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Upgrades to correction coils in the “Pythagoras
design” mid of 2010 lead to a significant increase
of intensity at the detector due to the better trans-
mission of these Al-coils. The instrument has
been in regular user operation throughout the
year which led to a number of interesting results
being published, e.g. concerning the dynamcis
of polymers in hard and soft confinement or the
membrane dynamics of microemulsions.

Instrument development

The replacement of the last copper correction coil
with a coil of the new ”Pythagoras” type design (see
IFF Scientific Report 2009, p 178) lead to an intensity
increase by a factor of 1.7 (at shorter wavelength,
more than 2 at the longer wavelength bands), with
an improved performance also in terms of resolution.
The high intensity was a prerequisite for high preci-
sion experiments on proteins in solution, where small
deviations from the diffusive behaviour reveal the in-
ternal dynamics of the molecules.

Experiments at the J-NSE

The major part of experiments was again, with few
exceptions, from the field of soft matter.

Polymers in confinement:

A hot topic, which lead to a number of publications
from experiments from the previous years, has been
the dynamics of polymers in confinement. There, ex-
periments with polymers with modified end groups
have been conducted in Si nanochannels (Fig. 1, A.
Kusmin et al.). Previous experiments on this subject
have been published in [1, 2]. By studying the con-
finement in slightly larger pores of anodic alumina ox-
ide (M. Krutyeva et al.) it could be shown that the tube
diameter inside the pores does not change dramati-
cally as previously suggested by NMR relaxometry
studies (’Corset effect’) [3].
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ABSTRACT Neutron spin echo spectra of the melts of n-hexatriacontane (C36)
and poly(ethylene oxide) (PEO), 2 kg/mol, confined in circular channels with a
mean diameter of 10 and 12 nm, respectively, in porous silicon, were recorded atQ
values between 0.05 and 0.15 Å-1. The spectrawere successfully analyzed in terms
of a two-state model where wall-adsorbed molecules are immobile and free
molecules have a bulk-like dynamics. For C36, we find an adsorbed bilayer at
364 K and a monolayer at 435 K (in both cases, the long axis of the molecules is
oriented parallel to the surface) and no adsorbed layer at 512K. For PEO,we find an
adsorbed monolayer at 413 K. The results support the existence of a sticky
boundary layer inferred from capillary filling experiments.

SECTION Macromolecules, Soft Matter

C apillary filling is essential for the implementation of
many current and potential applications of nanopor-
ous materials;1,2 accordingly, it has been studied both

by experiment3-6 and theory7 for more than a decade. Specif-
ically,when the size of the building blocks of the invading liquids
is comparable to the pore radius, an existence of a layer of
adsorbedmoleculeswas inferred.5Microscopic investigationsof
the structure and dynamics of this adsorbed layer would help to
resolve some controversies regarding the flow in confined
systems, particularly, the validity of the no-slip boundary con-
dition.8,9 Neutron spin echo (NSE) and quasielastic neutron
scattering (QENS) are excellentmethods for such investigations,
as demonstrated by the studies of the dynamics of alkanes
in zeolites10 and in mesoporous silica11 and the dynamics of
polymer melts in alumina membranes12 and porous silicon.13

Here we present an NSE experiment on melts of n-C36H74

and poly(ethylene oxide) (PEO) with a molecular weight of
2 kg/mol (2k) confined innoninterconnected circular channels
aligned strictly perpendicularly to the surface of the porous
siliconwafers. Bothmolecules are several times smaller than
the mean channel diameter; hence, filling of the porous ma-
trix is easy, and the decay of the dynamic structure factor is
sufficiently pronounced. Because of the well-defined porous
space, by orienting the wafers relative to the incident beam,
one can selectively probe molecular motions along the pore
and in the radial direction, and, for long observation times
reachable with NSE, the spectra can be interpreted without
complications brought about by the disordered structure of
the porous host (e.g., by the tortuosity of glasses14).

In porous silicon, the surface of the pores is covered with
SiO2. Alkane molecules adsorb on this surface via van der
Waals interactions and possibly via CH 3 3 3O hydrogen
bonds.15-17 PEO adsorbs even more strongly via hydrogen
bonds fromether oxygens on the polymer to silanol groups.18

Alkanemolecules adsorbwith their long axis oriented parallel
to the surface; such amonolayer is∼5 Å thick.19,20 The upper
bound of the thickness of an adsorbed PEO monolayer is the
root-mean-square end-to-enddistance (RF)ofa polymerchain
in a melt, which is lN0.5, where N is the number of freely
jointed segments and l is the segment length. For PEO 2k, RF
is 4 nm (l2 = 33.75 Å2).21 Because the pore diameters for
PEO- and alkane-filled wafers are 12 and 10 nm, respectively,
the fraction of adsorbed molecules is significant. Therefore,
a distinction between the dynamics of free and adsorbed
molecules has to be made. We assume that whereas free
molecules haveabulk-like dynamics and their centers ofmass
(CMs) diffuse within a narrow cylinder of a radius RD in
the center of the pore, the CMs of adsorbed molecules are
immobile.

The lifetime of the adsorbed state (τ0) depends on the
strength of surface interactions and is expected to be much
longer for PEO than for n-C36H74. Therefore, whereas for PEO
we assume that τ0 is longer than the observation time (τobsd)
(which is 20 ns in our experiment), for n-C36H74, one should
expect that τ0 is at least several times shorter than τobsd.

Received Date: September 1, 2010
Accepted Date: September 29, 2010

FIG. 1: Polymers confined in nanochannels. NSE experi-
ments showed an absorbed layer, the thickness depending
on the details of the interaction between polymer and cylin-
der (from [2] see [1, 2] for details).

Microgels:

Also on this topic previously started experiments
were continued. The studies of Adelsberger et al.
[4] have been continued on diblock copolymers [5]
revealing a more complex collapse transition with dy-
namics of the microgel shell than in the case of the
first studied triblocks.

Polymer dynamics:

First experiments have been done on PEO ring poly-
mers. A first analysis of the data showed an unex-
pected fast center of mass diffusion. The interpreta-
tion of the results is under progress (A. Bras et al.,
Exp. Rep. to proposal Nr. 4851, Fig. 2).
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FIG. 2: Intermediate scattering function of ring polymers
(red) compared to a linear polymer chain of the same mole-
cular weight (green) for the q-values 0.05, 0.08, 0.1, 0.13,
0.2 Å−1. Lines are guide to the eye.

Microemulsions:

Experiments with the aim of studying the membrane
dynamics in bicontinuous microemulsions close to a
flat interface have been continued with the GINSENG
(Grazing Incidence NSE Near Garching) setup (M.
Kerscher, H.Frielinghaus, Experimental Report to
proposal Nr. 4941). Due to the higher flux with the
new correction coil, the statistics of this kind of “low
intensity”-experiment could be largely improved in the
last series. This certainly opens the possibility to use
this technique in a more general context and not only
with the best scattering samples (although it will al-
ways be a “low intensity” experiment).

Besides this possibility of studying interface dyna-
mics, microemulsions have been studied in different
context during the year 2010, e.g. sugar surfactant
based microemulsions, which are stable over a very
broad temperature range around room temperature
[6].

Biological samples:

Several experiments have been conducted by differ-
ent groups (M. Sharp et al., S. Longeville et al.) on
internal dynamics of proteins, requiring precise mea-
surements to be able to separate internal motions
from global diffusion of the proteins in solution. It
is necessary during these measurements to optimize
the intensity by measuring one relaxation curve with
different wavelengths using always the most intense
(i.e. shortest) wavelength possible. The stability of
the J-NSE spectrometer allowed to merge these dif-
ferent wavelengths without any problems. As for the
GINSENG experiments, also here the intensity gain
due to the exchange of the correction coil was a cru-
cial point.

A variety of scientific issues:

Other experiments of the year 2010 included continu-
ation of the study of spin waves in Nd2CuO4 (T. Chat-
terji) and low temperature spin dynamics in Sweden-
borgite (W. Schweika). Thus neutron spin-echo spec-
troscopy contributed to explore a variety of different
subjects from “soft-matter” to magnetic fluctuations
throughout the year 2010.
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