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Based on the definition of pair correlation contribution of the individual electron pair to the system in the
text and the investigation of the transferablility of some pair correlation contributions in the respective covalent
systems, the total correlation energies oflike covalent molecules (##NH,, HOOH) and AX-type polar
covalent molecules (C#X (X = F, OH, NH,)) have been approximated using our simple scaling ionic
partitioning scheme. The estimation results show that the absolute deviations are less than 2 kcal/mol; however,
in this way, more than 90% of computational work can be saved. Incorporating our early work on the strong
ionic compounds MA, we summarized the general formula to estimate the total correlation energy for different
kinds of chemical bonding systems. The comparison of the numerical values of the ratio of the scaling
coefficients for MA strong ionic compounds, AX polar covalent molecules, antygical standard covalent
molecules shows that the ratio of the scaling coefficients depends on the ionic property of the system.

1. Introduction molecules because the basic assumption of the RECEP method
is constructed from the idea that the electron correlation energy
is roughly proportional to the number of electrons in the system.
On the other hand, another characteristic property of RECEP
method is that its parameters are empirical parameters, while
our method below is partly an exact ab initio calculation. In
our previous works, on the basis of the analysis of the weak
correlation effect between Mand A~ in strong ionic com-
pounds MA, we proposed a simple scheme called “separating
large system into smaller ones” to estimate the correlation energy
for a strong ionic compound by summarizing the correlation
|energies of its component iof%:1° By using this scheme, not

The calculation of the electron correlation energy plays a very
important role in quantum chemistry and has been always the
most active research field in modern theoretical chemistry.
Some well-known classical methods for the calculation of the
correlation energy are the second-, third-, and fourth-order
Moller—Plesset perturbation methods (MP2, MP3, or MP4).
Coupled-cluster methods (CCSD or CCSD({Tand the full
configuration interaction (Cl) method have been established to
calculate the correlation ener§However, the application of
these methods is strictly limited by the large disk demand, slow
convergence, or divergence and by the huge computationa ; L
demand for large molecules. Since 1995, Sandor Kristyan, Gaboronly can we get the total correlano_n energy for large lonic
I. Csonka, and others have developed a method called RECEF;:ompound with much less computational work, but also it can

(rapid estimation of correlation energy from partial char§e¥). lreach cher’rm?l aCfuralcy. Furthhermore, tlo so(liv?hthe pr?blebr?.tof
This approach is used to estimate the atomic correlation arge covalent molecules, we have analyzed the applicabriity

parameters for all atoms in a molecule from complete ClI or of our strategy to estimate the correlation energie; of homo-
B3LYP atomic correlation energies and the partial charges of nuclear _d|atom|c covalent molecules, s_qch_@am'd Q*", and
atoms in the molecule and obtain the total correlation energy the Ag-llke_molecule C_HCH3 by_ pa_rtltlor_ung the A-type

of the molecule from these atomic correlation parameters. They m_olecules into A and A smglet onic units and found that
have applied the RECEP method to part of the G2 and G3 this procedure yields thg optimal estimation results fqr thgse
databasE~14 and obtained reasonable correlation energy values. €0valent molecule¥’ Inspired by these achievements, in this
However, in this approach, it is not possible to get accurate pre_sent s.tL.de., first, we contlnpe to test the applications of the
correlation energies for systems in which the partial charges of I0Nic partitioning scheme to Alike molecules, such as HOOH
atoms are zero in the molecule. For example, calculating the @1d FENNH2 systems, to confirm that our simple scheme

correlation energy of homonucleas folecule, RECEP method “separatin_g large system into smaller_ones” is applicable to both
reduces it 10Econ(A2) = 2Econ(A), which is obviously an strong ionic MA compounds and the-Aike covalent molecules.

inaccurate treatment of this kind of homonuclear diatomic S€cond, illuminated by the idea that from the viewpoint of
molecule. As it has been known, if the correlation energy was chemical bonding the AX-type polar covalent molecule is just
perfectly linear in the number of electrons in the system, there Petween the strong ionic MA compounds and the typical A
would be no need for further requirement in electron correlation covalent molecules, this simple ionic partitioning scheme can
correction to the bondin# This is a possible reason the RECEP  @lso be extended to the AX-type covalent molecules. Thus, we
method gives an unreasonable result for geries diatomic ~ chose CHX (X =F, OH, NH) series molecules to assess the
reliability of the ionic partitioning scheme. At last, we sum-
*To whom correspondence should be addressed. E-mail: gzju@ Marize the relationship of the estimation equations of these three
nju.edu.cn. kinds of bonding systems, for example, strong ionic compounds
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MA, AX polar covalent molecules, and yAtypical covalent TABLE 1: Pair Correlation Contributions and Total
molecules, and obtain a general estimation equation. BesidesgOlrrelatlon Errllerg|es of H-NNH, NHz™, NH*, and NH*
its theoretical interest, the importance of this work in practical SYStems ¢mhartree)

application is evident, because it can enable researchers to H2NNH, NH2*(*A1) NHz  NH2~
estimate the correlation energies of large systems a priori with 12(152) 17.40 18(1s9) 16.79 17.46 17.365
some degree of confidence. 22259 41.955 2&(2s49) 4575 47.31 43.645
32(2pn—1s) 60.225 3@(2pyv—1sy) 56.41 56.155 59.975
2. Computation Method 42(2pv—2py) 7350 1B°(2pv—1sy)  48.89  54.285 56.865
52(2pn—1s:) 64.485 1K°142py) 2045 61.62
The method used in the calculation of the intrapair and 1k*(1s?) 17.755
interpair correlation energies has been outlined in ref 21. On 225 46.31

the basis of the intrapair and interpair correlation energies, the zgg&:iz; gg-gg
pair electron cqrrelathn contrlbptlon to a system is defined as Eoon(total) 44189 Eeonftotal) 167.84 195.66 239.46
the sum of the intrapair correlation energy plus half of the sum

of the interpair correlation energies of one electron pair in the should be singlet so as to simulate the electron correlation pattern

system, that is, in A°*B%~ molecule.
3.1. Simple lonic Partition Scaling Approach To Estimate
Ecor(i) = Egop (i) + 1/22 Ecordi}) Q) the Total Correlation Energy of Ax-like Covalent Molecules.
]

Symmetry A-like molecules are the specific systems of AB-

type molecules. First, let us take two-Ake molecules, H
Here Ecor(i) is the pair correlation contribution afh electron NNH; and HOOH, as examples to analyze the pair correlation
pair to the systenEcqn(ii) is the intrapair correlation energy of  contributions in these two systems and to compare with those
ith electron pair, an.on(ij) is the interpair correlation energy  values in (A" + A~) and (A+ A) hypothetical systems.
betweenith andjth elctron pairs in the system. As it can be 3.1.1. Pair Correlation Contributions in #NNH, and the
seen, eq 1 partitions the correlation effect among molecular Comparison with Those in (NH + NHz*) and (NH® + NHy*)
orbitals. It should be noted that a single electron in an orbital is SystemsTable 1 gives the results of pair correlation contribu-
treated the same as an electron pair to get the correlationtions in LNNH,, NH;*, NHy*, and NH~ systems obtained by
contribution of that single electron to the system. In this way, eq 1 with intrapair and interpair correlation energy results of
the total correlation energy of a system can be obtained by MP2-OPT2 method in MELD program using 6-3t1G(d)
summarizing the pair correlation contributions from all electron basis set. As it is seen in Table 1, the inner core pair correlation

pairs in the system, that is, contribution of 182 of N atom, which are between16.79 and
—17.755 mhartree in the above NH-containing systems, change
E.or(total) = zEcor () ) little. The 25,2 pair correlation contributions in #MINH,, NH~,
T NH,*, and NH* are within—41.955~ —47.31 mhartree. From

the above results, it is shown that the pair correlation contribu-

in which i runs from 1 toN/2 andN is the total number of  tions of inner shell electron pairs have somewhat transferable
electrons. For simplicityEqor(i) is called the pair correlation ~ property in these NH-containing systems.
contribution ofi electron pair. To investigate the simple approach to estimate the correlation

All geometry structures of the systems studied in this paper energy for HNNH by its component units, the two partitioning
are optimized by Gaussian 98 progrgrat HF/6-311-+G(d) schemes are either the ionic partitioning schemg\MH, —
level. In the calculation of intrapair and interpair correlation (NH>t + NH™), or the diradical partitioning schemezRNH,
energies of systems studied in this work, MP2-OPT2 méfi#dd ~ — (NH2* + NH>"). In addition, the further comparison of
with 6-3114+G(d) split-valence polarization basis set are used the correlation energies in NNH,, (NH,™ + NHz7), and
for these systems. All calculations of the pair electron correlation (NHz* + NHy") systems, which are- 441.89,— 407.30, and-
energy are performed using the MEEsuite of electron code  391.32 mhartree, respectively, shows that the following relation-
developed by Davidson et al. The pair correlation contributions ship is correct for the above systems, that is,
of all electron pairs in the above systems are obtained by eq 1,
which partitions the correlation effect among molecular orbitals. |Eqy(H;NNH,)| > |E(NH,™+NH, )| >
And the molecular orbitals used are the ROHF canonical orbitals . .
described in ref 23. [Beon(NH,+NH;)I (3)

Combining the above relationship inNINH,, (NHz + NHy™),

and (NH* + NHy") systems and the analysis of intrapair and
On the basis of the general chemical sense, in estimating theinterpair correlation results in Table 1, one can see that the

correlation energy of a given AB molecule, two partitioning electron correlation patterns ihBNNH, molecule is more close

schemes should be examined, that is, the ionic partitioning to a hypothetical (N + NH,™) system than to (N1 + NHy")

scheme AB— (A" + B™) and the diradical partitioning scheme system, because there is no unpaired electron in bgttiNHi,

AB — (A + B), where the parentheses indicate that we make molecule and (N + NH;™) system, while there is one in

a separation in the calculation only and that is not a chemical (NHx* + NH*) system and the number of electron pairs in

dissociation. The ionic partitioning scheme, either (A B™) H>NNH, is equal to the sum of electron pairs in (BtH- NH,™)

or (A~ + B™), is based on the actual electron content in AB, ionic units, as well. Thus, it is more suitable to approximate

which comes from chemical experience. Because it is known the total correlation energy of JNNH, by using the ionic

that the correlation energy is very sensitive to spin pairing effects partitioning scheme than by using the diradical partitioning

and the opposite spin electrons have different correlation energyscheme.

from the parallel spin electrons, the electronic state of both A 3.1.2. Pair Correlation Contributions in HOOH and the

and B ionic units adopted in the ionic partitioning scheme Comparison with Those in (OH+ OH™) and (OH + OH)

3. Computation Results and Discussion
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TABLE 2: Pair Correlation Contributions and Total
Correlation Energies of HOOH, OH~, OH™*, and OH*
Systems {-mhartree)

HOOH OHf('A;) OH  OH-
12(1s?) 17.66 1&(1s?) 16.06  17.61 17.535
28(2%57) 45.04 2@(2%) 46.245 49.91 46.48
3@(2po—1si) 78.175 3@(2po—1s) 49.24  62.045 66.855
42(2po—2po)  78.565 1E2(2po) 66.685 58.10 66.635
58(2po) 75.255 15°132po) 22.545 66.635
17159 17.675
2172559 51.19
3t’(2po—1si) 61.165
4P(2po) 71.075
Ecor(total)  495.80 E.or(total) 178.23 210.22 264.15

SystemsHOOH is another example to use in confirming that
either the ionic partitioning scheme or the diradical partitioning

scheme is more reasonable in this simple approximation of total

correlation energy of Alike covalent molecules. Table 2 gives
the results of pair correlation contributions in HOOH, QH
OH, and OH systems using the same method with 6-8315(d)
basis set. As it can be seen in Table 2, the pair correlation
contributions of inner shell electron pairs also show somewhat

transferable property in these OH-containing systems, such as

the two pair correlation contributions of & in HOOH
molecule, which are-17.66 and—17.675 mhartree, and the
pair correlation contributions of $3in OH-, OH", and OH,
which are—17.535,—16.06, and-17.61 mhartree, respectively.
The 2%? pair correlation contributions are between5.04 and
—51.19 mhartree in OH OH", OH, and HOOH systems. The
further comparison of correlation energy results of HOOH,
(OH* + OH™), and (OH + OH*) systems, which are 495.80,
—442.38, and-420.44 mhartree, respectively, also shows that
the similar relationship obtained for two partitioning schemes
of HoNNH; system remains the same order for two partitioning
shemes of HOOH system, that is,

|Ecor(HOOH)| > |E o OH +OH")| > |E,(OH'+OH)]
(4)

With all of the above analysis and the relationships in eqs 3
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correlation energy values of ionic termig(A~) andEco(A™).
Therefore, it is reasonable that by judicious choice of the
coefficients in the energy expression of eq 6 type, the nondi-
agonal contribution can be estimated by modified diagonal
contributions. Now the most important problem involved in
obtainingEc.(AB) is how to determine the scale factorsand
c; in the above equation. As shown in our mathematical
analysis?® these two scale factors depend on the values of
Ecor{A1) and Ecor{B™) terms, and the proportion of the scale
factorsc, andc; is relative toEqo{(A™) andEcor(B™). In addition,
we obtainedc, > ¢; and letc; + ¢, = 2.

Applying eq 6 to the above two Alike molecules, HNNH;
and HOOH, the following equations were obtained:

Ecorr(HZNNHZ) = 0'54Ec0rr(NH2+) + 1'4GEcorKNH27) (7)
and
Eo(HOOH )= 0.36E,,,(OH") + 1.64E_,(OH") (8)

The estimated results of NNH, and HOOH systems by using
the above equations are listed in Table 3. For comparison, the
direct calculated correlation results of these two systems are
also given in Table 3. As seen from the comparison, the absolute
deviations of the estimated results aré.63 mhartree-{1.02
kcal/mol) for HbNNH; and 1.56 mhartree (0.98 kcal/mol) for
HOOH. Therefore, by use of eq 6 it is simple to obtain the
total correlation energy of Alike covalent molecules by scaling
the correlation energies of its ionic terms derived from the ionic
partitioning scheme.

To recall the scaling estimation equation for £LHH; system,

E..n(CH;CH,;) = 0.67£

(CH;") + 1.3F_(CH;) (9)

cor corr(

By comparing the ratios o€y/c; for HOOH, H,NNH,, and
CH3CHgz given in Table 3, we found that this ratio is related to
the affinity of the heavy atom and the number of H atoms in
the system, for example, when the electron affinity of the heavy
atom is larger, the ratio af,/c; is smaller, whereas when there

and 4, it is suggested that the more reasonable way to reproduc&'® fewer H atoms in the molecule, the raticcg, is smaller,

the correlation energies of,Aike covalent molecules is using
the ionic partitioning scheme rather than using the diradical
partitioning scheme because all electrons ifi (AA ™) systems

as well.
3.2. Simple lonic Partition Scaling Approach To Estimate
the Total Correlation Energy of AX Covalent Molecules.

are paired up and the low-spin states adopted in the ionic termsAttempting to extend the investigations of the ionic partitioning

are nearer the electron correlation pattern to the equilibrium
molecular environments.

3.1.3. Simple Scaling Approach of-kke Covalent Molecules
by the lonic Partitioning Scheme {A+ A7). In general, we
believe that a logically simple approach would be obtained to
provide the total correlation energy for the general AB-type
molecules by the ionic partitioning scheme. The wave function
of a given AB molecule thus can be expressed as

W(AB) = a,®(A") + a,®(B7) (5)

where®(A*) and ®(B™) stand for the wave functions of A
and B".

In specific conditions, the following formula to estimate the
correlation energy of AB molecules should be valid, that is,

(6)

wherec; andc; are the scale factors of the correlation energies
of AT and B ionic terms, which means that the values of
Ecor{AB) can be obtained by adjusting the proportion of two

Ecorr(AB) = ClEcorr(A+) + CZEcorr(Bi)

scheme to AX polar molecules, we have chosenfGIECH,OH,
and CHNH, of AX-type molecules to derive the scaling
calculation formula for estimating the total electron correlation
energy. The calculation results of pair correlation energy
contributions of CH™(*A"), F~, OH~, and NH~ and CHF,
CH30H, and CHNH, systems are given in Tables 4 and 5.
3.2.1. Comparison of CH with CH?* in CH3X (X = F,
OH, NH,) MoleculesAs it can be seen in Tables 4 and 5, the
pair correlation energy contribution of &in the CH* system
is —17.08 mhartree, while those corresponding values igFCH
CH30H, and CHNH, systems are—17.535, —17.56, and
—17.565 mhartree, respectively. These values change little,
which indicates the transferable property of the innermast 1s
electron pair in these systems. The average value of correlation
energy contribution of €H bonding electron pairs in the GH
system is—41.36 mhartree, whereas those corresponding values
in CH3F, CH;OH, and CHNH; systems are-53.08,—52.366,
and —50.398 mhartree, respectively. There is a large increase
of electron correlation energy of the-® bonding pair from
CHs" to CHs?" in CH3X (X = F, OH, NH) systems. The reason
is that the number of electron pairs in €Hsystem is four while
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TABLE 3: Comparison of Results ciEcorr (A7) + CoEcorr(AT) With Ecorr(A2) in HoNNH, and HOOH Systems (-mhartree)

Calculated by MP2-OPT2 Method

CiEcor(AT) + absolute relative
EcorA7) Ecor(AT) CoEcor(A7) Clcy Ecor(A2) deviation error (%)
CHsCH;3 203.07 141.15 364.65 2.00 364.89 0.23 0.06
HoNNH» 239.46 167.84 440.26 2.70 441.89 —1.63 0.36
HOOH 264.15 178.23 497.48 4.56 495.79 1.56 0.31
TABLE 4: Pair Correlation Contributions and Total Correlation Energies of CH 3(*A"), F~, OH~, and NH,~ Systems
(—mhartree)
CH3"(*A") F OH~ NH,~
Ecor{15?) 17.08 1g? 17.865 1#(1s?) 17.535 1#(1s) 17.365
Ecor(C—H) 39.30 282 44.69 282559 46.48 282549 43.645
42.48 2p? 70.085 3&(2po—1sn) 66.855 3@(2pn—1s4) 59.975
42.29 2p? 70.085 16%(2po) 66.635 1P(2pn—1s4) 56.865
(41.36) 2p? 70.085 1%(2po) 66.635 1%(2pn) 61.62
Ecor(total) 141.15 272.81 264.15 239.46
TABLE 5: Pair Correlation Energies of Individual Electron Pairs in CH 3F, CH30H, and CH3NH; with 6-311++G(d)
Basis Sets
Ecorr(cls2) Ecorr(C_ H) Ecorr(c_ Y) Ecorr(Y - H) Ecorr(Y ls?) Ecorr(Y 252) Ecorr(YZpZ) Ecorr(tOtaI)
CHsF 17.535 44.61, 57.265, 57.15, (53.08) 78.345 17.965 44,445 58.15, 58.02833.50
(58.088)
CH;OH 17.56 44.60, 51.285, 61.215, (52.366) 65.925 63.51 17.835 44,625 62.375 428.94
CH3NH, 17.565 42.035, 50.775, 58.385, (50.398) 61.835 55.035, 60.83,7.76 40.87 405.07
(57.94)

that of CHX (X = F, OH, NH,) systems is nine. Thus, the

contribution of CH®* group is transferable in these three $SH

electron pairs of X group produce essentially a nearest-neighborseries systems and®X substituent group in C#X (X = F, OH,

correlation effect in CkP* group. However, if only considering
these CHX (X = F, OH, NH,) isoelectronic systems, not only
the pair correlation energy contribution ofctss transferable
in these systems, but also the-8 bonding correlation energy
of CH3?* is fairly transferable in this series molecules.

3.2.2. Comparison of Xwith X2~ in CHzX (X = F, OH,
NH,) Molecules.Let us denote by Y the heavy atom in the
substituent group X in CgX (X = F, OH, NH,) systems. By
inspecting the results in Tables-8, we found that the pair
correlation energy contributions of 2of Y atoms (Y=F, O,

N) change little from X to X%~ in CHsX (X = F, OH, NH,)
molecules, for examplebco(1s?) = —17.865— —17.965
mhartree from F to PP~ in CHgF, Ecoi(15%) = —17.535—
—17.835 mhartree from OHto OH~ in CH;OH, and
Ecor{1sv®d = —17.365— —17.76 mhartree from Nt to NH,?~

in CHsNH,. The pair correlation energy contributions of
2s/2 of Y atoms (Y= F, O, N) also demonstrate tiny dif-
ference from X to X°~ in CHsX (X = F, OH, NH,) molecules,
for example, Econ(25%) = —44.69 — —44.445 mhartree,
Ecor(250%) = —46.48— —44.625 mhartree, anBeon(25?) =
—43.645— —40.87 mhartree. All of these results show the
transferability of these pair correlation energies. However, the
values of 2p for O—H and N-H electron pairs change
somewhat largely because of the formation efYCbonds in
CHsX (X = F, OH, NH,) systems.

From the detailed comparison of pair correlation contributions
of CHs"X~ with those in CH*X%~ systems, it is observed
that X0~ in CHzX (X = F, OH, NH,) systems is more close to
the isolated X. However, CH* in CHzX (X = F, OH, NH)
is somewhat different from free GH system, which might

NH,) systems is more close to the isolated Yonic term.
Therefore, according to eq 6, it is reasonable to obtain the total
correlation energies of G molecules by scaling the correla-
tion energies of its ionic terms GH and X,
Ecorr(CH3x) = ClEcorr(CH3+) + CZEcorr(Xi) (10)

wherec; andc; are the scale factors of the correlation energies
of the corresponding ionic terms, which are relative to the
correlation energies of the correspondingCtand X .

From the above analysis of GM (X = F, OH, NH,) systems,
it is clear that the proportion of the scale factafsandc; is
relative to the values dEqo(CHs") andEcor(X ™). We letc, >
c1, andc; + ¢ = 2, Therefore, the following equations were
obtained for these C#X (X = F, OH, NH,) systems:

Ecorr(CHSF) = 0'84Ecorr(CH3+) + 1'16500"(':7) (11)
E.,(CH,OH) = 0.81Ecorr(CH3+) +1.1%€_,(OH) (12)
and

E.or(CH,NH,) = 0.75E,, (CH,") + 1.25E

cor

cor r(NHZ_) (13)

The estimated results of GM (X = F, OH, NH,) systems by
using the above equations are listed in Table 6. For comparison,
the direct calculated correlation results of these systems are also
given in Table 6. As seen from the comparison, the largest
absolute deviations of the three estimated results—&tes2
mhartree {0.95 kcal/mol) for CHX (X = F, OH, NH,)

depend on a number of reasons, for example, number of electronsystems, while the other two absolute deviations are efly27

pairs, geometry parameters, and group charges.

3.2.3. Simple Scaling Approach To Estimate the Total
Correlation Energy of AX Caalent Molecules by Scaling
Correlation Energies of lonic Terms*Aand X . On the basis
of the above analysis of G (X = F, OH, NH,) isoelectronic

and 0.11 mhartree, respectively. It is indicated that the total
correlation energies of the AX polar covalent molecules can
also be obtained by scaling the correlation energies of its ionic
terms A" and X~ derived from the ionic partitioning scheme.
In addition, it should be noted that the ratioaafc, in the above

systems, it is observed that the electron correlation energy equations given in Table 6 are relative to the difference between
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TABLE 6: Comparison of Results ¢iEcon(A™) + CEcon(B™) With Econr (AB) in CH3X (X = F, OH, NH,) Systems mhartree)
Calculated by MP2-OPT2 Method

C1Ecor(AT) + absolute relative
EcordA™) Ecor(B7) CoEcor(B7) Ecor(AB) ci/c, deviation error (%)
CHsF 141.15 272.81 435.02 433.50 1.38 1.52 0.35
CH;OH 141.15 264.15 428.67 428.94 1.47 -0.27 0.06
CHsNH, 141.15 239.46 405.18 405.07 1.67 0.11 0.02
the affinity of C and Y (Y= F, O, N) atoms in the system, that In summary, because the scaling estimation approach by ionic

is, when the difference between the affinity of C and Y atoms partitioning scheme for large molecules are ab initio calculations

is larger, the ratio o€,/c; in the estimation equation is smaller. and well-sounded from the theoretical point of view, in the
3.3. Comparison of the lonic Scaling Estimation Equations future, we plan to further test the scaling ionic partitioning

of Different Kinds of Chemical Bonding Systems, MA, AX, scheme on larger molecules to define the scope of this simple

and A.-like Molecules. So far, we have applied our simple scheme. We believe that the simple scheme “separating large

scheme “separating large system into smaller ones” to the strongsystem into smaller ones” would be a useful means to solve

ionic compounds MA, polar covalent molecules AX, and the bottleneck problem of the calculation of the electron

symmetry covalent molecules;AAs stated above, opposite to  correlation energy of larger molecules.

the symmetry A-like molecules, strong ionic compounds MA

are the other specific systems of AB-type molecules in which 4. Conclusions

the bonding electron pair completely belongs to the B atom. o, e pasis of our calculation results and the above analysis,

To summarize all of the situations, in the estimation of the total the principle conclusions can be obtained as follows: (1) With

correlation energy of a given molecule, eq 6 is valid for the ¢ 5na)ysis of pair correlation contribution values iNMH,
general AB-type molecules including strong ionic compounds 5n4 HOOH molecules, it is confirmed that the ionic partitioning

MA, polar covalent molecules A_X’ and symmetry,-hke scheme (A + AT) is the reasonable way to estimate the
covalent molecules, as well, that is, correlation energies of Alike covalent molecules. Thus, the
total correlation energy of Alike covalent molecule can be
obtained by scaling the correlation energies of its singlet ionic
terms A~ and A" derived from the ionic partitioning scheme.
This means that no matter what kind of chemical bonding in (2) On the basis of our discussion of the pair correlation
the system, the total correlation energy can be obtained by contributions of CHX (X =F, OH, NH) systems, it is observed
scaling the correlation energies of the ionic fragments by the that our simple scheme “separating large system into smaller
lonic partitioning sch_eme. ) o ones” can also be applied in AX polar covalent molecules, for

However, the ratio of scaling coefficientsy/ci, shows  example, the total correlation energy of AX molecules can be
different characteristics for different kinds of bonding systems. gptained by scaling the correlation energies of its ionic terms
For instance, as seen in the discussion of strong ionic compoundsz+ and x-. The estimated results of these §HX = F, OH,

Ecorr(AB) = ClEcorr(A+) + C2Ecorr(B_) (14)

MA, the above equation becomes NH,) systems are within a small derivation compared with the
N 3 direct calculation results. (3) The general formula of the scaling
EcorlMA) ~ Eo(M7) + Eco A ) (15) ionic partitioning scheme for estimating the total correlation

energy of a given system AB can be expressed as
That means,/c; ~ 1 for MA strong ionic systems.

For symmetry A covalent molecules, the ratios of scaling E.or(AB) = CE., (A7) + C,E.y(B")
coefficientscy/c; of HOOH, HbNNH,, and CHCHs shown in
Table 3 are 4.56, 2.70, and 2.00, respectively. Ifzyve recall the £or the strong ionic compounds MA, polar covalent molecules
ratio of co/cy in the estimation equations fop Bnd Q2~ system AX, and symmetry covalent molecules,Athere exists the

with cc-pV5Z* basis set, which are 3.25 and 4.Q0, itis indicated following relationship among the ratio of the scaling coefficients
that the value o€,/c; for A, covalent molecules is much larger c.lcy in the estimation equations

than 1.
For AX polar covalent molecules G (X = F, OH, NH), CIcy(A,) > e (AX) > c,lc, (MA)
the values ofc,/c; ratio shown in Table 6 are 1.38, 1.47, and
1.67, respectively.
The comparison of the ratio ak/c; for MA, AX, and A,
systems shows that the valuesceft; of AX polar systems are
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chemical bonding in AX systems becomes completely ionic,
the ratio ofcy/c; will be nearer to 1. Therefore, the relative References and Notes
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