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In ten years the size of a magnetic register (bit) and that of a processor will attain ≤10nm, 
thus comparable to that of nanoparticles and molecules. At this length scale, quantum 
effects become relevant and bottom-up approaches for the production of nano-devices 
become competitive with respect to top-down fabrication processes. Nanomagnets will 
play a role for the storage and processing of information in the next future. So it is 
straightforward to wonder to which extent, molecular nanomagnets will contribute to this 
game. I’ll briefly review basic requirements for the information technologies and some of 
the recent achievements in the field as well as some ideas that can be further pursuedi.  
The main part of my talk will be devoted to the use of molecular spin clusters for 
quantum computation. Molecular magnets are indeed quantum objects, with well-defined 
spin states at low temperatureii. The challenge is to obtain scalable quantum hardware 
with long coherence time. I’ll consider the paradigmatic case of molecular 
antiferromagnetic (AF) spin systems to show that they can effectively encode quantum 
bits.  The case of AF spin triangles already contains the main features of quantum 
hardware. A more sophisticate case is that of AF rings in which an extra spin was 
introduced to have a S=1/2 as ground stateiii and use excited states as a resource for 
implementing two-qubit gatesiv. The mechanism of decoherence can be studied in details 
by considering hyperfine interactions with finite number of nuclear spinsv. Molecular 
nanoMagnets can be functionalized to be grafted on surfacevi. Positioning and visualizing 
molecular nanomagnets is another issue and I’ll briefly mention our efforts and 
achievement in this directionvii. Molecular building blocks can also be linked each other 
by forming supramolecular complexesviii,ix with tuneable entanglement of spin states. 
This provides a unique opportunity to observe conditional quantum dynamics of spins in 
molecular systems and eventually to exchange information between magnetic molecules. 
Finally, I’ll briefly mention our efforts in the development of graphene-based devices for 
molecular spintronics. 
 
References 
                                                 
i Molecular nanoMagnets for information technologies. M. Affronte, Journal of Materials Chemistry 
(March 2009) DOI: 10.1039/b809251f 
ii Topology and spin dynamics in magnetic molecules. S. Carretta, P. Santini, G. Amoretti, M. Affronte, A. 
Ghirri, I. Sheikin, S. Piligkos, G. Timco and R.E.P. Winpenny. Phys. Rev. B 72, 060403 (2005). 
iii Molecular Engineering of antiferromagnetic  rings for quantum computation.  F. Troiani, A. Ghirri, M. 
Affronte, S. Carretta, P. Santini, G. Amoretti, S. Piligkos, G. Timco, R.E.P. Winpenny Phys. Rev. Lett. 94, 
207208 (2005). 
iv Proposal for Quantum-gate in permanently coupled AF spin rings, without need of local fields. F. 
Troiani, M. Affronte, S. Carretta, P. Santini, G. Amoretti Phys. Rev. Lett. 94, 190501 (2005). 

NanoSpain2009                                   09-12 March, 2009                                  Zaragoza-Spain 
 



Invited Sepaker 
 

                                                                                                                                                 
v Decoherence induced by hyperfine interactions with nuclearspins in antiferromagnetic molecular rings F. 
Troiani, V. Bellini, and M. Affronte Physical Review B  77, 054428 (2008). 
vi "Isolated Heterometallic Cr7Ni Rings Grafted on Au(111) Surface" V.Corradini, R. Biagi, U. del 
Pennino, V. DeRenzi, A. Gambardella; M. Affronte, C. Muryn, G. Timco, REP Winpenny Inor. Chem. 46, 
4968-4978 (2007) 
vii Magnetic imaging of prussian blue nanoparticles grafted on FIB-patterned substrates. A. Ghirri, A. 
Candini, M. Evangelisti, G. C. Gazzadi, M. Affronte, F. Volatron, D. Brinzei, B. Fleury, L. Catala, C. 
David and T. Mallah,  SMALL 4, No. 12, 2240–2246 (2008) DOI: 10.1002/smll.200800897 
viii Linking Rings Through Diamines and Clusters: Exploring Synthetic Methods for Making Magnetic 
Quantum Gates, M. Affronte, I. Casson, M. Evangelisti, A. Candini, S. Carretta, C. A. Muryn, S. J. Teat, 
G. A. Timco, W. Wernsdorfer, and R. E. P. Winpenny. Angew. Chem Int. Ed. 44, 6496 (2005). 
ix Engineering coupling between molecular spin qubits by coordination chemistry 
G. A. Timco, S. Carretta, F. Troiani, F. Tuna, R. J. Pritchard,  E. J. L. McInnes, A. Ghirri, A. Candini, P. 
Santini, G. Amoretti,  M. Affronte and Richard E. P. Winpenny. Nature Nanotechnology (2009 Feb.) 
DOI:10.1038/NNANO.2008.404 
 
 

 
Figure: Entanglement of spins in supramolecular architectures. Ref.9 
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