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Synthesis and application of Czobenzyl derivative in perovskite solar cells
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Abstract Fullerene and its derivatives are the most efficient electron transport materials (ETMs) in the perovskite solar cells
(PSCs) due to their superior electron transport ability. However, due to enormous obstacles in the separation of C7o derivative
isomers, the influence of fullerene derivatives with different structures on the PSCs has not been systematically explored
heretofore. Herein, based on the successful preparation of a Cro derivative, 2,5-(PhCH2)2C70 and subsequent incorporation into
the p-i-n PSCs as the ETMs, a champion photoelectric conversion efficiency (PCE) of 12.77% was obtained. Furthermore, the
influence of the fullerene derivative structure was figured out through crystallographic understanding of molecular packing.
This work will be of great significance for further application of fullerene derivatives in the PSCs.

Key words perovskite solar cells; electron transport materials; 2,5-(PhCH2)2C70; molecular packing; photoelectric
conversion efficiency

I 3oL B RE FELTHRE K B BB AL O FLRE s — LA D 2 o B Tl A AR R RE YR ) AL 3 AR . AR ST
K BH fe H v BGRB8 46 ) R, T e — 2B R R EOR R, BL4x
JEA LB AL A ROE AT RE B A5 BT R B BE i, 1 D9 — o 2R A K BH g it R B v B e B R AR
JRA 3 BN — U R B SE 4 IR T B EUCRBLEIR, A5 5k K FHBE R 42 P 1 Wy TG 1) K
J&, FOUHIEE A 2009 i 3.8%MERTHEI WA 1 24.2%),  [FIRF R R T AR 2 AT R £ vl

Wik H 391: 2019-04-16

HEWE: EHRE SRR ETR (973 8D (2014CB845601, 2015CB932301) ; M5 H ARl ¥4 (21771152, 21721001,
21390390, 51572231, 21701134) ; WA B R H T E K=& ET H (2016H6023) ; H e i 2 5 A B #F ok 55 %% (20720170028,
20720160084)

W2 i, 2019-06-27 09:10:48 [z i itk hittp://kns.cnki.net/kems/detail /35.1070.N.20190625.1043.008. htm



2 TR AR CHARBRO

PRI

16 Ax % BERL R A 11, FLAT S Pl 35 PEDOT:PSS/ 5 4 ™/ 35 W 7 4 40/ JB Xk L A3 8
{51 S5 4 5 6 PR s, DR SES RO B B (IR A T OO 5T 2 B 41 0%
PG, R W, A0 TE B AR SR B B B P TR Tion, M TIO 7E %
R B B 500 °C IR TR, IR IE T TiO, oL 02 5 6K B s S 4 T
R LR, W) T B SRR A KR . T AR VRIS B, A G BT A
DA T A2 31N B T 5 R 46 A5 B K B s il 2013 46, Guo 45TV VO [6,6]- HE-
Cor- THRHH (PCoBM) 5L I 5¢ R 4651 B it 28 6 b, JFAIEI T 3.9%H LS AR . 2014
4, Huang 20OV 5L T 65 SR A B AE A PR SOL R ORI, EN) T DR BT T B A
R RF IR . 2R, Nie S00A1 Im 4028 (RILEAFTZ, 5L PCaBM T A4
FERHI0 H s 58 P00 M R R 5 18%. KBS ALY, B LT AT DL R R 5
HL T R T 65 6 B B

SUHFI AL, BRI BB O I L T WU B ), (L P T 5 K
Bl i 0 25 B4 B0 0 56 B — 509250 5 1 B Al s B 0 S0 4 1950 R
BT FAIREE . Foh, WIS Coo lORTEHD (IN[6,61-HH-Cra TREEET, ) PCBM) th T 54 4
SR, A UL AT BT AN B, FEBALE HRIRI Cro TR P T 5 40 AC B
S BUAE S >, TIE—  FFRREC

(I, KBFFSELT Cro MMATAN 25-(PhCHo)Cro (1) U4 55 ko8, 4
L 55 B8 0 FLAT W 28 0 B AT A 1 A 2o 2 T 57 8 4 (. 1 2
f, FOGREE BRI ] 12.77%. 20 LA R T65 60 A B Al T2 G 72 B 04
B A B L

1 SLIGER 4

1148 F

Cro WA T3] BB FH T ACHT & BR BHEE R A R FTO SHITIEIN TIL 78 Dk BH A R A A
TR AER E AR (PEDOT:PSS) Il T8 [E 2 R [RA R Bekn I T H AL TAH R AR s ALAL E ATl iz
T Fh 2 ERFF R ARAR; W T HREmARE (TBAP) | “FIEER . 21 74 B Bk A 4 &8 420 T B ik
Byh (PED A RAT, FE. K. NN-ZHIEFEME (DMF) | 48 &K, =& F k. A
i, SR, WESERIG T RS- BE RS (ER) ASAERAT: Az (99.999%) T4
TSR A A
1.2 {4 =5

Bruker AV500 #ZHERES CRARIRFIA CDCls, WARYI MUY H R RE S, HL BT 25 -fd L I A0 - 51
Bl fig S 4E Bt (ESI FT-ICR MS) , IKA RCT bas i it #E4%, N-1300 %Y jighs 78 &A%, 53 LC-6AD
B 1 OB gAY

dRHBE KW-4A B g4 1%, Newport Oriel Solar Simulators K FHA#L 2%, Keithley 2420 SourceMeter
HrIRER, GEEHARBHE TR (EQE) MK AL,

CHI-660C Y Fifb % T /Euh o DAB B A/ 9 TAE b, Pt 224 ok M dle, A0 H ok ik
(SCE) fE NSk, @it ek HES k.
13 EHBTEYHNERRSFGHNT &R
1.3.12,5-(PhCH2).Cro I &G R 5 &

2,5-(PhCH2)2Cro I & R AN 1. ER AT, &4 0.1 mol/L ) TBAP HIZR W, LA
FHREW NS B, -1.10 V FIEBAL N FEEEHME Co (100 mg,0.12 mmol) . fFHMTHRE, K
PGS TAES, ZAAM IS &R ERE KR, FHLE 50 C FHRLiZRM 3 h, V415 5%
22 S HRBY,



WRFEETSE  Coo NIRRT M & RS HLAEF5 ERH™ K BH AE HR i o 0 B 3

1 HTHEY 2,5-(PhCH2),Cro (1) 4 UK 25
Fig.1 Synthese of 2,5-(PhCH, ), C7¢ (1) derivative
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Fig.2 Device structure of the planar heterojunction perovskite solar cells (PSCs) incorporating fullerene derivative 1 as the electron transport
materials (ETMs)
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Fig.3 Crystallographic packing of fullerene derivative 2,5-(PhCH, ), C7¢
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Fig.4 Cyclic voltammograms of 2,5-(PhCH; ), C;79and PC;; BM
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Tab. 1 Reduction potentials, onset reduction potentials, and LUMO energy levels of 2,5-(PhCH,),C7oand PC7;.BM

WEY B ALV R ALV S =8 SR L VAR UG I HUL/ VIR AR & 4 FAUB RESeV
2,5-(PhCH,),Cro -0.89 -1.35 -1.88 -0.81 -3.99
PC;BM -1.08 -1.49 -1.91 -0.96 -3.84
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Tab. 2 Photovoltaic parameters of devices based on different concentration of ETMs

2,5-(PhCH,),Cs¢/ (mg * mL")JF 6 HLFE/ VAT % HLIAL/ (mA « em )78 R F/% ) IR R/ %

10 0.89 18.67 69.06 11.55
20 0.90 20.17 70.21 12.77
30 0.90 19.24 70.61 12.24

Al — 2T, BL PCBM 50y B A& MM RO E3 1 20RO 13.79%,  LL Coo /E 9 BT AR HALBL 1 25
PRy 9.83%; AN & Wi LT AR AR ISR M RCR BN 4.62% (UnlEl 6 Rk 3) o E A RHE
FIN, RS RRCR ML T R TH, XARBL 18 BIE AR R R AR B R
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Tab. 3 Photovoltaic parameters of devices based on different ETMs

FL T ARSI R I B/ VI B/ (mA » om™)3E 78 I /% FRL AL 4 0% %

2,5-(PhCH,),Cro  0.90 20.17 70.21 12.77
PCBM 0.93 21.44 69.11 13.79
Cno 0.90 17.71 61.49 9.83
NGB G 0.86 10.91 49.42 4.62
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Fig.7 EQE curves of devices with 2,5-(PhCH; ), C7 ¢ as theETMs
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Fig.9 Light-soaking stability of devices under simulated AM1.5G 100 mW/cm? irradiation
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Fig.10 Steady-state photoluminescence spectroscopy of CH; NH; Pbl; films with or without 2,5-(PhCH, ), C7¢
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