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Focusing and Separation of Particles and Cells Activated by

Passive Microfluidic Systems
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Microfluidics is the science and technoio gy of systems that studies fluid phyéics in
channels with dimensions of tens to hundreds of micrometers. In microfluidics, many
useful techniqdes have been developed for the separatioﬂ and manipulation of particles
and cells, which.can be classified as either passive techniques or active techniques. The
active techniques require the external actuations such as acoustic, magnetic, optical and
thermal forces. While the passive techniques depend on the channel structures or fluidic
properties for particle arrangement. In this study, passive microfluidic systems were
developed for the focusing and separation of particles and cells.
First, a novel hydfodynafhic focﬁsing method is developed using open v-shaped
miérostructures engraved on a glass substrate by femtosecond pulse laser (fs laser)‘

micromachining. The fs laser engraved microstructures are capable of focusing polymer -

- ﬁarticles and live cells in rectangular microchannels at relatively low Reynolds number

(Re). The effects of groove depth, groove number and flow rate on the performance of

the developed microfluidic device is explored. It demonstrates that 10-pm PS particles

are directed toward the channel center under the effects of the groove-induced '

secondary flows in low-Re flows, e.g. Re < 1. Moreover, the device achieves continuous
focusing of live cells with different sizes ranging from 10 to 15 pm, i.e. human T-cell -
lymphoma Jurkat cells, rat adrenal pheochrdmocytoma PC12 cells and dog kidney
MDCK cells. ' . -
Second, focusing performance of the microfluidic device is further investigéted
using different types of groove designs. The focusing perfo%mance proves to be
dependent on the angle of grooves and the middle dpel} epace between the grooves

based on both experiments and simulation



Third, shape-based se’paratiop of drug-treated Escherichia coli (E. coli) by ‘
viscoelastic microfluidics is achieved. A proportion of E. coli treated with 1 pg/mL of
the antibiotic mecillinam are found to exhibit changes in shape from rod to sphere, and
the heterogeneous E. coli populations after drug treatment with various aspect ratios
(ARs) ranging from 1.0 to 5.5 are used for experiment. It shows that that E. coli with a
lower AR, i.e., spherical E. coli (AR<1.5), are directed toward the middle outlet, while
rod-shaped E. coli with a higher AR (AR>1.5) are driven to the side outlets. Further, it
demonstrates that the separation performance of the viscoelastic microfluidic device is
inﬁuenced by two main factors:. shéath-tb—sample‘ﬂow rate ratio and the concentration
of poly-ethylene-oxide (PEO). | |

Further continuous separation and enrichment of E. coli clusters from its singlets
- using viscoelastic fluids is investigated. Here, polymer particles of two different sizes, 1
and 4.8 um, are used to mimic E. coli singlets and clusters, respectively..Experimental
results show that particles migrate toward the channel center in a size-dependent manner,
due to the combined effects of inertial and elastic forces. 4.8- and 1-pum particles are
found to have lateral equilibrium positions closer to the channel centerline and sidéwalls,
' respectively. The size-dependent separati.on performance of the microdevice is
demonstrated to be affected by three main factors: channel length, the ratio of sheath to L
sample flow rate, and PEO concentration. |

In conclusion, focusing and sepération of synthetic particles and cells are achieved.
This research hopes to be helpful for researchers in the fields of laser lfabric'ation,
microfluidics, physics, biology and biomedicine to use as a reference to conduct low -
flow rate-based contact imaging and ﬂuo;escence lifetime-resolved imaging, or

biological investigations, where E. coli shapes or clusters matter.
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