Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

58 FRREB ¥ L T MR B P
g PEL ZRF SEE RKR® R ORAK
Electronic structures and emission properties of typical binary single crystal REB

Liu Hong-Liang  Guo Zhi-Ying  Yuan Xiao-Feng  Gao Qian-Qian  Duan Xin-Yu  Zhang Xin
Xing

5] Fi{% B, Citation: Acta Physica Sinica, 71, 098101 (2022) DOI: 10.7498/aps.71.20211870

TELR TR View online: https://doi.org/10.7498/aps.71.20211870

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

AT REBOGEBR  HAN S

Articles you may be interested in

B LaBO B A AR ST fh AT ) HRL TS5 44 LR S P REWT Y
Surface electronic structures and emission property of single crystal LaB6 typical surfaces

YIBR2AHR. 2018, 67(4): 048101  https://doi.org/10.7498/aps.67.20172187

CuBil =JCAL &Y b RS AL TN SO Bk RESH — M I BRI 5T

Structure prediction of CuBil ternary compound and first—principles study of photoelectric properties

YrHE2E 4. 2021, 70(20): 207305  https://doi.org/10.7498/aps.70.20210145

HET LA R IZ ) A S P T AR PR REI 1L

Performance optimization of graphene thermionicdevices based on charge and heat transport

PyF2EAR. 2021, 70(22): 227901  https://doi.org/10.7498/aps.70.20211110
NB> 5 28 SRRRHRAS M) Sk B — VIR 5%
First principles study of structure and property of Nb5+—doped SrTiO,

WIBEAEAR. 2021, 70(22): 227101 https://doi.org/10.7498/aps.70.20211241

In{B2% h-LukeO DM R AR AL TERE R S — P B

First principles calculation of optical absorption and polarization properties of In doped h-LukFeO,
YAz 2021, 70(3): 037101  https:/doi.org/10.7498/aps.70.20201287

B MINet—Y GRS 1) L4548 SUBBOT S5 14 A A #2380

Strain engineering of electronic structure and mechanical switch device for edge modified Net—Y nanoribbons

WIFEAEAR. 2022, T1(4): 046102 https://doi.org/10.7498/aps.71.20211748

Zhang Jiu-



) 32 2 3R Acta Phys. Sin. Vol. 71, No. 9 (2022) 098101

A~ JrH s REBg B FE I & ST 1ERE"

XA E DT FHEMY  FRED FHEMFY
BBREY KT KAXY

1) (LT FBer BBl 5 TR, P 455000)
2) (LI TP RAER BB 5 TR R, BT BE R R T A 0003, JEBT 100124)
(2021 4F 10 H 8 A3l; 2021 4F 12 H 15 AYEMER)

TIC R L STAEY) (REBg) HA 4= 6 B BEE BT, FLvb 58, LaBg BAT 005 1Y #L 7 A SE R, 520 —

JC REB; & 5 Mk BE 19 4 BEHLIE & HoAth — JC REBg & 15 H

A B R SRR, @ Bt — P AR SCR AT

W oK S Y 55— R B 5 X LR T S, REBg (RE = La, Ce, Pr, Nd, Sm, Gd) #7454 . Zh k%
HEAT T BB AT, X DX A 1 11 4 1) 125 I3 B B0 5 REB (044 R BT PE R HEAT T IR, L Fos ki g e ], —
JC REB # KRB M BA TR = 0% B, SE840 0 9GO0 R 1 d FIRE T REBg (L5 R SRR B 73,
JE B AT Y £ UEXT A SRR R DR BRI TR R BEA d SHHF 50 REBg (RE = La, Ce, Gd) A
AR T R . R SIS R0, DL F AR REB, (100) b T 3 2R B0 & 5 A 5 BRS04 (8 BE A7
KIS RS G LR R £, LaBg Al CeBg HA R A1 K S & G ERE, GdBs HAT K193 & S HERE.

KR Hfh REBg, S—TEIH, Dhedl, SOSHTERE

PACS: 81.05.Je, 71.15.-m, 61.66.Fn, 81.10.Fq

1 5

T OukE LB Y) (REBg) BEA #1015
ANFEEH L IT R, FICEA & Y B AR R
() % BT BE. LaBg ELHHIE R ZE A MR SR
T RMBL AR PRI B f 2 Tolk s 2
ZEARAF AN, #6375 % S skt 3 R A1 A
Y & R RHR B RN A ) 13 Bdl CeBg 7EHL
T B RS R, HE AR B T
5 LaBg, JF H i T HAELE 4F F 5d B B £ 1
Je B M AT S 0 H TS RN R P RE 1) PrBg AN
NdBy 7 KRR M AT 7 40 45 52 56 12 168, GdBg
Yy K 22 A 3 S S A IR R M R A 0 0 T 1)

i

DOI: 10.7498/aps.71.20211870

SmBg il YbBg B A #iFhPERE, 76 5E 5 A Y L
WA 52 e 10181 HE i F & 5148, Swanson F
Meneely!™ 3 15 $4 AL 70 0388 R R G HBATF 9T T B0
i LaBg, CeBg, BaBg Fl SmBg 1 &K S 1 fiE, £
B CeBg HA AU A STHERE. Bao 55 19 [’ &
P CeBg HA B LA LaBg BARMY T pREL. 1M
Futamoto 55 16, Olsen A1 Cafiero"™) i i< #4 g, -l
AL LaBg BA B AURY & SRR, 4 Lk
SCHRAT LA M, AN [R5 3 i 4 1P Jo 1 A i 22
S, PIHARAS 25 Rt BT B0 28 . iy HAth =3 o
LA NIk, B0 PrBg, NdBg, SmBy 1
GdBg S HAT RIFm R GtEReic At Tit—
5%, [RIE, 520 —JC REBg & 511 RE A9 W #EAL#E
QURTE 2 TN

* T AP AR Bh AR A (HEHfES: BSJ2021004), L RHTRHE T H ({5 2021C01GX007) FIE K B AR 54 (i

5 11804005) 7% B iFLEL.
t BfE1E# . E-mail: liuhongliang@emails.bjut.edu.cn

©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

098101-1


http://doi.org/10.7498/aps.71.20211870
mailto:liuhongliang@emails.bjut.edu.cn
mailto:liuhongliang@emails.bjut.edu.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

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 9 (2022) 098101

PRI, AR SCR 35 77 R BRI 1 3 — PR
B, 255 v B L 1 TR 2 SR S REIN I, XA
A TS % — 58 REBg (LaBg, CeBg, PrB,
NdBg, SmBg, GdBg) FIHLF4544 , (100) i i D) bR
BORRSIVEREFTTINE, BE T BoA RAF R S
it REBg, JH48/R T 3200 —J0H 75k & 54
PERERY Y FEHLHE.

2 SRR LS

H ok # REB; (LaBg, CeBg, PrBg, NdB,
SmBg, GdBg) [t ifl, fhRZEAEIANE 1 iR, &
i # + o X MAE 4R B T 5 4 LAY 17 B 5 1.
B JRF ARG BT R AR = HEAE RS54, 76 £ )R
FAETHESE ). 25k AR P A He e
CASTEP, ze# B BRI BRI (GGA+
U) k. iHE % ER GGA+ U AR FHIECH
HAER (U) %0, Raeni TRk (4f) 1. 3
AR Ao R R MR A ) LAY T U8 R T 1 R A Y
H E.. =400 eV, &R HAEEMILSHERR 2 x
10¢ eV/atom, i B X 43 % FI Monkhors-
Pack & X 0 m XTFRARIR & 857k, 1 H kPO 5
BEE N 12 x 12 x 12. R H R VASP
AP TR, THAARALR ] REB, fb o F4
FHRE (100) i 18 JE PR P AR i A (Slab) 51, H28
DR R BV Z o I O 20 A, TEIZEE TR
[Fl 2 Z (B AH B E R AT DL 2. A Sch 2 511
Y B T HEA O 2s22p!, La i By 7 A
5d'6s2, Ce My B FHEA My 4f15d'6s2, Pr M B FHETR
iy 4£36s2, Nd L FHEA Oy 4£46s2, Sm #r AL T HE
16 R 4£96s2, Gd #r e F-HEA N 4f75d16s2.

K 1 REBg W ah RS R E R
Fig. 1. Crystal structure of REB;.
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Fig. 2. Calculated electronic band structure of binary REBg.
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Fig. 3. Calculated electronic total density of states (DOS)
of binary REBg..
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Fig. 4. Calculated electronic partial density of states
(PDOS) of binary REB;.
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Fig. 6. Single crystal REB; prepared by optical zone melt-
ing: (a) Photos; (b) rocking curves.
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Abstract

Binary rare earth hexaborides (REBg) have different rare earth elements with different valence electron
distributions, which lead to different strange physical properties and different emission properties. However, in
the electron emission properties, whether PrBg, NdBg, SmBg and GdBg all have excellent emission properties
remains to be further studied, and the physical mechanism affecting their emission properties needs
investigating. In this paper, the electronic structures, work functions of typical binary single crystal REBg
(LaBg, CeBg, PrBg, NdBg, SmBg, GdBg) are studied by first principles calculations. The single crystal REBg are
prepared by optical zone melting method, and their thermionic electron emission properties are tested
experimentally. The theoretical calculation results show that the typical binary REBg have large densities of
states near the Fermi level. The d-orbitals with broad distributions in conduction bands are beneficial to
electron emission. The localized f-orbital electrons in valence bands are not conducive to their electron emission.
The theoretical calculations of work functions of typical binary single crystal REBg (100) surface are consistent
with the analyses of their electronic structures. The theoretical calculation values of work functions are ordered
as GdBg (2.27 eV) < CeBg (2.36 V) < LaBg (2.40 eV) < PrBg (2.58 €V) < SmBg (2.63 V) < NdBg (2.91 eV).
The experimental test results of thermionic electron emission of single crystal show that the experimental
thermionic electron properties are consistent with the theoretical ones. The LaBg and CeBg both have good

thermionic and field emission properties, and the GdBg has excellent field emission properties.

Keywords: single crystal REBg, first principles, work function, thermionic emission
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