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1-Advanced Inorganic Chemistry by F.Albert Cotton ,Geoffrey Wilkinson ,
Carlos A. Murillo , Manfred Bochmann ; Sixth Edition 2009.
2-Concise Inorganic Chemistry by J.D.Lee ; Fifth Edition 2011.
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Lecture 1

Inorganic Chemistry
4oy guac ) ¢ laasl
What is Inorganic Chemistry?
Organic chemistry is defined as the chemistry of hydrocarbon compounds
CoHn Xk (X = nonmetal). Inorganic chemistry can be broadly described as
the chemistry of "everything else®. As can be imagined, the inorganic real

m is extremely broad. Organometallic chemistry bridges both areas by
considering compounds containing carbon metal bonds.
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Electron affinity:
The electron affinity (E.,) of an atom or molecule is defined as the amount
of energy released when an electron is attached to a neutral atom or
molecule in the gaseous state to form a negative ion.
X(g) +e — X (g) + energy
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Electronegativity:
Symbol, measures the tendency of anatomto attract a shared pair
of electrons.

Al Sl Aqadladd) ol At <)

 AlaasU Jaul 55l 8 il s ySIY) da e aaluiill o s sall 5 31 5 500l e o



https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Molecule
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https://ar.wikipedia.org/wiki/%D8%A5%D9%84%D9%83%D8%AA%D8%B1%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%BA%D8%A7%D8%B2
https://ar.wikipedia.org/wiki/%D8%BA%D8%A7%D8%B2
https://ar.wikipedia.org/wiki/%D8%A3%D9%8A%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D8%A3%D9%8A%D9%88%D9%86
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Electron
https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9

Bond distance:

It is defined as the average distance between nuclei of two bonded atoms in
a molecule. It is related to bond order: when more electrons participate in
bond formation the bond is shorter.
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Bond strenqth:

Is the measure of bond strengthin achemical bond. For example,

the carbon-hydrogen bond energy in methane BEc 1y is the enthalpy

change (AH) of breaking one molecule of methane into a carbon atom and
four hydrogen radicals, divided by four.

*Do not mix between bond energy and bond destruction,
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Electric dipole moment:
Is a measure of the separation of positive and negative electrical
charges within a system.
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https://ar.wikipedia.org/wiki/%D8%AC%D8%B2%D9%8A%D8%A1
https://ar.wikipedia.org/wiki/%D8%B1%D8%AA%D8%A8%D8%A9_%D8%A7%D9%84%D8%B1%D8%A7%D8%A8%D8%B7%D8%A9
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https://en.wikipedia.org/wiki/Chemical_bond
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https://en.wikipedia.org/wiki/Hydrogen
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https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D9%87%D9%8A%D8%AF%D8%B1%D9%88%D8%AC%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D9%87%D9%8A%D8%AF%D8%B1%D9%88%D8%AC%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D8%B7%D8%A7%D9%82%D8%A9_%D8%AA%D9%81%D9%83%D9%83_%D8%B1%D8%A7%D8%A8%D8%B7%D8%A9
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https://en.wikipedia.org/wiki/Electrical_charge
https://en.wikipedia.org/wiki/Electrical_charge

Chemical bond:

Is an attraction between atoms, ions or molecules that enables the formation

of chemical compounds. The bond may result from the electrostatic force of

attraction between oppositely charged ions as in ionic bonds or through the
sharing of electrons as in covalent bonds.
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To build up an atomic structure we should follow the rules:

- Aufbau principle gk <igi s

States that:

“The orbitals of lower energy are filled first with the electrons, and then the

orbitals of high energy are filled.”

The orbital energy does not depend on value of n only but also on |, using
(n + 1) rule, the lower energy orbital is that of lower value of (n +1) .

If ( n + 1) values of different orbitals are equa,l the one with the lowest
value of n fill first.
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No two electrons in the same orbital can have the same four quantum no.s,
only electrons with opposite spin can occupy the same orbital.
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Electrons fill degenerate orbitals one at a time before doubling up in the

same orbital”

The p,d,f,g orbitals sets are equivalent in energy but differ in orientation in
space mI=21+1) p(3) , d(5) ,f(7), g(9) . So they should be half filled before
any are filled to avoid electron-electron repulsion as repulsion means high

energy.
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https://ar.wikipedia.org/wiki/%D8%AC%D8%A7%D8%A8%D8%B1_%D8%A8%D9%86_%D8%AD%D9%8A%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D8%AC%D8%A7%D8%A8%D8%B1_%D8%A8%D9%86_%D8%AD%D9%8A%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D8%AD%D9%85%D8%B6_%D9%85%D8%B9%D8%AF%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%AD%D9%85%D8%B6_%D9%85%D8%B9%D8%AF%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%AD%D9%85%D8%B6_%D9%82%D9%88%D9%8A
https://ar.wikipedia.org/wiki/%D8%AD%D9%85%D8%B6_%D9%82%D9%88%D9%8A
https://ar.wikipedia.org/wiki/%D9%85%D8%AD%D9%84%D9%88%D9%84_%D9%85%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D9%85%D8%AD%D9%84%D9%88%D9%84_%D9%85%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D9%85%D8%AD%D9%84%D9%88%D9%84_%D9%85%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D9%83%D9%84%D9%88%D8%B1%D9%8A%D8%AF_%D8%A7%D9%84%D9%87%D9%8A%D8%AF%D8%B1%D9%88%D8%AC%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D9%83%D9%84%D9%88%D8%B1%D9%8A%D8%AF_%D8%A7%D9%84%D9%87%D9%8A%D8%AF%D8%B1%D9%88%D8%AC%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D8%B9%D8%B5%D8%A7%D8%B1%D8%A9_%D9%87%D8%B6%D9%85%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%B9%D8%B5%D8%A7%D8%B1%D8%A9_%D9%87%D8%B6%D9%85%D9%8A%D8%A9
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https://ar.wikipedia.org/wiki/%D8%AB%D9%84%D8%A7%D8%AB%D9%8A_%D8%A3%D9%83%D8%B3%D9%8A%D8%AF_%D8%A7%D9%84%D9%83%D8%A8%D8%B1%D9%8A%D8%AA
https://ar.wikipedia.org/wiki/%D8%AC%D8%A7%D8%A8%D8%B1_%D8%A8%D9%86_%D8%AD%D9%8A%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D8%AC%D8%A7%D8%A8%D8%B1_%D8%A8%D9%86_%D8%AD%D9%8A%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D8%AD%D9%85%D8%B6_%D9%85%D8%B9%D8%AF%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%AD%D9%85%D8%B6_%D9%85%D8%B9%D8%AF%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%AB%D9%84%D8%A7%D8%AB%D9%8A_%D8%A3%D9%83%D8%B3%D9%8A%D8%AF_%D8%A7%D9%84%D9%83%D8%A8%D8%B1%D9%8A%D8%AA
https://ar.wikipedia.org/wiki/%D8%AA%D8%A2%D9%83%D9%84
https://ar.wikipedia.org/wiki/%D8%AA%D8%A2%D9%83%D9%84
https://ar.wikipedia.org/wiki/%D8%B3%D9%85%D9%8A%D8%A9_(%D8%AA%D9%88%D8%B6%D9%8A%D8%AD)
https://ar.wikipedia.org/wiki/%D8%B3%D9%85%D9%8A%D8%A9_(%D8%AA%D9%88%D8%B6%D9%8A%D8%AD)
https://ar.wikipedia.org/wiki/%D8%AD%D8%B1%D9%82_(%D8%A5%D8%B5%D8%A7%D8%A8%D8%A9)
https://ar.wikipedia.org/wiki/%D8%AD%D8%B1%D9%82_(%D8%A5%D8%B5%D8%A7%D8%A8%D8%A9)
https://ar.wikipedia.org/wiki/%D8%A3%D8%B5%D9%81%D8%B1
https://ar.wikipedia.org/wiki/%D8%A3%D8%B5%D9%81%D8%B1
https://ar.wikipedia.org/wiki/%D8%A3%D9%83%D8%B3%D9%8A%D8%AF_%D8%A7%D9%84%D9%86%D9%8A%D8%AA%D8%B1%D9%88%D8%AC%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D8%A3%D9%83%D8%B3%D9%8A%D8%AF_%D8%A7%D9%84%D9%86%D9%8A%D8%AA%D8%B1%D9%88%D8%AC%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D8%AB%D9%84%D8%A7%D8%AB%D9%8A_%D8%A3%D9%83%D8%B3%D9%8A%D8%AF_%D8%A7%D9%84%D9%83%D8%A8%D8%B1%D9%8A%D8%AA
https://ar.wikipedia.org/wiki/%D9%85%D8%B1%D9%83%D8%A8_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D9%85%D8%B1%D9%83%D8%A8_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%A7%D8%A1
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%A7%D8%A1
https://ar.wikipedia.org/wiki/%D9%85%D9%84%D8%AD_%D8%A7%D9%84%D8%B7%D8%B9%D8%A7%D9%85
https://ar.wikipedia.org/wiki/%D9%85%D9%84%D8%AD_%D8%A7%D9%84%D8%B7%D8%B9%D8%A7%D9%85
https://ar.wikipedia.org/wiki/%D9%83%D9%84%D9%88%D8%B1%D9%8A%D8%AF_%D8%A7%D9%84%D8%B5%D9%88%D8%AF%D9%8A%D9%88%D9%85
https://ar.wikipedia.org/wiki/%D9%83%D9%84%D9%88%D8%B1%D9%8A%D8%AF_%D8%A7%D9%84%D8%B5%D9%88%D8%AF%D9%8A%D9%88%D9%85
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S- block elements
IA and 1A

Group 1 - elements with only one valence electron:
These are called the Alkali-Metal Group

Electronic configuration
Lithium  Li  {He}2s'
"Sodium Na  {Ne}3s'
PPotassium K {Ar}4s'
'Rubidium Rb  {Kr}5s'
“Cesium Cs  {Xe}6s'
*Francium Fr  {Rn}7s'

Physical Properties
metals i.e good
conductors, soft,
low melting point
and boiling point
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S- block elements
IA and IIA
Group 2 - elements with tow valence electrons:
These are called the Alkaline Earth Metals (11A) Group
Electronic configuration
‘Beryllium  Be {He}2s®
“Magnesium Mg {Ne}3s’
“Calcium  Ca  {Ar}4s’
*Strontium  Sr {Kr}5s®
Barium Ba {Xe}6s
**Radium Ra {Rn}7s
The last element, radium, is radioactive and will not be considered here.

The uniqueness properties of 2" row elements are due to:
1 — Small size: Small size leads to high IP, EA, and larger charge density
e.g. F is most Electronegative than its group but EA of F is less than ClI,
EA of O is less than S because adding e to these small atoms experience
more e-e repulsion than larger atoms in their groups.
high nuclear charge density Z*/r of Li, Be, B, C related to small size make
covalent compounds of these elements because of high polarizing effect
e.g. LiCl is more covalent because it polarizes the chloride anion cloud,
while NaCl is more ionic because Z*/r is lower and r Na™> r Li* and hence
polarizing effect of Li cation is higher than that of Na cation.
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2- 7 (pi) bond formation: The small size of 2" row elements increases
the likelihood of m (pi) bond formation among them and with other
elements in the form of (p 7-p n):

the ﬂ:lrm of (p T-p M) -HC=CH- N==N \
IN=N: ="

——] "

- 7@
(1.4) —_—==c — llf-!--“ll

» = S5
= RS o—o" 0=0 pr- pr
Or p m-d m with atoms containing empty d orbitals [ l‘-|
o 0 45

;N A

N~
— o N 7NN
O=F._ ™ " /Y Q“
Orpn-dm ‘ \\’;’/ o 4

/ “-\..,\ dn- pmr

Diagonal effect:

The top element in each group tends to resemble the second element of the
group on the right in chemical and physical properties.
Elements of 2" row differ in behavior from elements of their groups:

Li is resembles Mg rather than its group Na — Cs, Be is closely related to
Al than to its group ....etc (diagonal effect) here is related to resemblance
in Z*/r of metals. Diagonal effect on nonmetals is related to resemblance in
EN.
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For Example:
»V = [Ar] 48 3d°
+Pd = [Kr] 55% 4d®
s;La = [Xe] 6S* 4f
Zn " QXS Zn OV e a gl oY sl e jeaie 4l 5 70 Guaall e Wl
30ZNn = [Ar] 4S* 3d"
= [Ar] 3d" 48’
Zn % =[Ar] 3d" 48"
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Zn | [Ar] 45°3d"

#Cd | [Kr] 55%d°

wHg [[ ]
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2»CU [Ar] 4573d’ [Ar] 45'3d"
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Cu 2 < 29CU [Ar] 4Sl3g10
Ag? <«— ,Ag| [Kr]5S'4d"
Au”  «—— Au| [Xe] 6S'4f'5d"
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wFe = [Ar] 4S* 3d°

= [Ar] 3d° 4S?
Fe ™2 =[Ar] 3d° 4S°
Fe ™ = [Ar] 3d° 4S°

Foea s (e aigyailiq SEEY) paiall (5 giny ¥ 13
628m = [Xe] 682 4f6
= [Xe] 4f° 6S*
Sm™*? = [Xe] 4f° 65°
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In some main transition elements and inner transition elements some
deviation from (n + 1) rule is observed.

The interaction between the two Cr and Cu in 1 tr. Series electrons in 4S
orbital is of high energy (paring energy) this effect places an extra electron
to 3d level and removes from 4s causing:

»4Cr [Ar] 3d° 4s'(half-filled orbitals)
»oCu [Ar] 3d'? 4s' (half-filled s-orbitals and full d-orbitals)

The difference in energy between an orbital of 2e and le can be explained
as the pairing energy is higher than energy gap between ns & (n-1)d as the
value of Z* increase the energy of shells decreases.

:omilale A o) (pand ) adEEY) jealial) ands

* Main transition elements (d-block) take their collective name from their
role as a bridge between the chemically active metals of gr. IA & IIA and
much less active metals of gr. 12(Zn family), 13(Boron family), 14(Carbon
family).

* As s-block elements are metallic in nature and p-block elements
are non-metallic, hence d-block elements show a transition from
metallic to non-metallic nature. In other words, they show a
transition from most electropositive s-block elements to least

electropositive or most electronegative p-block elements.

* The elements ;0Zn , 4Cd , goHg (gr. 12) have unique properties, while

they resemble the alkaline earth metals 1A in giving oxidation state of
(+2), they differ from IIA of having higher Z* and more polarizing effect.
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(10 elements)

ZISC {Ar} 3d1 452
»Ti {Ar}3d* 45’
213V {AI’} 3d3 4S2
2uCr *{Ar} 3d° 4s'
»sMn {Ar} 3d° 4s°
26F€ {Ar} 3(16 482
»7Co  {Ar} 3d’ 45
wNi  {Ar} 3d® 4s°
29CU *{Ar} 3d10 4S1
5Zn  {Ar} 3d" 4s* (non Tr.)
eviate from (n+

* Deviate from (n+)

(10 elements)

Element Atomic Number  Symbol Electronic configuration
Yttrium 39 Y [Kr] 4d' 5s
Zirconium 40 Zr [Kr] 4d* 5¢7
Niobium 41 Nb *[Kr] 4d* 5s'
Molybdenum 42 Mo *[Kr] 4d° 5s'
Technetium 43 Tc *[Kr] 4d° 58
Ruthenium 44 Ru *[Kr] 4d’ 5s'
Rhodium 45 Rh *[Kr] 4d® 5s'
Palladium 46 Pd *[Kr] 4d" 58°
Silver 47 Ag *[Kr] 4d"° 5s'
Cadmium(non Tr.) 48 Cd [Kr] 4d" 55°

* Deviate from (n+l); 2 May have [Kr] 4d° 5s'
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(10 elements)

Element  Atomic number  Symbol Electronic configuration

Lanthanum 57 La *1Xe] 4f ° 5d" 65
Hafnium 72 Hf [Xe] 4f'* 5d% 6s°
Tantalum 73 Ta [Xe] 4f'* 5d° 65
Tungsten 74 W [Xe] 41" 5d* 6s”
Rhenium 75 Re [Xe] 4f'* 5d° 6s°
Osmium 76 Os [Xe] 41" 5d° 65
Iridium 77 Ir [Xe] 41 5d7 65
Platinum 78 Pt *[Xe] 4 5d° 65
Gold 79 Au *[Xe] 4f'* 54" 6s'
Mercury(non Tr.) 80 Hg [Xe] 414 54" 6s°

* Deviate from(n+l)

The elements in which the additional electrons enters (n-2)f orbitals are
called inner transition elements. The valence shell electronic configuration
of these elements can be represented as (n-2)f"* (n—1)d"" ns”.

4f inner transition metals are known as lanthanides because they come

immediately after lanthanum (14 elements), and 5f inner transition metals

are known as actinoids because they come immediately after actinium (14
elements).
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Elementname  Symbol Z M Ln°"  r(Ln>"/pm)
Lanthanum La 57 *[Xe] 5d' 65 [Xe]4f’® 116

Cerium Ce 58 *[Xe]4fd' 6s® [Xe]4f' 114

Praesodymium Pr 59  [Xeldfles®  [Xelaf 113

Neodymium Nd 60 [Xelaf'6s®  [Xeldf 111

Promethium Pm 61 [Xel4f'6s®  [Xelaf' 109

Samarium Sm 62 [Xelaf6s®  [Xeldf 108

Europium Eu 63  [Xeldf'6s®  [Xeldf° 107

Gadolinium Gd 64 *[Xelaf'5d'6s* [Xel4f’ 105

Terbium Tb 65  [Xelaf’6s®  [Xelaf® 104

Dysprosium Dy 66  [Xe]4f'%6s®  [Xel4f 103

Holmium Ho 67  [XeJaf''6s® [Xel4f'? 102

Erbium Er 68  [Xelaf'’6s®  [Xel4f' 100
Thulium Tm 69  [Xel4f’6s®  [Xe]4f" 99

Ytterbium Yb 70 [Xel4f'Ues®  [Xel4f” 99

Lutetium Lu 71 [Xelaf'*sd'es® [Xelaf' 98

Or [Xe]4f” 6s°

*deviates from (n+l)



Element name Symbol Z M M*" Radius M**/pm
Actinium Ac 89 *[Rn] 6d'7s> [Rn]5f° 111
Thorium Th 90 *[Rn |5f 6d* 7s® [Rn]5f"
Protactinium Pa 91 *[Rn]5f%6d'7s*> [Rn]5f
Uranium U 92 *[Rn]5f°6d'7s* [Rn]5f° 103
Neptunium Np 93 *[Rn]5f'6d'7s* [Rn]5f' 101
Plutonium Pu 94 [Rn]5f%7s [Rn]5f 100
Americium Am 95  [Rn]5f"7s> [Rn]5¢° 99
Curium Cm 96 *[Rn]5f'6d'7s* [Rn]5f 99
Berkelium Bk 97  [Rn]5f77s> [Rn]5¢® 98
Californium Cf 98 *[Rn]5f'"7s*> [Rn]5f 98
Einsteinium Es 99  [Rn]5f"'7s*  [Rn]5f"
Fermium Fm 100 [Rn]5f'*7s*>  [Rn]5f"
Mendelevium Md 101  [Rn]5f%7s*  [Rn]5f"
Nobelium No 102 [Rn]5f'*7s*  [Rn]5f"
Lawrencium Lr 103 [Rn]5f"*6d'7s® [Rn]5f"

Or *[Rn]5f 6d"7s”

*deviates from (n+l)
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Comparison of f- elements with d- elements:

The transition metal of d-block elements are d-partially filled shells (3d, 4d,

5d, 6d). The d-orbital is projected well out to the periphery of the atoms and

ions.

In marked contrast to this, the (4f) orbitals in the lanthanoid elements are

rather deeply buried in the atom and ions.

The behavior of actinides (5f) lies between the two types because the (5f)

orbitals are not so well shielded as are the 4f orbitals although they are not
so exposed as are the d-orbital elements.

Lanthanoid contraction

There is a general decrease from left to right in the radii of main tr. metals,
as well as Lanthanoids, this is called Lanthanoid contraction.

The effective nuclear charge Z*(?) experienced by 4f electrons increases
from left to right with increasing atomic numbers, this is because the
shielding effect of one (f) electron on the other from the effect of nuclear
charge is quite weak on account of the shapes of the f- orbitals. As a
result effective nuclear charge Z* increases and hence causes a shrinkage
in the radii of atoms or ions as one proceeds from La — Lu which goes

further to d-block of 2" and third transition series.

Heavy metals and inert valence s” electron pair effect:
The heavy metals of post transition metals of (period 6) (representative
elements) located at the end of groups:

13 (51T [Xe] 4f'* 5d" 65 6p'

14 (,Pb) [Xe] 4f'* 5d"° 65° 6p°

15 (3Bi) [Xe] 4f'*5d"° 65 6p°
and 16 (s4P0) [Xe] 4f* 5d"° 65 6p*
are characterized of low activity of the electron pair of 6s orbitals of
valence shell they are more stable when losing the p electrons only to form
cations of valence lower than their groups by 2¢ and their compounds are
more stable.
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Lecture 5
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IA A5 8438 S- Block elements
Alkali-Metal Group 4:siall jalial)

Lithium  Li  {He)2s'
"Sodium Na  {Ne}3s'
PPotassium K {Ar}4s'
Rubidium Rb  {Kr}5s'
“Cesium Cs  {Xel6s'
“Francium Fr  {Rn}7s'
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Lecture 6
PESREN

PERIODIC TABLE OF THEELEMENTS

Alkaline Earth Metals 4t 43 ) pualic <l 18
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VIIIA
i
13 14 15 16 17 e
MA IVA VA VIA VIIA | 400
5 6 7 8 9 10
B C N 0 F Ne
Boron | Carben | Nitrogen | Omygen | Ruceies | Noon
10811 | 120M5 | 140067 | 159994 | 189984 | 20.183
13 14 15 16 17 18
Al Sibcon Sathw Chionna Asgon
VilB  IB IIB | 269815 28086 | 309738 | 32064 | 35453 | 30.048
28 | 29 | 30 | A 32 33 [ 34 | 35 | 36
Ni | Cu|Zn | Ga| Ge| As | Se | Br Kr
Neckol Copper e Colium |G A Sal Bromne | Knyptos
887 61546 65.37 89.72 7250 | 749216 | 7896 79.904 83.80
46 | 47 | 48 | 49 | 50 | 51 52 | 53 | 54
Pd | Ag | Cd | In | Sn | Sb | Te | Xe
Palladium | Sivor | Cadmizm | Indem Tn Telluresm lodne Xanwa
1064 107888 n240 Nn4aB2 1869 121.7% 12760 |126.9044| 13130
78 | 79 | 80 | 81 82 | 83 | 84 | 85 | 86
Pt [ Au | Hg | Tl Pb Bi Po | At | Rn
Platnum Gold Mer Thalkurs Lead Polonium | Astatine Raden
195.00 | 196.967 | 20059 | 20437 | 20719 | 208980 | 2100 | 2y | 222
110 | 1M1 | 1 113 | 114 | 115 | 116 | 117 | 118
Uun | Uuu Uub | Uut | Uuq Uup | Uuh | Uus | Uuo
(269) 272 2m § {285) § ; 1289 ! 3;(3'1'“
64 | 65 | 66 | 67 | 68 | 69 | 70 | 71
Gd | Tb [ Dy | Ho [ Er | Tm [ Yb | Lu
Gadobnum | Terboun Holmum | Erboum Thubum | Yoterbium | Lutetum
15725 | 158.924 | 16250 | 164.930 | 16726 | 168.93¢ | 173.04 | 17497
96 | 97 | 98 | 99 | 100 [ 101 | 102 | 103
Cm | Bk [ Cf | Es [ Fm [ Md | No | Lr
- . ) LNIC N0 |
(247) (247) (251) {284) (267} 1258) {259) (260}

A 4 s a3l S- Block elements

1
1A
1
Jl 2
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3 4
Li Be
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6939 80122
n 12
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e |rssl mB VB VB VIB  VIB VIIB VB
19 20 21 22 23 24 25 26 27
K Ca | Sc Ti \'} Cr [Mn| Fe | Co
Potassum| Caicun | Scansum | TRamem | W Chromiom G0 iron Cobatt
302 40.08 44.956 4790 50.942 51996 | 5408380 | 55.847 | 58.9332
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45
Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh
T | “oar | sases |52z | Sases | ssae | e | oror | w0205
65 | 56 | 57 |72 |73 | 74 | 75 | 76 | 77
Ss Ba | La "Hf 'Ta TW nﬁe ops Ir
reze0s| 133 |'wass | 7ade | reoses| wese 1862 woz | w22
87 88 89 | 104 | 105 | 106 | 107 | 108 | 109
e ~Ra Ac LRf an ~Sg k%l‘]m Hs | Mt
o | e | G e | en | el en | ool | cea
58 | 69 | 60 | 61 | 62 | 63
Lanthanide Series | Ce | Pr | Nd | Pm | Sm :E.L.'..
140.12 | W0.%07 T‘:N (145) 150.35 15196
90 | 91 | 92 | 93 | 94 | 95
Aminide SOriOS flgn ‘—‘Pa uvul:'ue N.m" ’lugru-un :.-A-Tm
232.038 (23v) 23803 237} (242) IZ&;I
4 . 2
Beryllium Be {He}2s
12 . 2
Magnesium Mg {Ne}3s
20 - 2
Calcium Ca {Ar}ds
38 . 2
Strontium  Sr {Kr}5s
56 - 2
Barium Ba {Xe}6s
88 - 2
Radium Ra {Rn}7s

The last element, radium, is radioactive and will not be considered here.

¢o



Mg 434a)

odle S 55 (A Jay 4d) 3 Mg a5 Vsl asdi o) Led Sl W) oS0 e slall
213 acliva 4 H,0, CO, ae 4ediuall 4puadl) 4l aia Al Jd s ) <))

Jﬁém‘ <lald

Be3A|2(SiO3)6 Aapa gyl 6\5 :Be

KCI.MQCl,.6H,0 4ina a1 S Jl4 :Mg
MgCO;.CaCO; dirpa culal 52 oA
MgC03 Urpa Culiea ?B
(% 0-13 sl ele (& M ) Mg J Gl il ey sl ¢l

CaCO; s 5 Limestona sl s ola:Ca
MgCO0;.CaCO; irpa Culd g ala
CaSO0;. 2H,0 4rpa a swus ala
Ca(F, Cl),. 3Ca; (PO,), 4ipa cuill oA
CaF, e bl ala

SrCO; 4irpa Cliy g jiw ol 1Sy
SrSO,4 4iaua Cyliwlu oA

BaCO; 4ixua Cul s o5 :Ba
BaSO, 4iua cul )l Ja

2ol AR 8as g iRa

e



b a3l ualie (et

ilabea a2y LgaBlal jpaial (Al sesll Jilailly Wlals e JJA o el palic (alidiug
aalladl M) Hlat Jidail) addee oW clall 2ga g aae b jilag Al Sigaic Al ¥ palall
oLl slad o ye 3l jualic
Al ) S8 cagaalud aank A A BeCl, seaidd Sb Sl didsilh Be paldiay |
(LSl alia o3 408 o0y 3 NaCl 4 by cllal aliin Al jeSI) ala 5
e dianis LS Ca ae g s el o251 ala (e (AL S didaills Mg paliio Y
FeSi (1) waall adus ae asasiy b5 Ca g g 52 3al) 0S5 1533l Mg

CaO.MgO + FeSi ——— Mg + CaF
SELSIEN
Na < ailads J) sl 5) asSlel jeaial b 56U dilaily Ca e Juasi ¥
-alaladll Lf\.as Ba o €

3Ba0 +2A1 2. AL, +3Ba
eyl Gl (e gl Ra L0

1Y



A ela e Mg padiia
4] Jal el gLl sl el e Mg i

o (ABrall) Lo )sld <0 Cua aclgill edi Al 4 gall QUK ) o38 pdd )
.Ca0 J J =i aille 403y CaCO,

CaCo; Z . coo+ CO,

Ca(OH), usSid sl ele I Ca0 ilay Y
CaO + H,0 ——» Ca(OH), Ca*? + 20H"

ol e Mg(OH), "bsSa sl ela & A Mg e g Ca(OH), deliy ¥
Mg*? + 20H ——» Mg(OH),

MQCl, 058 HCI Giaela 4 Caliay s s il 0l e Mg(OH), Jaaty | €
Mg(OH), + 2HCl ——» Mg*? +2CI" +2H,0

%99.9 5518 4y Mg maie "libana "L S Jlsy MgCl, .0

Mg*™ +2¢° ——» Mg Cathod
2CF ——— Cl, +2¢” Anaod

¢A



e TTA Al o ya ) pualial dalall (al gAY
OV A S Sl Qs Jpan Allainy @lldg ol aane M il g )
G sl M'? e 2aiall Gl (5091 Gy 40 sk (gl ye (any 5235 35 (M
,UJLH?LM' \(M\Us‘—u\);.\y‘
) M™2 0¥ 4558 ns? (o Al Cadlall e ()l 5 S 4y g1 4 3l pualial) Siss Y

ag sl 40l a8l o5 ) cas Wl g ) RN ailal) (42) 2uST Al Lgagan]
(F2) 028 allay yualiall il gyl LS jal

Ba sliiuly (5 ,al aaal) sl 5l 4l il 4y glall jealiall 4lled oo 3 il 3 8y ¥
Ra J lae JB (5 2ga 41 52
(s oA aamdl sl 5 al ) 4y I8l pualial) <ol 3 (83 0la 3y £

AL e LS e 0sS5 )T 4kl g (+1) s2uSY) 4lla 0
IMX —» M+ MX,

Be + BeCl, ——» 2Be™! +2CI

.BeO, MgO Jic MO S g¥) (gala) (S50 ja )l palic aren 1

£9



Lecture 7

s Jsaadl

C 1A At oy i1 palie cMeli
MX; 4580 Sl slledl pe a5 s jo 3l jualic pea )

M + X2 — sz

MO 28 5Y) 45 86 O pe a5 ¥
M+ 1/20, ——» MO
Be + 1/20, —— BeO
MO, w85 358 S5 Ba, Sr, Ra
M+0O, —» MO,
Ba+O, ——» Ba0O,
MS Sl af 58 4586 S g 22 Y

M+3S ——> MS

Mg+S ——> MgS



N, JL‘;’C‘“L@—‘-M“. 3 ey il G S8
M+ N, — M;N,

3Mg+N, —» Mg;N,

Aouedl S N s Hy e (e s A (Be sliindy) o e jll jualic cpans
M+H, —— MH,

Ca+ H2 — CaH2

M+2H" — > M*™ +H21

Mg + 2HCl —— MgCl, + H21
M(OH), 4155« Ra ,Ba, Sr, Ca ce JS 2Ll slall wa Jeliy |

Ca + 2H20 —_— Ca(HO)2+ H2

slall g s 2l Y1 gl S Mg, Be W
Be+H,0 — » BeO+H,

NO L& o aa 0288 HNO;3 (asls ae (Be sliiinly) o ye 3l jalic puan Jelisi |

3BM+8H" +2NO; 5 3M*2+4H,0+2NO

o)



M\JigéBed\ 394

d—’g_A‘ X #S\Mtuj)\(.,.,m}me\j\ U:’JS"LA\ Bedﬂ .

A sgy 0 A Ky XS L Y1 Sl jesll Ll o jpeaie Jia s BeCl, :Jle
o a3l 4y Sl ) SIS (e S

.1/8 = Be ok 8=Ba 5= Sr3=Ca «1= Mg paa ol liia i 13 aaall ja Be |
"y 5 shel S sl Be el |

Jelilll 4 el cadall 4S5l Ll (Be(OH), <l sacld il 53 BeO :Jbe
(Y

[Be(H,0),]** [Be(H,0);0H]" + H*

—

e M alie 3 (e "L S) odine LS 10 Be 0 5Ss

[BeF,]”
([Be(CsH40,),]  J 5SS sins
0O q-2
e

J 5SSl dinad 4 i) Al

[Be(Cy04),] 2 VIS 5Y) ias

0 —cC c=—o0

| \ /
O—C—O/ \ C—o0

Y S oY) ddmal 40K ill dzyal)

oy

)



:Compounds of Alkaline Earth Metals 4wl Al 4398l jalial) Sl ja

‘MO 2lSY) )
et ddia 4l 3 BeO oliiuly 44 gl dia s ja 3l jaliad MO e -
o) sel) b 455 ) 5 MO gaen -
LA 2aal) AL b MO — asae &l dicall ala 3 -y
"Wl Jlaiié RO, Ba0, SrO, Ca0 2w 4 i "Lile MgO Jdlaiy ¥ -&
slall slad Jula BeO ,M(OH), !

:MX, Sl Y
raiall (g )31 2l 350 MX, 3 4 V) ddall dlayi -
sLinl) aS) Aa a0 e ) ladle 4y Ll celdll (B BeX, g sl o
slall B Gl assni Lels (MF,

) MC03 Qu)—.’J&\ Y

BeCO; 100° 4|
MgCO;  450°
CaCO; 960"

SrCO;, 2190°
BaCO; 1360°

(Y AL S MCO;5 J ans il 4l o) [z

,°

M*20—C

No

Gl (58 2335 M oY) aaa i LS axigd o el 07 = Jeat M™2 Y1 O )
Canaais OF M (s opna¥) 8 dsealiil) adiall ol 35 @l s O 5 M o Siilian 5 51V
.CO, s MO S &l I MCO; S all Jaay il O7 - C (i 0w s i ) 3
Gaaluall & MCO; Jarins I M2 () ¥ aas 3133 LIS MCO;5 b3 4l -
40l 53 4acil Gl g oarall (pe duia seadl 4l 3Y Alextiosall

oy



:MSO, iy S ¢
Jariei A M 0¥ ans aby sl 8 MSO, ol 4l Ju
sl B bl e S Wl N ople aliiay (sl zle) MgS0,.7H,0
&= CaS0,4.2H,0 zuad clall pabaia 4l 4l (La)k 4ae) 2CaS0O4.H,0
G iad Y elall 8 Y BaSO, .Sl o jna dddia Jonioy SA 4inall (sl
X axils W ) pat vie samall el el aat SUA | gttice water sl sl

A o)l paliad 5 ) CLS ja

MC, ) 4 S 45 S C _paic aw2a® Ba, Sr, Ca )

& DAl el el AU il EDTA S all s saiee <ilS 0 Mg, Ca 055 .Y
Gy ¢ slall (10 Ca™ s AY 138 Jaxin 5 [CA(EDTA)]? Jie 520 Jslas
Ca paic nadil dpenall alladll 3kl (e ey

JSE Gamdl X- 4xdl Cileinl 385 RMgX )b S sl € 4 Mg Sl e aal Y
OS5 O e ) 12 e g = ghull el 43l as ¢ Mg(R)Br.2Et,0 4u )
«(RMgX.n(Solvent) : s 2 ki S Cadlsl JAlaSl 5l

(G5 5ISI 5 4y gumall Mg LS e aal s
Br

’ Mg \

R-IW
OEt,
3 iy S CadlS) 4 5l dzuall

olaal) & _pus
ool asay dagii & o(<lis SN we) temporary hardness 4Biall o jwall )
e Galddl) gl WY e ey colall (& 2001 o guallSU gl o gainall <5 S
sl SI 2S5 508 Jie sOftener ddlaal sl (sadill) elall e
Ca(HCO3), A CaCO;+ CO, +H,0
Mg(HCO3)2 A MgCO3 + CO, /‘\ + H,0O
Oy LS Gl Gl )5 ea Ao g 811 s 355 e lall 8 CO, Olisd iy Cpsdl) ae®
) elal 1 Na,CO; 4dlialy 48 5all o_jusall 41 )
Mg(HCO5), + Na,CO; — A5 MgCO3i+ NaHCO;
(Sl ) ey 5S) 3l 3525 A:permanent hardnessasailall o all Y
sala (5 gind odec | DA juadl slall ) yels 135 Al 5 colally 4012 o grsizall 5 o sallSY)
st ol Liteay Jead 3l Na, Al SiyO4,%2S 55 Zeolite <Y s 3l

o¢



Lecture 8
Hydrogen | osoutd)

Jsaall & Cengonel) adie | 4l dae g 1 oM 2l algH el 4l JSLasS paic s
Go Al o lall B d6Y) de senall jalie 35y JoY) 85l alic Gaa g5l
S oLyt (JIY) a e el s ol ae 13 Cam s el 05S08 51 jalls Jacall

Hy 455 ol Al 41 580830 sl 5,3

aax (e %Yo JSEy Cua (osSI s e STy Ailesl) jualiall Gal Cpaguell 2
Slo alsan by s JSE e 05 g e agnsad) o goned) el o o S)
el LSyl alana s elall iy 3 danlo Alay) ) (<

Cooe Cun VAT Gle audlS o Al ) Gangoned) GLEKT G daadll gy
Sl (il s JlaidSU ALEN ol el e Wy e e 3 i 33LS 5 e J5Y Caas el
IS VYA ale (8 (DU QA o) sedl ) Gralea¥) ae ol 38N Jelés ezl Gllaidl)
allall QlE VAT Gle (8 4l paiedl 138 GLES) oy A colall 48) yialy Jasy Sl 128 ()
adadl) 48 V) (e dpendtl) BlEEL @l s suell ol AESA uaiel) xiay 4l 8Y

(Asa sl O sSa i G Aail g ela i 5 2

Os A8 Ledsa sy (Al s se) aal s (585 50 o Baal 58155 e 3 ke (s pued) B3
(Rinsl (il asl
S Osioon Al ol (8 anis Ao e s Jend Cpn g puel) 30 Jaag (5 SSIY) 23 o
O soxed) sl

H+ (orgyad) Ogil

09 50) 0BE pomg o 53 5
ot
H— H,. +e— Lh:i:t'm ’

G gpdl Ogl kbl 33
1 1 byl sue
0 1 Sy SV e
+1 0 Al Jle

oo


https://ar.wikipedia.org/wiki/%D8%B9%D9%86%D8%B5%D8%B1_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D9%86%D8%B5%D8%B1_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D8%B0%D8%B1%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D8%B0%D8%B1%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D8%B0%D8%B1%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D8%B0%D8%B1%D9%8A
https://ar.wikipedia.org/wiki/%D8%AC%D8%AF%D9%88%D9%84_%D8%AF%D9%88%D8%B1%D9%8A
https://ar.wikipedia.org/wiki/%D8%AC%D8%AF%D9%88%D9%84_%D8%AF%D9%88%D8%B1%D9%8A
https://ar.wikipedia.org/wiki/%D8%AC%D8%AF%D9%88%D9%84_%D8%AF%D9%88%D8%B1%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D9%86%D8%A7%D8%B5%D8%B1_%D8%A7%D9%84%D8%AF%D9%88%D8%B1%D8%A9_%D8%A7%D9%84%D8%A3%D9%88%D9%84%D9%89
https://ar.wikipedia.org/wiki/%D8%B9%D9%86%D8%A7%D8%B5%D8%B1_%D8%A7%D9%84%D8%AF%D9%88%D8%B1%D8%A9_%D8%A7%D9%84%D8%A3%D9%88%D9%84%D9%89
https://ar.wikipedia.org/wiki/%D9%81%D9%84%D8%B2_%D9%82%D9%84%D9%88%D9%8A
https://ar.wikipedia.org/wiki/%D9%81%D9%84%D8%B2_%D9%82%D9%84%D9%88%D9%8A
https://ar.wikipedia.org/wiki/%D8%B8%D8%B1%D9%88%D9%81_%D9%82%D9%8A%D8%A7%D8%B3%D9%8A%D8%A9_%D9%85%D9%86_%D8%A7%D9%84%D8%B6%D8%BA%D8%B7_%D9%88%D8%AF%D8%B1%D8%AC%D8%A9_%D8%A7%D9%84%D8%AD%D8%B1%D8%A7%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%B8%D8%B1%D9%88%D9%81_%D9%82%D9%8A%D8%A7%D8%B3%D9%8A%D8%A9_%D9%85%D9%86_%D8%A7%D9%84%D8%B6%D8%BA%D8%B7_%D9%88%D8%AF%D8%B1%D8%AC%D8%A9_%D8%A7%D9%84%D8%AD%D8%B1%D8%A7%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%B8%D8%B1%D9%88%D9%81_%D9%82%D9%8A%D8%A7%D8%B3%D9%8A%D8%A9_%D9%85%D9%86_%D8%A7%D9%84%D8%B6%D8%BA%D8%B7_%D9%88%D8%AF%D8%B1%D8%AC%D8%A9_%D8%A7%D9%84%D8%AD%D8%B1%D8%A7%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%BA%D8%A7%D8%B2
https://ar.wikipedia.org/wiki/%D8%BA%D8%A7%D8%B2
https://ar.wikipedia.org/wiki/%D8%A7%D8%B4%D8%AA%D8%B9%D8%A7%D9%84%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D8%B4%D8%AA%D8%B9%D8%A7%D9%84%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%AB%D9%86%D8%A7%D8%A6%D9%8A_%D8%A7%D9%84%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%AB%D9%86%D8%A7%D8%A6%D9%8A_%D8%A7%D9%84%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%AB%D9%86%D8%A7%D8%A6%D9%8A_%D8%A7%D9%84%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%AA%D9%83%D8%A7%D9%81%D8%A4
https://ar.wikipedia.org/wiki/%D8%AA%D9%83%D8%A7%D9%81%D8%A4
https://ar.wikipedia.org/wiki/%D8%B5%D9%8A%D8%BA%D8%A9_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%B5%D9%8A%D8%BA%D8%A9_%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%88%D9%81%D8%B1%D8%A9_%D8%A7%D9%84%D8%B9%D9%86%D8%A7%D8%B5%D8%B1_%D8%A7%D9%84%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%88%D9%81%D8%B1%D8%A9_%D8%A7%D9%84%D8%B9%D9%86%D8%A7%D8%B5%D8%B1_%D8%A7%D9%84%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A6%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%83%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%83%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A3%D8%B1%D8%B6
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A3%D8%B1%D8%B6
https://ar.wikipedia.org/wiki/%D8%AC%D8%B2%D9%8A%D8%A1
https://ar.wikipedia.org/wiki/%D8%AC%D8%B2%D9%8A%D8%A1
https://ar.wikipedia.org/wiki/%D8%B1%D8%A7%D8%A8%D8%B7%D8%A9_%D8%AA%D8%B3%D8%A7%D9%87%D9%85%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%B1%D8%A7%D8%A8%D8%B7%D8%A9_%D8%AA%D8%B3%D8%A7%D9%87%D9%85%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%A7%D8%A1
https://ar.wikipedia.org/wiki/%D9%85%D8%A7%D8%A1
https://ar.wikipedia.org/wiki/%D9%85%D8%B1%D9%83%D8%A8_%D8%B9%D8%B6%D9%88%D9%8A
https://ar.wikipedia.org/wiki/%D9%85%D8%B1%D9%83%D8%A8_%D8%B9%D8%B6%D9%88%D9%8A

Hydrogen molecules O songd) Cliaa

& Ol (S0 ) e ellhg Ay 50 Al Aaladl Gkl (8 s pned) a0
‘ Ak 48l ) zliad copm s pue Ay da A0S dpaalid 3 jal Aol g Leguiany
2l O sl oA G s ouedl (e Jsandl s 5 al) s 4usT (Keal/molY + Y -)
Gk Baxy o jmiant Sy g AU &l J) il bl (& Gl sAl) aase g A8l sl anae e
Al il Lol pimay s (apandl ¢cppa LA <0l ae ddidall mel sl Jelis Lgia

e Mgl o 3 4l iy Ja Maale G g el 05Sa 5 0 IS 5 gl
DT, HT, HD, T,, D,, H,

Llsa QL ATV s b yiSI Lagia IS o) sn O sig 0 (e (ol A s (oSS
Lt J g B il 5208 g1 s (A e ) s Lagd) 50 () Adlial Laganadi J s Wl je
tlad G (S 58 o Sle Malaiel Dy, Hy 4 s e JST 0l bt a5y Ll Wl 3 Ul 50

Ak oW Gl 53 0 4 0555 (e gu SUsYY) Ortho isotope s sl |
(a5 oy 05 ) 59)
CpmaSlaia Gaalatly o) sill o 48 (oS (Cm g1 L) Para isotope 1k ssbadl) -
(Osline Gaaladls ) i) ) ) 52)
OV Al ) e g e 02 Bk (o2 Aalie V) e s el A ya

o1



Isotope for Hydrogen molecule O gotagd) A e yildas

poisndl | asigd | cempuel i
‘H ’H 'H o
1 1 1 g s

1 & Slig gl 35

2
3 N 1 LS Sl
1

T . :(LUa3 ) isotope sbaill Lemses 43S ja (8 Gias g 3¢l G n
a5 st e alling | TH Sesll A A CH asis sl s 385 cpa g gl yildas S
Bl sl (8 g g g g () 50 i
) Al sally (P r densl 5 2H 3o 0 43 53 ¢(Deuterium) D assisll )
lageS 4551l e laall b bl 138 Jexiog VATYale (550 SomYlaill 13
S Ala) 0 e a5 el sialy galall Cpa s paedl e akaill s Caliag (g il
sl a5 aed) (8 O 5 )
(e Ao Jgaall (Say Al D0 Jail) elall (b jeSll Jidadlly o g 58 goall sy
G5imgs e 1.0 () pnall ity in (S 0 o) (gl slall il seS Jal
OSar (Plhesll diladll ) paiulyy Ja&ill cladl (00 %71 Jisa o il aaall
O psisnll nad (SaY agofigal Jde Al duans (B J e e Jsanll
D) A o Lete Al 5l Gl sad) (8 adlial dls O e WlhesS Gaa s yaed)
slall alasinly o g i soall CUS jo juiand (S LA L (K) gldadl 4a 0 ¢(K)
o (MGN,) pspsiiall 255 Jelii (30 e NDj3 e Jsmanll (e D,0 Jil
Op g d35 Gasy D0 g SO, Jelii o D,S0, a3 (e LS ,D,0
e Y el Ladijall o g il O e Al LA G gyl 5 G g gl
oalsall oda Jinmdy s da jagll Baclue Jalse dsa 0 VI Luealud Jasi jall s g sl
Jariun g LaS 3l i) 4SS A )3 (A Lapus Aala liadai 5y 53 gaall s 55 4oLl
el 8 s g pned) gl e Jla jplaiS L)
251 (g 5ad Al sy (CU) my dand 5 °H el A 2 ((Tritium) T s 0 Y
psFismdll sy Alvarez oWl allall 8 pas S5 oG gis ol () Adla) (i s
slall (e B_S LSy patunall Sl e Sl il (T) a5l piasy il g il Adalas gy
Agsill e lil) (any ddaud 53 o s Sl sy 43y THO (e e ¢ 3 SR ol
R 11,0 JMgas Al Cacailljae iy asiled) SV Jsals e puaic o sy il eaic
O sl Al A s Ol CBle i dhaas

e oty Lad V) "Loa sa alileie T, D, H 4500 yiUaill 4ibasll ol &) Gle) ¢
.(Equilibrium Constant) <3elsill o) Y <ul 55 (Rate of Reaction) Jeldill Jaxo/
& bl A8l b 815 mlan¥) e abate¥) de ju 8 I TH aladl cp s el 1l
& ol deldhy Jally s i lel) e SOl Ll

oy


https://ar.wikipedia.org/wiki/%D9%86%D8%B8%D9%8A%D8%B1_(%D9%83%D9%8A%D9%85%D9%8A%D8%A7%D8%A1)
https://ar.wikipedia.org/wiki/%D8%A8%D8%B1%D9%88%D8%AA%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D8%A8%D8%B1%D9%88%D8%AA%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D9%86%D9%8A%D9%88%D8%AA%D8%B1%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D9%86%D9%88%D8%A7%D8%A9_%D8%A7%D9%84%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D9%86%D9%88%D8%A7%D8%A9_%D8%A7%D9%84%D8%B0%D8%B1%D8%A9

Properties of Hydrogen O gongd) & Jailad
Physical Properties dgily 38l (al gl

(4SS 3l J1)(alinl) qas (g Cidl) Cidid
oesd) ol dole 5ol A -

JUTEPEN Q\)Ud‘ O (e liiasy) ‘_Qs: 5y S| Sliay -
il Ao s a8 jSlg syl jallda il Al ge Jef el -

Chemical Properties Ailiassl Gal gA)
Combustion & _gaYy) -

Jd Gl ey oSV e (B B0 el daily (JLIDU JlE e syl
:\:\S\ﬂ\ Aaladll EETVENg ¢l Qg;}JJ*@J\jLé il Ce C.LJ ¢ Jleiiy ‘_Ax: AT I Qﬂ;})%‘

2H2 + 02 —> 2H20
H, + 1/20, H,O

Combination reactions ! s )¥) &le s .

Ala | 5 AV palinll aa pilie JS50 Je iy sed dlladll 3000 &l SN e Caa g Hngl) iy
Al s Alle a5 (Kj mol™ €77 s st (H-H) G soaed) (503 G b na ) Sl
(5000 k) CAIS 0« v+ An 5o A Lgie 900 St (045 50 (g) G 8 pnal Al g e

H,(g) —— 2H(g)

Allall EJ\JAM Gala o L;A hasd %JJ%‘ O e Las elau ol Sl

Al Al ol 18 5 A sl S SN e SIS e 58y O O oued) kg daulie gk (B
& L die e g yuell ae bl JSE s Gl da (bl L) 4 Sl
Sl el e Aa3l) GLS jall 5 dalall oy yhal)

2Li + H, 2LiH
Ca+H, —>  CaH,

oA



d:—\ﬁ.\:t LS 63\_13\_1)65” :ﬂ..AJA L@:\\J.@_AA.\A} c\_ujj.\ﬂ\ it | C QL\SJA A t_i\.hh)%\ 04
JS& (... el ey S cpanS WY X, Slia sledl) Jie Gl U aa a5 sl
A5 Apaalad Calay a5 anald Cag yh cnd ) Apaladl Cag Hhall d sl

Reducing nature UUSSY\ R
( CJ\ ,,,,,, el el ‘u,,tém) Jhe e mﬁjxs L u_m 3l S ‘(mlS)d
O 9ouel) ae Leidad die Ll lall ) J 5ias

Pb02 + H2 _— PbO + Hzo
PbO+H, — 5 Pb+H,0
Fe;O, + 4H, ——> 3Fe + 4H,0

Sl Aa e G daaldll

Reaction with carbon monoxide ¢s )Wl 1S 5l galal ae Jelds -
Jeldhy (ZnO/Cry0;) 2cludl Julall dsa sy baa Calg k Voo 3 ) 5a da 0 8
J Sl =i 5 CO e (a5 2l

CO+H, 700k200atmZnO/Cr,0; . CH;0H

o9



Preparation of Hydrogen O o) umaad

te® At ) Halae GO e e g puel) yuaad Sy

ac ) gall Y sl sall-Y Ll 2
Preparation Hydrogen from Water slall Cpa G g gl spaasi Y )

Al ANy e @il .. (Cold Water) 2ol eldl Jeldn
0S8 o il el 3 ansid Jelal) saa Juily oo s Jelill m s el jal

arle
2Na(Hg) + 2H20 2NaOH + H2 /I\
Sodium amalgam
Hot Water or Steam slall Hlan gl cALW sl m

<us (Zn, Fe, Mn, Co, Cr, Sn) Jis ALl Ganall mhas (368 o g el oy Cus
O 9 oded) il elall Jlaty

Zn + H,0 Zn0O + H,
3Fe +4H20 F9304 +4H2

el G s paedl ) sty () CALL) & S aad (968 o Lall ALl JLan) ) el ie

C+H,0 CO +H,
Hot coke steam water gas

By action of water on ionic hydrides 4 s¥) Gl jnel) xa elall Jelsi -~
S auell (el Sl Cun o ouedl oty Wike A oY) Glajnel Jla
3@ — padla OOle el Ol lal) sda Hlie ) (Sar g Cpa g gl

NaH + H,0 NaOH + H,
LiH + H,O LiOH + H,
CaH, + 2H,0 Ca(OH), +2H,

[-H- + H,0 > H,+ OH]




L) (i sonedlm s elall pe Liayl g0 el oy 5 50 Je Ly

NaBH, + 2H,0 NaBO, +4H,

By the reaction of methane and steam slall jlan g lisall Jelas (e -7
e c.u.dds:\.u,ad.a\.c Jﬁﬁ@bﬁ)\ﬁz\;‘)dgcw\‘)@@aow\ Jdelayy Cua
O3 S 2S5l gl 5 o 5 2]
CH, + 2H,0 CO + 3H,

By electrolysis of water slall AL oS Jasl) e -2
slall Judad oty Bacld g aala ddlial e v Sha go ray Al S g3 ) Jaa ga 2l
Gan eSSl A4 Aand 53 83c Bl 51 aalall (g (%) 0-Y ) AL dueS Ll (5 gLl
(e 258 piay Laiw uaall (e Bale 3 AMSI aiiay ) gl ala ddas) g dolala 3l 5 2 SIS Juady
coan s Jew IS el e Lpd J ganl) ¢ S5 Al SLY) 8 doleall 228 aasis JSl)
<Y «(Water containing sulphuric acid) <l Sl ada e (s siaall clall: D
<Gl gl gﬂ);.u é\.\)@ﬁ\)\:\.ﬂ\ D) yal 2l (-H+ . OH" 2804) < JM‘ RV &33).;}45\
A5 a3 ((OH™, 280,) <l sl & jati Laiy 3 SSI a3 HY
el e (A dsads o s paedl (sa) Aand ans iy (llad) aladll) 0 SSY)
CpaaS Y le () Jsady g adind S g gl O sl 288y (s sall aill) 2 63 ie
Al ylasal A PN A8l Y Glla g OHT sl (2 WS a8 e atial 2SO0, (s 284y
OH Y i Jel

Hydrogen from Acids Preparation aaladl (e (g ptgd) paal Ll

s Aalle dllad clliai  all ol R delis JUA (e 48 phall s3gn o 52! (LAl ) man
Al ) i el g A el ol Ul Jie AibiasS 5 oS ALl (8 Cpa s el (98 Lgalise 5y
Sl S8l Gaala 5l catdall @l ) oIS 5 jnell asla ae &l daadl g o guizall g &bl 5 4, lall

A Yol LS Cada

Mg + 2HCI >  MgCl, +H,
Fe + H,SO, > FeSO, + H,
Zn + H,SO, > ZnS0O, + H,

i souedak s (HNO;) cassall ¢l il adls aa Mn 5 Mg <38 Jelasi 5 LS

Y



Preparation Hydrogen from Alkalis 38 981 Cpa o g o) Ll WG

st ll 2Ll Jladd) wa (ZN, Al SN, P, Si) csssial) o shall <l ol 3l Jelis
G soxedl )35 (NaOH , KOH)

Zn +2NaOH Nazzn02 + H2
Sodium Zincate

Sn +2NaOH + Hzo > Na28n03 + 2H2
Sodium Stannite

2A1 +2NaOH +2H20 2NazA|02 ‘|‘3H2
Sodium meta-aluminate

Uyenos Method S gl A8y Ly

psialY) ae o sanligll 0 0 Jelli G 4o jun laa (Al s g paed) e Jpand) oy
g Sl (ml je W) 4Gy Hlall s3a Cuaddinl 38 52 Al

2Al+2KOH + 2H,0 2KAIO, +3H,
Laboratory Method Y-EON| gt RIWWAEY

Cun g odl) (mad) i3l ae caadall Gl HSU aels Jeldl e b jiida (pa g ynel) pany

1y



G 9l pdadl Lelial) (3 k) Ll

258 Jslaad (SloeSI dlaill DA e Cn gl piany 1 Sl eI Jlaill 45y pla

goaall andll B el s ey s oS aSl b el sy JIa) oo
2aSsl Jg) e e oo ke s Sl AL e L die min Lee Galusa
A sbudie Gy (a5 5ell 5 0 5 )\

CO +H,0 CO +H,

(m‘ .J.JAAJ\)..\GLAAJALG dﬁ)ﬂ};“\)@uﬁ'&ﬂ_})@éﬂ\J\.ﬂ\ C)A&e.a
p o) (M amall Gaans 2o dll dal (e 408 pa

CO, + H, Baal| C + H,0
'BJ\P

Bl Ll g Sl iy (35S 200l 5 Sl 2131 S

a2 Alle 0 m a0 (L saW) (i o 1 L g3 (5l all Jlaill 46y )k

2NH3 _— 3H2 + N2

BJ‘ﬁz\éﬁé‘ M\JM\ M‘WUJ&LM&L‘:LA&UM\JL‘;J‘JA\'C
(eYe)

1y



Lecture 9

Hydrogen o)

Hydrogen compounds (9! il g
s S Jall) e e olaie WU ey 55 H Sl joal Y1 g il T H il pa gl 5l ¥

Lala Jill aaly A0 S Lghull jalic me Cpn el B iy agd) )
lonic Bond (s =l oSy (Li, Na, K, Ca) 4l 5 A s¥) 5 e 3l jalic
Go O Al s (H) Qe opl O csmsoned) desty Caa
(nonvolatile) _staie e ClS jo Lei oSy il jael) JUdi s 3 sS3all jualiall
SiHy, (CaH,) M™H, assdlSllay 8 5 (NaH) MTH™ a0 seally 0 Jia

3gany Al el Lendle palic e H Jelity dzaludll cpa gobgl) ibS e Y
! A Al jualiall () ABLYL (V) a5 8l 3 e ) alie Jadiis) (2.9 —1.6)
Jie el LS 5o U s dpaalis yoal sl Ao 52 (7 <6 ¢4 a3l (e s il
Cagovel Gl puad I ALaYL HCL pasls celall cliigpa¥) ol
Ll QS el o jlidis (H,) ) 4Vl (SbH;) <«(AsHs) «(SnHy)
.(Volatile) 3_ntaia

Lyl Heod gedasi i (N, O, F) bl jualic ¥ :duis g b 5 al Gl @l e Y
BVl Coyni Aaaldll pal ¥ (e ol pal Y1 e daa g s il
leie A g el

O SN i a5 43l dlle AL 5eS Al Jliay 5 58 T HF G gungdlasld
oo AL dase diad alg lae 3oy s (Aall i ) el
e A e H 300 On ol daagd Sl e Al AL Lsds cpa g gl
I ads e JB L HoF, oSt soslae Al A o F 80
FoH® FoH Y s

sle dyia (A0 ge sl din A H On A ns b malals® (H,0 slall o
35k A

Apall Ll B Aiagoae speal Al NHOH  assisa¥lamsS goa &
(Lisel s ela) Ll (A (4t Ja e A L3 S (NH4OH)
Agpaiall @l ) gLl (e 33l (8 aga Jaal ) & Aot g el 3 ¥l

¢



TR

A dale Cilioa Lol y HY bl a0l sal (555 s(apalall 5) elall dgua) Aaigi) )
leal A ey 2 OWYL

Adle 48l S aluagild o

bl xie H, Sleoms SloeStEl duas W) seans Alle jleail a0 L o
.anode = 54l

NaH — » Na" +H"

Na"* + le& —— Na Cathod
2H — > H, +2e~ Anod

H+H,0 ———> OH +H,
H +NH; —» :NH, +H,
Displacement 4s) j¥) &leldhy oda ey

Sl Llla vie 4y el )5S o
LiH + H,O ——> LiOH + H,

FLCl G om e H Qlldl y ol 35 o

A (S Ladie Ganl o Gl allad 4l Gl )5l OS5 @

l Sl Gliea IS 4l g€ dlua 6 il yagll o3¢l IEEY jualiall Le oS3 4y AN Y
(< S oL

10



Aol 5 eI 3 pualiall aa gl Jalsi ) Aats () oS5 1Ay panl gl ) Aaaladil)
O35l B slaall jualiall 5 (55l Dl yam e Jails P g ladl) jualic Jie 44l
oAV b lae 8 il Sl el dall (5S5 o) LalSaly Gl g sall Jsaad) &
.SbH; <HF «NH; ,HCI Jis (Volatile) 3 xaie <y yas a5 (IHHA-VIIA)
al A (g
Al LS
il e 30l ane o il s GLlall 5 jleaiV) dua (e diaddie Cila 5o Ll
paiall (g 53 20all 52 3 saa) sl o gall dnaalidil] Gl Haell apcadall 4diall ala 3
HF > H,0 > NH;

duiadla aa dpads aglil

2=l odb 30 VA Gins VA e e aalidll Gl joell gllal) da jo ala

At 5 el o uall o s o
SbH3 > AsH; > PH;

g.2 aa S| & .2 aglil

o Al - ) 1) Al 3 a3l daliie W) 4 Sl S pall — A Sad) Asaatiadl) |
eﬁ.ﬁl‘){\ L;)mmjd &Uaé )mu.c dA.iIu} .Q..}.;}JA:\@M C‘L;’JJN\ GJJJA C'_a\..J'é)mi
MBS g O s maiall G0 G s A H s Sl jaed) o 3 T agllllg In
AEEY) <l Gl jas e 3 gl — ol o @l alia o 5a

,;\}g.l\ Gs L_\Ltﬂ\ Ua.s»}m

il g Hy 5le 5 JEEYI NNyl Jelally allEmy) el 1 cily jun juass
ZH o TiH 7 1o "Wl 43 e p& 5 odban Sl pas G585 Sl el 038 (g

"



Types of Hydrogen bonds Ll 9 gl Jasl 5 &1 i

Cndliae ot e G o) oCpealdite (e G caal 5 e e Al At g jael) dal )l (KA

O N o JRE (Intramolecular Hydrogen Bonds): <bi jaldl Jada Jag g8
Ja1a Aldiaall 5 Anilall 5,30 (e S 0 685 () Cangy (sl cogs il uld 3 U G (i saiia
ool Laguazy (e 4 jie o 5 caal 5 o5

58—  of
o—H
5+ 5+H/
b : - O+ 8 ;S
 eF — S29)34d falyi [l'_l__o/,,,_,f’ﬁ_ho
b+H (s,_
K 3 : H(‘S-O-
5+H. b- O H - 5- ik . 5
Y.z P | 5 H—0
5-Q %
AN Ho+
H
o5+

on JE (lInter

molecular Hydrogen Bonds): <tijall e Ja g )
Db ¢(Agaliiiall e ol dgiliiall iy jall e 2ae sl c) 3alal) 3 dliadiall il 3all
‘5‘ 61.%.33‘5 HQO C"_ﬂ.:g); O ji cl.%.l;j NH3 Ll!t{.}} u;ula.!\)‘)j\ VY dSJ.L\ ui uSAJ..

29yl by

/ Nl:}"ﬁ""l B
\ oo\
5+ S , S H
H . "

'_?+ 5+ %
H N
________ ATHA I A S T S Tt

< .i\lh. 84
o b X WH
H =
Ha+ He ( { H \H

1y



Lecture 10

Oxidation states and Oxidation number
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*Elements farther to the right and higher up have high EN, EA, IP, Z* &

smaller r (nonmetals) Assigned a (-) ox. States, (they intend to gain

electron).

*Elements farther to the left and lower down, highly electropositive,

High shielding effect, low EN, EA, IP & large r (metals) (they intend to
lose electrons) Assigned a (+) ox. States.

(H=+1, -1)

Gr. IA (1) Li Cs [N.g] ns' — +1 stable

Gr.ITA (2) Be Ba [N.g] ns® — +2 stable

Gr.IIA (13) B TI [N.g] ns’np' — * (+1 , +3)

B Al Ga In *TI

increased stability of +1, decreased stability of +3

Gr. IVA (14) [N.g] ns’np’

C Si Ge Sn Pb
2,44 42,44 12, +4 12, +4 2, +4
Increased stability of (+2), decreased stability of (+4)
Increased difficulty to lose ns® electron (6s°)
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Gr. VA (15) [N.g] ns’np’

N (—3) with metals
(+1, +2, +3, +4, +5) with nonmetals especially oxygen, and F e.g. NF; (+3)

P (—3) with metals
(+3, +5) with oxygen and halogens

As (—3 with IA, +3, +5 with oxygen and halogens)
Sb (+3, +5)
Bi (+3, +5)

P As Sb Bi

Increased stability of (+3)

Gr. VIA (16) [N.g] ns’np*

O (-2,-1,-%,-%) with metals and low EN elements
(-2) oxide O

(-1) peroxide O,

(-¥2) superoxide O,

(-¥5) ozonide O5

(+1,+2) F,0, F,0, only with Fluorine

S, Se, (-2, +4, +6)

Te -2 (unstable) , +4 , +6

Po (14, +6)

\Al



Gr. VIIA (17) [N.g] ns* np’ (Halogens)

F (-1) with metals & nonmetals

Cl, Br, I (-1) with metals & H

Qx. States +1, +3, +5, +7 with F & oxygen

ClO ,CIO, ,CIO; , ClO,
CIF

+3 +1 +7 +5

—_—

Increased stability of ox. States

Gr. ITIA (18) [N.g] ns’np°® (noble gases)
He Ne, Ar (Inert)
Kr Xe Rn

7z

Increased reactivity with oxygen and F

(+2) KI’Fz, Xer, RnF2

(+4) XeF,, (to a less degree XeCly)
(+6) XCF6 ) XeO3

(+8) XeOy , XeOq
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d- block elements with maximum oxidation state

(+3)
(+4)
(+5)

(+6)

(+7)

Sc [Ar] 341442
Ti [Ar] 342442
v IAr] 343462
Cr |Ar] 3d5451
MnlAr] 345452
Fe [Ar] 348452
Co [Ar] 3d74s2
Ni [Ar] 3d8442
Cu |Ar] 3419451

(+3)
(+4)
(+5)
(+6)
(+7)
(+8)

Y IKr] 441552
Zr [Kr] 442552
Nb|Kr] 4d5s!
MolKr| 445551
Tc [Kr] 4483551
Ru [Kr] 447551
Rh |Kr] 448551
Pd [Kr] 4410

Ag [Kr] 4410551

(+3) La [Xe] 5d16s2
(+4) Hf [Xe] 542652
(+5) Ta [Xe] 543642
(+6) W [Xe] 544652
(+7) Re [Xe] 549652
(+8) OslXe] 548452

Ir [Xe] 5d76s2

Pt |Xe] 549451

AulXe] 5d1%6st

Oxidation states of Lanthanoides

Ce Pr Nd Pm Sm Eu Gd Tbh Dy Ho Er Tm Yb Lu
- - - 2 +2 - - - - -2 2 -
+3 3 43 +3 +3 +3 +3 +3 43 +3 +3 +3 +3 +3
+4 +4 +4 +4 +4
Oxidation states of Actinoids
Ac Th Pa U Np Pu AmM Cm Bk Cf Es Fm Md No Lw
2 2 +2 2 2
+3 +3 3 +3 3 +3 +3 +3 43 +3 +3 +3 43
+4 +4 +4 +4 +4 +4 +4 +4 +4
+5 +5 +5 +5 45
+t6 +6 +6 +6
+7 +7

The elements from Th —Np follow the behavior of Gr4 — Gr.7
respectively of the main transition series by capability to lose all
valence electrons and reach maximum oxidation state that correspond
to [Rn] configuration then lower oxidation states become more stable
especially (+3) from Am — Lr(w) similar to lanthanoids behavior
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Lecture 11

Hybridization
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Qlel b ey s Laalul) dday) N 3 A G el e 3 ke s ddal BN Jsha ol —
(A 3ol 4l 3a s i 10" sl s angstroms s s_iesiG lal)

molecule  bond bond length (A°)
methane Csp3-His 1.10
sp3= 5
ethane Cops-Cap S
Cipa-His 1.10
Cgpj'Cspz 1.33
i ¢ 1.076
Cep-Cqp 1.20
ethyne
Csp'Hls 1.06

10l a3 Jsandly A o) ) (e —

G Jshl dm s 1 Al ) C=C Al ) a sl Aala¥) C-C iad ) )
3L 30 3335 s ¢3S0 3 (o g SIY) RS s 2SS C = C e
) ) Aday) ) A

At i)y ol C-C Al 1 &8, 3305 e I i C-H Akl il ¥
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il a5 LAY C-C da sy 1 shal (0 3 i ram g U Jsaal —

molecule hvbrid orbital
CHymmCH, 5p3-5p3
CH,—=CH=mma(CH, 51:13-‘5.13al
CH,—=CHwmm CH=CH, 5p3_5p3
CH=CwmCH, sp-sp”
CH=CwmmCH=CH, '_i.p-*s.p-2
CH=Cw=mC=CH Sp-sp

1.54
1.50
1.47
1.46
1.43
1.37

bond length (A®)

dapl L i) dagi 4alal) C-C dday) )l Jsh (& aliiiddl (adliil)l Jsaall (pe aadl
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Descriptions of geomertries in mono- centric molecules: It is where
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Lecture 12

Symmetry

Symmetry: is when one shape becomes exactly like another if you flip,
slide or turn it.
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The quality of something that has two sides or halves same or very close in

size, shape, and position: the quality of having symmetrical parts having a

structure that exhibits a regular repeated
pattern of the component parts.
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Symmetry can be described in terms of two distinct parts:
1-Symmetry Operations
2- Symmetry Elements

1-A symmetry operation is a movement of an object/molecule that leaves
it in an equivalent configuration.

2-A symmetry element is an imaginary line, point or plane about which a
symmetry operation is performed.

*Note that all elements pass through the center of the object.
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Identity Operation: E

The identity operation leaves the molecule or object unchanged. The
operation is performed about the object itself and exists for every object.
The identity is also generated by carrying out any other operations in
succession

For example: these operations result in E: C,", S," (n even),
S.2 (n odd), s%, i

Performing a C; rotation 3 times (C;) results in identity operation E.
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