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The term chiral is used to
describe molecules which,
like the right and left hands,
exist in two mirror-image
forms. The term chirality
(handedness) is derived from
the ancient Greek word stem
χειρ~ (cheir~) for „hand~“.
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Rotating molecules
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Handedness only occurs naturally in some types

“For unknown reasons, life as we know it on Earth

of molecules. “However, it can be artificially

Pictures: DESY, Andrey Yachmenev

The strange world of
mirror molecules

femto 01/19

CAMPUS

induced in so-called symmetric-top molecules,”

is highly toxic, however, such heavier and also

says co-author Alec Owens from the Center for

slower molecules would probably be preferred for

Ultrafast Imaging (CUI). “If these molecules are

experiments.

stirred fast enough, they lose their symmetry and

The proposed method could deliver custom-

form two mirror forms, depending on their sense

made mirror molecules. The investigation of

of rotation. So far, very little is known about this

their interactions with the environment, for

phenomenon of rotationally-induced chirality,

instance with polarised light, should help to

because hardly any schemes for its generation

further penetrate the mysteries of handedness in

exist that can be followed experimentally.”

nature and explore possible applications, expects

Küpper’s team has now computationally

Küpper, who is also a professor of physics and

devised a way to achieve this rotationally-induced

chemistry at Universität Hamburg: “Facilitating

chirality with realistic parameters in the lab. It

a deeper understanding of the phenomenon of

uses corkscrew-shaped laser pulses known as

handedness this way could also contribute to

optical centrifuges. For the example of phosphine,

the development of chirality-based tailor-made

the team’s quantum-mechanical calculations

molecules and materials, novel states of matter

show that, at rotation rates of trillions of times

and the potential utilisation of rotationally-

per second, the phosphorus–hydrogen bond that

induced chirality in novel metamaterials or

the molecule rotates about becomes shorter than

optical devices.”

the other two of these bonds, and depending
on the sense of rotation, two chiral forms of
phosphine emerge. “Using a strong static electric
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field, the left-handed or right-handed version of
the spinning phosphine can be selected,” explains
Yachmenev.
This scheme promises a completely new
path through the looking-glass into the mirror
world, as it would in principle also work with
other, heavier molecules. In fact, these would
actually require weaker laser pulses and electric
fields. For the first stages of the investigation, the
researchers chose phosphine because heavier
molecules were initially too complex for exact
quantum-mechanical calculations. As phosphine

“For unknown reasons,
life as we know it on Earth
almost exclusively prefers
left-handed proteins”
Andrey Yachmenev, CFEL

Eine optische Zentrifuge besteht aus einem korkenzieherförmigen Laserpuls, der ein Molekül extrem schnell
rotieren lässt (künstlerische Darstellung)
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