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Synthesis of Nano-sized Tabular Lindgrenite (Cuz(Mo00O,),(OH),) by Aqueous
Precipitation
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Abstract: Lindgrenite (Cu3(MoO,),(OH),) nanocrystals were synthesized by simple aqueous precipitation at 60 C,
using Cu(NO;), 6H,0, Na,MoO,-2H,0 and NaOH as the starting materials. X-ray Diffraction (XRD) patterns confirm
the formation of pure Cu;(Mo00O,),(OH), nanocrystals, which belongs to the monoclinic phase with calculated crystal
parameters a = 0.53863nm, b = 1.40006 nm, ¢ = 0.56003 nm, f = 98.47°, o = y = 90°. The energy dispersive X-ray
spectrum (EDX) analysis gives an approximate atomic ratio of 3:2: 10 for Cu: Mo: O. The scanning electron micro-
scope(SEM) and transmission electron microscope (TEM) studies show that the as-prepared nanoparticles are well
crystallized with tabular structure and the interplanar distances of dy,; and dr; measured are 0.435nm and 0.358 nm,
coinciding with the theoretical value. It can also be seen that the Cuz(Mo00O,),(OH), has a good thermal stability and
starts decomposing at 320 C through thermogravimetric-differential thermal analysis (TG-DTA). Moreover, the
strong fluorescent property of the Cu3;(MoO,),(OH), is measured, with green emission peak at ca. 530 nm upon excita-

tion at ca. 369 nm. Finally, a possible mechanism for the formation of Cu3;(Mo0O,),(OH), nanocrystals is proposed.
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Detailed knowledge on the stability and formation
conditions of mineral is of great importance, both for the

U as well as to

understanding of geological processes
optimize performance of minerals in industrial applica-
tions”. Lindgrenite (Cus(M0O4),(OH),) has been shown
to be an effective fire retardant and smoke suppressor
when combined with CuSnOj; in polyvinyl chloride plas-
tic (PVC)P.

Lindgrenite (Cu3(Mo00O,),(OH),) is one kind of rare
mineral originally found in Chile resulting from the oxida-
tion of primary molybdenite!*!. Early in 1980, Moini et a/™
synthesized Cu3(MoQ,),(OH), using CuSO, and Na,MoO,
as raw materials under aqueous reflux conditions, and the
obtained products were studied by XRD and TGA. Recently,

many researchers!®®

are shifting their interests toward
hydrothermal method in preparing Cuz(MoO,),(OH),.
There are still no more detailed reports about the synthesis
and the morphology of Cu3;(Mo00Q,),(OH), nanomaterials
with precipitation method at low temperature!.

As reinforcing agents or flame-retardants, it seems that

the needle-like and the sheet-like structure materials are
good candidates for functional polymeric composites and
fiber hybrid materials!'®'". In our work, the tabular
Cu3(Mo00,),(OH), nanocrystals were synthesized with
relatively large quantity by aqueous precipitation at 60 C.
This method is cost-effective and available to a large-scale
production. The as-prepared products were characterized
by SEM, TEM, HTEM, EDX, XRD, FTIR, TG-DTA and
Emission/excitation spectra.

1 Experimental

1.1 Materials and Preparation

All chemicals were of analytical grade and were used
without further purification. Cuz(M0QO4),(OH), nanocrys-
tals were prepared by aqueous precipitation. 0.04 mol
Na,Mo00,-2H,0 and 0.04 mol NaOH were dissolved in the
50 mL deionized water, and then 50 mL Cu(NO;), solution
(1.2 mol/L) was added dropwise under mechanical agita-
tion at 25 ‘C. Next, HNO; and NaOH were separately
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added to keep pH=6. Afterwards, the whole solution was
divided into three parts and aged for 3h at 25 'C, 45 °C
and 60 C, respectively. Finally, the obtained products
were washed with deionized water for three times and
dried at 25 °C in vacuum.

1.2 Characterization methods

The X-ray diffraction patterns (XRD) were carried out
on a Bruker D8 Advanced X-ray diffractometer using Cu
Ka radiation (4=0.15406 nm) with the range of the diffrac-
tion angle of 26 = 10°-60°. Fourier transform infrared
(FTIR) spectrum of KBr powder-pressed pellets was re-
corded on a Brucker Vector 22 spectrometer. SEM image
and Energy dispersive X-ray spectrum (EDX) analysis!'?
were obtained on a LEO-1550VP scanning electron mi-
croscope. TEM and HRTEM were taken with a JEOL
JEM-2100
differential thermal analysis (TG-DTA) was performed on
a Beijing WCT-2A thermal analyzer at 60-950 C at a

heating rate of 20°C/min in air. Emission/excitation spec-

electron microscope. Thermogravimetric-

tra were recorded on a FL3-TCSPC fluorescence spectro-
photometer at room temperature.

2 Results and discussion

SEM image (Fig. 1(a)) of the Cu3;(Mo0Q,),(OH), pre-
pared at 60 ‘C demonstrates that the nanocrystals are tabu-
lar with the sizes of 50—100 nm in width and 100-300 nm
in length, and that also can be confirmed by the TEM re-
sults in Fig. 1(b). The HRTEM image (Fig. 1(c)) clearly
reveals that the as-prepared product is well crystalline, and
the lattice fringes with the interplanar distance of 0.435
nm and 0.358 nm are assigned to the (021) plane and (IZI)
plane of monoclinic Cuz(Mo0O,),(OH), structure, implying
that high quality monoclinic Cu3;(MoQOy4),(OH), nanocrys-
tals are formed.

EDX analysis is performed to further confirm the
composition of the obtained product!'?. Figure2 indicate
that the product is composed of Cu, Mo, and O, with an
approximate molar ratio of 3:2:10, according with corre-
sponding molecular formula Cu3(Mo00O,),(OH),. The C
peak in the spectrum is attributed to the electric latex of
the SEM sample holder and the Pt peaks come from the Pt
sputtering process in SEM experiment.

The XRD patterns (Fig. 3(a)) confirm the presence of
pure lindgrenite, Cu3(Mo00O,),(OH), (JCPDS file 75-1438).
It can be clearly seen that with increasing the aging tem-
perature from 25 C to 60 ‘C, the products become better
crystallized with the obvious enhancement in several
peaks such as 12.62°, 20.42° and 24.85°, which are also

5ohm

Fig. 1 (a) SEM, (b) TEM and (c) HTEM images of synthetic
lindgrenite precipitated from aqueous solution at 60 C
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Fig. 2 EDX spectrum of synthetic lindgrenite precipitated from
aqueous solution at 60 C
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Fig.3 XRD patterns of (a) lindgrenite nanocrystals and (b) Cu;Mo,0, powders

confirmed by the HRTEM image. The calculated crystal
parameters of the as-prepared lindgrenite by Fullprof pro- -
gram are shown that ¢ = 0.53863 nm, » = 1.40006 nm, ¢ = e @ g
0.56003 nm, f = 98.47°, a = y = 90°, which also suggests E - %g
that the product belongs to the monoclinic crystal system. 5 ¥
The eight main peaks at 26 values of 12.62°, 20.42°, E g @
21.34°, 24.85°, 25.34°, 25.42°, 25.62° and 33.43° are in- &
dexed as (020), (021), (101), (121), (130), (040), (111) and
(141) of Cu3(M0Qy),(OH),, respectively, which are in a- S

greement with the data of the reported literature!"”!. The
results indicate that pure Cu3(Mo00O,),(OH),is synthesized
by aqueous precipitation at a relatively lower preparing
temperature (60 ‘C). In addition, Fig. 3(b) shows the gen-
eration of CuzMo0,0y after the product is calcined at 400 C
and 700 ‘C in air for 20 min, corresponding to the ortho-
rhombic structure!”! with lattice constants of @ =0.7659 nm,
b = 1.4613 nm, and ¢ =0.6875 nm (JCPDS file 70-2493).
Those are in good agreement with the theoretical decom-
position product of Cu3(MoQO,),(OH),.

The FTIR spectrum of Cu3(MoQO,),(OH), nanocrystals
is detected in Fig. 4. The bands at 386, 825, 869, 916 and
968 cm ! are ascribed to MoO,*~ vibration, consistent with
the reported values'®. The bands at 420 and 3346 cm ' can be
assigned to O—H vibration. The absorption peak at 459 cm '
is from the bending vibration of Cu—O. In addition, the
weak absorption at 1633 cm ' and the peaks at 3000 —
3600 cm ' may be caused by the bending vibration and the
stretching vibration of H,O, respectively!'*'".

TG-DTA curves obtained under a flow of air are shown in
Fig. 5. The TG curve records a weight loss between 320 C
and 400 °C, corresponding to the departure of OH groups
as H,O by 3.33wt% weight loss, which shows that
Cu3(Mo0y),(OH), is decomposed into Cu;Mo,04 and H,O
in line with the XRD results. A second weight loss by
3.39wt% takes place between 850 ‘C and 900 °C, which
may be related to the decomposition of CusMo,0,!®. The
DTA curve exhibits two distinct endothermic peaks cen-
tered at 378 ‘C and 890 °C, which are assigned to the de-
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Fig. 4 Transmittance FT-IR spectrum of synthetic lindgrenite
precipitated from aqueous solution at 60 'C
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Fig. 5 Weight loss by TG-DTA of synthetic lindgrenite pre-
cipitated from aqueous solution at 60 C

hydration of lindgrenite and phase transition of the re-
mainder, respectively.

The fluorescent property of the Cuz(MoO,),(OH),
nanocrystals prepared at 60 ‘C is measured at room tem-
perature. As shown in Fig. 6, with the excited wavelength at
ca. 369 nm, the nanocrystals exhibit green emis sion peak at
ca. 530 nm, which could be due to the charge-transfer tran-
sitions within the MoO4*~ complex"*'”. The results also
indicate that Cu3(Mo0QO,),(OH), nanocrystals prepared by
this method are a kind of potential fluorescent-emitted
material.
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Fig. 6 Solid-state emission/excitation spectrum of synthetic
lindgrenite precipitated from aqueous solution at 60 C

The formation process of Cuz(M0QO,4),(OH), nanocrys-
tals could be described as follows: when Cu(NOs3), solu-
tion was added to the MoO,4” solution, it was possible that
Cu(OH), formed firstly, and then Cu(OH), combined
with  copper MoO,~ to  generate
Cu3(Mo0,),(OH), nanocrystals from color change of the
suspension (blue — yellow-green), as described in Equa-
tions (1) and (2).

Cu’"+20H —Cu(OH), (1)
Cu(OH), +2Cu*" +2M00,> —Cu3(M004),(OH), (2)

The proposed reaction mechanism has been supported
by the following experiment that Cus3(MoO,),(OH),
nanocrystals also can be synthesized by adding Na,MoQO,
into the Cu(OH), suspending solution prepared by prior
adding Cu*" into NaOH solution.

ions and

3 Conclusion

In this study, the tabular and well-crystalline mono-
clinic Cu;(Mo0,),(OH), nanocrystals have been prepared
via a simple route based on precipitation method at 60 C,
employing Cu(NOs),-6H,0, Na,MoO,2H,0 and NaOH as
the starting materials. This method is highly promising to
be scaled up for industrial application owing to the short
reaction time and the simple synthetic process.
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