1.13A.
Restricted Rotation and the Double Bond
1.
There is a large energy barrier to rotation associated with groups joined by a double bond.

1)
Maximum overlap between the p orbitals of a  bond occurs when the axes of the p orbitals are exactly parallel ( Rotation one carbon of the double bond 90° breaks the  bond.

2)
The strength of the  bond is 264 KJ mol–1 (63.1 Kcal mol–1)( the rotation barrier of double bond.

3)
The rotation barrier of a C–C single bond is 13-26 KJ mol–1 (3.1-6.2 Kcal mol–1).
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Figure 1.25
A stylized depiction of how rotation of a carbon atom of a double bond through an angle of 90( results in breaking of the  bond.
1.13B.
Cis-Trans Isomerism
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cis-1,2-Dichloroethene
trans-1,2-Dichloroethene

1.
Stereoisomers

1)
cis-1,2-Dichloroethene and trans-1,2-dichloroethene are non-superposable ( Different compounds ( not constitutional isomers

2)
Latin: cis, on the same side; trans, across.

3)
Stereoisomers ( differ only in the arrangement of their atoms in space.

4)
If one carbon atom of the double bond bears two identical groups ( cis-trans isomerism is not possible.
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1,1-Dichloroethene
1,1,2-Trichloroethene


(no cis-trans isomerism)
(no cis-trans isomerism)
1.14
The Structure of Ethyne (Acetylene):


sp Hybridzation
1.
Alkynes
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2.
sp Hybridization:
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Figure 1.26
A process for obtaining sp-hybridized carbon atoms.
3.
The sp hybrid orbitals have their large positive lobes oriented at an angle of 180° with respect to each other.
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Figure 1.27
An sp-hybridized carbon atom.
4.
The carbon-carbon triple bond consists of two  bonds and one  bond.
[image: image16.jpg]



Figure 1.28
Formation of the bonding molecular orbitals of ethyne from two sp-hybridized carbon atoms and two hydrogen atoms.  (Antibonding orbitals are formed as well but these have been omitted for simplicity.)

5.
Circular symmetry exists along the length of a triple bond (Fig. 1.29b) ( no restriction of rotation for groups joined by a triple bond.
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Figure 1.29
(a) The structure of ethyne (acetylene) showing the sigma bond framework and a schematic depiction of the two pairs of p orbitals that overlap to form the two  bonds in ethyne.  (b) A structure of ethyne showing calculated  molecular orbitals.  Two pairs of  molecular orbital lobes are present, one pair for each  bond.  The red and blue lobes in each  bond represent opposite phase signs.  The hydrogenatoms of ethyne (white spheres) can be seen at each end of the structure (the carbon atoms are hidden by the molecular orbitals).  (c) The mesh surface in this structure represents approximately the furthest extent of overall electron density in ethyne.  Note that the overall electron density (but not the  bonding electrons) extends over both hydrogen atoms.

1.14A.
Bond lengths of Ethyne, Ethene, and Ethane
1.
The shortest C–H bonds are associated with those carbon orbitals with the greatest s character.
[image: image19.jpg]



Figure 1.30
Bond angles and bond lengths of ethyne, ethene, and ethane.
1.15
A Summary of Important Concepts that Come From 


Quantum Mechanics
1.15A.
Atomic orbital (AO):
1.
AO corresponds to a region of space with high probability of finding an electron.

2.
Shape of orbitals:

s, p, d
3.
Orbitals can hold a maximum of two electrons when their spins are paired.

4.
Orbitals are described by a wave function, .

5.
Phase sign of an orbital:
“+”, “–”

1.15B.
Molecular orbital (MO):
1.
MO corresponds to a region of space encompassing two (or more) nuclei where electrons are to be found.

1)
Bonding molecular orbital: 
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2)
Antibonding molecular orbital:
*
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3)
Node:
4)
Energy of electrons:
5)
Number of molecular orbitals:
6)
Sigma bond ():
7)
Pi bond ():
1.15C.
Hybrid atomic orbitals:
1.
sp3 orbitals ( tetrahedral
2.
sp2 orbitals ( trigonal planar
3.
sp orbitals ( linear
1.16
Molecular Geometry:  The Valence Shell 


Electron-Pair Repulsion (VSEPR) Model

1.
Consider all valence electron pairs of the “central” atom ––– bonding pairs, nonbonding pairs (lone pairs, unshared pairs)

2.
Electron pairs repel each other ( The electron pairs of the valence tend to stay as far apart as possible.
1)
The geometry of the molecule ––– considering “all” of the electron pairs.

2)
The shape of the molecule ––– referring to the “positions” of the “nuclei (or  atoms)”.

1.16A
Methane
[image: image22.jpg]



Figure 1.31
A tetrahedral shape for methane allows the maximum separation of the four bonding electron pairs.
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Figure 1.32
The bond angles of methane are 109.5(.
1.16B
Ammonia

[image: image24.jpg]



Figure 1.33
The tetrahedral arrangement of the electron pairs of an ammonia molecule that results when the nonbonding electron pair is considered to occupy one corner.  This arrangement of electron pairs explains the trigonal pyramidal shape of the NH3 molecule.

1.16C
Water
[image: image25.jpg]



Figure 1.34
An approximately tetrahedral arrangement of the electron pairs for a molecule of water that results when the pair of nonbonding electrons are considered to occupy corners.  This arrangement accounts for the angular shape of the H2O molecule.

1.16D
Boron Trifluoride
[image: image26.jpg]



Figure 1.35
The triangular (trigonal planar) shape of boron trifluoride maximally separates the three bonding pairs.
1.16E
Beryllium Hydride
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Linear geometry of BeH2
1.16F
Carbon Dioxide
[image: image1.jpg]


The four electrons of each double bond act as a single unit and are maximally separated from each other.

Table 1.4  Shapes of Molecules and Ions from VSEPR Theory

	Number of Electron Pairs at Central Atom
	Hybridization State of Central Atom
	Shape of Molecule or Iona
	Examples

	Bonding
	Nonbonding
	Total
	
	
	

	2
	0
	2
	sp
	Linear
	BeH2

	3
	0
	3
	sp2
	Trigonal planar
	BF3, CH3+

	4
	0
	4
	sp3
	Tetrahedral
	CH4, NH4+

	3
	1
	4
	~sp3
	Trigonal pyramidal
	NH3, CH3–

	2
	2
	4
	~sp3
	Angular
	H2O


a Referring to positions of atoms and excluding nonbonding pairs.

1.17
Representation of Structural Formulas
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Ball-and-stick model
Dash formula
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Condensed formula
Bond-line formula
Figure 1.36
Structural formulas for propyl alcohol.
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Dot structure
Dash formula
Condensed formula

1.17A
Dash Structural Formulas
1.
Atoms joined by single bonds can rotate relatively freely with respect to one another.
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Equivalent dash formulas for propyl alcohol ( same connectivity of the atoms
2.
Constitutional isomers have different connectivity and, therefore, must have different structural formulas.
3.
Isopropyl alcohol is a constitutional isomer of propyl alcohol.
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Equivalent dash formulas for isopropyl alcohol ( same connectivity of the atoms
4.
Do not make the error of writing several equivalent formulas.
1.17B
Condensed Structural Formulas
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1.17C
Cyclic Molecules
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1.17D
Bond-Line Formulas (shorthand structure)
1.
Rules for shorthand structure:

1)
Carbon atoms are not usually shown  intersections, end of each line

2)
Hydrogen atoms bonded to C are not shown.

3)
All atoms other than C and H are indicated.
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Table 1.5  Kekulé and shorthand structures for several compounds

	Compound
	Kekulé structure
	Shorthand structure

	Butane, C4H10
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	Chloroethylene (vinyl chloride), C2H3Cl
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	2-Methyl-1,3-butadiene (isoprene), C5H8
	
[image: image45.wmf]C

C

C

H

H

H

C

H

C

H

H

H

H


	
[image: image46.wmf]

	Cyclohexane, C6H12
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	Vitamin A, C20H30O
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1.17E
Three-Dimensional Formulas
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Figure 1.37
Three-dimensional formulas using wedge-dashed wedge-line formulas
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