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Chapter-1: Introduction
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Organic Chemistry: Definition

o The word Organic can be a biological or chemical term, in biology it 
means anything that is living or has lived. The opposite is Non-Organic.

o Organic Chemistry is unique in that it deals with vast numbers of 
substances, both natural and synthetic.

The clothes, the petroleum products, the paper, rubber, wood, 
plastics, paint, cosmetics, insecticides,  and drugs

o But, from the chemical makeup of organic compounds, it  was 
recognized that one constituent common to all was the element carbon.

o Organic chemistry is defined as the study of carbon/hydrogen-
containing compounds and their derivatives.

زيمتت اهلماعت ةلئاه دادعا
ةيعانطصا
لورتبلا تاجتنمقرو طاطم بشخ

كيتسCب ناهد
ليمجت تارضحتسم

ةيودKا
 بيكرت

فارتعا نوكم
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The Uniqueness of Carbon
o What is unique about the element carbon?

�The answers lie 
in
 The structure of the carbon atom.
 The position of carbon in the periodic table.

o Why does it form so many compounds?

o These factors enable it to form strong bonds with
 other carbon atoms
 and with other elements (hydrogen,  oxygen,  ni trogen,  

halogens,…etc).o Each organic compound has its own characteristic set of physical and 
chemical properties which depend on the structure of the molecule.

 يف دوجوم
ةعبار ةعومجم

ةرذ ةينب
عقوم

دمتعت



 Coloum =8
Raw=7

Grop
Period
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Atomic Structure

o Atoms consist of three main particles: neutrons (have no charge), 
protons (positively charged) and electrons (negatively charged).

 Neutrons and protons are found in the nucleus.
 Electrons are found outside the nucleus.

o Atom is electrically neutral.
i.e. Number of electrons = Number of protons

o Atomic number of an element is the number of protons.

Electrons are distr ibuted around the nucleus in 
successive shells (principal energy levels).

 ب يكراشت نوبركلا
atom هتعبت 

 تانورتكلKا دقفتب راسي
ةبجوم اهتنحش كيه ناشع

ةلداعتم

 اهل ام
ةبجومةنحش ةبلاس

ةاون لخاد
جراخ

ةيلاتتم ةفلغا ةيسيئر ةقاط تايوتسم
Atoms =nucleous+shells 

P+Nا ددعKا ينعي ةلداعتم ةرذ يف  نورتكلKتانورتكل 
تانوتوربلا يواستب نوكتب

 نع تدعب املك
 تداز ةاون

ةقاط



تارذ ىلا و نم ةكرح ع ةرداق تانورتكلKا
ةرذ نع دحاو دعبا ينعي ريخKا رادhا تانورتكللا نع يدصق نوه و

 ددع
valence 
electron 

= Grop number

 ددع
of shells = Peroid number





بذاجتتب ةفلتخم تانحش



رئاظن k isotopsب اوفلتخب تانورتين و يلتك ددع

تارذ يف تانورتكلKا بيترت ةيفيك

رصنعلا كلذل ةيئايمك صئاصخ عيمجب ظفتحي رصنعلا يف ميسج رغصا
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Atomic Structure

o The energy levels are designated by capital letters (K, L, M, N, ..) or 
whole numbers (n).

o The maximum capacity of a shell = 2n2 electrons.
                n = number of the energy level.

o For example, the element carbon (atomic number 6)
6 electrons are distributed about the nucleus as

Shell K L M N
Number of electrons 2 4 0

0

 ددع لمحتب ىوتسم لك
 نورتكلrا نم ددحم

يرذ  بييكرت

ىمست

فCغلل ىوصق ةعس

نورتكلKا٢ هيف نوكي حر رادم لك ينعي

 حر فيك نورتكلKا ٢٠ يدنع لاثم
 Cثم:shells يف kعزوم اونوكي

shellاK٢=١*٢ لو
shell ٨=٤*٢ يناث

! اهلئل ةعس ربكا orbetal سب اهلئل ةعس ربكا ياه shells نع يكحنب انحا ظحCن اندب
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Atomic Structure

o Valance Electrons are those electrons located in the outermost energy 
level (the valance shell).

o Electron-dot structures

 The symbol of the element represents the core of the atom.
 The valance electrons are shown as dots around the symbol.

Valance Electrons: Electron-Dot 
Structures

ةدوجوم ريخKا رادhا يف
ءىفاكت نورتكلKا

ةيجراخ ةقاط ىوتسم

ةاون رصنع زمر لثمي

زمر لوح طاقنك
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Chemical Bonding

o In 1916 G.N. Lewis pointed out that:

 2 electrons in case of helium.
 8 electrons for the other noble gases.

o According to Lewis, 

The noble gases were stable elements and he described their lack of 
reactivity to their having their valence shells filled with electrons.

in interacting with one another atoms can achieve a greater 
degree of stabilityby rearrangement  of  the va lence 

electronsto acquire the outer-shell structure of the closest noble gas 
in the periodic table.

نورتكلKا ٢ ريغ هدنع ام Cصا ونK رقتسم

 رسخب١.٢.٣
 نورتكلKا

كراشب٤
بسكب ٥.٦.٧

 ةبسنلاب ياه
 تاعومجملل

 لودج يف
يرود

نورتكلKاب ةئلتمم ؤفاكت ةفلغا ناشع لعافتل رقتفتب

رارقتسKا ققحتب اهضعب عم لعافتت تارذ سب
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Chemical Bonding

 ديزتب طباور
stability

ةقاط للقي و

تفلتخا ةيمست
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A) Ionic 
Bondso Elements at the left of the periodic table give up their valance electrons 

and become +ve charged ions (cations).

o Elements at the right of the periodic table gain the  electrons and 
become -ve charged ions (anions).

o Ionic bond
The electrostatic force of attraction between oppositely charged 
ions.

o The majority of ionic compounds are inorganic substances.

Chemical Bonding

نورتكلKا دقف

نورتكلKا بسك
ىوقا ةطبار تناك املك kترذ kب لقا ةفاسم تناك املك

 يرود لودج
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Electronegativity Measures The Ability of An Atom To Attract 
Electrons

H

2.1

F O N C B Be Li

4 3.5 3 2.5 2 1.5 1

Cl S P Si Al Mg Na

3 2.5 2.1 1.8 1.5 1.2 0.9

Br K

2.8 0.8

Chemical Bondingا بذج ع ةردق ةيئابرهك ةيبلاسKنورتكل
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o Elements that are close to each other in the periodic table attain the 
stable noble gas configuration

o Covalent bond
The chemical bond formed when two atoms share one pair 
of electrons.

o A shared electron pair between two atoms or single covalent bond, will 
be represented by a dash (-).

 by  shar ing valence e lectrons 
between them.

B) Covalent 
Bonds

Chemical Bondingةطبار ىوقا
أشنتب ةرذلا سفن kب ابلاغ 

نيوكت

٨= v e اهدنع اذا رارقتسا ىلا لصتب تارذ مظعم
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 Examples

B) Covalent 
Bonds

Chemical Bonding

ليبن زاغ يز رقتسم نوكي ناشع
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o In molecules that consist of two like atoms;

o When two unlike atoms;

A) Polar Covalent 
Bond

 the bonding electrons are shared equally
(both atoms have the same 
electronegativity).

 the bonding electrons are no longer shared equally (shared 
unequally).

A bond, in which an electron pair is shared 
unequally.

 The more electronegative atom assumes a partial negative charge and 
the less electronegative atom assumes a partial positive charge.

B) Covalent 
Bonds

Chemical Bonding
 ةرذ ىلا تانورتكلKا حورت K ناشع

 ةرذ نم رثكا نورتكلCل ةبحم
 يز ، ةطبار اهعم ةلماع يلي ىرخKا

نوبرك و kجسكا

ةيئابرهك ةيبلاس لقا
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o There are molecules in which one atom supplies both electrons to 
another atom in the formation of a covalent bond.

o For example; 

o L e w i s 
baseThe species that furnishes the electron pair to form a coordinate 

covalent bond.
o Lewis acid

The species that accepts the electron pair to complete its 
valance shell.

B) Coordinate Covalent 
Bonds

Chemical Bonding
ةرذلا سفن نم نورتكلKا نم جوز

نورتكلKا تكراش يلي

نورتكلKا تلبق يلي

رفوي



Orbital ءزج 
نم  shell
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How Many Bonds to an Atom? Covalence Number

The number of covalent bonds that an atom can form with other atoms.

Element Number of              Number of electrons
Covalence

valence electrons in f i l led valence shel l  
number

H 1 2      1
C 4 8      4
N 5 8      3
O 6 8      2
F, Cl, Br, I 7 8      1

i.e. the covalence number is equal to the number of electrons needed to fill 
its valance shell.

Chemical Bonding
يمهاست ددع

ؤفاكت فCغ يف نورتكلKا ددع= يمهاست ددع

Number of v e Covalencenumber
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Shapes of Organic Molecules: Orbital Picture of Covalent 
Bonds

o An atomic orbital represents a specific region in space in which an 
electron is most likely to be found.

Atomic 
Orbitals

o Atomic orbitals are designated in the order in which they are filled by the 
letters s, p, d, and f.
o Examples: K shell has only one 1s orbital.

L shell has one 2s and three 2p (2px, 2py 
and 2pz). 

o An s orbital is spherically shaped electron cloud with 
the atom’s nucleus and its center.

ةيورك



Mine energy shell Subshell Orbitals Electrons
Kلك مز orbital 

 ك kنورتكلKا ع يوتحي
ىصقا دح
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o A p orbital is a dumbbell-shaped electron cloud with the nucleus 
between the two lobes.

o Each p orbital is oriented along one of three perpendicular coordinate 
axes (in the x, y, or z direction).

Shapes of Organic Molecules:
Orbital Picture of Covalent BondsAtomic 

Orbitals
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o An energy level diagram of atomic orbitals.

o When filling the atomic orbitals, keep in mind that

(1)  An atomic orbital contain no more 2 
electrons.(2) Electrons fill orbitals of lower energy 
first.(3) No orbital is filled by 2 electrons until all the orbitals of equal 

energy have at least one electron.

Atomic 
Orbitals

Shapes of Organic Molecules:
Orbital Picture of Covalent Bonds

ةقاط لقا رادم يف شلبنب

kنثا مهيلخنب نيدعب دحاو دحاو عزونب



لودج يف اهعقوم فرعا ناشع اذه٣ فص ةنماث ةعومجم
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o The electronic configuration of carbon (atomic number 6) can be 
represented as

1s 22 s 2s p 1 x2 p 1 y  o r    
1s22s22p2

Atomic 
Orbitals

Shapes of Organic Molecules:
Orbital Picture of Covalent Bonds
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o A covalent bond consists of the overlap between two atomic orbitals to 
form a molecular orbital.

o Example:
Molecular orbital of 
H2

Molecular 
Orbitals

Shapes of Organic Molecules:
Orbital Picture of Covalent Bonds
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o Sigma bonds ( bonds) can be formed from

 The overlap of two s atomic orbitals.

 The end-on overlap of two p atomic orbitals.

 The overlap of two an s atomic orbital with a p atomic 
orbital.

o pi bonds (π bonds) can be formed from the side-side overlap between 
two p atomic orbitals.

Molecular 
Orbitals

Shapes of Organic Molecules:
Orbital Picture of Covalent Bonds

ةيداحا

ةيئانث
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Bond Energy and Bond Length

o A molecule is more stable than the isolated constituent atoms.

This stability is apparent in the release of energy during the formation 
of the molecular bond.

o Heat of formation (bond energy)
The amount of energy released when a bond is 
formed.

o Bond dissociation energy
The amount of energy that must be absorbed to break 
a bond.

o Bond length
The distance between nuclei in the molecular 
structure.

 ةطبار تناك املك و اهرسكل ىلعا ةقاط جاتحب املك ىلعا ةطبار ةقاط تناك املك
رصقا

 اهجاتحب يلي ةقاط
ةطبار رسكا ناشع

kتنثا  kب ةطبار نوكا سب جتنتب يلي ةقاط
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Hybridization (Alkanes sp3)

o In the case of alkanes sp3, the three 2p orbitals of the carbon atom 
are combined with its 2s orbital to form four new orbitals called 
"sp3" hybrid orbitals.

o Four hybrid orbitals were required since there are four 
atoms attached to the central carbon atom. 

o These new orbitals will have an energy slightly above the 
2s orbital and below the 2p orbitals as shown in the 
following illustration. 

o Notice that no change occurred with the 1s orbital.

o Regular tetrahedron with all H-C-H bond angles of 
109.5º.

Methan
e

ةطبار ةيداحا

kجهت

بكرم يف ةرذ ةلاحل فصو

١s ريغت ام

p ٢ نم لقا و ٢s نم ىلعا ةقاط ةديدج تارادم
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Hybridization (Alkanes sp3)
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Hybridization (Alkenes sp2)
o In the case of alkenes sp2, the 2s orbital is combined with only 

two of the 2p orbitals (since we only need three hybrid orbitals 
for the three groups. thinking of groups as atoms and non-
bonding pairs) forming three hybrid orbitals called sp2 hybrid 
orbitals.

o The other p-orbital remains unhybridized and is at right 
angles to the trigonal planar arrangement of the hybrid 
orbitals.o The trigonal planar arrangement has bond angles of 
120°.

Ethene
(Ethylen

e)

kتطبار
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Ethyne
(Acetylen

e)

o In the case of alkynes sp, the 2s orbital is combined with only 
one of the 2p orbitals to yield two sp hybrid orbitals.

o The two hybrid orbitals will be arranged as far apart as possible 
from each other with the result being a linear arrangement.

o The two unhybridized p-orbitals stay in their respective positions 
(at right angles to each other) and perpendicular to the linear 
molecule (180).

Hybridization (Alkynes sp)ث ةطبارCةيث



Tetrahedral

Planer 

Linear

ةقاط تداز املكp ةبسن تداز املك

 ربكأ éا

éا ناحبس
éدمحلا
K إ هلإK اé



Formal Charge 

Formal Charge: is the net charge on each atoms of the 
molecule or ion. (which contain a covalent bond only)
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How to calculate the Formal Charge (FC):

 

Example: calculate the formal charge of CO2
FC for O= 6-(4+4/2)=0
FC for C= 4-(0 + 8/2)= 0

ريخKا رادم يف
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Formal Charge Example:
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Formal Charge 

Example:
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Formal Charge 
Example:





K و لوح K إ ةوقK ابé



31

Inductive Effect
o Inductive effect can be defined as the permanent displacement of 

electrons forming a covalent bond (sigma σ bonds ) towards the more 
electronegative element or group.

o The inductive effect is represented by the symbol, the arrow pointing 
towards the more electronegative element or group of elements. 
(+ I) effect if the substituent electron-donating
(- I) effect if the substituent electron-withdrawing 

Electron-donating substituents (+I): -CH3, -C2H5,….
Electron-withdrawing substituents (-I): -NO2, -CN, -SO3H, COOH, COOR, NH2, 
OH, OCH3 
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Bond Polarity and Dipole Moment (µ)
o Dipole moment (depends on the inductive effect).
o A bond with the electrons shared equally between two atoms is called a 

nonpolar bond like in Cl-Cl and C-C bond in ethane.
o A bond with the electrons shared unequally between two different elements is 

called a polar bond.
o The bond polarity is measured by its dipole moment (µ).
o Dipole moment (µ) defined to be the amount of charge separation ( +δ  and 

–δ ) multiplied by the bond length.

يظحل باطتقتسا
 بلاسل بجوم نم
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Functional Groups

Functional Group is a 
reactive portion of an 
organic molecule, an 
atom, or a group of 
atoms that confers 
o n  t h e  w h o l e 
m o l e c u l e  i t s 
c h a r a c t e r i s t i c 
properties.

Class General formula Functional group Specific
Alkane RH C – C (single bond) H3C – CH3

Alkene R – CH = CH2 C = C (double bond) H2C = CH2
Alkyne                 (triple bond)
Alkyl halide RX -X (X = F, Cl, Br, I) H3C - Cl
Alcohol R – OH -OH H3C - OH
Ether R – O –R’ - C- O – C - H3C – O – CH3

Aldehyde
Ketone
Carboxylic acid

Ester

Amine R – NH2 H3C – NH2
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