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Abstract Functional molecular electronics based on eutectic gallium-indium as top electrode and self-assembled
monolayer (SAM) as active layer is one of the research hotspots in recent years. Domestically, the study on EGaln-
based functional molecular junctions (MJ) is still in the beginning state. This review introduces the advantages of
EGaln as top electrode and the fabrication of SAM-M] in detail, and shows recent workers on rectifiers, memory,
opto-electrical switches, thermoelectrics, and solid-state impedance and so on. We analyze the challenges of EGaln-

based molecular junctions and propose the future development directions.
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Fig. 1 Schematic illustration of basic construction of molecular junctions

(A) A single-molecule junction; (B) a SAM-based molecular junction with EGaln top electrode.
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Fig. 2 Schematic illustration of molecular junctions without(A—D) or with(E—L) protective layer
(A) A junction with mercury top electrode; (B) schematic of a n-Si-SAMs//Au junction™® ; (C) surface-diffusion-mediated
deposition (SDMD) process fabricated PPF/SAM/Au (PPF: pyrolyzed photoresist film) molecular junction; (D) a molecular junction

with atomic layer deposition of copper as top electrode™®”; (E) a molecular electronic device with multilayer graphene protected top

electrode ™5 (F) an atomic layer deposition (ALD) nanometer ALOj layer used as protective layer to eliminate the penetration of Au
atoms during deposition; (G) a junction with a Xe layer as protective film; (H) molecular device of SAMs with conducting polymer
contact®?'; (1) a PPF/ (fluorine) /eC/Au molecular junction with 10 nm thickness of eC, 20 nm Au, and a variable oligomer film, eC

[44],

is eco-carbon*’; (J) a robust Au/eC/anthraquinone/eC/Au junction fabricated on plastic films (K) a junction in the form of Au-S

(CH,), ,
(B) Copyright 2010, American Chemical Society; (D) Copyright 2009, American Chemical Society; (E) Copyright 2011, Wiley-
VCH; (H) Copyright 2012, American Chemical Society; (1) Copyright 2017, American Chemical Society; (J) Copyright 2016,

CH,//carbon paint//Au'®’; (L) schematic illustration of a EGaln junction.

American Chemical Society; (K) Copyright 2020, American Chemical Society.
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Fig.3 Schematic illustration of molecular junctions with EGaln conical tip(A) and the real photo
capture(B), schematic illustration of molecular junctions with EGaln confined in PDMS
microchannel(C) and the real photo of the PDMS device(D)
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Fig.4 Symmetric thiophene - 1,1 - dioxide oligomer containing molecule and the representative J(V)
with R of more than 200(A), schematic illustration of the superdiode molecular junction(B) and
the representative J(V) curve(C)™, the SAMs of Fc-C=C-Fc¢(CH,),S-M(r,=9—15, M=Au, Ag
or Pt) (D), the Gaussian log - averaged rectification ratio<log,,R>;(E) and the saturation bias
Ve, g ¥S. n(E)

(B, C) Copyright 2017, Springer Nature; (D—F) Copyright 2024, the Royal Society of Chemistry.
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Fig. 5 Schematic illustration of SM-M]J with atomically precise gating(A)'*, quantum interference of BIT-
Zwitterion(functionalized[2,2’-Bi-1H-indene]-3,3’-dihydroxy-1,1-dione) and BIT-Neutral-based SM-
MJ induced by hydrogen bonds(B)"", quantum interference-controlled conductance of graphene-like
dimers(C)", quantum interference-induced on-off effects in SM-MJ transistors(D)"®, the junctions
of benzodithiophenes(BDT) and quinone(AQ) derivatives(E)™), scaling up of quantum interference
effects of 1,3-dipyridylbenzene molecules with EGaln top electrode(F)
(A) Copyright 2021, American Chemical Society; (B) Copyright 2022, the Royal Society of Chemistry; (C) Copyright
2022, American Chemical Society; (D) Copyright 2023, American Chemical Society; (E) Copyright 2018, the Royal
Society of Chemistry.
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Fig. 6 Single - molecule memristor induced by the strength and direction of electric field(A), SM-MJ of
metallofullerene[Sc2C2@ Cs(hept) - C88] with different direction of dipole moment and the illustra-
tion of electrical memory response(B), methylviologen - based molecule and the representative J(V)
curve with dual function(C), the J(V) response with memory effects from Au/S(CH,),,0-AQ//GaO/
EGaln junctions(AQ: anthraquinone)(D)

2022 4, Nijhuis 2550 R 2. 4 nm 7S RS20 V2 456 0 R A L1 51 R 1) 7738043 HUBH (Negative
differential resistance )17 HHIS T HA P22 fil PERE Y SAM-MJ. Yan &2 A 5E T & 11 M2 IEFR T
FEIR SAM-MJ, AL I HIN Ag L T R IF S SRR B2 BEIREE S TE R 1B v FREZ , IS
TR AR, 5 RMEACBA AR AR HL U R AT 5 T OC LU 2B M ek, 30T AR 77 245 ph 28 5 i
FIPRZ B )2 BB b 2 2% - BAT T2 i AT 2023 4F, Hu 2850 K 23 7805 TR H s bl
il , R T 5 RMEHESFICEZRE 6(D) ], Al n PR & S T B .

IUIC R AR I A A T i — 2D 3R i A B AF BB . Venkatesan 555 SR 1 2 0 S ALIE 5
[ Ru(L,),] (PF,), M (<100 nm) , # 3L [Ru(L,),] (PF,), 7E L7 T & A A RS T 09 o A 5
el T B 2 m A T RE 0 =SS B . Lu S0 A Yam S5V HOR A & LR 0 2 1
WP (29100 nm) SEFL = JCIZBH 8% . 3% 26 iR X EGaln 43 T~ #8445 5 S2 78 i A7 S WF 98 07 1) S i 1 B 0
T
24 FHEFFX

ORI SRR /A5 i sl H e 1 RE R A HL 3 . DU L D' S 3 S5 AT 5 R el A8 1 S P T
WRIFELSEARAS . Guo Z5 2 Ryt T LTI B SM-MI YGHL T 56 , %3500 45 il — 35k o T-1eml Il
o5 ARG BRI P PR FL AR 22 100 1%, FLIZOG R R OCREE T R iy ml i 1k,
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Fig. 7 EGaln junctions with mixed monolayers of hexanethiol and spiropyran moiety(A) and the J(V)
responses at open and closed conformations(B)””, EGaln junction of SAM[Fe"(qgsal-I),]NTf,
(gsal-1=4-iodo-2-[(8-quinolylimino)methyl]phenolate) on graphene(C) and the current density
vs. temperature(D)®, molecular photo switch induced by mechanical bending(E)*”

(A, B) Open Access; (C, D) Open Access; (E) Open Access.
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Fig. 8 Schematic illustration of Seebeck effects in a molecular junction(A)™", influence of anchoring group

on Seebeck effect(B) "™, Seebeck coefficient and power factor as a function of bottom electrode

topology(C)
(A) Copyright 2023, American Chemical Society; (B) Copyright 2022, American Chemical Society.
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Fig. 9 Schematic illustration of the molecular junction and the resistance corresponding with the two
spin states(A)"", schematic illustration of the ferritin-based molecular junction(B), the energy
level diagram of the junction at low resistance state(C) and high resistance state(D)""'

(C, D) The arrows indicate the orientation of the magnetization of the Ni and biomolecule layers that determine the

resistance of the junction. (A) Copyright 2016, American Chemical Society; (B—D) Open Access.
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