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Universitaire, 38041 Grenoble Cedex 9, France

E-mail: novikov@ippe.ru

Received 13 July 2007, in final form 4 December 2007
Published 19 February 2008
Online at stacks.iop.org/JPhysCM/20/104201

Abstract
Neutron quasielastic scattering experiments on liquid lithium (at 500 and 830 K) and a
lithium–hydrogen melt (99 at.% Li7 and 1 at.% H at 830 K) have been performed. The
characteristics of the diffusion mobility for lithium and hydrogen atoms have been extracted
from the experimental results and analyzed with the use of phenomenological and theoretical
models. The self-diffusion coefficient in liquid lithium obtained for both temperatures is in
agreement with values in the literature. The mechanism of hydrogen diffusion mobility in liquid
lithium is discussed. It has been concluded that the hydrogen in the liquid lithium exists and
diffuses in the form of the hydride LiH.

1. Introduction

The presented work is aimed at providing information on
diffusion mobility in pure liquid lithium and a lithium–
hydrogen melt. There are no doubts about the practical
importance of such investigations from the point of
view of nuclear power engineering [1] and thermonuclear
problems [2].

The experimental neutron scattering results on liquid
lithium (T = 500 and 830 K) and lithium–hydrogen melt (T =
830, hydrogen concentration ∼ 1 at.%) were obtained with
the DIN-2PI time-of-flight spectrometer (IBR-2 pulsed reactor,
Frank Laboratory of neutron physics, JINR, Dubna) [3]. The
experimental conditions were optimized for the measurement
and analysis of the quasielastic scattering, which contains
information on the characteristics of the diffusion in the
studied liquid. The initial neutron energy was taken to be
E0 = 3.67 meV (�E0 ∼ 0.17 meV), the sample container
(cylindrical layer with thickness of 7 mm and height of
100 mm) was made from niobium foil of 0.3 mm thickness

(by electron welding). Thus, the coherent elastic scattering
effects on the container in the region of the neutron wavevector
transfer Q < 3 Å

−1
were practically excluded.

The neutron scattering spectra were obtained in the Q-
region 0.2 Å

−1
< 2 Å

−1
. Based on the Lovesey model [4],

it was assumed that coherent effects on liquid lithium in this
Q region are negligible. After corrections for neutron flux
attenuation in the sample and container, detector efficiency
and multiple scattering (estimated as less then 3% of common
scattering for Q ∼ 2 Å

−1
), the quasielastic scattering

spectra were transformed into the energy scale and Q-constant
representation. Examples of the incoherent quasielastic
scattering peaks for a number of Q are shown in figure 1.

2. Liquid lithium (T = 500 and 830 K)

The quasielastic scattering results for pure lithium were
analyzed under the assumption that the natural form of the
incoherent quasielastic scattering peaks can be described by
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Figure 1. Experimental peaks of incoherent quasielastic scattering
on liquid lithium and their description by the Lorentzian curves for
different Q values and T = 500 K. The dashed line represents the
resolution function of the spectrometer.

the single Lorentzian curve:

S(Q, ε) =
(

A exp(−Q2〈u2〉)
2π

�E(Q)

ε2 + 0.25 �E2(Q)

+ (a + bε)

)
⊗ R(Q, ε), (1)

where A is the thermal factor (in our conditions it does
not influence the shape of the quasielastic scattering peaks),
ε = E − E0 is the change of neutron energy due to a
scattering event, exp(−Q2〈u2〉) is the Debye–Waller factor
(D–W) and 〈u2〉 is the mean square amplitude (MSA) of a
particle vibration in the force field of neighbors. MSA can
be determined experimentally from the Q-dependence of the
integral intensity of incoherent quasielastic scattering. But,
due to some experimental circumstances, we could not get
this value from the quasielastic scattering results presented
here with satisfactory accuracy. To pass over these difficulties
we used MSA values calculated in our previous paper [5]
using the frequency distribution spectra of the liquid lithium
obtained from the inelastic neutron scattering experiment. This
value demonstrates a linear temperature dependence and equal
〈u2〉 ≈ 0.04 Å

2
at T = 500 K and 〈u2〉 ≈ 0.06 Å

2
at

T = 830 K [5]. The second term in the brackets takes into
account the effects of inelastic scattering (for S(Q < 2 Å

−1
, 0)

less then 5%). The sum of two terms in (1) is convoluted with
the spectrometer resolution function R(Q, ε), measured on the
special vanadium sample.

The full widths at half-maximum (FWHM) of the
quasielastic scattering as a function of Q, obtained for
two temperatures, are presented in figure 2. The analysis
of these results was performed in two steps. In the fist
step the experimental points of figure 2 were described by
the phenomenological model [6], which assumes a mixed
character of the diffusion mobility in liquid. It also assumes
a combination of two mechanisms: jump diffusion (with
parameter τ0 the residence time of a particle around the
temporary equilibrium position) and continuous diffusion

Figure 2. The FWHM of the incoherent quasielastic peaks of the
liquid lithium for two temperatures. The solid lines represent the
optimal description of the set of experimental points by the model (2)
with the parameters: τ0 = 0.6 ± 0.1 ps,
D0 = 3.4 ± 0.4 × 10−5 cm2 s−1, D = 8.0 ± 0.3 × 10−5 cm2 s−1

(T = 500 K) and τ0 = 0.32 ± 0.1 ps,
D0 = 7.6 ± 0.6 × 10−5 cm2 s−1, D = 25.5 ± 0.7 × 10−5 cm2 s−1

(T = 830 K). The dashed line shows the FWHM of the spectrometer
resolution function.

Figure 3. Temperature dependence of the self-diffusion coefficient in
liquid lithium: the data of the present study (rhombs) and the neutron
scattering results of [7] (black circles and squares). The line
represents model calculations [8].

(with parameter D0 the coefficient of continuous diffusion of a
particle together with its surroundings). The quasielastic peak
is supposed to be the Lorentzian with FWHM:

�E(Q2) = h̄

τ0

[
1 + D0 Q2τ0 − exp(−Q2〈u2〉)

1 + (D − D0)Q2τ0

]
, (2)

where D is the total coefficient of diffusion. The model
parameters derived by optimal fitting of the experimental
points by expression (2) are given in figure 2 as well. The
values of the self-diffusion coefficients for both temperatures
are in good agreement with known data (figure 3).

The second step in the analysis of the experimental results
consists in the comparison of these data with the predictions
of the mode coupling theory (MCT). As was repeatedly
underlined in the literature (see, for instance, [9, 10]), the
main features of the diffusion dynamics of the liquid particles

2



J. Phys.: Condens. Matter 20 (2008) 104201 N M Blagoveshchenskii et al

Table 1. Coefficients of equations (7) and (8) for liquid lithium.

500 K 830 K
a(7) b(7) c(8) d(8) a(7) b(7) c(8) d(8)

Calc (Å) Calc (Å) Exp (Å
2
) Exp (Å

2
) Calc (Å) Calc (Å) Exp (Å

2
) Exp (Å

2
)

0.038 0.075 0.13 0.10 0.075 0.15 0.30 0.29

Figure 4. The reduced natural widths of the incoherent quasielastic
peaks of liquid lithium for two temperatures. The lines represent the
calculations with (7) (dashed lines) and (8) (solid lines).

are reflected (embodied) in two characteristics of incoherent
quasielastic scattering:
reduced FWHM of the quasielastic peak

�k(Q) = �E/2h̄ DQ2, (3)

and reduced amplitude of the quasielastic peak

�(Q) = S(Q, 0)2h̄ DQ2. (4)

We found the amplitude of the quasielastic peak from the
expression

S(Q, 0) = P(Q)/�E, (5)

where P(Q) is the area of the quasielastic peak, which is
supposed to be equal to the D–W factor we found earlier [5].
So, the reduced amplitude of the quasielastic peak takes the
form:

�(Q) = S(Q, 0)/2h̄ DQ2 = P(Q)/�k(Q). (6)

Our experimental �k(Q) and �(Q) of liquid lithium for
two temperatures are shown in figures 3 and 4, respectively.

The MCT was applied for the estimation of the �k(Q) and
�(Q) deviation from the hydrodynamic behavior (continuous
diffusion) [9, 10]. One of the MCT versions is based on the
assumption that the slowing down of the particle diffusion
mobility compared to the hydrodynamic predictions (Fick’s
law) takes place due to the interaction of the particle diffusion
motions with the shear modes of the surroundings [11].

Figure 5. The reduced amplitudes of the incoherent quasielastic
peaks of liquid lithium for two temperatures. The lines represent the
calculations with (7) (dashed lines) and (8) (solid lines).

According to the predictions of this MCT version, the real
deviations of the �k(Q) and �(Q) depend on Q linearly:

�k(Q) = 1 − a Q �(Q) = 1 + bQ. (7)

The calculations based on the MCT version, which
assumes the diffusion of the tagged particle to be influenced
by the wider excitation spectrum of the surroundings, result
in a quadratic Q-dependence of �k(Q) and �(Q) deviations
from the hydrodynamics [12]:

�k(Q) = 1 − cQ2; �(Q) = 1 + d Q2. (8)

The comparison of our experimental results with
calculations by expressions (7) and (8) are shown in figures 4
and 5. The values of the corresponding coefficients used are
given in table 1. The coefficients a and b were calculated
using expressions taken from [13]. We did not find explicit
expressions for c and d, thus, the values, given for them in
table 1, are empirical ones, obtained by fitting the experimental
points with expression (8).

From figures 4 and 5 it is seen that our experimental
�k(Q) and �(Q) in the small Q region follow expression (8)
and the deviations from Fick’s law increase with the
temperature elevation.

Our results of figures 4 and 5 are obtained in the restricted
region of Q (for T = 500 K Q < 2 Å

−1
). Nevertheless, it is

seen that for larger Q the results demonstrate some flattening
tending to a minimum (for �k(Q)) and a maximum (for
�(Q)) which correspond to the position of the main peak of
the structure factor. It is understood usually to be the reflection
of the space dependence of the diffusion processes [8].
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Figure 6. The FWHM of the incoherent quasielastic peaks on the
lithium–hydrogen melt (squares) and the hydrogen admixture (open
circles). The solid line represents the optimal description of the set of
experimental points using the model (2): τ0 = 0.37 ± 0.1 ps,
D0 = 7.7 × 10−5 cm2 s−1, D = 24.8 ± 1.5 × 10−5 cm2 s−1. The
dashed line corresponds to the model (2) description for pure lithium.

3. Lithium–hydrogen melt (T = 830 K, hydrogen
concentration ∼ 1 at.%)

The small concentration of hydrogen compensated by the
remarkable difference in the incoherent scattering cross section
of the melt components: for Li σincoh ∼ 0.7b, for H σincoh ∼
80b (for the low initial neutron energy E0 ∼ 3 meV we used).
Thus, the contributions of both components in the common
scattering intensity are almost equal.

Along with the analysis of the experimental data on
the lithium–hydrogen melt, expression (1) was used with an
additional Lorentzian which hypothetically should account
for scattering on the hydrogen. However, the FWHMs of
both components were found to be identical within the error
bars. Moreover, the FWHMs obtained by fitting the lithium–
hydrogen melt data with the single Lorentzian function,
coincide with those obtained for pure lithium (figure 6). We
also used another method for extraction of the hydrogen
component: after proper relative normalization, the scattering
intensities on the melt and pure lithium were subtracted from
each other. Again, the FWHM of this component was found
to be equal to the FWHM for pure lithium (figure 6, empty
points). Similar diffusion characteristics of pure lithium and
lithium–hydrogen melt give rise to the assumption that under
our experimental conditions hydrogen exists and diffuses in
the lithium–hydrogen melt in the form of lithium hydride LiH.
When applying expression (2) to describe the experimental
points of figure 6, we obtain the diffusion coefficient DLiH =
24.8 ± 1.5 × 10−5 cm2 s−1. In the limits of the experimental
errors this value agrees with that for pure lithium, thereby
being slightly less than the latter, possibly because of small
differences in the mass.

In conclusion it should be mentioned that our results
for the diffusion mobility of hydrogen in liquid lithium are
in good agreement with those obtained for a tritium–lithium
system [14].

4. Conclusion

From the inelastic neutron scattering spectra of liquid lithium
(T = 500 and 830 K) and a lithium–hydrogen melt (T =
830 K, hydrogen concentration ∼ 1 at.%), the incoherent
quasielastic component was extracted. The FWHM and
amplitudes of the quasielastic peaks were analyzed and the
diffusion mobility characteristics of lithium and hydrogen
atoms were revealed. We found out that:

• The self-diffusion coefficients in pure lithium obtained in
our experiment for both temperatures agree with the data
existing in the literature.

• In pure lithium the Q dependence of the reduced FWHM
and amplitude of the incoherent quasielastic peaks in
the small Q region deviates from the hydrodynamic
predictions in the parabolic form, coinciding with the
results of some MCT versions.

• The FWHMs of the quasielastic peaks in pure lithium and
the lithium–hydrogen melt are very close and give rise
to the assumption that the hydrogen in the liquid lithium
exists and diffuses in the hydride LiH form.
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