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HSE SRS, 78 MnPe 2> 7 I L, 7] DUV 21 1
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FE R (80300 K) X # dh il N & A 8% &R 1
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SRR R R A2 T M B I T —
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1 dI/dV ik, Wk 2 (a) i, T MnPe 707, H
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R S
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dI/dV &EEsN It AR

T JR A0 ) M TR AR A A U R 4R 06 I L
A8 A0 J FAE TGS T 1) 2E 2 B85 2 (Zeeman split-
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i 2R OK BB B & B RARRAEAE SR oK e g A R A=
TEERL i RIERIY T R AR 2L B B R ) B
BUE—3 1 —J7H, BT FRE Tl T
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TE20 K £ A 476 Au(111) 2 1 RS B 6
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Abstract

Metal-phthalocyanines (MPcs) and their derivates have attracted increasing interest in recent years, due to their
potential applications in molecular electronics, spintronics, sensors, and so on. To this end, it is essential to tune the
structural, electronic and spin properties of MPcs. Using the low-temperature scanning tunneling microscopy (LT-STM),
we demonstrate that the spin, chirality and adsorption site of MnPc on Au(111) surface can be tuned by hydrogen atoms.
STM experiments and density functional theory (DFT) calculations reveal that the preferential adsorption sites for the
MnPc molecules may switch from the fec regions to the hep regions on the Au(111) surface after a hydrogen atom is
adsorbed on top of the central Mn ion of each MnPc molecule. Moreover, the molecular spin decreases from S = 3/2 to
S = 1 and the molecule-substrate coupling is weakened after the adsorption of a hydrogen atom on a MnPc molecule,
leading to the quenching of Kondo effect at 4.2 K. However, the molecular spin and Kondo effect can be recovered
by local voltage pulse or sample heating. Adsorption of three hydrogen atoms on a MnPc molecule not merely lowers
the molecular symmetry from 4-to 2-fold, but also breaks down the mirror symmetry of the entire adsorbate complex
(molecule and surface), thus rendering it to become chiral without any realignment at the surface. Dehydrogenation of
the adsorbate by means of inelastic electron tunneling can also restore the mirror symmetry of the adsorbate complex.
STM experiments as well as DFT calculations show that the chirality is actually imprinted into the molecular electronic
system by the surface, i.e., the lowest unoccupied orbital is devoid of mirror symmetry. Our novel reversible spin and
hand control scheme can be easily realized at single-molecule level, thus opening up a new avenue to broader applications

based on the molecular electronic and spin states.

Keywords: scanning tunneling microscopy, metal-phthalocyanine, spin state, chirality
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