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Abstract: Inorganic phosphors are widely used in important fields such as solid-state lighting and displays, mak-
ing them a key focus in the research on luminescent materials. Typically, the design of inorganic phosphors relies on
the “crystallographic site engineering” , where activator ions partially substitute suitable metal cations in hosts to
form luminescence centers. This strategy requires the inorganic host to provide standard crystallographic sites for acti-
vator ions occupancy; otherwise, it is difficult to realize effective doping and subsequently efficient luminescence. In
recent years, it has been discovered that even in some hosts lacking standard substitution sites, efficient lumines-
cence can be achieved when activator ions enter interstitial crystallographic sites, leading to the development of inter-
stitial luminescent materials. This review systematically summarizes the construction and characterization of intersti-
tial luminescence centers, and the synthesis and application of interstitial phosphors, while also discussing the oppor-
tunities and challenges in future research. The construction of interstitial luminescence centers not only provides a
new perspective for developing inorganic phosphors but also holds significant importance for exploring and under-

standing novel luminescence properties in existing phosphors.
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Fig.1 (a)The substitution of Ce™ for Y* in YAG: Ce’, and

(b) the occupancy of Eu™ in the hexagonal channel
along ¢ axis of B-SiAlON, showing two types of lumi-
nescence centers: the standard and the interstitial lu-

minescence center
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Tab. 1 Some representative interstitial phosphors reported in recent years
Phosphor A, /nm A, /nm FWHM/nm 1QE/% TQ/%@423 K  Ref
B-SiAlON:Eu*(z=0. 1) 250~500 536 55 70 84~87 [19,30]
B-SiAlON: Eu**(2=0. 06) 300 525 47 / / [31]
B-SiAION: Eu*"(z=2) 250~400 485 75 / / [32]
B-SiAION: Ce’*(2=0. 5) 410 486 100 46.8 79~88 [33]
B-SiAlON: Pr**(z=0~2) 460, 488, 509 613, 624, 641 / / ~105 [24,34]
B-SiAlION: Yb**(z=0. 5) 260, 305, 355, 480 540 66 28 82 [25]
B-Si,N,: Eu’ 325~374 425~460, 500~600 / / / [35]
Si0,: Eu**(a-cristobalite) 323 438 / / / [36]
SiOz-Eu7+, Al (a-cristobalite) 365 443 76 35.56 85 [37]
SiOziEu2+((x-qua1‘lz) 365 459 114 43.58 73 [21]
) . 318, 361, 380, 393, 576, 590, 596, 613,
Si0,: Eu’ (a-quartz) / / / [38]
412, 463, 524 651, 701
Si0,: Th* (a-quartz) 377 487, 541, 583, 618 / / / [39]
a-Mg,ALSi,0 ;:Eu® 365 463 / / 59.07 [40]
a-Mg,ALSi 0 :Eu™ 360 467, 615 / / / [41]
a-Mg,ALSi 0 Mn™" 430 530, 650 / / / [42]
SiB,0,: Eu” 266, 310 374, 458 / / / [43]
Se,$i,0,: Eu® 340 458 115 60.67  68.3@170 °C [23]
Ca-a-SiAION: Eu** 305, 412 592 90 [44-45]
Li-a-SiAlON: Eu* 450 563~586 / / 88 [46]
Ca-a-SiAlION: Ce™* 385 500 / / / [47]
Y-a-SiAION: Ce™* 385 500 / / / [47]
Ca-a-SiAlON: Sm™ 415 568, 602, 648, 713 / / / [48]
Ca-a-SiAION: Dy™* 245 482, 577, 664 / / / [48]
Ca-a-SiAlON : Th* 267 490, 545, 590, 620 / / / [49]
Ca-a-SiAlON : Pr™* 270 506, 545, 615, 630, 669 / / / [49]
Ca-a-SiAION: Mn* 265 600 / / / [50]
Ca-a-SiAlON: Ybh* 445 549 / / / [51]
Li-a-SiAION: Yb* 445 537 / / / [51]
Mg-a-SiAION: Yh* 445 543 / / / [51]
Ca-a-SiAlON: Er** 793, 980 537, 558, 682 / / / [52]
AIN:Eu®,Si* 280, 290, 350 465 52 76 90 [53-54]
AIN: Ce™, Si* 340 470 90 / / [55]
AIN:Dy™ 294 450, 482, 573, 660 / / / [56]
(AIN), (SiC) :Eu™ 290, 350 465~471 56 81.4 10~21 [57-58]
AION: Eu* 260, 372 405, 495 / 69.9 ~60@400 K [59]
AION: Eu*", Mg 310 490 / / / [60]
AION: Ce™ 305 390 / / 86 [61]
Sr,Al Siy ,0, N, ,CL:Eu” 365 405, 527 / / 53 [62]
La,Si N, :Ce™ Al 380, 450, 530 530, 585, 600~665 / 3~8 55 [26]
KHF,: Mn*" 240, 353, 456 633.2 / 65 105 [63]
NaHF,: Cr™* 282, 430, 628 761 112 72.20 ~30 [64]
Ca, Mg Ge,0,,:Mn™ 265 600, 665 / / / [65]
Rb,CdCL: Mn*™ 71, 285, 333, 353, 366 608 / 88.96 / [66]
Cs,NaThCl : Mn® 278 622 / / / [67]
CdS:Cu” 470 700 / / / [68]
TICACL: Bi* 405, 450, 532, 635 1025, 1253 / / / [69]
TICdL,: Bi' 660, 685, 780, 808 1175 / / / [69]
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FA AR {6 19 B-SiAION : Eu* (19 34 & A1 & 5596357 5 (d) B-SiAION: 0.003Eu* (2=0.1, 0.5, 1.0, 1.5, 2) (9 #4 K
B (o) BATEHY CHE LR ) FIXUSE I B e 4 LED 2500 (89 & S5 6 1 476 Pk 3 (2 LED S (4t (5 B-SiAION : Eu™ FIZL (5
CaAlSiN;: Eu™ i & HHOGIE™ s ()W) B-SiAION: Eu” ZEOEHHR 2 H T mini-LED #6175 () B-SiAION: Eu™ 38 . 3
3 (PiG) 19 & Y65 3 B (X, =441 nm) D) 325 B (19 254k 4 €2 0O LD UK B-SiAION: Eu™ PiG (7R 2 K™ ; (h)
WOL R 8l B-SIATON: Eu® PiG i [ A A5 149 28 S TE 10 7K A28 0 HP A 3T 24 0 o7 e P A 1] S 7 7 Tt w9y 52 o 00 3 T
F 5 (D) B-SIAION: Eu™ 19 (1) B3 R (i) 359 05 37 1138 8 S s 7 IR A5 () 295 K F B-SiAlION: Eu™ ) Eu L,
I X 2 OBORE 20 45 K (CEXAFS) 3% - (1) {8123 8] B AU EXAFS 3% A1 C il ) 925 7] R ALY EXAFS 1 ) 8 4
FISEHET 5 (k) B-SIAION: Eu* H Eu i T W5 ¢ il 1 #4975 10 98 38 38 P 0 465 0 7% 388 P % M Sy ST 97 B 835 [ EuN 107
(a)The crystal structure of -SiAION, blue: Si/Al atom, grey: N/O atom. (b)PL excitation and emission spectra of a typ-
ical B-SiAlON: Eu™ phosphor. (¢)PL excitation and emission spectra of B-SiAION: Eu® with different z values. (d) Ther-
mal quenching behaviors of B-SiAION:0.003Eu*(2=0.1, 0.5, 1.0, 1.5, 2). (e) Emission spectra of 1-pc (dotted) and 2-
pe (solid) LEDs, and the inset shows the emission spectra of blue LED chip, green B-SiAION: Eu*, and red CaAlSiN;:
Eu® phosphors. (f) Particle size reduction of B-SiAION: Eu** phosphor for mini-LED backlights. (g) The luminous flux of
B-SiAION: Eu’ PiG as a function of the incident laser power (A,,=441 nm) , and the inset illustrates the laser irradiation
of B-SiAION: Eu™ PiG. (h)Frequency response characteristics of the green light from driven by laser, and the inset shows
the real scene when testing in a water tank. (i) The ( i ) Bright-field and ( ii ) annular dark-field STEM images of B-SiAION:
Eu™. (j)Eu Ly EXAFS of collected at 295 K: ( i )reciprocal space k’-weighted EXAFS, and ( ii ) real-space k’-weighted
magnitude and real component of the EXAFS. (k) The illustration of Eu* ion residing in the hexagonal channel along the

¢ axis and its [ EuNy ] local coordination
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(a)The crystal structures of a-cristobalite and a-quartz, blue: Si, red: 0. (b)PL excitation and emission spectra of Eu*-
doped a-cristobalite phosphor, and the inset shows the interstitial occupancy of Eu®*. (¢) PL emission spectra of Eu*'-
doped a-cristobalite with different co-doping concentrations of AI’* (A,,=365 nm) , the inset shows corresponding lumi-
nescent photographs. (d) PL excitation and emission spectra of Eu*-doped a-quartz, and corresponding luminescent im-
age. (e)PL excitation and emission spectra of a-Mg,A1,Sis0 3 Eu®". (f) The blue and red emission bands are attributed to
Eu® occupying interstitial channel and substituting for Mg™, respectively in a-Mg,Al,SisO 5. (g) PL emission spectra of
a-Mg,AL,SisO 5 Eu™ with different amount of NaCl (A,,=365 nm), and (h) the local coordination environment of Eu** ac-
tivators. (i) PL excitation and emission spectra of Sr,Si,0,: Eu®* phosphor. (j)Gauss fitting of emission spectrum at 4 K of
S1,81,0,: 1%Eu™, deriving two sub-bands locating at 452 nm and 504 nm. (k) The crystal structure of Sr,Si,0, and the

schematic for Eu™ occupying in the interstitial channel
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Fig.4

(a)The crystal structure of Ca-a-SiAION. (b)PL excitation and emission spectra of Ca-a-SiAION: Eu™. (¢)PL excitation

and emission spectra of Ca-a-SiAlON: Ce™. (d)The crystallographic site of Ce’ ion in Ca-a-SiAlON: Ce™. (e)PL excila-

tion and emission spectra of AIN: Eu®. (f) High-resolution STEM image of Eu, Si co-doped AIN in the [ 110] direction
and EDS mappings for Si, Al, and Eu. (g) PL emission spectra of (AIN),_, (SiC),: Eu*" under UV light excitation. (h)

Schematic diagram of the occupy of Ce™ in [SigNg] void at ¢~1/2 in La;SigN;;: AI*, Ce™. (i) PL emission spectra of
La;SigN,; :xAl", Ce™ (¥=0-0.30) under 450 nm excitation
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Fig.5 (a)-(b)PL excitation and emission spectra of KHF,: Mn"*, and the inset in (b) shows the correlation between emission

intensity and Mn*" concentration. (¢) The formation energies for Mn*" occupying two different interstitial sites (IS1 and
1S2) or substituting for K*. (d) PL emission spectra of Ti* co-doped KHF,: Mn* (A,.=460 nm). (e)PL excitation (A,,=
761 nm) and emission (A,=430 nm) spectra of NaHF,: Cr’". () The schematic for Mn** substituting for Ca® or occupying
the 8-memebred ring interstitial site in Ca,_ Mg Ge;0¢: Mn>. (g) PL excitation and emission spectra of Ca,Ge;0,¢: Mn™
and Ca,_ Mg Ge;0,4: Mn>". (h)PL emission spectra of Cs,NaThCls: Mn®* with different Mn**-feeding concentrations under
278 nm excitation, and (i) corresponding CIE 1931 chromaticity coordinates and luminescent photographs. (j)The sche-
matic for Mn* substituting for Cd** and entering lattice interstitial site in Rb,CdClg: Mn**. (k) PL emission spectra of

Rb,CdClg: Mn* with different doping concentrations
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() RIAPEK Li-a-SiAION: Eu™ S il 4 (9 (16 LED #8559 % 556 0% 46 AR B 9 CIE 1931 €8 AR5 (b) ARl K
B-SiAION: Eu”4EH} 5 K,SiF,: M Z0H} il £ 149 3 4~ (56 LED 28 4 19 % 56 3% & (e ) T 88 5 19 (38 A7 5 () mini-LED 75
SR 7 K A S S T R B BR R () 556 LD 38 & Wi Rh 28 JE B B MR (10 LasSigN,;: Ce™, LO+10.2: LasSigN,;:
Ce*+LasSigN,: 0.2A1, Ce™ ) A & 6 IETE , B Hi(£) CTE 1931 0 AL AR I 5 58 19 IE 25 (2) 76 980 nm L& T, «-SiAION: Er”
i) % 4 22 G 1% K (h) 537 nm 1 558 nm & S SR JEE 1L 5 1B A5G 2R 5 () 43 506 793 nm 11980 nm 3K, a-SiAION:
B’ 14 46 3cF A5 L 1 199 5 A6 5 () IE L4 pe-LED (1 38 5 v i 4 8t fi?iﬁ]‘}‘mj& il 2 LED g4 , AL Befi7E pe-LED
VLT AMEIRI T 89 1R A5 () I Ca, sMgysGes0,6: 0.02Mn> 98 Y6 il 46 19 CQUT FAERR S, B 2RSS S s v g’

(a) Emission spectra of white LEDs using phosphors with different emission wavelengths, the inset shows corresponding CIE 1931

chromaticity coordinates. (b)PL spectra of 3 white LEDs fabricated with green-emitting phosphors 3-SiAION : Eu™ with different emis-

sion wavelengths and red-emitting phosphor K,SiFg:Mn*, and (¢) their coverage area in CIE 1931 color space. (d) The schematic di-

agram of mini-LED backlights, and photographs of as-designed mini-LED backlight and display demos. (e) EL spectra of two phos-

phor-in-glass film color converters (1L0: La;SigN;;: Ce™, 1O + L0.2: LaSigN;; : Ce™+La;SigN;, : 0.2A", Ce™) driven by blue LD, and

(f) corresponding CIE 1931 chromaticity coordinates and luminescent images. (g) Temperature-dependent emission spectra of a-

SiAION : Er* ceramic under 980 nm excitation, and (h) the ratio of 537 nm and 558 nm emission intensities as a function of tempera-

ture in (g). (i) The absolute sensitivity versus temperature plots of ®-SiAION : Er'* under 793 nm and 980 nm excitations. (j) Driven

current-dependent emission spectra of the NIR pc-LED, the insets are photographs of LED devices, and the photograph of a toy under
pe-LED NIR light irradiation. (k) CQUT multimode dynamic security label using Ca, sMg,sGe;0,¢:0.02Mn* phosphor
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(a) Cs,PbL,CL: xMn> % XRD 3% 8’5 (b) Cs,NaThClg: xMn* 1) XRD 3% &5 (¢) Las_,Ca, 5,SigN,, (x~0.77) [ fh 7K 45 14

NP B Ca™ i 3 R EC O A BT 5 (d) B-STAION: Ce™ 1757 23 BE STEM 8 5% 5 () AION: Eu™ 1 755 43 9 STEM & A &
Al Mg.O N Fl Eu i 75 2 40 i 825 () Cu' 75 £F 807 45 49 CdS 40K & 5 48 (8] BR (4 STEM 8 55 (@) Er #3828 GaAs 1Y
LIS 4 Br Ly 0 EXAFS kyCh) 35 18 DL KBS R AY Ex 45 Ga (57 F ] B2 AL A EXAFS 3% &5 (h) Mg,A1,Sis0 5 Eu®
A A Eu Ly 10 EXAFS 33 & K M 17 A9 18 B A5 46

Fig.7

(a) XRD patterns of Cs,Pbl,Cl,: xMn®". (bh) XRD patterns of Cs,NaThClg: xMn**. (¢) Crystal structure of Las_,Ca,s,SigN,,

(x~0.77) and the coordination environment of three different Ca® sites. (d) High-resolution STEM image of B-SiAION:
Ce™. (e) High-resolution STEM image of AION: Eu* and corresponding EDS mappings for Al, Mg, O, N, and Eu. (f)

High-resolution STEM image of interstitially Cu+ doped wurtzite CdS nanocrystal. (g) Fourier transformation of Er

Ly-edge EXAFS ky(k) spectra for Er-doped GaAs and the theoretically calculated EXAFS spectra for Er on Ga site and

tetrahedral interstitial site in GaAs lattice. (h) k’-weighted Eu L; edge EXAFS spectra and the corresponding Fourier

transform in Mg,A1,Sis0,4: Eu™
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