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Abstract: The purpose of this work was to study the molecular dynamics, morphology, mechanical and thermal 
performance of nanomaterials formed by poly(vinyl alcohol) and molybdenum trioxide (PVA/MoO3) obtained through 
solution casting method, focusing new materials with therapeutic applications since the molybdenum trioxide exhibit an 
excellent antibacterial activity and could be a pathway to prevent viruses. The obtaining materials were characterized by 
conventional techniques as X-ray diffraction, thermogravimetric and dynamical-mechanical analysis. The unconventional 
low-field NMR relaxometry was used to evaluate the molecular dynamic and morphology of these systems. The results 
obtained showed that the MoO3 addition into PVA matrix promote an increase on the thermal stability at higher 
temperatures and a progressive increase on the rigidity of the PVA systems. Also changes in the molecular mobility of 
nanomaterials determined through the proton spin-lattice relaxation time showed that low proportion of molybdenum 
trioxide increased the intercalation of the poly(vinyl alcohol) chains between oxide lamellae while higher quantity of 
molybdenum trioxide caused an inverse effect on the oxide lamellae delamination. From those results the nanomaterials 
presented a mixed structural organization as intercalated and exfoliated morphologies. According to these first results, 
the nanocomposites obtained promise to be antimicrobial and antiviral agent to prevent COVID-19 and similar viruses. 
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INTRODUCTION 

Molybdenum trioxide (MoO3) is a layered compound 
that appears naturally, but rarely as the mineral 
molybdite and it is also a compound produced on the 
largest scale. This oxide is normally employed as an 
oxidation catalyst and as a raw material for the 
production of molybdenum metal and recently it was 
reported that the molybdenum oxides exhibit an 
extraordinary antibacterial activity [1-4].  

Extensive studies have suggested that highly active 
metal and metal oxide exhibit excellent antimicrobial 
properties. However, these materials show several 
drawbacks limiting their applicability such as a low 
active surface area, low durability and a possible high 
cytotoxicity [5]. An alternative to solve these issues is 
the incorporation of these materials into polymer 
matrices, since polymers can help disperse particles, 
leading to increase surface area, increasing durability 
by coating particles and make them more 
biocompatible if an appropriate matrix and preparation 
method are employed. Several researches investigated 
the antimicrobial characteristics or properties of metal 
and metal oxides particles or nanoparticle, such as Ag,  
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Cu, Au, TiO2, ZnO, MgO and CuO, when they are 
incorporated in polymer matrices [6-14]. 

Nanotechnology has been a very promising 
alternative in the area of polymers for promoting excep-
tional results such as in the increase performance of 
nanocomposites. However, so far, rare studies involve 
the use of molybdenum trioxide to obtain polymer 
nanocomposites with specific characteristics. The use 
of metal oxides to obtain nanomaterials for a diversity 
of application has been increased in the last few years, 
due to the rapid development of the nanotechnology 
area and our group has been investigating different 
systems formed by synthetic and natural polymers and 
metal oxides [15-21].  

After obtaining nanomaterials, their characterization 
has a great importance to present and understand their 
properties and to infer in the final application of these 
materials [15-22]. Several techniques must be used to 
really characterize the nanomaterials due to their 
particular organization and, of course, to the final 
morphology adopted after nanoparticles incorporation 
in the polymer matrix. It is possible to divide them in 
conventional ones and specific ones, in the last class 
nuclear magnetic resonance is the best technique that 
can be applied [23-30]. 

In this work, solution casting mode was chosen as a 
technique to disperse molybdenum trioxide into PVA 
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matrix, because this method permits a better dispersion 
of the nanoparticles in the polymer matrix and also 
maintains some nanoparticles in the surface area that 
can act rapidly. Besides its characteristics as a good 
catalyst in the industry and corrosion-resistant alloys; 
its good characteristic as potential antimicrobial agent 
through the mechanism metal-metal oxide-polymer; 
which could generate a protection action; making 
nanocomposite active [22-24]. There are some studies 
on this theme to better understand the trioxide 
molybdenum characteristic action as anti-microbian an 
antiviral protection. 

Thus, the main purpose of this work was to study 
the molecular dynamics, morphology, thermal stability 
and mechanical performance of nanomaterials formed 
by poly(vinyl alcohol) and molybdenum trioxide, 
obtained through solution method, to understand the 
materials behavior, focusing their dispersion and 
distribution mode in the polymer matrix and their 
antimicrobial characteristic to make possible antivirals 
act against COVID-19. 

The obtained materials were characterized through 
the conventional techniques as X-ray diffraction, ther-
mal analyses and dynamical-mechanical analysis. The 
low-field NMR relaxometry was employed to evaluate 
the molecular dynamic and the morphology of the new 
materials, through the intermolecular interaction forces 
and chains molecular organization, which will permit to 
infer about the materials morphology [19-25]. 

It is known that NMR relaxometry can evaluate the 
changes in the molecular mobility and can infer in the 
nanocomposite organization due to the evolution of 
proton spin-lattice relaxation time. This parameter is 
sensitive to the domain formation with size varied from 
25 to 50 nm [25-30]. The organization of the polymer 
chains when lamellar nanoparticle is added in a 
polymer matrix can be evaluated from the changes in 
the proton spin-lattice values. An increase in this 
parameter may come from the intercalated structure, 
because the chains molecular mobility decreases when 
these chains are in between lamellae, due to the 
restriction in their molecular movement. By contrary, 
when the proton spin-lattice values decrease an 
exfoliated structure form is preferred due to the 
increase in the molecular mobility of polymer chains to 
move around the oxide lamellae and also the metal 
acts as a relaxing agent [19-29]. 

The systems focused in this work have never been 
studied yet, and their evaluation applying NMR 

relaxometry has not been done before. Thus, the 
systems prepared and characterized by some specific 
techniques present a great novelty for the 
nanocomposites area, focusing on its potential 
antimicrobial [14] and possible antivirals action to avoid 
COVID-19.  

EXPERIMENTAL 

Materials 

Poly(vinyl alcohol) (PVA) 88% hydrolyzed was 
supplied by VETEC Quimica Fina LTDA. Molybdenum 
trioxide (MoO3) 99% was purchased from Merck KGaA 
and both chemicals were used as received. 

PVA/MoO3 Films Preparation 

The PVA/MoO3 films were prepared by the 
conventional solution casting method in which the 
polymer is solubilized in deionized water under 
magnetic stirring at 80 °C forming a solution of 5 wt.% 
(polymer/solvent). Molybdenum trioxide at 
concentration of 0.5, 1.0, 1.5, 2.0 and 2.5 wt.% 
(MoO3/polymer) was swelled in deionized water and 
sonicated for approximately 2 hours at 60 °C in a 
sonicator bath. Then, the solution was heated at 80 °C 
under magnetic stirring overnight. Partially hydrolyzed 
PVA was added to the mixture to prepare 
PVA/MoO3/water mixture by total dissolution at 80 ºC 
under magnetic stirring overnight too. Therefore, the 
solutions were poured in a Petri dish and dried at 50 
°C. The membranes presented thickness values 
around 150 µm. The PVA/MoO3 composites films 
prepared with 0, 0.5, 1.0, 1.5, 2.0 and 2.5 wt.% of 
MoO3 were named in this work as PM0, PM1, PM2, 
PM3, PM4 and PM5, respectively. 

X-Ray Diffraction Measurements (XRD) 

X-ray diffraction measurements were obtained using 
a Rigaku Miniflex II diffractometer, equipped with a Cu 
Kα radiation source (λ = 1,5418 Å), operating at 40 kV 
and 100 mA. The scanning rate was 0.05° s−1 and the 
corresponding intensities were measured over a 2θ 
interval from 2 to 40°. Measurements have been 
performed at room temperature. 

Thermogravimetric Analysis (TGA) 

Thermogravimetric analysis was performed using a 
TA Instruments Q500 analyzer operating at a heating 
rate of 10 °C/min, under nitrogen atmosphere (balance 
gas: nitrogen 40.0 mL.min−1 and sample gas: nitrogen 



Effect of Molybdenum Trioxide in the Behavior of Poly(vinyl alcohol) Journal of Research Updates in Polymer Science, 2020, Vol. 9      91 

60.0 mL.min−1). The TGA profiles were recorded in the 
temperature range from 30 up to 700 °C. The weight of 
the sample used was about 5–7 mg in all the cases. 

Dynamic Mechanical Analysis (DMA) 

Dynamic mechanical analyzer (Q-800, TA Scientific) 
was employed for performing dynamic mechanical 
properties of PVA/MoO3 films at a fixed frequency of 1 
Hz and oscillation amplitude of 0.15 mm. The 
measurements were carried out by heating from 30 to 
170 °C under nitrogen atmosphere at a heating rate of 
5 °C/min. 

Solid-State 1H Low-Field NMR Relaxometry 

Proton Spin-Lattice Relaxation Time Measurements 

To obtain information from the molecular dynamics 
of the PVA/MoO3 composites, the spin-lattice relaxation 
times (T1H) were determined by low-field NMR 
spectroscopy in the solid-state using a Maran Ultra 23 
spectrometer (Resonance Instruments, Oxford, UK), 
operating at 23.4 MHz (for protons) and equipped with 
an 18 mm variable temperature probe. The pulse 
sequence used for T1H determination was inversion-
recovery (recycle delay 180° – τ – 90° acquisition). The 
90° pulse, 4.7 µs, was calibrated automatically by the 
instrument software. The amplitude of the free induced 
decay (FID) was sampled for 40 τ data points, ranging 
from 10 to 106 ms, with four scans each and 5 s of 
recycle delay. All measurements were performed at 27 
°C. The T1H values and relative intensities were 
obtained by exponential fitting of available data with the 
aid of the WINFIT program. Distributed exponential 
plots of relaxation amplitude versus relaxation time 
were fitted by using the WINDXP software. 

RESULTS AND DISCUSSION 

X-Ray Diffraction Measurements 

Figure 1 shows the X-ray diffraction pattern of the α-
MoO3 between 2θ = 2° and 40°. The diffraction peaks 
at 2θ = 12.91°, 23.69°, 26.00°, 27.61° and 39.39°, 
correspond to the indices of (020), (110), (040), (021), 
and (060) planes of orthorhombic MoO3 phase, 
respectively. The layered structure of MoO3 with 
interlayer spacing around 6.9 Å can be observed from 
the (020) plane.  

XRD patterns of the PVA/MoO3 composites films 
with different amounts of MoO3 are presented in Figure 
2. From this Figure it was possible to observe the 

peaks related to α-MoO3 (020), (040) and (060), 
confirming the incorporation of the MoO3 into PVA 
matrix. The pattern found for X-ray peaks are due to 
the MoO3 architecture in the lamellae form that brings 
to this metal oxide their required properties, as 
antimicrobial effect, for example. This metal oxide was 
already used with the new material against H1N1 [14]. 
In this sense, we hope to use this new material against 
COVID-19. 

 
Figure 2: X-ray diffraction patterns of PVA and the 
corresponding PVA/MoO3 based composite films. 

An unexpected and sharp intense peak at lower 
angles for PM5 sample (2.5 wt.% of MoO3) can be 
clearly seen from the XRD patterns (Figure 3). This 
peak was not found in others PVA/MoO3 
nanocomposites and pristine MoO3. According to 
Bragg Law, this peak at 2θ = 2.65° is related to the 

 
Figure 1: X-ray diffraction pattern of α-MoO3. 
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crystal plane (001) and corresponds to a d-spacing of 
33.3 Å, which suggests the presence of poly(vinyl 
alcohol) chains between MoO3 lamellae, leading to 
intercalated structure. This result shows that PVA film 
containing 2.5 wt. % of MoO3 was the composite 
system that presents a more intercalated morphology.  

 
Figure 3: X-ray diffraction patterns of PVA and the 
corresponding PVA/MoO3 films from 2θ = 2° to 10°. 

Thermogravimetric Analysis 

Thermal analysis is an important characterization 
that helps to direct the use of materials for specific 
applications. The thermal stability of the composite 
films (Figure 4) was evaluated by TGA under nitrogen 
atmosphere. From this Figure, it was possible to 
observe that the pattern of thermal degradation curves 
of the composites is different compared to the film 
without MoO3. Table 1 exhibits the data of the thermal 
degradation for all systems studied, showing the initial 
degradation temperature (Td onset) and the correlation 
of the temperature found when the mass lost 
corresponded to 5, 10 and 50 % (Td5, Td10 and Td50, 
respectively). 

According to TGA results showed in the Table 1, the 
addition of MoO3 into PVA matrix caused a slight and 
progressive reduction in the Td onset. It was possible 
due to hydroxyl groups loss in different sites of the PVA 
chains. On the other hand, it was seen that at higher 
temperatures, an improvement in thermal stability was 
observed, due to lamellar structure of MoO3. It was 
seen for example, that Td50 (temperature at which 50 
wt.% of the mass is degraded) was displaced to higher 
temperatures for all composite films. The system 
containing a higher MoO3 proportion (PM5) presented 
the most significant result with an increase of 56 ºC in 

the temperature to degrade 50 wt.% of the total mass. 
This effect was possibly promoted for morphological 
change in the PVA matrix by MoO3 addition and occurs 
because lamellar structures tend to form physical 
barriers during the release of volatiles which may result 
in improvement on the thermal stability of the polymer 
matrices. This result corroborates to that found by XRD 
analysis that showed a more significant morphological 
change for PM5 system. 

 
Figure 4: TGA curve showing the thermal stability of the PVA 
pristine and their composite films containing different MoO3 
proportions. 

Table 1: Thermal Degradation Data for all PVA/MoO3 
Systems Produced 

Samples Td onset  Td5(oC)  Td10(oC) Td50(oC) 

PM0  279  251  281  353 

PM1  267  236   267  396 

PM2  250  214  251  407 

PM3  243  140  240  406 

PM4  231  118  223  411 

PM5  236  135  228  409 

 
Dynamic Mechanical Analysis (DMA) 

DMA was carried out by applying a sinusoidally 
varying force to samples to measure the viscoelastic 
behavior of the PVA/MoO3 systems investigated.  

The curves obtained from the dynamic mechanical 
analysis of the composites systems are showed in the 
Figure 5, which compares the variation of the storage 
module, E', with the increase in temperature for the 
different composites investigated. It was clearly seen 
that up to a certain temperature (70 ºC) the values of E’ 
found for all the composites were superior to that of 
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pure PVA, ie 0wt.% of MoO3 (PM0), revealing a higher 
rigidity for all PVA/MoO3 systems. The E’ values found 
at 30 ºC (at room temperature) were 128 MPa, 149 
MPa, 155 MPa, 162 MPa, 690 MPa and 1020 MPa for 
the PM0, PM1, PM2, PM3, PM4 and PM5, respectively, 
being significantly higher for composites PM4 and PM5 
that contain higher MoO3 proportion (2.0 and 2.5 wt.%, 
respectively). Compared to the PVA without MoO3 

(PM0), the increase in the E’ values for PM4 and PM5 
were approximately 540% and 800%, respectively. The 
value of E' is directly related to the capacity of the 
material withstand mechanical loads with recoverable 
viscoelastic deformation. So higher E’ means a more 
rigid structure for the investigated composites, thus the 
composite system that presented the greatest rigidity 
was PVA containing 2.5wt.% of MoO3. 

 
Figure 5: Curves of the dynamic mechanical analysis of the 
systems – storage modulus. 

The glass transition (Tg) data obtained from tan 
Delta results reveal that for all nanocomposites films, 
the Tg values were higher compared to the PVA 
without MoO3 (PM0). The Tg values found were 62.3 
ºC, 74.0 ºC, 76.2 ºC, 70.5 ºC, 87.2 ºC and 92.6 ºC for 
PM0, PM1, PM2, PM3, PM4 and PM5, respectively. 
This result shows a tendency to increase the Tg value 
with the progressive addition of MoO3 and confirms a 
change in the organization profile of the composites 
films as revealed by E’ results that showed an increase 
in the rigidity of the PVA/MoO3 systems. This result 
also suggests a strong interaction between PVA matrix 
and MoO3 filler, showing that the presence of MoO3 
caused morphological change in the PVA matrix.  

NMR Relaxometry Study 

Figure 6 shows the domain curves obtained from 
proton spin-lattice relaxation time of PVA and 

PVA/MoO3 systems. Analyzing PVA pristine (PM0) 
domain curves, the area curve is large, which is 
derived from a heterogeneous material, since this 
polymer present amorphous and organized region. 
Both PM1 and PM2 systems showed a more uniform 
domain curves after the incorporation of molybdenum 
oxide in the polymer matrix, due to a better dispersion 
and distribution of the nanoparticles in the polymer 
matrix in both regions, generating a more 
homogeneous material. The nanoparticle incorporation 
promoted a decreased effect anisotropic dipolar 
present in the polymer. For the other three 
compositions, it was observed a different behavior. 
They showed to be more heterogeneous, formed by 
both morphology (exfoliated and intercalated) and the 
domain curves become large in the base for the three 
highest MoO3 proportion, mainly evidenced for PM5 
that showed to be one system containing a high degree 
of intercalated morphology. The enlargement of the 
area curve is the result of dipolar interactions 
generated by H and OH, suggesting a formation of 
materials containing different populations of hydrogen 
that relax differently due to these samples organization. 
Generally speaking, as greater are the interaction 
forces, greater is the enlargement. 

 
Figure 6: Domain curves of PVA pristine and PVA/MoO3 
systems. 

Table 2 exhibits the values of the proton spin-lattice 
relaxation parameter, with a time constant (T1H), these 
values were determined from the domains curves for all 
systems. PM1and PM2 showed values of T1H higher 
than the PM0, showing that the values of T1H average 
time has a contribution of rigid domain, that controls to 
the relaxation data and it is predominating, since these 
samples are more homogenous. This behavior comes 
from the contribution the collective molecular 
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movement of the chains [27-30]. As the oxide is added 
to a polymer, it interacts with the H of hydroxyl leading 
to a decrease effect in the anisotropic dipolar 
interactions, present in the polymer, indicating that 
novel intermolecular interactions are formed. Analyzing 
PM3 it is in the transition of PM1 and PM2 and PM4 
and PM5, showing its own behavior. PM3, PM4 and 
PM5 present two domains, but the rigid domain is more 
predominant, comparing to amorphous phase. For the 
systems PM4 and PM5, the values of relaxation 
decreased a little comparing to PVA pristine, which 
comes from the changes in the intermolecular 
interactions that affects the freedom of the molecular 
chains movement; showing that when MoO3 is added 
in higher proportions, multiple interactions occur due to 
intercalation of the oxide among the polymer chains. 
Given more molecular freedom for the polymer chains 
to move, which caused a decrease of the relaxation 
value. These results indicate that both systems are 
heterogenous containing at least two domains with 
different molecular mobility. Therefore, all systems 
presented good intermolecular interaction between 
polymer and MoO3 particle. As this metal oxide 
presents lamellar structure it can be seen that samples 
named from PM1 to PM3 presented a predominance of 
polymer chains in the oxide lamellae, because the 
relaxations data are higher than the polymer itself; 
which promotes the diminish of the molecular collective 
movement being restricted, and PM4 and PM5 showed 
a more exfoliated oxide lamellae along the polymer 
matrix, since the relaxation values present some 
decrease. 

Table 2: Proton Spin-Lattice Relaxation Time 

Samples T1H (ms) 

PM0 580 

PM1 673 

PM2 621 

PM3 591 

PM4 534 

PM5 544 

CONCLUSIONS 

The new materials prepared showed a singular 
behavior due to their new characteristics after MoO3 
being incorporated into PVA matrix, showing a good 
dispersion in this polymer matrix using the solution 
casting method. 

All techniques used to characterize the properties of 
the new materials allowed us to evaluate the new 

characteristics of the systems obtained. XRD confirmed 
the MoO3 incorporation for all systems and showed that 
PM5 has a more intercalated morphology. TGA 
showed that all systems increased the thermal stability 
at higher temperatures. DMA showed that the 
progressive MoO3 addition leads to increase on the 
rigidity of the systems. We could also note that the 
NMR relaxometry was a particularly good technique to 
evaluate the morphology at molecular level of the 
systems, showing that the all systems presented good 
PVA/MoO3 intermolecular interaction and that lower 
MoO3 proportion promote more homogeneous 
systems. 
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