Gateway 125, 126, 130
Fall 2006
Studio 4a p10

Studio 4a:  9/25  Lewis Structures  (What makes a molecule?)

1) Lewis structures of atoms and molecules

2) Covalent bonds; octet rule

3) Formal charge

4) Bond order

5) Resonance structures

Reading:  8.1-8.4 p 330-343; 8.8-8.9 p 357-361
Group Roles:  A Leader;  B Recorder; C Reporter/Skeptic
Question:  How do chemists represent molecules?

Data/Fact Gathering:

It takes more energy to separate an oxygen atom from a carbon atom in a molecule of carbon monoxide (CO), than it does to separate an oxygen atom from a carbon atom in a molecule of carbon dioxide (CO2).  By looking at the molecular formulas, this fact is not obvious.  However, by using molecular diagrams called Lewis structures, this fact is easily deduced.  The purpose of Lewis structures is to provide a simple way for chemists to represent molecules that allows reasonable predictions to be made about the structure and properties of the actual molecules.

Model 1  (Proposed by G. N. Lewis)

A hydrogen atom has one valence electron.  A fluoride atom has seven valence electrons.  We could represent each atom with the appropriate atomic symbol and a dot for each valence electron, shown in Figure 1.  This designation makes the atom and its number of valence electrons easily identifiable.

Figure 1:  Lewis Designations of Atoms
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The Lewis structures for the atoms of Period 2 are shown in Figure 2.

Figure 2:  Lewis Structures of Atoms in Period 2
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In order to form a molecule, a bond between two atoms must be formed.  An example is the formation of a covalent bond by the sharing of two electrons in the valence shell of both atoms.(Figure 3)   

Figure 3a:  Formation of a Covalent Bond in HF
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Figure 3b:  Formation of a Covalent Bond in Water
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The sum of the shared (bonding) electrons and the lone pair electrons for carbon, nitrogen, oxygen, and fluorine atoms must be eight – an octet.  Hydrogen must share two electrons in a bonding pair.

Application of Model 1

1)  Given the shell model of the atom, why do you think Lewis proposed a maximum OF two electrons for hydrogen and a maximum of eight for carbon, nitrogen, oxygen, and fluorine atoms?

2a)  How many valence electrons does N have?

b) What is the Lewis representation for N?

c) How many additional electrons does one N atom require when it forms a molecule?

d) What is the likely formula for a molecule composed of hydrogen atoms and one nitrogen atom?  Draw the Lewis structure for this molecule.

3)  Answer the following for the sulfur atom:

a) How many valence electrons does S have?

b) What is the Lewis representation for S?

c) How many additional electrons does one S atom require when it forms a molecule?

d) What is the likely formula for a molecule composed of hydrogen atoms and one sulfur atom?  Draw the Lewis structure for this molecule.

4) Make a checklist that can be used to determine if a Lewis structure for a molecule is correct.

5) How many valence electrons are in a C6H12O6 (sugar) molecule?

6) How many valence electrons are in the NH4+ ion?

7) How many valence electrons are in the CN- ion?

8) How many valence electrons are there in the SiCl4 molecule?  Write the Lewis structure for SiCl4.

9) How many valence electrons are there in the PH3 molecule?  Write the Lewis structure for PH3.

Question: So far, all of the bonds look the same, so why would it take more energy to break a carbon oxygen bonds in different molecules?

Data/Fact Gathering
10) Without referring to the Lewis Structure, fill in the #valence electrons (column 2) in Table 1.  

Table 1:  Some of the Diatomic Elements

	
	# valence electrons
	Lewis Structure
	Bond Order

	H2
	
	
[image: image1.wmf]H

H
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	N2
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	O2
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	F2
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	Cl2
	
	
[image: image5.wmf]C

l

C

l


	1


11)  Do the number of valence electrons in column 2 match the number of electrons represented in the Lewis structure of column 3?

12)  Is the octet rule obeyed in all of the Lewis structures?  Pay particular attention to N2 and O2.

13) Go back to your checklist for determining if a Lewis structure for a molecule is correct (p104) and see if you need to make any additions or modifications.  Consider the question, “When do you need to try double or triple bonds in a molecule?”

14) What is the relationship between the bond order and the number of electrons shared by two adjacent atoms?

15) Some chemical bonds are referred to as “single bonds,” some are referred to as “double bonds,” and some are referred to as “triple bonds.”  Identify examples of each type of bond in Table 1.

16)  Complete Table 2:

Table 2:  Lewis Structure Practice
	
	# valence electrons
	Lewis Structure 
	Bond Order

	H3CCH3
	
	
	CH

CC

	H2CCH2
	
	
	CH

CC

	HCCH
	
	
	CH

CC

	CO
	
	
	CO

	CO2
	
	
	CO

	CN-
	
	
	CN


Question:  What if I can draw more than one Lewis structure for the same molecule that both obey the octet rule?  

Model 2:  Formal Charge

17) Is each proposed structure in Figure 4, a plausibleLewis structure for CO2?  Why or why not?

Figure 4:  Two Possible Lewis Structures for CO2
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18) Which Lewis structure, I or II, is a better description of CO2.  Explain your reasoning.

Recall that the purpose of Lewis structures is to provide a simple model from which predictions about molecular structure can be made.  As in the case of CO2, there can be more than one possible Lewis structure for a molecule.  The concept of formal charge helps to complete Lewis’ model for molecules.  Formal charges are assigned to atoms in molecules according to a set of rules.  Specifically:


Formal charge = # valence electrons – # of assigned electrons


Electrons are assigned as follows:

a. Nonbonding electrons are assigned to the attached atom

b. Shared electrons are evenly divided between the bonded atoms

The sum of the formal charges in a molecule or ion will equal the total charge on the molecule or ion.

A Lewis structure is complete when the formal charges are added to each atom that has a charge that is not zero.  The best Lewis structure is created by first and foremost obeying the octet rule and then secondly minimizing the formal charge on all of the atoms as much as possible.  Figures 5 and 6 illustrate the assignment of formal charge.

Figure 5:  Example 1, Assigning Formal Charges in Water, H2O
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Figure 6:  Example 2, Assigning Formal Charges in Carbon Monoxide, CO
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Application of Model 2

19)  Based on the concept of formal charge, which is the better Lewis Structure for CO2 (in Figure 4)- I or II?  Explain your reasoning and if your choice is consistent with the experimental data?

20)  If the net charge on a molecule is zero, must the formal charge on every atom in the molecule equal zero?  Why or why not?

21)  Two Lewis structures for formic acid are given below.  Which is a better Lewis structure?  Why?
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22) Some of the following Lewis structures are missing formal charges.  Fill in the formal charges (other than zero) where needed.  
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23) The following Lewis structure for CO has no formal charges.  Explain why this is not a valid Lewis structure.
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24) Go back to your checklist for determing if a Lewis structure for a molecule is correct (p3) and see if you need to make any additions or modifications.  Consider the question, “How does formal charge fit in?”

Model 3:  Resonance Structures

Table 2:  Data for benzene

	Molecule
	C-C bond order

(as drawn)
	C-C bond order

(calculated)

	C-C bond length

(calculated in pm)*,
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*A C-C single bond is ~150 pm; a C=C double bond is ~133 pm

25) How do the calculated bond orders for benzene compare with the bond orders drawn in the Lewis structure?

26) How do the calculated bond lengths for benzene compare to the bond lengths of a C-C single bond and a C=C double bond?

Benzene is thus usually represented:
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Neither of the two structures alone provides a good description of the true bonding of benzene.  The structures are called resonance structures and are indicated by a double-headed arrow.  Each resonance structure is a plausible Lewis structure.  The best description of resonance is that the molecule is the average of the individual resonance structures.  This does not mean that the molecule bounces between the various structures rather it is a blend of the various structures, like green is a combination of yellow and blue, but does not flicker between yellow and blue.  For the resonance structures of benzene, the C-C bond order is 1.5 with properties about halfway between that of a C-C single bond and a C-C double bond.

Application of Model 3

27) The Lewis structure for ozone, O3 is 
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a) What is/are the O-O bond order/s in ozone?

b) The bond length of a normal oxygen-oxygen single bond is 148 pm.  The bond length of a normal oxygen-oxygen double bond is 121 pm.  Is the oxygen-oxygen bond length of ozone, 128 pm, consistent with these values?  Explain.

28)  Provide the best Lewis structure (include resonance structures and formal charges where necessary) for the acetate anion CH3COO-.  Estimate the C-O bond order.

29)  How many valence electrons are in the NO2- ion?  The best Lewis structure for NO2- includes two resonance structures.  Draw these structures (include formal charges).  What is the N-O bond order?

30)  Provide the best Lewis structure (include resonance structures and formal charges where necessary) for the nitrate anion NO3-.  


31)  An N-O bond order of 4/3 is calculated for NO3-.  Does this match your Lewis structure?  Explain.

32)Which has a shorter N-O bond length, NO2-1- or NO3-1?
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Formal charge on oxygen = 6 (valence electrons) – 5 (assigned electrons) = +1


Formal charge on carbon = 4 (valence electrons) – 5 (assigned electrons) = -1


The completed Lewis structure for carbon monoxide, CO is: 











There is no valid Lewis structure which can be made for CO in which all of the octet rule is obeyed and the formal charges are zero.  





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���


Formal charge on the oxygen = 6 (valence electrons) – 6 (assigned electrons) = 0


Formal charge on the left hydrogen = 1 (valence electron) –1 (assigned electron) = 0


Formal charge on the right hydrogen = 1 (valence electron) –1 (assigned electron) = 0





The formal charges on all of the atoms are zero.  Zero formal charges are not written on Lewis structures.  Thus, the Lewis structure for water complete with formal charge is:
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Experimentally, we find that both C-O bonds in CO2 are identical.  The C-O bond energy in CO2 is 804 kJ/mol; that is, it requires 804 kJ to break one mole of C-O bonds in CO2.
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� This day’s lab is taken directly from Moog, R. S.; Farrell, J. J. “Chemistry A Guided Inquiry” 2nd edition John Wiley & Sons 2002, p 59-85.








� Bond orders and bond lengths calculated with MOPAC (Oxford Molecular, CACHe).  MOPAC calculations yield bond orders and bond lengths that are generally in good agreement with experimental evidence.
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