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Abstract

The recently introduced even-odd rule has been shown to successfully repre-
sent chemical structures of ions and molecules. While comparing available
drawings in the scientific literature with the list of compounds predicted by
the even-odd rule, it became however obvious that existing compounds are
fewer than expected. Several predicted compounds involving many covalent
bonds have apparently never been experimentally observed. Neutral oxygen
for instance is expected to have 6 valence electrons, whereas oxygen can only
build a maximum of two bonds, as in water. This specificity is observed for
elements in the top-right corner of the periodic table. For compounds to con-
tain only single covalent bonds, and thus follow the even-odd rule, further ex-
planations are necessary. The present paper proposes that those specific ele-
ments experience a transfer of electrons from the valence shell into the inner
shell, making them unavailable for further bonding. These elements will be
described as organic, hereby providing a clear and hopefully unifying defini-
tion of the term. In opposition, inorganic elements have a constant inner shell
no matter their electrical state or the number of bonds they maintain. More
than 70 compounds involving 11 elements of the main group are studied, re-
vealing a progression from fully inorganic elements at the left of the periodic
table to fully organic elements. The transition between inorganic or organic
elements is made of few elements that take an organic form when negatively
charged; they are labelled semi-organic. The article concludes that the fully
organic elements of the main group are Oxygen and Fluorine, whereas semi-
organic elements are more numerous: C, N, S, Cl, Se, Br and I. Thus, the
even-odd rule becomes fully compatible with scientific knowledge of com-
pounds in liquid or gaseous phase.
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1. Introduction

The first rule to describe the organization of electrons in atoms belonging to a
compound was the octet rule in the 1920s [1] [2] [3]. This rule imposes that
chemically bonded elements should at all time be surrounded by eight electrons.
It perfectly suited molecules like methane, ammonia, water and hydrogen fluo-
ride. To render this rule compatible with other compounds like dioxygen, dini-
trogen or benzene, multi-bonded connections were imagined [4] [5]. In the
2000s however, R. ]. Gillespie already noticed that this rule remains mainly ap-
plicable to the few elements composing these specific molecules [6] [7].

In an attempt to have a unified rule applicable to a wider number of mole-
cules, a new rule named the even-odd rule was recently proposed [8]. Following
articles have investigated additional ions and molecules and confirmed the ap-
plicability of the even-odd rule to a great number of compounds [9] [10] [11]. A
side effect was that this rule predicted the existence of molecules that were nei-
ther referenced by Greenwood [12] nor by other scientific data references [13]
[14] [15]. A pattern was identified showing that these inexistent compounds
would more often occur at the top right of the periodic table [15] [16].

Starting with this observation, the present paper proposes an explicit defini-
tion of what makes an element organic or inorganic. Building on the electrons
configuration around the nucleus specific to the even-odd rule, it associates an
organic state to a surplus of electrons pairs in the inner shell. It also introduces
the concept of semi-organic elements.

Four important constrains should be remembered throughout the following:
1) Studied elements belong to the main group of the periodic table; 2) Chemical
compounds are jons and molecules in gaseous or liquid phases; 3) Two neighbor
elements in a compound are never connected through more than one single co-
valent bond [10]; 4) Elements cannot bear more than a single charge [17] [18].

On notation and terminology, the reader should also take good notice that
ions or molecules bearing an overall charge will be written after these examples:
H20 for neutral water, H30(+) for positive water ions and OH(-) for negative
water ions [8] [9] [10] [11].

The software used to draw ions and molecules is Chemsketch [19].

2. Structural Arrangements of the Electrons
around the Nucleus

There are two different ways to represent the arrangement of electrons around
the nucleus of an atom. The first one, as seen in the periodic table, considers the

atom as a stand-alone atom isolated from any other atoms. It identifies the total
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number of electrons and the number of electrons available for bonding. By con-
trast, the alternative method presented in this article is to consider elements as
part of a compound, Ze. connected to other atoms. Here, the electronic structure
is composed of three electrons shells including electrons involved in chemical
bonds.

Both electronic representations are described below in greater details.

2.1. Electronic Structure as Represented in the Periodic Table

The periodic table follows specific codes, still used by modern chemists. Each
element of the periodic table is represented by one or two letters, the acronym of
the element name. Two numbers complete the name of each element. The
greatest number is the total number of electrons of the element. The smallest
number is the valence number, indicating the number of electrons that may be
involved in chemical bonds. With this description, only two electrons shells are
defined: the inner shell and the valence shell. The number of electrons in the in-
ner shell is equal to the difference between the total number of electrons and the
valence number of the element. The inner shell is filled with an even number of
electrons.

In most rows of the main group in the periodic table, the inner shell is con-
stant all along the row. In this main group, elements are ordered in 8 columns
and valence numbers range from 1 to 8. The column number of the element is
equal to the number of electrons in the valence shell: Boron, element of column

3, has for instance three electrons in the valence shell.

2.2. Electronic Structure of an Element in a Compound as a
Base for the Even-0Odd Rule

While the periodic table considers atoms in a mostly virtual state, unconnected
to any other atom, the approach of the even-odd rule is to consider the element
In situ, connected to other elements in the context of a chemical compound. The
representation of an electronic structure must then take chemical bonds into
account [11].

In the even-odd model, the electronic structure is composed of three shells: an
inner shell, an inactive shell and a covalent shell:

The covalent shell is composed of electrons involved in covalent bonds. In di-
hydrogen, for instance, one covalent bond interconnects two hydrogen atoms
and each has one electron in its own covalent shell [11].

The inactive shell, located inside the covalent shell, contains electrons pairs
that are not currently involved in any covalent bonds but are available if needed.

The inner shell contains the remaining electrons that cannot participate in any
bonds. Composed of an even number of electrons, it is mostly equal to the inner
shell calculated from the periodic table. The exceptions are the subject of the
present article and are detailed in Chapter 4.

To keep track of the electronic structure of an element in a compound, a spe-

cific notation is used in the following and illustrated below. From left to right:
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the number of electrons in the inner shell, the number of electrons in the inac-

tive shell and the number of electrons in the covalent shell.

Inner shell
Boron <~
Element in boron monofluoride 2,2,1 <«—— Covalent shell
BF in the gas phase [15] *~  |nactive shell

This example illustrates the electronic structure of Boron in a BF com-
pound. The first two numbers are even, i.e. these shells contain electrons pairs.
The third number gives the number of electrons located in the covalent shell.
In BF, one electron belongs to the boron covalent shell and one electron be-
longs to the fluorine covalent shell. Together, they form one covalent bond
between B and F.

The three numbers of the series inevitably add up to the total number of elec-

trons of the element (here equal to 5 for boron in BF molecules).

3. The Even-0dd Rule

In this chapter, the main characteristics of the even-odd rule are summarized

and illustrated with a charged boron atom.

3.1. Charge States and the Effective Valence Number

In the following, we will use the term “state” to designate the electrical state of
an element. Since the even-odd rule limits elements to bearing a single charge or
none [10], elements can only have three states: positive, neutral or negative. The
state directly relates to the number of electrons of the element.

Derived from the known valence number from the periodic table, the Effective
Valence Number (££V.N.) depends on the state, i.e. the presence or the absence
of one electron, as follows:

- In a neutral state, an element has an E£ V. N. equal to the valence number: no
electrons are added or removed.

- In a positive state, an electron is missing and the E£ V.. is the valence num-
ber decreased by one.

- In a negative state, an electron is added and the E£V.N. is the valence number

increased by one.

3.2. Number of Bonds and Inactive Shell

It is important here to recall that the even-odd rule also imposes that two neighbor
atoms in a compound can only be interconnected by a single covalent bond [10].
The even-odd rule is characterized by a representation of elements sur-
rounded with several features: 1) three numbers, 2) a state (positive, neutral or
negative), and 3) the number of covalent bonds illustrated by line segments.
For example, one would represent a boron atom with two bonds in a positive

state as shown below:
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Valence number —s. 3 ; .« State

Effecti —B—
va|en§é’r',‘(,?nber/ 20 w Inactive Schell

The upper left number is as defined by the valence number of the element.
The upper right symbol indicates the state (positive (+), neutral or negative (-)).
The lower left number is the effective valence number (E£V.N.) calculated ear-
lier.

The number of possible bonds is derived from the parity of the valence num-
ber and the state:

For an atom with an even number of electrons, the number of bonds is:

-In neutral state, even ranging from 0 up to the calculated E£ V. V.

-In a charged state, odd ranging from 1 up to the E£V.N.

For an atom with an odd number of electrons, the number of bonds is:

-In neutral state, odd ranging from 1 up to the E£V.N.

-In a charged state, even ranging from 0 up to the E£ V. V.

In other words, an element always erects number of bonds that has the same
parity than its E£ V.V.

The lower right number is the even number of electrons in the inactive shell;
these are electrons that stand ready to be involved in covalent bonds. It is even
and calculated by subtracting the number of bonds from the E£V.N. (lower left)
of the element.

Another example: hydrogen has, in the periodic table, a valence number of 1.
For ion H(-), in a negative state, the E£V.V. is 2. It can therefore erect 0 or 2
bonds.

4. Comparing Inorganic, Organic and Semi-Organic Elements

4.1. Three Sub-Groups for Elements of the Main Group

The present article proposes that elements of the main group can be classified

into 3 sub-groups. The first sub-group is composed of 20 elements, for which the

number of electrons in the inner shell is calculated as usual from the periodic ta-
ble. Elements in this sub-group are defined as inorganic. The second sub-group
is composed of elements with an inner shell containing more electrons than ex-
pected from the periodic table. Elements in this sub-group are designated as or-
ganic. The third sub-group is composed of elements whose organic or inorganic
condition is state dependent.

The sub-groups composition is:

- Organic: Oxygen and Fluorine are the only elements fully organic

- Semi-organic 7 elements compose this sub-group—C, N, §, Cl, Se, Br and L.

- Inorganic the 20 elements composing this sub-group are neither organic nor
semi-organic. In this paper, Hydrogen and Antimony will illustrate this sub-
group.

Note that since noble gases do not bound with other elements, they do not

belong to any of these sub-groups.
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The eleven elements named above will be studied in the present paper, illu-
strating all 3 sub-groups. Their electronic structures are carefully described in
Chapter 5.

4.2.Valence Number for Inorganic, Organic and Semi-Organic
Elements in Compounds

As opposed to earlier definitions of on the even-odd rule, in which the valence
number is directly issued from the periodic table, the present paper states that
the valence number now depends on the sub-group the element belongs to:

- In an inorganic element, the valence number does not depend on the state and
is equal to the valence number obtained from the periodic table.

- In an organic element, the number of electrons that could be involved in
bonding is not equal to the valence number from the periodic table but always
smaller. We could name it the organic valence number. In that case, pairs of
electrons have moved into the inner shell. The number of pairs in the inner
shell is consequently higher than from the periodic table.

- A semi-organic element is organic in its negative state and inorganic in its
positive state. The neutral state can be either and depends on the element lo-

cation in the periodic table.

4.3. Effective Valence Number for Inorganic, Organic and
Semi-Organic Elements in Compounds

Since the valence number is influenced by the sub-group it belongs to, the effective
valence number obviously also. This makes the EZ£V.N. of an element dependent
on two parameters: the state and the subgroup of the considered element.

Chapter 5 describes applications of the even-odd rule depending on both cri-

teria.

5. Applications

5.1. Examples of Two Inorganic Elements

Inorganic elements have a valence number directly obtained from the periodic
table. The following example shows an aluminium atom in a negative state and
with two bonds (not a double bond). It possesses 13 electrons when neutral, here
14. They are distributed in the electrons shells: 10 electrons in the inner shell, 2
in the inactive shell and 2 in the covalent shell. Each electron of the covalent
shell is engaged in a separate covalent bond with an electron from another atom.

Inorganic Charge
Valence number 3 - < e Inner shell

Al===—Twosingle bonds 44 5 5+ Covalent shell

Effective 4 .
Valence ¥~ Inactive shell Y~ Inactive shell

20 elements of the main group are inorganic. For the sake of illustration, only
two of these are considered. Hydrogen (H) has the least number of electrons of

the main group and a valence number of 1, whereas antimony (Sb) has a higher
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number of electrons and a valence number of 5.

For all states of these two elements, the even-odd rule is strictly applied in Ta-
ble 1 and Table 2 to calculate the different figures needed and the number of
electrons in the different shells. In Table 1 and Table 2, the first row illustrates
the positive state, the second row is the neutral state and the third is the negative
state. Note that in both Table 1 and Table 2, the upper left number, the number
of valence electrons, remains in all states equal to that from the periodic table.

As shown in Table 1, the hydrogen atom has no electron in the inner shell, 7.e.
the first number 0 (in 0,0,X) is applicable to every state (all three rows) of hy-
drogen. The second number, the number of electrons in the inactive shell, equals

2 (in 0,2,0) only when hydrogen in a negative state is not bonded (third row).

Table 1. Hydrogen is inorganic with an empty inner shell whatever its state: a) H(+), obtained from H2 dissociation, is a free pro-

ton, b) neutral H in dihydrogen H2, ¢) H(-) forms an hydrogen bridge with two bonds, in d) H2 is dissociated in H(-) as a com-

plement of H(+).

Hydrogen

H(+)
0 electron
Effective Valence: 0
Proton Inorganic

5 bonds 4 bonds 3 bonds 2 bonds 1 bond None

1 +
H
00

0,0,0

H
1 electron
Valence: 1
Inorganic

H—
10

0,0,1

H(-)
2 electrons
Effective Valence: 2
Inorganic

1. 1 .
— H
20 22

o 02,0 ,

The third number gives the number of covalent bonds. It is 1 (in 0,0,1) when for
example a dihydrogen molecule forms by the association of two neutral hy-
drogen atoms (second row). In the third row, the hydrogen atom with 2 bonds is
obtained when two atoms are bridged by the hydrogen in a negative state. In
Table 1, H(+) cannot bond.

The second inorganic element chosen for illustration is antimony. It has 46
electrons in the inner shell and can be found in three possible states: positive in
row 1 of Table 2, neutral in row 2 and negative in row 3.

In Table 2, the very left neutral Sb has 5 bonds and is associated to the series
46,0,5. 46 gives the number of electrons in the inner shell, 0 means no electrons
in the inactive shell and 5 means that 5 electrons are involved in covalent bonds
(i.e. the element is bonded to five distinct atoms). The addition of these numbers
gives the total number of electrons (51) belonging to this element when in the
neutral state.

Table 1 and Table 2 illustrate the main property of inorganic elements, ie.
the number of electrons in the inner shell of this element in a compound is con-
stant and equal to the difference between the total number of electrons and the
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Table 2. Antimony is inorganic with 46 electrons in the inner shell whatever its state. In a) SbH4(+) [12] p557, b) SbCI2(+) [12]
p561, ) Sb2 gas dissociation [12] p584. d) SbCI5 [12]. p553, ) SbCI3 [12] p558, f) NiSb [12]. p555, g) SbF6(-)[12]. p557-570, h)
SbCl4(-) [12] p561 i) PH2(-) [12] p493, j) Sb2 gas dissociation [12] p584.

Antimony 6 bonds 5 bonds 4 bonds 3 bonds 2 bonds 1 bonds none
Sb(+) 5+ 5+ 5+
50 elect. :45b0: 4Sb2: 4Sb4
Eif.Val: 4 46,0,4 46,2,2 | 46,4,0
Inorganic a) ) c)
Sb
5 5 5
51 elect. =Sb—= =Sb— Sb—
5 0 572 5 4
Val: 5 46,0,5 46,2,3 46,4,1
Inorganic d e) f
$bC) 5. - 5 - 5 - 5 -
52 elect. =Sb= —Sbhb— Sbh= Sb
Eff.Val: 6 6 0 6 2 64 6 6
el 46,0,6 46,2,4 46,4,2 46,6,0 .
Inorganic g h) i) D)

valence number in the periodic table.
In the following chapters, organic or semi-organic elements are shown to have

different behaviors.

5.2. Organic Elements of the Main Group

The main difference between inorganic and organic elements is the way elec-
trons dispatch in the various electrons shells. Organic elements have indeed
fewer electrons available to form covalent bonds than expected. In other words,
the organic valence number, is lower than the valence number indicated in the
periodic table. This is due to a transfer of electron pairs into the inner shell,
which in turns contains more electrons than calculated from the periodic table.

The oxygen element (column 6) is taken below as an example to illustrate the
group of organic elements. The highest observed number of bonds for neutral
oxygen is two, as in H20 [20]. If oxygen would behave like an inorganic ele-
ment, it would be able to erect up to 6 bonds and create for example H60, a mo-
lecule that has never been experimentally detected. Two electrons pairs have
moved from the covalent shell of the atom into its inner shell. It makes them
unavailable for covalent bonding.

Va?gﬁgglﬁumber ~5 -~ Neutral charge Organic Inner shell
Effective 200= ~Two single bonds g, 0,2 «— Covalent shell
valence number-" ¥~ Inactive shell ¥~ Inactive shell

The organic valence number for oxygen in its neutral state is two, which
means that it can only erect two bonds with other elements. The series of three
numbers associated to neutral oxygen in H2O is 6 (higher than in the periodic
table), 0 (meaning no electrons is available for additional bonding) and 2 (for

the two electrons already engaged in covalent bonding).
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5.2.1. Three States for Organic Elements

Unlike inorganic elements, the numbers of electrons in the inner shell of organic

elements vary depending on their state:

- In a neutral state, some electrons pairs have moved into the inner shell and
the organic valence number has the expected parity, albeit with a lower num-
ber of electrons pairs than calculated from the periodic table.

- In a positive state, an electrons pair moves out of the inner shell and the or-
ganic valence number counts an extra pair compared to the neutral state.

- In negative state, one electrons pair moves into the inner shell and the organic
valence number counts one pair less than in the neutral state.

The parity and the highest possible number of bonds in each state are eva-
luated using the same procedure than for the inorganic element but starting with

a lower organic valence number.

5.2.2. Only Two Organic Elements with Three States

Among elements of the main group of the periodic table, only two are organic
oxygen (O) and fluorine (F). They have more electrons pairs in their inner shells
than expected from the periodic table.

Table 3 and Table 4 describe the different states and bonding configurations
of respectively oxygen and fluorine. As illustrated in Table 3, the inner shell of
oxygen contains 4, 6 or 8 electrons in its respectively positive, neutral or negative
state. Electrons are thus fewer in the valence shell, which also means that fewer
electrons are available to build covalent bonds. Consequently, the highest num-
ber of bonds oxygen can erect is 3 in the positive state, 2 in the neutral state and
1 in the negative state.

In the next tables, green colored cells mark organic states, ie. configurations
for which the inner shells contain more electrons than would be expected. Since
oxygen and fluorine are fully organic, obviously, all cells are green.

On the right side of Table 3, the neutral monoatomic oxygen is known to be

Table 3. Oxygen is an organic element with 4, 6 and 8 electrons in the state dependent inner shell : a) H30(+) [12] p625, b)
NO(+) or CIO(+) [12] p835-6-7, c) H20 [12] p629, d) mono-atom O [12], e) OH(-) [12] p629.

Oxygen 6 bonds 5 bonds 4 bonds 3 bonds 2 bonds 1 bond none
o+) 4+ 4+
7 electrons :300— 302—
Effective Valence: 3
4,0,3 4,2,1
Organic Y a) 225 b)
o 2 2
8 electrons —200— 202
Effective Valence: 2 6,0,2 6,2,0 d
Organic <) )
0o(-) 0 -
9 electrons 100_
Effective Valence: 1 8,0,1

Organic

e)
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Table 4. Fluorine is an organic element with 6, 8 and 10 electrons in the state dependent inner shell : a) FH2(+) [12] p816, b) F2
dissociated, c) F2 gas ~-200, d) F2 dissociated [21].

Fluorine 6 bonds

5 bonds 4 bonds 3 bonds 1 bond 1 bond none

F(+)
8 electrons
Effective Valence: 2
Organic

F
9 electrons
Valence: 1
Organic

E(-)
10 electrons
Effective Valence: 0
Organic

q -

F

00
10,0,0 )

very reactive [12]. This reactivity is compatible with the presence of an electrons
pair in the inactive shell of this oxygen configuration.

The second organic element is fluorine. From the periodic table, F would be
expected to have 2 electrons in its inner shell and 7 electrons in its outer shell. As
shown in Table 4 however, fluorine in its neutral state has 8 electrons in its in-
ner shell and one electron in its covalent shell. Only one covalent bond is possi-
ble in this state, like observed with the molecule HF.

For the other states, one pair is removed from the inner shell in F(+), and 1 pair
is added to the inner shell for F(-). This last form cannot build any compound.

By comparing inorganic elements in Table 1 and Table 2 and organic ele-
ments in Table 3 and Table 4, one can see how important the influence of a
charge is on the way electrons dispatch in the different shells. For organic ele-
ments, the more positive the charge, the higher the number of possible bonds.
This is the opposite for inorganic elements for which there is a higher number of
bonds possible when electrons are added.

The present study didn’t identify other organic elements in the main group of
the periodic table described in Ref. [12].

5.3. Semi-Organic Elements

Elements in this sub-group are inorganic in their negative states, ie. with as
many electrons in the inner shell as predicted by the periodic table, and organic
in their positive states, 7.e. with higher electrons in the inner shell than expected.

The semi- organic sub-group delineates like a boundary between the inorganic
group and the organic group. The seven elements making this third sub-group
are described in Tables 5-11.

Table 5 and Table 6 describe carbon and nitrogen, two elements in period 2
of the periodic table. In Table 7 and Table 8, sulfur and chlorine belong to pe-
riod 3. In Table 9 and Table 10, selenium and bromine are in period 4. Iodine,
in Table 11, is the only semi-organic element in period 5.

In all seven following Tables, inorganic states are marked in white (expected
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inner shell) and organic states are marked in green (different inner shell).

5.3.1. Semi-Organic Elements from Period 2 of the Periodic Table
In Table 5, carbon is shown with possible bonding configurations. In the peri-
odic table, carbon has 6 electrons, 2 of which are supposed to be in the inner
shell and 4 available for bonding. In the even-odd model, carbon in neutral and
positive states (first and second row) is inorganic and the inner shell contains
the expected number of electrons. In the third row, one electrons pair has moved
into the inner shell and the highest number of bonds is lower than expected. The
negative state is organic. Carbon can only build 3 bonds in this state, to form
compounds like CH3(-).

In Table 6, nitrogen is shown with possible bonding configurations. In the
periodic table, nitrogen has 7 electrons, 2 of which are supposed to be in the in-
ner shell and 5 available for bonding. In the upper row, the nitrogen in a positive

state is inorganic and the inner shell contains the expected 2 electrons. In the

Table 5. Carbon is a semi-organic element. Its inner shell contains 2 electrons in the positive and neutral states whereas 4 elec-
trons in the negative state. a) C2H6 dissociation [15], b) C2H2 dissociation [22], ¢) CH4 [12] p301, d) HCN [12] p320, e¢) C mo-
noelement, f) C2H6 dissociation [15], g) CN(-) [12] p321.

Carbon 6 bonds 5 bonds 4 bonds 3 bonds 2 bonds 1 bonds none
C(+) 4 + 4 +
5 electrons = C— C—
) . 30 32
Effective Vale‘nce. 3 2,0,3 2,2,1
Inorganic a) )
C 4 4 4
6 electrons — L= —C—
Valence: 4 20 y o 5.4
" 2,0,4 2,22 4 2,4,0
Inorganic ©) ) €)
C(-) 2 _ 2 -
7 electrons —=C— C—
) , 30 32
Effective Val‘ence. 3 4,0,3 4,2,1
Organic f) 8

Table 6. Nitrogen is a semi-organic element. Its inner shell contains 2 electrons in the positive states, 4 in the neutral state and 6
electrons in the negative state. a) NF4(+) [12] p439, b) N2F4 dissociate NF,(+), ¢) N2 dissociation, d) NF3 [12] p439, e) N2 gas, f)
N2F4 Dissociate NF2(-) ~-200°C, g) N2 dissociation.

Nitrogen 6 bonds 5 bonds 4 bonds 3 bonds 2 bonds 1 bonds none
N(+) 5+ 5 4 5 4
6 electrons =N=—=— —N— N
) 40 42 44
Effective Valence: 4
0,4 2,2,2 2,4,0
Inorganic 2,0, a) b) <)
N 3 3
7 electrons :3 0— 5 2—
Effective Valence: 3
4,0,3 4,2,1
Organic Lt i | 121
N(-) 1 - 1 -
8 electrons —N— N
Effective Valence: 2 g 8 9 2 ; .
Organic 74 ) 20 o
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other rows, electrons pairs have moved into the inner shell and the highest
number of bonds is lower than expected. The nitrogen contains 4 inner-shell
electrons in a neutral state, whereas it contains 6 electrons in a negative state. In
the latter, fewer electrons are available to build covalent bonds, hence the lower
number of possible bonds. Neutral nitrogen can build 1 or 3 bonds, while it can

only have 2 or 0 bonds in its negative state.

5.3.2. Semi-Organic Elements from Period 3 of the Periodic Table

In the third period, the semi-organic pair of elements is sulfur and chlorine.
They can be found in column 6 and 7 of the periodic table. S(+) and S are inor-
ganic, while S(-) is organic. The second, further right, has only one inorganic
state Cl(+) and two organic states, Cl and Cl(-). This pair is described in Table 7
and Table 8.

Table 7. Sulfur is a semi-organic element. Its inner shell contains 10 electrons in the positive and neutral states whereas 12 electrons
in the negative state. a) S2F10 dissociation [12] p663, b) SF3(+) [12] p663, c) S2F2 dissociation [12] p684, d) SF6 [12] p663, e) SF4
[12] p663, f) H2S [12] p663, g) Sulfur mono-element, h) S2F10 dissociation [12] p663, i) SF3(—) not found, j) SH(-) [12] p682.

Sulfur 6 bonds 5 bonds 4 bonds 3 bonds 2 bonds 1 bonds none
S(+) 6 + 6 + 6 +
15 electrons ESSOI =582— k 4—
Effective Vale:nce: 5 10,0,5 10,2,3 . 10,4,1
Inorganic a) ) )
§ 6 6 6 6
16 electrons =S= —=S—= —S—
Valence: 6 60 6 2 6 4 6 6
’ 10,0,6 10,2,4 10,4,2 10,6,0
Inorganic d) ) T )
S(') _4 . 4 - 4 -
17 electrons = 0: :582— 584—
Effective Valence: 5 12,0,5 " 12,2,3 . 12,4,1 .,
Organic ) i) )

Table 8. Chlorine is a semi-organic element. Its inner shell contains 10 electrons in the positive state, 12 electrons in the neutral
state and 14 electrons in the negative state. a) CIF6(+) [12] p839, b) CIF4(+) [12] p834, c) CIF2(+) [12] p830, d) CI2 dissociation
[12] p806, e) CIF5 [12] p832, f) CIF3 [12] p825, g) Cl12 HCI [12] p806, h) CIF4(-) [12] p830, i) CIF2(-) [12] p827, j) CI2 dissocia-

tion [12] p806.

Chlorine 6 bonds 5 bonds 4 bonds 3 bonds 2 bonds 1 bonds none
Cl(+) 7+ 7 4+ 7+ 7+
16 electrons = CIO— =6 CI2: —60I4— 6CI6
Effective Vale.nce: 6 10,0,6 10,2,4 b) 10,4,2 10,6,0 d
Inorganic ) <) )
c _B 5 5
17 electrons =Cl= =Cl— Cl—
lence : 5 0 5 2 574
Valence : 5 12,0,5 12,2,3 12,41
Organic e) f) 8)
ci(-) ) 3 - -
18 electrons =40|0= _4C|2_ 4CI4
Effective Val.ence: 4 14,0,4 14,22 . 14,4,0 .
Organic h) i) )
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In its neutral state, sulfur has a valence number of 6 and its inner shell con-
tains 10 electrons. It can erect an even number of bonds from 0 to 6, as in the
well-known SF6 (row 2 in Table 7). In the lower row, S(-) is organic. Its inner
shell contains an additional electrons pair compared to the neutral and positive
states. The highest number of bonds in this state is lower than in the other states.
SF5(—), obtained by a dissociation of S2F10, is a good representative of this row,
in which sulfur can build 1 to 5 bonds.

Chlorine, shown in Table 8, is the second semi-organic element of this period.
It is located further right in the periodic table and has one inorganic state and
two organic states. The inner shells of neutral Cl and CI(-) respectively contain
12 and 14 electrons. The higher number of bonds for these states is reduced:

CIF5 and CIF4(-) are representative compounds of these states.

5.3.3. Semi-Organic Elements in Period 4 of the Periodic Table

Selenium and bromine compose the pair of semi-organic elements in period 4 of

Table 9. Selenium is a semi-organic element. Its inner shell contains 28 electrons in the positive and neutral states and 30 elec-
trons in the negative state. Same references than for Sulfur [12].

Selenium

Se(+)
33 electrons
Effective Valence: 5
Inorganic

Se
34 electrons
Valence: 6
Inorganic

Se(-)
35 electrons
Effective Valence: 5
Organic

6 bonds

28,0,6

5 bonds 4 bonds 3 bonds 2 bonds 1 bond none
6+ 6+ 6 +
—Se— —Se— Se—
5 0 5 2 5 4
28,0,5 28,2,3 28,4,1
6 6 6
—Se— —Se— Se
6 2 6 4 6 6
28,24 28,4,2 28,6,0
4 - 4 - 4 -
—Se=— —Se— Se—
5 0 5 2 5 4
30,0,5 30,2,3 30,4,1

Table 10. Bromine is a semi-organic element. Its inner shell contains 28 electrons in the positive state, 30 electrons in the neutral
state and 32 electrons in the negative state. Same references than for Chlorine [12].

Bromine

6 bonds 5 bonds 4 bonds 3 bonds 2 bonds 1 bonds none
Br(+)
A 7+ 7+ 7+
34 electrons =Br= —Br— —Br— Br
Effective Valence: 6 6 0 6 2 6 4 66
. 28,0,6 28,2,4 28,4,2 28,6,0
Inorganic
Br 5 5 5
35 electrons —Br— —Br— Br—
Valence : 5 90 9 Z 9 4
) 30,0,5 30,2,3 30,4,1
Organic
Br(-)
36 electrons :35 — _BB F— Br
Effective Valence: 4 40 4 2 4 4
o . 32,0,4 32,2,2 32,4,0
rganic
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the periodic table. They are found in columns 6 and 7 in the main group of the
periodic table. The first has two inorganic states, Se(+) and neutral Se and one
inorganic state Sr(—). The second has only one inorganic state, Br(+), and two
are organic in neutral Br and Br(-). This pair is illustrated in Table 9 and Table
10 and they have the same properties than the elements previously described in
Table 7 and Table 8.

5.3.4. Semi-Organic Elements in Period 5 of the Periodic Table
Iodine and xenon compose the pair of semi-organic elements in period 5 of the
periodic table. They are found in columns 7 and 8. The first has two inorganic
states I(+) and neutral I, and one organicin I(-). The second is a rare gas not in-
cluded in this paper. Table 11 describes iodine which inner shell contains 46
electrons as shown in the two first rows.

In Table 11, the last row is green to highlight the organic I(-). There are 48
electrons in this inner shell and the highest number of bonds is 6, like in IF6(-).
Iodine cannot build 8 bonds as would be expected if it were inorganic, as re-

vealed by the absence of references to compounds like for example IF8(-).

Table 11. Iodine is a semi-organic element. Its inner shell contains 46 electrons in the positive and neutral states whereas 48 elec-
trons in the negative state. a) IF6(+) [12] p839, b) IF4(+) [12] p839, ¢) IF2(+) [12] p839, d) 12 dissociation, e) IF7 [12] p838, f) IF5
[12] p842, g) 1205 [12] p853, h) 12 gas, i) [12] p875, j) to be found, k) IF2(-) [12] p836, 1) 12 dissociation.

Iodine 7 bonds 6 bonds 5 bonds 4 bonds 3 bonds 2 bonds 1 bonds none
1+ 7+ 7 + 7 + 7 +
52 electrons EGI OE :61 2: 614: 616
Effec. Valen: 6
46,2.4 46,4 46,6,0
Inorganic 46,0.6 ) 2% p) 2 )
I 1 __ _7 7 7
53 electrons =1= =1= =I1— I—
Valence : 7 70 r2 74 I
' 46,2,5 46,4,3 46,6,1
Organic 46,0,7 ) T ) T h)
1) 5 - 5 - 5 - 5 =
54 electrons EGIOE :6]2: 5 4: 616
Effec. Valen:6
48,0,6 . 48,24 . 48,4, 48,6,0
Organic i) 24 21 1)

6. Discussion
6.1. Evolution of the Even-Odd Rule

Throughout this study, Greenwood Ref. [12] was used as the main source for
formulas of experimentally observed compounds. At first, the author observed
regularity within the 5 first periods in the main group of elements of the periodic
table: on the left of the table, elements seem able to build all bonds made possible
by their valence number. Further into the period however, elements seem less
able to form compounds involving many bonds. The classical answer to that
problem, multiple bonds, is not in reach. With our set constraint given by the
even-odd rule that atoms can only build single bonds associated to a variability

in the number of electrons in the inner shell is an alternative hypothesis to ex-
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plain this pattern.

6.2. Progressive Aspect between Inorganic and Organic

In the above paragraphs, (Tables 5-11), one pair of adjacent semi-organic ele-
ments can be found in each period of the periodic table. One can see it as a pro-
gression from left to right, between inorganic and semi-organic to fully organic.
At the beginning of periods, elements are inorganic. Further into the period, a
first semi-organic element is found, one with two 7norganic states, then the next
one with only one inorganic state. To the right of the table, elements are fully

organic.

6.3. On the Definition of Organic Compounds

There is a common understanding in science to distinguish organic from inor-
ganic compounds. The difference is particularly well defined when comparing
large biological [23] and geological specimens [24]. When talking of small com-
pounds however, the distinction is less clear. Even widely recognized references
do not try to describe differences between organic and inorganic compounds
[12], [25], [26]. To define organic compounds, the main argument gravitates
around the presence of hydrocarbon endings. Even this definition is somewhat
arbitrary [27].

In this paper, a clear and simple definition is given to distinguish between or-
ganic and inorganic elements. The difference comes from the number of elec-
trons in the inner shell. In the main group of elements, the 20 inorganic ele-
ments keep the number of electrons in their inner shell as expected in the period:
see hydrogen and antimony described above. By opposition, organic elements
have a higher number of electrons in their inner shell than expected from their
row of the periodic table. As an example, oxygen inner-shell contains more than
two electrons in this shell. Furthermore, the charge state of organic elements also
influences the number of electrons in the inner shell: positive fluorine, neutral
fluorine and negative fluorine have respectively 6, 8 or 10 electrons in the inner
shell.

Based on this understanding, the present paper proposes to consider that the
term organic is affected to one chemical element when the number of electrons
in the inner shell is higher than expected from the periodic table. The author al-
so proposes to extend the designation organic to any compounds containing at

least one organic state of one element.

7. Conclusion

The even-odd rule is meant to explain how electrons dispatch into the electrons
shells, when an atom is bonded to other atoms in a compound. Electrons in the
inner shell are not available for bonding, whereas electrons in the covalent shell
are already involved in bonds. The other electrons are in the inactive shell and as
such, ready to build new bonds with additional atoms. In the present paper, an

alternative definition of organic matter is introduced. /norganic elements have
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the faculty to keep a constant inner shell and can build as many bonds as per
their valence number, indicated in the periodic table. Organic elements however,
can build fewer bonds than one could assume from their valence number. This
peculiarity is due to a transfer of electrons pairs into the inner shell, where they
cannot interconnect. A progression is observed in the periodic table of elements,
with pairs of semi-organic elements found at the interface between the group of
inorganic elements and the group of organic elements. For these elements, the
number of electrons in the inner shell is charge dependent, which also means
that they can build fewer bonds in some cases. Oxygen and fluorine are the only
fully organic elements in the main group of elements, while C, N, S, Cl, Se, Br
and I count as semi-organic. The difference in behavior between organic and in-
organic elements explains why there were fewer compounds observed than

originally predicted by the even-odd rule.
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