UNIT 2:

CHAPTER 1.1: FUNCTIONAL GROUPS

A Brief Introduction:

As you wander through a supermarket, some advertising claims catch your eye.  “Certified organic” and “all natural” are stamped on the labels of some foods.  Other labels claim that the foods are “chemical free”.  Are all “chemicals” harmful in food, as some of the current advertising suggests?

 Many scientific terms are used inaccurately in everyday life.  For example, the food industry uses “organic” to indicate foods that have been grown without the use of pesticides, herbicides, fertilizers, hormones, and other synthetic chemicals.  The original meaning of the word “organic” refers to anything that is or has been alive.  In sense, all vegetables are organic, no matter how they are grown.

Organic Chemistry is the study of compounds that are based on carbon.  Natural gas, rubbing alcohol, aspirin, and the compounds that give fragrance to a rose, are all organic compounds.  

In 1828, a German chemist by the name of Friedrich Wohler made an organic compound called urea, CO(NH2)2, out of an inorganic compound called ammonium cyanate, NH4CN. Urea is found in urine of mammals.  This was the first time in history that a compound normally made only by living things was made from a non-living substance.  Because of this occurrence, organic compounds took on a new definition.  They are now defined as compounds that are based on carbon. They usually contain carbon-carbon and carbon-hydrogen bonds.

 THE CARBON ATOM:

Why are there so many organic compounds?

· Each carbon atom usually forms a total of four covalent bonds.

· Thus, a carbon atom can connect to as many as four other atoms.
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· In addition, carbon atoms can form strong single, double, or triple bonds with other carbon atoms.
· In a single C-C bond, one pair of electrons is shared between two carbon atoms.

· In a double bond, two pairs of electrons are shared between two atoms.

· In a triple bond, three pairs of electrons are shared between two atoms.

· Molecules that contain only single C-C bonds are saturated (i.e all carbon atoms are bonded to the maximum number of four atoms- no more bonding can occur).

· Molecules that contain double or triple C-C bonds are unsaturated.
· The carbon atoms on either side of the double or triple bond are bonded to less than four atoms each.

· Carbon’s unique bonding properties allow the formation of a variety of structures, including chains and rings of many shapes and sizes.

· The figure below illustrates some of the many shapes that can be formed from a backbone of carbon atoms.

Figure: (a) This complete structural diagram shows all the bonds in the molecule.

           (b) This condensed structural diagram shows only carbon-carbon bonds.

           (c) This line structural diagram uses lines to depict carbon-carbon bonds.

· The above figure includes examples of three types of structural diagrams that are used to depict organic molecules.

· Carbon compounds in which carbon forms only single bonds have a different shape than compounds in which carbon forms double or triple bonds.

· Remember: the shape of a molecule depends on the type of bond.

· Observe Table1: Common Molecular Shapes in Organic Molecules

Before discussing each organic family, let’s take a look at what makes up the functional groups.  Although there are many different functional groups, they essentially consist of only three main components, one or more of which may be present in each functional group.  Understanding the properties of these three components will make it easy to understand and predict the general properties of the organic families to which they belong.  

· Carbon-carbon multiple bonds, -C=C- or –C=C-

· Single bonds between a carbon atom and a more electronegative atom, e.g –C-O-, -C-N-, or –C-Cl-

· Carbon atom double-bonded to an oxygen atom, -C=O

        H  H                                    H

      H-C=C-H                             H-C-O-H

                                                   H

     Ethane (an alkene)     methanol (an alcohol)

                              H

                          H-C=O

                  methanal   (an aldehyde)

· When a C atom is single bonded to another C atom, the bond is a strong covalent bond that is difficult to break.

· The sites in organic molecules that contain C-C bonds are not reactive.

· However, double or triple bonds between C atoms are more reactive.

· The second and third bonds formed in a multiple bond are not as strong as the first bond and are more readily broken.

· This allows carbon-carbon multiple bonds to be sites for reactions in which more atoms are added to the C atoms.

SINGLE BONDS BETWEEN CARBON AND MORE ELECTRONEGATIVE ATOMS

· Whenever, a C atom is bonded to a more electronegative atom, the bond between the atoms are polar; that is, the electrons are held more closely to the more electronegative atom.

· This results in the C atom having a partial positive charge and the O, N, of halogen atom having a partial negative charge.

· Any increase in polarity of a molecule also increases intermolecular attractions, such as van der Waals forces.

· As more force is required to separate the molecules, the melting points and boiling points also increase.

· If the O or N atoms are in turn bonded to an H atom, and –OH or –NH group is formed, with special properties.

· The presence of an –OH group enables an organic molecule to form hydrogen bonds with other –OH groups.

· The formation of these hydrogen bonds not only further increases intermolecular attractions; it also enables these molecules to mix readily with polar solutes and solvents.

· “LIKE DISSOLVES LIKE”
· the solubility of organic compounds is affected by non-polar components and polar components within the molecule.

DOUBLE BONDED CARBON AND OXYGEN

· The double covalent bond between C and O requires that four electrons be shared between the atoms, all four being more strongly attracted to the O atom.

· This makes the C=O strongly polarized, with the accompanying effects of raising boiling and melting points, and increasing solubility in polar solvents.

Read over Summary: Page 10

          “Three Main Components of Functional Groups”

Questions page 10  #1 (a), (b), #2 (a)-(d), #3 (a)-(c) 

LAB: MOLECULAR SHAPES

The type of bonding affects the shape and movement of a molecule.  In this Express Lab, you will build several molecules to examine the shape and character of their bonds.

Procedure:

1. Build a model for each of the following compounds.  Use a molecular model kit to assist you.

   CH3 – CH2 – CH2 – CH3                 H2C = CH – CH2 – CH3
        Butane                                           1 –butene

H2C = CH – CH = CH2                           H3C – C = C – CH3   

      1,3 –butadiene                                    2-butyne 

2. Identify the different types of bonds in each molecule.

3. Try to rotate each molecule.  Which bonds allow rotation around the bond?  Which bonds prevent rotation?

4. Examine the shape of the molecule around each carbon atom.  Draw diagrams to show your observations.

Analysis:

1. Which bond or bonds allow rotation to occur?  Which bond or bonds are fixed in space?

2. (a) Describe the shape of the molecule around a carbon    atom with only single bonds.

(b) Describe the shape of the molecule around a carbon atom with one double bond and to single bonds

(c) Describe the shape of the molecule around a carbon atom with a triple bond and a single bond. 

(d) Predict the shape of the molecule around a carbon atom with two double bonds. 

3.  Molecular model kits are a good representation of real atomic geometry.  Are you able to make a quadruple bond between two atoms with you model kit?  What does this tell you about real carbon bonding? 

THREE DIMENSIONAL STRUCTURAL DIAGRAMS

· Two-dimensional structural diagrams work well for flat molecules.

· A three-dimensional structural diagram illustrates the tetrahedral shape around a single-bonded carbon atom.

· Examine sample below.

REVIEW:  Molecular Shape and Polarity

· The three-dimensional shape of a molecule is important when the molecule contains polar covalent bonds.

· Recall: a polar covalent bond is a covalent bond between two atoms with different electronegativities.
Electronegativity: is a measure of how strongly an atom attracts electrons in a chemical bond.

· The electrons in a polar covalent bond are attracted more strongly to the atom with the higher electronegativity.

· This atom has a partial negative charge, while the other atom has a partial positive charge.

· Therefore, every polar bond has a bond dipole: a partial negative charge and a partial positive charge, separated by the length of the bond.
Note in the above diagram: dipoles are often represented using vectors.  Vectors are arrows that have direction and location in space.

· Carbon and hydrogen attract electrons to almost the same degree.

· Therefore, when carbon is bonded to another carbon atom or to a hydrogen atom, the bond is not usually considered to be polar.

Predicting Molecular Polarity

· A molecule is considered to be polar, or have a molecular polarity, when the molecule has an overall imbalance of charge.

· To determine molecular polarity, you must consider the shape of the molecule and the bond dipoles within the molecule.

· If equal bond dipoles act in opposite directions in three-dimensional space, they counteract each other.
· A molecule with identical polar bonds that point in opposite directions is not polar.

· If the bond dipoles in a molecule do not counteract each other exactly, the molecule is polar.
