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ABSTRACT

We developed two model experiments for a continuous separation strategy for chiral molecules without the need for any
chemical selection- or derivatization agents. By breaking all relevant spatial symmetries with either a structured sidewall or a
tilted array of posts in a microfluidic channel, chiral microparticles are forced to migrate into different directions. In our ex-
periments, separation efficiencies of 85% and up to 100%, respectively, could be demonstrated by introducing asymmetric
flow environments in microchip systems.
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INTRODUCTION

About one half of the drugs on the market are chiral and only 25% of all drugs are administered as pure enantiomers [1].
Because living organisms are highly chiral environments, their reaction to different chiral forms of a molecule can be com-
pletely different. Consequently, the molecules have mostly different pharmacological activities underlining the need for pre-
parational and analytical techniques. Traditionally, chiral selectors are used that specifically bind only one form in a chroma-
tography setup. This approach, however, requires the identification of new selectors for every new analyte and is working in
batch-mode only. In contrast to these standard techniques, we experimentally realized and explored an alternative selector-
free and continuously working separation concept with model microparticles [2] based only on physical mechanisms and a
theoretical evaluation [3,4].

EXPERIMENTAL

According to Curie’s dissymmetry principle [5] the symmetry elements of a physical cause have to be reencountered in
the outcome. Therefore, we designed and fabricated two practically different microfluidic devices with broken axial symme-
try (see Fig. 1). Because of these broken symmetries, chiral microparticles will be deflected axially within the flow. Principle
A involves structured sidewalls, generating a deformed Hagen-Poiseuille-flow (Fig 1a,b). Any asymmetric object, like a chir-
al microparticle will then migrate differently in contrast to its mirror image within this flow profile.
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Fig. 1: a) Device A involves a structuring of one of the sidewalls. Injected chiral microparticles will be separated due to
the asymmetric flow profile. b) Micrograph of device A with microparticles. Particle size: 15um x 9um, channel width:
40-60 pm, period length: 50 um, height: 6 pum. c) Device B is based on a an array of structured posts, where the main
axis is tilted against the x-axis by a certain angle ®. d) Micrograph of device B. Channel width: 1000 pm, channel
height: 6 um, periodicity of the post array: 20 um, post diameter: 6,8 pum.
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The idea of the second principle B is the exploitation of an array of microstructured cylindrical posts in the channel (Fig.

1c,d). This post array is tilted by a predefined angle ® with respect to the x-axis and the asymmetry is therefore introduced by
the different interaction of the particles with the posts. In both experiments, the particles are driven pneumatically by apply-
ing an external air pressure difference to the reservoirs at the end of the channel. The resulting migration speed of the par-
ticles is in the order of 50-100 pm/s.
The microfluidic chips were fabricated with a simple and straightforward soft lithography procedure. The L and I" shaped mi-
croparticles with dimensions of 15x9 pum were fabricated as reported in [2], where a large quantity of particles are structured
with SU-8 onto a small piece of a silicon wafer without any sacrificial layer. After an optical inspection, the wafer piece is
placed in a small vial containing water and a surfactant solution. The particles are then removed from the surface by placing
the vial in an ultrasonic bath for 10-30 seconds. To keep their chirality, the height of the particles (3 um) is chosen in such a
way, that they fit into the 6 um high channels but cannot rotate along their long axis. This effectively reduces the experimen-
tal geometry to two dimensions in this model system, making further measures to break the symmetry in the third dimension
obsolete.

RESULTS AND DISCUSSION

Fig. 2a shows the experimental trajectories using the microflow channel with one structured sidewall (principle A). Due
to their interaction with the asymmetrically designed flow profile in this channel (Fig. 2b) the particle species split up accord-
ing to their chirality. It could be demonstrated that one species approaches the flat wall whereas the other one accumulates in
the vicinity of the structured wall. 85 % of all injected particles were recognized by the system and were correctly sorted after
a maximum traveled distance of 1800 um. The other 15 % did not show any (correct or false) action.
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Fig. 2a: Experimental separation results obtained within a Fig. 2b: Experimental and theoretical flow profiles within
channel with a structured sidewall (principle A). In 85% of the micro channel with structured sidewalls. The typical
all realizations, the chiral microparticles have been recog- Hagen-Poiseuille-flow profile is shifted away from the
nized (shown here). The rest (15 %) did not show any (cor- structured wall which induces the asymmetry in the sys-
rect or false) action. tem. Typical flow speeds are in the order of 1200um/s.

For the second setup (principle B), which does not rely on shear flows, the results are shown in Fig. 3a,b. Here, all of the
injected particles were recognized and sorted correctly after only a few elementary cells with a predefined array tilting angle
of @ = 15°. Typical migration speeds are in the order of 50-100 um/s. A significant angle of separation of A8;s. = 22.76° +
3,53° could be demonstrated.

We found in accordance with theoretical simulations that the system reacts very sensitive to minor changes of the array
tilting angle @ (Fig. 3b). For @ = 12° the angle of separation changes sign and becomes more insignificant Af;,. = —5.8° +
6.0°. This indicates, that there are certain windows for efficient separation depending on the actual value of ®.

CONCLUSIONS

Two model experiments to separate L and I' shaped chiral microparticles are presented. Both designs rely on breaking the
spatial symmetry of the particles’ environment. A first concept were the hydrodynamic flow profile is modified to be asym-
metric exhibited 85% efficiency and no explicit false results. In a second concept, a tilted array of cylindrical posts inside the
channel lead to even 100% efficiency.
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Fig. 3a: Separation results obtained with a structured post
array (principle B) for a tilting angle of @ = 15°. The sin-
gle particle trajectories show effective separation angles be-
tween both mean trajectories of 46,5. = 22,8° + 3,5° with

100% efficiency in all realizations.
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Fig. 3b: Separation results obtain with a structured post
array for a tilting angle of & = 12°. The resulting angle
of separation is now only 46,,. = —5.8° + 6.0°. The re-
sults indicate, that there are certain windows of separa-
tion which depend strongly on .

This is the first attempt to realize enantioselective separation with model systems at the micrometer scale. The selector-
free microfluidic approach offers good opportunities for parallelization and continuous, maintenance-free operation. In the
future, emphasis is put on enantioselective separation of objects on the molecular scale - like proteins - with concepts of fur-
ther miniaturization (e. g. self assembly). Such a cheap and straightforward device might have considerable industrial impact,
as more pharmacological agents can be purified more easily, which might make them better tolerable and thus simplify the

accreditation process.
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