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Abstract

Using first-principle calculations based on density functional theory (DFT), we have studied the
electronic structure and optical properties of orthorhombic perovskite CH;NH3PbBr; (Pnma). The
structural properties and band gap value calculated with the optB86b+vdWDF functional are in
good agreement with experimental results. Thus, consideration of the vdW interactions is impor-
tant for theoretical investigation of CH;NH3;PbBrs;. The analysis of partial density of states shows
that the organic CH3:NH3 makes little contribution to the top valence (VBM) and bottom conduction
bands (CBM). The VBM is mainly composed of Br 4p states, while the CBM is dominated by Pb 6p
states. Calculated absorption coefficient of CH;NH3;PbBr3; shows an absorption peak around 360
nm and a weak one around 430 nm. Meanwhile, absorption intensity decreases with the increase
of wavelength. The above results can provide reliable guidance for its experimental application in
optoelectronics.
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AICRAZETHEEZ RERNE —HRE T, BT IEX & R(Pnma) CH;NHsPbBrs B FE A
BT . Z5RKE, RAoptB86b+vdWDFAZ #HCHLZ Mt HA BN B EMAHIRER, 5XLKBE
B IRE, WIS TEAER/RIERNvdW-DFZ K Ee B IF R ZER BN R, SFEH
PRHE, AHSFCHNH: THHFINM S RMTEIRE D, i EERHBr 4pPuB4A R, SHER
HPb 6pHlLEA L. RIKRBOTHE S REHMEIAE360 nmA430 nm L HIFE AR Bk, HREERK
Rshn, WBCGRE ST ERES, Pl ES 5 NCHaNHsPbBra7E ) H 4T i B2 A R AL 7] S8 O BES

E3: 40
#—MEF3, CHsNHsPbBrs, FAFMER, LRk

1. 5|8

X BH £t HL L BE A% K K FH e ELFE AR A0 A FLRE, RE A N RSB AR, FHZ AN 1) # Re U .
AHL-TOHURACES SR KB Re By, A= T2 5, AIRRR, O B A R B 5 )32 R 1]
[2]. 2009 5, HA Miyasaka 55 NTERF 78 G RHEAL R BH BRI FE b, o OB B A 855k S50 A HL
4 J& b0 164 CH;NH;PbBrs 1 CH;NH;PbIs 1 W0t 2 B 2 G B R BHAE FEIB 3], 1331 1 3.8% K6
MR . (ERE SR AT I LAERS TR P, Bk R BH e it B R AR 1 9% Rt gt Jg (4] (5] [6] [7]. 2011
A, Im 25 OB S26 5 REAT T B 544K, H4 ) CHNH;PbI; &1 A HL M R IA B T 6.54% [8]. 2012
4, Kim %5 A% Spiro-OMeTAD 1E A L2 7R A KR 2IEGERAT Ht rfr, S8 ERA Fi it (0 A2 e M AN
TEEEM R KIE[9]. MG, Burschka [10]. Liu[11]« Zhou [12]%5 A\ R AN B 87 1250344 KRR
PERR, & BB R K BH BE I T AL R 15%, SRR v LA S 19.3%. 2016 4F, YiZE
N Hill 8 SR K PR AE Fath, ORGSR AT 20%, B3] T 20.4% [13], RERSS5 CdTe w5 F it
(FLIBALEE Y 22.1%)H1 CulnGaSn I B (FLIB AL R 22.3%)HARMIESE, Cafih by £ FHALR
i PAFEE K BH B FE T (FET SR BN 25%)

BEE TS B YR, ESERAT K H RS B I S5 AR TE A W R R AR A, MR WIS s, B[S
HAR I« “FTHI S Y p-ion 25 FRIB A H . (B2, ST A5 ERAT R BH B F it o o fer iz LR IE A 58 4 B
2, maE i PERE I OCHEN R, IETE BB AL [14] [15]. A 7 BRARESERA A BH A8 FEb 1) P BRI 5
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WIEHERE, AATRAER TH 50 H i 7 a5 SV BT EAT 19T, (H /2% CH;NH;PbBrs (LR HT 7T
TAREY, A2t — D RGMRATH . Bk, ASCRMEET % Bz AR K 5 — PR B T5E, Bh
T ESERY” 45K CH;NH;PbBrs R HL 5 S5 A MG E 57, DU IZ A RH 32— 2D it ST 3R A m] 21 2R G S A
I X I BRI R LI A — € IR 1R .

2. HRAZEMRE

ARSI B v AR R AR B T8 B2 R BRAL R 35T T S ) VASP R2 7 AT [ 16] [17] [18] [19]. HAF
HEF A AR BLAE R PAW sk, SR SRR FEI ALW(PBE) i HL -5 ML [R] A A8 # G Bk
T, THE AT KRR T A T AL N Pb:5d %6s%6p?, Brids’dp®, C:2s%2p”, N:2s2p’, H:ls'. °F
TP AT RE RN 500 eV, FHRHTLL T i 5 x 5 x5 B s 0 88 — A BLIH X R R 20 . EVATHSE
ISCSORE BE A 107 eVeatom ™ X - B AR AN AR AR LA K o3 AR AR AT A A, ARSI v N SR 32 71/ 0.05
eV/A. FREBIEAEE M EIER AR, G HUEHLAA R, Y548 B R WAH ELAE Tk R 45
PRS2 AR B 2201, KItt, BRATRA T optB86b-+vdWDF {138 He KB 68 i 2R FliiR 14 28 24 v () Y 1
FLORWTA EAERI[21]6

A LR HUR R WM R TS RR 00 B bR 2 —, BRI IR S0 b} B Sm G r ZevEma g M . 7
B RIS, AR R ex(o) 2B T S B B ST EER B BN . K5 HE
JEIY Kramer-Kronig 28 #:[22], 1520/ H R EAISEER £1(w)o Fk, HERBUESE e(0)X T2 8T HFEKiE
FUAR AR SRR A B

CH3;NH;PbBr; fEAN AR N EAARFIRISEH: EARRFM T, RN IERS B REGM (AR : Pnma);
MEERT 150 K, ARSI T i RIS AR P4/mem 803 14/mem); iR EET 240 K, #F
B NS R T S L T M SR (S (A Pm-3m). BT HAEMRERG T, Y-SR 4k
AN T B A el m T MRS [23], I H RS B C AN JEFRIALE, BRfiA ST
SR 02 AR IR IE A2 45 F16) CH3NH;PbBrs, TR A (s i an 14 1 s

3. $5%K%" CH;NH;PbBr; BIE F45faFny e IR uie i

BERBOR, SR ABX; RGEYZ HIHE T A 1 BXe AR R =4e4hig . 15 1 N4
EKH CH3NH3PbBr; 45 #4972 ], Fodb P 55+ 5 8 Bl ) 6 A Br 3 T2 5O\ AR 8L, H Bl 77 4] CH;NH;
AT NHARERR oG, BCALECN 120 % 1 45H TGRS /3 20 CH;NH;PbBrs 74 5 1) Sh A% H H B A
Pb-Br K, S50 b UL AT 545 45 At — R4 o WP LUE H, AR A R A AE Rk vdW-DF
TR 2 1) s AU SEIRE R A AR IF[24], R BART GGA-PBE M5/ 2|45 5. H, Pb-Brl
S IEFRIR I 1 o b BT I HESI Pb-Br 48K, Pb-Br2 /248 ac “Ffi P9 i Pb-Br #1. M 1 Pl LU H,
a SR AL G IR Po-Br BEKHSA BTN, X 5005 BEA S M AR RS AR AT, 1 HLARAGJS 1 Pb-Br
AR b5 S A AR ZE AR N (~1%) o X B T A NN RGP, 51 NES a4 PR B F
vdW-DF 77 ¥ Re 88 50T I RR A HL-JE L2 A0 85 A 1A R I a5 4

FEERHT CH;NH;PbBr; IS A% 5 DL &2 CH3NH;. Pb M1 Br 20 IS BE A0 & 2 fios. it i
CH;NH;. Pb 1 Br (WA E AT, BATAT UMRRA RET 2 A RN BT LR |, 5%
" CH;NH;PbBr; 417 T IS % B £ R F T Br 4p HUEFI/D & Pb 6s HUBIITIHR, 1S KIS HEEE
FRE T Pb 6p PUEMTIER. [FIE, Pb 6s Pl EELEHIE-8.3 eV~—6.7 eV I FH IR, XTAEHEH
PERRIISE M /N 1 C AN 1 2p HUE DL H 1 1s Pl FELEHTE-4.8eV. —6.8 eV F-8.9eV [ =
A, 5 Po MK s, p PUBESHVN, KAV T CH;NH; Al Pby T ZJEIAAEAE B B (3L A BLAE
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Table 1. Calculated lattice constant and Pb-Br bond-length of orthorhombic perovskite CH;NH;PbBr;, as well as experi-
mental value and other calculated results

=1L F—MRETRESEMNIERRFRIGHKE CH;NH;PbBr; BAEEH LK Pb-Br K. {ERLLE, SKWHERME T

BEBSATIH
a(A) b (A) c(A) V(AY) Pb-Brl Pb-Br2
SEIGE[24] 7.976 11.841 8.565 808.91 2.971 2.988/2.971
ASCTHRAE 7.908 11.962 8.609 814.43 3.001 3.016/2.996
HSEO06 it %[25] 8.180 12.098 8.848 875.61 / /
O-
o =
© cC
O N
o H
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c
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Figure 1. Crystal structure of perovskite-type CH;NH;PbBr;3
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Figure 2. Total density of states of perovskite-type CH;NH;PbBr; and partial density of states
of CH;NHj3, Pb and Br. The energy zero represents the Fermi level
Bl 2. F5EKT CH;NH;PbBr (F B A2 2 A& CH3NH; Pb I Br (F13 B % 204, 9k
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Mo g8 BRTIR, BT H CHNH; X g MRS 4 5 TR S5 R stk AR /N, Uik R R 4E T —
AT BAE, MRS T 2 S, H BRI R AEAN T T Br 4p $U0E DL S IR Pb 6p BUE 2 8] K
Az o AE T A — PR SR BT SR AN A BRI A L, FRATTTHEAS 2] CHNHPbBrs 17 B%E N 2.12 eV, 5
SEG BRI LS RATF(2.25 eV) [26]. XEEZHT Pb JGRBGRMAHXE RN 5 37 GGA THEARAL
B ZEAHFRE S5 S, AU Z5IRTE LB S P MM kR A 4R [27] [28], (HIX AR AT/ M5
EKH™ CH;NH;PbBr [ HL 25 A4 G IR ST 77

FERH CH;NH;PbBr; 1k R RETT Z5 M0 A ) 3 o AN mT DAE H, AR E T B B B AR (e B
G PEN 2.12 eV), Y RS A5 A T A ELH X A0 s To ik E, CH3NH;PbBrs FIREH AT LAY N =B
gy, IR BT LOT, FRATTAT LUK %35 43 B s AL AT 2 b e, —4.8 eV PRI A AR A 2
H C2p. N2p Fl1 H Is PUBd ;3.7 eV B T £ 2 Br4p #UEZ R, H-1.6 eV LA FIRER
FLE#5r Pb 6p BUEMTTER, 1M—-1.6 eV LA EIIM A 855> Pb 6s HUEMITIRR: S RMIReH R 2k A
Pb 6p JUE I TR . MEIFRTLLEH, HHLS T CHNH; FIREH & A TR A, RIA ML T BT BT
SRR o T A THURT S TS BT A R T e bR, B Z X S A A B A AR R I R

FHERET MRS R B o) IT LA A FEL BRI BT S €4 ()RR T ea(o) R A 3K

12
a(a)):x/za)[ & (0) +e, (a))z—sl(w)} KAF[29]. FATIHHEAFH M CH;NH;PbBrs (191 HL 2R 501 K &P

() B REL o)Wl 4 Fizw, HA e RO 10° em ™o A HLBR B ex(o) BT HR AN TR 1 06
B TR 58 I BTE HL FBRIE, AT 3.3 eV BT IEAE XT3 T—0.8 eV T Pb 6s 5 Br 4p Z [AI 124k
A 2.5 eV ML Pb 6p FUBN B -TERIE, Wl 2 o Pb A Br 095 B E TR . HLAE RSN T U
HP K 375 nm, HSEATFHA BT 360 nm BT IR ICIERIRT R, ik 4 B, WK &, TRIK
SR I I K R B 0 2 BN A 3, RIS ZE 430 nm BRI H BT —ANBEES R IR AT I, 2% R AT U o
T H R R ey(0) BT 2.9 eV TR . AH LG T S8 2 A5 A CH,NH,PbI; K, Br B4R
1 22 JE A Z B B 58 15 A48 K (CHNHPOI; A7 B 56 - ~1.5 V) [30], S8 T Wlicg ey Koy m#sh, AL
SR NENL- RS ERT™ CHNH;PoBrs M4 RHK RISt 1 Al 52 A B SE A .

Energy (eV)
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Figure 3. Band structure of the orthorhombic phase of the CH;NH;PbBr;. The path through the high symmetry points of or-
thorhombic lattice: I' = (0,0,0), Z = (0,0,1/2), T = (0,1/2,1/2), Y = (0,1/2,0), S = (1/2,1/2,0), X = (1/2,0,0), U = (1/2,0,1/2), R
=(1/2,1/2,1/2)

3. $58KH CH;NH;PbBr; BUREH 4540 BETH P AL M RN XSRS A T = (0,0,0), Z=(0,0,1/2), T=(0,1/2,1/2),
Y =(0,1/2,0), S =(1/2,1/2,0), X = (1/2,0,0), U = (1/2,0,1/2), R = (1/2,1/2,1/2)
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Figure 4. Imaginary part of dielectric function &)(®) and absorption coefficient of orthorhombic
CH}NH3PbBr3
B 4. $55K8 CH;NH;PbBr; /Y B EREEE B &x(0) MR R E a(w)E

4. g

AR B — MR R 577, WFAC T 1EZE i R (Pnma) E5 64 CH;NH;PbBrs #4141 #4544 R I
Wkt THEEREY, RA optB86b+vdWDF A2 #e ok Iz b T A5 21 1 A A% S5 M ANl BR 08 P, 5 S8
ZERTT RS, HAUT GGA-PBE HUTFSREA, BRI 5yt bR E K vdW-DF i iR BE W B4 )
IR ZAR R EENE S . S E AR, AHL T4 CHNH; X4 O g IR s ik, s
T2t Br 4p PUEALRY, 57 I £ 22 1 Pb 6p BUEAL L. IR BOTFA5 RE WM EHE 360 nm 1
430 nm BYIT H PSRN, HLBEE BRI E n, WRlesm RE 2 IUR B S . Bl S5 ROy CH;NH;PbBr;
FEEHL AU B 3R AT 5 1 B S At

B O

AR R E R BRI R SANHES . 11547123) 0% B . SRR I K 22 R UE S 30 H
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