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 ABSTRACT 

Solid-state lighting devices, thermoluminescence dosimeters, and photoluminescence 

dosimeters are commonly utilized in radiation environment monitoring. The development of 

new thermoluminescence and photoluminescence materials has become a primary focus in 

radiation dosimetry research, as the performance of dosimeters is directly tied to the materials 

used. As a result, the study and development of innovative thermoluminescence and 

photoluminescence materials have gained significant attention in recent years. In this study, the 

high-temperature solid-state method was employed to synthesize Gd2Si2O7 doped with varying 

amounts of Sm3+. To investigate the crystal structure, morphology, thermoluminescence (TL), 

and photoluminescence (PL) properties of Sm3+-doped Gd2Si2O7, a range of techniques, 

including X-ray diffraction (XRD), scanning electron microscopy (SEM), TL, and PL, were 

applied. The results revealed that the highest TL intensity occurred in Gd2Si2O7 doped with 0.7 

mol% Sm3+, while the material also exhibited superior PL performance. Overall, Gd2Si2O7 

doped with 0.7 mol% Sm3+ shows significant promise for thermoluminescence dosimetry 

applications due to its outstanding TL properties. Additionally, the photoluminescence of the 

Sm3+-doped Gd2Si2O7 was analyzed. 
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1. INTRODUCTION: 

Radiation dosimeters play a crucial role in ensuring 

environmental protection and public safety. Accurate 

dosimetry is vital not only for the effectiveness of 

radiation therapy in medicine but also for monitoring and 

managing radiation levels in the nuclear industry and 

environmental settings to protect both the public and 

workers from the risks associated with excessive radiation 

exposure [1–3]. As technological advancements continue, 

the demand for dosimeters with enhanced sensitivity and 

reliability has spurred increased research into new 

materials and methods for radiation detection [4]. 

Thermoluminescence (TL) and optically stimulated 

luminescence (OSL) technologies both depend on the 

ability of materials to absorb and store energy when 

exposed to radiation [5]. These materials subsequently 

release the stored energy as light when stimulated by heat 

or light, providing a detectable signal. TL technology is 

highly valued for its exceptional sensitivity to low 

radiation doses, while OSL is favored for its 

straightforward reading process and reusability [6]. The 

evolution of these technologies has expanded their 

application in various fields, including personal dose 

monitoring, environmental radiation surveillance, and 

medical dosimetry [7-8]. Phosphate compounds have 

shown significant potential in radiation dosimetry due to 

their superior luminescent properties and chemical 

stability [9]. These materials are particularly suited for TL 

and OSL dosimetry because of their excellent luminous 

characteristics [10]. Ongoing research aims to enhance 

their stability and luminous efficiency while also 

improving their responsiveness to different types of 

radiation. Recent advancements have led to considerable 

improvements in the luminescent properties of these 

materials, broadening their use in dosimetry applications 

[11–12]. 

Rare-earth-doped phosphate materials have become a 

major focus in radiation dosimeter research due to their 

unique electrical structures and luminous properties. The 

addition of rare-earth elements such as Thulium (Tm), 

Dysprosium (Dy), and Europium (Eu) significantly 

enhances the stability and luminous intensity of phosphate 

materials [13]. These doped materials exhibit improved 

thermoluminescence (TL) and optically stimulated 

luminescence (OSL) performance, including increased 

sensitivity, a broader linear response range, and enhanced 

environmental stability [14]. Consequently, rare-earth-

doped phosphate materials are considered a promising 

direction for developing a new class of stable and effective 

radiation dosimeters [15–17]. Our recent study revealed 

that Gd2Si2O7:Sm3+ samples synthesized using the sol-gel 

method exhibited higher thermal release intensity 

compared to those produced via the high-temperature 

solid-phase method. However, the optical release 

performance showed minimal variation between the two 

synthesis approaches [18]. In particular, Gd2Si2O7 has 

gained attention as an ideal phosphate matrix due to its 

excellent luminous properties and strong chemical 

stability [19–23]. When doped with samarium (Sm), 

Gd2Si2O7 demonstrates significant improvements in 

luminous performance, making it a promising candidate 
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in thermoluminescence dosimetry. Gd2Si2O7:Sm3+ has 

become a central topic in radiation dosimeter research, as 

Sm3+ doping not only enhances the luminous efficiency of 

Gd2Si2O7 but also boosts its responsiveness to 

environmental radiation [24]. Given its superior 

thermoluminescence and photoluminescence properties, 

Gd2Si2O7:Sm3+ holds considerable potential for various 

applications in radiation dosimetry, including 

environmental radiation monitoring and medical 

dosimetry. 

2. Materials and methods 

2.1 High-temperature solid-state method 

In this study, the high-temperature solid-state method was 

employed to synthesize Gd2Si2O7 doped with various 

concentrations of Sm (0.1, 0.3, 0.5, 0.7, 0.9, 1.1, and 1.3 

mol%). Stoichiometric amounts of the dopants Gd2O3 

(A.R.), SiO2 (A.R.), and Sm2O3 (A.R.) were carefully 

weighed and mixed, with the exception of those used in 

the preparation of undoped Gd2Si2O7. The raw materials 

were thoroughly ground in an agate mortar and pestle for 

three hours. The resulting mixture was then placed in a 

crucible and sintered in a programmed muffle furnace at 

700°C for two hours. After cooling to room temperature 

in a dust-free environment, the sample was ground again 

for two hours and sintered a second time at 1200°C for 

two hours. Following this, the sample was ground once 

more to obtain an ultrafine powder. 

2.2 Methods of characterization 

The crystal structure of the materials was characterized 

using the German BRUKER D8-ADVANCE X-ray 

diffractometer (XRD), which employed Cu Kα radiation 

(λ = 1.54 Å) at 40 kV and 40 mA. The scanning range was 

between 15° and 80°, with a scan rate of 5°/min. To 

analyze the morphology and energy-dispersive X-ray 

(EDX) spectra of Gd2Si2O7 doped with 0.7 mol% Sm3+, a 

HITACHI SU8010 field-emission scanning electron 

microscope (SEM) was used. For optical measurements, 

the excitation and emission spectra of the samples were 

recorded using a RF-5301PC fluorescence 

spectrophotometer, with a 150W Xenon lamp and a slit 

width set to 5 nm. The scanning wavelength range was 

chosen between 200 and 900 nm, using white 

Gd2Si2O7:Sm3+ powder as the reference. The 

thermoluminescence (TL) light curves of the materials 

were captured with a Nucleonix TLD reader 1009I 

(manufactured by Hyderabad, India Pvt. Ltd.). The 

samples were exposed to 254 nm UV light for 15 minutes. 

TL measurements were conducted with a heating rate of 

5°C/s, covering a temperature range from room 

temperature to approximately 300°C. 

3. Results and discussion 

3.1 XRD 

Figure 1 displays the XRD patterns of Gd2Si2O7 doped 

with various concentrations of Sm3+, synthesized using 

the high-temperature solid-state method. The results 

confirm that the synthesized Gd2Si2O7:Sm3+ exhibits a 

single-phase orthorhombic structure with the space group 

Pcmn (62). All peak values align with the Joint Committee 

on Powder Diffraction Standards (JCPDS) card number 

96-152-6040, indicating that there are no additional 

crystal phases present in the samples and that Gd2Si2O7 is 

the predominant crystalline phase. The XRD pattern, 

shown in Figure 1, also includes a local magnification for 

further clarity. 

 

Figure 1: XRD Pattern of Gd2Si2O7:Sm3+ 

 

3.2 Surface morphology 

Figure 2 presents the SEM images of Gd2Si2O7:Sm3+ (0.7 

mol%) powder, revealing that the sample consists of 

irregularly shaped particles with some degree of 

agglomeration and a hexagonal structure.  
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Figure 2: SEM image of Gd2Si2O7:Sm3+ 

3.4 Photoluminescence (PL) 

The excitation spectra of Gd2Si2O7:Sm3+ phosphors with 

different concentrations of Sm3+ (0.1, 0.3, 0.5, 0.7, 0.9, 1.1 

and 1.3 mol%) are shown in Fig. 3, which were measured 

at an emission wavelength of 598 nm. The plots show that 

in the 340 -500 nm, the observed eleven excitation peaks 

centered at 344, 360, 374, 403, 413, 423, 437, 459, 468, 

473, and 480 nm correspond to the 4f-4f transitions from 

Sm3+: 6H5/2 to higher states, which are marked in Fig. 4. 

The most intense band at 403 nm is assigned to the Sm3+: 
6H5/2→4F7/2 transition, indicating that Gd2Si2O7:Sm3+ 

phosphors could be effectively pumped by 403 nm light 

[25-26]. Fig. 4 demonstrates the emission spectra of 

Gd2Si2O7:Sm3+ (0.1, 0.3, 0.5, 0.7, 0.9, 1.1 and 1.3 mol%) 

phosphors, which were excited by 403 nm. Four emission 

peaks centered at 561, 598, 644, 707 nm ascribed to 

transitions from Sm3+ ground state 4G5/2 to 6H5/2, 6H7/2, 
6H9/2 and 6H11/2 levels, respectively. Among them, the 

strongest emission peak located at 598 nm, which belongs 

to partially MD and partially forced ED transition. While 

the 4G5/2 → 6H9/2 is purely MD allowed transition and 4G5/2 

→ 6H9/2 is ED transition alone which is sensitive to crystal 

environment [27]. The intensity ratio of the ED (644 nm) 

to MD (561 nm) was calculated to reveal the symmetry of 

Sm3+ in the host environment. The results show that the 

ED/MD ratios are not varying much for different 

concentration of Sm3+. Further, the emission intensity 

increases first and then decreases with Sm3+ concentration 

and reaches a maximum for x=0.02.  

 

Figure 3: Excitation spectra of Gd2Si2O7:Sm3+ under 

603 nm emission 

 

 

Figure 4: Emission spectra of Gd2Si2O7:Sm3+ under 

402 excitations with different Dy3+ concentration 

3.5 TL curves 

Figure 5 presents the thermoluminescence glow curves of 

Gd2Si2O7:Sm3+ doped with varying concentrations of 

Sm3+. In the 0 to 300 ℃ range, the sample displays 

luminescence peaks, with the most intense peak at 129.58 

℃. For Gd2Si2O7doped with different concentrations of 

Sm3+ (0.1, 0.3, 0.5, 0.7, 0.9, 1.1 and 1.3 mol%), there is 

predominantly a single luminescence peak, which is also 

the strongest, located in the 0 to 300 ℃ range, at 129.58 

℃, respectively. Doping with Sm3+ alters the 

thermoluminescence intensity of Gd2Si2O7 in the high-

temperature region, with a general shift of the low-

temperature peak positions towards the high-temperature 

region. The pyro release intensity in the high temperature 

area increased 2.4 times after Sm3+ doping. Figure 6 

shows how the TL peak intensities of these samples vary 

with the dopant concentrations. It can be seen in the figure 

that the sample with dopant concentration of 0.3 mol% 

shows maximum TL peak intensity. The position, shape, 

and intensity of the thermoluminescence glow curve 

reflect the characteristics of the material's energy level 

traps [28]. Hence, by analyzing the thermoluminescence 

glow curve, various kinetic parameters can be estimated, 

including trap depth E, frequency factor s, kinetic order b, 

and release time t. A Gaussian fit was applied to the 

thermoluminescence glow curve of the 0.3 mol% Sm-

doped sample, which shows the highest luminescence 

intensity among all samples, as shown in Figure 6 Using 

Chen's empirical formula in conjunction with the peak 

shape method, the kinetic parameters of the fitted curve 

were estimated by determining the peak temperature Tm, 

the half-maximum temperatures on the lower temperature 

side T1, and on the higher temperature side T2.  The 

resulting kinetic parameters are presented in Table 1. The 

frequency factor refers to the number of attempts per 

second made by trapped electrons to escape the trap, 

which, in conjunction with temperature and trap depth, 

determines the stability of the trap. The release time 

suggests a relatively long average lifetime for the trap. 

Smaller frequency factor values and the mean lifetime of 

larger traps indicate increased trap stability [29]. With a 

kinetic order b of 1.5, the thermoluminescence glow curve 

of the sample mainly follows a first-order kinetic 

equation. 
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Figure 5: TL glow curve of Gd2Si2O7:Sm3+ with 

different Dy3+ concentration 

 

Figure 6: TL glow curve of Gd2Si2O7:Sm3+ with 

different UV exposure time 

2. CONCLUSION 

In this study, Sm3+ doped Gd2Si2O7 phosphors were 

successfully synthesized using the high-temperature 

solid-state method, and their thermoluminescence (TL) 

behavior was systematically analyzed under varying 

dopant concentrations and UV irradiation durations. The 

TL intensity was found to be highly dependent on Sm³⁺ 

concentration, with an optimal performance at 0.7 mol%, 

beyond which concentration quenching effects were 

observed. Similarly, UV exposure time significantly 

influenced the TL response, with the maximum intensity 

obtained at 50 minutes, after which overexposure led to 

reduced emission due to trap saturation or recombination 

losses. The TL glow peak consistently appeared around 

130°C across all conditions, indicating stable trapping 

centers. Kinetic parameters such as the glow peak 

temperature, full width at half maximum, and symmetry 

factor were evaluated, offering insight into the trap 

dynamics and glow curve characteristics. Although the 

calculated activation energy and frequency factor values 

were limited by assumptions in glow curve shape, the 

overall data support the conclusion that Gd2Si2O7:Sm3+ 

phosphor, particularly at 0.7 mol% doping and 50-minute 

UV exposure, is a promising candidate for TL-based 

radiation dosimetry. Its stable luminescence behavior, 

coupled with shallow trap levels, makes it suitable for 

reliable and repeatable dosimetric applications. 

.
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