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On the basis of the principle of electronegativity equalization and density-functional theory, anlkaioch
electronegativity equalization method has been developed for the calculation of the charge distribution in
large molecules that are connectivity and geometry dependent. The effective electronegativities of an atom
and a bond in a molecule are derived and given by equations that contain respective electronegativities,
hardness terms, and contributions that come from other atomic and bond charges. The pafarBeters

andD are the valence-state electronegativity and the valence-state hardnesses. They are obtained by calibrating
through calculations of more than 100 model molecules and are transferable and consistently usable. The
atom—bond electronegativity equalization method is tested through calculation of the charge distributions in
several large organic molecules. It has been shown that there is a very good agreement between the results
obtained by the atombond electronegativity equalization method and those obtained by the corresponding
ab initio quantum chemical calculations.

1. Introduction framework for describing the redistribution of electrons upon

erturbation by an applied field and the foundation for a
{romising semiempirical model for polarization and charge
transfer in molecular simulations.

Cioslowski and Stefanov showed that the charge-constrained
calculations make it possible to rigorously analyze electron flow
and electronegativity equalization in the process of bond
formation, which provides both the evidence and explanation
for the energy derivative discontinuities that are observed in
isolated atoms and molecul&s.

Geerlings et al. formulated a nonempirical electronegativity
equalization scherm® where an expression for the electro-
negativity of an atom in a molecule was derived, based on the
change upon molecule formulation. Scheraga et al. established
a modified partial equalization of orbital electronegativity
method for determination of net atomic charfesnd applied
it to neutral molecules as models for polypeptides. Ghosh put
forward a semiempirical electronegativity equalization proce-
dure, providing quite accurate predictions of bond energies for
simple heteronuclear diatomic moleculés.

In this paper, an atombond electronegativity equalization

Electronegativity has been one of the most accepted and use
concepts in chemistry for more than 60 years due to the original
work by Paulingt™3 It is, however, only in recent decades that
its physical significance has been elucidated in terms of the
density-functional theory. In this respect, Parr et al. have
justified that electronegativity is the negative of the chemical
potential of an electronic system, such as an atom or a molecule
and simultaneously demonstrated that electronegativity is
constant throughout an atom or a molecule, which validates
Sanderson’s postuldiethat when two or more atoms combine
to form a molecule, their electronegativities get equali&é&d.
This established a new basis for understanding and application
of electronegativity and its equalization.

The charge distribution within a large organic or biological
molecule is an important characteristic for explanation and
prediction of its structure and properties, for instance, reactive
sites, ESCA, and NMR shiffs? Hence the direct calculation
of the charge distribution in a molecule without using the
traditional quantum chemistry methods has been an active

research field in recent years, which mainly relies on thorough . ; . .
: o : T method (ABEEM) is developed. First, the theoretical basis for
understanding of electronegativity and its equalization in the the ABEEM is formulated in light of density-functional theory.

light of density-functional theory. For this purpose, many . . .
electronegativity equalization methods or schemes have beenSecond, the_ parameters mvol_ved In th_e scheme are discussed
formulated and appliet¥19 and determined through treating a series of model molecules

Mortier et al. developed an electronegativity equalization that contain several important organic species witlaaimitio
method (EEM) for the calculation of atomic charges and quantum chemical method. Finally, the ABEEM method is

electronic energy in a molecute!?2 Within the framework of applied to calculation of the cha_rge distribution_, the atom

density-functional theory, they .derived an expression of the charges, and the bond charges, in large organic molecules.

effective eIectronegativit); of an atom in a molecule, which is Examples are given to show.the gogd agreement between our
. . ’ results and the correspondiregp initio quantum chemical

equal to the molecular electronegativity. This method has beencalculations

applied to elucidating some properties of a molecule, even a ’

zeolite system.

York and Yang presented a formulation of the chemical
potential equalization principle from the perspective of density-
functional theory:® Their results provide a linear-response The total electronic energlme of a molecule at a certain
molecular configuration consists of the kinetit),( nuclear-
® Abstract published irAdvance ACS Abstract#ugust 1, 1997. electron attraction\(,e), electror-electron interaction\eg), and

2. Effective Chemical Potential of an Atom and a Bond in
a Molecule
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nuclear-nuclear repulsion\(,)) energies, Epo = Z[E;‘ + (N, — N + 775N, — NO 7] +
a
E =T+ Vet Vot V,, 1) Z[E;b F (N — M) + k(N — )7 +
&
_ . Kaat(—Za T Na)apy Ky an(—Zy + NNy,
Each component on the right side of eq 1 may be expressed Z + +
respectively as follows: a- Riab Ry ab
1 1 k i
T= B/mol o _zviz WmolD: f - _vzymol(_ri?w?:?' dr a b= Ra,b
245 2 @ (1/2)n, yny_,
&bg-nZab  Rabgn
Z, D: —Z0(T) —Zng nt N, g ZLy
v, =EL' Sy Y ——ar > PRI
ne mel .zzm - R} mol Zfl"r’ —RJ @) g- a(zg,h) Rag-h 2 Z b= Rap

wherek is an overall correction coefficient in this approximation.
The chemical potentials of atom and bonda—b in the
molecule are now defined by using eq 7 according to its

N B, }Z 1 D: formalism by means of density functional thedfy8 Thus,
ee Mol 54 J; 7, — T mol we obtain eq 8 and eq 9 for the effective chemical potentials
. of an atoma andua-p of a bonda—b:
1ff92(r1vr2) o, dF, (4)
- [————drF,dr
2 -1 172 B OEmol B
U= =y T 27 (N, — N +
aNa Np,-- Ry -
1 Ly Kaa-b Np = Zp Ny
V=23 > — (5) Z—na,b +KS + (8)
29 =Ry FRan = Rap g-f=a-b Ry g n
. aEmoI
ThereWmol, ymol(F;T'), p(F), andpx(F1,T>) stand for the molecular = =ut + 2k (N — NE_) +
wave function, first-order density matrix, electron density, and NNy Ry
the two-electron density, respectivelyZ, and R, denote the k,
nuclear charge and coordinates of il atom, andR, is the ’H(N —-Z)+ “"“b(N -Z)+
internuclear separation between at@mand atomb. The R.ab a ab >
subscripts, 1, and 2 indicateth, first, and second electrons. ’ N — Z, n, o
In our atom-bond model, the molecular electron dengifs) K ’ + e (9)
is partitioned as b Ribg  o-#=bRapgn

~ ~ _ In eq 8, the summatioa—b covers the bonds that connect atom
p(M) = piT) + Zpg—h(r) (6) a directly, the summatiot covers all atoms except the atom
a 9= a, and the summatiog—h covers all bonds except the bonds

a—b. In eq 9, the summatiog covers all atoms except atom

in which p4(f) denotes the electron density located on the atom @andb, and the summatiog—h covers all bonds except bond

a, pg—n(F) denotes the electron density allocated aroundythle a—b. The formulas eqs 79 are basic and important for

bond region between atom and atomh, the summatiora application and further development of the ABEEM scheme.

covers all atoms in the molecule, and the summatieh covers . o

all the bonds in the molecule. Here, it should be emphasized 3 Electronegativity Equalization

that the p4(F) represents the single-electron density around  The existence of a unique chemical potential everywhere in

nucleusa which could be concentrated on tlesite in our the molecule establishes the electronegativity equalization

ABEEM model, ancbyg—n(T) stands for the single-electron density  principle. The effective electronegativity of an atom or a bond

around theg—h bond center that is chosen by a suitable is identified as the negative of the corresponding chemical

apportionment of thg—h covalent bond length. It is conven- potential. From eq 8, and supposing

tionally assumed thap,(r) integrates toN,, the number of

electrons in the atomic fragmeatin the molecule, angg-n(r) Kiab Kiae Kiad Kaiae

integrates tag—n, the number of electrons located at the center R.o Ruac Ra.g Ruag Ca

of the electron densityg—n(T), the bondg—h. - e - -
Partitioning the molecular electronic density according to eq we have eq 10:

6, it can then be deduced that the total electronic en&rgy

of a molecule can be expressed as eq 7 if we approximately -h

treat the electronic charges as concentrated at atomic centerg,=A,+Bg,+C, ) 0., + K Z —+ Z

(nuclei) and bond centers. The details for this are given in the a= tZaRap  o-=a-bRogn

Appendix of this paper. (10)
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From eq 9, we have eq 11: TABLE 1: Atom and Bond Valence Parameters$
A B c D %°
b=A_1+B, 0.+ C,._ +D,_ +
Xa—b Aa b a—b0a—b a b,ﬂa a b,be H— 1.832 5525 0.793 29
Uy Ug-n C— 2.197 3.484 2.237 2.55
K + (11) N— 2.553 4513 1.339 3.04
¢=ab Ribg  of=bRapgn o- 3.176 6.295 1.507 3.55
C= 2.115 3.485 2.006
Here As = u% Aab = ui-p, the electronegativities of atom N= 2.707 3.851 2.224
Pa = U Pab = ttap secronegativiies o o= 3.422 6.081 5058
and bonda—b in the moleculeB,; = 253 andBa—, = 231, the
. C—H 3.389 10.064 2.419 2.219
hardnesses of atomand bonda—b in the moleculeg, = Nj N—H 2764 5.597 3123 2273
— Na=Zs — Naandga—b = N§—p — Na-p = —Na-p, the partial O-H 5.527 56.426 7.565 0.91
charge of atona and bonda—b, i.e., the charge distribution in c-C 2.968 5.391 2.199
the molecule.C,—p » = S D, = ; and C—N 5.457 28.663 3.74
C. are re q da b,a d.ka,arb/Ra,erb a—b,b kb,arb/Rb,arb B c—0 4565 26.068 5702
2 garded as adjustable parameters. The electronegativity S=c 3532 8345 5841
equalization principle demands that eq 12 apply for all atoms  ~_y 2909 4.348 3113
and all bonds in the molecule: Cc=0 6.832 36.524 3.829
- a : :
Y= Ag= o= g = Ays = e =X (12) A, B, C, andD are the parameters in egs 10 and 11; for the bond

C—H, the paramete€ stands forCc_n 1, the parameteD stands for

. . . . . Dc-n,c, the same for the bond N-H and the bond O-H; for the other
This yieldsn + m simultaneous equations for an arbitrary ponds the SUPPOSitioBa 5= Da b has been useg? is the Pauling
molecule containingn atoms ancdh bonds; these, along with  electronegativity scale.

the constraint equation on its net charge, can be solved to give
the molecular electronegativity and the charge distribution  was found that the coefficientd and B converged to the
on each atom and each bond in the molecule if all parametersparametersA and B in the MEEM metho#1° as the bond
in egs 10 and 11 are known. charges in molecules decreased to zero. This implies that the
Although it is theoretically possible to estimate the parameters ABEEM and the MEEM methods are self-consistent; that is
involved in egs 10 and 11 frorab initio quantum chemical the ABEEM model becomes the MEEM model as the bond
calculations, it is computationally a difficult task. Since the charges in molecules are apportioned to their related atoms.
primary objective of this paper is to calculate the charge |n Table 1 are listed the Pauling electronegativiti@sfor
distributions in large molecules, it is, of course, desirable to gome ordinary atoms, as well as their valence-state parameters
get these parameters in a suitable way such that they area B C, andD (in Pauling units). These parameters are obtained
transferable from molecule to molecule and are able to reproducepy regression simulation for more than 100 organic molecules
with the required accuracy the atomic charges and bond chargesych as propane, ethene, propene, methanol, dimethyl ether,
in a large molecule. For this purpose, more than 100 ordinary methylamine, dimethylamine, and formic acid and hence possess
molecules, containing various atoms and bonds, were selectedyide transference and applicability. In the table, taking carbon
as model molecules. Thab initio STO-3G SCF method was  atom as an example,-Cdenotes that the central carbon has
used to calculate their charge distributions via Mulliken popula- four single bonds linking with other four atoms ane=Gtands

tion analysis. (The STO-3G basis set was taken because thgor the central carbon linking with other three atoms with two
Mulliken population analysis is strongly dependent on basis set single bond and one double bond, etc.

choice and overestimates the charge transfer between atoms in From Table 1. it is seen that the parametefor any bond
a molecule when polarization basis sets are used.) Then theg_h is always larger than that for the atorgsand h. This
charge distributions obtained for the model molecules were ygfiects the fact that when two or more atoms combine together
brought into egs 10 and 11 in order to determine the coefficients 14 form a molecule. the electron density in bond regions has

A, B, G andD through a regression and least-squares optimiza- pijed up or overlapped in comparison with that in individual
tion proceduré®!81° Three points should be mentioned here. i5o1ated atoms.

First, the correction factdtis the same value as in the MEEM
method!®1° Second, the harmonic mean of electronegativity
of the neutral atoms that constitute a model molecule is invoked
as the initial reference value of its molecular electronegativity.
Third, the bond chargey-n between atomsgy and h in a As testing examples, the charge distributions igpHzo,
molecule is made equal to the Mulliken interatomic population Cy40.N.Hs,, and some other organic molecules have been
on the bondg—h, by use of a correction factot, which is calculated by our ABEEM method described above. These
introduced for accommodation of our charge distribution model molecules are quite large and contain a variety of bond types,
with the Mulliken population. The remainder of the Mulliken which demonstrates the possible application to biological
interatomic population for bond—h is equally allotted to the molecules of interest in the future and to other large systems.
atomsg andh. The parametet is optimized to be 0.15 for all Figure 1 gives the schematic diagram of some molecules studied.
bonds to obtain good and reasonable results. The bond chargéor G,;;0sH40 the charge distributions from the two methods
gg-h is placed on the point that partitions the bond length are plotted in Figure 2, in which the linear regression equation
according to the ratio of covalent atomic radii of atoghand isy = 0.992% + 6 x 1077 (y are the charge distributions
h. obtained by the ABEEM method andare those obtained by
The coefficientsA, B, G andD, determined in terms of the  ab initio STO-3G HF-SCF method), the linear correlation
procedure mentioned above, are listed in Table 1, where thecoefficientR is 0.9989, and the root-mean-square deviafon
Pauling electronegativity unit is used. The coefficiéptthe is 0.0062. The largest error occurs foiz@nd Gg (0.025),
valence-state electronegativity for a neutral atom in a certain with a relative error of 6.9%. The correlations of charge
molecular environment, has the same order of magnitude as thedistributions of other molecules, such aghs and G4O,N2Hsp,
Pauling electronegativity scale for H, C, N, and O atoms. It are also very good, like the above one. To enable a better

4. Direct Calculation of the Charge Distribution in a
Molecule
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TABLE 2: Comparison of ABEEM and ab Initio Charge Distribution for C ,;05H ¢

C2105H40 STO-3G ABEEM STO-3G ABEEM STO-3G ABEEM
Cl- 0.223 0.222 0.015 0.017 CLr2 —0.108 —0.101
Cc2- 0.124 0.117 —0.099 —0.104 Cr024 —0.081 —0.081
C3- 0.122 0.132 —0.102 —0.095 CHHO011 —0.113 —0.114
C4- 0.123 0.12 —-0.1 —0.105 CHHO012 —0.113 —0.114
C5— 0.193 0.202 —0.026 —0.023 C2-C3 —0.109 —0.116
C6— 0.117 0.105 —0.106 —0.117 C2-H021 —0.115 —0.112
C7- 0.215 0.226 0.009 0.022 CHO022 —0.115 —0.112
C8— —0.18 —0.177 —0.259 —0.256 C3-C4 —0.109 —0.11
Co9- 0.218 0.223 0.012 0.019 C3HO031 —0.115 —0.114
C10- 0.124 0.114 —0.099 —0.107 C3-HO032 —0.115 —0.114
Cl1- 0.127 0.139 —0.096 —0.089 C4-C5 —0.108 —0.111
Cl12- 0.096 0.087 —0.126 —0.14 C4-H041 —0.115 —0.115
C13= 0.364 0.337 0.192 0.16 C41042 —0.115 —0.115
Cl4- 0.094 0.089 —0.127 —0.138 C5-C6 —0.108 —0.115
Ci15- 0.13 0.138 —0.093 —0.086 C5-C21 —0.108 —0.112
Cl16- 0.129 0.136 —0.095 —0.09 C5-HO051 —0.115 —0.113
C17- 0.093 0.088 —0.128 —0.139 Cce-C7 —0.108 —0.103
C18= 0.365 0.336 0.192 0.16 Ca1061 —0.115 —0.112
C19- 0.096 0.103 —0.125 —0.124 C6-H062 —0.115 —0.113
C20- 0.053 0.058 —0.173 —0.174 Cr08 —0.079 —0.079
C21—- 0.109 0.104 —0.113 —-0.121 CF+HO71 —0.113 —0.113
C22- 0.222 0.221 0.013 0.015 CHO72 —0.113 —0.113
023- —0.236 —0.234 —0.316 —0.313 C9-08 —0.079 —0.079
024 —0.236 —0.234 —0.316 —0.314 C9-C10 —0.108 —0.104
025= —0.165 —0.149 —0.23 —0.214 C9-HO091 —0.113 —0.113
026= —0.163 —0.149 —0.228 —0.214 C9-H092 —0.113 —0.113
HO11 0.101 0.096 0.044 0.039 CiC11 —0.109 —0.114
HO012 0.101 0.096 0.045 0.039 C18i1101 —0.115 —0.113
HO021 0.117 0.124 0.06 0.068 C161102 —0.115 —0.112
H022 0.118 0.124 0.06 0.068 CiC12 —0.108 —0.113
HO31 0.108 0.112 0.051 0.055 CiH111 —0.115 —0.114
H032 0.11 0.113 0.052 0.056 CtH112 —0.115 —0.115
HO41 0.11 0.113 0.053 0.055 CiZ13 —0.107 —0.112
HO042 0.109 0.113 0.051 0.055 Cip121 —0.114 —0.116
HO51 0.107 0.101 0.049 0.044 CiR122 —0.115 —0.112
HO61 0.119 0.126 0.061 0.069 Cig14 —0.107 —0.111
H062 0.115 0.123 0.057 0.066 Cx®25 —0.131 —0.131
HO71 0.105 0.097 0.049 0.04 C1€15 —0.107 —0.113
HO72 0.105 0.098 0.049 0.042 C1#141 —0.115 —0.117
H091 0.103 0.097 0.046 0.04 C1#142 —0.115 —0.113
H092 0.105 0.099 0.048 0.042 C1E16 —0.109 —0.109
H101 0.118 0.123 0.06 0.067 C15i151 —0.115 —0.115
H102 0.12 0.125 0.062 0.069 C15152 —0.115 —0.112
H111 0.114 0.114 0.056 0.057 Ci617 —0.108 —0.115
H112 0.109 0.108 0.052 0.051 Ci1bi161 —0.115 —0.115
H121 0.119 0.118 0.062 0.06 C161162 —0.115 —0.113
H122 0.127 0.132 0.07 0.076 CiT18 —0.107 —0.111
H141 0.113 0.115 0.056 0.057 CiHA171 —0.114 —0.116
H142 0.126 0.128 0.068 0.072 CiHA172 —0.115 —0.112
H151 0.11 0.11 0.053 0.053 C1€19 —0.107 —0.11
H152 0.12 0.121 0.062 0.066 Cx®26 —0.131 —0.131
H161 0.11 0.11 0.052 0.052 C1€20 —0.107 —0.116
H162 0.115 0.116 0.057 0.06 C181191 —0.114 —0.115
H171 0.119 0.119 0.062 0.061 C1Bi192 —0.115 —0.112
H172 0.128 0.132 0.07 0.076 C261201 —0.115 —0.116
H191 0.12 0.116 0.063 0.059 C261202 —0.115 —0.115
H192 0.128 0.129 0.07 0.073 C261203 —0.115 —0.117
H201 0.121 0.122 0.063 0.064 C2€22 —0.107 —0.108
H202 0.119 0.126 0.061 0.069 C2H211 —0.115 —0.113
H203 0.114 0.121 0.057 0.062 C2H212 —0.115 —0.115
H211 0.116 0.122 0.058 0.065 C2023 —0.082 —0.081
H212 0.104 0.115 0.047 0.057 C2p221 —0.115 —0.11
H221 0.125 0.107 0.067 0.052 C2p222 —0.113 —0.114
H222 0.103 0.097 0.047 0.04 0281231 —0.078 —0.078
H231 0.225 0.226 0.186 0.187 0O2H241 —0.078 —0.078
H241 0.225 0.225 0.186 0.186

aColumns 2, 3, 7, and 8 are the charge distribution results (including the atom charges and the bond charges); columns 4 and 5 are the gross
atom charges (the bond charges from the ABEEM method are reallocated to the atoms as is done with Mulliken’s bong charges). Thg,symbol H
stands for theth hydrogen connecting to theth heavy atom. For example oH and Hy, stand for the first and the second hydrogen atom which
bond to the first heavy atomiCH,s; stands for the first hydrogen atom which bonds to the 23th heavy atom, es;get©

comparison, our results are listed with those fralrinitio STO- two methods. This demonstrates that the ABEEM scheme is
3G HF-SCF calculations in Table 2 for,{OsH4. Both the reasonable and useful. It is believed that the ABEEM method
tables and the figure indicate very good agreement between thehas more flexibility and potential for further development and
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T= — =V (TiT )|y OT +
Z,/‘Qa 2 r=T
1 2, (. Td
Zlfggfh ==V (F;T") = dT
g— 2
2 = ST+ ZT;“B'h (A1)
»0H : e
(a) Cy10sH 4 WhereQ, and Qg denote the spatial regions covered by the
partial densitiep4(f) and pg-n(r), respectively.

Similarly, theV,e andVecenergies of eqs 3 and 4 can also be
separated into the individual contributions that come from the
corresponding partial densities:

o H 1) ~Zpy(T)
(®) Cr7H36 Vo= =Y Zf o AT+ Y [ ozl +
a a|I'_Ra| a b=a g|r_Ra|
—Zpgn(T)
NH aPg-nll)
HO : Z IQ B — dr
a g— ¢ |r - Ra|
OH ~ZpJT) —Ky ZeNy
=% fo.= dr + zz
NH, [T — Ral a b=a Rab
_ka,grhzangfh
(c) CpOy N, Hsy 2> (A2
Figure 1. Schematic diagrams of molecules:GsHao, Ci7H36, and a9 gh
C2402H52-
0.4 1 PAT 1,T>)
Vee = _ZandrlanerT +
. 2% T, — T,
03] y = 0.9929x + 6E-07 o
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02 | 2;) a—b ab | rl — r2|
pAF1,T5)
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Figure 2. Comparison of ABEEM and ab initio charge distribution 1 _ . poAT1,T2)
for C2105H40. EZ)an,bdrlan,berH’. _ _r, | +
a— 1 2

application to other chemical problems than the EEM or MEEM 1 KagNaNp 1 Ks—b,g-hNabNg—h
schemes because the partition of the molecular electronic density —Z + —Z Z —_—
according to the atoms and the bonds contains more suitable 296 Ry 25 pgfmb Ripgn
parameters than that of EEM or MEEM. k'ag—hNang—h
: (A3)
Acknowledgment. This research has been aided by a grant Fl gzh Rag-h

from the National Natural Science Foundation of China.

Most of the notations in eqs A2 and A3 are obvious from the
previous comments. There are, however, some coefficieps,
Partitioning the molecular electron density according eq 6, Kag-n Kab Ka-bgh andk'agn, that should be explained. For
the kinetic energy of eq 2 may be expressed formally by a sum examplek, ,is taken as a correction coefficient, fBfNy/R p,
contributed by individual partial densities as because the latter does not exactly equal the corresponding

Appendix: Deduction of Eq 7
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integral of the previous line in eq A2 even thoygkr) integrates the atoma and the bonda—b in a molecule, respectivelyx

to Np. andy%_p are the valence-state hardnesses in a molecule=and
Now the total molecular energimo can accordingly be  andEjp are the valence-state energies in a molecule, respec-

reduced to the following components, each possessing its owntively. Therefore, we reach the following expression:

explicit meaning, which may be said to be the sum of the

intraenergy and the interenergy, Enol = ZE‘;"a+ Ema 4 ZE‘““er
a
=S ITa% + Vieat Veed + > [Ty + Vigasl + ,
a & =Z[EZ+/fa(Na—'\ra) (N — NYT +
ka bza b ka g—hZ ng h a 5
22 R T [Exp + ety — M) + 75Ny — M5 )7 +
a bZa a g— Ra g-h e
].Z ka tJ\laNb ka—b,g—hna—bng—h 4 _ka,grhzangfh + k:’;\,grhNangfh
= _— +
2 a b=a ' 26Lb g—hZa—b Ra—b,g—h Zng Ra,grh
z kéyh Ng—h gheeh 1 ZZ, (llz)k;,tNaNb - ka,bZaNb
— _ +
a g-— Rag—h 25 = Ra,b a b(=a) Ra,b
YEH QE Y ET (A9 (U2KngNatgn 1 _ Zo
a a—

2,2 2w,
. o _ &by-n{Za-b) Reb,g-n 25 &= Rap
The total energy is thereby divided into typical “atom” terms

and typical*bond” terms (intraatom and intrabond, i.e., the first — S 1 4+ #(N. — N&) 4+ 77(N. — N2 +
summation and the second summation in eq A4), atatom Z[ 2 TNy = N 7Ny = N

interaction terms, atombond interaction terms, and boatdond % % % % o 2
interaction terms. The intraatom contribution and the intrabond £ [Eoo + 20N = M) F 75p(Nep — )] +
contribution depend on the number of electrons as well as the —kg Z g+ kg, NN
shape factor for the density function. In a molecule, these ghggh ghggh
contributions differ from the isolated atom value due to the gzh Rygn
change in the number of electronsN, = Na — Ng) as well as ko ZeN K N
a change of the shape factor due to molecule formation. The g-hhg—h g-hhg—h
latter depends on the details of the electron density profile, i.e., R
the shape and size or the nature of confinement of the atom Ko\ Z r§1’_ + K. N
and the bond in the molecule. g-h"a'g—h g~ "a lg—h n
The value of theEy e term will not be identical to that for Za(¢ by R, o
an isolated atom because the extent and the shape of its electron ’ (1/2) N’g__ N
cloud change when an atom is imbedded in a molecule. For KatNaNp = Ko 174 b+
an isolated atorma the electronic energy can be written as a R,
function of the number of electrons as 2 b= b
(L/2)Kab,g-hNa-bMg—n N 1 Zly (A8)
intra __ — _
EMe = B 4 1o(N, — NB) + 72N, — N)?+ .. (A5) azbg_h;_b) Rovor Z;Z_a)Ra

whereES is the value ofEl™ whenN, = N2, i.e., the number
of electrons in the neutral atom anaandna are the chemical
potential and the absolute hardness. For an ABEEM atom in a

molecule we can write an analogous expression by replacing
us andns by uf anduf: References and Notes

In order to simplify eq A8 and facilitate our algorithm greatly,
eq 7 is taken to approximate eq A8.
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