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Synthesis, characterization and photocatalytic performance of brannerite-type
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Crystalline LiVMoOg with brannerite structure was synthesized by mechanochemically assisted solid-state
synthesis. A mixture of Li,COs; V,0s, and MoO; of oxide 1:1:2 molar ratio was subjected to intense mechanical
treatment for 10 min in air using a planetary ball mill (Fritsch-Premium line-Pulversette No 7) and zirconia vials and
balls (5 mm in diameter). The mechanically treated mixture of the metal oxides was subsequently heated for 1 hour at
450 °C. XRD, Raman spectroscopy, and SEM investigations were performed to examine phase formation, local
structure, and morphology of the obtained product. Preliminary mechanical activation of the reagents led to the
formation of highly reactive precursor and annealing of the latter formed submicron-sized particles of LiVMoOg with
irregular shape, which were highly agglomerated. Photocatalytic results showed that adsorption of Malachite Green dye
(MG) on the LiVMoOg surface is a prerequisite for its photodegradation. Degradation percentage of Malachite Green in

the presence of LiVMoOg photocatalyst was about 70% after 210 min of UV irradiation time.
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INTRODUCTION

Over the last decades, photocatalysis has been
extensively explored as a process to efficiently
conduct oxidation of organic compounds, mainly
pollutants. In this sense, TiO, has been preferred by
far over other materials as photocatalyst. Despite the
proven efficiency of titania, some issues still
challenge the scientific community dedicated to
photo-catalysis. Recently, scientific efforts have
been directed to design titania-free visible-light
active photocatalysts. For example, monoclinic and
perovskite materials, such as InMO, (M =V, Nb,
Ta), BiVO,, AgTa0O;, AgNbO;, and AgsVO,, have
been confirmed to be active visible-light responsive
photocatalysts [1-4]. In this context, some other
monoclinic systems may deserve special attention.
Among them, brannerite-type LiMoVOg compound
calls the attention due to its electrochemical
properties and recognised application as a positive
electrode material for lithium secondary batteries
[5-7]. The aim of the present study was to obtain
LiMoVOs compound by mechanochemically
assisted solid-state synthesis and to explore its
structural and photocatalytic properties.

EXPERIMENTAL

Crystalline LiVMoOg with brannerite structure
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was prepared by mechanochemically assisted solid-
state synthesis. A mixture of Li,COs; V,0s, and
MoO; of oxide 1:1:2 molar ratio was subjected to
intense mechanical treatment for 10 min in air using
a planetary ball mill (Fritsch-Premium line-
Pulversette No 7) and zirconia vials and balls (5 mm
in diameter). Balls to powder weight ratio was 10:1.
The mechanically treated mixture of the reagents
was subsequently heated for 1 hour at 450 °C. Phase
formation was checked by XRD (CuKa, Ultima IV;
Rigaku Corp.). Room temperature Raman spectro-
scopy measurements of LiVMoOg were performed
in the range of 200-1200 cm™ on a micro-Raman
system of Jobin-Yvon Horiba (LABRAM HR-800)
spectrometer with green laser (wavelength of 532
nm). LiVMoOg morphology and microstructure
were investigated by JEOL JSM-5300 scanning
electron microscope. The photocatalytic activity of
the obtained LiVMoOg was evaluated toward the
degradation of a model aqueous solution of
Malachite Green (MG) oxalate (Sigma-Aldrich)
under UV irradiation at room temperature. A MG
solution (150 ml, 5 ppm, pH = 7) containing 0.1 g of
as-prepared powder was placed into a glass beaker.
Before turning on the light, the solution was
ultrasonicated for 10 min and after that stirred for 10
min to ensure adsorption-desorption equilibrium in
the solid/solution system. A solution of 3 ml volume
was taken at regular time intervals and separated
through centrifugation (5000 rpm, 5 min). Then MG
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concentration in the centrifugate was measured by
an Evolution 300 UV-VIS (Thermo Scientific, 50—
60 Hz, 150 VA) spectrophotometer. The photo-
degradation percentage of MG was calculated by
Eqg. (1).

R = (1 - Ci/Cy)=100, % (1)

Where C, and C; are MG initial concentration and
concentration after certain period of irradiation time
(ppm), respectively.

RESULTS AND DISCUSSION

Figure 1 presents X-ray diffraction patterns of
Li,CO; + V,05 + MoO3; mixture before mechanical
treatment (Fig. 1a), initial mixture after mechanical
treatment for 10 minutes (Fig. 1b), and mixture of
mechanically treated precursors for 10 min, and
subsequently calcined for 1 h at 450 °C (Fig. 1c).
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Fig. 1. XRD patterns of Li,CO3 + V,05 + M0oO3 mixture:
a) before mechanical treatment; b) after 10 min mecha-
nical treatment under rotation speed of 500 rpm; c) after
10 min mechanical treatment and calcination at 450 °C

for 1 hour.

The initial XRD pattern (Fig. 1a) shows all peaks
corresponding to MoO; (JCPDS No 47-01320) and
V,0s5 (JCPDS No 75-0457), while the reflections of
the initial Li-containing compounds are present at
the background level due to weak scattering ability
of the lithium atoms. The diffraction peaks of the
reactants gradually decreased with milling. More-
over, partial amorphisation of the initial oxides was
observed during the milling process (Fig. 1b). XRD
data indicate the formation of single phase LiVMo0Og
with brannerite-type structure by mechanochemical
treatment of the precursor for 10 min followed by
heat treatment for 1 h at 450 °C (Fig. 1c). The dif-
fraction pattern of the obtained LiVMo0Os was
indexed using ‘Index’ software assuming a C2/m
symmetry that corresponds to the monoclinic citing
of the brannerite structure and shows no traces of
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impurity phases [8]. The diffraction peaks are
intense and symmetrical evidencing the formation of
a well crystallized LiVMoOg product.

The obtained material was characterized by
applying Raman spectroscopy and SEM. Raman
features show (Fig. 2) vibrational modes of the
various MeOg (Me = V, Mo, Li) octahedral units
building the lattice. The assignment of the observed
Raman bands is shown in Table 1.
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Fig. 2. Raman spectra of LiVMoOg obtained after
mechanical activation of Li,CO; + V,05 + M0oO; mixture

for 10 min and subsequent heat treatment for 1 hour at
450 °C.

Table 1. Observed Raman bands and their assignment for
LiVMoOg, obtained by mechanochemically assisted solid
state synthesis.

Raman band position, Assignments Refs.
cm*
963 v(Me=0; Me=V, Mo) 9-11
832 Vas (Me-O-Me) 9-11
717 Vas (Me-O-Me) 9-11
437 Vas (Me-O-Me) 9-11
322 3(Me-O-Me) 9,10
263 8(Me-0O-Me) + v(LiOg) 9-11

SEM images of LiVMoOg of different magnifi-
cation are displayed in figure 3. SEM photographs
evidenced that the sample consists of dense agglo-
merates formed from irregular shaped and small
submicron-size particles.

The MG dye was used as a model pollutant to
investigate the photocatalytic activity of the
prepared sample. The strongest absorption peak of
MG dye at 615 nm was selected to monitor the
photocatalytic degradation process (Fig. 4). After
UV illumination, the absorption band at 615 nm
decreased rapidly and new absorption bands in the
ultraviolet and visible range were not registered.
This observation is in marked contrast with the data
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Fig. 3. SEM images of LiVMoOg at different magnification obtained after mechanical activation of
Li,CO3; +V,05 + MoO3 mixture for 10 min and subsequent heat treatment for 1 hour at 450 °C.

reported in the literature concerned with photocata-
lyzed degradation of many organic compounds in
the presence of TiO, under UV irradiation, in which
intermediates are easily detected by absorption
spectra [12]. These photocatalytic results also show
that MG is firstly absorbed on the LiVMoOg surface
and then photodegraded. MG degradation percent-
age in the presence of LiVMoOg photocatalyst was
about 70% after 210 min of irradiation time.
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Fig. 4. Evolution of absorption spectra of MG dye solu-
tion over LiVMoOg powder under UV-vis irradiation.

CONCLUSIONS

Single phase LiVMoOs was successfully
prepared by applying mechanochemically assisted
solid-state synthesis. Preliminary mechanical activa-
tion of a mixture of metal oxides in a planetary ball
mill led to the formation of highly reactive pre-
cursors. Annealing of the latter caused formation of
submicron-sized highly agglomerated particles of
LiVMoOg with irregular shape. Photocatalytic
results show that adsorption of Malachite Green is a
prerequisite for LiVMoQg-assisted photodegradation
of MG under UV light irradiation. MG degradation
percentage in the presence of LiVMoOg photocata-
lyst was about 70% after 210 min of irradiation time.
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CUHTE3, OXAPAKTEPU3UPAHE U ®OTOKATAJIMTUYHU CBOVMICTBA HA LiVMo0Os
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Mounodasen kpucraieH LiVMoOg cbe cTpykTypa oT BpaHepuToB THI € MONYYEH YCHENIHO Ype3 MEXaHOXHMHYHO
aktuBupaH TBbpaodazen cuured. Cmec or Li,COz; V,05 1 M0O; B MOiHO choTHOIIEHHE Ha okcumure 1:1:2 e
MO/IJIO’KEHA HA UHTEH3MBHA MEXaHNYHa 00paboTka 3a 10 MUHYTH BBB BB3/yIIHA Cpelia B IFIaHETApHA TOITKOBA MEITHUIIA
(Fritsch-Premium line-Pulversette No 7). Mexanu4no o6paboTeHara cMec OT MPEKypcopuTe € Harpsra 3a | yac mpu
450 °C. Taka momydeHHAT oOpasel] € oxapakTepusupaH upe3 PeHrreHoBa mudpaknums, PamMaHOBa CrieKTpoCKOMHS U
CKaHMpallla eJIeKTPOHHA MHUKPOCKOIHs. YCTaHOBEHO €, Y€ IPEJBAPUTEIIHOTO MEXaHWYHO TPETUpaHEe Ha CMECTTa OT
peareHTH B IUIaHETapHa TOINKOBAa MEJHHMIA, BOAM JO 3HAYMTEIHO AaKTHBHPAaHE HA PEaKIMOHHATA CMEC OT M3XOJHHU
KOMITOHEHTH M CJIe]] MOCJIEBAI0 HAarpsiBaHE 3a KpaTbK meproj ot BpeMe (1 wac) ce momyuasa kpuctaied LiVMO0Osg,
ChIbpIKAl] KPUCTAIUTH ChC CYOMUKpOHEH pasmep. DoToKaTaTUTHYHATA aKTUBHOCT Ha monydenust LiVMOoOg Gerre
n3clie/IBaHa 4pe3 pasrpakJaHe Ha OpPraHu4HOTO Oarpmiio ManaxuToBo 3elieHO MOJI YJITPaBHOJIETOBO OOJIbUBaHE.
@DoTOKATAINTUYHUTE pe3yjaraT MOKa3BaT, Y€ OPraHW4YHOTO Oarpuio MbBPBO ce ajcopOupa Ha MOBBPXHOCTTA Ha
LiVM0Og u cren ToBa 3amo4Ba HEeroBoTto pasrpaxaane. Cren 210 MuHYTH BpeMe Ha OOJ'bYBaHe, MPOLEHTHT Ha
pasrpaknane Ha ManaxutoBo 3eneHo B npuckeTBue Ha LIVMO0Og e okoso 70%.
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