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molecules in an elaborate and costly process. Here, we experimentally demonstrate the separation of

interactions with an auxiliary substance which has to be developed and optimized for diﬀerent chiral

practical relevance. Most current enantiomer separation methods are based on enantioselective

eﬃcient techniques for separation of chiral mixtures into enantiopure compounds are of enormous

development, testing and evaluation of drugs, pesticides and food related products. Accordingly,

Stereoisomeric molecules with opposite chirality, so-called enantiomers, often vary regarding their sensory,
pharmacological and toxicological properties. Such enantiomer speciﬁc eﬀects play a central role in the
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example: B ≈ 5 µm, T = 293 K, monomer sizes ≈ 250–750 nm
v0 ≈ 10 µm/s, v ∗ ≈ −0.5 µm/s
⇒ separation distance ≈ 4.5 cm, separation time ≈ 4700 s
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Fig. 2 Chiral separation in a right-handed helical ﬂow ﬁeld. (A) Principle of hydrodynamic gating for insertion of a spatially conﬁned volume of a chiral mixture into a
microchannel. During the injection process, the pressures at the inlets 1, 3 and the outlets 2, 4 are varied as follows: ﬁrst the pressures at the inlets 1, 3 and the outlets 2,
4 are adjusted to p1 ¼ p3 and p2 ¼ p4 with p2 < p1. This leads to two ﬂows with constant rates Q12 ¼ Q34. During injection, p1 is increased for about one second and then
returned to its original value. (B) Snapshots of the measured ﬂuorescent images during injection of a single pulse of a chiral mixture. (C) Measured arrival time
distributions of a total number of about 5600 R (green/light grey) and S (blue/dark grey) particles at diﬀerent channel positions x relative to the injection point. (D)
Corresponding data from numerical simulations obtained from 1000 realizations.
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Fig. 1 Fabrication of chiral microparticles and microﬂuidic channels with a helical ﬂow ﬁeld. (A) Schematic illustration of particles of opposite chirality R (green/light
grey) and S (blue/dark grey) and their description by seven spherical beads in the numerical simulations. For the deﬁnition of the particle chirality we compare them
with right- and left-handed spirals (inset). (B) SEM micrograph of chiral particles with some particles artiﬁcially coloured corresponding to their chirality. (C) Microﬂuidic
channels made from PDMS (light blue and red; side walls omitted to enhance visibility) deposited on a microscope slide with width W ¼ 150 mm and height H ¼ 115 mm.
PDMS is periodically patterned with obliquely (45' ) oriented ridges (red/dark grey) with height H " h ¼ 50 mm, width b ¼ 40 mm and centre–centre distance L ¼ 146 mm.
Application of a pressure gradient along the channel leads to a right-handed helical ﬂow ﬁeld (arrow). The total length of the channel, which consists of 15 straight
segments of 65 mm length connected by bends of 180' , is Lch ¼ 1 m.
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Fig. 3 Particle trajectories and Poincaré maps. (A) Measured (symbols) and simulated (solid lines) trajectories of spherical particles with 1 mm diameter ﬂowing from
left to right through a patterned channel with a right-handed helical ﬂow ﬁeld. The slanted red areas correspond to the protruding ridges at the top wall. Normalized
density plots of Poincaré maps of the particle position within the channel cross-section obtained from 1500 simulated trajectories each for (B) spheres, (C) R particles
and (D) S particles. Due to the minimization of viscous forces, the spatial distribution of particles strongly depends on their shape and chirality. The ﬁlament-like
structures at the channel walls in (D) are signatures of deterministic particle trajectories (attractors) and arise from the coupling between translational and rotational
degrees of freedom. Due to imperfections of the channel structure and a ﬁnite particle polydispersity, this eﬀect is less pronounced in experiments. Corresponding
Poincaré maps of the particle velocity along the x-direction and their y-position obtained from simulations and experiments for (E and H) spheres, (F and I) R particles,
and (G and J) S particles.
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he ability to perform laboratory operations
on a small scale using miniaturized (labon-a-chip) devices is very appealing. Small
volumes reduce the time taken to synthesize
and analyse a product; the unique behaviour of liquids
at the microscale allows greater control of molecular
concentrations and interactions; and reagent costs and
the amount of chemical waste can be much reduced.
Compact devices also allow samples to be analysed at
the point of need rather than a centralized laboratory.
Initially, however, pioneers of the field asked in
Chimia whether their ideas about miniaturization
would be “next century’s technology or just a
fashionable craze”. The advantages are compelling,
but designing and making devices of reduced size
that operate effectively is challenging. The pioneers
recognized the huge financial input and research effort
needed to realize the full potential of the concept.
Now, well into that next century, it is clear that labs
on chips are here to stay. Physicists and engineers are
creating exciting functionality, and are starting to
construct highly integrated compact devices. Chemists
are using such tools to synthesize new molecules
and materials, and biologists are using them to study
complex cellular processes. Furthermore, labs on
chips offer point-of-care diagnostic abilities that could
revolutionize medicine. Such devices may find uses in
other areas, including a range of industrial applications
and environmental monitoring. Commercial
exploitation has been slow, but is gaining pace, with
some products now on the market. A technology for
this century? The signs are looking good.
In this Insight, we present a collection of topical
Reviews that discuss the history, design, application
and future of lab-on-a-chip technologies, focusing on
microfluidic flow devices. We hope you enjoy it.
We are pleased to acknowledge the financial support
of Agilent Technologies in producing this Insight. As
always, Nature carries sole responsibility for editorial
content and peer review.
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morning sickness, the other was later found to be responsible for

at nanometre length scales by using channels with smaller diameters and with an optimized geometry.

oﬀers considerable advantages over existing methods. We expect that our approach can be also applied

opposite chirality. Since our separation mechanism does not rely on material speciﬁc interactions, this

rotational and translational degrees of freedom leads to diﬀerences in the trajectories of particles with

experimental results are conﬁrmed by numerical calculations which demonstrate how the coupling of

with slanted grooves. We observe that the retention time of particles in a helical ﬂow ﬁeld strongly
depends on their chirality which leads to an eﬀective chiral separation within the channel. Our

micron-sized chiral particles in a helical ﬂuid ﬂow which is created inside a microﬂuidic device patterned

molecules in an elaborate and costly process. Here, we experimentally demonstrate the separation of

https://www.youtube.com/watch?v=Jbh9YNzkl4Q
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