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The	geography	of	research	on	molecular	machines
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Artificial	molecular	machines

S

S

N

N

N

N
N

N

N
N
N
N

Ar

Ar

Ar

Ar

N
N

N
N

N

N
N

N

Ar

Ar

Ar

Ar

Zn

Fe

N

NH N

HN

Ar

Ar

N

NH N

HN

Ar

Ar

N

N

Zn

Zn

Zn



“wheel
and axle”

shuttling

mutual
ring rotation
(“ball and
socket joint”)

“universal
joint”

Rotaxanes and	catenanes as	molecular	machines
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Synthesis	of	rotaxanes and	catenanes
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Linear	motions	in	rotaxanes:	design	of	a	molecular	shuttle



A	nanomachine powered	by	sunlight



a)	Redox-driven molecular shuttle

Add	or	remove
electrons
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b)	Multicomponent system for	photoinduced electron	transfer
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P	=	photosensitizer
A	=	electron	acceptor
D	=	electron	donor

A	molecular	shuttle	based	on	photoinduced electron	transfer
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Collaboration	with	Fraser	Stoddart
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~ 6 nm
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The	outstanding	photophysical and	redox	properties	of	Ru(bpy)32+




