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i ive X-ray

» Motivation for developing a liquid cell
« Challenges for constructing the liquid cell
« Geometry, thickness and bulging of the window
* Pressure compensation and degased sample solution
« Construction and design
« First experiments
 Summary

« Perspective
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i ive X-ray

Developing a liquid cell for soft X-ray (< 1 keV) spectroscopy (NEXAFS)
Requirements:

« Investigation of liquids and liquid solid interfaces

« Vacuum-tight but soft X-ray transparent window

« Enabling measurements in emission (reflection) and transmission geometry
« Compact dimensions

« [Easy to handle

* Reproduceable measurements
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Aluw) wole

« X-ray analysis in UHV (ultra high vacuum)
- Reduce absorption j ggﬁ o

 Cooled, windowless detector Y 500,
X MN

%@@%@@ b %y/

« Contamination of sample environment or detector
* Risk of window rupture

* Bulging of window hampers analysis
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window

« Ultrathin window (100...150 nm) /

made from silicon nitride or silicon carbide

-~ e c..r."_

 Reduce the inner pressure

*  Reduced window bulging p ¢ : p

— V l F >
« Reduced risk of rupture |

* Pressure compensation port
——t—
« Sensor and actuator actuator
* Use degased sample solution 4

- Filling without bubbles \

pressure sensor
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Ports for rinsing

Flanges for
closing the ports
Cu gaskets
Pressure sensor
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Piezo driven
Window

manw
150 nm thick

Size 1x1 mm
Pressure compensation

9th Mechanical Engineering Design of Synchrotron Radiation Equipment and Instrumentation (MEDSI 2016) Daniel Grotzsch



I'E Construction and design

BLi2{

_ Berlin Laboratory for
ive X-ray

9th Mechanical Engineering Design of Synchrotron Radiation Equipment and Instrumentation (MEDSI 2016)

Daniel Groétzsch



AV
l'ﬁ First experiments with the liquid cell E |l\

Investigating capture molecule for medical point of

care diagnostic sensor

Target: ConA

« Capture molecule binds selective and 3‘1 Concanavalin A (lectin: mannose)
sensitive target molecule to a membrane 5',95: Probe: Sugar

« Detection of target molecule by optical m%g BClicesamineiaracnionds
method or natural vibration frequency ?‘P B

3-Glycidoxypropyltrimethoxysilan

»  Characterization of the probe-target system = gl o bctrate
by X-ray spectroscopy
~ 1000 amide bonds .
per molecule R

 Chemical state for chemical speciation R
Paul Dietrich, ECASIA 2013, Sessions Life Science & Biosurface 2

 QOrientation

« Deposition

e Beamtime BESSY Il - PTB Beamline PGM >< BAM
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I'E First experiments: measurement principle

The liquid cell enables investigations of
biomolecular films at liquid-solid interfaces

 In situ preparation of probe-target ¢
system

» In situ detection of the capture
molecule with soft X-ray NEXAFS

- Excitation from different angles soft X1
 Measurement under UHV atmosphere

« Reduction of window bulging

BLi.<

N Berlin Laboratory for
i ive X-ray i

UHV

32uaasalonyf
Ana-x

Cornelia Streeck, ECASIA 2013, Session Solid liquid interfaces
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* In situ sample preparation

* syringe pump for rinsing the
window with sample and
flushing solutions

> BAM

s
Bundesanstailt fir ;J.
ssen

Materialforschung Messen = Forschen = Wi
und -prifung

9th Mechanical Engineering Design of Synchrotron Radiation Equipment and Instrumentation (MEDSI 2016) Daniel Grotzsch



. S . L BLi.<
[ | First experiments: installation and commissioning st o

Pressure characteristics during capping the liquid cell

1000 -
closing the flanges high pressure inside
800 - with copper gasket /
tighten the
500 1 SVery SEIEE screws of the
flange

400 -

/

200 -+
2
s o \
= open ports
£ ., | N0 pressure diff reduce pressure reduce pressure
- x | 0 < =
inside inside again

pressure reduction

Nk with piezo
600 - low pressure inside
-800 -+

0 . 4 6 8 10 12 14

t/ min
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long time stability
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First experiments

NEXAFS investigation of capture
molecule (ConA) in liquid environment

with the liquid cell

N K-NEXAFS

Window C K-NEXAFS
material
SisNa Limited by carbon
contaminations
SiC

Limit of detection due to
carbon in the window

X

Limit of detection due to
nitrogen in the window

Limited by count rate of

nitrogen K a
fluorescence line
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Analysis of liquids and liquid-solid interfaces is now possible with the liquid cell

* In situ preparation of molecular films

- Easy and safe handling of liquids in UHV
« Fast filling
* Low risk of window rupture

« Stable over typical period of experiment

« Compact sample holder
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« VOC samples in gas
* Transmission geometrie

* Measurrent of gas samples
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Development of a liquid cell for transmission S
geometry ] ‘

'
eIT

Simon Schreck, Rev. Sci. Instrum. 82, 103101 (2011)

design done by Slava Martyanov
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deflection/ bulging of SiN windows
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i ive X-ray

Further developments:

« Enlarged window for excitation and detection
under shallow angles

« Advanced pressure compensation
* Implementing Temperature controlling

* Implementing electrical contacts for
investigation under exterior voltage

* Investigations of batteries during cycling

« Complementary methods (IR, Raman)

9th Mechanical Engineering Design of Synchrotron Radiation Equipment and Instrumentation (MEDSI 2016) Daniel Grotzsch
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Technische Universitat Berlin
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* Application Lab

«  Know-how transfer

more..
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e X-ray microscopy
« Soft X-ray: laser produced plasma source on nitrogen jet
« Hard X-ray: excitation by X-ray tube

« X-ray spectroscopy

« Soft X-ray: laser produced plasma source on metal target (Cu)

* Hard X-ray: excitation by X-ray tube

« Different methodes and arrangements

Diatom
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I'E Installation and commissioning

» Evacuate with open connectors
« Refill with degased solution

* Until no further bubbles show up

9th Mechanical Engineering Design of Synchrotron Radiation Equipment and Instrumentation (MEDSI 2016)
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I'E Preliminary considerations

» Size and shape of siliconnitrid window
* Finite element method (FEM) simulation
« Rectangular shape for high sensitivity and stability

« Bars for stability of enlarged window

9th Mechanical Engineering Design of Synchrotron Radiation Equipment and Instrumentation (MEDSI 2016)
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« Siliconnitridwindow

«  Window size 1x1 mm?

* Thickness 150 nm

« Frame 10 x 10 x 0,5 mm?
 Presure compensation
« Compact and completly sealed (no pipes)
* Rinsing the window inside the cell
« Measurement in emisson geometrie

« 90° XRF

« small angle excitation

9th Mechanical Engineering Design of Synchrotron Radiation Equipment and Instrumentation (MEDSI 2016) Daniel Grotzsch
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« Beamtime BESSY Il — PTB Beamline PGM (20 ... 1900 V)
« goal: Mg K-edge NEXAFS of Mg-salt in solution
« Sample: MgClz[H20]s — H20 — solution
« concentration: 0,01 mol/l — 2,031 g MgClIz[H20]es auf 1 | H20

« Test system for Mg containing bio-molecules, e.g. Chlorophyill

Measurements done by Katharina Witte and Cornelia Streeck @P B

9th Mechanical Engineering Design of Synchrotron Radiation Equipment and Instrumentation (MEDSI 2016) Daniel Grotzsch



VY 4
l'ﬁ First experiments ELI“

i ive X-ray

*  MgCI2[H20]s — H20 - solution

—————— e success: observable Mg K-
. . ‘ | _

” | ——0,01 mol/l MgCI2*6H20-H20-Lsg. - edge NEXAFS SpeCtrum of
3 low Mg-concentration
{ K edge: (1309,8 +/- 0,5) eV solution!
1 | | -« distinguishable XANES-
5 | features at Mg K-edge

» work in progress:
interpretation and

1 /h\‘/m 1 assignment of
1 . \/ o A A )

7 V"1 characteristical features

| | | |« work in progress:

comparison to NEXAFS-

T T 1T 11— 71— gcglculation
1300 1350 1400 1450 1500 1550

norm. intensity (a.u.)

Energy / eV
Measurements done by Katharina Witte and Cornelia Streeck
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