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Cage diffusion in liquid mercury
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We present inelastic neutron scattering measurements on liquid mercury at room temperature for wave
numbersq in the range 0.3<q<7.0 A~1. We find that the energy half width of the incoherent part of the
dynamic structure factd®(q,E) is determined by a self-diffusion process. The half width of the coherent part
of S(q,E) shows the characteristic behavior expected for a cage diffusion process. We also show that the
response function at small wave numbers exhibits a quasielastic mode with a time scale characteristic of cage
diffusion, however, its intensity is larger by an order of magnitude than what would be expected for cage
diffusion. We speculate on a scenario in which the intensity of the cage diffusion mode at small wave numbers
is amplified through a valence fluctuation mechanism.
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I. INTRODUCTION Recent neutron scattering experiments by Beval. [5]
on liquid mercury at room temperature showed that the in-
The collective microscopic dynamics of dense hard-coherent part of the scattering functi@re., the dynamics of
sphere fluids can be understood on the basis of cage diffundividual Hg atomgwas characterized by two time scales: a
sion. In _this process, the particles_ with hard sphere diamet&joy time scale reflecting self-diffusion and a fast time scale
ons, while all moving diffusively, find themselves locked Up refiecting cage diffusion. These two time scales were also

in a cage formed by their hearest nglghbors. As a cons resent in molecular dynami¢sD) simulations carried out
guence, the coherergtollective dynamic structure factor, by the same groufi6]. However, their neutron scattering
S.(q,E) of the system becomes, as a function of wave num- ' '

berq and energyE, very narrow in energy for wave numbers setup did not _allow for a deta!led investigatiqn of the i.nco—
near qonc=2m, i.e., near the peak in the static Structureherent dynamic response, as it was setup prlmarlly to inves-
factor S(q). This narrowing is referred to as de Gennes nar{i9at€ q dependence of the sound modes outside the hydro-
rowing of S,(q,E). It is believed that cage diffusion plays an dynamic regime. _ _
important part in the dynamics of real fluids, such as noble Ve report inelastic neutron scattering experiments on Hg
gas fluidg1,2], concentrated colloidal suspensidBs4], and ~ at room temperaturénumber densityn=0.0408 A°) at a
liquid metals. higher energy resolution, allowing us to investigate whether
Over the past decennia, the microscopic dynamics of ligcage diffusion is indeed present in mercury, and determine
uid metals in particular have been the subject of intensivéhe origin of the two time scales found previou$Bj. Our
study by neutron scattering and x-ray investigatiphs17], results show that, as expected, self-diffusion is the dominant
and molecular dynamics simulatiof18,19. Liquid metals  dynamic process in Hg on long-time scales. On short-time
pose a particularly interesting problem because of the longcales, the decay of the self-correlation function is deter-
range of the interatomic potential. Tiextended hydrody-  mined by cage diffusion. This short-time scale is manifest in
namics modes have been investigated in these systems, ath@ neutron scattering response as a broad quasielastic line
the influence of the mode coupling mechanism on thesaith an energy half width of 2 meV. The mode associated
modes[9,10], leading to long-time tails in the correlation with this second time scale disappears from the spectra for
functions. In here, we present results on the fakort-time g>1 A1, however, its intensity at the smallegtvalues is
decay mechanism of liquid mercury pertinent to cage diffu-an order of magnitude larger than what could be expected
sion. from cage diffusion. We show that this mode cannot be
viewed as an extension of the hydrodynamic Rayleigh mode
to finite q values. Instead, we speculate that the intensity of
*Corresponding author. the cage diffusion mode in the neutron scattering spectra at
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small wave numbers has been amplified through a valence au [A7"]
fluctuation mechanism. Other than the presence of this broad 0 4
guasielastic contribution, we find that the coherent and inco- 0.5
herent response of liquid mercury can be described in terms
similar to the findings for the range of metallic and nonme-
tallic liquids investigated previously, bearing in mind that Hg
has a very large anomalous sound dispersion reflecting the
presence of the electron ggs.

0.25

S(¢)

Il. EXPERIMENTS AND DATA ANALYSIS

The inelastic neutron scattering experiments were per-
formed on natural mercury, using the time-of-flight spec-
trometer MARI at the Rutherford Appleton Laboratories. 0 : ,
Mercury scatters neutrons both coherently and incoherently, 0 40 80 120
yielding information on both the collective and individual ¢ [degrees]
dynamics of the Hg atoms, respectively. Unfortunately,
natural-enrichment mercury also contains neutron absorbing FIG. 1. The neutron scattering functi®i¢) (circles as a func-

isotopes, thus rendering the data correction procedure mofn of scattering anglep, integrated over energy transfers4
cumbersome than usual. <E<4 meV. Theq value corresponding to the elastic channel is

In order to minimize neutron absorption, we used a thinshown for comparison at the top of the graph. The incident neutron
disk container of 0.08 cm nominal internal thickness, and®n€rdy was 20 meV, and the sample container was positioned per-
11.2 cm radius. Niobium disks of 0.12 cm thickness werePendicularly to the neutron beam. The data in this figure have been
uséd for the Wal.ls of the container TWO sets of measuremen rrected for container scattering, but not for attenuation. The solid

. - . _line is the sum of the calculated single and double scattgseg
were taken on MARI with different incident neutron ener text), and the dashed-dotted line is the contribution due to double

gies, 20 meV and 40 meV, with the sample cell Orlentedscattering in the sample. Note the discrepancy at the smallest scat-

1 o
perpendlcular t(.) the beam, and at an” anglde of 45| ’ reSpe?éring angles between the calculated and measured intensity, indica-
tively. For ea_ch incident energy, we collecte sampie _spec'grqwe of an increased neutron scattering cross section. The sharp fea-
empty container spectra on a separate container of identicg|,e at 50° is a remnant of container Bragg scattering.

dimensions, vanadium spectra on a vanadium disk of 0.084
cm thickness in the same orientation as the sample, and wthe sample(for both experimental configurationss only
measured the neutron transmission ratio for each of thesg2%. Next, the attenuated container spectra were subtracted
measurements. The latter allowed us to determine the actufibm the sample plus container spectra, and the results were
thickness of the mercury in the beam by comparing it to thedivided by the calculatef20] attenuation factor of Hg. Fi-
empty container transmission. We found the thickness to beally, the results were corrected for multiple scattering, a
0.0816:0.0004 cm, and the orientation for the 40 meV5-10% effect. For the multiple scattering correction, we
measurements to be 44890.6°. In our correction proce- modeled the mercury scattering law using the measi&p
dure, we use these measured values for calculating the adtatic structure factor as input and assuming a Lorentzian line
tenuation of the sample. All measurements were taken undahape for the dynamic structure factor with half width given
ambient conditions. by the mercury self-diffusion coefficient (0.143&/fs at

The neutron scattering experiments were carried out 283 K [22]). The multiple scattering contribution for each
1995 and were originally setup to measure the sound dispescattering angle and energy transfer value was calculated by
sion in Hg. Unfortunately, we underestimated the propagaa (double numerical integration over the sample volume
tion velocity of the extended sound modes, and we failed t¢20], bearing in mind that the MARI beam size
observe a clear signal associated with the anomalous souri8 x5 cnf) was smaller than the sample size. The number
dispersion(5] as it mostly lay outside of our kinematic scat- of points for the numerical integration was large enough to
tering window. However, we could determine the half widthsyield calculated attenuation factors within 0.1% of the ana-
of the coherent and incoherent part of the scattering functiotytical results for a slab geometf0].
for wave numbersy with 0.3<q<7 A~%, the results for As a check on our data reduction procedure, we show in
which we report in this paper. Fig. 1 the measured 20 meV data, integrated over energy

For the data reduction procedure, we first subtracted th¢/E| <4 meV) as a function of scattering angle after subtrac-
time-independent background, obtained from an empty specgion of container scattering, but before the sample attenuation
trometer run, and corrected the data for the detector efficiereorrection. In this figure, the dip at 90° is due to the large
cies, as obtained from a vanadium reference sample. Theabsorption cross section of Hg and the flat plate design of the
we multiplied the empty container spectra with the energysample cell, so that the sample effectively shields itself at
and angle dependent sample attenuation factor fof20  these scattering angles. The width of the dip represents Cd
These sample attenuation factors are typically of the order ahielding on the side of the container. We compare the en-
five to twenty for our highly absorbing Hg sample. For ex- ergy integrated results to the calculated tofsihgle plus
ample, the fraction of incident neutrons transmitted througldouble scattering obtained using the published static struc-
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FIG. 3. The solid circles are a cut through the fully corrected
.1 data atq=0.45 A%, the solid line is the fit according to E¢).
q [A7] The bottom figure is an enhancement of the top figure. The sharp
component is given by the MARI resolution function, the broad “2
. meV” component(with HWHM of 2 meV) is plotted separately as
ng at room temperature. The contour pﬂmth. the contqur \(alues the dashed curve. For the sake of comparison, we have included the
given by the gray scale at the top of the figuiea combination of response function of vanadiu(dotted line with open circlgsmea-

the data sets with an incident ”e“‘TO” energy of 40 m_eV and 2Qured under identical conditions and sample geometry, normalized
meV. The latter corresponds to the higher energy resolution data fqr | -\ o the same intensity as the Hg data. Note that there is no

-1 § —
q<4 A~ Note the presepce of spulno.(see textat E=5 meV indication of a broad contribution to the vanadium scattering, the
and 10 meV(shown by horizontal solid linésand remnant Bragg scattering has fallen to zero f&>1 meV. The peaks near 5 meV
scattering due to the Nb container near, for exampted.7 A1, are spurious

FIG. 2. The fully corrected dynamic structure facgfiq,E) for

ture factor[21] and diffusion constantf22,23, multiplied _ _
with the calculated attenuation factor. It is clear from this g (q,E)= SE i F,(qz) +X(q)1“:(q) )
figure that the agreement is good at least to within 10%, 1-e FkeT| 0c E24+T2(q) E?+T2(q)
allowing for an accurate determination of the half widths of (1)

the spectra. For our analysis, we only use the spectra witp| . , -

. . ere, kg is Boltzmann’s constanty; and o are the incoher-
¢<80° for the 20 meV data set, ani<120° for the 40 ent and coherent cross sections for Hg; /lo.=0.324),
meV data set. We show the fully corrected data for bot (q) is the incoherent half width at half maximum

I

!nC|denf[ neutron energies as a contour plot in Fig. 2. Clos HWHM), T(q) is the coherent half width, ang(q) is the
inspection of this figure shows the presence of a spurion at4tic susceptibility. At room temperaturg(q) is almost
E=5 meV energy transfer for the 20 meV data set, and ajgentical to the static structure fact6(q). The prefactors
E=10 meV for the 40 meV data set. This SpuflOl’] Corre'takes the minor difference betweqquq) and S(q) into ac-
sponds to neutrons that are scattered elastically, but hawgunt, as well as any remaining scale factor due to the at-
traveled an additional 60 cm. We believe that this corretenuation correction. The fit function was convoluted with
sponds to neutrons that were scattered by the sample, amige experimental resolution function obtained from the vana-
subsequently scattered by the flange holding the sample idium measurements, which is well described by an lkeda-
position. In the 1995 MARI setup, this flange was insuffi- Carpenter form. The full width at half maximum in energy
ciently shielded. For our data analysis, we ignored the regiofior neutrons scattered elastically for the 20 med me\)
around the spurions. In addition, the corrected data showneasurement is 0.4 meld.8 mej, independent of scatter-
small remnants due to the Bragg peaks of the Nb containdng angle(cf. Fig. 3.

(such as ag=4.7 A"1 in Fig. 2). Affected q values were Forg>1.9 A~ we find that we obtain a better fit if we
also ignored in our data analysis. describ_e th_e coherer_lt part of the scatt_erin_g by multiple
In order to determine the coherent and incoherent half-orentzian lines. We find that two Lorentzian lineamped

widths from the neutron scattering spectra, we fit the datd@rmonic oscillatof24]) give a good description at mogt

to a number of Lorentzian lines in a procedure similar tovalues, but th‘?‘t around 'the first peak of the static structure
the one reported by Bovetal. [5]. We find that a two factor the quallty of t_he f|t_ can be |r_nproved further by fitting
Lorentzian line description gives good agreemeg?~1) to three Lorentzian lineévisco-elastic mod€l25]). The(co-

: a .. herent part of thedamped harmonic oscillator model has

1
with our measurements fog<1.9 A%, We therefore fit one free parameter, the visco-elastic model has two, and both
these spectra to

models satisfy the f-sum rule.
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FIG. 4. Examples of the results of the fitting proced(selid
lines) to the measure8(q,E) (solid circles. Theq values are given : : :
0 2 4 6

in the figure. The peaks at 5 meV and 10 meV are spurious.

q [A7]
Note that we only use the fit function to reliably deter-
. . . FIG. 5. (& The HWHM for the coherent part &8(q,E) as a
mine the half widths of the coherent and incoherent parts o{ . O .
. unction of wave numbeq. The solid circles refer to a fit of the
g;; S\?\Z ng’n%?r;?j%tfd fc,)[L th.e ds.’p%Ctr?meter resct)lutlon f;;]ncéoherent part with two or more Lorentzian lines, the open circles
) ess (neé indiviaual it parameters as eyq o the results of the fit with a single Lorentzian line. For 2.5

come out of the visco-elastic or harmonic oscillator models;<0|<3.5 A= the results for the 20 meV and the 40 meV data sets

we find that the fit parameters in the visco-elastic model AQverlap, both are shown. The three curves are calculated using the

highly correlated due to the presence of both coherent anflnskoq theory withr,=2.81 A. The dotted line is the incoherent

incoherent scattering. However, E(L) and modifications  wHm, the solid curve is the prediction for the coherent HWHM

thereof give an overall good description of the data, and th@sing the calculated(q) for the equivalent hard-sphere fluid

derivedI'’s should be an accurate representation of the halhown in part(c) (denoted hs in the legendwhile the jittery

widths. dashed-dotted cunfelenoted hs S,,,(q)] is the prediction for the
Examples of the fits are shown in Figs. 3 and 4. At low coherent HWHM using(q) from experimenf21]. (b) The same as

(qg<1 A1 Fig. 3, where the main contribution is given by in (a), except everything has been divided §§. (c) The static

the incoherent dynamic structure factor, the spectra aretructure factoiS(q) measured by neutron diffraction experiments

clearly a combination of a narrow contribution and a broad21] (circles, and compared t&(q) calculated using the Percus-

contribution. The presence of this broad contribution at thes&evick theory with Henderson-Grundke correction facf2,3q

low q values is uncharacteristic of the dynamics of normalfor ons=2.81 A (solid line).

fluids. We verified that this broad contribution was not an

artifact of our correction procedure by noting that it wasis slightly smaller than the expected value at room tempera-

completely absent in the vanadium reference speea ture (0.1436 atT=283 K and 0.159 aT =298 K [22,23).

Fig. 3), nor could it be attributed to container scattering. TheWe did not have a temperature sensor on the sample while it

spectra at higheq values(see Fig. 4, where the main con- was positioned inside the evacuated MARI spectrometer, nor

tribution is given by the coherent dynamic structure factor,did we log the temperature of the ISIS experimental hall

show the broad quasielastic line shapes characteristic of afluring our October experiment. In all, our value seems to be

normal fluids. reasonable, albeit on the low side of what is expected
At low @, the incoherent line width is so small that the [22,23.
incoherent scattering is identical to tk@symmetri¢ MARI In order to determine the coherent line widths, we fixed

resolution function. It is only possible to determifigq) for ~ the half width T';(q) of the incoherent part ab.g? with
q>1.5 A~! where the incoherent half width becomes com-D¢=0.143 Rlps, corrected for the expected decrease with
parable to the width of the energy resolution function. Weas calculated from the Enskog thedi36] [see Fig. B)].
fitted I';(q) for 1.5<q<2.1 A", and forq=3.3 A"%. In  This decrease can be calculated without ambiguity, and rep-
theseq regions the coherent and incoherent line widths areesents the slow approach to ideal gas behavior at very large
significantly different from each other and allow for a reli- g. Having fixed the incoherent line widths, we then fitted the
able determination of the incoherent line width. We find thatcoherent part of the scattering to one, two, or three Lorentz-
the incoherent line width is determined by the constant ofans. When we fitted to more than one Lorentzian, we fixed
self-diffusionDg, with D¢=0.143+0.007 A/ps. This value x(q) to the value measured f&(q) by neutron diffraction

061208-4



CAGE DIFFUSION IN LIQUID MERCURY PHYSICAL REVIEW E68, 061208 (2003

experimentg21]. From the fit results, we then determined Fig. 5. In all, from the qualitative agreement between the

the coherent line width, the results for which we show in Fig.liquid mercury data and a hard-sphere fluid that is known to

5, together with the incoherent line width and the static strucexhibit cage diffusion[2], combined with the observation

ture factor[21] for comparison. that the oscillations of the coherent half width are in phase
with those of the static structure factor, we conclude that at
short times cage diffusion is the dominant mechanism deter-

lIl. DISCUSSION mining the dynamic response of liquid mercury at room tem-

perature.

The results shown in Fig. 5 demonstrate that cage diffu- Next, we focus on the lowr region @<1 A~1) where
sion determines the decay of correlation functions on shomBove et al. have performed their neutron scattering experi-
time scales. Inspecting Fig.(@, one observes that foy ments and MD computer simulatiofs,6]. Bove et al. ob-
>2 A~ the coherent half width oscillates around the inco-served in their neutron scattering experiments the existence
herent half width, given by the coefficient for self-diffusion. of a mode of characteristic HWHM of 2 meV, and an addi-
We emphasize this oscillatory behavior at the higher momentional contribution to the single-particle dynamiagher than
tum transfers by dividing the half width y? [see Fig. Bo)].  simple diffusion in their MD simulations with a character-
From this figure we conclude that the oscillations of the codStic time scale of 0.3 ps. Since a time scale 0.3 ps
herent half width are in phase with the oscillations of theWould show up as an energy width 6f2 meV in neutron
static structure factofsee Fig. §)]. In other words, when- scattering experiments, the authors suggested that the neu-
ever the static structure factor reaches a maxin{ammi-  (ron scattering mode and the MD mode were the same, and
mumm), the coherent half width reaches a minimumaxi- identified this mode as being related to cage diffusion. We

mum). This is what one expecf€] from cage diffusion: it agree with the identification of the MD mode as being re-

should take longer to diffuse out of the cage formed by itsIated to cage diffusion, but we argue that the 2 meV mode in

) . tlile neutron scattering experiments cannot be fully explained
nearest neighbors for wave numbers corresponding to a pe%y a straightforward cage diffusion mechanism
in the structure factor. '

) - The data at the lowq values (see Fig. 3 forq
In Fig. 5 we also plot the predictions of the Enskog theory_ 45 £- 1) all show a similar pattern: a resolution limited

[26] for hard spheres. Comparing the properties of & liquid Q. ra| heak, and a broader contribution centered around zero
Fhose of an equwalent_hard—sphere fluid grgatly facilitates t_h%nergy transfer with a characteristic HWHM of 2 meV for all
interpretation of experlmentgl r.esults, and it has been appllea with g<1 A~! [see Fig. ®)]. In addition, the absolute
successfully to a host of liquids and gad@s]. The one yajues of the intensities for the broad contribution agree well
problem in this comparison lies in determining an equivalentyith those measured by Bowt al. [5]. In our fit, we had
hard-sphere diameter,s, something which cannot be done tentatively attributed this broad mode at sntpilalues to the
unambiguously. The standard proced(28] is to calculate coherent part of the scatterifgee Eq.(1)], however, we
the static structure fact@(q)s for a hard-sphere fluid using argue in the following that this is unlikely. There are two
the Percus-Yevick theoy29] with Henderson-Grundke cor- obvious candidates for the broad mode: the aforementioned
rection factor[30]. S(q)s is a function ofnaﬁS only. One cage diffusion mode seen in MD simulations, and the exten-
then determines the value of, for which the height of the sion of the hydrodynamic Rayleigh modeeat diffusion to
first peak of S(q),s coincides with that of the measured larger momentum transfers. We discuss both candidates.
S(q), and the value ofr,, for which the position of the first First, it is expected that the neutron scattering spectra will
peak coincides with the measured position. Comparing thehow the equivalent of the hydrodynamic Rayleigh mode, a
height of the first maximum o8(q) to S(q),s yields o, ~ coherent process associated with heat diffusion. This mode is
=2.73 A, but comparing the position of this first maximum commonly referred to as the extended heat mode, hence our
to that of the hard-sphere fluid gives,.=2.89 A. Alterna-  initial assignment of this broad mode to the coherent part of
tively, comparing the density of the liquid at the melting the scattering. In hydrodynamics, the expected intensity as-
point to the density at which a hard-sphere fluid mgks]  sociated with the Rayleigh mode 0)(y—1)/vy, with the
results ino,s=2.81 A. Somewhat arbitrarily, we have opted Static structure facto5(0)(=0.005) atq=0 given by the
for the latter method. This choice has the advantage that theompressibility, whiley is the ratio of the specific heats
calculated incoherent half width from the Enskog thd@§] (=1.14 atT=283 K). Thus, the expected intensity of this
coincides with our experimentally determined self-diffusion heat mod€0.0006 compared to the expected intensity of the
coefficient. The results for the coherent and incoherent halincoherent scatteringo(/o.=0.324) is completely negli-
widths for the hard-sphere fluid are shown in Fige)@nd  gible in the hydrodynamic region. With increasimg the
5(b). The comparison with the static structure factor is showrheat-mode intensity will increase predominantly due to the
in Fig. 5(c). increase inS(g) and to a lesser extent due to a change in
The agreement in the phase of the oscillations between(q). The half width associated with the extended heat mode
mercury and the hard-sphere fluid is rather gdaedlid is shown as the solid curve in Fig(ad calculated using the
curves in Fig. %, but the amplitude of the oscillations is Enskog theory{26]. It is clear from this figure that foq
somewhat off, in particular at intermediatevalues. The <1 A~! that the measured half width reaches a constant
situation improves when we use the measuséq) instead value, instead of decreasingq® as expected for the ex-
of the calculated hard spheg{q),s (dash-dotted curves in tended heat mode. Moreover, the intensity of the 2 meV
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mode actually increases with decreasipgan observation scattering experiment$] performed on a triple-axis spec-
which also directly follows from Fig. 1. Thus, the constanttrometer. Second, this mode corresponds to excess intensity
half width of the 2 meV mode, its intensity~0.07 atq compared to what is expected for coherent plus incoherent
=0.45 A™1) being far larger than what could be expected ofscattering by mercurysee Fig. 1 One possible explanation
the extended heat mode, combined with its increase in intercould be paramagnetic scattering by Hg ions. Whereas liquid
sity with decreasingy instead of the expected decrease, allmercury is diamagnetic, it is possible that valence fluctua-
lead us to conclude that the 2 meV mode is not an extendetions occur on very short time scales, as these time scales are
heat mode fog<1 AL not probed in a magnetic susceptibility experiment. If only a
Second, if a particle is locked up in a cage, it will rattle small fraction of the Hg ions are not Hg, then a signifi-
around on short-time scales before it escapes. Typical timeant paramagnetic signal can be expected: 1.8 ba per mag-
scales correspond to how long it will take a particle to covemetic (S=1/2) atom compared to 6.5 ba for the incoherent
the distance to its neighbdgthis distance is typically of the scattering cross section of an Hg ion. Of course, the magnetic
order of o,4/10) with an average thermal velocitykgT/m, form factor for a paramagnetic liquid would dropoff precipi-
m being the mass of a Hg atom. For mercury, one can expedously with increasing), and the magnetic scattering inten-
characteristic times very similar to those found in the MDsity would rapidly diminish with increasing.
simulationg[6]. However, the influence of this process to the  Supposing that the agreement between the neutron scat-
decay of the self-correlation function is very small at snaall tering line width of 2 meV 3 ps ') and the MD time
values. The reason for this is that a particle just rattles arounsicale of~1/3 ps[6] is more than a coincidence, we propose
in its cage, never moving very far from its original position, the following mechanism. When Hg ions approach each
so when it is probed with a long waveleng#mallq) den-  other and move out again, as is the case with cage diffusion,
sity fluctuation(such as a neutron scattering with small mo-then the overlap between the orbitals will change signifi-
mentum transfer only a very small effect is to be expected. cantly. On close approach, the Coulomb repulsion could
To estimate the magnitude of the cage diffusion compoforce one or mored electrons into the sea of conduction
nent to the incoherent structure factor at snopilalues, we  electrons, whereas if a Hg ion happens to be relatively far
assume that the rattling motion occurs on such fast timgemoved from surrounding Hg ions, a nonbound electron
scales that it can treated separately from the slow decay dumuld occupy the 4 orbital. Either of these processes would
to self-diffusion. The component is then given by an integrallead to a magnetic neutron scattering cross section. Since the
over the spatial motion of the particle inside the cagevalence fluctuations are determined by the interatomic sepa-
fédf’eid.;/v, with A the distance between the surfaces offations, which in turn are determined by the cage diffusion

neighboring hard spheres aNd-4wA%/3. For small values PrOcess, these valence fluctuations would naturally occur on
of gA the integral reduces to—l(qA)Z/lO, so that the cage the same time scales as those of the cage diffusion process.

diffusion contribution is given bydA)?/10. We estimate\ Th|s. mechanism WOUIQ th(_erefore lead to an enhz_anced Cross
: . section for the cage diffusion process. Extrapolating the ob-
by comparing the diametes., of a close-packed hard-

h id of th densi £ liquid ~ served intensity of the 2 meV modede-=0, we find that the
sphere solid of the same density d@s Of liquid mercury: . noq section for the 2 meV mode can be as high-&s ba

A=0gp—0ns=3.26-2.81=0.45A.  For example, for per Hg atom. This would correspond to the Hg ions spending
q=0.3 A", the estimated contribution compared to thesjgnificant part of their time with a valency different from
standard self-diffusion mechanism is 0.2%. In the MD simu-2+. While the proposed scenario is consistent with our ex-
lations[6], the observed effect was 0.4%. periments, it only remains a conjecture at this point. How-
Based on these numbers, it seems entirely justifiable tever, it can easily be verified by future neutron scattering
ascribe the additional mode observed in MD simulations teexperiments: an increased temperature would lead to an even
cage diffusion. Conversely, the expected intensity in neutroishorter time scale for the valence fluctuations, and therefore
scattering experiments should then also be 0.4% of the interio an increased linewidth in energy.
sity associated with the standard self-diffusion mode. How- Finally, we point out that somewhat similar effects have
ever, when we compare the intensity of the broad mode tdeen observed in other liquid metals. For example, in liquid
the resolution limited self-diffusion mode, we find a ratio in lithium it was observed18] that the measured static struc-
excess of 20% for the lowestvalues. This observation is at ture factor was larger than the calculated structure factor for
odds with the expected intensity ratio 6f0.5%, and we (<1 A1, in liquid potassium it was foundll5] that the
therefore rule out a straightforward cage diffusion mechaquasielastic coherent line width@t=0.4 A~* had decreased
nism as the dominant constituent of the broad mode at thby only ~30% from its maximum value aj~1.4 A%, and
lower g values. We do not dispute the existence of a modén liquid cesium a larger than the literature valueogthad to
related to cage diffusion in the neutron scattering spectra, wee used11] in order to describe the neutron scattering data.
just calculate that its predicted intensity is too small to ac-Note that the latter approach would not work in liquid mer-
count for the observed intensity. cury as it does not explain the half width of the 2 meV mode.
We can only speculate as to the origin of the 2 meV modéNe are currently investigating whether these observations
in the neutron scattering spectra. First, this m¢mbe Fig. 5  can be explained by a scenario similar to the one outlined in
is not an artifact of our data correction procedure as outhe preceding paragraphs.
time-of-flight results are quantitatively similar to the neutron  In conclusion, we have shown that cage diffusion plays a
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dominant role in the collective dynamics of liquid mercury. ACKNOWLEDGMENTS
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