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since fullerenes suffer from some short-
comings, such as weak absorption in the 
visible region, limited energy level tun-
ability, and high cost, the improvement 
of fullerene-based OSCs mainly relies on 
donor refinement, which may restrict the 
further development of the OSCs.[10,11]

Nonfullerene acceptors for BHJ OSCs 
have been investigated for a decade.[12–14] 
In the past two years, nonfullerene accep-
tors have realized significant development 
with power conversion efficiency (PCE) 
increasing from 6%[15–23] to 12%.[24–26] 
Rylene imides/amides[27–35] and fused-ring 
electron acceptors (FREAs)[19,20,24–26,36–47] 
are two categories of promising mate-
rials. Parent rylene imides/amides usu-
ally possess high planarity and strong 
intermolecular interaction, and form large 
crystalline domains and large phase sepa-
ration in BHJ films, leading to reduced 
exciton diffusion/separation efficien-
cies and low PCEs.[48,49] Thus, the design 

strategy of high-performance rylene imide/amide-based accep-
tors is to restrict planarity and crystallinity by forming twisted 
or 3D structures.[50,51] The OSCs based on 3D rylene imide/
amide acceptors exhibit PCEs up to 9%.[32,33,52]

Recently, we proposed the concept of “fused-ring elec-
tron acceptor” and reported a series of FREAs based on 
a fused-ring electron-donating core, such as indaceno-
dithiophene, indacenodithieno[3,2-b]thiophene, and 
indacenobis(dithieno[3,2-b;2′,3′-d]thiophene), flanked with two 
compact strong electron-withdrawing units such as 1,1-dicyano-
methylene-3-indanone (IC) and halogenated IC.[19,20,26,46,53–55] 
These FREAs present strong absorption in the visible and 
near-infrared region, and tunable and appropriate energy levels 
matching with various high-performance donor materials.[56] 
Owing to the planar molecular backbone, especially the com-
pact acceptor units at the ends, there is a strong intermolec-
ular interaction, endowing FREAs with relatively high electron 
mobility.[57] The side chains on the fused-ring core are linked to 
the sp3 carbon atom of the cyclopentadiene moiety and adopt 
out-of-plane orientation, which can inhibit excessive aggrega-
tion of the molecules.

Polymer donors with conjugated side chains (also called 2D 
conjugated polymer donors) are widely used in OSCs and usu-
ally exhibit superior performance relative to their counterparts 
without conjugated side chains.[58,59] Inspired by the superior 

A side-chain conjugation strategy in the design of nonfullerene electron 
acceptors is proposed, with the design and synthesis of a side-chain-
conjugated acceptor (ITIC2) based on a 4,8-bis(5-(2-ethylhexyl)thiophen-2-yl)
benzo[1,2-b:4,5-b′]di(cyclopenta-dithiophene) electron-donating core and 
1,1-dicyanomethylene-3-indanone electron-withdrawing end groups.  
ITIC2 with the conjugated side chains exhibits an absorption peak at 714 nm, 
which redshifts 12 nm relative to ITIC1. The absorption extinction coefficient 
of ITIC2 is 2.7 × 105 m−1 cm−1, higher than that of ITIC1 (1.5 × 105 m−1 cm−1). 
ITIC2 exhibits slightly higher highest occupied molecular orbital (HOMO) 
(−5.43 eV) and lowest unoccupied molecular orbital (LUMO) (−3.80 eV) 
energy levels relative to ITIC1 (HOMO: −5.48 eV; LUMO: −3.84 eV), 
and higher electron mobility (1.3 × 10−3 cm2 V−1 s−1) than that of ITIC1 
(9.6 × 10−4 cm2 V−1 s−1). The power conversion efficiency of ITIC2-based 
organic solar cells is 11.0%, much higher than that of ITIC1-based control 
devices (8.54%). Our results demonstrate that side-chain conjugation can 
tune energy levels, enhance absorption, and electron mobility, and finally 
enhance photovoltaic performance of nonfullerene acceptors.

Organic solar cells (OSCs) have been considered as a prom-
ising alternative to silicon-based solar cells since they present 
some merits such as light weight, low cost, semitransparency, 
flexibility, and large-area fabrication.[1–6] The active layers in 
bulk heterojunction (BHJ) OSCs consist of electron donors and 
electron acceptors.[7,8] Fullerenes and their derivatives possess 
some advantages, such as large electron affinity, high electron 
mobility, and isotropic charge transport, and are the dominating 
acceptor materials during the past two decades.[9] However, 
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performance of these materials, we introduce conjugated side 
chains onto the molecular backbone of nonfullerene accep-
tors (2D conjugated acceptors). The benefits of side chain 
conjugation are as follows: (1) extending the intramolecular 
conjugation, which would extend and enhance the absorption, 
resulting in higher photocurrent; (2) facilitating intermolecular 
interaction and π–π overlap, resulting in higher charge carrier 
mobility.

In this work, we present the first example of FREA with con-
jugated side chains, design and synthesize an acceptor with 
conjugated side chains, ITIC2 (Scheme 1), and compare with its 
counterpart, ITIC1 (Scheme 1). ITIC2 consists of an electron-
rich benzo[1,2-b:4,5-b′]di(cyclopenta[2,1-b:3,4-b′]dithiophene)  
core, electron-deficient IC end groups, conjugated 5-(2-ethyl-
hexyl)thiophene side chains, and nonconjugated 4-hexylbenzene 
side chains. ITIC2 exhibits redshifted and stronger absorption, 
higher energy levels, and higher electron mobility relative to 
ITIC1. The OSCs based on blends of ITIC2 and a wide-bandgap 
polymer donor FTAZ[60] (Scheme 1) show a champion PCE of 
11.0%, much higher than ITIC1-based devices (8.54%).
The molecular geometries and electronic properties of ITIC1 
and ITIC2 were investigated with density functional theory 
(DFT) calculations at B3LYP/6-31G* level. Both ITIC1 and 
ITIC2 possess planar backbone (Figure S1, Supporting Infor-
mation), which would be beneficial to intermolecular π–π inter-
actions, especially local intermolecular π–π stacking between 
the terminal electron-deficient IC groups, facilitating electron 
transport.[57] The highest occupied molecular orbital (HOMO) of 
the two molecules mainly distributes on the electron-donating 
core, and the lowest unoccupied molecular orbital (LUMO) 
delocalized on the whole molecular backbone (Figure S1, Sup-
porting Information). Furthermore, the HOMO and HOMO-1 
of ITIC2 extend into the thiophene side chains, indicating that 
the thiophene side chains and the molecular backbone are con-
jugated. The calculated HOMO and LUMO energy levels of 
ITIC2 are −5.36 and −3.34 eV, respectively, higher than those 

of ITIC1 (HOMO: −5.45 eV; LUMO: −3.39 eV), which could be 
attributed to the electron-donating property of conjugated thio-
phene units in side chains.

Scheme S1 (Supporting Information) shows the synthetic 
routes for ITIC2. Pd(PPh3)4 catalyzed Stille coupling reaction 
between BDT2-2Sn and ethyl 2-bromothiophene-3-carboxylate 
afforded intermediate BDT2-T. Grignard reaction between 
BDT2-T and 4-hexylphenyl-1-magnesium bromide followed 
by intramolecular cyclization via acid-mediated Friedel–Crafts 
reaction afforded IT2. IT2 was lithiated by n-butyllithium and 
quenched with dimethylformamide to afford aldehyde IT2-
CHO. Knoevenagel condensation between IT2-CHO and IC 
yielded the final product ITIC2. ITIC1 was synthesized from 
the known starting material IT1[61] using the same procedure 
as ITIC2, which is different from the reported procedure 
(ITIC1 was coincidentally reported while we were preparing 
this paper).[62] All compounds were fully characterized by mass 
spectrometry, 1H NMR, 13C NMR, and elemental analysis (see 
the Supporting Information).

ITIC1 and ITIC2 are readily soluble in common organic 
solvents, such as dichloromethane and chloroform. Ther-
mogravimetric analysis (Figure S2, Supporting Information) 
indicates that ITIC1 and ITIC2 possess good thermal stability 
with decomposition temperatures (5% weight loss) of 360 and 
339 °C in nitrogen, respectively (Table 1).

The normalized optical absorption spectra of ITIC1 and 
ITIC2 in chloroform solution (10−6 m−1) and thin film are 
shown in Figure 1a. The two compounds exhibit strong and 
broad absorption ranging from 550 to 800 nm. ITIC1 shows an 
absorption maximum at 702 nm with an extinction coefficient 
of 1.5 × 105 m−1 cm−1 in solution, while ITIC2 with the con-
jugated side chains shows a redshifted maximum at 714 nm 
and a higher extinction coefficient of 2.7 × 105 m−1 cm−1. ITIC1 
and ITIC2 exhibit redshifted absorption spectra in thin 
film relative to those in solution, with maxima of 734 and 
738 nm, respectively. The optical bandgaps of ITIC1 and ITIC2 
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Scheme 1. Chemical structures of ITIC1, ITIC2, and FTAZ.

Table 1. Basic properties of ITIC1 and ITIC2.

Compound Td  
[°C]

λmax
abs [nm] Eg

a)  
[eV]

εb)  
[m−1 cm−1]

Eox/Ered
c)  

[V]
HOMO  

[eV]
LUMO  

[eV]
μe  

[10−4 cm2 V−1 s−1]
Solution Film

ITIC1 360 702 734 1.55 1.5 × 105 0.68/−0.96 −5.48 −3.84 9.6

ITIC2 339 714 738 1.53 2.7 × 105 0.63/−1.00 −5.43 −3.80 13

a)Estimated from the absorption edge in film; b)Extinction coefficient at λmax in solution; c)The onset oxidation and reduction potentials versus FeCp2
+/0.
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estimated from the absorption edge of the thin film are 1.55 
and 1.53 eV, respectively (Table 1).

The electrochemical properties of ITIC1 and ITIC2 were inves-
tigated by cyclic voltammetry (CV) with films on a glassy carbon 
working electrode in 0.1 m [nBu4N]+[PF6]− CH3CN solution at a
potential scan rate of 100 mV s−1 (Figure 1b). ITIC1 and ITIC2 

exhibit irreversible reduction waves and oxidation waves. The 
HOMO and LUMO energy levels (Table 1) are estimated from the 
onset oxidation and reduction potentials, respectively, assuming 
the absolute energy level of FeCp2

+/0 to be 4.8 eV below vacuum
(oxidation potential of FeCp2

+/0 vs Ag/AgCl was measured to
be 0.45 V). ITIC2 shows slightly higher HOMO (−5.43 eV) 
and LUMO (−3.80 eV) energy levels relative to ITIC1 (HOMO: 
−5.48 eV; LUMO: −3.84 eV), owing to the electron-donating
nature of the conjugated thiophene side chain.

The electron mobilities of ITIC1 and ITIC2 were measured 
using the space charge limited current (SCLC) method in 
electron-only devices with a structure of Al/ITIC1 or ITIC2/Al 
(Figure S3, Supporting Information).[63] The electron mobilities 
of ITIC1 and ITIC2 are 9.6 × 10−4 and 1.3 × 10−3 cm2 V−1 s−1, 
respectively (Table 1). The planar molecular backbone of the 
two molecules facilitates molecular stacking and charge carrier 
transport, leading to relatively high mobility. The conjugated 
side chain in ITIC2 could further enhance the intermolecular 
interaction, resulting in higher mobility.

Our previously reported wide-bandgap (2.00 eV) polymer 
FTAZ (Scheme 1) exhibits strong absorption from 400 to 
620 nm with a high extinction coefficient of 9.8 × 104 m−1 cm−1, 
which is complementary with absorption of the low-bandgap 
acceptors ITIC1 and ITIC2 (Figure 1a).[60] The energy levels of 
FTAZ (HOMO = −5.38 eV; LUMO = −3.17 eV)[60] match with 
those of ITIC1 and ITIC2, and its deep HOMO energy level is 
beneficial to high open-circuit voltage (VOC). We fabricated BHJ 
OSCs with a structure of indium tin oxide (ITO)/ZnO/FTAZ: 
ITIC1 or ITIC2/MoOx/Ag. The optimization details of the devices 
are illustrated in Table S1 (Supporting Information). Table 2 sum-
marizes the VOC, short-circuit current density (JSC), fill factor (FF), 
and PCE of the optimized devices. The current density–voltage 
(J–V) curves of the best devices are shown in Figure 2a.

FTAZ:ITIC1-based devices exhibit VOC of 0.921 V, JSC of 
16.45 mA cm−2, FF of 0.564, and PCE of 8.54%. Due to the 
higher LUMO energy level, redshifted and stronger absorp-
tion, and higher electron mobility of ITIC2, the devices 
based on FTAZ:ITIC2 show higher VOC of 0.946 V, higher 
JSC of 17.51 mA cm−2, higher FF of 0.576, and higher PCE of
9.56%. FTAZ:ITIC1-based devices show slightly decreased 
performance after thermal annealing (VOC of 0.921 V, JSC of 
15.76 mA cm−2, FF of 0.559, and PCE of 8.11%) (Table 2 and 
Table S1 (Supporting Information)). Thermal annealing sig-
nificantly enhances the performance of FTAZ:ITIC2-based 
devices: the JSC and FF are improved to 18.88 mA cm−2 and
0.630, respectively, resulting in an increased PCE of 11.0%.
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Figure 1. a) UV–vis absorption spectra of ITIC1, ITIC2, and FTAZ. 
b) Cyclic voltammograms for ITIC1 and ITIC2 in CH3CN/0.1 m 
[nBu4N]+[PF6]− at 100 mV s−1, and the horizontal scale refers to an 
Ag/AgCl electrode.

Table 2. Performance and mobilities of the optimized devices based on FTAZ/acceptor.

Devicea) VOC  
[V]b)

JSC  
[mA cm−2]b)

FFb) PCE  
[%]b)

Calculated JSC  
[mA cm−2]

μh  
[10−4 cm2 V−1 s−1]

μe  
[10−4 cm2 V−1 s−1]

μh/μe

FTAZ:ITIC1 0.922 ± 0.003 (0.921) 16.06 ± 0.36 (16.45) 0.562 ± 0.004 (0.564) 8.32 ± 0.19 (8.54) 15.84 27 2.0 13.5

FTAZ:ITIC1c) 0.920 ± 0.003 (0.921) 15.67 ± 0.18 (15.76) 0.561 ± 0.004 (0.559) 8.09 ± 0.10 (8.11) 15.58 53 2.2 24.1

FTAZ:ITIC2 0.944 ± 0.002 (0.946) 17.01 ± 0.31 (17.51) 0.569 ± 0.005 (0.576) 9.13 ± 0.23 (9.56) 16.79 25 2.1 11.9

FTAZ:ITIC2c) 0.922 ± 0.003 (0.925) 18.63 ± 0.26 (18.88) 0.620 ± 0.006 (0.630) 10.6 ± 0.2 (11.0) 18.13 14 4.1 3.4

a)FTAZ:acceptor = 1:1.3 (w/w); b)Average values with standard deviation were obtained from 20 devices, the values in parentheses are the parameters of the best device;
c)Thermal annealing at 110 °C for 10 min.
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The external quantum efficiency (EQE) spectra of the opti-
mized devices exhibit broad photoresponse from 300 to 
800 nm (Figure 2b). The photoresponse from 400 to 600 nm 
is mainly related to the contribution of FTAZ, while that from 
600 to 800 nm is mainly attributed to the acceptors. The EQE 
maxima of FTAZ:ITIC1, annealed FTAZ:ITIC1, FTAZ:ITIC2, 
and annealed FTAZ:ITIC2 blends are 72.4%, 70.5%, 74.7%, 
and 78.2%, respectively. FTAZ:ITIC2 shows higher EQE in the 
600–800 nm region than FTAZ:ITIC1, which could be ascribed 
to the stronger absorption of ITIC2, resulting in higher JSC. 
The JSC of FTAZ:ITIC1, annealed FTAZ:ITIC1, FTAZ:ITIC2, 
and annealed FTAZ:ITIC2 blends calculated from integration 
of EQE spectra with the AM 1.5G reference spectrum are 
15.84, 15.58, 16.79, and 18.13 mA cm−2, respectively, consistent 
with JSC values measured from J−V (the error is <5%, Table 2).

We measured the photocurrent density (Jph) versus 
the effective voltage (Veff) to investigate the charge gen-
eration, dissociation, and extraction properties (Figure 2c). 
Assuming all the photogenerated excitons are dissociated 
into free charge carriers and collected by electrodes at high 
Veff (2.2 V), the saturation photocurrent density (Jsat) is only 
limited by the total amount of absorbed incident photons, 
thus the value of JSC/Jsat characterizes the charge extrac-
tion under short-circuit condition.[64] The values of JSC/Jsat 
of FTAZ:ITIC1, annealed FTAZ:ITIC1, FTAZ:ITIC2, and 
annealed FTAZ:ITIC2 blends are >95%, indicating efficient 
charge extraction.

Charge recombination in the devices was investigated by 
measuring JSC under different incident light intensities (Plight) 

(Figure 2d). The relationship between JSC and Plight can be 
described by the formula of JSC ∝ PS.[65] If all free carriers are 
swept out and collected at the electrodes prior to recombina-
tion, S should be equal to 1, while S < 1 indicates some extent 
of bimolecular recombination. The values of S in FTAZ:ITIC1, 
annealed FTAZ:ITIC1, FTAZ:ITIC2, and annealed FTAZ:ITIC2 
blends are 0.92, 0.90, 0.93, and 0.95, respectively, which indi-
cates weak bimolecular recombination and is consistent with 
the trend of device performance.

The hole and electron mobilities of the blended films were 
measured by the SCLC method with a device structure of 
ITO/PEDOT:PSS/FTAZ:acceptor/Au for holes (Figure S4a, 
Supporting Information) and Al/FTAZ:acceptor/Al for elec-
trons (Figure S4b, Supporting Information). Devices based on 
FTAZ:ITIC1 (μh = 2.7 × 10−3 cm2 V−1 s−1, μe = 2.0 × 10−4 cm2

V−1 s−1) and FTAZ:ITIC2 (μh = 2.5 × 10−3 cm2 V−1 s−1, μe =
2.1 × 10−4 cm2 V−1 s−1) exhibit similar hole and electron mobili-
ties. After thermal annealing, the hole mobility of FTAZ:ITIC1 
significantly increases to 5.3 × 10−3 cm2 V−1 s−1, while the elec-
tron mobility slightly increases to 2.2 × 10−4 cm2 V−1 s−1. As 
for the FTAZ:ITIC2 annealed film, the hole mobility decreases 
down to 1.4 × 10−3 cm2 V−1 s−1, while the electron mobility 
increases up to 4.1 × 10−4 cm2 V−1 s−1 (Table 2). The slightly 
lower JSC and slightly lower FF of the annealed FTAZ:ITIC1 
blend relative to its as-cast film could be attributed to the unbal-
anced charge transport, while the higher JSC and FF in the 
annealed FTAZ:ITIC2 blend relative to its as-cast film could 
be attributed to the higher electron mobility and more balanced 
charge transport.[66–70]

Adv. Mater. 2017, 29, 1702125

Figure 2. a) J–V curves, b) EQE spectra, c) Jph versus Veff characteristics, and d) JSC versus light intensity of the optimized devices with the structure 
of ITO/ZnO/FTAZ:acceptor/MoOx/Ag.



1702125 (5 of 7)

The morphology of the active layer was investigated by trans-
mission electron microscopy (TEM) and atomic force micros-
copy (AFM) (Figure S5, Supporting Information). FTAZ:ITIC1 
and FTAZ:ITIC2 films show obvious contrast in TEM images, 
suggesting a large crystallinity difference between donor and 
acceptor, which would lead to a large mobility difference and 
unbalanced charge transport. After thermal annealing, the con-
trast of both films decreases, indicating a reduced crystallinity 
difference between donor and acceptor. AFM was used to char-
acterize the surface morphology of active layer (Figure S5e–h, 
Supporting Information). The root-mean-square roughness 
(Rq) values of FTAZ:ITIC1 and FTAZ:ITIC2 films are 0.972 and 
0.809 nm, respectively. Thermal annealing slightly increases 
the Rq of FTAZ:ITIC1 film to 1.22 nm, while slightly decreases 
that of FTAZ:ITIC2 film to 0.730 nm. The smooth and uniform 
surface of active layer indicates that there are no large aggre-
gates or pinholes.

Grazing incidence wide-angle X-ray scattering (GIWAXS) 
was used to investigate the molecular packing of FTAZ:ITIC1 
and FTAZ:ITIC2 films.[71] The scattering of FTAZ, ITIC1, and 
ITIC2 neat films are shown in Figure S6 (Supporting Informa-
tion). The (100) lamellar packing of ITIC1 and ITIC2 is located 
at q = 0.33 and 0.30 Å−1, corresponding to the lamellar spacing 
of ≈19 and ≈21 Å, respectively. The π–π stacking peaks of ITIC1 
and ITIC2 are shown at 1.78 Å−1 (3.5 Å), while the π–π stacking 
peak of FTAZ is located at q = 1.68 Å−1. The GIWAXS results 
of FTAZ:ITIC1, FTAZ:ITIC1 annealed, FTAZ:ITIC2, and 
FTAZ:ITIC2 annealed films are displayed in Figure 3. For the 
as-cast films, the coherence lengths (CLs) of ITIC1 and ITIC2 
π–π stacking are calculated to be 2.8 and 3.1 nm, respectively, 
which indicates that the molecular packing of ITIC2 is slightly 
enhanced compared with its counterpart. The donor mate-
rial FTAZ shows similar CL of ≈1.7 nm in the as-cast films 
of FTAZ:ITIC1 and FTAZ:ITIC2. After thermal annealing, 
the CLs of FTAZ and ITIC1 π–π stacking are calculated to 

be 2.3 and 2.3 nm, respectively, suggesting a reduced crystal-
linity difference between donor and acceptor. The same trend 
was observed in the FTAZ: ITIC2 annealed films that the CLs 
of FTAZ and ITIC2 π–π stacking are calculated to be 2.2 and 
2.8 nm, respectively.

Resonant soft X-ray scattering (R-SoXS) was performed 
to further investigate the phase separation of FTAZ:ITIC1, 
FTAZ:ITIC1 annealed, FTAZ:ITIC2, and FTAZ:ITIC2 
annealed blends with enhanced contrast between different 
components.[72,73] Figure 4 shows the scattering profiles of the 
blends at 285.2 eV. FTAZ:ITIC1 as-cast and annealed films 
show scattering peaks at q ∼ 0.21 nm−1, corresponding to the 
domain size of ≈15 nm. The scattering peak of FTAZ:ITIC2 as-
cast film locates at q ∼ 0.31 nm−1, corresponding to the domain 

Adv. Mater. 2017, 29, 1702125

Figure 3. a) 2D GIWAXS patterns of FTAZ:ITIC1, FTAZ:ITIC1 annealed, FTAZ:ITIC2, and FTAZ:ITIC2 annealed films. b) Out-of-plane and in-plane 
intensity profiles of the corresponding 2D GIWAXS images.

Figure 4. R-SoXS profiles of FTAZ:ITIC1, FTAZ:ITIC1 annealed, 
FTAZ:ITIC2, and FTAZ:ITIC2 annealed films.
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size of ≈10 nm. After thermal annealing, the domain size of 
FTAZ:ITIC2 slightly reduces to ≈9 nm. The domain sizes 
of FTAZ:ITIC1 as-cast and annealed films are larger than those 
of FTAZ:ITIC2 as-cast and annealed films. Smaller domain 
size facilitates charge separation and higher JSC. Relative 
domain purity of these blends is also compared by integrating 
the scattering profiles over q. The relative purity of FTAZ:ITIC1, 
FTAZ:ITIC1 annealed, FTAZ:ITIC2, and FTAZ:ITIC2 annealed 
films is calculated to be 0.89, 1, 0.75, and 0.87, respectively. 
Purer domain of the FTAZ:ITIC1 annealed film with larger 
domain size would facilitate charge transport but reduce 
the phase interface, which is beneficial to high mobility but 
detrimental to charge separation, leading to inferior device 
performance. For the FTAZ:ITIC2 as-cast and annealed films 
with smaller domain sizes, high domain purity is beneficial to 
reducing bimolecular recombination and improving JSC and FF. 
This is consistent with the results from charge recombination 
study by measuring JSC versus incident light intensities. Due to 
the smaller domain size and purer domains, the FTAZ:ITIC2 
annealed film shows the highest JSC, FF, and PCE.

In summary, we demonstrate the first example of side-chain-
conjugated FREA. Side-chain conjugation facilitates intramo-
lecular conjugation and intermolecular interaction, which is 
beneficial to absorption and charge transport. Comparing with 
its counterpart ITIC1, ITIC2 with the conjugated side chains 
shows redshifted absorption, higher extinction coefficient, 
slightly higher energy levels, and higher electron mobility. 
FTAZ:ITIC2 blend shows smaller domain size relative to 
FTAZ:ITIC1. The OSCs based on FTAZ:ITIC2 blends exhibit a 
champion PCE of 11.0%, much higher than that of FTAZ:ITIC1 
blend (8.54%). The redshifted and stronger absorption of ITIC2 
is beneficial to higher JSC, while the higher electron mobility 
of ITIC2 and more balanced charge transport is beneficial to 
higher FF. The smaller domain size and high domain purity 
of FTAZ:ITIC2 blend also facilitate enhancement in JSC and 
FF. The higher JSC and higher FF synergistically lead to much 
higher PCE in FTAZ:ITIC2 blends. Our results demonstrate 
that side-chain conjugation is an effective strategy for design of 
high-performance nonfullerene acceptors.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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