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Diesel motors
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Fuel Cells (FC)

Energy Conversion via Fuel Cells MLZ
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convert chemical energy to electricity - i
economical benefits (alternative to oil & coal) i /== | |:|m £
environmental benefits (less CO,) i / Ny g ﬂEllTllllﬂlsg
proton-exchange membranes (PEM) or anion- _ "~ = &&= _ {‘ElEVE"g

exchange membranes (AEM) — polymers
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..._...:o N S PEM FC (acidic medium)
- BN o " sl - in limited use
) c%g® % .
N - PP S S, - but they need Platinum (Pt)
. 4 .:4 04 o
7 el e Ll AEM FC (alkaline medium)
H, PEM  Air+H,0 H,+H,0 AEM Air - do not need precious metals

- but the durability is still low
i e 33

How to increase durability of AEM?

02.01.22 3]



L Nanocarriers for mRNA Therapies MLZ
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Lipid Nanoparticles (LNP) - since

= Tagen gene seawence r@cently  in clinical development to
- In vitro transcription
@;!}"!.ﬂqu—w,‘)@@*') 2 Plasmid template encapsulate, prOteCt, Carry and

deposit the mRNA

How to optimize the composition of LNPs and
increase the biological activity?
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The Mesoscopic Lenght Scale MLZ
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Neutron Scattering — Structural Analysis MLZ
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explore matter (structure) in SUAHLERRTIGES
reciprocal space sample

C(6),

wave-vector transfer Q (,scattering
vector”) — inverse yardstick Consiucive

Interference

Angle of
Constructive

- large Q — small sizes — wide-angle
neutron difraction (ND or WANS)
- small Q — large sizes — small-angle

Interference
A
P2 2oy, B8 =y,

A = Path-Length Difference

. = 4,sin (20), ) (29),
neutron scattering (SANS) Scattering Angle (degrees)
LARGE PARTICLES f+—50 om
7 4t f 450 cm
Q = |k;i — k¢| = 2ksin - = — sin = Sample (26),
2 A 2 =>-O= 1 £ o |
ngtive
AN A, AL/A sample Scattering
------ : A Profile Detector
S
0 Angle of
Constructive =
Interference S
- (20), ~ - E
Ay, A, AA/A : 1
(26),

20
A = Path-Length Difference . (@0,
= £,sin (26), Scattering Angle (degrees)

we need to know (define) A - monochromatic beam
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L @ Neutron Diffractometers MLZ
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SANS diffractometers — optimized for measurements at small angles

- long flight paths (collimated beam), typically 40m (D11 at ILL — 80m!)
- long wavelengths (1> 4 A), cold neutrons!

- aim at 10 A — 1um length scale

. 20m

y s &
>
-
/I\ .

Monochromatization Collimation

neutron diffractometers (WANS) —

optimized for measurements at high

angles

- compact instruments

- short wavelengths (1 ~ 1-2A),
thermal neutrons!

- aim at 1-10 A length scale
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Pinhole Scattering Method MLZ
Magic of a pinhole camera for scattering
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L J‘mm CentreforNewtron Scence

Pinhole Scattering Method
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Selector

Apertures

Detector

T4

U,
////

Lp and 4 — can be

varied for reaching

the scientific goal

neutron guides

* I(Q); Q=4n/Asin@/2

» variable detection distance — wide
angular range — wide Q-range

» typical Q-range pinhole SANS:
1x10-3A-1 < Q < 0.3A

» use of several detection distances
(typically, three) and one 4
(typically, 5A)

apertures
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The SANS Monochromators MLZ
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SANS — low resolution technique: high flux achieved Astrium GmbH
by large AA/A = mechanical monocromators —
velocity selectors (with twisted boronated lamellae)

n+ B - 7Li* + “He —>7Li+ “He +2.31 MeV+ gamma

2.OX108 T T T T T T T T T T T T T T T
KWS-2 polychromatic
. beam (before
1-9a0°r selector)
- | A & Al/A are defined by rotor parameters
D . / - tilting to the beam axis — shift of 4, AV/A
- = : i
*GEJ 1.0x10 AML=20.6%
) i
| AWA=23% y \ |
50X10 B i _‘l
0.0 " | \ ,:
1 2 4 6 7 8 9

twf

tilting angle -10° 0° +10°
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The Neutron Detector MLZ
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2D position sensitive detector — 3He tubes
array; movable between 1 m and 20 m after
the sample; beam-stop in the middle (B4C)

l

|

tritium

w (\w m

Incoming
Neutron

-

-

sample position — space for
large equipment (cryostats,
magnets, etc.) n+3He > 3H + 'H + 0.764 MeV
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Scattering Principle MLZ
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The Scattering Length Density MLZ

Fermi pseudopotential

V@)= 2mh%)/m, b6 (r)
b — the scattering length

sum over all nuclei

ATOMIC MASS

SCATTERING LENGTH

i J
80 100

Ar 2 @ NUCLEAR
(I(T 1 7:( . @ MAGNETIC
10 (CI) — N E bi(i-‘ 1 coherent term -
! N N
i - 62

When the length scales in question are much larger than atomic dimensions and it is
easier to think in terms of material properties = the scattering length density p(r”)

1
‘ pmolzv— Z bj

mol ;e (ol
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The Scattering from Single Particles LZ
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small angle scattering - inhomogeneities in scattering length density p(r")
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Q and z-direction
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R
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= 41 Ap /(11 r Or /dz - |
0 _(Q) — V /—)Single(Q) —

ds?
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S (i)
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the form factor /
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The Form Factor F(Q) MLZ
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The SANS Experimental Results MLZ

Polymer in solution

Heinz Maier-Leibnitz Zentrum
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SiO, size standars in d-DMF
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The Instrumental Resolution MLZ

SiO, size standars in d-DMF
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L ) The Structure Factor S(Q) MLZ

10) = Q)+ B= ¢, A0’ PQ)S(Q) + B

d !

Diblock copolymer in solution

_/\high y

dz/dQ, 1/cm
) 5

)
=
S

o
]
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Q, 1/A°

Diblock-copolymer in solution

H B
size ’ . u
B shape [ - |
|
! 4 .
| N
orientation
« Ap? —the contrast factor

- P(Q) - the form factor (single particle); P(Q)=F%(Q), 5

FT of real-space density distribution

0.5

b o i e -

* S(Q) — the structure factor (inter-particle, FT of g(r))

» B -the background (incoherent & matrix)
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The Contrast Factor in Neutron Scattering MMLZ
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: 10)= )+ B= 97,00 P(O)S(@)+ B

contrast factor:  Ap = (pparticle — pmatrix)

SLD (10" cm?)

Phospholipid

0 %D,0 41 %D,0 64 %D‘ZO 100 %D,0

0 20 40 60 8 100 H-D diblock copolymer
Volume % D,0

difference in scattering length between
H (-3.74 x 10-"m)and D (6.67 X 107> m)
—> unique advantage in case of
multicomponent hydrocarbon systems:
soft-matter & biophysics
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SANS vs. SAXS

MLZ
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PHOSPHATIDYLCHOLINE
CHamNCHYs.  cpome
z CHp
5 ”

é 0~P-O PHOSPHATE
g o

CH, —CH gt GLYCEROL
oot

C=0C=-0

5 5
@ <
i 2
L > D FATTY ACIDS
2 > S =
£ I B
3 < L Gei? Hydrophilic
o Ly head

J _-Hydrophobic

< H tails
(a) (b) (c)

X-ray scattering density profile Neutron scattering density profile

1 (cm)

liposomes made of phospholipids in buffer solution:
X-rays — more sensitive to the polar layer (P, N)
neutrons — provide information on the hydrophobic layer

combining SAXS and
SANS (contrast variation)
—> full characterization of

103

complex materials
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10 .
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1072
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104

——SANS
SAXS

105
0.001

0.01 0.1 q (A1)
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— Polymer Additives for Diesels and Crude Oils MLZ

SANS with contrast matching on model ternary

systems: polymer additive + wax + solvent
A. Radulescu et al., in Crude

Oil Emulsions 2012

103}

di/dQ /em
d¥/de /em™

b)

0.01 | 0.1
ql/A

PE-PEP crystalline-amorphous  ¢rystalline core — nucleation platform for wax
copolymer: core-brush lamellar  ¢rystallization at low temperature
morphology amorphous brush — arrests the wax crystals growth
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Anion-Echange Membranes for Fuel Cells ™MLZ
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Department of Advanced Functional Materials

Research, Takasaki Advanced Radiation fabrication of AEMs via radiation
Research Institute, Takasaki, Japan grafting technique
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Anion-Echange Membranes for Fuel Cells

MLZ
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Y. Zhao, K. Yoshimura et al., in

1000
Soft Matter 2021
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matching of

crystalline

correlations
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feedback to chemistry, for improving fabrication
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Lipid Nanoparticles for mRNA Therapy

MLZ
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with AstraZeneca

1812 Theraphy Nucleic Acids 2021
e
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1e-1 100
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+ rofleponide-C14 prodrug SANS - information about
— anti-inflammatory the optimal composition

"o g -0 ®

AICin the shell AIC distributed
throughout

AICin the core

107

+ 100% D,0

Intensity

v 50%D,0
e 35%D,0

v 25%D,0

the anti-inflammatory drug is located
at the edge - increased efficiency

s 15%D,0

M.Yanez Arteta et al., in Molecular
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