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Fig. S1. XRD patterns of G3-y%ZG2G:y%Er3+ (y = 1, 3, 5, 10, 20, 30) and G3-y%ZGG:y%Er3+ (y = 1, 3, 
5, 10, 20, 30) phosphors obtained at room temperature, as well as that of the Gd3Ga5O12 standard 
reference (PDF#00-013-0493).

Fig. S2. SEM images of (a) GZG4G:10%Er3+, (b) GZG3G:10%Er3+ and (c) GZG2G:10%Er3+ samples. 



Fig. S3. Diffuse reflectance spectra of as-prepared GZG2G:y%Er3+ (y = 1, 3, 5, 10, 20, 30) solid solution 
phosphors.

Fig. S4. Diffuse reflectance spectra and the band gap (Eg) of GZGG host and GZGG:10%Er3+ samples.



Fig. S5. (a) PLE spectra of GZG2G:y%Er3+ (y = 1, 3, 5, 10, 20, 30) monitoring Er3+: 4S3/2 → 4I15/2 
transition at 556 nm and (c) that monitoring Er3+: 4I13/2 → 4I15/2 transition at 1539 nm. (b) Visible PL 
and (d) NIR PL spectra of GZG2G:y%Er3+ excited at 381 nm, respectively.



Fig. S6. PLE spectra of GZGG:y%Er3+ monitoring the 4I13/2 → 4I15/2 at ~ 1539 nm.

Fig. S7. Normalized visible PLE and PL spectra of the GZGG host matrix. The red curve is the PLE 
spectrum monitored at 540 nm (a), while the blue (b) and green (c) curves represent the PL spectra 
excited at 274 and 373 nm, respectively.



Table S1. Crystallographic data of GZG5-2xG:10%Er3+ (x = 0.5, 1, 1.5, 2.0) with different chemical 
composite x values

Formula x = 0.5 x = 1 x = 1.5 x = 2

Crystal system Cubic

Space group Iad

Lattice 
parameters   

a/b/c (Å) 12.47 12.47 12.67 12.74

α/β/γ (°) 90 90 90 90

2θ (°) 32.4 32.3 32.2 32.1

Cell volume (Å3) 1939.10 1940.66 1945.44 1967.80

Rp 6.78 8.13 6.04 6.61

Rwp 8.99 11.81 8.10 7.69

χ2 1.69 2.36 1.97 1.67



Table S2. Calculated decay time of Er3+ emission at ~ 556 nm (4S3/2 → 4I15/2), as well as the fitting 
parameters and R-squared (R²) values for the GZG5-2xG:10%Er3+ (x = 0.5, 1, 1.5, 2) samples under 

pulsed light excitation of 381 nm. Fitting was performed using a bi-exponential decay model

Green emission: 4S3/2 → 4I15/2 at ~556 nm
GZG5-

2xG: I0(Background)
A1(Amplitude 
of fast decay)

A2(slow 
decay) Decay time (µs) α β R2

τ1 ~ 118
x = 0.5 0.002 0.96 0.019

τ2 ~ 454.1
τavr 
~124.6

0.982 0.018 0.9988

τ1 ~ 105.4
x = 1 0.001 0.753 0.219

τ2 ~ 176.5
τavr 
~121.5

0.774 0.226 0.9995

τ1 ~ 71.0
x = 1.5 0.002 0.68 0.312

τ2 ~ 141.1
τavr ~ 
93.0

0.685 0.315 0.9992

τ1 ~ 66.4
x = 2 0.001 0.912 0.073

τ2 ~ 194
τavr ~ 
75.9

0.927 0.073 0.9993



Table S3. Optical temperature sensing performances of GZG3G:10%Er3+ in comparison with other 
reported Er3+-activated thermometric phosphors

Schemes Materials Temperature range (K) Sr (% K-1) Ref. 

NSGM: Er3+ 298–488 0.87 1

MgMoO4: Er3+ 323–573 0.83 2

Bi3TeBO9:xEr3+ 298–473 0.87 3

LaOF:Er3+ 298–373 1.24 4

SrLaLiTeO6: Yb3+, Er3+ 458–698 0.84 5

NaGdF4:Yb3+, Er3+ 317–342 0.60 6

Sr3WO6:Er3+ 303–513 0.56 7

Er3+ 

2H11/2-4S3/2 

TCLs

GZG3G:10%Er3+ 298–573 1.25
This 
work
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