May, 1978]

Electrostatic Force Study with Floating Wave Function.

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN, voL. 51 (5), 1315—1323 (1978)

1315

Comparative

Study on the Origins of the Molecular Shapes of CH;* and NH;

Hiroshi Nakatsuji, Kazuo MaTsupa, and Teijiro YONEZAWA
Department of Hydrocarbon Chemistry, Faculty of Engineering, Kyoto University, Kyolo 606
(Received October 7, 1977)

The force and density origins of the molecular shapes of CHz* and NHj are studied bomparatively on the
basis of the floating wave functions which satisfy the Hellmann-Feynman theorem for the forces acting on the ter-

minal protons.
correctly grasp the origins of the molecular shapes.

It is confirmed quantitatively that the previous concepts of the electrostatic force (ESF) theory
Namely, the density-guiding rule which states that the nuclei

are pulled in the direction of the electron-cloud reorganization (i.e., the electron-cloud preceding and incomplete

following), is verified as the density origin.

The force origin which is the AD and EC forces reflects and quantifies

the density origin. The roles of the other forces are also ea;ily predicted by the ESF theory.

It is now well established that the force concept
based on the Hellmann-Feynman (H-F) theorem?
gives a quite intuitive basis for the understandings of
various chemical phenomena.2-1®) Though such ap-
proaches had been thought to have a difficulty in the
reliability of the calculated H-F force,1¥ it is well known
that if we use the floating wave function!-1?) the H-F
theorem is satisfied, so that the intuitive force concept
gains also a sufficient reliability, which is the same as
in the conventional energetics.!8) In this series of
papers,1® we investigate quantitatively the force and
density origins of some molecular geometries and chem-
ical reactions on the basis of the floating wave func-
tions. A purpose of this series is to give a sufficient
quantitative basis for the force theoretic approach.
This is an urgent necessary step in comparison with
the conventional energetics, and moreover such studies
will give a basis to investigate more complex phenomena
than those studied so far by this approach. Another
purpose of this series (especially in the first few ones)
lies in the verification of the concepts of the electro-
static force (ESF) theory8-11) from a purely theoretical
ab initio point of view. Though the success of the
ESF theory, especially in the field of molecular
geometry® (i.e., the theory has predicted the geo-
metries of various molecules without calculations in
agreement with experiments), is itself a strong proof for
the validity of the ESF concepts, we aim in these
studies a more direct verification.

Due to the H-F theorem! the force acting on a
nucleus is determined solely by the electron density
p(r) (the nuclear part is trivial). It is one of the basic
observables in quantum mechanics, and due to Hohen-
berg and Kohn’s theorem,?® it includes all of the infor-
mations of the system. Therefore, we can express the
origins of various molecular processes with either the
force or the density behaviors along the processes.?!)
The density origin is the reorganization of the electron
density along the process,”? which is characterized
generally as the electron-cloud preceding or the elec-
tron cloud incomplete following which works respec-
tively to accelerate or resist the process.” In other
words, the nuclei are pulled in the direction of the electron-
cloud reorganization. This simple rule constitutes a
guiding principle for nuclear rearrangement processes
on the basis of the behaviors of the electron density
alone,®9 and may be called a density guide or density-

guiding rule. The force origin reflects and quantifies
this origin. The partitioning of the H-F force into
the atomic dipole (AD), exchange (EC), and extended
gross charge (EGC) forces®) gives a way to study quan-
titatively the regional role of the electron density. They
are parallel with the chemical concepts like lone pair,
bond, and gross charge, respectively.®) The AD and
EC forces are of particular importance since the electron-
cloud preceding and incomplete following manifest
themselves mainly in the AD and EC forces.? This is
a reason” why these forces have played such important
roles in the ESF theory applied to molecular geome-
tries, 8 chemical reactions, 1»and long-range forces.1!)

When the ESF concepts are applied to the AH,
molecules, the origins of their shapes are expected as
follows.®:» Namely, when the molecule is bent slightly
from the planar form, the electron density in the atomic
(A and H) and overlap (A-H) regions will precede
(in the pyramidal molecules) or incompletely follow
(in the planar molecules) the nuclear bending displa-
cement. The constituent nuclei will therefore be
pulled by the AD and EC forces in the bending or
planarizing direction, respectively, and will move in
the direction to the equilibrium geometry. Though
we tried to verify this picture in the previous paper,?)
it was insufficient since the wave function used there
did not satisfy the H-F theorem. Here, we want to
examine this picture quantitatively on the basis of the
floating wavefunctions.

In the previous communication of this series,!®) we
have reported a simpler way of obtaining the floating
wave function. Namely, if we limit ourselves to the
force F', acting on a special nucleus A of the system,
it is sufficient that only the AO’s belonging to the atom
A be floated and their centers be determined varia-
tionally. The resultant wave function gives a reliable
H-F force F, which satisfies the H-F theorem. Based
on this fact, we have studied quantitatively the force
and density origins of the molecular shape of H,O,
limiting ourselves to the transverse force acting on the
terminal protons. It has been confirmed that the ESF
picture as described in the preceding paragraph cor-
rectly grasps the origin of the bent geometry of H,0.19
In this paper, we will examine further such ESF concept
of the origins of the molecular shapes of CH,* and
NH,. We will again limit ourselves to the transverse
force acting on the terminal protons and investigate
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the behaviors of the electron density in the A-H region
during the out-of-plane bending process. It will give
a comparative basis for the origins of the molecular
shapes of planar and pyramidal molecules.

We note that in the previous extensive applications
of the ESF theory to various molecular geometries,%)
we have mostly concerned with the force acting on the
central nucleus (e.g. the nucleus A in the AH; molecule).
It is clear from these studies that such method is easier
and more fruitful for constructing a predictive theory
of molecular geometries without calculations.®) How-
ever, for the AH,; molecules, the calculations of the
floating wave functions become more elaborate for the
force F, than for the force Fy, since the numbers of
the basis AO’s are smaller for H than for the heavier
atom A. Therefore, we will postpone the ab initio
study of F, in the subsequent paper. We remark
however that for general molecules (e.g. AX, molecules)
the floating wave function is more easily obtained for
F, than for Fy, in contrast to the AH; molecules.

Floating Wave Functions for CH;+ and NH,

The SCF-MO calculations have been carried out
with the use of the minimal STO-3G bases?? with the
standard exponents reported by Hehre ef al.?®) We
have used the modified version of the Gaussian 70
Program. In obtaining the floating wave function, we
have adopted a simpler procedure noted previously.'®
Namely, we have floated only the Is AO’s on the
terminal protons and the other AO’s on carbon and
nitrogen, which are the 1s, 2s, 2p,, 2p,, and 2p, AO’s
were kept fixed on the nuclei. Therefore, the present
wave functions satisfy the H-F theorem for the forces
acting on the terminal protons. The C-H and N-H
lengths of CH;* and NH,; were kept fixed at, re-
spectively, 1.120 and 1.033 A which are the lengths
optimized by the STO-3G calculations.?) The ex-
perimental N-H length is 1.012A.29 We have
calculated the transverse force acting on the ter-
minal protons and also the behaviors of the electron
density in the A-H region at various out-of-plane
bending angles 0. Several quantities pertinent to the
present analysis are defined in Fig. 1.

Tables 1 and 2 give the variationally best positions
of the lsy floating AO’s (FAO’s) of CHz* and NH,,
respectively, and the effects of floating on the SCF
energy and the H-F transverse force Fy1 acting on
the terminal protons. The H-F force is partitioned

F

Hi
Fig. 1. Definitions of the out-of-plane bending coordi-
nate 0, the centers of the lsy FAO’s and the

transverse force acting on the terminal protons Fy,
for the AH; molecules.
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into the atomic dipole (AD), exchange (EC), and ex-
tended gross charge (EGQC) forces with a slight modi-
fication of the previous ones used for the non-floating
wave function.®2% The values in parentheses are those
obtained from the non-floating wave functions. The
distance R of the FAO center from the proton is about
0.04 A for CH,*+ and about 0.02 A for NH;. It was
about 0.03 A for H,0.19 They are all in the same
order of magnitude as those reported previously for
H, by Shull and Ebbing.?® Though the FAO center
of CHjt+ lies outside of the pyramid (Y <0), that of
NH; lies inside of the pyramid (Y>0). For both
cases, the distance Y is sensitive to the bending angle
0, though the distance X is insensitive. (The latter
would be sensitive to the stretching mode). As will
be seen later, these behaviors of the FAO’s are closely
related with the manners of the electron-cloud reorgani-
zation during the out-of-plane bending processes.
The floating of the AO’s gives a freedom in the wave
function to describe such behaviors of the electron
density especially in the atomic regions.

The floating of the lsy AO’s was not effective to
improve the SCF energy, as studied earier by Shull
and Ebbing for the hydrogen molecule.?®) The energy
lowering obtained by the floating is about 0.008 a.u.
(5 kcal/mol) for CH;* and 0.003 a.u. (2 kcal/mol) for
NH;. They are very small in comparison with those
obtained by the other ways of improving the wave func-
tion. For example, the addition of the polarization
function on hydrogen, which also describes the
polarization of the electron density in the atomic region,
lowers the SCF energy of NH; by 0.058 a.u. in the
similar calculations of the STO-3G level® and by
0.039 a.u. in the calculations of double-zeta accuracy.??
However, in contrast to the floating method, it is
generally difficult in such procedures to assure the
complete satisfaction of the H-F theorem, so long as
the basis set is incomplete.

Though the effect of floating is quite small for the
SCF energy, it is very large and important for the
H-F force. As seen from Tables 1 and 2, the errors
for the H-F theorem are essentially zero in the floating
wave functions, though they are large in the non-floating
wave functions especially for NH;. The small non-zero
errors still remaining in the floating wave functions of
CH;* are the numerical errors in determining the
optimal FAO centers. These error values have been
obtained by calculating directly the error term for the
H-F theorem, ¢.e¢., the term (0¥ /IR, |H|¥)>+<¥|H|
0¥ [0R,), by the method developed by Moccia et al.2®)
Thus, it is confirmed that the present floating wave
function satisfies the H-F theorem for the force acting
on the terminal protons.

As seen from Table 1, the equilibrium shape of CH,+
is calculated to be planar from both the floating and
non-floating wave functions. The planar geometry of
CH,* is well established by the previous studies.?4:29)
The out-of-plane bending force constant calculated
from the H-F force is 0.93 md/A with the floating
wave function and 0.82 md/A with the non-floating
wave function. The former should of course be iden-
tical with the result obtained from the SCF energy
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curve. On the other hand, for NH; (Table 2), the
effect of the floating on the H-F force is essential even
for the qualitative calculation of the equilibrium shape.
With the non-floating wave function, the shape is
calculated to be planar! This is because the minimal
STO-3G basis fixed on the nuclei is far from complete
and can not describe the polarization of the electron
density in the atomic region near the proton (see below).
However, with the floating wave function, NH; is
calculated to be pyramidal with §,,=24.3° (/HNH=
104.2°) which is just the same as the STO-3G
geometry.?) The experimental value is 0,=22.1°
(£LHNH=106.7°).29

The partitioning of the H-F force into the AD, EC,
and EGC forces clarifies the details how the floating
of the ls; AO’s improves the H-F force. As seen in
Tables 1 and 2, the largest effect of the floating occurs
for the AD force. It improves most of the errors
included in the non-fioating H-F force (50—809, for
CH;* and 70—809, for NH,). This is because the
H-F force is most sensitive to the errors in the region
near the nucleus. In the non-floating wave func-
tion, the AD force was always zero since the pre-
sent basis AO’s do not include the polarization func-
tions on the hydrogen atom. In the floating wave
function, it arises because the 1s; AO density floating
apart from the proton pulls it in the direction of the
floating. For CHjt, Y is negative so that the induced
AD force is negative, while for NH,, Y is positive so
that the AD force is positive. In both cases, the distance
Y and the AD force are parallel. The second largest
effect of the floating occurs for the EGC force. For
CH;* the floating enlarges the repulsive EGC force,
whereas for NHj it diminishes: in CH,t the outward
floating (¥ <0) of the ls; AO makes its proton more
bare so that the repulsion increases, while in NH,
the AO floated inward of the proton (¥ >0) shields
it more effectively from the repulsion with the other
protons. These “self-shielding” effects have arisen
from the modification of the partitioning as given in
Ref. 25. The effect of floating is smallest for the EC
force as expected from the small distance Y in com-
parison with the bond distance. The effect is smaller
for CHy* than for NH; since Y is smaller for CHjt.

Origin of the Molecular Shape

In this section we study quantitatively the force and
density origins of the molecular shapes of CH,+ and
NH;. We investigate the behaviors of the electron
density and the induced forces acting on the terminal
protons during the out-of-plane bending process.
Since the present floating wave function satisfies the
H-F theorem, we can examine quantitatively the con-
cepts developed previously in the ESF theory.

First, we study the density and force origins of the
planar geometry of CH,t. Figure 2 shows the change
in the electron density of CHyt when it is bent by 15°
from the planar form. The density at 6=0°, which
is symmetric with respect to the CH; plane, was sub-
tracted from that at 0=15° with superposing the C-H,
axis on the right hand side.?® This figure is then mean-
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Fig. 2. Electron-cloud reorganization in CH;* at 0=
15° in the C-H, region. The density at 6=0° was
subtracted from that at §=15° with superposing the
C-H, axes. The contours are at 0.0, +=0.001, +0.005,
=+0.01, +0.015, —0.02, +0.025, +0.04, +0.07,
+0.1, and #0.15 au (real lines >0, dashed lines <0).

ingful only in the region near the C-H, axis. The
real and dotted lines show respectively the increase and
decrease in the electron density. From this figure,
we see that the reorganization of the C-H bond density
of CH,* shows a typical feature of the electron-cloud
incomplete following in the out-of-plane bending pro-
cess. Namely, as seen from the increase and the de-
crease in the regions above and below the C-H, axis,
respectively, the C-H bond density at 6=15° does not
lie on the C—H axis, but follows with lag the out-of-
plane bending displacement of the C-H axis. The
bond density, following back of the C-H axis, will pull
the terminal proton in the reverse direction to 0, so
that the molecule will be restored again to the planar
form: i.e., the equilibrium geometry of CHj* is ex-
pected to be planar in accordance with the previous
studies.?® This is the result of the density-guiding
rule applied to the geometry of CHj*.

The above density origin is verified from Fig. 3 which
shows the analysis of the transverse force Fny acting
in CHy*+ during the bending process. The dotted line
shows the SCF energy curve. Throughout the bending
process, the protons of CHj* receive the planarizing
forces; i.e., the molecule is calculated to be planar. In
CH,*+ all of the force components are cooperative to
make the molecule planar. Among these, the dominant
force origin is the EG(H-C) force. It arises from the
incomplete following of the C-H bond density as de-
picted in Fig. 2. [If the C-H bond density always
lies on the C-H axis (complete following), it does not
induce the transverse EC(H-C) force.] The electron-
cloud incomplete following in the atomic region mani-
fests itself in the AD force. It has arisen through the
floating of the lsy AO’s. The behaviors of the lsy
FAO’s seen from the distance Y given in Table 1 clearly
show the occurrence of the electron-cloud incomplete
following in the atomic region. The sum of the EC
(H-C) force and the AD force accounts most (=70%,)
of the total planarizing force.

Thus, we conclude that the density origin of the
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Fig. 3. The transverse force F;;, and the SCF energy
vs. the out-of-plane bending angle 6 for CH,*.

planar shape of CH,;* lies in the occurrence of the
electron-cloud incomplete following of the C—H bond
density during the out-of-plane bending process. We
have confirmed that the electron-cloud incomplete
following as depicted in Fig. 2 occurs over the all
angular range studied here (0°<6<24.3°) and that the
extent increases with the increase in the bending angle
0. The force origin, which is the EC(H-C) and AD
forces (mostly the EC(H-C) force), reflects and con-
firms this density origin.

In Fig. 3, the other minor force components, i.e.,
the EGC and EC(H--H) forces are also cooperative to
make CHg+ planar. We note that the roles of these
forces are also naturally understood. Namely, in
CH,*, the net gross charges of the terminal hydrogens
are positive, so that the EGC force which represents
the interaction between the shielded protons would
be repulsive. The EC(H--H) force would also be
repulsive since it arises from the exchange interaction
between the doubly occupied C-H bond orbitals.
Among these, the origin of the EC(H--H) force may
be included in the electron-cloud incomplete following
as has been discussed previously for the similar ‘inter-
action during the internal rotation of ethane.®)

We next investigate the density and force origins of
the pyramidal shape of NH;. In Fig. 4 we have de-
picted the electron-cloud reorganizations in NH, at
the bending angles 0=15, 24.3 (calculated equilib-
rium), and 40°. They are defined similarly to Fig.
2.30,81)  As seen from Fig. 4, the electron-cloud reor-
ganization in NHj is quite different from that in CH3*.
At 6=15° (Fig. 4(A)), the behavior of the N-H bond
density of NH, shows a typical feature of the electron-
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() ELECTRON-CLOUD INCOMPLETE FoLLOWING

AT 8 = 40°

Fig. 4. Electron-cloud reorganization in NH, in the
N-H, region during the out-of-plane bending process.
(A)  Ap(15)=p(15°)—=p(0°), (B) Ap(24.3°)=
p(24.3°)—p(0°), (C) Ap(40°)=p(40°) —p(24.3°).
In subtracting the reference density, the N-H,; axes
were superposed. The levels of the contours are the
same as those given in Fig. 2.

cloud preceding.” Namely, the increase and the
decrease in the electron density in the regions below
and above the N-H, axis, respectively, shows that the
N-H bond density does not li¢ on the N-H axis, but
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bends more than the N-H axis. The N-H density,
preceding ahead of the bending movement of the N-H
axis, will pull the terminal proton in the bending
direction, so that the bending process will be accelerated
further. Therefore, the stable shape of NH; is expected
to be pyramidal in agreement with the experiment.
When the molecule reaches the equilibrium angle
(0=24.3°), such preceding character almost vanishes
as seen in Fig. 4(B). The bond electron density be-
comes almost symmetric with respect to the N-H axis
in order to keep the terminal proton in an electrostatic
equilibrium with respect to the transverse force. A
small preceding character seen especially in the atomic
region near H shows an inward bent bond which is
necessary to cancel with the interproton repulsions at
the equilibrium geometry.®® When the molecule is
bent further from the equilibrium angle, the N-H bond
density again dispart from the N-H axis, and the elec-
tron-cloud incomplete following occurs as seen in Fig.
4(C). This behavior is just reverse to that seen at
0=15° (Fig. 4(A)). The N-H bond density, following
back of the N-H axis, will pull the terminal proton
upwards so that the molecule will be restored again
to the equilibrium angle. In summary, the electron-
cloud reorganization in NH; during the out-of-plane
bending process is characterized by the electron-cloud
preceding in the region 0°<0<24.3° and the electron-
cloud incomplete following in the region 6>24.3°.
From the density guide, we may expect the equilibrium
angle at about 24.3° where the density behavior turns
reverse from the preceding to the incomplete following.

In Fig. 5 we have shown the analysis of the trans-
verse force Fr1 in NH; during the out-of-plane bending
process. By virtue of the floating, the equilibrium
angle calculated from the H-F force agrees with that
obtained from the SCF energy curve. Among the
force components shown in Fig. 5, only the AD and
ECG(H-N) forces work to accelerate the bending process
in the range 0°<0<6,,. Therefore, the force orgin of
the pyramidal shape of NH; is the AD and EC(H-N)
forces which reflect the electron-cloud preceding in the
atomic and overlap regions, respectively. The other
forces, i.e., the EGC and EC(H--H) forces, work to
resist the bending process by the same reason as ex-
plained for CHj*. This fact clearly confirms the
importance of the electron-cloud preceding in the
region 0°<0<60,,. Without it, the pyramidal shape
of NH; can not be realized. At the equilibrium
angle (24.3°), the repulsive EGC and EC(H--H)
forces are canceled out by the AD force. The
EC(H-N) force is almost zero at this angle. This
means that the inward bent bond character at the
equilibrium geometry, which is necessary to cancel
the interproton repulsions, occurs mostly in the atomic
region near the proton (see Fig. 4(B)). In the angular
region 6>0,,, the force on the proton works to restore
the molecule again to the equilibrium angle. It arises
from the EC(H-N), EGC, and EC(H-H) forces. The
AD force contributes to the restoring force by diminish-
ing its bending role. Among these, the slope of the
EC(H-N) force is steepest so that it becomes the most
important component of the restoring force. It re-
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Fig. 5. The transverse force Fy; and the SCF energy
vs. the out-of-plane bending angle 6 for NHj.

flects the electron-cloud incomplete following depicted
in Fig. 4(C) at §=40°. Thus, it is confirmed that the
density guide applied to the geometry of NH; certainly
grasps the most important factors of the force com-
ponents. The dominant force origin, which is the AD
and EC(H-N) forces, reflects and confirms the density
origin summarized in the preceding paragraph.

It is interesting to note that the density and force
origins of the pyramidal shape of NH, are quite similar
to those of the bent geometry of H,O reported pre-
viously.?® On the basis of the generality of the den-
sity-guiding rule as discussed in the previous paper,®
we believe that this similarlity in the force and density
origin is actually a more general one which is correct
at least for any kind of AH,, AHj, and related substituted
molecules having bent or pyramidal geometries. By
the same reason, the force and density origins shown
here for CHy+ would also be common to the above
types of molecules having linear or planar geometries.

It would also be worthwhile to remark that for both
CH,+ and NH,, the curves for the EC(H-A) forces
cross the zero line at about the equilibrium angle;
i.e., at 0=0° for CHg* and at 0=23° for NH;. The
same is also true for H,O; i.e., just at 6=0,, (=40°)
(see Fig. 3 in Ref. 19). If this is true more generally,
we can estimate the equilibrium angle only from the
EC(H-A) force, and furthermore, since the effect of
the floating is small for the EC(H-A) force, this proce-
dure would be possible even with the non-floating wave
functions. Actually, such procedure with the use of
the non-floating wave function gives the equilibrium
angle 0° for CH,*, 25° for NH; (see Tables 1 and 2),
and 40° for HyO. These values agree surprisingly well



May, 1978]

with those obtained from the floating wave functions
which are 0, 24.3, and 40°, respectively. The ex-
perimental values are 0, 22.1, and 37.8° respec-
tively.24)

Density Behavior Reflected in the Potential
Energy Curve

It is well known that the energy is an explicit function
of not only the electron density p(r) but also the off-
diagonal first-order density matrix o(r|r’) and the
second-order density matrix I'(r;, r,).32 The latter
two functions are much more complicated than
the electron density. On the other hand, the H-F
theorem states that the force acting on a nucleus is
determined solely by the electron density p(r) sur-
rounding the nucleus. The nuclear repulsion term is
trivial. Therefore, if we integrate the H-F force along
the process, we can obtain the potential energy curve
solely from the dynamic behavior of the electron density
during the nuclear rearrangement process. Though
this is trivial, the underlying concept of this procedure
is simpler and more visual than that of the conventional
energetics. A condition for the (numerical) equi-
valence between the conventional energetics and the
integrated H-F force approach is the holdness of the
H-F theorem, which the present floating wave func-
tion satisfies. Then, we examine here such idea for
CH;* and NH; by integrating the force curves given
in Figs. 3 and 5.

Figures 6 and 7 show the enrgy curves for CHj*
and NHj, respectively, obtained by the direct integra-
tion of the H-F force curves given in Figs. 3 and 5.
By virtue of the floating, the curves of the integrated
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Fig. 6. Partitioning of the potential energy curve into
the force theoretic terms for CHj*t.
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Fig. 7. Partitioning of the potential energy curve into
the force theoretic terms for NHj.

H-F forces (denoted as AE(Total)) are just superposable
with the SCF energy curves shown in Figs. 3 and 5.
The partitioning of the AE(Total) curve into the force
theoretic terms given in Figs. 6 and 7 helps to analyze
the potentical energy curve in terms of the regional
roles of the electron-cloud reorganization during the
bending process. The electron-cloud incomplete fol-
lowing in CHjt shown in Fig. 2 works to destabilize
the system as seen in the AE(EC(H-C)) and AE(AD)
curves given in Fig. 6. It is the main origin of the
potential energy curve AE(Total). For NH,, the elec-
tron-cloud preceding in the atomic and overlap regions
works to stabilize the molecule as seen from the AE(AD)
and AE(EC(H-N)) curves in the angular region 0°<
0<0,,- In the region 6>0,, the electron-cloud in-
complete following works to destabilize the system as
seen in the AE(EC(H-N)) curve. For both CH,*t
and NHj, the parallelism between the AE(EC(H-A))
curve and the total curve is surprising. The same
trend was also seen previously for H,O.1® Thus, it is
confirmed that the density-guiding rule certainly shows
the path along which the energy becomes lower most
effectively.

Concluding Remarks

In this paper, we have studied the force and density
origins of the molecular shapes of CH;+ and NH, on
the basis of the floating wavefunctions which satisfy the
H-F theorem for the force acting on the terminal
protons. The present results may be summarized as
follows:

1) The floating of the AO’s gives a freedom in the
wave function to describe an appropriate behavior of
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the electron density especially in the atomic region.
The direction and the extent of the floating of the
FAO’s accord with those expected from the general
behaviors of the electron density, i.e., the electron-
cloud preceding and incomplete following. The effect
of the floating on the H-F force is largest for the AD
force.

2) For the floating wave function, the simple and
pictorial concepts of the force theory holds in a suf-
ficient accuracy. On this basis, we have confirmed
that the previous concepts of the ESF theory correctly
grasp the origins of the molecular shapes. The density-
guiding rule based on the behaviors of the electron
density is verified as the rule for the density origin.
The force origin which is the AD and EC(H-A) forces
reflects and quantifies the density origin. The roles
of the other forces are also easily predicted by the ESF
theory.

Lastly, it would be important to remark about an
interpretation why the electron-cloud preceding or the
incomplete following occurs in the A-H bond region
under the bending process. Recently, Deb has given
a postulate that the highest occupied molecular orbital
(HOMO) would be most responsible for these be-
haviors since the HOMO is most weakly bound to the
nuclear framework.'® He has tried to systematize
various molecular geometries on the basis of the
“HOMO postulate.””’2:13)  Though this idea is interest-
ing, this assumption seems to feel difficulty for larger
molecules since they have many levels in the vicinity
of the HOMO. The electron-cloud preceding and
the incomplete following, which should be the density
origin even for larger molecules,® are the behaviors
of the total electron density. On the other hand, when
we focus our attention on the force acting on the central
atom (e. g. the atom A of the AH,), we can easily pre-
dict the behaviors of the electron density on the basis
of the chemically transferable concepts like lone pair,
bond, gross charge, and the various effects on them
(e. g. substituent effect), as has been shown previously
in the ESF theory.®) Therefore, we believe that for
predictive applications, it is easier and more fruitful
to focus our attention to the force acting on the
central atom, except for the problems of the internal
rotation barrier.®) An ab initio verification of this ap-
proach will be given in the succeeding paper.
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