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MEEERZ . IE T M. SOBER . 4- PRI
(DMAP). oK =AM To/K N,N-H X L
JZ(DMF) ¥ T2 e B e A FRA ]

FAEN . TOKBRRR ST iR
BIRAR . 1-T-2 24 P bl T S LV O f
MEHEIRAH].
1.2 Wik AE

X T A B R A AR B E AR 1T TH
RIBC 7t & A% fE 3L J- (NMR) B 3 9, R
Bruker A dvance III 500 (500 MHz) 1 Bruker A
dvance IIT 400(400 MHz)#% W S 3R, ¥ 7 MR
A E AT (CDCly) A 7R AR = 2 1 B0 (DM SO-de) ,
P FR NPT B L RE L2 (TMS), AR A 25 °C.
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WIF: fEFRITAE LB TR PR S AR+
AT PE e, RERNA RIS YR S min, E0E S,
IR N A R AR T, IR H AR
TR IR & . B35, EAEERIRA
ETRACH TR IS, BOTIRE N 120°C, 4b
P15 min, DAMSREE RIS ENE . 8BS
i E 90 °C 1) FL 28 T A8 o 4 Ab 7 90 min, 1Y)
JEE AR B K Sy, R R TR RS s
132 FR=HEIEERL(OTS) 21

2PN S IR A SR A S T B A g
AT OTS AbEE . A1 3E FR ML I OTS ¥ 5 » A
Wi 31 120 °CHYFL 25 T4 h #A 40 2 120 min.
WFLSEEE S, RER SRS TR IE e AN = & H b
ITRE— B A BT, MRS B 10 min.
HBEE, ELAWERHASRRT, DEBRITH
avnlys 428
1.3.3  OFETs a3t % 5 RAE

OFET #81 % 2 A W R« Mk#l(Si)JEFE N
100 nm; 45252 (Si0,)JEFE 4300 nm; Pk Al
W (Cr/Au FLHR) R FEHI 8 50 nm; - A ML F48)Z R
FE V7 N 40~50 nm. #5445 HVAE K4 80 mm,
i 741000 pum. BIDI R FIFEHIR R LA 10 mg/mL
WP ST IR REC ), 20t 60 °CHit kI 7 LA
PRFS VA, ARG AE IR T LA 3000 r/min i 5 JiE
50 s, BFZ 60, 100 F1150 °CIE K ALEE LA AL
Hkre, Hr BIDI/N T8 4F7E 100 °CiB K J5
RAERGRZER, W T 60 °CL=HE T
BERE . BT A R AEWILLS mg/mL K &R
VG, HE IR ATV 80 CChn#A iR, SR A LA
3000 r/min 3% & iE i 50 s. #EZ 100, 150, 200
F1250 °CiB K AL FH . OFET 2% 44 (1) 1 i 26 4 i it
2 SR S H AL Keithley 4200 A1 PRCBE SZ6 1441
B5EK.
14 EHFE

ZR I M e R R 4T 3 1 A B L L L
FRE B — 1 AW S v A5 B T3S B
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1.4.1 BIDI.DBIDI.TBIDI ] & i

FERE ARG RSN, BRI g W —
(1 mmol, 0.30 g). A LR (0.4 mmol, 0.09 g) F1uK
fits 12 (20 mL) iN A% 100 mL B3 . IR &S E
100 °CM A 1 [ B 24 h. RN SERE, fFRED
HARAH R ZR, A IR 28 RACEBRA NG

FFE LS A 98 . ISR B IS WL E I e
B 7R R ANE TV 71 5 13 21 2B Gl R v 8] 7= 4
(0.26 ), L=y 248 IF g W — IR H AR 1K )
PHREY) . NI SUE RS T, 4 B (el =4
(0.26 g). X H A R — /K & 4%)(0.5 mmol, 0.1 g)
S 135 B 1) 1-(2- 5% B+ DY e 58 gl e -2, 3- —
(2 mmol, 0.97 g)— F T8 T F 4(50 mL)H .
FE110 °CF R M2 h RS H 5, Fetim, fif
FAAT I BEAN — SR e (1/1, V)R A TR e i
A, B AR RSP A KBRS A AL
FENE T f 2245 31 3 Pt S (0 [ 427 i

BIDI (0.66 g, /'~ & 43%), 'H-NMR (500 MHz,
CDCl,, d): 9.22 (d, J=7.9 Hz, 2H), 8.85 (s, 2H), 7.31
(t, J=7.7 Hz, 2H), 7.02 (t, J=7.7 Hz, 2H), 6.73 (d, J=
7.8 Hz, 2H), 3.86 (t, J=7.3 Hz, 4H), 3.65 (d, J=
7.3 Hz, 4H), 1.89 (m, 2H), 1.77 (m, 4H), 1.01 (m,
6H), 0.86 (t, J=6.9 Hz, 12H). 3C-NMR (100 MHz,
CDCl,, 6): 168.22, 167.44, 145.55, 140.19, 134.44,
133.42, 132.75, 130.21, 124.87, 122.17, 121.77,
44.49, 39.99, 36.32, 31.93, 31.69, 29.53~29.31 (m),
26.54,22.70,20.31, 14.13, 13.82.

DBIDI (0.19 g, 7= % 25%), '"H-NMR (500 MHz,
CDCl, 6): 9.21 (s, 2H), 8.85 (s, 2H), 8.75 (s, 2H),
7.12(t, J=7.7 Hz, 2H), 6.96 (t, J=7.7 Hz, 2H), 6.60
(d, J=7.9 Hz, 2H), 3.86 (m, 8H), 3.61 (d, J=7.3 Hz,
4H), 1.81 (m, 10H), 1.48 (m, 8H), 1.39-1.17 (m, 80H),
1.03 (m, 12H), 0.86 (m, 12H). 3C-NMR (100 MHz,
CDCl, 8): 167.90, 167.25, 167.16, 145.42, 140.36,
139.89, 134.11, 133.49, 132.54, 130.57, 124.96,
124.61, 121.87, 121.81, 109.97, 109.75, 107.98,
4430, 40.06, 39.69, 36.38, 31.93, 31.64, 30.05,
29.70, 29.67, 29.45, 29.37, 29.35, 29.22, 26.50,
22.69, 20.40, 20.15, 14.12, 13.81, 13.73, 1.04.

TBIDI (0.10 g, /% % 19%), 'TH-NMR (500 MHz,
CDCls, 6): 9.18 (d, J=7.5 Hz, 2H), 8.79 (d, J=18.1 Hz,
4H), 8.65 (s, 2H), 6.90 (t, J=7.5 Hz. 4H), 6.48(d, J=
7.3 Hz, 2H), 3.1~4.5 (s, 16H), 0.5~3.1 (m, 136H)
I3C-NMR (100 MHz, CDCl;, d): 166.66, 166.08,
165.99, 165.94, 144.31, 139.19, 139.16, 138.66,
132.82, 132.20, 131.73, 131.27, 130.85, 129.77,
123.82, 123.75, 123.41, 120.79, 120.61, 109.27,
109.17, 109.02, 106.85, 43.15, 39.04, 38.74, 38.60,
35.41, 30.89, 30.57, 29.02, 28.68, 28.66, 28.64,
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28.62, 28.33, 28.31, 28.19, 28.07, 25.46, 21.66,
19.43,19.22, 19.11, 13.09, 12.78, 12.68, 12.65.
1.42 BIDI-Br. DBIDI-Br. BIDI-4F Il DBIDI-4F
)6 i

5 BIDI IR R A T2 R 35
L 05 — (1 mmol, 0.30 g)75 31 % {4 [& 44k
) BIDI-Br (0.49 g, 7=342%). B kLG
¥) DBIDI-Br (0.20 g, =3 27%). 13 FI| 2 {4, [ {4
94k &) BIDI-4F-Br (0.56 g, 77 % 38%), 13 %)
0 [ 44 4k & %) DBIDI-4F-Br (0.18 g, 77 %
21%).

BIDI-Br, 'H-NMR (500 MHz, CDCls, d): 9.13
(d, J=8.5 Hz, 2H), 8.83 (s, 2H), 7.15 (m, J=8.6, 1.9 Hz,
2H), 6.87 (d, J=1.9 Hz, 2H), 3.84 (t, J=7.3 Hz, 4H),
3.62 (d, J=7.4 Hz, 4H), 1.88 (m, J=6.4 Hz, 2H),
1.79~1.73 (m, 4H), 1.41~1.23 (m, 52H), 1.00 (t, J=
7.4 Hz, 6H), 0.86 (m, J=6.9, 2.7 Hz, 12H).

DBIDI-Br, 'H-NMR (500 MHz, CDCl,, 6): 9.13
(d, J=8.6 Hz, 2H), 8.83 (s, 2H), 8.73 (s, 2H), 7.10
(m, J=8.6, 1.8 Hz, 2H), 6.74 (d, J=1.9 Hz, 2H),
3.92~3.77 (m, 8H), 3.59 (d, J=7.3 Hz, 4H), 1.79
(m, J=19.8, 7.3 Hz, 10H), 1.47 (m, J=22.2, 7.6 Hz,
12H), 1.34~1.21 (m, 44H), 1.03 (m, J=14.8, 7.4 Hz,
13H), 0.86 (m, J=3.1 Hz, 13H).

BIDI-4F-Br, 'H-NMR (500 MHz, CDCl;, 6):
9.14 (d, J=10.1 Hz, 2H), 8.83 (s, 2H), 3.81 (m, J=
11.5, 7.3 Hz, 8H), 1.88~1.79 (m, 2H), 1.75 (m, J=
7.5 Hz, 4H), 1.46 (m, J=7.5 Hz, 4H), 1.23 (m, J=
8.6 Hz, 80H), 1.01 (t, J=7.4 Hz, 6H), 0.86 (m, J=
6.8, 2.5 Hz, 12H).

DBIDI-4F-Br, 'H-NMR (500 MHz, CDCl;, 6):
9.16 (d, J=10.2 Hz, 2H), 8.88 (s, 2H), 8.79 (s, 2H),
3.90~3.74 (m, 12H), 1.77 (m, J=14.7, 7.4 Hz, 10H),
1.48 (m, J=18.6, 7.2 Hz, 12H), 1.29~1.20 (m, 76H),
1.03 (m, J=12.4, 7.3 Hz, 12H), 0.85 (m, J=6.9,
2.0 Hz, 12H).

1.43 % &%) PBIDI-T. PDBIDI-T. PBIDI-4F-T
AT PDBIDI-4F-T [ & ik

DA PBIDI-T [ 2R A s S 94 . 76 15 P UM R
PF, B E¥10 (150 mg, 0.129 mmol). 2,5-
(= FF 45 BEWy (52.7 mg, 0.129 mmol). =
V5 L T4 B 48 (Pdy(dba)s, 4.73 mg, 4 mol%)-
(A0 H 2L EL) B (P(o-tol);, 6.28 mg, 16 mol%)

A4 mL & 2K 0\ ) Schlenk % . 1% % 1@
T E AR URANES . HIREWRNAE
120 C T4 HE 48 h. fF R M RW H 2= )F,
W HPTUE B P EE (200 mL)H, ik i A 4R [ AH
V. FHIEAREIT JE N &R TR U B b AT il
P&, RIRCLIECkE. NERAE RIS aifk 12 h, &
Ji PSS . SR I I e B 75 AN R R R4
P, I HUTUE B BE(200 mL)H, 9843
P BAE A (144 mg, 72F85%).

2 #ER5ITE

2.1 MR ERSEMERRIE

T AR - PR R AR A A N, H—
A T EELL B I, R AN [F] 2R I |
Wk W BT H RS T, RS A 1(a)
s . SEAGAB G S B P FH IR 2804 ) Ag,O,
oo 2 B AT T R A (TLC) AR W i m LA 1k
RAEDEMEE. ERBAEE RN G, BidaE
T € 1 3 0] DL P2 W AT R A B AR Al B
L4533 BIDI R5/INr 7. BATE S T & IREL
35 3£ 1 4> - BIDI-Br.  DBIDI-Br. BIDI-4F-Br
1 DBIDI-4F-Br, FF4# EA1115 2,5- X (= H 3 4)
WEWY AT Stille B A B, AT —#RS5ID-AR
%0 % 4 %) PBIDI-T. PDBIDI-T. PBIDI-4F-T
1 PDBIDI-4F-T, J %2k ai i 1(b) . &
GV 5 T B 2 o R BU(ML/D) 5y 0 N
44.5 kDa/2.50, 36.1 kDa/2.60, 41.3 kDa/2.47 fll
13.3 kDa/2.51 (% 1).

I T (TGA)K AR FAER S AT
WM5E .t 2(a) s, BIDI RA0/Nor T4 R
B TR E AR E N, B ILPUR T H
B0, MR RIS A T B . BIDI 3 iR
P (BPAE 1008 B2 R i &4 2k 2] 5%) 24 359 °C,
DBIDI 4357 °C, fif TBIDI Jy 347 °C. 41 & 2(b)f
N, EAWPBIDI-T. PDBIDI-T. PBIDI-4F-T
1 PDBIDI-4F-T R I A S #da e 11:,  #44)
fift 5 B #B 4E 360 °C L _E . PBIDI-T. PDBIDI-T.
PBIDI-4F-T #1 PDBIDI-4E-T ] #4 73 fift i 75 43 5
9380, 374, 376 #1360 °C.

DR NI FE R I 5] W R B BRI
() FEHEA BE X FL AL 22 A I I 2, % BIDI & 41
CRMAR ST TIEAR MK, 45 R
K 3(a) 1 3(b) i . (K54 BIDI. DBIDI# TBIDI
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Fig. 1 Molecular synthesis route of (a) oligomers BIDI, DBIDI, TBIDI and (b) conjugated polymers PBIDI-T, PDBIDI-T,
PBIDI-4F-T, PDBIDI-4F-T.

Table 1 Molecular weights and thermal, optical, and electrochemical properties of BIDI series conjugated polymers.

Polymer M, (kDa)/b T4*(°C) A5 (nm) Am (am) Egiset (VYELumo®(€V)  Egnet (V)/Enomo (€V)
PBIDI-T 44.5/2.50 380 670 680 -0.68/-3.74 1.08/-5.50
PDBIDI-T 36.1/2.60 374 674 630 -0.56/-3.86 1.15/-5.57
PBIDI-4F-T 41.3/2.47 376 675 683 -0.53/-3.89 1.48/-5.90
PDBIDI-4F-T 13.3/2.51 360 672 630 -0.48/-3.94 1.53/-5.95

25% weight loss temperature, ° £ ;o and Eyono were calculated according to Eyomo = —(4.42 + Efee) and Eyono = —(4.42 +
Ege), in which Eg . and E gy represent reduction and oxidation onset potentials of the polymers versus SCE, respectively.

—o—BIDI (b) —o—PBIDI-T
100 pacoceee —o— DBIDI 100 p00000000000080000%68. o PDBIDI-T
90 ——TBIDI " —a— PBIDI-4F-T
S 80t S 8ot —o— PDBIDI-4F-T
Z 70t =
) =
E 60 'g 60
= S0f =
= =
2 4ot S 40t
& 30t &
20 20t
10+
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Temperature (°C) Temperature (°C)

Fig. 2 Thermogravimetric analysis curves of (a) BIDI series conjugated oligomers and (b) BIDI series conjugated polymers.

(e = o F 2 FHUE AR 5 THUEHOMO/ 2K S o JEHE A ZE A, A4k} B i 73 7 1 o
LUMO)> 5l N-5.72/-3.65 eV —5.68/-3.79 eV Al LUMO BEZLZ BT 4K, 1HZE % HOMO B84 (157
-5.66/-3.89 eV. 5 Z A BB I, BEAEFE mAN,  DRRARE R A R AR A 20, W1 3(c)
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Fig. 3 Cyclic voltammetry curves and energy level of BIDI series conjugated oligomers (a, b), and BIDI series conjugated

polymers (c, d). (The online version is colorful.)

3D~ EEYPBIDI-T. PDBIDI-T. PBIDI-
4F-T A1 PDBIDI-4F-T [ HOMO/LUMO fE 2 43 5
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Fig. 4 Solution absorption spectra (a) and film absorption spectra (b) of BIDI series conjugated oligomers. Solution absorption
spectra (c) and film absorption spectra (d) of conjugated polymers.
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Table 2 Summary of OFET performance data for BIDI series oligomers.

avg max

Hn Hh VT

avg max
He He VT

Oligomer (em>V sl (em?V sl (V) Loniott (cm?V sl (em2V sy (V) Lowott
BIDI 5.84x107° 9.63x105  -2.9 29.80 - - - -
DBIDI 1.15x1073 1.28x1073  -6.6 8.70x10° - - - -
TBIDI 1.49x107# 3.75x10%  -32.8 2.28x10% 9.10x1073 1.29x10% 455 97.5

The average and maximum mobility and standard deviation are based on results from 10 devices. BIDI is annealed at 60 °C,

while DBIDI and TBIDI are annealed at 150 °C.
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Fig. 6 Output transfer curves (a—c) and transfer curves (d—f) of the OFET devices based on (a, d) BIDI, (b, ¢) DBIDI, and
(c, f) TBIDI. BIDI was annealed at 60 °C, DBIDI and TBIDI were annealed at 150 °C. (The online version is colorful.)
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Fig. 7 Output transfer curves (a—d) and transfer curves (e—h) of the OFET devices based on (a, ¢) PBIDI-T, (b, f) PDBIDI-T,
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Table 3 Summary of OFET performance data for PBIDI series conjugated polymers.

Polymer #ﬁvig - ﬂhma,x - r Towore ﬂgv,g - ﬂremj( - & Lonyore
(em>V sy (em>V sy (V) (em>V s (cm>V s (V)

PBIDI-T 1.53x1073 1.66x1073  -9.6 325 6.40x1073 7.34x103  19.8 20.7
PDBIDI-T 4.17x104 9.25x10*  -5.7 235 6.31x104 1.42x103 8.2 54.0
PBIDI-4F-T 3.39x107 421x103 -6.8 18.1 7.49%x1072 9.05x102  21.8 81.7

PDBIDI-4F-T 2.61x1073 3.05x103 -22.8 46.4 3.18x1072 3.63x102  25.0 136.0

The average and maximum mobility and standard deviation are based on results from 10 devices.
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Fig. 8 AFM height images (5 um x 5 um) of oligomers (a) BIDI, R;=4.03 nm; (b) DBIDI, R;=2.58 nm; (c) TBIDI, R;=5.51 nm;
and conjugated polymers thin films (d) PBIDI-T, R;=1.35 nm; (e) PDBIDI-T, R,=2.38 nm; (f) PBIDI-4F-T, R;=1.09 nm and

(g) PDBIDI-4F-T, R,=2.54 nm.
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Conjugation Length Adjustment and Application of Oligomers Based on
Benzodiindodione: Conjugated Polymer Construction and

Carrier Transport Performance Regulation

Hous-ji Cai!, Ruo-xi Tan', Fang-liang Dong?, Jie Zhang!*, Zheng-wei Hu!, Hai-yang Zhao!, Chun-chen Liu',
Ming Wang?*, Fei Huang'*, Yong Cao!
(!State Key Laboratory of Luminescent Materials and Devices, School of Materials Science and Engineering,
South China University of Technology, Guangzhou 510610)
(?School of Materials Science and Engineering, Center for Advanced Low-dimension Materials,
Donghua University, Shanghai 201620)

Abstract The carrier transport performance of organic conjugated polymers is closely related to the conjugated
structure. However, there is still a lack of relevant principle for understanding the relationship between molecular
conjugate length and the properties of materials and devices at the molecular level, and the design and development
of units with continuous and controllable conjugate length faces challenges in synthesis. Based on this, this paper
provides a new molecular design strategy and synthesis method, and synthesized a series of oligomers and
corresponding polymers with controllable molecular conjugate lengths of benzodiindodione derivatives by oxidative
coupling, and demonstrates their tunable charge transport performance. With the increase of the conjugate length
of the intermediate building block, the lowest unoccupied molecular orbital (LUMO) energy level of the
materials decreases gradually, the band gap narrows, and the charger carrier transport property changes from
p-type to ambipolar transport characteristics. The polymer PBIDI-4F-T containing a single benzodiindodione
building block exhibits the highest electron mobility of 9.05x1072 ¢cm?-V !'s”! and a hole mobility of 4.21x
1073 cm?-V!-s!. This work provides a new reference for exploring the structure- property relationship between
the conjugate length of the acceptor oligomer units and the charge carrier transport performance of polymers.
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