Compounds and Chemical Bonds

1.1
Introduction
1.
Organic chemistry is the study of the compounds of carbon.

2.
The compounds of carbon are the central substances of which all living things on this planet are made.

1) DNA:
the giant molecules that contain all the genetic information for a given species.

2) proteins:
blood, muscle, and skin.

3) enzymes:
catalyze the reactions that occur in our bodies.

4) furnish the energy that sustains life.

3.
Billion years ago most of the carbon atoms on the earth existed as CH4:

1)
CH4, H2O, NH3, H2 were the main components of the primordial atmosphere.

2)
Electrical discharges and other forms of highly energetic radiation caused these simple compounds to fragment into highly reactive pieces which combine into more complex compounds such as amino acids, formaldehyde, hydrogen cyanide, purines, and pyrimidines.

3)
Amino acids reacted with each other to form the first protein.

4)
Formaldehyde reacted with each other to become sugars, and some of these sugars, together with inorganic phosphates, combined with purines and pyrimidines to become simple molecules of ribonucleic acids (RNAs) and DNA.

4.
We live in an Age of Organic Chemistry:

1)
clothing:
natural or synthetic substance.

2)
household items:


3)
automobiles:


4)
medicines:


5)
pesticides:


5.
Pollutions:

1)
insecticides:
natural or synthetic substance.

2)
PCBs:


3)
dioxins:

4)
CFCs:


1.2
The Development of Organic Chemistry as a Science
1.
The ancient Egyptians used indigo (藍靛) and alizarin (茜素) to dye cloth.

2.
The Phoenicians (腓尼基人) used the famous “royal purple (深藍紫色)”, obtained from mollusks (墨魚、章魚、貝殼等軟體動物), as a dyestuff.

3.
As a science, organic chemistry is less than 200 years old.

1.2A
Vitalism
“Organic” ––– derived from living organism  (In 1770, Torbern Bergman, Swedish chemist)

(  the study of compounds extracted from living organisms

(  such compounds needed “vital force” to create them

1.
In 1828, Friedrich W(hler Discovered:
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1.2B
Empirical and Molecular Formulas
1.
In 1784 Antoine Lavoisier (法國化學家拉瓦錫) first showed that organic compounds were composed primarily of carbon, hydrogen, and oxygen.

2.
Between 1811 and 1831, quantitative methods for determining the composition of organic compounds were developed by Justus Liebig (德國化學家), J. J. Berzelius, J. B. A. Dumas (法國化學家).

3.
In 1860 Stanislao Cannizzaro (義大利化學家坎尼薩羅) showed that the earlier hypothesis of Amedeo Avogadro (1811, 義大利化學家及物理學家亞佛加厥) could be used to distinguish between empirical and molecular formulas.


molecular formulas C2H4 (ethylene), C5H10 (cyclopentane), and C6H12 (cyclohexane) all have the same empirical formula CH2.

1.3
The Structural Theory of Organic Chemistry
1.3A.
The Structural Theory:
(1858 ~ 1861)

August Kekul( (German), Archibald Scott Couper (Briton), and Alexander M. Butlerov
1.
The atoms can form a fixed number of bonds (valence):
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2.
A carbon atom can use one or more of its valence to form bonds to other atoms:

Carbon-carbon bonds
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3.
Organic chemistry:  A study of the compounds of carbon (Kekul(, 1861).

1.3B.
Isomers:  The Importance of Structural Formulas

1.
Isomers:  different compounds that have the same molecular formula
2.
There are two isomeric compounds with molecular formula C2H6O:

1) dimethyl ether:
a gas at room temperature, does not react with sodium.

2) ethyl alcohol:
a liquid at room temperature, does react with sodium.

Table 1.1
Properties of ethyl alcohol and dimethyl ether

	
	Ethyl Alcohol

C2H6O
	Dimethyl Ether

C2H6O

	Boiling point, °Ca
	78.5
	–24.9

	Melting point, °C
	–117.3
	–138

	Reaction with sodium
	Displaces hydrogen
	No reaction


a Unless otherwise stated all temperatures in this text are given in degree Celsius.
3.
The two compounds differ in their connectivity:  C–O–C and C–C–O


Ethyl alcohol
Dimethyl ether
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Figure 1.1
Ball-and-stick models and structural formulas for ethyl alcohol and dimethyl ether
1)
O–H:  accounts for the fact that ethyl alcohol is a liquid at room temperature.
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2)
C–H:  normally unreactive

4.
Constitutional isomers:* different compounds that have the same molecular formula, but differ in their connectivity (the sequence in which their atoms are bounded together).

*
An older term, structural isomers, is recommended by the International Union of Pure and Applied Chemistry (IUPAC) to be abandoned.
1.3C.
The Tetrahedral Shape of Methane
1.
In 1874, Jacobus H. van't Hoff (Netherlander) & Joseph A. Le Bel (French):


The four bonds of the carbon atom in methane point toward the corners of a regular tetrahedron, the carbon atom being placed at its center.

[image: image9.jpg]c)




Figure 1.2
The tetrahedral structure of methane.  Bonding electrons in methane principally occupy the space within the wire mesh.
1.4
Chemical Bonds:  The Octet Rule

Why do atoms bond together?
more stable (has less energy)


How to describe bonding?

1.
G. N. Lewis (of the University of California, Berkeley; 1875~1946) and Walter K(ssel (of the University of Munich; 1888~1956) proposed in 1916:

1)
The ionic (or electrovalent) bond:  formed by the transfer of one or more electrons from one atom to another to create ions.

2)
The covalent bond:  results when atoms share electrons.

2.
Atoms without the electronic configuration of a noble gas generally react to produce such a configuration.

1.4A
Ionic Bonds
1.
Electronegativity measures the ability of an atom to attract electrons.

Table 1.2
Electronegativities of Some of Elements

	H
2.1
	
	
	
	
	
	
	

	Li
1.0
	Be
1.5
	
	B
2.0
	C
2.5
	N
3.0
	O
3.5
	F
4.0

	Na
0.9
	Mg
1.2
	
	Al
1.5
	Si
1.8
	P
2.1
	S
2.5
	Cl
3.0

	K
0.8
	
	
	
	
	
	
	Br
2.8


1)
The electronegativity increases across a horizontal row of the periodic table from left to right:

2)
The electronegativity decreases go down a vertical column:








3)
1916, Walter K(ssel (of the University of Munich; 1888~1956)
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4)
Ionic substances, because of their strong internal electrostatic forces, are usually very high melting solids, often having melting points above 1,000 °C.

5)
In polar solvents, such as water, the ions are solvated, and such solutions usually conduct an electric current..

1.4B
Covalent Bonds
1.
Atoms achieve noble gas configurations by sharing electrons.

1)
Lewis structures:
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[image: image16.wmf]
nonbonding electrons  (  affect the reactivity of the compound
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