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Tilia cordata and many other plants as well as siliceous
algae were used for a period in our laboratory for gold
and silver nanoparticles biosynthesis [1]. These
nanoparticles are then mostly used in disinfection In
the case of silver [2] or as catalyst for gold [3]. For
nanosilver particles there s further emerging
application as agents to enhance conductivity and
antimicrobial property of graphene.

Left — Ag NP reduced and stabilized by Anabaena mendotae, Middle - Mallomonas kalinae with AuNP (colorized in Photoshop),
Right - Au NP reduced on the Diadesmis gallica siliceous frustule, modified with ferrofluid (scale 100 nm)

Because of some issues of batch synthesis, typically
Kinetics of reaction, heterogeneity of nanoparticles,

_ _ _ Simple meander Zig-Zag
etc., we are focusing now on biosynthesis of
nanoparticles on microfluidic 3D printed chips with
phytochemicals contained Iin plants and serving as — B8 o
reducing agents and stabilizers in once. Low > matal arecursor
reproducibility of bionanotechnology is well known and

microfluidics may tackle this challenge In future
especially In nanoparticular systems design and

control. 3D printed

| microreactor

Syringe with _
a flower extract Flask with
a product

Laboratory set for continuous flow biosynthesis of nanoparticles
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Preliminary tests and electron microscopy survey ‘
revealed that different flow rates on the same chip

have no grate effect on silver nanoparticles
morphology and size. However, when chip with more
complicated channels geometry (Zig-Zag or 3D Zig-

Zag) and micro-mixing system is  used, 30 sle-cag broplet microfludics .,
phytosynthesized nanoparticles seem to be smaller Types of 3D printed microfluidic chips for phytosynthesis of nanosilver

and better stabilized by phytomolecules.
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Due to silver reactivity in the final colloid anc 2,00 10 mi/h ove e
agglomeration tendency, further experiments of ol 1.75- ZSEKE
microfluidic phytosynthesis were performed anc 150 80 mi/h
showed that enclosure of reaction mixture in a drop S e 100 ml/h Microfluidic reactor parts
leads to the formation of even smaller particles then in g A 288 m:/E
previous cases. ,‘Etmj | Increasing i/ Silver nanoparticles parameters: batch vs. microfluidic
E 0,75 - flow rate phytosynthesis. Ag NPs prepared on chip have better
< ‘ stability, uniform shape and have lower size variance.
In  general, applying microfluidics completely 0907
different results regarding shape, size and stability 0,25- - Sample Ag(batch) Ag(13) A(30)  Ag(60)
of nanoparticles may be achieved compared to the 000 T A (nm) 443 448 448 445
batch synthesis. Further, more in depth studies with 290 300 30 A0 A velongth (amy | 0 190 800 8 g (1) 55 34 33 27
some preferred experimental conditions set on the i (M) 7 12 15 12
base of these experiments will be conducted with the Relationship between flow-rates and in-situ UV-Vis data pointing the dy(nm) 19 19 24 19
main goal to prepare stable and homogenous silver aggregation/stability and size distribution of colloidal system Size range (nm] . 113 5i3s 1o
nanoparticles and functional graphene-nanosilver Shape of NP Spherical, rods  Spherical  Spherical  Spherical
com pOSIteS ' Zeta potential (mV) -23.5 -44.5 -38.9 -38.5

Ag NPs produced in simple meander
aggregated into spherical or pseudo-
cubic clusters and minimal effect of flow
rate on particles character was
observed. The best results in
particles/aggregates formation were
obtained on 3D ZigZag chip (left,
middle). Single, no aggregated
nanoparticles were then achieved
applying droplet microfludics (right) with
the flow rates 5 ml/h oil, 5 ml/h 5 mM
silver nitrate and 10 ml/h plant extract
and further other ratios of flow rates
were tested (5:5:20, 10:10:20) with
similar results.

Silver nanoparticles prepared on-chip
decorate irregularly the graphene oxide
surface. Combining GO suspension with
Ag NPs colloid the re-growing of small
particles could be observed that is visible
as cookies shapes. There is presumed
Ostwald ripening as a phenomenon
observed in solid solutions or liquid sols
that describes the change of an
inhomogeneous structure over time, i.e.,
small crystals or sol particles dissolve, and
redeposit onto larger crystals or sol
particles.
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