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Currently, the design of microemulsions is focussed on the formulation of environmentally
compatible systems formed by non-harmful amphiphiles and oils. The use of sugar-based
surfactants allows the design of microemulsions where, instead of the temperature, the addition of
short- or medium-chain alcohols tunes the curvature of the amphiphilic interface. In this work,
the resulting temperature stability of a sugar surfactant and rapeseed methyl ester based
bicontinuous microemulsion is exploited to study the influence of temperature variations on the
bending elastic constant x. Quasi-elastic scattering of light and neutrons is used to separate
long-range collective motions and local thermally excited undulations of the interface. x in units
of kT is found to be independent of temperature over a wide range.

1. Introduction

Biomass based surfactants gain importance for many applica-
tions due to excellent environmental compatibility and lower
toxicity compared to established surfactants. A prominent
example for this group are sugar surfactants i.e. alkyl oligo-
glucosides (C,,G,,). Their phase behaviour is of particular
interest, since the behavior of the well known nonionic
surfactants of the alkyl oligo ethyleneoxide group (C;E)) can
be reproduced using the addition of alcohol to tune the natural
curvature of the surfactant film.! The main difference between
the two classes of nonionic surfactants is the low temperature
dependence of the phase behaviour of sugar surfactant based
pseudo ternary systems.>* Due to the strength of the hydrogen
bonds between the hydroxy groups in the sugar headgroup
and water no significant dehydration of the headgroup is
observable with increasing temperature,* but instead the phase
behaviour can be controlled using the addition of alcohols.’
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This property is important for a series of applications. For
example, within optimized reaction systems the temperature
can be used as additional degree of freedom to tune the
reaction kinetics of enzymes or catalytic particles. Further-
more, it provides a greater flexibility with respect to
applications under changing environmental conditions, e.g. if
the external parameter temperature is not constant.

From a physical chemistry point of view sugar surfactants
are interesting, because they allow the study of some aspects of
microemulsions, which were not accessible with the well
known C.E; surfactants. In particular, since a temperature
variation does not significantly alter the phase structure and its
structural properties, it is possible to study thermally excited
fluctuations of the interface in a comparatively wide tempera-
ture range, corresponding to activation energies of stochastic
motions of the interface. Experimentally, these fluctuations
can be studied with neutron spinecho spectroscopy (NSE),° a
technique, which measures the normalized intermediate
scattering function in the pico- to nano-second time window,
typically in a ¢ range between 107> A up to a few Al
Depending on the Fourier time window and the g-range
explored in the measurements beside local motions and their
typical ¢° dispersion relation of the relaxation rates, also long
range collective motions with low relaxation frequencies linear
in ¢* were observed.”!! In some of these cases the slow mode
is related to center of mass diffusion, but also bicontinuous
systems exhibit slow, diffusional, collective modes.'?

Dynamic light scattering (DLS) is another quasielastic
scattering technique, which provides the possibility to explore
collective dynamics inside mesoscopically structured complex
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Table 1 Temperature dependence of density, kinematic and dynamic
viscosity of RME. The dynamic viscosity was calculated according to
NRME = VRME X PRME- For comparison, the corresponding values of
the dynamic viscosity of D,O?! are added

1

T/K  vpme/mm® s~ prye/gem™  frve (mPas) 1Ip,0 (mPas)

283 10.378 0.890 9.244 1.543
293 7.350 0.881 6.472 1.244
298  6.645 0.877 5.827 1.127
302 5.729 0.873 5.003 1.021

fluids exhibiting characteristic lengths up to a few hundred
nanometres. In the literature only few publications report on
the dynamics of similar samples like polymeric bicontinuous
microemulsions,'® concentrated droplet phases,'* lamellar and
sponge phases'>'® using dynamic light scattering experiments. In
almost all of these works two relaxation modes were observed. In
all cases the found relaxation rates showed a dispersion relation,
which was linear in ¢* This is typical for diffusive modes.

In addition to DLS and NSE also small angle scattering can
be used to study the structure and the correlation length of
microemulsions.'®?? According to Pieruschka and Safran®***
the renormalized bending elastic constant can be obtained
from SAXS or SANS data. This quantity can be converted
into the bending elastic constant accessible by quasielastic
scattering techniques.®

In the following, we report a study of a bicontinuous micro-
emulsion system formed by the environmentally compatible oil
component rapeseed methylester (RME) and a technical grade
sugar surfactant. The system was designed as new carrier
medium for the decontamination of toxic lipophilic compounds,
e.g. organophosphates like chemical warfare agents or
pesticides® from hydrophobically varnished solid surfaces. Such
a carrier medium has to extract the water insoluble toxic
compound and to serve as a reservoir for a chemical decomposi-
tion via the amphiphilic interface, e.g. by enzymatic hydrolysis.?®
We use quasielastic scattering methods to investigate the influ-
ence of the sample temperature on the dynamics of the interfacial
film, in particular on the bending elasticity constant « as used in
the theoretical description of the curvature free energy.?’

As mentioned above, local dynamics and collective
dynamics both can be observed in NSE measurements and
for a reasonable analysis it is necessary to separate both
modes.'® Different approaches were developed to overcome
this problem. In this work, a combination of NSE and dynamic
light scattering (DLS) measurements is used to identify both
types of contributions to the NSE signal by including additional
measurements of the normalized intensity time autocorrelation
function g*(r) in the q-1ange ¢ < ¢max, Where gmax represents the
maximum of the static structure factor S(g).'%*%%

The results from the quasielastic scattering experiments will
be compared to data derived from SAXS measurements.

2. Experimental
2.1 Materials

The amphiphilic film of the microemulsion system under
investigation consists of the technical grade sugar surfactant
SL55, a Cipq4 Gy alkyl oligoglucoside (Seppic GmbH,

Germany) and Pentanol (Sigma Aldrich). Commercially
available rapeseed methyl ester (RME, biodiesel) was
purchased from a local gasoline station and used as oil
component. The biodiesel used in the experiments was
produced in accordance with the European standard EN
14214 and consists of a mixture of saturated and unsaturated
fatty acid methyl esters, CH3-OOC-R. R represents the fatty
acid component with a chain length distribution from Ci6 to Cyy
and with 80-90% the C;g is the main component in this
mixture.*® D,O was received from Eurisotop (France) (isotopic
purity > 99%). Further information about the components,
particularly about the RME can be found in the literature.*

2.2 Determination of sample viscosity

Knowledge of the dynamic viscosity of the bulk phases is
necessary for the determination of the bending elastic constant
as described in section 3.3. The temperature dependence of the
dynamic viscosity 7p,o of D,O was taken from the literature.>!
Since the composition of different RME charges can vary, the
required physical properties have to be experimentally
determined. According to nrmge(7) = vrme(T) X prve(T)
from measurements of the density prye and the kinematic
viscosity vrve the dynamic viscosities yrymge Oof rapeseed
methyl ester was calculated. Density measurements were done
using a DMA 4500 densitometer (Anton Paar GmbH,
Germany) and the kinematic viscosity was determined using
an Ubbelohde viscosimeter (Schott, Germany). Table 1
summarizes the results for RME, the calculated dynamic
viscosity and the corresponding dynamic viscosities of D,O.

2.3 The microemulsion system

Fig. 1 shows a Kahlweit-fish type cut through the phase
tetrahedron of the quaternary microemulsion system water/
RME/C)5,14G, 3/Pentanol. The phase behavior was studied at
a constant temperature of 298 K using a fixed weight fraction
o = 0.5 of the oil in the mixture of water and oil.** A detailed
discussion of the phase behaviour can be found in ref. 30. At a
surfactant content of y = 0.26 and an alcohol content of
0 = 0.07 the one-phase region starts to form. The composition
of the investigated bicontinuous sample at o = 0.5,y = 0.299
and 6 = 0.07 is indicated in the phase diagram (see Fig. 1).
From previous SANS measurements and a Teubner-Strey
analysis of these data a mean domain size d of 130 A and a
correlation lengths of 44-47 A were obtained.*® A stock
solution was prepared by weighing in and stirring appropriate
amounts of each component. The scattering experiments at

£°
Fi) sample
0.1 30 20
l///ﬁ ™ 1
0 0.1 0.3 0.5
Y

Fig. 1 The phase diagram of the quaternary system water-RME-
C12/14G) 3-Pentanol in a Kahlweit-fish type cut.> Shown are the three-
phase body, the two-phase regions above and below this body and the
one-phase region in the fish tail. The location of the sample composi-
tion point is indicated.
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different temperatures reported here, were performed with new
portions from the homogeneous microemulsion stock solu-
tion. Prior to each measurement, the samples were thermalized
at the desired temperature in a thermostated bath and trans-
ferred into a previously thermalized sample holder system.

2.4 Small angle X-ray scattering (SAXS)

The SAXS measurements were performed using a SAXSess
mec? system (Anton Paar KG, Graz, Austria) equipped with a
sealed tube microsource having in line collimation, operated at
40 kV and 50 mA producing Cu-Ko radiation having a
wavelength of 0.154 nm.* Inital data were treated using the
Saxsquant 3.5 software package. Data were corrected for the
dark current and scattering from the blank cell by subtracting
the contributions. Desmearing was achieved by including the
measured beam length profile in the desmearing procedure.
The data were brought to absolute scale by using the constant
scattering intensity of water as a secondary standard.>* The
sample was measured in a 1 mm quartz capillary and equili-
brated for 30 min at the desired temperature. The scattering
curves were analyzed by fitting the Teubner-Strey model to the
data. The SASfit software (by J. Kohlbrecher from the Paul
Scherrer Institute, Villigen, Switzerland) provides a corres-
ponding non-linear least square fitting routine.

2.5 Dynamic light scattering

Dynamic light scattering measurements were performed with a
goniometer setup (ALV Langen, Germany) equipped with
pinhole collimation, frequency doubled Nd:YAG laser
(Compass series, Coherent, USA) of a nominal power of
150 mW at 1 = 532 nm. Intensity time correlation functions
were generated using a multiple-t correlator ALV-5000/E
(ALV GmbH, Langen, Germany). The samples were filtered
with an Anotop filter of pore size 1 pm to remove dust and
large impurities prior filling into cylindrical Hellma quartz
cells of 1 cm outer diameter. In addition to measurements in
standard cells also NMR quartz tubes were used to provide a
shorter optical path inside the sample cell to test for multiple
scattering effects. A comparison of the relaxation rates obtained
from these measurements at scattering angles of 75°, 90° and
100° shows a relative deviation of 0.3% to 0.5%. Therefore,
multiple scattering effects can be neglected here. Prior to the
measurements all samples were thermalized at the desired
temperature. The measured normalized intensity autocorrela-
tion functions were analyzed using the inverse Laplace trans-
formation algorithm implemented in the program CONTIN.*

2.6 Neutron spin-echo spectroscopy

NSE experiments were carried out at the J-NSE instrument®®’

at the FRMII neutron source in Garching, Germany. All
samples were measured at five scattering angles corresponding
to momentum transfer values ¢ = 0.05 Afl, qg = 0.08 Afl,
q = 0.11 A q = 0.15 A~'and q = 0.18 Al using neutrons
of wavelengths 4 = 8 A and 2 = 12 A. The samples were
thermostated at the desired temperatures. During the NSE
measurements a second identical sample was kept in a
thermostated bath at the desired temperature to monitor the
long time stability of the phase behaviour. Measurements were
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Fig. 2 Experimental SAXS curves of a bicontinuous sample measured
at four sample temperatures after background subtraction and absolute
scaling using water as a secondary standard. The curves were shifted
with respect to each other by multiplication with multiples of ten for
better visualisation. Solid lines are fits according to the Teubner-Strey
model. The results of the analysis are summarized in Table 2.

done at four sample temperatures 283 K, 293 K, 298 K, 302 K.
The resolution function S(g,0) of the instrument was measured
using graphite and mesoporous silica material.

3. Results and discussion
3.1 Determination of ¥ from SAXS

Fig. 2 shows the background corrected desmeared SAXS
curves of a bicontinuous sample from the bicontinuous micro-
emulsion. The curves were recorded at different sample
temperatures (see labels in Fig. 2). The broad structure factor
maximum is the characteristic feature of a bicontinuous
structure. Solid lines are fits of the Teubner-Strey model using
the corresponding non-linear least square routine imple-
mented in the SASfit software.*® The Teubner-Strey approach
results from an order parameter expansion of the free energy
associating the water-to-oil ratio inside the microemulsion
with the order parameter . In ref. 19 it was shown that a
coefficient combination @; = 0 except a, > 0 and ¢; = 0 except
¢1 < 0and ¢, > Oresults in a Landau free energy F of the form

F= [(ap® + a(V§) + ex(Ay)) d'r (M

with the stability condition 4ayc, — ¢} > 0. This leads to a
scattered intensity distribution given by

_ 8n/cr(n?)Virs
ay + c1q* + gt

1(q) (2)

Table 2 Correlation length ;¢ and domain size d7g obtained from
fits to the SAXS curves plotted in Fig. 2 according to the Teubner-
Strey model. Additionally, the renormalized bending elasticity
constant kgaxs is listed

T/K Ers/A drs/A Ksaxs (kgT) K" (k)
283 43.7 140.5 0.26 0.57
293 44.0 141.2 0.27 0.57
298 47.0 144.2 0.28 0.58
302 45.0 141.0 0.27 0.57
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The expansion parameters ay, ¢, ¢; allow the determination
of the mean domain size d;g of the structure

1 (a\'"? ¢ e
—of=(2) L .
dTS 7T<2 (62) 462) (3)

Furthermore, the correlation length 75 can be calculated

according to
~1/2
1 ar 12 C|
=== — 4
rs <2 (Q) +4c2 4)

and describes the length scale of the intermediate range
fluctuations. The fit leads to the 75 and drg values given in
Table 2. In the investigated temperature range of 20 K no
significant change in domain size or correlation length was
observed within the accuracy of the experiment.

According to Pieruschka and Safran®® the renormalized
bending elastic constant kgaxs can be calculated from
the correlation length ¢7¢ obtained from the Teubner-Strey
analysis of small angle data using®

Ksaxs _ 10\/§T5@ (5)
kT 64 drs

Using the fit results the renormalised xgaxs values are
computed for the different temperatures.

Ksaxs comprises membrane fluctuations up to the charac-
teristic length scale of the bicontinuous microemulsion. From
neutron spin echo spectroscopy a bare bending elasticity
constant x can be determined, which is different from kgaxs
by a renormalisation contribution depending on the charac-
teristic structural length scales dys.” However, it is possible to
relate the xgaxs values to the x from NSE experiments and a
respective theoretical x'"° is obtained from the SAXS results
using the expression
K™ ksaxs |3 (drs)

w7 -k Tan\ar

()

/. is the thickness of the surfactant monolayer. Both results
are also shown in Table 2. A thickness parameter /. in the

2.0 prr——rrr——rrrr

15

1.0

range 16-25 A was estimated using Tanford’s formula
for the length of carbon chain and dimensions of a glucose
group computed in.** The mean value of x™° obtained
based on this is rather small even taking into account a
relative uncertainty of 20 percent, estimated due to the
approximations made in the calculations. Additionally,
the technical grade surfactant is of low efficiency leading
to a rather small domain size and the obtained small
values for x"°. However, from the SAXS measurements no
temperature effect on the structural parameters can be
obtained.

3.2 Collective dynamics as seen with dynamic light scattering

The normalized intensity time autocorrelation function g° (¢,7)
of five identically composed microemulsion samples was
measured at six ¢ values in the temperature range between
278 K and 302 K. In Fig. 3 three examples of g (¢,7) are
shown for absolute values of the scattering vector of ¢ =
0.012nm~", ¢ = 0.019 nm™ ' and ¢ = 0.027 nm ™! measured at
a temperature of 298 K. The relaxation rate distributions
resulting from the CONTIN analysis are shown in the same
figure. The CONTIN analysis revealed two well separated
contributions to the relaxation rate distribution in the order
of 10° s7!' and 10* s='. The maximum of the faster
relaxation mode is 5 to 10 times smaller than that of the
slower relaxation mode. Following the discussion in
the literature on related systems, a hydrodynamic origin of
the dynamics in the respected g-range was assumed. Therefore,
graphs (a) and (b) of Fig. 4 show the relaxation rates I’
of the two observed relaxation modes as a function of the
square of the wave vector ¢ for five sample temperatures. The
symbol size represents the error of the measurements and
within this accuracy the slow mode is a linear function of ¢°.
While in graph (b) a linear slope is observed this behaviour is
difficult to confirm for the data obtained from the faster
mode shown in graph (a). However, in both graphs
increasing sample temperature corresponds to an increase in
relaxation rates. The linearity in graph (b) confirms the
hydrodynamic nature of the observed relaxation process.

3 T - .
b) —o—0.012 nm”
4 —o—0.019 nm™
=, }_O fi —0—0.027 nm”
E n % \b
g D
BV
(U, =] (o]
gl
on ¢ ' & AA./‘).
0 I-r'"-‘n’??“ﬁyj'ﬁr---arr:&'C'{(g'-"'-::5'-"r""‘rr""rt
10° 10°* 10°
r(s")

Fig. 3 The left graph shows three representative intensity autocorrelation function measured at 298 K and ¢ values of 0.012 nm™' (@),
0.019 nm~' (O) and 0.027 nm~" (A), respectively. The right graph shows the corresponding relaxation rate distributions. Two contributions

separated by a factor of 10 are distinguishable for all ¢ values.
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Fig. 4 Results of the CONTIN analysis of the dynamic light
scattering measurements on a bicontinuous sample at different
sample temperatures. (a) Plot of the mean relaxation rate I' of the
fast relaxation mode as function of ¢* Solid lines are linear fits
to the data. (b) Plot of the mean relaxation rate I' of the slower
relaxation mode as function of ¢°. Solid lines are linear fits to
the data. (c) Temperature dependent diffusion coefficient of the
slow relaxation mode calculated according to the dispersion relation
D = I'/¢*

From the slope of a linear fit to the data according to the
dispersion relation

I = D¢’ (7

the diffusion coefficient related to a slow collective mode of the
oil and water phase was obtained for all measured sample
temperatures. Although the data obtained from the faster
mode shown in Graph (a) deviate partly from the ideal linear
slope the same general temperature dependence is observed. In
graph (c) of Fig. 4, the diffusion coefficient determined from
the slow relaxation mode is shown as a function of the sample
temperature. Since a bicontinuous structure consists of
randomly oriented interconnected membranes, the measured
relaxation rates are averaged values taking into account
different physical origins of the relaxation processes within
the observed time window. The obtained diffusion coefficient
increases from 3.4 x 1078 cm?® s™!' at 283 K up to 9.1 x
1078 cm? s™! at 303 K. A linear relation D(T) = 0.28576 x
(T-271.4) with the units being [D] = 107% em® s™!, [T] = K)
was derived. Thus, the diffusion coefficient at any desired

temperature can be estimated. Assuming that the diffusion
coefficient can be described as

D = Doexp(—E./ksT) ®)

an activation energy of 14kg7 was estimated.

This energy is approximately three times larger than the
activation energy found in a concentrated swollen droplet
phase with a characteristic length scale ten times larger than
in our bicontinuous structure.'® Topological rearrangement by
membrane rupture and fusion is an activated process. The
characteristic length scale and the high solvent viscosity in our
system could explain the comparatively high activation energy
in a system where an energy of the order of kg7 induces
undulations of the amphiphilic film.

3.3 Determination of x by combing NSE and DLS

Neutron spin echo spectroscopy is an ideal method to
detect the thermally activated stochastic motions of the
amphiphilic interface in microemulsions with a bicontinuous
structure” 2174 as well as in diluted or cubic droplet phases
on a local scale. 28444

Also from the theoretical point of view microemulsions are
interesting systems and in the context of the present study
especially the works by Zilman and Granek are important.
Zilman and Granek have investigated the local dynamics of
thermally excited undulations of an ensemble of randomly
oriented membrane plaquettes.*” They derived a stretched
exponential form for the intermediate scattering function
related to this kind of motion, which is given by

S(q.t) oc S(q.0)exp(—(I',1)) )

The relaxation rate I',, is expressed by

T\ iy T
ks ) B4 (10)

The relaxation rate shows a linear ¢ dependence, which is
also observed in Zimm polymer dynamics.*® The measure-
ment of I', in a scattering experiment allows the direct
determination of the bending elastic constant x. The pre-
factor y, depends on x and y, — 1 for k/kgT > 1. For the

$(9,7)/5(q.0)

OD ul ul al PRFIPETTTY IR T AW
01 1 10 100 01 1 10

T (ns) T (ns)

Fig. 5 Normalized intermediate scattering function S(g,7)/S(g,0) in
semi-logarithmic representation measured for a bicontinuous sample
at (a) 283 K and (b) 298 K at five g-values. The solid lines are fits using
eqn (11).
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low ¢ -range g < ¢o, where gq corresponds to the position of
the structure factor peak as obtained from small angle
scattering, Nonomura and Ohta studied the dynamics of
concentration fluctuations in ternary fluids resulting in hydro-
dynamic relaxation modes.* In case of bulk contrast samples
these hydrodynamic modes contribute to the measured NSE
signal 824

A series of NSE measurements was performed with
bicontinuous samples of identical composition. The samples
were measured in the range ¢ = 0.05 A to g = 0.18 A 'at
temperatures between 283 K and 303 K. Fig. 5 shows two
examples for the obtained experimental data. The image (a) of
Fig. 5 contains the normalized intermediate scattering
functions S(¢,7)/S(¢,0) measured at 283 K and in image (b)
on the right the data obtained at 298 K are plotted. Within the
investigated Fourier time window no complete relaxation of
S(q,7)/S(q,0) was observed. The low temperature measurement
shows significantly slower dynamics than observed at higher
temperatures, at a Fourier time of 100 ns at all g-values no
complete decay is observed. In comparison to this, at 298 K
the intermediate scattering function is down to 0.1-0.2 at 40 ns
at the highest g-value. The solid lines are fits to the data using
eqn (11), which takes into account the contribution of the
hydrodynamic motion to the decay of the normalized
intermediate scattering function. The chosen model is given by

S(q.1)/8(q.0) = exp(~T piy7) (4 + (1 — Aexp(—(T,0)’).
(11)

where I'pyr is the relaxation rate of the collective hydro-
dynamic modes calculated based on the diffusion coefficient
measured by DLS using the dispersion relation in eqn (7).
Following previous work on dilute droplet microemulsions®’
and also on bilayer motion in vesicles'®!" the diffusion
constants obtained from DLS measurements were included
in the data analysis. Therefore, the relaxation rates I'p;y in
eqn (11) were calculated for each temperature and Table 3
summarizes these values.

Undulation motions are taken into account by the rate I',
and f = 2/3 is the stretching exponent introduced by the
Zilman Granek approach. In cubic microemulsion phases a
similar model was successfully used to explain the observed
dynamics.® As shown in section 2.5 dynamic light scattering
measures the hydrodynamic motions in the bicontinuous
microemulsion.

Fig. 6 plots the undulation relaxation rates I, versus ¢° for
the investigated sample temperatures. The I', values were
obtained from the best results of fitting eqn (11) to the data
using a Levenberg-Marquardt algorithm. Within the accuracy
of the measurement, at all temperatures the predicted linear

0.25 : :
o 283K
s 293K
020F o 508k '
*
015
Tw
£ o10f
e
0.05|
0 1 1
0 0002 0004 0006

3 33
q (A%)

Fig. 6 Undulation relaxation rates I, as a function of ¢* for four

sample temperatures in the range 283 K—302 K. From linear fits to the

data (solid lines) the bending elasticity constant k was calculated using
eqn (10).

10 T T
= undulations + collective motion
e undulations

A K(hee

K (kBT)
o
-
—&—

O 1 1
280 290 300

Fig.7 Bending elastic constant k as a function of sample temperature
resulting from an analysis using model 11, a treatment only taking into
account the undulation motion described by eqn (9) and the theore-
tically from SAXS data expected values ™,

relation between I',, and ¢° can be confirmed and according to
eqn (10) from the slope of a linear fit to the data the bending
elasticity constant x was calculated for each temperature. In
Fig. 7 all results for x are summarized and plotted as a
function of sample temperature. The absolute values are of
the order of 1kgT for all investigated temperatures if collective
motions are included in the analysis. No significant change of
k as a function of temperature could be observed from the
data. Additionally, the bending elasticities were calculated
without including the contribution of the collective hydro-
dynamic motions in the fitting routine and comparatively large
values were obtained also shown in Fig. 7. Within the
investigated temperature range no significant change of the
bending elasticity constants obtained from static and dynamic

Table 3 Temperature dependence of the diffusion coefficient D measured by dynamic light scattering and the calculated relaxation rates I' ;5

I si5(1/ns)
T/K D/10 8 em? 57! q=005A"" g = 0.087" g =0.11" g =0.15" g =0.18""
283 3.87 9.7 x 107* 2.5 %x 1073 47 x 1073 8.7 x 1073 1.3 x 1072
293 5.89 1.5 x 1073 3.8 x 1073 7.1 % 1073 1.3 x 1072 1.9 x 1072
298 7.64 1.9 x 1073 49 x 1073 9.2 x 1073 1.7 x 1072 2.5 x 1072
302 9.11 23 x 1073 58 x 1073 1.1 x 1072 2.1 x 1072 3.0 x 1072
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measurements was found. A similar result was obtained from
investigations in a ternary AOT-D,O-Toluene droplet micro-
emulsion, where the consistency of the bending elasticity was
proofed using NSE and SANS measurements over a wide
temperature range.>

The bending elasticity constants obtained from the combi-
nation of DLS and NSE are significantly larger than the
renormalized and the bare values ksaxs and x"° extracted
from the static structure factor of the bicontinuous structure.
This calculation is based on the characteristic length scales in
the system. NSE measurements are governed by dissipative
processes in the system, which are mediated by the viscosity of
the involved liquids. In the simplest case, the oil and the water
domain have the same viscosity and the approximations made
in the Zilman-Granek approach are valid. In the present
system the viscosity is asymmetric. Hence, for the calculations
the dynamic viscosity of RME was used to estimate the
viscosity of the medium surrounding the undulating
membranes. This choice seems to be justified, because the
dynamic viscosity of RME is by a factor of 5 to 10 larger than
the viscosity of D,O and therefore, assumed to be the main
contribution to the energy dissipation in the system leading to
larger results of x. Furthermore, the undulation of the
membrane can strongly increase the viscosity, as theoretically
explained in the literature®>? and experimentally shown in
NSE experiments.*!

4. Conclusions

In this contribution an environmentally compatible micro-
emulsion system consisting of the four components water-
RME-C)5/14G, 5-Pentanol was under investigation using
quasi-elastic scattering methods. The aim was to measure the
bending elastic constant x over a wide temperature range. In
contrast to the GE; surfactants, the present system allows to
address this problem, due to the low temperature dependence
of the phase behaviour in alkyloligoglucoside based
microemulsions.

The dynamics in the bicontinuous phase of the investigated
microemulsion system was studied in a comparatively large
temperature range and over a wide g-range. The relaxation
time window obtained by the combination of dynamic light
scattering and neutron spinecho spectroscopy covers 9 orders
of magnitude. From g¢-dependent dynamic light scattering
measurements diffusion coefficients in the range of
D=34x10%cm’s 'to D = 9.1 x 1078 em® s~! for the
collective motions in the bicontinuous structure were found.
These results were then used to calculate relaxation rates for
these collective motions in the g-range explored by neutron
spinecho spectroscopy assuming that the linear dispersion in
¢” is still valid when ¢ reaches the range around the position of
the maximum of the static structure factor ¢u.x. Including
these predicted relaxation rates in the analysis of the NSE
data, reasonable values for the bending elastic constant x were
obtained. Within the precision of the presented experiments,
the bending elastic constant is independent of temperature in
the investigated interval. However, at present only a low
number of studies was done on sugar surfactant based micro-
emulsions and more combined DLS and NSE experiments are

required to gain deeper insight into the interplay of long range
collective motions and the local undulations related to the
bending elastic constant k of the amphiphilic interface.
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