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the proximity of a metal substrate, it may exhibit the Kondo effect, [START_REF] Kondo | Resistance Minimum in Dilute Magnetic Alloys[END_REF][START_REF] Kondo | Effect of Ordinary Scattering on Exchange Scattering from Magnetic Impurity in Metals[END_REF] originating from the screening of the localized spin by conducting electrons. This fundamental effect provides an ideal workbench for identifying magnetic atomic and molecular species on surfaces, [START_REF] Li | Scattering Observed at a Single Magnetic Impurity[END_REF][START_REF] Madhavan | Tunneling into a Single Magnetic Atom: Spectroscopic Evidence of the Kondo Resonance[END_REF] in break junctions, [START_REF] Houck | Effect in Electromigrated Gold Break Junctions[END_REF][START_REF] Frisenda | Effect in a Neutral and Stable All Organic Radical Single Molecule Break Junction[END_REF] as well as in single-electron transistors. [START_REF] Kogan | Photon-Induced Kondo Satellites in a Single-Electron Transistor[END_REF][START_REF] Goldhaber-Gordon | Effect in a Single-Electron Transistor[END_REF][START_REF] Parks | Mechanical Control of Spin States in Spin-1 Molecules and the Underscreened Kondo Effect[END_REF][START_REF] Liang | Resonance in a Single-Molecule Transistor[END_REF][START_REF] Park | Coulomb Blockade and the Kondo Effect in Single-Atom Transistors[END_REF][START_REF] Yu | The Kondo Effect in C 60 Single-Molecule Transistors[END_REF] Its detection has been used as a fingerprint of paramagnetism in systems such as in C 60 , [START_REF] Yu | The Kondo Effect in C 60 Single-Molecule Transistors[END_REF] carbon nanotubes, [START_REF] Nygård | Physics in Carbon Nanotubes[END_REF] graphene [START_REF] Cervetti | The Classical and Quantum Dynamics of Molecular Spins on Graphene[END_REF] and different edge states of graphene nanoribbons [START_REF] Li | Single Spin Localization and Manipulation in Graphene Open-Shell Nanostructures[END_REF] obtained by on-surface synthesis. Scanning tunneling microscopy has been proven to be a powerful tool in the characterization of the spin state in magnetic systems. [START_REF] Ternes | Spectroscopic Manifestations of the Kondo Effect on Single Adatoms[END_REF][START_REF] Heinrich | Single-Atom Spin-Flip Spectroscopy[END_REF][START_REF] Baumann | Electron Paramagnetic Resonance of Individual Atoms on a Surface[END_REF][START_REF] Knorr | Effect of Single Co Adatoms on Cu Surfaces[END_REF][START_REF] Wahl | Temperature of Magnetic Impurities at Surfaces[END_REF][START_REF] Schneider | Kondo state of Co impurities at noble metal surfaces[END_REF][START_REF] Schuh | Magnetic Excitations of Rare Earth Atoms and Clusters on Metallic Surfaces[END_REF] Many efforts have been devoted to understanding the influencing factors behind the survival of a molecular spin in contact with a metal surface [START_REF] Otte | The Role of Magnetic Anisotropy in the Kondo Effect[END_REF] and determining basic rules for their manipulation. For example, numerous studies of organo-metallic species with a single metal center, such as metallo-porphyrins and -phthalocyanines molecules, reported that the molecular spin can be manipulated by tuning the periphery chemical environment, [START_REF] Zhao | Controlling the Kondo Effect of an Adsorbed Magnetic Ion through Its Chemical Bonding[END_REF][START_REF] Li | Tuning the Spin-Related Transport Properties of FePc on Au(111) through Single-Molecule Chemistry[END_REF][START_REF] Heinrich | Change of the Magnetic Coupling of a Metal-Organic Complex with the Substrate by a Stepwise Ligand Reaction[END_REF][START_REF] Li | Survival of Spin State in Magnetic Porphyrins Contacted by Graphene Nanoribbons[END_REF][START_REF] Li | Electrically Addressing the Spin of a Magnetic Porphyrin through Covalently Connected Graphene Electrodes[END_REF] conformational change, [START_REF] Heinrich | Control of Oxidation and Spin State in a Single-Molecule Junction[END_REF][START_REF] Iancu | Manipulation of the Kondo Effect via Two-Dimensional Molecular Assembly[END_REF][START_REF] Heinrich | Tuning the Magnetic Anisotropy of Single Molecules[END_REF] the adsorption site on a substrate, [START_REF] Gao | Site-Specific Kondo Effect at Ambient Temperatures in Iron-Based Molecules[END_REF][START_REF] Minamitani | Symmetry-Driven Novel Kondo Effect in a Molecule[END_REF][START_REF] Franke | Competition of Superconducting Phenomena and Kondo Screening at the Nanoscale[END_REF] the structure of the self-assembled domain, [START_REF] Iancu | Manipulation of the Kondo Effect via Two-Dimensional Molecular Assembly[END_REF][START_REF] Girovsky | Long-Range Ferrimagnetic Order in a Two-Dimensional Supramolecular Kondo Lattice[END_REF][START_REF] Tsukahara | Evolution of Kondo Resonance from a Single Impurity Molecule to the Two-Dimensional Lattice[END_REF] and the axial coordination [START_REF] Liu | Reversible Single Spin Control of Individual Magnetic Molecule by Hydrogen Atom Adsorption[END_REF][START_REF] Gopakumar | Transfer of Cl Ligands between AdsorbedIron Tetraphenylporphyrin Molecules[END_REF][START_REF] Tsukahara | Controlling Orbital-Selective Kondo Effects in a Single Molecule through Coordination Chemistry[END_REF][START_REF] Stróżecka | Reversible Change of the Spin State in a Manganese Phthalocyanine by Coordination of CO Molecule[END_REF][START_REF] Wäckerlin | Ammonia Coordination Introducing a Magnetic Moment in an On-Surface Low-Spin Porphyrin[END_REF][START_REF] Krull | Site-and Orbital-Dependent Charge Donation and Spin Manipulation in Electron-Doped Metal Phthalocyanines[END_REF] . In particular, the possibility of modifying the Kondo state of a magnetic molecule by changing its axial ligand coordination with the attachment of small molecules such as atomic hydrogen, [START_REF] Liu | Reversible Single Spin Control of Individual Magnetic Molecule by Hydrogen Atom Adsorption[END_REF] Cl, [START_REF] Gopakumar | Transfer of Cl Ligands between AdsorbedIron Tetraphenylporphyrin Molecules[END_REF] CO, [START_REF] Tsukahara | Controlling Orbital-Selective Kondo Effects in a Single Molecule through Coordination Chemistry[END_REF][START_REF] Stróżecka | Reversible Change of the Spin State in a Manganese Phthalocyanine by Coordination of CO Molecule[END_REF] NO, [START_REF] Tsukahara | Controlling Orbital-Selective Kondo Effects in a Single Molecule through Coordination Chemistry[END_REF] NH 3, [START_REF] Wäckerlin | Ammonia Coordination Introducing a Magnetic Moment in an On-Surface Low-Spin Porphyrin[END_REF] and alkali metals [START_REF] Krull | Site-and Orbital-Dependent Charge Donation and Spin Manipulation in Electron-Doped Metal Phthalocyanines[END_REF] attracts a lot of attentions due to the potential applications as gas sensors. However, the study of the magnetic ground state of multiple metal centers into complex assemblies is still elusive, as well as the development of possible manipulation routes that could enable/disable their Kondo screening with the substrate. These would entitle the design of novel devices for electrical sensing chemical signals.

In this study, we report on the manipulation of the magnetic state of a multiple-metal center in a molecular assembly by addition/removal of Br atoms. Based on our previous study, [START_REF] Xie | Structural Transformation and Stabilization of Metal-Organic Motifs Induced by Halogen Doping[END_REF] 

RESULTS AND DISCUSSION

The co-deposition of G molecules and NiBr 2 on the Au(111) surface held at room temperature (RT) results in close-packed islands like the one shown in Figure 1a. A close-up STM image allows us to identify the elementary structural motifs, depicted by white contours in Figure 1b. The characteristic motifs (Figure 1c) are composed of a bright dot at the center, assigned to an on-top Br atom, and six peripheral protrusions around the triangular base. [START_REF] Gopakumar | Transfer of Cl Ligands between AdsorbedIron Tetraphenylporphyrin Molecules[END_REF] This assignment is also confirmed by the Br removal experiment discussed below. The structural motif beneath the central Br atom coincides in size and shape with the structure of the basic motif of G 3 Ni 3 I 3 assemblies, reported previously. [START_REF] Xie | Structural Transformation and Stabilization of Metal-Organic Motifs Induced by Halogen Doping[END_REF] Thus, we tentatively assign the G 3 Ni 3 Br 4 motif (Figure 1c) electrons, which are transferred towards Br states. In fact, the SPDOS on the p orbitals of the on-top Br atom shows a spin-polarized state as well (cf. Figure S4a, where the bonding configuration between top Br and Ni trimer is also described). Further charge differential analysis also indicates that the on-top Br atom bonds to the Ni 3 cluster with the Br 4p z orbital (Figure S4b). Thus, the enhanced Br 4p z and Ni 4dz 2 states due to the formation of Br-Ni bonds may be the origin of the apparition of a net magnetic moment, explaining the observation of a Kondo resonance in our experiment. 

CONCLUSIONS

In summary, here we presented an STM manipulation strategy for controlling the spin of the metallic clusters embedded in a metal-organic structure consisting in the attachment of halogen atoms on top. From a combination of high-resolution STM imaging/manipulation and STS measurements, we have demonstrated that the metal-organic motifs containing Ni trimers lies in a magnetic ground state, and exhibits a zerobias Kondo resonance. Comparing with a related structure appearing at higher temperatures with no magnetic fingerprint, we deduce that the magnetic state is promoted by the presence of a Br atom on top of the Ni trimer. Controllable removal of the on-top Br atom leads to the disappearance of the magnetic fingerprint from the spectra. Such an experimentally observed Kondo ON state is theoretically attributed to the enhanced Br 4p z and Ni 4dz 2 states due to the charge redistribution upon the on-top Br adsorption. The finding of the magnetic state for Ni trimer could be the basis for the bottom-up assembly of high-spin systems, stabilized by a metal-organic framework (MOF) structure. The spin-manipulation strategy presented here provides the possibility to explore the halogen-driven spin switch in more generalized situations.

Utilizing such coordinative interactions of axial halogen atoms to manipulate spin states opens the door to designing spin-tunable interfaces composed of well-defined metalorganic structures with potential applications for spintronic devices.

METHODS

The Au(111) substrate was prepared by several cycles of 1.5 keV Ar + sputtering followed by annealing at 820 K for 15 min, resulting in clean and flat terraces separated by monatomic steps. The 9eG molecules (purchased from Sigma-Aldrich, purity >98%) and salt NiBr 2 (purchased from Sigma-Aldrich, purity >99%) were loaded into separate cells of the crucible in the molecular evaporator oriented to the substrate. After a thorough degassing, the molecules and salt were deposited onto the Au(111) substrate by thermal sublimation at 440 K and at 580 K, respectively. The sample was thereafter transferred within the UHV chamber to the STM. STM images in Figure 1, Figure 3, Figure S2 were acquired in a UHV chamber (base pressure 1 × 10 -10 mbar) equipped with a variable-temperature, fast scanning "Aarhustype" STM using electrochemically etched W tips purchased from SPECS [START_REF] Besenbacher | Scanning Tunnelling Microscopy Studies of Metal Surfaces[END_REF][START_REF] Laegsgaard | A High-Pressure Scanning Tunneling Microscope[END_REF] where measurements were carried out at ~100-150 K. Scanning conditions: I t = 0.5~0.8 nA, V t = ~1200 mV. The other STM images and all spectra are taken on a home-built, lowtemperature STM under UHV at pressures ~1 × 10 -11 mbar and a base temperature of 4.8 K. Scanning conditions: I t = 20 pA, V t = ~1000 mV. All of the STM images were further smoothed to eliminate noises. The dI/dV measurements were acquired using lock-in amplifier technique. Analysis of STS data was performed with Origin and SpectraFox software packages. [START_REF] Ruby | SpectraFox: A Free Open-Source Data Management and Analysis Tool for Scanning Probe Microscopy and Spectroscopy[END_REF] The structural optimizations and electronic structures of all systems were obtained with the spin-polarized DFT calculations by using the Vienna Ab initio Simulation Package (VASP). [START_REF] Kresse | Efficient Iterative Schemes for Ab Initio Total-Energy Calculations Using a Plane-Wave Basis Set[END_REF] The electron-ion interactions were described with the Projector Augmented-Wave (PAW) potentials. [START_REF] Blöchl | Projector Augmented-Wave Method[END_REF] The exchange-correlation interactions of electrons were taken account using the Perdew-Burke-Enzerhof (PBE) of Generalized Gradient Approximation (GGA) pseudopotentials. [START_REF] Perdew | Generalized Gradient Approximation Made Simple[END_REF] The van der Waals interactions were described with the vdW-D3 method. [START_REF] Grimme | A Consistent and Accurate Ab Initio Parametrization of Density Functional Dispersion Correction (DFT-D) for the 94 Elements H-Pu[END_REF] The cutoff energy of plane wave basis was set as 400 eV. The gold surfaces were modelled with a periodic slab consisting of four atomic Au layers, in which the bottom two layers were fixed. All other atoms were optimized until the atomic force was less than 0.01 eV per Angstrom. A vacuum layer of 20 Å was used to avoid the periodic image interactions. The Brillouin zone of reciprocal space was modeled based on the Γ centered Monkhorst-Pack scheme, where a 3 × 3 × 1 gird was adopted in geometry optimizations and calculations of electronic properties. [START_REF] Monkhorst | Special Points for Brillouin-Zone Integrations[END_REF] The calculated STM images are obtained by using the Elastic Scattering Quantum Chemistry (ESQC) code. [START_REF] Sautet | Calculation of the Benzene on Rhodium Stm Images[END_REF] Here, the STM junction comprising the substrate, the adsorbates, the tip apex and the tip support is fully described at the atomic level. A set of semi-empirical extended Hückel orbitals is assigned on each atom site. The scattering of tunnel electrons trough the junction is calculated that allows the evaluation of the tunneling current with the Landauer formula. This technique has already proven its reliability with small [START_REF] Villagómez | Adsorption of Single 1,8-Octanedithiol Molecules on Cu(100)[END_REF][START_REF] Yu | Self-assembly of Hydrogen-Bonded Chains of Molecular Landers[END_REF] and large [START_REF] Xu | Exploring the Transferability of Large Supramolecular Assemblies to the Vacuum-Solid Interface[END_REF][START_REF] Villagomez | Self-Assembly of Enantiopure Domains: The Case of Indigo on Cu(111)[END_REF] molecular systems.
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  we chose a derivative of the guanine molecule (9-ethylguanine, abbreviated as G) and a NiBr 2 salt with the aim of the fabricating a three-metal-center (i.e., Ni trimer, shortened as Ni 3 ) metal-organic system on the Au(111) surface. Through a combination of high-resolution scanning tunneling microscopy (STM), scanning tunneling spectroscopy (STS), density functional theory (DFT) calculations and STM image simulations, we demonstrate that this system shows an intermediate configuration with a Br atom sitting on top of the hollow site of the central Ni 3 cluster, which modifies the electronic configuration of the three-metal center. Annealing to higher temperatures, the G 3 Ni 3 Br 4 metal-organic network is transformed into G 3 Ni 3 Br 3 , where the on-top Br atom is vanished. Moreover, in-situ removal of the on-top Br atom by STM manipulation is also achieved. Differential conductance (dI/dV) spectra on the G 3 Ni 3 Br 4 structures show a pronounced zero-bias peak at Fermi level assigned to the signature of Kondo effect, which is absent on the G 3 Ni 3 Br 3 structures (cf. Scheme 1); thus, removal of on-top Br atoms of the G 3 Ni 3 Br 4 structure through annealing or in-situ STM manipulation removes the zero-energy Kondo resonance. Such an on-top Br adsorption induced Kondo effect on a Ni 3 cluster within a metal-organic structure is theoretically interpreted by a charge redistribution over d orbitals of Ni leading to the gain of a net magnetization.

Scheme 1 .

 1 Scheme 1. Schematic illustration of the on-top Br atom induced Kondo effect on a three-metal center within a metal-organic structure. Kondo effect is generated by the attachment of a Br atom above the Ni 3 cluster within the G 3 Ni 3 Br 4 motif on the Au(111) surface. After annealing or STM manipulation, the on-top Br atom is removed and the Kondo effect vanishes in the resulted G 3 Ni 3 Br 3 motif.

to a structure formed by a G 3 Figure 1 .Figure 2 .

 312 Figure 1. Formation of the G 3 Ni 3 Br 4 network structure after the deposition of G molecules and NiBr 2 on Au(111) held at RT. (a) Large-scale STM image showing the close-packed island composed of the G 3 Ni 3 Br 4 structure. (b) Close-up STM image showing the details of the structure in which G 3 Ni 3 Br 4 structures are indicated by white contours. (c) A further zoomed-in STM image of the G 3 Ni 3 Br 4 motif superimposed with the DFT-optimized gas-phase model. (d) Top and side views of the DFT-relaxed model of the G 3 Ni 3 Br 4 motif on Au(111). H: white, C: gray, N: blue, O: red, Ni: light blue, Br:

Figure 3 .

 3 Figure 3. Formation of the G 3 Ni 3 Br 3 network structure after annealing the sample of G 3 Ni 3 Br 4 phase at 390 K on Au(111). (a) Large-scale STM image showing the honeycomb network composed of the G 3 Ni 3 Br 3 structure. (b) Close-up STM image showing the details of the structure in which G 3 Ni 3 Br 3 structures are indicated by white contours. (c) A further zoomed-in STM image of the G 3 Ni 3 Br 3 motif superimposed with the DFT-optimized gas-phase model. (d) Top and side views of the DFT-relaxed model of the G 3 Ni 3 Br 3 motif on Au(111). (e) The ESQC calculated STM image of the G 3 Ni 3 Br 3 motif at E f . (f) DFT-optimized gas-phase model of the G 3 Ni 3 Br 3 network structure.

Figure 4 .

 4 Figure 4. Characterization of the electronic properties of the G 3 Ni 3 Br 3 structure. (a) An STM image with a G 3 Ni 3 Br 3 motif highlighted by the white contour. (b) A representative experimental dI/dV point spectrum obtained at the black cross shown in (a), which shows the vanishment of the pronounced Kondo peak. (c) and (d) An in-situ

Figure 5 .

 5 Figure 5. The top and side views of the spin-density of (a) G 3 Ni 3 Br 3 and (b) G 3 Ni 3 Br 4 motifs on the Au(111) surface. The spin-up and spin-down states are drawn as purple and green contours, respectively. The value of isosurfaces are ± 1 × 10 -4 e/Å 3 . The

  From the interplay of scanning tunneling microscopy/spectroscopy and density functional theory calculations, we successfully demonstrate that the spin of a Ni trimer within a metal-organic motif can be switched by controlling the attachment of on-top Br atom, which is monitored via Kondo effect.
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