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Open-Circuit Voltage in Nonfullerene-Based Polymer Solar Cells
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Herein, we have studied open-circuit voltage (Voc) of polymer solar cells based on a blend of a crystalline conjugated polymer
(PTzBT) and two different acceptor molecules: one is a fused-ring nonfullerene acceptor (ITIC) and the other is a fullerene derivative
acceptor (PCBM). The energy level of frontier orbitals was evaluated for these blend films by cyclic voltammetry measurements.
As aresult, we found that there is no difference in the energy level of highest occupied molecular orbital (HOMO) of PTzBT and that
ITIC has an energy level of lowest unoccupied molecular orbital (LUMO) lower than PCBM. In other words, the energy difference
between donor HOMO and acceptor LUMO AFEpa was estimated to be 1.56 eV for PTzBT/ITIC and 1.72 eV for PTzBT/PCBM,
suggesting that the charge transfer (CT) state would be lower in PTzBT/ITIC than in PTzBT/PCBM. Interestingly, however,
PTzBT/ITIC solar cells exhibited larger Voc than PTzBT/PCBM solar cells even though the LUMO of ITIC is lower than that of
PCBM. In order to address the origin of the different Voc, we measured temperature dependence of Voc of these polymer solar cells.
From an extrapolated value of Voc at 0 K, we evaluated an effective bandgap energy AEp/a of the CT state formed at a

donor/acceptor interface in these polymer solar cells.

We found that AEpya is different from AEpa for the two polymer solar cells,
suggesting that there should be some driving force to raise the interfacial CT state in PTzBT/ITIC blend films.

We discussed two

possible scenarios with the assumption that ITIC molecules are perpendicularly oriented to polymer chains as reported for similar

nonfullerene-based polymer solar cells.
longer charge separation distances in the CT state.
energy levels at the interface.
nonfullerene-based polymer solar cells.

1. [FLC&HIC

NFENE R LTV D BB OB C 5 5 HERIERE L ~D
SERNNE S AT, FEIF20504E £ TITIREDN R A A DOk
HEPold 2 0—Rr=a— I VOEKEZHEFE LT
W5, 1 kWhd 72D OCODOHEH I, KIKAT AA 172
EDALARECIEZ L E41400-500 g kWh™', 900-1000 g
kWh!' THHDIZkt LT, A= RLF—ThHoHT Y
o KBTI D550 g kWh FRE ThH 0 | A HEERR
KEFEMTIEE 51259 g kWh ' FEEEIZ £ THIATEE & @
A b WE SN TV DY, R KB O IR A B
R L. WAL, EIANMEO BB T 72 ZE 3 R
[ THNE D H LT D,
ARG ER O T | FEEEICHE &S 8
WG T RKEERO = 1L —ZH5h%E (power
conversion efficiency: PCE) (%, ITHFEEIZM EL TV 25,
Z ORI FICREBREFIEZ R L THD 00, IE
TG =V RDBEAT VT E MDA TH D, ERD
7TV URBE LT 7T B AEEES B
ZEMNBIRS VSN TE A, FRED &4 FREE D
72 80 ARG REIR D WX (X EEH] T & 0 B RHE DMK
EVWIHMEEF LW, ZDd, 7TI—LV U RETT
78T =0y A AT @ oy ORI R L D ) =13 12% 8%
FEIZEEEoTW, NV LY MeaiciEans
BRI 2 A9 2 5 B/RRETT 7 &7 & — 1 IF5RN
Wi A L, BT 7 S Z =R E LTSS

One is due to smaller Coulomb binding energy in PTzBT/ITIC blend films because of
The other is due to a quadrupole moment of ITIC molecules, which would raise
We believe that these findings could be applied to new strategy for improving Voc in
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Figure 1. Chemical structures of materials employed in
this study: a) PTzZBT-BOHD, b) ITIC, and ¢) PCBM.
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Table 1. Photovoltaic parameters of PTzBT/ITIC and
PTzBT/PCBM solar cells.

Acceptor  Jsc/mAcecm? Voc/V  FF  PCE/%
ITIC 8.77 0.972  0.550 4.68
PCBM 8.37 0.882  0.687 5.07
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Figure 2.  Photoelectron emission yield spectra of

PTzBT/ITIC blend (red circles), PTzBT/PCBM blend (blue
circles), and PTzBT neat (black circles) films.
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Figure 3. Cyclic voltammogram of PTzBT neat (black
lines), PTzBT/ITIC blend (red lines), and PTzBT/PCBM

(blue lines). The scan rate was 5 mV s\,

The x axis is a
relative energy assuming that the redox potential of Fc/Fc™ is

—4.8¢V.

Table 2. Energy levels of PTzBT, ITIC, and PCBM.
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Figure 4. Temperature dependence of gVoc for crystalline
polymer solar cells: PTzBT/ITIC (red circles) and
PTzBT/PCBM (blue circles). The solid lines represent the
fitting curves with Eq. 1.
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Table 3. Energy levels of PTzZBT/ITIC and PTzBT/PCBM.

AEpa / eV AEpa/eV  Difference /
(Neat) (Blend) eV
PTzBT/ITIC 1.56 1.34 0.22
PTzBT/PCBM 1.72 1.29 0.43
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Figure 5. Schematic illustration of molecular orientation at
a donor/acceptor interface in a) PTzBT/ITIC and b)
PTzBT/PCBM blend films. The orange lines, red ellipses,

and blue circles represent PTzBT polymer chains, ITIC
molecules, and PCBM molecules, respectively.
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Table 4. Quadrupole moments of ITIC.
O / eao? Oy / eac? 0:: / ea?

—105.3 31.8 73.5

Quadrupole
moment

x: long axis of the molecule, y: short axis of the molecule, z:
axis normal to the molecular plane.
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