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Table 1. Compounds for parameterization in this study. Numbers of unneutral compounds, whose QEq charges can not
be calculated by ArgusLab, are described by italic letter, and the underlined compounds contain atoms other than H, C, N
and O.

No. compound No. compound No. compound
1 1,1,1-trichloroethane 52  dimethylphosphinothious acid 103  p-bromochlorobenzene
2 114A-tetramethylpiperazine-1,4-dilum 53 dithienylethanedione 104  p-bromonitrobenzene
3 1,1-dichloro-cyclopropane 54  ethane-1,2-disulfonic acid 105 p-chlorobenzoic acid ion
4 1,1-dichloro-ethylene 55  ethane-1,2-disulfonic acid ion 106  p-chloronitrobenzene
5  1,2,5-thiadiazole 56  ethanesulfonic acid 107  phenylphosphonic dichloride
6  1,2-dimethyltriazan-1-ium 57  ethanesulfonic acid ion 108  phenylphosphonous dibromide
7  1,34-thiadiazole 58  formic acid ion 109  phenylphosphonous dichloride
8  1-bromo-2-chloro-ethane 59  fumaric acid ion 110 phosphane imide
9  1-bromo-propane 60  furan 111  phosphane oxide
10  1-chloro-propane 61 furazan 112  phosphane sulfide
11  1H-indazole 62  furfural 113  phosphenic acid
12 2,2-dimethyltriazan-2-ium 63  furfuryl alcohol 114  phosphenous acid
13 2-bromo-2-methyl-propane 64  furoic acid 115  phosphine
14  2-chloro-2-methyl-propane 65  furoic acid ion 116  phosphorane
15  3-chloro-propyne 66  hexamethyldiazane-1,2-diium 117 phosphoric acid
16  4H-1,2,4-triazole 67  hydrogen sulfide 118  phosphoric trichloride
17 7H-purine 68  imidazole 119  phosphoronitridic dichloride
18  acetic acid ion 69 indole 120  phosphorothioic trichloride
19  acrylic acid ion 70  isobenzofuran 121  phosphorous acid
20  ammonium ion 71  isoindole 122  phosphorous oxybromide
21 aziridinium ion 72 isooxazole 123  phosphorous oxychloride
22  benzenesulfonamide 73 isothiazole 124  phosphorous tribromide
23 benzo[b]thiophene 74 lactic acid ion 125  phosphorous trichloride
24  henzo[c]thiophene 75  maleic acid ion 126  picric acid
25  benzofuran 76  methanedisulfonic acid 127  p-nitrobenzoic acid ion
26  benzoic acid ion 77  methanedisulfonic acid ion 128  p-nitrotoluene
27  betaine 78  methanesulfonamide 129  proline ion
28  bromoacetyl chloride 79  methanesulfonic acid 130 propanic acid ion
29  bromo-benzene 80  methanesulfonic acid ion 131  propynoic acid ion
30  bromochloromethane 81  methanethiol 132 pyrazole
31  bromo-ethane 82  methyl thiocyanate 133 pyrrole
32  bromo-ethene 83  methyl (phenyl) phosphane 134  succinic acid ion
33  bromomethane 84  methyl-ammonium 135 sulfone
34 chloro phenylthio phosphine 85  methylene-ammonium 136  taurine
35  chlorobenzene 86  methylene-phosphane 137  taurine ion
36  chlorocyclohexane 87  methylphenyl sulfone 138  tetrahydro-thiophene 1,1-dioxide
37  chlorocyclopentane 88  methylphosphine 139  tetramethylammonium
38  chlorocyclopropane 89  methylthiirane 140  thenoic acid
39  chloroethane 90  minaline 141 thenoic acid ion
40  chloroethene 91  minaline ion 142  thenoin
41  chloroethyne 92  N,N,N-trimethylanilinium 143  thiazole
42  chloromethane 93  nitrobenzene 144  thietane
43 choline 94  nitroethene 145  thiirane
44  cis-1,2-dichloro-ethylene 95  nitroethylene 146  thiophene
45  cyanophosphoric acid 96  nitroglycerin 147  thioxo-methanone
46  cysteine 97  nitroglycol 148  trichloromethane
47  dibromomethane 98  nitromethane 149  trichloronitromethane
48  dichloromethane 99  nitrooxymethane 150 triethylphosphine
49  diethyl sulfone 100 oxalic acid ion 151  trimethylammonium
50  dimethyl sulfide 101 oxazole 152  trimethylphosphine
51  dimethyl sulfone 102  p-bromobenzoic acid ion 153  ypperite
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Table 2. Compounds for parameterization of each atom type. The meanings of the italics and the underlinings are the
same as in Table 1.

atomtype  compound
Cco2 18, 19, 26, 27, 58, 59, 65, 74, 75, 91, 100, 102, 105, 127, 129, 130, 131, 134, 141
pyrroleN 11,16, 17, 68, 69, 71, 90, 91, 132, 133
Nium 2,6, 12, 20, 21, 27, 43, 66, 84, 85, 92, 129, 137, 139, 151
Nno2 93, 94, 95, 96, 97, 98, 99, 104, 106, 126, 127, 128, 149
furanO 25, 60, 61, 62, 63, 64, 65, 70, 72, 101
P 83, 86, 88, 114, 115, 121, 150, 152
P5 45,107, 110, 111, 112, 113, 116, 117, 118, 119, 120
Phal 34,108, 109, 122, 123, 124, 125
S 34, 46, 50, 52, 67, 81, 82, 89, 112, 135, 144, 145, 147, 153
S6 22,49, 51, 54, 55, 56, 57, 76, 77, 78, 79, 80, 87, 136, 137, 138
thiopheneS 5, 7, 23, 24, 53, 73, 140, 141, 142, 143, 146
Cl 1,3,4,8,10, 14, 15, 28, 30, 34, 35, 36, 37, 38, 39, 40, 41, 42, 44, 48, 103, 105, 106, 107, 109, 118,
119, 120, 123, 125, 148, 149, 153
Br 8,9, 13, 28, 29, 30, 31, 32, 33, 47, 102, 103, 104, 108, 122, 124
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Table 3. New atomic parameters for QEq method.

000000 HFESPOOOOOOO0OODOOOO
000O0QEYPDOOODOONONODNDODODO [13]0
pyrrole 0 furan000 0000000000 0000
0000000000000 00000000000
000000000000000000000000
O00O0O0ORappée 000000000 [12]000
000000000000000000000000
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000000000000000000000000
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atom type Cco2 pyrroleN Nium furanO P P5

11 °/eV 411191 5.70294 540759 499816  7.36514 5.84081 3.41158
JileV 11.34882 12.34358 11.24292 11.14819 21.15583 9.68101 10.18107
atomtype  Phal S S6 thiopheneS Cl Br

%V 495646 5.33059 3.91450 3.68276  5.13100 5.00760

JileV 5.83856 4.83244 9.84671 21.49072 6.73716 10.33114
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Figure 1. Comparison between atomic charges calculated by QEq and HF-ESP methods. The HF-ESP
charges are shown in the horizontal axis and the QEq charges are in the vertical axis.

Table 4. RMSD and correlation between QEq and HF-ESP charges.

new parameter MQEQ(NM) MQEq(OK) QEgq QEg/PD
RMSD 0.112 0.282 0.231 0257 0.255
correlation 0.956 0.700 0.809 0.673 0.770
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Table 5. RMSD and correlations between QEq and HF-ESP charges for each compound group.

Correlation coefficients are in parentheses.

new parameter  MQEq (NM)  MQEq (OK) QEq QEq/PD
Cco2 0.158 (0.968) 0.385(0.885) 0.195(0.949) 0.276(0.841) 0.267 (0.920)
pyrroleN 0.143(0.919) 0.236(0.823) 0.206 (0.809) 0.189(0.822) 0.255(0.751)
Nium 0.103(0.951) 0.243(0.743) 0.180(0.861) 0.291 (0.736) 0.244 (0.723)
Nno2 0.102 (0.970) 0.331(0.666) 0.250 (0.806) 0.300 (0.710) 0.363 (0.556)
furanO 0.116 (0.925) 0.197(0.751) 0.205(0.795) 0.177(0.772) 0.166 (0.831)
P 0.091(0.926) 0.116(0.911) 0.172(0.880) 0.136 (0.848) -()
P5 0.118(0.972) 0.352(0.760) 0.379(0.791) 0.335 (0.752) -()
Phal 0.085(0.892) 0.135(0.763) 0.230(0.775) 0.172 (0.791) -()
S 0.121 (0.900) 0.178(0.780) 0.162(0.857) 0.141 (0.860) -(9)
6 0.095(0.985)  0.460 (0.640) 0.309 (0.862) 0.422 (0.608) -()
thiopheneS  0.123(0.911) 0.218(0.673) 0.214 (0.717) 0.196 (0.698) -()
cl 0.107 (0.893) 0.213(0.536) 0.275(0.621) 0.239 (0.553) -()
Br 0.127(0.878) 0.214(0.572) 0.229(0.679) 0.210 (0.606) - ()
—@—new parameter ---B-- MQEq(NM) ~ —&— MQEq (OK) —&— new parameter —l—MQEq (NM) - -A--- MQEq (OK)

—X—QEq
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Figure 2. RMSD and correlations between QEq methods and HF-ESP.
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Table 6. RMSD and correlations between experimental and cal culated dipole moment.

new parameter  MQEq(NM) MQEqQ(OK) QEq QEg/PD
RMSD 0.853 2.659 3.138 2729  1.370
correlation 0.737 0.372 0.273 0302  0.859
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Figure 3. Correlation between calculated and experimental dipole moments. The experimental
dipole moments are shown in the horizontal axis and those calculated by QEq methods are in the
vertical axis.

Table 7. RMSD between experimental and calcul ated dipole moment.
new parameter MQEq(NM) MQEq(OK) QEq QEg/PD

pyrroleN 1.764 1527 1.689 1603  1.392
Nno2 1.186 2.503 2.577 1938 1.568
furanO 0.053 1.047 1.128 1.074  0.805
P 0.741 0.253 0.607 0.184 -
S 0.901 0.763 1.341 1.138 -
S6 1.152 0.729 0.681 0.639 -
thiopheneS 0.660 2.041 2.238 2.180 -
Cl 0.452 3.713 4.359 3.802 -
Br 1.035 2.857 3.519 3.055 -

- new parameter -8-MQEq (NM) -« MQEq (OK)
< QEq - QEq/PD

RMSD

S 909
RONEVCR
Q%ég ¥

R S o

Figure 4. RMSD between calculated and
experimental dipole moments.
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The Introduction of Atom Types and Calculations of New
Parametersfor Charge Equilibrium Method
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The calculations of atomic charges play important roles in the non-bonded interaction terms of energy
functions of molecular mechanics (MM) and molecular dynamics (MD) methods. In this study, we intro-
duce atom types for the charge equilibrium method (QEqg method), which can be easily calculated and can
derive different charges for different conformations. Since this method requires one-center Coulombic terms
and electronegativities as parameters, we determine these parameters by using 153 compounds. We also
determined the parameters for carboxylic acid ion carbon, pyrrole nitrogen, ammonium ion nitrogen, nitro
nitrogen, furan oxygen, trivalent and quintivalent phosphorus, bivalent and sexivalent sulfur, thiophene sulfur,
chlorine and bromine, see Table 3. Using these atom types and parameters, appropriate atomic charges can
be obtained for various molecules by the QEq method and, thus, more accurate molecular energy becomes
availablein MM and MD.

Keywords: Atomic charge, Charge equilibrium method, Atom type, Molecular mechanics
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