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	 Undoped and 0.1% Tb-doped KHSi2O5 single crystals were synthesized by the hydrothermal 
method, and their scintillation and dosimetric properties were systematically investigated. The 
scintillation spectra of the Tb-doped KHSi2O5 single crystal exhibited an emission peak at 330 
nm originating from the host material and additional peaks in the 490–620 nm range, 
corresponding to the 4f–4f transitions of Tb3+ ions. The thermally stimulated luminescence 
(TSL) glow curves showed two peaks at approximately 80 and 300 °C for all the Tb-doped 
samples. In the TSL dose response of the Tb-doped sample, the lowest detectable dose was 30 
mGy, and a linear dose response was observed over the dose range of 30–3000 mGy. 

1.	 Introduction

	 Luminescent materials are used in ionizing radiation detectors to convert invisible radiation 
into visible photons. Among them, scintillators are the best known, as they convert a single 
high-energy ionizing event into thousands of ultraviolet–visible photons almost 
instantaneously.(1–12) Because of these properties, scintillators have found extensive applications 
in high-energy physics, well logging, security screening, and medical imaging.(12–15) 
	 In contrast, storage-type phosphors can trap a portion of the absorbed radiation energy and 
subsequently release it upon external stimulation.(16,17) Such materials are used in personal 
dosimetry and in imaging plates for medical and dental X-ray applications.(18–22) Upon exposure 
to radiation, electron–hole pairs are generated and trapped at the trapping centers. When 
thermally or optically stimulated, the trapped carriers are released and recombined at 
luminescence centers, emitting luminescence. The emissions triggered by thermal and optical 
stimulations are referred to as thermally stimulated luminescence (TSL) and optically stimulated 
luminescence (OSL), respectively.(23–27) For personal dosimetry, storage-type phosphors are 
required to have (i) an effective atomic number (Zeff) close to that of soft human tissue (Zeff = 
7.29), (ii) a wide dynamic range, (iii) high luminescence intensity, (iv) low signal fading, and (v) 
a linear relationship between irradiation dose and luminescence intensity.(17,28) However, no 
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existing storage-type phosphor satisfies all of these requirements simultaneously; therefore, the 
development of new materials remains necessary.
	 Although the Zeff (14) of KHSi2O5 is nearly twice that of soft human tissue, it is comparable 
to that of commercial thermoluminescent dosimeters (TLDs).(28) Therefore, KHSi2O5 can be 
regarded as a potential dosimetric material. To the best of our knowledge, however, there are no 
reports on the TSL properties of KHSi2O5. In this work, Tb3+ ions were chosen as luminescence 
centers because their emission wavelengths well match the spectral sensitivities of common 
photodetectors, including photodiodes and photomultiplier tubes.(29) Accordingly, undoped and 
Tb-doped KHSi2O5 single crystals were grown by the hydrothermal method, and their 
scintillation and dosimetric properties were systematically investigated.

2.	 Materials and Methods

	 Different concentrations of Tb (0 and 0.1% relative to SiO2) were doped into the host material. 
The undoped and 0.1% Tb-doped KHSi2O5 single crystals were synthesized by the hydrothermal 
method. SiO2 and Tb4O7 were used as starting materials and thoroughly mixed. The mixed 
materials (0.4 g) and 30 mol% KOH solution (0.4 ml) were placed in a silver tube (7 cm in 
length). The silver tube was sealed and set in a hydrothermal furnace to grow the single crystals. 
The reaction was carried out at 650 ℃ under a pressure of 150 MPa for 24 h, followed by slow 
cooling to 350 ℃ at a rate of 25 ℃ for 12 h.
	 The energy-dispersive X-ray spectroscopy (EDX) spectra of the fabricated samples were 
measured using a scanning electron microscope (JEOL, JCM-6000Plus). The fabricated samples 
were ground using a mortar and pestle. The obtained powder was used for powder X-ray 
diffraction (XRD) measurements using an X-ray diffractometer (Rigaku, MiniFlex600). The 
remaining samples, which were not used for powder XRD measurements, were used to evaluate 
the scintillation and dosimetric properties.
	 X-ray-induced scintillation spectra were measured using our original equipment under a bias 
voltage of 40 kV and a tube current of 1.2 mA.(30) TSL glow curves were evaluated using a 
temperature controller/power supply (SCR-SHQ-A, Sakaguchi E.H Voc), a photomultiplier tube 
(Hamamatsu, H11890-01), and the above diffractometer as the X-ray source.(31) For the TSL dose 
response measurements, the temperature controller/power supply, a Si CCD-based spectrometer, 
and an X-ray generator (Spellman, XRB80P&N200X4550) were used. The X-ray irradiated the 
sample under the conditions of 40 kV for the bias voltage and a range of 0.052–5.2 mA for the 
tube current. The KHSi2O5 single crystals were heated to 300 °C at a rate of 1 °C /s to perform 
the TSL measurements. 

3.	 Results and Discussion

	 The EDX spectra of the undoped and 0.1% Tb-doped KHSi2O5 samples are shown in Fig. 1. 
The chemical composition of the undoped sample was O: 40.65 at%, Si: 46.32 at%, and K: 13.03 
at%, with Ag not detected (ND). For the 0.1% Tb-doped sample, the composition was O: 42.44 
at%, Si: 44.04 at%, K: 13.49 at%, Ag: ND, and Tb: 0.03 at%. The results confirm that no Ag 
contamination originating from the silver tube occurred during the hydrothermal synthesis.
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	 The powder XRD patterns of the fabricated samples, together with reference data (ICSD 
23516), are shown in Fig. 2. The insets show the photographs of the fabricated KHSi2O5 single 
crystals. The thicknesses of the undoped and Tb-doped samples were approximately 1.3 and 0.9 
mm, respectively. The diffraction patterns of the prepared samples matched well with reference 
data, and no additional peaks were observed, indicating that single-phase KHSi2O5 crystals were 
successfully obtained. The KHSi2O5 phase crystallized in the orthorhombic structure with space 
group Pmnb (62). Some of the diffraction peaks in the observed patterns exhibited high 
intensities corresponding to the (h k l) planes of (0 2 0), (0 3 1), (0 8 0), and (1 4 0) at around 2θ = 
14.11, 28.39, 58.87, and 30.53°, respectively.
	 The X-ray-induced scintillation spectra of the fabricated KHSi2O5 single crystals are shown 
in Fig. 3. Both the undoped and Tb-doped KHSi2O5 single crystals exhibited a broad emission 
peak at around 340 nm, which was attributed to the host material. In addition, the Tb-doped 
KHSi2O5 single crystal exhibited sharp emission peaks at 490, 550, 580, and 620 nm, 
corresponding to the 5D4→7F6, 5D4→7F5, 5D4→7F4, and 5D4→7F3 transitions of Tb3+ ions, 
respectively.(22,29,32–35)

	 The TSL glow curves of the fabricated samples are presented in Fig. 4. Two TSL glow peaks 
were observed at approximately 70 and 170 ℃ in the undoped KHSi2O5 single crystal. In the 
Tb-doped KHSi2O5 single crystal, a single peak was observed at approximately 90 ℃. The TSL 
intensity of each sample was determined by normalizing the peak intensity of the TSL glow 
curve to the sample mass. The TSL intensity of the Tb-doped KHSi2O5 single crystal was higher 
than that of the undoped KHSi2O5 single crystal.
	 The TSL dose response functions of undoped and Tb-doped KHSi2O5 single crystals are 
shown in Fig. 5. The TSL intensity was defined as the integrated area under the glow curve. The 
X-ray irradiation range in this experiment was 0.01–1000 mGy, which corresponds to the range 
over which the X-ray generator could accurately deliver the dose. For the undoped sample, the 
lowest detectable dose was 100 mGy, and the TSL signal exhibited a linear response in the range 
of 100–3000 mGy. For the Tb-doped sample, the lowest detectable dose was 30 mGy, and the 
TSL signal exhibited a linear response in the range of 30–3000 mGy. Furthermore, dose linearity 
was determined using the formula y = eaxb (x and y are X-ray dose and TSL intensity, 
respectively) and |r| values.  In the previous study, the detection limit of a commercially available 

(a) (b)

Fig. 1.	 (Color online) EDX spectra of (a) undoped and (b) 0.1% Tb-doped samples. 
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Mg, Ti-doped LiF product was 0.02 mGy.(36) In comparison, the detection limit of the Tb-doped 
KHSi2O5 single crystal was determined to be 30 mGy, indicating that its sensitivity is lower than 
that of the commercially available product.

4.	 Conclusions

	 Undoped and Tb-doped KHSi2O5 single crystals were successfully fabricated by the 
hydrothermal method. From PXRD patterns, the fabricated samples were confirmed to be 
single-phase KHSi2O5. In scintillation spectra, an emission peak at around 340 nm was observed 
and attributed to the host material. In the Tb-doped KHSi2O5 single crystal, additional emission 
peaks at 490, 550, 580, and 620 nm were observed, which were due to the 4f–4f transitions of 

Fig. 2.	 (Color online) XRD patterns of undoped and 
Tb-doped samples and reference data (ICSD 23516). 
The insets indicate photographs of the fabricated 
samples.

Fig. 3.	 (Color online) X-ray-induced scintillation 
spectra of undoped and Tb-doped samples. 

Fig. 4.	 (Color online) TSL glow curves of fabricated 
samples after 100 Gy X-ray exposure.

Fig. 5.	 (Color online) TSL dose response functions 
of undoped and Tb-doped samples.
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Tb3+ ions. The TSL glow peaks were observed at 70 and 170 °C for the undoped KHSi2O5 single 
crystal and 90°C for the Tb-doped KHSi2O5 single crystal. From the TSL dose response 
function, the lowest detectable dose of the Tb-doped KHSi2O5 single crystal was estimated to be 
30 mGy.
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