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Chapter 1

Introduction

1.1 The development of organic chemistry

What is organic chemistry? The term organic chemistry was first used freely by the Swedish
chemist Berzelius in 1806, although it may have been used somewhat early by others. At first no
methods were known for preparing organic compounds outside of living organisms, and the
erroneous conclusion was reached that a mysterious vital force was necessary to form such
compounds. This vitalistic theory was later overthrown by German chemist Wohler.

In 1828 when Friedrich Wohler attempted to synthesize ammonium cyanate, NH4CNO, and
instead obtained urea.

Pb'NCO™ + NH,/OH - NH,"NCO~ heat [

~

Lead Ammonium Ammonium HoN NH,
Lcyanate 5 hydroxldeg cyanate Urea
Inorganic Organic

Wohler’s discovery was important because it gave impetus to a long series of experiments
in which chemists probed the nature of the chemical substances that exist in living organisms
and in petroleum and coal, which are formed from the remains of plants and animals that lived
long ago.

Chemistry today is unified. The same principles that explain the simplest inorganic compounds
also explain the most complex organic ones. The only distinguishing characteristic of organic
chemicals is that all contain the element carbon. So organic chemistry is the chemistry of compounds
of carbon. Nevertheless, the division between organic and inorganic chemistry, which began for
historical reasons, maintains its practical convenience---and to further the progress of students.

Although carbon is the principal element in organic compounds, most also contain hydrogen,
and many contain nitrogen, oxygen, phosphorus, sulfur, chlorine, or other elements. But why is
carbon special? The answer to this question come from the unique ability of carbon atoms to bond
together, forming long chains and rings. Carbon, alone of all elements, is able to form an immense
diversity of compounds, from the simple to the staggeringly complex—from methane, with 1
carbon atom, to DNA, which can have tens of billions.

1.2 The structural theory of organic chemistry

Organic chemistry is a study of relationship between the structures of molecules and their
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reactions. So the structural theories of organic chemistry are the fundamental theories of organic
chemistry.

The structural theory of organic chemistry is the same as we learning in inorganic chemistry.
So we give some brief attention to the structural theory.

1.2.1 Atomic orbitals

An understanding of the atom starts with the model of massive, positively charged nucleus
surrounded by a moving cloud of electrons, whose negative charge balances the positive nuclear
charge. Electrons could be considered as a type of wave and that the motion electrons in the atom
could be represented by mathematical wave equations, i.e., each electron is found within a specific
region of space, called an orbital (Figure 1-1).

An atomic orbital can be thought of as the picture that would be obtained if we could perform
time-lapse photography of an electron within an atom—a sort of cloud of electrons about the
nucleus. The picture shows that each electron is localized within the atom, in regions whose shape
and dimension are determined by quantum numbers.

We therefore "label" an atomic electron by four "quantum numbers":

n=1,2,3, -, denoting energy;

[=0,1, +++, n—1, denoting angular momentum;

m=—1, ===, 1, denoting orientation (the "magnetic quantum number");

s=—1/2, 1/2, denoting spin (m; is also used in place of s).

The set of four numbers (n,/, m,s) identifies the "quantum state” of the electron. Chemists
use letters in place of numbers for / (s, p, d, f, etc.), and so an »n=3, / =1 electron would be
denoted "3p".

The following images (Figure 1-1) should give you a feel for what sorts of "orbits" these
numbers correspond to. The images are cross sectional cuts of three dimensional orbits, so to geta
complete picture you have to think of them as rotated around the vertical axis.

Is 2p 3d 4f

Figure 1-1 Some orbital of electrons.

1.2.2 TIonic bonding

Compounds are divided broadly into two classes, ionic and covalent.

lonic compounds are composed of ions, which are units of matter that may be single atoms or
groups of atoms, bearing positive or negative charges. Ionic compounds are usually crystalline
solids with high melting points. Many of these compounds dissolve in water to form solutions that
conduct electricity. Sodium chloride NaCl, is a typical example of an ionic compound. Sodium
acetate, Na+CH3CO; , is also an ionic compound, and the negative charged ion (CH;CO , ) contains
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covalent bonds.

The forces that act between charged particles are
called electrostatic forces. lonic bonding consists of
electrostatic attractions between ions of opposite ions. For
example, crystalline sodium chloride(Figure 1-2), each
sodium ion is surrounded by 6 chloride ions, and chloride
ion is surrounded by 6 sodium ions. The ions are held in
place by strong electrostatic forces between ions of opposite
charge. So sodium chloride has a high melting point, 801°C,
and very high boiling point, 1413 °C. These physical
properties are an indication of the strength of the
electrostatic forces holding the ions together. Large
amounts of energy must be applied to the sodium chloride Figure 1-2  Crystalline of
crystal to overcome the electrostatic forces that hold the sodium chloride.
ions in place in the crystal lattice and allow them to move S
past each other in liquid sodium chloride. Even more energy is necessary to further separate the
ions in going from the liquid to vapor state.

1.2.3 Covalent bonding

In covalent compounds, the structural units are molecules having no net charge. Covalent
compounds may be gases, liquids, or solids.

For the simple diatomic molecule Hy, it is clear that if two H approach one another closely, the
unpaired electron from each can be shared most effectively when it is in the region between the two
nuclei, as if the two individual atomic Is orbitals overlapped. A similar picture results for the
molecule F, from the overlap of the 2p orbitals of each fluorine atom. Structural formulas of this
type in which electrons are represented as Lewis structures.

H- ‘H H:H ‘EUES
Two hydrogen atoms: Hydrogen molecule: Two fluorine atoms: each Fluorine molecule:
each with a single electron covalent bonding by way of with seven electrons in covalent bonding by way of
a shared electron pair its valence shell a shared electron pair

The situation becomes more complicated when we consider overlapping the atomic orbitals of
carbon so that it can achieve a filled valence shell. To solve the difficulties that arise, chemists
introduced the concepts of molecular orbitals and hybridization.

1.2.4 Hybridization

(1) sp’ hybrid and bond in methane

Let’s look at the structure of CHy4 that would result if bonding were the result of overlapping
the atomic orbitals of carbon and hydrogen. The electron configuration of carbon is 1s* 2s% 2p, 2py1,
has only two half-filled orbitals. So how can it have bonds to four hydrogens? In 1930s Linus
Pauling offered an ingenious solution to the puzzle. That is the hybrid orbital theory. He began with
a simple idea: “promoting” one of the 2s electrons to the empty 2p, orbital gives four half-filled
orbitals. The second party of Pauling’s idea was novel: mix together (hybridize) the four valence
orbitals of carbon (2s , 2p., 2p, and 2p. ) to give four half-filled orbitals of equal energy. The four
new orbitals are called sp’ hybrid orbitals (Figurel-3) .



b —
-t

>
g
8 2 —H— 2 +
Ground electronic Higher energy electronic sp’ hybrid
state of carbon state of carbon state of carbon
(a) (b) (c)

Figure 1-3  (a)Electron configuration of carbon in its most stable state.(b)An electron
is “promoted” from the 2s orbital to the vacant 2p orbital.(c)The 2s orbital and
the three 2p orbitals are combined to give a set of four equal-energy sp’-
hybridized orbitals,each of which contains one electron.

Each sp3 hybrid orbital has two lobes of unequal size. More of the electron density on one side
of the nucleus is greater than the other (Figure1-4 and Figurel-5).

The two lobes of each sp?
hybrid orbital are of
different size.More of

the electron density is
concentrated on one side of
the nucleus than on the other.

L op3

Figure 1-4 Representation of orbital mixing in sp> hybridization.Mixing of one s orbital
with three p orbitals generates four sp® hybrid orbitals.Each sp’ hybrid orbital
has 25% s character and 75% p character. The four sp® hybrid orbitals
have their major lobes directed toward the corners of a tetrahedron,
which has the carbon atom at its center.




Going away
from you

" H(1s)— C(2sp?)
: /cbond
Ham =
&

— H
[~ 109.5°

H

Coming

toward you
In the plane

of the paper
In the plane

of the paper

Figure 1-5 The sp’ hybrid orbitals are arranged in a tetrahedral fashion around carbon.Each orbital contains
one electron and can form a bond with a hydrogen atom to give a tetrahedral methane molecule.

(2) sp” hybrid and bond in ethylene (Figurel-6,Figurel-7 and Figurel-8)

: 134[)111 - ./

e ilm....,,c ‘ZC“;‘,‘“‘“H 110pm Jf?}

me

(b)

(a)

Figure 1-6 (a)All the atoms of ethylene lie in the same plane.All the bond angles are close to 120° , and the
carbon-carbon bond distance is significantly shorter than that of ethane.(b)A space-filling model of ethylene.

-+

-
2
2 2s ~H— 28 +
o
Ground electronic Higher energy electronic sp? hybrid state of carbon
state of carbon state of carbon
(b) (c)

(a)

Figure 1-7 (a)Electron configuration of carbon in its most stable state.(b)An electron is “promoted” from the
2s orbital to the vacant 2p orbital.(c)The 2s orbital and two of the three 2p orbitals are combined to give a set
of three equal-energy sp’-hybridized orbitals.One of the 2p orbitals remains unchanged.




Half-filled 2p
. _— orbital ——__

In plane of
paper
sp? hybrid orbitals of carbon
l overlap to form ¢ bonds to
hydrogens and to each other
e —— C(2p)—C(2p) Tbond

6 bond

p orbitals that remain on carbons
overlap to form © bond

C(2sp?)—C(2sp?) cbond

Figurel-8 The carbon carbon double bond in ethylene has a 6 component and a © component.The &
component arises from overlap of sp>-hybridized orbitals along the internuclear axis.The nt
component results from a side-by-side overlap of 2p orbitals.

(3) sp hybrid and bond in acetylene (Figure 1-9, Figure 1-10 and Figure 1-11)

1807 1807

Hl(‘.iC}—H

106pm 120pm 106 pm

(b) space-filling model

(a) structural formula
Figure 1-9  Acetylene is a linear molecule

b — wb b et
w1

Energy ——

s

Higher energy electronic
state of carbon

(b) (c)

[
»

sp hybrid

Ground electronic
state of carbon

state of carbon
(a)
Figure 1-10 (a)Electron configuration of carbon in its most stable state.(b)An electron is “promoted”from

the 2s orbital to the vacant 2p orbital.(c)The 2s orbital and one of the three 2p orbitals are combined to give
a set of two equal-energy sp-hybridized orbitals. Two of the 2p orbitals remain unchanged.




/-C(ZpZ )—C(2pz) 1 bond

C(2sp)—H(ls)
o bond

C( Zp}, )—-C(Zpy ) © bond

Carbons are connected by a
C(2sp) — C(2sp)c bond

Figure 1-11 A description of bonding in acetylene based on sp hybridization of carbon.The carbon-carbon
triple bond is viewed as consisting of one ¢ bond and two © bonds.

1.2.5 Polar covalent bond, electronegativity and dipole moment

The H—H bond in H,, CI—CI bond in Cl, and C—C bond in ethane are covalent, in which the

two electrons are shared equally by the two atoms, so we called these bonds nonpolar covalent bond.

But the bond C—Cl in chloromethane CH;Cl share the electrons unsymmetrically, the bond is a

polar covalent.

Bond polarity is due to differences in electronegativity (EN), the intrinsic ability of an atom to
attract the shared electrons in a covalent bond. The tendency of an atom to draw the electrons in a
covalent bond toward itself is referred to as its electronegativity. An electronegative element
attracts electrons; an electropositive one donates them. The most commonly cited electronegativity

scale was devised by Linus Pauling and its presented in Tablel-1.

5+ o—
Symmetrical covalent Polar covalent Ionic bond
bond bonds
HH—F " ﬁ
(The symbols 8+ and §— indicate partial (The symbol +——=represents
positive and partial negative charge,respectively) the direction of polarization

of electrons in the H—F bond)



