FE59% F15H/2022 £ 8 B/ A EHBFEHE IS X

iyt Bl I ZFIHE

U] 2 i A1 775 45 2% A1 8% 8 9 B 100 S Ais T 20 A 80ROk

AR T, BRA, R, AEA
VIR A R SR RS BE L AR R R SR S s, WL e 315211
EPEE R W VLA O L AR A R B AR A TS SRR, WL Tl 3152115

ST R AL AN R R BT DA S L, W Tk 3152115

YT RS BE, Wi T 315832

WE  RUE R SCR S &6 RE G WA A W A% A% R 7 R IR I S S 5L AT TR R R R SR . X RO RR AW
PR A o8 3 A 8 T T YR ALk PRI A 2 ORI L T I 2 L R A PR o AR S ek el R B IS 0 IR 4 I 5 A RIS il A% 1 A
PTG N AF R e R IR P & Il & TR 7R A 4, B RG A FE 1B 22T PR b B B . LR85 SR R e B iU L 456
ELA 55 v I 2 SR 6 B2 %) 0 3 R A AR R 0 ORI ) 1T AR 1 R/ IN RO AR DL R T BRI T 0 36 M D= Te, BRI 4F 42 T AL
T 5 D, - T e, 5 2% B R 5 3% 585 b S 30 808 nm 40 #0552 3 114 1o 285088 o 5 0T 21 40 kO o

KEIWW  ARE; WIS IRRERDIE; YTWOREUCROE,; Rl MK REE

FESES TB321 XHARER A DOI: 10.3788/LOP202259.1516005

Tetratellurium Clusters Embedded in Borate Glass Matrices
for Broadband Near-Infrared Photoluminescence

Tan Linling"*”, Wang Shuo"*’, Zhou Gangjie"*’, Xu Tiefeng’, Lin Changgui"*’
'Laboratory of Infrared Material and Devices, The Research Institute of Advanced Technologies, Ningbo
University, Ningbo 315211, Zhejiang, China;

*Key Laboratory of Photoelectric Materials and Devices of Zhejiang Province, Ningbo University,
Ningbo 315211, Zhejiang, China;

‘Engineering Research Center for Advanced Infrared Photoelectric Materials and Devices of Zhejiang Province,
Ningbo University, Ningbo 315211, Zhejiang, China;

‘Ningbo Institute of Oceanography, Ningbo 315832, Zhejiang, China

Abstract Cluster complexes with steady, effective, and broadband emission hold great promise for applications in
bioimaging, sensing, optoelectronics, and lighting. The synthesis of such cluster complexes usually depends on solution
processing and wet-chemical deposition approaches, which face considerable difficulties. To synthesize all-inorganic
tellurium cluster in supercooled melts (e. g., Tellurium cluster-doped borate glass), the tellurium’s morphology is fine-
tuned by modifying the glass network topology and melting conditions in this paper. The experimental findings reveal that
under a reducing atmosphere, integrating glass with a high degree of network polymerization and alumina dispersion effect
regulates the size and shape of clusters to stably form near-infrared active D,,-Te, clusters and achieve high-efficiency ultra-
broadband near-infrared luminescence pumped by 808 nm laser in all-inorganic tellurium cluster D,,-Te, doped borate glass.
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Fig. 1 Structural units in borate glass. (a) Boroxane ring; (b) triborate ring; (c) bis-triborate ring; (d) diborate ring; (e) metaborate ring;

(f) metaborate acid chain; (g) pyroborate dimer
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Fig. 2 Luminescence properties and topological network structure of glass samples B-xC (=0, 0.1, 0.5, 1, 3, 5) with different C

content. (a) Emission spectrum pumped by 808 nm laser; (b) Raman spectrum; (c) "'B solid-state NMR spectrum; (d) Al solid-

state NMR spectrum
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Table 1 Assignment of Raman bands for the borate glasses

Peak position /cm ™' Assignment Reference
360-460 ring bend of metaborate rings [20-21, 27]
550 symmetric B—Q@—B stretch of BQ, units [20, 23, 27]
660 B—®—B8 stretch of metaborate rings [22, 23]
700-730 B—®—B stretch of metaborate chains [20, 23]
750 symmetric B—@0—B strelcb o'[ six-@ember rings with two BQ, (2122, 24]
tetrahedral (e. g. di-tri-or di-pentaborate groups)

770-790 symmetric B—@—B stretch of six-member rings with one B, tetrahedral [18, 21, 26]
908 B—O" stretch of orthoborate groups [21-23]
1040-1080 B—O /B—®—DB stretch of diborate units [21, 23, 28]

1300-1500 B—O" stretch of metaborate rings or chains [21-23]
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Fig. 3 Absorption and luminescence properties of B-yAl (y=0, 5, 10, 15, 20, 25) samples with different ALO, contents.

(a) Transmission spectrum; (b) excitation spectrum pumped by 910 nm laser; (¢) emission spectrum pumped by 645 nm laser;

(d) emission spectrum pumped by 808 nm laser
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Fig. 4 Topological network structure of B-yAl (y=0, 5, 10, 15, 20, 25) samples with different Al,O, contents. (a) *Al solid-state

NMR spectrum; (b) Raman spectrum; (c) evolution diagram of tellurium clusters
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Fig. 5 Transmission characteristics, luminescence properties and network topology of glass samples with different TeO, contents

B-zTe (z=0, 0.05, 0.1, 0.5, 1, 3, 5). (a) Transmission spectrum; (b) NIR emission spectrum pumped by 808 nm laser;

(c) Raman spectrum
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