Supplementary Information (Sl) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2024

Achieving high sensing sensitivity in Dy3* doped garnet
phosphor toward optical thermometry

Shichang Long ®°, Minfeng Tian 2, Dan Zhang®, Xixian Luo®, Wen Xu®, Ying Tian 2*, Shuangyu
Xin ®*
a Department of applied physics, Dalian Maritime University, Dalian 116026, China.

bSchool of Physics and Materials Engineering, Dalian Minzu University, Dalian, Liaoning,
116600, China

* E-mail address: tianying@dlmu.edu.cn (Ying Tian); xinshuangyu@dlnu.edu.cn (Shuangyu Xin)

Experimental section

Materials and Synthesis

A series of Ca, s Hf, 5Gaz01,: xDy3" phosphors were synthesized by solid-state
reaction at high temperature. The primary reagent used in this experiment were CaCO;
(Macklin, 99.5%), HfO, (Macklin, 99.9%), Ga,0; (Macklin, 99.99%) and Dy,0;
(Macklin, 99.9%), each of these components was assigned a weight proportional to
their stoichiometric ratio. The weighed reagent were completely mixed and grounded
thoroughly for 30 minutes in an agate mortar, and the final mixtures were heated up to
1400°C for 6 hours. Finally, the phosphors were successfully prepared after cooling to

room temperature.

Characterization

The powder X-ray diffraction (XRD) analysis was deployed to evaluate the phase
purity and crystal structure using Cu Ka radiation (1 = 1.54056 A) with settings of 40
kV and 30 mA. The morphology of sintered CHGO: Dy3** phosphors were characterized
by JEM-2100F transmission electron microscopy (TEM). The photoluminescence
excitation (PLE) and PL spectra, temperature emission spectra, and decay curves of the
phosphors were measured by Edinburgh FLS-1000 fluorescence spectrophotometer
equipped with an accessory for temperature-control and microsecond light source. In
addition, the elemental composition was analyzed using energy dispersive X-ray

spectroscope (EDS). The diffuse reflectance spectra (DRS) were obtained by a Lambda



750 UV-Vis-NIR spectrophotometer. The electroluminescence (EL) spectra were
measured using optical fiber spectrometer (HR-6XR300-10) measuring system under a
drive current of 100-600 mA. The temperature variations of the phosphor-converted
light-emitting diode (pc-LED) were captured using a FLUKE Ti32 thermal imaging

camera as the driving currents were incrementally increased from 100 to 600 mA.

Table S1 Optical thermometric parameters in Er** doped materials

Materials Aex (nm) S (% K S. (% K1) Ref
BiPO,: Er3*/Yb3* 980 0.0111@313 K 1.22@548 K 1
Ba,TiGe,Og: Er¥/Yb3* 980 0.0107@333 K 0.59@573 K 2
LaBMoOg: Er¥'/Yb3* 980 1.1600@300 K / 3
Gd,0;: Er¥/Yb3* 980 1.7200@301 K 1.27@574 K 4
NaGdF,: Er¥/Yb3 980 0.0119@303 K 0.40@563 K 5
BaMgF,: Er¥*/Yb3* 980 0.0131@323 K 0.83@583 K 6
LaF;: Er¥Y/Yb3* 980 1.3000@150 K 3.50@400 K 7
Scy(Mo0Qy)3: Er¥t/Yb3* 980 12.3000@298 K / 8
Sc,05: EX3/YD3* 980 0.5340@364 K 0.13@290 K 9
BasGdgZnyO,;: Er¥/Yb3* 980 0.0169@260 K 0.32@490 K 10

Table S2 Crystallographic data of CHGO and CHGO: 0.01Dy3"

Formula CHGO CHGO: 0.01Dy3*
Space group la-3d (230) [a-3d (230)
Crystal system Cubic Cubic
a=B=7(°) 90 90
a=b=c(A) 12.56653 12.53005
V (A3) 1984.477 1983.121
R, (%) 9.79 11.15
Ry (%) 7.12 9.18

2 1.14 1.49




Table S3 The crystallographic atomic positions of CHGO: 0.01Dy?* based on the refinement

Atom X y z occup. uiso Site
0] 0.09160 0.19228 0.27493 1.000 0.014 96h
Ga 0.37500 0.00000 0.25000 1.000 -0.027 24d
Ca 0.12500 0.00000 0.25000 0.825 -0.025 24c
Hfl 0.12500 0.00000 0.25000 0.167 -0.025 24c
Hf2 0.00000 0.00000 0.00000 1.000 -0.032 16a
Dy 0.12500 0.00000 0.25000 0.008 -0.025 24c
Table S4 Maximum S, and S, in CHGO: 0.01Dy3* phosphors.
Intensity ratio scheme  Temperature Sa (%K) S (%K)
T457/T483 298-523K 0.10@523 K 2.08@298 K
L457/T495 298-523K 0.13@523 K 2.12@298 K
L457/158, 298-523K 0.09@523 K 2.07@298 K
L4s7/T675 298-523K 2.51@523 K 1.55@298 K
Table S5. Comparison of Dy3* doped materials as luminescent ratiometric thermometers.
Temperature
Host: Dy3* St-max(%0K1) Sa-max (%K) Ref.
range
Li;Y;3TeyO10: Dy3*  80-300 K 1.20@80 K 2.000@80 K 11
GdVO,: Dy** 300-473 K 2.00@300 K 0.39@473 K 12
LaF;: Dy** 298-523 K 2.02@298 K 0.020@523 K 13
YVO,: Dy** 298-673 K 1.66 @298 K 0.033@673 K 14
Sr,NaMg,V;0,:
PRAVIBYSPI2 550500 K 1.90 @380 K / 15
Dy3*
LiNbO;: Dy3* 295-775 K 1.89 @298 K 0.060@700 K 16
This
CHGO: Dy?** 298-523 K 2.12@298 K 2.510@523 K

work
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Figure S1a) The integrated fluorescence intensities of the PL peaks at 457 and 483 nm at different

temperatures; b) The fitting curve of FIR (I4s7/I4g3) values at various temperatures. The inset

shows the correspondence plot of In (FIR) versus 1/T.; c¢) The fitting curves of the absolute

sensitivity (S,) and relative sensitivity (S,) values at different temperatures; d) The repeatability of

FIR of CHGO: 0.01Dy?".
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Figure S2a) The integrated fluorescence intensities of the PL peaks at 457 and 582 nm at different
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temperatures; b) The fitting curve of FIR (I457/1s5;) values at various temperatures. The inset

shows the correspondence plot of In (FIR) versus 1/T.; c¢) The fitting curves of the absolute

sensitivity (S,) and relative sensitivity (S;) values at different temperatures; d) The repeatability of

FIR of CHGO: 0.01Dy?*,
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Figure S3a) The integrated fluorescence intensities of the PL peaks at 457 and 675 nm at different
temperatures; b) The fitting curve of FIR (I457/1¢75) values at various temperatures. The inset
shows the correspondence plot of In (FIR) versus 1/T.; ¢) The fitting curves of the absolute
sensitivity (S,) and relative sensitivity (S;) values at different temperatures; d) The repeatability of

FIR of CHGO: 0.01Dy?*,
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Figure S4 The S, values of the CHGO: xDy3*(x = 0.5%, 0.75% and 2%) phosphors for I457/1495 (a),

Lis7/lags (b), Lus7/ls75 (¢) and Lys7/Isgs (d).
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