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Abstract The charge transport mechanism in donor-acceptor conjugated copolymers has attracted significant attention in
last few years due to the remarkable photovoltaic effects. Different from homopolymers, the donor-acceptor interaction
makes the localization of electrons in copolymers more complicated. Polaron is the elementary excitation in polymer for
charge transport, which can be detected by optical spectrum. Recently, poly(N-alkyl diketopyrrolo-pyrrole dithienyl-
thieno-[3,2-b]-thiophene) [poly(DPP-DTT)] has shown great performance in organic field effect transistor, of which the hole
mobility reached 10.5 cm?/(Vss). There existed experimental evidence that the charge transport occurs in a single chain in
some copolymer systems, while the optical spectra of poly(DPP-DTT) film indicated the existences of intrachain polaron and
interchain polaron. We present here computational study on the optical signatures of the intrachain and interchain polarons,
shedding light in clarifying the transport mechanism in poly(DPP-DTT). Based on four possible intermolecular stacking
models, we used the long-range corrected density functional theory to calculate the absorption spectra. DTT-DPP-DTT was
identified as the appropriate model to describe the single-chain hole and electron polarons as well as exciton in
poly(DPP-DTT). We then built up four two-chain models with two DTT-DPP-DTT in different packing modes and applied
the site-energy corrected method to compute the charge transfer integral between two-chains to identify the packing structure
for generating interchain polarons. It was found that when DPP in one chain is in face to DPP or thieno-[3,2-b]-thiophene unit
in another chain, both hole and electron interchain polaron can be generated due to the large intermolecular electron integral.
The theoretical absorptions of interchain polaron are in good agreement with experiment. Therefore, the theoretical results
prove the coexistence of 1D poloran and 2D polarons with different packing structures, and demonstrate that 1D and 2D
charge transports are proceeding simultaneously in poly(DPP-DTT), while the interchain transport is largely affected by the
packing structure.
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Figure 3  The main configuration of absorption transitions for
DTT-DPP-DTT at 0, +1,and —1 charge states respectively

22 EBEIEH

T s EE ) BT AR e v O, BT B
DTT-DPP-DTT A #i+76 u8E oA i o, 456K
B FIE poly(DPP-DTT) 4 HifE A4, 54 4 Ff
ANRIVRE Y (R PAT X5y 18, 4y 1 IR S R S I 3.43
A, WE 4. EATARFRAUERE )W 32 B 7 9 AHASHE T R
JUR AL S5 R A D1 I D4, F25 TN T R 2T
By HOEJT MBS, ST DPPAKIRE EE S
(1) DPP 5 DPP W 4B IS —ANBEMy IR 5 WY BE
R B vty (1) WE I B A X

BATE S FH REGBE 240 T 1L 4% 4 A RUBEAAR R (1B
[MAHEAE L. FRATIAE, o1 - AHECAE F R,
S FRUEREH U IR AT PIE Re o K AR B U, AH
[) A 30 TR P AN 20 T 8038 25 85 O TR I AN 70 15
8. 1ff HOMO FI LUMO 85 8 ge 5 K /N il i AL 5 1
PR 43 T8 0 225 ORI R 7 (R e B B A A5 03890 I i,
BATEH 4 PRI FHEEEA AN 5> T H0E e K]

204  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SIRIA
FRIE L
M o& v 5
M » o 0 9
oo 9O Po9 o A g
2.6 006 9 90—y 09 ®
v9 @ » o 09
oe 9 0929 @ »
9
' " ’0
z
au.umu 2030 c0DEd S0P
LD DD SR DS S L S

z
2
PR p—— s
S

DI SDDBD e et

2
P BBI wl M.‘Jﬂ%&“ SDDBI WY

-m 2
DRI DD b D3> SODED SIB
2 2
° I B ' ’ " “ . ’
s
DRI FIDRD- BRid 95D SIDED G

Bl 4 DTT-DPP-DTT BARES)FN 4 Fi R EED1, D2, D3 Fl
DAY 731454

Figure 4 The structures of DTT-DPP-DTT single chain (S) and four
different two-chains (D1, D2, D3 and D4)
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Figure 5 The energy diagrams of molecular orbitals (MO) for the four
two-chains (D1, D2, D3 and D4) at (a) 0 charge state, (b) +1 charge
state for B electrons only, (c) —1 charge state for a electrons only. The
dashed arrow represents the main transition contributed to absorption with
highest intensity in each dimer at each state. For all dimers, the two split-
ted MOs from HOMO of single molecule are labeled in blue and green
separately, while the two splitted MOs from LUMO of single molecule
are labeled in magenta and yellow separately. (d) The schematic repre-
sentations of energy diagrams for MOs of two single molecules splitting
into new MOs after intermolecular interaction

F 1 4FXEEDL, D2, D3 Fl D4)f 2= 7RI T (1R RS
Table 1 The hole and electron transfer integrals for the four two chains
(D1, D2, D3 and D4)

V/meV D1 D2 D3 D4
Hole 300 68 124 41
Electron 323 155 79 10
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Figure 6 The theoretical absorption spectra of DTT-DPP-DTT single
chain (S) and four different two-chains (D1, D2, D3 and D4) at 0, +1,
—1 charge states. Normalized experimental absorptions are also pre-
sented. For comparison, they are blue-shifted 0.55 eV for absorption of 0
state and 0.65 eV for absorptions of +1 and —1 charge states
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