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Abstract Using LiNO3 and SiO2 as raw materials, Li2SiO3

nano-powders were synthesized via a nonstoichiometric 2:3

Li:Si molar ratio hydrothermal reaction at 180 �C for 48, 72,

and 96 h in a NaOH aqueous solution system. The synthe-

sized materials were characterized by powder X-ray dif-

fraction technique and Fourier transform infrared

spectroscopy. To investigate the effect of the reaction time

on the morphology of the obtained materials, the morphol-

ogies of the synthesized materials were studied by field

emission scanning electron microscopy technique. The

technique showed that on increasing the reaction time, the

morphology of the as-prepared samples changed from belt

structures to flower structures. Ultraviolet–Visible spectra

analyses showed that the nanostructured lithium silicate

powders had good light absorption properties in the ultra-

violet light region. Also, photo luminescence spectra and cell

parameter refinement of the obtained materials were studied.
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Introduction

Silicates are the most abundant and most complicated class

of minerals on earth with tremendous technological appli-

cations in fields such catalysis, microelectronics,

biomedicine, photonics, and traditional glass and ceramic

industries [1]. In particular, the crystalline lithium silicates

are present as important phases in silicate glass ceramics [2]

and are of research interest because of their technological

applications in areas such as CO2 captures [3–9], lithium

battery cathode materials [10], fast ion conductors [11],

optical waveguides [12], and tritium breeding materials [13,

14]. Several groups have reported some methods to syn-

thesize Li2SiO3 nanomaterials including solid state reaction,

precipitation, sol–gel method, extrusion-spherodisation

process, rotating/melting procedures, combustion, electro-

chemical method, and via hydrothermal method. However,

most of the time, a mixture of Li2SiO3, Li2Si2O5, Li4SiO4,

and SiO2 was obtained [10, 12, 15–21]. Recently, we have

reported the synthesis of highly pure and crystalline lithium

metasilicate nanomaterials through a mild condition

hydrothermal method using lithium nitrate and silicic acid as

raw materials at 1:2 Li:Si molar ratio [22, 25]. In the present

study, a hydrothermal route was successfully explored to

synthesize nanostructured Li2SiO3 powders in a hydrother-

mal system of LiNO3, SiO2, and NaOH. To the best of our

knowledge, there is no report on the synthesis of nano-

structured Li2SiO3 crystallites by these raw materials. The

effects of reaction time on the final products in phase com-

position and particle morphology were investigated, and the

band gap energy of the as-prepared Li2SiO3 samples was

initially estimated from UV–Visible spectra. Besides, photo

luminescence (PL) spectra and cell parameter refinement

analysis were studied.

Materials and methods

All chemicals of analytical grade were obtained from

commercial sources and were used without further
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purification. Phase identifications were performed on a

powder X-ray diffractometer D5000 (Siemens AG,

Munich, Germany) using Cu Ka radiation. The morphol-

ogy of the obtained materials was examined with a field

emission scanning electron microscope (Hitachi FESEM

model S-4160). Also, Fourier transform infrared (FTIR)

spectra were recorded on a Tensor 27 (Bruker Corporation,

Germany). Absorption and photoluminescence spectra

were recorded on a Jena Analytik Specord 40 (AnalytikJ-

ena UK, Wembley, UK) and a PerkinElmer LF-5 spec-

trometer (PerkinElmer, Waltham, MA, USA), respectively.

Also, cell parameter refinement was reported by celref

software version 3.

Experimental

In a typical synthetic experiment, 0.400 g (5.80 mmol) of

LiNO3 (Mw = 68.95 gmol-1) and 0.522 g (8.69 mmol) of

SiO2 (Mw = 60.08 gmol-1) were added to 60 mL of hot

aqueous solutions of 0.3 M NaOH under magnetic stirring

at 80 �C. The resultant solution was further stirred for

15 min. Then, the solution was transferred into a 100-mL

Teflon-lined stainless steel autoclave. The autoclave was

sealed and heated at 180 �C for 48 (sample 1) or 72 h

(sample 2) or 96 h (sample 3). When the reaction was

completed, it is cooled to room temperature by water

immediately. The prepared powder was washed with dis-

tilled water and dried at 110 �C for 20 min under normal

atmospheric conditions, and was allowed to cool slowly to

room temperature to collect a white powder.

Result and discussion

Powder X-ray diffraction analysis

The crystal phases of the hydrothermally synthesized

nanomaterials at 180 �C from 0.3 M NaOH solution with

different reaction times for 48 (S1), 72(S2) and 96(S3) h

were examined by powder X-ray diffraction (PXRD)

technique. As shown in Fig. 1, with the Li:Si molar ratio of

2:3 in the reaction mixture, a highly pure crystalline phase

of Li2SiO3 (space group of Cmc21 [22–27] ) was obtained

after 48, 72, and 96 h. So, it shows that with lithium nitrate

and SiO2 as raw materials the main phase is lithium

metasilicate. Compared to our another works using lithium

carbonate and silicic acid at 2:3 Li:Si molar ratio at 180 �C
for 72 h, the main phase was lithium metasilicate but the

morphology of the obtained materials was flower structure

[28]. Also, using lithium sulfate and silicic acid as raw

materials at 2:3 Li:Si molar ratio at 180 �C for 48 and 72 h,

the main phase was lithium sodium silicate nanostructures

with straw bundle-like structure [29]. So, it shows that the

raw material types at a certain Li:Si molar ratio are

important factors on phase formation and morphology

structure. A interplanar spacing (d) in the crystalline

material is calculated via Bragg’s equation (nk = 2dhkl

sinh). Thus compared to those of the like nanoparticles of

pure lithium silicates, with increasing the reaction time, the

diffraction lines in the powder XRD patterns of the nano-

particles of lithium metasilicate shift to a higher 2h values

(D2h = 26.86 (96 h) - 26.81(48 h) = 0.05� and

Dd = 3.3283 Å (48 h) - 3.3153 Å (96 h) = 0.013 Å. So,

according to the above measurements, there is a contrac-

tion in the unit cell with changing the reaction time from 48

to 96 h. Also, the measured crystal sizes calculated by

Scherrer equation summarized in Table 1 are in good

Fig. 1 PXRD patterns of the synthesized Li2SiO3 nanoparticles,

where (a) is the synthesis at 48 h; (b) is the synthesis at 72 h; and

(c) is the synthesis at 96 h at 180 �C

Table 1 Scherrer data

information for pure Li2SiO3

nanomaterials obtained after 48,

72, and 96 h at 180 �C in 0.3 M

NaOH solution

Data information 2h h value B1/2 (�) B1/2 (radian) CoshB Crystal size (nm)

Sample 1 26.81 13.405 0.288408 0.005031 0.97276 28.32

Sample 2 26.81 13.405 0.284292 0.004959 0.97276 28.73

Sample 3 26.86 13.430 0.309266 0.005395 0.97265 26.41
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agreement with interplanar spacing in the crystalline

material measured via Bragg’s equation.

Figure 2 shows typical field emission scanning electron

microscopy (FESEM) images of the hydrothermally

synthesized Li2SiO3 nanomaterials after 48 h at 180 �C.

From the typical FESEM images of S1, at low magnifica-

tion in Fig. 2a, b and c, it is clear that the morphology of

the obtained materials is nearly belt like and the belts have

Fig. 2 FESEM images of the

hydrothermally synthesized

Li2SiO3 nanomaterials obtained

after a 48 h at 180 �C

Fig. 3 FESEM images of the

hydrothermally synthesized

Li2SiO3 nanomaterials obtained

after 72 h at 180 �C
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nearly homogenous morphology with of about 1 lm long

and 300 nm wide and about 60 nm thick. The image in

Fig. 2d, shows the high-magnification image of the

obtained materials. It shows that there is another rod-like

structure, where its length is about 500 nm and its width is

about 70–80 nm.

Figure 3 represents the SEM images of the synthesized

Li2SiO3 nanomaterials after 72 h at 180 �C. Figure 3

shows that after 72 h, the morphology of the obtained

material is a mixture of rod- and belt-like structures, con-

sisting of sheets with no regular edge shape. So, with

increasing the reaction time from 48 h to 72 h, the mor-

phology of the obtained materials has been changed to the a

mixed structure. Figure 3a, b and d shows the rod-like

structure of the as-prepared materials with no significant

orientation. Figure 3c shows that there is another structure

that is belt structure whose width is about 50–60 nm and its

length (Fig. 3b) is about 2 lm. However, as shown in

Fig. 3c, the whole sizes of the obtained materials synthe-

sized at 72 h are nearly the same those of 48 h.

Figure 4 shows the FESEM images of the synthesized

materials at 2:3 Li:Si molar ratio with lithium nitrate and

silicon dioxide as raw materials at 96 h and 180 �C. With

low magnification at Fig. 4a, b, it is clear that the obtained

structures are in flower forms. From Fig. 4a, c and f, it can

Fig. 4 FESEM images of the

hydrothermally synthesized

Li2SiO3 nanomaterials obtained

after 96 h at 180 �C

Table 2 Cell parameter refinement plot of Li2SiO3 showing a con-

traction along the a, b, and c directions in the unit cell

a b c

Standard sample (pdf number:14-0322) 9.3920 5.3970 4.6600

Sample 1 9.3870 5.3988 4.6703

Sample 2 9.3867 5.3990 4.6703

Sample 3 9.3861 5.3983 4.6690
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be seen that there are three types of synthesized flower

structures. From higher magnification at Fig. 4d and f, it is

clear that the flowers are formed from the belt structures that

cut each other forming a flower structure. Also, the whole

size of the flower is about 1–2 lm and as shown in Fig. 4d,

its length is about 200–500 nm, its width is about

60–300 nm, and its thickness is about 50–70 nm. And from

Fig. 4f, the length of the belt is about 300–600 nm, its width

is 100–300 nm, and its thickness is about a minimum 70 nm

and maximum 200 nm. At the end, it is clear that compared

to Figs. 2 and 3, the obtained materials shown in Fig. 4 are

significantly smaller than those shown in Figs. 2 and 3.

Table 2 shows the cell parameter refinement data of the

as-synthesized nanomaterials. It is clear that parameters a

and b values of the as-synthesized materials are smaller,

and c value is larger than those of the standard sample.

However, parameters a, b, and c for S3 are smaller than

those of S1. Also, in SEM images, we found that the par-

ticle morphology changed from a belt-like structure (S1) to

a flower-like structure (S3), and the particle sizes of the S3

are smaller than of S1; so we conclude that parameters a, b,

and c are the main factors on the size and the morphology

of the materials [4]. And in agreement to debye–scherrer

equation and SEM images, celref data show a contraction

in unit cell for the materials at 96 h compared to 48 h as

reaction time at 180 �C.

Optical properties

Figure 5 shows the FTIR spectra of the obtained materials

at different reaction times and at 180 �C. The peaks at

420.65 and 523.30 cm-1 are assigned to deformation

vibration; the peaks at 613.98, 733.00, 931.11, and

984.56 cm-1 are assigned to Si–O–Si and O–Si–O

stretching vibration; the peaks at 1,112.92 cm-1 is

assigned to Si–O stretching vibration; the peaks at

1,454.09, 1,509.51 and 1,644.65 cm-1 are assigned to C=O

stretching vibration, and the peak at 3,447.49 cm-1 is

assigned to O–H stretching vibration [21]. Also, the double

peaks at around 2,600 cm-1 is assigned to KBr.

Fig. 5 FTIR spectra of the

synthesized Li2SiO3

nanomaterials, where (a) is at

48 h, (b) is at 72 h, and (c) is at

96 h

Fig. 6 UV–Vis spectra of the synthesized Li2SiO3 nanomaterials,

where is at 96 h

Fig. 7 Photoluminescence spectra of the synthesized Li2SiO3

nanomaterials (kex = 200 nm), where is at 96 h
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Figure 6 shows UV–Visible absorption spectrum of the

pure phase Li2SiO3 powders produced by the hydrothermal

reaction at 180 �C for 96 h. A sharp absorption band at

280, 283, and 288 nm is observed for samples a, b, and c,

respectively. The band gap energy estimated from UV–Vis

spectra is ca. 4.43, 4.38, and 4.30 eV.

Figure 7 represents the room-temperature emission

spectra of the as-synthesized materials under excitation at

200 nm. A strong broad emission band at 423, 415, and

402 nm is observed for samples a, b, and c, respectively.

So, there is a blue shift in the emission spectra with

increasing the reaction time from 48 to 96 h.

Conclusion

In summary, uniform belt-, rod-, and flower-like lithium

metasilicate were successfully synthesized by a simple

hydrothermal method. We found that the reaction time has a

major effect on the size and morphology of the products.

However, the preferred crystallographic orientation of the

crystals in the products changes with reaction time. UV–Vis

electronic absorption and emission spectra of the synthe-

sized materials were investigated. Also, cell parameter

refinement was calculated by Celref software version 3.
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