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Fig. 1. (color online) The molecular structures of D-
A and D-m-A: (a) The molecular structures of D-A;
(b) the molecular structures of D-A and D-mt-A.
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Tablel. The theoretical and experimental values of three kinds of BDT structural

isomers band gap.

AL eV

LB /e VI2T) 2.17

2.38 2.46 2.42

2.49 2.26

103101-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 10 (2016) 103101

3.1 SR EMn-# X D-AMD-n-A
BRAYBE TSN

PR R, A SO AT SR J6 F I - T N D-A
AD-r-A R AW A RS, RA1RIE, 4
P SR A5 0 1) AT 28 43 - S0 1 T 25 6 K BH Ag HL It
(0 F % B L Ol B i o S A R LR S s0l A
CLE R BDT S 5l b, &8 BT K45
JG, HiH D-A I D-r-A AN KAV S, THEH
AR I E W RE R 27 BRI 25 R a1 2 (a)
FE 2 (b) frow, N T8 H%, R 45 H BT A1
BDT &5t Honar B, MK 2 (a) H ELEOK I, X T
A BT 2RZ /R L IoH)iE H ) PBDT-BX RA1E A
Y (BRI D-A Z514), PRI B 2 30 H R 0 717 Bt 32 B

—-1.5
DIA
90 (a)
—2.5+
> 0T
Q
S —-35fF
20 F2.82 [2.38 |1.80 [1.76 |1.57 | 1.44
é: —4.0F (2.17)| (1.68)| (1.70)| (1.52)
—4.5+
_50_
—-5.5
—6.0 < o < ) )
& S
< ] O& 3 Q& Q&
QQ’ QQ’ QQ’ QQ7
—15
b) Dir-A
—2.0 (b) Drn
—25}
> T30r
[}
= —3.5F
%0 r2.82 |2.38 [1.50 [1.49 [1.34 1.26
& —4-0_' (2.17) (1.75) |(1.72)
—45}
750_
—5.5
~6.0 < < o < - -
&5
P &L F I

&9
QQ,O Q@O Q@o Q@o
2 (MFIEE) D-A fl D-r-A BE& R RRAE, B
PSRN eV, FE5 N NEEE  (a) D-A (PBDT-
BX), @K, (b) D-t-A(PBDT-DTBX),, &5 H 75
Fig. 2. (color online) The band gap of polymers D-A
and D-1-A. The band gap unit is eV, and the exper-
imental values are in parentheses: (a) The band gap
of polymer D-A (PBDT-BX),; (b) the band gap of
polymer D-n-A(PBDT-DTBX),,.
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Fig. 3. The center bond length of polymer monomers
(PBDT-BX)», (n=1). The bond length of C—C and

C=C were given in the figure.
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Fig. 4. (color online) The X-site PDOS of polymer D-A and D-n-A, X-site element is replaced by O, S, Se,
Te from top to bottom, respectively: (a) The X-site element PDOS of polymer D-A; (b) the X-site element

PDOS of polymer D-m-A.
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Fig. 5. (color online) The DOS and charge density difference of polymer PBDT-BT and PBDT-DTBT:
(a) The DOS of PBDT-BT; (b) the DOS of PBDT-DTBT; (c) the charge density difference of PBDT-BT;
(d) the charge density difference of PBDT-DTBT.
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Fig. 6. The TDOS of structure D-A and D-mt-A.
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Fig. 7. (color online) The absorption spectra of polymer D-A and D-m-A: (a) The absorption spectra of

polymer D-A; (b) the absorption spectra of polymer D-n-A. The absorption coefficients of X = O, S, Se and

Te are represented by black, red, green and blue lines, respectively.
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Abstract

D-A type copolymer as an organic polymer solar cell electronic material in recent years has attracted wide attention.
In order to improve the efficiency of energy conversion, many active layer materials, especially the donor materials, have
been designed and synthesized. By inducing the different donor and acceptor units, the absorption spectrum can better
match with the solar spectrum and the carrier mobility can increase. In this paper, by using the density functional
theory method, we investigate the electronic structures and optical absorption spectra of D-A and D-m-A copolymers.
Benzodithiophene (BDT) as the electron donor unit, and dibenzothiophene (BT) as the electron acceptor unit are used
to simulate D-A (PBDT-BX, X = O, S, Se, Te) copolymer systems; and D-n-A (PBDT-DTBX, X = O, S, Se, Te)
structures are constructed with thiophene ring as a bridge between D and A. Firstly, our calculation results indicate
that when X is replaced separately by elements O, S, Se and Te in D-A copolymers, the LUMO levels move close to
the Fermi level, while the changes of the HOMO energy levels are relatively small, resulting in the band gap decreasing
gradually. Then, the analysis of the density of states (DOS) shows that the contribution of LUMO comes from the BT
unit and HOMO from the BDT unit. Also the difference in charge density shows that the thiophene ring enhances the
charge transfer between BT and BDT. Besides, the studies of the optical absorption spectrum reveal that there appear
two strong absorption peaks with the increase of atomic number of X, of which one is at about 4.0 eV and has no obvious
change, and the other increases intensively and is red-shifted. Moreover, compared with the D-A structure, the D-mt-A
structure has the band gap that will decrease obviously and has a lowest value when X is Te. The optical absorption peak
also increases significantly as the atomic number of oxygen group elements increases and peak position is red-shifted.
The range of optical absorption peak is mainly from 703.9 to 519.4 nm. According to the absorption spectrum and DOS
the optical absorption peak at about 4.0 €V is mainly contributed by the BDT unit. Overall, our findings provide a good
understanding of mechanism about the red-shift of optical absorption spectra of copolymers and can serve as guidance

for organic polymer design in photovoltaic cell experimentally.

Keywords: density functional theory, ploymer solar cells, D-A copolymers, D-1t-A copolymers
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