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History of periodic table

During the nineteenth century, Chemists have always looked for ways of
arranging the elements to reflect the similarities between their chemical and

physical properties, to known the elements application and its uses

1- Johann Dobereiner

began to formulate one of the earliest attempts to classify the elements. In
1829, he found that he could form some of the elements into groups of three,
with the members of each group having related properties. He termed these
groups triads. He found the middle element had properties that were an

average of the other two members when
ordered by the atomic weight
(the Law of Triads)

Alkali formers

Salt formers

Li 7
Na 23
K 39

Cl 36.5
Br 80
I 127



https://en.wikipedia.org/wiki/Dobereiner's_Triads

History of periodic table
2- John Newlands

The known elements (>60) were arranged in order of atomic weights.

He suggested that elements be arranged in “octaves” because he noticed that
the chemical and physical properties repeated every 8th element when
placed in order of increasing atomic mass. Observed similarities between the
first and ninth elements, the second and tenth elements etc

-

:] The image part with relationship 1D rId1 was not tound in the Hle,




History of periodic table

2-Disadvantages of John Newlands

The problem is that after Calcium the pattern starts to breakdown.
Although Newland had the right idea.

1-That is due to some of the elements hadn’t been discovered yet and he did
not leave any gaps for undiscovered elements in the table.

2- Sometimes had to cram two elements into one box in order to keep the
pattern due to the similarity in the atomic weight.

But these elements have a different chemical and physical properties.



History of periodic table

3- Dmitri Mendeleev

Produced a table based on atomic weights but arranged 'periodically' with
elements with similar properties under each other

3-Disadvantages of Dmitri Mendeleev
1- The ascending order of the atomic weights of some elements was
destroyed and put the elements in groups that fit their properties

126.8 128.3 s A &l



History of periodic table

3-Disadvantages of Dmitri Mendeleev

Where the Tylor has the same properties of oxygen group and lodide has a
properties similar to chloride group so iodide and tylor must be place
changed Regardless of the atomic weight value

3-Advantages of Dmitri Mendeleev

Mendeleev arranged 63 elements in a table leaving spaces for elements that
had not been discovered and predicted these elements such as scandium,
gallium, and germanium later, with determination their approximate atomic
balance



History of periodic table

4- Henry Moseley

1-Henry Moseley discovered that the positive charge in the nucleus of an
atom of any element is of a definite amount.

2-Determined the atomic number of each of the elements

3-He arranged the elements in order of increasing atomic number (nuclear
charge).

The differences in Mendeleev’s table and the modern periodic table



History of periodic table

The differences in Mendeleev’s table and the modern periodic table
1-Mendeleev’s table was arranged in order of increasing atomic mass.
Modern table is arranged in order of increasing atomic number.

2-In Mendeleev’s table the noble gases are not included but included in the
modern table

3-There are gaps in Medeleev’s table but there are’t in the modern periodic
table as they have been discovered..



Periodic Table of the Elements
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Description of periodic table

Modern periodic table consist of:.
1- 18 group vertical

2- 7 rows horizontal

And can be divided into 4 blocks

P Block

Block

D Block

S

F Block




Gradation of proprieties in periodic table

1- Atomic radius.
The distance between the center of two identical atoms in one molecule.
A- In row. Covalent radius: 133 pm

f_;l

By increasing the atomic number, the atomic size
decrease

that is Due to:. increasing the positive charge

in the nucleus and the electron added in the
same level So there are’t any further shield from the nucleu  1.couicar aivance 266 pm
attraction




Gradation of proprieties in periodic table

1- Atomic radius.
The distance between the center of two identical atoms one molecule.

B- In COlllmn: Covalent radius: 133 pm

f_;l

By increasing the atomic number the atomic

size increase
that is Due to:.
1-the electron added in the new level far away from

the nucleus charge Internuclear distance: 266 pm
2-Full Energy levels are mask ( shield) the effect of the
nucleus force form the outer electrons level




Gradation of proprieties in periodic table

2- Ionic size.

A- Positive ion:

In positive ion the outer electrons removed so the nucleus now has more
positive charge than the total negative charge (electrons). The larger effective
nuclear charge will now pull electrons closer to the nucleus

B- Negative ion:

The Nucleus charge remain the same with increasing the number of electrons
leading tol- increasing the repulsion force between the electrons with each
other that is caused an increase in the energy level radius

2-The eftect of the nucleus charge on the electrons attraction involved
decreases



Li+ Bez-l- F F_
\) - O
152 pm 60 pm 1M1 pm 31 pm 64pm 136 pm
| Mg, M92+ Cl-
186 pm 95 pm 160 pm 65 pm 181 pm

Radii
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Gradation of proprieties in periodic table
3-Ionization Energy (I1E)

The amount of energy needed to remove an electron from an atom or ion.
Every electron in any atom or ion has a specific ionization energy.

Ionization Energy Trends

1) Tonization energy DECREASES going DOWN a GROUP

As we move from up to down in a group, the charge of the nucleus decrease
and the radius increase. Leading to decrees the attraction force between the
nucleus and the outer electron, so it does not requires a high energy to
separate it from the atom




Gradation of proprieties in periodic table

3-Ionization Energy (I1E)

2) Ionization energy INCREASES as you go ACROSS a PERIOD

As we move from left to right in a period, the charge of the nucleus increases
and the radius decreases. Leading to an increase in the attraction force
between the nucleus and outer electron so it requires a large energy to
separate it from the atom until it reaches the maximum value in the noble
gases

3) The noble gases have the highest Ionization energies

4) The alkali metals have the lowest Ionization energies




Gradation of proprieties in periodic table

3-Ionization Energy (I1E)

First Ionization Energy

The amount of energy needed to remove the 1st electron from the outer shell

of a neutral (uncharged) atom.

* Some atoms have 2 or more electrons in the valence Shell. For example,
alkaline earth elements such as Mg or Sr

 Removing the 1st electron (first ionization energy) will always take less
energy than the energy necessary to Remove the 2nd electron (second
ionization energy).

* This trend continues. The energy necessary to remove a 3rd electron is
greater than the energy necessary to Remove the 2nd and so on that is due
to Once an e is removed the nucleus charge per electron is now stronger. So
the I.E. to remove the next electron increases




Gradation of proprieties in periodic table

Second ionization energy is the energy required to remove the second

electron from ion +1
Third ionization energy,, is the energy required to remove the third electron

fromion +2

4-Electronegativity
The ability of atom to attract the electrons towards it in a chemical bond

1) Electronegativity decreases down a Group —
2) Electronegativity increases across Periods

As |L.E

Generally, metals are electron givers and have low electronegativities.
Nonmetals are electron takers and have high electronegativities



Gradation of proprieties in periodic table

S-Electron affinity

Energy change that occurs when an atom gains an electron

In period :As we move from left to right in a period, the electronic tendency
increase as the radius decrease and the force of attraction of the nucleus
Increases

In group: the electron tendency decreases vertically in the group by
increasing the atomic number because electron shielding blocks some of the
attraction force from the nucleus, and the radius of the atom increases
Irregular cases: The irregularity in beryllium because its sub-levels are
empty and the atom is stable. In nitrogen, the sub-levels are half-full as in the
case of the neon atom. All sub-levels are full.




Gradation of proprieties in periodic table

6-Mineral and non-metallic properties:

In period : The period begins with a strong metal element that gradually reduces the metal

content by increasing the atomic number to reach the semi-metals then The non-metals are

shown by increasing the atomic number

In group: The metal is increased by increasing the atomic number, because the higher the

atomic number, the greater the number of energy levels

Semi-metal : Elements whose characteristics range from the properties of ordinary metals

and non-metals are called semiconductors. Boron, silicon, germanium, arsenic, antimony,

and tellurium are examples of these elements. Semiconductors are characterized by the

following :

 The possibility of gaining or losing electrons during the reaction.

 Usually connected to electricity and heat, but not to the quality of metal elements and
its faintly color.




Gradation of proprieties in periodic table

Non-metals

Metals

Are elements that fill their outer
shell with more than four
electrons

Are elements that fill their outer
shell with less than four electrons

The atom tends to gain electrons
in its outer shell and become
negative ions to reach the nearest
inert gas structure

The atom tends to lose electrons
in its outer shell and become
positive ions to reach the nearest
inert gas structure

Non-metals are bad conductors of
heat and electricity.

Metals are good conductors of
heat and electricity.

Characterized by a small radius

Characterized by a large radius

Non-metals have low melting and
boiling points as compared to
metals.

The melting and boiling points of
metals are generally high




Gradation of proprieties in periodic table

Non-metals

Metals

Non-metals are not strong.

All metals are strong.

Most of Non-metals are soft

Generally, metals are hard.

Non-metals are non-malleable or
brittle

Metals are malleable.

It has no metallic luster.

It has a metallic luster.

High electronegativity, High
ionization energy, high electron
affinity, and lower electro-
positivity

lower electronegativity, lower
ionization energy, lower electron
affinity, and high electro-
positivity




General properties of Hydrogen

» Hydrogen: Is the first element in the periodic table and characterized by

the most simple form of the atom, where the nucleus contains a single
proton and one electron can spin around it

> Hvydrogen is characterized.

There is no really appropriate place for this element in the periodic
table but it placed in group Al. But it is considered a class by itself. It is
associated with alkaline metals and halogens.

Hydrogen is therefore similar to alkaline metals which contain a single
electron that can be lost and became ionized proton.



General properties of Hydrogen

» There is a difference between hydrogen and the elements of group Al in
the following:.

» 1 - Hydrogen has a small potential to lose an electron In contrast to the
alkali elements can lose an electron easily and therefore the ability of
hydrogen to form ionic compounds is difficult

2 - Hydrogen has great potential to form covalent compounds by electron
participation

Its relationship with the halogen group:
» The hydrogen atom contains only one electron and it needs one electron to
reach the structure configuration of the nearest inert gas which is helium.




General properties of Hydrogen

» The same case for halogens need one electron to reach the structure of the
nearest inert
With the electrical analysis of the LiH (Hydride) solution we found that
hydrogen is released to the elevator and this is similar to the electrolysis of
the NaCl solution. Chlorine is released into the elevator as well.

» There is a difference between hydrogen and the elements of group A7 in
the following:.

» The chance to form hydride is more difficult than the formation of halide
that is due to the small electronegativity and electron affinity of hydrogen
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Preparation of Hydrogen

First: Displacement of hydrogen from its compounds

2Na+H,0 - NaOH+H,
Zn+2HCI — ZnCI+H,
Zn+2NaOH——Na,Zn0,+H,

NaH+H,0 ——NaOH+H,

CaH,+H,0 — . Ca(OH) ,+H,
Second: Electrolysis:

Hydrogen is produced through electrolysis of water, which is the most
common method of producing hydrogen in relatively low cost and does not
produce pollutants to the environment during the process

» H,O0 + electricity > H,+1/2 0O,



Reaction of Hydrogen

> Reduction Reactions of Hydrogen

CuO(s) + H,(g) — Cu(s) + H,0(g)
H,C=CH,(g) + H,(g) — H,C—CH(g)

» another Reactions of Hydrogen
2H,+0, - 2H,0

N,+3H, > 2NH;

H,(g) + Cl,(g) — 2HCl(g)



Hardness of water

Water (H20)

Soft water Hard water



Hardness of water

> Soft water
Water consists of low concentration of calcium and magnesium salts.

» Hard water
Hard water is due to the presence of high concentration of calcium and

magnesium salts that are dissolved in water

Temporary Hardness
Is due to the presence of Ca?*, Mg?*in the form of the bicarbonate ion HCO 3",

being present in the water.
This type of hardness can be treated by boiling the water to expel the CO,, as

indicated by the following equation:

* Ca%*+2HCO,  — CaCo, + H,0 + CO,
» Mg+ 2HCO, — MgCO, + H,0 + CO,




Hardness of water

Permanent hardness is due to the presence of the ions Ca?*, Mg*2in the form
of Cl -and SO, %. This type of hardness cannot be eliminated by boiling

As it can’t be treated easily ,so it’s treated by chemical treatment such as:
CLARK'S METHOD ion exchange resin.

CLARK'S METHOD

In clark’s method an amount of calcium hydroxide Ca(OH), and sodium
carbonate is added to hard water. Which convert soluble calcium to insoluble

carbonates

CaSO, + Na,CO,——=>Na,SO, + CaCO,



Hardness of water

lon Exchange resin
In this method sodium zeolite is used as ion-exchanger. Na-zeolite is passed
through the pipes containing hard water. Sodium zeolite is converted into
calcium-zeolite or magnesium-zeolite. These are insoluble in water and are
separated from water by filtration

Ca*? + Na,-zeolite — Ca-zeolite + 2Na*!

Mg*? +Na,-zeolite — Mg-zeolite + 2Na*

A zeolite which has been used can be regenerated by allowing it to stand in
contact with conc. NaCl solution. The calcium aluminosilicate is reconverted

to sodium aluminosilicate:
Ca(AlSi,0), + 2Na* - 2NaAlSi,O, + Ca%*



Hardness of water

2
Hard tapwater (with Ca*ions)
flows into the ion exchanger.

lon Exchanger
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feaves the ion exchanger,
to be used in the household.
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Hardness of water

Disadvantages of Hard water

Domestic: Hard water affect cleaning ability of soap. When hard water is used
for washing, large amount of soap is consumed.

(ii) It is unsuitable for cooking certain vegetables and meat. They take very

long time to cook in hard water
Industrial: Hard water can cause “corrosion” inside the pipes that transport

water.
Health: Hard water when used for drinking for long period can lead to

stomach and kidney diseases.




15t group
Alkali Metal Properties

The alkali family is found in the first column of the periodic table

Atoms of the alkali metals have a single electron in valence shell (1 valence
electron) and electron configuration of 1s!.

Tend to lose an electron and turn to positively charged ions, carrying one
positive charge M*!

It is characterized by the largest size of all the atoms in the periodic table and
the atomic volume increases from top to bottom and according to this
characteristic, these elements are:

They are the most reactive metals, and characterized by having high
electropositive properties that is due to the electron in its outer shell in these
metals is easily lost




15t group
Alkali Metal Properties

So it is kept under the surface of kerosene or paraffin to prevent its interaction with
the wet air because it is chemically active elements with hydrogen evaporation that
ignites with a bang. Soft metals (easily cut with a knife).

Alkali metals are never found as free elements in nature. They are always bonded
with another element

All the ions of these elements are smaller than the size of the corresponding atoms,
because the positive charge inside the nucleus is greater than the number of
electrons. This results in an increase in the nucleus's attraction force to the electrons
and the electrons become more correlated with the nucleus.

These elements have low electronegativity properties and therefore tend to form
ionic compounds



15t group
Alkali Metal Properties

These elements are easily oxidized and converted into positive ion thus these
elements considered powerful reducing agents. {Oxidation process: the process of
electron loss accompanied by an increase in positive charge and a decrease in
negative charge}

The melting point of its elements is low and decreases from top to bottom because
the metal bond in these metals is composed of one free electron per atom. The metal
bond is weak and became more weaker by increasing the atomic number.

They have low melting and boiling points and are soft and easy to see. Lithium can be
easily sliced with a knife while cesium is as soft as cheese.

Lowest ionization energies and electronegativities in periodic table, easily ionized to
form ions with +1 charge/+1 oxidation state

They are good conductors of electricity.

Their ability to conduct electricity is due to the availability of their outer electrons to
move.



15t group
Alkali Metal Properties

The solutions of these elements are not colored because the resulting ions do not
contain free electrons

Do not prepare in pure form by reducing their ions but they are brought by
electrolysis of their salts.



15t group
Alkali Metal Properties

e Chemical reactions:.
 1-Oxides of the alkali metals

oAlkali metal on combustion in Oxygen

M+QO2—depends on the alkali metal

Li,0O(oxide)

Na,O,(peroxide)

KO,,RbO,,CsO,(superoxide)

The increasing stability of the peroxide or superoxide, as the size of the metal ion
increases, is due to the stabilization of large anions by larger cations through lattice
energy effects



15t group
Alkali Metal Properties

e Chemical reactions:.
 1-Oxides of the alkali metals

o All oxides compounds react violently with H,O (hydrolysis) forming hydroxide
Li,O(s) + H,O(I) —— 2 LiIOH(s)

Na,O,(s) + 2 H,O(l) 2 NaOH(s) + H,O,(l)

2 KO,(s) + 2 H,0O(l) —2 KOH(s) + H,O,(l) + O,(g)

The alkali metal hydroxides are the strongest of all bases.

e 2-Reaction with water:

« All alkali metals react with water to produce hydrogen and the metal hydroxide.
M(s) + H,O() ——  M*(aq) + OH" (aq) + %2 H,(0)




15t group
Alkali Metal Properties

 Chemical reactions:.
* 3-Reaction with halogens (group 17: F,, Cl,, Br,, I,)

All alkali metals react with halogens to form ionic halides.
Me) +1/2 Xo — MX

* 4-Reaction with hydrogen:.
¢ M)+ 1/2 Ho—— MXg)




15t group
Alkali Metal Properties

Points of Difference between Lithium and other Alkali Metals

Exceptionally small size of its atom and ion

Lithium is much harder than the other elements in group.

Its m.p. and b.p. are higher than the other alkali metals.

it is activity is smaller than other elements in this group

On combustion in air it forms mainly monoxide ,Li,O and the nitride, Li;N unlike
other alkali metals.




2"d oroup
Alkaline earth metal Properties

Alkaline earth metals have an electron configuration that ends in ns?.

* Alkaline earth metals are less reactive than alkali metals.

* the elements in Group 2 have two electrons in their valence shells, giving them an
oxidation state of +2. This enables the metals to easily lose electrons, which increases
their stability and allows them to form compounds via ionic bonds.

* Trends in first ionization energy:
The first ionization energy is the energy needed to remove the most loosely held electron from each of one mole of

gaseous atoms



