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Molecular/2D	heterostructures	
Smart	materials	



A	

B	 2D	

Molecular	

MOLECULAR/2D	HETEROSTRUCTURES	

Stimuli-responsive	molecules		
+	2D	material		 =	 Smart		

2D	heterostructure	



Molecular switches: Spin-crossover (SCO)

Fe-N	=	1.8	Å		

Fe-N	=	2.0	Å		

HS	



J. R. Galán, EC et al. Adv. Mater. 2007, 19, 1359 and Inorg. Chem. 2010, 49, 5706

M. Giménez-Marqués, EC et al. J. Mater. Chem. C 2015, 3, 7946

R. Torres et al. Dalton Trans. 2019, DOI: 10.1039/c9dt02086a

SCO	nanoparticles	
[Fe(HTrz)2(Trz)](BF4) 

SCO@SiO2	
(40-80	nm)				(≈2	nm)	

(≈	5-20	nm)		



MAGNETIC BISTABILITY

Optical and Magnetic measurements 

Suspension in octane



2D-networks	of	SCO	nanoparticles	on	
graphene	

J.	Dugay,	EC,	H.	Van	der	Zant	et	al.		
Nano	Letters	2017,	17,	186		



Electrical properties of graphene	

The	spin	state	of	the	NPs	is	coupled	
to	the	transport	properties	of	
graphene	

A	graphene	sensor	of	the	
spin	state	

J.	Dugay,	EC,	H.	Van	der	Zant	et	al.		
Nano	Letters	2017,	17,	186		

Electrical	sensing	of	the	spin		



Hybrid	electronic	devices	

SCO	crystal/graphene	heterostructures	

1		µm	

Carla	Boix,	Samuel	Mañas		



SCO	crystal	:		
{FeII(3-Xpy)2[PtII(CN)4]}	interdigitated	2D	MOF	

V.	Martínez	et	al.	Chem.	Eur.	J.	2009,	15,	10960	



Hybrid	electronic	devices	

Transport		

LS	

HS	

Magnetism		

Electrical	sensing	of	the	spin		



Micro	drum	

Mechanical	motion	of	suspended	membranes	

membrane	

Laser	interferometry	

MECHANICAL PROPERTIES
(M.	Siskins,	H.	Van	der	Zant)	
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FLG/SCO	

MECHANICAL PROPERTIES
(M.	Siskins,	H.	Van	der	Zant)	

Mechanical	sensing	of	the	spin		



MX2	(Transition	metal	dichalcogenides)	
M	=	Ti,	Zr,	Hf,	Nb,	Ta,	Mo,	W…;	X	=	S,	Se,	Te	

Insulators,	Semiconductors,	Conductors,	Superconductors	



2H-MoS2  
Semiconducting crystalline powder 

ButlLi 

1T-MoS2 (rMoS2)  
Suspension in water 

n-doped metallic flakes 

Solution approach!
(intercalation)!

Trigonal	Prismatic	
Octahedral		

TRANSITION METAL DICHALCOGENIDES (TMDCs) 

Nucleophilic attack	

2H-MoS2 (funct) 
  



(SCO@SiO2)  

MoS2@SCO 
2H-MoS2 (funct) 
  

Ramon	Torres	
Marc	Morant	
Alicia	Forment	

SCO@SiO2	nanoparticles	on	MoS2	

Nature Chem.  
(in press)	



TRANSPORT 

SCO@SiO2	nanoparticles	on	MoS2	

Electrical	sensing	of	the	spin		



MoS2@SCO	
MoS2@SCO	

PHOTOLUMINESCENCE 

T	=	300	K	

Light-induced	strain	on	the	MoS2	
Red	shift	(60	meV)	
ca.	1	%	of	tensile	strain	

Smart molecular/2D heterostructure	
SCO@SiO2	nanoparticles	on	MoS2	

LS	HS	

Optical	sensing	of	the	spin		 Nature	Chem.,	in	press	



Take home message

Smart molecular/2D 
heterostructures & devices:

 
• The spin switching in the molecular component affords 
a control over the properties of the 2D material.

• Change in the properties of the 2D material allows to 
detect the molecular spin. 	
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