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Abstract

Based on the hybrid functional theory, we investigated the effect of the long range Hartree-Fork
term on the crystal structure and electronic structure of ferroelectric PbTiOs. It is found that the
band gap based on the PBE exchange correlation potential with a of 0.325 is in agreement with
experimental result. In addition, we studied the influence of & on the crystal structure with PBE
and PW exchange correlation potential, respectively. We found that PW could give a reasonable
crystal structure when « is around 0.2. The band gap here, however, is less than the experimental
value. Therefore, these findings indicate that the hybrid functional approach may be not suitable
for ferroelectric PbTiOs.
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HEHA R TFEMRIENE. BITRINETPBER KBS, HaET0.3250 UE RABRFRESS
WERMYIE. 55, ZTFPBENPWRHRBHARIN DA T axt BIEEWHFIRN, HETPBERHR
BHMNERSLREMERK. METPWREKBESEKTTERYH, HaZT0.28, HHEHABRIKRGE
EH SR EREBEYE, [HILEHREN/NFREE, X BRPLMZ BT T2 BB PbTiO;

HE A R R R M
KA

W, &bz, SH—EEE, PbTiOs
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1. 58l§

FEERH BB A, 0 POTIOs A1 Pb(Zr, Ti)Os [lvsik, @ T -FrEME, HAFSEMNEKL
K1 s R R v A L B A SO L R R[] B TR MM R, B SRR S A D TE B A T THI K B
M EEIE Iz oeE, e RS R BB G a4 (B2 MR %A% (2] [3].

MR B SR O VETE TR R BT TS & AR EEIEH . BAAME SIS T R 8805 BE T el [4] A
T SO BE AU [S] 00 U1 550 7 925 mT DA b T A el 245 R P B 5, R S5 38 103 R 5 SE B T EA TR B o
B NITE 2 N 24 4k32 B BRAS SR BT 78— S S AL I [61 O FR R, 5 VO, V,05. Ti05. LaTiOz All
YTiOs 25, i HA 55 925 b W& 145 5[7] [8] [9] [10]. ZRT, S TRcM bl S, HET Rz RN
55— MR BRI SO LA o AR SC ULk LA R POTiO, i, FiFH A Ak iz o BR VS HIF 70 FL UM 61 (1) i Ak 45 1)
A FEER . AR T PBE ACH# 00l MKAE Hartree-Fork SCHAIIN 0.325 I A2 fbiz oF BT 1510 45
BUE 5S04 RAR) & o B5T PBE 22 # R4 TS I i R 45 1 5 S BRAE A 20K, T2 PW A8 #6 G I
PR R, MK Hartree-Fork SSBRIEET 0.2 B, Z44bi2 bR T30 i A 45 1) 5 S 36 45 SR EL A &
{EL GBS A B /N T S0

2. WHEFE

PATVE B T H 52 4N ~F 1h1 38 7 V2 (PAW) 1Y 58 — 1 R ER AR 461 VASP [11] [12]. SRA#:T PBE [13]
HTPW [14]58 #e B3 LA K 2% FE K AR Hartree-Fork WA F i 444072 28 777 [15] KA 5T PbTiOs It A 45 44 A
BT 45 . A% EE Pb6s’6p?4 M i1+, Tidd®ss'4 MM LT, O 2876 M AL T BTlk. 1 Tl A8kt Ak
F 600 eV, k EMIE A6 x 6 x 6, USbrERN 10° eV, fEZ4LZ smHitd, FRATH Hartree-Fock 52 #t
THR 5 e 73 A AL 1) PBE(PW) AT #e 3, FLAR AR T

E)I:(y:brid — aE)l:F +(1_a)E>F(’WIPBE + E(F:’WIPBE (1)

Horp o /& Hartree-Fock T i el . 7ETHEIEFE S, BATH AR o (X PhTiO; HL TS5 F Al dh iRk 2544 1)
S, FHRELIHFEN o E.
3. HHEERSTR

14 POTiO; HI b AR s/ I o A2 BRI AR, A RAEAT . HAr BB P o, 15N Ti oR,
21459 O JuH . < 1 9 PbTiOs Sl &5 #y i) S2 9 {E [16] .
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Figure 1. The crystal structure of PbTiOs3: the left is ferroelectric phase, the right is paraelectric phase (Pb, Ti, O are located
in corner, body center, face center, respectively)

B 1. POTiO; KIMRIALEHIE: ZE AR, AEIAIREMEPD, Ti, O SR TR, AOFELD)

Table 1. The experimental value of PbTiO; crystal structure
= 1. PhTiO; RIALEH LI E

a(A) cla Pb Ti 0, 0,

SHH[16] 3.904 1.065 (0,0,0) (0.5,0.5, 0.5) (0.5,0.5,0.872) (0, 0.5,0.379)

TRA T S 1) S A S5 K [16] T A FE T PBE A2 ek BEA (44 1Z B i, HF9T K A2 Hartree-Fork JE
I IRIRII (o) X Bk A RL PO TiOz HY BRI, 4n &l 2 Frow, HA 20 B 8 A S B [17]. MBI 3RA TR I,
TR TR BB P o BB KT R, 24 o O 0.325 I 7 RS S seib b o i . 8 3 R bimtitErs
F[) PoTiO; i SEE APPSR L, ATRIIET PBE A2 #3410 24t iz pR BB 7R AT BT 5 L il
AR, EHEER o fH, PERSSERE TSR RS R,

T PBE AT e B4 24 A2 bR FRAR FRAT T3 — 2B 7T o PR UK} i AR 45 A0 T SR A 520 » L 22 2 T
BEE o [ERIIER, S a #5230 Z BB EHRR, 10 ¢ BN, 5 S E ok a2,
ERTSLI0E, BT AR o/a FMEHZARTSLRE. BAAFAH PBE AZ#H R A Az ki &
SN ARG 5 SR E AR Z R, R IRATTRI ] PW A A I 244632 BR 6 P TiO; Y AR S5 AT
. Wk 3 PR, WA o [ARZRETHE R, THEAS 20 I & s 5 2L a (EZWHR N ¢ (EZHTHE R, cfa A
WA BEEE R, M o INE 0.2 I, FEARN ca M{ESEBE LB &, HEAREREE ILE 4.
A—Ji, BT EARER, BAE o ARG, WA RZEHIE . Y a=028, HREZL
N 2.46 eV, Xim/NTSCI0E . Mk o {4 0.35 B, THERT R BRE S SEBAE SN £ (3.35 eV), {HIL
e RS SEIGE A Z IR K . 25 RRTIR, ARG MR T S5 T E B2 R AR B A iR T E A R
PbTiO P4 /5 55 s FH 12 30 A7 155 P ME [ 18]

4. BY

FF Az R EEE, FA1HE 5T KFE Hartree-Fork T07EAS e S B35 /b BT o BB A3 () X 8k B AR PBTIOS
e R GG R R L 25 5o o FRATAR I T PBE ZZ4 0k HS, Y a 56T 0.325 W) 284032 bR BT A9 1 3T BRAEL
5SS sE R A& . i4h, HET PBE I PW A4 R IRAT B 7E T o XTdn iR S5 M (1 &2, BT PBE
LRI 25 R G LIE AR R . T2ET PW ZHOCHATHRR, 1 o 5T 0.2 Bz
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Figure 2. Band gap of PbTiOz as a function of . The red dash line is the experimental value
2. WHHEBEIA POTIO,; HRR{ES Hartree-Fork I (o) FAKER X R, HALI@ELZ%ALI(E[L7]

Table 2. The lattice constants and band gap of PbTiO; within PBE: a, ¢, c/a and band gap Eg.,. The rightmost column in the
table is the experimental measurement results
2. £F PBE RMARBHEHRNZTRITATHENE POTIO; WBIEER a, ¢, cla URHR Egpe RPRATIZZR

MELER
a 0 0.05 0.1 0.5 02 0.25 03 0.35 Exp.
a(d) 3.846 3.841 3.833 3.826 3.824 3.819 3.812 3.810 3.904 [15]
¢ (A) 4749 4725 4712 4703 4,664 4637 4627 4590 4.158
cla 1.235 1.230 1.229 1.229 1.220 1.214 1.214 1.205 1.065
Eqgep (V) 1.85 2.09 231 257 2.82 3.06 333 359 3.4[16]

Table 3. The lattice constants and band gap of PbTiO; within PW: a, ¢, ¢/a and band gap Eg.,. The rightmost column in the
table is the experimental measurement results

3. BT PW KM BRUWIZ RS ETHEG POTIO; MRIEER a, ¢, c/a LIRTER Egp. RPRATIZEIN

BER
a 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 Exp.
a(A) 3.865 3.861 3.856 3.854 3.851 3.842 3.841 3.830 3.904 [15]
c(A) 4.034 4.053 4.070 4.084 4.107 4.157 4.170 4.233 4.158
cla 1.044 1.050 1.055 1.060 1.067 1.082 1.086 1.105 1.065
Egap (€V) 1.47 1.73 1.97 221 2.46 2.76 3.03 3.35 3.4[16]

Table 4. The lattice constants and atomic positions of PbTiOz within PW of o = 0.2
= 4. BT PW kB (o = 0.2) POTiO; B EHMEU R S ERALE

a(A) cla Pb Ti (o]} 0,
A 3.851 1.067 (0,0, 0) (0.5,0.5, 0.461) (0.5,0.5,0.891) (0,0.5,0.382)
SEHGAE[16] 3.904 1.065 (0,0,0) (0.5,0.5,0.5) (0.5,0.5,0.872) (0,0.5, 0.379)
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Figure 3. The density of states (DOS) of PbTiOs: The grey line is the total DOS. Red is for Pb. Blue is for Ti. Green and
pink is for O, and O,, respectively

[E 3. PhTIO; I FEHD7SER : REBA POTIOMESEE, 48K P BFHSEE, HEANTI BTHSEE,
FEMBLAENHNKEK O F O, NEEE

B3 () En R g 4 5 SE IR 25 R LW &, (LI 2 BRAE AN TSR 00E . X e SRR BI040 32 bR 0 T8k rE A
BL PbTiOz i id& I PEIL A R HE[ 18]
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