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Statement of the Problem: Very recent work using scanning probe microscopy (SPM) imaging techniques has demonstrated that 
N-doping of graphene can even tune the physicochemical properties of molecules adsorbed on its surface. Moreover, N-doped 
graphene offered a multitude of applications in the fields like spintronics, energy generation/storage and nanoelectronics. Here we 
investigate the possibility of tuning the electronic and magnetic properties of iron(II) phthalocyanine (FePc) molecules via non-
covalent interaction by its positioning on N-doped graphene.

Methodology & Theoretical Orientation: Geometries were optimized at the DFT-D3/B97D/TZVPP level of theory with the 
TURBOMOLE 6.6 suite of programs. Spin-unrestricted DFT was used for the open shell systems. Grimme’s advanced dispersion-
corrected approach (DFT-D3) with the TZVPP basis set is considered. Multi configurational self-consistent field calculations have 
been carried out using Molpro 2010.1 version and with active space. Scanning probe microscopy measurements were performed 
in ultra-high vacuum conditions at cryogenic temperatures for FePc molecule located on pristine graphene and in the vicinity of 
nitrogen defects. The electron density accompanying the spin transition was detected in high-resolution atomic force microscopy 
(AFM) images (acquired with functionalized carbon monoxide tip).

Findings: In the present work, we show the unique capability of N-doped graphene to behave as a non-covalent tuner of the 
electronic and spin properties of molecules. The STM images of FePc molecules adsorbed at either graphene or N-dopants showed 
a different contrast and number of lobes. High-resolution atomic force microscopy imaging with a CO-functionalized tip showed 
that the transition can be characterized by a distinct sub-molecular contrast over molecules located on pristine graphene and 
near to the N-dopant for the triplet and singlet spin states, respectively. The spin transition was driven by weak intermixing 
between orbitals with Z-component of N-dopant (pz of N-dopant) and molecule (dxz, dyz, dz

2) with subsequent reordering of the 
Fe d-orbitals. This demonstrates the unique capability of the high-resolution imaging technique to discriminate between different 
spin states of single molecules. 

Conclusions & Significance: The electronic states of FePc molecules on graphene can be tuned locally by means of weak non-
covalent interaction with N-dopants causing reordering of the selected iron d-orbitals. This offers a way for controlling the spin 
state of a molecular system by simple positioning of the molecule onto a suitably functionalized graphene substrate.

Figure: (a) Calculated electron density (EDS) from MCSCF calculations and simulated AFM image of FePc when the Fe atom is in the triplet and singlet spin 
state, respectively. (b) Upward energy shift of the dz

2 orbital which promotes electron transfer from dz
2 to (dyz, dxz), leaving the dz

2 orbital empty with a closed shell 
electron configuration for singlet. 
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