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A Simple Point Charge Model for the Hydrogen Bonds of
the Type N---H—O

NADA SALAJ

Institute of Theoretical Physics, Vanadisvigen 9, S-113 46 Stockholm, Sweden

A simple point charge model suggested in an earlier paper,
including electrostatic, repulsive, and dispersive interactions, has been
applied to the intermolecular hydrogen bonds of type N:--H—O and
N—H-:--O between hydroxylamine molecules. According to the model
used N—H---O bond distance is found to be shorter (2.84 A) than
N---H—O bond distance (3.15 A).

he continued studies of the intermolecular hydrogen bonds have been
extended to the hydrogen bonds of the type N:--H—O, 7.e. to hydrogen
bonds containing a nitrogen atom. The point charge model previously de-
scribed is used and the detailed description given in the earlier paper ! will
not be repeated here.
The point charge model has been suggested for the intermolecular hydrogen
bonds of the type
A—H---B

where A and B stand for groups of atoms and where the hydrogen atom, H,
is supposed to be fixed to the group of atoms A, while the distance between
A—H and B can be varied.

To each atom a point charge is assigned and put equal to the charge of its
nucleus minus the quantum mechanically calculated total net atomic popula-
tion 2 on the actual atom. The quantum mechanical calculations have been
performed separately on the two groups of atoms, A—H and B, i.e. the charge
distribution of the whole system A—H---B is assumed to be unchanged (or
changed only slightly) with the varying distance between A—H and B.
Negative charges (proportional to overlap populations 2) are placed midway
between the atoms, where covalent bonds are supposed to exist, giving the
right total charge to the group of atoms, ¢.e. to A—H and B separately. The
charges describing lone pair electrons are placed so as to fit the geometry of
and to give the right (¢.e. experimental) dipole moment to the group of atoms,
i.e. to the molecule or ion (A—H and B in this case). The charge distribution
in A—H and in B being thus known, the pure electrostatic interaction of the
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whole system A—H---B can be calculated for various distances between
A—H and B.

The dispersive and repulsive interactions are taken into account only
between the hydrogen atom, H, and the nearest atom to it, say D, from the
group of atoms B. The potential energy, V(rpx), due to these interactions
is assumed to be of the form

V(r DH) = ApH eXP(—-bDHTDH) — (cDH/rDHG) (1)

where apu, bpu, and cpy are parameters dependent on the chemical
character of the atom D and also on the actual charges on atoms H and D.
As stated in the beginning of this paper the hydrogen bonds of the type
N:-H—O are to be considered here, i.e. atom D is a nitrogen atom. The
parameters axu, byu, and cxu are determined as follows. The expression

P $(eh/y/m) ay ay @

e \/“N/NN‘I"\/“H/NH )

given by Pitzer® has been adopted and the assumptions for «y and «y have
been made in accordance with the previous article,! ¢.e.

oy = const. X (1—Qg) (3)

where @y is the point charge assigned to the hydrogen atom of the hydrogen
bond under consideration, and.

ay = const. (4)

The values of cyy=1807.9 A® kcal/mole® and cgyy=45.2 A8 keal/mole ¢
give, using eqn. (2) and assuming Ny=const. and Ny=-const. X (1—Qy),
the following value for cyg when Q4 =0:

onu = 284.9 A® keal/mole (5)
and when @y, is different from zero:
cxa’ = enu(1—Qg) (6)

Eqn. (17) in my earlier paper ! has been used to calculate byy under the
assumption that the van der Waals radius of nitrogen is 1.6 A. byy has been
found to be 4.96 A-l. This implies byu equal to 4.34 A1, as byu=3% (ban+
bug) and by, is 3.73 A-11

As the theoretical value of anm is very uncertain ® this parameter is
preferably determined by adjusting it to the experimentally found results.
The crystal structure of ammonium monohydrate,® NH-H,0, where the short
bond of 2.78 A between O and N is assumed to be of the type O—H---N, has
been used for the determination of anm. Fig. 1 gives the assumed relative
positions of NH; and H,0, while Table 1 gives the charge distributions 7,8
used for the NH; and H,0 molecules. Minimizing the total energy (which is
the sum of the repulsive and dispersive parts given by eqn. (1) and the total
electrostatic energy) at the rnu=2.78 A gives

ann = 1:53 x10¢ kecal/mole (7)
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Table 1. z, y, z are the position coordinates in A of the point charges in ammonium
monohydrate, NH, -H,O, as shown in Fig. 1, @ is the strength of the corresponding point
charges in et, where et =4.8 X 107° e.s.u. D,, D,, D,, and D, are the point charges given
in order to take care of the dipole moments of the further water molecules in the crystal.
n’s stand for negative charges in covalent bonds while L’s stand for the lone pair electrons.

The name of the
point charge z (4) v (@A) z(4) @
N 0.0 0.0 0.0 2.33
H, —0.381 0.0 0.940 0.45
H, —0.381 —0.814 —0.470 0.45
H, © —0.381 0.814 —0.470 0.45
n, —0.191 0.0 0.470 —0.56
n, —0.191 —0.407 —0.235 —0.56
n, —0.191 0.407 —0.235 —0.56
L, 0.058 0.0 0.0 —2.00
0] d 0.0 0.0 4.12
H, d—0.960 0.0 0.0 0.28
H, d+0.248 0.803 0.464 0.28
n, d—0.480 0.0 0.0 —0.34
n; d+0.124 0.402 0.242 —0.34
L, d+0.039 —0.090 0.054 —2.00
L, d+-0.039 0.002 —0.105 —2.00
D, d+0.779 2.394 1.302 1.93
D, d+0.657 2.256 1.382 —1.93
D, d+40.779 —2.256 1.302 1.93
D, d+0.657 —2.394 1.382 —1.93

The energy of the hydrogen bond O—H-- N of this hydrate was found to be
10.0 kcal/mole.

The parameters axgm, bym, and cyn determined in the described manner
have been used to calculate a possible hydrogen bond distance between two
hydroxylamine molecules, NH,OH. Table 2 gives the point charge distribu-
tion in one NH,OH-molecule.? Since no experimental value of the dipole

Hy
o
Fig. 1. The assumed relative positions of L P z Hy
NH, and H,O in ammonium monohydrate, N y
NH,-H,0, crystal (c¢f. Table 1.). /
H Hz
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Table 2. z, y, z are the position coordinates in A of the point charges in hydroxylamine,
NH,OH. Qi 18 the strength of the corresponding point charges in e¥,
e.s.u. The n’s stand for negative charges in covalent bonds, while L’s stand for lone pair
electrons. These charges have been taken from a population analysis on a SCF calcula-
tion which used Gaussian type functions as basis. The basis set consisted of seven s and
three p functions on N and O, and three 8 and one p functions on each of the hydrogens.®

where et =4.8 x 10~

e g = (A) y (@A) z(A) Q
N 0.0 0.0 0.0 2.72
H, 0.842 —0.561 —0.271 0.41
n, 0.421 —~—0.280 —0.135 —0.60
H, —0.842 -—0.561 —0.271 0.41
n, —0.421 —0.280 —0.136 —0.60
) 0.0 0.0 1.460 4.06
n, 0.0 0.0 0.730 —0.32
H, 0.0 0.936 1.676 0.50
n, 0.0 0.468 1.568 —0.68
L, 0.0 0.054 —0.022 —2.00
L, -+0.092 —0.051 1.499 —2.00
L, —0.092 —0.051 1.499 —2.00

moment of this molecule seems to have been published, the value was estimated
in the following way. The lone pair electrons on nitrogen were assumed to have
approximately the same position as in the NH;-molecule and the lone pair
electrons on oxygen the same positions as in the H,O-molecule (see Table 1).
Then the dipole moment was calculated to be around 2 Debye. As it
is not known how the two NH,OH-molecules are hydrogen bonded to
each other the following assumption was made about the N---H—O bond.
The nitrogen atom and its lone pair electrons in one molecule are assumed
to be on the same line as the oxygen atom and the hydrogen atom
nearest to this oxygen in the second molecule (see Fig. 2). All atoms are
in the same plane except the pairs of hydrogen atoms nearest to the
nitrogen atoms which are symmetrically out of the plane. If the position
coordinates of one NH,0H-molecule (1) are those given by Table 2 then
the position coordinates of the second molecule (2) are given in accordance
with the above description to be

x’

yl
2

x
—0.9877 y+0.1572 (2—1.460) +0.9265 d (8)
0.1572 y+0.9877 (z—1.460)—0.3750 d

(I

’

where d is the distance in A between the atoms N, and O, (see Fig. 2). The
equilibrium distance, d.,, between N, and O, is found to be 3.15 A. The
energy of this hydrogen bond N;--*H—O, is found to be around 0.7 kcal/mole.
This energy differs very much from the energy obtained for the hydrogen
bond in NH,-H,0. The smallness of the energy in the NH,OH-case is primarily
due to the more positively charged N and H nearest to oxygen in NH,0H
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Fig. 2. The approximate relative positions Fig. 3. The approximate relative positions

of two hydroxylamine molecules in case a of three hydroxylamine molecules in case a

hydrogen bond of the type N---H—O is hydrogen bond of the type N—H---O is
assumed (see the text). assumed (see the text).

than in NH,;-H,0, which means a more repulsive electrostatic interaction
which also results in a rather long bond between N; and O,.

In the discussion above it has been pointed out that it is not known in
which way the NH,0H-molecules are hydrogen bonded. This is the reason
why another possibility of hydrogen bonding has been assumed in the following
way. The nitrogen atom, N,, and one of the hydrogen atoms, H,, nearest to
N, in one NH,OH-molecule are assumed to be almost on the same line as
the oxygen atom, O,, and one pair of its lone pair electrons, L,"”, in the second
NH,OH-molecule. There is also a third NH,0H-molecule (see Fig. 3) which
is the mirror image of the second one in the yz-plane. N;, O,, and H; are
all in the same yz-plane, N,, O,, and H;'’ are also in the same plane which is
parallel with the yz-plane. This means a hydrogen bond of the type N—H---O
has been assumed. If the position coordinates of the first mentioned NH,OH-
molecule (1) are given by Table 2, then the position coordinates of the second
molecule (2) are given in accordance with the above description to be

a = —2+0.8039 d
" = —0.9796 y+0.1232 (z—1.460)—0.5356 d (9)
0.1232 3+0.9796 (z—1.460)—0.2587 d

"

[

and those of the third one (3) are given to be

z'" = —x—0.8039 d
=y" (10)

z’l
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where d is the distance in A between N, and O, but also between N, and O,
(see Fig. 2). The parameters aom, bon and com used in the previous paper !
have been used in this case again [aox=0.5x10* keal/mole, box=4.16 A1,
con=90.4 A® kcal/mole]. The equilibrium distance, de,, is obtained with
these values to be 2.84 A, while the energy of this bond, N—H---0 is found
to be around 2.7 kecal/mole.

Summarizing, this would mean that N—H-:-O bond distance would be
2.84 A while the corresponding N::-H—OQ distance would be 3.15 A under
the above assumptions on the relative positions of the molecules. This result
suggests alternative b) discussed by Meyers and Lipscomb,® where the corre-
sponding types of distances are supposed to be 2.74 A and 3.07 A.
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