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Chemistry-1

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.

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

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

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



The Uniqueness of Carbon

What is unique about the element carbon?

Why does it form so many compounds?

21 The answers lie

ig The structure of the carbon atom.
» The position of carbon in the periodic table.

These factors enable it to form strong bonds with
» other carbon atoms

» and with other elements (hydrogen, oxygen, nitrogen,

Each ct‘rag}gﬁlecncszﬁﬁlegghnd has its own characteristic set of physical and

chemical properties which depend on the structure of the molecule.



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.

Electrons are distributed around the nucleus iIn
successive shells (principal energy levels).

o Atom is electrically neutral.

i.e. Number of electrons = Number of protons

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



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



Atomic Structure

Valance Electrons: Electron-Dot

Structures .
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.
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Chemical Bonding

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

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

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

o According to Lewis,

In interacting with one another atoms can achieve a greater

degreRof étdiYgement of the valence

(I)eac(t:aour}?e the outer-shell structure of the closest noble gas

in the periodic table.



Chemical Bonding

When two atoms combine together

1

Of the same element
they form a molecule of

element
Ex:

O + 0 - 0

Oxygen Oxygen Oxygen
atom atom molecule

l

Of different elements
they form a molecule of

compound.
Ex:
Na + Cl ->» NaCl
Sodium Chlorine Sodium
atom atom chloride
molecule

>

{>

Covalent Bonds

lonic Bonds




Chemical Bondin¢

A) lonic

EE.%Q&% at the left of the periodic table give up their valance electrons
and become +ve charged ions (cations).

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

lonic bond

The electrostatic force of attraction between oppositely charged
ions.

A+B—>A+ B]

Electron donor Electron acceptor  Cation Anion
atom atom

N

Electrostatic attraction Ionic bond

The majority of ionic compounds are inorganic substances.



Cl

Br
2.8

Chemical Bondin¢

Electronegativity Measures The Ability of An Atom To Attract
Electrons

‘ Increasing electronegativity

O
3.5

2.5

2.1

C
2.5
Si
1.8

Al
1.5

Be
1.5

1.2

H
2.1

Li
1
Na
0.9
K
0.8

AYTATIES0U0I00[ 8u;seeloaa

Li:.\t/.:.l:: — @ +

. /‘\ o0 .+ L 2 J -+ —
Li- + Fs —> L1 oy Li'F
electron transfer He configuration Ne configuration 1ionic bond
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Chemical Bondin¢

B) Covalent

Bonds

o Elements that are close to each other in the periodic table attain the
stable noble gas configuration

by sharing valence electrons

- Covalent bond Petween them.

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 (-).

11



Chemical Bondin¢

B) Covalent

Exanﬁfé@ds

each H shares two electrons

H; He + o —— HIH or H—H (He configuration)
(1, $Cle + oCls — $C18Cls or $CI—Cls
H H
o0
H:CSH or H—C—H NessN or SN=N3
H methane 11 N>
H ) _lone pair H H ) //lone pair H o |
H—C ITI H H—C—C (|): H—C—Cl:7 lone pair
s’
H H H H H H

methyl amime ethanol chloromethane
12



Chemical Bondin¢

B) Covalent

o In m%?e%ﬂ?es that consist of two like atoms;
the bonding electrons are shared equally
(both atoms have the same

o When twilgG{ip2egatiyity)-

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

A) Po’]a% %g)valent

Bond A bond, in which an electron pair is shared

» The more éf@gﬂ"@l’%ative atom assumes a partial negative charge and
the less electronegative atom assumes a partial positive charge.

+—> O+ O
C—0O oo C—O0O
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Chemical Bondin¢
B) Coordinate Covalent

There are m r]ecules in which one atom supplies both electrons to
another atom in the formation of a covalent bond.

For example; ) .t

H
.o |
H-N-H + H® —— |H-N-H
H i Hydrogenion - H
@A;gnn;%t::e) (f:e*m‘i acid) Ammontum ion
Lewis
baseThe 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.



Chemical Bondin¢

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
O 6 8 2
F, Cl, Br, | 7 8 1
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Shapes of Organic Molecules: Orbital Picture of Covalent

Atomic

Orbitals

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 f.

o Examples: i 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.

s orbital

16



Shapes of Organic Molecules:

Atomic Orbital Picture of Covalent Bonc

Orbitals

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).

S

Y

Y

Py orbital py orbital p,orbital
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Shapes of Organic Molecules:

Atomic Orbital Picture of Covalent Bonc
Orbltals
o An energy level diagram of atomic orbitals.

A 3P+

Energy content 3
of orbital 2p., R/ I —
Increases

Spy 2 J—

28

{5

o When filling the atomic orbitals, keep in mind that

(1) An atomic orbital contain no more 2
ﬁ?“Etﬁ?&?ons fill orbitals of lower energy

fifﬂ\lo orbital is filled by 2 electrons until all the orbitals of equal
energy have at least one electron.

18



Shapes of Organic Molecules:

Orbital Picture of Covalent Bonc

Atomic

Orbitals

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

1822828p1x2p1y or
1s22s22p?
2D, J_ 2p, + 2p,
Energy content
of atomic orbital 26

Ay

Energy level diagram for carbon.
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Shapes of Organic Molecules:

Molecular Orbital Picture of Covalent Bonc

Orbitals

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

o Example:
Molecular orbital of

— Q9

One bonding sigma
Two 1s atomic orbitals Overlap molecular orbital
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Shapes of Organic Molecules:
Orbital Picture of Covalent Bonc

Molecular

Orbitals

o Sigma bonds (o 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 (r bonds) can be formed from the side-side overlap between

two p atomic orbitals.
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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

o Bond Peng‘{h

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

In the case of alkanes sp?3, the three 2p orbitals of the carbon atom
are combined with its 2s orbital to form four new orbitals called
"sp3" hybrid orbitals.

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

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

Notice that no change occurred with the 7s orbital.

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

b1+ 14

v
o
w

1042 . 1097
H
|
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D

Methan

e




Hybridization (Alkanes sp:

Methane, CH 4
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Hybridization (Alkenes sp?)

In the case of alkenes sp?, the 2s orbital 1s 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 sp? hybrid

orbitals.

o T'he other p-orbital remains unhybridized and is at right
angles to the trigonal planar arrangement of the hybrid

- ?U3l§gonal 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

Ethene
(Ethylen

e)
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Hybridization (Alkynes sp)

In the case of alkynes sp, the 2s orbital 1s 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 (180°).

H c

180¢°

c H

Ethyne
(Acetylen

e)
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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):

pC = VYalencee Total + B(r)rl:)(:?rln e
in Free Atom Nonbonding e z—g

Example: calculate the formal charge of CO2

FC for O= 6-(4+4/2)=0 — C — O
FC for C=4-(0 +8/2)=0
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Example: Formal Charg

Lewis structure of O, is
2

A\
0 O

Formal charge on O(1) = 6 - (4 + % ) =20
Formal charge on O(2) = 6 - (2 + g )y=+1
Fc?rmalchargeonO(B) =6 - (6+.%.) = -1
Hence we represent O; along with formal charges

as follows.
e+
O
7/ \.-
. 9 9 .
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Formal Charg

Example:

Formalcharge: O 0 -1 -1 0 O

29



Formal Charg

Example:
2 |
( 3 1O
® )
O L L e ®
Q:Cx: S
L] L4 ®e
e ®e
Formal _  \alence _ NonBonding _ Bonding Electrons
Charge = Eglectrons Val Electrons 2
C — 4 - O — 8/2 = O
O — 6 - 6 . 2/2 = -]
O = £ - 4 B 4/2 = 0
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Inductive Effect

o Inductive effect can be defined as the permanent displacement of
electrons forming a covalent bond (sigma o 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.

(+ 1) effect if the substituent electron-donating

(- 1) effect =« 4t n —ortomertemmt Stomteo e il eming
O
\a* 8"
HaC —Cl H—C —Cl )J\
/ R
H

Electron-donating substituents (+I): -CH,, -C,H.,....
Electron-withdrawing substituents (-I): -NO,, -CN, -SO;H, COOH, COOR, NH,,

OH, OCH,
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Bond Polarity and Dipole Moment (u)

Dipole moment (depends on the inductive 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 (M) defined to be the amount of charge separation ( +0 and
—0 ) multiplied by the bond length.

CCly H,0 CH;Cl
Cl
Cl o
! X QOQV - \X‘
Cl—/C —ClI . AN H H
-; -|—;- X H/ \Hx ¥
Cl

L = zero L # zero L # zero



Functional Groups

General formula | Functional group

Functional Groupisa [y Rm C_C(singlebond) H.C-CH,
reactive portion of an [Jjkene = R—-CH=CH, | C=C(doublebond) H,C=CH,
organic molecule, an 'Alkyne | R—Cc=cH | ©=C (miplebond) | He=eH
atom, or a group of 'Alkylhalide | RX [ X(X=FCLBLD HcC-C

atoms that confers

molecule its |[Keone =
characteristic (Cubouikait] o @ cpi | Bou  belonelon

33



