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Abstract: In the present paper, inter-atomic pair potentials in alkali–metals and IB group metals, in crystal state and dia-

tomic system, respectively, are systematically calculated by means of electronic density functional theory with several ex-

change-correlation (EC) functional approximations. In the absence of experimental potential function information, exper-

imentally available bonding length and binding energy of crystal lattice structure, and equilibrium separation and potential 

minimum of diatomic systems, are used for the first time in the context of potential energy as a function of atom separa-

tion, to evaluate the performance of the EC approximations considered in calculating the main properties of neutral atom 

potential energy curve. Comparison between the experiment measures and first-principle calculations indicates that (i) all 

EC functional approximations show great changes in their performances for different systems, and the performances of a 

given EC functional approximation are variable even for the same element but different structures. (ii) The EC functional 

approximations considered show relatively stronger adaptability in calculations for the crystal lattice structures of both al-

kali-metals and IB metals, but the performances for the IB metals Cu, Ag, Au diatomic systems degrade somewhat; more 

than that, the alkali-metal Li, Na, K, Rb, and Cs diatomic systems are inexorably the most difficult to be dealt with by all 

EC approximations considered. (iii) Although the calculated inter-atomic pair potentials in the diatomic system comprised 

of the IB metals and alkali-metals, respectively, display unmistakable deviations from the experimental measures, they 

still constitute specific empirical materials on which effective inter-atomic pair potentials are constructed to take into ac-

count the three-body interactions in the statistical mechanics theory considering only two-body interactions. 

Keywords: Binding energy, bonding length, density functional theory, exchange correlation functional approximation, local 
density approximation, potential energy curve. 

I. INTRODUCTION 

Inter-particle interaction potential function is the most 
basic input information of any statistical mechanics theories 
[1], and computer simulation like Monte-Carlo simulation 
and molecular dynamic simulation [2]. The main differentia-
tion between the computer simulations and statistical me-
chanics theories lies in “exactness” of the computer simula-
tions results and approximation of the statistical mechanics 
theories predictions for any given model potentials used as 
input. It is well-known that validity of the model potential 
function determines the applicability of computer simulation 
results to properties of materials whose inter-particle interac-
tions the potential functions used are originally devised to 
model; on the other hand, reliability of the model potential 
functions is really critical for the statistical mechanics theo-
ries to predict well for real materials given that the theories 
are essentially approximate. 

There are two ways used to obtain the inter-particle po-
tential function information. One way is a theoretical route 
which constructs the pair potential by a detailed quantum-
mechanical calculation, and usually a density functional  
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theory (DFT) is employed to simplify the calculations; how-
ever, approximations are thus introduced into the calculation 
results as the cost of reduced computational capacity. Anoth-
er way is an experimental one by which pair interaction at all 
separations can be extracted from a study of any process that 
involves collisions between molecules. One commonly used 
procedure is to assume a specified form for the pair potential 
and determine the relevant parameters by measured values of 
virial coefficients in the gas phase or transport properties. In 
this way, an energy parameter  and a size parameter  in 
the Lennard-Jones pair potential have been determined for a 
large number of light gases, noble gases, simple polyatomic 
gases, inorganic and organic vapors, and hydrocarbons, and 
besides, relevant potential parameters in the square-well po-
tential, Buckingham-Corner potential, modified Buckingham 
(6-exp) potential, Stockmayer potential, etc. have also been 
established for molecules of some substances [3]. It should 
be noted that besides the virial coefficients and transport 
properties experimentally measured values of other thermo-
physical properties such as elastic constants in crystalline 
phase, pair correlation function and structure factor, vapor–
liquid coexistence line, saturation pressure and critical point 
parameters, isobar at liquid phase, equilibrium compressibil-
ity as well as thermal expansion as a function of temperature, 
etc. are also proper to be adapted for specification of the po-
tential parameters [4]. 
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In this work we will calculate the pair interaction poten-
tials in alkali–metals and IB group metals by applying an 
electronic density functional theory (DFT) under several 
different density functional approximations (DFAs) for an 
exchange-correlation (EC) energy functional; by comparing 
the calculated bond length, bond energy, equilibrium separa-
tion, and potential minimum with corresponding experi-
mental measurements available in literatures, effectiveness 
of the DFAs used in calculating the main features of atomic 
pair potentials in crystal state or diatomic system will be 
determined and the role of electronic DFT in constructing 
the full atomic pair potentials will be explored. In the as-
sessment of DFAs, great weight is usually given to the accu-
racy of molecular atomization energies or the enthalpies of 
formation constructed from calculated atomization energies; 
the physical quantities serving as benchmark tools for evalu-
ation of the DFAs also include ionization energies of atoms, 
correlation energies of atoms and molecules, chemisorption 
energies, electronegativities for the neutral atoms, surface 
energies, bulk properties of solids like lattice constant, bulk 
moduli, phonon frequencies, magnetism, and ferroelectricity, 
and so on. In the present work, by concentrating on the inter-
atomic potential energy curve calculations by eight kinds of 
the most common DFAs, specific empirical materials for 
performance evaluation of the DFAs for the EC energy func-
tional will be obtained, and may be considered as selection 
criteria of the EC energy functional approximations in rele-
vant fields. 

The rest of this paper is organized as follows: In section 
II, a brief review of several favorite EC functional approxi-
mations is presented and applied to calculate inter-atomic 
pair potentials of alkali-metal Li, Na, K, Rb, Cs and IB metal 
Cu Ag Au, in crystal lattice structure and diatomic sys-
tems, respectively. In section III, the calculated full pair po-
tentials are presented, and their main features as of the poten-
tial minimum and corresponding inter-atomic separation are 
compared with experimental measurements to evaluate the 
ability of particular EC functional approximations to adapt to 
calculation of inter-atomic pair potential characteristics. Fi-
nally, we analyze, in section IV, the role of DFT-based cal-
culations in constructing full atom pair potential suitable for 
modeling thermophysical properties of particular materials. 

2. REVIEW OF EXCHANGE-CORRELATION FUNC-
TIONAL APPROXIMATIONS 

Kohn-Sham density functional theory (DFT) [5] is wide-

ly used for self-consistent electronic structure calculations of 

the ground-state properties of atoms, molecules, and solids. 

In this theory, only the EC energy EXC as a functional of the 

electron density must be known; due to the nonlinearity and 

complexity of many-body problems, exact form of 
 
E

XC
 

is never known, and various approximations are thus intro-

duced to make 
 
E

XC
 tractable. The most popular func-

tional approximations include local density approximation 

(LDA) appropriate for slowly varying density [5], and a gen-

eralized gradient approximation (GGA) [6, 8] typically  

 

 

favoring density inhomogeneity more than LDA does. It has 

long been realized that the molecular bond energies and the 

cohesive energies of the solids are overestimated when the 

electronic exchange and correlation effects are described in 

the LDA [5]. However, the development of nonlocal GGA 

has demonstrated that the bond energies of molecules, the 

cohesive energies of solids, and the energy barriers for mo-

lecular reactions can be greatly improved within the DFT 

framework [7, 8]. Different versions of the GGA are availa-

ble currently, and they include PW91 [8], PBE [9], RPBE 

[10], HCTH [11], BLYP [12], PBEsol [13], WC [14], and 

some others. Each approximation for 
 
E

XC
 has its own 

specific fields of use, and it is noted that (i) although the 

PW91 improves the calculation of atomic energies over the 

LDA results, it does not give a consistent improvement over 

LDA results when applied to bulk properties of solids; 

moreover, the PW91 has its own internal defects as dis-

cussed in literature [15]. (ii) The PBE is the most commonly 

used in solid state calculations, but its deficiency is very 

clear: while LDA often slightly underestimates equilibrium 

lattice constants by about 1%, PBE usually overestimates 

them by about the same amount. Other equilibrium proper-

ties, such as bulk moduli, phonon frequencies, magnetism, 

and ferroelectricity, are sensitive to the lattice constant, and 

so are also overcorrected by the PBE [16]; particularly, sur-

face energies are too low in LDA, but are made lower still by 

the PBE [17]. (iii) The RPBE functional only differs from the 

PBE functional in the choice of the mathematical form for 

the exchange energy enhancement factor, and therefore they 

contain the same physics and fulfill the same physical crite-

ria. The RPBE functional improves chemisorption energies 

of atoms and molecules on late transition-metal surfaces, 

which are overestimated by the LDA, PW91 and PBE func-

tionals. (iv) The WC gives significant improvements for lat-

tice constants, crystal structures, and metal surface energies 

over the most popular PBE, and there are no adjustable pa-

rameters; however, it is less accurate for atoms than the PBE 

and RPBE. (v) The HCTH functional is a semi-empirical 

one, and the parameters involved in the functional are deter-

mined by a least-squares optimization procedure using a lim-

ited training set of molecular data, and are in principle for all 

molecules as one is able to obtain accurate descriptions of 

comparable systems that are absent from the training set, and 

the accuracy is comparable to other DFT calculations. The 

HCTH functional has been shown to perform well to several 

chemical problems compared to other functional approxima-

tions, with an accuracy only surpassed by very few hybrid 

functional approximations which include exact exchange. 

(vi) Both the PBE and PBEsol are first-principles GGAs, the 

main difference between them is that they are based upon 

different selections of exact constraints to satisfy. At the 

GGA level, but not at the higher meta-GGA level, one can at 

most satisfy two out of the following three constraints exact-

ly: (I) second-order gradient expansion for exchange, (II) 

second-order gradient expansion for correlation, (III) LSD-

like linear density response of a uniform electron gas.  
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The PBE satifies (II) and (III) but not (I), whereas the 

PBEsol satisfies (I) and compromises between (II) and (III). 

From the performance perspective, the PBEsol describes 

more correctly the stereoelectronic (SE) effects in many hy-

drocarbons than many other DFT functional approximations, 

applies to densely packed solids, and is also useful for large 

organic molecules (in the absence of free atoms) [18]. On the 

other hand, although no GGA without a dispersion correc-

tion can account for long-range correlation, the PBEsol (after 

the error cancelation between exchange and correlation) can 

apparently account for medium-range interaction better than 

the PBE [19]. (vii) The BLYP functional achieves an aver-

age error on the G2 and G3 sets of small molecule experi-

mental atomization energies of 6.17 and 7.60 kcal/mol, re-

spectively [20], and this is a very respectable performance, 

particularly as compared with the LDA; however, it is im-

portant to note that the larger errors in the G3 set typically 

occur for bigger molecules, where errors in individual bond 

energies can accumulate. Due to the computational expense 

of the exact exchange, calculations using hybrid functionals 

can be very expensive compared to the pure GGA function-

als; solid-state calculations are also quite inefficient with 

hybrid functional approximations. On the other hand, the 

LDA is the simplest approximation, constructed from uni-

form electron gas. Although valid in principle only for slow-

ly varying densities, the LDA has met with impressive prac-

tical success for solids, where the valence electron densities 

vary relatively more slowly than in molecules and atoms. 

However, the LDA, as is well known, is not suitable for the 

binding energy of molecule, and it also underestimates the 

equilibrium lattice constant a0 by 1%–3%. As some proper-

ties such as ferroelectricity are extremely sensitive to vol-

ume, when calculated at the LDA volume, the ferroelectric 

instability is severely underestimated. 

In the final analysis, one can arrive at the conclusion that 
each of the current EC functional approximations has its own 
validity application range, none could be applied with great 
accuracy to calculations of all properties. In fact, due to a 
degree of experiences in the constructions of the EC approx-
imations, it does not seem to be such a very easy matter to 
predict the performance of any particular EC approximation 
on given property; consequently, simple and effective meth-
od is testing each EC approximation based on a series of 
comparisons with experimental measures. 

3. RESULTS AND DISCUSSION 

The molecular simulation package used in our study is 
Materials Studio, which is developed by Accelrys, Inc. In 
computation, we use the plane wave expansion to describe 
wave function of the electron. To reduce number of the plane 
waves used, we employ pseudo potential to reset the real 
atomic potential energy. In calculating the interatomic poten-
tial in metal diatomic systems, we employ the Dmol3 mod-
ule, wherein the selected basis set is double numerical plus d 
functions, the self-consistent field (SCF) tolerance is set to 
10-5ev/atom, and a DIIS algorism (direct inversion in an  
 

 

iterative subspace) is employed to quicken and stabilize the 
convergence process. In Dmol3, core treatment employs an 
effective core potential and all electron basis set of relativity. 
In calculating the inter-atomic potential in crystal lattice 
structure, Castep module is used, which employs plane wave 
basis set with an energy cutoff of plane wave calculation in 
reciprocal space being set to 330ev, the SCF tolerance is set 
to 10-6ev/atom, k-point in the Brillouin zone is set to 
12 12 12, and ultrasoft pseudo potential is employed. 

3.1. Inter-atomic Potential Function in Crystal Lattice 
Structure 

Inter-atomic potential function u(r) in crystal lattice 
structure will first be studied. Specifically, we will calculate 
u(r) for body centered cubic alkali-metal Li, Na, K, Rb, Cs 
and IB face-centered cubic metal Cu, Ag, Au. The relevant 
results calculated theoretically, collected in literature [21], 
are graphically displayed in Figs. (1 and 2), together with the 
corresponding experimental values of bonding length and 
binding energy, collected in Tables 1 and 2. 

It should be pointed out that there is not experimental po-
tential function information over an entire separation range, 
we only can evaluate the two main properties of the calculat-
ed potential energy curve, i.e. minimum and relevant dis-
tance of the potential energy curve, by using experimentally 
available bonding length and binding energy of crystal lattice 
structure, and equilibrium separation and potential minimum 
of diatomic systems. 

It is shown that (i) the LDA obviously underestimates the 
bonding length and overestimates the binding energy of all 
body centered cubic alkali-metal Li, Na, K, Rb, Cs. (ii) All 
GGA type EC functional approximations considered give 
relatively reliable estimation of all body centered cubic alka-
li-metal bonding lengths, but their performance in calculat-
ing these alkali-metals binding energy presents evident dis-
parity. To be specific, for Li, Na, only the RPBE is accurate 
for the calculation of binding energy, and other EC approxi-
mations overestimate the binding energies of these two met-
als. For alkali-metal K, both WC and PBESOL evidently 
overestimate the binding energy of K. Encouragingly, RPBE, 
PW91, and PBE can give K binding energy in good agree-
ment with corresponding experimental value; among the 
three approximations, RPBE underestimates the binding en-
ergy, while both PW91 and PBE slightly overestimate it. For 
alkali-metal Rb, both PBE and PW91 can accurately calcu-
late the Rb binding energy; however, RPBE underestimates 
it and both WC and PBESOL overestimate the Rb binding 
energy. For alkali-metal Cs, both WC and PW91 predict the 
Cs binding energy in very good agreement with the corre-
sponding experimental value; however, both RPBE and PBE 
underestimate the Cs bonding energy, and PBESOL overes-
timates it slightly. 

Now we turn the discussion to the IB metal Cu, Ag, Au. 
Fig. (2) clearly illustrates that the LDA pretty seriously over-
estimates the binding energies of three IB metal Cu, Ag, Au, 
and slightly, but still observably underestimates their bond-
ing lengths. As for the GGA, all considered EC functional  
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Fig. (1). Inter-atomic potential function u(r) in body centered cubic alkali-metal Li, Na, K, Rb, and Cs crystal lattice structures, respectively. 

The potential functions, shown as lines+symbols, are calculated by WC, RPBE, PW91, PBEsol, PBE, and LDA, respectively, and the * de-

notes the relevant experimental results. 

 

Table 1. Body centered cubic alkali-metal Li, Na, K, Rb, and Cs bonding length  and binding energy experimental values [23]. 

 Li Na K Rb Cs 

Bonding length /(nm) 0.304 0.3074 0.4544 0.495 0.5308 

Binding energy /(eV) 1.615 -1.092 -0.895 0.820 -0.770 

 

Table 2. IB face-centered cubic metal Cu, Ag, and Au crystal lattice structure bonding length and binding energy experimental val-

ues [23]. 

 Cu Ag Au 

Bonding length /(nm) 0.2556 0.2888 0.2884 

Binding energy /(eV) 3.399 2.859 3.679  
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Fig. (2). Same as in Fig. 1 but for the IB face-centered cubic metal Cu, Ag, and Au crystal lattice structures. 

 

Table 3. Equilibrium distance and potential minimum experimental values of Alkali-metal Li, Na, K, Rb, and Cs diatomic systems. 

 Li Na K Rb Cs 

Equilibrium distance /(nm) 0.26729 [24] 0.30788 [24]  0.39051 [24]  0.4082 [25, 26]  0.4470 [24]  

Potential minimum /(eV) 1.07 [26]  0.774 [26]  0.575 [26]  0.458 [26]  0.420 [26]  

 

Table 4. Equilibrium distance and potential minimum experimental values of IB metal Cu, Ag, and Au diatomic systems. 

  Cu [27]  Ag [27]  Au [27]  

Equilibrium distance /(nm) 0.22197 0.2480 0.24719 

Potential minimum /(eV) 2.020 1.65 2.29 
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Fig. (3). Inter-atomic potential function u(r) in alkali-metal Li, Na, K, Rb, and Cs diatomic systems, respectively. The potential functions, 

shown as lines+symbols, are calculated by BLYP, HCTH, PBE, PW91, RPBE, and LDA, respectively, and the * denotes the relevant experi-

mental results. 

 

approximations under the name of GGA give rather reliable 
estimations of the IB metal Cu, Ag, Au bonding lengths; 
however, their performances in calculating the binding ener-
gy of the IB metals differ greatly. More specifically, for met-
al Cu, only RPBE can give more accurate estimation of the 
binding energy, and all other EC approximations are consid-
ered to overestimate it. For metal Ag, both PW91 and PBE 
perform well for the calculation of Ag binding energy, but 
the RPBE obviously underestimates and both the PBESOL 
and WC clearly overestimate it, respectively. Finally, for 
metal Au, both the WC and PBESOL are surprisingly suc-
cessful in calculating the Au binding energy, but the PBE, 

RPBE, and PW91 unfortunately underestimate dramatically 
this quantity. 

3.2. Interatomic Potential in Metal Diatomic Systems 

We calculate the inter-atomic potentials in alkali-metal 
atoms Li, Na, K, Rb, and Cs, and IB metal atoms Cu, Ag, and 
Au in diatomic systems, respectively, and display the results, 
collected in literature [21], in Figs. (3 and 4); for compari-
son, the corresponding experimental values of the equilibri-
um distance and potential minimum, collected in Tables 3 
and 4, are also shown. 
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We first analyze the situations of alkali-metal Li, Na, K, 
Rb, and Cs diatomic system. Fig. (3) clearly shows that all 
EC functional approximations considered the potential min-
imum of all alkali-metal diatomic systems, but by compari-
son, BLYP is relatively more accurate. As regards the calcu-
lation of the equilibrium distance, it is shown that the equi-
librium distances of Li, Na, and K can be calculated accu-
rately by all EC functional approximations considered except 
that the LDA slightly underestimates the Na and K equilibri-
um distances. For the Rb and Cs situations, all EC approxi-
mations overestimate the equilibrium distances except that 
the LDA very accurately predicts the Rb equilibrium dis-
tance; in particular, the relative accuracy of the EC  
 

approximations considered increases in order of the HCTH, 
RPBE, PW91, BLYP and LDA. 

Now we turn the attention to diatomic systems comprised 
of IB metal Cu, Ag, and Au, respectively. Fig. (4) clearly 
shows that for Cu diatomic system, the HCTH is relatively 
the most accurate for the potential minimum estimation, but 
it slightly overestimates the equilibrium distance of Cu. On 
the other hand, PW91 and LDA are proper for calculation of 
the equilibrium distance, but both overestimate rather seri-
ously the potential minimum. Finally, the BLYP, PBE, and 
RPBE are relatively satisfactory for the calculations of both 
equilibrium distance and potential minimum of the Cu dia-
tomic system. For diatomic system Ag, the RPBE and BLYP  
 

 
Fig. (4). Same as in Fig. (3) but for the alkali-metal Cu, Ag, and Au diatomic systems. 
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are surprisingly accurate for the potential minimum calcula-
tion, at the same time both only slightly overestimates the 
equilibrium distance. Remarkably, performance of the LDA 
shows some discrepancy between the equilibrium distance 
and potential minimum descriptions; on the one hand LDA is 
relatively the most precise for the equilibrium distance calcu-
lation, but on the other hand it overrates the potential mini-
mum very seriously. Finally, other EC functional approxima-
tions considered such as the HCTH, PBE and PW91, all 
overestimate the potential minimum of metal Ag to varying 
degrees, and almost the same degree overestimate the equi-
librium distance. For diatomic system Au, all EC functional 
approximations considered overrate the equilibrium distance 
of the Au diatomic system; among the six approximations 
used, the BLYP, HCTH, PBE, RPBE, and PW91 are the least 
reliable, whereas the LDA calculation gives some improve-
ment on the former five approximations. By comparison, the 
LDA is the most accurate one in calculating the diatomic Au 
potential minimum, and other EC functional approximations 
considered all underestimate it pretty obviously and to vary-
ing degrees as graphically shown in Fig. (4). 

It should be pointed out that what is computed in the 
crystal case is an effective pair potential, which embodies the 
roles played by many body interactions (three, four,… -
body). This is clear from a comparison between Figs. (1, 3) 
and Figs. (2, 4), which shows that the potential curves calcu-
lated by the same EC approximation and for the same ele-
ment but different structures (crystal and dimmer, respective-
ly) differ from each other, and the difference is particularly 
clear for smaller atom separations and seems more and more 
unobservable for larger atom separation. It is also noted that 
minimum and relevant distance of the pair potential for the 
crystal structures are not compatible with the experimental 
cohesive energies and the nearest neighbor (NN) distance, as 
the cohesive energies include the zero point vibrational ener-
gy as well as the inter-atom interaction energies at equilibri-
um positions, and the NN distance is actually an average 
inter-particle separation. 

CONCLUSION 

Regarding first-principle calculations of the interatomic 
potentials of alkali-metal Li Na K Rb and Cs, and IB 
metal Cu Ag and Au, in crystal lattice structure and dia-
tomic systems, respectively, systematic studies have been 
conducted in the present paper by employing a range of ex-
isting EC functional approximations in the electronic DFT 
framework, and related conclusions are drawn as follows. 

1 All EC functional approximations show great changes 
in their performances for different systems, and the perfor-
mances of a given EC functional approximation are variable 
even for the same element but different structures. 
In particular, the EC functional approximations show rela-
tively stronger adaptability in calculations for the crystal 
lattice structures of both alkali-metals and IB metals, but the 
performances for the IB metals Cu, Ag, Au diatomic systems 
degrade somewhat. Unfortunately, the alkali-metal Li, Na, K, 
Rb, and Cs diatomic systems are inexorably the most  
 

 

difficult to be dealt with by all EC approximations consid-
ered, and for these objects locations of the experimental data 
point and the extreme point of the relevant potential energy 
curve are visually apart to varying degrees, as graphically 
shown in Fig. (3). From the Fig. (3) one learns that these 
difference stem from either only a disagreement between the 
potential minimum from the two routes or disagreements 
between both the equilibrium distance and potential mini-
mum from the two routes, respectively. 

As regards origin of differences between the performanc-
es of various EC approximations and between the calcula-
tions and the experimental measurements, especially in the 
case of diatomic systems, it might be worth a little analysis. 
Although Hohenberg-Kohn theorem proves existence of the 
EC functional, its exact expression is never known; as a re-
sult, approximate expressions are resorted, and errors are 
introduced into the final results. Thus, the differences be-
tween the calculations and the experimental measurements 
are explained. As different systems have ever-changing form 
of the electronic density, a universally valid EC approxima-
tion is actually impossible. However, physical meaning of 
the EC functional is clear, and it is possible to assume an 
expression with physical basis and involved with several 
adjustable parameters, which are determined by sum rules 
and small system data. As a result, there exist many EC ap-
proximations with differences in emphasis point of physical 
picture, sum rules, and built-in experimental data, and con-
sequently, performance differences of these EC approxima-
tions in different systems are in reason. It is noted that in the 
case of diatomic systems, the EC approximations considered 
generally degrade even quite obviously. Generally speaking, 
the more gently the electronic density changes spatially, the 
more easily the EC functional is approximated. For crystal 
lattice system, periodic arrangement of the atomic cores 
makes the space distribution of the total potential field 
changes gently, and the resulting electronic density profile 
also changes gently. On the contrary, the two-atom system 
lacks periodic arrangement, the total potential field, and cor-
respondingly, the resulting electronic density is relatively 
more uneven. As a result, the EC approximations show 
greater inadaptability in the two-atom system than in the 
crystal lattice system. 

Fortunately, the unsatisfactory performance in the dia-
tomic systems does not constitute a big trouble in predicting 
thermodynamic properties based on statistical mechanics 
theory and the pair potential of the diatomic systems as the 
statistical mechanics calculations, on the other hand, is a 
very different story, wherein what is used directly as input is 
not the first-principle calculation pair potential itself, as cov-
ered in more detail below. 

2 Although the different EC approximations behave very 
differently in almost all cases when compared to the experi-
mental results, either of them depicts the common character-
istics of the van der Waals force between neutral atoms 
(called dispersion force), i.e. short-range repulsion and long-
range attraction. On the other hand, we only consider the pair 
potential between two atoms in the dimmer case in so far; 
however, a three-body potential arises because the electron  
 

 



Performance Evaluation on Several Exchange-correlation Functional Approximations Open Physics Journal, 2015, Volume 2    9 

clouds in two atoms near one another readjust in response to 
a third atom coming into their neighborhood. Although the 
three-body interactions are much smaller than the two-body 
contribution, they cannot be neglected for most cases. When 
the three-body interactions are present, they have to be trans-
formed into a form of pair potential to be superimposed 
above the pair potential to be tractable within the traditional 
statistical mechanics theoretical framework. As a result, the 
pair potential entering the ready-made machinery of statisti-
cal mechanics to produce macroscopic thermodynamic prop-
erties is not the pair potential based on the first-principle 
calculations, but the one that is similar to the first-principle 
pair potential and takes several parameters to adjust for en-
forcing the agreement between statistical mechanics calcula-
tions and experimental measurements of relevant thermody-
namic properties such as critical point, vapor-liquid coexist-
ence curve, triple point, and etc. A typical example of the 
method is demonstrated in a recent publication [22] dealing 
with iron, copper and sodium. Considering that the first-
principle pair potential is subject to be revised and adjusted 
to take into account the three-body interactions, and conse-
quently, further approximations are introduced, the inaccura-
cy of first-principle pair potential does not create trouble in 
predicting macroscopic properties given that all EC approx-
imations considered catch the main characteristics of the pair 
potentials. 

3 By the analysis of above second point, one has reasons 
to believe that the interatomic potentials in diatomic systems 
of alkali-metal Li, Na, K, Rb, and Cs, and IB metal Cu, Ag, 
and Au, respectively, provided by this paper, offers reliable 
first-principle data to help in raising the quality and reducing 
the empirical element for the empirical pair potential model 
constructed to be used in the ready-made machinery of sta-
tistical mechanics, and we will report relevant studies in sep-
arate papers. 
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