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Chapter-1: Introduction



Organic Chemistry:
Definition

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.

Organic Chemistry is unique in that it deals with vast numbers of substances,
both natural and synthetic. \
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But, from the chemical makeup of organic compounds, it was recognized that

one constituent common to all was the element carbon. vV’ et 5» P
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Organic chemistry is defined as the study of carbon/hydrogen-containing
compounds and their derivatives.



The Uniqueness of

What is unique about the element gzr gn .Oll

Why does it form so many compounds?

> The structure of the carbon atom.

> The position of carbon in the periodic table.

These factors enable it to form strong bonds with
>

>

Each organic compound has its own characteristic set of physical and chemical
properties which depend on the structure of the molecule.
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Periodic Table of the Elements
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e Organic compounds are compounds containing carbon

the second row of the periodic table

« Atoms to the left of carbon give up electrons.
« Atoms to the right of carbon accept electrons.
« Carbon shares electrons.
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Atomic

Structure
Atoms consist of three main particles: (have no charge),
(positively charged) and (negatively charged).

> Neutrons and protons are found in the nucleus.

> Electrons are found outside the nucleus. P roftiny
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Atom is electrically neutral. AN Ry )
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Q i.e. Number of electrons = Number of protons
Atomic number of an element is the number of protons. 50 DUy s
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Bonding and Isomerism
1.1 How Electrons Are Arranged in Atoms
= An atom is: the smallest particle of an element that retains all of the chemical
properties of that element.

*An atom consists of negatively charged electrons, positively charged protons, and

neutral neutrons
. . Protons

3 i Neutrons

S ‘ Electrons

The structure of an atom

Nucleus

e Atomic number: numbers of protons in its nucleus and it’s the number of electrons in
the neutral atom.

e Mass number: the sum of the protons and neutrons of an atom.
(Protons and neutrons are ~1837 times the mass of an e’)

e|lsotopes have the same atomic number but different mass numbers ( 12C and *3C)
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Atomic
Structure

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

numbers (n).
0 The maximum capacity of a shell = 2n2 electrons.

n = number of the energy level.

0 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



Atomic
Structure
Valance Electrons: Electron-Dot

Structures ,
0 Valance Electrons are those electrons located in the outermost energy level (the

valance shell).

0 Electron-dot structures

> The symbol of the element represents the core of the atom.

> The valance electrons are shown as dots around the symbol.
°
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Chemical

Bonding
0 In 1916 G.N. Lewis pointed out that:

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

0 According to Lewis,

in interacting with one another atoms can achieve a greater degree of

stabilié& rearrangement of the valence electrons

to acquire the outer-shell structure of the closest noble gas in the l
periodic table. 6 locebed in the
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When two atoms combine together

|

Of the same element
they form a molecule of

}

Of different elements
they form a molecule of

element compound.
Ex: Ex:

0 + 0 -5 0O Na + Q - NaCl
Oxygen Oxygen Oxygen Sodium Chlorine Sodium
atom atom molecule atom atom chloride

molecule
Covalent Bonds Ionic Bonds
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Chemical Bonding

A) lonic Bonds

o 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 lonic bond o iyl o oD
The electrostatic force of attraction between oppositely charged ions.
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o The majority of ionic compounds are inorganic substances.
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Chemical Bonding

Electronegativity Measures The Ability of An Atom To Attract Electrons
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Chemical

Bonding

B) Covalent

Bonds

Elements that are close to each other in the periodic table attain the stable
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noble gas conﬁguratlon e ;:w\ /el o\
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by sharing valence electrons between L o 0,0 5,500 /2 b

Covalent bond them.

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



Chemical Bonding

l B) Covalent Bonds *

Examples

each H shares two electrons

iy T E e lh o (He configuration)

H—H

cL,  3Cle + «Cli — :Ci8Clz or :C1—Cls

] i
HeCeH or H—(lj—H eNeeoeN or sN=Ni.
H
methane H N,
H lone pair H H lone pair H
| td/ l | l oo// p | o T .
3 e ] e | H=C—C—0s H—c—c1:7lonc pair
| || | e
H H H H H H

methyl amime

ethanol chloromethane



Chemical
Bonding

B) Covalent

0 In mlél%glﬂgs that consist of two like atoms;
the bonding electrons are shared equally
(both atoms have the same electronegativity).
0 When two unlike atoms;

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

A) Polar Covalent
Bond

> The more e¢lectronegative atom assumes a partial negative charge and the less
electronegative atom assumes a partial positive charge.



Chemical

Bonding

B) Coordinate Covalent

There are mo ec dles in which one atom supplies both electrons to another atom
in the formation of a covalent bond. ZEBVINE S oV L VNSRS A

Lewis base

The species that furnishes the electron pair to form a coordinate covalent
bond.

Lewis acid

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



* Electrons are located in atomic orbitals (S, P, d, f).

* Orbitals tell us the energy of the electron and the volume of space around the
nucleus where an electron is most likely to be found.

* Orbitals are grouped in shells .

Each orbital can hold a maximum of 2e- and the two electrons have opposite spin

Table 1.1 Distribution of Electrons in the First Four Shells

That Surround the Nucleus

First shell Second shell Third shell Fourth shell

Atomic orbitals s s, p s, p,d s, p.d,
Number of atomic orbitals | 1[5 |S535 |l B 53 7
Maximum number of electrons 2 8 18 32




Valence electrons (VE) are located in the outermost shell. They are involved in
chemical reactions.

VE = Group number

VE Lewis symbol of atom
Examples: H: Is! 1
8O: 1S2282 2P* 6 o:
oC:
Group I | n v v Vi vil Vil
H- He:
Li- ée- -é- -(::- -IEJ: -Ej: :.l.:.: :@}:
Na - n.ng. .A.l. 'S:i' .|::: ...s.: :.C:lg :é:f:



Chemical Bonding
How Many Bonds to an Atom? Covalence Number

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

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

Element Number of Number of electrons Covalence
valence electrons in filled valence shell number

H 1 2 1

c 4 8 4

N 5 8 3

@) 6 8 2

F, Cl, Br, | 7 8 1



Shapes of Organic Molecules: Orbital Picture of Covalent Bonds

Atomic Orbitals Flese e fss 0o 0 da) g

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

o Atomic orbitals are designated in the order in which they are filled by the letters s, p, d,
and /.
o Examples: K shell has only one 1s orbital.
L shell has one 2s and three 2p (2p,, 2p, and 2p,).

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

oo KO e & e SIb
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s orbital



Shapes of Organic Molecules:

Atomic Orbitals Orbital Picture of Covalent Bonds

o

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).
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P, orbital p, orbital p. orbital



Shapes of Organic Molecules:

Orbital Picture of Covalent Bonds

Atomic Orbitals

o An energy level diagram of atomic orbitals. ( 5 05 €7V ya,
O\ U7 @ (o Lo T WI oUivs\/l)

3px 3py 3p; —
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Energy content
of orbital

Increases

;I | S/ R—

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

o The electronic configuration of carbon (atomic number 6) can be represented as

Energy content
of atomic orbital

1s°2s’°sp,2p, or 1s°2s%2p?
Moo @™ sud (=

pr L , s + 2 D. —) R0

A

Energy level diagram for carbon.



Shapes of Organic Molecules:

Orbital Picture of Covalent Bonds

Molecular Orbitals

o A covalent bond consists of the overlap between two atomic orbitals to form a
molecular orbital.

o Example:
Molecular orbital of H,

—QQ =

One bonding sigma
Two ls atomic orbitals Overlap molecular orbital




Shapes of Organic Molecules:
Orbital Picture of Covalent

Molecular Bonds
Orbitals G ot

0 Sigma bonds (/' bonds) can be formed from

ORBYY 4
> The overlap of atomic orbitals. @
> The of atomic orbitals. O@Q

> The overlap of two an s atomic orbital with a p atomic D@

orbital.
0 pi bonds (m bonds) can be formed from the between (two p

atomic orbitals.




Bond Energy and Bond

EOVR A S Length
(oof%
0 A molecule is more stable than the isolated constituent atoms. [ [ meve Sfable £lon
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0 Heat of formation (bond energy) <- — Lo\ “s Ul co s
The amount of energy released when a bond is ' ’

ormed.
0 Bond dissociation energy

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

0 Bond length

The distance between nuclei in the molecular
structure. J
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Hybridization (Alkanes
sp3)

In the case of alkanes sp3, the three 2p orbitals of the carbon T o o
atom are combined with 1ts 2s orbital to form four new orbitals . | »
called "sp3" hybrid orbitals. ] [ 14]

o Four hybrid orbitals were required since there are four atoms - Lt flf 4]
attached to the central carbon atom. L04s - 109

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

llustration. G}gD

o Notice that no change occurred with the /s orbital. D
Methan

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

— SP, 15 a molécadev orbihod  fot oLt efordc or b jed



Hybridization (Alkanes

Methane, CH4

Mos s g=hle sbwche
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Hybridization (Alkenes

Lo ble bhond L/f L L

In the case of alkenes sp2, the 2s orbi £ ombined 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°.

(a) An sp? orbital (b) Three sp? orbitals (c) Three sp? orbitals and an
unhybridized 2p orbital

2p orbital

Px

— 4 [t [t ] 8

Sp?

120°
H H
N =/
/ N

H H

Ethene
(Ethylene

)



Hybridization (Alkynes

Csp) e et

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

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

The two unhybridized p-orbitals stay in their respective
positions (at right angles to each other) and perpendicular to the
linear molecule (1800)).

EEENENEN

SP

H

C==¢C

H

Ethyne
(Acetylene)




Formal Charge

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

How to calculate the Formal Charge (FC): i f/‘éJC" 655 -
/3 k}\{ L}é—)j \);Lo_,m
=t el OS5

in Free Atom Nonbonding e” 5 £

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

HOH



Example

Formal
Lewis structure of O is Charge

Formal charge on O(1) = 6 - (4 + % ) =0
Formal charge on O(2) = 6 - (2 + g) =+ 1
Fc?rmalchargeonO(B) =6~ (6+%) = -1
Hence we represent O, along with formal charges

as follows.
.+
O
/\.-

.0 O:

LR J LR J



Formal
Charge

Example
DA S S o N

Formalcharge: O 0 -1 -1 0 O



Formal
Charge

Example
—12- A0S
CO7
3 5:Cs

Bonding Electrons

Formal _  \alence NonBonding
Charge = glectrons ~  ValElectrons 2
(& = 4 - 0 - 82 = 0
O = 6 - 6 - 2/2 = -1
O = 6 - 4 - 472 = 0



Inductive

o Inductive effect can be defined asfiffe@tmanent displacement of electrons
forming a covalent bond (sigma ¢ 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.

HaC —Cl H—C—=Cl "

Electron-donating substituents (+I): -CH3, -C2HS,....
Electron-withdrawing substituents (-I): -NO2, -CN, -SO3H, COOH, COOR, NH2,
OH, OCH3



Bond Polarity and Dipole Moment
Dipole moment (depends on the induc(iw)effect).

A bond with the electrons shared equally between two atoms is called a nonpolar
bond like in CI-Cl and C-C bond in ethane.

A bond with the electrons shared unequally between two different elements is called
a polar bond.

The bond polarity is measured by its dipole moment ().

Dipole moment (n) defined to be the amount of charge separation ( +6 and —0 )
multiplied by the bond length.

ccly H,0 CH;(Cl
ol cl
Q 1!
cL.—_|_—ic|: —l / /0\"\. B H
iR H H™ H

1L = zero 1L # zero 1 # zero



1.17: Classification According to Molecular Framework

> The three main classes of molecular frameworks for organic structures are acyclic
carbocyclic, and heterocyclic compounds.

1.17.a @yclic Compounds cyclic): contain chains that may be unbranched
or branched.

\/\/\/\/OH O
Il
N T CHs(CH2)sCHs CHsC(CH2)4«CHs

unt ed chain ot (oll of roses)
eight carbon

|m(rukum (oll of cloves)
ht carbon atom bp 229-230°C

bp 98.4°C bp 151.5°C

1.17b: Carbocyclic Compounds: contain rings of carbon atoms

Xlas gD
O
\/ N~
X
musco I ) [
(musk deer) (citrus fruit oils) (petroleum)
bp 327-330°C bp 178°C

mp 5.5°C, bp 80.1°C



1.17.c Heterocyclic Compounds (In heterocyclic compounds, at least one atom in the
ring must be a heteroatom, an atom that is not carbon: eg. N, O,S...)

/ ’ O
\ )/[,U' z ad I
5; il NH, CH,—C—NH S
N7 N\> Jjb'z/
I O
| T KN N C—OH
N CHs l—ll ll
nicotine adenine penicillin-(
bp 246°C mp 360-365°C (amorphous solid)

(decomposes)



Classification According to Functional Group
A functional group 1s an arrangement of atoms with distinctive physical and chemical
properties.

Class of Specific Common name of the
Structure compound example specific example
A. Functional groups I |
that are a part of the — r— t— alkane CH;—CH3 ethane, a component of
molecular framework (. natural gas
N /s
¢ < . T—T= alkene CH>==CH ethylene, used to make
oL Sl coy Wil s N ‘ : poI;ethylene
L& Lnpn 9 C L <S55 —C=C— alkyne HC=CH acetylene, used in
- ’ welding
e o p) >
: @ arene <:> benzene, raw material
for polystyrene and
phenol
B. Functional groups
containing oxygen
1. With carbon—oxygen |
single bonds —C—OH alcohol CH3CH,0H ethyl alcohol, found in
| beer, wines, and liquors
| |
—C—0—C— ether CH3CH,OCHCH3 diethyl ether, once a

| | common anesthetic



Class of Specific Common name of the

Structure P d pl pecific pl

T
2. With carbon—oxygernn —— C —H aldehyde CH_—/0 formaldehyde, used
double bonds™ to preserve biological
specimens
T ]
— e — =— ketone CHCCH> acetone, a solvent for
I I varnish and rubber
cement
(I? o
3. With single and —C—OH carboxylic O-lsE—OH acetic acid, a component
double carbon—oxygen acid of vinegar
bonds
i [ )]

—C—O0—C — ester CHsC—OCHXCHS ethyl acetate, a solvent
for nail polish and model
airplane glue

]
C. Functional groups —C—NH-= primary CH;CH_NH_ ethylamine, smells like
containing nitrogen~" | amine ammonia

—C=—N nitrile CH==CH—C=—N acrylonitrile, raw material
for making Or

1
D. Functional group with — c[ —NH primary H— (lg—nn, formamide, a softener
oxygen and nitrogen amide for paper
E. Functional group with —X alkyl or aryl CHxClI methyl chloride,
halogen halide refrigerant and local

anesthetic

]
F. Functional groups —C—SH thiol (also CH;SH methanethiol, has the
containing sulfur’ I called odor of rotten cabbage

mercaptan)
—_ cI —s— cI — thioether (CHo>=—CHCH.)>-S diallyl sulfide, has

(also called
sulfide)

the odor of garlic



Functional Group is a
reactive portion of an
organic molecule, an
atom, or a group of
atoms that confers on
the whole molecule its
characteristic
properties.

Functional
Groups



Dash formula

Kekul structure

Condensed structures

Bond line formula

Atoms bonded to a carbon are shown to the right of the carbon. Atoms other than H can be shown hanging from the carbon.

Repeating CH> groups can be shown in parentheses.

p
B
H H H H H H

CH}CHBI’CH:‘CHchCICHJ or CHJ(I:HCHZCHZ(I:HCH" Br
Br Cl /‘\/\I/
Cl
CH;CHQCH:CH'zCHgCH:\ or CH;(CHg)_;CHg

Groups bonded to a carbon can be shown (in parentheses) to the right of the carbon, or hanging from the carbon.

A
S
H H CH:H OHH

CH;CH,CH(CH3)CH>CH(OH)CH;

Groups bonded to the far-right carbon are not put in parentheses.

D
e
H H CH;H OH

CH}CHzc(CH;)QCHchon or

or CH3CH2(I:HCH2(I:HCH3
CH; OH

T L

/iy
CH_;CH:CICHZCHZOH
CH,

A ~om




Dash formula

Kekul structure

Condensed structures

Bond line formula

Atoms bonded to a carbon are shown to the right of the carbon. Atoms other than H can be shown hanging from the carbon.

Repeating CH> groups can be shown in parentheses.
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D
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