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CRITICAL TEST OF THE VALIDITY OF ZDO SEMIEMPIRICAL
METHODS FOR HYDROGEN-BONDED SYSTEMS

Hydrogen bond energies, geometries and dipole moments were calculated using
different semiempirical molecular orbital methods (MINDO/3, MNDO, AMI, PM3) for
several hydrogen-bonded complexes. A relatively good description of the energy and
geometry of these systems was obtained by AMI method, while PM3 fails to predict
the correct energies as compared to the respective experimental data. Both MINDO/3
and MNDO proved to be unsatisfactory for the description of the geometry and energy
of hydrogen-bonded complexes.

I. Introduction

Numerous articles have been published in recent years where dif-
ferent semiempirical quantum chemical methods have been used to find
the properties of hydrogen-bonded complexes. In many cases authors
report good agreement with experimental data [ l_4 ]. However, in gene-
ral the predictive ability of various semiempirical methods is question-
able f5-7 ] and often special modifications of the parametrization are
needed in order to get meaningful results [ 8~l2 ].

In the present work various ZDO quality semiempirical quantum-
chemical calculation methods (MINDO/3 [l3 ], MNDO [i4], AMI [ls ],

PM3 [l6 ]) were critically tested for the decription of hydrogen-bonded
complexes as compared between themselves and the ab initio calculations.

2. Method

The energy of the intermolecular hydrogen bond X—-H--B was cal-
culated according to the formula

B=H C -{HXK+HY), (1)
where H c is the calculated heat of formation of the hydrogen-bonded
complex and Янх and HY are the heats of formation for individual
molecules XH and Y. In the case of intramolecular hydrogen bond the
bond energy was calculated as

B= Hb Ha , (2)
where Hb is the heat of formation for the hydrogen-bonded conformation
and Ha is the heat of formation of the conformation where hydrogen
bond is nonexistent (bridge hydrogen atom is turned out of the plane
formed by the free electron pair of the hydrogen bond acceptor and
the nucleus of the hydrogen bond donor).

The MOPAC program package [ l7 ] was used in a modified form to
account for the reaction field effects in dense media [lß ]. Calculations
were carried out by using four different semiempirical parametrizations:
MINDO/3 [l3 ], MNDO [l4 ], AMI [ ls ] and PM3 [l6 ]. In all cases the
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geometry of molecules and complexes was fully optimized. In order to
avoid premature completion of calculations in local minimum, the cal-
culations were carried out starting off from several different initial
geometries.

3. Results

3.1. Gas phase calculations
The following complexes with an intermolecular hydrogen bond were

calculated: the dimers of water, ammonia, methanol, formamide, formic
acid and acetic acid, and complexes methanol —water, ammonia—water,
formaldehyde—water, formiate—water, formamide —water, formamide —

methanol. Malonaldehyde and 2,4-pentanedione (acetylacetone) were cal-
culated as examples of systems with an intramolecular hydrogen bond.
The following charged complexes were also calculated: H2O--OH~,
H2O- .OH-.H20,' H2O- -0H“-2H 20, H 3o+- -H20, H3o+-H20- -H20,
NH+- • H2O and NH+- -NH 3.

4 4

Results of calculations are presented in Tables I —ls, where В denotes
the energy of hydrogen bond as defined by formulae (1) or (2), p,
denotes the dipole moment of the complex, IP its ionization potential
and R the distance between atoms X and Y in the hydrogen bond
X—H • • Y.

In the case of water dimer different conformations were predicted
to be, the most stable by different methods: cyclic by MINDO/3, bifur-
cational by MNDO and AMI, and linear by PM3 (Fig. 1). The dimer
of ammonia was predicted to be linear (Fig. 2) by all methods in
accordance with the experimental observation [9 ’ 19].

Two possible mixed ammonia—water complexes were calculated. In
the complex where ammonia acts as the hydrogen-bond donor, all
methods predict the linear structure to be the most stable. If ammonia
is the hydrogen-bond acceptor, MINDO/3 and PM3 predicted the linear,
the two other methods the bifurcational conformation as the most stable
(Fig. 3).

In the case of methanol—water complexes there are two possible
conformations, too. For a complex, where methanol is the donor of
the hydrogen-bond, all the four methods used predict the most stable
complex to be linear. If the water molecule was the hydrogen-bond
donor, the most stable complex was predicted to be cyclic by
MINDO/3, bifurcational by MNDO and AMI, and linear by PM3 (Fig. 4).

In the case of formaldehyde—water complex MINDO/3 and PM3 gave
in optimum the linear geometry, whereas MNDO and AMI lead to the
bifurcational configuration (Fig. 5). Formiate—water complex was
predicted to be symmetric and cyclic by all the methods used (Fig. 6).

Dimers of formamide, formic and acetic acids were predicted to be
cyclic by all methods, but using MINDO/3 and MNDO methods non-
planar cyclic conformations (Fig. la) were found to be the most stable,
while AMI and PM3 predict the most stable conformations to be planar
in agreement with experiments (Fig. lb) [32.34.36j,

For the formamide—water complex there is again a disagreement
between the results obtained by different methods. MINDO/3 and
MNDO predict the linear, but AMI and PM3 the cyclic conformation
(Fig. 8) to be the most stable. The latter conformation is experimen-
tally observed [зе, 37j ДЦ the methods used predict the most stable
complex of formamide and methanol to be cyclic (Fig. 9).

For the dimer of methanol MINDO/3 gives the cyclic and the other
three methods the linear complex to be the most stable (Fig. 10).
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Fig. 1. Different conformations of the water dimer: a linear, b bifurcational,
and c cyclic.

Fig. 2. Different conformations of the ammonia dimer: a linear, b cyclic.

Fig. 3. Different conformations of the water—ammonia complex (the donor of the
hydrogen bond is water): a linear, b cyclic; the donor of the hydrogen bond

is ammonia c.



107

Fig. 4. Different conformations of the methanol —water complex (the donor of the
hydrogen bond is water): a linear, b cyclic, c bifurcational; the donor of

the hydrogen bond is methanol d.

Fig. 5. Different conformations of the formaldehyde—water complex: a linear, b
bifurcational.

Fig. 6. Conformation of the formiate—water complex.

Fig. 7. Different conformations of the dimer of formic add: a nonplanar, b -

planar.



Fig. 8. Different conformations of the formamide—water complex: a linear, b
cyclic.

Fig. 9. Conformation of the formamide—methanol complex,

Fig. 10. Conformation of the methanol dimer.
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Results of gas phase calculations for water dimer
Table 1

Method B, kcal/mol IP, eV p, D R, A Angle
O—H .. 0, °

MINDO/3 —0.82 12.65 2.162 3.920 94.4
MINDO/33 —0.02 12.61 3.769 4.878 180.0
MNDO 0.7 11.90 2.951 4.153 147.1
MNDO 0.4 11.94 3.200 4.349 180.0
AMI 4.7 11.82 3.538 2.621 48.5
AMl a 2.9 11.93 3.404 3.102 180.0
PM3 3.5 11.71 2.475 2.769 179.4
CNDO/2 [ 7 ] 8.7 — — 2.54 —

I-MNDÜ [ 6 ] 5.6 11.86 2.6 2.98 —

MNDO/H [7 ] 4.4 — — 2.62 —

MNDO/M [ 22 ] 5.5 — — 2.9 —

4—31G [ 7 J 8.2 —
— 2.83 —

STO-3G [6 ] 4.58 — — 3.0 —

4—31G [ 12] 8.2 — — 2.831 178.6
6— 31G H 5.6 — 3.2 2.99 —

6—31G *// 4.6 — 3.113 2.983 174.8
6—31G [ 19 ]

MP4SD 3/ 5.4 — 3.113 2.983 174.8
6—31G *//

6—31G; [ 19]

Exp. [«. 22 - 24- 25 ] 5.4 11.86 2.601 2.976 180.0
a

— angle 0—H-0 is fixed at 180°.
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In the case of malon-
aldehyde and acetylace-
tone all the four methods
used predict the cyclic
hydrogen-bonded confor-
mation (Fig. 11) of the
corresponding enol-form
to be the most stable one.

Fig. 11. Conformation of malonaldehyde.

Results of the calculations of the ammonia dimer
Table 2

Method B, kcal/mol Pi D R, Ä
Angle

N—H .. N, °

MINDO/3 —0.03 2.344 6.307 178.7
MNDO 0.72 3.288 4.251 129.6
AMI 1.3 2.392 3.693 167.5
PM3 0.12 2.964 2.918 176.4
CNDO/2 [ 7 ] 5.8 — 2.74 —

MNDO/H f 7 ] 1.0 — 3.4 —

MNDO/M [ 7 ] 4.0 — 3.35 —

6—31 G* [23] 2.9 3.6 3.44 —

4 —31G [ 7 J 3.4 — 3.36 —

6—31G* [ 19] 3.2 2.608 3.271 138.6
MP4+ZPE —6—31G** 2.5 — 3.271 138.6
//6—31G* [ 19 ]

MP4SDQ—6—31G** 4.1 3.271 138.6
//6—31G* [ 19]

MP4+ZPE —6—31+G** 2.2 2.608 3.375 170.2
//6—31G* [ 19]

MP4SDQ—6—31+G** 3.7 2.608 3.375 170.2
//6—31+G* [ 19]

6—31+G* [19] 2.8 3.271 170.2
6—31G** 3.1 — 3.271 170.2
//6—31+G* [ 19]
Exp. [ 19 > 9 ] 4.5 0.9 «3.10 180

Results of the calculations of the ammonia-
Table 3

-water complex

Angle
Method B, kcal/mol |x, D R, Ä О— H .. N or

N—H .. O, °

MINDO/3 a —0.043 3.298 5.714 173.0
MINDO/3b —0.005 3.585 6.404 168.3
MNDOa 0.430 2.062 4.490 176.2
MNDOb 0.960 3.544 4.048 122.5
AMl a 2.712 2.508 3.037 150.4
AMl b 2.897 3.791 3.134 110.9
PM3 a 0.852 2.181 2.871 172.2
PM3 b 3.009 3.479 2.796 178.9
CNDO/2 [ 7 ] 4.5 — 2.69 —

MNDO/H [ 7 ] 1.9 — 2.9 —

MNDO/M m 4.1 — 3.11 —

4 —31G H 3.6 — 3.19 —

Exp. [ 26 . 27 ] 4.1

a
— the donor of hydrogen is ammoniac,

b
— the donor of hydrogen is water.

«2.8
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Results of the calculations of the methanol--water complex
Table 4

Method j B, kcal/mol p, D R, Ä | Angle
.. O, 0

MINDO/3a 0.058 0.922 5.696 106.4
MINDO/3 b 0.133 3.133 5.617 178.1
MNDO 0.G52 2.838 4.156 135.6
MNDO b 0.511 3.076 4.188 173.5
AMl a 4.371 3.418 2.655 110.8
AMIb 2.831 2.274 3.043 160.2
PM3 a 2.437 3.131 2.775 175.1
PM3 b 2.652 2.872 2.762 169.4
6—31G Г 28] 6.74 — 2.82 173.1
Exp. [2e J 4.5 — «2.74 —

a
— the donor of hydrogen is methanol,

b
— the donor of hydrogen is water.

Results of the calculations of the formaldehyde—water complex
Table 5

Method B, kcal/mol D R, A Angle
C=O..H, c

Angle
O—H .. 0, °

MINDO/3 0.22 3.584 5.354 159.4 171.7
MNDO 0.90 3.775 4.082 158.3 146.7
AMI 3.97 4.456 2.706 157.7 109.2
PM3 2.73 2.768 2.777 119.4 178.7
6—31G* [29 ] — — 2.02 116.0 178.1

Table 6

Results of the calculations of the formiate—water complex

Method B, kcal/mol R, Ä r(0 .. H), Ä

MINDO/3 3.259 4.129 3.389
MNDO 6.846 3.569 2.874
AMI 16.139 2.838 2.043
PM3 15.567 2.814 2.051
MP2// 4—31+G* [ 30 ] 20.5 2.924 —

MNDO/H [ 31 ] 12.1 2.89 —

MNDO/M 3 P1 16.6 2.67 —

Exp. [ 31 ] 16.0 — '
—

Results of the calculations of the formamide dimer
Table 7

Method B, kcal/mol p, D R, A Angle
N—H- ■ N, 0

MINDO/3 : 0.602 4.189 4.180 95.8
MNDO 1.826 3.290 3.626 102.3
AMI 8.072 0.312 3.049 165.0
PM3 4.708 1.368 2.831 169.2
STO—3G [W] 13.24 — 2.639 171.2
4—31G [ 32 j 17.20 — 2.896 168.4
6—31G** f29] 13.18 — 2.988 168.1
Exp. p2 ] 14.0 3.71 2.948 —
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Results of the calculations of the formic acid dimer
Table 8

Method B, kcal/mo. p., D R, A r(0 .. H), Ä Angle
O—H .. 0, °

MINDO/3 0.309 1.341 4.766 4.266 116.4
MNDO 1.169 1.028 3.857 3.189 129.1
AMI 6.440 0.154 3.048 2.086 168.3
PM3 8.498 0.072 2.744 1.778 174.8
STO—3G I 33 ] 15.13 — 2.536 1.526 178.9
4—3 iG [ 33 J 20.02 — 2.708 1.749 165.6
6—31G** [32 ] 15.19 — 2.789 — 173.9
Exp. [ 34 ] 16.1 1.41 2.703 1.667 180.0

Results of the calculations of the acetic acid dimer
Table 9

Method B, kcal/mol p, D R, A Angle
O—H .. 0, °

MINDO/3 0.015 2.195 4.573 114.6
MNDO 1.291 0.821 3.654 135.0
AMI 6.278 0.102 3.048 166.3
PM3 8.738 0.213 2.745 176.2
Exp. [ 26 - 35 ] 14.2 0.94 2.76 —

Results of the calculations of the formamide—-water complex
Table 10

Method B, kcal/mol p, D r(0 .. HN),
A

r(O..HO),
A

Angle
O—H ., 0, °

MINDO/3 0.168 3.079 4.489
MNDO 0.645 1.465 3.387 4.559 —

AMI 6.197 2.517 2.172 3.346 134.8
PM3 3.904 2.766 2.669 3.287 161.6
Exp. [36.37] — 2.379 2.006 2.02 107.5

Results of the calculations of the formamide—methanol dimer
Table 11

Method B, kcal/mol \x, D r(O..HN),
Ä

r(0 .. HO),
Л

Angle
O—H .. 0, °

MINDO/3 0.096 3.000 4.491 5.944 107.6
MNDO 0.738 1.773 3.321 3.812 112.7
AMi 5.559 2.769 2.168 2.130 133.9
PM3 3.429 2.983 2.712 1.810 160.1
Exp. [ 36 ’ 3? ] — 2.347 1.974 2.005 144.3

Results of the calculations of methanol dimers
Table 12

Method B, kcal/mol (л, D R, A Angle
O—H .. O, °

MINDO/3 —0.845 2.100 6.952 102.1
MNDO —0.346 2.980 4.255 179.7
AMI 1.386 2.839 3.131 171.4
PM3 1.430 3.143 2.776 177.8
Exp. [ 26 - 38 ] 3.51 — —

—
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3.2. Liquid state (self-consistent reaction field) calculations
Using MINDO/3, MNDO, AMI, and PM3 methods in combination

with the self-consistent reaction field model [ l7 ], the following systems
were calculated: dimer of water (radius of the cavity ao = 2.025 Ä) in
the polarizable medium of the macroscopic dielectric permittivity of
water (e=78), dimer of formic acid (ao = 2.719 Ä) in the medium of
the dielectric permittivity of formic acid (e = 57), dimer of methanol
(a0 =2.619 A) in the medium of the dielectric permittivity of methanol
(e= 31.2) and carbon tetrachloride (e = 2.24), dimer of acetic acid
(a0 =3.087 A) in the medium of the dielectric permittivity of acetic acid
(e= 6.15) and carbon tetrachloride (e = 2.24). Results of these cal-
culations are presented in Tables 16 and 17. In all cases all the methods
used predicted the cyclic conformation of the respective hydrogen-
bonded complex to be the most stable.

Results of the calculations of malonaldehyde
Table 13

Method B, kcal/mol P, D ОО r(0 .. H),
Ä

Angle
O—H .. 0, °

MINDO/3 0.949 2.549 3.392 2.833 118.6
MNDO 2.537 2.142 3.166 2.540 123.7
AMI 9.338 2.499 2.848 2.078 134.5
PM3 8.804 2.250 2.643 1.825 140.3
6—31G** [ 39 ] — — 2.085 1.880 139.7
6—31G** [ 39 ] — — 1.884 1.897 138.5
DZ+P[ 39J
MP2//

— — 2.133 1.880 139.9

6—31G** Г 39] — — 2.204 1.694 147.6
Exp. [39> 40 ] — 2.58 2.574 1.68 146.9

Results of the calculations of acetylacetone
Table 14

Method B, kcal/mol |i, D
1 /

Оо Angle
O—H .. 0, °

MINDO/3 2.390 3.089 3.247 121.6
MNDO 1.486 2.374 3.125 125.2
AMI {. Ц 8.231 2.914 2.819 135.9
PM3 8.525 2.693 2.631 141.9
Exp. [ 4 - 41 J Г — 3.07 2.519 137.0

Hydrogen bond Y—Н . . X energy in charged systems
Table 15

У-Н X MINDO/3 MNDO AMI PM3 MNDO/H
P]

MNDO/M
PI Exp. [ 7 - 9 ]

Н 2 0 он- 18.3 20.8 30.3 31.2 32.0 31.8 34.5н 2о h 3o- 6.0 8.4 19.5 6.9 12.0 18.4 23.0
Н 20 H 5 0~ 3.2 6.9 17.8 31.6 15.0 15.1 18.0
НзО+ H 20 4.2 10.2 25.6 19.1 31.0 30.6 31.6
Н5 0+

2 H 2 0 3.3 7.8 19.3 23.7 23.0 19.9 19.5
NH+

4 H 2 0 1 3.4 7.6 14.6 13.1 21.5 20.4 20.6
NH+

4 NH 3 k 10.2 4.3 18.6 17.1 37.0 26.2 24.8



4.1. Gas phase calculations
4.1.1. Energy of hydrogen bond. Dependences between calculated and
experimentally found hydrogen bond energies are presented in Fig. 12.
The dispersion analysis of the calculational data vs. experimental data
and one-parameter regressional analysis according to the formula

BcALC=a-\-b • Bexp, (3)

where Bcalc is the calculated and Б Ехр is the experimentally observed
energy of the hydrogen bond, was carried out. The corresponding results
are presented in Tables 18 and 19, where b is the slope, D is the average
deviation, r denotes the correlation coefficient, s is the standard deviation
and s 0 is normalized standard deviation, which is calculated according
to the formula

s o=ys2/o2
, (4)

where a 2 is the dispersion of the quantity to be correlated. It can be
easily seen that MINDO/3 and MNDO fail to reproduce the energy
of the hydrogen bond, which was previously observed on different sys-
tems [‘о, и. го, 2i] , somewhat surprisingly the same is observed for the
PM3 results. In the case of AMI the agreement with experiment is con-
siderably better, but hardly satisfactory. There is a significant residual
( —l.lB 'kcal/mol) and the slope is by no means unity. It should be
mentioned that in case of ab initio calculations the agreement with the
experiment of the same quality as AMI has been obtained only using
6—3lG* and higher level basis sets [ 19> 23]. Therefore, search for better
semiempirical parametrizations for the hydrogen-bonded systems is
necessary.

ИЗ

Table 16

Results of the calculations of the water dimer in a polarizable isotropic medium (e =78)

Method B, kcal/mol p, D R, Ä Angle
0—H .. 0, °

MINDO/3 —5.377 4.579 4.310 89.7
MNDO — 1.844 3.794 3.929 130.8
AMI 2.847 4.208 2.599 107.5
PM3 1.935 4.127 2.678 153.7
Exp. [ 26 ' 42 ] 3,4 — 2.802 —

Results of the calculations (B values) of acetic acid, formic acid and methanol
polarizable isotropic media

Table 17

in various

Acetic acid dimer Formic acid Methanol dimer
Method dimer

e =6.15 e =2.24 e = 57 e =31.2 e =2.24

MINDO/3 —4.09 —2.19 0.83 —3.14 —3.14
MNDO — 1.69 —0.31 1.01 —0.68 —0.69
AMI 2.48 4.25 18.4 1.86 1.86
PM3 5.27 6.93 3.23 2.58 1.58
Exp. [ 26 ] 11.6 10.8 13.9 4.7 4.6

4 Discussion



Fig. 12. Dependences between calculated and experimentally found hydrogen bond ener-
gies: a for MINDO/3, b MNDO, c AMI, and d PM3.
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Statistical parameters of the dispersion analysis of calculational data
data

Table 18

vs. experimental

Method b r s D

MINDO/3 0.256+0.049 0.701 3.674 14.06
MNDO 0.357+0.045 0.798 3.34! 12.12
AMI 0.797+0.045 0.924 3.343 4.000
PM3 0.758+0.096 0.717 7.132 7.008

Results of
Table 19

he linear regression analysis of the calculational data
according to Eq. (3)

Method b a r s So

MINDO/3 0.440+0.098 —4.10+1.95 0.792 3.268 0.176
MNDO 0.506+0.092 —3.33+1.83 0.846 3.080 0.153
AMI 0.878+0.101 — 1.81+2.01 0.930 3.367 0.107
PM3 0,793+0.222 —0.78±4.42 0,718 7.414 0.201
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4.1.2. Geometry of complexes. The best agreement with experimental
geometry is obtained by using the PM3 parametrization, the AMI para-
metrization gives somewhat worse agreement with the experiment;
whereas MINDO/3 and MNDO are unable to reproduce the right con-
figuration of hydrogen-bonded systems. In the case of ab initio cal-
culations 4 —3lG* and higher level basis sets are needed for the cor-
rect prediction of geometry [19,23,39^
4.2. Liquid state (self-consistent reaction field) calculations

It should be noted that in the case of condensed systems the agree-
ment with experimental results was generally not satisfactory. As
we have studied only a relatively small number of complexes whose
results had notable deviation from experimental data- in the gas phase
too, the problem needs more thorough experimental and theoretical
investigation. Nevertheless, it can be concluded that a new parametri-
zation for the hydrogen bond in liquid media is necessary. The cor-
responding effort has been undertaken by the present authors and will
be discussed elsewhere.

REFERENCES

1. Marcos, E. S., Maraver, J. ]., Chiara, J. L., Gomez-Sanches, A. MNDO/H and
AMI studies of nitro enamines with intramolecular hydrogen bond. J. Chem.
Soc. Perkin Trans. 11, 1988, 12, 2059—2064.

2. Galera, S., Lluch, J. M., Oliva, A., Bertran, J. An AMI study of the preferential
solvation of ammonium ion in ammonia-water mixtures. J. Mol. Struct.
(Theochem), 1988, 163, 101 110.

3. Vinson, L. K., Dannenberg, J. J. An AMI molecular orbital study of hydrogen
bonding in cristalline nitroanilines. J. Am. Chem. Soc., 1989, 111,
2777—2781.

4. Buemi, G., Gandotfo, C. Malondialdehyde and acetylacetone. An AMI study of
their molecular structures and keto-enol tautomerism. J. Chem. Soc. Fara-
day Trans. 2, 1989, 85, 215—227.

5. Scheiner, S. Molecular orbital treatment of hydrogen bonded systems. 2. Dimers
of water and HCN. Theor. Chim. Acta, 1980, 57, 71—80.

6. Buemi, G., Zuccarello, F., Raudino, A. Hydrogen bonding and rotation barriers:
a comparison between MNDO and AMI results. J. Mol. Struct. (Theo-
chem), 1988, 164, 379—389.

7. Ventura, O. N.. Coitino, E. L„ Lledos, A., Bertran, J. AMI study of hydrogen
bonded complexes of water. J. Mol. Struct. (Theochem), 1989, 187, 58—69.

8. Noor Mohammad, S., Hopfinger, A. J. Treatment of hydrogen bonding within
CNDO/2H and MINDO/3H. Int. J. Quantum Chem., 1982, 22, 1189—1207.

9. Suck Calk, S. H., Chen, T. S., Hagen, D. E., Lutrus, С. K. A study of hydrogen
bond strengths of neutral water clusters (H 2O) n using modified MNDO.
Theor. Chim. Acta, 1986, 70, 3—lo.

10. Burstein, K. Y., Isaev, A. N. MNDO calculation on hydrogen bonds. Modified
function for core-core repulsion. Theor. Chim. Acta, 1984, 64, 397—401.

11. Goldblum, A. Calculation of proton transfer in hydrogen bonding interactions with
semi-empirical MNDO/H. J. Mol. Struct. (Theochem), 1988, 179, 153—163.

12. Voityuk, A. A., Bliznyuk, A. A. MNDO calculations of systems containing hydro-
gen bonds. Theor. Chim. Acta, 1987, 72, 223—228.

13. Bingham. R. C.. Dewar, M. J. S., Lo, D. H. Ground states of molecules. XXV.
MINDO/3. An improved version of the MINDO semiempirical SCF-MO method.

J. Am. Chem. Soc., 1975, 97, 1285—1293.
14. Dewar, M. J. S., Thiel, W. Ground states of molecules. 38. The MNDO method.

Approximations and parameters. J. Am. Chem. Soc., 1977, 99, 4899—4906.
15. Dewar, M. J. S., Zoebisch, E. G., Healy, E. F., Stewart, J. J. P. AMI; a new

general purpose quantum mechanical molecular model. J.. Am. Chem.
. .Soc., 1985, 107, 3902—3909.

16. Stewart, J. J. P. Optimization of parameters for semiempirical methods. I. Method.
J. Comput. Chem., 1989, 10, 209—220.

17. Stewart, J. J. P. MOPAC Program Package. QCPE, 1983.



116

18. Tamm, T., Karelson, M. Quantum-chemical investigation of the reaction field effects
on the polar resonance in disubstituted ethylenes. Organic Reactivity
(Tartu), 1989, 26, 211—230.

19. Frisch, M. J., Pople, J. A., Del Bene, J. E. Molecular orbital study of the
complexes (AH„) 2 H+ formed from NH 3 , OH 2 , FH, PH 3 , SH2 and HCI.
J. Phys. Chem., 1985, 89, 3664—3669.

20. Zielinski, T. J., Breen, D. L., Rein, R. A MINDO/3 study of some hydrogen-bonded
systems. J. Am. Chem. Soc., 1978, 100, 6266—6267.

21. Klopman, G., Andreozzi, P., Hopfinger, A. J., Kikuchi, 0., Dewar, M. J. S. Hydro-
gen bonding in the MINDO/3 approximation. J. Am. Chem. Soc., 1978,
100, 6267—6268.

22. Reimers, J. R., Watts, R. 0., Klein, M. L. Intermolecular potential functions and
the properties of water. Chem. Phys., 1982, 64, 95—114.

23. Dill, J. D., Allen, L. C., Topp, W. C„ Pople, J. A. A systematic study of the nine
hydrogen-bonded dimers involving NH 3, OH 2 and HF. J. Am. Chem. Soc.,
1975, 97, 7220—7226.

24. Odutola, J. A., Dyke, T. R. Partially deuterated water dimers: microwave spectra
and structure. J. Chem. Phys., 1979, 79, 5062—5070.

25. Dyke) T. R., Mack, К. M., Muenter, J. S. The structure of water dimer from
molecular beam electric resonance spectroscopy. J. Chem. Phys., 1977,
66, 498—510.

26. Piementel, G. C., McCellan, A. The Hydrogen Bond. London, 1960.
27. Millen, D. J., Mines, G. W. Hydrogen bonding in the gas phase. Part 5. Infra-

red spectroscopic investigation of О—H. . N complexes formed by water:
ammonia monohydrate and amine and pyridine monohydrates. J. Chem.
Soc. Faraday Trans. 11, 1977, 73, 369—377.

28. Kim, S., Jhon, M. S., Scheraga, H. A. Analytical intermolecular potential functions
from ab initio SCF calculations of interaction energies between CH4, CH3 OH,
CH 3 COOH and CH3 COO~ and water. J. Phys. Chem., 1988, 92, 7216—7223.

29. Blair, J. T., Westbrook, J. D., Levy, R. M., Krogh-Jespersen, K. Simple models for
solvation effects on electronic transition energies: formaldehyde and water.
Chem. Phys. Lett., 1989, 154. 531— 535.

30. Cybulski, S. M., Scheiner, S. Hydrogen bonding and proton transfer involving
the carboxvlate group. J. Am. Chem. Soc., 1989, 111, 23—31.

31. Bliznyuk, A. A.. Voityuk, A. A. MNDO/M calculations on hydrogen bonded sys-
tems. J. Mol. Struct. (Theochem), 1988, 164, 343—349.

32. Dory, M., Delhalle. J. Fripiat. J. G., Andre, J.-M. Equilibrium geometry and
electrical polarizability of formic acid, formamide and their hydrogen-bonded
pairs. Int. J. Quantum Chem.: Quantum Biol. Symp., 1987, 14, 85— 103.

33. Hayashi, S., Umemura, J., Kato S., Morokuma, K. Ab initio molecular orbital
study on the formic acid dimer. J. Phvs. Chem., 1984. 88, 1330—1334.

34. Almenningen, A., Bastiansen, 0., Motzfeldt, T. A reinvestigation of the structure
of monomer and dimer formic acid by gas electron diffraction techniques.
Acta Chem. Scand., 1969, 23, 2849—2864.

35. Mathews, D. M., Sheets, R. W. Effect of surface adsorption on the determination
by infrared spectroscopy of hydrogen .bond energies in carboxylic acid dimers.

J. Chem. Soc. (A). 1969, 15, 2203—2206.
36. Lovas, J. F., Suenram, R. D., Fraser, G. T„ Gillies, C. W., Tozom, J. The micro-

wave spectrum of formamid-water and formamid-methanol complexes. J.
Chem. Phys.. 1988, 88, 722—729.

37. Fraser, G. T., Suenram, R. D„ Lovas, F. J. Electric-dipole moments of water-
formamide and CH3 OH-formamid complexes. J. Mol. Struct., 1988, 189,
165—172.

38. Curtiss, L. A., Frurip, D. J., Blander, B. Studies of hydrogen bonding in the vapor
phase by measurement of thermal conductivity and molecular orbital cal-
culations: methanol-water binary mixtures. J. Chem. Phys., 1981, 75,
5900—5907.

39. Frisch, M. J., Scheiner, A. C.. Schaefer, H. F. The malonaldehyde equilibrium geo-
metry: a major structural shift due to the effects of electron correlation.
J. Chem. Phys., 1985, 82. 4194—4198.

40. Baughcum, S. L., Duerst, R. W., Rowe, W. F„ Smith, Z., Wilson, E. B. Micro-
wave spectroscopic study of malonaldehyde (3-hydroxy-2-propenal). 2. Struc-
ture, dipole moment and tunneling. J. Am. Chem. Soc., 1981, 103, 6296—6303.

41. Andreassen, A. L„ Bauer, S. H. The structure of acetylacetone, trifluoroacetyl-
acetone and trifluoroacetone. J. Mol. Struct., 1972, 12, 381—393.

42. Fujito, Y„ Ikawa, S. Effect of temperature on the hydrogen bond distribution in
water as studied by infrared spectra. Chertf. Phys. Lett., 1988, 159,
184—187.

Presented by V. Palm Received1 Jan. 29, 1991



117

Peeter BURK, Mati KARELSOM
POOLEMPIIRILISTE KVANTKEEMILISTE ARVUTUSMEETODITE VÕIMEST

KIRJELDADA VESINIKSIDEMEGA SÜSTEEME

Erinevaid poolempiirilisi kvantkeemilisi arvutusmeetodeid (MINDO/3, MNDO,
AMI, PM3) kasutades on arvutatud mõnede vesiniksidemega komplekside struktuur,
dipoolmomendid ja vesiniksideme energia. Suhteliselt hea kokkulangevus eksperimen-
diga saavutati ainult AMI-meetodi puhul, samal ajal kui РМЗ-meetod ei suutnud rep-
rodutseerida vesiniksideme energiat. On leitud, et MINDO/3- ning MNDO-meetod ei
ole võimelised kirjeldama vesiniksidemega süsteemide struktuuri ja energiat.

Пеетер БУРК, Мати КАРЕЛСОН
О ПРИМЕНИМОСТИ НЕКОТОРЫХ ПОЛУЭМПИРИЧЕСКИХ КВАНТОВО-

ХИМИЧЕСКИХ РАСЧЕТНЫХ МЕТОДОВ ДЛЯ ОПИСАНИЯ КОМПЛЕКСОВ С
ВОДОРОДНЫМИ связями

• Разными полуэмпирическими квантовохимическими расчетными методами
(MINDO/3, MNDO, AMI, РМЗ) вычислены энергии и оптимальная структура ряда
комплексов с водородными связями. Относительно хорошее совпадение с эксперимен-
том получено только методом АМI, а метод РМЗ не в силах репродуцировать энергии
водородной связи. Найдено, что методы MINDO/3 и MNDO негодны для описания гео-
метрии и энергии комплексов с водородными связями.
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