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Abstract

As Lewis proposed his octet rule, itself inspired by Abegg’s rule, that a molecule is stable when all
its composing atoms have eight electrons in their valence shell, it perfectly applied to the vast ma-
jority of known stable molecules. Only a few stable molecules were known that didn’t fall under
this rule, such as PCls and SF¢, and Lewis chose to leave them aside at the time of his research. With
further advances in chemistry, more exceptions to this rule of eight have been found, usually with
the central atom of the structure having more or less than eight electrons in its valence shell.
Theories have been developed in order to modify the octet rule to suit these molecules, defining
these as hyper- or hypo-valent molecules and using other configurations for the electrons. The
present paper aims to propose a representation rule for gaseous single-bonded molecules that
makes it possible to reconcile both; molecules following the octet theory and those which do not.
In this representation rule, each element of the molecule is subscripted with two numbers that
follow a set of simple criteria. The first represents the number of valence electrons of the element;
while the second is calculated by adding the first number to the number of the element’s covalent
bonds within the molecule. The latter is equal to eight for organic molecules following the octet
rule. Molecules being exceptions to the octet rule are now encompassed by this new even-odd rule:
they have a valid chemical structural formula in which the second number is even but not always
equal to eight. Both rules—octet and even-odd—are discussed and compared, using several well-
known gaseous molecules having one or several single-bonded elements. A future paper will dis-
cuss the application of the even-odd rule to charged molecules.
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1. Introduction

A chemical structural formula is a 2D representation of a molecule with elements symbolized by letters and
bonds between two neighbor atoms by a line. This representation is necessary to describe a more precise view of
the molecular structure and geometrically discriminate between various isomers having the same chemical for-
mula. William Higgins [1] and J. Crow Brown [2] were the pioneers of this representation. Between 1900 and
1930, with the development of the periodic table [3] and the discovery of the electron, Abegg [4], Lewis [5] and
Langmuir [6] have proposed modern bases for structural formulas. Abegg suggested that the valence is fre-
quently eight for an element connected to other elements. Lewis proposed that the bond between elements uses
multiple electron pairs. To represent these pairs, Lewis imagined a dot diagram where shared electrons are clear-
ly identified. He proposed furthermore that the octet in Abegg’s rule corresponds to saturation in the outer shell
of the element. Langmuir in turn described a chemical bond as a connection of an atom only with their nearest
neighboring atoms and named “covalent bond” the electron-pair described by Lewis. Since then, the Abegg-Le-
wis-octet rule is largely used to represent structural formulas of molecules.

Nevertheless, even Lewis noticed that molecules incompatible with the octet rule do exist, although he decid-
ed at the time that they were of no great importance. More exceptions have been found since then and theory
was required to explain their existence. Models to predict molecular geometry of these so called hypo- or hyper-
valent molecules are still being investigated. R. J. Gillespie [7] [8] has for instance proposed the idea of Valence
Shell Electron Pair Repulsion, in which local charges appear in specific cases; unfortunately without expressing
a formal rule. Moreover, no proposition has yet been made to link hypo-valent molecules with the Lewis-Ab-
egg-octet rule.

The present paper aims to propose a more general rule to draw structural formulas that will be named the
even-odd rule. It will be shown that the proposed rule is applicable to molecules that follow the octet rule as well
as hypo- and hyper-valent molecules. The application of the proposed even-odd rule is applied to several well-
known gaseous uncharged molecules with atoms from the main group in the periodic table.

Note that all molecules are written like H20 instead of H,O for a better computer compatibility.

2. Even-0dd Rule

The even-odd rule, proposed for chemical structural formula of gaseous uncharged single-bonded molecules is

as follow:

e One element of the molecule is connected only to each of its first neighbor by only one covalent bond
represented by a single line.
An atom described by the letters of its element, is associated with two numbers.
The left side number is the number of electrons in the valence shell of the element as it is written for the
main group in the periodic table. it can range from one for elements like sodium (Na) up to eight for a noble
gas like Argon (Ar)

e The right side number, always an even number, is the addition of the left side number with the amount of
single bonds around the element.

e The number of single bonds around the element is even for an element having an even amount of valence
electrons and odd in the other case.

e The smallest number of single bonds is one for an odd element (left side number) and two for an even one.

e The right side number can go up to twice the left side number corresponding to the maximum of covalent
bonds for this element.

e When the right side number is equal to eight, the element follows the Lewis-octet rule.

e When each element of a molecule has this Lewis-octet property, the molecule is in agreement with the Lew-

is-octet rule.
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The group of molecules following this even-odd rule and having only covalent bonds i.e. with electron pairs,
may be named as Electron-Pair (EP) molecules. Also, from this proposed rule, it seems possible that all the Le-
wis-octet gaseous molecules only having right-side numbers equal to 8, are included in this group of EP mole-
cules.

3. Application to Uncharged Single-Bonded Gaseous Molecules

In the following, the validity of the even-odd rule is tested using well-known gaseous molecules. As hundreds of
thousands of them exist, the test is, in this paper, limited to gaseous uncharged single-bounded molecules of the
main group of elements of the periodic table. In Table 1 and Table 2 are shown several chemical structural
formulas for uncharged molecules. Table 1 shows several single-bonded gaseous molecules following the Lew-
is-octet rule and Table 2 lists gaseous molecules following the even-odd rule but not the Lewis-octet rule.

In Table 1, the first structural formula is for the di-hydrogen gaseous molecule. The left side number is one
corresponding to the number of electrons of this element. The right side number corresponds to the addition of
one valence electron and one covalent bond allowing the di-hydrogen molecule to be stable in the gas phase.
This follows the Lewis rule for hydrogen.

The second structural formula in Table 1, is for the di-chlorine gaseous molecule. The left side number is 7 as
in the periodic table. According to the even-odd rule this element may have a number of covalent bonds being 1,
3, 50r 7. As there is only one covalent bond, the left side number is equal to eight corresponding to the di-chlo-
rine gaseous molecule, which is also in agreement with the Lewis octet rule. The other molecules in Table 1 are
using the same procedure to write each corresponding structural formula following the Lewis-octet rule. For
example, piperazine molecule C4H10N2 has Carbon and Nitrogen elements having a right side number of eight.

With a global view of Table 1, no element from column 2 and 3 of the periodic table are present. Also, no
element having more than 4 single-bonds are in this list and most molecules are mainly organic compounds.

As these molecules are with covalent bonds, they can be classified as EP molecules.

In Table 2, structural formulas are drawn using the same procedure including inorganic molecules and ele-
ments from column 2 and 3 of the periodic table. The first molecule is Lithium gas. The formula looks the same
as the di-hydrogen molecule of Table 1. As for hydrogen, the left side number is one, in agreement of the classi-
fication table, but a difference appears in the right side number. As only one covalent bond is possible, the right
side number is only two. It should have been 8 to be in agreement with Lewis-octet rule. This Li2 gaseous mo-
lecule commonly classified as a hypovalent molecule is only following the even-odd rule.

Other molecules in Table 2 are drawn using the same procedure to write each corresponding structural for-
mula. The structure always has at least one right side number not equal to eight. When the right side number is
below 8, the molecule is a hypovalent molecule and above eight, they are hypervalent molecules. These mole-
cules are only following the even-odd rule and they can be considered as EP molecules due to their covalent
bonding property.

It may be interesting to observe the last two molecules in Table 2. Their right side number is far above the
octet number and does not follow the octet rule. So they are currently classified as hypervalent molecules but
they easily fall under the even-odd rule proposed in this paper.

4. Discussion

Globally in Table 1, all molecules have a right side number equal to eight. They can be classified in a group
named octet molecules. In the second, about 50% are hypovalent molecule and 50% hypervalent. They are in
agreement only with the even-odd rule. They can be classified in a group named non-octet molecules.

From this observation, the even-odd rule includes in the same field of EP molecules: octet molecules, and
non-octet molecules.

5. Conclusions

For single-bonded uncharged molecules studied here, the octet rule is too restrictive and all of them are in
agreement with the even-odd rule proposed in this paper. The classification of other well-known molecules us-
ing the even-odd rule is showing that this rule is more practical and extendable to a larger number of existing
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Table 1. Compatibility of even-odd rule with Lewis-octet
rule. Names, formulas and structural formulas of uncharg-
ed single-bonded molecules are classified by the atoms num-
ber. All molecules, stable in the gas phase, are composed
of atoms from the main group of elements and are inter-
connected to each of their first neighbor by only one cova-
lent bond. All left side numbers come from Mendeleev pe-
riodic table and all right side numbers are equal to eight
except for hydrogen with a left-side number of 2 according
to Lewis-octet rule.

Table 2. Molecules following only the even-odd rule. Names,
formulas and structural formulas of uncharged single-bonded
molecules are classified by the atoms number. All molecules
are stable in the gas phase and all atoms belong to the main
group of elements and are interconnected to each of their
first neighbor by only one covalent bond. All left side num-
bers originate from Mendeleev periodic table and are from 1
for Lithium (Li) to 8 for Xenon (Xe) and right side numbers
from 2 to 14, are calculated using the even-odd rule defined
above.

Two atoms Two atoms
H2 H—H Li2 Li — L
Di-hydrogen 12 12 Di-lithium 12 12
Sol Lig Gas [9] p.B94 Sol Lig Gas [9] p.B103
Cl2 Cl—2Cl KCl K ——ClI
Di-chlorine 7 8 7 8 Potassium chloride 1 2 7 8
Sol Lig Gas [9] p.B83 Sol Lig Gas [9] p.B121
HCl H —_CI
Chloridric acid 1 2 7 8
Sol Lig Gas [9] p.B95
Three atoms Three atoms
e Hs—0—H, BeF2 — Be—
Hydrogen oxide 12 6 8 Beryllium fluoride 78 2 4 78
Sol Liq Gas [9] p.B95 Sol Lig Gas [9] p.72
Cl2s H2C
Sulfur dichloride Cl S Cl Carbene radical H C H
Dichlorosulfane 78 68 78 Or Methylene 12 46 12
osu [10]-[12] Y [10]-[12]
Sol Lig Gas Gas only
SnCI2 Cl—S8n—Cl
Tin(I1) chloride 78 46 T8
Sol Liq Gas [10]-[12]
XeF2 F—Xe—F
Xenon difluoride 78 8 10 7 8
Sol Liq Gas [10]-[12]
Four atoms Four atoms
F202 FO—O—F BF3 / F
Dloxs):)g:elrjidlggsrlde 786 86 8 78 Boron trifluoride 7F8 386\
g [10]-[12] Sol Liq Gas F
[9] p.B74
NF3 E /I 8 CIF3 /F
Nitrogen trifluoride G F—CI
. 78 58 Chlorine trifluoride
Sol Liq Gas \ Sol Lig Gas 78 7 1b\F
[9] p.B83
[ ]p.BllS
PH3 ///H
Phosphine H —FP
Sol Lig Gas E;\H

[9] p.B117




G. Auvert

Five atoms Five atoms
SiBr4 TBrB\Si ~Br XeF4 7P Xe —Fs
Silicon tetrabromide BI’/4 S\BI’ Xenon tetrafluoride F ~—8 12\F
Sol Lig Gas Sol Gas 101-112
[9] p.B132 [10]-[12]
Fose o —F
SF4 78 78
CHa4 Methane Same structure Sulfur tetrafluoride ~ S
610
Sol Liq Gas Sol Lig Gas F F
[9] p.B143
Six atoms Six atoms
CH4s 4H8\C/688_ H B2F4 P~ 55~ F
Methanethiol PR Diboron tetrafluoride 00 20 A
Sol Lig Gas H 4 8>H Sol Lig Gas F~36 3 6>F
[9] p.C374 [10]-[12]
F F
N2F4 F~ N—N /TFB PF5 Ny E
Tetrafluorohydrazine F/5 8 5 8\ F Phosphorus pentafluoride F~510 7 8
Sol Liq Gas Sol Liq Gas \F
HorE [9] p.B117
p.
N2H4
) Same structure
Hydrazine
Sol Liq Gas [10]-[2]
Seven atoms Seven atoms
C2H40 () F ||: _F
H1C20 H A _MH SF6 78 S 78
Ethylene oxide P A Sulfur hexafluoride F ~6 |12\ F
Sol Liq Gas H- 48 H Sol Lig Gas F
[9] p.C287, [13] (9] p.B143
]
H—O
CH402 15 e~ _~H XeF6 AN N Fg
. C Xenon hexafluoride e
Methanediol PN Sol Lia G F ~78 14 F
Sol Liq Gas H—O H ° [1Ig] a |
[9] p.C339 F o1
CH3NH2 He | H BH303 H
Methylamine No—o N/1 2 Boric acid Ho—B
Sol Lig Gas H-4 8 3 6NH [9] p.B74 376\ 0OH
[9] p.C365
Eight atoms Eight atoms
H H RF
caHo Ne_ o/ h P\
Ethane 192 478 4 8\_1 2 lodine heptafluoride F/-{ 147 8
Sol Lig Gas H H Sol Lig Gas Fl N F
[9] p.C284 (9] p.B96
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More than eight

C3H602
Dioxolane
Sol Lig Gas

C4H10N2
Piperazine
Sol Lig Gas

[9] p.C434

C6H12
Cyclohexane
Sol Lig Gas
[12]

[9] p.C254

C3H2CIF50
Isoflurane
Sol Liq Gas

[10]-[12]
C2H8N2

1,1-Dimethylhydrazine
Sol Lig Gas

C2H8N2
1,2-Dimethylhydrazine
Sol Lig Gas

[9] p.C337

H
T2 SN__NZ2 8
H-58 58~CH3

1'['2
CH3—N—N—CH3
58 58

H

More than eight

N
S2F10 F S S—F
Disulfur dgcafluoride 612 6 12\
Sol Lig Gas F/ I ||: F
[9] p.B143

molecules like hypo and hypervalent molecules than those following only the octet rule.
These neutral molecules form a group of electron-pair molecules including octet molecules and non-octet
molecules as hypo and hypervalent molecules. The next step will be a comparison of the Lewis-octet rule with

the even-odd rule for charged electron-pair molecules.

In this paper, gaseous molecules are uncharged and single-bonded and it will be interesting to analyze with
the even-odd rule, the structural formula of molecules having multiple-bonds in between the atoms.
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