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v"  Pressure cell for SANS (and NSE) measurements, up to 6,000 bar, with small
volumes (= 100 pl) to study structure (and dynamics) of molecules in soft matter
and biophysics (e.g. conformation of proteins, ...)

V" Pressure cell windows in sapphire: no scattering but thick windows (several
cm)
- very fragile!!

v/ Alternative solution:

* thick windows in stainless materials (alloys), which display good
mechanical properties, reasonable transmissions, and (if possible...) a « low »
Q-scattering

* use of a method developped at LLB for cell subtraction:
* A. Brilet et al. J Applied Crystallography 40: 165-177, 2007
f
nmia 2/20 AT




rohée

Laboratoire Léon Brillouin

container windows

C%]fS

1,(6)

/ 1,(6) Hypothesis:
/

/ @@  Neutronsare scattered once

ZOC+ZS ZS+22(!C

Empty container Empty beam

rl m f.ﬁ Ref.: A. Brulet, D. Lairez, A.

Lapp, and JP. Cotton. Improvement of data treatment in small-angle neutron I

scattering. J Applied Crystallography 40: 165-177, 2007 3/20 R



Pressure cell with
removable windows

SANS: small beam,
small angle - flat
cell with windows:

e difficulties:
machining, sealing

e advantages: thick
body in resistant
material (stainless
steel)

* removable windows
in suitable material

container removable

windows %




Pressure cell with
removable windows

2 windows : 6.1
mm thickness each

v/ cell body: Marval
x12 stainless and

extremely resistant -2 ;

reusable E

v windows: cheap i N\ § removable
(= 100 €) and easy to S' )/wmtilaphragme
machine 7L

—>can be changed ““2L. beam diameter:

—> adaptable to the
experiment

5.5 mm max.

v/ easy to clean and
purge

v/ temperature
control (15-140°C)
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Device of pressure cell for
SANS measurements

pressure device on (the late) PAXE SANS spectrometer




Suitable alloys for
the pressure cell windows

v/ Titane/Zirconium alloy (TiZr)

TiZr (Ti52Zr48, in mass) null matrix alloy (« zero scattering alloy »):

beon(Ti) = -3.44 fm

b (21 6t } beon(67.7% Ti + 32.3% Zr) =0 (in mole)
Zr)=7.16 fm
coh

but: high absorption (o, (Tiys72ros:) = 4.33 barn) and incoherent
scattering (o, (Tiyc-Zro3,5) = 1.96 barn) —> corrections

but: high coherent scattering at small Q due to microcrystallites
> Q>0.07 A (e.g. small proteins)
P, = 6,000 bar



Suitable alloys for
the pressure cell windows
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Y.  Aluminium
Al 2017A T4 (AlCu4MgSi)

good transmission (= 0.96 for 10 mm at 6 A, better than pure Nb), reasonable low
Q-scattering (essentially coherent: decreasing with Q) 2> Q > 0.01 Al

P = 4,500 bar; easier to machine than pure Nb (very soft)

Al 7049A T6 (AlZn8MgCu)

good transmission (=0.95 for 10 mm at 6 A) but high low Q-scattering (decreasing
with Q) 2> Q> 0.1 A

P, = 6,000 bar

[ Zirconium Niobium (ZrNb1 = Zr99Nb1): M5™ alloy (from AREVA), P .. = 3,000 bar

v/ Stainless steel: M30NW alloy (from Aubert & Duval) = X4CrNiMnMoN 21.9.4,
P, = 6,000 bar

Ami=3 71
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SANS measurements
“on the removable windows

Use of a device dedicated for the measurements:

2 windows + sample in quartz cell 4 windows + sample in quartz cell

« empty cell » (2 windows)
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- Aluminium
-low Q
-windows alone

PACE, 13 A-4.5m :0.003 < Q< 0.035 A!

| (sans dimension)
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- other alloys
- higher Q
- windows alone

PAXY, 6 A-3 m : 0.01 < Q< 0.15 AL, normalization by the thickness

| (sans dimension)

Al 7049A 2 windows

Window thickness
for P, = 6,000 bar:

* Al 7049A: 12.2 mm

* Al 2017A:12.2 mm

* TiZr: 8.6 mm

* Stainless steel: 10 mm

ZrNb1: 0.4 mm (thin
sheet)

. i
©EoesSimmmmel Stainless steel M3ONW
-ﬂ,;%‘@. P & ,-5;:? ZrNb1 M5
R & Al 2017A 2 windows
10”
q (1/A)
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Transmission of the windows

Nbof | Tickness Total Transmission | Trat 13 A | Transmission | Traté A Maximum Q range
windows ofa thickness at13 A for 10 mm at6 A for 10 mm pressure (A"
window {(mm) thickness thickness (bar) for 10
(mm) mm

Al 2017A 2 6.1 12.2 0.785 0.817 0.948 0.961 ~4500 Q=001
Al 2017A 4 6.1 244 0.524 0.768 0.896
Alu 2017A + Mb 2 6.1 12.2 + Mb 0.506 0.556
Alu 2017A + 2 6.1 12.2 + lapo. 0.724
laponite/emulsion
Alu2017A + 4 6.1 24.4 + lapo. 0.708
laponite/emulsion
Al T049A 2 6.1 12.2 0.760 0.801 ~6000 Q=01
Al 7049A 4 6.1 244 0.884 0.951
Alu 7049A + Mb 2 6.1 12.2 + Mb 0.497 0.544
Alu T049A + 4 6.1 24.4 + lapo. 0.675
laponite/emulsion /_\
TiZr (52.5%- 2 43 8.6 0416 0.361 ~6000 Q=007
47.5%)
TiZr + Mb 2 4.3 8.6 + Mb 0.261
Stainless steel 2 5 10 0.295 0.295 ~6000 Q=001
(M30ONW)
ZrNb1 (M5) - - 04 0.993 0.842 ~3000 Q=>0.01
Nb 10 0.8 0.801 ~2500 Q=001

nfﬂiﬁ 12 /20w



Test #1 - high scattering
sample: laponite/emulsion

DC PT
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Laponite/emulsion:
phytantriol (PT) and
dodecane (DC) mixture
(50:50) in water stabilized by
Laponite clays (disc-like
particles with a mean radius
of 12.5 nm and a thickness of
1 nm) to form Pickering

emulsions
' E E o \ Sample: in D,0,ina5mm
U % Hellma Suprasil quartz cell

nmia 13 /20 ™ masr=




sample/quartz cell vs.
windows alone

£

PAXE, 6 A, 5 m :0.007 < Q< 0.08 A
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(nD?/(2pi r dr))/(moniteur T z)

Laponite/emulsion sample:

cell subtraction

4. -
10 subtraction of the
5 & respective windows
) . —>form, slope
e - multiple scattering?
10°; g ‘:
. g -
5 gg :
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Sample + Al 2017A 2 windo
Sample + Al 2017A 4 windows
10~
q (1/A)




Test #2 on a lower
o N scattering sample:
the myoglobin protein

‘. Myoglobin: small globular protein (17.7 kDa)
Sample: 20 g/L of Mb in a D,O buffer,ina 5 mm
Hellma Suprasil quartz cell




Myoglobin sample +
windows

PAXY, 6 A-3m:0.01<Q<0.15 At
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Cell subtraction and fitting

5 Mb/Al 7049A

b9 Mb/quartz cell
—— Form factor sphere
s Mb/Al 2017A
10~ ' Mb/TiZr
— L
[ =
'g Fitting with a sphere
g) function:
8 10.0,7 eRg=18A
&
3
107%°
2 =
10 10
q (1/A) %
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. Cell subtraction and fitting

o . —_ 1MBO (pdb)
VT, Mb/quartz cell
107°° —— Sphere form factor |
Mb/TiZr

T
L 47
210 -
) Comparison with the
% crystallographic data
@ 1008 (Protein Data Bank) |
© — good adequacy

10°°°!

A desmnd L-2 e A demnhand A1-1 A AAAAlo A
10 10 10 %
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Conclusions and
perspectives

[0 Good subtraction of the pressure cell windows (Al 2017A, Al 7049A, TiZr)
- both at low and high Q-values
- both for a high scattering sample (laponite) and for a much lower one
(myoglobin protein) ; probably multiple scattering in the case of
laponite

[0 Removable windows: adaptable to the experiment
- range of Q-scattering
- absorption

- I:)max
_corrosion

0 Transmission: Al 2017A, Al 7049A, and M5 (ZrNb1): better than TiZr and much
better than stainless steel
[0 SANS test on ZrNb1 and Nb windows, with a sample

[ Test of similar windows (non magnetic materials) on the neutron spin echo 7

pectrometer (MUSES, LLB) B
rlf"B 20/20



