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ChemQuest 29

Were Lewls Stuelures = ——

Introduction Questions

1. Draw the Lewis structures for the following molecules. Part ¢ is done for you.
a) HyO (oxygen is central) b} SO, ¢y N,

SO Ges-G IN=N:

2. In question 1 above you should see three different kinds of bonds. Define each of these kinds
of bonds as best you can.
a) single bond:
one poiv (2¢7) Shaved,

b) double bond:
;w{;upgi(g (4e”) Shaved

%ﬁz b?‘;“?,} s (g7 Shaved.

3. In general, which kind of bond do you think would be harder to break—a single, double or
triple bond? Why?

Triple bond - Haller connech™n because ﬁuj
e Sm‘ﬂ'g we ¢”
Information: Bond Order, Bbnd Length and Bond Energy

Study the following table relating bond order, bond length, and bond energy. Note that bond length
1s the distance between two bonding atoms in picometers and bond energy is the amount of energy
(in kilojoules) required to break one mole of bonds.

Carbon—Carbon Bonds Bond Order C—C Bond C—C Bond
(note: these are drawings of bonds, not entire for C—C Length (pm) Energy (ki/mole)
molecules) bonds
CcC-C i 150 350

C=C

)
o
[}
o
S
S

C = C 3 120 830
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Critical Thinking Questions

4. Is your answer to question 3 consistent with the data in the table?

tﬁeﬁ. it lhas e lad Si«e%i- loond 'QW“%‘E

5. What is the relationship between bond order and single, double, and triple bonds?
ik vs the same

6. What relationship exists between bond length and bond energy?

Shovrlr thne W&gm h%gw The. @.ﬂﬁ%iﬁ

7. Which bonds are shortest—-single, double or triple?

Qir ‘é\’g?kﬁ,

8. A structure for benzene is given below.

a) Based on the Lewis structure, what is the bond order for each C—C bond? Label your
predictions on the structure above.

b} What would be the approximate lengths of the carbon-carbon bonds? Label these
predictions on the structure also.

Information: Resonance Structures

Experimentally, all of the carbon-carbon bonds in benzene are exactly the same length. All of the
bonds also require the same energy to break. This would indicate that all of the carbon-carbon bonds
are identical. The bond order of each of the C—C bonds is approximately 1.5. The bonds have
characteristics in between those of first order and second order bonds. Therefore, the structure of
benzene is best represented by what is called a resonance structure. The structure is given at the top
of the next page.
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The resonance hybrid representation of benzene:

| |
H\C/C\C/H H\C%C\C/H
[l — I
w \T/ ~ o %T/ ~h
H H

Note: the only difference in the resonance structures is the position of the double bonds.

Critical Thinking Questions

9. a) The nitrate ion, NOj', is best represented by three resonance structures. Draw the three
structures below. Note: the only difference between the three structures you draw will be
the position of the double bond.

e

b) Why were three structures required instead of two?

Trves ilffevent "@E&QQ& +Hhe doulde bond canlee.

c) Describe in general terms what you think nitrate’s nitrogen-oxygen bonds are like in terms

of bond order, bond Eength and bond energies.
Bo is -~ 1.

W"\) W‘& Sh@"m %’W SW\&’E& bords | lowd %QV\%A_
&V‘Qﬁ ENenN %&E (S iﬁi B’V\.EA _ﬁfM gw%ig %@W
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