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Coulson (ZINDO), Mulliken (MP2/6-31G¥*) and Natural (MP2/6-3 1G*) population analyses ol several large
molecules were performed by the Tragment Reassociation (FR) method. The agreement between the
conventional ZINDO (or conventional MP2) and TR-ZINDO (or FR-MP2) charges ol these molecules was
exceellent. The standard deviations of the FR-ZINDO net atomic charges from the conventional ZINDO net
atomic charges were 0.0008 for CieHaa (32 atoms), 0.0012 for NHa-Ci¢O:Hax-COOH (53 atoms), 0.0014 tor
NH3™-C150:Hx-COOH (34 atoms). 0.0017 for NHa-Ci50-Hx-COO (52 atoms), 0.0019 For NHy-C140-Hxg-
COO (53 atoms), 0.0024 for a comugated model (O=CH-(CH=CH)5-C=0-(CH=CH)>-CH=CH-)., [I¥
atoms). 0.0038 Tor aglycoristocetin (CaN-O19Hs2™, 138 atonms), 0.0023 lor a polypropylene model complexed
with a zirconacene catalyst (CeeHin17r%, 190 atoms) and 0.0013 for magainin (Cp12NagOxSH1 . 347 aloms).
respectively. The standard deviations of the FR-MP2 Mulliken (or Natural) partial atonuic charges from the
conventional ones were 0.0016 (or 0.0016) Tor CipHx, 0.0019 (or 0.0018) for NH~-C¢0)-Hxx-COOH and

0.0033 (or 0.0023) for NHi-C150:Hx-COO | respectively. These errors were attributed o the shape ol
molecules, the choice of fragnients and the degree ol 1onie characters of molecules as well as the choiee of

methods. The CPU time of aglycoristocetin, conmjugated modcl, polypropyvlene model complesed with
zirconocene and magamim compuled by the FR-ZINDO method was respecetively 2.4, 6 and 21 times laster
than that by the normal ZINDO method. The CPU time of NH2-Cia0-Ha-COOH and NHz'-C50-Hx-COO"
compuled by the FR-MP2 method was, respectively, 6 and 20 times Laster than that by the normal MP2 method.
The largest molecule caleulated by the FR-ZINDO method was B-DNA (766 atonis). These results will enable
us to compule atomic charges ol huge molcecules near luture.
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Introduction

Nct atomic charges or partial alomic charges play a signi-
ficant rolc (o analvze the polatization clfects of molecules
and the clectrostatic interactions in chemical reactions. Also.
atomic charges arc widcely used as onc of ihe QSAR para-
melers for drug design. The clectrostatic polential is very
important as onc of (he force ficlds for molecular modeling.!
Classically. atomic charges can be obtained. for example. by
the charge cquilibration method.” whete cmpitical parameters
such as alomic ionization polcntials. clectron affinitics and
atomic radii arc cmploved. Quantum mechanically. many
attempts™ have been made to calculale atomic chiarges ot to
perform population analvscs. Tvpical population analyscs
arc bascd on (he basis sct (the Coulson. Mulliken® and
Natural' population amalysis. or bricflly CPA. MPA and
NPA). the ElectroStatic Polential (ESP)."'* and the wave
function (thc (opological theorv of Atoms In Molecules
(ATM)). " The Coulson and Mulliken charges are simple (o
calculate but vary a lot depending on basis functions. On the
other hand. ESP and ATM charges arc rather independent of
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basis sct but take morc CPU time. Natural charges' = are
bascd on the natural atomic orbital whose derivation imvolves
diagonalizing the localized block of the clectron density
matrix with atomic basis sct. Natural charges arc basis scl
independent and take slightly morc CPU time than Mulliken
charges do. Thercfore. for amalysis purposcs (he NPA
procedure is an attractive method. but for modceling purposcs
(i.e. force ficld charges) ESP charges arc clearly the logical
choice.! Even in NPA. howcver. computations of a large
molccular systein is still limited to less than 100 atoms at the
MP2 level with the 6-31G* basis sct. and o a ew hundred
atoms at the Hartree-Fock (HF) level. As a praclical scnsc.
atomic charges of large molecules obtained by NPA or even
CPA and MPA arc uscd for the analyscs described carlicr,
Some time ago. wc proposced so called the Fragment
Density Matrix (FDM) method™ where the HF clectrostatic
potentials of medium (29 to 32 alomic) molccules were
constructed from the density malrix clements of two
fragment molecules. When the FDM incthod is applicd to
the calculations of CPA. MPA and NPA. atomic charges of
large molecules are obtained by the reassociation of atomic
charges of fragments rather than by that of density maltrix
clements of fragments. as derived in the next scction,
Therefore. the CPU time of the Coulson. Mulliken or


mailto:jglee@nemo.physics.ncsu.edu

370 Bull. Koreann Chem. Soc. 2003, Vol. 24, No. 3

Natural charges expressed by the method of Fragment
Reassociation. or the FR method. will becomne even shorter
than that obtained by the FDM method.

In this work. the Conlson charges of molecules with up to
766 atoms or the Mulliken and Natural charges of molecules
with up to 33 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. respectivelv. 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 comventional ZINDO (or MP2 method) is
also discussed. We have chosen neutral, cationic. aniomnic,
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
v pe.

bl
where ¢4 is the net atomic charge on 4" nucleus. 7; the
charge of 4™ nucleus, and Py, the density matrix given by
the summation of multiplications of M.O. coefficients (¢)
over occupied orbitals;

nec

= 2 cpcy 2)
i-1

The second one is by the Mulliken tvpe.

z z r g /.m 3)
Hed ved
where S, 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:=74 = Ny )

Here. N, is the total number of electrons on center A and
obtained from the sum of the diagonal elements (2, ,q,)
of the first-order reduced density matrix in the orthonormal
Natural Atomic Orbital (NAO) basis. The NAOs on each
center A tvpically 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 lving 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.

(@) Gaec) = RT (3)
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[n eq 5. R is the matrix of imverse distance from grid point to
nuclei, and 7% is the electrostatic potential surrounding a
molecule at a grid point. ;. given by

A
=2 -2 X, S X”Z“ .0
P R
Here. N is the number of atoms in a4 molecule, R, the
position of 4" nucleus. ' the position of electron, and ¥, and
Xvare the basis functions used.

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

B. FDM Approach. Instead of calculating accurate density
matrix elements for a large molecular system, approximate
density matrix terms /", are constructed from those of
two or more fragment molecules in the FDM method. [n the
evaluation of £, . it is important for all atoms to include
neighboring effects (usually 2 to 4 nearest neighbors for a
neutral molecule). The approximate density matrix elements
P, are then scaled in order to satisfy the total atomic
charge requirement. Therefore. the final density matrix /2, S
can be expressed by

P = kP

1ty P u (7
where A, are the scale factors. Or more simply.,

Puo=kPy/ (8)

In eq. 8. & is a constant scale factor and the optimum 4 (= ,)
is derived as
Ng—ag

/\-" = \— Aq|k-l

()
- Aql,

N
=2 q.
d-1

|1.--J '

Here. N, (and o) arc the summation of atomic numbers (and
net atomic charges) over all atoms. The constant. ¢. is cqual
to 0 for a ncutral molecule. +1 for a cationic compound. and
-1 for an anionic compound. respectively. Ag|, | represents
the summation ol net atomic charges over all aloms when
k=1

Since the FDM method constructs the density matrix.™ it
can be applicd to cvaluatc atomic charges of the Coulson-
Type. Mulliken-Ty'pe. Natural-Type. potential derived clectro-
static-Type and other types in which atomic charges are
dernived from density matrix clements. When the FDM
method is applicd to compute (he Coulson. Mulliken and
Natural atomic charges. these charges can be expressed not
by the density matrix clements of fragments but by partial
atomic charges of fragiments as derived next. This method. or
the Fragment Reassociation (FR) method. will furiher reduce
the cpu time for calculations of the Coulson. Mulliken and
Natural nct atomic charges. Hereafter. “net atomic charges™
arc abbreviated as “charges™ for simplicity unless specificd
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otherwise.

C. FR Method to Compute Coulson, Mulliken and
Natural Charges. First. the Coulson charge is considered.
The Coulson charge on atom .4 obtained by the FDM
method. ¢ ,". is

g =Z,- 2 P (10)

Fromeq. 1 and eq. 8.

kq, =ki, - X P, (1D
e d
=k, - (Ly—qp) (12)
Then,
G =Ly = KZi—a) (13)

Therefore. ¢. is expressed by the charges of the (ragments
¢," and the scale factor 4 without including the density
matrix {erms,

The Mulliken charge is obtained in a similar manner if onc
assumcs that

z z P H US/J ¥

ped ved

k= (14)
z z p_uv,x'_uv,
ye i e d
Then.,
g =7,k X X P Sy (15)
ge A ne d
=7, = KZ,—-4" (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

e

k= \—1, 17

Then.
g, =7, —kN/ (18)
=Z—k(Z;-q) (19)

Theretfore. the Natural charge (eq. 19) is also expressed by
the same equation as the Coulson charge (eq. 13). Although
our FR method employvs eq. 9 and eq. 13. other methods of
reassociation of fragments were proposed elsewhere. """

D. Target Molecules and Fragments. A non-polar mole-
cule (CinH~») was taken to imvestigate the error between the
normal- and FR-ZINDO charges. Then. a hypothetical
molecule (NH»-C,;0-H~-COOH) was taken to study the
error between the ZINDO and FR—ZINDO charges by the
polar effect. Furthermore. the charges of cationic (NH;'-
CmO:H:R-COOH). anionic (NH:-C|(,‘03H:3-COO_) and
zwitterionic (NH; -C,;0-H-x-COO™) forms were calculated
to estimate the error by the ionic effect. The geometries of
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above compounds were arbitrarily chosen. The charges of
several larger compounds, a conjugated model (O=CH-
(CH:CHJ]S'C:O'(CH:CH)13-(CH:CH:). ar waO:Hw*)
aglvconstocetin  {CeoN-OjoHsz'). a polypropylene model
complexed with zirconocene (Zr'(CsH-CH«CH:)-(CH:-
CH-CHa3),sH(CH-=CH-CHj3). or CayH;z1Z1') and magainin
(C112N200=¢SH1=:). were computed by both FR-ZINDO and
normal- ZINDO methods. All models had no symmetry
although C;oH:: and the conjugated model had nearly planar
svmimetry. ZINDO calculations of the target and fragment
molecules except for B-DNA were carried out by the
ZINDO program- in Cerius2 on Silicon Graphics (R10000)
workstations. Because the maximum number of atoms in the
ZINDO program is limited to 400. calculations of only B-
DNA fragments were carried out. MP2 computations of
CioH--. NH--C1:0O-H~-COOH. NH; -C50-H-x-COO™ and
their fragments were done by the Gaussian98 package™ on a
Cray-C94 at the KUMHO Supercomputing Center.

In FR calculations. the charges of first target molecule,
CiuH::. were constructed from those of two C-H,s fragment
molecules as shown in Figure 1. 1n other words. the charges
of the atoms left to the junction (solid line) of Ci.H:: (Figure
la) were taken from those left to the junction of the left
fragment molecule (Figure 1b) while charges of the atoms
right to the junction of C,H:: (Figure la) were taken from
those right to junction of the right fragment molecule (Figure
1c). To consider the neighboring effect. both right and left
C-Hys fragments included 2 nearest neighbors (2 nearest
carbons and 3 nearest hydrogens) from the junctions as
shown in Figure 1b and lc. For example. in FR-ZINDO
calculations, Coulson charges of C Hzx (q1. qa. ... Qis. Q-
.... Qa2 here the atomic numbering being shown in Figure
la). were comstructed from those of two fragments: (i)
Coulson charges of the left fragment C-Hie. (q:".q:".... que"
Figure 1b) and (ii) Coulson charges of the right fragment.
C-His. (qu-'. ... qa~'" Figure lc). Each charge. qs (A=1.2. ...,
16. 17. .... or 32), was calculated from q.' according to eq.

1b

Figure 1. Cioll:2(a) and its [ragments (b. ¢ ).
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Figure 2. NH:-C40:H;::-COOH (a) and its tragment (b. ¢. d).

pheagtos

Figure 4, N11:-C.0:1 1::-COO™ (a) and its fragment (b, <. d).

13. The scale factor in cq. 13, 4 was computed by eq. 9
where Ag|,_, was obtained [rom the summation of qa'.
(q)'+g2'~ --- g32"). Note that Coulson charges of the neigh-
boring atoms ol these 2 fragments {from ;7' to qz3" in Figure
Ib. and gy and q," t0 qy¢" in Figure I¢) were not involved in
the construction of those of C it .

Next four target molecules, NIH;-C 40:1124-COOL {Figure
2) and its cationic (Figure 3). anionic {Figurc 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. 4¢ 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

6d

6a ~—
arhyiyh ot AT YA Atttk

6c

Figure 7. Aplycoristocetin () and its fragment (b. ¢. d).

(Figure 9} and B-DNA (Figure 10) were composed of 4
(Figure 6b, 6¢, 6d and 6¢), 3 (Figure 7b, 7¢ and 7d), 4
(Figure 8b, 8¢, 8d and 8¢), 6 (Figure 9b. 9¢, 9d. 9¢, 91 and
9g) and 4 (Figire 10b, 10c, 10d and 10¢) fragments, respec-
tively. For the conjugated model. aglyconstocetin, the poly-
propylene model complexed with zirconocene and magainin.
cach fragment molecule included 2 to 4 nearest neighbors.
For B-DNA, cach fragment molecule included the nearest
amino acid pait(s).
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Figure 8. Polvpropylene model complexed with a zirconocene (a)
and its {ragment (b, ¢. d, ¢).

93%
4 e 4
of
226
261
9g
}ﬁ .A :

Figure 2. Magainin (a) and its fragment (b, ¢, d. . 1. g).

Figure 10. B-DNA (a) and its {ragment (b, ¢, d. ¢).

Results and Discussion

The normal-ZINDO and FR-ZINDO charges of C,Hx are
listed in Table L. Maximum differences between these net
atomic charges occurred on two carbon atoms (Cl14 and
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Table 1. Partial Atomic Charges of Crotlio (ZINDO)

Atom Element ZINDO FR-ZINDO  Ditterence”
1 11 (.03200 00317 =(.0002
2 C (0L 1130 -0.1142 -0.0012
3 C -0L0630 =0.0662 =(.0012
4 C -0.0680 -(1.0692 -0.0012
5 H 0.0360 (1.0357 -0.0002
& H 0.0360 0.0357 -0.0002
7 H 0.0370 (1.0367 -0.0002
8 H 0.0370 0.0367 -0.0002
9 H 0.0360 0.0357 -0.0002
110 1l (1.0O360 0.0357 =0.0002
11 C -(1.0690) =(1.0692 -0.0002
12 11 (0.0330 (1.0337 (1.0007
3 11 (0.0330 (1.03537 (.0007
14 C -0.0700 -0.0682 00017
13 1 (0.0330 0.0337 (.0007
16 1 (0.0330 0.0337 (.0007
17 C -0.0700 -0.0682 0.0017
18 H 0.0330 0.0357 0.0007
19 H 0.0330 0.0357 0.0007

20 C -0.0690 -0.0692 -0.0002
21 H 0.0330 0.0357 0.0007
22 H 0.0330 01.0357 0.0007
23 C -(LO6TO 01,0682 -0.0012
24 1] (LOR6O {10357 -(0.0002
23 1] (LOR6GO (100357 -0.0002
26 C -(LO6GO( -0.0672 -0.0012
27 1] (1LOR50 (1.00347 -0.0002
28 1 (1LOR50 (1.00347 -0.0002
29 C -0.1 140 -0.1152 -0.0012
30 H 0.0330 0.0347 -0.0002
31 H 0.0330 0.0347 -0.0002
32 H 0.0320 0.0317 -0.0002

Standard deviation 0.0008
Scale factor 1.0003063

“FR-7INDO-7ZINDO

C17) near the junction (solid line) in Figure la. The standard
deviation (SD) between the ZINDO and FR-ZINDO charges
turned out to be very small (0.0008). In comparison. the SD
between the normal and FDM ab initio charges of CiaHa
derived from the ESP fit was much larger (0.0173).~

In Table 2. both ZINDO and FR-ZINDO net atomic
charges of NH.-C40-Hx-COOH are listed. The SD of the
FR-ZINDO charges of this polar molecule was again smaller
(0.0012) but larger than that of the non-polar molecule
(CieH). In order to see the fragment effect. we also
computed the SD of the FR-ZINDO charges of NH--
C1:0-H4-COOH with 2 fragments. This SD turned out to be
0.0007. Therefore, the error of the polar molecule by the FR-
ZINDO method was affected by the choice of fragments
rather than the polarity of molecules. The SDs of the FR-
ZINDO charges of the cationic form NH;'C,,0-H~-COOH
and the anionic form NH.-C0-H--COQO™ were 0.0014 and
0.0017. respectively. The SD of the zwitterionic form. NH; -
C1:0-H~-COO". became even larger (0.0019) than that of
the singly anionic or cationic form. Compared to the SD of
the neutral form (NH--C,;0:H.s-COOH). the SD's of the
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Table 2. Partial Atomic Charees of NH:-C,0:H:x-COOH cationic. anionic and zwitterionic forms were increased by
(ZINDO} 17. 42 and 58 %. respectively. For these compounds. large

Atom Element  ZINDO  FR-ZINDO Difference” differences between the ZINDO and FR-ZINDO charges
were found on the carbon and oxygen atoms of the >C=0

] 11 f).1660 01657 00002 C o . a
» N 04430 04447 00017 group near the right junction in F igure 2 to Figure 5.
2 ¢ 00520 0.0507 00012 The SD (=0.0024) of the conjugated model turned out to
4 H 0.0490 0L.0486 0.0003 be rather large for a neutral molecule. The SD (=0.0038) of
5 1 0.0530 0.0526 00003 aglycoristocetin (cationic form) was largest among all
6 H 01800 0.1797 _0.0002 models. Here. we wanted to check how much error was
7 C 0 3000 0).389% 00001 contributed from the ionic effect only. So. the ZINDO and
8 0 -0.5080 -0.5000 00010 FR-ZINDO charges of the neutral form (CeuN-O19Hs. 137
9 C -0.0360) -0.0562 -0.0002 atoms) were calculated. The SD of the FR-ZINDO charges
10 11 0.0:440 0.0436 -0.0003 of the neutral form was greatly reduced (SD=0.0013)
11 H 0.0430 0.0446 -0.0003 compared with that of the cationic form. The error caused by
12 C -0.0370 -(LO5T3 -0.0003 the ionic effect of aglycoristocetin was much larger than that
13 H 0.0460 0.0466 0.0006 of NH;'Ci140:H-COOH. For the polypropylene model
14 1l 0.0400 (LHOG 0.0006 complexed with zirconocene (cationic form), the SD of the
15 ¢ -0.0660 -0.0643 0.0016 FR-ZINDO charges was 0.0023. which was larger than that
16 11 0.0340 (L0346 0.0006 (SD=0.0014) of NH3 C;40-H~-COOH. but smaller than that
17 H 0.0350 00346  -0.0003 P : : ‘ o
" . Pt 653 Py of aglvcoristocetin. In othe1: words. as the degree of lmeclnt:\,-
19 q 0.0350 0.0336 00013 of a molecule (such as NH;'C140:H~x-COOH or CesH ;-1 Z1)
20 H 0.0350 0.0336 0.0013 increased. the error of the charges obtained by the FR-
1 ¢ -0.0660 00663 00003 ZINDO method decreased. For magainin. the SD of the FR-
22 H 0.0330 0.0366 0.0016 ZINDO charges was also small (SD=0.0013). The reason for
23 T 0.0350 10366 00016 the small SD is that magainin has a V-shape being consider-
24 C L0.0680 200693 _0.0013 ed as a combination of two linear molecules. The CPU time
25 I 0.0320 0.0306 -0.0013 of the conjugated model. aglycoristocetin. the polypropylene
26 H (0.0320 0.0306 -0.0013 model complexed with zirconocene or magainin by the FR-
27 C -0.0630 -0.0633 -0.0003 ZINDO turned out to be. respectively. 4. 2. 6 or 21 times
28 H (1.0430 00456 0.0006 faster than that by the normal ZINDO method. In general.
29 q 0.0450 (LO456 0.0006 the more the molecular size is increased. the more the CPU
30 C 00570 -0.0562 0.0007 saving by the FR method is. Also. the more the number of
31 H 0.0430 0.0436 0.0006 fragments of a molecule is increased. the more the CPU
32 " 0.0450 0456 0.0006 saving by the FR method is.
33 C (')';?840 0“?878 0.0038 As shown in Table 3. the SD (=0.0016) of C,Ha-between
34 O -0.3160 -(1.5130 0.0029 . ) ,
3 P 00530 10,0502 0.0017 the MP2 and FR-MP2 Mulliken charges was larger than that
N j 4 (=0.0008) between the ZINDO and FR-ZINDQ charges.
36 11 0.0460 (.0466 0.0006
37 H 00430 0.0456 0.0006 The SD of CiH--between the MP2 and FR-MP2 Natural
38 c 0.0850 L0853 00003 charges was also 0.0016. However. these SD's of of Cy,H:zz
39 H 0.0190 0.0196 0.0006 were still much smaller than in the cases of the FDM-ESP fit
10 1 0.0190 HU196 0.0006 as described earlier. As shown in FR-ZINDQ calculations of
J1 C -0.4390 -0.4404 _0.0014 CiaHao, large differences between the MP2 and FR-MP2
42 1 0.2110 02117 0.0007 charges in both MPA and NPA also took place on the carbon
3 1 0.2110 02107 -0.0002 atoms (C14 and C17) near the junction. The SD's (=0.0019
J4 C 0.0160 0.0147 -0.0012 and 0.0033) of NH-C,;0-Hx-COOH and NHi -Cs0-Ho¢-
45 1 0.0410 0.0406 -0.0003 COO™ between the MP2 and FR-MP2 Mulliken charges
46 H 0.0410 0.0 -0.0003 were again larger than those (=0.0012 and 0.0019) between
+7 C -0.0310 -0.0322 -0.0012 the ZINDO and FR-ZINDO charges. The SD's (=0.0014 and
18 H 0.0640 (.0637 -0,0003 0.0023) of NH-C) :0-H-COOH and NH;'-C | {0-H-COO™
4_'_) n 0'(_)(’4‘_) (_}'(_}637 ‘{_)'{_){_)“3 between the MP2 and FR-MP2 Natural charges were smaller
?U C 0‘?49“ 0.5478 LGOI than those between MP2 and FR-MP2 Mulliken charges.
! 0 03990 600002 The CPU time of NH-C,0-Hx-COOH and NHj -C,OsHac-
32 © 0.3230 0.3230 00620 COO™ by the FR-MP2 calculations was, respectively, 6 and
53 11 0.2630 (0.2627 -0.0002 - -

20 times faster than that by the comventional MP2 calculations.
Standard deviation 0.0012 Large errors of the FR-MP2 charges of these two compounds
Scale factor 10003204 were found on the carbon and oxyvgen atoms near the right
“TR-ZINDO-ZINDO junctions in Figure 2 and Figure 3.
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Table 3. Partial Atomic Charges of Ciptliy (MP2)

Bull. Korean Chem. Soc. 2003, Vol. 24, No. 3 375

Mulliken Charge Natural Charge
Atom Element -
MP2 I'R-MP2 Diflerence” MP2 I'R-MP2 Dilference’
| 11 0.1561 0.1367 (L0000 (0.2041 (.2045 0.0004
2 C 04756 -0).4769 -(LO0 3 -(1.3978 -().3982 -(1.0004
3 C -{).2822 -().2837 -(LO015 -(1.3839 -().3844 =(1.0005
4 C -().2854 -().2870 (L0010 -(0L.3926 -(1.3931 =(.0005
5 11 ().1532 0.1334 (L0002 1973 (.1974 (.0001
6] 1 0.1532 0.1534 (L0002 01974 0.1976 (.0002
7 H 0.1480 (.1485 0.0005 0.1936 0.1939 0.0003
8 H 0.1481 (.1485 0.0004 0.1948 0.1931 0.0003
9 H 0. 1446 0.1452 0.0006 0.1942 0.1943 0.0003
10 H 0. 1446 0.1452 0.0006 0.1921 0.1924 0.0003
11 C -(),2898 -(.2903 -0.00035 -0.3893 -().3883 0.0010
12 H 0. 1448 0.1468 0.0020 0.1936 0.1949 0.0013
13 H 0. 1448 0.1468 0.0020 01950 0.1963 0.0013
14 C -().2898 -().2037 -(1.0039 -().3888 -(.3949 -0.0061
15 1 0.1430 0.1436 (.0006 (.1934 0.1933 -(0.0001
16 1 0.14490 0.1436 (.0007 0.1967 0.1979 0.0012
17 C -(.2900 -00.2046 -(L.0046 -(1.3892 =(.3946 -(.00354
18 I 0.14490 0.1438 (.0009 0.1954 0.1964 00010
19 I 0.1449 0.1438 (.0009 0.1957 (0. 1960 (0.0003
20 C -(1.2897 -(,2901 -0.0004 -().3884 -().3875 0.0009
21 H 0.1451 0.1471 0.0020 0.1961 0.1973 0.0012
22 H 0.1451 0.1471 0.0020 0.1924 0.1937 0.0013
23 C -(0.2835 -().2873 -0.0018 -0.3941 -(0.3947 -0.0006
24 H 0.1443 0.1432 0.0007 0.1903 0.1906 0.0003
25 H 0.1443 0.1432 0.0007 0.1936 0.1961 0.0005
20 C -0.2832 -0).2867 -(L0015 -().3844 -(0.3848 -(0.0004
27 I 0.1467 0.1472 (.0005 0.1934 (. 1937 (1.0003
28 I 0.1467 0.1472 (.0005 (.1952 (.1955 (1.0003
20 C 04739 -0.4772 (L0013 -(1.5961 -(0.5963 -0.0004
30 I 0.1518 0.1320) (.0002 0.1966 0.1967 (1.0001
31 I 0.1518 0.1320) (.0002 (. 1980 0.1981 (1.0001
32 H 0.1557 (1.1363 0.0006 0.2035 0.2040 0.0005
Standard deviation  0.0016 Standard deviation  0.0016
Scale tactor 1.0001647 Scale tactor 10000744
“I'R-MP2-MP2.

Conclusion

Net atomic charges of several model compounds were
calculated by the FR-ZINDO and FR-MP2 methods. These
charges were compared with the comentional 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 Cy¢H~s. NH-Cy50-Hx-COOH and NH;'-C,:O-Hog-
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)™ of medium molecules by the FDM ab initio

charges derived from the ESP fit. The CPU time by the FR-
ZINDO (or FR-MP2) method tumed out to be much faster
than that by the normal ZINDO (or normal MP2) method.
Because of the smaller SD and more CPU saving. the FR
method. especially the FR-MP2 NPA method. would become
a choice for systematic charge analyses of huge molecules.

Supplementary Materials Available. The FR-ZINDO and
FR-MP2 atomic charges of the large molecules calculated in
this work are available upon request.
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