Chapter 8
Concepts of Chemical Bonding
Chemical Bonds

*Three basic types of bonds:
» lonic
*Electrostatic attraction between ions
» Covalent
*Sharing of electrons
» Metallic
*Metal atoms bonded to several other atoms
lonic Bonding
Energetics of lonic Bonding
As we saw in the last chapter, it takes 495 kJhmoémove electrons from
sodium.
Energetics of lonic Bonding
We get 349 kJ/mol back by giving electrons to ohke.
Energetics of lonic Bonding
*But these numbers don’t explain why the reactiosaafium metal and chlorine gas to
form sodium chloride is so exothermic!
Energetics of lonic Bonding
*There must be a third piece to the puzzle.
*What is as yet unaccounted for is the electrostdtraction between the newly formed
sodium cation and chloride anion.
Lattice Energy

*This third piece of the puzzle is the lattice eyerg
The energy required to completely separate a mole of a solid ionic compound into its
gaseous ions.

*The energy associated with electrostatic interastie governed by Coulomb’s law:

Lattice Energy
L attice energy, then, increases with the chargeenons.

*Which substance would have the largest latticeggner
Energetics of lonic Bonding

By accounting for all three energies (ionizatioe®y, electron affinity, and
lattice energy), we can get a good idea of thegates involved in such a process.
Energetics of lonic Bonding

*These phenomena also helps explain the “octet'rule.
Transition Metal ions

*|n forming ions the transition metals lose theilevae electrons first, then as many d
electrons as required to reach the charge of the io

®| et us consider Fe



Covalent Bonding

*|n these bonds atoms share electrons.

*There are several electrostatic interactions isghmnds:
» Attractions between electrons and nuclei
»Repulsions between electrons

»Repulsions between nuclei

*The atoms in Klare held together because the two nuclei arerelestatically attracted
to the concentration of negative charge betweemthe

*The shared pair of electron acts as a glue to thiedtoms together.

Polar Covalent Bonds

*Although atoms often form compounds by sharingtedes, the electrons are not
always shared equally.

Electronegativity:

*The ability of atoms in a molecule to attract alees to itself.

*On the periodic chart, electronegativity increasegou go...

»...from left to right across a row.

»...from the bottom to the top of a column.

Polar Covalent Bonds

*\When two atoms share electrons unequally, a bgmularesults.

*The dipole momenyy, produced by two equal but opposite charges stquhby a
distancer, is calculated:
H=Qr
*|t is measured in debyes (D).
Polar Covalent Bonds
The greater the difference in electronegativitg, tiore polar is the bond.
Lewis Structures
Lewis structures are representations of molechesving all electrons, bonding
and nonbonding.
Writing Lewis Structures
PCk
*Find the sum of valence electrons of all atom$&egolyatomic ion or molecule.
»If it is an anion, add one electron for each negatharge.
»>If it is a cation, subtract one electron for eaokifive charge.
Writing Lewis Structures
*The central atom is tHeast electronegative element that isn’'t hydrogen. @ahthe
outer atoms to it by single bonds.
Writing Lewis Structures
*Fill the octets of the outer atoms.
Writing Lewis Structures
*Fill the octet of the central atom.
Writing Lewis Structures



*|f you run out of electrons before the central atwas an octet...

...form multiple bonds until it does.
Writing Lewis Structures
*Then assign formal charges.
»For each atom, count the electrons in lone paidshaif the electrons it shares with
other atoms.
»Subtract that from the number of valence electfonghat atom: The difference is its
formal charge.
Writing Lewis Structures

*The best Lewis structure...

» ...is the one with the atoms bear formal chargesediogero.
> ...puts a negative formal charge on the most eleetative atom.

*The formal charges are written below the elemedttha oxidation numbers are listed
below the structures.
Resonance

This is the Lewis structure we would draw for ozp@.
Resonance
*But this is at odds with the true, observed stmectf ozone, in which...
»...both O—O bonds are the same length.
> ...both outer oxygens have a charge-df2.
Resonance
*One Lewis structure cannot accurately depict a oubddesuch as ozone.
*\We use multiple structures, resonance structusadgscribe the molecule.
Resonance
Just as green is a synthesis of blue and yellow...

...0zone is a synthesis of these two resonancetstasc
Resonance

*|n truth, the electrons that form the second C—@dbio the double bonds below do not
always sit between that C and that O, but rathemeave among the two oxygens and
the carbon.

*They are not localized, but rather are delocalized.
Resonance

*The organic compound benzengHg, has two resonance structures.

*|t is commonly depicted as a hexagon with a cintééde to signify the delocalized
electrons in the ring.

Exceptions to the Octet Rule

*There are three types of ions or molecules thataldollow the octet rule:

» lons or molecules with an odd number of electrons.



» lons or molecules with less than an octet.
» lons or molecules with more than eight valenceted@s (an expanded octet).
Odd Number of Electrons

Though relatively rare and usually quite unstairid reactive, there are ions and
molecules with an odd number of electrons.
Fewer Than Eight Electrons
*Consider BE:
»Giving boron a filled octet placesnagative charge on the boron angesitive charge
on fluorine.
»This would not be an accurate picture of the dstion of electrons in Bf-
Fewer Than Eight Electrons

Therefore, structures that put a double bond b&tvibcoron and fluorine are much
less important than the one that leaves boron avitia 6 valence electrons.
Fewer Than Eight Electrons

The lesson is: If filling the octet of the cem@atom results in a negative charge
on the central atom and a positive charge on the mlectronegative outer atom, don’t
fill the octet of the central atom.
More Than Eight Electrons
*The only way PGlcan exist is if phosphorus has 10 electrons ard@und
*|t is allowed to expand the octet of atoms on titer8w or below.
»Presumablyl orbitals in these atoms patrticipate in bonding.
More Than Eight Electrons
Even though we can draw a Lewis structure for t@sphate ion that has only 8
electrons around the central phosphorus, the batigsture puts a double bond between
the phosphorus and one of the oxygens.
More Than Eight Electrons
*This eliminates the charge on the phosphorus andltarge on one of the oxygens.
*The lesson is: When the central atom is on the@rdor below and expanding its octet
eliminates some formal charges, do so.
Covalent Bond Strength
*Most simply, the strength of a bond is measureddigrmining how much energy is
required to break the bond.
*This is the bond enthalpy.
*The bond enthalpy for a Cl—CI bond,

D(CI—CI), is measured to be 242 kJ/mol.
Average Bond Enthalpies
*This table lists the average bond enthalpies fanymfferent types of bonds.
*Average bond enthalpies are positive, because baking is an endothermic process.
Average Bond Enthalpies
NOTE: These araverage bond enthalpies, not absolute bond enthalpiesCtaéd
bonds in methane, GHwill be a bit different than the

C—H bond in chloroform, CHGI
Enthalpies of Reaction
*Yet another way to estimafgH for a reaction is to compare the bond enthalpies o
bonds broken to the bond enthalpies of the new $&orned.



Enthalpies of Reaction
CH4(g) + Ch(gp O O -
CHsCl(g) + HCI(g)

In this example, one
C—H bond and one
Cl—CI bond are broken; one C—CI and one H—CI boredfarmed.
Enthalpies of Reaction
So,
AH, = [D(C—H) + D(CI—CI) - [D(C—CI) + D(H—CI)
=[(413 kJ) + (242 kJ)} [(328 kJ) + (431 kJ)]
= (655 kJ)»- (759 kJ)
=-104 kJ
Bond Enthalpy and Bond Length
*We can also measure an average bond length fereiff bond types.
*As the number of bonds between two atoms increésefond length decreases.



