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The goal of this proposal is to characterize thin films of a 2D MOF of formula [LnxLn'(1-

x)(MeCOO)(PhCOO)2] grafted on a p-doped silicon wafer using a silane. 
The capabilities of SpLine Beamline afford the possibility of performing grazing incidence X ray 
diffraction (GIXRD) as well as compositional characterization of the film by means of XPS/HAXPES and 
XRF. 
 
During the experiment we found several problems: mainly the MOF samples would suffer irreversible 
radiation damage when GIXRD experiments were performed open to air. This resulted in the destruction of 
several of the important samples. In order to mitigate this risk several other samples has been shipped to 
ESRF. Mainly, a luminescent Eu complex on the same functionalized silica wafers. 
The HAXPES/GIXRD setup at BM-25 allow us to work under UHV and thus  obtain some data. 
 
From the data obtained:  
-The 2D MOF seems to be present on the surface as randomly oriented crystallites (manuscript in 
preparation). 
-The Eu-SYML complex is grafted on the surface in ordered regions that cover a large area of the 
substrate. Results have been reported in Inorg. Chem. Front., 2022, 9, 4160, DOI: 10.1039/d2qi00995a 
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Towards large area surface functionalization with
luminescent and magnetic lanthanoid complexes†

Guillem Gabarró-Riera, a,b Jesús Jover, b,c Juan Rubio Zuazo,d,e

Elena Bartolomé f and E. Carolina Sañudo *a,b

Homogeneous surface deposition of molecules over a large area of the substrate is difficult to achieve

but extremely important for proposed applications of magnetic molecules in data storage, information

processing or molecular spintronics. In this paper we report a simple method for large area surface

functionalization with the aim of grafting complex molecules in an organized manner. A proof of concept

is given by grafting the complexes [Ln2(SYML)3(H2O)] (1 Ln = Eu(III), 2 Ln = Dy(III)) on the functionalized

Si(100) and using a combination of techniques, including luminescence to track the process. We obtain a

homogenous coverage of Si(100) wafers (from 0.5 cm × 0.5 cm to 1 cm × 1 cm) with complexes 1 and 2.

Time of flight secondary ion mass spectroscopy (ToF-SIMS) confirms the presence of the expected mole-

cular fragments on the surface. Grazing incidence X-Ray diffraction (GIXRD) measurements show pre-

ferred orientations and ordered domains of the molecules. The magnetic properties and anisotropy of the

monolayer of grafted molecules are examined by X-Ray magnetic circular dichroism (XMCD), showing a

fraction of molecules with a preferred orientation of their easy axis of magnetization at 30° with respect

to the surface-normal.

Introduction
As technology is constantly evolving, the fabrication of smaller
and more efficient devices is an important goal. Over the last
few decades, single-molecule magnets (SMMs) have been pro-
posed as building blocks for data storage devices, molecular
spintronic applications or quantum information processing.1

Although there is a vast number of studies published on this
topic, the manipulation and addressing of single molecules on
substrates is still a challenge to overcome to make possible
these devices.2 Simple magnetic molecules such as vanadyl
phthalocyanine are shown to display two orientations on sur-
faces by high-resolution STM experiments.3 In particular, large

area coverage and a homogeneous orientation of molecules are
two factors that are extremely important but at the same time
difficult to achieve. The SMM properties and the influence of
the environment in the latter (i.e. a quasicrystalline multilayer
on a substrate or a submonolayer on a substrate) are key
factors that must be addressed to achieve the proposed goals
of using magnetic molecules on devices.

The first SMMs to be deposited on surfaces were the com-
pound Mn12 and its numerous derivatives.4,5 Since then, many
different magnetic compounds have been deposited on
different surfaces.2,6–9 These studies show how the molecule–
substrate interactions play a crucial role and how they are
responsible for the loss of the interesting properties that these
molecules had in bulk. For SMMs, a huge problem has been
the lack of magnetization hysteresis while on a surface. In
2009 Sessoli reported the hysteresis of a tailor-made derivative
of the family of Fe4 SMMs on a Au(111) surface, showing that
SMMs can be used to store information.10 In 2016, giant hys-
teresis of TbPc2 molecules on Ag(111) was observed when a
thin layer of MgO was placed between the TbPc2 molecules
and the metallic substrate.11 This result highlights the neces-
sity of decoupling the magnetic molecule from the surface
phonons and controlling the molecular orientation on the
surface in order to preserve the molecular properties.

The organization of molecules on a 2-dimensional (2D)
surface is thus a challenge. This can be done by using a long
tether to graft the molecule, or by placing an intermediate
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