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Coulson (ZINDO), Mulliken (MP2/6-31G*) and Natural (MP2/6-31G*) population analyses of several large
molecules were performed by the Fragment Reassociation (FR) method. The agreement between the
conventional ZINDO (or conventional MP2) and FR-ZINDO (or FR-MP2) charges of these molecules was
excellent. The standard deviations of the FR-ZINDO net atomic charges from the conventional ZINDO net
atomic charges were 0.0008 for C10H22 (32 atoms), 0.0012 for NH2-C16O2H28-COOH (53 atoms), 0.0014 for
NH3

+-C16O2H28-COOH (54 atoms), 0.0017 for NH2-C16O2H28-COO− (52 atoms), 0.0019 for NH3+-C16O2H28-
COO− (53 atoms), 0.0024 for a conjugated model (O=CH-(CH=CH)15-C=O-(CH=CH)12-CH=CH2), 118
atoms), 0.0038 for aglycoristocetin (C60N7O19H52

+, 138 atoms), 0.0023 for a polypropylene model complexed
with a zirconocene catalyst (C68H121Zr+, 190 atoms) and 0.0013 for magainin (C112N29O28SH177, 347 atoms),
respectively. The standard deviations of the FR-MP2 Mulliken (or Natural) partial atomic charges from the
conventional ones were 0.0016 (or 0.0016) for C10H22, 0.0019 (or 0.0018) for NH2-C16O2H28-COOH and
0.0033 (or 0.0023) for NH3+-C16O2H28-COO−, respectively. These errors were attributed to the shape of
molecules, the choice of fragments and the degree of ionic characters of molecules as well as the choice of
methods. The CPU time of aglycoristocetin, conjugated model, polypropylene model complexed with
zirconocene and magainin computed by the FR-ZINDO method was respectively 2, 4, 6 and 21 times faster
than that by the normal ZINDO method. The CPU time of NH2-C16O2H28-COOH and NH3+-C16O2H28-COO−

computed by the FR-MP2 method was, respectively, 6 and 20 times faster than that by the normal MP2 method.
The largest molecule calculated by the FR-ZINDO method was B-DNA (766 atoms). These results will enable
us to compute atomic charges of huge molecules near future.

Key Words : Population analysis, Fragment reassociation

Introduction

Net atomic charges or partial atomic charges play a signi-
ficant role to analyze the polarization effects of molecules
and the electrostatic interactions in chemical reactions. Also,
atomic charges are widely used as one of the QSAR para-
meters for drug design. The electrostatic potential is very
important as one of the force fields for molecular modeling.1

Classically, atomic charges can be obtained, for example, by
the charge equilibration method,2 where empirical parameters
such as atomic ionization potentials, electron affinities and
atomic radii are employed. Quantum mechanically, many
attempts3-21 have been made to calculate atomic charges or to
perform population analyses. Typical population analyses
are based on the basis set (the Coulson, Mulliken3 and
Natural4 population analysis, or briefly CPA, MPA and
NPA), the ElectroStatic Potential (ESP),4-13 and the wave
function (the topological theory of Atoms In Molecules
(AIM)). 14-16 The Coulson and Mulliken charges are simple to
calculate but vary a lot depending on basis functions. On the
other hand, ESP and AIM charges are rather independent of

basis set but take more CPU time. Natural charges17-21 are
based on the natural atomic orbital whose derivation invol
diagonalizing the localized block of the electron dens
matrix with atomic basis set. Natural charges are basis
independent and take slightly more CPU time than Mullik
charges do. Therefore, for analysis purposes the N
procedure is an attractive method, but for modeling purpo
(i.e. force field charges) ESP charges are clearly the log
choice.1 Even in NPA, however, computations of a larg
molecular system is still limited to less than 100 atoms at 
MP2 level with the 6-31G* basis set, and to a few hundr
atoms at the Hartree-Fock (HF) level. As a practical sen
atomic charges of large molecules obtained by NPA or e
CPA and MPA are used for the analyses described earlie

Some time ago, we proposed so called the Fragm
Density Matrix (FDM) method22 where the HF electrostatic
potentials of medium (29 to 32 atomic) molecules we
constructed from the density matrix elements of tw
fragment molecules. When the FDM method is applied
the calculations of CPA, MPA and NPA, atomic charges
large molecules are obtained by the reassociation of ato
charges of fragments rather than by that of density ma
elements of fragments, as derived in the next secti
Therefore, the CPU time of the Coulson, Mulliken o

*To whom correspondence should be addressed. Phone: +919-513-
0317;  Fax: +919-513-4804; E-mail: jglee@nemo.physics.ncsu.edu 
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Natural charges expressed by the method of Fragment
Reassociation, or the FR method, will become even shorter
than that obtained by the FDM method.

In this work, the Coulson charges of molecules with up to
766 atoms or the Mulliken and Natural charges of molecules
with up to 53 atoms were obtained by the semiempirical
(ZINDO) or ab initio (MP2/6-31G*) calculations using the
FR method. We will abbreviate these methods as FR-ZINDO
and FR-MP2, respectively. Here, the FR-MP2 method means
either FR-MP2 MPA or FR-MP2 NPA computation, or
collectively both calculations. The difference between charges
obtained by the FR-ZINDO (or FR-MP2) method and those
obtained by the conventional ZINDO (or MP2 method) is
also discussed. We have chosen neutral, cationic, anionic,
and zwitterionic models as well as a conjugated model as
target molecules.

Computational Details

A. Net Atomic Charges. Net atomic charges mainly consist
of the following four types. The first one is by the Coulson
type,

(1)

where qA is the net atomic charge on Ath nucleus, ZA the
charge of Ath nucleus, and Pµµ the density matrix given by
the summation of multiplications of M.O. coefficients (c)
over occupied orbitals;

. (2)

The second one is by the Mulliken type,

(3)

where Sµυ is the overlap matrix. Therefore, the Mulliken net
atomic charges give similar values to the Coulson net atomic
charges.

The third one is by the Natural charge,

 (4)

Here, NA is the total number of electrons on center A and
obtained from the sum of the diagonal elements ( )
of the first-order reduced density matrix in the orthonormal
Natural Atomic Orbital (NAO) basis. The NAOs on each
center A typically separate into two distinct sets: (1) the
high-occupancy natural minimal basis set, equal in number
and type to the nominal minimal basis of occupied HF AOs
in the ground state configuration, and (2) the low-occupancy
natural Rydberg basis set, corresponding to all residual
orbitals lying outside the formal valence shell. 

The fourth one, which represents the net atomic charges
more accurately than the previous three methods, is by the
ESP fit,

. (5)

In eq 5, R is the matrix of inverse distance from grid point t
nuclei, and Vi is the electrostatic potential surrounding 
molecule at a grid point, r i, given by

. (6)

Here, N is the number of atoms in a molecule, RA the
position of Ath nucleus, r' the position of electron, and χµ and
χυ are the basis functions used.

In all these four types, density matrix terms of a molecu
have to be computed after SCF iteration. Therefore, it take
large amount of cpu time to calculate atomic charges of la
molecules by ordinary SCF methods. In order to avoid 
computation of whole density matrix, the Fragment Dens
Matrix (FDM) method was proposed and explained in t
following section.

B. FDM Approach. Instead of calculating accurate densi
matrix elements for a large molecular system, approxim
density matrix terms , are constructed from those 
two or more fragment molecules in the FDM method. In t
evaluation of , it is important for all atoms to includ
neighboring effects (usually 2 to 4 nearest neighbors fo
neutral molecule). The approximate density matrix eleme

 are then scaled in order to satisfy the total atom
charge requirement. Therefore, the final density matrix 
can be expressed by

(7)

where kµυ are the scale factors. Or more simply,

(8)

In eq. 8, k is a constant scale factor and the optimum k (= ko)
is derived as

. (9)

Here, Ns (and αs) are the summation of atomic numbers (an
net atomic charges) over all atoms. The constant, αs, is equal
to 0 for a neutral molecule, +1 for a cationic compound, a
-1 for an anionic compound, respectively.  represe
the summation of net atomic charges over all atoms wh
k = 1.

Since the FDM method constructs the density matrix,23 it
can be applied to evaluate atomic charges of the Couls
Type, Mulliken-Type, Natural-Type, potential derived electr
static-Type and other types in which atomic charges 
derived from density matrix elements. When the FD
method is applied to compute the Coulson, Mulliken a
Natural atomic charges, these charges can be expresse
by the density matrix elements of fragments but by par
atomic charges of fragments as derived next. This method
the Fragment Reassociation (FR) method, will further red
the cpu time for calculations of the Coulson, Mulliken an
Natural net atomic charges. Hereafter, “net atomic charg
are abbreviated as “charges” for simplicity unless specif

qA = ZA
 

µ A∈
∑– Pµµ

Pµµ =  
i 1=

occ

∑ cµ icυ i

qA = ZA −  
µ A∈
∑  

υ A∈
∑ PµυSµυ

qA = ZA − NA

Σµ A∈ qµ

q1, q2,…,qN( ) = R 1– Vi

Vi  =  
A 1=

N

∑ ZA

r i RA–
------------------- −  

µ
∑  

υ
∑ Pµυ  ∫

χµχυ
r i r ′–
----------------dr′

Pµυ′

Pµυ′

Pµυ′
Pµυ′

Pµυ = kµυPµυ′

Pµυ = kPµυ′

ko = 
NS αS–

NS ∆q
k=1

–
----------------------------,    ∆q

k=1
 =  

A 1=

N

∑ qA k=1

∆q k=1
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C. FR Method to Compute Coulson, Mulliken and

Natural Charges. First, the Coulson charge is considered.
The Coulson charge on atom A obtained by the FDM
method, , is

(10)

From eq. 1 and eq. 8,

(11)

 (12)

Then,

(13)

Therefore, qA is expressed by the charges of the fragments
 and the scale factor k without including the density

matrix terms.
The Mulliken charge is obtained in a similar manner if one

assumes that

(14)

Then,

(15)

  (16)

Therefore, the Mulliken charge (eq. 16) is expressed by the
same equation as the Coulson charge (eq. 13). 

The Natural charge is also obtained in a similar way if one
assumes that

(17)

Then, 

(18)

  (19)

Therefore, the Natural charge (eq. 19) is also expressed by
the same equation as the Coulson charge (eq. 13). Although
our FR method employs eq. 9 and eq. 13, other methods of
reassociation of fragments were proposed elsewhere.24-26 

D. Target Molecules and Fragments. A non-polar mole-
cule (C10H22) was taken to investigate the error between the
normal- and FR-ZINDO charges. Then, a hypothetical
molecule (NH2-C16O2H28-COOH) was taken to study the
error between the ZINDO and FR−ZINDO charges by the
polar effect. Furthermore, the charges of cationic (NH3

+-
C16O2H28-COOH), anionic (NH2-C16O2H28-COO−) and
zwitterionic (NH3

+-C16O2H28-COO−) forms were calculated
to estimate the error by the ionic effect. The geometries of

above compounds were arbitrarily chosen. The charges
several larger compounds, a conjugated model (O=C
(CH=CH)15-C=O-(CH=CH)12-(CH=CH2), or C58O2H58),
aglycoristocetin (C60N7O19H52

+), a polypropylene model
complexed with zirconocene (Zr+(C5H2C4H8CH2)2(CH2-
CH-CH3)14H(CH2=CH-CH3), or C68H121Zr+) and magainin
(C112N29O28SH177), were computed by both FR-ZINDO an
normal- ZINDO methods. All models had no symmet
although C10H22 and the conjugated model had nearly plan
symmetry. ZINDO calculations of the target and fragme
molecules except for B-DNA were carried out by th
ZINDO program27 in Cerius2 on Silicon Graphics (R10000
workstations. Because the maximum number of atoms in
ZINDO program is limited to 400, calculations of only B
DNA fragments were carried out. MP2 computations 
C10H22, NH2-C16O2H28-COOH, NH3

+-C16O2H28-COO− and
their fragments were done by the Gaussian98 package28 on a
Cray-C94 at the KUMHO Supercomputing Center. 

In FR calculations, the charges of first target molecu
C10H22, were constructed from those of two C7H16 fragment
molecules as shown in Figure 1. In other words, the char
of the atoms left to the junction (solid line) of C10H22 (Figure
1a) were taken from those left to the junction of the l
fragment molecule (Figure 1b) while charges of the ato
right to the junction of C10H22 (Figure 1a) were taken from
those right to junction of the right fragment molecule (Figu
1c). To consider the neighboring effect, both right and l
C7H16 fragments included 2 nearest neighbors (2 nea
carbons and 5 nearest hydrogens) from the junctions
shown in Figure 1b and 1c. For example, in FR-ZIND
calculations, Coulson charges of C10H22, (q1, q2, …, q16, q17,
…, q32; here the atomic numbering being shown in Figu
1a), were constructed from those of two fragments; 
Coulson charges of the left fragment C7H16, (q1',q2',… q16';
Figure 1b) and (ii) Coulson charges of the right fragme
C7H16, (q17', … q32'; Figure 1c). Each charge, qA (A=1,2, …,
16, 17, …, or 32), was calculated from qA' according to eq.

qA′

qA′ = ZA −  
µ A∈
∑ Pµυ′

kqA′ = kZA −  
µ A∈
∑ Pµµ

= kZA − ZA qA–( )

qA = ZA − k ZA qA′–( )

qA′

k = 

 
µ A∈
∑  

υ A∈
∑ PµυSµυ

 
µ A∈
∑  

υ A∈
∑ Pµυ′Sµυ′

---------------------------------------------

qA = ZA − k  
µ A∈
∑  

υ A∈
∑ Pµυ′Sµυ′

= ZA − k ZA qA′–( )

k = 
NA

NA′
--------

qA = ZA − kNA′

= ZA−k ZA qA′–( )

Figure 1. C10H22(a) and its fragments (b, c).
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13. The scale factor in eq. 13, k, was computed by eq. 9
where  was obtained from the summation of qA',
(q1'+q2'+ … q32'). Note that Coulson charges of the neigh-
boring atoms of these 2 fragments (from q17' to q23' in Figure
1b, and q4' and q11' to q16' in Figure 1c) were not involved in
the construction of those of C10H22.

Next four target molecules, NH2-C16O2H28-COOH (Figure
2) and its cationic (Figure 3), anionic (Figure 4) and zwitter-
ionic (Figure 5) forms, were constructed from 3 fragment
molecules. The left (Figure 2b, 3b, 4b and 5b), middle
(Figure 2c, 3c, 4c and 5c) and right (Figure 2d, 3d, 4d and
5d) fragment molecules of these compounds also included 2
nearest neighbors. The FR charges of the conjugated model
(Figure 6), aglycoristocetin (Figure 7), the polypropylene
model complexed with zirconocene (Figure 8), magainin

(Figure 9) and B-DNA (Figure 10) were composed of 
(Figure 6b, 6c, 6d and 6e), 3 (Figure 7b, 7c and 7d)
(Figure 8b, 8c, 8d and 8e), 6 (Figure 9b, 9c, 9d, 9e, 9f 
9g) and 4 (Figire 10b, 10c, 10d and 10e) fragments, resp
tively. For the conjugated model, aglycoristocetin, the po
propylene model complexed with zirconocene and magain
each fragment molecule included 2 to 4 nearest neighb
For B-DNA, each fragment molecule included the near
amino acid pair(s). 

∆q k=1

Figure 2. NH2-C16O2H28-COOH (a) and its fragment (b, c, d).

Figure 3. NH3
+-C16O2H28-COOH (a) and its fragment (b, c, d).

Figure 4. NH2-C16O2H28-COO− (a) and its fragment (b, c, d).

Figure 5. NH3
+-C16O2H28-COO− (a) and its fragment (b, c, d).

Figure 6. Conjugated model (a) and its fragment (b, c, d, e).

Figure 7. Aglycoristocetin (a) and its fragment (b, c, d).
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Results and Discussion

The normal-ZINDO and FR-ZINDO charges of C10H22 are
listed in Table 1. Maximum differences between these net
atomic charges occurred on two carbon atoms (C14 and

C17) near the junction (solid line) in Figure 1a. The stand
deviation (SD) between the ZINDO and FR-ZINDO charg
turned out to be very small (0.0008). In comparison, the 
between the normal and FDM ab initio charges of C10H22

derived from the ESP fit was much larger (0.0173).22

In Table 2, both ZINDO and FR-ZINDO net atomi
charges of NH2-C16O2H28-COOH are listed. The SD of the
FR-ZINDO charges of this polar molecule was again sma
(0.0012) but larger than that of the non-polar molecu
(C10H22). In order to see the fragment effect, we al
computed the SD of the FR-ZINDO charges of NH2-
C16O2H28-COOH with 2 fragments. This SD turned out to b
0.0007. Therefore, the error of the polar molecule by the F
ZINDO method was affected by the choice of fragmen
rather than the polarity of molecules. The SDs of the F
ZINDO charges of the cationic form NH3

+C16O2H28-COOH
and the anionic form NH2-C16O2H28-COO− were 0.0014 and
0.0017, respectively. The SD of the zwitterionic form, NH3

+-
C16O2H28-COO−, became even larger (0.0019) than that 
the singly anionic or cationic form. Compared to the SD 
the neutral form (NH2-C16O2H28-COOH), the SD's of the

Figure 8. Polypropylene model complexed with a zirconocene (a)
and its fragment (b, c, d, e).

Figure 9. Magainin (a) and its fragment (b, c, d, e, f, g).

Figure 10. B-DNA (a) and its fragment (b, c, d. e).

Table 1. Partial Atomic Charges of C10H10 (ZINDO)

Atom Element ZINDO FR-ZINDO Differencea

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

H
C
C
C
H
H
H
H
H
H
C
H
H
C
H
H
C
H
H
C
H
H
C
H
H
C
H
H
C
H
H
H

0.0320
-0.1130
-0.0650
-0.0680
0.0360
0.0360
0.0370
0.0370
0.0360
0.0360

-0.0690
0.0350
0.0350

-0.0700
0.0350
0.0350

-0.0700
0.0350
0.0350

-0.0690
0.0350
0.0350

-0.0670
0.0360
0.0360

-0.0660
0.0350
0.0350

-0.1140
0.0350
0.0350
0.0320

0.0317
-0.1142
-0.0662
-0.0692
0.0357
0.0357
0.0367
0.0367
0.0357
0.0357

-0.0692
0.0357
0.0357

-0.0682
0.0357
0.0357

-0.0682
0.0357
0.0357

-0.0692
0.0357
0.0357

-0.0682
0.0357
0.0357

-0.0672
0.0347
0.0347

-0.1152
0.0347
0.0347
0.0317

-0.0002
-0.0012
-0.0012
-0.0012
-0.0002
-0.0002
-0.0002
-0.0002
-0.0002
-0.0002
-0.0002
0.0007
0.0007
0.0017
0.0007
0.0007
0.0017
0.0007
0.0007

-0.0002
0.0007
0.0007

-0.0012
-0.0002
-0.0002
-0.0012
-0.0002
-0.0002
-0.0012
-0.0002
-0.0002
-0.0002

Standard deviation 0.0008
Scale factor 1.0003065
aFR-ZINDO-ZINDO
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cationic, anionic and zwitterionic forms were increased 
17, 42 and 58 %, respectively. For these compounds, la
differences between the ZINDO and FR-ZINDO charg
were found on the carbon and oxygen atoms of the >C
group near the right junction in Figure 2 to Figure 5.

The SD (=0.0024) of the conjugated model turned out
be rather large for a neutral molecule. The SD (=0.0038
aglycoristocetin (cationic form) was largest among 
models. Here, we wanted to check how much error w
contributed from the ionic effect only. So, the ZINDO an
FR-ZINDO charges of the neutral form (C60N7O19H51, 137
atoms) were calculated. The SD of the FR-ZINDO charg
of the neutral form was greatly reduced (SD=0.001
compared with that of the cationic form. The error caused
the ionic effect of aglycoristocetin was much larger than t
of NH3

+C16O2H28-COOH. For the polypropylene mode
complexed with zirconocene (cationic form), the SD of t
FR-ZINDO charges was 0.0023, which was larger than t
(SD=0.0014) of NH3+C16O2H28-COOH, but smaller than that
of aglycoristocetin. In other words, as the degree of linea
of a molecule (such as NH3

+C16O2H28-COOH or C68H121Zr+)
increased, the error of the charges obtained by the 
ZINDO method decreased. For magainin, the SD of the F
ZINDO charges was also small (SD=0.0013). The reason
the small SD is that magainin has a V-shape being consi
ed as a combination of two linear molecules. The CPU ti
of the conjugated model, aglycoristocetin, the polypropyle
model complexed with zirconocene or magainin by the F
ZINDO turned out to be, respectively, 4, 2, 6 or 21 tim
faster than that by the normal ZINDO method. In gener
the more the molecular size is increased, the more the C
saving by the FR method is. Also, the more the number
fragments of a molecule is increased, the more the C
saving by the FR method is.

As shown in Table 3, the SD (=0.0016) of C10H22 between
the MP2 and FR-MP2 Mulliken charges was larger than t
(=0.0008) between the ZINDO and FR-ZINDO charge
The SD of C10H22 between the MP2 and FR-MP2 Natura
charges was also 0.0016. However, these SD's of of C10H22

were still much smaller than in the cases of the FDM-ESP
as described earlier. As shown in FR-ZINDO calculations
C10H22, large differences between the MP2 and FR-MP
charges in both MPA and NPA also took place on the carb
atoms (C14 and C17) near the junction. The SD's (=0.0
and 0.0033) of NH2C16O2H28-COOH and NH3+-C16O2H28-
COO− between the MP2 and FR-MP2 Mulliken charge
were again larger than those (=0.0012 and 0.0019) betw
the ZINDO and FR-ZINDO charges. The SD's (=0.0014 a
0.0023) of NH2C16O2H28-COOH and NH3+-C16O2H28-COO−

between the MP2 and FR-MP2 Natural charges were sma
than those between MP2 and FR-MP2 Mulliken charg
The CPU time of NH2C16O2H28-COOH and NH3+-C16O2H28-
COO− by the FR-MP2 calculations was, respectively, 6 a
20 times faster than that by the conventional MP2 calculatio
Large errors of the FR-MP2 charges of these two compou
were found on the carbon and oxygen atoms near the r
junctions in Figure 2 and Figure 5.

Table 2. Partial Atomic Charges of NH2-C16O2H28-COOH
(ZINDO)

Atom Element ZINDO FR-ZINDO Differencea

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

H
N
C
H
H
H
C
O
C
H
H
C
H
H
C
H
H
C
H
H
C
H
H
C
H
H
C
H
H
C
H
H
C
O
C
H
H
C
H
H
C
H
H
C
H
H
C
H
H
C
O
O
H

0.1660
-0.4430
0.0520
0.0490
0.0530
0.1800
0.3900

-0.5080
-0.0560
0.0440
0.0450

-0.0570
0.0460
0.0460

-0.0660
0.0340
0.0350

-0.0660
0.0350
0.0350

-0.0660
0.0350
0.0350

-0.0680
0.0320
0.0320

-0.0630
0.0450
0.0450

-0.0570
0.0450
0.0450
0.3840

-0.5160
-0.0520
0.0460
0.0450

-0.0850
0.0190
0.0190

-0.4390
0.2110
0.2110
0.0160
0.0410
0.0410

-0.0310
0.0640
0.0640
0.5490
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0.0007
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Standard deviation 0.0012
Scale factor 1.0003204
aFR-ZINDO-ZINDO
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Conclusion

Net atomic charges of several model compounds were
calculated by the FR-ZINDO and FR-MP2 methods. These
charges were compared with the conventional ZINDO and
MP2 methods, respectively. In the FR-ZINDO calculations,
the standard deviations of neutral molecules (SD = 0.0008-
0.0013) except for the conjugated model turned out to be
smaller than those of ionic, cationic and zwitterionic compounds
(SD = 0.0014-0.0038). In both FR-MP2 Mulliken and FR-
MP2 Natural charge computations, the SD's (=0.0016-
0.0033) of C10H22, NH2C16O2H28-COOH and NH3+-C16O2H28-
COO− were larger than those (SD = 0.008-0.0019) in the
corresponding FR-ZINDO Coulson charge computations.
These errors depended on the shape of molecules, the degree
of ionic characters of molecules, the choice of fragment
molecules as well as the choice of methods. The SDs
(= 0.0008-0.0038) of all models by the FR-ZINDO and FR-
MP2 methods are, however, much smaller than those (SD =
0.014-0.021)22 of medium molecules by the FDM ab initio

charges derived from the ESP fit. The CPU time by the F
ZINDO (or FR-MP2) method turned out to be much fast
than that by the normal ZINDO (or normal MP2) metho
Because of the smaller SD and more CPU saving, the
method, especially the FR-MP2 NPA method, would beco
a choice for systematic charge analyses of huge molecule

Supplementary Materials Available. The FR-ZINDO and
FR-MP2 atomic charges of the large molecules calculate
this work are available upon request.
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	0.1960
	-0.3875
	0.1973
	0.1937
	-0.3947
	0.1906
	0.1961
	-0.3848
	0.1937
	0.1955
	-0.5965
	0.1967
	0.1981
	0.2040
	0.0004
	-0.0004
	-0.0005
	-0.0005
	0.0001
	0.0002
	0.0003
	0.0003
	0.0003
	0.0003
	0.0010
	0.0013
	0.0013
	-0.0061
	-0.0001
	0.0012
	-0.0054
	0.0010
	0.0003
	0.0009
	0.0012
	0.0013
	-0.0006
	0.0003
	0.0005
	-0.0004
	0.0003
	0.0003
	-0.0004
	0.0001
	0.0001
	0.0005
	Standard deviation 0.0016
	Scale factor 1.0001647
	Standard deviation 0.0016
	Scale factor 1.0000744






