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The effects of electron-acceptor strength on the electronic properties of
thieno[ 3, 2-b |thiophene-based donor-acceptor copolymers

FU Yang-Wu, CHEN Ming-Jun, ZHOU Hu-Lai, ZHANG Jie, RAN Juan
(School of Environmental & Chemisty Engineering, Chongging Three Gorges University, Chongging 404020, China)

Abstract; The donor-acceptor(D-A) conjugated copolymer were designed by choosing Thieno[ 3,2-b]thi-
ophene(TT) as the electron donor and quinoxaline(Q), Benzo[ ¢][1,2,5 Jthiadiazole(BT), pyrazino[ 2,
3-g Jquinoxaline(PQ), [1, 2,5 Jthiadiazolo[ 3, 4-g ] quinoxaline (TQ) or Benzobis[ 1, 2, 5 ] thiadiazole
(BBT) as the electron acceptor unit. The DFT/B3LYP method is employed to investigate the electronic
structures and properties of the donor-acceptor alternating copolymers. The theoretical results suggest
that electron-acceptor strength contribute significantly to the geometrical structures and electronic prop-
erties of the alternating donor-acceptor copolymers. The geometrical and electronic properties of the TT-
based copolymers exhibit a systematic trend with the electron-acceptor strength within a certain range.
The bond length alternation, band gap (Eg) and hole effective mass decrease, the bandwidth (both va-
lence and conduction band) increases systematically with an increase in the electron-withdrawing ability
of the acceptor moiety within a certain range of the electron-acceptor strength.
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Fig. 1  Molecular structures of TT-based alternating donor-acceptor conjugated copolymers. The symbol " *

denotes the central bridge bond between donor and acceptor.
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Tab. 1 Electronic properties of the donors and acceptors

Ionization Energy (IP)

&y HOMO/ eV LUMO/eV “AEL 1/eV
PWEA /eV VIP/eV

TT —5.85 —0.72 5.13 —1.02 7.65

Q —6.70 —1.93 4. 77 —0.03 8. 87
BT —6.61 —2.34 4. 27 0. 34 8.63
PQ —6. 54 —2.82 3.71 1. 11 8. 30
TQ —6. 40 —3. 20 3. 20 1. 45 8. 19
BBT —6. 20 —3.56 2. 64 1. 77 8.01

“AE—p: highest occupied molecular orbital (HOMO)-lowest unoccupied molecular orbital (LUMO) energy separation; "VEA ; Verti-

cal electron affinity; ¢VIP . Vertical Ionization Energy.
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Tab. 2 Selected geometric parameters, electronic structures and the BCP properties of the bridge bonds

Bridge bond
Compound PLap ‘Las 48mA oD P
P Ly* Vi () or ‘ (auw) (X107 am) (X10~'nm) (X10~'nm) (X10~Tnm) (%)
b WBIs
(X107 tnm) (a.u.) (a. u.)

TT — — — — 1. 374 1. 426 0. 052 — —
rQTT 1. 461 —0. 682 0. 275 1. 160 0. 207 1. 386 1. 414 0.027 0.078 14.5
pBT-TTE) 1,452 —0. 703 0. 279 1. 195 0. 245 1. 388 1. 412 0.023 0. 064 0.5
pPQTT 1. 455 —0. 682 0.277 1. 258 0. 360 1. 398 1. 402 0. 004 0. 057 9.1

rTQTT 1.438 —0.725 0. 285 1. 326 0. 429 1. 405 1. 395 0. 010 0.033 0

pBBT-TTE) 1,394 —0. 817 0. 309 1. 429 0. 445 1.436 1. 367 0. 068 0. 042 0

“Lp: bridge bond length; "Lap : average band length of C==C bonds in donor unit; “Las: average band length of C-C bonds in donor

unit; 90 pa : bond-length alternation;¢§p: length difference between Lpjand Lap; /@ dihedral angle.

Sm=0.207a.u.

Lp=1.386X10"nm
Ls=1.414X10""nm

854=0.027X10"'nm
dp =0.078X10'nm

Bond length /X 10"'nm

B2 R4 pQTT 69 JUT 44 AR £ A4 (B3LYP/6-31G(d))
Fig. 2 Optimized geometries of p-Q-TT at B3LYP/6-31G(d) theory level
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Fig. 3 Band structure of polymers p-PQ-TT
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Tab. 3 Electronic properties of polymers obtained at PBC/B3LYP/6-31G(d) level

Effective mass
pQTT Q —4. 80 —2.80 0. 57 0. 38 —3.10 3. 10 2. 00
pBT-TT BT —4. 84 —3.22 0. 63 0.41 —2.82 co 1. 62
pPQTT PQ —4. 39 —3.49 0.76 0. 49 —2.29 3. 34 0. 89
pTQTT TQ —4.33 —3.94 0.93 0. 65 —1.10 1.22 0. 39
pBBT-TT BBT —4. 88 —3.72 0. 60 0. 27 —3.95 6. 20 1.17

“Wyz: Valence bandwidth; *Weg: Conduction bandwidth; cm ;.
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