3B 4, 2019457 H
Vol.32 No.4, July 2019

TR CH TR )
JOURNAL OF NINGBO UNIVERSITY ( NSEE )

R A O
I AT RIS T

Atk LiX (X=F, Cl, Br, DiYaf5 344

T
(TP PR SRS, WHT T 315211)

WE: AT EAREEEMGEEZ R, B8 5 HRIEFH RN GW LM, HH T B2 BENRK
#AA# LiF (001)-(1X1). LiCl (001)-(1X1). LiBr (001)-(1X1). Lil (001)-(1X1)% & #4 /2 F 4%
M sEM, GW MRS T BERZ BRI T F RS XKL, FHHE BT RE LREDn A
W GW 403t FL4% 8 69 LiF, LiCl 4= LiBr #9(001) & @435 LA i £ s, W T4k E @I A
TP R TR R ORI EAER, EAET A AT RESE. AR GW ML T

BB SR BB R mEE T oA, St R GW LMt AR e e A e T Hak S
Z IR B AR BEAT T SRR 4252, AN GW ML kg R @ae P M =T A%, Lil (001) & @EA

EFAAL, BmRA SRS,

KR MBI GW S, #i EAak; S HS

FE DS 0485

R A 27— SR R T ik E R,
XSR5SR GRS, WAL
BEES AT RENETZHE L BRI
R 2T B B G S 2 AR HE R 42
TE R BB A . B R RS FE A ESR
AN HAIBE B 0.2~5 nm), HAERALT
HAREREY. KRR FATSTSER Y | O TRk
SESEERET. BB T B S B T R
e S S TAT H R (R A, SRR R
BEWTHE: HTAEES; SRR o)
WAL, HAR TS R IR B (STM) [
U R R I RN R . A
K., BIEEEAORE, Fh G U EH A
DUR A 2 e s s B R A A 2 A A
I TR

HamEMALL, SR E LSk %
T B AR A IR E R 2. KR
TP SRR TR 48 2% P T 1 S FE S hNAL
A AN ERAY AL XTSRS, RS

XERFRRRD: A

MEHS: 1001-5132 (2019 ) 04-0073-08

BT HARER BN R HA FCENEE), 7ERH A
B HSZ P FEEGAS. B TPEGERSEIES
PEIPRAR, E5 hESRN B2 EAEH
N 2 1T 001551 A RE B AR T HURAY I 68
BT DU T R 40 2 R 3 T ) A% A R T
FESOEE A B TRE R I) Kek,

Joy e R ST DA 5 B V7 R PR T M SR
HBEBNREW LN, HRAREAREIEFbe BEi%
AISE) O AR AE L 25 Pz 3 3R T )RR AE,
D] LA RE SRS Bt i s 15 A2 o el 220,
— SRR A4 FH S ket eyl 2% S AL A P 7
AT BT SRk I ) SR s B AL 4 Jm R ThT
B ASRDE RE Y. White 25158 F k4N
HIEH) GW ITfel, Seitk)eie s B Xt 128 i
FREALH, T Al (1) FEEAES A, it
BN EG RSN R T ARERES KIS A
WEGAW) 5, FE I T AN EUR B R
434, Baumeier 2512 H A A EAE B IEA) S EIZ
PR F S (RN RARIEAY Jaydak 25 I (LI 25 P 7 R B )

Fs BHEA: 2019-03-14.
E2WH: ERHREERS (61176081 ) .

T RFEAR (BT ) Wik http://journallg.nbu.edu.cn/

E—1EE WINE (1993 - ), &, RN, TEEMHseAe, FEMTITI: R4EDPRAPEL E-mail: chaoqing68@163.com
“EEEE: TRET (1961 - ), 5, JTAJULA, W5, EEM I SERSHIS I EY . E-mail: wangnengping@nbu.edu.cn



74 TR (BT 2019

WEE — L G R R TR BE R A, ITRS T
Fr LR R B A, HR X A A REIE i 1
FR BB R EE, INTANEE HR I IE B
GIEE.

A2 2R B HIER) GW T, SKA#
AE R GV HERL 7 e, THE PRI Y ey
2, LLRCH B A RR) el BRI v D R TR
TR T [0 B 504, FR GRS e 4 R )
AP BHR A,

1 HEERAE

1.1 Kohn-Sham 7 #%

TEJEi 2 BT, X R LE A Ratiz
B EZ pRERIE, PIARHRF A RE B AR
2, Bl Kohn-Sham HF&:

(T+V AV +V D" (F) =

E. 7wt (), (1)
Kb, 70 v, VY SARBIRERAT . R
Hartree SFIZTHRERH AR R Ak Ry <y
{50 ab initio JEHACY®). AERMITFR(D), W
Jeylal s AL T 2 PR LS B RE AT 45 1) L e
DEREE. ML RERIUZE LIRS e 2 i
%, OTHE RGERIFES I L5,

A UL B R B FE R, R I B AL,
T PR PR ) I8 R AL R R A v TR R B 2
HEP TR KAY LiX (X=F, Cl, Br, D),
RS T s, p. dy s X 4 ANFUE. Hop

Li BRI 2R 0.25, 1.34, 6.0; F BIBERECR 0.2,

0.95, 4.5; Cl FUFEIHECH 0.2, 0.6, 1.2, 3.6; Br A3
BEECR 0.2, 0.6, 1.8 1 3.8; T HIBERUREHR 0.15,
0.5,1.2,3.6. SR T30 GW A
ReB .
1.2 GW ¥

Hedin Z:P7250 FIASMRER 03838, 5INHAfE
GW HEALl, G T Jaiel s BE LT B - 2e 3 S B A
WP, AR S RERAHSCH B RERAT Y (F.F E)
R KB, BRfER TR0

(T +V,, + Vi w & () + jZ(f,f',Eg’) :

y X (F)dF = EXy Y (F), (2)

A EY HUERLFI0RER:; w & (F) AR TR

. AEGW IR, AREREAT A5,
= 1 W0t~ o
Z(r,r ,E) :ZJ‘e G(r,F.E-w):
W, F,0)do, 3)
Kb GOPRFHARARERE; W RS
D (E) -V, FRWRBT GW STfelnd s i
I IE.
1.3 Z3BR s E
AR S B2 20 SRS .
X FMELL T 0 GRS To R KA
THOLT 0 A5 A REA ).
iz &G, IO KA T i
PREFR A
efe-1) 1
Vin (2) = _7(84-1)2—20 ’
Kb e AABAIM A BEEG 2 AR TFERS
HINLE; z, AEGIH O TR IO KA, ik
TR B SR B
B TS H B2 200 I Z5 e okisd, H
EHRHETS B 2 MR RESZ
JEREH L, M3 B Aae T #m A
Vin(2) = Vo +Veors> 4

Vim():_é 8__1 1 >
4\e+l)z—z

2 _1 2i+1 1
Voo =—e—2[‘9 -
45

e+l z—z,+iL

éi 8—1 2i+1 1
45 e+1) zy+(G+)L-z’

zy<z<zy+L,
e v A RTORR KA g 5ae; v, Xt
R R A ) B R R AR BRI

2 HEER

R TR A B A5 A0 00 1 4 JE AR i 1k
(LiF . LiCl, LiBr I Lil) 3 H BRI F-REHT&5H), 1)
WH R 532, ACHIH Rohlfing?>0
PRz e e ERE ARSI GW 2
AT B R BT AL A 5 B PR IS RE AT 4
WHEES IS GW R REHT 451,

HIE, 12 R B ) 2 Bz RS, T
HHRE K IS EE R, TR SRR B0

X

'ﬁ'—_):
418

g




5 439

N, % BRI LiX (X=F, Cl, Br, DRYEHS 4 75

PREER BB R, e FEANRE BRI AY
AR AL RS H LiF. LiCl, LiBr Al Lil )&
PRZERY 535 2M 0.393.0.503 ,0.535 Fil 0.580 nm.
55 22 KK ) S ) R 4 SR PV 2y Bl R 0.402
0.513. 0.550 F1 0.600 nm. JXELI545 5 5 AH ) 52
Izt R i KA 3.4%.

Hk, #xt BiasRg K-S J7FE, EI5RA), it
HITE K A BN SRS AERE &, 1T
BHBFARERESHERG R, BEEH M.
LiF B E404% Li 09 1s #7 . F 89 2s Fl 2p 5. LiF
HA I EEAER 8.30eV. X T LiF, Rl EsiR
ALLFR 225 T2 bR B R 5 SR S ARG T I ) S B 4 SR
14.20 eV LiCl Bo0riisald Li B9 1s 717, CLAY 3s
F 3p #F; LiBr B Li 69 1s H7 . Br 49 4s Al
4p 75 T LA B0 IALES Li A9 1s 5. T 5s Al
Spatr. LiCl, LiBr fll Lil #) 24 - HH#EGRR, ©
TR A /NG 51K 5.94 . 4.76 Fil 4.08 eV, 3XUEit
SR B YA T AH X 7 B0 SEI 44 5 9.401%) 7,600
F1 6.20 VP

SRIG, FE eIl % B I AR 2% B Uz PR P e 45 2R
il b, 32 GWIRSRAEER TR, BIJTREQ2),
HEHTE K 2540 EIHIX AR S A AR RE =,
B R FRENT 454, LiF . LiCl, LiBr Al Lil 89 GW
WBRYE - HAEARR, B KNGk 14.20
9.48 . 7.46 Fl1 6.20 eV, 5% B SLIH4E 5(14.20°)
9.40%% | 7.608H1 6.20 eVEYVIESFA. TS HIBF
AR A 3 T WKL - RE T S8 RS (%

2.1 LiF

X} LiF (00)FHHZHE., RAME 6 BRFRHE
220 A M. b TP R BRI, H
2 IZHEEERCh 4 nm, HOEFBUEZR. EHE
I BT B B iR, TP RR R 2
FAL LiF (001)-(1X )RR B U 25, LIELH
J5F- A BT BEAR /N, Li 551l N 35 0.004 nm ifij
F J5FIn] 75t % 0.003 nm.

FFB 50 LiF (001)-(1X 1), FH S
BRI R R AORETT A5, S5 1 SEih 2R
P, B 1) B SR LiF BUARREHT X T(001)
RS, Eo WEZREH. BT HESRES0E T 501
JBE, FRHEEA EERIRE, R Bz bR

HUSHITHRZER, REDSE BHR HSHI L.

YT
AR

~
<k - =
~L __
~L__

K i

B 1 BEEZEECTH LF (001)-(1X1)RERES
T2 B2 pR S ) Jy s BRI, T LiF
BB, 2 e GW IEIFIKIHE LiF
(001)-(1X 1) B HER FRETFEE 1, SR 2 Fr
. BHSRARRYYRREI A R G, E) HE
ZEReK. WA 2 [ E I HSRE L) GW =air
JEEp I8 2.6eV, WILFEEHA FOERGE. 7
KT GW A, s TR GRS, Hip
BARAAR GRSHEEED 113 eV, WESREHRIK
0.3 eV. EXMRARHIAR HEAMAABGAE.

. T

20

IR

L7
T

W T

—
W
I

Ey

H/eV

puiS)
qm

B2 GWIEMLTH LiF (00D)-(1X1)REAEES
3(a) 7 T Ry BT ALY 25 P R



76 TR (BT

WIHEASHA LiF (001)FR B AR REAL
Jrlaligsr A, HpRmifi T 2 =0 4b. & 3(a)HKF
LFREGIASRER.

FIH GW IR RSB EHEIARL T
AEANE 3(b)HsELRITR.

FIH GW IEAFITERAHIT L, LiF A %L
HEAE S e =1.5. WL FHEIHEHCY 2,=0.08 nm,
iz @) IR M 2 g g Aae i 3(b)H e
LFTR. XTFARSCTEN R BENEHEZ, K
L3 TR R 2R GRRE EREHES 2R
B JEIPE A, B B 2 M RER S
RERMB VRS, BIER 3 HoR e RZ IS
HEME IEIR) K/

R TAET RS, RS0 IR DAY 2 Bz bR
HHETHEAF Y LiF (001) 2 Y B FHARETER 3(b)
A2 . S 3(b)ulFE S, B GW it
HABINEG AR 68 5 2 s G AaE
AFFA. WA M 2 2 T 3R R TR
T ERT R 8 BT R S 00 - 280 TR,
552 B35 R T B 2 TEBR A R T AR AE 2
Paxh

ZH GW B, THEEHEHST sk
PRI R, %I PR R A7 10 1) 43 AT
ME 3(c)SLRITR. R T HEE, Jeyloiss AL
FEZ BRFRISHA R B T AR R A
PR, D BRI BT R THTE AT ] A 20 AN 3(c) A
R, HIE 3(c)rEH, GW R KIEN
T F I R z=1.2nm ML E. FIHZ 5%
PRE, SRR T R 7 ] 1) — A R AR
fEJTRRR, B

o dy, e’(e—-1)

Tom 4 aG-zeen”r TP

W FERAITHE &4 =0 1) SR+ —
Yy BmWARAE 7, HIEFENASBER
e(e —1)/ (4(s +1)). MLob, FFFEH m A TERH
TRE T BN AR R, @I MEBCh 3
B EL RO D). MOl 15 R AR AR ARE PR A0 5
KA B 2 R PR R 2, + 4ay,, (6 +1)/ (6 -1) ,
Hopz, MBHNE, a,, =0.0529nm. Ble=1.5
Fl z, =0.08 nm, 15 3 28 BLER 58 5= A2 10 15 bR £
RN TEEEEE A 1.14nm 4L, 5 GW i)

2019
A PR R E AT AR
5: ______ Ecpy (a) JRys & R
> Bilgs
2
R S
_IO VBM
AN
(b) 3FpLE AL
> 0 S
2 = R
R — GWiEft
-1f —- G
= " (c) BHEHAS IR
& § \Jas Sk B L)
= N
- : ;C"_G—WK
g'/"'l 1 L L Il
-0.5 0 0.5 1.0 1.5 2.0 2.5

z/nm

3 LiF REMEFHEURBEBTERH

ML 1~3 W GW B RAE SRR T et
FEI A 2 B s BRSO T A SR, BB GW IR
RIRE A BHb A AR B R A, i SR I88 EE IE ALAS
AE HIR AR BEG A0 R th T 2 k45 sh
B GW IR AR H AR BAE R0 B RE B4
AT SR FE I AL S S B, W I i gk
TR FE AL L AR ORI AL, fE
RS I bR e 1 AN A L - 5 A B R A
HAEH.

2.2 LiCl

SERAE 6 )2 TR 4nm [EELZS 200 T
A, Iz H R I ALY B T R e
BOLICL (001)-(1X1) F 1 ) 13 51 HAbfk Licl
(001)-(1X1)F M A JUTZh . T 5 A0 gt e
R/, Li JEFE 530 0.005 nm i Cl &[] 7M.
% 0.003 nm.

TE SRy B v B RO A b, A8 s
W GW I LiCL (001)-(1X1)FE R T
RErahi, R 4 PR, K 4 pIRE AR R
LiCl HepRggas %001 H A%, LiCl ) Sa ik
Ep FEESSRE E, K27 0.85 eV, # LiCI F i H
HHCERRE. FEIET GW BSHRAL, FEE T4
KRS, HP iR EESHEER R 83eV,
FLE A RERAE 0.25eV. XM RARBIAR I AR5
B3



Ey

AR
JERLN]

i

VL
R
\ﬁ ]
AT
ﬂ\hr\ Al

KA

B4 GWIEMITH LICl (001)-(1X1)FREBET

FH ey 38 R I AL 5 T R B e T AR
LiCl (001)ZR A B 3468, W SR, Hisk
HNET z=04b. & 5(a) KPR R % A1
e, FIH GW Il HEA BB A SRR T
PBETE] 5oy HSE 2R, FIH GW IFITCHL
FHICARL, 5 LiCl B B e = 2.42. L
z, 470.08 nm, B FE(4) W] A G AEE,
HEERAEE Sy P HEAER. HETHE, HE
3o IR 2 B bR B RS I LiCl (001)
FETH BT ARELEIR 5(b) H L FR. GW T
I H A B S SR T3 RE 5 BT I 2 B
PEELAAT A

ZH GW T, iHEEGHESEMR S
TE T R R AL, 1 PR R R 7 [l ) 43 A
WA 5(c)sL&R. K SRl FEH, BEREN
GW I PRELAE 25 3 11 #E %5 0 2 =0.56 nm AbBGR K
fB. 28 A B3 15 SAGE 72 AL IO I R B R (B B
BE B LT L 2, +4a,,, e+ D/ (e =), BIFLT z =
0.59nm 4b. AFETHRES, H RIS FE A %
ZPRBS SR T A mARR H PR IO D bR AL, HUY
FHEZTT B A E 5(c) M R&RT . oI,
GW JEALIAS H A BA5 A2 I8 R 25 B0 A B9 o7
552 R SARE XTI 1) bR 25 B 0G 1E 1) 17
RIFF 6. GW ITAAS H AR5 352508 o 0 L o)
) JRy el 23 B T AL 2% B bR RS 20 HE B D BR B
AL

WIRE, &5 BRIk LiX (X=F, Cl, Br, DAVESG IS 77
5 (a) Rt B
E o X
% 0 7LB l{ﬁ{%%?&
o
R sl
EVBM
_10\ -------- !‘( ----- A 1 1 1 | I}
(b) 3PP SRS
> oF o —
- g - R R
=® / — GWifl
-1 ! —- SRS
- A (c) BRI %L
s O\
o i
- ] GWiE{e
_r——/-N 1 \ 1 1_; ]
-0.5 0 0.5 1.0 1.5 2.0 2.5
z/nm
Bl 5 LiCl RERE THREEMUREGBRAR AL
2.3 LiBr

5 LiF Ml LiCl FTRIZE B, LiBr 2 1H 176 fi A,
15 6 R THERE R 4nm BHEZSZ, 81 Hig
2 PR 2 B e B A T L s R a2
&P Li JEF 1] BT 0.003 nm i Br JE -] 4t 7
0.008 nm. BT Rl Bz R #Ie I+ EEE R, H
iz AR GW IS LiBr (001)-(1X1)5
TR FRETT 251, 25 R 6 iR, &l 6 g
HEASR LiBr RREHIRTH(001) AL 5. LiBr
() Eepy b6 E, B A 0.5eV, LiBr F1HHA 7R

T T
Y
Ay

RN W)
[ERE R
RN VAT

TN

yid A

g PRl

~
<k ---
L)
~L___

K 5

B 6 GW Ll LiBr (001)-(1X1)&R EAEH



78 TR (BT 2019

X—AREIESTE T SNREER 7.3 eV, LHAEZSHER
ik 0.2eV. MR GIEEBHEAE.

iz R e GW IEAI SRR, it
A LiBr BAH A B ECh 2,71, 16 T 5515
NI PR AL IR B A A2 5 R TR BE S A 2 =
0.518 nm. HUAH X HLH Bk £ =2.71, B 2, h
0.08 nm, £ HiLAY B 15 SAGE P2 AL O I PR B R (B R
YN T ERIEIEE N 2, +4a,, (e +1) /(e -1), Bl
z=0.539 nm Zb. BHtb, GW T B T 2ARE I i
B {5 B EARELS thinh I PRI AE 10 B R B0 2%
2.4 Lil

X} Lil (001)-(1X1)3&MH, RS 6 2R T
Al 4nm JEHZSZ00 MM, 12 RIS TR
F R R T U S bE ., K Li JR
Tl 0.001 nm 1T [ J5E 7 1) Zh5t ¥
0.009 nm. iz FIFEEIEAY GW ITfiH 3 Lil (001)-
(X D)FH AR TREHFSEH), 45 SR 7 iR
7 IR ESIRFIR Ll HARREHTAT(001) HIAIH .
Lil B S J1& Epy HLEZREZR E, IRKZ) 0.6 ¢V, Lil
(00 1) I RAT IESEFIRE; iz Mitr) GW Izl
TR AR, WA R S H 2 PR AE
BRI

10

fEE/eV

0= =
= = _JP’jHT—"‘:ﬁf;
= = B ==
== e e g P 2 e
B | 1 1
SN i e e o o
R | 1] L e T
Fl] : NN
| | LA T e S
| |
| | |
-5 !

K5
B 7 GWIEMLTH Ll (00D)-(1X1)REAEH
3 RY

BRI GW ERUTE, SR
ol 2 T A ) 985 P42 R B 0 v - AT RS TR A

HALFR, BT T 084 A 1 Ak ) R RE Y &Y
WRABHE A, E5E, FIH RS EIEN % EZ
PR IS T BB AR R 2 BRI (00 1) THT Y
Bhieah . R b, FIH SR ESIER GW
AT, THE T R e B BRI T R 4
FIRI00 1) T MR F-REMT£5H#). &P LiF. LiCl,

LiBr B(001)EHA TENRE, &4 GW Lz
BLAEI, WHENTAE X SR A B A PR TR S
P BHEZEESFEEN GW T, HE TE%
AERE) HORE BN SR )R BB R R AT
5. GW IRV AR A EE &
Z WA E G BRI AT & BRI GW
PRI TR R 2877 0] S0 A (B B 5 5 8 s
15 SABE B —ZE A RGBT AR AE PR LA 5 KB AL
B,

FLES ARSI % B B Ak, 25 5 % B
R ICE R T AN, ALY o b b 4k
FEEE I, Oy AR R, I
AR HE N, AN AT BN

I X LA B R RER A X 1k i =2
1, B3 —5 & DR E K R TC R R TR E B,
AARRAIRIS/D, N EOE N, HAEG RSN
BRI B (B V. 55 TR FE S5 U8/

SR, AT Lil B RPN F-REwr 45 14 J
(00 1) IR HERL FREAT 2544, &P Lil (001)1HHA
IEZEFIRE, BRI Lil (001) RSP A HAFLEEE

AizH GW IR ESBINEG RS B
THae SR MMN R AGA Z R R e R m
BOAL), X FEIEH TR R RE T ETR
FHE R R R L S 0 R 2R TR, 54
G ARERT X A TCR A B R A AE . EiT
AW IR F RENE % 2R, AR
L TEBRA B H B SR, GW BRARFENLRT,
16 B A B B SR, X — o) SR 45—
BRI

BE3CHEk:

[1] Tamm I E. A possible kind of electron binding on crystal
surfaces[J]. Zeitschrift fiir Physik, 1932, 76:849.

[2] Shockley W. On the surface states associated with a



5 439

N, % BRI LiX (X=F, Cl, Br, DRYEHS 4 79

periodic potential[J]. Physical Review, 1939, 56:317-323.

[3] Cole M, Cohen M H. Image-potential-induced surface
bands in insulators[J]. Physical Review Letters, 1969, 23:
1238-1241.

[4] Echenique P M, Pendry J B. The existence and detection
of Rydberg states at surfaces[J]. Journal of Physics C,
1978, 11:2065-2075.

[5] Giesen K, Hage F, Himpsel F J, et al. Two-photon
photoemission via image-potential states[J]. Physical
Review Letters, 1985, 55:300-303.

[6] Hofer U, Shumay I L, ReuB C, et al. Time-resolved
coherent photoelectron spectroscopy of quantized electronic
states on metal surfaces[J]. Science, 1997, 277:1480-1482.

[71 Smith N V. Inverse photoemission[J]. Reports on Progress
in Physics, 1988, 51:1227-1294.

[8] Jung T, Mo Y W, Himpsel F J. Identification of metals in
scanning tunneling microscopy via image states[J].
Physical Review Letters, 1995, 74:1641-1644.

[9] Ruffieux P, Ait-Mansour K, Bendounan A, et al. Mapping
the electronic surfaces potential of nanostructured
surfaces[J/JOL]. Physical Review Letters, 2009, 102:
086807 [2017-07-13]. https://journals.aps.org/prl/abstract/
10.1103/PhysRevLett.102.086807.

[10] Bobrov K, Mayne A, Dujardin G. Atomic-scale imaging
of insulating diamond through resonant electron injection
[J]. Nature, 2001, 413:616-619.

[11] Platzman P, Dykman M. Spontaneous bubble domain
formation in a Laye red ferromagnetic crystal[J]. Science,
1999, 284:1967-1969.

[12] Schouteden K, Van Haesendonck C. Quantum confinement
of hot image-potential states electrons[J/OL]. Physical
Review Letters, 2009, 103:266805 [2017-12-05]. https://
journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.26
6805.

[13] Pascual J I, Corriol C, Ceballos G, et al. Role of the
electric field in surface electron dynamics above the
vacuum level[J/JOL]. Physical Review B, 2007, 75:
165326 [2018-01-21]. https:/journals.aps.org/prb/abstract/
10.1103/PhysRevB.75.165326.

[14] Zhang H, Hu H, Pan Y, et al. Graphene based quantum
dots[J/OL]. Journal of Physics: Condensed Matter, 2010,
22:302001 [2018-03-16]. https://iopscience.iop.org/article/
10.1088/0953-8984/22/30/302001/pdf.

[15] Manghi F, Perfetti P, Reihl B. Experimental and
theoretical evidence of image states at semiconductor
surface:the case of GaP(110)[J]. Solid State Communication,
1990, 76:1371-1373.

[16] Rohlfing M, Wang N P, Kriiger P, et al. Image states at
insulator surface with negative electron affinity[J/OL].
Physical Review Letters, 2003, 91:256802 [2018-04-22].
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.
91.256802.

[17] Baumeier B, Kriiger P, Pollmann J. Bulk and surface
electronic structures of alkaline-earth metal oxides:
Bound surface and image-potential states from first
principles[J/OL]. Physical Review B, 2007, 76:205404
[2018-03-16]. https://journals.aps.org/prb/abstract/10.1103/
PhysRevB.76.205404.

[18] Mabuchi T, Watanabe H, Onaka R. Surface phonons of
NaF and LiF films[J]. Journal of the Physical Society of
Japan, 1987, 56:2124-2135.

[19] Chulkov E V, Silkin V M, Echenique P M. Image
potential states on lithium, copper and silver surfaces[J].
Surface Science, 1997, 391:1L.1217-L1223.

[20] Chulkov E V, Silkin V M, Echenique P M. Image
potential states on metal surfaces: Binding energies and
wave functions[J]. Surface Science, 1999, 437:330-352.

[21] White I D, Needs R J, Rieger M M, et al. Dynamic image
potential at an Al(111) surface[J]. Physical Review
Letters, 1998, 80:4265-4268.

[22] Kohn W, Sham L J. Self-consistent equations including
exchange and corelation effects[J]. Physical Review,
1965, 140:A1133-A1138.

[23] Ceperley D M, Alder B 1. Ground state of the electron gas
by a stochastic method[J]. Physical Review Letters, 1980,
45:566-569.

[24] Bachelet G B, Hamann D R, Schliiter M. Pseudopotentials
that work: From H to Pu[J]. Physical Review B, 1982, 26:
4199-4228.

[25] Hamann D R. Generalized norm-conserving pseudopotential
[J]. Physical Review B, 1989, 40:2980-2987.

[26] Rohlfing M, Kriiger P, Pollmann J. Efficient scheme for
GW quasiparticle band-structure calculations with
applications[J]. Physical Review B, 1995, 52:1905-1917.

[27] Hedin L. New method for calculating the one-particle
Green’s function with application to the electron-gas
problem[J]. Physical Review, 1965, 139:A796-A823.

[28] Hedin L, Lundqvist S. Effects of Electron-Electron and
Electron-Phonon Interactions on the One-Electron States
of Solids[M]//Seitz F, Turnbull D, Ehrenreich H. Solid
State Physics: Advances in Research and Application.
New York: Academic, 1969:1.

[29] Rohlfing M, Kriiger P, Pollmann J. Quasiparticle band-

structure calculations for C, Si, Ge, GaAs, and SiC using



80 TR (BT 2019

Gaussian-orbital basis sets[J]. Physical Review B, 1993,
48:17791-17805.

[30] Jiang Y F, Wang N P, Rohlfing M. Electronic excitations
of bulk LiCl from many-body perturbation theory[J/OL)].
The Journal of Chemical Physics, 2013, 139:214710
[2018-05-08]. https://doi.org/10.1063/1.4835695.

[31] Hybertsen M S, Louie S G. Model dielectric matrices for
quasiparticle self-energy calculation[J]. Physical Review
B, 1988, 37:2733-2736.

[32] Landau L D, Lifshitz E M. Electrodynamics-of-Continuous-
Media[M]. London: Pergamon Press, 1960:40.

[33] Rohlfing M. The GW calculation code[Z]. Miinster:
Universitit Miinster, 2004.

[34] Gopikrishnan C R, Jose D, Datta A. Electronic structure,

lattice energies and Born exponents for alkali halides
from first principles[J/OL]. AIP Advances, 2012, 2:012131
[2018-06-14]. https://doi.org/10.1063/1.3684608.

[35] Piacentini M, Lynch D W, Olson C G Thermoreflectance
of LiF between 12 and 30 eV[J]. Physical Review B,
1976, 13:5530-5543.

[36] Pemmaraju C D, Archer T, Sanvito S, et al. Atomic-
orbital-based approximate self-interaction correction
scheme for molecules and solids[J/OL]. Physical Review
B, 2007, 75:045101 [2018-07-20]. https://journals.aps.
org/prb/abstract/10.1103/PhysRevB.75.045101.

[37] Aguado A, Lopez J M, Alonso T A, et al. Calculation of
the band gap energy of ionic crystals[J]. Revista Mexicana
de Fisica, 1998, 44:550-558.

Image potential states of lithium halides LiX (X=F, Cl, Br, I)

CHAO Qing, WANG Nengping*
(' School of Physical Science and Technology, Ningbo University, Ningbo 315211, China )

Abstract: Based on density functional theory concerning the local-density approximation (LDA), the multiple-
body perturbation theory regarding the GW approximation (GWA) is used to calculate the band structures for the
surfaces of alkali metal halides including LiF (001)-(1X1), LiCl (001)-(1X1), LiBr (001)-(1X1) and Lil (001)-
(1X1). Since the GWA improves the electronic exchange-correlation within the LDA, the obtained GWA band
gaps are in good agreement with the corresponding experimental results. It is found that the surface of LiF (001)-
(1X1), LiCl (001)-(1X1), and LiBr (001)-(1X1) has negative electron affinity, and the image-potential state
exists in the vacuum outside the surface, which results from the electrostatic interaction between an electron
outside the surface and the polarizability in the insulator. The distributions of the wave functions for the
image-potential states along the directions perpendicular to the surfaces are investigated, and the calculated local
potentials using the GWA are compared with the corresponding classical image potentials. It is worth noting that
since Lil (001) is not a negative electron affinity surface, there is no image-potential state existing in the vacuum
outside the Lil (001) surface.

Key words: alkali-metal lithium halides; GW approximation; negative electron affinity; image potential states
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