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Sample Changer on FREIA Air-liquid Troughs
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Scientific Opportunities

Neutron Reflectometry at Solid-Liquid Interfaces

Neutron Reflectometry experiments at solid-
liquid interfaces can be used to probe a wide
range of scientific cases such as:

1)

2)

3)

4)

5)

Biological membrane structure

Interaction between biological membrane
and soluble molecules, e.g. proteins,
peptides, drugs etc.

Structure of polymer layers with different
technological application

Kinetics of adsorption at solid interfaces of
organic molecules such as surfactants

Structure of surfactant layers

Reflectivity
3

Membrane § L8
layer

Gold layer

Magnetic
layer

Silicon Oxide

Figure: (a) Schematic of protein-lipid bilayer membrane sample
configuration for neutron reflection studies. The general
organization of the membrane is confirmed by employing
(sotopic

(°H vs. 'H) and magnetic contrast neutron reflection (MCNR). (b)
This uses polarized (up- or down- spin) neutrons to provide two
independent data sets from a single membrane.

S. A. Holt, A. P. Le Brun, C. F. Majkrzak, et al. Soft Matter,5, 2576-2586 (2009).
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INnstrument Suite

15 instruments under construction

) N\ 4ot AT ‘ J:J;J ifé/_\'\" Soft Matter & Chemistry
! 1 | Ve e e Sample Environment

Small Angle Neutron Scattering | Lo/ SKADI

Reflectometry ESTIA, FREIA

Single-Crystal Diffraction MAGIC, NMX
Powder Diffraction DREAM, HEIMDAL
Imaging & Engineering ODIN, BEER

Direct-Geometry Spectroscopy CSPEC, T-REX
Indirect-Geometry Spectroscopy | BIFROST, MIRACLES, VESPA
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Solid-Liquid Cell Holder @ @

Based on Previous Cell Design from Adrian Rennie @ Uppsala University UNIVERSITET

Threaded hole for

femperature sensor Temperature control

fluid

Solvent
exchange port

O-Ring

Polycarbonate
Back Piece

Window
42 x 42 mm?

Substrate
50 mm (1) x 50 mm (w)
x 15 mm (1)

A. R. Rennig, M. S. Hellsing, E. Lindholm, and A. Olsson, Review of Scientific Instruments 86, 016115 (2015).
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Various Flow Arrangements @

2, 3 or 4-Port Flow Cells UNIVERSITET

Light Dense
10ut Outt In‘ Outt

Magnetic
stirrer

Different Dense Light
Solutions In In Out
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Various Flow Arrangements mm e @

1 or 2-Compartment Flow Cells in PEEK or Polycarbonate  rorscence , M8tM8 iniversiter

ﬂ' An Engineering Company
with a Chemistry Profile

¥ Sample 1
Out
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Optimized Exchange @ Small Sample Volumes @

Exchange: Red DI H,O — Blue DI H,0O

0 sec 10 sec 12 sec 15 sec

25 sec 43 sec

Flow Rate: 2 mL/min, Sample Volume: 0.6 mL
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Non Optimized Exchange @ Large Sample Volumes @

Exchange: Red DI H,O — Clear DI H,0O

0 sec 20 sec 60 sec O sec

Flow Rate: 3 mL/min, Sample Volume: 3 mL
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Liquid Exchange Analysis
Imagel): Average Gray Value

Imagel: Average Gray Value
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Average Gray Value

50 Blue/50 Clear
182

100 Blue/0 Clear
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Time Stamp (sec)

Time to complete exchange
Less than 1T min (~6 mL of solution)

= = Avg: 100 Blue/0 Clear
Avg: 75 Blue/25 Clear
Avg: 50 Blue/50 Clear
Avg: 25 Blue/75 Clear
Avg: 0 Blue/100 Clear

—=e—Clear DI -> Blue DI

—=&— Blue DI -> Clear DI
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Testing Cell Holder with Neutrons

PSIl in June 2023

MORPHEUS: Two-axes neutron
diffractometer & reflectometer

PAUL SCHERRER INSTITUT Only need 1 mL of solution for a

[J"_: complete exchange!
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Testing Cell Holder with Neutrons @

D17 Neutron Reflectometer @ ILL in February 2024

Polycarbonate

NEUTRONS
FOR SCIENCE
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FOR SCIENCE

Cell AssembDl 7y
| ILL in February 2024 y r\ggg @
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Testing Cell Holder on D17/ Y-/ / @

Background levels: SPLIT PEEK (opaque) vs Polycarbonate (transparent) IF\gRUSTSCE)NI\(II%

PEEK Polycarbonate

30,90 T~ T y T

30,90

23,13 23,13

15745 15,35

I T SO —0 <
D¢ IO I Do~ <

7.57 7.597

ok, 2 I : I C - -0,21 i ' y : ) |
0,0 63.8 127.5 191.5 255,0 0,0 63.8 127.5 191.3 255,0
¥-pixel on detector #-pixel on detector

» Comparison of the second angle of hPOPC bilayer measured in D,O - 80’ counting

*No evident difference in the BKG levels between PEEK and Polycarbonate
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Testing Cell Holder on D1/ Y-/ / @

Background levels: SPLIT PEEK vs SPLIT Polycarbonate vs ILL std PEEK:  NEUTRONS

FOR SCIENCE
Reduced data >
1.0 — Silicon . II‘: .
—— Silicon Oxide ¥
10°F —— PC Helads fr il
A/\x. AT | e
\‘t fi’f —— PC Heads " et <l
107 ‘\} ! —— Water , ﬁ A
% R A S0 -:';._1' @, ;I
g 107 “\f\ i'. - E @\
g A £ fiheatl L
= ] g 04 @; @
« IUE b ey )
10-° — | ﬁ"*# ‘”l"} 0.2 %’ (
¢ vt it @
10-10 0.0 , ﬁ
0.00 0.05 0.10 0.15 0.20 0.25 -0 0 20 40 60 0 20 40 60 TwRILT,
QA Distance ( &) Distance (A)
* POPC bilayer deposited by vesicle fusion and measured in three solution contrasts Measurement times:
* Measurement times comparable to standard measurements D,O A;5 A,40

SMW A, 30" A, 60’

*The use of S3H = 16 mm was very conservative, flux can be increased by up to 50% by HO A. 10' A 50’
2 1 2

opening S3H up to 25 mm without evident problems using the cadmium mask

Slide curtesy of Nico Paracini 20
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Solid-Liguid Cell Sample Changer

For ESTIA Reflectometer

Control box

Solid-Liquid
Cells

Syringe

Selector
valves Translation

Stage
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Solid-Liguid Cell Sample Changer

Cable and Tubing Management

Assembly on Trolley

Temp Sensors

BioChem
Switch Valves

BioChem Switch
Valves alternative
route

—

]

sample Lines |—

Control Box

Water Lines

Waste Lines
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Solid-Liquid Cell Sample Changer @

Current Status —
A ¥ 3% R

Mechanical assembly is “mostly complete” ;: x(‘l' J‘ Q‘

Testing overall system functionality & efficiency with NICOS scripting
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