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Editorial

In the fifth issue of the HENA newslet-
ter two research notes are presented by
our colleagues Dr Christine Papadakis
and Dr Antigoni Theodoratou. The
first refers to the use of various neu-
tron methods to tune the hydration
state of thermoresponsive polymers
under pressure, trying to understand
molecular interactions and macro-
scopic behavior. In the second one,
neutron reflectometry is used to study
the adsorption of proteins on vegetable
oil hybrid films in an effort to evaluate

a new biomaterial that can be used in biomedicine as artificial material for implants and
transdermal drug delivery systems. Enjoy reading them!

— Dr. Konstantina Mergia (NCSR Demokritos)

Research Note: What
can pressure do for
the understanding of
thermoresponsive poly-
mers? ∗

by BART-JAN NIEBUUR‡ , ALFONS

SCHULTE †, AND PROF. CHRISTINE M.
PAPADAKIS ‡

Thermoresponsive polymers in
aqueous solution feature lower crit-
ical solution temperature behavior,
i.e. they are water-soluble below

a certain temperature, but water-
insoluble above [1]. At the tran-
sition, the polymers collapse and
form large aggregates. This behav-
ior is due to the special interactions
of the polymers with water, namely
by hydrogen bonding via polar side
groups and by hydration of hy-
drophobic moieties. In that respect,
synthetic thermoresponsive polymers
with simple molecular structures
may serve as model systems for
the folding and aggregation behav-
ior of the-often substantially more
complex-biological macromolecules.

Moreover, thermoresponsive poly-
mers find applications in switches,
e.g. in microfluidic chips, or for
smart transport and release purposes
[2]. The time scales as well as the
reversibility and reproducibility of
the switching process depend largely
on the molecular interactions, the
change of chain conformation and
the aggregation mechanism.
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TUM Physics Department are gratefully acknowledged.
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Figure 1. (a) Chemical structure of PNIPAM.

(b) Phase diagram of a 3 wt% PNIPAM

solution in D2O in the temperature-pressure

frame (black line). While the polymer is

molecularly dissolved at low temperatures,

and the solution is in the one-phase state, the

polymer is collapsed and forms aggregates

above. Data in (b) are from Ref. 7.

A prominent representative
of thermoresponsive polymers is
poly(N -isopropylacrylamide) (PNI-
PAM, Figure 1a) [3]. Its backbone is
hydrophobic, whereas its side group
features a hydrophobic isopropyl side
group as well as a polar amide group.
While the latter can form hydrogen
bonds with water (and with adjacent
side groups), hydrophobic hydra-
tion occurs around the hydropho-
bic moieties, i.e. the formation of
structured water. The temperature-
driven transition of this polymer
in aqueous solution as well as its
molecular origin have been amply
studied, but conclusive understand-
ing has not been achieved yet. For
instance, it is unclear why the ag-
gregates formed by PNIPAM above
the transition temperature do not
continue to grow until macroscopic
phase separation is reached. Instead,
rather compact aggregates of meso-
scopic size are formed (Figure 1b),
which are long-lived and frequently
are called "mesoglobules". The path-
way of aggregation after the collapse
of the chains is key for the switch-

ing properties of thermoresponsive
materials. Neutron methods, such
as time-resolved small-angle neu-
tron scattering (SANS), can give a
wealth of structural information in
a time-resolved manner; however, it
is not straightforward to realize the
fast temperature changes across the
phase transition which are needed
to investigate the full transition from
the molecularly dissolved chains to
the mesoglobules, since oftentimes
neutron methods require relatively
large sample volumes.

The interactions of PNIPAM with
water are sensitive to the applica-
tion of high pressure due to, among
others, alterations of the structure
of the hydration layer around apo-
lar and polar groups [4]. Indeed, the
transition temperature is pressure-
dependent, leading to an elliptical
coexistence line in the temperature-
pressure frame (Figure 1b). This
opens up for investigations of the
aggregation behavior under differ-
ent hydration conditions, namely by
crossing the coexistence line in tem-
perature scans at different pres-
sures or by isothermally changing the
pressure. Moreover, pressure can be
changed rapidly (at sub-second time
scales) without thermal effects. Thus,
pressure jumps along with time-
resolved structural measurements al-
low monitoring the collapse and ag-
gregation behavior in real time.

In our work, we revisited the ag-
gregation behavior of aqueous PNI-
PAM solutions, making use of these
new possibilities. In addition to the
commonly used laboratory methods,
such as turbidimetry, light scatter-
ing and optical microscopy, we ap-
plied a number of neutron meth-
ods to obtain comprehensive infor-
mation: Quasi-elastic neutron scat-
tering (QENS) was used to investi-
gate the dynamics of the hydration
water of PNIPAM [5]. Very small an-
gle neutron scattering (VSANS) al-
lowed characterizing the aggregates
in terms of their size and water con-
tent at different pressures [6]. Time-
resolved SANS was used to follow
the pathways of aggregate formation
after pressure jumps from the one-

phase to the two-phase state [7,8].
Here, we summarize a few of the re-
sults to showcase the opportunities
offered by high pressure.

Water dynamics at low and at
high pressure

QENS has been amply used to inves-
tigate the dynamics of water, both
bulk water and hydration water of
thermo-responsive polymers at atmo-
spheric pressure [9,10]. We carried
out temperature scans on a con-
centrated (25 wt%) PNIPAM solu-
tion in H2O around the transition
temperatures at atmospheric pres-
sure and at 130 MPa to probe the
change of the interaction of PNI-
PAM with water [5]. At this, the in-
strument TOFTOF at MLZ, Garch-
ing, was used along with a high
pressure cell having rod-like cavi-
ties in a thermostated Al pressure
cell [11]. A high polymer concen-
tration was chosen to ensure that a
large fraction of water is in contact
with the chain. From the intermedi-
ate dynamic structure factors, we cal-
culated the frequency-dependent dy-
namic susceptibility χ

′′
(ν) to distin-

guish the contribution of hydration
water (at ≈101 GHz) from the ones
from bulk water at higher frequencies
(Figure 2a,b).

The χ
′′
(ν) data show that, at

atmospheric pressure, the contribu-
tion of hydration water decreases
abruptly at the transition tempera-
ture (i.e. within 1 K, Figure 2a). In
contrast, at 130 MPa, this contribu-
tion decreases smoothly over a range
of more than 10 K (Figure 2b). This
is quantified by model fitting, which
reveals that the fraction of hydration
water decreases abruptly at the tran-
sition temperature (i.e. within 1 K) at
atmospheric pressure, but smoothly
at 130 MPa (Figure 2b). In particular,
at high pressure, the PNIPAM chains
are more hydrated in a tempera-
ture range of several degrees Cel-
cius above the transition temperature
than at atmospheric pressure.
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Figure 2. (QENS susceptibility spectra χ
′′

of a

25 wt% PNIPAM solution in H2O as a function

of frequency ν in dependence on temperature

during heating scans. The spectra are taken at

a momentum transfer q = 1.65 Å
−1

at a

pressure of 0.1 MPa (a) and 130 MPa (b) and

the temperatures given in the graphs. The

arrows in (a) and (b) mark the contribution of

hydration water. The higher frequency

processes are due to bulk water. (c) Relative

fraction of hydration water fh in dependence

on temperature at atmospheric pressure (blue

circles) and at 130 MPa (green circles). Data

from Ref. 5.

Aggregates at low and high
pressure

The tunability of the dehydration of
PNIPAM at the transition tempera-
ture by pressure may be exploited
to investigate the aggregation behav-
ior under strong and weak dehydra-
tion conditions. We chose VSANS to
determine the size of the mesoglob-
ules in a 3 wt% PNIPAM solution in
D2O [6]. Instrument KWS-3, MLZ, of-
fered the necessary q resolution. A
temperature-controlled pressure cell
was used, where the pressure was
transmitted to the sample via a de-

formable O-ring [12].

Figure 3. (a) Representative VSANS data of

the 3 wt% PNIPAM solution in D2O from

temperature scans at atmospheric pressure

(blue symbols) and at 113 MPa (green

symbols), all above Tc(p). Tc(p) is the

transition temperature at the given pressure p.

The black lines are model fits. (b) Radius of

gyration of the mesoglobules in dependence

on reduced temperature at atmospheric

pressure (blue symbols) and at 113 MPa

(green symbols). All data from Ref. 6. The

sketches indicate the aggregate structure and

water content.

In heating scans through the tran-
sition temperature, a sudden increase
of the scattering intensity was ob-
served at the cloud point, which
is due to scattering from mesoglob-
ules (Figure 3a). Above the transi-
tion temperature, the decays at 113
MPa are shifted to lower q values
compared to atmospheric pressure.
Model fitting revealed that this shift
is due to distinctly larger aggregate
sizes at 113 MPa (≈ 1.5 µm, Figure
3b) than at atmospheric pressure (<
0.5 µm). Moreover, the inner struc-
ture of the aggregates differs signifi-
cantly: At atmospheric pressure, the
mesoglobules are surrounded by a
dense shell, which is formed as wa-
ter leaves the aggregates rapidly at
an early stage. We suspect that this
dense shell hinders further coales-
cence of the mesoglobules and may
be at the origin of their longevity.
Such a shell is not formed at high

pressure, the aggregates contain a
significant amount of water and are
much larger.

Pathway of aggregate forma-
tion at low and at high pres-
sure

The strong difference in dehydration
at the transition temperature at low
and high pressures may be expected
to result in very different pathways
of aggregation as well: At low pres-
sures, dehydration is strong and shell
formation hinders the mesoglobule
growth, therefore, one may antici-
pate several growth stages. In con-
trast, at high pressure, aggregation
seems thermodynamically less favor-
able, but less kinetic hindrances to
the growth are imposed by viscoelas-
tic effects. We show here the re-
sults from two pressure jumps from
the one-phase to the two-phase state:
One jump from the one-phase regime
to low pressures (i.e. from 31 to 16
MPa) [7] and one to higher pressures
(i.e. from 87 to 101 MPa) [8]. To
rule out thermal effects, both jumps
were carried out at the same temper-
ature (35 ◦C). These jumps were real-
ized by a high-pressure copper beryl-
lium cell, where pressure is transmit-
ted to the sample via a movable pis-
ton [13]. The pressure jump was ac-
complished within 0.1 s by means of
a pneumatically driven valve. Again,
a 3 wt% solution of PNIPAM in D2O
was used. Time-resolved SANS mea-
surements were carried out at instru-
ment D11, ILL, with a time resolution
of 0.05 s.

The time-resolved SANS data
from the two jumps are shown in
Figure 4a and b. In both cases,
the pre-release curves are character-
istic of semidilute solutions under-
going concentration fluctuations. For
the low pressure jump, this state
is maintained at early times (Fig-
ure 4a), but soon an additional con-
tribution appears at low momen-
tum transfers, which reflects the for-
mation and growth of mesoglob-
ules from collapsed chains. At later
stages, the increase becomes weaker.
Fitting of structural models yields
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the correlation length and the ra-
dius of gyration of the mesoglob-
ules and thus information on the
underlying mechanisms (Figure 4c).
The increasing correlation length of
the concentration fluctuations ξ in-
dicates the formation of small clus-
ters by a nucleation and growth
mechanism. Then, mesoglobules are

formed, and their radius of gyra-
tion Rg increases with time accord-
ing to a power law Rg(t) ∝ t1/3, i.e.
they grow by diffusion-limited coa-
lescence [14]. The formation of the
dense shell is observed as well (not
shown). Eventually, the growth fol-
lows Rg(t) ∝ log(t), suggesting the
appearance of an energy barrier of

several kBT that hinders further coa-
lescence and makes the mesoglobules
long-lived [15]. This energy barrier
may be attributed to the dense shell
which hinders the coalescence of two
mesoglobules because of the low mo-
bility of the polymers [16].

Figure 4. Time-resolved SANS data of the 3 wt% PNIPAM solution in D2O after the jumps from 31 to 16 MPa (a) and from 87 to 101 MPa (b),

both at 35.1 ◦C. Black symbols: pre-release measurements. (c) Time dependence of the correlation length and the radius of gyration of the

mesoglobules from the data in (a). In (a) and (c), the 3 growth regimes are indicated by different colors. (d) Time dependence of the Porod

constant of the aggregates in (b).

For the high-pressure jumps, the
behavior is significantly different
(Figure 4b). Directly after the jumps,
an additional contribution at low q
values appears, which shows that,
immediately, loosely packed clusters
consisting of several chains form. Its
intensity increases rapidly and be-
comes a straight line in the double-
logarithmic representation with a
slope of approximately q−4, which
points to compact and very large
aggregates, in consistency with our
previous, static observations. During
the remaining time, the intensity of
the aggregate scattering decreases
slightly; thus, the aggregates grow
during the entire run. The scattering

at high q values due to concentration
fluctuations is still present, which is
related to the high water content
inside the aggregates. Model fitting
of, among others, a Porod term de-
scribing the aggregate scattering re-
veals that the amplitude of this term,
Kp, decreases during the entire run
following a t−1/3 behavior (Figure
4d). Kp is proportional to the specific
surface of the aggregates. Assuming
that these are spherical, Kp is in-
versely proportional to the radius of
the aggregates R. We conclude that
R ∝ t1/3, which is consistent with
the growth by diffusion-limited coa-
lescence [14]. In contrast to the low-
pressure regime, this growth contin-

ues during the entire measuring time
(≈ 2000 s). The coalescence of the ag-
gregates is not hindered by any en-
ergy barrier, and eventually, macro-
scopic phase separation may be ex-
pected.

Summary

Neutron methods in combination
with high pressure allow to tune
the hydration state of the thermore-
sponsive polymer PNIPAM in aqueous
solution and to further our under-
standing of the switching behavior.
Combining QENS, VSANS and time-
resolved SANS, we have shown that
the fraction of hydration water in the
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two-phase state indeed depends on
pressure, which has a strong effect
on the size, inner structure and wa-
ter content of the mesoglobules as
well as on the pathway of aggregate
formation. Pressure jumps enabled
accessing the structural evolution at
very early times which cannot eas-
ily be reached by temperature jumps.
Our results are complementary to
the ones gained from other spectro-
scopic methods, such as FT-IR and
Raman spectroscopy, light scatter-
ing and optical microscopy. The pre-
sented strategies may be applied to
more complex systems, such as other
thermoresponsive polymers, possibly
of more complex architecture, and
to biopolymers and proteins, bridg-
ing the gap between molecular inter-
actions and macroscopic behavior.
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Research Note:
Neutron-Reflectometry
used as tool for the de-
tection of adsorbed pro-
teins on vegetable oil
hybrid films §

by DR. ANTIGONI THEODORATOU
¶

Neutron reflectometry (NR) is
a powerful tool for measuring the
structure of thin films, providing
valuable information in applications
including protein adsorption and ag-
gregation and it is particularly ap-
plied to studies related to wet in-
terfaces, where one of the surfaces
is a liquid. Using neutron reflec-
tion to study the interfacial layer be-
tween two phases, a neutron beam
passes through one of the phases to
reach the interface. Due to the trans-
parency of many liquid films, neu-
tron reflectometry is very effective
for the detection of buried interfaces
and immersed layers. In the litera-
ture many proteins have been stud-
ied at liquid-liquid and solid-liquid
interfaces using NR [1-3] mainly
due to understanding of the re-
lationship between protein molecu-
lar structures and their emulsifying
properties. However, our knowledge
of protein conformations at fluid in-
terfaces is still limited and the de-
naturation of proteins has not been
understood. In our recent work [4],
we have created nanofilms of thick-
ness of about two nanometers at
the air-water interface using func-
tionalized castor oil (ICO) with cross-
linkable silylated groups. When ICO
is spread at the air-water interface, a
sol-gel reaction occurs via a hydroly-
sis and condensation step leading to
the formation of a hybrid film. The
importance of this material is that
it represents an excellent candidate
for replacing conventional polymeric
materials in biomedical applications.
The challenge was to optimize bio-

§The author would like to thank Julian Oberdisse , Lay-Theng Lee and Anne Aubert- Pouëssel for fruitful discussions and the collaboration
and to acknowledge the French Neutron Federation F2N and the French national neutron scattering laboratory, Laboratoire Léon Brillouin (CEA-
Saclay) for beam time.
¶Université de Montpellier, Montpellier, France
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compatibility which is highly related
to protein adsorption. NR has been
used to study the adsorption of two
model proteins, bovine serum albu-
min and lysozyme, at the silylated oil
(ICO)-water interface in the absence
and presence of salt at physiologic
ionic strength and pH and at differ-
ent protein concentrations. To com-
pare our results in the presence of
the film with a reference system, we
have also characterized the adsorp-
tion of the aforementioned proteins
at the air-water interface.

Experimental Part and Fitting
Procedure

Specular neutron reflectivity experi-
ments were performed on the time-
of-flight neutron reflectometer Her-
mes at the ORPHEE reactor in Labo-
ratoire Léon Brillouin (LLB) at CEA-
Saclay using a polychromatic beam
with wavelength λ ≈ 2.5 to 25 Å.
The horizontal beam was bent us-
ing a supermirror onto the liquid sur-
face with a grazing incident angle of
θ = 1.6o and an angular resolution
of δθ/θ = 0.07 that corresponds to
a momentum transfer range of q =

4π sin θ/λ (0.014 to 0.14 Å
−1

). Here,
all measurements were carried out
at room temperature at 22 - 23 ◦C.
The reflectivity curves were fitted us-
ing a model of n-layers with constant
scattering length density, ρ. The scat-
tering length density is defined as
ρ = NA

∑
(δj/Aj)bj) where NA is the

Avogadro’s number, and δj , Aj and bj
are the mass density, atomic weight
and coherent scattering length of
atom j respectively. In order to sub-
tract the background noise, we used
a constant value (2x10−6), that cor-
responds to the incoherent signal of
deuterium at high Q. For the n-layer
model, the scattering length density
profile is given by:

ρ(z) =

N∑
n=0

(
ρi − ρi+ 1

2

)(
1− erf

z − zi

σi

)
(1)

The fitted parameters are the scat-
tering length density ρi, the thickness
di = zi−z(i+1) of each layer i and the
interfacial roughness between layer i
and i + 1 described by an error func-

tion σi. To obtain the best-fit parame-
ters, the experimental and calculated
curves by iteration and minimization
of the χ2 parameter were compared.
After the estimation of the scattering
length density profile, ρ(z), the pro-
tein volume fraction φp can be ex-
tracted using the following relation:

ρ = φpρp + (1− φp)ρs (2)

where ρp and ρs are the scatter-
ing length densities of the protein
and the solvent respectively. From the
protein volume fraction profile, the
total adsorbed density, Γ, in mg ·m−2,
can be calculated from:

Γ = δp × φp × d (3)

where δp is the bulk density of the
protein, d is the thickness of the layer,
and φp the protein volume fraction
found from Eq. (2).

Results

A didactical comparison of reflec-
tometry curves measured for differ-
ent interfaces is shown in Figure 1A.
The first spectra show the reflectiv-
ity for the solvent at the air-D2O in-
terface, the second spectra show the
adsorbed lysozyme at the air-D2O in-
terface, and the third spectra show
the adsorbed lysozyme at the ICO-
D2O interface. All spectra have been
plotted as a function of R · q4 ver-
sus q in order to give emphasis to
the high-q regime. The solid lines are
the best-fits with their correspond-
ing scattering length density profiles
(SLD) shown in Figure 1B. It’s worth
mentioning that the peak located at
0.02 Å

−1
is the critical total reflec-

tion edge qc from which the scatter-
ing length density of the subphase
is deduced. Also, with respect to the
D2O subphase alone, the presence
of adsorbed proteins and of oil de-
creases the neutron reflectivity due
to the lower scattering length densi-
ties of the proteins and the oil com-
pared to the scattering length den-
sity of the deuterated water. Conse-
quently, the higher the protein ad-
sorption, the lower the reflectivity
signal. A schematic representation of

the protein concentration profile is
shown in Figure 1C.

Figure 1. Neutron reflectivity curves (A) for

the adsorption of lysozyme at the air-D2O

(green) and ICO-D2O (blue) interface (155

mM NaCl); the curve for the solvent is also

shown (red). The solid lines are the best fits

with their corresponding scattering length

density profiles shown in (B) with a zoom for

the ICO-D2O interface shown in the inset. In

(C) a cartoon of the protein layer model with

its volume fraction profile φp(d) is

represented.

Proteins at the oil-water inter-
face. In Figure 2A the reflectivity
curves for the adsorption of BSA and
lysozyme at the ICO-water interface
are shown. Here, the fitted scatter-
ing length density for the oil layer
does not vary significantly, its average
fitted SLD value is 0.61 × 10−6Å

−2

which is very close the calculated
value for pure ICO that is 0.57 ×
10−6Å

−2
. Due to spreading error the

thickness of the oil layer was found to
vary from 21 to 25 Å. In Figure 2B the
corresponding protein volume frac-
tion profiles extracted from the fitted
layers are shown. As depicted in the
inset schematic representation in Fig-
ure 2B, the protein profile begins at
the oil-solvent interface (d = 0). For
both proteins in D2O, a 2-layer model
is necessary to give a good fit while
in the presence of 155 mM NaCl a
3-layer model is required. From the
concentration profiles, the effect of
salt can be seen clearly from the to-
tal thickness of the adsorbed protein
layer.
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Figure 2: Adsorption of proteins at the oil (ICO) -water interface showing the effect of each protein and the effect of salt. In (A) the neutron
reflectivity plots as a function of R · q4 versus q are shown. The curves have been separated vertically for clearer viewing. The solid lines are

best-fits and their corresponding volume fraction profiles are shown in (B).

Figure 3: Summary of adsorption density profiles at the air-water (dashed lines) and (ICO) oil-water (solid lines) interfaces. In the left panel the
adsorption of BSA is shown and in right panel the adsorption of lysozyme. In D2O at Cp = 1 mg · mL−1 (black); in D2O (155 mM NaCl) at Cp =

1 mg · mL−1 (red) and at Cp = 5 mg · mL−1 (blue).

Figure 4: Schematic representation of protein adsorption of BSA (A) and lysozyme (B) at the air-water (top) and ICO-water (bottom) interface,

in the presence and absence of salt (represented by dots). The figure is intended to show an approximate representation of the adsorbed

molecule’s orientation; with each layer not to necessarily correspond to the exact molecular position within the adsorbed layer.
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In Figure 3, we present the con-
centration profiles for each protein
in order to compare the adsorption
at the air-D2O and oil-D2O interface.
The difference is significant between
the adsorption behavior at the air-
water and ICO-water interfaces; the
adsorption at the air-D2O interface
can be described by a 1-layer model,
due to the low adsorption, while at
the oil-D2O interface a 2-layer and 3-
layer models have been used to char-
acterize the protein layer which ex-
tends to a total thickness that indi-
cates multilayering. Consequently, at
the ICO-D2O interface, both the to-
tal adsorbed layer thickness and the
packing density were increased. Re-
garding the salt effect, the increased
adsorption (see γ in Figure 4) due to
salt addition is also evident at both
interfaces and for both proteins. In
Figure 4 a schematic of their approx-
imate adsorbed orientation is shown.

Conclusions

Neutron reflectivity is a very sensitive
technique compared to other tech-
niques for the structural characteri-
zation of macromolecules at the air-
water and oil-water interfaces as the
good neutron reflection contrast be-
tween the solvent and the film can
allow accurate measurements. In this
work, the protein adsorption behav-
ior has been characterized for the
evaluation of a new biomaterial, that
can be used in biomedicine as artifi-
cial material for implants and trans-
dermal drug delivery systems. Neu-
tron reflectivity has been employed
as a powerful tool to examine the
adsorption of two model proteins,
bovine serum albumin and lysozyme
at the ICO-water interface. The ef-
fects of salt with an ionic strength
close to the physiological concentra-
tion and of protein bulk concentra-
tion have been also investigated. Our
key result consists in the identifica-
tion of the most favorable and un-
favorable conditions for which pro-
tein adsorption on the ICO nanofilms
occurs. Notably, the volume fraction
profiles suggest that in the main layer
(oil-side), the proteins adsorb with

their long axis parallel to the surface
and the presence of salt in the sub-
phase increases their packing density
in this layer, leading to multilayer ad-
sorption.
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Schools
ISIS Practical Neutron Training

Course

Applications are now invited for
the annual ISIS Practical Neutron
Training Course, which will take
place 10 -19 March 2020. It is aimed
at PhD and post-doctoral researchers
who have little or no experience
of practical neutron scattering, but
whose future research program aims
to make use of neutron scattering
techniques at ISIS. The course is free
to attend and accommodation is pro-
vided. Registration is via the course
website and is open until November
20th. The course is always highly
oversubscribed and so there will be
no extensions to the deadline. The
website provides details of the se-
lection criteria used when assessing
applications.

HERCULES 2020 - European
School

2020 session: 2 March-3 April,
2019

DEADLINE FOR APPLICATION:
31 October, 2019

HERCULES is a European course
for PhD students and young re-
searchers using Neutrons and Syn-
chrotron Radiation for applications
in Biology, Chemistry, Physics, Hard
Soft Condensed Matter.

The 5-week school includes lec-
tures (60%), hands-on practicals and
tutorials. Exceptionally in 2020, be-
cause of the long ESRF shutdown,
participants will spend two weeks in
two different partner institutions in
Europe among:

• ALBA synchrotron in
Barcelona, Spain

• KIT light source in Karlsruhe,
Germany

• DESY and European XFEL in
Hambourg, Germany

• Elettra and FERMI in Trieste,
Italy

• Soleil and LLB in Paris-Saclay,
France

• PSI in Villigen, Switzerland

This comes in addition to tutori-
als or practicals which will take place
in Grenoble at ILL, ESRF and Greno-
ble Laboratories (CEA, CNRS, EMBL,
IBS).

The school includes a common
part and two parallel sessions:

• Biomolecular, soft condensed
matter structure dynamics

• Physics and chemistry of con-
densed matter

Why join Hercules ?

• to learn new techniques using
neutron and synchrotron radia-
tion
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• to expand your theoretical and
practical knowledge, not only
for your present research but
for your scientific career

• to experiment these techniques
on world-class instruments
beamlines

• to build a network of relations
with fellow young researchers
and experienced teachers from
all around the World

Bursaries/reduced costs

• A limited number of bursaries
will be available to reduce reg-
istration fees

Useful links
European Neutron Scattering

Association

The European Neutron Scattering
Association (ENSA) is an affiliation of
national neutron scattering societies
and committees, which directly rep-
resent users. The overriding purposes
of ENSA are to provide a platform for
discussion and a focus for action in
neutron scattering and related topics
in Europe.

SINE2020 Webpage

SINE2020 is a consortium of 18
partner institutions that is funded
by the European Union through the
H2020 programme. The website con-
tains neutron community news and
updates, and also interesting educa-
tional material.

Contact with the edito-
rial board

The provisional editorial board
welcomes articles and ideas about
the contents of the HENA newsletter
from fellow scientists in Greece and
abroad. For this purpose please con-
tact:

• Dr. Konstantina Mergia, NCSR
Demokritos, Athens
kmergia[at]ipta.demokritos.gr

• Asst. Prof. Dimitrios Anastas-
sopoulos, Univ. of. Patras,
anastdim[at]physics.upatras.gr

• Dr. Alexandros Koutsioumpas,
Maier-Leibnitz Zentrum, Mu-
nich,
a.koutsioumpas[at]fz-
juelich.de
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