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Resonance	method	for	quasi-elastic	scattering	?
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New Flat Resonance Flippers (1rst Arm) 

Flat flippers       Field homogeneity: 
• static coil δBS/BS ~ 10-3  

• RF-coil δBRF/BRF ~ 10-2 
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NRSE spectrometer
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Neutron resonance spin echo : the principle  ... 
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MUSES (G1bis) - mixed NSE / NRSE

PRECESSION COIL  
(NSE OPTION)

RESONANCE FLIPPERS 
 (NRSE OPTION)

DETECTOR

ANALYSER

1.8 m

1 m 

•  τNSE :  0.2 ps - 20 ns; 

•  Δλ/λ  ≈  15%; 

•  Φs = 2.107 n cm-2s-1
  (λ = 4.8 Å ); 

•  beam section:  4*4 cm2  
•  λ:   3.5 - 14 Å  
•  Scattering angle: 5 - 110° 
•  Q range: 0.05 - 4 Å-1

μ-METAL  
SHIELDING

BEAM STOP
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Neutron spin echo for quasi-elastic scattering  
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Current intensity (A) in "NSE" coil
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Small times –> NSE option !
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Position of the 4th NRSE coil

long times –> NRSE option !

Neutron spin echo for quasi-elastic scattering  



PRECESSION COIL  
(NSE OPTION)

Multi - MUSES 

CURVED RESONANCE 
FLIPPERS

Multi-ANALYSER

22 He3 DETECTORS

μ-METAL  
SHIELDING

WIDE ANGLE  
SOLENOID

BEAM STOP

 Single detector :  δΩ/4π  ≈ 0.002% 
‘Multi’- detector :  δΩ/4π  ≈ 0.14%

• Resonance  flippers 
• Wide angle solenoid 
• Magnetic shielding 
• Multi – Analyser 
• 22 He3 detectors ø=50 x 100 mm2



Curved Resonance Flippers 

Curved flippers 
STATIC COILS

RF-COIL

BOOTSTRAP–PAIR

80 x 220 mm2

RCUR = 400 mm
μ-METAL  
PLATES
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HF circuit : impedance adaptation
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HF circuit : impedance adaptation
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HF circuit : impedance adaptation
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HF circuit : impedance adaptation



NRSE	versus	NSE@	Saclay

- Mixed	spectrometer	
- Not	the	short	times	(Bloch-Siegert	shift)	
- Not	the	long	times	(no	correction	coils)	

- NSE	inside	the	mu-metal	shielding	:	short	times	(no	depolarization	of	the	beam)		
- Small	to	medium	times	(0.5	ps	to	20	ns)	
- Compact	spectrometer	:	High	flux	(2.107	n.cm-2.s-1	polarized	neutrons	@	sample	position	4*4	
cm2)	

- Zero	field	in	the	sample	position	:		
- resolution	is	very	little	Q	dependent	
- not	sensible	to	flight	path	distribution	in	the	sample	

- Multi	detector	is	limited	
- Stability	of	the	RF	current	requires	appropriate	design	of	the	circuits	
- high	Q	measurements	
- Beam	is	passing	through	3*2	mm	aluminium	per	coil	*8	=	48	mm	without	sample	environment
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Water: a common liquid with « anomalous properties »

Why is water so complex ?

Density, compressibility, heat capacity 
viscosity, isotopic effects …

- Large number of  hydrogen bonds 
- Local tetrahedral order 
- Short life time of  H bonds 
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Experimental determination of the nature of diffusive motions
of water molecules at low temperatures
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Extensive and high-quality quasi-elastic incoherent neutron scattering data were obtained for wa-
ter in the temperature range extending from room temperature down to —20 C in the supercooled
state. The analysis generally confirms findings of our previous experiment [S.H. Chen, J. Teixeira,
and R. Nicklow, Phys. Rev. A 26, 3477 (1982)], but in particular three new results have been ob-
tained: (a) two relaxation times are clearly identified, which are related to the short-time and
intermediate-time diffusion of water molecules, respectively, and their temperature dependence has
been determined; (b) one of these relaxation times is associated with jump diffusion of the protons,
and the temperature dependence of the jump length has been qualitatively determined; (c) the Q
dependence of the scattering intensity integrated over the quasi-elastic region gives a Debye-%'aller
factor which is temperature independent.

I. INTRODUCTION

The microscopic motions involved in diffusion of hy-
drogen containing molecules can be most effectively stud-
ied by quasi-elastic incoherent neutron scattering. This
potential has been exploited already in the early days of
development of neutron scattering techniques by Sakamo-
to et a/. in the particular case of water. ' Ever since then,
there have been many attempts to improve the mea-
surement, each with variable degrees of success. But the
result of the analysis of these data has never led to an un-
equivocal characterization of the nature of the microscop-
ic diffusive motion of water molecules (see summary by
Blanckenhagen ).
The case of water presents a particular complication be-

cause of the extensive hydrogen bonding existing already
at room temperature. The diffusive motion of
hydrogen-bonded water molecules is expected to be much
more complicated than that, for example, of liquid argon,
especially at short times. The interpretation of the neu-
tron quasi-elastic spectra is accordingly complicated espe-
cially when only a narrow range around room temperature
is explored.
In our previous study, we pointed out the fact that the

rapid completion of hydrogen bonding in water as the
temperature goes below O'C can be effectively used to
separate two time scales associated with microscopic dif-
fusive motion of water molecules. In this extended tem-
perature range, it is easier experimentally to separate the
two time scales and identify their respective temperature
dependences. However, because of the limited neutron
flux available for our experiment, the statistical accuracy
was not high enough to allow us to study the temperature

dependence of the broad line. Our main finding was,
however, that the sharp line can be well interpreted as due
to the jump diffusion of the proton across the tetrahedral
angle with a characteristic jump length of about I. = 1.23
A, which is rather temperature independent. We therefore
decided to repeat the experiment at the high-flux reactor
at the Institut Laue Langevin where the effective cold
neutron flux at the sample is as much as 100 times larger.
We now report findings of the first analysis of this re-

sult which clearly identify the two time scales and their
temperature dependence from room temperature down to—20'C. We were also able to study the attenuation of the
quasi-elastic intensity as a function of the elastic momen-
tum transfer Q =4m.(sin8)/1, , where A, is the incident neu-
tron wavelength and 0 is half the scattering angle. From
this, we are able to identify the mean-square vibrational
amplitude of the protons transverse to the hydrogen bond.
Based on this analysis we can now propose a qualitative
model of the proton motions associated with the micro-
scopic diffusion of water molecules.

II. EXPERIMENT
The experiment was carried out at the Institut Laue

Langevin (ILL) in Grenoble using the focusing time-of-
flight spectrometer IN6. The characteristics of this spec-
trometer are its high flux at the sample position (/=3. 3
&10 n cm s ' at A, =5.1 A without choppers), large
momentum transfer range (0.25 & Q ~2 A '), and a rela-
tively good energy resolution (b,E= 100 peV at A, =5.1
A). The typical data collection time was about 8 h which
gives a peak count of about 2X 10 at Q =1+0.05 A
The sample was made from 80 glass capillary tubes as-
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T ('C}

20
12
5—5—10—12—15—17—20

~o (ps)

1.25
1.66
2.33
4.66
6.47
7.63
8.90
10.8
22.7

~~ (ps)

0.0485 exp( E~ /k~ T)

„=1.85 kcalmol

L(A)

1.29
1.25
1.32
1.54
1.65
1.70
1.73
1.80
2.39

( 2)1/2 (A)

0.48
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FIG. 3. Residence time ~0 of the jump diffusion and an Ar-
rhenius plot of the relaxation time wl defined by Eq. (6).

also be remarked that because of the closeness of the
values of wo and ~I near room temperature, the determina-
tion of each of them as presented in Fig. 3 is subjected to
a significant amount of error.

V. CONCLUSION

Based on the above observations, we can now present a
qualitative picture of diffusion of water molecules at the
microscopic level. We first make some comments about
the theory presented in Sec. II for the analysis of data.
Certainly, the treatment of the rotational part of the inter-
mediate scattering function is oversimplified and the only
justification of it is based on the observation that it pro-
vides an excellent fit to the data. We have tried a number
of alternative analysis procedures but none of them gave a
consistent result. Referring back to Eq. (2), we can re-
mark that in a more rigorous theory, taking into account
the local condition of protons in a hydrogen-bonded water
molecule, the form of R (Q, t) would be similar to that of
Eq. (2), except the weighting functions for each of the
three terms would not be as simple as the spherical Bessel
functions. The Q dependence of these weighting func-
tions will have to reproduce more accurately the local or-
dering of the protons. Perhaps our choice of a =0.98 A
was an effective value which happens to represent this Q
dependence approximately. With this reservation in mind
we can now describe the short-time motions of the proton
as follows.
It is generally accepted that, at room temperature and

below, each water molecule is, on the average, hydrogen
bonded to four or less neighbors. Thus, at short times

when not all of the hydrogen bonds are broken, the
motion of the proton can be described by an overdamped
harmonic oscillator confined to a spherical surface around
the oxygen atom. This is a kind of low-frequency motion
we try to describe by Eq. (2) with a characteristic relaxa-
tion time ~I around 1 ps. At the intermediate-time scale,
where a sufficient number of hydrogen bonds are broken,
the proton can then jump to the nearest site which is at an
average distance of about 1.6 A (see Table I for i.). This
intermediate-time scale is characterized by the second re-
laxation time we called ~o, and the motion of the protons
is well described by the random-jump diffusion model.
The vibrational contribution to the dynamic structure

factor in the quasi-elastic region is given in terms of the
Debye-Wailer factor with an average vibrational ampli-
tude of 0.484 A. To see that these parameters we deter-
mined are reasonable, we offer the following supporting
observations.
(1) The relaxation time w~ has an Arrhenius behavior

with an activation energy Ez ——1.85 kcal mol, which is
perhaps associated with the fluctuation of the hydrogen
bond. This kind of Arrhenius behavior has been observed
for water only in one other case which comes from the
short-time linewidth of the depolarized Rayleigh scatter-
ing. ' Absolute magnitudes of the times in these two ex-
periments cannot be directly compared because of some
arbitrariness of the definition of ~I in the case of Rayleigh
scattering. For rotational diffusion we have rl ——1/6D„,
where D„ is the rotational diffusion constant.
(2) The relaxation time ro is strongly temperature

dependent and is non-Arrhenius. This certainly is associ-
ated to the motion of the water molecule as a whole and
its behavior is similar to many other relaxation times de-
rived from transport properties such as self-diffusion,
viscosity, dielectric relaxation, spin-spin relaxation in
NMR, etc."
(3) The average jump distance I., as can be seen from

Table I, is temperature dependent being smaller at higher
temperature. This can be interpreted in terms of the ran-
dom network model of water. ' At higher temperature,
the distribution of hydrogen bonds is on the average more
deformed and the jump distance of the proton would be
smaller than the distance across the tetrahedral angle,
which is equal to 1.6 A.
(4) The mean-square displacement ( u ) ' ~, deduced

from the Debye-Wailer factor, can be interpreted as the
maximum vibrational amplitude perpendicular to the hy-
drogen bond. According to a computer simulation by Im-
pey et al. , ' the critical angle for breaking of the hydro-
gen bond is about 30' which corresponds to a vibrational
amplitude of 2(0.98 sin15') =0.5 A, in agreement with our
value.
Note added. We admit that our interpretation of the

spectra remains controversial. Nevertheless, we believe
some of these questions can be answered with further
work at even higher resolution, in progress at this time.
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Figure 2. Partial factors SOO(Q), SOD(Q) and SDD(Q) of liquid water at room temperature [25].
Note that for the largest value of the momentum transfer (3.54 Å−1

), SDD(Q) has the largest
amplitude.

with a much larger linewidth !2. More importantly, the temperature dependence of !2 is very
small. Plotted in figure 5, !2 corresponds, within the experimental error, to the relaxation time
determined by IQENS.

A different experiment performed at the spectrometer MUSES [26] confirms this analysis.
At the two selected Q values, the intermediate function I (Q, t) shows very different time

Dynamics of hydrogen bonds S2355
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Figure 1. The scattering function, S(Q), of liquid water at room temperature, as determined by
means of neutron scattering [24]. The two vertical arrows indicate the two values of the momentum
transfer at which the experiments have been performed.

In our experiment, we select two values of the momentum transfer Q, indicated by arrows
on figures 1 and 2: one at 1.95 Å

−1
, i.e. near the first maximum of the total scattering function

S(Q), and the other at 3.54 Å−1, where the pairs DD dominate the scattered intensity. Indeed,
as can be seen in figure 2, at this value of the momentum exchange, almost all the scattered
intensity is due to the DD pairs. The experiments have been performed at the cold neutron
triple axis spectrometer 4F1, with a resolution of 50 GHz at Q = 1.95 Å−1 and 110 GHz
at Q = 3.54 Å−1, and at the spin-echo spectrometer MUSES, both at the reactor Orphée,
at Saclay. 4F1 measures the scattered intensity S(Q,ω) at fixed Q values as a function of
the energy transfer ω. MUSES evaluates the time dependence of the coherent part of the
intermediate scattering function I (Q, t) which is the time Fourier transform of the coherent
part of S(Q,ω).

The results normalized to the same amplitude at ω = 0 are shown in figures 3 and 4,
at different temperatures. Figure 3 depicts the data at Q1 = 1.95 Å−1 and figure 4 those at
Q2 = 3.54 Å

−1
. It is obvious from these figures that the linewidths are very different and,

more important, only the first set of data shows a significant temperature dependence.
The analysis takes into account the instrumental resolution and the structure factor and

allows the determination of characteristic times. At Q1, because all the partials contribute to
the scattered intensity, the linewidth, "1, is interpreted in a classical way as due to molecular
motions. The values obtained correspond to those measured in the IQENS experiment [4]
at the same Q values. Small differences may be explained by the small contribution of the
broad line and the de Gennes narrowing effect on the linewidth. A linear fit in an Arrhenius
plot gives the activation energy 19.1 kJ mol−1, i.e. of the order of two times the energy of
a bond, demonstrating that, at room temperature, on the average, two bonds must be broken
simultaneously to allow the diffusion of a molecule.

At Q2, because the scattered intensity is due mainly to the DD pairs (intramolecular and
intermolecular), the signal is very sensitive to hindered rotations, which are at the origin of
hydrogen bond breaking processes. The results plotted in figure 4 evidence a set of curves

D-D
J.	Teixeira,	A.	Luzar	and	S.	Longeville,	J.	Phys.:	Condens.	Matter	18	(2006)	S2353–S2362		

Can we have a more precise measurement of  ⌧HB
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Figure 6. Intermediate scattering function of D2O at two selected values of the momentum transfer
Q. Two characteristic times may be extracted. At Q1 = 1.9 Å−1 there is a strong dependence on
temperature in contrast with the behaviour at Q2 = 3.7 Å−1.

the β process corresponds to local motions inside a long chain. In contrast, for water, the β

process corresponds to the dynamics of intermolecular bonds.
This interpretation of the experimental data explains why the extrapolated temperature

of the apparent divergence of transport properties of water is identical to the temperature of
homogeneous nucleation. Actually, this is true at all pressures up to 200 MPa, despite the
a priori different nature of homogeneous nucleation and critical behaviour.

It is also possible to establish comparisons with model predictions. Most of the models that
have been proposed for water are based on thermodynamic considerations. A more detailed
approach implies study of the hydrogen bonds. While limited to classical models, the method
of molecular dynamics can be used to explore hydrogen bond dynamics at the microscopic

S2360 J Teixeira et al
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Figure 7. Arrhenius temperature dependence of the hydrogen bond dynamics determined by several
different experimental techniques (filled symbols) and theoretical calculations (open symbols);
experimental points: coherent QENS (this work, squares), incoherent QENS ([4], triangles down),
IR transient hole burning ([11], triangles up), depolarized Rayleigh light scattering ([7], circles).
Theoretical points obtained by means of molecular dynamics and the reactive flux correlation
function approach [23], using the SPC model of water: hydrogen bond lifetime (circles), hydrogen
bond reforming time (triangles up), time of switching hydrogen bond partners [32]. Slopes represent
activation energies between 8 and 11 kJ mol−1.

level. In the case of computer simulations however, the observed hydrogen bond relaxation
dynamics can be affected by particular bond criteria, as well as by different definitions of
hydrogen bond lifetimes applied in simulation studies, both of which can be influenced by
molecular diffusion [23, 31]. An explicit analytic relation has however been established [23]
to demonstrate that the temperature dependence of hydrogen bond dynamics is of Arrhenius
form [23]. When the experiment succeeds in isolating the hydrogen bond dynamics, as in
the present case for Q = 3.54 Å−1, and when the model [33] succeeds in disentangling the
hydrogen bond dynamics from molecular diffusion in molecular dynamics simulations [23],
the Arrhenius temperature dependence of the hydrogen bond relaxation times clearly appears
(figure 7).

Figure 7 gives the Arrhenius plot for hydrogen bond dynamics obtained with several
experimental techniques: coherent QENS (this work), IQENS [4], IR transient hole
burning [11], depolarized Rayleigh light scattering [7]. While the experiments can only
determine, within the resolution of a spectrometer (experimental window), an average
relaxation time pertaining to all proton movements, theoretical approaches are able to
differentiate between these different movements in much greater detail [23]: hydrogen
lifetimes, hydrogen bond reforming times and the time of switching hydrogen bond
partners [32]. These are all elementary processes that contribute to hydrogen bond dynamics,
and as such do follow the Arrhenius temperature dependence, in agreement with experimental
findings. Most importantly, the strength of our modelling approach [23] lies in providing
a molecular picture of the dynamics of hydrogen bonds which is independent of an ad hoc
hydrogen bond definition that needs to be made in simulation, classical or ab initio approaches.
Note that rotations in experiments are strongly model dependent. Likewise, different force
fields for water lead to different absolute values for characteristic hydrogen bond relaxation
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Figure 7. Arrhenius temperature dependence of the hydrogen bond dynamics determined by several
different experimental techniques (filled symbols) and theoretical calculations (open symbols);
experimental points: coherent QENS (this work, squares), incoherent QENS ([4], triangles down),
IR transient hole burning ([11], triangles up), depolarized Rayleigh light scattering ([7], circles).
Theoretical points obtained by means of molecular dynamics and the reactive flux correlation
function approach [23], using the SPC model of water: hydrogen bond lifetime (circles), hydrogen
bond reforming time (triangles up), time of switching hydrogen bond partners [32]. Slopes represent
activation energies between 8 and 11 kJ mol−1.

level. In the case of computer simulations however, the observed hydrogen bond relaxation
dynamics can be affected by particular bond criteria, as well as by different definitions of
hydrogen bond lifetimes applied in simulation studies, both of which can be influenced by
molecular diffusion [23, 31]. An explicit analytic relation has however been established [23]
to demonstrate that the temperature dependence of hydrogen bond dynamics is of Arrhenius
form [23]. When the experiment succeeds in isolating the hydrogen bond dynamics, as in
the present case for Q = 3.54 Å−1, and when the model [33] succeeds in disentangling the
hydrogen bond dynamics from molecular diffusion in molecular dynamics simulations [23],
the Arrhenius temperature dependence of the hydrogen bond relaxation times clearly appears
(figure 7).

Figure 7 gives the Arrhenius plot for hydrogen bond dynamics obtained with several
experimental techniques: coherent QENS (this work), IQENS [4], IR transient hole
burning [11], depolarized Rayleigh light scattering [7]. While the experiments can only
determine, within the resolution of a spectrometer (experimental window), an average
relaxation time pertaining to all proton movements, theoretical approaches are able to
differentiate between these different movements in much greater detail [23]: hydrogen
lifetimes, hydrogen bond reforming times and the time of switching hydrogen bond
partners [32]. These are all elementary processes that contribute to hydrogen bond dynamics,
and as such do follow the Arrhenius temperature dependence, in agreement with experimental
findings. Most importantly, the strength of our modelling approach [23] lies in providing
a molecular picture of the dynamics of hydrogen bonds which is independent of an ad hoc
hydrogen bond definition that needs to be made in simulation, classical or ab initio approaches.
Note that rotations in experiments are strongly model dependent. Likewise, different force
fields for water lead to different absolute values for characteristic hydrogen bond relaxation

1- The dynamics of  supercooled water - hydrogen bond lifetime
J.	Teixeira,	A.	Luzar	and	S.	Longeville,	J.	Phys.:	Condens.	Matter	18	(2006)	S2353–S2362		



2- Structural relaxation in supercooled (Na2O–Li2OÞ–2P2O5 : a neutron spin-echo study  

2. Experimental details

(Na2O–Li2OÞ–2P2O5 is a mixed alkali phos-
phate glass-forming liquid that can be easily
supercooled down to the glass transition tempera-
ture Tg without any sign of crystallisation. The
melt-quenched glass is a stable colourless amor-
phous solid with a glass transition temperature
Tg ¼ 515 K and a melting temperature Tm ¼
749 K: The temperature dependence of the viscos-
ity of (Na2O–Li2OÞ–2P2O5 is known to be inter-
mediate between fragile molecular liquids and
strong network glasses in the Angell’s classification
[4]. The sample was prepared from pure 7Li
isotope starting materials as described previously
in Ref. [5]. The obtained glassy sample was then
crushed into fine powder in a glove box under
argon and transferred to a niobium slab container
4 mm in thickness, to be used during the neutron
scattering experiments at high temperature. The
niobium cell was sealed with a pure aluminium
1 mm thick wire.

The NSE experiment has been performed at the
spectrometer MUSES at the LLB Saclay. A mean
incident wavelength of %li ¼ 5:0 (A was used with a
wavelength spread of Dli=%liC15%: Data were
taken in the Q range 0.6–1:8 (A

#1
at several

temperatures in the supercooled liquid phase.
The temperature stability was 72 K and the
spectra were collected in runs of 8–12 h per
spectrum depending on the wavevector Q: Each
measured spectrum was first normalised by the
signal obtained with the spin-echo scan switched-
off, SðQ; tE0Þ: The spectra were then corrected for
instrumental resolution by normalisation to a
reference scan that was measured on a slab of
silica at room temperature.

3. Results and discussion

Fig. 1 shows a set of normalised intermediate
scattering function fðQ; tÞ ¼ SðQ; tÞ=SðQ; t ¼ 0Þ
measured on (Na2O–Li2OÞ–2P2O5 at Q ¼
1:8 (A

#1
for six temperatures ranging from 637 to

773 K: The spectra show a typical slowing down of
the relaxation dynamics when the temperature is
decreased. The data were analysed following a

three-step procedure. First, all the spectra taken at
the same Q value were fitted individually to a
stretched exponential function or Kohlrausch–
Williams–Watt (KWW) law:

fðQ;T ; tÞ ¼ AQðTÞexp #
t

tQðTÞ

! "bQðTÞ
( )

; ð1Þ

where AQðTÞ is the amplitude of the a-relaxation,
bQðTÞ is the stretching parameter (specifying the
deviation from exponential relaxation) and tQðTÞ
is the a-relaxation time, all of them being the
fitting parameters.

As presented in the inset of Fig. 1, a first result
of such an analysis is to show that in (Na2O–
Li2OÞ–2P2O5; the stretching parameter b seems to
be temperature independent at least in the
temperature range investigated. However, scatter-
ing of data does not exclude a small temperature
variation of b:

In a second step, the spectra were fitted
simultaneously with a common stretching expo-
nent bQ whereas AQðTÞ and tQðTÞ were again let
free. It was possible to conclude from this analysis
that the amplitude parameters AQðTÞ vary slowly
with temperature as a Debye–Waller factor. In
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Fig. 1. Intermediate scattering function fðQ; tÞ ¼
SðQ; tÞ=SðQ; t ¼ 0Þ measured on (Na2O–Li2OÞ–2P2O5 at Q ¼
1:8 (A

#1
for six temperatures ranging from 637 to 773 K: Lines

are the resulting KWW fit curves (Eq. (1)) described in the text.
The inset shows the temperature dependence of the Kohlrausch
stretching exponent.
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order to get improved values of bQ and tQðTÞ; we
then repeat a third time the KWW fits with a linear
temperature dependence of lnAQðTÞ leading to the
resulting KWW fit curves plotted in Fig. 1.

Assuming a temperature independent stretching
parameter is in fact a reformulation of the time–
temperature superposition principle, a central
prediction of the MCT. In Fig. 2, master curves
fðQ; t=tQðTÞÞ=AQðTÞ for a-relaxation are shown
for two different wavevectors, obtained by rescal-
ing the time axis by the a-relaxation time tQðTÞ
and the amplitude axis by the AQðTÞ: The scaling
prediction of MCT is confirmed within experi-
mental accuracy in this network glass.

Turning to the Q-dependence of the a-relaxation
parameters, it clearly appears from Fig. 2 that the
stretching exponent bQ is not Q independent in
(Na2O–Li2OÞ–2P2O5: The master curve shown at
Q ¼ 1:2 (A

$1
is much more stretched that the one

found at Q ¼ 1:8 (A
$1
: Following the same analy-

sis for all the wavevectors measured in this

experiment we found a variation of b with Q as
shown in Fig. 3 (\). A striking feature is the
minimum of b at Q ¼ 1:2 (A

$1
; the location of the

first peak in the static structure factor SðQÞ: Since
for a hard-sphere system this quantity is predicted
by MCT to oscillate in phase with SðQÞ [6], a more
detailed MCT analysis of the relaxational dy-
namics of this network glass is needed. In contrast
to the Q dependence of b; the timescale of the
structural relaxation seems to oscillate in phase
with SðQÞ as shown in Fig. 3 where the value of the
intermediate scattering function measured at T ¼
723 K for a fixed time fðt ¼ 86 psÞ is plotted
against Q (W).

The results obtained on the temperature depen-
dence of the structural relaxation of the oxide glass
(Na2O–Li2OÞ–2P2O5 with NSE on the ns timescale
are compatible with the predictions of the mode-
coupling theory and also consistent with the
behaviour of the relaxational dynamics in the ps
time range analysed in previous work [7]. How-
ever, the Q dependence is much less understood
and a more detailed MCT analysis combining both
sets of experiments to enlarge the time window is
needed.
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Fig. 3. Dependence on scattering vector Q: (\) stretching
exponent bQ obtained by the three-step procedure described in
the text; (W) intermediate scattering function at a fixed time
fðt ¼ 86 psÞ revealing a maximum of the structural relaxation
time around Q ¼ 1:2 (A

$1
; the position of the pre-peak; (solid

line) static structure factor SðQÞ of (Na2O–Li2OÞ–2P2O5 at T ¼
723 K:
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order to get improved values of bQ and tQðTÞ; we
then repeat a third time the KWW fits with a linear
temperature dependence of lnAQðTÞ leading to the
resulting KWW fit curves plotted in Fig. 1.

Assuming a temperature independent stretching
parameter is in fact a reformulation of the time–
temperature superposition principle, a central
prediction of the MCT. In Fig. 2, master curves
fðQ; t=tQðTÞÞ=AQðTÞ for a-relaxation are shown
for two different wavevectors, obtained by rescal-
ing the time axis by the a-relaxation time tQðTÞ
and the amplitude axis by the AQðTÞ: The scaling
prediction of MCT is confirmed within experi-
mental accuracy in this network glass.

Turning to the Q-dependence of the a-relaxation
parameters, it clearly appears from Fig. 2 that the
stretching exponent bQ is not Q independent in
(Na2O–Li2OÞ–2P2O5: The master curve shown at
Q ¼ 1:2 (A
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is much more stretched that the one

found at Q ¼ 1:8 (A
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: Following the same analy-

sis for all the wavevectors measured in this

experiment we found a variation of b with Q as
shown in Fig. 3 (\). A striking feature is the
minimum of b at Q ¼ 1:2 (A

$1
; the location of the

first peak in the static structure factor SðQÞ: Since
for a hard-sphere system this quantity is predicted
by MCT to oscillate in phase with SðQÞ [6], a more
detailed MCT analysis of the relaxational dy-
namics of this network glass is needed. In contrast
to the Q dependence of b; the timescale of the
structural relaxation seems to oscillate in phase
with SðQÞ as shown in Fig. 3 where the value of the
intermediate scattering function measured at T ¼
723 K for a fixed time fðt ¼ 86 psÞ is plotted
against Q (W).

The results obtained on the temperature depen-
dence of the structural relaxation of the oxide glass
(Na2O–Li2OÞ–2P2O5 with NSE on the ns timescale
are compatible with the predictions of the mode-
coupling theory and also consistent with the
behaviour of the relaxational dynamics in the ps
time range analysed in previous work [7]. How-
ever, the Q dependence is much less understood
and a more detailed MCT analysis combining both
sets of experiments to enlarge the time window is
needed.
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Fig. 3. Dependence on scattering vector Q: (\) stretching
exponent bQ obtained by the three-step procedure described in
the text; (W) intermediate scattering function at a fixed time
fðt ¼ 86 psÞ revealing a maximum of the structural relaxation
time around Q ¼ 1:2 (A

$1
; the position of the pre-peak; (solid

line) static structure factor SðQÞ of (Na2O–Li2OÞ–2P2O5 at T ¼
723 K:
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