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Abstract

we synthesized and characterized a series of novel
two-dimensional Se atom-substituted donor @peceptor (A)
conjugated polymers—PBDTTTBO, PBDTTSBO, PBDTSTB@d a
PBDTSSBO—featuring benzodithiophene (BDT) as thenodo
thiophene (T) as the-bridge, and 2,1,3-benzooxadiazole (BO) as the
acceptor with different number of Se atoms at difféz-conjugated
locations, including the-bridge, and side chain, respectively. On the
other hand, we also replaced BO with benzoselenaldig BS) and
synthesized another series of two-dimensional 8en-agubstituted
polymers. The BS unit expands the absorption windbvywolymers
into long wavelength region, and also changes tinekimg properties
of polymer. We found that through the rational stwal modification
of the 2-D conjugated Se-substituted polymers, rdmilting PCEs
could vary over threefold (from 2.4 to 7.6%), highting the
importance of careful selection of appropriate clocamstructures
such as the location of Se atoms when designingiesft D-t—A

polymers for use in solar cells.

Keywords: heteroatom effect, visible light absawptt crystalline

conjugated polymers, polymer solar cells, GIWAXs
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7x10*

Film —a—PBDTTTBO

4
6x10° —o— PBDTTSBO
1 PBDTSTBO
Sx10* 4 2— PBDTSSBO

4x10°

3x10°

Absorption coefficient {cm")

10 4%

' L] v | M L) 1
300 400 500 600 700 800 900
Wavelength (nm)

Bw: 5 FARBEETHRATRARYE

-
T

R— BRoTHELENRR

EX, HOMO* E LUMO® HOMO®LUMOS

V) (ev) (eV) (eV) (eV) (eV)
PBDTTTBO 0.66 -546 1.78 -3.68 -4.82 -2.71
PBDTTSBO 060 -540 1.69 -3.71 -4.79 -2.75
PBDTSTBO 0.66 -546 178 -3.68 -4.81 -2.72
PBDTSSBO 060 -540 1.69 -3.71 -4.79 -2.75

® HOMO energy levels determined from the onsets ef @V curves, using tl

equation HOMO = —(4.8 £”,se) €V.” LUMO energy levels determined using

equationE ymo = Enomo + Eg™™
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R RSB TRERREZ AR AOAHE

Polymer/PC;:BM V¢ Jsc 7 FF  Mobility
(1:2) V) (MAcm™) (%) (%) (cm’V*'s?)
PBDTTTBO 0.85 11.8 59 59 1.3x10°
PBDTTSBO 0.79 11.9 47 50 9.7x10°
PBDTSTBO 0.86 13.9 76 64 82x10°
PBDTSSBO 0.78 10.0 3.3 42 7.4x10°
80 - —a— PBDTTTBO
—o— PBDTTSBO
PBDTSTBO
60 —a— PBDTSSBO

EQE (%)
2
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v T v T v T v T
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(=) RARTRS FRR

X, BS AT TR RMTHERI S FTHRKE LA
B fs - M EANRIAR LA A BB 0 Rl AT ey A 4a F) 0 AR
Ry BRI R B LR ey RIS E > Mg selenophenge £ 4% F B -
Al & a5 — 44 sofu s - PBDTTSBSH PBDTTSSBSE 4 %
RENBEEHE  ABRETTRAENR LI ANER - BE4E
REME RS L - A BSHERA Z/ 2 F B £33 5 F 49 HOMO ferg
FALRA  SHTEBAAHOHBER > HIMEF—ROZ
PBDTTSBS# PBDTTSSBS#: K B A &/ K2 AL 4 » 12 HOMO &
RERASSRERERER BS EXBOA[ s TLEEELZ7 > £RE
selenophener 7 £ 4 F 8f R My R &% % LUMO ey & -2 82 BO %
TR ST TERIRE -

R=Z EABSAETXRNG S TIELERY

EX, HOMO* E¥ LUMOP HOMO® LUMO®

V) (V) (ev) (ev) (ev) (eV)

PBDTTTBO 066 546 178 -368 482 -2.71
PBDTTTBS 049 529 169 -360 -467 -267
PBDTTSBS 049 529 156 -3.73 -465 =271
PBDTSTBS 049 529 169 -360 -466 -2.67
PBDTSBS 049 529 15 373 464 -2.71
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BRI BT B E A R TR > A B AT K F RS
FEIRG  EHERA TSR RREL S RRRABKEE T AR E
R HEACH Rtk 0 B RS RRA

20 RESHrFRERYEZ ARAHHE

Polymer/PC;:BM Vi Jsc 7 FF  Mobility
(1:2) V) (MAcm®) (%) (%) (cm’Vis?)
PBDTTTBO 0.85 11.8 59(576) 59 1.3x10°
PBDTTTBS 0.66 10.1  3.3(3.25) 50 4.4x10°
PBDTTSBS 0.67 9.5 3.0(2.87) 49 26x10°
PBDTSTBS 0.67 11.4  4.0(3.88) 52 39x10°

PBDTSSBS 0.66 8.3 2.4(2.38) 44 1.7x107
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28 AHEFER NS TINFERBEAREE

Polymer M2 M2 PDP T
PBDTTTBO  60.2k  246.8k 4.1 334
PBDTTSBO  56.9k  221.9k 3.9 313
PBDTSTBO  67.3k  275.9k 4.1 328
PBDTSSBO  52.1k  197.9k 3.8 317
PBDTTTBS  45.1k  157.9k 3.5 326
PBDTTSBS  38.7k  119.9k 3.1 315
PBDTSTBS  47.2k  160.5k 3.4 328
PBDTSSBS  31.2k 87.4k 2.8 314

&N P AR % FE2 PBDTSTBO Z R 4% %

Voc Jsc n FF Thickness
Polymer M, My2 PDP

V) (mAcn®) (%) (%) (nm)
P4 HM,) 67.3k 2759k 4.1 0.86 13.94 76 64 104
P4 MM,) 51.8k 186.5k 3.6 0.86 13.38 74 64 98
P4 M) 35.6k 89.7k 2.5 0.86 13.34 7.1 62 101
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Rt THBBRZIRAEHDY -HOMORZLIMO EFEL2H W

Polymer Structure [ 6,:(°) | 6>(°) | HOMO orbital LUMO orbital

PBDTTTEO 56.8| 6.9 ﬁﬁ 2 ‘a'hwn

PBDTTSBO AN IO PR S Wper
56.3 | 5.8 | My alietin iing it

PBDTSTBO .
575| 6.6 i

PBDTSSBO A",‘,.,. - el
56.9| 56 13"00\0'“' "" -._':,""'ﬁ."st;_'.'-'-"-'ﬁ?t

PBDTTTBS
56.9| 9.2

PBDTTSBS
56.4| 7.5

PBDTSTBS
57.9| 8.6

F
8 =
3s

PBDTSSBS

4 _!.. t ” .‘.‘. »
57-2 7.3 ":v." ."'" ,"’."",‘;". ,’:.;-:
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AN BERHAAAZIETRER RE-—ASRWE

HOMO

LUMO

HLG

Polymer Absorption data Uy | Lge
V) | (eV) | (eV) |Excited| Aampsca| f° | Configuratiolt | Weighf
State | (nm) (%)
PBDTTTBO S1 684 | 2.116 H—L 96.2 | 0.65 16.58
482 | -271| 211
S2 607 | 0.089 H—L+1 95.4
PBDTTSBO S1 706 | 2287 H-—-L 96.5 | 0.55 18.51
-4.79 | -2.75 2.04
S2 622 | 0.075 H—L+1 96.1
PBDTSTBO S1 689 | 2.108 H—L 96.3 | 0.64 17.55
-4.81 | -2.72| 2.09
S2 609 | 0.089 H—L+1 95.3
PBDTSSBO S1 709 | 2284 H-—L 96.5 | 0.51 18.53
-4.79 | -2.75 2.04
S2 624 | 0.072 H—L+1 96.0
PBDTTTBS S1 735 | 1.435 H—L 94.3 | 0.90 14.97
-4.67 | -2.67| 2.00
S2 669 | 0.120 H— L+1 91.3
PBDTTSBS S1 759 | 1574 H-L 94.8 | 0.91 15.93
-4.65 | -2.71 1.94
S2 686 | 0.113 H—L+1 92.4
PBDTSTBS S1 740 | 1.43§ H—L 94.5 | 0.81 15.03
-4.66 | -2.67| 1.99
S2 671 | 0.121 H—-L+1 91.3
PBDTSSBS S1 762 | 1577 H-L 949 | 0.84 15.97
-4.64 | -2.71 1.93
S2 688 | 0.111 H—L+1 92.4
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