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X-ray measurement of the electron static structure factor in LiF
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The x-ray incoherent cross section has been measured in crystalline LiF. The static structure factor and the
exchange and correlation energy of valence electrons in LiF have been obtained. Making use of the results of
a recent Hartree-Fock calculation in solid LiF, the correlation contribution to the ground-state energy has been
determined. The static structure factor data have been analyzed to deduce the valence-electron pair-correlation
function. Comparisons have been carried out with the recent quantum Monte Carlo calculations in the homo-
geneous interacting electron géS0163-182609)02620-X]

I. INTRODUCTION slightly smaller than that of diamond, the electron-gas pa-
X tteri ts of the incoh i rameterr ¢ being 1.480 in LiF and 1.317 in diamond. There-
-ray scattering measurements of the inconeren CrOS150re, information on the exchange-correlation energy func-

sect!on have been proved to be qL_ute a se_nsmve tool_ 10 IN55nal can be inferred by the comparison of the electron pair-
vestigate electron-electron correlations in light elemérits. correlation functions in the two systems. The exchange-

By this tech.nique, the electronic static_struct.ure factor, which.grrelation energy functional is a fundamental quantity for
is the Fourier transform of the density-weighted two-bodygensity-functional-based ground-state calculations, and it is
correlation function, can be measured and employed to ohgytinely approximated by the corresponding quantity calcu-
tain the exchange-correlation contribution to the ground-statgyted for the interacting electron g&s.

energy of the solid.Extended measurements carried out in Although LiF is very appealing because of its electron
beryllium* and diamon@single crystals have shown that the distribution, it is not the best suited material for an experi-
cohesive energy of the two solids is dominated by themental study of diffuse scattering since thermal diffuse scat-
exchange-correlation contribution to the total energy, the detering (TDS) is expected to be quite high due to both the
formation of the electron density distribution being a secondvelatively small Li mass and the low Debye temperafire.
ary effect® Quite surprisingly, dynamic correlations among As discussed in previous investigatiorfsthe only safe way
valence electrons in both beryllium and diamond were foundo determine the TDS contribution is through a knowledge of
to be reasonably well described by the interacting electronthe phonon-dispersion curves as measured by inelastic neu-
gas model at the appropriate densities. Both berylliumfron scattering. Actually, due to the very high neutron ab-
which is a metal, and diamond, which is an insulator, exhibitsorption cross section of natural lithium, the experimental
very similar behaviors as to the static structure factor andletermination of the phonon dispersion curves in LiF was
hence the pair-correlation function. In both cases, the neutralarried out in aLi isotopically substituted LiF crystdf the
atomic volume and the absence of charge transfer indicateeutron absorption cross section @fi being negligible.
that the binding is mainly due to the difference between theéeven though strong isotope effects on the phonon-dispersion
atom and solid pair-correlation function, the overall shape oturves are not expected, some difference could be present.
the electron-density distribution of the crystals being not re-Therefore, the TDS calculation in LiF, which relies on a
markably different from that of the free atofidased on model dynamical matrix deduced from measured dispersion
these findings, a much more systematic study of electroneurves along the maximum symmetry directions, could not
electron correlations seems to be necessary to clarify the rolee completely reliable, especially at general points in recip-
played by the electron-density distribution either in deter-rocal space. However, the determination of the TDS by this
mining the shape of the Coulomb and Fermi holes surroundtechnique was found to be at an adequate level of accuracy,
ing each electron, or in bringing about the binding of theespecially for x-ray scans carried out off the regions close to
solid. reciprocal-lattice points.

In order to investigate the relationship between the one- Recently, a very accurate Hartree-Faek-) calculation
electron density and the pair-correlation function, we carriedf solid LiF was performed! and, by means of calculated
out a measurement of the incoherent scattering function imvave functions, the static structure factor of the solid in the
LiF by x-ray scattering. The LiF sample was chosen becauskF limit was obtained? This exchange-onlgalculation, to-
it has the same average number of electrons per atom @gether with the present experimental results, has been ex-
diamond, whereas a strong charge transfer should be presetremely useful to point out the contribution obrrelation
Therefore, a large contribution to the cohesive energy is exeffects in LiF. Moreover, since no direction dependence of
pected to be connected with the ionic character of the bondthe static structure factor was observed in the theoretical cal-
ing in this solid. It is also important to note that the averageculation, the experimental investigation was confined to a
electron density of the noncore electrons in LiF is onlylimited portion of the reciprocal space.
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II. EXPERIMENT AND DATA REDUCTION 4 .

The relationship between the measured x-ray differential
scattering cross section and the electronic static structure fac- S ° °
tor was discussed in previous papefsHere only the most
important steps are reported. The differential cross section
for photon scattering off a many-electron system is directly
related to the electron density-density correlation function
when the photon energy is largely in excess of any absorp-
tion edge of the system. In this condition the x-ray cross 2
section is proportional to

S(Q)=S8ed Q) + Srps(Q), @ (h 00)

FIG. 1. (00)) reciprocal-lattice section of LiF showing the path
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where S.{Q) is the electronic static structure factor, .
Srps(Q) is the TDS contribution, an€ is the momentum  followed by the 2% scan.
transfer. In literature, the quantif.{ Q) is often referred to
as the incoherent scattering factor. Indeed, it is directly restant sample volume. A Soller collimator, 100 mm long with
lated to the energy-integrated Compton scattering cross seMo blades 1 mm apart, was inserted in between the vacuum
tion which is an incoherent process when the momentunchamber and the photon detector. The full aperture of the
transfer is high enough. Nonetheless, the use of the presestllimator was 1X 12mn?, and all the photons scattered
notation is aimed at emphasizing the relation between theyithin the collimator angular acceptance could be collected
static structure factor and the pair-correlation function. Theat all the scattering angles, the maximum sample size as
experimental data are, of course, affected by additional sputseen” by this collection system being less than 3 mm. Scat-
rious contributions, like background and multiple scatteringtered photons were collected using a standard Nal:Tl scintil-
which must be taken into account in the data reduction protator coupled to a photomultiplier, followed by a preamp-
cedure. lifier, amplifier, and window discriminator. The x-ray tube
The present experiment was performed using a standafglas operated at 40 kV, thus avoiding the half-wavelength
x-ray diffractometer, properly adapted to measure diffusecontamination of the incoming beam.
scattering. In order to minimize the effect of the sample ab- The sample was mounted with the01] crystallographic
sorption, a rather high incoming photon energy was usedaxis perpendicular to the scattering plane, and its orientation
namely, AgK, radiation(22.10 keV, resulting in a linear with respect to the incoming beam was determined by rotat-
attenuation coefficient =1.771 cm*. The incoming photon ing it from the actual position to that of t{200) reciprocal-
energy was much higher than the highest absorption edge iattice point. In this way the sample position could be deter-
LiF at 0.6768 keV. A pyrolitic graphite monochromator with mined with an accuracy on the order of the crystal mosaic
0.5° mosaic spread was used to reduce the Bremsstrahluggread. Although the crystal was of a fairly good quality,
and to make negligible thi ; contamination of the incom- with a mosaic spread of the order of 0.1°, some small crys-
ing beam. A 0.5-mm slit was inserted before the monochroxallites were misset by even 1°; therefore the accuracy on the
mator and at 100 mm from the normal-focus tube anode tarientation could not be better thanl®. After some trials,
define the angular divergence of the beam impinging on théhe sample position was selected to end up with the low
monochromator. The beam size at the sample position wasrder reciprocal-lattice points not close to any portion of the
1x 10 mn?, with an angular divergence of 0.6°. scanned region and with the low-angle portion of the scan
The sample was a slab-shaped single crystal, 4D approximately parallel to thEl00] direction. In Fig. 1 the
X 10-mn dimensions, with all the faces parallel to ti€0) portion of the reciprocal space spanned by the present mea-
crystallographic planes. The transmission coefficient wasurements is shown. As apparent in Fig. 1, the scan direction
~0.75 with the sample, 1.20 mm thick, perpendicular to theis rather close to th¢100] direction in the region of low
beam. Because of the high expected TDS contribution, scamaomentum transfer, while the higD-portion of the scan is
were carried out at different values of temperature. Data colat general points in the reciprocal space. Based on the HF
lected at the various temperatures were employed to test thesults of no anisotropy of the static structure factoihe
reliability of the TDS calculation. The sample was containedpresent experimental data can be considered as representa-
into a vacuum chamber having 110-mm diameter and a widéve of the[100] direction and of any other direction.
beryllium window, designed to cover a scattering angle Data were collected at three temperature values, namely
range from 0° to 150° in a single scan. The sample was fixe@8, 168, and 298 K, with a fixed statistics of 10 000 counts
on a copper frame connected to a closed-cycle refrigeratgrer point. Each scan, extending from 3° to 80°, was repeated
through a heater, so that the temperature could be changeeh times. In this way, 100000 counts per point were col-
over the range from 20 K to room temperature. The temperaected at all the temperatures, and the statistical error was
ture of the sample was measured by means of a Pt resistaegligible in comparison with the systematic errors intro-
fixed on the copper frame with a maximum error08.2 K.  duced by the various correction steps in the data reduction
During each scan, the temperature was stable wittirtb K. procedure. The background was measured removing the
To avoid the rotation of the cooling stage or the whole chamsample from the copper frame, and collecting the data for the
ber, the scans were performed maintaining the sample in same kind of scans and temperature settings as the sample. It
fixed position, a configuration which allows also for a con-was found to be significant only at low angle where the air
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15000 (K (k=1)=1,(2)/14,

I m(k) being the multiple-scattering intensity of orderand
I, the single-scattering intensity. The multiple-scattering
o, contribution turned out to be almost isotropic, and of the
] , order of 5% of the average intensity. Considering the low
5000 3 contribution of the multiple scattering, the above assumption
] on higher-order scattering terms was considered quite ad-
] equate.
0 Frrrrre ARanass e R ARARES : The TDS contribution was calculated employing the dy-
0 20 40 60 20 namical matrix as deduced from the measured phonon-
20 (degs) dispersion relatioff in “LiF. Phonon frequencies and eigen-
) vectors at any point of the Brillouin zone were obtained by
FIG. 2 Measured intensity vs scattering angle after baCkgroun‘i!iiagonalization of the dynamical matrix. The one-phonon
subtraction[see Eq.(2)]. Dots: T=298K; circles:T=168K; tri-  contribution to TDS was then exactly obtained within the
angles:T=28K. harmonic approximation. Multiphonon contributions were

) obtained under the quasi-isotropic approximatfand using
scattering along the path before the sample chamber wage pepye-Waller factors of Li and F as deduced from the

visible by the detector. No temperature dependence of thes e gynamical matrix. The total TDS contribution turned
background was detected. Enough statistics on the baclgy; 1o pe quite structured and strongly temperature depen-

ground were also accumulated to make the statistical error Oflant a5 expected from the Debye temperature of LiF. The

the background data negligible in comparison with that ofg hiraction of the calculated multiple scattering and TDS

the sample intensity. Finally, the measurement of the backsyntrinutions could be applied to the experimental intensity
ground as obtained by substituting the sample with a lead.e on an absolute scale.

plate was carried out, and an almost zero intensity was The experimental intensity, after background correction,
found. The background-free intensity of the sample was 0bg a5 normalized to the sum of the free-atom theoretical struc-
tained through the following relationship: ture factor, TDS, and multiple-scattering contributions at
0 bb ob high momentum transfer. This normalization procedure is
I =15=Tg(Ipack™ ! back ~ ! backe (2)  expected to be quite accurate since at high momentum trans-
. . . . _ fer the static structure factonustconverge to the number of
wherels is the intensity measured with the sample in placeg|ectrons, and solid-state effects are minimized in this re-
| back IS the background intensity without sample, Ll IS gion. To our knowledge, the best available free-atom static
the background intensity measured with the lead sTabis  strycture factorS,(Q) is that deduced from the correlated
the background transmission coefficiénlong the path \yave functions obtained from configuration-interactia)
from the sample to the detector, and it can be easily calcuga|cylations. CI calculations d8,(Q) are available for Li
!ated once the linear attenuation c_oefﬂmenbf_ the. sample  put not for F. To carry out the data reductid®,(Q) of
is known. The corrected intensity is shown in Fig. 2 at thefjyorine was deduced by interpolation from the free-atom
three temperature values presently investigated. static structure factors calculated using the Cl method in
The electronic static structure_factor can be obtained fron]_i,n Bel” C18 and Ne® The reliability of S,(Q) thus ob-
the measured data after correction for the two unwanted ingined for fluorine was checked by calculating the correlation
tensity contributions, namely, TDS and multiple scattermg.energy term. Indeed, the exchange-correlation energy per
Moreover, the correction for the angle-dependent attenuatiogism of a many-electron system is simply related to the static

must be applied, and a comparison to some reference behayg,ctyre factoiS(Q) through the following relationship®
ior of the system is necessary to put the corrected intensity

on an absolute scale. The correction for the angle-dependent e? S(Q)-2
sample attenuatidi was readily performed in the present EXC_FI dQT-
case because of the very simple shape of the sample. The

same value of the linear attenuation coefficigntis in the  Inserting the structure factor calculated from HF wave func-
background correction was employed. The multiple-tions into Eq.(3), the exchange-only energy contribution is
scattering contribution was evaluated by means of a Montebtained. The correlation energy term, associated with a
Carlo simulation of the scattering process, following the gengiven S(Q), is given by the difference between the corre-
eral treatment presented and discussed in Refs. 13 and 1gponding exchange-correlation energy and the exchange-
The simulation program requires the total and the scatteringnly HF energy. Actually, the correlation energy contains
cross sections of the sample as input data, the latter uralso the scattering factor contribution arising from the differ-
known. Tabulated valuéof the total cross sections of Li ence between Cl and HF wave functions. However, this last
and F were employed, while the scattering cross sectionsontribution is rather smal'® being less than 10% in Li,
were calculated from the free atom scattering factors an@e and Ne. Applying this procedure to the fluorine-free
static structure factors, and used as reference input to the atom, with the HF calculation 08,(Q) from Ref. 15, a
program. Multiple scattering was calculated, taking into ac-correlation energy of-0.56 Ry was obtained from the inter-
count all the possible double-scattering processes, includingolated CI free-atom static structure factor of fluorine. Such
polarization effects, while the total multiple scattering wasa value should be compared with the best estimate of corre-
deduced according to Ref. 13 under the assumption: lation energy available for F, that is;0.650 Ry’ There-

Intensity (counts/100 s)

©)
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FIG. 3. Measured static structure fac®(Q) [Eq. (1)] vs scat- Q(@u)
tering angle. The calculated TDS contributiSaps(Q) (full line) FIG. 4. Measured static structure fac®r{Q) vs momentum
and the multiple-scattering contributioidashed ling are shown  yansfer, The calculated free-atom static structure factors are also
(see text shown (see text Dashed line: CI free-atom calculation. Full line:

fore, a substantial fraction of the correlation energy is ac!'F free-atom calculation.

counted for by the interpolated static structure factor which

was assumed as a good estimate for the free fluorine atomelations in this system can be obtained. First of all, the

Making use ofS,(Q) of Li and F, the scale factor for the exchange-correlation energy of the crystal, which is simply

experimental data normalization from 50° to 80° was deterrelated t0S.{ Q) through Eq.(3), was deduced and found to

mined and TDS, and multiple-scattering contributions werepe E,.= —6.39+0.04 Ry/atom. The exchange-correlation

subtracted. o contribution to the cohesive energy of the crystal was ob-
Finally, the data were corrected for polarization effects tained by taking the difference with the exchange-correlation

by assuming an unpolarized incoming pho.ton beam,.as _Otbinergy of the free atom calculated with the SL(Q)
tained by previous measurements of the linear pOIa”Zat'o'f'hrough Eq. (3). It resuted to be E'=0.15
. . <« =0.

on the same experimental apparatdsnd resulting from the . : . .
low takeoff angle at the graphite monochromator. The kine-— 0.04 Ryfatom. Since the total cohesive energy of IT'F’ with
matic factor was also taken into account according to thdespect to the free neutral atoms, from thermochemical mea-

procedure described in the case of diambnd.Fig. 3 the ~Surements is 0.32 Ry/atom, the exchange-correlation contri-
normalized data at 28 K are shown in comparison with TDSPution to the LiF cohesion is about 50%. This behavior is
and multiple-scattering contributions. The data were normaldifferent from that observed in beryllifrand diamond,
ized to 6, the average number of electrons per atom. ANvhere the cohesion was dominated by the exchange-
inspection of Fig. 3 shows that the TDS contribution is still correlation contribution. In LiF the cohesion is largely con-
quite appreciable at this low temperature, and that the calcuributed by the Coulomb energy, that is, the Hartree electro-
lated TDS curve accounts fairly well for the complex fea-static term plus the electron-nucleus interaction. The
tures observed in the experimental data. Nonetheless, it @eformation of the electron density, occurring in solid LiF
also evident that in the region where the TDS is large thewith respect to the neutral free atoms, has a role in LiF
calculated data fail to account precisely for the most promi-cohesion. This behavior should be connected to the ionic
nent features of the experimental data. This effect is evenature of the bonding in LiF, thus explaining why the simple
more pronounced at higher temperatures, thus indicating thataditional approach to the cohesion in ionic crystals gives a
the dynamical matrix of Ref. 10 is adequate to describe theairly good estimate of the cohesive energy. In beryllium and
phonon-dispersion curves, but use of the harmonic approxidiamond the electron-density deformation is much smaller,
mation contains some failure. In any case, by an internahs shown by the close overall similarity of the scattering
comparison of the experimental results at the three temperasciors in the solid and atomic phases, although solid-state
tures, it was possible to give an estimate of the rms error oR¢feacts play a role specially in diamond.
the static structure factor normalized as in Fig_. 3, yvhich The correlation energy term can be obtained making use
turned out to be of the order of 0.05 electron units. Finally, ¢ the recent Hartree-Fock calculation of the static structure
the data from regions close to the TD,S maxima Were r€actor of solid LiFL2 As in the case of the free atom, assum-
moved and the final results are shown in Fig. 4, where the,; yhat the HF calculation produces a good one-electron
electron-electron static structure facti(Q), as qbtamed density, the correlation energy is given by the difference be-
from the present data at the lowest temperature, is comparggeen’the true exchange-correlation energy and that calcu-
with the free atomS,(Q) obtained from bOt.h Cl and HF |5eq using the HF wave functions. From the present experi-
results. The agreement between the experimental data apgy ol data, after subtraction of the HF redi, correlation
both atomic calculations is very good at momentum—transfeénergy of—0.56+ 0.04 Ry/atom was deduced for solid LiF.
values higher than.4 a.u., thus confirming the reliability ofg,.h 5 value has to be compared with the correlation energy
the present normalization procedure. of the free Li and F atoms obtained by applying the same
procedure. The free-atom correlation energy, equal to one-
half of the sum of Li and F correlation energies, was found to
From the static structure factor data of crystalline LiFbe —0.33 Ry/atom. These results show that the correlation
shown in Fig. 4, information about the electron-electron cor-energy in solid LiF is higher than that of the free atoms by an

Ill. DATA ANALYSIS AND CONCLUSION
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amount comparable with the exchange-correlation contribu-

tion to the cohesive energy. Therefore, correlation effects 4 T L e
should not be neglected in this ionic solid and, perhaps, in ] >
other ionic systems. 3 ] )

It is interesting to observe that the experimental structure
factor S, Q) of solid LiF is not very well reproduced by the
simple superposition of Li and F free-atom structure factors.
Although the low value oE"is brought about by the over-
all small difference[ S.d Q) —S;(Q)], systematic differ- 1
ences between solid and free atoms are detected. The experi-
mental data can be further analyzed in order to extract real- 0 e e e
space information about the electron-electron correlations in 0 P 4 6 8
the solid. In principle, the static structure factSg{Q) is Q(an)

directly related to a proper average of the two-body correla- . )
tion functiorf through FIG. 5. Experimental valence static structure faGy(Q) [Eq.

(5)] vs momentum transfer. Full line: fit to the experimental data
according to Eq{6). Dashed line: quantum Monte Carlo results

1 . : .
= Q Q) - iQ-r (Ref. 23 for the homogeneous interacting electron gasrat
g(r) (ZW)FHZ f d [See( ) Z]e ’ (4) —1.480.

Sval (Q

e e e by el

where the position-averaged pair-correlation functign) is
a measure of the probability of finding two electrons at a Sval Q) =Z1S4(Q,n1) +Z,8,(Q,Ny), (6)
distance independently of their individual positions relative
to the crystal, and is the average number density. However, where S,(Q,n) is the static structure factor of the homoge-
such a relationship is of little use as the long-range part oheous interacting electron gas with densityThe fit was
S.{ Q) must be accurately known to carry out the integra-carried out employing the5,(Q,n) electron-gas data ob-
tion. Because of the very slow asymptotic trend5g{ Q) as  tained by the quantum Monte Carlo simulation of Ortiz and
Q diverge2g(r) can be hardly determined by a direct Fou- Ballone? and leavingny, n,, Z;, andz, as free parameters
rier analysis. with the additional conditiorZ, +Z,=4. The results of this
The study of the pair-correlation function was carried outprocedure are shown in Fig. 5. It is apparent that the model
by splitting the experimental static structure factor into threeof Eq. (6) accounts extremely well for the experimental

contributions: S,a(Q), apart from the region where the subtraction of
Stps(Q) is less satisfactory, the rms error being less than
Sed Q) = Scord Q) + Sval( Q) + S Q) (5)  0.02 electron units over the whole range. From the fit of Eq.

(6), the following average pair correlation function can be
where S, {Q), S,a(Q), and S,(Q) refer to core-core, readily obtained:
valence-valence, and valence-core correlations. Actually, Eq.

(5) is meaningful only in the one-electron approximation,

where the one-electron wave functions are well defined and g(r)=

the associated energy eigenvalues can be identified as core or Zi+ 25N,
valence states. Nonetheless, considering that the one-electron @
energy spectrum shows a well-defined energy separation,
S,.(Q) can be obtained from the experimer&yQ) under ~ Where
suitable approximations fd.,{ Q) andS;«(Q). Following

the procedure described in Refs. 1 andSg, {Q) was de-

scribed by the CI calculations for free ions by Thakkar and

[Z1n19n(r,Ny)+ZoNn04(1,N5) ],

5
|
\
|

Smith?? while S,(Q) was modeled by the HF calculation of g
solid LiF by Shuklal? The latter contribution was almost 0.8

negligible in beryllium and diamond, but it turned out to be _ i

appreciable in LiF, being of the order of 0.1 electron units. 0.5

The static structure factd®,,(Q), thus deduced, was em- ]

ployed to study the real-space behavior of the pair- 03 E

correlation function of the valence electrons. In the case of ]

beryllium and diamond, a model pair-correlation function for oo

. T T T T

the interacting electron gas was employed and the analytical
Fourier inversion of this model function was compared with 0 1 2 3 4 5

the experimental data. Direct application of this approach to r@w)

LiF is prevented by the remarkable electron-density differ- |G, 6. valence pair correlation function in LiF. Full line: curve
ence expected at the Li and F sites. To take into account thgbtained by analytic Fourier inversion of the static structure factor
electron-density inhomogeneity of the present system, thetted to the experimental data according to Ef) (see text
experimental valence static structure factor was fitted to th®ashed line: quantum Monte Carlo resuliRef. 23 for the homo-
equation: geneous interacting electron gasr gt 1.480.
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FIG. 7. Zero-separation pair correlation function versys FIG. 8. y parameter vs, (See text Dots: experimental data in

Dots: experimental data in berylliurfRef. 1), diamond(Ref. 2, beryllium (Ref. 1), diamond(Ref. 2, and LiF. The full line is the
and LiF. The full line is the quantum Monte Carlo curve for the theoretical quantum Monte Carlo result for the homogeneous inter-

homogeneous interacting electron gas from Ref. 23. acting electron gas from Ref. 24.

ponents and, because of the density dependengg(09, it
1 0 . is dominated by the regions where the density is higher, and
gn(r,n)=1+5—7— f dQ[Sn(Q,n)—1]Qsin(Qr) it receives high values. The same trend is observed when the
0 ) homogeneous interacting electron gas parameter

1 o
is the pair-correlation function of the electron gas with den- y= Wf dQ[1-S,(Q)] 9)
sity n, as reported in Ref. 23. The resulting pair-correlation FJO
functiong(r) is presented in Fig. 6 in comparison with that is compared with the appropriatevalues deduced from the
appropriate to a homogeneous interacting electron gas haexperimental data in beryllium, diamond, and LiF. In the
ing the same average valence density as LiF. As both Figs. Bomogeneous electron gas, thparameter is directly related
and 6 show, the homogeneous interacting electron-gas modtgl the correlation energy, while in the inhomogeneous elec-
remarkably fails in reproducing the experimental data in bottron system it is related to the ground-state exchange-
Q andr spaces, whereas the model of E6) is quite ad- correlation energy through E¢3). Using the present static
equate, thus suggesting that the pair-correlation function i§tructure factor data ankl: as deduced from the average
defined by the local density. In fact, E@) and the results of €lectron density, the valug=0.579+0.005 was found. In
the fit state that a proper average density at Li and F sites i5'9- 8 they values obtained in beryllium, diamond, and LiF
the relevant parameter which can be used to describe tHfi€ Shown in comparison with the electron-gas data. Again,
electron-electron correlations in LiF. The best fit paramEtere;lzp)gﬁrrllaevni;qup:fr:rlrffeetrgpg)éifr:gn;taee%tﬁti:jnggesr);sggnc])?’dtirf]-e
were found to beZ;=0.91+0.02, re,=1.8+0.2,Z,=3.09 Y

. ferent values.
+0.02, andr,,=0.708+0.010, and clearly indicate that a  Ag a conclusion, we can say that, contrary to the previous

small number of low-density electrons together with a higheffindings in the pure elements beryllium and diamond, strong
number of high-density electrons are necessary to describeffects brought about by the one-electron density inhomoge-
the correlation function of LiF. This behavior is an experi- neity are present in LiF, and these effects show up as the
mental evidence of the local-density approximafimiten  evident departure of the valence-electron static structure fac-
employed in the theoretical description of electron states inor from that of the homogeneous interacting electron gas at
real solids. the average density. Moreover only a 50% contribution to
A further comparison with the electron-gas results can behe cohesive energy from the exchange-correlation term was
carried out by making use of the zero-separation pairfound, the remaining 50% of the cohesive energy being due
correlation function data in berylliuhgiamond? and LiF.  to the one-electron density deformation. Thanks to the avail-
These data are shown in Fig. 7 in comparison with the quanability of a Hartree-Fock calculatidfof the static structure
tum Monte Carlo curve of,(0) versus g from Ref. 23. The factor in solid LiF, the correlation energy contribution was
g(0) value found in LiF cannot be accounted for by thedetermined and found to be higher than that of the free at-
expected density dependence of the homogeneous interactiogns. Finally, the present findings suggest that systematic cal-
electron gas. This behavior is a clear consequence of theulations of the HF static structure factors in light elements,
inhomogeneity of the electron density in the unit cell of thiscoupled to experimental investigations in materials other
system. Indeed, from Eq(7) the zero-separation pair- than Be, C, and LiF, could help in understanding the role of
correlation function is a weighted average of the two com-the electron-electron correlations in solid cohesion.
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