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Abstract: Thermal behaviour of molybdic acid, H2MoO4 has 
been investigated by DSC and thermogravimetry. The results 
obtained from the study demonstrated that it decomposes at 
the temperature range of 373 to 973 K in two steps. In the 
1st step the peak was obtained at 604 K (Range 547.7-641 K) 
which is associated with 8.4 mass losses and in the 2nd step 
the peak was obtained at 688 K where decomposition started 
at 657 K and was completed at 710.3 K is associated with 2.2 
mass losses. 

2MoO4 have been characterized 
by IR spectroscopy and Magnetic susceptibility. Magnetic 
susceptibility, after the diamagnetic corrections suggests 
that all the samples are diamagnetic. This is because of the 
fact that the Mo+6 ions, present in these samples, contain no 
unpaired electron. The kinetic studies suggest that the kinetic 

mechanism, while the second transition obeys the Mampel’s 
unimolecular law of random nucleation.

Keywords: DSC, IR spectroscopy, Kinetic parameters, 

analysis. 

Formation of molybdenum oxides has got attention from 

range of composition, crystal structure and physical behaviour 
have also been reported in the literature [1-6]. One of the 
important oxides of Mo is considered as molybdenum trioxide 
which on hydration forms H2MoO4, an acid. The Molybdic acid 
is a yellow diamagnetic salt that exists as the hydrated form of 
MnO3 (mono- or dihydrate).

Molybdic acid exists as a coordination polymer in its solid state 
(Fig. 1 (A)). Wells et al. in 1984 showed that Mo is present 
in the octahedral geometry where 4 corners of octahedron are 
occupied by O-atoms by single bond, 5th corner by doubly 
bonded O-atom and sixth corner by water molecule [7]. The 
four O-atoms that are singly bonded to central Mo are further 
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into a cluster polymer with bridging Oxygens. Kerbs et al.
have shown that in dehydrated form of MoO3 the extra H2O 
is intercalated between the layers of the structure shown for 
MoO3.H2O [8]. Oyeyemi et al. have performed DFT studies 
to elucidate the structure of molybdic acid in solution state 
using B3LYP functional and 6-311+G(2df, p) basis set. They 
found that the best agreement between the computational and 
experimental data was obtained for MoO3(H2O)3 in octahedral 
geometry (Fig. 1 (B)). Therefore, it was concluded that structure 
of molybdic acid is octahedral with Mo at center of octahedron 
and three corners occupied by H2O and three by oxo ligands 
[9].

Fig. 1: Structure of H2MoO4 Acid in (A) Solid and (B) 
Aqueous Phase

Molybdic acid has found a lot of applications in developing 
science. It has been used in the heterogenous catalysis mostly 
in oxidation reaction such as oxidation of alkenes. Furthermore, 

alkaloids, especially opioids. It is also been found that molybdic 

In this article we have investigated the thermal behaviour of 
H2MoO4 
various stable phases formed. The DSC data obtained under 
isothermal as well as dynamic conditions was used to compute 

so formed have been analysed for molybdenum to determine 
their composition. IR spectra and magnetic susceptibility of all 
the phases have also been recorded. 
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Fig. 2: Applications of Molybdic Acid

AR grade Molybdic acid (Sarabhai Chemicals) was used as 
such. The provided chemical was analysed for Mo metal by 
a reported method [13]. The study depicted the stoichiometry 
of the given chemical that suggested the molecular formula 
for molybdic acid is H2MoO4. DSC and thermo-gravimetric 
analyses were performed using Mettler thermal analysis system 
(TA 3000). The investigations were performed in system with 

continuously at the rate of 25 ml/minute. The plots were obtained 
with the aid of programme available in the microprocessor TC 

molybdic acid obtained from thermogravimetric analyser after 
heating from 641 and 710.3 K was recorded on Pye Unicam 
spectrophotometer SP 2000, utilizing the KBr pellets. Gouy 
balance was used to record the molar magnetic susceptibility 

the heat-treatment up to 641-710.3 K. During the measurement 

was kept constant at 2000 gauss and HgCo(CNS)4 was used as 
celebrant.

A. Thermal Analysis

The TG-DTG curves (Fig. 3 and Table I) exhibit two mass loss 
regions in the temperature region 547.7-641 K and 657-710 K, 
with peak temperatures of 604 and 688 K respectively. The mass 
loss associated with these steps is 8.4 and 2.2% respectively. 
The DSC curves (Fig. 4, Table II) exhibits an endothermic peak 
in the temperature region 513-633 K with peak temperature 
596.9 K. The curve further exhibits an exothermic transition 
in the temperature region 643-713 K with peak temperature at 
680.9 K.

Fig. 3: TG-DTG Plots for H2MoO4 at the Heating Rate of 10 
deg/minute

H2 4

Sr. 
No.

Steps/
Transitions

Start 
Tempera-

ture

Peak T 
emperat 

-ure

End 
Tempera-

ture
1. First Transi-

tion
547.7 K 604 K 641 K

2. Second 
Transition

657 K 688 K 710.3 K

Fig. 4: DSC Curves (dH/dt versus T) for H2MoO4 at the 
Heating Rate of 10 deg/minute in Oxygen
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Sr. No. Steps/Transitions Start Temperature Peak Temperature End Temperature
1. First Transition 513 K 596.9 K 633 K

2. Second Transition 643 K 680.9 K K

B. IR Spectra

that H2MoO4
have a broad band in the region 3800-2500 cm-1, shows the 
stretching vibration of O-H bond in water molecules [14], while 

the peak at 425 cm-1 is also due to the vibrational mode of water 
molecules [15]. The peaks observed at 960, 900, 860, 760, 630 
and 325 cm-1 in spectra of all the samples are attributed to the 
molybdenum – oxygen (Mo-O) bond.

Sr. No. Temperature at Which 
Phase is Drawn (K) IR Frequency cm-1

Molar Magnetic 
Susceptibility m×106 cgs 

units

1. H2MoO4 3700-2400, 1420, 950, 910, 870, 760, 635, 
425 and 325

-15

2. 641.1 3725-2450, 1430, 970, 920, 860, 750, 640, 
425 and 310

-14

3. 710.3 1400, 950, 900, 860, 750,635 and 320 -10

The mass loss data from TG analysis, DSC, magnetic 
susceptibility and infra-red spectra data suggest that molybdic 
acid decomposes in the following sequence:

H MoO
      547.7 641K

0.8H O
MoO (H O) .

      657 710.3K
0.2H O

MoO3 

region 513-633 K is endothermic which is in accordance with 
the general behavior of such decomposition processes [16]. 
However, the transition in the temperature region 643-713 
K, which is attributed to the loss of H2O, is exothermic. This 

3(H2O)0.2 is meta 
stable and is associated with high energy content. The meta-
stable phase decomposes further during this process to more 
stable MoO3, having low energy content.

Magnetic susceptibility, after the diamagnetic corrections 
(Table III) suggests that all the samples are diamagnetic. This is 
because of the fact that the Mo+6 ions, present in these samples, 
contain no unpaired electron.  

C. Kinetic Analysis

Kinetic parameters from DSC data under dynamic conditions 
have been calculated from the relationship [17-18].

= . (1 )

t, E is the energy of activation, A is the pre-exponential factor 
and n is the order of the reaction. Assuming that the fraction 
of reaction completed is proportional to the heat taken up or 
consumed at any instant, the above equation in the logarithmic 
form is transferred to the following relationship.

ln
dH

dt
= In A + nIn

H

H

E

RT

In the analysis using the above given equation it is considered 
that the fraction of the completed reaction is directly proportional 
to the DSC signal of the given compound.

Where,

Ht
peak

Hr

Knowing the values of dH/dT, Ht, Hr and T from the DSC data, 
the rest of the parameters can be calculated with the help of the 
microprocessor TC 10. Table IV shows the values of lnA, H and 
E for the two transitions of H2MoO4.
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Transition Temperature (K)
DSC/TG

Peak Temperature (K) 
DSC/TG

E
kJ/mole InA Mass Loss %

513-633/547.7-641 596.9/604 168 29 54 8.4

643-713/657-710.3 680.9/688 280 45 10(exo) 2.2

The values of activation energy (E) for both the transitions are 
comparatively low. The low value suggests that water molecule 
is loosely bound and may not be structurally coordinated.  
We have applied various kinetic equations to isothermal 
data obtained from DSC (Fig. 5 and Fig. 6) of the solid-state 

steps of the thermal decompositionof molybdic acid.

Fig. 5: Plot Showing  (y-axis) versus t (min) for the First 
Transition

Transition

2/3] versus time 
are found to be linear. For the data in the second transition (Fig. 

The applicability of the equation suggests that the random 
nucleation of the product phase controls the reaction rate in the 
exothermic process.

Thermal decomposition of molybdic acid, H2MoO4 has been 
investigated by DSC and TG analysis. The studies suggest that 
the material decomposes to MoO3 in two steps in the temperature 
range 373-973 K. The phases have been characterized by 
Magnetic susceptibility as well as IR spectroscopy. Magnetic 
susceptibility, after the diamagnetic corrections suggests that 
all the samples are diamagnetic. This is because of the fact that 
the Mo6+ ions, present in these samples, contain no unpaired 
electron. The kinetic studies suggest that the kinetic data in the 

law of random nucleation.

A part of the research work reported in this paper has been done 
in the Department of Chemistry, University of Jammu, Jammu, 
as a part of M.Phil dissertation of the author.
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