


Bonds form because the system achieves the lowe

possible energy.

o As the atoms move closer
the attractions between
the electrons of one and
the protons of another
increases.

o So does the mutual repulsion

of their electrons and the
mutual repulsion of their
protons.

‘The bond length is the

-

* The energy profile is a function of distance.
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system has minimum energy.
k(the best compromise between attraction and repulsion).




The bond energy is the average energy
 to break all the similar bonds in a gas.

o It takes 1650 kJ to

Average Bond Energies (k)/mol)

Single Bonds

Multiple Bonds

break a mole of CH,4
Into gaseous atoms
(at 298 K and

100 kPa)

o The average energy
of the C—H bond is

413 kJ/mol.
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*( Bonds are sensitive to their molecular
environment.

*| The energy associated with breaking a bond may
differ under different circumstances. y

* For example, methane has 4 of the same C-H
bonds, each with different dissociation energies.
o CHa(g) + 435 kJ/mol - CHs(g) + H(g)
o CHs(g) + 377 ki/mol = CHa(g) + H(g)

* Thatis why the concept of average bond energy
IS more useful.




As the number of bonds between atoms i \

so does the bond energy.
o Bond strength increases with bond energy. So the strength

of the bond increases
as the number Of Average Bond Energies (kJ/mol)
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* |n general, as bond energy increases, bond length

decreases.

* There is no mathematical equation to describe
this relationship.

Bond Length vs Bond Energy
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* Not surprisingly, as electronegativity difference increases,
so does bond energy.
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* Note, however, that, in general, the lower the mass of the
nonpolar molecule is, the greater the bond strength is and
the shorter the bond length is.



e If 413 kJ/mol are required to break a C—H bond then
what happens when a C—H bond forms?

413 klI/mol are released

Bond breaking requires energy (endothermic). Bondygqs,
makmg releases energy (exothermic). Stowh

* |f you know the amount of energy needed to break a ¥
bond, and the amount of energy released when a new
bond formes, it is possible to approximate the energy .,
cha nge of a reaction. R'TV

5 The energy change of the reaction is the sum of the

energies required for breaking the bonds minus the sum
the energies released making the bonds.




STIMPLE PROBLEA

”What is the energy change WRIRE T e
associated with the reaction % ONN W h o g

C2H4 + 30, - 2C0O, + 2H,0 -
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 Step 1: Draw Lewis structures to o D on @ -
identify the bonds < Ry =
IH C——=_C H + 30:O—>20:C:O + 2H—€):— . E:ﬁ: “3 o ‘:‘
-
J *c—0(cey {790)

e Step 2: Sum the energies of !
bonds broken.

ep 3: Sum the energies of

Bond Bond Numker | Totsi bonds formed.
Energy _ _ Bond Nur:per | Total

C-H 413 ° 1652 Energy

< &

4 3196

C=C 614 4 1 614
0=0 495° 3 1485 O-H 467 4 1868
GRAND TOTAL 3751 GRAND TOTAL 5064

e Step 4: Find the difference.
\ 3751 kJ/mol = 5064 ki/mol = -1313 kJ/my
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