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Abstract A small organic molecule 3Ph-TrH with a rigid structure was designed with n-bridge thienyl and fluorenyl groups
as hole trapping sites and the fluorenyl and phenyl units as electron trapping sites according to steric hindrance. Then, the
floating gate type organic field-effect transistor (OFET) memories based on this small organic molecule through solution
processing were fabricated. The experimental results show that there is a hole storage window of 31.2 V and an electron
storage window of 11.6 V in this device, exhibiting ambipolar charge storage based on a single small molecule material. To
improve the stability of the device, a floating-gate OFET memory based on 3Ph-TrH with polystyrene (PS)-doped film was
further prepared. The test results show that the device is equipped with better device stability and tolerance than those based
on 3Ph-TrH as a single-component charge trapping layer. After 10000 s of retention times test, ON/OFF current ratio of the
device can still be maintained at 1.1 X103, only reduced by an order of magnitude. This work can provide an idea for the
preparation of a new type of OFET memory with ambipolar storage.

Keywords steric hindrance; fluorene-based small molecule material; charge trapping layer; ambipolar charge storage;
floating gate type organic field-effect transistor (OFET) memory
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DSFDITF2I¥) R B AL 7 i #da e Pk, 22K 40P
TS L AR v B B A AR U RN BA B R e 4,
FE ML EE A b, A R A P S RS T B AS [ A B
KM H-F. H-CFs F1 H-Ph, JRZ5 5 5oR =Mkt BLE8
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BE DN 312 F11.6 V. AT 3500k 8,
RNy P AR AW J5 1L s R SR 52 = a1 AR
JEHEN626-291 ik — B i £ T 35T 3Ph-TrH 5 PS B 44K &

[V(3Ph-TrH) : M(PS)=1 : 10)/F Jy HLFi 4 35 2 1V M A
OFET f7fif#s. MRZE R EoR, 2T 3Ph-TrH/PS 1ENH
TR 2 B 28 2E M ELJE T 3Ph-TrH A/ 9 B A il 36 2 1) 4
P, FAS e MR 52 4 0 B2 5, 76 10000 s ZEFFE [E]
MR 5 Zas B R T R LR BEAEHRAE 1.1 X103, AT
Sy ) 4 55 T 51— 2H 43 /N o3 1 S IR OO A L A A7 i (1)
OFET 1 aiefit 1 k.
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2.1 3Ph-TrH 94 R

A RN Scheme 1 iR, ASCLL Tr-H N JFURH2,
% Miyaura Bli{k e Bi1% 2|7y TBO-H, TBO-H F£4
Suzuki fHECR MG EIHFR=4) 3Ph-TrH(™ % 46.49%).
T 3o T B AT T R L A% R L IR A R AR 4 AT
8577 O =4 3Ph-TrH AT 7 458N, BARA Bt 2
DLSEEGH 5y, B AAZ 1% B L Supporting Information
(W FHE R, B S1~S6).
2.2 HBUFEMHRFIMAE

N T WSS 3Ph-TrH (1] FLF 2540 DL R Bk 2 T, A
SRR 2R T 3Ph-TrH (AL F AT, HL AR
N 0.1 moleL ™' I T JE /N SRS B TR, S HR AL FE T
i A R (DCM)E R IR, & A BRI AT 7R 4 Bt
W, BRBMENEA, MR HOMO REZS Lt —%ek
TR T (Fo)IRE (4.8 eV). WK S7a (W HHEE)
fin A 3Ph-TrH A Ak B A7 1) 18 PR AR 22 #h 28 Il 15
3Ph-TrH MRIHEAEMHBEALA 0.38 V, 15 H H X RH)
HOMO feZiN—5.15 eV. W S7b (WX H#E B)FIR,
# 3Ph-TrH ¥ T VU & WRIR (THF ) g B RGR N 1.0X 1073
moleL ' VAT, MM RIRIBOLIEEUY ), FAR
$% 3Ph-TrH 1 UV E R F1HAEFR N 2.80 e300 ik

3Ph-TrH

(a) Bis(pinacolato)diboron, KOAc, Pd(dppf)Cl,, 90 °C, 1,4-DIO, reflux, 12 h

(b) 5'-Bromo-m-terphenyl, (Pd(PPhy),, KF/K,CO3, TOlITHF, 95 °C, 24 h

B 1 (L&Y 3Ph-TrH [f& AR LR
Scheme 1 Synthetic routes of compound 3Ph-TrH
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% 3Ph-TrH ff) LUMO REZR N —2.35 eV, FRAE NI, Sk
H AR RE R BONFEIL(—5.0 eV A1—3.0 eV)B. UnE
la fT7RoN 3Ph-TrH AL 5 1 E AL E AL AL Wil 1b
Jli7n A 3Ph-TrH 2 % 77 bR 30 22 18 (DFT)P2 i 55 (1)
HOMO e 7= &, HOMO H 12 #0H Bk H 25 3k
TEMF MY F1 25 0 b, UEIZ 0 7 A By 3 B E 2 )
TEfBhr AL B 1e FrosoN 3Ph-TrH #g 5 LUMO fig
H T =B, T4 LUMO B2 K HB2 #B 6 R it 25
WE TrH 3ot b, R /DH0 BAE R =k b, 3t
B 3Ph-TrH (1) =857 28 3 BAE R AR . 255K
B, %71 3Ph-TrH /E 540 5 WA 38 2 1) OFET f71%
B, A9 SR 1 LT A7
2.3 RAOFEMRF

9T #FFE 3Ph-TrH [ #FRE M, AN T H#k )
VR, MRRSE R 2a iR, 3Ph-TrH HI# )22 5) iR
TP RIA 569.1 °C. K 2b NZERFRHERSITHIZ, B
7N 3Ph-TrH (B IRE RN 247.5 C. SLKR M,
MRE 3Ph-TrH B AT IR U AR e 1.
2.4 SHEERIRFRA

Side view

Top view

(b)

HEEVRPE SR BEAKRAMEZER R, HFidtE—P
S IR A R R D T A L AR A B ) R
B, ARITRAIRF 1 BB (AFM) 2 B R AE T 1% AT
SRZRIR TSRS, W 3a Fros il il % e
W7 25 ) 3Ph-TrH ) AFM &, 3577 R RS
FEH 8.62 nm. FET Ik, R AFM AL T & 3Ph-TrH #
Ji5 b B PR AR B A TE SR (B 3d), 35 MR RS
FEA 141 nm, FFF Rk ELE DN, BAaAiAty, HE
B A2 3Ph-TrH #EER I H A ZBIeE, ARTHT
PR A, IX ] BEANH] T % = e ) OFET
Tt ds. AP, 12/ rh B2 R AT DL i
PR S511626-290 MU  3E— 2544 3Ph-TrH 5 PS $% HE AR
e 1210 474598, SROGHHIE 3.

Wik 3b. 3c FaR, 435~ 3Ph-TrH/PS Jig i A
PS JE iR AFM &, H 3577 KRS 2 43 514 0.30 nm
F10.21 nm. 5 3Ph-TrH HEEAH L, 3Ph-TrH/PS 1 PS
) R R B e TR TS, SBT3 TR AR Y A
K. B 3e. 3f 2) HINFE 3Ph-TrH/PS F1 PS 5 (AR
FHRHERET) AFM B, H 7R S v 5.8 nm,
AWA IR ERLE S, Bomis, AR+
il & Ry e € T ] OFET f7-fifi 2.

HOMO -5.15V LUMO -2.35V

B 1 (&9 3Ph-TrH M EMEAMLE, Bigit5 3Ph-TrH (1(b) HOMO. (c) LUMO H¥ =K
Figure 1 (a) Top view and side view of compound 3Ph-TrH; the calculated (b) HOMO and (c) LUMO distribution for 3Ph-TrH
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Figure 2 (a) TGA diagram; (b) DSC diagram of 3Ph-TrH
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B3 (a~c)3Ph-TrH. 3Ph-TrH/PS. PS AL SiOy/Si 41K L1 AFM JESRIE; (d~16)FF FLFAE 3Ph-TrH. 3Ph-TrH/PS. PS #ifif b 4% & () AFM J&

el

Figure 3 (a~c) AFM morphology of 3Ph-TrH, 3Ph-TrH/PS, and PS films on SiO,/Si substrates; (d~f) AFM morphology of pentacene crystallized on

3Ph-TrH, 3Ph-TrH/PS, and PS films
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Figure 4 (a) Device structure diagram; (b) energy level diagram of pentacene and 3Ph-TrH; for the device based on 3Ph-TrH: (c) electron and hole stor-
age windows; (d) retention time and (¢) WRER cycles test in the hole trapping mode; for the device based on 3Ph-TrH/PS: (f) electron and hole storage

windows; (g) retention time and (h) WRER cycles test in the hole trapping mode
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Figure 5 Schematic illustrations of operational mechanisms in (a) holes
trapping in dark; (b) electrons trapping under lighting conditions

3 g

AL E R T H B3Ny Ak 3Ph-TrH.
2T AUAT DL Bt 2 7 SR A 8 T BLSR A HE T 3
RO, H SN T L 2 P 1a) =B, 389 = [ 3 PELOR
SEmARH AR E . 2 — 2P 12 T4 3Ph-TrH i

Acta Chim. Sinica 2023, 81, 1508—1514



F F R

PRI N AL ) ra T IR R (K] OFET fE ka1, Skl
XUR A L A7 i, HAFAE T R3] 42.8 V. iRJa, AT
e s AR E VR, ASCHI% T 3Ph-TrH/PS 5757
JEAE Ay ra A4 AR 2 VR Y. OFET f7fifids. 45 REW,
ST 15 A MR R AE D R 2R R R A L T A A
AT SRR A E, A A S Ve AR e 1. AR
AR D il g6 B OUR Y AT 77 (1) OFET A7 fifia $2 01t 1
k.

4 SLIGERSY
41 NESHF

R TH A BC K, AR TE CDCL SR, @
1 48 [ Bruker 400 MHz AZREFEHRAY, 7E 298 K T IA3 (1)
s Hob 'H RS ERN S mg, PC HRAFMSE 15
mg. I T B5CH E T  Bh AT B A5 S (RP . MAL-
DI-TOF MS): Bruker autoflex speed i {3 M1F. WKL
W (UV)$d i85 Shimadzu UV-3150 JEiEACE. g
AR 2 Gaussian 09 F2 AL, SR
B3LYP % 2 B(DFT)/77%, 1E 6-31G(d)7KF_EXxt 4
TR U R R AT T AP, A s o8 {5 F 193X 7 41 &
W BB EE RS . = 2R SR, 5]
SIOR, DU =R A EERRET . UALER. BRI, ¥
NI T T ALl e, R Atk B .

42 HWEVIHNERK
42.1 4%-F TBO-H #54 &

T4, ¥ TrH (1 g, 1.14 mmol, 1 equiv.) BEIERS1R
FERE(2.4 g, 9.45 mmol, 8 equiv.). BEEREH(1.2 g, 10 mmol,
11.4 equiv) AR 25 mL FJF% =0 R MHEH, HHES
WNEAG, X ROV E TR AC R, fEESIREE T
N AL Pd(dppf)CL, (166 mg, 0.228 mmol, 0.2 equiv.),
L EAHL S, N 10 mL 9 1,4- 5N, FFRHiEE,
WHERMNEEAN 100 C, KMEE 12 h. LSRG,
FHZK K, TN 50 mL DCM HiBg i S i e 25 A
FEFET: H DCM (50 mLX2)KRFEHNLE, UG
LK EMT LA [ VA ) @ (& T k) =1: 3], &=
ZimERTRE] 0.629 ¢ AEEASY) TBO-H, =% N
51.82%. 'H NMR (400 MHz, 298 K, CDCl;) J: 8.08 (d,
J=17.6 Hz, 2H), 7.81 (d, J=7.6 Hz, 4H), 7.76 (d, J=7.7
Hz, 4H), 7.45 (t, J=7.6 Hz, 2H), 7.30 (s, 4H), 7.05 (t, J=
7.4 Hz, 2H), 6.65 (d, J=7.4 Hz, 2H), 1.24 (s, 48H); 13C
NMR (100 MHz, CDCLy) d: 154.1, 152.4, 147.3, 1442,
139.8, 139.7, 135.3, 130.3, 127.7, 125.6, 124.1, 121.0,
119.8, 83.7, 64.9, 25.0, 24.9; MALDI-TOF-MS (m/z) calcd
for CeeHesB4OsS [M ] 1064.513, found 1064.859.

42.2 %-F 3Ph-TrH 494 %
B4, ¥ TBO-H (0.66 g, 0.62 mmol, 1 equiv.). 5'-#%
B = E4%(1.55 g, 4.96 mmol, 8 equiv.) JIAZF] 50 mL fT
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K= DR B, AR RS, EERAAE I
TEALFI(PA(PPhs)s (0.144 g, 0.01 mmol), fij J& X S5 v 23
Hiltr ket H AR, SN 8 mL i KF/K.COs
(4 moleL™ )5 20 mL [ To/THF (V : V=1 1)¥#¥.
HR, B IRPEEEBE N 95 C, FFEHtEE R NI ] A
24 h. RMZWE, HKEXR, I 50 mL DCM #ikE 5
JeilId e & RACKHIEFIET. TS, H DCM (50 mL
X)W 4g A HLZ, 2 WG @ o 4 = A i 4846 [V(PE):
VIDCM)=1 : 2 i), LHEL5 G155 424 mg AR
[E {4724 3Ph-TrH, /%N 46.49%. 'H NMR (400 MHz,
CDCls) 6: 8.11 (d, J=7.6 Hz, 2H), 7.86 (d, J=8.0 Hz,
4H), 7.63 (d, J=8.0 Hz, 4H), 7.55 (s, 4H), 7.49 (s, 8H),
7.45 (d, J=6.4 Hz, 16H), 7.25 (t, J=9.6 Hz, 26H), 7.16 (s,
4H), 7.09 (t, J=7.6 Hz, 2H), 6.82 (d, J=7.5 Hz, 2H); 1*C
NMR (100 MHz, CDCly) o: 154.3, 152.4, 148.5, 142.1,
141.3, 141.0, 140.4, 140.0, 139.0, 128.7, 127.9, 127.3,
125.9, 125.2, 123.8, 122.8, 1212, 120.4, 65.2; MAL-
DI-TOF-MS (m/z) caled for C114H7S [M '] 1473.543,
found 1472.991.

4.3 BAFEMRMNR

KR LR CHIG60E 7Y Ak 2 A il i
T 3Ph-TrH HEALPER (R 2Rt k). Hep, T
VE RN B FaAR, X FEARCA A 22 fi AR, S L T
AH R F AR, A ) FL S 0.1 moleL Y T &N
TR, AR Rk, A& v = IR A
AT, FCEE)E N 0.1 Ves™ .

4.4 SO

AL 3Ph-TrH HI#KE 7 riEid DTG-60H A # i
I MACGEEAT AR, A4 8E 3Ph-TrH fRR FE MR TE o 30~
700 C. MEHZE R ERGEEIE KA DSC-60A %Y
ZRFRERAGIATINR, 3Ph-TrH B35 MR JE
30~480 C.

4.5 OFET =iz H0%1%

AR EA 300 nm SiO, I E B 24HE - 1F A .
BREFSEERAE. /. ZE7KGHE, 8 TS
OB A IEVE 15 min, SRJ57E 120 C 125 T 4548 P 4t
T30 min. 7EAHF ATEAE A B T RN AT 5 min.
# 3Ph-TrH. 3Ph-TrH 5 PS (M, =280000)45 4k &
[V(3Ph-TrH) : M(PS)=1 : 10, icy 3Ph-TrH/PS]LA K 46
PS #EHEZ 3 mgemL ™! FIIREEE T HORIEWR, DL
3000 r/min X 30 s JEiRMME, FEET 80 CHIHAEG iR K
30 min J54& . ZJE7E 5.0X104 Pa IIE/F, LLO.1
nmes ! FIZEPEH RGN 50 nm BRI K. &/5iEd
BAEHIEKRLL 02 nmes ! FIZEPEH RPN 100 nm JERY
WA, TERAIE S E W=1000 pm. K& L=100 um
(AR AR AN A

FAE: 5240 A Bruker Dektak XT stylus profiler &
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g g R fFzRIL L
Bﬁﬁ({)ﬂﬂmﬁ%@@ﬂ%ﬂ‘]@}%, Bruker Dimension Icon E% Feng, Q.-Y.; Xie, L.-H.; Yi, M.-D.; Huang, W. Adv. Sci. 2018, 5,

7750 40 AR % 2 R 1) T 5 S R RS R B, Keithley
2636B ¥ FHESHHHAE R R NS RE=20%),
JR AR P A28 1F () FE A MR RE S B, St b il K 31 1)
TN G, KT EKAE 400~800 nm.
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