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Chemical bonds
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Nuclei repel 
other nuclei

Nuclei attract 
electron(s)

Electrons 
repel other 
electrons



Chemical bonds (cont’d)
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�	����	��Closer together; 

attraction increases.

At 74 pm, attractive 
forces are at a 

maximum, energy is 
at a minimum.

Closer than 74 
pm, repulsion 

increases.

Hydrogen nuclei far 
apart; just a little 

attraction.



Chemical bonds (cont’d)
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Lewis theory
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Lewis theory (cont’d)
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Lewis symbols
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Lewis symbols (cont’d)
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Ionic bonds and ionic crystals



Formation of a crystal of sodium chloride

Sodium 
reacts 

violently in 
chlorine gas.

Na donates an 
electron to Cl …

… and 
opposites 
attract.



Using Lewis symbols
to represent ionic bonding
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Example worked out
Strategy
First, we determine the number of electrons that must be lost by magnesium atoms and gained by nitrogen 
atoms so that the resulting ions have noble-gas electron configurations.
Then we can combine Lewis symbols for the ions in the appropriate proportions to produce a neutral formal 
unit, from which we can deduce the compound’s name and formula.

Use Lewis symbols to show the formation of ionic bonds between barium and iodine.
What are the name and formula of the compound that results?

Exercise

Use Lewis symbols to show the formation of ionic bonds in aluminum oxide.

Exercise

The compound is magnesium nitride, Mg3N2.

Solution
Mg atoms (group 2A) lose their two valence electrons, and N atoms (group 5A) gain three additional valence 
electrons. To produce an electrically neutral formula unit, three Mg atoms must lose a total of six electrons 
and two N atoms must gain a total of six:



Reactions
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Energy changes in ionic 
compound formation

Na(g)  � Na+(g)  +  e– IE1 = +496 kJ/mol

Cl(g) +  e– � Cl–(g) EA1 = –349 kJ/mol
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Energy changes in 
ionic compound formation (cont’d)

� Hf° for NaCl is very 
negative because …

… � H5—the lattice 
energy—is very 

negative. 



Example
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Example worked out
Strategy
The approach we need here differs in three ways from the one used for NaCl(s). (1) The compound MgF2(s) 
has two anions for each cation in the crystal. Therefore, in the step where F2(g) dissociates, we need the 
bond-dissociation energy based on 1 mol of F2(g) in order to get 2 mol of F(g). Similarly, in the electron 
affinity step, we must produce 2 mol of F–(g) rather than 1 mol. (2) Because the magnesium cation carries a 
2+ charge, we must include two ionization steps and both I1 and I2 in our calculation. (3) The enthalpy of 
formation of MgF2(s) is given, and our unknown is the lattice energy.

Solution
The setup that follows incorporates all of the steps needed to determine the unknown lattice energy of 
MgF2(s) from the given data. 
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Lewis structures of simple molecules
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Lewis structures (cont’d)

Each chlorine atom “sees”
an octet of electrons.



Some illustrative compounds

• Note that the two-dimensional Lewis structures do not necessarily show the correct
shapes of the three-dimensional molecules. Nor are they intended to do so.

• The Lewis structure for water may be drawn with all three atoms in a line: H–O–H.

• We will learn how to predict shapes of molecules in Chapter 10.
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Multiple covalent bonds

In a double bond two pairs 
of electrons are shared.

Note that each atom obeys the octet rule, even with  
multiple bonds.
(Again, movement of a single electron should be 
represented by a single-headed arrow.)

In a triple bond three pairs 
of electrons are shared.
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Polar covalent bonds and electronegativity

Electronegativity generally 
increases from left to right 
within a period, and it 
generally increases from the 
bottom to the top within a 
group.



Pauling’s electronegativities

F is the most electronegative, Fr is the least...
(It wouldn’t hurt to remember the four elements of 
highest electronegativity: N, O, F, and Cl.)



Electronegativity (cont’d)
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Electronegativity difference and bond type
No sharp cutoff between ionic 
and covalent bonds, though 

some books say 1.7.

C—H bonds are 
virtually nonpolar.

Cs—F bonds are “so polar”
that we call the bonds ____.



Depicting polar covalent bonds

In nonpolar bonds, 
electrons are shared 

equally.

Unequalsharing 
in polar covalent 

bonds.

Polar bonds are often depicted 
using colors to show 

electrostatic potential (blue = 
positive, red = negative). 

Polar bonds are also depicted 
by partial positive and partial 

negative symbols …

… or with a cross-based 
arrow pointing to the more 

electronegative element.



Example
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Example worked out
Strategy
We begin with the knowledge that the polar character of a bond is determined by electronegativity 
differences. For the individual electronegativities of the atoms, we turn to Figure 9.8.

Solution
The electronegativities (EN) and electronegativity differences are

EN: 2.8    3.0 3.0    3.0 3.0    4.0 2.1    3.0 2.5    3.0

Br — Cl Cl — Cl Cl — F H — Cl I — Cl

� EN: 0.2 0.0 1.0 0.9 0.5

The order of increasing polarity is therefore 

Cl — Cl < Br — Cl < I — Cl < H — Cl < Cl — F.

Use electronegativity values to arrange the following bonds in order of increasing polarity: 
C — Cl, C — H, C — Mg, C — O, C — S 

Exercise 9.5A

(a) Of the elements carbon, silicon, bromine, sulfur, nitrogen, chlorine, arsenic, fluorine, and selenium, 
which two form the covalent bond that has the most ionic character?

(b) Which two form the covalent bond that has the least ionic character?

Exercise 9.5B
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Writing Lewis structures: skeletal structures



Example

Solution

– Write the Lewis structure of nitrogen trifluoride, NF3.

• Write the Lewis structure of hydrazine, N2H4.
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• But oxygen is 
paramagnetic , and 
therefore must have 
unpaired electrons.

• Lewis structures are a 
useful tool , but they do not 
always represent 
molecules correctly, even 
when the Lewis structure 
is plausible.

Lewis structures are not always “right”–
The importance of experimental evidence



Example

Write a plausible Lewis structure for phosgene, COCl2.
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Formal charge



Formal charge illustrated

� yes � no



Example
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Resonance: delocalized bonding

Three pairs of 
electrons are 

distributed among 
two bonds.
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Molecules that do not follow
the octet rule



Example
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Bond order and bond length
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Bond energy

The H—H bond 
energy is precisely 

known …

… while the O—H bond 
energies for the two bonds 

in H2O are different.
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Trends in bond lengths and energies
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(a) The Lewis structure

is a plausible one: valence-shell octets for the N atoms, duets for the H atoms, and formal charges of 0. 
The nitrogen-to-nitrogen bond is single, and from Table 9.1 we find its bond length to be 145 pm.

(b) To get the Lewis structure of BrCl, we imagine substituting one Br atom for one Cl atom in the Lewis 
structure of Cl2, arriving at the structure



For the reaction  N2(g)  +  2 H2(g)  � N2H4(g)   to occur …

Calculations involving bond energies

… plus 2(436 kJ), 
to break bonds of 

the reactants.

… we must 
supply 946 kJ …

When the bonds of the 
product form, 163 kJ plus 

4(389 kJ) of energy is 
liberated.

� H = (+946 kJ) + 2(+436 kJ) + (–163 kJ) + 4(–389 kJ)
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Flashback: alkenes and alkynes



Molecular models of ethene and ethyne

space-filling models



Fats and oils
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Polymers



Formation of polyethylene

Another ethylene 
molecule adds to a long 

chain formed from 
more ethylene 

molecules.





Plastics
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