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ARG R FH B A B AR i G T
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diffraction, XRD), X 4 £kt i F RE 151X (X-ray
photoelectron spectroscopy, XPS). ¥ i H ¥ .
%% (scanning electron microscopy, SEM) il i
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030707-2


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) 030707

TR RLIE A A R R SO RS,
LI T 8 HEERE T SO0 PR 0 B 56
R

3 #R54#h
3.1 XRD MiX54a4r

KB I SisN Eut g4k 28 i XRD % & 4n
B LB RIBASEE i 1Y TG AT S 04 22 ] o i e
EH a-SizN, Ml (JCPDS #76-1408), F W] H H A
SiAHIY o B R AARSEHE. T AR SigNgEu* K4 i
XRD K, 350 o-SigN, Ak, BT 4
T R AT (B DL SR, X i
X T 3-SigNy A0, FBA IO L A R v e i 45
RBEF T a>BAHAE, (HAFFE 5 B a-SigN, Fl
i B-SigN IRA . HAh, 5RIBIE AL,
0% J5 W AN K S AT SR 67 2 345 3 3R G Pk 1 1)
MW, X—BG ] A FRRKE RN
Eu?t (T Sitt) A MGG 51 A s Ik, R
WATHIAE TR (2dsind = n)), T E P 44 K S5
T fA 20 BN, SR 5O AR OCTR 8
AR 1) db s W AR A T Ry — B B0,

....... Undoped SizNy
—— SigNy:Eu2+

---(201))

.- (101)
)

Intensity/arb. units

1 KRB SigN, Fl SigN g Eut 4k & i) XRD &%
Fig. 1. XRD patterns of undoped SisN; and SizN,:Eu?*

nanowires.
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K 3(a) /R T SigNgBEu4i >k £k () SEM JE
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i AT EDS WA sr g R & 3(b) Fiow, 3R
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resolution transmission electron microscope,
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Kl 2 Si;NgEuw99K& i XPS  (a) 23E; (b) Si2p, (c) N 1s, (d) Eu 3d 4945 40 3%
Fig. 2. XPS spectra of SizN;Eu?*f nanowires: (a) Survey scan; (b)—(d) high-resolution spectra of (b) Si 2p, (¢) N 1s, and (d) Eu 3d.
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Kl 3 SiyNgEu*4ikZ:  (a) SEM EI%; (b) EDS Eli%; (c) TEM Bl (If &4 FFT EI{4); (d) HRTEM K%
Fig. 3. SizN,:Eu’** nanowires: (a) SEM image; (b) EDS spectrum; (¢) TEM image with FFT pattern (inset); (d) HRTEM image.
A AE B AT AETE AT A RE B R IR AR 15 18 2 But Gl IR AA7E Butfl B PR 25, (B8 PLOGIERY
BT, K T B &0, IF R 5 58 T Eu 550—630 nm i [l A I AAGIN 2] Eu® f9REAE % 5
BT RRRAE & . RS XPS 43 B UE S2RE f I (41 ~612 nm AL #Y *D—TF, BRIT). %k — B4 Al
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—— Undoped SizNy
—— SizgNg:Eu2t
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Bl 4 KIBZR SiyN, Nl SigN,Eu9 >k 2% 3 kG 1E 1%

Fig. 4. Photoluminescence spectra of undoped Si;N, and
Si;N;:Eu?* nanowires.
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KR GWFFE SigNEut 48 K 28 1) K 1 1% 8k
e, ARBFFEMHAE 0—30 GPa JE J1iE BN I T THE
SRR E e, 258 R FE 5(a). [,
FETE R S e ad B v TR R ) SRR
R R IR BT [l — B AT X He AR (K] 5(D)).
TERE N ST, Bu*t 8 F 1 4 5 d'—4 {7 BRIiT A&
S e KA (MRRE S T R 3)), JHAERE TS
JEGEIRAR. it BT A IR AT DL R 0L
FLB) Jo G (D 0 [ 1 (R ) A2

HR 4 12 S 19 & Gt ik, FRATITAL T AT )
T ARSI B, A5 RWE 6(a) BT, BEE
JE SIM 0 GPa ## & 30 GPa, Eu2 iy & 545
M 589 nm ZIF & 630 nm. ZLABME FEHIFE T

3.5

WM SE RS Sk )2 B R Bu?t B2 B ALY 3R SR R . Eu-N 21 [R]FE R4 L
ERBTT H—2, BIFE Eu*t /En* R G M S A1 FHL 2 IR A0 19201, 3 6 P 28 e [R] 5 3 Eu?
fé
£
3
B
E
4(')0 50(') 600 700 I S(I)O
Wavelength/nm
(b)
6.1 GPa 10.6 GPa 21.2 GPa 25.4 GPa
50 pm
R0.4 GPa R7.5 GPa R12.5 GPa R19 GPa R23 GPa
B 5 (a) SisNgEu 4K AE 0—30 GPa JE JJVE N I & SHGREAR 4k, 45 THE (030 GPa FIHIE (30—0.4 GPa) i & (#& i
1 Ax = 355 nm); (b) A& AF SigNgEut iy B8 A
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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640
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— Fitted line -
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e
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K6 RAF-BURIEFR F Eut (a) K B0 T 2 (b) 2 R 98 (FWHM) B R 142 1k
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.

1) 5 d BEZLREREFEAIS. A SpHiderhuco Bl R 07 i A2 AT
WA XRRGWMBE, UEFBERI N =
1.45P+590.49, LA LB R? = 0.993. FE LR J13E
BBl N, 25 Tz 4Pk ¢ & 1Y R 07 D 1 A o FE 24
H4+0.12 GPa(fL & HF k= 1, X2 68% M)
{EAER), XF N A ) REBUE 2N 1.45 nm/GPa.

FWHM J& MR 45 & I3 400 19 %0606 1% 45 1 1Y
(I &l 6(b)). % PL %4 1Y 58 B FWHM 24 K
106.5 nm, JfplE E SR8 % 131.3 nm. RH
L B X AR AL 5 TR T R (R? =
0.995), iR H: I' = 0.84P+106.23. T i%
RANEOC R, F 70 & 05 bR HE S B A BE 2
4+0.51 GPa(fU & KT k = 1, X1 2 68% (& A5
WER), IR I REUEA N 0.8% GPal. Bk KAk
Yoo BE i3 K 25 S BOE KRB 40 2L, G5 il -
FEFFRA, TR A P R R AR R AR, T 5 1 Ak
RGBS PO (H AR R, FEEE S,
M DAC W e 18 W B T B IR A B, TR
FRgEHE L (K 6(a)) AR 2T (8 6(b)) YK
523 FRAR B AR R AUE, X RTINS 8T =
JET EA B Al i

HISCRSE R, FEATERR IVER T 8L &1
HiERE By, H I R ETRRE 2 % AR AR AL N
Kl 7(a) 7, SigNgEu* iR 1) (A bR bl T 0 1
K&k W P2 3T CIE @A R 1Y i 2 AR
Ak, FT3E A H A AR 5 R T AR G 2R SE RS
JEFE 18 % & 7(b), (c) A alER TS (P) 5
z, y OARFRIIIE CR, MEBMFE IR ZH R
%, BiaRk=h

x=—6.73 x 107°P>4+3.62 x 107°P4+0.48, (1)

y=4.74 x 107°P*=3.69 x 107°P+0.47.  (2)
RV R G2 R RN T, R
2B HAR R B REGJE (S,). S, & Ry Y
1dC
=[5 3)
Hr, CRFORIME (25X y). FET LRIUA R
B RS E] SigNgEw gk 1) S, 5 Rl 11
AL AN 8 Fir 7s . Hedie RORH X RS 43 Sl 36 B
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FEIREARAT e RS SR BEAERT AR R0 W fe 1
Wi (229 7.9 GPa), KJa B —25 T E ke
SRS, WILRAYTREE T BT REIR TR0 R 5
BRURME. — M5, X T 2R B LGS T
AIZOEATRL, This i AL 25 B R SHE 5 1 =
U, H B 2R A T B AR R
A8 St PR ARG BA ARk 4 51 R 1 L -
FHEGHE R | FRERLAR S T BUN 2 A st
) 230 R A RE AR Y DL K i A A Bk
Fea 0 A ST 1l 01, SR, B+ 14 S i B 5 21
MO T H 5d A 285 55 L T T I =2 [A] i BE R OC
R BT AR RE AL | BE A% R AU SR Bk 4 e
25 ZA PO R AR R AT AR R RE R B AR X o7
B TS AR S5 R T i BE AL B ), X OE
JEAE TR T S5 But i 41°5d" — Af7 B SRR Y
INTEALER. J5— 7T, O5m BETEIR B AE 5 T
Ko, AT UA PR T 1S SR AL A8 L R T T 3R VAR A
AR GRSE /e s Y AT AT e S NP =iy R
0 N B b A T By VRS PR E | UL e oy ity A
An AR B T L) B S 5R B whs, BIE A
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SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties

High-pressure fluoresence properties of Eu?t-Doped SizN,
nanowires and their application in optical pressure sensing”
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1) (College of Physical Science and Technology, Bohai University, Jinzhou 121013, China)
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3) (College of Physical Science and Information Engineering, Liaocheng University, Liaocheng 252000, China)

( 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
4f55d—4f" 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 Si;N,:Eu**
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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Talents (Grant No. XLYC2403017), and the General Program of the Education Department of Liaoning Province, China
(Grant No. JYTMS20231627).
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