Abstract—MoO; and reduced molybdenum oxides (MoO,, x=2.87 and 2) were successfully synthesized through a one-
pot hydrothermal method without and with adding polymeric surfactants (PVP or PVA) as capping and reducing agents
into the reaction solution. The synthesized nanostructures were characterized by different techniques. Adding polymeric
surfactants into hydrothermal reaction solution had significant effect on the structural, optical and morphological prop-
erties of products. Orthorhombic phase of MoO; nanorods, monoclinic phase of MoO, 4, nanoparticles and monoclinic
phase of MoO, nanoparticles were obtained in the absence and in the presence of PVP and PVA, respectively. The spe-
cific surface area of MoQOs, M0O,,, and MoO, samples calculated by the BET method was found to be 15.64, 5.94 and
87.62m’g ", respectively. The dye adsorption capability of products was investigated for removal of RhB molecules from
water. The experimental results indicated that the RhB adsorption on MoO, is much faster and higher than that of
MoO; and MoO,;, which can be attributed to the larger specific surface area. Furthermore, the kinetic models and iso-
therm models were studied to determine the adsorption rate and mechanism of RhB adsorption onto the products.
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INTRODUCTION

With the rapid development of industries, water pollution has
become a common environmental problem in all the world. Every
year, high amount of organic dyes (7x10’ tyear ') from textiles,
paints, leathers and paper industrials is discharged into water [1-
3]. Most of the dyes are quite toxic and chemically stable and may
cause problems for human health [4,5]. Therefore, the removal of
organic pollutants from water has received much research interest.
Various techniques such as precipitation, ozone, ultrafiltration, pho-
tocatalysis and adsorption have been studied for water treatment
[6-10]. Among them, adsorption is a simple and most popular
method to remove the contaminants from water due to its high
efficiency, relatively low cost, ease of separation and environmen-
tally friendly nature, which is extensively applied in water treatment
[11-14]. In recent years, the use of metal oxides, including WO,
ZnCo,0,, and TiO, as adsorbent for dye removal from wastewa-
ter; has received much research interest because of high specific sur-
face area, and also unique physical and chemical properties [15-18].

Molybdenum oxide is a common metal oxide which exists in
various compositions ranging from fully stoichiometric molybde-
num oxide (MoO;) to partially reduced MoO;_, (2<x<3) and sig-
nificantly reduced molybdenum dioxide (MoO,) [19]. MoO; is an
n-type semiconductor with a wide band gap of 3.2 eV, which its
band gap decreases in the presence of oxygen vacancies (MoO;_,)
[19,20]. In contrast, the metallic characteristics of MoQO, are stron-
ger than its semiconductor properties due to large amount of free
electrons induced by oxygen vacancies [19,21]. Recently, molybde-
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num dioxide (MoO,) as a conductive metal oxide has attracted great
attention for practical application in many fields such as Li-ion batter-
ies, supercapacitor, photothermal, photocatalyst and adsorption,
due to its low electrical resistivity; high melting point, low cost, non-
toxicity and high chemical stability [22-26].

Up to now, few studies about the dye adsorption properties of
molybdenum oxide have been reported. Wang et al. reported that
the 3D hierarchical architecture of MoO; exhibits a fast and selec-
tive adsorption to adsorb organic pollutants with benzoic acidic
group [14]. Hu et al. prepared MoO, hollow microspheres which
exhibit fast adsorption rate and high removal of Cr (VI) from
water due to the large surface area (37.7 m?/ g) and mesoporous struc-
ture [25]. Cao et al. prepared MoO, nanowires with large specific
surface area (174.7 m’/g) in the presence of Fe** cations, which show
excellent and highly selective adsorption capacity toward quasi-
phenothiazine dyes [27]. In spite of these efforts, in comparison with
other metal oxides such as ZnO, TiO, and WO;, MoO, is in the early
stages and more attempts are still needed to optimize its use for its
practical application as adsorbent for dye removal from water.

On the other hand, it is widely known that nanostructured materi-
als display distinct physical and chemical properties compared with
their bulk, due to the higher surface to value molar ratio and larger
specific surface area. Moreover, the properties of nanostructured
materials are strongly sensitive to the size and shape dependent
[28,29]. Up to now; several different methods such as solid state
reaction, solvothermal and hydrothermal have been used to syn-
thesize variety of molybdenum oxide nanostructures including nano-
sheets, nanorods, nanoparticles, and nanospheres. In this work, a
facile one-step hydrothermal method was used to synthesize stoi-
chiometric and reduced molybdenum oxide nanostructures with-
out and with the assistance of polymeric surfactants (PVP or PVA)
as capping and reducing agents. Then, the dye adsorption capability
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of synthesized MoO, (X=3, 2.87 and 3) nanostructures was inves-
tigated for removal of organic dyes from water.

EXPERIMENTAL

1. Synthesis

All reagents were analytical grade and used without further puri-
fication. MoO, (or MoO, ;) nanoparticles were synthesized as fol-
lows: 1.20 g of Na,MoO, was added into 50 ml distilled water under
continues stirring for 70 min, which was named as solution 1. Then,
0.40 g polyvinyl alcohol (PVA, MW=60,000) (or polyvinylpyrroli-
done (PVP, MW=1,300,000)) and 1.60 ml HCI were dissolved in
50ml of distilled water at temperature of 80°C under magnetic
stirring for 25 min to obtain solution 2. Subsequently, solution 1
drop by drop was added into solution 2 under magnetic stirring.
Finally, 80 ml of the mixed solution was loaded into a 100 ml Tef-
lon-lined stainless steel autoclave. The autoclave was maintained at
180°C for 12 h. The solution chamber was cooled to room tem-
perature, the obtained black powder was collected by centrifugation
and washed with distilled water for three times and then dried in
an oven at 80 °C for 4 h. MoO; nanorods were also prepared with
the same synthesis procedure in the absence of surfactant within
the hydrothermal reaction solution.
2. Characterization

The crystal structure of the products was studied by X-ray dif-
fraction (XRD, Philips-PW1730 model) by using Cu Ko radia-
tion ((1=1.54178 A). Field emission scanning electron microscopy
(FESEM, TESCAN-MIRA III model) was used to characterize the
morphology of products. Fourier transform infrared (FTIR) spec-
tra of the products were recorded using a Thermo-Avatar. Ultravi-
olet-visible diffuse reflectance spectra (UV-Vis DRS) were collected
on an Avaspec-2048-TEC spectrometer by using BaSO, as a refer-
ence. The Brunauer-Emmet-Teller (BET) surface area was deter-
mined from N, adsorption-desorption at 77 K using a BEL-BELSORP
MINI II analyzer. Zeta potential was measured using zeta poten-
tial analyzer (Malvern; ZEN3600).
3. Adsorption Experiments

To investigate the adsorption properties of synthesized nano-
structures, 45 mg of the products was added into 45 ml of RhB
aqueous solution (40 mg/l) in the dark condition under magnetic
stirring. After adsorption, the suspension was centrifuged to remove
sample particles, and the concentration of residual RhB solution
was analyzed by determining the maximum absorption of RhB at
554 nm using UV-Vis spectrometer. The percent removal of dye
molecules from aqueous solution was determined by the follow-
ing equation:

% Removal= ¢ 100 )
C()
where C, and C, are the initial and final concentration (mg/L) of
the dyes, respectively. The adsorption amount (mg/g) at different
times was calculated as below:
R @

m

where C, and C, are the concentration of dye (mg/L) at initial time

and at different times, respectively, V (L) is the volume of dye solu-
tion and m (g) is the amount of adsorbent. For the equilibrium
adsorption measurement, 10 mg of the products was added into
40 ml of RhB aqueous solution with initial concentration of 5-
200 mg/L, then the solution was stirred in dark condition for 16 h.
Furthermore, the adsorption performance of MoO, nanoparticles
to remove other organic dyes (methylene blue (MB), malachite green
(MG), methyl orange (MO) and tartrazine (TRT)) from aqueous
solution (10 mg/L) was carried out in the same experimental con-
dition with the kinetic adsorption of RhB.

RESULTS AND DISCUSSION

1. Materials Characterization

Fig. 1 shows the XRD patterns of hydrothermally synthesized
products without and with adding different surfactants (PVP or
PVA) into the reaction solution. In the case of surfactant-free sam-
ple, all the diffraction peaks can well be indexed to the orthorhom-
bic crystal phase of MoO; (JCPDS No. 01-0706) with the lattice
parameters of a=3.9450 A, b=13.8250 A, c=3.6940 A and a=/3=
7=90°. The crystal structure of synthesized sample in the pres-
ence of PVP can be ascribed to the monoclinic phase of MoO,;
(JCPDS No. 05-0339) with the lattice parameters of a=16.90 A,
b=4.05A, c=1338 A and a=y=90.00° and S=106.40°. In addi-
tion, in the case of synthesized sample with the assistance of PVA,
all the diffraction peaks can well be indexed to the monoclinic
phase of MoO, (JCPDS No. 32-0671) with the lattice parameters
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Fig. 1. XRD patterns of hydrothermally synthesized products (a)
without, and with adding (b) PVP and (c) PVA as surfactant
into the reaction solution.
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of a=5.60 A, b=4.85 A, c=5.53 A and a=y=90.00° and $=119.37".
As reported in the literature, polymers with hydroxyl (-OH) end
groups can act as reducing agents, and the reducing ability is pro-
portional to the number of hydroxyl (-OH) end groups [28-30]. In
this work, the XRD results confirmed that the PVP and PVA can
reduce the molybdenum ions with the help of OH groups. How-
ever, our observation indicated that the reducing power of PVP is
lower than that of PVA, which is suggested to be due to the number
of available hydroxyl end groups of PVA in comparison to PVP,
FTIR spectra were used to determine the chemical bonds and
the surface functional groups. FTIR spectrum of MoO; nanorods
is displayed in Fig. 2(a). The absorption bands in the range of 500-
1,000 cm ™" are characteristic of the metal - oxygen bonds [31,32].
The bands located at 995 cm ™, 864 cm™" and 561 cm™" can be at-
tributed to the terminal Mo=O stretchmg vibration mode, the stretch-
ing vibration of oxygen in Mo-O-Mo bond, and the bending vibra-
tion of oxygen atom linked to three Mo atoms [31,32]. Fig. 2(b)
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Fig. 2. FTIR spectra of hydrothermally synthesized products (a)
without, and with adding (b) PVP and (c) PVA as surfactant
into the reaction solution.
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and (c) show the FTIR spectrum of MoO, g and MoO, samples,
respectively. The absorption bands in the range of 500-880 cm™
are the characteristic bands of Mo-O-Mo stretching vibration, and
the absorption bands at about 950-1,000 cm™" are assigned to the
characteristic mode of Mo=0 [19,25]. It is observed the absorp-
tion band of Mo=0 for MoO; sample has shifted from 990 to 981
cm ' and 952cm™ for MoO,g; and MoO, samples, respectively,
which can be attributed to the formation of Mo-O...H bonds. It is
expected the H atoms in polymer chain (PVP or PVA) covalently
bond to O atoms in Mo=0 bonds [33]. Furthermore, the bands at
about 1,620 and 3,421 cm™ are attributed to the bending and stretch-
ing vibrations of O-H bonds of adsorbed water [34]. The observed
bands at 2,921 cm™', 1,704 cm™’, 1,385 cm ™' and 1,099 cm™' can be
ascribed to the asymmetric stretching vibration of C-H, vibration
of C=0 bonds, C-H bending vibration and C-O stretching of ace-
tyl groups, respectively [35,36]. As a consequence, the FTIR results
indicate the surface functionalization of MoO,s and MoO, by
PVP and PVA, respectively.

Fig. 3(a)-(b) shows the FE-SEM images of synthesized prod-
ucts in the absence and in the presence of PVP and PVA as sur-
factant. It can be seen the rod-shape particles are formed without
surfactant (Fig. 3(a)). The average diameter and length of nanorods
are ~200nm and ~700 nm, respectively. According to Fig. 3(b),
the FE-SEM image of synthesized sample in the presence of PVP
consists mostly of nanoparticles in the range of 20-30 nm. Mean-
while, the FE-SEM image of synthesized sample in the presence of
PVA indicates that the sample is composed of nearly uniform spheri-
cal nanoparticles that range around 35 to 65nm. It is suggested
the polymeric chains of surfactants adsorbed on particles surface
as a capping agents and controlled the shape of the products. Based
on above-mentioned experimental data, a simplified schematic illus-
tration of synthesized products without and with the assistance of
PVP and PVA is proposed and shown in Fig. 3(d).

The UV-Vis diftuse reflectance spectra of the MoOs;, MoO,;
and MoO, samples are displayed in Fig. 4. It is observed the MoO;
and MoO,4; absorb UV light and display low absorption in visi-
ble and NIR regions. Moreover, the absorption edges are around
435 nm, which is the characteristic of wide band-gap semiconduc-
tors. In contrast, the MoO, exhibits a broad light absorption from
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Fig. 4. UV-Vis absorption spectra of (a) MoO;, (b) MoO,, (c) and
(d) MoO, samples.

180
_T\ E @ MOO3
0 5 MoO
¢ % == Mo00;s7
£135 {%
~ =~
- H —— MoO>
2 5
§ 90 0 0 20 30 40 0

1 S

.-g Pore diameter (nm)
2
£ 45
<
=]
o

0 0.2 0.4 0.6 0.8 1
Relative pressure (P/Po)

Fig. 5. N, adsorption-desorption spectra of (a) MoO;, (b) MoO,;,
(c) and (d) MoO, samples (Inset: corresponding pore size
distribution curves).

Table 1. BET surface area, pore volume and pore diameter of the

samples
Sper Pore volume Pore diameter
Sample 2.1 3 -1
(m’g") (em’g) (nm)
MoO;, 15.64 0.14 36.07
MoO, 594 0.05 33.04
MoO, 87.62 0.23 10.56

UV to NIR, which is suggested to be due to its metallic property
[21]. Previous reports indicated the overlap of the conduction
band and valance band of MoO,, which exhibits the Fermi level
lies inside the conduction band. As a result, the strong absorption
of MoOQ, in visible and NIR can be attributed to localized surface
plasmon resonance (SPR) of free d-electrons [21,37].

Fig. 5 presents the N, adsorption-desorption isotherms and pore
size distribution curves of the MoQO;, MoO, g, and MoO, samples.
It is observed the isotherms of all samples display a type IV iso-
therm with an H; hysteresis loop, indicating the presence of meso-
porous structures [22,38]. As shown in Table 1, the specific surface
area of MoO;, MoO,, and MoO, samples calculated by the BET
method is 15.64, 594 and 87.62m’g ", respectively. In addition,
the volume of adsorbed N, by MoO;, MoO, s, and MoO, samples
at relative pressure of 1.0 is 91.84, 32.88 and 157.92 cm’g ", respec-
tively. Thus, the MoO, sample displays much higher specific sur-
face area and much stronger absorbability toward N, than the
MoO; and MoO,;, suggesting that the MoO, can provide more
active surface sites for adsorption of dye molecules. As shown in
the inset of Fig. 6, the BJH method was also applied to determine
the pore size distribution. It can be seen all the samples show a
narrow pore size distribution (r,<10 nm) with the peaks centered
at ~1.29 nm.

2. Adsorption Performance
2-1. Adsorption Properties and their Kinetics for RhB Removal

The dye adsorption capability of products was investigated for
removal of RhB molecules from water. Fig. S1(a)-(c) displays the
temporal evaluation of absorption spectra of the RhB solution in
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Fig. 6. (a) The percentage removal, and the corresponding (b) pseudo first-order and (c) pseudo second-order kinetic models for the adsorp-

tion of RhB (45 mL, 40 mg/L) on the powder samples (45 mg).

the presence of different adsorbents. It is observed that the inten-
sity of the characteristic peak of RhB centered at 554 nm gradu-
ally decreases with increasing adsorption time, which indicates the
removal of RhB molecules from water due to adsorption on the
adsorbent. It can be seen the RhB adsorption onto MoQO, is much
faster than that of other samples. Fig. 6(a) shows the removal per-
centage for the RhB adsorption of samples. It is observed that
nearly all the RhB molecules adsorbed onto MoO, nanoparticles
within 20 min, while nearly 96% and 85% of RhB adsorbed onto
MoO,, nanoparticles and MoO; nanorods within 150 min, respec-
tively. Therefore, the adsorption rate of RhB onto MoO, is much
faster than that of MoO; and MoO, .

The adsorption kinetics were studied to determine the adsorp-
tion rate and mechanism of RhB adsorption onto the products. To
determine the adsorption mechanism of RhB, the pseudo-first-
order and pseudo-second-order were fitted to the experimental data
[39,40]. These models described as below [5,17]:

In(q,—q,)=Inq,—k;t ©)

t 1

—=— L “)
9 k,q, 9

where q, (mg/g) and q, (mg/g) are the amount of RhB adsorbed at
equilibrium and at various times, respectively; t is the adsorption
time and k, and k, are the firs-order and second-order rate con-
stants for RhB adsorption, respectively. As shown in Fig. 6(b) and
(c), the experimental adsorption kinetics data were fitted by above
two kinetic models. The corresponding kinetic parameters and the
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Table 2. Adsorption kinetic parameters and isotherm parameters
for the adsorption of RhB onto the samples

1. Kinetic
First-order Second-order
k Qe R’ k, Qe R’
MoO, 0.013 45.663 0.955 0.0004 41.666 0.651
MoQO,s;, 0.024 42266 0.979 0.0007 42296 0.835
MoO, 0.062 9.068 0.628 0.0803 39.682 0.999
2. Isotherm
Langmuir Freundlich
Qm kL R2 KF 1/ n I{2
MoO;, 169 1.552  0.997 60.273  0.127 0.930
MoO,,;, 152 0971 0996 33371 03253 0925
MoO, 256 0.328 0.997 102.135 0.1931 0.896

correlation coefficient parameters are summarized in Table 2. It
can be seen the kinetic of RhB adsorption onto MoO, nanoparti-
cles is better fitted by pseudo-second-order model. In contrast, the
pseudo-first-order model is more suitable for RhB adsorption on
MoO; and MoO, g, samples. As a result, the chemical adsorption
is the rate-limiting step for RhB adsorption of MoO,, while the RhB
adsorption on MoO; and MoO, 4, is more physical adsorption [11].
2-2. Adsorption Isotherms

The adsorption behavior of MoO; nanorods, MoO, g, nanopar-
ticles and MoO, nanoparticles was also investigated toward adsorp-
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Fig. 7. Fitting adsorption isotherms data for RhB adsorption on (a)
MoO;, (b) M0O,, and (c) MoO, samples with Langmuir
and Freundlich models.

tion of RhB by fitting experimental data in equilibrium state to
Langmuir and Freundlich models. The Langmuir assumes that all
the adsorption surface sites are homogeneous and a monolayer is
formed during dye adsorption. While, the Freundlich model de-
scribed heterogeneous surface sites, which multilayer of adsorbed
sites occurred during adsorption process [40,41]. The Langmuir
(Eq. (5)) and Freundlich (Eq. (6)) models are described as below
[5,17]:

C C
ze_ 1 T ®)
9 quL 9
Ln(g)=Ln(K)+:Ln(C,) ©)

where q, (mg/g) is the amount of RhB adsorbed at equilibrium, g,,
is the maximum adsorption capacity, C, (mg/L) is the concentra-
tion of RhB at equilibrium, K; is the Langmuir constant, K; is the
Freundlich constant and 1/n is the intensity of adsorption. Fig. 7
and Fig. S2 show the fitting of Langmuir and Freundlich isotherms
models to the experimental data obtained from adsorption of RhB
with different concentration onto MoO;, MoO, s, and MoO, sam-
ples in equilibrium states. The adsorption kinetic parameters are
summarized in Table 2. From these data, it can be seen the ad-
sorption of RhB onto all samples follows the Langmuir isotherm

Table 3. The maximum adsorption capacity of different adsorbents

Adsorbent Dye q,, (mg/g) References
MoS, - nanosheets MB 146.43 [40]
SnS, - Hierarchical RhB 200 [5]
MoS, - Flower like RhB 291 [39]
W50, - Nanowire RhB 120 [42]
MoO,; - hierarchical RhB 204 [14]
MoO; - Nanoparticles MB 152 [43]
MoO, - Hollow microspheres  Cr (VI) 55 [25]
MoO, - nanoparticles RhB 256 This work
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Fig. 8. (a) The adsorption ability of MoO, nanoparticles to remove
various organic dyes from aqueous solution (10 mg within 40
ml (10 mg/L)), and (b) zeta potential of MoO, nanoparticles.

model. Based on this model, the maximum adsorption capacity of
MoQO;, MoO,,, and MoO, is estimated to be 169, 152 and 256
mg/g, respectively. Thus, the maximum adsorption capacity of
MoO, nanoparticles is higher than the previous reported values as
shown in Table 3.
2-3. Selective Adsorption Ability

The adsorption ability of MoO, nanoparticles to remove other
organic dyes from water was also investigated. In each experiment,
10 mg of MoO, sample was dispersed in 40 ml of various dyes with
an initial concentration of 10 mg/L. Fig. 8(a) shows the adsorption
ability of MoO, nanoparticles toward other dyes. It is observed the
MoO, nanoparticles display excellent adsorption ability toward
MB, RhB and MG as cationic dyes with the removal percentage of
~100%, while the values for MO and TRT as anionic dyes are 28%
and 17%, respectively. Zeta potential measurement was carried out
to determine the surface charge of nanoparticles. As shown in Fig.
8(b), the zeta potential is negative (—11.5mV), which exhibits the
negative surface charge of MoO, nanoparticles. As a result, the MoO,
nanoparticles display more adsorption capability toward cationic
dyes.
2-4. The Effect of pH and Temperature

It is well known that the initial pH of the dye solution and treat-
ment temperature are important factors that may greatly affect the
adsorption performance of metal oxides toward dye molecules.
Thus, the effect of initial pH value and the treatment temperature
on the removal properties of RhB on MoO, sample were also investi-
gated. As shown in Fig. 9(a), the RhB can effectively remove from
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moval performance of RhB on MoO, nanoparticles.

the water in the pH range of 1 to 11, and the pH has little effect
on RhB adsorption performance. Moreover, the adsorption per-
formance of the MoO, nanoparticles for RhB is nearly the same
from 25-70°C (Fig. 9(b)). These results reveal the importance of
MoO, nanoparticles for practical application.
2-5. The Interaction between MoO, and RhB

An FTIR analysis was performed to determine the interaction
between RhB and MoO,. Fig. 10 shows the FTIR spectra of MoO,
before and after RhB adsorption and pure RhB. It is observed the
MoO, after RhB adsorption displays the characteristic peaks of
RhB at 678 and in the spectral range of 1,000 cm™" to 1,700 cm™,
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Fig. 10. FTIR spectra of MoO, (a) before and (b) after adsorption
of RhB, and (c) pure RhB.
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which confirms the RhB adsorption on MoO, nanoparticles. More-
over, the change in the intensity of FTIR peaks before and after RhB
adsorption proposes the interaction between RhB and MoQO,.

CONCLUSION

MoO; and reduced molybdenum oxides (MoO, g, and MoO,)
were successfully synthesized through a facile one-step hydrother-
mal method without and with the assistance of polymeric surfac-
tants (PVP and PVA, respectively) as capping and reducing agents.
It was found that the synthesized sample in the absence of poly-
meric surfactant is composed of orthorhombic phase of MoO;
nanorods, while the monoclinic phases of MoQO, g, nanoparticles
and MoO, nanoparticles are formed with adding PVP and PVA as
surfactant, respectively. Results indicated that the MoO, nanoparti-
cles exhibit excellent ability for the rapid and efficient adsorption
of organic dye from aqueous solution compared with MoO; and
MoO,;. Nearly all the RhB molecules adsorbed onto MoO, nano-
particles within 20 min, while 96% and ~85% of RhB adsorbed onto
Mo0,g, and MoO; nanorods within 150 min. In addition, the maxi-
mum adsorption capacity of MoO, was estimated to be 256 mg/g,
which is much larger than 169 and 152 mgg ™" of MoO; and MoO, s,
samples, respectively. The higher and rapid adsorption of RhB
onto MoO, compared with MoO; and MoO,, could be attributed
to the larger specific surface area. The specific surface area of MoO,
is 86.62 m’g "', much larger than 15.64 and 5.94 m’g "' of MoO; and
MoO,;, respectively. The kinetic of RhB adsorption onto MoO,
nanoparticles is better fitted by pseudo-second-order model. While,
the pseudo-first-order model is more suitable for RhB adsorption
on MoO; and MoQ, g, samples. Furthermore, the adsorption of
RhB onto all the samples follows the Langmuir isotherm model.

SUPPORTING INFORMATION

Additional information as noted in the text. This information is
available via the Internet at http://www.springer.com/chemistry/
journal/11814.
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Fig. S1. The temporal evaluation of absorption spectra of the RhB solution (45 mL, 40 mg/L) in the presence of 45 mg of (a) MoO, (b)
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Fig. S2. The fitting of Langmuir and Freundlich isotherms models to the experimental data obtained from adsorption of RhB with different
concentration onto (a) MoO;, (b) MoO, g, and (c) MoO, samples in equilibrium states.
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