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The design of functional molecules 
that are able to convert energy into 
motion is a rapidly advancing field. 
For example, it is now possible 
to control, through synthesis, the 
frequency of rotation of molecular 
motors or the actuation wavelength 
of molecular switches. Although 
chemists now have a good grasp 
of such design rules, devices based 
on these motors and switches 
are still in their infancy. Writing 
in the Journal of the American 
Chemical Society, Ben Feringa and 
co- workers report the solvent- driven 
aggregation of molecular motors 
into nanodimesional bowl- shaped 
particles and show how molecular 
rotation can be controlled in such 
confined volumes.

The aforementioned design 
principles are mostly based on 
the study of molecular motors in 
dilute solution. The development 
of complex functional devices, 
however, likely requires concerted 
control of the motion of many 
molecules in aggregated states. 
“We have been studying molecular 
motors and machines for several 
years and we were intrigued by 
two main questions,” reveals 
Feringa, “how do motors operate in 

confined space? And how do 
pendant moieties of increasing 
size affect the rotary motion?” 
Furthermore, molecular motors 
have been studied so far mostly in 
organic solvents. Understanding 
the behaviour of these molecules 
in aqueous media is a very timely 
challenge that needs to be  
addressed if they are to be applied  
in biotechnological settings.

Feringa and co- workers 
have previously explored the 
self- assembly of water- soluble 
molecular motors in their design 
of a supramolecular muscle. In the 
present study, the researchers looked 
instead at the behaviour, in water, 
of a motor featuring hydrophobic 
moieties. The newly developed 
motor comprises an overcrowded 
alkene core and two rigid, highly 
hydrophobic tris- bisphenyl units. 
These motors are soluble in organic 
solvents, such as tetrahydrofuran,  
but the addition of water (non-solvent)  
initiates their aggregation into 
bowl- shaped particles. The 
aggregation mechanism in this 
case is different to that observed 
for large amphiphilic molecules, 
which assemble into spherical 
objects as a result of their molecular 
properties. The aggregation of these 
small hydrophobic molecules into 
bowl- shaped particles is driven, 
instead, by the ratio of solvent to 
non- solvent, independently of their 
molecular properties. In fact, the 
same mechanism has been observed 
for several other organic molecules, 
including polystyrene, polyvinyl 
chloride and Nile Red.

The dimensions of the bowl- 
shaped particles can be controlled 
by tuning the solvent–non- solvent 
ratio. “We discovered that by simply 
contracting or expanding the bowl 
size, depending on the percentage 

water, the rotary behaviour of 
the light- driven molecular motor 
could be controlled,” explains 
Feringa. In dilute solution, the 
investigated molecular motor 
performs a unidirectional 360° 
rotation consisting of four steps: 
photoisomerization, thermal 
helix inversion, a further 
photoisomerization and a final 
thermal helix inversion that closes 
the cycle. This rotation is completely 
impeded in the solid state, but it 
can be controlled when the rotors 
are confined in small volumes. 
Depending on the size of the 
bowl- shaped particle, the thermal 
helix inversion of the motor can 
proceed forward or backward. 
“This is an amazing discovery, 
which shows that isomerization 
barriers and rotary motion in a 
molecular system can be controlled 
by solvent ratios and degree of 
aggregation. As far as we know, 
these findings are unprecedented,” 
remarks Feringa.

The ability to control molecular 
aggregation and rotation by simply 
tuning the solvent–non- solvent 
ratio opens the path to a number of 
unexplored possibilities. “Can we use 
the motors as stirrers or mixers at the 
nanoscale? Can we perform reactions 
in these confined systems or use 
them to deliver cargo triggered by 
the molecular motion?” asks Feringa. 
“We could develop functional 
nanocontainers. How nice it can be!”
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We discovered 
that by simply 
contracting 
or expanding 
the bowl size, 
depending on 
the percentage 
water, the 
rotary 
behaviour of 
the light- driven 
molecular 
motor could 
be controlled

C
re

di
t:

 G
ab

ri
el

la
 G

ra
zi

an
o/

M
ac

m
ill

an
 P

ub
lis

he
rs

 L
im

it
ed

R e s e a R c h  h i g h l i g h t s

  volume 2 | JulY 2018 | 99

https://doi.org/10.1038/s41570-018-0022-x
mailto: 
https://doi.org/10.1021/jacs.8b03045
https://doi.org/10.1021/jacs.8b03045

	Molecular motors in a tight spot



