	

	Chapter 1: Carbon and the molecular diversity of life

	Outline
· Organic chemistry is the study of carbon compounds
· Carbon atoms are the most versatile building blocks of molecules
· Variation in carbon skeletons contributes to diversity of organic molecules 

· Hydrocarbons
· Isomers
· Functional groups 

· Hydroxyl
· Carbonyl
· Carboxyl
· Amino
· Sulfhydryl
· Phosphate
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Biological diversity reflects molecular diversity. Of all chemical elements, carbon is unparalleled in its ability to form molecules that are large, complex, and diverse. This chapter focuses on the concepts of molecular architecture that highlight carbon's importance to life.
Organic chemistry is the study of carbon compounds
· With the exception of water, a cell consists of carbon-based compounds. This distinguishes living from inanimate matter.
· Organic = compounds containing carbon.
· Even though there are very few abundant elements in living things, the atoms of organic molecules can be arranged in infinite combinations, resulting in each organism being unique.
Carbon atoms are the most versatile building blocks of molecules
· Valence of the major elements (Fig 4.4).
· The chemical characteristics of an atom depend on its valence electrons, by determining the number of bonds an atom will form with other atoms.
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· The tetravalence of carbon explains its versatility at making large, diverse, complex molecules possible (Fig 4.2).
· Whenever carbon forms 4 single covalent bonds, bond angles point to the corners of a tetrahedron.
· When 2 carbons are joined by a double bond, all bonds around those atoms are in the same plane.
· Because carbon atoms can form stable covalent bonds with other carbon atoms, its possible to link the atoms into chains of infinite variety.
Variation in carbon skeletons contributes to diversity of organic molecules
· Variation in carbon skeletons is important source of molecular complexity and diversity.
· Hydrocarbons = organic molecules consisting of only carbon and hydrogen (Fig 4.5). 
· Major component of petroleum, a fossil fuel. 
· Nonpolar, therefore hydrophobic (Fig 4.6)
· can vary in carbon chain length, position of double bsonds, may be branched or unbranched, and can be arranged in rings.
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· Isomers = compounds with same molecular formula but different structures and hence properties.
· Types of isomers 
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· 1. Structural isomers
· differ in covalent arrangement of their atoms
· contributes significantly to their variation e.g. 18 types for C8H18, and 366,319 types for C20H42 
· 2. Geometric isomers
· have same covalent relationships, but differ in spacial arrangements
· arise from inflexibility of double bonds
· have distinct biological activities
· 3. Enantiomers
· molecules that are mirror images of each other
· asymetric carbon attached to 4 different atoms or groups of atoms.
· thalidomide was a mix of 2 enantiomers: one with sedative properties, the other caused birth defects
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· L-Dopa vs D-Dopa is another example (fig 4.8).
Functional groups
· The distinctive properties of organic molecules depend not only on arrangement of carbon skeleton, but also on other molecular components attached to that skeleton.
· Functional groups = groups of atoms attached to carbon skeleton which are commonly involved in chemical reactions.
· All functional groups studied here are hydrophilic.
· Subtle variation in steroid hormones impart different anatomical and physiological characteristics in males and females ( Fig 4.9).
· Refer to Fig 4.10 
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· Hydroxyl group (-OH)
· compounds containing -OH are alcohols. Eg. ethanol, sugars, phenol
· -OH group is polar. Therefore such compounds dissolve in water (sugars)
· Carbonyl group (C=O)
· aldehyde = carbonyl group on end carbon of chain
· ketone =- carbonyl group attached to internal carbon
· Variation in locations of functional groups along cabon chain is a source of variation.
· Carboxyl group (-COOH)
· compounds containing carboxyl group are called carboxylic acids. Eg. formic acid, acetic acid, amino acids
· they are weak acids because they are a source of H+ ions
· Amino group (-NH2)
· compounds containing amino group are called amines. Eg. amino acids
Note: amino acids are both amines and carboxylic acids. 
· Amino group can act as a base.
· Sulfhydryl group (-SH)
· organic compounds containing sulfhydryls are called thiols
· important in stabilizing protein structure.
· Phosphate group
· Phosphate is an anion formed by dissociation of an inorganic acid called phosphoric acid (H3PO4) 
· Functions in energy transfer between organic molecules
 

	


