


Microreaction Techniques: Challenge Between

Continuous Nanoparticle Synthesis and Fluid-
Based Nanoengineering

J. Michael Koéhler, Andrea Knauer, Lhabib Abahmane, Shuning Li, P. Mike
Gunther and G. Alexander Gross

(Techn. Univ. llmenau, Institute for Micro and Nanotechnologies,
Germany)

Lichtenwalde, October 2009



Outline

Introduction

Continuous-flow preparation of metal nanoparticles
* Au-Nanoparticles

* Ag-Nanoparticles

* binary nanoparticles Au/Ag

* ZnO nanoparticles

Challenges for micro segmented flow technique for
nanoparticle synthesis and information processing

Conclusions



Continuous-flow preparation
of Au-Nanoparticles



IPHT SEI 15.0kV X150,000 100nm WD 2.9m OKV  X250000 100nm WD 2.7mm

SEl  150kV X170,000 100nm WD7.2m
SEI  100kV X140,000 100nm WD 2.7m

Examples of Au Nanoparticles (SEM images)




— Ascorb.-AuNP: 19.4 nm (£ 3.9 nm)

— Citrate-AuNP: 13.7 nm (x 1.7 nm)

B
-
=
D
g a0
@
1
o
o
o

0.006 0.01 0.014 0.018 0.023 0.027 0.031 0.035 0.035 0.043 0.047

Particle Diameter - Microns (PartialRange




— S5ul/min: 18.1 nm (£ 4.9 nm)

50 pl/min: 15
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Microfluidic synthesis if Au nanorods; J. Boleininger et al. 2006, PCCP 8, 32
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GNP spectra, generation by sodium borohydride

(different effectors: mercaptoundecanoic acid, mercaptoundecanol
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Ag-Nanoparticles



Influence of reduction of educt ratio on
particle size in SNP formation
under flow-through conditions
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Binary nanoparticles Au/Ag
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Au/Ag nanoparticles (different composition
— and different conditions of formation)

A:N23 B:R2 C: Q14 D: Q4 E: R1
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TEM image

AU core

Ag shell
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Spatially resolved EDX analysis indicating the
core/shell character of obtained particles
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Centrifugal sedimentation spectroscopy
(mass-related signal): Increasing Ag shell diameter

particle frequency [a.u.]
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AU/Ag NPs




Promising droplets:

Recent applications

0,5 mm tube /
Perfluorinated carrier
liquid

(S. Schneider 2004)




micro segmented flow

application in

nan;par_tlcle \ embryonic development
Synthesis studies

Y. Hesgel et al. A, Broesing et al.

A, Demello et al.

analytics cell technology

R.M. Ismagilov et al and screening
K. Martin, J. Metze et al.

organic
synthesis toxicology
F.h. Guenther A, Funfak et al.
polymerization biochemistry
A Gross et al F.W. lemagilov et al.
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Spritzenpumpen

Ascorbinséure >

Silbernitrat /

Kupfersulfat >
Knotenmischer
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Probenentnahme
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segmented-flow
synthesis of

Au/Ag
corel/shell-
nanoparticles
/ (0.5 mm tube
/ 13.5 mLimin diameter)
S
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Micro continuous-flow synthesis
of ZnO micro and nanoparticles

injector ~ Segment

formation
carrier liquid [ —
inc acetate solution
[ _ heater
sodium hydroxide solution  Static micro mixer residence
loop

product
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ZnO (NaOH-syntheS|s)




Adressing

twodimensional

concentration Spaces
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Danio rerio

embryonic development in micro
fluid segments
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Bio-Mimetic Segment Operations

_’

segment splitter
(M. Kielpinski, T. Henlkel
et al. 2008)

"cell division"



Bio-Mimetic Segment Operations

_’

segment splitter
(1. Kielpinski, T. Henlkel
et al. 2008)

"cell division" -»

Y fluidic sex”
segment fusionator
(M. Kielpinski, T. Henkel
et al. 2008) _’
_’



Bio-Mimetic Segment Operations
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segment splitter
(h. Kielpinski, T. Henkel
et al. 2008)

"cell division" —»

) fluidic sex”
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Bio-Mimetic Segment Operations

_’
segment splitter
(W, Kielpinski, T. Henlkel
etal. 2008)
"cell division™ »

"fluidic sex"

segment fusionator

ctol 2008 »
_}
"cell growth"
_’_":-:‘ dosing, enlargement of segrment N
"seg mehnto- Y uptake of a small segment by a large one N
endocytosis”



Segment on demand =

= Information transfer into
segment sequences =

= ,,talking with sequences*
(input direction)



single segment procedures
(automated individual processing)

GENERATION ON DEMAND
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SPLITTING AND
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ARCHIVATION ON DEMAND




[ "personalized segment fates”: segment-specific process chains ]

from individual "birth” (droplet generation) o

over individual "life pathes” (switching) | (]

over metamorphosis (chemical, physical, biological conversion) ]

over "founding droplet families”
0  (droplet fusion, splitting, content transfer)
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to segment "burial” L N NN N N
(storage, archivation, final conversion, fusion, collection or waste)




Challenges
for nanoparticle techniques Iin
micro reaction technology
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Talking with segments:

_abelling and
InNformation transfer

(on the segment-internal level)
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Variablen: pH, lonen, Variablen: pH, lonen,
Substrat, Pharmaka, usw. Substrat, Pharmaka, usw.

Variablen: pH, lonen,
Substrat, Pharmaka, usw.

Variablen: pH, lonen,
Substrat, Pharmaka, usw.

Zell-Zell-Interaktionen und Interaktionen zwischen
kleinen Mehrzellern und
Mikroorganismen



Reporter bead strategies

T

multifunctional sensor multibead sensing

cultivation
liquid carrier liquid

fluid segment

sensing shell

sensing
particles

solid core

gel matrix




analyt Sensor
molecuyle Molecul plasmonic

nanoparticle

° XL

intramolecular shift

T of electronic state
excitation s

recognition

® coupling between molecule

and particle surface
(plasmon-exciton conversion)

plasmonic hanoparticle

optical (optoelectronic transduction)
response

depending on surface state




crystal violett

Laser excitation

Raman intensity

T T T
800 G600 400

wavenumber / cm’’

gold nanoparticles .:OE. — ) RAMAN-Scattering
(SERS-active) i

K.R. Strehle et al.,
Anal. Chem. 79,4 (2007)
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Integrated Raman intensity




Endocytosis of nanocomposite reporter particles

fluid segment

carrier liquid cell

hanosensor & CQ O
particles 0®e o
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20..60 nm




What about MOORESs LAW after 2025 ?
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What about MOORESs LAW after 2025 ?
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The Future of Moores Law: 3rd dimension
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data input i

data-based nanoparticle-processing
in micro reaction technology
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Chromosome-analoguous
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molecular data chain
(binary)

molecular
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Conclusions

» microfluidics and — in particular — micro fluid segments are well
suited for synthesis and screening of nanomaterials

o structured liquids support the read-out of information from molecules
and cells what can be applied, for example, in drug screening and
toxicological studies

 Fluid segments in the nanoliter, picoliter or smaller ranges can used
for interfaces for information transfer, for example for molecular
optimization in combinatorial chemistry (molecular architectures), for
cell technology or for information processing

» microsegmented flows could be a promising strategy for fluid-based
three-dimensional information technology



Acknowledgement

T. Henkel, D. Malsch and M. Kielpinski (IPHT
Jena), J. Metze (iba Heiligenstadt), K. Martin,
M. Roth (HKI Jena for cooperation

F. Moller and S. Schneider for technical support
H. Romanus (Ilmenau) for TEM images
F. Jahn (Jena) for SEM Iimages

Financial support of DBU,
of DFG (Ko01403-22/1) and of
state of Thuringia is gratefully acknowledged.



Thank you!



Xy



Xy



Xy















M Chromosome-analoguous
o data storage hierarchy

molecular

building units Carrer

nanoparticles

particle chains _
Coiled

particle
chains

f
1
oleo

sequence molecules

JAVA

Ollbvel-

) :
g E a ~*’ ricrofluidic compartment
% % sequence of microfluidic segments

3-D-folded
Micro
tube




	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Examples of Au Nanoparticles (SEM images)
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29
	Foliennummer 30
	Danio rerio�embryonic development in micro fluid segments
	xy
	xy
	Foliennummer 34
	Foliennummer 35
	Foliennummer 36
	Foliennummer 37
	Foliennummer 38
	xy
	xy
	Foliennummer 41
	Foliennummer 42
	Foliennummer 43
	Foliennummer 44
	Foliennummer 45
	Foliennummer 46
	Foliennummer 47
	Foliennummer 48
	Foliennummer 49
	Foliennummer 50
	Foliennummer 51
	Foliennummer 52
	Foliennummer 53
	Foliennummer 54
	Foliennummer 55
	Foliennummer 56
	Foliennummer 57
	Foliennummer 58
	Foliennummer 59
	Foliennummer 60
	Foliennummer 61
	Foliennummer 62
	Foliennummer 63
	Foliennummer 64
	Foliennummer 65
	Foliennummer 66
	Foliennummer 67
	Foliennummer 68

