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Abstract—We consider the quantum-mechanical description of a diatomic molecule of electronic mass my,,
internuclear distance R, and total electronic energy E,,. We apply to it the Born—-Oppenheimer approximation,

together with the relation E,,my, Rg ~ h? (which we established previously), written for the electronic descrip-
tion (with fixed nuclei). Our approach yields an essential relationship for Ty, the classical vibration period, at

the total electronic energy Eq i.e., To = [418/(,/nn,h)] /g/(/tomeRg. Here, Jlg is the reduced mass of the
nuclei; m, is the mass of the electron; g is a dimensionless and relativistically invariant coefficient, roughly
around unity (this quantity is associated with the particular electronic structure under consideration; thus, it
remains practically the samefor bonds bearing similar el ectronic configurations); and n; and n, arethe principal
guantum numbers of electrons making up the bond(s) of the diatomic molecule in hand; because of quantum

defects, they are not integer numbers. The above relationship holds generally, although the quantum numbers
n, and n, need to be refined. This task is undertaken in our next article, yielding a whole new systematization

regarding all diatomic molecules. © 2004 MAIK “ Nauka/lInterperiodica” .

This work is put forth from a totally different per-
spective than the one considered herein. We are not
going to reinforce this substantial perspective through
this paper. Neverthel ess, we should stateit briefly since
it alowed us long ago to derive practically everything
that we present herein [1-4].

Thus, it was the author’s origina idea that, in order
to insure the validity of the theory of relativity, in any
entity existing in nature, the architecture of the internal
dynamicsit displaysought to be constructed in acertain
manner.

In effect, any natural entity has an internal dynam-
ics; it works as a clock bearing a clock period T,. The
dynamics in question involves a given mass My, which
we call the“clock mass,” installed in a space of size R,.
The clock mass, aswe shall see, isnot atrivial quantity;
nonetheless, it isnot the total mass of the entity in hand.

*

The author had the pleasure of meeting Professor N.G. Basov,
together with Professor V. Rozanov, at the meeting “Forum on an
Acceptable Nuclear Energy Future of the World,” held in 1977 in
Miami; he was further honored by Professor Basov's invitation to
the XI1 European Conference on Laser Interaction with Matter,
held in 1978 in Moscow. The author continues to enjoy the privi-
lege of pursuing collaboration with colleagues of the Lebedev
Physical Institute.
L This article was submitted by the author in English.

It isusually a complex mass that carries the oscillation
motion of theinternal dynamics under consideration.

One can define severa clock masses for the same
entity with regard to the different internal dynamics it
displays. The clock mass of the electronic motion of a
diatomic molecule, for instance, is the electronic mass
m,,, which can be expressed as (a coefficient) x (the
electron mass), or merely the el ectronic massm,, where
the coefficient of concern is accounted for in adifferent
way. On the other hand, the clock mass of the vibra-

tional motion of a diatomic molecule is m,./Alo/m,,
where Jl, is the reduced mass of the molecule.

Now, the Lorentz transformations on T, M,, and R,
were the object brought into uniform translational
motion or, similarly, the transformations that these
guantities would undergo were the object embedded in
agravitational field impose that there ought to already
be an intrinsic relationship between T,, M,, and R,

which turns out to be T, ~ MORS [1-4]. This was our
original idea, which we will not stress any further here.

However, to mark thisidea, in this paper, we would
liketo keep the subscript “0” pinned to the symbolsrep-
resenting the mentioned basic quantities defined at rest
(versus the corresponding Lorentz-transformed
guantities).
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Inthis paper, wewill present aderivation of therela-
tionship we conjectured between T, My, and R,, chiefly
for diatomic molecules, through the Born—Oppenhe-
imer approximation, and a fundamental relation we
derived previously, which we shall briefly sketch. We
will elaborate on quantum numbersthat come into play
in Part 2 of thiswork; our approach yields an empirical
relationship established back in 1925. We will conclude
with anovel systematization of all diatomic molecules.

We are embarrassed to be unable to furnish basic
references other than our work; however, we found
nothing similar to what we present herein.

THE UNIVERSAL MATTER ARCHITECTURE
RELATION

For an atomistic or molecular wavelike object exist-
ing in nature, we have shown elsewhere the following
assertion, first, on the basis of the Schrédinger equa-
tion, as complex as this may be, and then on the basis
of the Dirac equation (whichever may be appropriatein
relation to the object in hand) [4].

Assertion 1. In a real wavelike description com-
posed of | electrons and J nuclei, if the (same) electron
masses myg, i =1, ..., |, and in general different nuclei
massesmy, j =1, ..., J, involved by the object are over-
all multiplied by the arbitrary number y, then, concur-
rently, (1) thetotal energy Eg, associated with the given
clock motion of the object isincreased as much and (2)
the size Ry, of the object in which the given clock
motion takes place contracts as much; in mathematical
words, thisis

{[(mig, i =1,....1) — (Yym, i =1, ..., 1)],
[(Mio, j=1,...,3) — (Ym0, j = 1,..., )]}
O {[Eox — YEod: [Rok —= Roi/V1} .

)

By “real,” we mean not “artificially gedanken”; for ato-
mistic and molecular wavelike objects, “real object”
means an object embodying a potential energy made of
just Coulomb potentials.

If the object is an atom, then Ry, isits radius; if the
object is a diatomic molecule, then R, is the internu-
clear distance, etc.

Aswewill see, the operation consisting of multiply-
ing the masses of concern by an arbitrary number v,
within the framework of the above assertion, can bein
fact not asarbitrary asonemay think itisat first glance.
Indeed, y can well point to the mass change when the
object is brought into uniform translational motion or
plantedin agravitational field or in any field with which
the object in hand can interact.

Anyhow, the occurrence stated by Eq. (1) yields an
invariance, interestingly, linked with the square of
Planck’s constant, h?.
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This is the content of our Assertion 2, restated
bel ow.

Assertion 2. The quantities E, M, R§k (k=1,...,K)
(associated with the kth internal motion of the wavelike

object in hand) areinvariant in regard to a mass change
and are all linked with h?,

Thus, the grand total energy Eqcrandrota) DECOMES

Eorandtoa) = Eor + Egp + ... + Ege + ..o,

h2
EOKD—27 k: 1,

Ok ROk

(2

We cadll this occurrence the universal matter architec-
ture (UMA) relation.

Notethat, primarily, what we do hereis not adimen-
siona analysis. Anyhow, the occurrence we disclose

would not work (i.e., Ey M, Rék, for the given clock

motion, would not be invariant in regard to a mass
change) if the wavelike object in hand were not “real,”
though of course there would still be no problem
dimensionwise.

Soon we shall determine that the proportionality
constant embodied by Eq. (2), in addition to a usua
geometry factor and quantum numbers, fortunately, is
made of a“transferable constant”; indeed, this constant
seems to depend on just the electronic configuration of
the molecule. Therefore,

(i) it remains the same regarding the electronic
states of agiven molecule, provided that these states are
similarly configured electronically;

(if) furthermore, it stays the same regarding the
ground electronic states of molecules belonging to a
given chemical family, bearing similar electronic con-
figurations.

Below, we provide a direct derivation of Eq. (2),
mainly for the electronic motion of a diatomic mole-
cule, based on the Schrodinger description of it.

THE BORN-OPPENHEIMER
APPROXIMATION

The quantum-mechanical description of a diatomic
molecule can be achieved via the usual Schrodinger
equation, involving the two nuclei and the surrounding
electrons. This equation, through the Born—Oppenhe-
imer approximation, is reduced to the separate descrip-
tions of the nuclear and electronic motions. We thus
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cometo solve separately the two following Schrédinger
equations, written with the usual notation [5]:

h° 0l -2, 1 27,1 2}
—— g+ —0g5+ZKo(rag—r
[ 81T2|}nA A Mg "5 o(rag=T)" |Was 3)
= EpgWa s
0 2 2 2
+ hz zD; + ze_ + ﬁ
0 8mm.4 & i I'ag
, , (4)
Z,e Zge U
_2 rA - rB Dl*'e = Eque-
= Tai B [

Here, A and B designate the nuclei and e designates the
electrons. We have then the following familiar notation:
m,, the mass of A; my, the mass of B; Z,, the atomic
number of A; Z,, the atomic number of B; m,, the elec-
tron mass, e, the electron charge; r ,;, the distance of the
ith electron to A; ry;, the distance of theith electron to
B; r;, thedistance between theith and theith electrons;
r 45, the distance between the nuclei; Y, ; ., the eigen-
function associated with the molecule; and E, ; ., the
eigenval ue associated with the molecule.

Equation (3) describes the vibrational motion of the
nuclei about the internuclear distance r,g to be input
into this equation (for a given electronic state of the
molecule), whereas Eq. (4) describes the electronic
motion around the two fixed nuclei. E, g is the eigen-
value of the system vibrating around r g, which may
rotate as well; E, is the electronic eigenvalue, which is
in fact the electronic energy of the system whose nuclei
are at a fixed distance rg from each other. Thus, as
usual, one solves Eq. (4), for agiven electronic state, in
order to determine how the electronic energy E, varies
with respect to r 5 and to find the internuclear distance
I ,g that minimizes the eigenvalue E,; we call r pgmi, @nd
Eomine respectively, the internuclear distance and the
eigenvalue in question (for the given electronic state);
thisisthen ragmin 8S fag, 10 be input into Eq. (3). Nor-
mally, E.in 1S Negative; however, below, by E..;, we
shall mean |Eqminl-

The constant k, to be input into Eq. (3) is given by

o = TEellse)
Or ag

)

Tag = I ABmin

(to be determined, for the electronic state of concern,
from Eq. (4)). Knowing k, and r,; related to the given
electronic state of the diatomic molecule in hand, one
can subsequently construct Eg. (3) and solveit asusual
for the vibrational and also rotational eigenvalues E,

OPTICS AND SPECTROSCOPY  Vol. 97 No.5 2004

685

associated with the electronic state of the molecule of
concern.

Ea g as usual becomes[6]

_ iG+n’ 1
Epn=2d7200 4 42 he, o,
A B 8T[2|AB H’ 20 A B ©)
j=01,..; v=01,..,
| .5 isthe moment of inertia of the nuclei:
lag = ‘/‘/LABriB, @)

where L5 isthe nuclel reduced mass.

Wy g IS the classical vibrational frequency of the
molecule, the inverse of which, T, g, is the classical
vibrational period of the molecule,

Tag = 2T /M—AB
y kO

(the classical vibrational period for the given electronic
state written on the basis of Eq. (3), where k, was deter-
mined on the basis of Eq. (4)). Thus, by this definition,
E, s (&s expressed by Eq. (6) above) is the solution of
Eq. (3) for the nuclear motion of the molecule.

(8)

THE VIBRATION PERIOD VERSUS
THE DIATOMIC MOLECULE CLOCK MASS
AND THE INTERNUCLEAR DISTANCE

The Born—Oppenheimer approach, together with
the UMA cast, stated above, i.e., Eq. (2), allows us to
draw an elegant relationship for the vibrational motion
of adiatomic molecule in terms of the different masses
taking part in the internal motion of the molecule and
with the internuclear distance coming into play.

Thus, Eq. (2), i.e., Ey;My R, ~ h?, must hold on the
basis of Eq. (4); this equation indeed embodies a poten-
tial energy term made strictly of Coulomb potential
energies. Furthermore, the only mass that comes into
play in Eq. (4) isthe electron mass, m,; in other words,
the clock mass in question, to be associated with the
€l ectronic motion of the molecule (with fixed nuclei), is
made up of only the electron masses coming into play,
obvioudy all bearing the same mass m..

The eigenvalue E, of Eg. (4) (more precisaly,
Ed(rag)) assumes the value Eg.,, when r,g takes the
value of ragmin- These quantities will then come to
replace Ey and R,,, respectively, in Eq. (2). Thence,
regarding the el ectronic motion, Eg. (2) will bewritten as

2 2
EeminmerABmin Dh (ga)
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(Eq. (2) written within the framework of Eg. (4)). The
proportionality constant in question is made up of (i) a
geometry factor; (ii) appropriate quantum numbers to
be associated with h?; and, finaly, (iii) adimensionless
and relativisticaly invariant quantity that will insure
the equality. We will call this quantity g,y, thus associ-
ating it with the invariance (energy)(mass)(size)?,
underlined by Assertion 2.

The quantity g, is a characteristic of the electronic
structure; we provide a guantum-mechanical definition
of itinthe Appendix. At this step, werewrite EQ. (94) as

Eeminmer,iBminglN th (gb)

(Eq. (2) further elaborated). Equation (9b) is (together
with the quantum numbers that will come into play)
checked elsewhere [7, 8]. Nevertheless, the check of
our end results derived via Eq. (8) should constitute a
proof of itsvalidity.

EJ(r 5) can be asusual expressed fairly well interms
of the force constant k,, defined by Eq. (5), as

1
Ee(rag) = Eemin* éko(rAB - rABmin)Z- (10)

It istrue that this relationship does not display charac-
teristics such as anharmonicity and dissociation; how-
ever, throughout this work, we are going to dea only
with the ground vibrational level of the states of con-
cern. Thus, even when we deal with an excited elec-
tronic state, Eqg. (10) turns out to be quite valid for its
ground vibrational level.

E.(rg) Vanishes at the abscissa r g, Which we can
define with respect to r agmin; 1-€.,

(11)

F'ae = Pragmin
(the value that makes (value which makes E,(r ,5) van-
ish); p isan unknown parameter at this stage, though it

appears to be roughly 2. Equations (10) and (11) pro-
vide us with the possibility of expressing E,,;, as

1
Eemin = Eko(p_l)zriBmin- (12)

We plug the right-hand side of this equation into
Eqg. (9b); next, we use Eq. (8) to eliminate the force
constant k; thus, we arrive at a simple expression for
Tag i€,

1
Tagl Fl«/ g NngABmerlz-\Bf

(13)
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where g, replaces (p — 1)%/2.2

Below, for simplicity, we call Tp g, To; Wa g, Wy,
Mag, Mg; and r g, I

The quantity

My = JMom, = mg./AMo/m,

(the vibrational clock mass) formulated on the basis of
the electron mass, has the dimension of amass. We call
it the “vibrational clock mass’ (to be associated with
the vibrational motion of the diatomic molecule in
hand).

The proportionality constant formulated by Eqg. (13)
shall then embody a geometry factor and quantum
numbers. A geometry factor of 21t originates from the
use of Eq. (9) (where h? may be read as h?%/41® and,
accordingly, 2mtis left after the square rooting on the
way to Eq. (13)); another 2t factor originates from the
use of Eq. (8); thus, altogether, ageometry factor of 417
should multiply Eq. (13) (cf. Egs. (A.3) and (A .4) of the
Appendix).

The quantum numbers to be introduced in Eq. (13)
appear to be more peculiar, and we will elaborate on
this problem in Part 2. Nonetheless, one can sense that
[h?] in Eqg. (9) should bein fact read as usual, as [n?h?],
more precisely as[n;n,h?], n; and n, being the principal
guantum numbers of electrons making up the bond(s)
of the diatomic molecule in hand [3]. Recall that,
because of guantum defects, n, and n, are not integer
numbers. Equation (13) thus becomes

N g'/‘/LOmerCZ)

(14

_ a4

T
° h,/n;n,

(theclassical excited vibrational period of the molecule
versus the internuclear distance, n, and n, being the
principal quantum numbers of the electrons making up
the excited bond), where now g, an overall, dimension-
less, and relativistically invariant quantity, replaces

(15a)

2 Note that, via the Bohr atom model, one can write

T, = 2m/mJ(E°1rd), @)

for the hydrogen atom, the simplest wavelike entity; here, eisthe
electron charge and rq is the Bohr radius. Equation (i) compared

with Eq. (8) yields e/ rg for the force constant kg. This, when

plugged into Eq. (12), leads to |Eq| = (1/2)(p — 1)%€%/a, for the
magnitude of the electronic energy E, of the hydrogen atom, ag
being the Bohr atom radius; thus, to develop a sense of the coeffi-
cient (p— 1)2 of Eq. (12), we can conclude that it should be set to
unity for the case of the hydrogen atom, given that |E,| for this
case can be expressed as (1/2)e2/a0; therefore, for the case of the
hydrogen atom, g, becomes 1/2. At the same time, since p is

related to the electronic structure of the molecule, it is clear that
O, just like g;N, depends only on this structure. Note that gy is

anyway close to unity.

OPTICS AND SPECTROSCOPY  Vol. 97 No.5 2004
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O;v 9, aquantum-mechanical definition of g isprovided
in the Appendix. Note here that the quantum numbers
n, and n, are normally associated with the bond elec-
trons of a given diatomic molecule in an excited elec-
tronic state. However, one can as well conjecture them
to be associated with the bond electrons of the ground
state of any diatomic molecule belonging to a given
chemical family, in reference to the ground state of a
diatomic molecule still belonging to this family but
bearing, say, the lowest classical vibrational period,
since g, depending only on the el ectronic configuration,
will stay nearly constant throughout; we elaborate on
thisinteresting ideain Part 2.

Thus, werewrite Eq. (15a), yet now regarding not the
electronic states of a diatomic molecule but instead the
ground states of members of a given chemical family:

A/gMOmergG

art

h,/n;n,

(the classical ground vibrational period of the molecule
T, versusitsground internuclear distancer,;, n, and n,
being the principal quantum numbers of the electrons
making up the bond of the molecule at the ground
level).

Recall that we kept the subscript “0” pinned to the
symbols representing the basic quantities coming into
play in Eq. (15a) to stress the fact that we define them
in the resting framework (versus the corresponding
Lorentz-transformed quantities); in Part 2, to simplify
the notation, we will drop this subscript.

Equation (15a) or (15b), though g is not known
beforehand, turns out to be somewhat rigorous. In other
words, despite the Born—Oppenheimer approximation
we adopted, aswel| as the approximate M orse potential
we introduced at the level of Eg. (10), the use of g (to

(15b)

Tog =

Ty % 10°c, cm

20

10

1 1
0 60 120 180
12 2

12 A2
Mg g, amu'? A

Fig. 1. Period of alkali molecules versus A/téjzrg (cisthe
speed of light).

OPTICS AND SPECTROSCOPY  Vol. 97 No.5 2004

687

be determined) ultimately insures the equality of these
equations. It becomes apparent that g is necessarily
related to the eectronic structure of the molecular
bond; thus, for aike bonds, in agiven chemical family,
we come to expect g to be virtually the same; we call g
the “molecular bond looseness factor,” for, as we will
elaborateinthe Appendix, itsinverse somewhat charac-
terizes the strength of the bond of concern. Numerical
values that g assumes for different molecules will be
provided in Part 2.

CONCLUSIONS

The quantum numbers n, and n, that we introduced
in Egs. (154) and (15b) should now be determined, and
that iswhat wewill undertakein Part 2, primarily onthe
basis of spectroscopic data for the H, molecule. The
elucidation of an empirical relationship known since
long ago, as well as of irregular H, spectroscopic data
[9, 10], will then be achieved. Our findings will alow
usto draw up awhole new systematization of diatomic
molecules.

Following the idea we proposed on the extension of
Eqg. (15a), it is now worth analyzing the subsequent
Eq. (15b) regarding all diatomic molecules, without
even taking into account the quantum numbers. Indeed,

the plots of T, versus A/./l/toré for members of a given

chemical family exhibit nicely increasing, almost fault-
less, smooth curves, we present eight examples in
Figs. 1-7. It should be stressed that our approach dis-
closes a simple architecture of diatomic molecules,
which is otherwise concealed behind a much too cum-
bersome guantum-mechanical description. This archi-
tecture, telling how the vibrational period of time, size,
and mass are determined, is Lorentz-invariant and can
be considered as the mechanism of the behavior of the

Ty % 10° ¢, cm
4.

Q/ 1 1
40

12 2
My7rg, amu'/Z A2

Fig. 2. Period of (O,, S,, Sey, Te,) versus A/Léjzrg .
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Ty % 10*c, cm

8 12 16

2 2
M3, amul2 A2

O

Fig. 3. Period of (N, PN, P,) versus Mélzrg .

Ty % 10*c, cm

40

20

(./ 1 1 ]
0 20 40 60

V2 2
Mg rg, amu'? A2

Fig. 5. Period of different alkali—halogen molecules versus

12 2
My rg.

guantities in question in interrelation with each other
when the moleculeis brought into uniform transl ational
motion or transplanted into a gravitational field or, in
fact, any field with which it can interact [11, 12]. This
is the essence of our approach, and it will be further
clarified in Part 2.

APPENDIX
Direct Derivation of the Relationship E,m,r ,; ~ h?
Via the usua weighting and integration of Eq. (4)

over the appropriate space domain, aswell astheviria
theorem [13, 14]

2 [ WEpaV = (A1)

space

I L|JeUOL|JedV!
space

YARMAN

Ty % 10*c, cm I,

40

20

o I ! |
0 20 40 60

22
J(/L(])j rg,amul’? A2

Fig. 4. Period of diatomic molecules made of combinations

of halogen atoms versus M(])J ng .

Ty % 10*c, cm

60

40

20

0 40 80
J(/L(])jzrg , amu'/2 A2

Fig. 6. Period of diatomic molecules made of atomsbelong-
ing to, respectively, the third and seventh columns of the

periodic table versus Méjzrg .

where U, is the potential energy of concern, one can
write

_ h? U1 U .
Ee - 8_T[2 I Lpe%.n_eiz Deigwed\A (AZ)
space
thisyields
2 1 2
8T E,m, = h (A.3)
0
J. weélz D;Bwed\/
space i
OPTICS AND SPECTROSCOPY Vol. 97 No.5 2004
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(the electronic motion equation integrated over the
space).
One can check that, for the simplest real wavelike
entity, i.e., the hydrogen atom, the integral quantity
qace L|JeD2ljJedV turns out to be equal to —?/ a§ , Where

a, is the Bohr orbit radius and n is the principal quan-
tum number associated with .. The quantity

r[space‘“eDZ‘“edV can further be evaluated within the
ramework of an even smpler case, i.e., the particle
moving in just one dimension, in an infinitely high
potential well; the result is —nzrtzlag, where now a, is
used to denominate the width of the well.

For other simple cases, such asthe rotational motion
of adiatomic molecule, theintegral quantity in question
turns out to be equal to —N/ a§ where g, is the space

size in which the dynamics under consideration takes
place and N (equal to J(J + 1) for the rotational motion
of adiatomic molecule) isthe composite quantum num-
ber coming into play.

On the basis of these findings, we can define the
dimensionless, positive quantity g,y in regard to the
vibrational motion of a diatomic molecule as

N,

O = (A.4)

2 ZD
I ABmin I UJe([o)EzDeiEWe([o)dV

space

(the quantum-mechanical definition of g) in order to
be able to express briefly the integra quantity

J’ SpaceLIJe( zi 02)w,dV intermsof the averageinternu-

clear distance ragmin N, and n, are the bond electron
principle quantum numbers. It is clear that g, depends
only on the electronic structure. Following our
approach, we further expect that g, is not far from
unity.

At the same time, note that one can write

| (Do) ’dV

space

I l-|Je|:J(§il-|JedV = (A5)
space

(written for the i th electron).

Thus, in principle, the more severe the gradient O Y,
based on Eq. (A.4), the smaller the coefficient g, will
be. For the bond electrons, the gradient Uy, is,
roughly speaking, zero in between the nuclei. However,
for agiven internuclear distance, the stronger the bond,
the sharper the gradient along paths leading away from
both nuclel will be. Thence, we expect g, to decrease
as the bond getstighter.
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Ty x 10*c, cm

20

10

MPr2, amu'? A2

Fig. 7. Period of diatomic molecules made of atoms belong-
ing to, respectively, thefourth and sixth columns of the peri-
22

odic table versus Méj ro-

It isfurther of interest to note that, if one defines an
unusual de Broglie relationship for the diatomic mole-
cule under consideration, though in the following
familiar form

h

— (A.6)
OinMeV o

2T[rABmin =

(ageneralized de Broglie relationship proposed by the
author for a diatomic molecule), v, being an average
velocity to be associated with the electronic motion,
then one can, via the use of the virial theorem (cf.
Eq. (A.1)), derivein astraightforward way Eq. (A.3), in
which the fraction embodying the integral term shall be
replaced by its homologue defined by Eq. (A.4), i.e., by
OinY ABmin

Equation (A.4) provides us with the possibility of
establishing a quantum-mechanical definition of g of
Egs. (15),

g = OinOk

= NNy (p_21) (A?)

o | we(ro)éz Diﬁwe(ro)dv
space i

(a guantum-mechanical definition of g figuring in
Egs. (15)). Here, p is defined by Eq. (11); i.e., r s =
Prismin (the internuclear distance that makes E,(r,5)
vanish); with the thus-defined p, g, is therefore a quan-
tity associated with just the electronic structure; then g,
just like gy, merely depends on the electronic structure
of the molecule in hand, which leads us to expect g to
indeed stay practically constant for chemically aike
molecules.



690 YARMAN

At the same time, one can guess that the greater p,
the smaller the dissociation energy will beand, thus, the
looser the bond under consideration. Therefore, g
behaves just like g, in regard to the bond strength. We
conclude that the smaller g, thetighter the bond will be.
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