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1.1 RKFIENEE

B AR TS R A A 2E R A A T R R R B A B A A A

R 4R A% ( Bruker AVANCE 500) ; JFi¥% ( Autoflex I smartbean MALDI-TOF/TOF MS); UV-
3600 IS ARIISOETEURT RF-5301PC 2861542 ( H 4R Shimadzu 23 F] ) ; Thermal Analysis system %22
KA (Perkin-Elmer 22 ) ; NETZSCH 209 R E /3 Hr L ; CHI660C HE AL~ T AR, ( i
JRAENT]) , TEIMRZ MR = AR R . TAEHRABC B i, S B RA a22 il , S il
Ag/Ag WM, MBI 0.1 mol/L 7S SRUBERR PO T 2k, W/ @ W ke, fEE W T FE5HA DL,
FLS920 Spectrometer A5 1 - 77 T I+ 1 W358 (AFM) ( Digital Instrument DI Multimode
Nanoscope Il a) #2 @ XA F . 1M X STERATIAEFEHE Rigaku X-ray TS _EHEAT, S80I M
SRR 2 R ATERINIR R ] H AR Rigaku R-AXIS RAPID IP BIFTHHMY, %R F A B0 LAY Mo Koo 45 5}
R, AEHRAT T Lp N T R AW IE, SRS Shelxtl 5. 1 2P ELEEDAR X435
BT 10 A bR B A% ) S S BGIEA T 20 M /N SR HB IE.
12 X

PBIL A1 PBI2 J& i 1E T B CAY DU S FE B e A AE W0 Ao i JRORE | i 2 S 3 A 0 22 A L
(MliE=37'%

v aa
1.2.1 N,N-ZET#-1,6; 7,12-19 (4F ¥
HC 0 Q CH; 09 H

jas)

HEKEH)-3,4; 9,10-3 — Bt T B (PBIL) Y 0 ) 0 Q =) 0
&% B 870 mg(1.36 mmol) N,N-—IFT  CH~-N Q.Q H—CiHs CAHQ“C‘HQ
31,65 7, 12-PU4R-3, 45 9, 10-36 = ik 7 % Oe B o’  nwodnu’

1 0. 48 g (3.4 mmol)j‘ﬁ7k@%@§%$ﬁﬂ: @@ @

100 mL RSB, A 1.3 g (12.24

mmol ) 10 QISEP%%%‘, BN AKS il 5 1 7 75 Fig.1 Molecular structures of PBI1(A) and PBI2(B)

N-FP LRI 2B (NMP) | 7EESAR T, INERE] 140 °C R 12 h. NS5 R R R %00, B ROWA &
JIAZ 80 mL #Y 1 mol/L YRR, ZilkduHE 1 b, A RSETUNE, i uES20HYr, FKFH i
(15 mL) Peik 3 K, FEEr dm s [ v &) / V(A =2: 1], BRI ARIK 11 g, IR
80%. WL (25 °C) « EART KT 20 mg/mL; ZOGHEF77H(25 C) : 96% (HATHWL) 5 43% ().
"H NMR (500 MHz, CDCl,), &: 8.04 (s, 4H), 7.17~7.19 (d, 4H), 7.01~7.03 (m, 8H), 6.92 (m,
4H), 4.10 (t, 4H), 1.65 (q, 4H) 1.39 (q, 4H) 0.92 (i, 6H). “C NMR (100 MHz, CDC,), &;
163.3, 156.2, 153.2, 133.1, 131.4, 129.9, 127.4, 125.0, 122.5, 120.4, 120.1, 120.0, 119.2,
40.4, 30.2, 20.3, 16. 1, 13.7. @4 HFFE (HRMS) (Cgo Hy N, Oy, ) = 927. 3640 (FT5{H 927. 3645) .
1.2.2 N,N-ZETH-1,6; 7,12-0 K £ #-3,4; 9,10-3t — B T % (PBI2) th & &  HL 870 mg
(1.36 mmol ) N,N-1F T 3£-1,6; 7,12-DU%-3,4; 9, 10-3E BtV %A1 0. 48 g(3. 4 mmol ) JC KB FR A1 &
F 100 mL BRI, A 1.15 g (12. 24 mmol ) BT, AN HIE9 NMP )5, SHAERB 3 K,
RS, INERE 140 CJ5 RN 12 h. JOWZS G R R, BB EINAZE 80 mL 1 1 mol/L fFRR
R, EIRBCEE 1 h, oA EDHE Y, KR EE (15 mL) PR 3 WK, R AR E AT o 5
(VSR V(A ) =2 1], FREZEREIK 0.9 ¢, PR 75%. W (25 C) . EART/NF
5 mg/mL; PG F (25 C) 2 95% (RN ) 5 25% (W) . '"H NMR (500 MHz, CDCL,), §:
8.19 (s, 4H), 7.24~7.28 (d, 8H), 7.09~7.12 (m, 4H) , 6.93~6.95 (m, 8H) , 4.10 (t, 4H), 1.65
(q, 4H) 1.39 (q, 4H) 0.92 (t, 6H). *C NMR (100 MHz, CDCl,), &; 163.3, 155.9, 155.4, 132.9,
130. 6, 130.0, 127.7, 124.6, 122.1, 120.5, 120.0, 119.2, 40.4, 30.2, 20.3, 13.7. &4> ¥ i
(HRMS) (C4H,,N,0;) : 869. 2853 (115 869. 2857).
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IR R G SRR AR 2] T PRI AR, K 2 454 T PBIL o FAE S 45 i b i 43
FHIT R . T bay XIRSESEHA] L AR H BL A7 AE, PBIL FEIR T LA T FE T, R4 3
XL IS8 C—O HusiEq T F t e, Hoor ARl s—. N 2(A) ATRAE H, bay X LR EHA]
HIeZER PRI RE. TP mk A M. B 2(C) iTRE S, MM g iR AR, I
HLi T A 433 28. 6° 1 34. 7°, ULHIFES | A H R RS A R A JER Ll IS, oD iR 2 283
BATCHY S TR K & A W AR, 4T [R— MY 2 AR L AR R Rk s e L BH RGN, HAr A 7
RS T PN, S ZEARAM ] T 20 F a9 - SRR B 2(D) FI(E) 45 H T SR axFralHes 5 =X, nr el
i, IR ET mAS O RHES ], AR R, SR R TR ), AR T E S
ZRIREAAFAE 2 P A EAERT T AL, 01 M1 F M2 B0 T FAT45 07 fA ol 23. 60, % 2 N1
BT R A2 2 AT A HEE P ZR AT (DS B 2851 ) |, P EER 0. 353 nm, ZEFRIEE AL T4
SRAHILAE R 1 (SR EMEERSY) . 50T M2 1 M3 22 (6] B9 A 74807 /A 39, A4 18] A ~F 1 (5
ISy ) [ HE 2 0.356 nm, ZEA P BUAH B4R FH TT (BD & /6 R385 ) . 40 F RS0/ (/b F
54.7°) RINZSF ISR 20N R4 Wi 28086 X 4, KRB R 43 F M2 2 A9 4 T
(M1 8¢ M3) [ Ze5r A0 M GARIIERS 180° )5 P 5 AHSR 73 & A MERR, X i HEFRZE A (T U= F AR 4
FEP T A A4 F X AR AT 43 B R SR P = A I S B S BB 5 RS, Fak T JFT) A X e L Bkt
ZAN, WS N BURIEIE T 3B I R TR], R R e 35S (R R o0 1 10 A ER U A
—E MR

(A) (E)

Fig.2 Crystal structure of PBI1 from front view(A) and side view(B) , side view along N—N direction(C) ,
packing styles between two adjacent PBI molecules from side view(D) and top view(E)
Hydrogen atom omitted in (A, B) ; butyl-substituents omitted for simplicity in (C) ; phenoxyl substituents omitted here for

simplicity (E) .

PBI2 WS A5 AT 15 5, AH R0 8 O35 DL R SRR [ 14,15 ] 38 v] LUHEDY PBI2 43 7F [ 45
T4 TR K A3 T HERR )7 X (H-58 4 ) . Scheme 1 24 PBI1 1 PBI2 (43 FH5 K o3 FHER r R 2
. WA AR BB, PBI2 40 FHE 550 RS R PR AL T DL FBI S8 C—O BAgR AT I B A e
B, W —FE R E RS . B 4 DR

N e AN SNPPENN NP (D
A T 364 18 W W] — 0, T R« i ARk 43 .
T4 Scheme 1( 11) FFzn. 3% “ Btk #4284 With(I“,ll-h

F 4T 110 bay X AR 2 6] 19 55 ] 32 L1 poli o

N, FEREZETALUE R mES N H-RE. T ()
EAIEM A AL, PRI T4 4 V ?
AEIER S A CERE P IO PO, T athow i —
“X" AT SF T, i Scheme 1( 1) iR, '

53160 b F 1025 L HE A PR R W et Hrasaresation

[E-3iid H R T #5047 HERR Y J-2R 4. Scheme 1 Packing styles of PBI1 and PBI2 with different
HILAE T2t EF| A 1 A-H 32%) PBI 40 F molecular conformations
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FRRR TR 7= A T S ey, o ) L 2SR A MERR 5K
22 AAFERK

MR By 2 Rt AT LS bay X 3 (5 LA 44 R0 B8 42 A5 A0 B2 i LA, 302 B0 M (TGA) I
2R (DSC) A pr s i 3 fion. ATLUE Y, 2 PR AR A R @ I IR (T,) , R AR
PSR E . PBIL Y T,°0 400 °C, 1fif PBI2 ) T,°h 436 °C. PBI1 A 2 EARXT T PBI2 A B R
FIRESE T H M5 AR IS O R AN —, 4 THEREAS /N, TI7E DSC fhZE K, 312 «C
X 42 PBIT B9 s T, PBI2 A4 SRS Jy 380 °C, B & T PBI1, X &1 T PBII 5 PBI2 44
TR RS B R AN, PBI2 AHAR T2 B T S AU A, 75 ZESCE 22 1 $ B Sk i 3R
O A EAE R R 2E BICIR 2. 7RI R, PBI2 78 315 C AR B T B 8 2R B i g, X IH
T PBI2 AO4E MG, BUE 4> F I 464G FE HE AL 107 PBIL 78 300 °C 2245 I 048 L 21 25 e, {5
JEAE 117 CHELT 1 ANBIR Mg | Xl GE 2 i T PBIL (AR SR AR 51 a9 e . o g P o )
FLRIAL, PBI 43T bay X ARG HE 1 AARA7 H L5 | A 2 TR0 50 e A= B B ok Ay LR e A AR 5
WA T FRE. R, A5 AT 19 S ARTE B % A8 ELA — 2 [ R

1.0 3
100 A) (B) © 315
- 2
80 - 205+ =~ Cooling é
~ S
< ool £ & | <— Cooling
— PBII AN z
=0 m
40l —PBI2 A oL
Heating Heatng — “’V’
312 380
1 1 1 1 1 —0. 1 1 1 1 _] 1 1 1 1
100 200 300 400 500 600 50 150 250 350 50 150 250 350
Temperature/C Temperature/C Temperature/C

Fig.3 TGA thermograms of PBI1 and PBI2 measured under nitrogen flow (20 mL/min) at a heating
rate of 10 °C/min( A) and DSC curves of PBI1(B) and PBI2( C) , respectively measured under

nitrogen flow at a heating rate of 10 °C/min and a cooling rate of 5 °C/min

2.3 FYIIEMER

Bl 4(A) FI(B) %5 H T PBI1 Fl PBI2 7E 7AW BOR A i s R & 63, vl LUE H, PBIL Al
PBI2 RO LT S, e KIS ARTE 572 nm 2247, BIVFR 3L 0951 A XS AT RHE B TR S
A BRI R LT ICR . A 2 iR ARG I U vk A R, R R O 1 R
W R R B GIE 4. PBIL BRSO GIELL 5 2 601 nm &b, FHXTEA S F USRI ISOGIELL R T 29 nm, X
Ty J- BT RS R AOEIELLR Y | PBI2 BMIOGIE I BN T PBI, R K%K F N
FOGTE A AR FE , WAL AR X TR T IRIBOG S & AR TR, X FOGIE T e sl 5 KL HE 18 PBI 17
Y H-R S 8" WROEE b 446 nm Ab Y & T H T 43 F 10 S,-S, LT BRIE, £ 500 ~
650 nm I Fl P AR R WS04 A 5 HLJGEH RS 2544, S-S, HL FERAE H 1Y 0-1 R 3010 (544 nm ) 1 28 7R IR
FHHEL 0-0 16 (588 nm) V. BRILZ AN, 2 Bl RRE A & SHGIERAE IR A AR, Wi 4(B) iR,
PBI1 73 0 & GG TORG A 254, BA R K PIESE, EWALT 666 nm Ab, FHXT TR 1Y & SHEIE 2L
T 60 nm. Ifii PBI2 43 F () & G0 B AT B W RS 4 454, 0847 F 622 nm, FAXF FIHWRLLHE T
18 nm, 7£ 666 nm AbH I T 1 ANJH U 2 PP RME IR S T WO i AR AR T A THEREOIRAS T MR & 5
UG, F B B TR TS rF RIMERU 2O [R] 2 BOR A28 T R 3 A8 1t 1 KNS ). i 3ol
TS AT LAAS LA 5 | ARHZCIE 8 — 0 Rie A L) SR B B L Tt e, TR e SR AT 1Y)
S IEMERROT XA B A2, B | A 35 IS i 7 A 1 2 R A5 BEL 2800 (5 53— [ 5 %25 b T T M 5% 9t 000
il e miE A A T HERR Y J- R AR

R T D G PBI SRAEAT MRS IR, A SC45 Y PBIL A PBI2 78 H B 3A O BE (MCH)
VAR B I B AR A RSO , A3 4 (C) (D) FR. DR REY], FIRALE T PBI2 47178
MCH R MESE 2% (¢ =107 mol/L), AU MINEEIE 2 90 C, M k58 B, H WO 3% an
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Fig.4 UV-Vis absorption(A) and PL spectra(B) of PBI1 and PBI2 in solution and film state, in

Fig.5

1.5x 10 mol/L chloroform and temperature-dependent UV-Vis absorption spectra of

PBI1(C) and PBI2(D) in 10 mol/L methylcyclohexane

K 4(D) L s, BEEF XN 92 PBI2 #£ MCH H R 5oy FIRAS. B R 2 REAIK, 555 nm Ab#Y
W SO 2 T RAEATG, 600 nm AL AW SO B M A, MR BERE 2 25 CC I, FOEASREE % 12 &b, HIg
FiF8 3l % 530 nm, ZSRRIEREE PBI2 J3 1 BEWR BE AR A& AE 73 1) I HES 1 H-2R AR, Mg | A 2
B PBI1 437 MCH " A9 i RE B W kst , ELBOEIE R AR AL B LR 58 2 AN R) T PBI2, RIREE
TRFE B AR, FOGTERE A R B R [ 181 4(C) 1, HFE 580 nm AbSGiE & AR S5 HL1F8.
24 BUAFHK

W EIMRZ IR T 2 FhpP R AR T, W&l S R, 2 bR B o A BiE (HOMO)

25

el Pk Eyowo == (4.8 + B = EV) (1)

Y/« — Buo == (4.8 + B — E22)(2)

S °r ’Lﬁi‘i‘“‘~9”’5°‘“fj°‘“” Sty B0 BN 4B AL A BT

NI W B B, %
~1{5 —1|4omitol.5 0 0?5 1.Io 15 RZHR0.141 V.

Potential/V(vs. Ag/Ag")

Cyclic voltammogram ( CV) curves of PBI1 and
PBI2 in dichloromethane, 0.1 mol/L r-Bu,NPF;

as electrolyte

A AR B HOMO

Inset: CV curves of Fc/Fc*, 298 K, scan rate; 50 mV/s. %‘:2 1.

Table 1 Summary of optical properties and energy levels of PBI1 and PBI2

FRAR A BUE (LUMO) 7] D)3

—PBII EF™'=0.141V .
20 F—PBI2 B,

SURDN /A v

5 IRR] 2 TR AR PR AR R
AEARL, 3t 15 B 2R A 0 47 B 3 0 51 A X
PBI MEHHLF = Z5 8 JL-T- AN P AR 52 . JE ok
A1 LUMO {85 F

A,/ Nm A,,/nm Eyono/eV Eivwo/eV
Sample Solution Film Solution Film Cyclic voltammetry B3LYP/ Cyclic voltammetry B3LYP/
method 6-31G(d,p) method 6-31G(d,p)
PBI1 572 601 608 666 -5.57 -5.27 -3.78 -2.96
PBI2 572 446 603 622 -5.62 -5.29 -3.81 -2.97
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Fig.6 AFM images of PBI1(A) and PBI2(B) films and SEM images of PBI1(C) and PBI2(D) films

PE. T PBI2 A ISR HORLRE , B A R 300

RN, & 6(B) A1 (D) frs. i@t X 74 0

fEH (XRD) % (B 7) 5T LA i, PBI2 FLAT W 2 (1) e

I (20= 1621 22.5°) , Horp 26=22. 5° % g Zz

(19 0. 394 nm A &2 PBI2 43 T ARG B 28T s

T[] BE. A R R PBIL A XRD 3% P00 98 o .

AN, BB AR R e T Y T e

FEH AN F] TR R A8 45k B 9 B i B, PR 26/C)

PR RAE PBIL 231 [ E LUA P HERLHES ], JE4E Fig.7  XRD patterns of PBI1(a) and PBI2(b) films
H 4 4100 ) , e T TG U W JEE. e ST 30 S 45 on quartz plate spin-coated from 5 mg/mL
mtEREFRAE R, W 5] AR KKk PBI chloroform at rotating speed of 1500 r/min

I3 T RN TAERE LA R U, A A T ARG T P i B .

3 &

WA BT 2 FhESF AR IR 36 Z e AL &9, BITE bay X &0 H B8 AR HUR Y PBII 5284
FEATHURRY PBI2. Z5REKH], LRSI AT AR 2344 Y K [ 25 B SR AEAT #7435 ), Tl
X ES T B LT A 3 0. PBI2 7E[E AT 2 e ) H-2R 4L, mig | AR S, PBIL 4-FH
AR I A AR i 2 B S BN, , He A1) ) T T e S g 4 il o MRl A T 45 A7 HE AR, SRR R T
A J-RAEHERR T . ILAE 7374500 rh i S B 5 | AR/ B REE R o 35 45 40+ 1 SR AT
R, ARG ARG TR (R S A, XXOCHE MBS A A EE RS
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Molecular Conformation and Aggregation Regulation of Bay-substituted
Perylene Bismides: ortho-Methyl Steric Hindrance'

ZHANG Wengiang">, ZHOU Jiadong®, MA Weitao®, ZHU Na®,
XIE Zengqi’®, LIU Linlin*, MA Yuguang®*
(1. State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012, China;

2. State Key Laboratory of Luminescent Materials and Devices ,

South China University of Technology, Guangzhou 510640, China)

Abstract The introduction of optoelectronically inactive long chain alkyl substituents commonly used to
improve the solubility and film processing can inhibit intermolecular charge transfer in organic semiconductors.
Therefore, to decrease the inactive alkyl substituents is important for next generation semiconductors. Herein,
we designed and synthesized two perylene bisimide derivatives ( PBI1 and PBI2) and investigated the effect of
ortho-methylphenyoxyl substituent in bay area on molecular conformation and packing modes in the solid-state.
The single crystal analysis confirmed that introduction of CH; could significantly affect the molecular
conformation of PBI, leading to cross-style four phenoxyl groups. The steric hindrance of CH, inhibited the
intermolecular -7 stacking, increased the solubility and enhanced the film-forming characters. The results
show that CH, at the key positions of w-conjugated skeleton could effectively regulate the molecular
aggregation. The strategy provides an excellent method to enhance the film processing and decrease the
optoelectronic inactive alkyl substituents, therefore an important step forward for the design of new
optoelectronic materials.

Keywords  Perylene bisimide; Steric hindrance; Aggregation; Molecular conformation; ortho-Methyl
substituent (Ed.: D, 7Z)
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