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Nﬁgg “Broadband” Neutron Spectroscopy
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'll Mesoscopic Membrane Fluctuations
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Nﬁgg Collective Excitations in model membranes

FOR SCIENCE

The ‘Neutron Window’ DMPC —d54

0.002A-1<q;<3A! & 1us<t<1ps
1000 & : :
= e
[ ¢
NSE 100 £ .
Y B4, ] 10 ;_
S L 1 ;Oscillation&l_._i ol ®
% . FRelaxation—g " \
g 0.7 — . é BS
2 0.6 . . 4l o
oL |
0.5+ g
0'?).01 I ...m(;h I m““; 1 .....1;|0 1 0001 . é — 7
t (ns) . Relaxation | N
0.0001 IR N R Ll e : _

0.001 0.01 0.1 _ E (meV)

q (A




/|

NEUTRONS Outline |
FOR SCIENCE
Lipids and Membranes Quasielastic and Inelastic Neutron Scatterlng
e Structures and Phases e Three-Axes ;
e Sample Preparation e Spin-Echo
e (Backscattering)

espectrometers

Collective Membrane Dynamics
e Short wavelength density fluctuations
-Dispersion relation in lipid bilayers on TAS

e Long wavelength undulation modes
N -Dispersion relations on NSE

-Theoretical models

-Access to elasticity parameters
¢ (Q-dependent molecular mobility

Dynamics of lipids and membrane water)
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NEUTRONS (Phospho-)Lipids and Membranes
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Molekulardynamik Heller et al., J-Phys.Chem 93

structure and dynamics
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Towards biolog

Carbohydrate Extracellular matrix

Extracellular fluid

Glycoprotein

9.

Glycolipid

Integral protein

Simple model system

Cytoplasm

Cholesterol

Peripheral protein

Cytoskeleton

Phospholipids
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Local modes in bilayers
W. Pfeiffer et al., EPL (1989)

lateral vertical

rotational diffusion vibrations
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motion mode

e Incoherent inelastic neutron scattering
e NMR

e Dielectric spectroscopy

e Coherent in- and quasielastic neutron
scattering

e Inelastic X-ray scattering

static and dynamic
correlation length scale
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undulation
modes u

Collective excitations

Correlated molecular motions might be responsible for ‘functionalities’ of the membrane and structural changes
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Neutrons e Neutrons are (coherently) scattered equally well
. by light and heavy atoms
and Biology

* Neutrons penetrate deeply into matter (little
absorption by sample and substrate)

e H and D scatter very differently (selective
deuteration)

* Neutrons are gentle, causing little or no damage
to delicate systems

e Incident energy of the neutrons in the range of
the excitations -> good energy resolution




Nﬁgﬂ Stacked Planar Membranes
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Sample Preparation “ . - 7
Humidity Chamber

Surfactant
& Solid supported
0] Sol t | ooee 4
e SO [ a highly oriented

7_' membrane stacks
Solvent Evaporation

several 1000 bilayers
per Si-wafer,
mosaicity ~ 0.5°

»~Sandwich-sample™
with 500 mg
of deuterated DMPC




Nﬁgg Scattering from aligned phases
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Highly oriented
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Neutron Three-Axes to measure the short wavelength
fluctuations
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Short-Range Dispersion Relation on TAS
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a) Mono .
chromator Analyzer Low-Q range difficult to
5 = access for neutrons

Detector
Single points in S(Q,®)

Dispersion relations in the gel- and the fluid
phase of the DMPC model membrane.

1 15 2 25 3
Q (A
Rheinstadter et al., PRL (2004)

Dispersion relation as found in ideal liquids as liquid
argon or liquid helium
— c-atoms of the acyl-chains behave “quasi liquid”

(and X-rays)

®

H ““ next neighbor
! v distance

)
1
\) ’
\‘ ’
. . A
longitudinal =+, S
acoustic waves =77

21/Q, defines quasi
»Brillouin-zone"

Due to the large density of states, the
fluctuations might trigger the phase
transition to weakly 1st order
—weak crystallization scenario



N5££ Coexistence of Gel and Fluid Phase

FOR SCIENCE

) . Dynamics: Neutron diffraction:
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Neutron Spin-Echo to measure long wavelength
undulations
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Nﬁgg Spin-Echo Technique

FOR SCIENCE

/2

flipper 7\‘<7\’0 B > Sampls A?M/?ME].SO/O

Int

Polarisation

T=21/A®

good monochromatization good énergy resolution



N5££ Spin-Echo Measurements
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1 4 qualitative agreement
\
0.1 rocking angle (deg)
g2 Theory - -
s Softening close to T,
el e
001 —@— H@— '_'_H_'_' =2) =)
——————————1045403000000 4100500000 ‘W"m
W He— O @0 _@
T=19 °C —
0.001 T=22 °C Romanov and Ul'yanov, PRE 66, 061701 (2002)
T=30°C _
SR L R R , Relaxation w
0 1 2 3 4 ) 6 7 8x10 1.x101°
-1 %108
q” (A ) 1.x10

1x100 [y 3 bulk-elasticity

§ Not well described by present theories

0 01 02 03 04 05"



/|

NEUTRONS Neutron and X-ray Reflectometry
FOR SCIENCE
10° (a)
wl Knowledge about
=0 - mesoscopic fluctuations
%w, g in membranes mainly
g < stems from diffuse
N : reflectivity scattering
- and line shape analysis
) o true s.p:cula:m N
w simulation (Parratt)
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static and dynamic

Quasi- and inelastic
measurements important to
probe and improve theoretical
membrane models

Elasticity parameters K and B from advanced (smectic) theory
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The ‘Neutron Window’ DMPC —d54
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