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Bl 1 LagsosSro10sBg Al E 1 7R 2
Fig. 1. Schematic diagram of the LaggsSrg105Bg crystal

structure.
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Fig. 2. (a) XRD pattern of Lag,SrysBs nanoparticles prepared at different reaction temperatures; (b) XRD pattern of La; ,Sr,Bg

nanoparticles prepared at 1150 C.

ﬁK La17$ST$B6 *ﬁﬂ{ﬁ/ﬂ XRD iJEff:lzl ﬂ{%%ﬂﬁﬁ@u,
M Sr BAKRE N ¢ = 0.2 B, YHE T CsCl-AIST
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0.8 B, fir el B AR AR BA 21k, TR A
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3 A SN R A 1150 AT 1200 °C 40K
La, ,Sr,Bs B3 KA SEM MELRE H-. I 3(a)—(d)
ATLAE Y, MR EESR 1150 C B, il i gk
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30 nm. [&l 4(b) b Fr ik £y SUBURL A JE 55 i
Kl 4(c)  J& BBk K HRTEM /i k& AH I8 H-,
AT ST PE d = 0.15 nm Al d = 0.21 nm 5
(220) &h AT (200) AHXT R (] 4(d)), 2B ik
(1) B ABURE Ay 245 it 0 i R A P PR R AR BT 4(e)—(g)

h B PR S UK (Y La, Sr, B X 3 ot & 404
B, ATLATE 2 Y X B TO R Y S A e oK B
e I, WA Sr R B T 40K LaBg 144
F&AL.

3.2 44X La, ,Sr,Bg ¥R EISEIRUL

5 b4k La,_,Sr,Be 5 A A4 IR AL il £k .
s 5(a) Bz, LaBg QUSRI E 591 nm
b, WS AE ST LT AP X . T Xiao 55 P71 Ay TH5
450 Kimura 55 28 (9S85 45 5 AT 1, 78 LaBg
B W S A A B R P38 S R e/ N RS, 6
B 591 nm B6E R T LaBg 40Kk F. 4
St B IME » = 0.2 B, EBHOLW KB =
602 nm (& 5(b)). X St M B LI K E 2 =
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Kramers-Kronig 7% 4 5¢ 215 8| Tt T X RE &
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Fig. 3. SEM image of La; ,Sr,Bs (z = 0.2, 0.4, 0.6, 0.8) nanoparticles (a)—(d) prepared at 1150 C, (e)—(h) prepared at 1200 C. The
lowest side shows the elements mapping and EDS analysis of La, 4Srj ¢Bg nanoparticles.
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6.1 V. [ 6(c) /s B 2p Ml 2s B T2 50 B T
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Kl 7(a) i Lag s75S10.105B6 b #71 HL BRI K0
fetZe. IIE 7(a) AT F H 5238 &) (w) M HUA X3
(1(w)<0) ZESR BN B IE 19 XK (e,(w)>0), FeH]
TE ey (w) = 0 B EA T & RAFI B M
AR TR S ALE (1.6 eV) 1S RE RO Rk
14 Foe IS RE F X 10 . Liag g755T0,125B 1Y AE F 451 2% R 4K
ULIE 7(b). FEEEARER X R T 34, 0 T
1.6 €V, 12.1 eV H1 21.2 eV. H 1.6 eV KRR
Xof R TS B TR UK RE, 12.1 eV Fl 21.2 eV
HEr el B 2p, La 5d 1 Sr 4d B4 45 B 114k
WOTHY K BTAR 29, M HS LaBg (A% % FIL R4
RAEHE 2.0 eV, Lag 75510 10586 1015 2 T 4R
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Bl 4 41K Lag,SroeBe ¥ K 1Y (a) TEM B R . (b) B UK JE $i B A . (c) HRTEM & J; (d) B (c) W9 f§ B 0t (FFT) 28 4t
(e)—(g) I LAY 2 FHBURLAY La, Sr, B oG &R 40 &l

Fig. 4. (a) TEM image of Lay,Sr;¢Bs nanoparticles; (b) selected single crystal morphology; (¢) HRTEM image for selected single
crystal; (d) indexing FFT patterns from panel (c); (e)—(g) La , Sr , B element mapping for selected single crystal .
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Fig. 5. Optical absorption spectrum of La; ,Sr,Bs (z =0 (a), 0.2 (b), 0.4 (c), 0.6 (d), 0.8 (e)) nanoparticles.
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Fig. 6. First-principle calculation results of density of states of Lagg7551( 195B¢ crystal.
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Fig. 7. (a) Dielectric function and (b) loss function spectra of Lag g755r 125B¢ crystal.
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TR A 2 AR Fp T IR SORE ) 82331, R, X AR T &
ST AR R D, R, FEAR Y Hoks k2%
SrBg 2 i B (1 #4 kS 1 we T R O R g
La, ,Sr,Bs Z mERRIT. T 2 Mk n ioh 5
s RN ] S T & SRR R AR T340, DR S el
T, SRS — PR 5 SrBg AN [H] S A
(3% T, I75 SrBg 22 S B AR S g0 45 R kA T
oA, Bedb B iR s B R ey e R A&l S1(online)
Fir7n . 8(a)—(d) b B SrBg #9 (100), (110),
(111) 1 (210) /& T S5 00 25 #4 B2 3 i1 Ty i B L
[l 8(a) 7 (100) & TATHE A 1E LAY Sr i+ 5 98,
AR Z, SR R B I-2.608 eV.
M Z R, (110) A1 (111) fb 1o 24— 247 6 e
) B JEF 4. BT B JEF 22 R DR E 1 S
B G, W3 A iR, bl el
3% DA R, AR 2.694 eV F1 2.974 eV. #H
b2 T ANE 8(d) FIEREE ) (210) fai B JE4L
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(T BR BN 7E 2.608—3.378 eV JLREIN. I H¥ Sr
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BT SrBg 2 i HUATESMINHL Dl 2000 V, A
[vi) & SR B A FL A . NI 8(e) T, 24 B
TSN 1673 K F1 1773 K B}, e Kok S e i 2 1 43
A 1.6 AJ/em? F12.3 A /em?. K] 8(f) MFETFIE 8(e)
B H R LA IE A 2. ME 8(e) W1 1673 K Al
1773 K B B %3 K3 T, 435024 0.97 A/em?
F11.79 A/em? #F]H Richardson-Dushman 243
e = KTIn(AT?/Jo)BUiHE T SrBg £ Al ik
FSF- A RS R Bl 2.845 eV, Rorh T R IR
JE, K RBERGS W, J, NE R SR
A M Richardson #%§ (120 A/(cm?K?)). SZEHMAS
SrBg Z b H A BT R %L-2.845 eV, HHLE T
SR 5.

214204-6


http://doi.org/10.7498/aps.70.20211069
http://doi.org/10.7498/aps.70.20211069
http://doi.org/10.7498/aps.70.20211069
http://doi.org/10.7498/aps.70.20211069
http://doi.org/10.7498/aps.70.20211069
http://doi.org/10.7498/aps.70.20211069
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 2 3R Acta Phys. Sin. Vol. 70, No. 21 (2021) 214204
(a) @ = 2.608 () (d) w
Do See. ot ¥ e % ¥
(110j—> . &
| S o S O S T A I P
@ - | L 1 | Y L
-V L d Ty o€
® | le<g < ‘u?‘-ct‘u
e ) -
_. 3.0
q (e)
£ 251
3 SrB
i Jol 6 ......-.i'.l
> L
% 15f ® e )
5 o’ -
E 1.0} .l ".,r'
g T —m 1673 K —m 1673 K
E 03f guet —e 1773 K e 1773 K
0

0 400 800 1200 1600 2000
Applied voltage/V

Bl 8 B SrBg 1 (a) (100) T . (b) (110) M. (c) (111) 1 . (d) (210) Ifif A9 £ #4732

—0.6
10 15 20 25 30 35 40 45 50
Uo-5

B RO AL (e) SrBg 22 dh R IR A

FL T AT L U B A e R AR A 2R (F) SeBg 2 AR 1g - U 05 4%
Fig. 8. Schematic diagram of (a) (100) surface, (b) (110) surface, (c) (111) surface, (d) (210) surface of single crystal SrBg and the

calculated results of escape work; (e) thermionic emission current density of SrBg polycrystalline bulk with applied voltage; (f) lgJ-U %®

curves of SrBg polycrystalline bulk.

20 20 20 20
~ (a) (b) (c) (d)
|
B 16 Lai-aSrBo 16 | 16 F 16 |
& & 1673 K & 1673 K - 1673 K - 1673 K
< —o— 1773 K o 1773 K - 1773 K —o— 1773 K
= 12+ 12f 12t 12f
k=
2
2 8t 8t 8 8
=
=1
Q.)
E o4t 4t 4 4
=]
O
0 . . . 0 . . . 0 . . . 0 . . .
0 500 1000 1500 2000 O 500 1000 1500 2000 0 500 1000 1500 2000 O 500 1000 1500 2000

Voltage/V Voltage/V

B9 Ly ,Sr,By £ fh S U hy et T 5T ot o 65
Fig. 9. Thermionic emission current density of La; ,Sr,Bg bulks: (a) 2 = 0.8; (b) z =

K 9451 T La, ,Sr,Bg Z MR F 4%
SR FL O R B AN I S AR At 2. iR 9(a) Y
W 45 W] 401, Lag St sBg 7E 1673 K Fl 1773 K
N PR i R S FEL T BE 23010 2.45 A /em? T 5.39
AJem?, BT H— SrBg BYHLEEE. MIE 9(b)—
(d) AR, Lag 4Sro 6By, LaggSro. Bg, LagsStg.Bs %
A IRLE BRI 1673 K H 8 5 R R S Fi 2%
8k 4.45 AJem?, 6.07 A/em?, 6.84 A/em?, F
BT AR S IR E T R R 1773 K
I, 3% 26 22 SO A die R 5 v Ut 8 B8 R A R
Z14.55 A/em?, 15.34 A /em? F119.36 A /em?. [ 10
M La;_,Sr,Bg (z = 0.8, 0.6, 0.4, 0.2) Z bk
M R REAME I 2, 37 R R TR (o) FIARK
UIeR%L (@) A1 F 3% 1. WTLUEH, La, Sr,Bs 2

Voltage/V Voltage/V

(a) £=10.8; (b) 2= 0.6; (¢c) 2= 04; (d) = 0.2
0.6; (¢) z=0.4; (d) z=0.2.

Bk i) M DB Sr 844w Wi e 0N, 1
PR R R 2.552—2.845 eV ZJH], #IH TR
- T &2 S RE. Futamoto 2% B9 Fil Swanson
5 10 SR FH BRI ) vA A5 I B LaBg (100) &I
TE 1873 K N, S K AGTHLI A 3314 8.5 A /em?
i1 2.1 A /em?. T X HRIEHI 419 LaB, (100) &
THITE 1773 K B, Se KIS 29.4 A /em?.
J) B AR BT) ) £ 1 LaBg £ ShHUARALE 1793 K B,
KRR SE N 17.41 A/em? I FRESHE
AEAT 1, A ST 450 Lag ¢Srg oBg it R & S LR
BREN 19.36 A/em?, IZEE R T AR Rk A
A B F AR AT T DX ok ) B A AR R S M .

1A 22 R BAT VR AR, P8 R & G AR
SO0 A S AR 4 N FH A 5

214204-7


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 2 3R Acta Phys. Sin. Vol. 70, No. 21 (2021)

214204

HH AT LR SR BE G I
LT IS RE B, #3004 B
FIH B T BB, (R, ) UHEWT 22 o0 H 1
NS Lay_,Sr, Bg 2 fh AR TR T A TSR
HE RS D DI O, FAhZ R, nl AR

23 JARYIE S, DNIU/IN 13 2y, 35 T & S HL I
R MR LK, SRS — R AT
SrBg, Lag 19551 s75B6 Ml LaBg BB K AELL. 45 &
BT 90 7.692 €V, 7.885 eV F1 8.016 eV,
T TERMIE R, SHgs R e 28, K

La JUER G NBORBES T, Wb/ T T BBk 2 F

PLEL R ZE T K 11 .

1.0

(a)

0.8

0.6

lgJ

0.4rf

0.2F

0F

1.5

(b)

1gJ

10 15

35 40 45

lgJ

1.5

(d)

lgJ

10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45
U0.5 U0.5
10 La, ,Sr,Bs 2 fhB ik 4 4 EAMER L (a) 2= 0.8; (b) = 0.6; (c) 2= 0.4; (d) = 0.2

Fig. 10. Typical Schottky plots for La; ,Sr,Bg bulks: (a) z = 0.8; (b) z = 0.6; (¢) z = 0.4; (d) z = 0.2.

Vacuum level

Prag,
DrLa-doped SrBg B,
Fermi lovel trt 1
ermi leve e e e e e
- - REEE
Pure LaBg 1 Fermi level b c e e e e
107 L al AFE :
T2 La J La-doped SrBg Fermi level e~ e e e e~
b = S .
] 5, P )
| 50 @b % & ; & % Pure SrBg
B {Sr
St
Bl . [,al o S S
2y P o i B e u\r i) s L
D Y @ S o ogn o
- La
v < 4
alence band (T y 2 r
2 &
&
Valence band
Valence band
11 BT 0 Lay ,Sr,Be 358 # e & S LB R 22

Fig. 11. Proposed mechanism of the La; ,Sr,Bs enhanced thermionic emission.

214204-8


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 2 3R Acta Phys. Sin. Vol. 70, No. 21 (2021)

214204

#* 1  La; ,Sr,Bs (z =1, 0.8, 0.6, 0.4, 0.2) £k
ARG KSR Jy A RGR ) o,

Table 1.
the effective escape work ¢, of the polycrystalline
block La, ,Sr,Bs (z =1, 0.8, 0.6, 0.4, 0.2).

Zero field emission current density J, and

TYRGUREE () s )
Compound
1673 K 1773 K o/eV
SrBg 0.97 1.79 2.845
Lag 2510 sBg 1.67 473 2.691
Lag ,Sto Be 3.5 8.7 2.585
Lag¢Sto.4Bg 41 8.3 2.573
Lag 5510586 5.39 10 2.552
4 % i

SR JH T8 AR B2 g v il 4t T 2 09K AR 1Sl
16¥) La, ,Sr, B ¥3 K, SR 5 R A o 55 89 7 be 4
A TR B 22 SR AR A A R
T, 4 Sr BB 2 = 0 KF| 2 = 0.8 i,
4K LaBg B 56K M 591 nm Z0# £ 658 nm.
Z PRI T R AR R, BiE Sr R R
/)N, LaBg Y5 R & 5 HL Ui %5 B DA 2.3 A /em?
RPEREINE] 19.36 A /cm?, FBUH T & S HERER 3
RO, BRI AR R, S B UFE LaB,
RS B TR BE B AR, T SO K478
A, La SRR B B3 K 2308 La, ,Sr,Bg 20K HE
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Abstract

The optical absorption property of the nanocrystalline La,_,Sr,Bg powder and thermionic emission property
of the La,_,Sr,Bg polycrystalline bulk are investigated. As a result, the transmission wavelength of LaBg is red-
shifted from 591 nm to 658 nm with the increase of Sr doping content. The emission tests indicate that the
thermionic emission current density of La, ,Sr,Bg polycrystalline bulk increases from 2.3 A/cm? to 19.36 A /cm?
with the increase of La doping content under an applied voltage of 2000 V. The first-principle calculation results
reveal that Sr doping LaBg leads plasma frequency energy and Fermi level to decrease, resulting in the tunable
characteristics of transmission wavelength and enhancement of thermionic emission. Therefore, the Sr-doped
LaBg as a multifunctional ceramic has a potential application in the field of optical filter or becomes a

promising cathode for microwave device.
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