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while running the experiments, and this strongly limits the sci-
entists in getting a better insight in the structural and dynamical
behaviour of undercooled liquid phases. Conventional techniques
which allow to study undercooled liquids (drop-tubes, levitation
apparatus) are very difficult to be run in the case of alkali metals,
as these may require sealed sample environments.

In the present paper we report a XAS study of crystalline and
liquid Rubidium. Furthermore, following the technical ideas suc-
cessfully applied in previous studies which coupled the XAS to

the study of the structure and the nucleation mechanism of under-
cooled liquid phases (Di Cicco, 1997, Filipposti al., 1999, Pas-
carelliet al,, 2000, De Panfilis & Filipponi, 2000), we were able
to observe a slight undercooling of about 20 K below the melting
point Tm.
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2. Experimental and results

We have performed high-quality X-ray absorption measurements
crystalline ¢-Rb) and liquid ¢(-Rb) Rubidium in the range from 15
K to 320 K. Performing a consistent analysis that takes into accou
the contribution of the medium range structure, we observe that t
(-Rb spectrum is compatible with pair correlation functggn) pre-
viously determined by neutron diffraction experiments. Due to th

micrometric size of the liquid droplets we were able to observe . .
at room temperature downstream to the experimental specimen was

slight undercooling down to 290 K. We were also able to study thﬁsed to check the energy stability to be better then 0.05 eV along

details of the very strong multielectron excitations channels interms =~ ...\ of measurements. The low-temperature XAS mea-

of resonances, edges and shake-off features at proper theoretical en- . .
ergy values surements have been performed cooling the sample in a closed-

o cycle cryostat able to scan the temperature range 480 K. The
Keywords: liquid metals sample holder is decoupled from the vibrating cold-head in order
absorption spectroscopy. to minimise the sample displacements during the absorption mea-
surement.

Yhe RbK-edge XAS measurements have been performed at the
rI13tM29 beamline spectrometer of the European Synchrotron Ra-
diation Facility using a St311> double crystal monochromator
Eilipponi et al, 2000). XAS spectra of the liquid and solid Rb

(

where recorded in transmission mode using Ar filled ionization
e . :
%hambers. The simultaneous detection of a Rbl reference sample

; multielectron excitations ; X-ray

1. Introduction Due to the high corrosivity of both solid and liquid Rb, it was
necessary to confine the sample in a sealed sample holder, avoiding

Liquid alkali metals present very intriguing static and time- any contact with oxygen or moisture. At the same time, transmis-
dependent properties, among which the possibility to describe thé y vg ) )

. o - . . - sion XAS experiments require a high transparency of the sample
interatomic interactions with a potential model, whose functlonr;tlholder walls. Moreover. the optimal Rb thickness required to max-
form is universal for all these elements under appropriate scalinﬁT1ise the si 'nal-to-nois,e ratigis smaller than,a@ agd this iust

(Priceet al, 1970, Balucanet al,, 1993). But the local atomic ar- 9 ' J

rangement is tightly related to shape of the repulsive part of thérjldd further impediments in the sample preparation.
interatomic potential. It is then evident that an exact experimental The sample suitable to overcome to all these difficulties was pro-
determination of the finest details of the pair correlation functionduced following a protocol lent by a well established procedure
g(r) is fundamental to correctly cast the theoretical potential pavalid for high-temperature studies (Filippoeti al, 1998). Micro-
rameters. metric size Rb grains (99.6% purity) were mixed in 1:20 weight di-
The X-ray absorption spectroscopy (XAS) is a powerful tool lution with an inert oxygen and moisture free paraffin wax, whose
in the structural study of liquids (Croziet al, 1988). In the last Melting point was higher than the Rb one. This was achieved by
few years, because of its intrinsic short range sensitivity, XAS hag§mulsionating the liquid Rb and wax in an Ar atmosphere oxygen-
been proved to be extremely useful in refining the very first pealee glove-box by a steering apparatus. The emulsion was then
shape of the pair correlation function of liquids determined by x-Poured into a PFTE rectangular cavity of about 2 mm thickness,
ray (XRD) or neutron (ND) diffraction measurements (Di Cicco & provided with a steel screw-cap and a viton sealing gasket. This
Filipponi, 1994, Di Ciccoet al. 1997, Filipponiet al, 1999). In  Sample holder was then coupled witlP&L00temperature sensor
many cases it may be difficult to probe the reciprocal space in th@nd installed into the cryostat chamber.
high g range by diffraction experiments indeed, and this represents Because of the micrometric dimension of the Rb droplets
a crucial limiting issue to the resulting resolution in the real spacedipersed in the paraffin wax, we were able to observe a slight un-
When measured near the melting poi, liquid alkali met-  dercooling of about 20 K, as evidenced by the differential absorp-
als also provided a realistic benchmark for the simplified modetion da(T) = «(T; E1) — «(T; E2) temperature scan (Filippoet
coupling theories which have been developed in the last decaded., 1998) shown in the upper panel of Fig. 1. The presence of a hys-
(for a review see: Gtze & Spgren, 1992 ). But still it is an open teresis loop demonstrates the undercooling of the liquid Rb sample.
issue how these theories describe the dynamical behaviour of the$@e occurrence of a sharp transition at the melting pGint 312
simple liquid metals when they are cooled well below the meltingK is characteristic of a high-purity sample, demonstrating the ab-
point, down to an undercooled metastable phase. The high chemsence of any possible chemical reaction occurred between the Rb
ical reactiviy of pure alkali elements creates severe constraintand the wax.
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is then evident that a correct approach to extract a weak but mean-
ingful XAFS signal requires a strong bias on a physical basis. The
arrows in Fig. 2 indicates the energy thresholds for the shake-up
channels leaving the double-holesfib], [1s4s], [1s3d] and [1s3p],
calculated using a relativistic atomic self-consistent scheme (Filip-
poni & Di Cicco, 1995). The [#4p] was resolved in a shake-up) (

and shake-offl{) channels.

For the precision required in the XAFS data analysis, double-
electron excitations can be very well described in terms of simple
functional forms (Filipponiet al, 1995). However, for the most
inner shells a more complete analysis can be performed in order
to obtain a better agreement with theoretical estimates (Schaphorst
et al, 1993). In particular, it has been showed that each double-
electron channel can be decomposed in a combination of a double
bound-bound resonance, a shake-up edge and a shake-off brake of
slope. In Fig. 3 we present such a decomposition for tis8dJL

Upper panel: differential absorptidia: as a function of the temperature and [1s3p] double electron features, where we show that it is the

taken aff; — 15.2035 keV ands; = 15.2083 keV; the hysteresis cycle presence of a small resonance which causes an apparent shift of
shows a sharp transition at the melting pdit= 312 K (dashed line), about 20 eV of the experimental data with respect to the calculated

and a smoother freezing pattern during the cooling stroke. Lower pan@hergies of the shake-up excitations reported in Table 1.
thermal history of the Rb sample while recording the temperature scan.

Table 1
As it has been pointed out in many papers, a proper analysiifferences of total energy required to create additional core holes in
of the X-ray absorption fine structure (XAFS) in a XAS experi- the isolated atom based on a relativistic self-consistent theory (Filipponi
ment can not skip over the fundamental step of a careful deter& Di Cicco, 1995).
mination of the atomic background over which the XAFS signal is [1s3d] | [1s3p]
superimposed (D’Angelet al., 1995, Filipponi & Di Cicco, 1995).

Usually, this is accomplished either by heuristic automatic routines AE (eV) | 1385 | 274.5
which minimise the contribution of the low frequencies in XAFS
signal (Liet al,, 1992), or by adding edge-like analitycal contribu- 0.030 0,010
tions, to which it is then possible to attribute a physical meaning. L 1
0.025— [1s3d] ]
0.047‘ T T ] r —_ 0.008
0.03 :7[15411] @ —: 0.020 :_ / ,E
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N “ J [1s3p] 1 E '/./ B 0.004
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F 1s4p] () ] s
-0.01— — 0.000 b0y | 0.000
L 4 100 150 200
PN I B B N AE (eV)
0 100 200 300 400
AE (eV)
Figure 3
_ Theoretical decompositions of the [1s3d] (left) and [1s3d] (right) mul-
Figure 2 tielectron photoexcitation features in the absorption spectrum of lig-

Absorption K-edge excessa as a function of the energy above the uid Rb: resonance (dashed line), edge (dotted line) and shake-off (dot-
thresholdE, = 15.2026 keV in liquid Rb. Arrows mark the calculated dashed line); the bullets are the experimental data and the relative ab-
energy thresholds for the inner-shell events which involve the simultgorption is normalized to the overall discontinuity jump at the K-edge.
neous double excitations of the and 4, 4s, 3d or 3s electrons, re-
spectively. Solid Rb XAFS signalsy(k) have been analysed within the
GNXAS data analysis framework (Filippost al., 1995), includ-

Rb is well known to show an atomic background affected to aing 2-body and, where appropriate, 3-body terms. Anharmonic ef-
high degree by anomalies associated with the opening of multifects in the crystalline Rb spectra have been taken into account by
electron excitation channels (Kodeeal, 1997). This is evident in means of asymmetric coordination shells. An example of the best
Fig. 2 where we present thé-edge absorption exceAs: of liquid fit procedure result is shown in Fig. 4.a for the 15 K case. The
Rb after the subtraction of an average linear decay, normalized tatomic background which accounts for the aforementioned multi-
theK-edge discontinuity. In this case, due to the extreme weaknessectron excitations as been kept fixed and equal to the one deter-
of the XAFS signal in liquid Rb, the most evident features visiblemined for the liquids. Th& parameter was let free to vary while
in Aa corresponds to the onset of the double-electron excitations. fitting the spectrum collected at the lowest temperature, when the
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coordination numbers and the distances of the different coordina-
tion shells were fixed to their respective crystallographic values. In
all the other cases it was kept fixed to this value.

Liguid Rb measurements have been treated following a consis-
tent data analysis method (A. Filipponi, 1994) that takes into ac-
count long-range asymptotic behaviour contained 8 previ-
ously measured by neutron diffraction (Balucahal., 1993). The
resulting best fit for the liquid at 320 K is presented in Fig. 4.b. =

In this case, because of the relatively large average distance of
the first neighbours (the first peak in tli¢R) of liquid Rb has
a maximum atR = 4.85 A) and because of the intrinsic high
degree of the structural disorder, the efficiency of the photoelec-
tron backscattering is largely dumped and the 2-body signal is very
weak.
AT o)
2@,
OB .
Figure 5

Reconstructed(r) for solid at 15 K (dashed line, times 0.5 for clarity)
and liquid at 320 K (solid line). The diamond symbols track the model
pair correlation function determined by the ND measurement.

The x (k) XAFS signals for solid and liquid Rb have been fitted
within the GNXAS framework and the relative structural param-
eters where in agreement with the crystallographic data and with
the pair correlation function previously determined by ND experi-
ments.

Experiments have been performed at the ESRF-BM29 beam-
line during beamtime allocated for the proposals CH-783. We ac-
knowledge Dr. H. Miller for the useful assistance while running
the glove-box during the sample preparation.
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