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Chapter 1 Bonding and Isomerism

Organic Chemistry  is the chemistry of carbon compounds

Why does sucrose melt at 1850C  while table salt melts at 801o C?

Why do both substances dissolve in water and olive oil does not?

Why does methyl butyrate smell like pears while  propyl acetate smell 

like apple yet they have the same number and kind of atoms?

Bonding is the key to the structure, physical properties and chemical 

behavior of different kinds of matter.

Organic chemistry  is defined as the study of carbon/hydrogen-containing 

compounds and their derivatives.
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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, 

nitrogen,  halogens,…etc).
o Each organic compound has its own characteristic set 

of physical and chemical properties which depend on 

the structure of the molecule.



1.1 How Electrons are arranged in Atom

• The Structure of an Atom

•    An atom consists of electrons, positively charged protons, 

and neutral neutrons

• Electrons form chemical bonds

• Atomic number: numbers of protons in its nucleus

• Mass number: the sum of the protons and neutrons of an 

atom

• Isotopes have the same atomic number but different mass 

numbers

• The atomic weight: the average weighted mass of its 

atoms

• Molecular weight: the sum of the atomic weights of all the 

atoms in the molecule



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



The ground-state electronic configuration describes the orbitals 

occupied by the atom’s electrons with the lowest energy





Chemical Bonding



Ionic Compounds

  are composed of positively charged cations and negatively 

charged anions

1.2 Ionic and Covalent bonding

Lewis’s theory: an atom will give up, accept, or share 

electrons in order to achieve a filled outer shell or an outer 

shell that contains eight electrons



Sodium chloride, NaCl, is an ionic crystal. The purple spheres represent sodium 
ions, Na, and the green spheres are chloride ions, Cl2. 
  Each ion is surrounded by six oppositely charged ions, except for those ions that 
are at the surface of the crystal.



Chemical Bonding

Electronegativity Measures The Ability of An 

Atom To Attract Electrons
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The Covalent Bond

 Covalent bonds are formed by sharing electrons

Bond energy (BE) is the energy necessary to break a mole of covalent 

bonds. The amount of energy depends on the type of bond broken.

The bond length is the average distance between two covalently bonded 

atoms.

Problem 1.4

Write an equation for the formation of chlorine molecule



1.3 Carbon and the Covalent Bond

With four valence electrons, carbon usually forms covalent bonds with 

other atoms by sharing electrons. 
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1.4 Carbon-Carbon Single Bonds

Carbon could share electrons with not only different elements but also 

carbon. 

Less heat is required to break the C-C bond in ethane than the H-H 

bond in a hydrogen molecule.The C-C-bond in ethane is 1.54 Å. The 

H-H bond in H2 molecule is 0.74 Å. The C-H is about 1.09 Å,

close to the average of H-H bond and C-C bond. 



A radical is a molecular fragment with an odd number of electrons



1.4 Polar Covalent Bonds

Is a covalent bond in which the electron are is not shared equally 

between the atoms

The bond polarization is indicated by an arrow whose head is 

negative and whose tail is marked with a plus sign. Alternatively, 

a partial charge, written as δ+ or δ -.





Bond polarization in tetrachloromethane

Problem 1.10 

Predict the polarity of the P-Cl bond and the S-O bond



1.6 Multiple Covalent Bonds



1.7 Valance

The valence of an element is simply the number of bonds that an atom 

of the element can form. The number is normally equal to the number 

of electron needed to fill the valence shell.



1.8 Isomerism

Isomers are molecules wit the same molecular formula 

but different arrangement of atoms



Structural (or constitutional) isomers are the compounds that have the 

same molecular formula but different structural formulas. 

Problem 1.20

Draw structural formulas for the three possible isomers of C3H8O



1.9 Writing Structural Formulas

Suppose we want to write out all possible structural formulas that 

correspond to the molecular formula C5H12. 

We begin by writing all five carbons in a continuous chain.

In a continuous chain, atoms are bonded one after another.



In a branched chain, some atoms form branches from the longest

continuous chain.



Suppose we keep the chain of four carbons and try to connect the fifth carbon

somewhere else.



PROBLEM 1.21 

To which isomer of C5H12 does each of the following structural

formulas correspond?



1.10 Abbreviated Structural Formula





Each line segment have a carbon atom at each end



Example 1.12

Write a more detailed structural formula for



1.11 Formal Charge

The formal charge on an atom in a covalently bonded molecule or ion

is the number of valence electrons in the neutral atom minus the

number of covalent bonds to the atom and the number of unshared
electrons on the atom.



For H atom

Formal charge = 1 – ( 0 + 1 ) = 0

For O atom

Formal charge = 6 – (2 + 3) = 1       +1



Problem 1.25 

Calculate the formal charge on the nitrogen atom in ammonia,

NH3; in the ammonium ion, NH4
+; and in the amide ion, NH2

- 



1.12 Resonance

Sometimes, an electron pair is involved with more than two atoms. 

Molecules and ions in which this occurs can not be adequately 

represented by a single electron-dot structure. Please consider the 

structure of the carbonate ion, CO3
2- .

•Only electrons can be moved (usually lone pairs or pi electrons).

•All the bond lengths are the same.

•The real structure is a resonance hybrid.



Physical measurement tell us that all three C-O bond length are identical: 1.31 

Angstrom (Å).This distance is between the normal C=O (1.20 Å) and C-O (1.41 Å). 

We usually say the real carbonate ion has s structure that is resonance hydride of the 

three contributing resonance

structures. 



1.13 Arrow Formalism





p. 23, Fig. 1-2



p. 23



p. 24, Fig. 1-5



p. 24, Fig. 1-6



p. 25, Fig. 1-7



p. 25, Fig. 1-8



p. 25, Fig. 1-9



p. 26, Fig. 1-10



p. 26, Fig. 1-11



p. 27a



p. 27, Fig. 1-12



p. 28, Fig. 1-13a



p. 29, Fig. 1-14a



1.18 Classification According to Functional Group
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