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ca. 30 t    200.000 W
19.000 valvole

Computer oggi 

<1 kg     50 W
100 milioni di 

transistor



Molecole

NANO TECNOLOGIA (10-9 m)
nuove tecnologie per l’informatica,

la medicina, la scienza dei materiali, ecc.

Materiali macroscopici

MICRO TECNOLOGIA (10-6 m)
(ad es. microcircuiti)

approccio “dall’alto”
(fisici, ingegneri)

approccio “dal basso”
(chimici)

Richard Feynman

There is plenty 
of room 

at the bottom
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Nanotechnology

The  marriage  
of  

the synthetic  talent  of  Chemists
with  

a  “device driven”  ingenuity

Roald Hoffmann



macroscopic
components

macroscopic
device

Macroscopic devices and machines (engineers)

simple acts complex function

molecular
components

supramolecular
system

Molecular devices and machines (chemists)
molecular

device



Primo Levi
La Chiave a Stella
Einaudi, 1978, p. 151

Noi chimici non abbiamo pinzette che ci
permettano di prendere un segmento e di
unirlo al segmento che è già montato.
Se quelle pinzette le avessimo (e non è detto
che un giorno non le avremo) saremmo già
riusciti a fare delle cose graziose che fin adesso
le ha fatte solo il Padreterno, per esempio
montare non dico un ranocchio, ma almeno un
microbo.



La data celebrativa del nuovo millennio è stata 
ottenuta posizionando 47 molecole di ossido di 
carbonio, CO, su una superficie di rame, mediante 
tecniche di microscopie a sonda

Fonte: ChemPhysChem, 2, 2001, pag. 362

16,3 nm



componenti
macroscopici

congegno
macroscopico

Cos’é una macchina
o un dispositivo?

Un “qualcosa” (materiale) che
usa energia per svolgere una
funzione

Mondo 
macroscopico 



sistema 
supramolecolare

input
energia

ouput
funzione

chimica

elettrica

luminosa

reazione 
chimica

segnale

movimento
meccanico

Mondo 
nanoscopico



Photochemistry

A   +  hn *A
electronic

ground 
state

photon of suitable energy

electronically 
excited state

The excited state is a new chemical species
that can exhibit properties very different from those of the 

ground state.



Comparison between
ground and excited state properties of  formaldeyde



Comparison between
ground and excited state properties of [Ru(bpy)2(CNH)2

ground 
state

lowest 
excited 
state



Uno stato eccitato è sempre un miglior riducente e un 
miglior ossidante del corrispondente stato fondamentale



A  + hn *A

product

A + hn’

A + heat

+ B ….

chemical reaction

luminescence

radiationless
deactivation

energy and electron
transfer processes

electronic
ground state

photon of suitable 
energy

electronically 
excited state

excited state lifetime,  

Molecular Photochemistry

t*A long

t*A



*A  + B ® A+ + B- electron transfer

Energy and electron transfer processes between molecules
(bimolecular processes in solution)

*A  + B ® A  + *B    energy transfer



*A  + B ® A+ + B- electron transfer

Energy and electron transfer processes between molecules
(bimolecular processes in solution)

*A  + B ® A  + *B    energy transfer

Energy and electron transfer processes
in supramolecular or multicomponent systems

*A––B   ® A––*B      energy transfer

*A––B  ® A+––B- electron transfer

–– : chemical bond



Devices for 
signal processing

wires, switches, logic gates, 
decoder, encoder, memory 
elements, …………………..

System capable of
mechanical movements (machines)

Tweezers, doors, boxes, ion 
channels, lifts, linear motors, 
rotary motors, ...



N N

N

NN

N Ru2+ [Ru(bpy)3]2+

An ideal molecule,
for processing light signals
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N Ru2+

*[Ru(bpy) ]3 2+

**[Ru(bpy) ]3 2+

[Ru(bpy) ]3 3+ [Ru(bpy) ]3 +

+ 0.84 V  0.86 V hn
lmax = 610 nm

F*A = 1
E°° = 2.12 eV

Fem = 0.04
t µ = 0.6 s

lmax = 450 nm
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High stability toward
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Juris, Barigelletti, Venturi, Campagna, et al.



Oscillating chemiluminescence obtained from the 
Belusov-Zhabotinskii reaction catalyzed by Ru(bpy)32+

[Ru(bpy)3]2+ : an artificial molecular firefly

Balzani, et al. JACS
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Photonic molecular wires

De Cola, Balzani, Belser et al

energy
transfer

[Ru(bpy)3]2+ [Os(bpy)3]2+

hn
hn
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Antennas for light harvesting

A dendrimer made of 43 molecular components

VIS emission

620 nm

Balzani, Vogtle, De Cola, et al. New J. Chem

diameter: 5 nm



Multi-chromophoric system 
(antenna) for light harvesting

Reaction center
photoinduced elect. tr.)

Catalyst for
O2 evolution

Catalyst for
H2 evolution

Artificial Photosynthesis

H2O  +  sunlight ® H2 +  1/2O2



“dendrimer technology and its potential
military applications to the U.S. Army”
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socket

plug

N
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acid

base

acid (CF3SO3H)
"plug in"

"plug out"

hn
+N

H

H3C H

hn’

energy
transfer

Ishow, Credi, Balzani  et al.

+ H+

- H+

no interaction

Molecular plug/socket systems
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Ballardini, Credi, Gandolfi, Balzani, et al. PNAS
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Balzani, Credi, Silvi, Stoddart Science

three wires

three conneted rings
(elettron donors)
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3.5 nm

2.5 nm

CPK molecular model
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Powered by chemical 
energy (bases and 
acids), with 
unavoidable formation 
of “waste”.

+
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base (- H+)

acid (+ H+)

Molecular lift

Balzani, Credi, Silvi, Stoddart Science
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A light powered molecular motor

[Ru(bpy)3]2+ 

motor

hn fuel

e-
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A light powered molecular motor
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length: 6 nm

Credi, Ballardini, Venturi, Stoddart , Balzani, et al.

Conversion of 
sunlight into
mechanical 
movement

Electron donor
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Social responsibility of scientists

Scientists must carefully control that science and
technology are used:

For alleviating poverty, 
not for maintaining privileges

For reducing, not for increasing the gap between 
developed and underdeveloped countries

For peace, not for war

For preserving the planet on which we live, 
not for destroying it




