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ABSTRACT 
 

Vertically aligned nanoplates of molybdenum 
trioxide (MoO3) thin films were grown on the cobalt 
coated glass substrates by oxygen plasma assisted 
sublimation process with Mo metal surface as a source. 
The role of substrate temperatures, the geometry of the 
sublimation source on the orientation and dimensions of 
the grown nanoplates has been investigated keeping the 
plasma density and electric field as fixed. The surface 
morphology, crystalline structure and optical properties of 
nanostructured thin films have been studied using 
Scanning Electron Microscope (SEM), Transmission 
Electron Microscope (TEM), X-ray diffractometer and 
IR- spectroscopy.  

Keywords: Molybdenum oxide,  Sublimation, Nanoplates, 
Substrate temperature 
 

1. INTRODUCTION 
 
In recent years, molybdenum oxide (MoO3) has 

received considerable attention of the researchers across 
the world because of its diverse applications as an active 
layer in smart window [1], as an ion storage layer in high 
energy density secondary lithium ion batteries [2], as a 
gas sensor [3], as a photochromic device [4] and as a field 
emission source [5]. The new class of nanostructures 
possess novel characteristics due to the large surface to 
volume ratio that ensure a high percentage of surface 
atoms and the great level of crystallinity which reduce 
possible instabilities. Thin films of MoO3 with variety of 
nanostructures have been reported. Guicun Li et.al [6] 
formed nanoflowers of molybdenum oxide by chemical 
route. Dongmei Ban et.al [7]  synthesized large area films 
of MoO3 micro belts on silicon substrate by thermal 
evaporation. Tremllela-like structures are reported by 
Yang et al.[8]. Molybdenum oxide films with nanostars 
have deposited by Khedemi et al. [9]. In the present paper 
the authors have reported by deposition of nanoplates 
with large (15:1) thickness verses height ratio. 
Experimental results of the successful growth of MoO3 
nanoplates on cobalt-coated glass substrate by oxygen 
plasma assisted sublimation route are reported and 
discussed in the paper. 

2. EXPERIMENTAL DETAILS 
 

The schematic diagram of the experimental setup, used 
for depositing MoO3 nanoplates is shown in figure.1. The 
setup consists of two cup-shaped aluminum electrodes 
facing each other at a distance of 7.5 cm.  First,  60 nm 
thick Co film was deposited on a glass substrate by 
thermal evaporation of  99.99 % pure Co powder keeping 
the base vacuum of 7.5×10-6  torr.  The Co coated 
substrate was mounted on Mo strip (glass side touching 
the strip) and its temperature was raised to desired 
temperatures (200, 400 or 500oC) by suitably adjusting 
the current, passing through the molybdenum strip. The 
temperature of Mo-strip and substrates were monitored by 
thermocouple arrangement. First, the chamber is 
evacuated to 7.5×10-6  torr and then high purity oxygen is 
introduced into the chamber to maintain the base vacuum 
level at 2× 10-3  torr.   In this experiment the Mo strip 
surface temperature is higher compared to that of the 
substrate. A difference of 100oC was observed when the 
substrate is maintained at 4000C.  The entire heating cum 
sublimation source is placed inside the oxygen plasma as 
depicted in the figure 1. 

 
Figure 1: Experimental setup and the cross-sectional view 

of molybdenum oxide thin film on Co-coated 
glass for the rectangular and circular shaped 
sublimation source. 

 
The surface microstructure of films was studied with 
scanning electron microscope ZEISS EVO Series 
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scanning electron microscope model EVO-50. Structural 
studies were carried out using Philips X-Ray 
diffractometer equipped with Cu-Kα radiation (λ =
1.54060Å) source keeping the glancing angle constant at 
1o. Infrared measurements were carried out with Perkin 
Elmer make (Model BX2) spectrophotometer. 
Transmission Electron Microscopy (TEM) studies of 
samples were carried out with Philips Model CM12 
operated at 120 KV with selected area diffraction 
analysis. 

3. RESULTS AND DISCUSSION 

The surface microstructure of films deposited keeping the 
substrate temperature at 200, 400 and 500oC are shown in 
figure 2 (a), (b) and (c) respectively.  These micrographs 
reveal formation of well aligned nanoplates when the 
substrate temperature is > 400oC. The onset of plate 
formation with less aspect ratio can be seen at 
temperature 200o C (figure 2a). As the substrate 
temperature increases from 200oC to 500oC plates with 
larger aspect ratio are formed. The SEM micrographs 
show the average length and thickness of vertically 
aligned nanoplates vary from 200 to 800 nm and from 25 
to 100 nm, respectively The detailed dimensions are given 
in Table 1. Nanoplates with the maximum aspect ratio are 
obtained when the substrate temperature is kept at 500oC 
(figure 2c) and the cross-section of the film is shown in 
figure 2d. 

 
 
 
 
 

 

 
The microstructure of the films, deposited on Co coated 
glass and Si substrate using circular shape sublimation 
source with substrate temperature of 500oC, are shown in 
figures. 2e and 2f,  respectively. These experiment results 
suggest that the shape of plates also depend on the nature 
of substrate and as well as sublimation source geometry.  
It is observed that a few plates fused together resulting to 
the formation of multipod like structures and also 
enhanced sharpness of plate edges. This is due to the 
curvature effect of circular source shown in figure 2e. For 
circular source geometry the sublimated MoO3 
transporting onto the substrates in larger amounts 
compared to that in case of flat source geometry source 
and that would increase number of plates per unit area 
which is also supportive to the fusion of plates in to each 
other.  
Further characterization of nanoplates was performed by 
Transmission electron microscopy (TEM) with the 
corresponding Selected Area Electron Diffraction 
(SAED) pattern is shown in figure 3. The specimens for 
TEM analysis were prepared by dispersing the thin films 
in propanol and placing small droplets of the solution 
onto standard carbon supported copper grid and air drying 
them slowly. The SAED pattern, shown in the inset, 
clearly exhibits diffraction spots with d spacing that could 
be indexed according to the orthorhombic crystal 
structure of individual plate. The pattern confirms single 
crystalline nature of plates.   

 
Figure 3:  Bright field TEM micrograph of film deposited 

at 500oC with SAED patter 
 

Table 1.Average dimensions of the nanoplates 
variation with substrate temperature 

Substrate 
temperature (oC) 

Average 
length    (nm) 

Average 
thickness (nm) 

200 200 100 
400 500 50 
500 800 25 

Figure. .2  SEM micrographs of MoO3films deposited with 
substrate temperatures (a) 200oC (b) 400oC (c) 500oC (d) 
Cross–section view with 45o tilt angle. (e) micrograph of 
film deposited using circular shape sublimation source on 
cobalt coated glass. (f) film on cobalt coated Si substrate 
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XRD diffractograms of MoO3 thin films deposited for 
different substrate temperatures are shown in figure.4 
These results show single phase of orthorhombic 
structure. The sharp changes in crystallographic 
orientation along (110) and (020) are evident in MoO3 
thin films. The clear and sharp peaks indicate that the 
nanoplates of MoO3 are having high degree of 
crystallinity and it increases with increasing substrate 
temperature. The SAED pattern of nanoplate, shown in 
figure 4, also confirms the crystal structure to be 
orthorhombic. The obtained average value for lattice 
parameters were a= 3.962 Ao,  b= 13.849 Ao, c= 3.691 Ao 
which is in good agreement with those given in the 
JCPDC (a=3.962 Ao, b= 13.858 Ao,  c=3.697 Ao) for α- 
MoO3. 
 

 
 Figure 4:  XRD pattern of the MoO3 nanostructured thin 
films at various source temperatures 
 
FTIR spectra were recorded to investigate the chemical 
bonding states between molybdenum and oxygen atoms 
shown in figure.5 of all samples in the spectral range from 
400 cm-1 to 2000 cm-1. Measured IR reflectance spectra of 
films show several significant absorption peaks 
positioned at1610, 1460 1350, 1268, 997, 913, 815, 761, 
445 cm-1, which have attributed to different modes of 
vibrations. The strong absorption peak at 997cm-1 

indicates the presence of Mo=O stretch mode vibration. 
The presence of terminal double bonds confirms the basic 
characteristic of layered structure of MoO3 [10]. The peak 
at 813 cm−1, is attributed to the doubly connected bridge-
oxygen Mo-O-Mo stretching modes [11]. The peak at 666 
cm−1 is due to the stretching mode of triply coordinated 
bridge-oxygen, caused by edge-shared oxygen atoms in 
common to three octahedrons Peak presence at 470 cm-1 

is due to the bending mode of Mo-O-Mo entity. The 
presence of  absorption peaks at 1350cm-11460cm-1 and 

1610 cm-1 corresponding to bending mode of Mo-OH 
bonds [10], from which the formation of molybdenum 
oxide nanoplates is confirmed.  

Figure 5: FTIR spectra of all samples 

CONCLUSIONS 
In summary, uniformly distributed molybdenum 

oxide nanoplates with large aspect ratio (1:15) are 
synthesized on Co- coated glass substrates by sublimation 
process for different substrate temperature .with no 
participation of templates or catalysts.  SEM micrographs 
show the onset of small plates during the initial stage of 
sublimation process and gets enhanced their dimensions 
(length, height and thickness) with source temperature. 
The samples are nanoplates with height up to 2 micron 
about 50 nm thicknesses and from 200 to 700 nm in 
length. XRD reveals the sharp changes in the orientation 
of these nanoplates along (110) and (020). The 
nanoplates formed for all [a], [b] and [c] have 
orthorhombic (α-MoO3) crystal structure, and plate were 
preferentially grown along (110). FTIR spectra of these 
sample show the presence of absorption peaks at  997, 
815 761 and 445 cm-1 which confirms the formation of 
molybdenum oxide nanoplates. The additional peaks at 
1620 and 1425 cm-1 reveal the presence free water 
molecules.  
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