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The interlayer binding energy of graphite is obtained by a semiempirical method in ahiafitio calcu-
lations based on the density functional the@§T) are supplemented with an empirical van der Waati/V)
interaction. The local density approximatidrDA) and generalized gradient approximat@GA) are used in
the DFT calculations, and the dampitay interpolation function used to combine these DFT results with an
empirical vdW interaction is fitted to the observed interlayer spacingcaads elastic constant. The interlayer
binding energies calculated in the LDA and GGA are quite different, but the combined results are nearly the
same, which may be a necessary condition and provide reinforcements for validating the method. The present
results are also consistent with those obtained by the empirical method based on the Lennard-Jones potential,
and both are in reasonable agreement with the recent experimental data. These results indicate that, in contrast
to the prevailing belief, the LDA underestimates the interlayer binding energy of graphite.
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I. INTRODUCTION construction correct results for a system with uniform elec-

Graphite is a typical solid of layered structure and char-{ron distribution, these approximations can not capture long-
acterized by relatively weak interlayer binding compared to'@nge vdW interaction in systems with sparse electron distri-
rather strong binding within the layers. The bonding due tgoution and several challenges to incorporate vdW interaction
threefolds? hybridized orbitals is responsible for the strong in the DFT have been madé&:2°Rydberget al. have actually
binding within the layers and the resulting hexagonal netdevised a tractable scheme for planar geom®agd applied
work of carbon atoms provides a useful starting point in thdt to graphite and other materials of layered structr&.
studies of graphitic systems such as fullerenes and carbobheir calculations for graphite have provided an improve-
nanotubes.The weak interlayer binding is supposed to arisement over the LDA and GGA results in that the interlayer
from the dispersion or van der WaaledW) interaction and binding energy as a function of the interlayer separation
the decrease in kinetic energy due to delocalization of parshows a desired behavior expected from the presence of vdW
tially occupied D, orbital perpendicular to the graphitic interaction. However, their predictions for the characteristics
planes. Two types of methods have been used to describe té interlayer binding are quantitatively still unsatisfactory
vdW interaction in graphitic systems: one is based on thénd no better than those predicted by the LDA calculations.
density functional theoryDFT) and the other on empirical The empirical method based on the LJ potential has been
potentials, mostly on the Lennard-Jorés) potential. The used more extensively in the studies of structural properties
recent work based on these methods and the relation betweeh graphitic system$3232The potential parameters in this
them have been discussed in some detail by Girifalco anthethod have usually been determined empirically using ex-
Hodak? perimental data. We also repeated such calculations for the

The standard approximations currently in use in the DFTpurpose of comparisons. The method used in the present
calculations are the local density approximatip®A)3 and,  work is semiempirical and a combination of the earlier em-
to less extent, the generalized gradient approximatiompirical method andhb initio DFT calculations. As noted ear-
(GGA).*-8 The DFT-LDA calculations for graphite have re- lier the standard approximatioisDA and GGA) in the DFT
peatedly given excellent results for the in-plane and even thealculations do not account for the long-range part of vdwW
c-axis lattice constants of graphitet® Some of these authors interaction. In the present semiempirical method we supple-
have also claimed that their predictions for the interlayerment such DFT calculations with an empirical vdW interac-
binding energy are reasonably well compared totion.
experiments1~1316 However, there has been confusion in
quoting the experjmental data given by Girifalco and Yad Il RESULTS OF THE DFET CALCULATIONS
and some corrections such as that due to thermal effect have
been ignored in comparisons between theoretical predictions We performedab initio total-energy DFT calculations for
and experiment§’~1° The apparent success of the LDA for the most stable phase of graphite WRBAB stacking using
the interlayer binding in graphite has obscured its ability tothe vasp code3* The details of the calculations are as fol-
describe the vdW interaction, and thereby diminished motidlows. We employed the ultrasoft pseudopoteftialith the
vation for further work. On the other hand, the semilocaloutermost cutoff radius of 1.81 a.(1.63 a.u. fors state and
approximation(GGA) badly failed to predict the-axis lat- 1.81 a.u. forp andd statg, which provides a compromise
tice constant and interlayer binding energy of graphit®, between the conflicting requirements for convergence in the
but no further investigation has been made to clarify theplane-wave expansion and psudopotential transferafflity.
reason for that. While the LDAand GGA alsd yields by = The exchange-correlation energy functionals we used were
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TABLE I. Results of the DFT calculations in various approximations for the equilibrium lattice constants
(ap, Cp), total cohesive energyE,), interlayer binding energyAE.) and c-axis elastic constantczg) of
graphite withABAB stacking and their comparisons with experimeExperimental values o, and AE.
are listed in the row corresponding ©~300 K, but the temperatures are not explicitly given in the

literatures)
Ec AEC C33

ag (A) co (R) (eV/atom (meV/atom (GPa
LDA (this work) 2.441 6.64 8.90 27 30.4
LDA (Ref. 9 2.47 6.73 7.70 54
LDA (Ref. 10 2.459 6.828 8.83 82-136 56
LDA (Ref. 39 2.448 6.752 9.04 81
LDA (Ref. 1] 2.453 6.873 8.60 30 13
LDA (Ref. 12 2.451 6.72 8.80 25 24.3
LDA (Ref. 13 2.45 6.60 20
LDA (Ref. 36 2.443 6.679 9.00
LDA (Ref. 14 2.448 6.784 8.88 40.8
LDA (Ref. 16 2.44 6.62 25
GGA (this work) 2.461 ~9.0 7.87 ~3 ~0.8
GGA (Ref. 20 2.47 >7.5 ~5 ~7
vdW-DF (Ref. 3] 2.47 7.52 e 24 13
Exp't. (0 K) 2.46 6.674 40.7
Exp't. (~300 K) 6.709 7.3F 43 3577 36.9

52+5

aRef. 40.
bRef. 41.
L. Brewer (unpublishedl (as cited in Ref. 2
dRef. 42.
®Ref. 17.
'Ref. 18.
9Ref. 19.

that of Ceperley and Aldéf as parametrized by Perdew and  We first note that the lattice parameters predicted by the
Zungef8in the LDA and that of Perdew and Wah@®PW91)  LDA calculations are all in good agreement with experi-
in the GGA. Thek-point sampling was made by using 56 ments but the GGA fails to predictaxis lattice parameter
specialk points in the irreducible Brillouin zone generated and interlayer binding energy. The total cohesive energies,
from uniform 12< 12X 4 mesh. The cutoff energy limiting E,, calculated in the LDA and GGA are 10.154 and 9.266
the plane-wave basis set was chosen to be 358.2 eV in bo#V/atom, respectively. These values were calculated with re-
the LDA and GGA calculations. The calculations were car-spect to the ground state energie4,45.3437 eMLDA) and

ried out for five values of the in-plane lattice constant —146.0548 eV (GGA), of the nonspin-polarized carbon
about 2.44 A(LDA) and 2.46 A(GGA), with the c-axis  atom, which are used to generate pseudopotential inatbe
lattice constant fixed at an appropriate value, and the equi-code®* However, the ground state of the carbon atom is a
librium value of a (denoteday) was determined for each spin-polarized stafé and we found, by the spin-polarized
value ofc using a polynomial fit. The value @f, determined DFT calculations, the lowering in energy of 1.251 d\DA)

in the LDA was 2.4406 A foc=6.0 A and slightly increased and 1.401 eMGGA) compared to the nonspin-polarized cal-
up to 2.4417 A forc=7.5 A, beyond whicha, practically  culations. This value in the LDA is well compared to the
remained unchanged. So we fixadat this saturated value corresponding result of 1.25 eV obtained by all-electron
for c=7.5 A. On the other hand, the valuesagfin the GGA  calculations*® The results folE, of graphite with the atomic
remained almost unchanged at 2.461 A in the whole range adpin-polarization correction are now 8.9Q3DA) and 7.865

¢ (6 A<c=15 A) we considered. We also performed calcu-(GGA) in eV/atom, which are the values given in Table |.
lations for monolayetgraphengand confirmed that the total This LDA value is slightly smaller than 9.001 and 9.036
energies calculated for large smoothly converged, within eV/atom obtained, respectively, by similar calculations based
0.1 meV, to that of graphene. The total energies obtained ion the ultrasoft pseudopotenfifland all-electron calcula-
this way as functions of were used to calculate the equilib- tions with the use of Gaussian-type fitting functifron the
rium lattice constants, total and interlayer binding energyother hand, the present LDA result is slightly larger than
and c-axis elastic constant. The present and previous resultsnother all-electron result of 8.878 eV/atdfiThese small

of DFT calculations for these properties are summarized andifferences cannot be traced at this stage but may be attrib-
compared to experiments in Table . uted to either different computational accuracies or treat-
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ments of the atomic ground-state energy, the latter of which 60—
are not explicitly given in the previous calculations. If we -
take into account the zero-point vibrational energy estimated 40k
as 0.166 eV/atorft! the present results foE. are further i
lowered to 8.737{LDA) and 7.699GGA) in eV/atom. Even
if corrected in this way by including the zero-point vibra- 201
tional energy, all the LDA results fdg. (except that of Yin
and Cohef) summarized in Table | are larger than the ex-
periment value by 1.1-1.5 eV. It was suggested that the dis-
crepancy comes mainly from the so-called multiconfigura-
tion correlation which is expected to lower the atomic
ground-state enerdy,and the lowering in energy estimated
from Hartree-Fock calculations was found to bel.4 eV
relative to the spin-polarized results. Inclusion of this correc-
tion lowersE; by the same amount and the resulting LDA 60}
values forE. are now in good agreement with experiment. [ ;
This agreement, however, must be marginal without more - f€<—vdw
accurate estimate of the correction. On the other hand, the > 3 4 5 6 7
present GGA result of 7.865 meV/atom is more favorably d(A)
compared to experimergfable ), but inclusion of the HF
multiconfiguration correlation correction together with the FIG. 1. Interlayer separatiofd) dependence of the interlayer
zero-point vibrational energy leads to a substantial underesinding energies of graphite obtained &ly initio DFT calculations
timation of E;. We also note that the present GGA result for(LDA, GGA) and by the semiempirical methotLDA+vdW,
E. is in good agreement with the LDA result of Yin and GGA+vdw), in which the DFT results are combined with an em-
Coher? but this agreement should be accidental. pirical vdW interaction withA=16.34 eV & via Eq.(5). The solid

The atomic ground-state energy and zero-point vibrationaand dashed lines drawn through the LDA and GGA data points are
energy discussed earlier are irrelevant in the calculations ahe fits by the Morse potentials given by E¢®@b) and(2a), respec-
the interlayer binding energyAE., and c-axis elastic con- tively, and the dotted linévdW) shows the asymptotic vdW contri-
stant, cz3. Here, AE, is defined as the energiper atom)  bution given by Eq(4).
required to separate graphite into planes an infinite distance
apart. The relative accuracy of the total energy as a function IIl. SEMIEMPIRICAL METHOD
of the interlayer separatiod=c/2, is of primary concern in
these calculations. The present results for the total energy |n our semiempirical method we first performed DFT
show extremely smooth variations with(see the DFT re-  tota-energy calculations for graphite with the in-plane lattice
sults in Fig. 1, which are the results for fixed valuesadfut  .ynstant fixed at the experimental valg=2.46 A (C-C
essentially the sameindicating that the calculations are 4 length is 1.42 R These results in the LDA and GGA
quite accurate and free from computational noise. Our LD hich we denotdJpe-(d) together, as functions of the inter’-
result for AE, is consistent with those of Trickegt al,' | DRt R

ayer separationg=c/2, are shown in Fig. 1. HeréJpe(d)

Schabel and Martin¥, Charlieret al,*® and Wanget al*® All i< th lculated : q f h ¢
these results are somewhat smaller than experimental valuss the calculated total energy measured from that o
graphene, orUpgq(d) in the limit of d—o, which are

of 35-52 meV/atom/™'° implying the need for taking ac- .
count of vdW interaction which certainly plays a role of —8.873 and—7.862 eV/atom in the LDA and GGA, respec-

increasingAE; as we discuss in the next section. In contrastlively, relative to the spin-polarized ground-state energy of
the large values ofAE, (>80 eV/atom predicted by all- the carbon atom. As we hqv_e noted in the_ previous section,
electron calculatio&are difficult to interpret from physi- the constan'g energy shift arising from the_dlffr-z_rent_treatments
cal point of view and should be an issue of computationaPf the atomic ground-state and zero-point vibrational ener-
accuracy. We also confirmed that the GGA yielded almosgi€s is irrelevant in what follows. Highly accurate total-
perfect in-plane lattice constant but completely failed to pre-€nergy calculations are required for evaluating the interlayer
dict all the properties related to the interlayer bindtRg?  Pinding energy which is only small fractiofiypically less
Finally, the vdW version of the DFTvdW-DF) of Rydberg than 1% of the.total cohesive energy. It is clzonvement.to
et al3! gives qualitatively right character of the interlayer €XPressUper(d) in terms of an analytic function. For this
binding in graphite but the predicteg, AE,, andc,; are not ~ Purpose, we assumed thaper(d) can be written as

well compared to experiments. These results suggest that

their vdW-DF still has room for improvement for quantita- 1, *

tive purposes, and study on this type of density functional is Uper(d) = 52 e Vorr(nd) = X Vper(nd), (1)

in a rapid development. It is also expected that vdW-DF n=1

applicable to wider range of soft matter will be developed.

Quite recently, Rydbergt al. have made a step toward this Where the prime on the summation implies to exclude the
direction by extending their vdW-DF to general geometries=0 term andVpe(R) is interpreted as the interaction be-
and applied it to rare gas and benzene dimmer with moderataveen layers separated By We found thatVper(R) was
succes$® well represented by a Morse potential, which we write as

- ———

ud) (meV/atom)

LDA + vdW |
--------- GGA + vdW—:

A
o
———
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TABLE Il. Parameters of the Morse potentials in E¢@b) and 1.25 T T r .
(29) fitted to the LDA and GGA rusults for the interlayer binding
energy.
1.00
Mo Do
(meV) () M=r)  Ar=r-) . o7sk ]
(i
LDA 26.5 3.311 8.065 0 g
GGA 2.3 4.407 2.523 12.47 “° 050k ; ]
LDA + vdW
Mo 0.25f GGA + vdW .
Voer(R) = - {mexd- n(RIDy - 1)]
To— T .
~ 7y exfl- 2(RIDy ~ 1)]} (2a) 000 === 34 5  ©
with 7> .. We have fitted the four parameters in the earlier R(A)

potential to the calculated DFT data in the range betweken FIG. 2. Damping functions determined empirically and givin
=3 A andd=7.5 A by the least-mean-square method and o ping pirically gving

found that the limiting caser,— 7=, provided the best fit lr:'isge tlo the combined resul@DA+vdW, GGA+vdW) shown in
for the LDA results as in the case ofgXolid*® In this limit T
Eq. (28 reduces to

Vper(R) = = Mo[1 + {R/Dg - 1)Jexgd - #(R/Dg - 1)]. Uyaw(d) = 2 Vigw(nd) = Vygw(d) £(4), (4)

n=1
(2b)
o . where {(4)=7*/90=1.082 32,{(m) being the Riemann’s

Both poFentlals in Egs(2a) and (zb) have the minimum at zeta function defined by(m)=1+1/2"+1/3"+---.
R:E_)O W|t_h the depth ofM,. The fitted parameters are sum- o interlayer binding energyJ(d), of graphite with
marized in Table Il. .We note thaﬂDFT(d)zVDFT(q) since larged would be dominated by the vdW contribution given
Uprr(d) saturates quite ramdly for Iargiaand,.as Its conse- by Eqg.(4). For smaller values od, however, the asymptotic
quenceVper(nd) almost vanishes beyond neighboring sepaam given by Eq.(4) cannot be usedvenas the vdW con-
ration (n=2) even ford as small as 3 A. These results yinion, if not mentioning the unphysical divergencedat
clearly indicate that the long-range part of vdW interaction=g and some modification must be madeOn the other
between layers is not taken into account at all in both thé,ang, the DFT results for sufficiently smaliwould provide
LDA and GGA calculations. . ~ a good account of)(d), because there would be substantial

To estimate vdW contribution not taken into account ingyeriap of the electron density in the interlayer region of

the standard DFT calculations, we start with assuming thag - 5 graphite. These observations lead us to Wiit) of
the vdW interaction between layers is given by the sum Ofgraphite with realistic values af as in the following:
those between carbon atongsq(r)=—A/r8. We further as-

sume that carbon atoms can be treated as continuously dis- *
tributing within the layer. This continuum model simplifies U(d) = >, {[1 ~ fgamd N IVper(nd) + fyamdnd)Vygw(nd)}
the calculation of the vdW interaction between layers and we n=1
have ~ [1 = fagamf DIVorr() + fgamd @) Vugu(d)
ViR == 75, € (AL (

where f4,mdR) is a function approaching to unity & be-

whereR is the separation between layers as in @g) andp ~ comes large and to zero in the limiB—0, and A{(4)

is the_ number density of carbon atoms in the layer, pe., =¢(4)—1. In the second step in E¢5), we have assumed
=4/(y3a3). We note in passing that,q(R) given by Eq(3)  thatfy,,fR)=1 atR=2d and beyond that as actually it is for
is the interaction energy per atom in the layer and calculatethe relevant values of (see Fig. 2 The functionfy,ndR)

as the interaction between a carbon atom in one layer and aihay be viewed as a damping function which modifies the
those in the other. Girifalcet al. confirmed that there was asymptotic form of vdW interaction to yield realistic one at
not much difference between the discrete atom and the corfinite R. The use of such a damping function has been the
tinuum models for graphite when the LJ potential with thecommon practice in the empirical method of calculating in-
same parameters were us8d\Ve also confirmed that, if we termolecular forces, and various formsfgf,{R) have been
are concerned only with the® term as earlier, the difference proposed?#8 In such a method the damping function has
is much smaller and the two models are practically the saméeen introduced for the atom-atom vdW interaction and usu-
Then, the interlayer vdW interactioiper atom of graphite  ally treated as a universal function. The spirit of the present
can be calculated as method is different from this in that the functidiy,mdR)
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plays another role of interpolating the interactions in both the TABLE Ill. Parameters of the damping functidig. (6)] and
extremes of large and smd®, and thereby takes account of the interlayer binding energieAE.=-U(dy), obtained by the semi-
the contribution not included in the standard DFT calcula-empirical method based on E) (LDA+vdW, GGA+vdW). The
tions. Therefore, the damping function necessarily depend@sults obtained by the empirical method based on the LJ potential
on the approximations used in the DFT calculations, but thére also given and the experimental value at 0 K was estimated
resultingU(d) given by Eq.(5) should be independent of the from those at room temperatu(given in Table ) as described in
underlying DFT approximations if the interpolation scheme, e text.

including the functional form of,,{R), is of physical sig-

nificance as we have implicitly intended. This requirement AEc
may provide one of critgrion)s/ for testing validit?/ of the Dw (A) oA (meV/atom
scheme, which is just the reason why we have used tw@pa+vdwa 3.313 0.220 60.7
approximations in theb initio DFT calculations. Following | pa+ydwe 3.312 0.209 56.8
B R onets We eTpojed acomple Geawaw 202 oast 54
: Y ype function as the damping UnCUON; - 1 yawe 3.035 0.335 53.9
in Eq. (5):
LJ¢ 55.5
1 LJd 53.9
faamdR) =1 - ex (R— Dy)/8] + 1 Experiments 50-60

1 ©) a87=16.34 eV K is used as the vdW constant.
= . 6 bA=15.0 eV & is used as the vdW constant.
1+exg- (R-Dw)/4] “The continuum modeglA=17.7 eV &, B=2.64x 10* eV A3,

. .. d i = 6 - 1
The two parameters dfi,m,{d) were determined by requiring The discrete atom modeh=17.0 eV &, B=2.45x 10" eV A™?),

that U(d) given by Eq.(5) yields the observed interlayer A fa|ls between that appropriate for tre? bonding (A
distanced, i.e., U’(dp)=0, and that thec-axis elastic con- -1634ev &) and that for sg® bondind” (A
stant calculated asz3=pdoU"(do) reproduces experimental =13.18 eV &), and is close to that used by Girifalco and
result, wherel)’(d) andU"(d) represent the first and second ¢o-workerd”3? (A=15.2 eV %) in their analyses for gra-
derivatives ofU(d) with respect tad. phitic systems.

Similar interpolation schemes have also been used by The experimental result fokE, of Benedictet al8 was
Pacheco and Ramalffoand Hasegawat al*® in their cal-  optained from the analysis of collapsed multiwall carbon
culations of the interaction potential betweeg, @olecules,  nanotubes and subject to large uncertainties as discussed by
but the underlying spirits of their schemes are different fromzachariaet all® We also note that the curvature effect and
each other. In fact, the method of Pacheco and Ramalho ha\t’@ng-range vdW interaction could be important in comparing
been based on the implicit assumption that the LDA worksheir results with those of graphite, but at this stage we can-
well in calculating the intermolecular potential ofsCat  not estimate the correction due to these effects without de-
short range including the equilibrium separation of mol-tajled knowledge of the experimental situation. The thermal
ecules. However, this is not the case and the LDA CalCUlaeﬁect must also be taken into account in quantitative com-
tions account for only half of the intermolecular binding of parisons between theoretical predictions and experinténts.
Ceo*® and the situation is quite similar to that for graphite ase have estimated the increase in potential energy due to the
we see later. longitudinal thermal vibration of layers along tleeaxis and

We used the value 0A=16.34 eV R as the vdW con-  found it to be~13 meV/atom at room temperature. The to-
stant, which has been obtained by Wu and Yéres the tal potential energy is increased by half of that since the
appropriate value for carbon atoms in thé bonding state yibrational potential energy comes from the interaction be-
in their analyses of the intermolecular vdW interactions. Theyeen layers. The cohesive energy is then lowered by
parameters of the damping function determined for this value-g.5 meV/atom compared to that at 0 K. This estimate of
of A and the resulting interlayer binding energies.=  the thermal effect is consistent with that suggested by
-U(dp), are summarized in Table Ill. The correspondingTrickey et all! Assuming room temperature and adding this
U(d) andfy,mdd) as functions ofd are illustrated in Figs. 1  value to the selected experimental oA&¥ we find that the
and 2, respectively. We find that the LDA and GGA resultsinterlayer binding energy to be compared with theoretical
for U(d) are quite differentFig. 1), but those combined by predictions at 0 K is roughly in the range, 50-60 meV/atom,
Eqg. (5) with the empirical vdW contributiofLDA+vdW,  as given in Table Ill. The present semiempirical results for
GGA+vdW) are similar to each other. Such similarity is a AE, somewhat depend on the underlying DFT approxima-
necessary condition as we have discussed, and provides mens, but all of them are in that range of the corrected ex-
inforcements for validating the present semiempirical apperimental results. We also find, as we have already noted,
proach. To see the dependence of the calculatedon the  that the LDA results given in Table(R0-30 meV/atomare
empirical vdW interaction we also used the value Af much smaller than the experimental values in contrast to the
=15.0 eV . The results for this value are also given in previous belief-1316This belief may partly be attributed to
Table Il and we find thaAE_ are reduced by-4 meV/atom the misidentifications of the experimental data given by Giri-
and more favorably compared to experiments. This value ofalco and Lad\’
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For the purpose of comparisons we also repeated empirthose obtained by the empirical method based on the LJ po-
cal calculations of the interlayer binding energies by assumtential, although this agreement can be explained by the ac-
ing the LJ potential,g 5(r)=—A/r8+B/r'? for the interac- cidental compensation of the two terms in the LJ potential.
tion between carbon atoms. If we use the continuum modelVe have confirmed from these results that, in contrast to the
as we did in deriving Eq(4), we can easily obtain the ex- previous belief, LDA calculations substantially underesti-

pression forU(d) in this model mate interlayer binding energy of graphitek., and the dis-
crepancy can be explained by the substantial contribution
U, (d) = - mpAL(4)  mpBL(10) (7)  due to vdW interaction not taken into account in this DFT
t 2d* 5d° approximation. The GGA generally provides improvements

over the LDA for systems with sufficient overlap of electron

- 10 -
where{(10)="/93555=1.000 99. The LJ parameters Wer€yistribution, but it also fails, to a greater extent, in predicting

fitted to the experimental values df andcss. The interlayer A onqc-axis lattice constant of graphite
. .

binding energiesAE.=-U,,(do), were also calculated by us- 1o hresent semiempirical method has already been used
ing the discrete atom model. Both results are summarized ig,ccessfully, in a slightly different way, in the calculations of
Table 11l and found to be in reasonable agreement with the,iarmolecular interaction of £.% The method can also be
present semie_mpirical results as well as .experiments. Th?rz?pplied to other systems if we have knowledge of vdw con-
is not much difference between the continuum and the disgiant A as well as the basic experimental data such as the
crete atom models in accordance with the previous fifding |atice constant and elastic constant. In fact, such knowledge
and the small difference was _foulr;d to arise primarily throughg prerequisite for the semiempirical method to be used. A
the evaluations of the repulsive™ term. The fitted param- - step toward wider applications is to treat vdW constant as
eters are ?l'ghtly different frOT those of Let al™® (A gnother parameter in addition to those of the damping func-
=18.5 eV A, B=2.90X 10t eV A'%) obtained by the same ion byt such a treatment requires additional experimental
method and part of the difference may be explained by thejia and ambiguity arising from multiparameter fitting pro-
different experimental data used to fit the parameters. Weeqre is unavoidable. The method is of limited use in such
note that the attractive™® term in the LJ potential does not circumstances but, in the absence of accurate vdW-DF, pro-
provide a realistic dispersion interaction in the short ranggiqes a useful means of supplementing DFT approximations
and the repulsive? term is nothing but a convention not ¢rrently in use. The atom-atom LJ potential has most fre-
based on any physically significant motivation. Hence, th uently been used in calculating the interactions among
success of the empirical method based on the LJ pOtent%raphite, fullerenes and carbon nanotubde®:331f we can
should be the consequence of forfuitous compensation beynress the interaction between layers in graphite in terms of
tween the two terms in the relevant range, and the vdW.gr,4n_carbon interaction, it may be used in place of the LJ

constant,A, determined by the empirical method does not,ential. Such an approach is not successful at this stage but
necessarily provide a realistic dispersion interaction. In faCtexpected to be useful in the study of graphitic systems.
the values ofA determined by the empirical method are

somewhat larger than that used in the present semiempirical
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