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Influence of Polycyclic Aromatic Hydrocarbon Molecular
Framework on Single-molecule Conductance
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Abstract The charge transport process within molecular junctions is influenced by many factors, including the
molecular backbones and anchoring groups. In this paper, to investigate the impact of the molecular backbone on the
charge transport properties of molecular junctions, we designed and synthesized three kinds of polycyclic aromatic
hydrocarbons (PAHs) with different fused-ring core (benzene, naphthalene and anthracene) as molecular skeleton
and thiophene as anchor group. Scanning tunneling microscope break junction (STM-BJ) measurement and density
functional theory (DFT) -based calculations were performed to investigate the charge transport process of single PAHs
junctions. The STM experimental results of three molecules exhibit two distinct conductivity states, designated as
high conductance states (G,,) and low conductance states (G, ), which correspond to the two binding configurations of
Au-7 and Au-S within single molecular junctions for three molecules. In the case of the G, state, the increase of
fused-ring core effectively shifts the HOMO level closer to the Au Fermi level, resulting in a conductance trend of
Gis>G>Gyyy In the G, state, the conductance value of three molecular junctions will not change obviously with
the increase of 7 -conjugated area, but the increase in twist angle of PAHs results in an enhancement of steric
hindrance, which reduces the probability of Au-7 bonding configuration, ultimately leading to a change in the
formation ratio of the two molecular configurations of Au-7 and Au-S.
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Al 5 AR S A (Chloroform-d, 20 99.96% D), g Bl R0 T A= AL BE 7 B A BR A Al 5 4 22 (4l i
99.99%) . TLAKIRIRER (K,CO,, 43Hral) . A (Tol, 4HFF 99.5%) . Jo/K ZWE(EtOH, 14t | vk ihig
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Scheme 1 Structures(A) and schematic diagram of molecular junction(B) of DT-B, DT-N and DT-A

X=Benzene, Naphthalene, Anthracene.
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Fig.1 Typical conductance-distance curves(A—C) and conductance histograms(D—F) of DT-B(A, D),
DT-N(B, E) and DT-A(C, F)
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Fig. 2 Optimized structures and interaction energies of DT-B, DT-N and DT-A molecules with gold

electrodes in Au-77 binding configurations
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Fig. 3 Experimental(A) and calculated(B) energy level diagrams for DT-B, DT-N and DT-A relative
to the Au Fermi energy level
Table 1 Data measured by CV and UV-Vis

Molecule E IV A, /nm Eono/eV E woleV Eg/eV eleV
DT-B 1.32 366 -5.59 -2.20 3.39 0.99
DT-N 1.30 371 -5.57 -2.23 3.34 0.97
DT-A 1.28 420 -5.55 -2.60 2.95 0.95

T L% B pR NS (DFT) THEAR BRI 0 FHLE R, B3R 05 1 7 LR BB R, HOMO A X
F o PR R ZE 3 228N, [RIIF HOMO-LUMO [HBR (E)#/N B 3(B) |, He Sk, x—4585
RS gE R — 3 gE— R ] DFT+NEGF J7 32 % Au-S i 45 )5 SUIE B 3 4400 45 A 45 M A Ak
[E4(A) ], RIBFHEFT T AR AE ST B 4(B) |, 455350, Aw/DT-B/Au, Au/DT-N/AuFl Au/DT-A/
Au 7E 4 BROKBEAL (P HL 540 501 R 7. 86X107 G, (24 6. 09x107 uS), 1. 16x107 G, (24 8.99x107 wS)
3.28%107 Go(2£y2.54x10™" wS) , 5 SEFGMEEHE (G >Gipn>Gyr)— 2L
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Fig.4 Au-S junction geometries(A), transmission spectra(B) for DT-B, DT-N and DT-N with Au-S contact
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PR AR BE R [ 5(A)~(C) ). WMD), Au-S IR SE LMy KA T45 4, 1T Au-rr 4200 2
AN A AR, X TFHREZRA S FTE , 2 F SRS S 2l Au-SiE#E G F 3.

Table 2 Summary of conductance and formation rate of DT-B, DT-N and DT-A

Conductance/pS Formation probability (%)
Molecule Ratio of formation probability
Au-7r Au-S Au-7r Au-S
DT-B 4.26x10™" 8.90x107° 25.4 74.6 0.34:1
DT-N 4.26x10™" 1.09x107 243 757 0.32:1
DT-A 4.46x107" 1.26x107 9.7 90.3 0.11:1

0
3 A) ©
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= 2 = =
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S 3 e %
e e =
4
-5 5 e A
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
Distance/nm Distance/nm Distance/nm

Fig.5 Two-dimensional distribution of molecular conductance-distance traces for DT-B(A), DT-N(B)
and DT-A(C)

#E—AEDT-B, DT-N5 DT-A 300 FHIALA A Fh T3 T BEmy 5701~ 2R AL A [ 6 (A)~
(C) ], BERBI, PIPRIF ST AR A G K2 o3 AL A, THLES A A0 0 U2 s ) sz L+,
®

6=25.55° 6=46.20° 6=89.79°
Fig. 6 Torsion angle measurements of DT-B(A), DT-N(B) and DT-A(C)
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