Chapter 9 – Molecular Geometry and Bonding Theories
Chapter 9 Targets

	Target #
	                           Target
	Book Section

	1.
	I can explain the V.S.E.P.R. Model.

	9.2

	2.
	I can explain why nonbonding electron domains exert a greater repulsive interaction on other domains than do bonding electron domains.
	9.2

	3.
	I can determine the geometric shape and the electron domain shape of a molecule or ion based upon the V.S.E.P.R. Theory.
	9.1 & 9.2

	4.
	I can predict from the shape of a molecule whether it is polar or nonpolar.
	9.3

	5.
	I can explain the concept of hybridization and its relationship to geometrical structure.
	9.4 & 9.5

	6.
	I can predict the type of hybrid orbitals of an atom in a molecule.

	9.5

	7.
	I can explain the difference between a sigma bond and a pi bond.  I can also determine the number of sigma bonds and pi bonds in a molecule or ion.
	9.6

	8.
	I can explain what is meant by delocalized electrons and the significance of a structure having delocalized electrons.
	9.6


AP Chemistry   --   Chapter 9 Notes

Molecular Geometry and Bonding Theories
                                                      Chapter 9 Vocabulary
bond angles - the angles made by the lines joining the nuclei of the atoms in a molecule
VSEPR (Valence Shell Electron-Pair Repulsion) Model - a model that accounts for the geometric arrangements of shared and unshared electron pairs around a central atom in terms of repulsions between electron pairs
valence electrons - the outermost electrons of an atom; the valence electrons are the ones the atom uses in bonding
bonding pair of electrons - in a Lewis structure, a pair of electrons that is shared between 2 atoms; also called a shared pair of electrons
nonbonding pair of electrons - in a Lewis structure, a pair of electrons assigned completely to one atom; also called a lone pair
electron domain - in the VSEPR model, regions about a central atom in which electrons are likely to be found; a bond, an unshared pair of e-, or a single e- are domains (Note: a multiple bond is considered to be one electron domain!)
electron domain geometry - the three-dimensional arrangement of the electron domains around the central atom
molecular geometry - the arrangement in space of the arrangement of atoms of a molecule or ion
valence-bond theory - a model of chemical bonding in which an electron-pair bond is formed between two atoms by the overlap of orbitals on the two atoms
overlap - the extent to which atomic orbitals on different atoms share the same region of space; when the overlap between two orbitals is large, a strong bond may be formed
hybridization - the mixing of different types of atomic orbitals to produce a set of equivalent hybrid orbitals
hybrid orbitals - an orbital that results from the mixing of different kinds of atomic orbitals on the same atom;  for example, an sp3 hybrid orbital results from the mixing, or hybridizing, of one s orbital and three p orbitals
sigma bond - a covalent bond in which electron density is concentrated along the internuclear axis; single bonds are considered sigma bonds

pi bond - a covalent bond in which electron density is concentrated above and below the line joining the bonded atoms; double bonds contain 1 pi bond and 1 sigma bond . . . triple bonds contain 2 pi bonds and 1 sigma bond

delocalized electrons - electrons that are spread out over a number of atoms in a molecule rather than localized between a pair of electrons; delocalized electrons can be found in pi bonds

	Target 1:  I can explain the V.S.E.P.R. Model.


VSEPR (Valence Shell Electron-Pair Repulsion) Model - a model that accounts for the geometric arrangements of shared and unshared electron pairs around a central atom in terms of repulsions between electron pairs

The VSEPR Model is used to predict the shapes of molecules or ions.  The most stable structure of a molecule is one in which the repulsions between electron domains is at a minimum.

An electron domain is a region about a central atom in which electrons are likely to be found.  One can determine the number of electron domains around a given atom by drawing its Lewis structure.

An electron domain is either a . . . 


a)  


b)


c)  

Determine the number of electron domains around the central atom in each of the following:

a)  H2O

           b) CO2


     c) NO3-

            d) NO2
	Target 2:  I can explain why nonbonding electron domains exert a greater repulsive interaction on other domains than do bonding electron domains.


A nonbonding pair of electrons (also known as a lone pair of electrons) will repel more than a shared pair of electrons.  A bonded pair of electrons is pulled towards the nucleus of each of the atoms in the bond.   A nonbonded pair of electrons tend to “spread out” in space the farther they get from the nucleus.  This causes a nonbonded pair of electrons to repel more than a bonded pair of electrons.

Below is a list of the relative abilities of electron domains to repel adjacent domains:

	single e-  < single bond  <  lone pair of e-  <  double bond  <  triple bond


	Target 3: I can determine the geometric shape and the electron domain shape of a molecule or ion based upon the V.S.E.P.R. Theory.


	Molecule or ion
	      Lewis Structure
	# e- domains
	Approx. Bond Angle
	Domain Shape
	Molecular shape

	CO2
	
	
	
	
	

	NO3-
	
	
	
	
	

	NO2-
	
	
	
	
	

	H2O 
	
	
	
	
	

	NH3
	
	
	
	
	

	CH4
	
	
	
	
	


	Molecule or ion
	      Lewis Structure
	# e- domains
	Approx. Bond Angle
	Domain Shape
	Molecular shape

	PCl5
	
	
	
	
	

	SF4
	
	
	
	
	

	ClF3
	
	
	
	
	

	I3-

	
	
	
	
	

	SF6
	
	
	
	
	

	BrF5
	
	
	
	
	

	XeF4
	
	
	
	
	


Now You Try These:  Write the dot structures for each of the following.  Determine its molecular shape and its electron domain shape.



H3O+,  KrF2, CO32-, ClO3-, TeF4
Molecular Geometry Notes:
· Atoms bonded to the central atom arrange themselves so as to minimize the repulsions among electron domains.  This is the basis of the VSEPR Model of bonding.
· The repulsions involving nonbonded electron pairs will cause slight distortions from the idealized geometry.  Therefore, there is no easy way to predict bond angles accurately when the central atom possess one or more lone pairs.

· Multiple bonds are “larger” than single bonds; that is, because there are 2 or 3 bonds between the atoms, the electron density occupies more space and thus repel more.
· The shape, or geometry, of a molecule is described in terms of arrangement of atoms, not electron domains.

· The geometry of more complex molecules can be determined by the VSEPR Model.  One would describe the shape around each of the “central” atoms.  As an example, the geometries around each of the carbons in propyne are given below.

	Target 4:  I can predict, from the molecular shape, whether a molecule is polar or nonpolar.


A molecule can be polar or nonpolar.  A molecule is polar when the bond dipoles do not cancel.  A molecules dipole moment is equal to the vector sums of the bond dipole moments.  A molecule is considered NONPOLAR when the dipole moment is ZERO!  Asymmetrical molecules are always polar.

Nonpolar Molecule, CO2



     Polar Molecule, NH3
Notice that the CO2 molecule




has 2 polar bonds, yet the molecule 

itself is nonpolar!

A molecule of dichloroethene (C2H2Cl2) has 2 geometric isomers, a “cis” isomer and a “trans” isomer.  (Isomers are compounds with the same formula but have different arrangements of atoms in the molecules.)


cis-dichloroethylene

             trans-dichloroethylene



       µ = 1.89 D



     µ = 0

The following shapes are ALWAYS polar as their shapes are not symmetrical:

      bent, trigonal pyramidal, seesaw, T-shaped, square pyramidal
The other shapes may or may not be polar.  If all the atoms around the central atom are identical, the molecule is NONPOLAR.  If one or more atoms are different, then the molecule would be POLAR.

Which of the following molecules are polar?   NCl3,  CF4,  SeF4
AP Chemistry Chapter 9 




Name_____________________

VSEPR Worksheet





Date__________
Period_____

Directions:  Draw the electron dot structure for each of the following.  Determine the molecular shape and domain shape for each structure.  Also, indicate whether each is polar or nonpolar.

	1. PO43-
MS:

DS:

Polar or Nonpolar?
	2. NO2-

MS:

DS:

Polar or Nonpolar?
	3.  SCl6
MS:

DS:

Polar or Nonpolar?

	4. SCl2

MS:

DS:

Polar or Nonpolar?
	5. SO32-

MS:

DS:

Polar or Nonpolar?
	6.  Br3-

MS:

DS:

Polar or Nonpolar?

	7. SeF4

MS:

DS:

Polar or Nonpolar?
	8. ICl3

MS:

DS:

Polar or Nonpolar?
	9. NF3

MS:

DS:

Polar or Nonpolar?


	10. O3
MS:

DS:

Polar or Nonpolar?
	11. NH3
MS:

DS:

Polar or Nonpolar?
	12.XeO2F2 
MS:

DS:

Polar or Nonpolar?

	13. BrCl3 
MS:

DS:

Polar or Nonpolar?
	14. CO
MS:

DS:

Polar or Nonpolar?
	15.  XeI2 
MS:

DS:

Polar or Nonpolar?

	16. NH2-
MS:

DS:

Polar or Nonpolar?
	17. CS2
MS:

DS:

Polar or Nonpolar?
	18. NH4+
MS:

DS:

Polar or Nonpolar?


	Target 5:  I can predict the type of hybrid orbitals of an atom in a molecule.


Valence Bond Theory - a model of chemical bonding in which an electron-pair bond is formed between two atoms by the overlap of orbitals on the two atoms . . . see the H2 example below:

Forming Hybrid Orbitals – hybrid orbitals are orbitals made by mixing types of atomic orbitals; for example, the hybrid orbital sp3 is made by mixing 1 s-orbital and 3 p-orbitals
	Energy diagram of various orbitals


sp hybrid orbitals  (BeF2)



Be ground state      ____     
____ ____ ____





 2s                            2p


promoting an e-      ____     
____ ____ ____





 2s                            2p


after hybridization    ____ ____        ____ ____





     2sp                2p     2p
Note:  Hybrid orbitals have one large lobe which can be directed at other atoms better than than unhybridized orbitals.  Because of this, the orbitals can overlap more effectively causing a stronger bond.  The energy released by this bond formation offsets the energy needed to promote an electron!
sp2 hybrid orbitals  (BF3)


B ground state       ____     
____ ____ ____





 2s                            2p


promoting an e-      ____     
____ ____ ____





 2s                            2p


after hybridization   ____ ____ ____        ____





         2sp2                    2p
sp3 hybrid orbitals  (CH4)



C ground state      ____     
           ____ ____ ____





 2s                            2p


promoting an e-      ____     
____ ____ ____





 2s                            2p


after hybridization   ____ ____ ____ ____





             2sp3                           
sp3d hybrid orbitals  (PF5)



P ground state    ____       ____ ____ ____      ____ ____ ____ ____ ____



                   3s                    3p

                   3d


promoting an e-  ____       ____ ____ ____      ____ ____ ____ ____ ____



                  3s                     3p                                     3d


after hybridization   ____ ____ ____ ____ ____       ____ ____ ____ ____





                 3 sp3d



3d
sp3d2 hybrid orbitals  (SF6)


S ground state       ____       ____ ____ ____      ___ ___ ___ ___ ___





3s                     3p


      3d


promoting an e-      ____       ____ ____ ____      ___ ___ ___ ___ ___





3s                     3p


      3d


after hybridization   ____ ____ ____ ____ ____ ____      ___ ___ ___





                   3 sp3d2
                                 3d

STEPS USED TO DETERMINE THE TYPE OF HYBRIDIZATION USED IN A GIVEN MOLECULE OR ION:

1. 
Draw the Lewis structure of the molecule or ion.


2.
Determine the electron domain geometry (use the VSEPR Theory).


3.
Determine the hybrid type (see chart below).

	# of electron                                           domains
	type of hybrid orbitals
	Domain Geometry

	      2
	
	

	      3
	
	

	      4
	
	

	      5
	
	

	      6
	
	


Example:  What set of hybrid orbitals is used by the central atom in each of the following:


a) AlH4-


b)  XeF2


c)  BrF4-
	Target 7:  I can explain the difference between a sigma bond and a pi bond.  I can also determine the number of sigma bonds and pi bonds in a molecule or ion.


Multiple Bond Formation - a multiple bond is a double bond or a triple bond


single bond = sigma bond


double bond = sigma bond and pi bond


triple bond = sigma bond and two pi bonds

sigma bond - a covalent bond in which electron density is concentrated along the internuclear axis; a sigma bond is an overlap of either . . . 

a) two s atomic orbitals                   b) s orbital with a p orbital         c) end -to-end overlap of two p orbitals.

pi bond - a covalent bond in which electron density is concentrated above and below the line joining the bonded atoms; pi bonds can occur due to side-to-side overlap of p orbitals; pi bonds are generally weaker than sigma bonds as there is less overlap 

example: C2H4, ethylene



C ground state     ___      ___ ___ ___




        2s
      2p


The sp2 e- are involved in










the C-H & C-C sigma 



promoting of e-    ___      ___ ___ ___

bonds.  The unhybridized





        2s               2p


2p orbitals are 










perpendicular to the plane



hybridization        ___ ___ ___      ___

which contains the sp2




              2sp2             2p

orbitals.

example:  C2H2, acetylene



C ground state     ___      ___ ___ ___




        2s
      2p





promoting of e-    ___      ___ ___ ___

The unhybridized 2p





        2s               2p


orbitals form the two π










bonds.



hybridization        ___ ___      ___ ___






          2sp               2p



	Target 8:  I can explain what is meant by delocalized electrons and the significance of a structure having delocalized electrons.


Delocalized Pi Bonding:  Delocalization of e- occurs in molecules, which have multiple bonds which ALSO have resonance structures.

example: benzene, C6H6








The pi bonds are “spread out” or









delocalized.  Instead of picturing 








3 π bonds, we picture six equal 








bonds as an average of single 








and double bonds.  
There is sp2 hybridization around each carbon with bond angles of 120o.
· Molecules with delocalized electrons are generally more stable than those molecules in which the bonded electrons are between only 2 atoms.  For example, a compound like benzene is generally more stable (less reactive) than a molecule containing only localized electrons, such as C2H4.

• ----- • ----- • ----- • ----- • ----- • ----- • ----- • ----- • ----- • ----- • ----- • ----- • ----- • ----- • ----- •

Practice:  Consider the following:  CO, CO2, CO32-
How many pi bonds are in each?

Which of these contain delocalized electrons?


                          VSEPR REVIEW

Use the toothpicks and styrofoam balls to make the following:

1.  A tetrahedral molecule that is NONPOLAR.

2.  A tetrahedral molecule that is POLAR.

3.  A bent molecule with a tetrahedral e- domain shape.

4.  A bent molecule with 3 e- domains.

5.  Make THREE separate molecules with a general formula of AB3.   Each of these

     molecules must have a different shape.

6.  Make a molecule which contains both 90o bond angles and 120o bond angles.

7.  Make TWO linear molecules.  One with 2 e- domains and one with 5 e- domains.

8.  Make the most “stable” molecule of SeCl4.  Construct another of SeCl4 that is not

     “stable”.  (In other words, a different isomer.) 

9.   Make two isomers of C2H2F2 ; one that is polar and one that is nonpolar.

AP Chemistry





Name _________________________

Chapter 9 Practice Quiz

1.  Answer the questions at right  

How many pi and sigma bonds?

     about the structure below:


Is it polar or nonpolar?







Draw an isomer of this compound.

2.  List all possible molecular geometries which have sp3 hybrid orbitals.

3.  List the molecular shapes which are always polar.

4.  
Boiling point
Substance

Suggest a reason why CH3CN has a higher


  231 K

  C3H8


boiling point than C3H8.


  355 K

  CH3CN

5.  The following is the structure for acetic acid:

     What is the molecular geometry around each carbon atom?

     What type of hybrid orbitals does each carbon have?

6.  Name a compound with both ionic and covalent bonds.

7.  Name three elements which . . . 


a) cannot have expanded octets when it is the central atom in a molecule.


b) do not need an octet to form stable compounds.

8.  Draw the Lewis structures for SCl4  and SCl2 . 

List the following for each molecule:  molecular shape, domain shape, hybrid types, approximate bond angles, and whether it is polar or nonpolar.

For #9-22, circle the letter of the best response.

9.
Which of the bonds below is the most polar?
	Element
	Si
	H
	C
	S
	N
	O

	electronegativity
	1.8
	2.1
	2.5
	2.5
	3.0
	3.5



a. C - Si
b. C - N
c. O - C
d. S – C               e.
H - C

10.
Which one of the following may we draw both polar and nonpolar Lewis structures?


a.
CHCl3



b.
NH3

c.
BF3

d.
SF2Cl4

e.
SO2
11.
Which of the following has the fewest pi bonds and is nonpolar?


a.
HCCH


b.
CO2

c.
CO32-

d.
N2

e.
SO2
12.
The SF5- ion has a square pyramid structure.  The hybridization of the orbitals in sulfur is:


a.    dsp3    


b.
sp

c.
d2sp3

d.
sp3

e.
sp2
13.
Which one of the following is NOT a linear structure?


a.  I2              b.  I3-                  c.
CO2            d.
H2S             e.

[image: image1.wmf]
14.
The Lewis structure of the cyanide ion most closely resembles which of the following?


a.
N2

b.
O2

c.
CO2

d.
NO


e.
C2H2

15.
In which of the following pairs are the two items NOT properly related?


a.
sp3 and 109.5°


b.
trigonal planar and 120°


c.
octahedral and dsp3

d.
sp and 180°


e.
spare planar and d2sp3
16.
How many resonance structures are possible for the SO3 molecule?


a.  none
b.  2
c.  3
                 d.  4
              e.  4/3


17.
Which one of the following has a nonbonding pair of electrons on the central atom?


a.
BCl3                   b.
NH3                  c.  CCl2Br2          d.
PF5            e.
SO42-
18.
Which one of the following is true when the C = C and CΞC bonds are compared?


a.
The triple bond is shorter than the double bond.


b.
The double bond contains more pi bonds.


c.
The double-bond energy is higher than the triple-bond energy.


d.
The double bond contains less sigma bonds.
19.
How many electrons are available to construct the lewis structure of the sulfite ion?


a.  24
b.  18
c.  26
d.  22                 e.
20

20.
The correct name for N2O3 is


a.
dinitrogen tetroxide


b.
dinitrogen trioxide


c.
dinitrogen oxide


d.
trinitrogen dioxide


e.
nitric anhydride

21.
Which angle is NOT expected in any simple molecule?


a.
60°


b.
90°


c.
109.5°


d.
120°


e.
All of these are reasonable angles.

22.
Sulfur forms the  following compounds:  SO2, SF6, SCl4, SCl2.  Which form of hybridization
       is NOT represented by these molecules?


a.
sp


b.
sp2

c.
sp3

d.
dsp3

e.
d2sp3
Bonding Review Activity

Name ______________________________

Directions:  Analyze the models at each lab station.  Answer the associated questions.

Station #1:  What types of hybrid orbitals are around the central atom?

Station #2:  How many pi bonds and how many sigma bonds are in this molecule?

Station #3:  What is the shape of this molecule?  _______________________________


          What is the domain shape? _________________________________

Station #4:  Complete the following chart:

	
	Approximate bond angle
	Type of hybrid orbitals

	Angle: tan-black-green

	
	Around the black atom

	Angle: black-green-red

	
	Around the green atom


Station #5:   Which of the molecules are polar?  Circle all that apply.



Molecule A

Molecule B

Molecule C

Explain why these are polar molecules.

Station #6:  Name the molecule.   
________________________________________________  






(Note: black = carbon & yellow = hydrogen)

Indicate the number of each of the following:

Sigma bonds _______

Pi bonds _______

Hybrid orbitals _________

Station #7:   What is the approximate bond angle around the central atom in the following molecules?

Molecule A____________
Molecule B____________
Molecule C____________

Station #8:   In this molecule of Si2H2Br2, what orbitals overlap to form the following sigma bonds?

Si-H_______________

Si-Br_______________

Si-Si_______________

Station #9:   Draw the dot structure for a molecule of SeF4.  Then identify the following:

molecular geometry(shape) ______________________________

e- domain geometry _______________________________________

hybridization type ________________

polar or nonpolar _______________________

Station #10:  Using the information at Station #9 explain why the following molecules do or do not exist:   OF4 and TeF4 

Station #11:   Which model represents the molecule SO3 and which represents  the ion SO32- ?

Model A  __________________


Model B  _________________

State which model has the following characteristic.   Write A or B in the space to the left.  Write C if neither possesses that characteristic.

_____1.   Has sp2 hybridization.

_____2.   Has resonance.

_____3.   Is polar.

_____4.   Has delocalized electrons.

_____5.   The bond angle around the central atom is smaller.

_____6.   The bonds are shorter.

Station #12:   The 2 models are KBr and NaCl.  Identify each.  Which has the higher lattice energy?  Explain.

Station #13:  Which one of the three models has delocalized electrons?  Explain how you can tell that it has delocalized electrons. 
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