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HOMOEELR 5.43 eV (UPS)
LUMOGSEZ 1.98 eV (UPS)

eI C (s
TAIEREEE26.12%

Z. X. Xu, et al,, Joule, 2024, 8, 2123-2134
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HOMOGEELR: 542 eV (UPS)
LUMOE&E 3.90 eV (UPS)
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u, et al., Energy Environ. Sci., 2024, 17, 5080-5090
u, et al., Adv. Funct. Mater., 2022, 32, 2206585
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, et al., Angew. Chem., 2022, 134, 202117
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nature communications 3
Article https://doi.org/10.1038/s41467-024-65523-0

Self-assembled materials with an ordered
hydrophilic bilayer for high performance
inverted Perovskite solar cells

Geoing Q=2 Latian Zhang'. Yig Qe Shaokuan Gong ™. Yuania g™
Yuli Tao®, Siyu ', Qian Chen’, Pengfel Xie',

" Guopeng L, Hul xuo' Fet Weng” Hontn
Jie Yang’, Shi Chen’, Alex K.-Y. Jen®? , Xihan Chen ®'

Zong Xiang Xu®'

verial based inverted have sur-
2615,

large-area configurations remains a signifiant challenge. I chis work, we
based

y 4]
witha The

dibenzolc.glcarbazol-7-yl)phenyDphosphonic acid molecules to form an
ordered bilayer with a hydrophilic surface, which passivates the buried per-
ovskite interface defect and enables high-quality and large-area perovskite

transport.
phosphonic acid based smallarea (00715 ) devce s 26.39% with high
stability. Furthermore, a certified efficiency of 25.21% s achieved for a
99.12 mm’ large area device.
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Conjugated linker-boosted self-assembled monolayer
molecule for inverted perovskite solar cells

Geping Qu, " Siyuan Cai,' Ying Qiao, * Deng Wang,* Shaokuan Gong,* Danish Khan,* Yu Wang,
Kui Jiang,’ Qian Chen,' Letian Zhang, ' Yang-Gang Wang, ' Xinan Chen, * Alex K- Jen,
and Zong-Xiang Xu'4*

SUMMARY
This study builds upon the success achieved from commercial self-
assembled monolayers (SAMs), such as Me-4PACz, by replacing its
flexible butyl linker with a conjugated phenylene ring to form a
M molecule, Me-PhpPACz, for inverted perovskite solar cells
(PSCs). The Me-PhpPACz-derived PSCs exhibited an unprecedented
er conversion effi of 26.17% with an extremely high fill  However, concerns persist about
factor of 86.79% and exceptional longterm stabiy. The rewk: - Jila cicancy s uble of i
from ultrafast shows that SAM: Jecules. Additionaly, the
ot only modulate the work funcilon of nghum dn oxide clectrode  inpactof Mmool
but alao facltate charge canier extraction sed transport. Our | s onth i packing
tionship besean SAM melocule design and oy performance,
paving the way for further enhancing the efficiency and stability of
PSCs.

CONTEXT & SCALE
Self-assembled monolayer (SAM)
has become an ndispenssble
-omponent in perovsiite solar
cells (PSCs) to enhance.
performance and reduce cost.

on PSC performance remains
obscure. Here, we developed a
novel SAM, Me-PhoPACz by

replacing the flexible alky nker

INTRODUCTION
Rocontly, remarkable advancements have been made in perovskite solar cells
*:

P enhances the molecule’s aspect

q o faces b the absorber

and charge-transporting layers (CTLS). Since there are only limited choices of inor-

i matre b ued 4 rcper iy o P exporng s
s beor

esuting i mprovd i
coverage and hole extraction.

offer

1 advantages, such as adjustable energy levels, low synthetic  and weabily issue due to incompatbilty between the norpolar
cost, minimal parasiic absorption, and the abily to passivate the  head groups with polar perovskite precursor solutions. Various st
defects of upper layer perovskites and transparent conductive oxide  tegles have been developed 10 address these ssues, such as co-
(TCO) substraes'. -

nd Engl-

"Dupartment of Chemistry, Southern Univrsity of Scince and Technology, Shenzhen, Guangdeng, Chin. “Department of MateilsScience

properties n Consaquentl, the power
enied o1 ke for far nancing pmrmam of PSCs. Cansequen!\y‘ e AR
Recently,selfassembled materials gamered significant
) over 267, tors a8 CTLs for PSC, Incuding he very promising selfassembled monclayers  improved,reaching 26.17% for
perovskit solar cells (IPSCs) and perowskite- (SAM) to serve as a very effective hole-selective layer (HSU) for inverted (p--n)  Me-PhpPACz compared with

PSCs. From a molecular structure perspective, a typical SAM molecule comprises
an anchoring group, 3 linker, and a terminal group. Esch of these elements serves
i

24.14% for Me-4PAC2. Moreover,
conjugated linkers can aizo be

0 exhibit <o enhance the stabilty
‘SAMs. " Terminal groups, such as carbazole (C2) derivatives, contrbute to surface
overage, that can tune
the substrate’s work function (W) A widely studied SAM moleculs, [4-G,6-

R
performance compared with non

SAM molecules.
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Lanzho, China. hench
Technoloy,
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A (Me-4PACH), has been extensively used to
achieve excellent performance in nverted PSCs." However, there is sl  lot of
room for further improving mlecular design to push PCE closer to the Shackley-
Queisser (5-0) limit. The linker group, which connects the terminal group and

Although

flexible alyl chs

2 p—

7 2008 © 2028 G . 2123
5.

%"al!ﬁﬁ'lﬁ#ﬂﬁﬁ
@ mwewwmuﬁwu_

2503-00176

MR W

1 S et Condbon (STC): Tl uimns 100 ke

s 25

H S Do, AMLSG
& 2 Meuurment Dua and LYV Cuesundr STC
- Forward Scan
H
H o] o] 2 T 0 ity
3 | o5 | 1w | o [ oams
e J( N
N

[ [ [ gL o

Mismach actor: 09932

s

: FA e

. i ¥ IR N 8

- i

: J=

- N s e

Vo)

Figure 1.1V and -V charcisic cue of he messred sple e STC

TR

H%&®h

Energy &
Environmental

Jot
Science -

PAPER

A hot carrier perovskite solar cell with efficiency
exceeding 27% enabled by ultrafast hot hole

M) Cheok for updates
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2024.17,5080 transfer with phthalocyanil
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‘carers before they ool down. With the hot-phonon bottleneck effect, hot carrier collection may be

H

H e s

H o & coecin daaes of <79 . Wit s . ey of 2495
HE— o ey of 2445 s schird w1 e it i ovr 3000 1 epuaos
W Accepted 24th May 2024 ‘stabilty in Nz (60 °C) and over 1000 h at 85 “C. With a solar concentrator, an increase in open-circuit
T oo om0 Ve s e ot ol e b o 0 S o 7305 o
H 55 s Ruminsion fo 8 siol-pncion perovid. sl cek O sunely
2 neten =k

H

Introduction

of PV devices, and an increased power output per arca could
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