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Theoretical Investigation on Photovoltaic Properties of BDT and DPP
Copolymer as a Promising Organic Solar Cell

Zhao, Caibin** Wang, Zhanling” Zhou, Ke* Ge, Hongguang” Zhang, Qiang"
Jin, Lingxia“ Wang, Wenliang® Yin, Shiwei*
(“ School of Chemistry and Environment Science, Shaanxi University of Technology, Hanzhong 723000)
(% School of Mechanical Engineering, Shaanxi University of Technology, Hanzhong 723000)
(“ Key Laboratory for Macromolecular Science of Shaanxi Province, School of Chemistry and Chemical Engineering, Shaan-
xi Normal University, Xi'an 710062)

Abstract Designing and synthesizing novel polymer electron-donor materials of polymer-based solar cells (PSCs) with the
high photovoltaic performance is an important and hot research field of organic electronics. In the current work, taking the
4,8-di(thiophen-2-yl)benzo[1,2-5:4,5-b'|dithiophene (DBDT) as the electron-rich unit and the 3,6-di(thiophen-2-yl)pyrrolo[3,
4-c]pyrrole-1,4(2H,5H)-dione (DPP) as the electron-deficient one, a new donor material (PDBDTDPP) of PSCs has been
designed. Then, with the [6,6]-phenyl-Cg;-butyric acid methyl ester (PC4q;BM) as an electron acceptor, the geometries, elec-
tronic properties, optical absorption properties, intramolecular and intermolecular reorganization energies, exciton binding
energies, charge transfer integrals, and the rates of exciton dissociation and charge recombination for PCyq BM-
DBDTDPP,-, ;.. systems have been theoretically investigated by means of density functional theory (DFT) calculations
coupled with the incoherent Marcus-Hush charge transfer model and some extensive multidimensional visualization tech-
niques. In addition, the linear regression analysis has been done to explore the relationship between the above properties and
the repeating unit. Calculated results show that the designed donor polymer possesses a good planar geometry, the low-lying
the highest occupied molecular orbital (HOMO) level, strong and wide optical absorption in ultraviolet-visible band, large
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exciton binding energy (1.365 eV), and the relatively small intramolecular reorganization energies companying with the ex-
citon dissociation (0.152 eV) and charge recombination (0.314 eV) processes. Furthermore, our theoretical study also reveals
that in the donor-acceptor surface, the exciton dissociation rate is as high as 1.073 X 10" s™', while the charge recombination
rate is only 1.797 X 108 s™!. The former is as six orders of magnitude large as the latter, which denotes that there is quite high
exciton dissociation efficiency in the studied donor-acceptor surface. In brief, our theoretical results clearly indicate that
PDBDTDPP should be a very promising electron-donating material, and is worth of making further device research by ex-
periments. In addition, this study also shows that theoretical investigations not only can promote a deeper understanding for
the connection between the chemical structures and the optical/electronic properties of organic compounds, but also can pro-
vide some valuable references for the rational design of novel donor-acceptor systems.

Keywords polymer-based solar cells; benzo[1,2-b:4,5-b'|dithiophene; 3,6-di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,

SH)-dione; exciton dissociation; charge recombination
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Figure 1 Molecular structures of PDBDTDPP and PC¢ BM
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Figure 2 Total densities of states (TDOS) and partial densities of states (PDOS) of some DBDTDPP oligomers and D-A complexes
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Figure 4 Simulated absorption spectra of three DBDTDPP oligomers
and D-A complexes
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EE Porphyrin-fullerene {4 £ 525 5 24 f5(0.23 £0.11 e V)
W& K, Al Corrole-fullerene 4 % ) S 56 Wl & {H (0.50
eVISH LA Y.
36 HFHESHRETESEER

TELAAR—SZ AR T b, BT B A i R A i fE
B S N HE T 0 LA B BRPL A1) 14001 T S /N I R
Marcus-Hush HE fif 1% 1 3 5 77 2 R Ak 5, R A
‘F[66,67]:

pu— i
h* AkegT

Horb, k R THBIER TR, L NS EHARE, Vo 216
AL B A BRI, AG BRI
NI B B REAR A, kg 72 Boltzmann 7 %, & /& Planck # %%,
TR (A SR A RS T=300 K), #F 4 8 A0 s g
SEEHEE HER S MR RN AGys Ml AGre.. T6E
FNZES R A RO AT AR R 73 Vpa R FHE AR S5 H )
PSL o T HUIE AL SO 205 1 CRE s 2 T 5 XL
HL A A A 2 I AT HE 07V, ARG A R R AR 2
JHZ N T S e 5 Vpa AR R

% _T pwa -5t en;))Soman)
D()A()

_(AG+/1)2] a1

2
ool e 5%

12
1= S3)a0) (12
HH, Tooag iR E 5 | N THUE S 265 ) A5 T4
B [ AT A OY, Sppag e e KSR i N> THUE S
S jA T FRGE BRI E B, epo M eag R AHMN
AL R ﬁl% ﬁ(lZ)EP 3] TD(i)A(/)~ SD(,-)A(,’)ﬂJ eD(i)(eA(/))Iﬁﬂ%
' Towagn= <woolFlwap ™~ Sowan= <wpelway> K
eni/eas) = < Yo/ WaplF KS|WD(i)/ YaG) = =T, K
W ype e 4 PR 1 HOMOCH Hifn A #2) 8 LUMOCKH
BT A B TR), a2 AR LUMO, FXS 25 & ik 2
) Kohn-Sham 4. F*S a] FIFH F =it 5

FYS=sceC™ (13)

A3 F S THIEREBM Y, CRINLY THUIE R
H, e RHPLXMEARIKNBUER. T PCoBM [
LUMO HUE N =ERIFHIE, KA =T
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HIER T, BRI S0 Voa EE, HEER
LUMO #iE4 %5 PC»BM ) LUMO. LUMO+1 i
LUMO+2 #iE# G, LA=AN5as Rp U4 E
RT3 B S BRI Voa. THHE AR AR
() Voa IS KH T RIRER AL, IX AP AL BRI MELE Liu 2501
HiF 72 rp 8 SR ),

PC¢;BM-DBDTDPP; . PC¢;BM-DBDTDPP,. PC BM-
DBDTDPP; & PCs,BM-DBDTDPP..E -G Vpa, 4, AG,
W BRI AR kSR T 2, Kb
PCs;BM-DBDTDPP., /K & 1] AG., E BT £ 405 T7i2:
73 2| (Figure S11). T 4> 5% Jo PR LK I (1/n—0) B,
PR R I R ATAE AR ) Vpa ORI I SN TS
3|, Mk PCo BM-DBDTDPP; 14 % )45 2% FE AR AL AR
435 PCq BM-DBDTDPP., 1 £ [J3 T 43 12 A1 Hi 1 &
gEpLEah
K2 BEZIRE SWARBAERRY Voo, BELLRE 2, Gibbs [ HIfE
B AG DU T4 B AT LB 54 R 0 ke
Table 2 Charge transfer integral Vpa, total reorganization energy A,

Gibbs free energy change of the reaction AG, and the rate constants k of
exciton-dissociation and charge-recombination

PCs;BM-DBDTDPP, |Vpal/eV MeV —AG/eV  kis”'

n=1 0.057 0456 1.119 7.779X10°

Exciton n=2 0.086 0397 0.898 1.975X10™
dissociation n=3 0.073 0356 0.586 3.620%10"
n=oo 0.073* 0.317° 0430 1.073Xx10"

n=1 0215 0.605 1.014 6.992x10"

Charge n=2 0.054 0570 1.041 1.482Xx10"
recombination n=3 0.084 0504 1305 7.776X10°
n=oo 0.084* 0.479" 1305 1.797x10°

“ These values are equal to those in PCs;BM-DBDTDPP; complex. ® These

values are obtained by the linear regression analysis.

M 2 T DUE H, BEE EE T m, A
WRE T B E AT, AEARREID, X
ULRABE A SR, R RIOWIEIG5R, A PRI R
(a5 H s TR BRI Ak TS KB, 7 PCy BM-
DBDTDPP, 7t b, ¥ BiERIEH 1.073X10" s ™"
T ] 26 2F T L AR AU 1797 X 10% s, fi#
LbJE # K% 6 MRS, 454 PCo BM HEE M H 14
feh, BATINIEAE B T7E PCo BM-DBDTDPP, 71 I
HARER 822, PDBDTDPP M iZ+& MEREL K 1K
BH R 2B 1A A1 )

4 g

AR %5 B2 s PG (DFT) 7%, 454 Marcus-
Hush H B4R, BRAF 7 7 DBDTDPP % &1 5
T4 PR, eI, JEEL PCoBM NHLF
ZARMEL, 98T PCeBM-DBDTDPP, - 5 5., i 45 K
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FH BE FLI R 45 RS2 PR B ST 38T o0 B A FL g
AR, G EY], (1) PDBDTDPP 4844 Bl BA 1K)
HOMO feZ), BIEMFEAB, 1EEI-mT ILIX B A58
FU 624U, (2) PCoBM-PDBDTDPP 14 £ HAT K1)
FFEE LR (1.26 V), AHXT/NRET 70 B N B4 RE(0.152
eV)RIHL TR 2 & N E41AE(0.314 eV). (3) DBDTDPP % &
WA BT AR m IR v, At s o AL B 5 R
g5 ST bW A goh ik A fF . (4) T PCoBM-
PDBDTDPP i i) H fuf &2 & 3 26 LU I 70 S I 3/ &
6 MEN, WIATER AW b, M ARy
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