
Received: 26 January 2024 / Accepted: 23 February 2024 / Published online: 17 April 2024
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Extended author information available on the last page of the article

Probing the luminescence behavior of Dy3+/Eu3+ co-doped 
gadolinium molybdate phosphors under the impact of swift 
heavy ions

Somrita Dutta1,2 · Sudipta Som3 · Mohan Lal Meena4 · S. K. Sharma2

Optical and Quantum Electronics (2024) 56:942
https://doi.org/10.1007/s11082-024-06739-3

Abstract
This study delves into the impact of lithium (Li3+) and silver (Ag7+) ion irradiation on the 
structure and luminescence of Dy3+ doped and Dy3+/Eu3+ co-doped Gd2MoO6 phosphors, 
synthesized via the hydrothermal method. To explore the influence of ions with varied 
mass and energy, 30 MeV Li3+ and 100 MeV Ag7+ ions were employed at different flu-
ences. We elucidate the induced effects based on defect formation and the role of these 
ions’ linear energy transfer (LET) within the irradiated material. SRIM software estimates 
the depth profile of the ions. Irradiation of the Gd2MoO6 phosphors with Li3+ and Ag7+ 
ions resulted in the formation of disordered lattices or tracks, modifying their structural, 
optical, and luminescence properties, which were analyzed by various techniques, includ-
ing X-ray diffraction, scanning electron microscopy, diffuse reflectance, and photolumi-
nescence. Thermoluminescence (TL) tests and calculations of trapping parameters were 
conducted to evaluate the dosimetric potential. The findings reveal a more pronounced 
effect of silver ions compared to lithium ions on the structural and luminescence behavior 
of doped and codoped Gd2MoO6 phosphors due to their higher atomic weight.

Keywords Luminescence · Molybdate · Swift heavy ion · Spectroscopic technique · 
Depth profile · Linear energy transfer

1 Introduction

Recently, rare earth molybdate materials with the formula R2MoO6 (R = rare earth) that have 
three different types of monoclinic, cubic, and tetragonal polymorphs have drawn the atten-
tion of research because of their fascinating luminescent properties due to their stable struc-
ture, excellent chemical and thermal stability (Blasse 1968; Chebyshev et al. 2021; Hou 
et al. 2009). Molybdates are preferred as host materials because they feature a prominent 
charge transfer band (CTB) in the near-UV or blue spectrum, along with a high quenching 
concentration of activator ions (Chen and Liu 2013). Due to the low phonon energy of the 
molybdate host, the introduction of rare earth ions makes these materials promising for dis-
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play and lighting applications by enabling high radiative transitions, leading to outstanding 
luminescence (Chen et al. 2011). Moreover, molybdates offer the advantage of a scalable 
and cost-effective preparation technique, enhancing their accessibility for various applica-
tions. The monoclinic scheelite-type Gd2MoO6 structure has previously been investigated 
as a useful host lattice for rare earth ions (R) due to efficient energy transfer (ET) from 
the MoO6

6- group to R3+, which aids in efficient photoluminescence emission (Chen et al. 
2011). As a result, extensive research with rare earth doped Gd2MoO6 phosphors for various 
color light emissions has been conducted (Huang et al. 2013; Li et al. 2006, 2009). Recent 
research has investigated the potential of Gd2MoO6 doped with Eu3+ for fingerprinting 
applications (Park et al. 2019) and white light-emitting diodes (WLEDs) (Chen et al. 2021). 
This exploration raises questions about the versatility of these materials beyond LEDs, 
suggesting that further investigation into their potential applications could be a promising 
research avenue. To date, there is a lack of adequate experimental or theoretical evidence 
for the effects of ionizing radiation on Gd2MoO6 phosphors. Ionizing radiation is a way to 
induce extrinsic defects in any material, which can influence its various properties includ-
ing color emission which is an important point for any phosphor material. One method is to 
irradiate the materials with Swift heavy ions (SHIs).

The authors have previously demonstrated the effect of SHIs on the structural, optical, 
and luminescence behavior of undoped Gd2MoO6 material (Dutta et al. 2016a, b). It is well 
known that the basic performance of SHI is mainly focused on material modifications and 
the development of nanostructures (Kumar et al. 2009) (Mishra et al. 2007), along with the 
creation of a significant number of defects (Mishra et al. 2007; Avasthi 1997; Mehta 1997). 
It accelerates various modifications, such as structural, optical and luminescence behaviors 
of different types of materials (Popov and Balanzat 2000) (Baubekova et al. 2020). The 
underlying basics related to the irradiation of SHIs and their dependence on the nature of the 
materials and the energy (Ansari et al. 2021); Ridgway et al. 2011) remain to be established 
in the case of these phosphor materials.

Keeping this in mind, the present research work aims at investigating Dy3+ and Eu3+ 
co-doped Gd2MoO6 phosphors for their ion-induced structural, optical, and luminescence 
behavior compared to their virgin counterparts for the first time using 30 MeV Li3+ and 
100 MeV Ag7+ with different ion fluences. The primary goal in choosing the aforemen-
tioned ions for irradiation was to examine the relationship between ions in the periodic table 
with lower mass and energy and those with higher mass and energy. In order to understand 
the impact of two different ions in two different parts of the periodic table, the Li ion with 
a 30 MeV energy has been chosen as the element with the lowest energy, and the 100 MeV 
Ag ion has been chosen as the element with the highest energy. The ion-induced charac-
teristics are discussed on the basis of the formation of defects concentration and the role 
of linear energy transfer (LET) of these ion species on this material with ion irradiation. 
Thermoluminescence (TL) studies and trapping parameters were calculated to explore their 
dosimetry properties.
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2 Materials and methods

The synthesis of Dy3+ doped and Dy3+/ Eu3+ co-doped Gd2MoO6 and their optimized val-
ues have been reported in detail previously (Dutta and Sharma 2016). The SHI irradiation 
facility was used at the Inter University Accelerator Center, New Delhi. Stopping and Rang-
ing of Ions in Matter (SRIM) software (Stoller et al. 2013) was used to estimate the range 
of 30 MeV Li3+ and 100 MeV Ag7+ ions where the ion range was estimated at 66.7 μm and 
8.70 μm for the synthesized phosphors, respectively. The width of the pellets was between 
66 μm and 8 μm, corresponding to the respective ion irradiations such that ions can pass 
throughout the pellets, excluding the possibility of the implantation of ions. The irradia-
tion fluences used were 1 × 1011- 1 × 1013 ions/cm2 of 30 MeV Li3+ and 1 × 1011- 5 × 1012 
ions/cm2 of 100 MeV Ag7+. The complete information about SHI irradiation is also reported 
in our previous study (Li et al. 2006). The structural and morphological characterizations 
of the pristine and irradiated phosphors were confirmed using X-ray diffraction (XRD) and 
field effect scanning electron microscopy (FESEM) on a Bruker D8 Focus and a Hitachi 
S-3400 N, respectively. The elemental analysis was carried out using an energy-dispersive 
X-ray (EDX) spectrometer from ThermoScientific. The luminescence spectra were recorded 
by a Hitachi F-2500 fluorescence spectrophotometer. The TL glow curves were obtained at 
a heating rate of 5 ºC/s using a Harshaw TLD reader (model 3500).

3 Results and discussion

3.1 Theoretical analysis

The linear energy transfer (LET) calculated (Table 1) using the SRIM code (Avasthi 1997) 
was further used to simulate the depth profiles in the SHI (Li3+ and Ag7+) induced Dy3+ and 
Dy3+/ Eu3+ Gd2MoO6 phosphors. Since the LET value is higher for Ag ions and the range 
is smaller as compared to Li ions, the effect of the Ag ion is more superficial than that of the 
Li ion, which breaches deeper in the phosphor pellets. The width of the phosphor pellets is 
made smaller than the SHI range so that the ions pass through the material transferring their 
kinetic energy to the host electrons through electron phonon coupling.

This causes an increase in the material’s temperature over its melting point and then sud-
den quenching transpires, creating different defects inside the material (Hodgson et al. 1980; 
Peña-Rodríguez et al. 2015; Som et al. 2013). The LET value calculated for the Ag7+ ion 
is higher, suggesting a more pronounced effect of disorder in both the doped and co-doped 
phosphors. The two energy losses as a function of beam energy - the nuclear (Sn) energy 

Phosphor Ion LET
(keV/µm)

Ion 
range
(µm)

Equivalent dose 
range

Gd2MoO6:Dy3+ Li3+ 285 66.70 6.43 kGy- 643 kGy
Ag7+ 20750 08.70 468.2 kGy- 

46820 kGy
Gd2MoO6:Dy3+, 
Eu3+

Li3+ 285 66.69 6.43 kGy- 643 kGy

Ag7+ 20760 08.70 468.4 kGy- 
46840 kGy

Table 1 Ion impact parameters 
of Dy3+and Dy3+/ Eu3+ Gd-
2MoO6 phosphors
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and electronic (Se) energy losses associated with ion irradiation are shown in Fig. 1 for the 
irradiated phosphors. Figure 1 shows the variation of Sn and Se as a function of energy for 
the ion irradiated material. According to the figure, Se outperforms Sn for both doped and 
co-doped phosphors at energies of 30 MeV and 100 MeV, which correspond to Li ion and 
Ag ion irradiation, respectively. Thus, in the MeV energy range, Se is responsible for the 
defects produced and the reordering of the trapping parameters leading to the structural, 
optical and luminescence modifications in the present materials.

3.2 X-ray powder diffraction (XRD) analysis

Figures 2(a) and 2(b) display the XRD spectra of the irradiated doped and co-doped 
Gd2MoO6 phosphors for the 5 × 1012 ions/cm2 ion fluence, respectively with the XRD of the 
virgin phosphors, indexed according to JCPDS pdf no. 24–0423 (Dutta and Sharma 2016)

The absence of any impurity peak even after high ion fluence irradiation indicates 
that SHI irradiation has no effect on phase. However, after ion irradiation, the full width 
at half maximum (FWHM) of Gd2MoO6: Dy3+ phosphors decreased. The reduction in 
FWHM seems to contradict the crystalline nature of the sample. This analogous contra-
dictory behavior has been previously documented in studies involving ZnO subjected to 
irradiation by 100 keV Ne and 1.2 MeV Ar ions (Matsunami N,Sataka M 2003 a b). Gener-
ally, polycrystalline host matrices exhibit a high density of defects, with grain boundaries 
being significantly more defective than the grain interiors (Matsunami N,Sataka M 2003 
c). Hence, the reorganization of defects in the grain boundary region during the passage of 
energetic projectiles is more probable. Therefore, after ion irradiation, the distribution of 
grain orientation becomes more precise, resulting in a decrease in the FWHM of the XRD 

Fig. 1 The Sn and Se of Li and Ag ions irradiated (a) Dy3+ (b) Dy3+, Eu3+ Gd2MoO6 phosphors
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peak (Matsunami N,Sataka M 2003 b d). However, in the case of Gd2MoO6: Dy3+/ Eu3+ 
phosphors, the FWHM values were observed to increase after ion irradiation. The widening 
of the XRD peaks shows a reduction in the crystallite size and is also related to the presence 
of lattice stresses. These non-uniform stresses are caused by the formation of point defects. 
The energy lost by the high intensity ion beam during the irradiation process causes certain 
defects, and the crystalline quality worsens with increasing ion dosage (Dutta and Sharma 
2016). When compared to the doped phosphor, the co-doped phosphor appeared to be more 
affected by the ions. This may be attributed to the intensification of already existing defects 
inside the phosphor because of the co-doping effect of the Eu3+ ion.

3.3 FESEM and elemental analysis

Figure 3 depicts the FESEM images of virgin and ion irradiated Dy3+ and Dy3+/ Eu3+ phos-
phors. The fluence rate for Li ion irradiation was used as 1 × 1013 ions/cm2, while the ion flu-
ence for Ag ion irradiation was 5 × 1012 ions/cm2. FESEM images of the virgin, Li-ion, and 
Ag-ion irradiated Dy3+doped Gd2MoO6 phosphors are shown in Fig. 3 (a-c), respectively

The virgin phosphor shows agglomerated particles. SHI irradiation disrupts the agglom-
erated particles into irregular particles with reduced sizes. The decrease in particle size 
might be attributable to the fragmentation of larger grains caused by SHIs irradiation. Simi-
lar behavior was observed for Dy3+/ Eu3+ co-doped Gd2MoO6 phosphors. Figure 3(d-f) 
shows the FESEM images of the virgin, Li ion, and Ag ion irradiated Dy3+/ Eu3+ co-doped 

Fig. 2 XRD patterns of ion irradiated (a) Dy3+ doped and (b) Dy3+/ Eu3+ co-doped Gd2MoO6 phosphors
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Gd2MoO6 phosphors. The change in size and morphology after ion irradiation is more evi-
dent for co-doped Gd2MoO6 where the clustered rod like structures (Fig. 3(d) breaks down 
to smaller irregular size particles due to the ions (Fig. 3(e-f) (Dutta et al. 2016a, b). The EDS 
spectra of the phosphors before and after ion irradiation are shown in Fig. 4 where a, b, c 
display the doped phosphor and d, e, f exhibit the co-doped Dy3+/Eu3+ Gd2MoO6. There are 
no signs of Li or Ag ions in the spectra of b, c, and e, f that ensure irradiation in the virgin 
doped (a)/ co-doped (d) phosphors, indicating that the ions just transit through the host, 
causing various forms of defects inside that modify the properties without structurally and 
chemically changing the materials (Hodgson et al. 1980).

Fig. 4 EDS spectra and elemental composition of the virgin, Li ion and Ag ion irradiated (a) Dy3+doped, 
and (b) Dy3+, Eu3+ co-doped Gd2MoO6 phosphors. The ion fluence of Li ions, and Ag ions were 1 × 1013 
ions/cm2 and 5 × 1012 ions/cm2, respectively

 

Fig. 3 FESEM images of (a) virgin, (b) Li ion, (c) Ag ion irradiated Dy3+doped Gd2MoO6 phosphors, and 
(d) virgin, (e) Li ion, and (f) Ag ion irradiated Dy3+/ Eu3+ co-doped Gd2MoO6 phosphors
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3.4 Optical characterizations

The comparative diffuse reflectance (DR) spectra of Dy3+ and Dy3+/ Eu3+ Gd2MoO6 phos-
phors are shown in Fig. 5. The spectra after irradiation are shown in the inset. The strong 
band around 260 nm for the doped phosphor can be attributed to the MoO6

6- groups and 
the host charge transfer absorptions (Dong et al. 2014). After Eu3+ co-doping, a small shift 
in the peak with a slight hump around 250 nm is due to the stronger Eu- O charge transfer 
effect.

After ion bombardment, the DR band demonstrates a prominent distinction with a slight 
shift in band positions for the Dy doped phosphor as compared to the Eu co-doped phos-
phor. These alterations are attributed to the ions creating a number of defect states in the 
phosphors. Also, the reflectance drops for the Ag ion irradiated phosphors, signifying more 
scattering. The Kubelka-Munk theory (Meena et al. 2022) was used to calculate the band 
gaps of the phosphors and is shown in Fig. 6. The inset provides the band gap variation with 
changes in the ion fluences for the two ions. The bandgap of the ion irradiated phosphors 
decreased when compared to their virgin counterparts, but the variation with ion fluence is 

Fig. 6 [F(R∞) hν]2 vs. hν plot of unirradi-
ated doped and co-doped Gd2MoO6 phos-
phors with band gap values. (Inset) Band 
gap variation of ion irradiated Gd2MoO6 
phosphors with varying ion fluences

 

Fig. 5 DR spectra of unirradiated 
doped and co-doped Gd2MoO6 
phosphors and inset compara-
tive DR spectra of ion irradiated 
(a) doped and (b) co-doped 
Gd2MoO6 phosphors
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different. The band gap values with increasing ion fluence are given in Table 2. The band 
gap was observed to decrease slightly with increasing ion fluences for Ag ions. This change 
in the band gap value might be attributed to structural disorder induced by irradiation and 
fluence, owing to the high electronic Linear Energy Transfer (LET) of ions [Abu-Hassan, 
L.H. Townsend1988–Dutta, S., Som, S., Kunti 2017]. Conversely, the trend in band gap 
variation differs for Li ion irradiation, showing a slight increase in band gap with Li ion 
fluence. The lower LET of Li ions as they pass through the molybdate host could be the 
primary reason for the distinct manifestations of structural disorder and their effects. It is 
challenging to fully elucidate such phenomena as the impact of heavy ions on any material 
is multifaceted, and predicting outcomes with certainty is difficult.

3.5 Photoluminescence studies

Figure 7 displays the photoluminescence (PL) spectra of the phosphors before (Fig. 7(a) 
and (b) and after ion irradiation (Fig. 7(c) and (d). In Fig. 7(a) the excitation spectra of 
the Gd2MoO6 phosphors range from 200 to 500 nm recorded for the yellow emission of 
Dy3+ (4F9/2→ 6H13/2 transition) at 577 nm which is the prevailing emission of Dy3+ and in 
Fig. 7 (b) the emission spectra are documented from 400 to 700 nm for an excitation wave-
length of 351 nm. The peaks in the excitation spectra centering at 325 nm, 351 nm, 365 nm, 
390 nm, 428 nm, 450 nm, and 475 nm are caused by f-f transitions of Dy3+ ions correspond-
ing to the (6H15/2→6P3/2), (6H15/2→6P7/2), (6H15/2→6P5/2), (6H15/2→4I13/2), (6H15/2→4G11/2), 
(6H15/2→4I15/2) and (6H15/2→4F9/2) respectively. The two dominant emissions of Dy3+ at 
488 and 577 nm corresponding to (4F9/2→6H15/2) and (4F9/2→6H13/2) transitions were fur-
ther joined by a new peak at 612 corresponding to the 5D0→7F2 of Eu3+ in the co-doped 
Gd2MoO6 phosphor. The detailed study of the co-doping effect on the molybdate phosphor 
is explained previously (Dutta and Sharma 2016). The fluence used for the comparison was 
1 × 1011 ions/cm2. Though ion irradiation doesn’t affect the PL peak position, the intensity 
is higher than the virgin one due to the large number of defects created (Abu-Hassan and 
Townsend 1988); Dutta et al. 2017); Dong et al. 2012)

The response curve with the variation in ion fluence range is viewed in Fig. 8. The PL 
intensity is affected by the damage caused by SHIs. Primary radiative transitions are indi-

Phosphors Ion fluence
(ions/ cm2)

Band gap (eV)

Li ion Ag ion
Gd2MoO6: Dy3+ Virgin 3.98

1 × 1011 3.44 3.83
5 × 1011 3.49 3.77
1 × 1012 3.53 3.62
5 × 1012 3.57 3.59
1 × 1013 3.59 -

Gd2MoO6: Dy3+, Eu3+ Virgin 3.80
1 × 1011 3.65 3.74
5 × 1011 3.67 3.71
1 × 1012 3.69 3.68
5 × 1012 3.70 3.67
1 × 1013 3.72 -

Table 2 Band gap in ion irradi-
ated Gd2MoO6 phosphors
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cated by a high PL intensity. As the concentration of defects acting as color centres grows, 
the rate of radiative transition also increases. SHI-induced fragmentation increases with SHI 
fluence, resulting in an increase in defect density or color centers. Thus, the first rise in PL 
intensities over those of the virgin samples can be attributed to an uptick in defect concen-
tration brought on by ion irradiations. Further, new defects or color centres may develop 
as a result of an increase in ion fluence (Dutta and Sharma 2016). At a certain ion fluence, 
these new centres may be annihilated together with the production of luminous quenchers, 

Fig. 8 Dependence of PL intensity of ion 
irradiated Dy3+ doped and (inset) Dy3+, 
Eu3+ co-doped Gd2MoO6 phosphors 
with varying ion fluences along with the 
virgin phosphors (0 fluence)

 

Fig. 7 (a) Comparative PL spectra of doped and co-doped Gd2MoO6 phosphors, and comparative PL 
spectra of (b) doped (c) co-doped Gd2MoO6 phosphors before and after ion irradiation
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which then contribute to the reduction in PL intensity. Therefore, as ion fluence increases, 
the excitons’ energy in the SHI-irradiated phosphors can non-radiatively transfer to the ions’ 
luminous quencher, resulting in a decrease in PL emission intensity.

The color coordinates changes for ion irradiated and virgin phosphors are presented in 
Fig. 9 (a, d). The color coordinate for the virgin Gd2MoO6: Dy3+ phosphor is (0.20, 0.26), 
whereas the CIE coordinate for the virgin Gd2MoO6: Dy3+/ Eu3+ phosphor is (0.38, 0.30). 
The color coordinate of virgin Gd2MoO6: Dy3+ formed mainly due to the presence of two 
peaks around blue and yellow regions, as shown in Fig. 9 (a). The conjugation of blue to 
yellow emission can result in a variety of emission colours ranging from blue to near white. 
In the case of virgin Gd2MoO6: Dy3+ phosphor, the blue emission intensity was higher 
than the yellow emission, leading to the color coordinates around the blue region. When 
the Gd2MoO6: Dy3+ phosphors were irradiated with Ag and Li ions, the yellow emission 
intensity increased due to the enhancement of dipole- dipole interaction. Therefore, the 
emission color shifted towards the white region. The variation of emission coordinates with 
various ion fluences of Li and Ag is shown in Fig. 9 (b) and (c), respectively.

The brown circle represents the CIE coordinates of the virgin samples. The deep yellow 
triangle indicates the CIE coordinate of the phosphors irradiated with Li ions having an ion 
fluence of 5 × 1012 ions/cm2. The green cross indicates the CIE coordinate of the phosphors 
irradiated with Li ions having an ion fluence of 5 × 1012 ions/cm2. Furthermore, yellow emis-
sion intensity was intensified along with the appearance of another red emission for virgin 
Gd2MoO6: Dy3+/ Eu3+ phosphor. The combined emission color was near-white (Fig. 9(d)). 

Fig. 9 CIE diagram of (a) doped (d) co-doped Gd2MoO6 phosphors before and after ion irradiation. The 
ion fluence was used as 5 × 1012 ions/cm2. The colour coordinates changes of (b, e) Li ion, (c, f) Ag ion 
irradiated doped and co-doped Gd2MoO6 phosphors
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When the Gd2MoO6: Dy3+/ Eu3+ phosphors were irradiated with Ag and Li ions, the blue 
emission intensity increased, and hence the emission coordinate shifted towards the blue 
region. The variation of emission coordinates with various ion fluences of Li and Ag is 
shown in Fig. 9 (e-f) respectively.

3.6 Thermoluminescence

3.6.1 TL glow curves analysis

The TL glow curves of Dy3+ doped and Dy3+/ Eu3+ co-doped Gd2MoO6 phosphors irradi-
ated with 30 MeV Li3+ and 100 MeV Ag ion beam at varying ion fluence range mentioned 
previously are displayed in Fig. 10. A broad single peak at around 340 °C was found in all 
instances, but at varying intensities.

For Li ion, with the increase in ion fluence, the intensity of the glow peak of the doped 
Gd2MoO6 phosphor goes on increasing up to the maximum fluence value whereas for the 
co-doped phosphor the maximum intensity was obtained at 1 × 1012 ions/cm2. When the 
phosphors are irradiated with Ag ion, 1 × 1012 ions/cm2 was the fluence that produced maxi-
mum intensity for the doped phosphor but there was a decrease in intensity from the lowest 
to the highest fluence for the co-doped one. The first increase and subsequent decrease in 

Fig. 10 Comparative TL glow curves of (a, b) Dy3+ doped (c, d) Dy3+, Eu3+ co-doped Gd2MoO6 phos-
phors irradiated with Li and Ag ion respectively with varying ion fluences
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TL intensity can be related to a preliminary increase in the quantity of intrinsic traps, as well 
as lattice disruption at greater fluence caused by strong electronic excitation. For the Ag ion 
irradiated co-doped Gd2MoO6 phosphors the TL intensity decrease can be credited to the 
lattice disorder effect due to the bulky Ag ion (Atomic Weight = 107.868) coupled with the 
rupture of the O- Mo bonding on the sample surface as well as higher LET value. These 
inconsistent variations of the TL glow curves can be further clarified by the Track Interac-
tion Model (Horowitz et al. 1996). The TL response curves of the phosphors are shown in 
Fig. 11.

3.6.2 Trapping parameters

The defects/traps within the material formed after ion irradiation give rise to the TL glow 
curves. Different trapping parameters divulge the dosimetric behavior of the material after 
the heavy ions irradiation (Achard et al. 2011). Thermoluminescence glow curves were 
deconvoluted using the TLanal (Chung et al. 2005) computer program to gain a clear sense 
of where the traps were located and shown in Fig. 12.

The figure of merit (FOM) determining the quality of fitting was less than 2% for the cur-
rent study. The kinetic parameters for the deconvoluted peaks were calculated using Chen 
Formulism (Chen and McKeever 1997); Chen and Winer 1970) and are summarized in 
Table 3. It was observed that the traps which correspond to the activation energy created for 
Li ions are less than 1 eV for both the phosphors (0.892 eV and 0.963 eV) whereas for Ag 
ion irradiated phosphors two peaks were obtained by deconvolution indicating two types of 
trap centers- one less than 1 eV and another higher. By summing up it can be concluded that 
when compared to the band gap of the materials, all the trap centers formed are superficial 
in nature and the deepest trap value is about 1.3 eV for the Ag ion in both the materials.

4 Conclusions

The current investigation reveals that the irradiation of 30 MeV Li3+ and 100 MeV Ag7+ 
ions with varying ion fluences is plausible for the creation of disordered lattices or tracks 
inside the doped and co-doped Gd2MoO6 phosphors, which eventually modified their struc-

Fig. 11 Response curves of TL intensity 
of Dy3+ doped and Dy3+/ Eu3+ co-doped 
Gd2MoO6 phosphors with varying ion 
fluences
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tural, optical, and luminescence properties. Structurally, there is crystallinity loss of the 
phosphors with the reduction in particle size due to the increment in defect concentration. A 
decrease in the band gap for both phosphors is observed owing to the structure disorder and 
defect formation with ion irradiation and fluence. Following ion irradiation, PL peak inten-
sities increased without any corresponding change in peak positions. Thermoluminescence 
behavior showed a single glow peak for Li ions and two peaks for Ag ions, and a non-linear 
response in the studied ion fluence range along with superficial traps, which mainly confirm 
their incompatibility for dosimetry purposes. All the effects were more pronounced for the 
Ag ion in creating lattice disorder or tracks inside the phosphors due to its bulkier nature and 
the high electronic LET of the ion.

Phosphor Irradi-
ation 
type

Peak 
number

Order 
of 
kinetics 
(b)

Activation 
energy
(E in eV)

Frequency 
factor (s)

Li 1 1.19 0.892 7.01 × 106

Gd2MoO6: 
Dy3+

Ag 1 1.45 0.99 8.63 × 107

2 2.00 1.309 7.09 × 109

Li 1 1.3 0.963 1.48 × 107

Gd2MoO6: 
Dy3+, Eu3+

Ag 1 1.23 0.937 1.56 × 107

2 1.27 1.349 1.11 × 1010

Table 3 Trapping parameters for 
doped and co-doped Gd2MoO6 
phosphors for different ion 
irradiation

 

Fig. 12 Deconvolution of TL glow curves for the maximum ion fluence of Li ion, Ag ion irradiated (a, b) 
Dy3+ doped, and (c, d) Dy3+/ Eu3+ co-doped Gd2MoO6 phosphors
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