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Pilot project introduction

Project partners:
Hamid Keshmiri (VBCF), Michal Urbanek (CEITEC), Kareem Elsayad (VBCF)

Goal:

Most micospectroscopy (fluorescence and non-fluorescence) techniques suffer from poor signal-to-noise,
which limit their acquisition speeds and efficiency. Optimization thereof can allow for the study of dynamic
biological processes otherwise not possible. By fabricating and employing suitable nanostructures this can be
enhanced.

Dynamic microspectroscopy in many projects we get is highly
desirable but currently not possible due to finite acquisition time
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Surface enhanced spectroscopy
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Surface enhanced spectroscopy
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Pilot project introduction

Brillouin Microscopy (VBCF)

All optical measurement of mechanical properties
via VERY small (~1/1000 nm) spectral shift — challenging

Long acquisition times / high laser powers
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Mechanical properties are important!

Normal Cancer
. o @ Large, variably shaped nuclei
‘a s /'
\ Many dividing cells;
e9e
‘®" Disorganized arrangement
. Variation in size and shape
.
@ Loss of normal features

http://sphweb.bumc.bu.edu
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Potential end-users:
Mostly academic users — possible candidates:

Alexander Dammerman, MFPL, Vienna
Peter Schloegelhofer, MFPL, Vienna
Andrea Pauli, IMP. Vienna

Josef Penninger, IMBA, Vienna

Sabine Eichinger, Medical University, Vienna
Robert Konrad, MFPL, Vienna
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Field (signal) enhancement
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Surface-enhanced Brillouin scattering in a vicinity of
plasmonic gold nanostructures

Zhaokai Meng; Vladislav V. Yakovlev; Zhandos Utegulov

Only very small effect ®

Due to length scales of acoustic phonons one is scattering from



e Interreg H

EUROPEAN UNION

RIFAT  Austria-Czech Republic

EUROPEAN UNION C Z European Regional Development Fund

Pilot project introduction

Field (signal) enhancement
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Surface-enhanced Brillouin scattering in a vicinity of
plasmonic gold nanostructures

Zhaokai Meng; Vladislav V. Yakovlev;, Zhandos Utegulov

Work on engineering phonon density of states
TRICKY Only very small effect ®

(planned collaboration with Bert Hecht, Wuerzburg)

Due to length scales of acoustic phonons one is scattering from
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Mechanical properties are rarely isotropic

° Potentia' end.users:

Soft substrates Stiff substrates
Cadh?rin-coated surfaces Intermediate stiffness Fibronectin-coated surfaces
Early times of cell adhesion Long time scales MOSt/y aCademlC users _ pOSSIble Candldates,
" o\\;"il "/‘ . /,/ ]
>\ ey (o = ."‘-  Alexander Dammerman, MFPL, Vienna
&= N + Peter Schloegelhofer, MFPL, Vienna
IRV & |4 + Andrea Pauli, IMP, Vienna
L - « Josef Penninger, IMBA, Vienna
I Z'/ﬁ « Sabine Eichinger, Medical University, Vienna
) | .
 Robert Konrad, MFPL, Vienna
Circular shape Assembly of stress fibers Polarized cytoskeleton
Low friction Orientation of actin domains High friction L
Actin flow Stable stress fibers
Low forces High forces

Nematic order

Trends in Cell Biology

“Would be great to know anisotropy!!”



“Stiffness tensor”

Can be obtained from Brillouin Scattering measurements*

Glue spot

. TN~2.94 1
V:299kms % il
¢, 1.6 GPa )| '
'2.98kms™!
297 kms™ 11.6 GPa
1.5 GPa

310kms Radial

12.5 GPa
316 kms™!

13.0 GPa

29 r
— w
a E 30
® -
=1
IG] 2.89kms™!
(@) 10.8 GPa 32

Koski et al. Nature Mat. 2013

Ci111
C2211

[C] — C3311

C2311
C3111

| C1211

Percentage of crystallinity

C1122
C2222
C3322
C2322
C3122
C1222

C1133 Ci1123

C2233 C2223

C3333 C3323

C2333 C2323

C3133 C3123

C1233 C1223

Quasi-

C1131 Ci1112
C2231 C2212
€3331 C3312 | _
C2331 C2312
C3131 C3112
C1231 C1212
Lr
L

el ’ ‘ radial w’ "\
-20 0 20 -20 0 20
Frequency (GHz) Frequency (GHz)
b
6.0 E
[ ,
o AA Ma
O 50 ®
Y 45 NC Ma
4.0 [ ENC Mi
25 30 35 40 45 50

EEEEEEEEEEE

ION

RI

+.
;,Cﬁ" Hiterrey “

é; Austria-Czech Republic

Ciui Ci2 Ciz3 Cuu Ci5 Cis
Cia Cxn Ca Coy Coy Cy
Cis Cy Cs3 (O3 C35 Cs
Ciu Cu C3p Cy Csi Cu
Cis Cxp C3 Cui Css Cse
Cis Cxp C3 Cs Css Ces |
Tricky sequential
measurements

from different angles
and polarizations

Most groups who

are measuring anisotropic
structures and fibers would
be very interested in getting

this!

*No other technique is
capable of this!
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Can we use the extra degree of freedom?
R=100% R=95% R=100% R=95% R=95% R=100%
(a) SIS C
il #—
VIPA radial VIPA reflective radial VIPA

Can purchase Fabricate at CEITEC



Super flat (etalon) substrates
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Thin film deposition:

Device: lon beam sputter with a Kaufman source
Materials: Ti (t=2 nm) / Au (t=70 nm)

Chamber pressure: 1.5-10° mbar

Patterning (ion milling):

Device: Focused ion beam scanning electron microscope
(TESCAN dual-beam FIB/SEM LYRA3 system)

Structure: a microhole pattern with 100 um in diameter
etched through the 70 nm thick gold film at the center

of the etalon substrate.

(Conditions: 30 kV accelerating voltage, 660 pA probe current)



The coating of etalon substrates was realized by lon Beam Sputtering (IBS) technique
in an in-house developed sputter equipped with a Kaufman-type argon ion source.
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SEM HV: 10.0 kV WD: 20.00 mm SEM HV: 10.0 kV WD: 20.00 mm
View field: 110 pm Det: SE View field: 110 ym Det: SE
CEITEC Nano CEITEC Nano

A microhole with 100 um in diameter was patterned by TESCAN dual-beam FIB/SEM
LYRA3 system under 30 kV accelerating voltage and 660 pA probe current.

*CEITEC Nano

Tomas Samoril, Hamid Keshmiri
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Can simultaneously measure all components of stiffness tensor

45° parabolic mirror
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Each angular segment of the circlular
Projected dispersion probes the sample
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...can get all components of tensor

at once!!
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Can simultaneously measure all components of stiffness tensor

45° parabolic mirror
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Can simultaneously measure all components of stiffness tensor

45° parabolic mirror
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Conclusions

* First experiments with users currently being planned
* Expected to offer full open access later this year

 Fabrication of modified (“gradient”) coating for better contrast
imaging and different spectral ranges

e Student expected to start later this year to optimize analysis code
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Thank you for your attention

High-resolution mechanical characterization of biological matter over various frequency regimes



