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Nanocrystalline BaFCl:Sm3+ was prepared by co-precipitation at room
temperature employing methanol/water mixtures as the solvent. The structure
of as-prepared samples was investigated by powder X-ray diffraction (XRD)
and scanning electron microscopy (SEM). It is shown that the ratio of
methanol/water can be used to control the crystallite size of the prepared
phosphor.
1.

Introduction
Nanocrystalline BaFCl:Sm3+ is a very efficient photoluminescent X-ray storage
phosphor with potential applications in medical imaging and personal radiation monitoring
[1-2]. Its storage mechanism is based on the capture of radiation generated electrons and holes
upon ionizing radiation [1]. The detailed storage mechanism and optical properties have been
investigated by Riesen and Liu [3-5]. The reported synthesis method of nanocrystalline
BaFCl:Sm3+ is based on the co-precipitation of BaCl2·2H2O, SmCl3·6H2O and NH4·HF
dissolved in pure water [1]. Liang et al. synthesized BaFBr:Eu2+ crystals via the coprecipitation of BaBr2, EuBr2 and NH4F dissolved in ethanol/water solutions [6]. According
to Liang et al., the ratio of ethanol/water in the solvent has a control effect on the growth of
crystals as ethanol has smaller dielectric constant and polarity than water. Enlightened by
these previous reports, nanocrystalline BaFCl:Sm3+ is prepared using methanol/water
mixtures as the solvent in the present paper. The structure and particle size of as-prepared
samples from different mixtures are investigated by photoluminescence (PL), powder X-ray
diffraction (XRD) and scanning electron microscopy (SEM).
2.

Experimental
BaCl2·2H2O (ACS reagent, ≥99%), NH4F (ACS reagent, ≥98%), SmCl3·6H2O (≥99%)
and HCl (36%) were used as obtained from Sigma-Aldrich Pty Ltd without further
purification. Methanol (analytical reagent, 99.8%) from Ajax Finechem Pty Ltd and milli-Q
ultrapure water (Millipore, 14 MΩ·cm) were used for preparing solvents. For a typical sample
preparation, two plastic centrifuge tubes (Corning self-standing, 50 mL PP) were both filled
22 mL methanol and 2 mL water. Then 0.407 g BaCl2·2H2O, 100 µL of 1 mg/mL aqueous
solution of SmCl3·6H2O (0.1 mg) and 10 µL of 36% HCl were added into one tube and the
tube was shaken to make sure the chemicals were fully dissolved. At the same time, 0.031 g
NH4F was added to the other tube. Subsequently, the solutions from the two tubes were mixed
to form a white precipitate. The precipitate was centrifuged and dried at 55 ºC for 24 h, cooled
and ground gently to yield a white powder. The same procedures were used to prepare a range
of samples with various methanol/water ratios (R). The as-prepared samples were denoted as
S1 (R=11:1), S2 (R=3:1), S3 (R=2:1), S4 (R=1:1), S5 (R=1:2), S6 (R=1:3) and S7 (R=0:24),
respectively. The detailed composition for each sample is summarized in Table 1.

Table 1: Compositions of samples.
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No.
S1
S2
S3
S4
S5
S6
S7

Methanol
(mL)
22
18
16
12
8
6
0

Water
(mL)
2
6
8
12
16
18
24

BaCl2·2H2O
(g)
0.4071
1.2214
1.6284
2.4428
2.4428
2.4428
2.4428

NH4F
(g)
0.0308
0.0926
0.1234
0.1852
0.1852
0.1852
0.1852

SmCl3·6H2O
(mg)
0.1
0.3
0.4
0.6
0.6
0.6
0.6

HCl
(µL)
30
80
100
150
150
150
150

The samples were characterized by a Siemens X-ray diffractometer (40kV, 25mA,
CuKα.). The measured powder X-ray diffraction patterns were compared with the reference
card ICDD No. 34-674 for standard BaFCl data. The secondary electron images were taken
on a NanoSEM 230 ultra-high resolution field emission scanning electron microscopy
(FESEM) at the Mark Wainwright Analytical Centre of The University of New South Wales
and the particle size of the samples was analysed via ImageJ software. Photoluminescence
spectra of the samples were measured using a Horiba Jobin-Yvon Spex Fluoromax-3
fluorometer before and after exposure under a dental X-ray unit (Belmont Searcher Model
DX-068, 60 kVp, 8 mA).
3.

Results
The powder X-ray diffraction (XRD) patterns of the as-prepared products were
measured and compared with standard BaFCl data (ICDD card No. 34-674). The results
confirm the BaFCl phase in all seven samples as are shown in Fig. 1. All prominent peaks
could be indexed to the pure tetragonal BaFCl structure with the space group of P4/nmm [7].
No peaks from other phases are evident. It follows from Fig. 1 that, when the methanol/water
ratio is decreasing from 11:1 to 0:24, the intensities of all diffraction peaks are becoming
stronger and sharper. This implies an increase of crystallite size and crystallinity. Also from
Fig.1 it follows that the XRD pattern shows a larger deviation from the ICDD card data with
increasing crystallite size. This indicates a preferred orientation of the crystalline platelets
with increasing size. According to the Scherrer equation [8], the crystallite size (D) can be
where is a constant (0.89), is the wavelength of the X-ray,
crudely estimated as D=
is the full width at half maximum and
is the diffraction angle. The prominent peaks,
corrected for instrumental broadening, in the range of from 20 to 50 degrees are used to
calculate the average crystallite sizes. The results for each sample are listed in Table 2 and a
particle size range from around 110 nm to 370 nm is yielded.
Table 2: Crystallite size as a function of methanol/water ratio, determined by XRD and SEM
Sample No.
S1
S2
S3
S4
S5
S6
S7

Methanol/Water XRD Crystallite
Ratio (R)
Size (nm)
11:1
114
3:1
187
2:1
203
1:1
225
1:2
244
1:3
251
0:24
373
42

SEM Crystallite
Size (nm)
120-150
160-170
190-200
230-240
250-260
260-270
380-400
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Fig. 1: XRD patterns of as-prepared samples S1 to S7 with corresponding methanol/water ratios from 11:1 to
0:24 compared with standard BaFCl data (ICDD card No. 34-674). Prominent peaks are indexed.

The secondary electron images taken by FESEM exhibit the morphology of the asprepared samples. As shown in Fig. 2, all the samples have similar lamellar particles with
irregular shapes and particles accumulate in a parallel direction in layers. It is clearly observed
that when the methanol/water ratio is high the average particle size is small. With increasing
water content of the solvent, larger particles are formed. In particular, as the methanol/water
ratio decreases from 11:1 to 0:24, the particle size gradually increases from around 120 nm to
around 400 nm. The estimated particle sizes of each sample are also listed in Table 2. The
change of particle size indicates a strong dependence on the methanol/water ratio, which is in
agreement with the results from the XRD measurement.
S1

S2

S3

S4

S5

S6
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S7

Fig.2: Secondary electron images of as-prepared samples S1 to S7 (see Table 1).

It appears that in general the X-ray induced photoluminescence signal of Sm2+ increases with
increasing particle size.
4.

Conclusion
A method for controlled synthesis of nanocrystalline BaFCl:Sm3+ at room temperature
employing methanol/water mixtures is reported. The powder X-ray diffraction measurement
confirms the purity of the BaFCl phase in the as-prepared samples and provides the average
crystallite size in each sample. The secondary electron images characterize the morphology of
the as-prepared samples and the average particle sizes can be estimated. The results from
SEM and XRD both show an increase of particle size with the increase of water content in the
mixture, indicating the influence of the high dielectric constant of water on the particle size in
the final products.
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