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Theory Design of Two Polymer Donors for Organic Heterojunction Solar Cells

Liu, Xiaorui Chen, Chunxiang He, Rongxin Shen, Wei* Li, Ming*
(School of Chemistry and Chemical Engineering, Southwest University, Chongqing 400715)

Abstract A highly efficient organic solar cell needs a copolymer as donor possessing low-band gap, high open-circuit
voltage (V,.), good charge transfer at donor-acceptor (D-A) interface, and good transport properties in polymers. As the first
step towards this goal, we constructed two polymers (PBnDT-HTAZ and PBnDT-6CNTAZ) incorporating benzodithiophene
(BnDT) as the electron-rich units and either 1H-benzo[d][1,2,3]triazole (HTAZ) or 1H-benzo[d][1,2,3]triazole-6-carbonitrile
(6CNTAZ) as the electron-deficient unit. The designed PBnDT-6CNTAZ was introduced a cyano in the electron-deficient
unit. PBnDT-HTAZ and PBnDT-6CNTAZ as donors and [6,6]-phenyl C61-butyric acid methyl ester (PC60BM) as an ac-
ceptor in hetero-organic solar cell, as well as the D-A complexes are investigated using density functional theory (DFT) and
time-dependent density functional theory (TD-DFT) in this work. The electronic properties, optical absorption properties,
intramolecular and intermolecular charge transfer, exciton binding energy of two polymers and corresponding D-A com-
plexes are discussed. By means of Marcus theory, the exciton-dissociation, charge-recombination rate of D-A complex at the
D-A interface, and the hole-transport rate of polymer donors are studied. According to the computational results, it indicates
that the two polymers have strong and wide absorption peaks in visible region, as well as strong intramolecular charge trans-
fer and intermolecular charge transfer for corresponding D-A complex. The designed PBnDT-6CNTAZ possesses lower the
energy of the highest occupied molecular orbital (HOMO) so that PBnDT-6CNTAZ exhibits larger open-circuit voltage and
better ability of antioxidant in comparison with PBnDT-HTAZ. The two polymers corresponding D-A complexes have small
exciton binding energy. The PBnDT-6CNTAZ has good ability of charge transfer and larger hole-transport rate in compari-
son to PBnDT-HTAZ. It is thus clear that incorporating cyano in polymer (PBnDT-6CNTAZ) have an important impact on
performance of organic solar cell. Therefore, we can infer that PBnDT-6CNTAZ may be a potential donor material of bulk
heterojunction solar cells. The present calculated results demonstrated a first attempt of providing a theoretical model for the
introduction of electron-deficient groups in copolymer donors. These results may provide a structural guideline for optimiz-
ing chemical construction of copolymer donors to improve the performance of bulk heterojunction solar cells. Our computa-
tional models and conclusions can be applied to design and predict other new polymer donors.

Keywords organic solar cell; donor-acceptor complex; benzotriazole; charge transfer
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Figure 1 Sketch map of the structure of polymer donors and PC60BM
acceptor
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Table 1 Orbital energy levels of monomers and dimers and the values
OfHD-LA

n=2 n=1

HOMO LUMO E, Hp-L, HOMO LUMO E,

PBnDT-HTAZ —4.83 —2.50 2.33 1.81 —5.00 —2.28 2.72
PBnDT-6CNTAZ —5.10 —2.89 2.21 2.08 —5.27 —2.66 2.61

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2012, 70, 2365—2371



W F F R

6CNTAZ [f) HOMO feZ31% T PBnDT-HTAZ, Ifi H.
PBnDT-6CNTAZ HATHX/NMPIEERE, PBnDT-6CNTAZ
ff] Hp-La KT PBnDT-HTAZ. [k, PBnDT-6CNTAZ H.
A AFOT i ) AR A B D) RS e () T I HL .

NTHRBEZ X TSN SR FHERRI KR,
ARG T BB HT (B 2). A% T
FI T AN [ 5 [ B A o 7R E 1 ST R DL R W
(PBnDT-HTAZ), [N E WK 2(a), X C b5
i, —8.0 fl—7.0 eV REmR T EZE HTAZ FIMF IR
BTk, 7E—5.8 eV fT PBnDT I oamkie K, MK G AT LL
F AN BB HOMO #5847 — € 5k, 1 LUMO [f153
MR BRI T HTAZ JWEMI MR, MR, &
PBnDT-HTAZ ' HTAZ FIMFPRBER) 53 B 45 D) 452
T NE 2b0) B EEEMBESHEIEER LA H
(PBnDT-6CNTAZ), 5 (PBnDT-HTAZ), HA ALK 5t

ZAK PC60BM [f] HOMO=—5.66 ¢V, LUMO=
—3.02 eV, fiEb E,=2.64 eV. Z JiiLLEH PC60BM 1
LR AR, SRR e A BRI F TS R RE AR I
LUMO HEZ).

ARFT R AN, A HLRBH BE FE 5 A0 2 2 o T 32 A
H PR R R, T, FRATT ok % B ok A3 b Ak 57 1A
1A W) A S B U ) sk AT B T2 T it
ZhZMEBEFHZHRR. B 2() Btk &Y

@ ~ ——PBnDT
51 =~ - -- HTAZ and Bridge
I . s Total (PBnDT-HTAZ),—,
it W
. o5 i :l 3
534 Eiil Sk
7B il \ .:l‘ 1 l
8 5] il : Vv lr HOMO LUMO
~ i
R
1 i
04
10 8 -6 4 2 0
EleV
14
(©) —PC60BM

124 i ---PBnDT-HTAZ

PDOS/a.u.

E/leV
B2 REDUE. -2 E D0 B AP AR

PC60BM-(PBnDT-HTAZ), (A%, ME R LA H,
X HOMO #U3E ¥ v ik JL T~ 46 2 K Y8 Tt 4% PBnDT-
HTAZ, %} LUMO #Ui#i & #5244 PC60BM wTRkI¥). 1h&
) PC60BM-(PBnDT-6CNTAZ), 2% % LK 2(d), [FkE,
HOMO $uiE 3= 252 k5 T 1 it44 PBnDT-6CNTAZ [
DR, 1M LUMO 2 K5 T PC60BM ¥ sr k. i i )
G W) A P RN PE R A% B (W 4y T AR B 5 o] LU
AW R OBk, R4S Y (PBnDT-HTAZ,
PBnDT-6CNTAZ)H % % 45 th Hi 1, PC60BM B 45 5 4%
ZHLT

32 XBMHRUKBFHER

I 2 WK A L PH R F I 1 % 1 — /N 2L 1
JRZH, B R EAG T 1 s BT L. LR 430
X HEAAR SR A MR SZ AL ) 16 2 RS A R e AT
WO R PR AE T 0He. BB (AR SO i 51 1
B 3 .

AW 22 W S BRI 22 W LT () BTk
#yl T2, MR 2HHE 1S, BEERA MM, &
KW K208, 544 PBnDT-6CNTAZ He KW ek
KAXS T PBnDT-HTAZ Wl 208, W 3 W LLEH, 7
ITRANFI ] WG I 4 AN R, H P
AT LU L 28 o P B () 4). PBnDT-HTAZ,
WS B ) = AN BOR A S Sy, Sa, Sii. S| AEE R

6{)

—— PBnDT
, P - -~ 6CNTAZ and Bridge
STt i -+ Total (PBnDT-6CNTAZ), -

PDOS/a.u.

E/eV
14(@) ——PC60BM
o i - - - PBnDT-6CNTAZ

121 Lo Total

104 :* PC60BM- (PBnDT-6CNTAZ ),
8 6- LUMO
a 4]
A 4\ HOMO \

Figure 2 Total densities of states (TDOS) and projected DOS (PDOS) of all polymers and D-A complexes

Acta Chim. Sinica 2012, 70, 2365—2371

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 2367



W F F R

MR

F2 B CRUWCERISEN R ERUIEIE STk
Table 2 Calculated absorption wavelength (1), oscillator strength (f),
and main configuration of monomers and dimers

n=2 n=1
Amm  f Major configuration Amm f
S, 563 3.51 H-L (94%) 468 1.42
Sy 422 0.43 H-1-L+1 (82%)
PBnDT-HTAZ H-3-L+1 (17%)
Si1 356 0.16 H-1-L+2 (13%)
H—-L+3 (36%)
S, 579 2.94 H-L (97%) 524 098

S, 444 026 H-1-L+1 (80%)

PBnDT-6CNTAZ H-4—L—+1 (33%)
Si2 352 0.27 H-1-L+2 (10%)

H—L+3 (35%)

— (PBnDT-HTAZ), S, ----(PBnDT-6CNTAZ),

354
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Figure 3 Simulated absorption spectra of polymers
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Figure 4 Charge difference densities plots of the polymers (the blue
area and the white area stand for the hole and electron, respectively)
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Figure 5 Charge difference densities plots of donor-acceptor complexes
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Table 3 Computed charge transfer integral Vpa (eV), inner reorganization energy A (eV), free enthalpy of the reaction AG (eV), the rates of exci-
ton-dissociation kcr, and rate of charge-recombination kcg of two D-A complexes.

VDA j.;“ AGCR AGCT kCT/571 kc}{/Sil
PBnDT-HTAZ 0.0545 0.1978 —1.8123 —0.6287 474X 10" 2.75X 107
PBnDT-6CNTAZ 0.1083 0.1947 —2.0784 —0.1268 1.51X10" 2.98 X 10*
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Table 4 Computed hole transfer integral (eV), hole reorganization en-
ergy (eV), and transport rates of hole for polymer donors

Iy

t yl /s !
PBnDT-HTAZ 0.02190 0.1484  4.96%X10"7
PBnDT-6CNTAZ 0.02231 0.1422 5.58 10"

4 %ig
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