) 32 % 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030807

£

A = ETHSERYEEESRARE

Eu?+#52t Si;N, K Z&B 5 E K 4514
RENZEHER

Bl REEVF BEXAED  EMREUV O EFRD X4 A
1) (B R ERl e SRR SR, #M 121013)
2) (R AR R 5 TARABE, 40 121013)

3) (WBR 2Py 3Rl 2 55 B TR AR, WK 252000)

(2025 4F 9 H 28 HILHE; 2025 4F 12 A 25 HUEMEH)

K LI NS B TR E AUk ik, B & T Bu2HB 2% SigNy(SiyNEut) 40Kk 3 3L T H & kg
2185 2 i i R TE B AR BR AR Ak, T R — R L AR el O 2 TR AR AR IR AR R AR RGO T R
22 0 8 €0 8 B, F0 5K 2 589 nm, SRR T Eut B F 19 4£55d'—4f7 BR1E . 38T X G ATHY . BE i DG
T 8 ST R R R OIS S R G RAE, RIAGNOKR L A AT 4 v RO ERE. TR R RO
RACMAX 7R, 76 0—30 GPa JGHE P, &5 R W FH LI (dN/dP = 1.45 nm/GPa), K HHigHr 58 5 [F] 25
JE%E (AFWHM/dP = 0.8% GPa'!), At trR 2 AR (S.(y) = 0.78% GPal). KL PGS H e S5k
JVENIARE XS MG R, ST o B ) AR R AR A LA R R U L R R (13K 30 GPa) KA SR

SHENE (23 GPa TABLRE 38% W1 iR & OGHRIE ), 7RI TR | A7 A P9 R AT 5 55 T 20 ot S0 M 300 26 A o P 5

e R Ji 7 Y N TSR

XREIA: RULRE, JLECROL, miE, R
DOI: 10.7498/aps.75.20251340

il

1 3

VAR, T LB A ik SR R A BB Y
His T GRS AR R BT A L 3R e £ )
PE, 51k THRSE AR IE XSGR 1. 5 I A A
SR (I GaN A1 AIN) 280, &AL RE (SigN,) PHIH
FEA B A (5.3 V), G5 A0S B ML
REANAL 2= T Ve, T oy — R ERAR A BE Bp R B 32
ARk, TSR T 152425 RS R Y SN, E T,
FLHE =A% (Ce) . &L (Th). 46 (BEu) ALK —Hri

CSTR: 32037.14.aps.75.20251340

B (Eu)bl Horp ) Eut il FHMANY 4f—5d BT
SEY IS AT L TR T RCR B A R S R U e
], BRI 32 T B B . R OGRRE R 2K
T Ry T PR S PR 8 AT e el A A 45 A |
KRR T RO 140

R Eu e R B RIS, (A T3
BT SigNy A AS NAEAE B35 0 L, SEB
8. 50 Bu B 22wl Pk AR . L, Li 45 0
K FH T 2% R R 122, 1E No/Hy 4R F ot Si(NH),
5 Ew,05 IRA Y, I T BB 2411 SizN,
(SisNgEu?), I REMIE T HOEEUE JCReE. 75

* O EEE SR (EHES: 2023YFAL1406200). FE 5 H AR E RS (HEHES: 11874174) . ML A HFHERARAA (HiES:
XLY(C2403017) FliL T EETH LW H (S JYTMS20231627) B B RS,

# RS TTRRER
t BIEYEE. E-mail: wang_jiu_jiu@foxmail.com
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

030807-1


http://doi.org/10.7498/aps.75.20251340
https://cstr.cn/32037.14.aps.75.20251340
mailto:wang_jiu_jiu@foxmail.com
mailto:wang_jiu_jiu@foxmail.com
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030807

HMEEUE T, SisNpEu> R H i @58 £ 4T, &
ST 470 nm BT, RS, Su 5 7R HZE SR
I N X Bu #5824 B AR IR K S 94 K b ek 4 2041 AL AL
AEEE B IE AT SigNgEu? 9Kk, IrfsgKkek
& 570 nm 7~ H 5 RS G Ak, Xu 556 4R
1 TR BN A Si;NgEu 9k, Hk
FHTELE 590 nm 4k 2 B —AN5R FU A L — 50 &k
SpPUge. Li A O 3 ) [ SR Bk ek Jot 15 2 1 TR TR B 7K
G OVIE BRTIRAA, B 5 X RTIR AR T A AN
Y8 be b R £ SigN Eut 28 6k, Hk Stk 7e
550 nm A 7R H T & G X SERF R AR
ST SigNyEut BB Y A8 5 A O AT AT

SR, A TAEZ &b TAEHS U5 B0
PERE A RAE, X Eut & OGYERRAY 32 S 45 S HAL
HIF AN A = . AR, o FE S0 7 2 W 1l
SRR R IR RE R A AT B TRl 2 U A
TR R AR R EE R T RS, R RS
ROGHL B BEHR A1 5 BRI AT Ry 10 v R,
XF SigN g Eu? A& RAE = R T B &G B, —
ASHRIAEE (1) K FE X — 2 2R R 1)
FAY B AR, TR £ 2 F/E Z AL 3L 5
HRSEHLER AT, AR TR R AT A
) AR A B A ATLEE PR DL . [RIR, Sd it R
T1- RS CRPERINTESCHK, Al F R LT SigN Eu?t
(BT — OGP AL AR5 S (A6 s ) 4% &
%) B e A, R VAR B A

ARG R FH B A B AR i G T
SigN Eu KR, it X SZATHT (X-ray powder
diffraction, XRD), X 4 £kt i F RE 151X (X-ray
photoelectron spectroscopy, XPS). ¥ i H ¥ .
4% (scanning electron microscopy, SEM) Flizs &}
ML o 7B (transmission electron microscopy,
TEM) SH AR AEHETT T RGN 45H 5%
fiE, IR IRAL R D63 AL (photoluminescence,
PL) St 7 H S ot vERe. 2 TR A E
T B R G218 | I TE (full width at
half maximum, FWHM) J& 5& J& {4 4455 (chroma-
ticity coordinates, CIE) % 8J) %5 22 5 X S 24 i i
FRATTFF Kt — oy 0 AR 26 ik =X 2 TR ) A% kAl
AL AR R = R REE (AN/AP =
145 1/ GPa), I 5 FE5FHS F 4AE4E F5-0 5210
G55 EE, W A o A5 N A T e B e
R IR LR HIVE ).

2.1 Si;NgEu2 4K Z&BE

SR FHEL i R T F, B B T AR ORI R T
SigN g Eu2 4k £k 15, 9288 IRER N UG R, &
R ANER TAEN T, FE3EH EuyOg By RAE AR
TBIRIE. K BA T LR R R T A SRR
BB rf, DAESFT R ML . AR5 3 AR B RS, %
SEHLTEN 100 A, 38 1ot I R B ) RS R AR E
F 20 V. A FEALE 20 kPa B P EREE R
N5 min, Sz iR A S G I KO FH AR A R
BESHATHRESLAH). A A BB R IR A 68
IR SigNBEu? 4Kk

2.2 Si;NgEu 4k &t mR i

A TAER 23 00 B8R XERE fh i 2544 . JT
RO AT T R RAE: FIHPHAR
o6 DX-2700 BH %! XRD(Cu #!, Ko 584, A =
0.154178 nm) 43 7 FF & (1 ) AH 20 0 5 i IR 25 44
i#id Thermo Escalab 250Xi %l XPS il % #£ /i i)
R TCRE AR SHAL 2= N A R Thermo Fisher
Apreo Al SEM WLEAE G O OMIE S, I & HAE
HEEHOLHE (energy dispersive spectroscopy, EDS)
BF P REAT 0 ER B9 52 B 20 Br; A B JEM-2200FS
A TEM gE— M S AG 450 -5 oM 2544

2.3 BEXBELAMR

T it O AN e s 5 51 52 3 R FH BT X6 ok 42 )
A %) Tifih (diamond anvil cell, DAC) % & 5¢ 1.
T AT X Ta B AR SE ' 4 WA VR S Al
CRLE 1.0 mm, Al B4R 400 pm). SCEHT, B0k
JEEEA 250 pm 1) 304 AFENE T iR ZE 2 80 pm
J&, SRIEFIFHBOCATALEARTE IR G i 8 — A
HARZR 130 wm BIREL, 1E ARSI, BE)S, i
DAY 2SR S S AR S I, IR ey
FRIRA T, AT PRAE S B N REIETE B 5T K e
B R SRR 5 A ok T R )
B, B DR e 00 S %) R 1 R T SRR A
355 nm P FARBOCA UL T YO, HR S
ik 28 i B AR IR J5, A GIE I (Ocean
Optics, %524 895-12200-000 REV B) #4744
[ B, ) & 20 BER AL (Canon Eos 90D) SZ il

030807-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030807

SRR ) 2% P T B B TR S 51,
UL T FRIRBETOR 5 06 200 S, 5t
FIE.

3 HRGiHE
3.1 XRD M54

KBA I SisN Eu> 94 K4 1 XRD i &
B L BT7s . KRB AHE i I TG AT S 04 2 ] o i A
EN a-SigN, il (JCPDS #76-1408), £ H A
SHAHIY o B SIARSE A, AR SigNgEu 48Kk
XRD i, B E S8 a-SigN, HHAh, B BB T
Tom R AT ET I (B DL S i), XL
X T B-SigNy FH, & B SR il e ek A v s v A5 A
RIBESF T o> AR, MASFES B a-SisN, Hl
DR B-SiN IRA AR, AL, SRBIEENAMLL,
BIR G R LA S A 0 34 1 B R Gt )
AE R, X —BE I HEF RS R ER
Eut(FHXFF Sit+) B A bAs 5 51 Ahas iRk, #i
AR ITHR (2dsing = n)\), PR d 3 K55
T fA 20 N, R EER 5O AR OCTHR 18
AR ) fb R R A A T Ry — B B0,

(a) Survey scan O 1s

Intensity/arb. units

1400 1200 1000 800 600 400 200 0
Binding energy/eV

(¢) N 1s
n
b1
=}
3
8
£
3
~
>
s
b7
=
g
5
402 400 398 396 394

Binding energy/eV

------- Undoped SizNy
— SigNgEu?t

seees(101)

Intensity/arb. units

B 1 R4BZ SN, f SigN Eu 44K 4 i) XRD &%
Fig. 1. XRD patterns of undoped SisN,; and SizN,:Eu?*

nanowires.
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Fig. 2. XPS spectra of SizN;:Eu?f nanowires: (a) Survey scan; (b)—(d) high-resolution spectra of (b) Si 2p, (c) N 1s, and (d) Eu 3d.
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Fig. 3. Si3N;:Eu?* nanowires: (a) SEM image; (b) EDS spectrum; (¢) TEM image with FFT pattern (inset); (d) HRTEM image.
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Fig. 4. Photoluminescence spectra of undoped SizN, and

SisNiEu?t nanowires.
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Fig. 5. (a) Evolution of the emission spectra of SisN:Eu*" nanowires under pressure ranging from 0 to 30 GPa, including the com-

pression (0 — 30 GPa) and decompression (30 — 0.4 GPa) processes (excitation wavelength A, = 355 nm); (b) microscopic images

of SisN:Eu?* at selected pressure points.
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Fig. 6. Variation of (a) the peak center of the emission band and (b) the full width at half maximum (FWHM) of Eu*" with pres-

sure during the compression-decompression cycle.
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Fig. 7. (a) CIE chromaticity diagrams of SisNjEu?* nanowires under different pressures during compression; (b) relationship

between the a-coordinate and pressure; (c) relationship between the y-coordinate and pressure.
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SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties

High-pressure luminescence properties of Eu?*-doped SizN,
nanowires and their application in optical pressure sensing”
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( Received 28 September 2025; revised manuscript received 25 December 2025 )

Abstract

In this study, single-crystal SizN,:Eu?* nanowires are successfully synthesized via a direct current arc
plasma nitridation method. The as-synthesized product, characterized by X-ray diffraction, X-ray photoelectron
spectroscopy, energy-dispersive X-ray spectroscopy, scanning electron microscopy, and transmission electron
microscopy, consists of tightly packed bundles of nanowires. These nanowires have diameters ranging from tens
to hundreds of nanometers and lengths up to several tens of micrometers. Under ultraviolet excitation, the
nanowires display a bright yellow emission band centered at approximately 589 nm, which is attributed to the
4f05d'—4f7 transition of Eu?* ions. The photoluminescence properties are investigated under hydrostatic
pressure up to 30 GPa. As the pressure increases, the Eu?" emission band shows a significant and monotonic red
shift at a rate of approximately 1.45 nm/GPa. This shift is primarily due to pressure-induced modifications in
the energy level structure, resulting from reduced interionic distances and enhanced ionic interactions.
Concurrently, the full width at half maximum (FWHM) of the emission band broadens with a pressure
coefficient of about 0.8% GPa™, which can be explained by the combined effects of an enhanced crystal field,
intensified electron-phonon coupling, lattice strain, and distortion. A pressure-sensing model based on
chromaticity coordinate analysis is established, which demonstrates high performance with a maximum
sensitivity of 0.78% GPa !. The stable correlation between these optical parameters and applied pressure enables
high-precision sensing. The developed optical sensor exhibits a series of advantageous characteristics, including
high sensitivity, a broad pressure detection range (up to 30 GPa), and excellent signal stability (maintaining
38% of the initial intensity at 23 GPa). These results indicate significant application potential for SisN,:FEu?*
nanowires in high-pressure sensing under extreme conditions, such as deep-sea exploration, studies of planetary

interiors, and monitoring of ultra-heavy construction.
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DOI: 10.7498 /aps.75.20251340 CSTR: 32037.14.aps.75.20251340

* Project supported by the National Key Research and Development Program of China (Grant No. 2023YFA1406200), the
National Natural Science Foundation of China (Grant No. 11874174), the Xing Liao Ying Cai Program for Young Top-notch
Talents, China (Grant No. XLYC2403017), and the General Program of the Education Department of Liaoning Province,
China (Grant No. JYTMS20231627).

# These authors contributed equally.

1 Corresponding author. E-mail: wang jiu_jiu@foxmail.com

030807-9


http://doi.org/10.7498/aps.75.20251340
https://cstr.cn/32037.14.aps.75.20251340
mailto:wang_jiu_jiu@foxmail.com
mailto:wang_jiu_jiu@foxmail.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BuZ 251 N, AR R IIRE R TRt B2 A
By REE BRXE EHAE EFH AL

High.—pressure luminescence properties of Eu2+—doped SizN, nanowires and their application in optical pressure
sensing

ZHOU Minghan  ZHAO Jiahui  CHEN Shuanglong ~ WANG Qiushi  WANG Xuejiao  LIU Cailong
515 &, Citation: Acta Physica Sinica, 75, 030807 (2026) DOI: 10.7498/aps.75.20251340

CSTR: 32037.14.aps.75.20251340

TELR T2 View online: https://doi.org/10.7498/aps.75.20251340

MHAPZE View table of contents: http://wulixb.iphy.ac.cn

ST BRRRNER IR LAt SO

Articles you may be interested in

1 KT GaAsShARZL S IO EBUAO LT
Room—temperature photoluminescence in GaAsSh nanowires under high—pressure

YIBR2EA. 2025, 74(6): 067802  hitps://doi.org/10.7498/aps.74.20250042

18 T O, AR KR Aok 1 S PR B S L s 47k
Grain and grain boundary behaviors and electrical transport properties of TiO, nanowires under high pressure

PIBR2EA. 2022, 71(9): 096101  hitps://doi.org/10.7498/aps.71.20212276

R HIS, 0
Photoelectric properties of HfS, under high pressure

YIBR2FA. 2025, 74(17): 177801 https://doi.org/10.7498/aps.74.20250893

R R =6k SRAL IngN 54 . b B b T R 05— R

First—principles study of structure, elasticity, and electronic properties of ternary semiconductor Al,In,N, under high pressure

YIBR2FAH. 2025, 74(17): 177102 hitps://doi.org/10.7498/aps.74.20250287

o P 4 o < R AR R AL 5 W B S A R PR e L T

Optoelectronic properties of high pressure regulated transition metal chalcogenides and their heterostructures

PyFEEEAR. 2025, 74(17): 176802 hitps:/doi.ore/10.7498/aps.74.20250498

1 T BB X BE R A TIO, 22 i FL i PR BE A SR : S Uit LTI
Effects of defects on electrical transport properties of anatase TiO, polycrystalline under high pressure: AC impedance measurement

PIFEEEAR. 2023, 72(12): 126401 hitps:/doi.ore/10.7498/aps.72.20230020


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20251340
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250042
https://doi.org/10.7498/aps.74.20250042
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212276
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212276
https://doi.org/10.7498/aps.71.20212276
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250893
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250893
https://doi.org/10.7498/aps.74.20250893
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250287
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250287
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250287
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250287
https://doi.org/10.7498/aps.74.20250287
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250498
https://doi.org/10.7498/aps.74.20250498
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230020
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230020
https://doi.org/10.7498/aps.72.20230020

	1 引　言
	2 实验方法
	2.1 Si3N4:Eu2+纳米线的合成
	2.2 Si3N4:Eu2+纳米线样品表征
	2.3 高压光致发光测试

	3 结果与讨论
	3.1 XRD测试与分析
	3.2 XPS光谱分析
	3.3 微观形貌分析
	3.4 光致发光特性分析
	3.5 高压条件下的发光性能

	4 结　论
	参考文献

