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Abstract—In our previous article, we arrived at an essential relationship for T, the classical vibrational period

of agiven diatomic molecule, at the total electronic energy E; i.e., T = [412/(,/n;n,h)] /g/l/tomeR2 , where Mg
isthe reduced mass of the nuclei; m, isthe mass of the electron; Ristheinternuclear distance; gisadimension-
less and relativistically invariant coefficient, roughly around unity; and n; and n, are the principa quantum
numbers of electrons making up the bond(s) of the diatomic molecule, which, because of quantum defects, are
not integer numbers. The above relationship holds generally. It essentially yields T ~ R?, for the classical vibra-
tional period versus the square of the internuclear distance in different electronic states of a given molecule,
which happens to be an approximate rel ationship known since 1925 but not understood until now. For similarly
configured electronic states, we determinen,n, to be R/R,, where Ristheinternuclear distancein the given elec-
tronic state and R, is the internuclear distance in the ground state. Furthermore, from the analysis of H, spec-
troscopic data, we found out that the ambiguous states of this molecule are configured like alkali hydrides and
Li,. This suggests that, quantum mechanically, on the basis of an equivalent H, excited state, we can describe
well, for example, the ground state of Li,. On the basis of thisinteresting finding, herein we propose to associate
the quantum numbers n; and n, with the bond electrons of the ground state of any diatomic molecule belonging
to agiven 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. This alows us to draw up a complete systematization of diatomic mole-
cules given that g (appearing to be dependent purely on the electronic structure of the molecule) stays constant
for chemically alike molecules and n;n, can be identified to be RyRy, for diatomic molecules whose bonds are
electronically configured in the same way, Ry, then being the internuclear distance of the ground state of the
molecule chosen as the reference molecule within the chemical family under consideration. Our approach dis-
closes the simple architecture of diatomic molecules, otherwise hidden behind a much too cumbersome quan-
tum-mechanical description. This architecture, 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 quantitiesin
question in interrelation with each other when the molecule is brought into uniform translational motion or
transplanted into a gravitationa field or, in fact, any field with which it can interact. © 2004 MAIK
“Nauka/Interperiodica” .

In our previous article [1], we derived the following
essential relationship regarding the electronic states of
adiatomic molecule:

T =

art 2
JoMomR 1
o, gMome (D
(EQ. (15a) of Part 1), according to the definitions given
below. T is the classical period of time (in the given
electronic state); R is the internuclear distance (in this
state); ., is the reduced mass; m, isthe electron mass;
g is a Lorentz-invariant, dimensionless constant
depending only on the electronic structure of the mole-
cule, somewhat characterizing how tight the bond is; n,

L This article was submitted by the author in English.

and n, are the principal quantum numbers of the bond
electrons; and h is Planck’s constant. Herein, we will
first of al elaborate on the quantum numbers n, and n,,
chiefly based on Eq. (9a) of Part 1. Note that not much
has been reported about the quantum numbers to be
associated with the electronic excited states of a com-
plex system [2, 3]. In any case, seemingly nothing sim-
ilar has been achieved along the line we will present
herein.

Below, first we develop aframework that will alow
us to handle the problem. Then, we work out the quan-
tum numbers for electronic states configured similarly,
aswell asfor electronic states not configured similarly.
Our approach will consequently lead to the proof of an
empirical relationship known since 1925 but not under-
stood until now. We provide an application on the basis
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of spectroscopic data of the H, molecule. A new sys-
tematization of all diatomic moleculeswill follow.

HOW TO HANDLE THE PROBLEM

The presence of quantum numbers in Eq. (1) is
immediately induced by the identification of the right-
hand side of Eq. (2) of Part 1 ash?. Thisequationisfur-
ther transformed into Eq. (9b) of Part 1, written for the
mere electronic description of the molecule (cf. Eq. (4)
of Part 1); i.e,,

E.m.Rgy Oh° )

(Eq. (9b) of Part 1), according to the definitions given
below. E, is the electronic energy in the nth electronic
state; R, is the internuclear distance in the nth elec-
tronic state; and g,y is a Lorentz-invariant, dimension-
less constant (defined in the Appendix of Part 1), also
somewhat characterizing how tight the bond is. The
excited electronic eigenstates of the molecule should
anyway involve quantum numbers.© The simplicity of
Eq. (2) clearly leaves no room for quantum numbersto
come into play in this equation other than the one right
next to h?.

Thus, we conclude that a composite quantum num-
ber N (i.e., in the case of adiatomic molecule, the prod-
uct of the two principal quantum numbers to be associ-
ated with the bond electrons) should come to multiply
h? in this equation regarding an excited eigenstate in
just the same way that the square of an integer quantum
number related to an excited state of a simple wavelike
object (such as the hydrogen atom) comes to multiply
h2. This piece of information means that, when N is
somehow known, one can introduce it into the frame-
work of the ground level wavelike description (i.e., the
Hamiltonian) of the entity in hand right next to h? and,
based on Assertion 1 stated in Part 1, as we will detail
soon, determine the eigenvalue and the characteristic
length delineated by the resulting formulation. How-
ever, there is a peculiarity.

Equation (2), in the smple case of the hydrogen
atom, shall (with the usual notation) be written as

8T[2EngleeR§ = n2h21 gn =1 (3a)

(written for the hydrogen atom); here, E, isasusual the
total energy of the nth electronic state of the hydrogen
atom, R, isthe corresponding characteristic size, and n
is the principal quantum number. In the case of the
hydrogen atom, g, isunity regardlessof n. Thus, inthis
case, (i) g,y in effect assumes the value of unity in the
ground state but also (ii) g,y remains the same at al
electronic levels.

2 Any excited eigenstate shall obviously involve quantum numbers.
But, here, we are particularly interested in electronic excited
eigenstates.
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Neither property holds for systems of higher com-
plexity, although, as we have shown, an equation simi-
lar to Eq. (1) can well be written for any diatomic mol-
ecule or, further, any wavelike entity. Nonetheless, we
propose to achieve the equality induced by Eq. (2) for a
diatomic molecule (following Egs. (A.3) and (A.4) of
the Appendix of Part 1) asframed by Eq. (3a); i.e.,

8T E,ginMeR: = nyn,h’,
ognZ#1

(written for adiatomic molecule). Since g,y appears to
be purely related to the electronic structure of the entity
in hand, we expect it to remain the same for alike elec-
tronic configurations and, thus, for electronic states
configured similarly.

However, as one jumps from the ground state of a
complex system, such asthat of adiatomic molecule, to
an excited state of this entity, it is not obvious that the
electronic configuration will stay the same; in fact, gen-
erdly, it will not. Take, for instance, the hydrogen mol-
ecule. Its excited electronic states a priori will not bear
the same electronic configuration as that of the ground
state unless the two electrons are excited in complete
symmetry. Even then, the shielding effects may not be
the same. This is the peculiarity we wanted to clarify.
Thus, as the molecule jumps from its ground stateto an
excited state, in general, it is not only that h? should be
multiplied within the framework of the wavelike
description by the appropriate composite quantum
number but also that we should further represent the
change that takes place in the electronic structure. This
can, fortunately, be taken care of by a corresponding
change in the coefficient g,y of Eq. (3b).

Thereby, we can conceive an excited electronic state
as being achieved in two steps:

(1) aswitch of the ground state el ectronic configura-
tion to a new configuration by just achangein gy;

(2) ajump from this configuration to a new quantum
state bearing the same configuration.

(3b)

WORKING OUT THE PRODUCT OF QUANTUM
NUMBERS FOR SIMILARLY CONFIGURED
ELECTRONIC STATES

For electronic states configured like the ground
state, we expect that g,y will remain the same. Such an
excited state should obey Eq. (3b), along with the quan-
tity n;n, = N, made up of the product of the principal
guantum numbers of the bond electrons multiplying h?.
Below, we will call N the composite quantum number.
This yields the content of the following assertion,
related to the formulation of excited electronic states.

Assertion 1. In the case in which the atomic or
molecular wavelike object in hand, in agiven electronic
state, assumes the composite quantum number N, then
the eigenvalue and the characteristic length associated
with this state become the output of the formulation one
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obtains by multiplying h? by N in the framework of the
ground state description, provided that the two states
are configured similarly.

Therefore, the introduction of appropriate quantum
numbers into Eq. (3b) in front of h? (within the frame-
work of the wavelike description) in order to describe
the excited electronic eigenstates of the molecule, as
complex as these may be, appears to be the standard
procedure for the simplest wavelike objects such asthe
hydrogen atom (cf. Eqg. (33)), provided that the two
states are configured similarly. We can predict the solu-
tion of the new setup through Assertion 1 of Part 1; this
can indeed be obtained based on areformulation of this
assertion since, evidently, multiplying h? by a given
number and dividing the massesinvolved by the Hamil-
tonian are mathematically identical operations.

Thus, we establish our next assertion, related to the
solution of the description of an excited electronic level
of the wavelike object in hand.

Assertion 2. In area wavelike ground description,
if, with the aim of expressing an excited eigenstate, h?
is multiplied by the composite quantum number N,
then, concurrently, (i) the magnitude of the total ground
energy E, associated with the given wavelike object is
decreased by as much to become E, the new eigenvalue,
and (i) the corresponding ground state size R, stretches
by as much to become R, the new size, provided that the
two states are configured similarly; in mathematical
terms, thisis

[h>~ Nh]

E o @
0 Q:EOHE:NO}[ROH R= NRJD.
U

Note that Assertion 2 holds for any excited eigen-
state (rotational, vibrational, electronic, or other). This
assertion, for excited states of the molecule configured
like the ground state, yields at once

N = R/R, (52)

(the composite quantum number of the excited eigen-
states in the case in which they are configured like the
ground state). This assertion, interestingly, holds no
matter how complex the molecule may be.

Accordingly, we establish our next assertion.

Assertion 3. The composite quantum number to be
associated with an excited eigenstate ismerely theratio
of the size the object displaysin this excited state to the
sizethe object displaysin the ground state provided that
the two states are configured similarly.

Assertion 3 can be checked right away for the elec-
tronic states of the hydrogen atom. It is amazing that it
holds for any object and for any excited eigenstate the
object may involve (provided that the eigenstate of con-
cern is configured like the ground state). One can also
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retrieve the following expected relationship from
Eq. (4):
N = E,/E.

Thisyields the following assertion.

Assertion 4. The composite quantum number isthe
inverse of the eigenvalue related to this eigenstate,
where the ground state energy is normalized to unity.

(5b)

WORKING OUT THE QUANTUM NUMBERS
FOR EXCITED STATES NOT CONFIGURED
LIKE THE GROUND STATE

What if the electronic structure of the excited state
is not the same as that of the ground state? The answer
is, promisingly, not complicated. Indeed, since the
coefficient g, in EQ. (2) comes to multiply the mass of
the electron, which happens to be the only mass
involved in the description of the electronic motion of
the diatomic molecule, any change in g,y can evidently
be represented by a corresponding hypothetical change
in the mass of the electron. If, further, we are concomi-
tantly to consider the change due to the introduction of
a composite quantum number N related to the excited
eigenstate in question (configured in a different way
than the ground state), then, on the basis of Eg. (3b),
this state can be described well by merely altering
h?/m, in the framework of the ground state of the mol-
ecule by the coefficient N(g\)initia/(Oin)fina » Where the
subscripts “initial” and “final” refer, respectively, to
the ground state and the excited electronic state under
consideration.

The ultimate output can be established right away
viaAssertions 1 and 2 stated in Part 1, asframed in the
following assertion.

Assertion 5. The ratio of the size that a diatomic
molecule displays in an excited state to the size it dis-
playsinthe ground state is equal to N(gn)initia/(Sinfinal
i.e., the composite quantum number to be associated
with the excited state multiplied by a coefficient, the
inverse of which quantifies how much the ground state
electronic configuration is altered overall.

Note that the use of Eq. (5a) along with Eq. (1)
requires that the coefficient g not be atered as the mol-
ecule passes from its ground level to the given excited
electronic state, to allow plotting of T, the classical
vibrational period in the given excited electronic state,
versus N"Y2R2, where R is the size of the molecule in
this eigenstate.

THE DISCLOSURE OF THE EMPIRICAL
RELATIONSHIP wr? = CONSTANT
AND THE COMPLETE SET OF H, ELECTRONIC
VIBRATIONAL DATA

Recall that the following approximate empirical
relationship, evoking very much Eg. (1), was estab-
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Fig. 1. T2 versus rr? for different electronic states of H,
(the states corresponding to experimental data off the

straight line, denominated by the superscript “£” have been
identified to be configured as indicated, like the ground
states of, respectively, alkali hydrides and Li,).

lished for a given diatomic molecule back in 1925 yet
until now not understood [4-8]:

wr’= empirical constant (6)

(an approximate relationship written in 1925 for the
electronic states of a given molecule), here w is the
classical vibration frequency related to a given elec-
tronic state of the molecule and r is the corresponding
internuclear distance. The empirical constant isthento
be determined separately for each diatomic molecule.
Equation (6) bears the same meaning as Eq. (1) as far
asthe dependence of the vibrational period on theinter-
nuclear distance is concerned; however, it does not
include the guantum numbers.

Equation (1), together with Assertion 3, suggests
that we should consider the relationship
art

T= Joom,r?
h/rir, 9o

(the relationship written for the classical vibrational
period of excited electronic states of a given molecule),
wherer, istheinternuclear distance in the very ground
state; T is the inverse of w; and, as usudl. r/r, in the
above relationship, following Assertion 3, is the com-
posite quantum number associated with the electronic
state under consideration. However, in order to better
display the structure of the interrelation between T, JL,,

and r, we will not incorporate ./1/r with r? and will
keep Eq. (7) asit iswherever thisis more explanatory.

Equation (7) implies that, for any molecule whose
electronic states bear similar configurationsfor which g

)
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remains about the same, the plot of T2 versus r® should
be astraight line.

The approximate empirical constant of Eg. (6) can
now be evaluated from Eq. (7) as

empirical approximate constant
= —“/Nh = wr’
41-[2/\/ gO*/M“Ome ’

recalling that N is the composite quantum number, i.e.,
r/r, (staying indeed roughly the same wherer is not far
from r,), which means that the constant in question is
indeed only approximately a constant, and supposing
that the electronic statesin question are configured sim-
ilarly, so that g stays practically constant throughout.
This entirely discloses the mechanism behind the
approximate empirical relationship, Eq. (8), established
back in 1925.

Thus, Eg. (8) meansthat it is not really the quantity
wr? that is a constant for electronic states of a given
molecule configured similarly but, on the basis of
Eq. (7), morelikely, it isthe quantity

_ o 2
constant = w ?r

(written by the author for electronic states of a given
molecule configured similarly); this new constant then
is

®)

)

h

417 JgMom,

(written by the author for electronic states of a given
molecule configured similarly). Recall that r, domi-
nates the internuclear distance in the ground state.
Although r is also a constant for the given molecule,
we gtill choose to keep it on the right-hand side of
Eq. (9) to let the dimension of the new constant be the
same as that of the classical empirical constant wr? to
enable comparison between these two quantities (cf.
the right-hand side of Eqg. (8)).

As an example, T2 versus (r,/r)r* for the H, mole-

cule is sketched in Fig. 1. Thus, some 23 states out of
the 29 for which data is available are neatly aligned.

Herein, we included Hg, which too seems to display

the same g as that of the H, ground state; we find g =
0.8. The remaining six electronic excited states of H,
seem to be configured differently. We call these
“ambiguous states’ (the previous “unambiguous’ 23
being seemingly al configured more or less like the
ground state of the molecule).

To analyze the remaining six data (out of 29), we
note, from Eq. (1), that switching the nuclear reduced
mass Jl, of akali molecules or akali hydrides to that
of the hydrogen molecule should virtually transpose the
corresponding vibrational period into the vibrational

constant = (10)

OPTICS AND SPECTROSCOPY  Vol. 97 No.5 2004
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Ty % 103c, cm
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Fig. 2. Peiod of adkali molecules versus

(Uro/ro0) P (M rE), rop istheinternuclear distanceof H,.

period of the H, electronic state of the same electronic
character. Recall that switching the nuclear mass prac-
ticaly does not affect the electronic structure of the
molecule, and, accordingly, we should expect that,
amongst the H, electronic states, there are states config-
ured like the ground electronic states of alkali mole-
cules and alkali hydrides. Therefore, we anticipate that
the six ambiguous el ectronic states of H, should be con-
figured just like the corresponding ground electronic
states of alkali molecules and alkali hydrides and vice
versa[9].

SYSTEMATIZATION OF THE GROUND STATES
OF ALL DIATOMIC MOLECULES

In the light of the foregoing discussion, we recall
Eq. (15b) of Part 1 (written regarding the ground states
of diatomic molecules belonging to achemical family),
which we considered in conjunction with Eq. (15a)
(written regarding the electronic states of a given
diatomic molecule). Hence, we rewrite Eq. (7) (or the
same, Eq. (15a) of Part 1), now, not for the excited lev-
els of a given molecule, but for the ground states of
molecules belonging to a given chemical family and,
accordingly, being configured alike:

2
A glar? (Eq. (150),

h,/n.n,

nn, = —
1712 rOO

(written by the author for the classical vibrational
period of theith member molecule of a given chemical
family), where T, isthe ground state largest vibrational
period of theith member molecule of the chemical fam-
ily under consideration; Jl,, is the reduced mass; r; is
the ground state internuclear distance of this member;

Toi =

(1)
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4_

(1/(re/roo) " (M3 %r 2y, amu'2 A2

Fig. 3. Period of (0O, S5 S, T&)
U(ro/ro0) (Mg 2), 1o istheintemnuclear distance of O,.

Versus

and r, is the internuclear distance of the ground state
of the family member chosen as the reference mole-
cule; here, we choose the member bearing the lowest
vibrational period.  Therefore, T,  versus

A/Jl/LOirgi/./rOi/roo for chemicaly aike molecules
should display a linear behavior, the slope of which
shall furnish g to be associated with the chemical fam-
ily under consideration.

Thus, we can now write an equation similar to
Eqg. (9) in regard to the ground states of molecules
belonging to a given chemical family:

Wy VMOircz)i — wOiVMOircz)i
AN1Ny il T oo

(written by the author for the ground states of chemi-
cally alike molecules), where wy, is the inverse of the
ground state classical vibrational period of the mole-
cule of concern. Thus, the constant in question shall be
expressed as

constant =

(12)

constant = (13)

h
4t /gme'
However, we still keep the constant r,, in the right-hand

side of Eq. (12) so as not to have to alter the dimension
of the constant in question.

In Figs. 2-8, based on experimental data [10, 11],

we present T,; versus A/l g; rgi Jroo/Toi for eight chem-
ical families for which the coefficient g indeed stays
neatly constant. The constancy of wy; A/Jl/LOirgi /T 00! T i »
in harmony with Egs. (3) and (4), isquantitatively dem-
onstrated in the fifth columns of Tables 1-7.
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Fig. 4. Period of (N,, PN, P,) versus

(U(ro/ro) (Mg 2), 1o istheinternuclear distance of N,
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Fig. 6. Period of different alkali—halogen molecules versus
WU(ro/ro0) (Mg 2), v istheinternudiear distance of KF.

Thevauesg arecalculated from Eq. (4) for different
chemical families and are presented in Table 8. Note
that g vary between 0.4 and 0.01.

Recall that, according to Egs. (3) and (4), the value

of the constancy of wy;./lg; réi Jrool/Tor depends on
both g and r, (the reference internuclear distance of the
family of concern), which makes the constants calcu-
lated in the fifth columns of Tables 17 differ.

Note further that the standard deviation of the con-
stantsin question isroughly 10%. There seem to betwo
reasons for this. The first one is that chemically alike

YARMAN
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Fig. 5. Period of diatomic molecules made of combinations

of halogen atoms versus (]J(rolroo)l/z)(méjzrg), Foo isthe
internuclear distance of .

Ty % 10* ¢, cm
80

40

(1/(rofrop) " (Mg 2r 2y, amu2 A2

Fig. 7. Period of diatomic molecules made of atoms belong-
ing to, respectively, the third and seventh columns of the
periodic table versus (ﬂ(rO/rOO)l/z)(Méler), roo is the
internuclear distance of BF.

molecules, contrary to our assumption, are not exactly
configured similarly, which may indeed mean that g
does not remain constant throughout. The second rea-
son isthat nyn, (cf. Eq. (2)) for chemically alike mole-
cules (where we choose the molecule with the lowest
vibrational period as the reference molecule) may not
be considered rigorously equal to r;/r .

Along thisling, it is of interest to recall that, when
we use the principal quantum numbers associated with
the bound electrons directly (i.e., with no guantum
defects) to compose n;n, instead of using Eq. (2), we

come out with the constancy of ooOiA/Jl/LOirgi JNiN,,

OPTICS AND SPECTROSCOPY  Vol. 97 No.5 2004
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Ty % 10* ¢, cm
301

20

(U/(rofroo) 2 (Mg?r2) amu'?2 A2

Fig. 8. Period of diatomic molecules made of atoms belong-
ing to, respectively, thefourth and sixth columns of the peri-

odic table versus (ﬂ(rolroo)l/z)(Méjzrg ), Too theisinternu-
clear distance of CO.

which happens not to be any worse than that of
Wi/ loiT i T ool oi (cF. Eql. (3) [7, 8.

In the Appendix of Part 1, we predicted that the
inverse of g somewhat characterizes the strength of the
bond of concern. As one can observe from Table 1, g
indeed decreases as the bond becomes stronger. Thus,
the higher the number of covalent bonds forming the
overall bond of the diatomic molecule, the smaller g
will be. Alternatively, the higher the number of free
electrons an atom possesses, the looser the bond it will
form with say, a halogen, will be and, thus, the higher
g, etc. [12].

Table 1. Checking the end result for alkali molecules

697

DISCUSSION

Recall the usua definition of the classical vibra-
tional period, in terms of the reduced mass .1, and the
force constant k, in the given electronic state:

T = 2/ Mo/k (Eq. (8) of Part 1) (14)

(the classical vibrational period in the given electronic
state). Equating the right-hand side of this equation
with that of Eq. (11) yields

2
K = —

R (15
ATUgMI il oo

(the force constant written by the author for the ground

state of the ith member of the given family). The rgf’

dependence of k: is somewhat trivial if one proposes to
relate it to the internuclear distance. This correlation
was, in effect, proposed some time ago by Bratoz et al.
for alkali hydrides[13, 14].

The proportionality constant Ce?, where e is the
electron charge, was subsequently obtained by Salem
and Ohwada [15, 16] on the basis of empirical pre-
sumptions, chiefly for molecules containing akali
atoms; more specifically, C is approximately deter-
mined to be

1
C= E(Ni+1)(Nj+l), (16)
where N; and N; are the respective numbers of electrons

residing outside of the complete shells of the atoms
making up the diatomic molecule.

Recall, however, that, in order to obtain our results
above, we followed a totally different path than that
empirically inspired by Eq. (8). Moreover, we arrived at
our result primarily for electronic states of agiven mol-

Molecules My, amu T, em™ X 10° ¢) ro, A TonTo/Too Relative error as referred
m rCZ) to the average
H, 0.50 0.24 0.74 0.62 0.29
Li, 3.50 2.89 2.67 0.40 0.15
LiNa 5.33 3.89 2.90 0.40 0.17
Na, 11.50 6.34 3.08 0.40 0.15
NaK 14.48 8.06 3.50 0.37 0.22
K, 19.49 10.80 3.92 0.37 0.22
KRb 26.83 13.2 4.07 0.36 0.24
Rb 42.47 17.3 421 0.36 0.24
RbCs 52.04 20 4.42 0.35 0.27
Cs, 66.47 23.8 4.64 0.34 0.29
Average 0.40 0.22

Note that, here and in Tables 2-8, c is the speed of light in cm/s.

OPTICS AND SPECTROSCOPY  Vol. 97 No.5 2004
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Table 2. Checking the end result for O,-like molecules
_ ToNTolt Relativeerror asreferred
1 o~'"o/Too
Molecules My, amu To (cm x 103¢) ro A —Trz— to the average
Mol
O, 8.00 0.64 121 0.15 0.17
S 15.99 1.39 1.89 0.12 0.06
Se, 39.97 2.56 2.16 0.12 0.06
Te, 63.82 4.00 2.59 0.11 0.14
SO 10.67 0.90 1.49 0.14 0.09
Average 0.13 0.10
Table 3. Checking the end result for N,-like molecules
ToTolr Relative error asre-
1 o~'"o'To0
Molecules Mo, amu | Ty (cmt x 10%¢) Fon A —= ferred to the average
Mol
N, 7.00 0.43 1.09 0.13 0.08
P, 15.49 1.29 1.89 011 0.08
PN 9.65 0.76 1.49 0.11 0.00
Average 0.12 0.05
Table 4. Checking the end result for halogens
TouTolt Relative error as re-
1 o~'"o/Too
Molecules My, amu T, (cm x 10% ¢) ro A i terred to the average
A Molo
F, 11.21 9.50 144 1.37 0.05
Cl, 17.96 17.49 1.99 1.22 0.15
Br, 31.15 39.96 2.28 1.70 0.18
I 46.87 63.47 2.67 1.78 0.24
BrF 15.04 15.35 1.76 14 0.28
CIF 12.93 12.31 1.63 1.37 0.05
ICl 26.23 2742 2.32 1.26 0.13
Average 144 0.15
Table 5. Checking the end result for CsBr-like molecules
_ Tou/Tolt Relativeerror asreferred
Molecules My, amu T, (cm x 10% ) ro, A w to the average
N Molo
CsBr 52.63 49.92 314 1.02 0.52
Csl 71.63 64.94 341 1.00 05
NaCl 26.46 13.95 251 0.56 0.17
NaBr 31.98 17.86 2.64 0.60 0.09
Nal 35.15 19.45 2.90 0.54 0.19
KF 25.64 12.78 2.55 0.51 0.24
KCl 35.95 18.59 279 0.55 0.17
KBr 43.55 26.26 294 0.65 0.02
Kl 47.48 29.89 3.23 0.61 0.09
RbCl 39.53 25.07 2.89 0.66 0.00
Average 0.67 0.20
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Table 6. Checking the end result, for BF-like molecules

Molecules My, amu T, (et x 10%c) ro, A I-T/T_W flz,erlgg \t/c? teflrgoé\lﬁgge
oo
BF 7.26 6.72 1.26 144 0.69
BCI 12.06 8.38 172 0.88 0.03
BBr 14.77 9.66 1.88 0.80 0.06
AICI 20.95 15.24 2.13 0.88 0.03
AlBr 26.64 20.11 2.29 0.92 0.08
InCl 3171 26.82 231 111 0.3
Inl 56.72 60.32 2.86 1.36 0.59
TICI 35.09 29.87 255 1.02 0.19
TIBr 52.27 57.98 2.68 1.50 0.76
T 66.67 78.31 2.87 161 0.89
Average 115 0.36
Table 7. Checking the end result, for CO-like molecules
Molecules My, amu T, (cm x 10% ¢) ro, A -%M—W) fz,erg%etﬁégvg,s%eé
ofo

(6(0) 4.67 6.86 1.13 2.48 0.46
CSs 7.86 8.73 153 155 0.08
SiO 8.13 10.18 151 181 0.07
SIS 13.43 14.93 1.93 143 0.16
GeO 10.23 13.15 1.65 1.83 0.08
SnO 12.27 14.09 184 151 0.11
SnS 20.62 25.25 2.06 177 0.06
PbO 14.00 14.85 1.92 1.40 0.17
PbS 23.49 27.72 2.39 1.46 0.14
Average 1.69 0.15

Table 8. Bond looseness factors of chemically alike diatomic molecules

Chemical family Tofro/Toolpm™ x 10* & _ 41 fgm Bond loosenessfactor
JMor? O JamuA? O h @

Ho, Liy, Nay, K, 4,00 0.34
CO, CS, S0, SiSS, GeO, SnO, SnS, PO, 1.6 0.06
PbS

Fy, Cly, Bry, 15, BIF, CIF, ICI 144 0.04
0, Sy, Se,, Te,, OS 1.30 0.04
Ny, Py, PN 1.20 0.03
BF, BCI, BB, AICI, AlBr, InCl, 1.15 0.03
NBr, Inl, TICI, TIBr, TlI, CsF, CsBr, Cd, 0.67 0.01
NaCl, NaBr, Nal, KF, KCl, KBr, KI, RbCl

* Note that this value appears to be ten times greater than the corresponding one present in Table 1 simply because we adjusted T, of Table 1,

which we multiplied by 10~ 3 to To, which we multiplied by 107, through Tables 4-7; the same holds for the corresponding values we
picked from Tables 2 and 3.
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ecule. The literature we reviewed does not deal at all
with this aspect.

Note further that recent trials on the problem of
transferable spectroscopic constants, despite satisfac-
tory results they may furnish, are far from displaying
how the fundamental quantities of mass, space, and
time (i.e., clock mass, clock size, and period of time of
the clock motion) are structured in interrelation with
each other in the architecture of molecules [17]—in
fact, just the way our Egs. (1) and (2) reveal.

CONCLUSIONS

It was an original idea of the author that, owing to
the end results of the special theory of relativity, aswell
as those of the general theory of relativity, the space
size, the clock mass, and the period of time to be asso-
ciated with any real wavelike object ought to be orga-
nized in exactly a given manner; i.e., (period of time) ~
(clock mass)(space size)?; we call this occurrence the
universal matter architecture relation or, in short, the
UMA relation.

In thiswork, we were able to demonstrate the occur-
rence in question concerning the vibrational structure
of adiatomic moleculein regard to either the electronic
states of a given molecule configured alike or the
ground states of molecules belonging to a given chem-
ical family (and, thus, practically configured similarly).

Our approach led usto the derivation of an empirical
relationship known since 1925 but not understood until
now, as well as to a new systematization of diatomic
molecules. Thus, our approach reveal sthe simple archi-
tecture of diatomic molecules, otherwise hidden behind
amuch too cumbersome quantum-mechanical descrip-
tion. This architecture, displaying how the vibrational
period of time, size, and mass are determined, is
Lorentz-invariant and can conversely be considered as
the mechanism of the behavior of the quantitiesin ques-
tion in interrelation with each other when the molecule
is brought into uniform translational motion or trans-
planted into a gravitational field or, in fact, any field
with which it can interact [18, 19].
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