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Abstract Perovskite solar cells based on the inorganic/organic hybrid perovskite have attracted increasing attention over
the past 3 years. Many studies have been done in this area. Controling the morphology of the perovskite film is an effective
way to improve the photoelectric conversion efficiency of the devices. In our reserch, we studied the influence of structure
and morphology of perovskite films on the performance of the organic-inorganic hybrid perovskite solar cells which prepared
by a sequential deposition method. Mesoporous TiO, scaffold were introduced as electron collecting layer. Lead iodide (Pbl,)
was then spin cast on the TiO, scaffold. The Pbl, subsequently transformed into the perovskite (CH;NH;3Pbl;) by dipping the
TiO,/Pbl, film into a solution of CH;NH;I. We studied the difference between the Pbl, film with or without drying under
room temperature after spin-coating. Through drying under room temperature, larger pores formed in the Pbl, film. While
without drying under room temperature, smaller and shallower pores formed in the Pbl, film. The results show that larger
pores in Pbl, film leads to more complete transformation of Pbl, to CH3;NH3Pbl; and larger CH3NH;3Pbl; particles.
CH;NH;Pbl; films were prepared with three different processes: (a) direct dipping the Pbl, film with smaller pores into the
CH;NH;I solution; (b) direct dipping the Pbl, with larger pores into the CH;NH;I solution; (¢) dipping the Pbl, with larger
pores into the CH3NH;I solution after pre-wetting. The resulting CH;NH;3Pbl; films were studied with SEM, UV-vis absorp-
tion spectrum and XRD. The particles size of the CH;NH;Pbl; are 150, 250 and 350 nm for process (a), (b) and (c) respec-
tively. CH3NH;PbI; films fabricated through process (a) show insufficient absorption due to the insufficient transformation of
the Pbl,. The pre-wetting procedure leads to slower reaction result in larger CH;NH;Pbl; particle size. Devices with proper
size of CH3NH;Pbl; particles show the highest photoelectric conversion efficiency. An efficiency of 13.5% was achieved
with a J,. of 17.8 mA/cm?, a V,, of 1.05 V and a FF of 72.5%.
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Figure 1 Diagrammatic sketch and SEM image of the organic-inorganic
hybrid perovskite solar cells.
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Figure 2 SEM images of Pbl, with different fabrication methods. (a)
without drying at room temperature; (b) drying at room temperature after
spincoating.

Acta Chim. Sinica 2015, 73,267—271



o F F R

2.3 FREIFGERE CHNH Pl SERE

AHIEFE AR = FPOAS R 7 15 £ CH3NHSPbI; %
TETEZ. () POl VR IEIRTE TiO, ¥R b, gk f5 37
BICELE 70 CHINIAE FIB-K 30 min. AHJEERA
CH;NH;I {5 A BER R 20 s, BUEiET, 70 C FiBk
30 min. (b)¥ PoLy IR TE TiO, WK I, JeiR 2 J51E
FiR T, ZJEHEE 70 CHIINHEG LB K 30 min.
AENEIRAN CH;NHsL )57 AR 20 s, HUHTET,
7£70 “C TRk 30 min. (c)Ff PbLy i IR 1E TiO, K
b, BB TET, AT NSRRI 2 s, 57
N CH3NH;I P 35 PR B v v B 2 Y p 2 (8 58 e e A
R, B S R GE, BT, RJETE 70 CT
iB K 30 min.

3a, 3d ABEE Pbl, MK 22)HEZRA
CH;NHsI 1 5 N B2 3% W 5 CHNH3L e B3R 15
CH;NH;Pbl; 2 (J57% a); & 3b, 3e A Z L Pbl, i 5 (1] 2b)
HER N CH;NH;I R BT S CHNH;I R N 3k43
CH;NH;Pbl; JZ(J5:b); B 3¢, 3f % £L Pbl, i E (/& 2b)
203 SN R U R IR N CHRNHSIL 1) 57 4 B 18 W S5
CH;NH;I % M 3543 CH;NH;PbL; |2 (5% ¢). =7 iEsk
#31¥] CH3NH;PbL; 2 R A /IMK IR K, 43314 150, 250
F1350 nm, F HBEE BB S 3 0 CH;NH;PbI; 7 56
Ere AL SR, 1355 Tio, B 28 EHREE k. M
W] 4) bT LLE H =Fp 5123k 43 (1) CH;NH;Pbl; 2
I R AT 5 AR IR R e, BB 1) 0 €A, El A 1) SR AR
K. (a) 7792 #% CH;NH3PbI; JZ BT Pbl, I ECAEUE,
HER N CH;NH;I ()7 NREHE RS CHNH;I Vs g
MAFAFR M Pbl, MR ARURLEL /N CHNH;PbL; =,
FEAE T S P, i — 04, SRURMNAES, 5l
600~ 800 nm 8 [l A] WL G W WS A 55 . (b) T7 v Il &
CH;NH;PbI; 2 H T Pbl, ) 2 FLE5 AT 43 CH3NH,I %
AT LU N AL P, [ M5 (a) 58 4, WIS IR, (c)
J7iH 4 CH3;NH;Pbl; /2, &ididyk /578 Pbl, LAREH —
JE SRR, e N 52 BB T B, S 80U M
TR SR BE AR, 1542 1) CH3NH,PbIs Fki L
ARIEIN, WY T F 18 55 350 4 B IR e pl R K /N3
51 i B S 1 3 5 pr st 5 A Pbl, Al
CH;NH;Pbl; Jeig 2 1 X SHEATH (XRD)EE. M a, b
Al ¢ HE] DLE H =F CH;NH;PbL, J6iE M E AT S 1% 77
7R/ CH;NH;PbI; A1 Pbl, FOfTES G, 3B =Rl i
il (1) CH;NH;Pbl; J= 35 4£4E Pbl, 5k B, W9t % B
&) Pbl, 7R B AT LAk B A B FR I F
R,
2.4 F[E CH3NH3Pbl, 8 & XA PHEE jthi4 GE RO 20

B 6 AT =MAHE L EH S ANV H
Wy J-v #hEk. B AR RE S BER 1 R4 H. (a),

Acta Chim. Sinica 2015, 73,267—271

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B3 =FAE T4 1) CH3NH;PbL; Y676 M2 1) SEM K. a, d /7%
()il b, e F7i%(0)Hl#; c, £ Tk (c)l &
Figure 3 SEM images of CH;NH;Pbl; with different fabrication meth-
ods. a, d were fabricated with process (a); b, e were fabricated with pro-
cess (b); ¢, f were fabricated with process (c)
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Figure 4 Absorption spectrum of Pbl, and CH;NH;Pbl; films. a, b and
¢ were the absorption spectrum of CH;NH;Pbl; films: CH;NH;Pbl; which
was fabricated through process (a), (b) and (c), respectively; d: absorption
spectra of the Pbl, film
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Figure 5 XRD patterns of Pbl, and CH;NH;Pbl; with different fabrica-
tion methods. a, b and ¢ were fabricated with process (a), (b) and (c)
respectively

http://sioc-journal.cn 269



o F 5 R

(b) A1 (c) = Ff 77 2 1l % B FL b ) FRL B B R 4 o
10.1%, 13.5%F1 10.0%. FH R (b) 51 24 1K FH H
MR, bR IR E N 17.8 mA/em?, FF
IR E] 1.05 V, HFEKE TN 72.5%. ()7L &R
FHEth T PbI, AR A 5 4 BRI ICEIR S B it
(R4 B LR, AR 13.9 mA/em?. T A FH (c) J7 1241
R B HL i, JF % R AA TS R T AH L (a), (b)PIRR T
RN, AT RN 0.90 V. #53 JR RZ
TFA: B CH;NH;PbI; BURI K& B 4> TiO, JE#REE, 5l
e L B A 1A .

25

— g

_._b

N
o
T

Current density/(mA-cm™®)

O 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Voltage/V

Ble AR LTZMH&IAN/LHEERD K J-V HZE. a, b Ml ¢
73R (@), (b)F(e) =AhAS [F) 77 V) 2 OAG B FL i) J-7 i 2.
TEEEEA 100 mWeem 2, AM 1.5, HItA AR 0.09 cm?

Figure 6 J-V curves of devices with different fabrication methods. a, b
and ¢ were fabricated with process (a), (b) and (c) respectively. Tested
under 100 mWecm % AM 1.5, effective area=0.09 cm’
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Table 1 Photovoltaic parameters of devices with different fabrication
methods

Jrik Jo/(mA*cm ?) Voo V FF/% PCE/%
a 13.9 1.01 719 10.1
b 17.9 1.05 72.5 13.5
¢ 18.4 0.90 60.4 10.0

a, b and ¢ were fabricated with process (a), (b) and (c) respectively. Tested
under 100 mW'cmfz, AM 1.5, effective area=0.09 cm’.
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