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[Introduction] Mixed organic-inorganic halide perovskites (OIHP) with formula
ABXj;, (A=organic cation; B=Pb, Sn, Ge; X=halide) [1] are a class of revolutionary materials that are
nowadays changing the scenario of photovoltaics. They are characterized by very unique features, like
the very long diffusion lengths of the carriers [2, 3] along with their ambipolar nature [4] that have
lead to unprecedented photoconversion efficiencies (PCEs) when employed as light harvesters in solar
cells. Most of the obtained results focus on methylammonium ion usage because MAPbX; shows high
compatibility with solution-based processing, good efficiencies because of its high absorption
coefficient, and a value for the band gap that matches the optimal value for single-junction solar cells
(1.1-1.4 eV). Different procedures are followed in order to assemble such perovskite based devices,
among the others, the sensitization [5] and the thin-film heterojunction architecture [6]. Anyway,
regardless the architecture, the final device is always affected by a noticeable hysteresis in the J-V
efficiency measurement curves that depends on several parameters (i.e., scan rate and perovskite
deposition process play a primary role [7]). Despite efforts spent to understand the origin of this
drawback, no conclusive reasons for this detrimental behaviour have been provided so far. A further
not secondary issue associated to the usage of such perovskites in PV is that the most performing ones

contain lead, their usage representing a serious environmental risk.

[Results and Discussion] We have performed an ab-initio campaign of calculations [8]
to predict possible chemical solutions to the two issues based on the replacement of the two cations,
the organic (A-site) and the inorganic (B-site). In the former case we considered other cations, i.e.
guanidinium (GA) and formamidinium (FA) (See Fig. 1) and their intermediate alloys, that being
characterized by a reduced dipole moment result less sensitive to any applied external bias, and thus

able to (at least partly) alleviate the devices from the hysteresis.

Figure 1: Methylammonium (MA, top), Formamidinium (FA, bottom left), Guanidinium (GA, bottom right) cations.



Concerning the latter, we have considered the possible reduction of Pb concentration as possible

alternative to reduce the environmental risks.

We here discuss the role of several A- and B-site cations in mixed organic-inorganic
perovskites, mainly focusing on the structural and electronic properties of the resulting species and on

their potential applicability in PV devices.
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C DZEMGREDZAIE, FERE L TSR ZE I ERI T I LR D, SOXIBET N
IEL R, —EIEGG & SHEEFGOER OIS 12 IR REKAEERE %2 17 21X, B0
FOEFICHT 2Mo2p0MEPBRONDIETTH D, 22T, A% CIIHAEHEIRRE
23kl E L. % CELIV # (Charge Extraction by Linearly Increasing Voltage ) ®35%

B2 79 © & CREBAISZ B~ 72, 14 1 ISk CELIV e
ORI E T T, Y6 CELIV HTiE. Y65 et 7 puisesiona rﬂﬁgﬂﬁ
ZLTCxXy ) 7 2EK L, EBER (delay time) A
BT HEICENL T AAL =T %L TE Y T T
ZHHT 2. XPoE ) 52 L5 (Dark & Light Light Pulse
D) BHF YV TICLD>7F v O CELIV &~
TFN) THDH, TOHETIE, HER LY ¢

TR T A2 TORBERBEEZRGICEZL LI L 1 CELIV ¥#:0#%4[x  dt(delay time)
MTEBDT, WA EZ L2 FHZBRICHEL TV 5, (3B 2 £
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EERICH o T, L—F =L A Nhi
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(2R - %] K213 2K THIEL 7=
EGIG IR BT 2 RN D I RF
M TH D BIEREZ R T 512D
NTWHESRBIREC o Tw s 2w
MERRT & 7z, Zaud, JRSHC X > TR
SN —BHHIE—E 25T L -
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5E)ICHhBIERZRRLTVS, 51T
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Theoretical study of morphology and performance of organic photovoltaics
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1 RER

A B IR KB % M (organic photovoltaics,
OPV) IX M ER ) SR X 15 KB E M
T, (KT A b, BE, ZMFORENS, #Hi7-
HMIINE—BWMTANL AL LTHEAINT
W5, UL URDYS OPV DA MNR T E T
11 % FEEN T, BFEOY ) a v RKGET
20%) X D HEKLS HERDOHFEL > TN 5.
1.1 FERE

OPV (I AT B &, TIZEFHEIRIZ
BWThERF»ERT 5. E L 2
KEGEMNZ IR L, RENIZEET 5 &AL
BRI B, ERR L 7B IX OPV N %
BEL, EMIOHiEINEZIzLoTH
MERIZERPITENS. £, BETOEE
PHREIZE T2 EMOBEAEEIEL I 5 2 HLD
HIBRMEIZRAD T 5. e F-OREsh=
T DIHEN R DR %2 N & 7% % (internal
quantum efficiency, IQE) &\ \\, OPV OM:RETS
BD—D2Th 3.

12 B0 —

OPV @ 10 nm FREOMMikEE % €L 7 + 1
¥ — (morphology) £\ 5. BT A 1Y —, fi
V2 ST R (AR - O fiR e e OV EE A D A A
R LA R 2 IR EZLNT
WABD, FOREIZOWTIEHHICRIAZ 1
TV,

BT 7 == VA EpHETRIZE > T
OPV D ARSI 2 Z L BB I N T W
5. 2k, fEEE, 2R, MoBEORRE
FEDENT AT —DBEENET H72DT
H5. UDPUBASEETRIZESENT &
0 Y — OHIEE I S TV,

7, AT TIEEL 740V —DHTH
71% (molecular dynamics, MD) +& 237 T
WBBL M EEOEDSFRT NS AD AT
—)V (~ 100 nm) DFFHEIET A FAIKE V.,

2 WEREM

OPV D E IV 7 + 1Y — D HIHEE R O 2 #1%)
HOWNHN RS I ab—Ya VikaBEKT 5.
TV 4B Y—OHLE TR N ITYHE~ DK
iy, ZHHEOEIL 740V =X Y
PEANDIRIEME 2B S 229 5. OPV MR ET
Dfst & R G TRZIRET 5.

3 F&

JK < WESE D347 o LT W B indium tin
oxide/poly(3-hexylthiophene):phenyl-Cg; -
butylic acid methyl ester/aluminum, 3 7%
% ITO/P3HT:PCq;BM/AL 7 5 72 %5 OPV % &
TIVREUTERLZ., AFD 2 D217\,
OPV DEIL 7 # 10V — & BHHRIZDONT,
TNA AR — )V CHGGE R S B LW
TR
1. EL74xBRY—0DYIalb—vayv

VI F—=vay (V7 YR —)

2. MEABEREOYIaL—Yay

Dynamic Monte Carlo (& Rl5)

L7 T7—>avic&dENL7200—0

Ialb—v3av
R (tube mode)!™ D L 7T — 3 3 > (rep-
tation) % Metropolis Monte Carlo #£1°1 & fii\y, 5
NA AR —)V (150 nm 3. J5) TEDF 25T
FTNELVTABRY—%YIalb -l B
AL A D > T @43 T OMBMEE T LT,
L7 7—¥a VIEES T O T8O H)
Thd. FJVRLBRYPEETY I 2L —Y
3V ERITV, RMEAEY RAS VYA X%
fiftdr U 7=.

T =—=)iZ & D OPV DEMEHRII K E <
2R Zens, FFTELTABY -0
AR % ffhr U 7=,

3.2 Dynamic Monte Carlo j%1C & 2 EX B
BOYIal—yay

AU 7ZKEN T 48 Y —IZ8 L Dynamic
Monte Carlo (DMC) 09 % Fi\y, JeEA#IZE
e emEREEHRET VL, TNA ART
—J)V (150 nm 2 5) T¥Ialb— b L7, OPV
% WS T 5 AR B R T EMOYIMEAE D 5
HZBREDOHFLRMZFHEL 72,

OPV DHPIRAE K R E DB EE X, il
SRR, kR EFEZ R L, L7
F 1Y —HEREIZ I T R BRI B
L7=.

4 HEREER
41 LT T7—2avil&dENL7409—0
Xalb—v3av

BoNZENLT 1Y —0D—E8% Figure 1

ADIZRY. ERTHREI N TV LS EDTFH

3.1



Figure 1: )7 40—, A: LT T—Ya v
OWHIREE. B-D: L 75— 3 VT &k W AERK
(IREE B < C < D). E-F: kR (v E
1 75 nm, 15 nm). HIEEFHEGE, HILE
TR ERT.
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Figure 2: %€V 7 4 0 Y —DEIREE-BIL R
M.

WZFET KD FORERT REHE S N .
DT == NVIZ&B R A1 VDORKE,
KON T + 0 Y — O E R % BRI
S Mz U 7=,
4.2 Dynamic Monte Carlo j%(1C & 2 HELXHIB
BOYIal—vayv

Figure 1 ®EI)L 7 #+ T Y —IZ DWW TN L
7. C-F OWREBOEREE - EEFME%
Figure 2 IZ"d . ZHRIIEN 7+ 0V —E
DEET, 095% CThHh-o72z. TDKSIZ, OPV
DRI ERAEE, BANEE, WO B R
MENT 38V —RFIHKFET D 2 EARE
nir=.

IR ST AG IR D kS TR %, BT HHER RN
i 2 N & 78 % (IQE) % Figure 3 (2R

1 T
0.8 —
& 06 —
C
Q
S
5 04 =
IQE —a—
02~ exciton dissociation = © =
charge collection = <>=+
1 I 1 I 1 I 1 I 1
0

0 0.1 02 03 04 05

interfacial area / nm’"'

Figure 3: %€V 7 4 1Y —DREHERF DL 1

R, TERE S OIS P B 40
vs SR

3. R X 5 & i AR R (X
L350, BAFHERNRITIK T I 2 EH A D
mENTZ, TOML—=FNAT7ILERRE - &
JERHE (Figure 2) T A, B, D IZR D MR S5 1
BRWHINTH O, BESHRE EOHIFIZRD
DB ENRRBINT.
5 f&EEm

L 75— 3 ve DMC 2flaEbE5 2
YIZED, FRAAATr—)VTENLTF+BY
— DIRERFENE L OPV OB EDEIL 7
A0 Y —KFEEERHSHIZ U VLT T =Y
avizky, BELTHxOY—NT Z— LiRE
IZ & o THIFEIFTREZR Z 2 AVRIB X 7z, DMC
X0 REEREA OPV ORIz < & L
WEZRDZ &, i TAREERI R & E i
BERD N L — N A 7 PR\ DIz
WA EPREINT.
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Effects of delocalization of molecular orbitals on charge recombinations in organic
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(F]

ARG EMSCHE LED SIXAMO FAMEIE T LWETT A AL LTHER SN
TW5. FRlZ, AHEHERCRGEMI, TFEOLAREEBMEC R T /= R L ¥ —[ME~D
KL D —>L L THEHEINTWDR, BT R/ —EEEN 11%RE[1] & R7E+545T
372K, SORDIIFIENLENTND., 2D, L ODE TGS 0B SRS 18
REIN, SIS FEEOBRELZFAICE LS EFERLRF ST D, Fz,
DFEEE VWS I a RBROAH TR, pm A7 —/LOFUAHEEIC OV T HRE S,
BRIV AT oYy 7 a r EMEEN LD REEENRRE CTHA D EBLXHNATND.

A BRI 5 FE M o0 BRI 72 AT & L CUE, Wk T O E TR EIC X 2 EIRESRE
IR ENRE OFENT[2,3]700 6, PEEBZICRE LT A AT V4N L DT 72 SRk~ 72
IRFZE A &r — /L COMRDBAIT O TN DD, RIEH B KM 2 =3B b3 2 2R )
ORIV BERIEEHIMENL L T LTINS HT SN TS, 22T, A REEIE K D
REMELZWEICHAT D L, (DB G X2 & Bhite 7468, (QFE itk &
OV T2 AR SR~ D R 7 O 3L, Q) FRE DI T % ik 7-iEeE & B mEa ARk, WHMEE
WYL, (5) BHEMOEMIC L DHiE, LWV OIBEBOFZMENLR-> TS, R, Wt
B)R@WDOBRFCHIEE T £ EABHBEAL TCLEVEFEERREICRS Z LB RET RV
X —LEHNRETFLERD 1 LML TS, T T, HaITBETZAME PCBM (2% L
T, BrHEGARLE R 2EHOEKE S T2HVT, B RGEROS THEDER L 51 iE
DOIEBEALNFREABRIC G 2 DL BRI,

[H&R - Fi&l
BrEZRET 78742 —)L LTPCBM(X 1(a), &5 (R —)& LT P3HT,
MEH-PPV, PTB7 ® 3 2%& x5 & L7=(¥ 1(b)~(c)). £71%, PCBM &4 K —D#AAD
TIZHOWCTE LA L i b 21T > 7=, IRIZERHIFR Hartree-Fock 15
(Constrained Hartree-Fock; CHF){EZ AWT NP —7 7 v 7 % —RIEIZEB T 5 BB ENR
fezskol-. LT, Z®O CHFEIC L 2EMBENRIES L O HF EIC X 5 EERED 41
B2 AW T, EMEAAINCBT 28Ty 7V T ERDI-. Br 7TV T EX
~— 7 A



2, 1 p(—ﬁ) (a) (b)

kgr = — Vip —————ex
B R Jamak,T

DHIAF & LTHN DV TH Y, AHFFEICE

W T B A SOG DEEERDOKRE SO

1 ODIREIC2 5. kiT, HTHEOPLE (C) (d)
WZDBEFH TV T2 DHBEEER

L0, SFEFIEICE > TP3HT @
HEPSEL2H T 7L, HTHUEDIE .o

WO EBFH YTV TORESEEBLZ L.
FriZ, P3HT ZMIEHDOTEIR D K - THELM B
NBEPRESERDZENRLOENTELDT,
AW T b M OB o B O3
Regioregular(RR)-P3HT & Regiorandom(RRa)-P3HT DM 5 Dt #4172, #HFE v /-
—VNZHOWTIE, HENEIEMBILYP/6-31G9)IC X D& faiE t, CHF 1£(6-31G*)IZ L %
BT ENR AT I3 — R E Sy 7 — Y NWChem[5]% HWC, #HiEdp o 047
U o 7N 1 E 1%y - — Y Gromacs[6] & V-,

(R EEE]

HHEMWS AR ~—& PCBM OEAGKRIZENT, NI v—DESELBILIEZLE A,
HEENRELSRDIFIEBT Iy TV ITPR/NSLBRDHZENRENT. ThiE, RF—T
oA Y ~—0 HOMO HEH LSRN T D720, EMBEREBICBWTELLETO
OB OER D NS BRLIODBFEREEZ OND. ZOFFHEOIEREILEETF T T
Uy ZOMEERY ~—MOMHELZHETLIOICLEMTHY, RFERRIRE LAY <
— D9 HTHNHE RN &S &V PSHT X, o b D& H_THENIERIEIL TED,
WAy TV TRINESNT ERRHAEND DI, PSHT/PCBM IZZOE I v 7Y
IRNS L BREGRIMHE SAHABE TFARPESRoTWLIEEXLND. HHIT,
RR-P3HT ¥ L (' RRa-P3HT D& H EDENWN 52 2 E L ZO THET 5.
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