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ABSTRACT

In the present research, the photochromic MoOj; powder has been synthesized via simple sol gel, using
Dimethylformamide. The Dimethyl formamide-induced MoO; powder is found to have enhanced photochromic
properties. The influence of DMF induced MoO3 microstructure and photochromic properties was carried out by
scanning electron microscopy(SEM) and particle size analyze were determined by DLS. The sample turned Blue color

when exposed to UV visible light irradiation for 30 minutes. The colored films bleached to the colors initial after 8 h.
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1 Introduction

Photochromic material, which is change color upon light irradiation, refers to the persistent and reversible
transformation between different excited states[1].photochromic material have been investigated into two groups:
organic(e.g., azobenzene , spiropyran and diarylethene) and inorganics (e.g., transition metal oxide) and these
photochromic material were used for various applications. Inorganic photochromic material exhibit good stability and
cost effective while compare to organic material. Photochromic transition material include molybdenum oxide (MoQ3),
titanium dioxide (TiO2),tungsten oxide (WQO3), Vanadium pentoxide (V,0s), niobium pentoxide (Nb,Os) and ZnO, Upon

band gap irradiation electron hole pair can generate in transition metal oxide[2].

As wide band gap of n type semiconductor material MoOs; are attracting much attention as both photochromic and
electro chromic property due to high optical contrast and reversible color change[3,4].The transition metal oxide
MoOsis multifunctional interesting material in various field of application such as smart windows, optical switches,
chemical sensor and storage media, optical fiber, fuel cells,display devices [5,4]. Basically MoOshas three
crystallinepolymorphs: thermodynamically stable orthorhombic phase a-MoOs; has orthorhombic crystal structure, meta

stable B —MoOshas cubic rhenium trioxide (ReOs)and metastable high pressure phase hexagonal h- MoOs[7-9].
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MoO3 have been synthesized by various chemical method[10], such as chemical vapor deposition[11], sol gel [12],HCL
chemical precipitation[13], thermal evaporation[14], electrodeposited[15], hydrothermal[16] , electrochemical
processing[17]. Among this sol gelmethod is the most promising solution based chemical method. It is used to synthesis
all kind of nanostructured material and advantage of solgel method is easy to control over the crystal structure (MoO3,
MoO3,h- MoO3),the morphology and size by different reaction parameter reaction time, reactant solvent medium ,

reactant source, reaction temperature, additives and also lowcost, flexibility and simplicity[18,19].

MoOs; crystal powder exhibits various morphologies such as nanotubeshollow MoOsnanospheres, nanorods,
Mesostructuredtoroids, MoO3 fiber and nanobelts[20]. In the present research, the photochromic MoO3; powder has been
synthesized via a simple sol gel method, using Dimethylformamide as the capping agent. The Dimethyl formamide-

induced MoO; powder is found to have enhanced photochromic properties.

However the drawback of MoO; used in photochromic material consequently poor reversibility of coloration and
structural instability[21]. While using DMF organic inducer the photochromic properties of MoO3 have been increased
and it is highly bio compatible too.The chromogenic properties of MoOsthat is the ability to change the optical density.
It is due to the formation of color center changes when exposed to external agents. The external agent is light, then the

material named photochromic and color changes due to external agent heat named thermochromic[22].

DMF is a clear liquid widely used in industries as a solvent reagent and catalyst,additive or an intermediate. As shown in
et al[17] formaldehyde induced MoOj; exhibit hierarchical mesoporous as well as photochromic property .Thus ,in this
work motivated to investigate the photochromic properties of DMF induced MoOssol gel method and related

mechanism of photocoloration.
2. Experimental

Molybdenum oxide nanoparticle were prepared using solgel method.Certain amount of sodium molybdate
(Na;MoO4 2H,0) was dissolved in 25 ml deionized water to get the transparent solution of 1.0Msolution. 10 ml of
Dimethyl formamide (DMF) solvent reagentwas added drop wise into the solution under constant stirring at room
temperature. Then the pH of above mentioned solution was adjusted to be 1.0 using concentrated hydrochloric acid
(HCL) solution by simultaneous vigorous agitation for 4h in succession.The precipitates were filtered and washed
several times in deionized water and ethanol to avoid impurities of the end product . After that the white precipitates was
transferred into petri dish to dry the sample in a hot air oven at 90°C for 1 hr. Initially xerogel and final white powder

was obtained. The powder was then cured under UV lamp for photochromic property.
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Scheme 1 :Schematic representation of step wise synthesis process of MoOsnano powder and photochromic property
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Scheme 2: Experimental setup of photochromic property of powder sample
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UV colored MoO3 powder are shown in figure 1 the virgin MoO3; powder are white transparent in the visible region
and it turns to blue under UV light irradiation. The mechanism of coloration in MoO3 under the irradiation of UV light
with photon energies greater than MoOsband gap, electron can excited to the conduction band , leaving a hole in the
valence band.The photochromic property of MoOs;Nano powder sample was tested by mercury halogen lamp. The
prepared sample was irradiated under UV lamp (10cm away from the sample,360nm,3W) for 30min. Initially the color
of sample was white transparent and the transparency state was changed to colored state under irradiation of UV light
for 1 hour, and after the sample was kept in a dark place the colored state partially bleached back to the initial state.

N min

Initial Colored Bleached

Figurel.Show the color difference before UV and after UV irradiation and bleached state

4.Characterization

The as prepared MoOsnano powder morphology was determined by scanning electron microscope and the
morphology of final product is considered to play a vital role in the photochromic properties of MoO s;nano powder and

the presence photochromic properties were tested by using UV light radiation.

Figure 2 shows the SEM image of the synthesized DMF induced MoO3 powder. MoO3 powder with DMF exhibit
nearly like hierarchical mesoporous spherical morphology .The inducer does not have great effect on morphology and
particle size distribution was non uniform and large of aggregation formed.MoQO; nucleation and subsequent growth

does not occur due to loss of temperature.
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Figure 2.SEM image of DMF induced MoO3 powder
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Figure3. DLS measurement of as prepared DMF induced MoO3 nanopowder

Dynamic light scattering (DLS) which is also known as quasi-elastic light scattering or photon correlation spectroscopy
, is a technic used for size distribution and particle size studies. Commonly the dispersion and stability is an essential
factor in view of preparing nanoparticle. The DLS measurement taken from the DMF induced MoOs;nanopowder was
present in figure 2. The presence of MoOjnano powder disperses uniformly and narrows size distribution. Furthermore
the diameter of the particle is 149.3nm and the polydispersity index value is 0.252 respectively,So it indicates the

narrow distribution of particle size.
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5.Conclusion

Molybdenum trioxideNanopowder synthesized using a simple sol gel method and the presence of reversible
photochromicproperties of the powder were observed under UV irradiation. The DLS showed the uniformly narrow size
distribution of MoOs;Nano powder sample and the result of SEM the morphology of MoO; Powder nearly exhibit
hierarchical mesoporous spherical. The powder showed a considerable fast response to coloring 30 min. The bleaching

process takes a longer time to return to their initial state, approximately 8 hours.
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