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Abstract : Atoms of chemical elements have three dimensional structures,
and it is necessary that periodic table must have 3D shape. “Pams Quan-
tum Periodic Table”, which is an improvement over the Mendeleev’s Pe-
riodic Table, without disturbing its basic theme is a three dimensional
periodic table. All four quantum numbers can be visualized in this peri-
odic table at a time, where as in Mendeleev’s Periodic Table only prin-
cipal and azimuthal quantum numbers can be displayed at a time. Fold-
ing the P, D and F blocks in three dimensional way and wrapping of those
three blocks around S block is the effect of the magnetic quantum num-
ber. The spin quantum number plays a different role in the case of Pams
Quantum periodic table and it divides the total periodic table in to two
structures which have mirror image symmetry. This paper shows the per-
fect construction of Pams Quantum periodic table according to quantum
principles. Pams Quantum periodic table will further help in viewing the
data of periodic table trends in new perspective.

Keywords : Periodic Table of chemical elements, Pam's Quantum Peri-
odic Table, Mendeleev’s Periodic Table, 3D Periodic Table, quantum num-
bers, symmetry, dimensions, Periodic trends.

Introduction

, Language of chemistry has its own alphabets. Its letters are symbols of
chemical elements!. Alphabets are developed by us where as the Elements
are developed by nature. We arranged the Alphabets in to a chart. We also
arranged the Elements in to a chart and called it periodic table. The Nature
which is intelligent enough to make all the elements with atomic numbers in
a serial order, must also have tried to arrange elements in its own pattern.
This paper deals with the arrangement of whole chemical elements into a
lattice type of symmetrical structure. This paper is divided in to two sec-
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tions. First section reviews the previous works on periodic table till date

and second section deals with the concept of “Pams Quantum Periodic
Table”. ’

- Section 1 : Mendeleev’s Periodic Table, it’s concept and background
Linear increasing order of Chemical Elements, the natures perfection

By the end of the 18th century, chemists had discovered a host of new
elements not recognized before. But it was John Dalton’s atomic theory that
provided an explanation of the structure operating behind the scenes. In
1808 he published his ideas and declared that ‘the atom’ was the basic unit
of the chemical element?. From that time, various analytical methods like
chemical analysis, electro chemical methods; X-ray: spectra method and
radiometric method were the key factor which led to the discovery of new
chemical elements®. Hafnium and Rhenium were the last stable elements to
be discovered in nature in the years 1923 and 1928 respectively*. After
discovery of the last stable element Rhenium, only four elements (with
atomic numbers 43, 61, 85 and 87) were missing in the table between
Hydrogen with atomic number 1 and Uranium with atomic number 92.
Scientists went further and the history of synthesized elements starts with
the work of these missing four elements’. A more rigorous foundation
came with the development of quantum theory of atomic structure. As a
result of all these scientific works long linear list of elements with serial
atomic numbers was developed. This arrangement of elements in a perfect
linear form, with a single digit increase every time shows the natures per-
fection in synthesizing atomic structures.

Prediction of new elements based on periodicity of properties

A connection between the atomic weights of the elements and their physical
properties was sought by Prout in 1815, and later by Newlands and de
Chaucourtois®. As early as 1817 Johann Wolf Dobereingr had begun to
notice some consistent relationships in the atomic weights of certain groups
of similar elements. By 1861, a number of Chemists had been playing
around for several years with the idea of triads based on similarities of their
properties. In 1864, the London industrial chemist John Alexander Reina
Newlands was the first to notice that a table of elements arranged by order
of atomic weights showed a pattern in which “the eighth element, starting
from a given one, is a kind of repetition of the first” and called it as law of
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octaves. But Dmitry Mendeleyev was the one who played with the idea of
order among the elements the most creatively and pushed it to its most
logical conclusions. Dmitri Mendeleev (1834-1907) arranged in the table
the 63 known elements based on atomic weight, and published in 1869. He
left space for new elements, and predicted three yet-to-be-discovered ele-
ments. And it was the identification of those elements in 1875 and 1886 that
made him famous, and led to the general acceptance of the periodic table’.
Scientists later realized the fact that atomic masses do not increase regu-
larly with atomic number, and although many details of lay out have evolved
~ since then, his basic idea has been retained, of ordering elements horizon-

tally in periods so that they fall in vertical groups w1th similar chemical
properties!?. '

Mendeleev’s Periodic Table, it’s block Structure, groups, periods and associ-
ated Quantum numbers

The Mendeleev’s periodic table is arranged by atomic number, so it is
arranged by increasing electron count. The ground state electron configura-
tion follows the Pauli Aufbau filling order, so the periodic table is arranged
according to quantum mechanics!! (see Fig. 1).
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Fig. 1. Modern Mendeleev’s periodic-table, currently under use.
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An element’s location on the periodic table reflects the quantum num-
bers of the last orbital filled. The period indicates the value of principal
quantum number for the valence shell, the lanthanides and actinides are in
periods 6 and 7, respectively.

The block indicates value of azimuthal quantum number (/) for the last
subshell that received electrons in building up the electron configuration, |
blocks are named for subshells (s, p, d, ). Each block contains a number of
columns equal to the number of electrons that can occupy that subshell. The
s-block has 2 columns, because a maximum of 2 electrons can occupy the
single orbital in an s-subshell. The p-block has 6 columns, because a maxi-
mum of 6 electrons can occupy the three orbitals in a p-subshell. The d-
block has 10 columns, because a maximum of 10 electrons can occupy the
five orbitals in a d-subshell. The f-block has 14 columns, because a maxi-
mum of 14 electrons can occupy the seven orbitals in a f-subshell!2.

Groups are numbered 1 to 18 and Groups 1 and 2 of the periodic table
are referred to as the s-block because these elements have outer electrons in
an s-orbital. Groups 13 through 18 are referred to as the p-block because
these elements have outer electrons in a p-subshell. Groups 3 through 12
are referred to as the d-block and the inner transition elements are f-block'!.
The f-block elements are known as the lanthanides and actinides. For ease
of presentation they are generally shown as separate blocks below the main
table. The lanthanides and actinides are in periods 6 and 7, respectively'?

For the purposes of finding electron configuration from the periodic
table and to remember the Aufbau filling order, Helium (He) could be
placed in group 2 next to Hydrogen (H)!1.

Four quantum numbers to explain the state of the atom

The Bohr model was a one-dimensional model that used one quantum
number to describe the distribution of electrons in the atom. The only
information that was important was the size of the Orbit, which was de-
scribed by the n quantum number..

Schrodinger’s model allowed the electron to occupy three-dimensional
space. It therefore required three coordinates, or three quantum numbers,
to describe the orbitals in which electrons can be found. The three coordi-
nates that come from Schrodinger’s wave equations are the principal (n),
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angular (/), and magnetic (m) quanturh numbers. These quantum numbers
describe the size, shape, and orientation in space of the orbitals on an atom.

At first, the fourth quantum number was a mystery. It was Wolfgang
Pauli, in 1924, who came up with the idea that this fourth quantum number
described the electron’s ‘spin’, which could only point up or down, giving
the required doubled-valued quantum number. For the electron “mg = +1/2

or -1/2”. With these four quantum numbers we can describe the complete
state of the atom!4.

It all comes together to show how these quantum nu'mbers actually de-
fine the Periodic Table of the Elements (see Fig. 2). The first two columns
on the left are when [=0, which are s orbitals. “m” is only zero, so there is

m=0 P /-;
72, , m=-1 0 +1 1 0 +1
et | e di-2 M s i

n=2 | 2 m +)‘/¢spin m-‘/;epin
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n=5 5; - 4d
oG (; - ‘ | =
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Fig. 2. The Scheme how the four types of quantum numbers actually defines the
Periodic Table of the Elements. Explanation : “n” is principal quantum
number, “/”is azimuthal quantum number, “m” is magnetic quantum num-

ber, “spin” is spin quantum number, “s, p, d and f” are blocks of periodic
table named for “subshells s, p, d and f”.

only one orientation (.spherical). The +1/2 and -1/2 spins gives us two
elements in this block. The right block represents “/=1" which is the p

65



Raju

orbitals. Since “m” has 3 orientations and there is a + and - spin for each
orientation, there is a progression of 6 electrons that cover these combina-
tions. That’s why this block is six elements wide. The middle block is for
“I=27, which is the d orbitals. As mentioned, m goes from -2 to +2 giving
us 5 orientations. With the two spins, it takes 10 steps to fill up the d
orbitals, which is why there’s a run of 10 elements that go across this
middle section. Finally, the Periodic Table always shows a separate block -
of elements. This is for “/=3", which is the f orbitals. Since m can go from
-3 to +3, that’s 7 steps. With both spins, that means there it takes 14
electrons to fill up the forbital and why there are 14 elements in that row!>,

Though the standard scheme is given above and universally accepted,
the individual element may or in some occasions may not fit in to the
frame. The periodic table’s rows and blocks roughly correspond to how an

atom’s electrons are arranged, in a series of “shells” around the proton-rich
nucleus!®,

Different Periodic Tables for Different Purposes

Though modern form of the Mendeleev’s Periodic Table with increasing
order of the Z value has been accepted and retained by modern scientific
community, a large number of other forms of Periodic tables have been
developed, based on the requirement of scientific groups for last 150 years.
Although, few of them are highly scientific and informative no one of them
could reach the heights of Mendeleev’s Periodic Table. The reason is simple, -
either because those could not carry the basic theme of Mendeleev’s Peri-
odic Table or could have developed for a specified purpose narrowing its
limits. All Periodic Tables other than Mendeleev’s Periodic Table are col-
lectively called as ‘Alternative Periodic Tables’. Most of them can be ac-
cessed by visiting “Internet Database of Periodic Tables” available at “The
Chemogenesis Work book” (http://www.metasynthesis.com/webbook/35 pt/
pt_database.php). There are hundreds of periodic tables across web space,

but this is the one comprehensive database of periodic tables and periodic
system formulations!’.

Section 2 : “Pams Quantum Periodic Table”, it’s concept and features
Missing dimension in Mendeleev’s periodic table

With the arrangement of elements with increasing order of Z value, the
arrangement became a linear and one-dimensional ribbon like structure. By
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cutting and arranging ribbon like structure in rows and columns the peri-
odic table became two dimensional. Here, at this juncture, we cannot ig-
nore the fact that elements are building blocks of the universe and each
element and atom has a three dimensional structure. When we start arrang-
ing three dimensional elements in a systematic order it is not necessary that
it may be in the same form as Mendeleev’s Periodic Table. Mendeleev’s
Periodic Table is the comprehensive, well organized, historical and highly
accepted by scientific community. Any modification or change in it, which
would disturb the basic idea or theme of Mendeleev’s Periodic Table, may
get a total rejection from scientists. At the same time, we can’t ignore the
facts which have to be studied and evolved. Here comes the “Pams Quan-
tum Periodic Table”, which is an improvement over the Mendeteev’s Peri-
odic Table, without disturbing its basic theme. As the study of the
Mendeleev’s Periodic Table in detail will help to understand the core theme
of the Pams Quantum Periodic Table, the Mendeleev’s Periodic Table was
well explained in the previous sections.

“Pams Quantum Periodic Table”, an improvement over the Mendeleev’s Peri-
odic Table

“Pams Quantum Periodic Table” is a three dimensional periodic table of
chemical elements developed by the author of this paper. It is an improve-
ment over the Mendeleev’s Periodic Table, without disturbing its basic
theme. All four quantum numbers can be visualized in this periodic table at
a time, where as in Mendeleev’s Periodic Table only principal and azi-
muthal quantum numbers can be displayed at a time. It is highly symmetri-
cal compact and informative. The name Pams Quantum is chosen for this
periodic table suggests four quantum numbers principal, azimuthal, mag-
netic and spin. First letters of names of quantum numbers are picked to
frame the name. The letter ‘Q’ suggests the word “quantum”.

Detailed features of “Pams Quantum Periodic Table of Chemical elements”

In Pams Quantum periodic table pictures (see Fig. 3) each cube indicates
an individual element. Number indicated on each cube indicates the Z value
(atomic number) of that element. Cubes with chips texture at the centre of
the periodic table (bearing Z values 1, 2, 3, 4 etc.) represent s-block of the
Mendeleev’s periodic table. Cubes next to s-block with vertical lines tex-
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-Fig. 3. Front-top view, Front-bottom view and Rear view of the Pams Quantum
Periodic Table of Chemical elements in 3-dimensions. Each cube represents
one chemical element and Z value of that element is written over the block on
all sides. Central two rows with chips texture form “s” block. Rows with
vertical lines form “p” block. Rows with horizontal lines form “d” block.
Rows with brick pattern form “f” block.

ture (bearing Z values 5, 10, 13, 18 etc.) represent p-block of the Mendeleev's
periodic table. Cubes next to p-block with horizontal lines texture (bearing
Z values 21, 30, 39, 48 etc.) represent d-block of the Mendeleev’s periodic
table. Cubes next to d-block with brick texture (bearing Z values 57, 70,
89, 102 etc.) represent f-block of the Mendeleev’s periodic table.
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In Pams Quantum periodic table each element is considered as a cube
with 3D space irrespective of the size and radius of the atom. It is an
extension to the 2-dimensional space shown as square boxes in the
Mendeleev’s periodic table. The cube has an additional advantage of uni-
form symmetry on all the sides with translational property.

In Mendeleev’s periodic table blocks are arranged in a side by side
manner. s, p and d blocks are arranged one after another from left to right,
and f-block is arranged below those three (see Fig. 4). In Pams Quantum
periodic table blocks are arranged in a manner that s, p, and f blocks comes
one behind another so that s block comes in the front and f-block comes
behind all (see Fig. 5). This type of arrangement will not disturb the order
of principal quantum number and all the periods follow the same ‘n value’
and rules as in the case of Mendeleev’s periodic table (see Fig. 6).

The front and behind arrangement of blocks represents azimuthal quan-
tum number. To brief (see Fig. 5), in this three dimensional periodic table
height and depth of the space is represented by principal and azimuthal
quantum number respectively. Groups are also maintains the same structure
without any disturbance, where as arranged in a different pattern (see Fig.
7). This new pattern of arrangement of groups in three dimensional space

Fig. 4. Arririzf;lnéghlernt of “s, p, d and f blocks” in the side by side pattern as in the
case of Mendeleev’s Periodic Table of Chemical elements.
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Fig. 5. Arrangement of “s, p, d and f blocks” in front to behind pattern as in the case

of Pams Quantum Periodic Table of Chemical elements and this picture
shows front view and side view.

will not alter principal or azimuthal quantum number of any element. Fold-
ing the p, d and f blocks in three dimensional way and wrapping of those
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Fig. 6. Pams Quantum Periodic Table of Chemical elements, showing principal quan-

tum number and s, p, d and d blocks. f-block includes Actinides and Lanthinides
one below the other.

S o N N

Fig. 7. Pams Quantum Periodic Table, showing groups of Chemical elements. This

picture shows bottom-front view and direct view. All the 18 groups are

exactly similar to the 18 groups of Mendeleev’s periodic table, where as
horizontal alignment is changed.

three blocks around s-block is the effect of the magnetic quantum number
and will be explained in coming section (see Figs. 9 and 11). The spin
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el

Fig. 8. Paras Quantum Periodic Table, showing two sections separated by spin quan-
tum rumber with spin up and spin down activity, front view and bottom .
view. Section of the Periodic table which shows atomic number 1 at the top
represents the electron’s ‘spin’, which could only point up i.e. “m, = + 1/
27, aund the right half of the Periodic table which shows atomic number 2 at
the to) represents thé electron’s ‘spin’, which could only point down i.e. *m,
= 1,27 and it divides the total periodic table in to two structures vertically
which have mirror image symmetry.

quantum nuinber plays a different role in the case of Pams Quantum peri-
odic table ard it divides the total periodic table in to two structures which
have mirror image symmetry (see Fig. 8). In the case of Mendeleev’s
periodic tabe, it can’t be visualized in its structure. The left half of the
Periodic Table which shows atomic number 1 at the top represents the
electron’s ‘spin’, which could only point up i.e. “mg = +1/27, and the
right half of the Periodic table which shows atomic number 2 at the top
represents the electron’s ‘spin’, which could only point downi.e. “ m, = -
1/2”. Spin quantum number divides the total periodic table in to two struc-
tures vertically which have mirror image symmetry. Though the spin quan-
tum number divides the periodic table vertically in real sense it represents
the spread of elements horizontally by its double-value of the quantum
number, spin up and spin down. Now it is clear that in this three dimen-
sional periodic table height and depth of the space is represented by princi-
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Fig. 9. Pams Quantum Periodic Table, showing s, p, d and f blocks each separately
in side view and top view. Folding the p, d and f blocks in three dimensional
way and wrapping of those three blocks around s block is the effect of the
magnetic quantum number and is shown in the picture.

Fig. 10. Pams Quantum Periodic Table, showing s, p, d and f blocks each separately

and each block divided in to two sections by the activity of the spin quantum
number.

pal and azimuthal quantum number respectively, where as the spin quantum

number and the magnetic quantum number represent the width of the peri-
odic table.
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Fig. 11. After the visual division of the periodic table vertically by spin quantum
number in to two sections, the effect of magnetic quantum number in impart-
ing central fold to each section in a symmetrical pattern can be visualized.
The centre element of each block of each section is represented by magnetic
quantum number “0” and elements next to it are represented by plus signs in
increasing order. In left section of the periodic table plus signs are on right
side and in right section, plus signs are on front side of ‘0’. Similarly ele-
ments of each block of each section prior to ‘0’ are represented by negative
signs in decreasing order. In left section of the periodic table negative signs
are on front side and in right section negative signs are left side ot *0’.

Coming to the function and visualization of the magnetic quantum num-
ber, it plays role in folding the p, d and f blocks in three dimensional way
and wrap those three blocks around s-block (see Figs. 10 and 11). After the
visual division of the periodic table vertically by spin quantum number in to
two sections, the effect of magnetic quantum number in imparting central
fold to each section in a symmetrical pattern can be visualized. The centre
element of each block of each section is represented by magnetic quantum
number “0” and elements next to it are represented by plus signs in increas-
ing order. In left section of the periodic table plus signs are on right side
and in right section, plus signs are on front side of ‘0’. Similarly elements
of each block of each section prior to ‘0’ are represented by negative signs
in decreasing order. In left section of the periodic table negative signs are
on front side and in right section negative signs are left side of ‘0’.
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Detailed view of “s, p, d and f-blocks” of Pams Quantum periodic table show-
ing all the elements with their names, symbols and Z values

Though the 3-D figures of the Pams Quantum perlodlc table are pre-
sented, it is necessary to present all the blocks with details of name symbol
and Z value of elements (see Figs. 12-15) give details of all essential
details of elements of respective blocks. These pictures also give details of
magnetic'quantum number and spin quantum number of respective blocks.

1 2

H He
Hydrogen Helium
3 4

Li Be
Lithium berillium
11 12

Na Mg
19 20
K Ca
Potassium Calsium
37 38
Rb Sr
Rubidium Strontium
55 56

Cs Ba
Cesium Barium
87 88

Fr Ra
Francium Radium

Fig. 12. “s block” of the Pams Quantum periodic table with details of name, symbol
and atomic number of each element. It is divided in to two equal sections by
a black vertical strip in the centre. Left section shows the spin up activity of
the spin quantum number and right section shows the spin down.
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Tellurium |

84
Po

Polonium

116

Lv
Livermorium

Fig. 13. “p block” of the Pams Quantum periodic table with details of name, symbol
and atomic number of each element. It is divided in to two equal sections by
a black vertical strip in the centre. Left section shows the spin up activity of
the spin quantum number and right section shows the spin down. Central row
of the each section is filled with fine dots and represents elements with the
magnetic quantum number value “0”. This row also represents corner row of
each section.

Conclusions

Above data clearly shows that all four quantum numbers took share in
construction and can be visualized in Pams Quantum periodic table. But, in
the case Mendeleev’s periodic table, only principal and azimuthal quantum
numbers can be visualized. This shows the perfect construction of Pams
Quantum periodic table according to quantum principles. Pams Quantum
periodic table, will further help in viewing the data of periodic table trends
in new perspective.
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Fig. 14. “d block™ of the Pams Quantum periodic table with details-of name, symbol
and atomic number of each element. It is divided in to two:-equal sections by
a black vertical strip in the centre. Left section shows the spin up activity of
the spin quantum number and right section shows the spin down. Central row
of the each section is filled with fine dots and represents elements with the
magnetic quantum number value “0”. This row also represents corner row of
each section. : ’ ‘ ‘
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Fig. 15. “f block” of the Pams Quantum periodic table with details of name, symbol
and atomic number of each element. It is divided in to two equal sections by
a black vertical strip in the centre. Left section shows the spin up activity of
the spin quantum number and right section shows the spin down. Central row
of the each section is filled with fine dots and represents elements with the
magnetic quantum number value “0”. This row also represents corner row of
each section. ' '

Note : Figs. 3 to 11 are 3-D drawings of Pams Quantum periodic table,
drawn with the help of “Google SketchUp 8 software”. Elements are shown
as three dimensional cubes. Rows with chips texture form “s” block. Rows
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with vertical lines form “p” block. Rows with horizontal lines form “d”
block. Rows with brick pattern form “f” block.
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