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Table S1 Refinement parameters of the GZT host.

Cell parameters GZT host
Space group P21/n
Symmetry monoclinic
a(A) 5.3625(1)
b (A) 5.6561(5)
c(A) 7.6807(5)
£ () 90.3601
Vv (A3) 232.962
Whrp (%) 7.71
Rp (%) 5.70

b 1.359




Table S2 Detail data of Sa and Sr in the conventional way and proposed method in the

Er¥*/Yb®" co-doped GZT phosphor.

S(10° Ratios 313K 333K 353K 373K 393K 413K 433K 453K 473K

41K)
H/S 422 419 433 443 453 463 468 472 475
Sa HIF 245 242 236 232 227 224 218 213 206
SIF 291 244 205 -176 -152  -133  -116  -103  -9.1
H/S 952 841 749 670 604 547 497 454 417
Sk HIF 627 554 493 441 397 360 327 299 274
SIF 315 278  -247 222  -200 -181  -164  -150  -138
SH 2188 1640 1255 986 781 627 513 425 355
s F/H 1574 1246 101.0 825 684 567 484 414 359
FIS 344 321 302 282 265 248 235 222 212
S/H 925 817 727 651 587 531 483 442 405
st F/H 616 544 484 434 391 354 322 294 270
FIS 318 281 250 224 202 183 166 152 139

Note: Simplification of ratios: 2Hu1/2/*Sa2 (H/S), 2Ha2/*Far2 (H/F) and 4Szj2/*For2 (S/F)
(the conventional way); *Ssp2/?Haiz (S/H), *Fore/?Huie (F/H) and *For2/*Ss (FIS) (the

proposed method).



Table S3 Detail data of Sa and Sr in the conventional way and proposed method in the

Er¥*/Yb** co-doped NaYF4 phosphor.

S(10° Ratios 313K 333K 353K 373K 393K 413K 433K 453K 473K

41K)
H/S 252 270 285 294 304 312 312 318 323
Sa HIF 172 183 187 192 191 193 191 187 186
SIF 129 113 9.8 8.7 75 6.7 6.1 53 4.8
H/S 1003 890 792 709 639 578 526 481 441
Sr HIF 828 735 654 585 527 478 434 397 364
SIF 156 138 123 110 9.9 9.0 8.2 75 6.9
S/H 3987 2933 2196 1709 1343 107.0 887 727 602
s FIH 4139 3062 2374 1850 1506 1226 1024 872 739
FIS 196 -175  -161  -144  -135  -125  -114  -109  -10.2
S/H 1003 889 791 709 639 578 526 481 441
st FIH 858 761 677 607 547 495 450 411 377

F/S 16.2 14.3 12.8 114 10.3 9.3 8.5 7.7 7.1

Note: Simplification of ratios: 2Hi1/2/*Sa2 (H/S), 2H12/*Far2 (H/F) and 4Szj2/*For2 (S/F)
(the conventional way); *Ssp2/?Haiz (S/H), *Fore/?Haie (F/H) and *For2/*Ss (FIS) (the

proposed method).



Table S4 The Sa in Er¥*/Yb®* co-doped diverse phosphors.

Phosphors Sa (104 K1) 11>12 I1~12 l1<l2 Ref.
NaYF4Er/Yb 41.9 () d [1]
46.6 (B) \
YbsAlsO12:Er/Yb 48 Y [2]
LiNbOs:Er/Yb 75 x/ [3]
YNbO4:Er/Yb 72 v [4]
B -NaLuF4: Yb/Er/Ca 19 N [5]
NaErFs@ NaYF:@NaGdFs 41 d [6]
NaLaMgWOs: Er/Yb 229 v [7]
BazIn20s: Er/Yb 65 S [8]
LuzTeOs: Er/Yb 103 S [9]
BasYOq: Er/Yb 24.8 v [10]
GdsOsFs: Er/Yb 57 N [11]
Yb2WOs+ YbaW3012 1050 v [12]
(mixture) : Er/Yb
GZT: Er/Yb 218.8 v This work
NaYF4: Er/Yb 398.7 ™

Note: M represents 1 < Iz, but calculation on its Sa by FIR = I2/l1.
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Fig. S1 Diffuse reflection spectrum of the GZT:4%Er**/5%Yb** sample; the insert:

the plots of [F(R.)hv]*/? vursus the photon energy.
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Fig. S2 (a) The morphology of GZT:4%Er®*/5%Yb*" sample; (b) elemental mapping
images of Gd, Zn, Ti, O, Er and Yb; (c) the EDS result of GZT:4%Er**/5%Yb%*

sample.
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Fig.S3 The CIE chromaticity coordinate of Er**/Yb** doped GZT samples as a

function the Er®* or Yb?* concentration.
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Fig. S4 Real pictures of the GZT:4%Er?*/5%Yb®" sample under different excitation

power recorded by a Honor V10.
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Fig.S5 The plots of In[Intensity (a.u.)] versus In[power (mW)] in

GZT:4%Er**/5%Yb3* sample.
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Fig. S6 The proposed UC mechanism in Er®*/Yb®" doped GZT system.
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Fig. S7 The down-shifting spectrum of GZT:4%Er**/5%Yb** sample upon 490 nm

excitation.
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Fig. S8 The slopes of FIRs versus the temperature for (a) 2Hu1/2/*Sar2, (b) 2Haw2/*For

and (c) *Sss2/*Fgr2 couples.
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Fig. S9 variation of FIR value as a function of the absolute temperature.
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Fig. S10 The slopes of FIRs versus the temperature for (a) *Ssi2/?Hi12, (b) *For2/?Hu11s

and (c) *For2/*Ssr2 couples.
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Fig. 11 The XRD pattern of the NaYF4 sample.
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Fig. S12 The plots of integral intensity of emissions versus the temperature in the

NaYF4 sample.
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Fig. S13 CIE chromaticity corrdinate in the NaYF4 sample.
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Fig. S14 The plots of FIR value of (a) ?H112/*For2 and (b) *Sas2/*Far2 couples versus the
temperature; Calculated sensitivities of (¢) 2Hi1/2/*For2 and (d) #Ss/2/*Far2 couples at

diverse temperature.
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Fig. S15 The plots of FIR value of (a) *For2/?Ha12 and (b) *For2/*Ss2 couples versus the

temperature; Calculated sensitivities of (c) *Fo/2/?H112 and (d) *Fo/2/*Ssr2 couples at

diverse temperature.
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