RERE: (L

2022 FF 524  F 2 H#i: 339 ~ 346

(b EREE ) Atk

SCIENTIA SINICA Chimica

it X

FRILARIE A P 801 Z FI)

chemcn.scichina.com SCIENCE CHINA PRESS

CrossMark

& click for updates

2 — I 4 SR AL 2 0 V- PR B

L% e = AL EN GG A

7 ) 2f = 1 ox1 ~ 51 - - 2% o 1
e }’ B A *a FEB > g , =4 ELAT, = A F

1. ER G AU IO, B E BB DR T Al S R M2 H SR, L 200032

2. BTREAAL AR T2 B, ] 361005
T [F1 4 TRk
*HEHAEH, E-mail: gaoxk@mail.sioc.ac.cn; whong@xmu.edu.cn

Wk 1 393: 2021-08-26; 4352 H #1]: 2021-10-13; M%K% iR & % H #: 2021-11-18

E R H AR 42 (21674126, 21790362)  HFRIE g P 2 T BT H (XDB12010100)F1_LifE i AL ZE 10 H (181C 1410600, 19XD1424700)%% B

WE AXETARTAM-FRERFETAN,4,5,8-2 Z B T (1,4,5,8-NDD)#21,2,5,6- 3% — B T j%
(1,2,5,6-NDD) A 2 ety R Ak A 41402, A LT RO, B hFEFEMAE T EAMBAMFER. Lo
FREMTIMERSRENBNFUERUREL, FEGHEXNEEZR. FEZHEBDOFDTELRH, £F
1,4,5,8-NDItg 1L A1 A4 X8 & & T & 3L # (HOMO)/ & K & & #13# (LUMO) &t %, B4 | T o F 89 5 4. A A
AR E D HEREHASTM-BNE A#H & T WEMIF2HEL T4, AR THEEFETHN. EBTFREKL-T
H-3-F kel X B 25 (BMIPF,) % #in0.1 VELAL, fLa-#fn2th B 8 E 4 5 %1077°G, (15508, 1G,=77.5
uS)F 107G, (9.8 nS), KA1 EA F 47105 s bt

KR R B, EMRM, o TEM

1 5%

B AR H 2l AR, AR ST AR . B55E
MK T AR R B T AR BT
SRR TS TR T RSN MR
G5 ARG AR R 2 . AT T aE
FEAFESTREL IR SRR
WUV o @ B, T R TR RS )
T HBSY L. B4, McCreery ™ b 3 T v (153
TR AR T A AR R IE TR, R 2 A

(AR 22 R A3 7 5 i ) R A R A, AT U4
LT AR 5 . IZER L T 21 T A T BRI
JIRIRTRERE. (R TH TS, B TRNEEKR
IS FRY B 7 5 I 9% b PR B O SR T 2R T 52 B )2 R
T, 12 BA AT R ) D REAE T RLVA TE B H
TR TIP RS, WEAET TN 1 R
T TS A IR T I A M 3 2K
SR B A B A ROSE I 5 T2 b
NI FIFRVERERI SR TR BE IR, AL, TR HA L
St LA ) 70 T DU RERT RN A JE P RE R TR

Chim, 2022, 52: 339-346, doi: 10.1360/SSC-2021-0191

EliE Peng P, Bai J, Li J, Huang J, Wu W, Hong W, Gao X. Design, synthesis and single-molecular conductivity of isomeric naphthalene diimides. Sci Sin

©2021 (hEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSC-2021-0191
http://www.scichina.com
http://chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2021-0191&amp;domain=pdf&amp;date_stamp=2021-10-26

LI R MNE R o> A AL S M Bt A LT T HL PR RERIT T

AAHEBEME L.

77 7 gt V. ¥ PR H: B GRS 7 1L (LUMOO) g 24
K. ROEMELF. FRGBMEN S 2 H Tn-2H
MR . WA R A& A e
V% (PDI)ANZE B fZ(NDI). Herp, NDIFE 57
B AL 22 R e M2 B T8 4 TR L
SRR A P s i A R R P R DN AL K
selB0lagitsg  20154F, HongZ5"F A M 24 4
BB R ARSTM-BHE AW 7 T 3T 1,4,5,8-2%
TRV (1,4,5,8-NDI) 7345 1 FR AT s A7, i
R S TR AT A B T R, R
TR AT A S R, HAPNDI-R(E HEHE T
DN S

1,2,5,6-%% kW f%(1,2,5,6-NDI) 51,4,5,8-25 it
T (1,4,5,8-NDI) BN A 73 S fa k. B4~ 3 241
TR S0 ZE R AR L T = 0, Hmsmd b
HIE(HOMO)BE F E /M fE R ZEZ |, LUMO
R NVE oy I 77 17 7 A HDFTHH .45 RR W,
1,2,5,6-NDIfFTHOMO/LUMORE 4 45 = 1-1,4,5,8-NDIH]
HOMO/LUMOfEZ, 2B F 7oA mE P fig 35 [ 1 dr 1
B8 KT 7N TEERE L I f b i T 2,

FF I, AL T1,4,5,8-NDIAI1,2,5,6-NDI
5y BRI HLINRE 7 T 7E VD ERAL 24 1 SR R 23 1 e
D7 R 22 5. ASCOB NN (2-28 3L+ DU B 5E)-2,6-
TR-1,4,5,8-Z5 LV % (1,4,5,8-DBNDDAIN,N- —.(2-
ZERE DU B dE)-3,7- IR-1,2,5,6-25 RV #(1,2,5,6-
DBNDI) 75l 54-F R 2 2B N, AT PN 5
SR EAE YU, FHXT HA AL P A RS s
AT T AR

2 SIS
2.1 A SR

RHREREE('H NMR, “C NMR)F FHCDCLEL,
C,D,CLE RN, =W EaEe(TMS) NN FR, HIEOL
400 % HE AR VEAC(H A E. AW 57 A
RURTRG 22 3008 it 20K F Gaussian  097EB3LYP/6-311G
+(d,p) P E bR, T B AR AT E AT
i 1] 5 3% (MALDI-TOF-MS) i Bruker Biflex ITT MAL-
DI-TOF 5t # X (8 [F)I & . 767 53 H7 HHElementar Vario
EL HIHJGR MRS, AE 5T (TGA)H

340

TGA QS500% A /3 HT (N, AL, FHREE A10°C/
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100 mV/s).

FLrF L SR R v S R [ 3 P A
bEiE AR B E. o, KRR RISk S
SHRERTERNRRIE R SRR, 7 T T3 =R
A, W EE 0.1 mmol/L. Wi A2 H i N E 22 (1100 mV
T, DRI 73145 1) R Bl F AR e B 25 1A
2%, Guit K T10005% iR —4e 5 — 4 i S 400 A.

A>T R SR IR AR S SR R R
(R EAL 2 T - B Il B R A Bk AT, H
o, ELAG SR Z Tl R A T A T I 248 2% 1) A piezoniit £ 35K
/N AR R R R, B SRR S B T
Stk B RAVE N TAE AR, e Xt ik, SMEE
B AR AARLE NS L, 1-7T -3 Sk
INEBERR AR VE N H A, MR AR, @ BUE L AT
PCRFTER R B AR TS LR raAr, R B 2 i)
ML JYEE 100 mV.

2.2 SRETT
2.2.1  4-HfE-1-2-(E W L) SHEEIR(S2) &
B

£100 mL & B FAR I EPIST (2.0 g,
8 mmol), Pd(PPh;),Cl, (562 mg, 10 mol%), Cul
(305 mg, 20 mol%), FHE =X, LRI T
20 mLE Z&PYEWEIRE(THF) . 20 mLE 78 ENA =
FEREHL 2 HL(1.57 g, 16 mmol), Fih N4 h. 45
FG, BB NAR R BIN10% NH,CIAWR A+, Fl & ke
FEW =, EIFEPUE, Wde 5AEZ A 7 5145
FIEARORARL.73 g, P E98%T TH NMR
(400 MHz, CDCl;) d: 7.37 (d, J=8.8 Hz, 2H), 7.15 (d,
J=8.8 Hz, 2H), 2.47 (s, 3H), 0.25 (s, 9H).

222 A-HIHEE-1-K SHUS3) A AL
¥ U T I AL 5 (TABF, 9.4 g, 46.8 mmol)iE T
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20 mL THF, IIAAL&YS2 (1.73 g, 7.8 mmol), Ei& ~
PiPEa h. RS, B OB R B KH, &
PRI =R, A IHANUE, IR 5 Z 0T ]2 5
BERAFERAK1.06 g, 772£92%. 'H NMR (400 MHz,
CDCLy) 8: 7.40 (d, J=8.4 Hz, 2H), 7.17 (d, J=8.4 Hz, 2H),
3.07 (s, 1H), 2.48 (s, 3H).

2.2.3 N,N-"(2-2FE+ PO k)-2,6- — (4-H i k-8
CHHE)-1,4,5,8-Z% PUFR TR — BRI (1) A Bk

1E25 mL R BN HAR I A Y)1,4,5,8-DBNDI
(330 mg, 0.3 mmol). S3 (178 mg, 1.2 mmol). Pd-
(PPh;),Cl, (21 mg, 10 mol%). Cul (11 mg, 20 mol%),
A=), R T IMAS mL#EZTHF,
SmLEAELN, =il P4 h KNSR G, &
R RBIN10% NHCIER, FH & PR =K, &
FEAHUM, A8 5 L ENT [ ] 7> 2545 B 21 ] (4
284 mg, F=%80%"***!. 'TH NMR (400 MHz, CDCl,)
8.74 (m, 2H), 7.60 (d, J=8.0 Hz, 4H), 7.23 (d, J=8.4 Hz,
4H), 4.14 (d, J=7.0 Hz, 4H), 2.53 (s, 6H), 2.11~1.93 (m,
2H), 1.53~1.12 (m, 80H), 0.90~0.81 (m, 12H). °C NMR
(100 MHz, CDCly) 6: 162.44, 161.80, 142.05, 137.18,
132.97, 127.03, 126.46, 125.55, 124.98, 118.56, 103.15,
90.31, 44.89, 42.58, 36.49, 32.02, 31.67, 30.18, 29.81,
29.77, 29.47, 26.46, 22.79, 15.11, 14.23. Anal. calcd. for
CgoH,14N,0,S, C 78.00, H 9.33, N 2.27; found C 77.96,
H 9.37, N 1.82.

224 N,N-Z(Q2-ZHA+DkeSE)-3,7- . (4-H Bidk-%

7625 mL N AR O AL E91,2,5,6-DBNDI
(330 mg, 0.3 mmol). S3 (178 mg,1.2 mmol). Pd(PPh,),-
Cl, (21 mg, 10 mol%),Cul (11 mg, 20 mol%), %<
=K, FERAAEY N IINS mLEZTHF, 5 mLEZZEGN,
T4 b RN, BN REIAN10%
NH,CIARH, H ST RAER =R, SGHAHAHE, &K
A6 e A JE AT A T ] 3 B 45 B R 0 ([ 44348 mg,
#98%. 'H NMR (400 MHz, C,D,Cl,) &: 9.39 (s, 2H),
7.66 (d, J=8.2 Hz, 4H), 7.28 (d, J=8.0 Hz, 4H), 3.64 (d,
J=7.4 Hz, 4H), 2.54 (s, 6H), 1.95 (s, 2H), 1.55~1.03 (m,
80H), 0.88 (m, 12H). °C NMR (100 MHz, CDCL,) &:
169.56, 167.42, 141.88, 135.82, 132.89, 132.10, 129.75,

127.99, 126.45, 120.04, 118.83, 98.87, 85.52, 43.28,
37.94, 32.75, 30.67, 26.88, 23.72, 16.19, 14.52. Anal.
caled. for CgoH,14N,0,S, C 78.00, H 9.33, N 2.27; found
C 7792, H 9.62, N 1.86.
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Figure 1 The chemical structures and synthetic routes of compounds 1 and 2 (color online).
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Figure 2 Energy levels and electron cloud distribution of molecular
frontier orbital of model molecules of 1 and 2 (color online).
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Figure 3 (a) UV-vis absorption spectra of the compounds 1 and 2 in dichloromethane and in thin film; (b) cyclic voltammogram of compounds 1 and
2 in dichloromethane (0.1 mol/L Bu, 'NPF, as supporting electrolyte, SCE as reference, scanning rate 100 mV/s) (color online).

F 1 AR AR TR

Table 1 Optical, electrochemical and theoretical calculation data of compounds 1 and 2

Fma () ) D ) ) )
Compound LUMO (eV) HOMO (eV) E, (eV) LUMO (eV) HOMO (eV)
Sol. Film
1 528 573 -3.87 —6.00 2.13 -3.20 —5.48
2 458 525 -3.56 -5.93 2.37 —2.94 —5.38

a) & TRBAE, A RLUMO=—4.44—E, "5 1535]; b) B2

7.

H{LHOMO=LUMO—-E, it HAZFI; ¢) dil2saml it HAE]; d) ikt &
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Figure 4 (a—d) 1D and 2D conductance diagrams of 1 and 2 in TMB; (e, f) cyclic voltammogram of compounds 1 (e) and 2 (f) measured in BMIPF¢

(color online).
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Figure 5

1D and 2D conductance diagrams of compound 1 measured in BMIPF4 at 0.1 V (a, b) and —1.1 V (c, d), respectively; 1D and 2D

conductance diagrams of compound 2 measured in BMIPF¢ at 0.1 V (e, f) and —1.2 V (g, h), respectively (color online).
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Abstract: Two isomeric 4-methylthiophenylethynyl-substituted 1,4,5,8-naphthalene diimide (1,4,5,8-NDI) and 1,2,5,6-

naphthalene diimide (1,2,5,6-NDI) derivatives 1 and 2 were designed and synthesized. The physicochemical properties

of 1 and 2 were studied by means of ultraviolet-visible (UV-vis) spectra, electrochemical measurements and density

functional theory (DFT) calculations. The structural differences between 1 and 2 led to their different physicochemical

properties and single-molecule device performance. Compound 1 based on 1,4,5,8-NDI that has lower highest occupied

molecular orbital (HOMO)/lowest unoccupied molecular orbital (LUMO) energy levels and narrower band gap is more

conducive to electron transport relative to compound 2 with 1,2,5,6-NDI core. The single-molecular junctions of 1 and 2

were prepared by scanning tunneling microscope-break junctions (STM-BJ) technique, and their conductive behaviors

were studied. When the potential of 0.1 V was applied in the ionic liquid BMIPFg, the conductance of single-molecular

junctions of 1 and 2 was 1073'7OGO (15.5nS, 1G=77.5 uS) and 1073'90GO (9.8 nS), respectively, and the single-molecule

device based on 1 has a better conductivity.

Keywords: naphthalene diimides, structural isomerism, single-molecule device
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