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The contributions of the correlated and uncorrelated components of the electron-pair density to
atomic and molecular intracule(r) and extraculeE(R) densities and its Laplacian functions
V2I(r) andV2E(R) are analyzed at the Hartree—FaekF) and configuration interactioCl) levels

of theory. The topologies of the uncorrelated components of these functions can be rationalized in
terms of the corresponding one-electron densities. In contrast, by analyzing the correlated
components of(r) andE(R), namely,| (r) andEC(R), the effect of electron Fermi and Coulomb
correlation can be assessed at the HF and ClI levels of theory. Moreover, the contribution of
Coulomb correlation can be isolated by means of difference maps bethfi¢en and ES(R)
distributions calculated at the two levels of theory. As application examples, the He, Ne, and Ar
atomic series, the 3;2 N, 02+2 molecular series, and the,ld, molecule have been investigated.

For these atoms and molecules, it is found that Fermi correlation accounts for the main
characteristics of ©(r) and ES(R), with Coulomb correlation increasing slightly the locality of
these functions at the Cl level of theory. Furthermafgr), E(R), and the associated Laplacian
functions, reveal the short-ranged nature and high isotropy of Fermi and Coulomb correlation in
atoms and molecules. @000 American Institute of Physids$0021-960800)30631-9

I. INTRODUCTION respectivelyl (r) andE(R) are probability density functions
for the interelectronic separation vector and for the center of
‘mass of the electron pair, respectively. Both) and E(R)
integrate to the number of electron pairs in the system. Be-
ides,|I (r) has the property of being invariant to translations
f the molecule, and always has a center of inversion at the
ever, the fact that the electron-pair densltyr,,r,) is a origin. On .the o_ther. handz(R) has the same symmetry as
S . . L . . p(r), and its origin is also dependent on molecular transla-
six-dimensional functio,makes it difficult to visualize and . o . .
analyze directly. The analysis of electron intracule and expons. An additional property of(r) is that it must obey an

tracule densities instead of the electron-pair density itself ap@lgctron—electr_qn cusp con(_jltl_on at the on_ﬁ:;uhiowever,
is cusp condition is not satisfied by approximbfe) den-

pears to be an interesting alternative. Intracule and extracule’’

densities have the advantage of having a lower dimensionaf' €S calculated at the Hartree—FdekF) level of theory. In

ity than ['(r,,r,) while, at the same time, they keep a two- fact, in order to obttfﬂ-m(r) densities satisfying the electron—

electron characté. electron cusp condition, one has to use rather accurate wave
For any pair of electrons, one can define the intraculdunctions, generated with explicit consideration of interelec-

and extracule coordinates asr;—r,, andR=(r,+r,)/2,  tronic distances.

respectively. Then, intracule and extracule densities can be Until recently, topological analyses d{r) and E(R)
expressed ds densities were restricted mainly to atoms and diatomic mol-

ecules(see Ref. 6 for a recent revignEarly studies pointed
that the interpretation of intracule and extracule densities
should be based on the identification of the different kinds of
electron—electron interactions possible in atoms and
molecules’™® Moreover, the usefulness of the contracted
r{+ro electron-pair densities for the study of electron correlation
E(R)= J T(ry.ra) 5( 2 R) drydra, (@ was also made evident soon. In particular, the radial intracule
density was used to study Fermi and Coulomb correlation by
SElectronic mail: quel@stark udg.es means of the corresponding density hdfest

bAuthor to whom correspondence should be addressed. Electronic mail: 1N the |5_15_t years, Sev_eral tOpOl.OgicaI an_alysels(o)‘ and
j.mestres@organon.oss.akzonobel.nl E(R) densities and their Laplacian functio&’l(r) and

In the last years, the topological analysis of the one
electron densityp(r) has become a widely used tool for
analyzing the electronic structure of atoms and molectles.
Recently, the analysis of the electron-pair density and relate
functions has also received increasing attentich.How-

I(r)=f [(ry,rp)o((ry—ry)—rj)drydry, (1)

and
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V2E(R) have been performed for polyatomic for the electron-pair density to integrate to the correct num-
moleculest?~25 In general, these functions show topologiesber of (N>~N)/2 electron pairs. Besided,“(r,r;) ac-
far more complex than those of the corresponding onecounts also for Fermi and Coulomb correlation between elec-
electron densities or Laplacians. However, Ifgm) andE(R) trons. At the HF level of theory, only Fermi correlation, or
distributions calculated at the HF and configuration interac€xchange, between same-spin electrons is considered. In this
tion (CI) levels of theory, the main topological features cancase, one can call the functidifr,,r,) used in Eq.(5) the
be easily interpreted by using a simple scheme involvinggxchange or Fermi density. On the contrary, at higher levels
formal electron—electron interactioh&!* Thus, local of theory, Coulomb correlation is also taken into account.
maxima inl(r) and E(R), or local minima inV2I(r) and Then, in general, one can cafi(r,,r;) the exchange-
V2E(R), can be associated to interactions between electrororrelation densityf(ry,r,) is the basis for the definition of
formally assigned to the same or to different atoms. FurtherFermi or exchange—correlation hole densitiesyhich can
more, V2I(r) and V?E(R) allow us to distinguish the con- be used to visualize the degree of electron localization at
tributions ofcore and valence electroris. arbitrary positions of real spac¢& Within the framework of
The analysis ofl (r) and E(R) and the corresponding the theory of atoms in moleculésf(r,,r,) determines the
Laplacian functions appear as a promising tool for investi-degree of electron localization in atoms and electron delocal-
gating molecular electronic structure from an electron-paiization between pairs of atomd?°
perspective. However, while most of the topological features ~ The uncorrelated and correlated components of the
appearing in the one-electron densjifr) can be given a electron-pair density are also six-dimensional functions.
physical significance, this is not so fofr) andE(R). For ~ Therefore, Egs(1) and(2) can be applied t&“(ry,r,) and
instance, maxima and saddle pointsfr) correspond to I'°(r1.r;), in order to obtain the uncorrelated,’(r),
nuclear attractors and bond critical points, respectivelyE”(R), and correlated(r), ES(R) components of the In-
These topological features, together with the gradient of th&acule and extracule densities, as well as the associated La-
densityVp(r), can be used to define atoms in real space, an@lacian functions. Thus, the correlated and uncorrelated com-
to decide whether any two atoms have a chemical bond bdonents of the radial intracule density have been calculated
tween thent. On the other hand, the existence of a localrecently for a number of molecules at the HF level of
maximum inl(r) or E(R) assigned to an electron—electron theory?! Note that, within the HF approximation, the Cou-
interaction, does not mean that the electrons involved havel@mb and exchange components defined in Ref. 21 corre-
strong physical interaction between them. Also, the interprespond to the uncorrelated and correlated components, respec-
tation of saddle points and other topological feature(i) tively, according to the general terminology used throughout
or E(R) distributions is not clear at the moment, except forthe present paper. The analysis of the uncorrelated compo-
the region around the origin ir(r).*° In addition, depending nent of the radial intracule density revealed the long-range
on the size and symmetry of the molecule, differentnature of electrostatic interactions, while the correlated com-
electron—electron interactions can contribute to the sampgonent showed the short-range nature of exchange effects in
point in space, making it impossible to assess the individualhe electron-pair density. Moreover, it was found that delo-
contribution of each interaction tqr) andE(R).*** calization effects are also reflected on the correlated radial
In order to gain insight into the nature of electron— intracule density.
electron interactions in atoms and molecules, and to analyze This paper deals with the correlated and uncorrelated
the effects of Fermi and Coulomb electron correlation oncomponents of the intracule and extracule distributions of
contracted electron-pair densities, we propose to study sepaeveral atoms and molecules. Our aim is to investigate for
rately the correlated and uncorrelated component$(of  the first time the topology of these functions, focusing the
andE(R) analysis on the changes caused by introduction of Fermi and
U c Coulomb correlation on the uncorrelated intracule and extra-
I(ry,rg) =1 (ry,rp) + I (ry,r). (3 cule densities. As application examples, the He, Ne, and Ar
The uncorrelated component of the electron-pair densit@toms, the % N,, and G? series of molecules, and the
I'Y(ry,r,) is a product of two one-electron densities C,H, molecule have been selected. In order to analyze sepa-
rately the effects of Fermi and Coulomb correlation on the
contracted pair densities, HF and ClI results are presented for
TY(r 1) = p(ry)p(ra) , (4 the three series. For,8,, the results presented in this paper
2 complement the analysis done previously at the HF level of
theory for the same molecuté.
and integrates tdl2/2, whereN is the number of electrons in
the atom or molecule. In turd;<(r,,r,) is the correlated

component of the electron-pair density Il. COMPUTATIONAL METHODS
Calculations for the He, Ne, and Ar atoms were carried
p(r)p(ry)  f(ry,ry) out at the HF/6-311G and CISD/6-311G levels of theory,

TC(ry,rp))=T(ry,ry)— 5 (5 placing each atom at the origin of coordinates. The molecu-
lar geometries of €% N,, and G2 were optimized at the
and integrates to- N/2. Thus,I'(r,,r,) compensates for HF/6-311+G(2d) level of theory, whereas for fH,,

the electron self-interactions presentliN(r,,r,) in order ~HF/6-31G" optimized geometrical parameters were taken

2
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from Ref. 13. Then, CISD/6-31.G(2d) (for C,2 N,, and level of theory R
0,% and CISD/6-31G (for C,H,) wave functions were i
computed, using the HF-optimized geometries. All molecu- c +ALUCHR)
lar coordinates were mass centered, and the heavy atoms Cg 3 v » U
each molecule were placed along thaxis. All calculations 2 § CICLHR)
were performed with theamess package€? For the HF cal- & & +[ CHF) +AD
culations, second-order density matrix elements were gener-% g 4+ €D
ated straightforwardly from the first-order ones, while for CI =2, §
calculations, second-order density matrix elements were gen-= § HF)
erated byGAMESS 32 r I
For all levels of theory, density matrix elements corre- g \ (‘cn
sponding to the uncorrelated and correlated parts of the +Ar R I
electron-pair density were obtained according to the follow- M
ing equations: Scheme 1.
U D,.Dys . . U
o= 5 (6) the horizontal axis. For gny Ieve'l of theoﬂy,. is the uncgr—
related component df, with no direct inclusion of any kind
c D,.Dyo of electron correlation. Addition of the correlated component
Dine=Bume™ =5 (7)) TC yields T, the total electron-pair densityAI'V(C-HP,

[CC-HP and AT©-"P stand for theT'V, T'C, and T
Cl-HF differences, respectively. Note that in order to allow

uncorrelated and correlated components of the second ordg}r a stra|ghtforward. compgrlson of HF and CISD
density matrix, respectively. contracted-electron pair densities, all molecular CI calcula-

For each of the two-electron densities generated, calclions have been performed at the HF optimized geometries
lations of intracule and extracule distributions and their re{(see above The vertical positions of the HF and ClI densities
spective Laplacians were performed following the algorithmin the scheme reflect thdt®™" accounts only for Fermi
described in Ref. 23, using an integral neglect threshold o€orrelation, while['*®" includes Fermi and Coulomb corre-
10" 5. For the molecules, electron—electron interactions werdation. Accordingly, considering that Fermi correlation is
characterized by locating local minima in the Laplaciansimilar at the HF and CISD levels of theor]'¢(©'~"P can
functions[maxima in V21“(r) and V2ES(R)]. In order 0 pe considered to account mainly for the Coulomb correlation
associate an electron—electron interaction to a local maxinroduced at the CISD level. The same definitions stated for
mum or minimum, we considered a maximum dlstancer are valid also for each contracted electron-pair density,

threshold of 0.5 a.u(for intracule distributionsor 0.25 a.u. .
(for extracule distributionsbetween the actual position of _r;n;igét(ig)ngndE(R)’ as well as for the associated Laplac

the minimum or maximum and the position expected for tha ) )
interaction according to the nuclear geometry. Maxima or  1here are a total number of nine topologies to analyze,
minima not related to any formal electron—electron interacincluding density functions and differences between density
tion, according to this criterium, are not reporféd. functions, for each choice of a system and electron-pair den-
sity (intracule or extracule However, for the sake of brevity,
only the most meaningful functions carrying information of
interest are depicted and analyzed. Moreover, the compact
notation introduced in Scheme 1 will be used from now on,
usingl andE instead ofl" for intracule and extracule distri-
butions, respectively. Accordinglyy?l and V2E will be

This section reports the results for the He, Ne, and Arused to refer to the corresponding Laplacian functions.
atoms, the % N,, and G2 molecules, and §4,, which
have been selected as application examples. In general, for
the three series, the analysis will focus on the topological
characteristics of the contracted electron-pair densities an8i- Atomic series: He, Ne, Ar
its correlated and uncorrelated components. Moreover, com-

. . ) Due to the spherical symmetry of these atoms, it is
parative analysis between the results obtained at the HF and P 4 . y
Cl levels of theory will also be performed. enough to studyl(r), E(R), and its components along a

In order to aid in the interpretation of the results radius starting at the nucleus of each atom. The first part of

Scheme 1 depicts the relationship between the total electrofiS @nalysis involves electron-pair densities obtained from
pair densityl’(r,,r5) or I for short, and its components. The HF wave functions. Thus, Figs(d and Xb) contain radial
different components of (uncorrelated and correlateds ~ plots of ™7 and EHP for the Ne atom, as well as plots of
well as the total pair density are represented along the vertthe corresponding correlated and uncorrelated components.
cal axis, while the level of calculation is represented alongFor the sake of comparisor,| €™ and — ECHP are plotted

whereD ,, andD ,,, , are the first- and second-order density

matrix elements, respectively, ai,,, , andD , , are the

IIl. RESULTS AND DISCUSSION
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FIG. 1. HFI(r) andE(R) densities for Ne, starting at the nucleus, and differences between Cl ah@t H&ndE(R) densities. Total densities are depicted
in solid line, uncorrelated components in dotted line, and correlated compdmétiitshe sign changadn dashed line(a) | 7P, IYHP and—1€MP for Ne;
(b) EMP, EVHP and — ECHP for Ne; (c) AlIC-HP AVC-HP and — A1 CC1-HP for Ne; and(d) AE©-"P, AEVC-HP and — AEC©-HP for Ne.

instead ofl ©HP and ECP. Radial plots are presented for trast, the CISD/6-31161(0) andE(0) values for He and

Ne only, because similar trends are found for He and ArNe are not so close to those obtained by using highly accu-

When necessary, comparisons between the three atoms wilite correlated wave functioRs:3° However, the general

be done by means of the valuesl¢f), E(R), and its com- trends found between more accurate HF and correldi@y

ponents at the origiisee Table 1L 1(0) andE(0) are the and E(0) values are preserved in Table I. Thus, both the

electron—electron coalescence and counterbalance densitiepalescence and counterbalance densities decrease when

respectively?® considering Coulomb correlation at the ClI level with respect
HF/6-311G 1(0) andE(0) values reported in Table | to HF3!

are relatively good approximations to the HF limit values For Ne, bothl"P and E"P and its correlated and un-

calculated numericall§® especially for He and Ne. In con- correlated components are unimodal functions, with a single

TABLE I. 1(0) andE(0) values for the He, Ne, and Ar atoms. Valugsa.u) for the total densitie$(0) and
E(0), uncorrelated componentS(0) andEY(0), andcorrelated component§(0) andES(0) are presented.
HF results are in roman type, and ClI results in italics.

1(0) 1Y(0) 1(0) E(0) EY(0) ES(0)
He 0.190 0.381 -0.190 1.524 3.047 -1.524
0.158 0.381 -0.223 1.263 3.046 -1.783
Ne 42.590 85.179 —42.590 381.059 681.435 —300.377
41.430 85.189 —43.759 374.367 681.511 —307.144
Ar 302.344 604.689  —302.344 2948.165 4837511  —1889.346
299.088 604.544  —305.456 2922.634 4836.351  —1913.718

Downloaded 02 Dec 2010 to 84.88.138.106. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions



2534 J. Chem. Phys., Vol. 113, No. 7, 15 August 2000 Fradera, Duran, and Mestres

TABLE Il. Total (correlated and uncorrelatedumber of electron pairs contributing to the intracule and extracule shells of the Ne and Ar atoms. Intracule
and extracule atomic shells are delimited by the even zer§€litr) andV?E(R), respectivelyn,, n,, andn, refer to the numbers of electron pairs in the
first, second, and third shells. Values in roman type refer to HF/6+&1results; values in italics refer to CISD/6-3tG* results.

Intracule shells Extracule shells
Total Uncorrelated Correlated Total Uncorrelated Correlated
Atom n; n, n; n, n, N, n, n, ns n, n, N, n, n, N, ny n, N,
Ne 2.404 42.599 3.677 46.326 —1.273 —-3.727 2.929 42.073 3.855 46.148 —0.926 —4.075
2.420 42.582 3.755 46.247 —1.335 —3.665 2.961 42.041 3.899 46.104 —0.938 —4.062

Ar 1940 61.608 89.468 3.086 66.631 92.3001.146 —5.023 —2.832 2.496 59.913 90.607 3.260 64.033 94.728.763 —4.120 —4.117
1.935 61.669 89.411 3.084 66.896 92.036L.149 —5.227 —2.625 2.492 60.104 90.419 3.257 64.161 94.598.765 —4.057 —4.179

maximum located at the origin of coordinates. The intraculeobtained forl or €. For instance, for the Ar atom, the dif-
graph[Fig. 1(a)] shows that Fermi correlation is maximal at ference between the HF and €{(0) values is only 0.15
the electron—electron coalescence point, and decays quickiu., while forl €(0) the difference is 3.1 a.u. Similar trends
with the interelectronic distance. Thus, for interelectronicare also found for the extracule densities. These results show
distances larger than 0.6 a.u’® and IY" are nearly that, with respect to the HF reference, the electron-pair re-
equivalent. Another interesting feature is that, at the HFdistribution due to consideration of Coulomb correlation at
level, the following relationship holds for the coalescencethe CI level is reflected mostly on the correlated component
density or intracule density at the origim(0)=—1%(0) of the electron-pair density. The effect of increasing the level
=1Y(0)/2. The reason is that for any atom or molecule, thereof calculation on one-electron densities is smaller; therefore
are a total oN?/2 uncorrelated electron pairs contributing to the uncorrelated components of the contracted electron-pair
some extent tdV(0) [see Eq(4)]. Half these electron pairs densities also change little when considering Coulomb cor-
have parallel spin, and, according to the antisymmetry prinfelation.
ciple, have a null contribution to the tot&{0) value. The Cl—HF correlation shifts fot andE are very similar to
other half are antiparallel electron pairs, which are totallythose for—1¢ and —EC. In all cases, upon consideration of
uncorrelated at the HF level of theory, and make the sam€oulomb correlation, both intracule and extracule densities
contribution tolY(0) and tol(0). Therefore, the value of are shifted towards larger or R coordinates, respectively.
1(0) is equal tolY(0)/2 and to—1€(0). This relationship  For the three atoms, maximal differences between the HF
also holds for He and AfTable ) and, in general, for closed- and ClI results are found at the intracule and extracule origins
shell systems within the HF approximation. As for the extra-of coordinates, and the difference decays quickly with in-
cule graphFig. 1(b)], exchange correlation is strong only for creasingr or R. At the coalescence point, Coulomb correla-
pairs of electrons centered in the region around the origintion increases the contribution of the correlated component
and decays quickly with the extracule coordinate. Thus, fomwith respect to the HF reference, and it is found th@l)
values of|R| larger than 0.25 a.u., the contributionBf P <1Y(0)/2<—1€(0) for all the atoms.
to EMP is very small. However, in contrast to the equiva- It is well known that the Laplacian of the electron den-
lence of (0) and —1€(0) for the three atomsE(0) and  sity V2p(r) is able to show the shell structure of atoms and
—E®€(0) are equivalent only for He, while for Ne and Ar molecules-®?3 Moreover, atomic shell structure has also
E(0) is considerably larger than EC(0) (Table . been discussed from the point of view of the Laplacians of
The intracule and extracule density distributions of Hethe intracule and extracule densitfds®Even though similar
and Ar, not presented, follow the same trends found for Neshell structures were found foW?p(r), V2I(r), and
However, for the He atom"P andE™P are exactly equiva- V2E(R), the interpretation is different in each casdlable
lent to —1€M"P and —EC™P) respectively, and also to I collects the HF and ClI electron-pair shell populations for
|VHP/2 andEYHP/2, respectively, for all values afor R.  the Ne and Ar atoms. At both levels of theory, Ne and Ar
The reason for this is that, at the HF level, the two antiparpresent two and three intracule shells, respectively. The same
allel electrons in He are totally uncorrelated. Thus, the onlynumbers of shells are found for the extracule densities of Ne
effect of I'®, which integrates to-1, is to correct for the and Ar. The uncorrelated and correlated electron-pair contri-
self-interactions present iKY, which integrates to 2. butions to each intracule and extracule shell are also reported
The second part of the analysis involves intracule andn Table Il. These values show the importance of electron
extracule densities obtained from post-HF wave functionscorrelation for each shell.
The effect of Coulomb correlation on the contracted Ne intracule populations are 2.40 and 42.60 at the HF
electron-pair densities is apparent on the plots of differencekevel of theory, while extracule populations are 2.93 and
between Cl and HIF(r) andE(R) densities, for the Ne atom 42.07, in close agreement with the results reported for this
[Figs. 1c) and Xd), respectively and on the values at the atom using a smaller basis SetThe first intracule and ex-
origin for the three atoméTable ). A1©~HP andAE©-"P  tracule shells of Ne correspond to pairs of electrons which
present common trends for He, Ne, and Ar. First of all, theare very close in space, or whose center of mass is very close
differences betweelt distributions calculated at the HF and to the atomic nucleus, respectively. These electron pairs are
Cl levels of theory are slight, compared to the differencesexpected to be furnished mainly by core electrons from the
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inner shell inp(r). However, one must take into account thattion of both correlated and uncorrelated electron-geip.)

the first intracule and extracule shells can also get contribudensities from the outer to the inner shet0.08 e.p. in both
tions from core—valence or valence—valence electron pairS,CaSGSS The redistributions of the uncorrelated and correlated
which have a nonzero probability of being at short intereleccomponents nearly cancel each other, leading to a final re-
tronic distances, or having the center of mass close to théistribution of total intracule density Ne 0f0.02 e.p. from
nucleus. The analysis of the uncorrelated and correlated cofh€ outer to the inner shell. For Ar, the HF and CI popula-
tributions to the electron-pair shells for the Ne at¢fiable tions of the first shell remain almost constant, but there is
Il) reveals that electron correlation is important within thesome redistribution of the uncorrelated and correlated contri-

two shells. For instance, the correlated contributions to théutions from the third to the second shell, at the Cl level. As
first and second intracule shells atd.27 and—3.73. How- for Ne, the uncorrelated and correlated redistributions are
ever, even though the correlated contribution is larger for th&/€ry similar in magnitude and the final effect on the total

second shell, one must take into account that the uncorrddtracule density is very small.

lated contributions are 3.68 and 46.33 for the first and second For extracule densities, similar redistributions of shell

shell, respectively. Thus, the relative importance of the corPopulation are found upon inclusion of Coulomb correlation.

related contribution is still higher for the first shell. Similar FOr instance, for Ne there is a redistribution of the correlated
results are found for the extracule density, where the correfontribution from the second towards the first shell, while for

lated contributions are-0.93 and—4.08, and the uncorre- AT the redistribution is mainly from the second towards the

lated contributions are 3.86 and 46.15 for the first and seconti'd shell. In contrast, in both cases there is some redistri-
shells, respectively. bution of uncorrelated electron-pair density from the outer to

When comparing the intracule and extracule shell poputhe first (for Ne) or second shellfor Ar). Altogether, the
lations for the Ne atom. it is found that the uncorrelatedfinal effectis the redistribution of some extracule population
contribution to the first shell3.68 is larger, in absolute (~0-03 and 0.2 e.p., for Ne and Ar, respectiyefom the
value, than the uncorrelated contribution to the first extracul@Uter to the second outermost shell.

shell (3.86. In contrast, the correlated contribution is larger, N summary, the comparison of the HF and Cl results
in absolute value, for the first intracule shefi1.27) than for confirms that Fermi correlation accounts for the intracule and

the first extracule shell—0.93, reflecting a greater impor- extracule shell structure of the Ne and Ar atoms, while the
tance of Fermi correlation for, small values of the intraculeeffeCt of Coulomb correlation on the atomic shell structure is

coordinater than for the extracule coordinai. All in all, ~ Small. In terms of shell population, Coulomb correlation

these two trends lead to a significantly larger population f0|Jeads to a shifting of intracule and extracule population from

the first extracule she(R.93 compared to the corresponding outer to inner shells.
intracule shell2.40. Accordingly, the inverse trend is found
for the second intracule and extracule shells.

A similar analysis can be carried out for Ar. The intrac-
ule shells for this atom are 1.94, 61.61, and 89.47. The cor- Extending the topological analysis of contracted
related contributions to these shells aré.15, —5.02, and electron-pair densities from atomic to molecular systems is a
—2.83, while the uncorrelated contributions are 3.09, 66.63complex task due to the great number of different electron—
and 92.30. Thus, the relative importance of electron correlaelectron interactions that can be generated for even the sim-
tion in the first two shells is similar to that in the Ne atom. In plest molecule$?*® Therefore, we have considered a series
contrast, for the third shell, which corresponds to pairs ofof diatomic homonuclear moleculesgé N,, and qz, in
electrons with large interelectronic distances, the correlatedrder to minimize the number of different formal electron—
contribution is small, but nonvanishing. Similar trends areelectron interactions, and carry out an initial investigation on
found for the extracule density, with shell populations ofthe characteristics of the correlated and uncorrelated compo-
2.50, 59.91, and 90.61, correlated contributions—dd.76, nents of the electron-pair density in small molecules. More-
—4.12, and—4.12, and uncorrelated contributions of 3.26, over, the fact that these three molecules are isoelectronic will
64.03, and 94.72. Following the same trends found for Neallow for a straightforward comparison of the corresponding
the correlated contributions are more important for the firselectron-pair densities. In addition, the effects of increasing
intracule than for the first extracule shell of the Ar atom,the nuclear attraction along this series on the pair density and
while the opposite trend is found for the outer intracule andts components will be analyzed.
extracule shells, leading to a larger population for the first  In particular, this analysis will be carried out only for
extracule(2.50 than for the first intracule she{ll.94). The I(r) and its components along the molecular axis, for each

B. The C;2 N,, and O7? series

same trend is found for the outer she®9.61 and 89.47 for molecule. Figure 2 collects graphs fof'®, VP and
the extracule and intracule shell populatipmhile the in- 1P as well as differences between results obtained at the
verse is found for the second extrac(#®.91 and intracule Cl and HF levels. In order to better understand the effect of
(61.69 shells. Coulomb correlation oh(r), 1Y(r), andI€(r), CI-HF p(r)

For all the atoms, Cl electron-pair shell populations aredifferences along the molecular axis are also depicted in Fig.
very close to those obtained by using the HF approximatior8 for the three molecules.
(see Table . For the intracule densities, Coulomb correla-  The topology ofl P for C,2, N,, and G? is that ex-
tion is expected to increase the contributionIdt into the  pected for diatomic moleculés. Thus, for each molecule,
inner shells. Accordingly, for Ne, there is a slight redistribu-there are three peaks of comparable magnitude along the
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FIG. 2. Intracule density and its components along the molecular axis forzif'\esclid ling), N, (dashed ling and q‘z (dotted line molecules. HF results
and CI-HF differences are showa) | P, (b) 1YHP () 1CHP, (d) AIC-HP (e) AIVC-HP and(f) AICC-HP,

molecular axis: one at the origin and two symmetric peaks aatomic electron pairs® The height of all the peaks in-

the positions corresponding approximately to the positivecreases as the nuclear charge increases and the interatomic
and negative values of the interatomic distafwely one of  distance is shortened, along thg’CN,, and G2 series. In

the symmetric peaks is shown in Fig(aR for each mol- fact, the height of the intraatomic peak is the coalescence
eculd. The peak at the origin can be related to the contribu-density | (0) which, for isoelectronic series within the re-
tion of formally intraatomic pairs of electrons, while the stricted HF aproximation, has been shown to be directly re-
other two peaks can be considered to be furnished by intetated to a functional of the one-electron den$ity
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' ' ' The CI-HF difference grapH&igs. 2d), 2(e), and Zf)]
show the effect of an increase of the level of theory on the
three molecules. Figurg@ reveals that the main differences
betweenl P and!1©" are found at small values of the intra-
cule coordinate. However, a slight redistribution of intra-
cule density is also found at larger interelectronic distances
(~1.5-2.5 a.y. For the uncorrelated compondifiig. 2(e)]
the main differences between the HF and CI results are also
found at the origin of the intracule space and at interelec-
tronic distances between 1.5 and 2.5 a.u. Since the topology
of 1Y(r) depends on that of the one-electron density, the
AI1YC-HP graph can be interpreted easily in terms of the
008 , , , effects of Coulomb correlation on the one-electron density.
00 0s o 18 20 Therefore, CI-HFp(r) differences along the molecular axis
are depicted in Fig. 3 for the three molecules. The three
FIG. 3. (CI-HF) p.(r) differenzces along the molecular axis fop €(solid graphs exhibit some common trends. First of all, HF under-
line), N, (dashed link and G* (dotted ling. estimates the value gf(r) within a small region around
each atomic nucleus, as reflected in the maxima located ap-
proximately at the positions of the C, N, and O nuclei, re-
spectively, in the ¢% N, and G2 graphs. Figure 3 also
<p>=J p(r)p(r)dr. (8) reveals that, surrounding each of the atoms, there are two
more shells wherg(r) is overestimated and underestimated,

{p) in Eq. (8) has been actually used as a measure of localespectively, at the HF level of theory. Note that the density
charge density concentration: the more locally concentratedt the bond critical poinfthe origin of coordinates in Fig.)3
the one-electron density distribution, the larger the value ofS systematically overestimated at the HF level. These trends
(p) and vice versd’ For instance(p) increases along the have an immediate translation in terms\df’ =P First of
CZTZ, N,, and qZ series, in agreement with the tighter dis- all, the tighter concentration of charge density around each
tribution of charge density around the atoms caused by thatom at the CI level, with respect to the HF approximation,
increasing nuclear charge, both at the HF and ClI levels ofeads to a corresponding increase of the probability of having
theory®® uncorrelatedelectrons close to each other, as reflected in the
In good agreement with E@8), Fig. 2a) shows that the region around the origin in Fig.(®. Accordingly, the prob-
increasing concentration of charge density along this seriegbility for uncorrelatedelectron—electron interactions with
leads to an increasing probability of having electron pairgnterelectronic distances close to the interatomic distance
with short interelectronic distances. The height of the inter-also increases with the level of theofyee Fig. 2e)]. As
atomic peaks follows the same trend, revealing that a highegxpected, the magnitude of the CI-HF correlation shifts on
local concentration of charge density around each atom alsd’(r) andp(r) increases along the,€, N,, and G2 series.
leads to a more tight distribution of interelectronic distances  Finally, the difference plot for the correlated component
for formally interatomic electron—electron interactions. Fur-Al€©'=HP confirms that considering Coulomb correlation in-
thermore, similar trends are also found for the intraatomiccreases the depth of the Fermi or exchange—correlation hole
and interatomic peaks i’ for the three moleculegsee  for small interelectronic distances. As for Fermi correlation,
Fig. 2(b)], with the difference that the heights of the intra- it is found that Coulomb correlation becomes more important
atomic and interatomic peaks iH"" are not equivalent. On with the increasing local concentration of the one-electron
the contrary, the intraatomic peaks at the origin he¥&P  density along the 532 N,, and q2 series. A comparison of
values that are approximately twice those of the interatomic\1V©'~"P and A1€(€"-HP [Figs. 2e) and 2f), respectively

density

-0.06 | J
W

(p)

10)= 5"

peaks. shows that the correlation shift is about one order of magni-
1€MP is shown in Fig. 2c) for the three molecules. Itis tude larger fol'© than forI'Y.
found that electror{Fermi correlation is increasingly more In summary, the results depicted in Fig$d)2 2(e), and

important for G2, N,, and G2, again in agreement with the 2(f) reveal that introducing Coulomb correlation at the ClI
progressive increase in charge density concentration alorigvel works to produce two apparently contrary effects on the
this series. Furthermore, for the three systems, the range @itracule density. First, for this series of molecules, the ClI
strong Fermi correlation is found to be small and comparabl®ne-electron density is more compact and locally concen-
to that found for isolated atonfgompare the— 1" plot  trated around the atomic nuclei than the corresponding HF
for Ne in Fig. 4a) and thel“H" plot for N, in Fig. 2c)], density, leading to a slight increase in the probability for
confirming that there is little Fermi correlation between coreshort distance uncorrelated electron—electron interactions, as
electrons located on different atoms. Therefore, exchange aevealed by the\|Y©'~"P piot in Fig. Ae). However, taking
Fermi correlation can be expected to be important only forinto account Coulomb correlation also increases the depth of
intraatomic electron—electron interactions and, to a lesser exhe HF Fermi correlation holeseeA1¢©'~"P piots in Fig.
tent, for interatomic interactions between valence electron&(f)]. Since the electron-pair redistribution &1f is quanti-
from neighboring atom$&' tatively more important than ofiY, one finally obtains a
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smaller probability for short distance electron—electron inter- ~ The V2IYHP and V2| V€ distributions of GH, are to-

actions at the CI level. Thus, at the same time that electrongologically equivalent between them, and also to @eHP

are kept more locally concentrated around atomic nucleiandV?I©" distributions. Therefore, only V(" is depicted

they are also kept at larger interelectronic distances. [Fig. 4(c)]. From a quantitative point of view, the main dif-
ferences betweeR?l " and V2IY©), and betweerv?| P
andV21YHP are found for the minima associated to {0
interaction, at all levels of theorisee Table lIl. In agree-

C. The C,H, molecule ment with the relationship found for the intracule density at

the origin for the atomic serie$(0) is equal tolY(0)/2 at

(the HF level and smaller at the CI level. For the rest of the

ecule. Because of the high symmetry of this molecule, th@lgc'tron.—elecz:tzgg interacztiS?HsF, the differences between the
number of nonequivalent electron—electron interactions igninima in VI and V7 " are small, especially for
quite low, simplifying the topological analysis of the intrac- Iogg(j(-:glstancez Lr}tct?)ractlons, and the same trend is found for
ule and extracule densities. Moreover, the topologies of thd 1" and V-l o ) 2 U S
I(r), E(R), V2I(r), andV2E(R) distributions of the GH, The comparison of th&¥<1(r) andV<l - (r) distributions
molecule have been recently investigated at the HF/6:31Gabove suggests that the overall topology of molecuiy(r)
level of theory!3 While very few electron—electron interac- distributions is determined mainly by the uncorrelated com-
tions could be associated to local maxima in tige) and ~ Ponent,V2I%(r). Thus, the correlated componeWif| (r)
E(R) densities, most interactions could be associated to loc&la" be expected to have only a relatively small contribution
minima in the corresponding Laplacian functions. Therefore© the topology of the totaV“I(r) distribution. However,
the analysis of the £, molecule has been restricted to the V! () is important, from a chemical point of view, be-
V2l (r) andV2E(R) distributions and its components, calcu- cause it reflects the way in which the electrons in the system
lated at the HF and ClI levels of theory. are correlated. MoreovelS(r) has been found to be espe-
|ntracu|e and extracu|e contour maps 011-@ are pre_ C|a”y SenSible to the IeVeI Of theory fOI‘ the atomic and mo-
sented in Figs. 4 and 5, respectively. All the maps lie on théecular series discussed above. In order to assess the effects
plane defined by the atoms in the molecule, with the carbo®f Fermi and Coulomb correlation on molecutaiv?“(r)
atoms located along theaxis. In turn, Table Il reports the distributions, three different maps are presented. Figuigs 4
local minima characterized 2l 1P, v2|(©), y2|UHP anq  and 4e) show the— V21 "7 and — V21" maps of GH,,
V21U, as well as maxima characterized WICHP and  respectively, while Fig. &) depicts the— VA1~ dif-
v2|1€@)  Accordingly, local minima characterized in ference map. Note that the functions represented in Figs.
V2EHP  y2EHR  g2EUC)  gnd V2EVC)  and maxima 4(d), 4(e), and 4f) correspond in fact to the Laplacians of the
characterized inV2ECHP and V2EC©) are collected in anisotropic Fermi, exchange correlation and Coulomb holes,
Table IV. For the labeling of the electron—electron interac-respectively. Note also that, for the sake of comparison with
tions in GH,, the same notation introduced in Ref. 13 is V2I(r) and V2IY(r) maps,—V?(r) maps have been de-
used. Thus{C;;} and {H;} refer to intraatomic electron— picted instead o2 “(r) maps, in Figs. @), 4(e), and 4f).
electron interactions on C and H, respectively, wiiC;}, Thus, taking into account that(r) is negative for any value
{CiHi}, {CH;}, {HiH}, and{H;H;} refer to different kinds of r, negative and positive values in these maps correspond
of interatomic interactionsii is used to label interactions to local|l€(r)| concentration and depletion, respectively.
between electrons belonging to atoms from the samg CH  The main topological feature in the V2P distribu-
group, whileij is used to label interactions between electrongion [Fig. 4d)] is a local minimum at the origin, surrounded
on atoms from different Ckgroups {H;H;} interactions are by two shells of positive and negative Laplacian values, re-
divided into cis and trans. Finall§0} is used to label sets of spectively, the latter one being extended up- a.u. from
interactions contributing collectively to the origin of coordi- the origin. Within this region,— V21 € is nearly isotropic
nates in the intracule or extracule distributions. Because ofn the xz plane. At larger interelectronic distances, local
the molecular symmetry of £, only the positive quadrant minima can be assigned to th€C;}, {CH;}, and{H;H;}
of each map needs to be discussed. (cis andtrans) interactions, but no minima can be associated
Figures 4a) and 4b) depict theV2I P and V2 ©) dis-  to the{C;H;} and{H;H;} interactions. According to the"(r)
tributions, which are topologically equivalent. From a quan-values reported in Table Ill, the degree of Fermi correlation
titative point of view, there are two interactions whdge) associated to different core—core electron interactions de-
values change significantly depending on the approximatioereases in the ord¢CiH;}, {C/C;}, {HH;} (cis), and{H;H;}
used. First, the intracule density at the origin, associated t@rans.
the interaction{0}, decreases from a value of 15.847 at the ~ The —V2I¢HP and —V2I¢C) maps[Figs. 4d) and
HF level to 15.715 at the Cl levésee Table Il). Second, the 4(e)] are very similar. In both cases the same set of interac-
I(r) value associated to theC;C;} interaction is 0.018 a.u. tions are reflected as local minima, except for {3H;} and
larger at the Cl level. Local minima associated to the rest of CiH;} interactions, which are characterized only at the HF
the interactions change only slightly at the HF and CI levelsand CI levels of theory, respectively. From a quantitative
of theory. Also, with respect to Cl, HF underestimates bypoint of view, the main differences are found in the minima
~0.013 a.u. the interelectronic distance associated to thassociated to thg¢0} and {C,C;} interactions. Thel €(0)
{HiH;} cis and trans interactions. value goes from—-15.847 at the HF level te-15.995 at the

The GH, molecule will be considered for the applica-
tion of the analysis described above to a polyatomic mo
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FIG. 4. Intracule contour maps for the,H; molecule. Positive values are depicted in solid lines and negative values in dashedained:"P map, in
contours of 0.0x2"a.u.; (b) V2®” map, in contours of 0.022" a.u.; (c) V21V map, in contours of 0.022" a.u.; (d) — V2 “"P map, in contours of
0.01x2" a.u.; (e) — V2 ¢) map, in contours of 0.022" a.u.; and(f) —AV2©-"P map, in contours of 0.022" a.u.

Cl level (see Table Il), reflecting that the correlation hole is overestimation of the correlation associated to this interac-
slightly deeper when taking into account Coulomb correla-tion at the HF level of theory.

tion. In turn, the HF and CI®(r) values associated to the Within the approach used in this work, at post-HF levels
{CiC;} interaction are-0.019 and-0.013, reflecting a slight of theory, Fermi and Coulomb correlation contribute to-
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FIG. 5. Extracule contour maps for theHl; molecule. Positive values are depicted in solid lines and negative values in dashe¢g)ineE " map, in
contours of 0.X2"a.u.; (b) V2E©” map, in contours of 042" a.u.; (c) V2EV map, in contours of 042" a.u.; (d) — V?ESH® map, in contours of
0.1x2"a.u.; (e) — V2EC©) map, in contours of 042" a.u.; and(f) — AV2ECC-"P map, in contours of 022" a.u.
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TABLE III. Internuclear distances|Dag|), interelectronic distancedr(y|), and intracule densitiefl (r),
1Y(r) and1€(r)] of the different electron—electron interactions assigned to local minin¥&ligr), V21Y(r),

andV?1¢(r) for the GH, molecule calculated at the HFalues in roman typeand Cl(values in italicg levels
of theory (a.u. are units used throughaut

Interaction
Intracule {o} {GCE  {CHi} {CGH;} {HiH} {HiHj}eis {HiH}rans
|Dagl 2.489 2.033 3.958 3.456 4.632 5.780
Total
T ol 0.000 2.489 2.018 3.945 3.369 4.579 5.653
0.000 2.489 2.019 3.946 3.376 4.593 5.666
1(r) 15.847  15.869 1.047 0.858 0.177 0.267 0.082
15.715  15.887 1.052 0.858 0.176 0.263 0.085
Uncorrelated
Tl 0.000 2.489 2.018 3.945 3.387 4.580 5.655
0.000 2.489 2.019 3.946 3.397 4.592 5.788
1Y(r) 31.694  15.891 1.095 0.860 0.177 0.268 0.082
31.709  15.901 1.095 0.859 0.174 0.264 0.081
Correlated
Tl 0.000 2.584 2.163 4.137 5.783
0.000 2.563 . 4.119 5.891
16(r) —-15.847 —0.019 —0.037 —1.57x10°°% —0.37x10°°
—15.995 —0.013 —0.91x107° - —0.35x10°3

gether to the exchange—correlation density. One way to isg-aplacian difference maps. For instance, th§2A|¢(¢!-HP

late the contribution of Coulomb correlation is to analyzemap[Fig. 4(f)] shows that Cl shifts the correlation hole to-
difference maps between contracted electron-pair densiti§gargs smaller electron—electron distances. This is reflected
cglculateq with the HF and CISD approxmatlons_. T_hese s a negative region around the origin nv2A|C(CI-HP,

kind of difference maps can be seen as a generalization g : -

- ; . extended up to interelectronic distances-df.5 a.u. In con-
the Coulomb hole, originally defined as the difference be—r t 10 the— V21SHP and —v21SC) m o shell str
tween the radial intracule densities calculated with a giveﬁ as ) o the . 5 2<CI_HF) aps, ,0 s € s ue
ab initio method and with the HF approximatiohThe ef- tgre is found in—V=Al o From a quantitative pomt. of
fect of Coulomb correlation can be better appreciated in th&/i€W, Coulomb correlation is less important than Fermi cor-

TABLE IV. Internuclear distances|Dag|), interelectronic distancedr(|), and extracule densitigE(R),
EY(r), and E®(r)] off the different electron—electron interactions assigned to local maxim&?m®(R),
V2EY(R), andV?EY(R) for the GH, molecule calculated at the HFalues in roman typeand Cl(values in
italics) levels of theory(a.u. are units used throughgut

Interaction
Extracule {0} {Gi} {CH;} {CH;} {H;i} {HiH;} {HiHj}cis
|Dagl 1.244 1.979 1.016 2.890 2.316 1.728
Total
[T anl 0.000 1.244 1.972 1.009 2.982 2.292 1.692
0.000 1.244 1.973 1.010 2.944 2.298 1.697
E(r) 253.160 66.931 6.619 8.672 0.350 2.051 1.410
253.376 66.864 6.651 8.662 0.279 2.010 1.380
Uncorrelated
I anl 0.000 1.244 1.972 1.009 2.827 2.290 1.693
0.000 1.244 1.973 1.010 2.834 2.296 1.699
EY(r) 253.566 127.136 6.881 8.764 0.656 2.146 1.418
253.685 127.216 6.876 8.762 0.644 2.112 1.390
Correlated
I anl 0.000 1.244 1.948 2.253
0.000 1.244 1.919 2.814 2.269
EC(r) —0.406 —60.205 —0.252 —0.089
—0.309 —60.353 -0.212 —0.259 —0.098
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relation. For instancd,®(0) is —15.847 at the HF level of correlation is to increase the locality &, the correlated

theory, while the difference between the Cl and H&0) component of the electron-pair density. Recently, similar

values is only 0.147. conclusions were reached by means of localization and de-
We prceed now to discuss the extracule maps, depictelbcalization indice¥® and by calculating atomic similarity

in Fig. 5. As forv2 "P andv?21©), theV2EHP andV2E©)  measures based on the exchange—correlation défisity.

distributions are topologically equivaleriFigs. 5a) and

5(b), respectively. The comparison between Figgaband

5(b) shows that consideration of Coulomb correlation has dv. CONCLUSIONS

significant effect on thgH;;} interaction. The four equiva- )

lent minima associated to this interaction ha/R) values The topologies of the correlated(r) and E%(R) and

of 0.350 and 0.279 at the HF and CI levels of theory, respecl-morrel"’lted componentS(r) and EY(R) of the intracule
tively. Moreover, while at the HF level, the2E(R) value and extracule densities have been analyzed and compared to

associated to this interaction is negative0.95%, it is posi- E‘e cordre:potndlng _lt_(;tal den3|t|e(sr|) qnﬁ E(E) for the_ ':Ie’ tf
tive at the ClI level(0.309. Thus, these minima are not vi- €, and Aratoms. The same analysis has been carried out for

- ~2 +2
sually apparent in th&%E©" contour magFig. 5b)]. In a I(r) and its components for th€; °, Ny, and O, mol-

valence-bondVB) language, the fact that these minima areeCUIeS' Finally,v2I(r), V*E(R), and its components have
stronger at the HF level is a consequence of the overestimg—een analyzed .for the 8, molecule.& U

tion of the contribution of a set of ionic structures, formally the I'sna?neen?(;alc;ll(; hii:ll bset?L?cIS:Jeni;chg) ;1231')5 afr?d)Eh(?/)e
represented asH to the molecular wave function. Since thef " Tpk' gl ‘ t that th P derived f
importance of théH;;} interaction is related to the weight of unctions. Taking into account that they are derived from a

these H VB structures, the corresponding local minima in p&oduct of Sne-elgctron den_smes, It can be e_xpgcted that
V2E™P are also exaggerated I~(r) andE~(R) will not furnish any additional insight on

The V2EY© distribution [Fig. 5(c)] exhibits the same molecular structure that could not be obtained by means of
topological features found iﬁzE(C"). As expected, the main the one-electron density. On the contrary(r) andE“(R)

: : o : provide interesting additional information. Local minima in
differences are found for the intraatomic interactidi@; } C C L :
. : . I~(r) andE>~(R) (or local maxima in the associated Laplac-
and {H;;}, which are more important in the uncorrelated

e . - ian functiong correspond only to interactions between elec-
map. Similar topological features and quantitative trends are ‘ns which are meaningfully correlated between them. For
found for V2EVHP and V2EY(©) (see Table IV. :

iaq C 2|C istributi
Finally, the effect of Fermi and Coulomb correlation on all systems studied,”(r) and V*1™(r) distributions reflect

the extracule distributions can be discussed by means of tr;[%at both Fermi and Coulomb electron correlation are short
- - - - C 2 C
_V2ECHP _y2ECE) ang — Y2ECCIHR mang depicted ranged and highly isotropic, whil&>(R) and V°E~(R)

in Figs. 5d), 5(e), and §f), respectively. As for the intracule show that both kinds of correlation decrease considerably the

A  o2eC i . probability of having electron pairs centered around atomic
%\?\fng)ur“;nss’traivgh%fo(rWa:gagzg;r(ij;Soﬁ]usvxslﬁr%zlrIIE(ORr’()jera:()j 3 huclei or bond critical points. Thu$®(r) andES(R) distri-
i 2I€ V2EC(R | h other.
V2EU(R). The —V2ECHR map [Fig. 5d)] reveals that butions orV<I™(r) and (R) complement each other

. Co . ) X " This novel analysis of¢(r) and ES(R) yields interesting
Fermi correlation is important only for interactions involving information regardless of the level of calculation used. More-

electrons in the same atom or electrons from neighbor atoms, o the comparison of(r) andES(R) distributions(or its
that is:{C; }, {Hii}, {Cjj}, and{GH;}. All these interactions, Laplacian functions obtained at the HF and CI levels of

except for{H;;}, whose contribution overlaps that f&;H}, theory reveals that exchange or Fermi correlation accounts

! L o2 C(HP) : . . SR -
are characten;_ed as Irc:calc m|n|m:|;1+nV If] »aswell s o the main topological features in these distributions, in-
{HiH;}. According to theE™(R) values, the minimum asso- ,4ing the atomic shell structure. In general, the role of

ciated to{C;;} is by large the most important, followed by i,creaging the level of calculatidiie., carrying out Cl cal-
those aszsog:gt)ed HCiCij, {GHi}, and{HiH;} (see Table ¢ ationg is to concentrate mor(r) or ES(R) density on
'V)'2 _CVHFE [Fig. X)] is topologically equivalent to  ayima corresponding to intraatomic interactions, and de-
— VZECHP, except for a new minimum associated{tdi}.  pjete them on maxima associated to interatomic interactions.
Furthermore, it is found thdE“(R)| values increase for the The oyerall effect, with respect to the HF description, is a

{C;} intraatomic in_teractio_n, but d_ecrease for the interatomiq,ligher locality of the correlated component of the electron-
{GiCj} and{CiH;} interactions, with respect to the HF re- i gensityi'C(r,,r,). All in all, properties described in this

sults. 2\ CCtE _ _ _ ~ paper make the analysis 6f(r) and ES(R) densities and
The —V-AE map [F'%-F 5f)] is cc2>nS|sEent_ With  their Laplacians a promising tool for the analysis of electron
the characteristics of the V2EC"'® and — V2EX“) distri-  correlation in atoms and molecules. More research in this

butions discussed above. Thus, upon inclusion of CoulomBirection in underway in our laboratory.

correlation, |[EC(R)| increases for intraatomic interactions

[negative values in Fig.(B], but decreases for the inter-

atomic {C;C;} and {CiH;} interactions[positive values in A ~kNOWLEDGMENTS
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