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Lithium in MgF, has been shown to exist in the form of tightly bound pairs below room tem-
perature. By contrast, at high temperatures (>900°C), Li is present mostly as interstitials and
diffuses rapidly. In the present study we have attempted to determine the temperature range
within which the defect conversion occurs and possible structural reasons for this conversion. We
report here diffusivity results for lithium in a single crystal of MgF,, between 650 and 1100°C.
The diffusivity, Dy;, exhibits a change of slope around 800°C for both components, respectively
parallel and perpendicular to the ¢ axis. Isochronal annealings followed by internal-friction mea-
surements also indicate that the Li pairs may extensively dissociate and convert to interstitials
above 700°C. In order to investigate possible causes for the Li-defect conversion, we have used
neutron powder diffraction to measure the lattice parameter as a function of temperature, and
have carried out structure refinements at 20 and 849°C. These measurements show no change in
the positional parameters of the fluorine ions and only a small change in lattice parameters be-
tween 20 and 849 °C, giving no evidence for a lattice disordering in MgF, similar to that in CaF,.
On the other hand, a large increase in the vibrational amplitude of the F ions is observed. It is
suggested that this increase may well result in a decrease of the Li-pair binding energy, thereby
enhancing the dissociation of Li pairs above 700°C and the conversion to interstitials, resulting in

the high diffusivity.

INTRODUCTION

Several systems crystallizing in the cubic fluorite
structure (PbF,,CaF,) exhibit a Faraday transition to a
“fast-ion” phase at a temperature! T, several hundred
degrees below the melting point 7T,,. In the case of
CaF,, for example, T, and T,, are respectively 1157 and
1423°C. The appearance of this phase is accompanied
by a drastic enhancement in diffusivity and ionic con-
ductivity due to a large increase in the anion mobility.!
Structurally this high-temperature phase appears to be
characterized by the formation of a relatively large con-
centration of permanent anion Frenkel pairs (interstitial
anions and vacancies). Recently an inelastic neutron
scattering study? has revealed the presence of short-lived
clusters comprising Frenkel pairs in a smaller concentra-
tion ( ~5%) than earlier thought, but with a relaxed or
distorted lattice region around them. The appearance of
the fast-ion phase is also marked by a Schottky-type
anomaly in the specific heat.’

The behavior of chemically related MgF, is quite
different. This compound crystallizes with the tetrago-
nal rutile structure, space group P4,/mnm (D}}) with
Mg in the 2a site at (0,0,0) and F in the 4f site at
(x,x,0). Its specific heat does not show an anomaly
similar to that of CaF, (Ref. 3) and, as a result, MgF, is
regarded as being structurally stable all the way up to its
melting point (1260°C). Nothing seems to be known
about the fluorine-anion self-diffusion in MgF,, but lithi-
um has been shown to rapidly diffuse at high tempera-
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tures.* This is a surprising result in view of the low-

temperature lithium defect.

A detailed analysis of the internal-friction (IF) peak in
Li-doped MgF,, and the absence of a corresponding
dielectric loss peak, led Kim and Nowick* to propose
that, at low temperatures, two Li ions substitute for a
Mg?** ion to form a (Li*-Li*)° dumbbell pair, which is
therefore a neutral defect relative to the perfect crystal.
This defect is represented in Fig. 1. Theoretical calcula-
tions® have estimated the bonding energy of such pairs
to be approximately 1.2 eV. Above 850°C, a recent
study® has shown that manganese only diffuses appreci-
ably in MgF, with simultaneous Li diffusion. This result
indicates that Li, at high temperature, is mostly present
as interstitials, thereby explaining the observed fast lithi-
um diffusivity. The question then arises as to when and
how the tightly bound Li pairs convert to highly mobile
interstitials. To answer this question, we have carried
out measurements of the lithium diffusivity D;, the re-
sults of which are presented in Sec. I. In particular, we
observe a change of slope of D;; around 800°C which
appears to coincide with the conversion of the Li defect
to its high-temperature form. We have found this con-
version to be suggestive of a possible structural lattice
change and have carried out a structural study by
neutron-powder-diffraction techniques as a function of
temperature. The results of this latter study are report-
ed in Sec. II. Section III consists of a general discussion
of the meaning of the neutron scattering results towards
explaining the defect conversion and hence the change in
diffusivity around 800 °C.
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I. Li DIFFUSIVITY AND THE Li-DEFECT STABILITY

A. Experimental techniques

The presence of lithium in MgF, can be detected con-
veniently by means of an internal-friction peak, the
height of which has been shown to be proportional to
the Li concentration.*

The diffusion coefficient of Li has been measured both
by in- and out-diffusion experiments, as described below.
The first method was initially chosen because it was also
the one used to dope the crystals with lithium at high
temperature. The second method was subsequently
found to be more precise, and also more practical at
lower temperatures.

1. In-diffusion experiment

In this case a crystal block is sealed in a quartz tube
with LiF powder and treated for a given time and tem-
perature. The block is then cut up and internal-friction
specimens prepared from material at different depths.
These are chosen away from the side walls so as to sim-
plify the diffusion problem to one dimension. The
diffusion coefficient D is calculated from the solution to
Fick’s law for a parallel slab with a constant concentra-
tion at the boundary.’

2. Out-diffusion experiment

This experiment begins with a thin slab having a given
LiF concentration which is then heated for a given time
and temperature in flowing argon, then quenched by
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FIG. 1. Model of the (Li-Li)° defect at low temperature, in
the (001) plane. Dashed atoms are located at +c /2.
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blowing cold air on it. For the boundary condition we
assume Cp;=0 at the surface. Although this condition
cannot be perfectly satisfied at the lowest temperatures
investigated, it is nevertheless believed to be a reasonable
one for reasons to be discussed in the following section.
In order to obtain D, the IF peak height is measured be-
fore and after the out diffusion. Some corrections are re-
quired? to take into account the concentration gradient
present in the sample after diffusion. This method has
the advantage that D can be calculated from a ratio of
two IF peak heights only, since the peak height is pro-
portional to the Li concentration. The expression used
for the concentration C(¢) is again the solution to the
diffusion equation,7 this time for an initial concentration
C(0) and a surface concentration fixed at zero.

B. Results

The graph of the diffusion coefficient D as a function
of temperature is shown in Fig. 2. Both components, D,
parallel to the ¢ axis and D perpendicular to the ¢ axis,
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FIG. 2. Diffusion coefficient of Li in MgF, versus tempera-
ture: @, D|c axis, out diffusion from Ref. 19; O, DC and A,
D, C, both out-diffusion data points from this study. Above
975°C, the vertical bars indicate the range of D values obtained
from in-diffusion measurements and assuming different surface
concentrations between the two limits of 0.1% (upper end) and
10% (lower end). The dashed lines are only guides for the eye.
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are separately represented. In-diffusion results are sub-
ject to a rather large uncertainty, a consequence of the
corresponding uncertainty in the surface concentration.
According to the LiF:MgF, phase diagram,’ this concen-
tration should be approximately 30 mole % at 1000 °C.
However, if so, one would expect larger Li concentra-
tions after in diffusion than those actually observed.

As expected from the easy doping of MgF, with Li by
solid-state diffusion at high temperature, both D and D,
are unusually high, reaching beyond 10~7 cm?/sec above
1000°C, and about 10~® cm?/sec near the melting point
of 1260°C. A surprising result is the low anisotropy
with the ratio D /D, being about a factor of 3 only.

For our present purpose, the most interesting result is
the observation of a change in slope around 800°C ex-
hibited by both components D, and D,. Although the
exact shape of the curve cannot be precisely determined
due to the lack of data points below 600°C, a single
straight line through all the existing points would cer-
tainly exceed the experimental error. The change of
slope around 800 °C may signal the conversion from the
low- to the high-temperature Li defect.

At this point we should mention the assumption of
zero Li concentration at the surface, particularly below
800°C. Specifically, if the diffusion rate of Li in bulk
MgF, were faster than the evaporation or sublimation
rate of LiF from the surface, a layer of molecular LiF
would form at the surface, thereby artificially suppress-
ing the observed diffusivity. In the present case this is
not thought to happen for two reasons.

(1) The lithium concentrations involved are relatively
small (~200 ppm maximum), so that LiF is present on
the surface in the form of adsorbed molecules rather
than as a continuous liquid or a condensed layer.

(2) As discussed later in this paper, the conversion
from the low- to the high-temperature defect occurs
most likely via the formation of dissociated Li;-Li; pairs,
with the diffusion rate controlled by the substitutional
Li, i.e., effectively by Mg vacancies; the diffusion rate is
then proportional to the probability of finding a Mg va-
cancy next to a substitutional Li;, a probability which is
expected to be low due to the small concentration of va-
cancies® below 800°C. A relatively fast evaporation rate
of adsorbed molecules and a slower diffusion rate of sub-
stitutional lithium therefore justifies our assumption of a
zero surface concentration.

In order to further investigate the temperature range
of stability of the Li pairs and the conversion of the Li
defect, we performed a series of successive isochronal an-
nealings. Lithium was first diffused into a piece of MgF,
single crystal at 900°C for 6 h. The IF peak height mea-
sured thereafter was 13X 107°. The sample was then
annealed at 800°C for 1 h and slowly cooled in the fur-
nace, a treatment that removed the peak almost entirely.
A further 1-h annealing of 800°C followed by a fast
quench more than restored the peak, to a height of
50 107% (185 at. ppm Li). These results, shown in Fig.
3, indicate that Li impurities can combine to form de-
fects of a higher order than pairs, which then do not
contribute to the IF peak. We also note that if such an
apparent loss of lithium occurred during the diffusivity
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FIG. 3. Internal friction peaks due to (Li-Li)° pairs for three
different treatments.

measurements reported above at 650 and 750°C, it
would only result in an artificially high D;; corrections
for this occurrence would lower Dy; below 800°C and
make the change in diffusivity sharper. Following the
above preparation, the peak height was measured after
1-h annealings at successively higher temperatures. It
can be seen in Table I that the IF peak height remained
unchanged up to approximately 600°C. At higher tem-
peratures the peak decreased and, as already mentioned,
it can be completely removed by a 1-h annealing at
800°C followed by slow cooling. In this particular
series, the first Li annealings, up to 550 °C, were followed
by quenching (sample pulled out of the furnace) while
the last two were followed by furnace cooling (furnace
turned off). Other measurements of the IF peak, as well
as ionic conductivity measurements,® have shown, how-
ever, that the cooling procedure does not matter up to
approximately 550°C. The series of annealings thus in-
dicates that dissociation of the Li pairs becomes
significant above 600°C and is complete at 800°C. This
dissociation coincides, in temperatures, with the change
in slope of the diffusivity and is therefore reminiscent of
the Faraday transition observed in CaF, at 1157°C and
accompanied by the creation of a large concentration of
interstitial fluorine ions. For this reason we have under-
taken measurements of lattice parameters and atomic vi-
brational amplitudes as a function of temperature, by
neutron-diffraction techniques.

II. NEUTRON DIFFRACTION

A. Experimental techniques

Neutron-diffraction measurements were carried out at
the Brookhaven High Flux Beam Reactor on a compact-
ed pellet of pure polycrystalline MgF, about 2 cm high
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TABLE 1. Internal-friction peak heights for successive
isochronal annealing; Q denotes quenched, FC furnace cooled,
SC slowly cooled (4.5 h).

IF peak height Annealing temperature

(107%) (°C)

13 900 diffused
~0.5 800 SC

50 800 Q

53 250 Q

53 355 Q

53 450 Q

53 550 Q

42 622 FC

32 685 FC

and 1 cm in diameter, obtained by grinding some single-
crystal fragments. The experimental configuration con-
sisted of pyrolytic-graphite monochromator and analyzer
crystals in the (002) and (004) settings, respectively, with
collimation 20’ (in-pile), 40" (sample—analyzer), and 20’
(analyzer—detector). The neutron wavelength was 2.38
A and higher-order harmonics were suppressed with a
pyrolytic-graphite filter.

For the lattice-parameter measurements as a function
of temperature, the pellet was wrapped in a piece of pla-
tinum foil and supported on a boron nitride pedestal in a
Nichrome-wound split-hemisphere furnace which was
evacuated to about 107° Torr. Short scans were made
at selected temperatures over roughly 3.5° ranges cen-
tered about the (220) and (002) reflections at 26 values of
about 93° and 102°. Extended data sets suitable for Riet-
veld refinement were collected out to 140° in 26 at 20°C
before and after the temperature-dependence measure-
ments with the sample not in the furnace, and at 12 and
849 °C with the sample mounted in the furnace.

In addition, accurate lattice-parameter measurements
were made by synchrotron-X-ray powder techniques'
with Si used as an internal standard before and after the
neutron measurements in order to correct for small er-
rors in the neutron wavelength.

B. Results

The values of the lattice parameters a and ¢, and the
¢ /a ratio, are listed in Table II and plotted in Fig. 4.
These figures were derived with a correction factor of
1.000 61 applied to the neutron wavelength based on the
measured x-ray parameters a =4.6215 A, ¢ =3.0507 A
at 25°C. The corresponding x-ray values obtained after
the temperature measurements show a very slight in-
crease to a =4.6222 A c=3.0512 A.

While the general trend of the results is very similar to
that previously reported,'"!? the thermal expansion
coefficient perpendicular to the c¢ axis is about 10%
smaller at 600 °C.

Rietveld refinement of the four extended data sets was
carried out with a local version!® of the standard Riet-
veld program!*!® in which the peak shapes are fitted by
a convolution of Gaussian and Lorentzian functions.'
In the local version of the code, the Gaussian peak
widths [full width at half maximum (FWHM)] are
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TABLE II. Lattice parameters for MgF, from neutron-
diffraction data collected as a function of temperature. Ob-
served values have been scaled to the x-ray values obtained at
25°C by a factor of 1.00061 to allow for a small error in the
neutron wavelength. Estimated errors are 0.0003 A, 0.0002 A,
and 0.00008 in a, ¢, and c /a, respectively.

T (O a (A) c (A) c/a

12 4.6213 3.0500 0.65998
182 4.6281 3.0572 0.660 56
384 4.6391 3.0684 0.66141
582 4.6513 3.0804 0.662 26
687 4.6579 3.0872 0.66278
769 4.6637 3.0928 0.663 16
849 4.6691 3.0980 0.663 50
722 4.6608 3.0899 0.662 95
475 4.6448 3.0749 0.662 00

represented by the usual expression
I =(U tan’0+ V tan6+ W)'/?

and the Lorentzian widths by the expression
I') =X tan6+ Y /cos0 ,

where U, V, and W are instrumental parameters, X is a
strain-disorder-type broadening term, and Y is a
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FIG. 4. Variation of MgF, lattice constants with tempera-
ture from neutron-diffraction data. The values have been nor-
malized to the synchrotron x-ray values obtained at 25°C as
described in text.
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particle-size-type broadening term. The Lorentzian
function, not normally included in neutron refinement,
was necessary here because of the imperfect fit obtained
with a simple Gaussian to the tail of the high-angle
peaks. This appears to be due to strain effects in the
freshly crushed crystal which are annealed out at higher
temperatures. The quality of the fit is seen by the R and
S? factors listed in Table IIL,'7 where a purely statistical
distribution of the data (i.e., no systematic discrepancies)
would give for S? a value of 1.

The results of the final round of refineménts are sum-
marized in Table IV. The results of the refinement of
the 12°C data set are omitted, since they are essentially
identical to those of the initial 20°C refinement. The
latter (column I, Table IV) are in good agreement with
previous neutron single-crystal results,'® the average
discrepancy being about two estimated standard devia-
tions (ESD), a typical figure for Rietveld analyses. Be-
tween 20 and 849°C, the x parameter is unchanged,
while the thermal parameters increase by a factor of 3 to
4 (column II, Table IV). The results obtained after cool-
ing to 20°C (column III, Table IV) indicate a small in-
crease in the in-plane vibrational amplitudes and a small
decrease in the x parameter relative to the initial 20°C
refinement. This could possibly be due to a small
amount of static disorder, but the significance of this re-
sult cannot be regarded as conclusive.

III. DISCUSSION

In the following we shall first discuss the diffusivity re-
sults, and then the possible role of the structural features
observed by neutron diffraction.

A. Diffusivity

The most likely explanation of the change in slope of
the diffusivity can be obtained by considering the nature
of the defect at low temperature* on the one hand and
recent results® obtained concerning the enhancement of
the diffusion of Mn?* in MgF, crystals by the presence
of lithium on the other hand. As mentioned in the In-
troduction and shown in Fig. 1, the low-temperature Li
defect in MgF, consists of two lithium ions substituted
for a Mg?* ion to form a (LiT-Li*) dumbbell pair of
monoclinic symmetry, with its axis perpendicular to the
¢ axis of the crystal. This pair can be regarded as com-
posed of a substitutional, Li;, and an interstitial lithium
ion, Li;, bound together by a Coulombic force. This

TABLE III. R factors from Rietveld refinement of neutron
data from MgF,. R; and Ryp are based upon integrated inten-
sity and weighted-profile fits, respectively, Ry is the expected
or statistical value, and S7 (=R3%p/R}) is the goodness of fit
(Ref. 17).

20°C (start) 849°C 20°C (end)
R, 0.025 0.022 0.032
Rwp 0.069 0.070 0.070
Rg 0.047 0.052 0.046
S;? 2.1 1.8 2.3
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may be called a self-compensated defect since no other
intrinsic defect is required for charge neutrality. Be-
cause of the strain imposed by a lithium pair on its
atomic environment and conversely the constraints
placed on the Li pair, it is unlikely that it will diffuse as
a pair. Consequently, in order to diffuse we expect the
pair to dissociate into Li; and Li; (Kroger’s notation),
the respective defects now being of opposite charge.
This is a case of “ambipolar” diffusion and both must
diffuse simultaneously, diffusion of substitutional Li; be-
ing necessarily rate limiting since it must diffuse via Mg
vacancies.!® However, such a diffusion process can
hardly explain the high diffusivity observed above
800°C. Thus if the Li pairs do dissociate .at high tem-
perature, as shown by the annealing treatments, they
must do so differently than by producing Li; and Li.

A recent study of Mn diffusion® in MgF, points to the
creation of interstitial lithium. In this study D,,, was
observed to be 25 times higher when Li was present. Be-
cause Mn is very similar in size and charge to Mg, it
most likely diffuses via a vacancy mechanism. An
enhanced diffusivity of Mn in the presence of Li indi-
cates that lithium introduces Mg vacancies. This can
only occur if a Li pair dissociates into two interstitials
Li;. The change in slope of the Li diffusivity would con-
sequently signal the conversion of the Li impurities from
self-compensated defects to mostly interstitials. Energet-
ically, such a conversion is surprising in that it now
creates three defects, 2Li; + 1V, instead of two other-
wise. The neutron results provide elements for an ex-
planation of this point.

B. Structural features

The two most significant results of the structural part
of the study are the constancy of the positional parame-
ter x of fluorine in the temperature range 20-849 °C, and
the large and anisotropic increase in the vibrational am-
plitude of the fluorine ions in this same range.

First, our present results clearly indicate the absence
of anion lattice disordering in MgF, up to 850°C, in con-
trast to CaF, and isostructural fluorides. As seen from
the value of x (Table IV), the relative average position of
the fluorine ions does not change at high temperature.
We note, however, an increase of 3.7% in the volume of
the unit cell between 20 and 849 °C. Concurrently, the
¢ /a ratio increases by 0.5%. This in itself, however, is
not believed to be sufficient to explain a major conver-
sion from dumbbell pairs to mostly interstitial Li;.

The second important result of the structural part of
the study is more likely to be significant in explaining
this conversion. It concerns the thermal or atomic
mean-square displacement factor which, in the principal
representation, is written as U,S% + U,S% + U;S?%, where
U;=(u?) and S, is the component of the scattering vec-
tor along the ith principal axis of the tensor. It is rela-
tively straightforward to show that the principal axes, in
the (x,y) plane, lie along the Mg—F bond and perpen-
dicular to it, and that, correspondingly, U,=U,
=U;+Uy and U,=U,=U;;—U;,. In Table V we
summarize the diagonal U values for both Mg?* and
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TABLE IV. Results of Rietveld refinement of MgF,.
is

(u2)=a,a;B;/2 (Ref. 2), where B

ESD’s are given in parentheses.
defined in the Debye-Waller exponent

exp[—(hZBH—+—k2ﬁ’22+IZB33+2th,2+2hlBI3+2lez3 )1, a;,a; are the unit-cell parameters and hk/ are

the Miller indices. All values for {u}) are in Al

20°C (start) 849°C 20°C (end) 300° K

1 11 111 (Ref. 10)
F x 0.30310(10) 0.30313(11) 0.30274(11) 0.3032(2)
Mg (u?) 0.0099(7) 0.0291(7) 0.0134(7) 0.0053(3)
(ul) 0.0031(7) 0.0119(10) 0.0038(7) 0.0036(3)
(ul) 0.005(5) —0.0018(5) 0.0001(5) —0.0004(2)
F (ul) 0.0104(5) 0.0373(5) 0.0150(5) 0.0087(2)
(uly) —0.0081(6) 0.0239(10) 0.0075(6) 0.0062(2)
(ul) —0.0029(4) —0.0149(4) 0.0046(4) —0.0034(2)

F~. At 20°C, the mean-square vibration amplitude of
fluorine in the basal plane is about twice as large perpen-
dicular to the MgF bond as it is in the parallel direction
[110]. This ratio increases 25% between 20 and 849 °C.
The most striking result is, however, that the absolute
amplitudes increase by a factor of 4 in one and 3 in the
other direction. The increase in the third direction,
[001], is also by a factor of 3. Such large increases are
likely to play an important role in the dissociation of the
lithium pairs into lithium interstitials.

The frequency of vibration of the Li ions in their
respective wells is most probably higher than that of the
much heavier F ions; the internal friction study indeed
yields 10 sec™! for the attempt frequency of the lithi-
um.* Also, the motion of the Li ions from one well to
the other being primarily constrained by the two F ions
located in the basal plane, an interwell transition of Li
requires a transverse displacement of these F ions. It is
interesting to note that their transverse vibration is asso-
ciated with the general rotation of rigid F¢ octahedra.
This rotation is a mode of B,, symmetry which has a
particularly low frequency compared to the other vibra-
tional modes,?® approximately 2.7 10'? sec™! at room
temperature. This frequency is about 50 times lower
than the attempt frequency of the Li ions in the pair.
Consequently, at higher temperatures, the large ampli-
tude displacement of the F ions will appear as partially

static to them, resulting in a decrease of their binding
potential energy. Thus the large vibrational amplitude
should facilitate pair dissociation which, because of the
large binding energy of the pairs, is expected to be the
rate-controlling step for the conversion of most of the

lithium to interstitials. o i
In several systems in which lithium is substituted for a

larger ion, e.g., Li:KC1,%! it forms an off-center defect be-
cause of its small size. In the present system, although
Li has almost the same radius as Mg, the large vibra-
tional amplitude of the' surrounding fluorine ions and
their comparatively low frequency may reduce the con-
straint placed on the lithium. This then makes it possi-
ble for the lithium to be displaced in the direction of an
octahedral interstitial position at least part of the time.
Thus, although the dissociation of pairs may initially
form Li; +Li;, the substitutional Li; could well be al-
lowed off center by the fluorine vibrations and become
interstitial. We therefore suggest that the change in
slope of the diffusivity around 800°C corresponds to the
extensive conversion Li;—Li;. It is important to note
that below 800°C the Li diffusivity would be controlled
by the diffusion of Li,, which itself depends upon the in-
trinsic concentration of magnesium vacancies, apparent-
ly low.® As soon as Li; can go off center, such vacancies
are created at a concentration level equal to half the to-

TABLE V. Bond lengoths and mean-square displacements in Mgf:‘ at 20°C and 849°C. Errors are
estimated to be ~0.001 A for the bond lengths and ~0.001-0.002 A" for the displacements.

20°C (start) 849°C 20°C (end)
Mg-F in plane (A) 1.981 2.002 1.979
Mg-F out of plane (A) 1.996 2.022 1.998
20°C (start) 849°C 20°C (end)

Mg F Mg F Mg F
Uy [110] “3:22’ 0.0104 0.0075 0.0273 0.0224 0.0135 0.0104
U, [170] ( 2) 0.0094 0.0133 0.0309 0.0522 0.0133 0.0196
U, [001] (A®) 0.0031 0.0081 0.0119 0.0239 0.0038 0.0075
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tal lithium concentration and we should expect a sharp
change in the Li diffusivity.

CONCLUSION

The present study of the Li diffusivity in MgF, has re-
vealed an unexpected change in Dy; around 800°C.
Internal-friction results also indicate a significant loss of
peak height, i.e., Li pairs, in the same temperature
range. Both results signal an extensive dissociation of
the pairs and conversion to interstitials. A possible ex-
planation for the changes in the nature of the Li defect
is provided by the neutron-diffraction results. These
show that the vibrational amplitude of the F ions con-
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straining the lithium defects increase by a factor of 3 to
4 between 25 and 850°C. Based on a vibrational fre-
quency argument we therefore suggest that this ampli-
tude increase may lead to extensive dissociation and con-
version of Li; to Li;.
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