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Abstract: This study aimed to investigate the physical and chemical properties resulting from the introduction of fluorine
substituents in two copolymers, namely PBDTT-ttTPD and PFBDTT-ttTPD, which were synthesized using benzo-
dithiophene (BDT) as donor and alkylthienothienyl thienopyrrolodione (ttTPD) as acceptor. In comparison to PBDTT-
ttTPD, PFBDTT-ttTPD demonstrated low HOMO energy levels (-5.51 eV) and high thermal stability. Furthermore,
DFT calculations provided predictions for molecular arrangement and electron distribution, which tend to be similar to
experimental results, meaning these results can be used as materials for new organic semiconductors.
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J=324.6 Hz, 2H), 7.01(d, J=91.1 Hz, 4H), 2.91(s, 10H),
1.11(d, J=249.9 Hz, 104H).

PFBDTT-TPDEH. tTPD(197 mg, 0.190 mmol), FBDTT
(200 mg, 0.190 mmol), Pd,(dba);(5.22 mg, 5.7 pmol), tri(o-
tolyl)phosphine(6.74 mg, 22.8 pmol), 2] 3L anhydrous toluene
10 mL& 30 mL Schlenk flaskell %713}tk WH-E2 95 C
olA 12417F FRF WEESHAAL, 27k 431 F 500 mL
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methanololl A A, vjolaZ o3}, JAFAxE sho] 24
PFBDTT-ttTPDE AT (F5& =95%) M,=66.9 kg/mol,
M, =366.8 kg/mol, PDI=548. 'H NMR(CDCl;, 600 MHz,
298.15K): 6 7.81(d, J=459.2 Hz, 2H), 7.08(s, 2H), 2.91(m,
10H), 1.44(d, J=140.1 Hz, 104H).
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Scheme 1. Synthetic routes of PBDTT-ttTPD and PFBDTT-ttTPD.
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(ligand)Z+= tri(o-tolyl)phosphineE AH8-5132, Pdy(dba)sE Svi=
AM8-3l= Stille 5 3(Stille cross coupling polymerization) RF
S A3ty Ax=A 25 A PBDTT-ttTPD2} PFBDTT-
tTPDE 65.9%5} 952%°] T55= 27 it E2=8%
5, 22293 (chlorobenzene), tlo|EZ 217 (dichlorobenzene)
59 71 &l 2 &3l=E HolwA HAFsE Ak
FS 2he IRAE ] flste] mlo|ARgo|BE &8
slo] 1A SIS Faaiint. sHAR PFBDTT-HTPD=
PBDTT-ttTPDol| H]al| &7} 4338 2okr] o &
PFBDTT-ttTPD 58X = &2 71E9HE A3l
HHS-S X3Y5Iict. $H4S PBDTT-HTPD2} PFBDTT-HTPD:=
TT F&ol 22 1719 octyl ZAES, TPD F329 hexyldecyl
ZArES, 28]3L BDT F53) A%s) thiophenedl] 2F} 171€]
butyloctyl ZAES ZV7] wjZeol S223x 5, SZ2ZWA, THF
59 7] gufo] £ SAES BAT ZEA] FI
(degree of polymerizationy= GPCZ 743192, PBDTT-
ttTPDS} PFBDTT-TPDL] 3 EAH (M) 22t 843
7} 66.9 kg/molo]aL, PDI= ZH2} 5.743 5.480| At Table 1,
Figure S1).
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Figure 1. 600 MHz 'H NMR spectrum of (a) PBDTT-ttTPD; (b) PFBDTT-ttTPD in CDCl;.
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Figure 2. FTIR spectrum of (a) PBDTT-ttTPD; (b) PFBDTT-ttTPD.
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Figure 3. TGA of PBDTT-ttTPD and PFBDTT-ttTPD under N,
and heating rate of 10 C/min.
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tTPDS] 334 328 g1l st Ae] /A3 3
F=A(UV/Vis spectrophotometer)s ©]-&3sfo] ~HEHS 3
o1&IT). Zt A EAES FEEFXEC 25 pg/mlE AT &
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o 2] 3k EAEIS 300-1100 nm FFTiolA 0.1 nm/s 270
Aoz 2431t} Figure 494 B A3} 7ho] Uutal
AN A= AAE (a) SAFEH G (b)
IE4E BF ddez e 391 320-400 nmoll A -
m* 2310 E (r—n* transitionys YERE A5 #HFI L,
550-620 nm I-Fo A= EAFH A3 A L(intramolecular
charge transfer, ICT)S YEll= I35 7242 ERIsit). &
W) B dEollx S2gg ~H Ef] o] PBDTT-HTPDS] U
F I )y 560/560 nm©] 32, PFBDTT-tTPD= 560/
558 nme |tk SHdeieh= k2 D534 2] PFBDTT-
tTPD2] &34 PBDTT-ttTPDo) ¥&] o #-o 3}
o7 o3l FA Hol(blue shiftysl= A3FS SelslTt.
S g o BEH NN ERA R HEEE AfolHS F
I8 25 71 9= e] vibrational transition?] 0-0 shoulder
peak®] ZI=(intensity)’} RolA]= Z1S HASIATHFigure S2).
574 elA Taue plotS 53 PBDTT-ttTPD} PFBDTT-
ttTPDS] 343F4 W=7} (Figure 4(c),(d))S 1.942} 1.97 eVE F
SR, 2 7ES Table 19 A& ste] YehiSi.
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Table 1. Optical and Electrochemical Properties of PBDTT-ttTPD and PFBDTT-ttTPD

uv CV (External) DFT
Pol M, PDI* Tdh sol film opt cv cv cv DFT DFT DFT
olymer (g/mol’ (C) Amax Amax ES” Ewomo " Erumo E, Eromo Erumo” B,
(nm)* (nm)? V)’ (eV) (eV)’ V) eV) (V) (eV)y
PBDTT-ttTPD 84293 5.74 432 560 560 1.94 -5.32 -3.08 2.24 -5.32 -3.06 2.26
PFBDTT-ttTPD 66890 548 432 560 558 1.97 -5.51 -3.05 2.46 -5.47 -3.12 2.35

“M, and PDI of polymer were determined by GPC. *5% weight loss temperature measured by TGA under N, atmosphere. “Chloroform solution
and “Spin-coated from chloroform solution. “Calculated from the absorption band edge of the polymer film, ES ™ =1240/Aq,"™ ‘Cyclic
voltammetry determined with Eyomo = ~(Eox®™-E\»(Ferrocene) + 4.8 €V and E yyo = -(Ed”™"-E1(Ferrocene) + 4.8 eV). gEgCV: Eumo-Enowmo;
calculated "HOMO and LUMO energy levels and /Band gap energy by DFT calculation.

(a) (b) © @,

[11] ii] =

O ——PBODTT-HTPD o — PBOTTAHTPD

g 1.0 PFEOTTHTPD % 1.0 — PFEDTT-HTPD oo 2] Tauc Plot (film.) o Tauc Plot {film.)

£ o8] £ 08 "_E 'TE 20

] =] 5 204 G

=] ] o = 15

2 o0s < 06 . 15 2

- pe] o o
] P L 104

3 E E =

£ 0.2 £ 02 = 5] = 5

S S Eg =194 Eg=197

= 00 : : : Z 00 : : : 0 . . : 0 ; . :
300 400 500 600 700 800 300 400 500 600 700 800 1.F 1.8 1.9 20 2.1 22 1.7 1.8 1.9 2.0 21 22

Wavelength (nm) Wavelength (nm) Energy (eV) Energy (eV)

Figure 4. Normalized UV-Vis-NIR absorption spectra of PBDTT-ttTPD and PFBDTT-ttTPD in chloroform: (a) solution; (b) film. Tauc plot

of (¢c) PBDTT-ttTPD; (d) PFBDTT-ttTPD.
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Figure 5. (a) Electrochemical properties of PBDTT-ttTPD and PFBDTT-ttTPD; (b) energy diagram of PBDTT-ttTPD and PFBDTT-ttTPD.
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