Unit #5 Hydrocarbons and Energy

Time: 20 hours

Unit Overview

Time

Title 


Expectations

4.0 hours

An Introduction to Organic Chemistry

· identify the origins and major sources of organic compounds

· demonstrate an understanding of the particular characteristics of the carbon atom, especially with respect to bonding in both aliphatic and cyclic alkanes, including structural isomers

· describe some of the physical and chemical properties of hydrocarbons (ex. Solubility in water, density, MP and BP and combustibility of the alkanes)

· compare the energy changes observed when chemical bonds are formed and when they are broken and relate these changes to endo and exothermic reaction

· determine through experimentation some of the characteristic properties of saturated and unsaturated hydrocarbons (ex. Compare the products obtained when bromine is added to cyclohexane and cyclohexene separately)

· describe the steps involved in refining petroleum to obtain gasoline and other useful fractions (ex. Butane, furnace oil, industrial chemicals and solvents)

· demonstrate an understanding of the importance of hydrocarbons as fuels (ex. Propane for barbecues ) and in other applications , such as the manufacture of polymers, and identify the risks and benefits of these uses to society and the environment.

Time: 3.0 hours
Naming Hydrocarbons

· describe physical properties of HC’s

· use appropriate scientific vocabulary to communicate ideas related to H-C’s and the energy changes involved in their combustion (ex. Organic compound, saturated H-C’s, unsaturated H-C’s, isomer, heat capacity)

· name using the IUPAC nomenclature system and draw structural representations for aliphatic and cyclic H-C’s containing no more than 10 carbons in the main chain, with or without side chains

· use molecular models to demonstrate the arrangement of atoms in isomers of H-C’s (ex. Structural and cis-trans isomers)

Time: 20. Hours
Properties of Hydrocarbons

· describe physical and chemical properties

· write balanced chemical equations for the complete and incomplete combustion of H-C’s 

Time: 6.0 h

Hydrocarbons as Fuels

· explain how mass, heat capacity and change in temperature of an object determine the amount of heat it gains or loses

· carry out an experiment involving the production or combustion of a H-C (ex. Formation of acetylene, burning paraffin) and write the corresponding balanced chemical equation

· gather and interpret experimental data and solve problems involving calorimetry and the equation Q = mc(t (ex. Calculate the energy liberated in the combustion of paraffin in J/g)

Time: 5.0 hours
End of Unit Task

Hydrocarbon

Research Assignment – demonstrate an understanding of the importance of hydrocarbons

Unit #5

The Chemistry of Hydrocarbons

Reference Chapters 13, 14 & 15

In the early 19th century, Swedish chemist Jons Berzelius (1779-1848) classified compounds into two primary categories:  those obtained from living organisms, which he called organic, and those obtained from mineral sources, which he called inorganic.

Organic Compounds:  are defined as compounds that contain carbon.  They are structured from a “backbone” that consists of just two kinds of atoms:  carbon and hydrogen, called hydrocarbons.

Sources of Hydrocarbons

Sources:  include wood, products of fermentation of plants and fossil fuels such as petroleum.

Petroleum also referred to as crude oil is the main source of the hydrocarbons that are used for fuels, plastics, synthetic fabrics etc.

Examine fig 13.2 p. 537

Section Review p.537 #1-5
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Figure 13.4. Three key properties of ca




Section 13.2 Representing Hydrocarbon Compounds

Graphite, buckyball and diamond have much in common but are diverse in their structure.

Classifying Hydrocarbons
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Section 13.3

Alkanes:  H-C’s joined by single covalent bonds, methane being the simplest alkane.  Alkanes are aliphatic hydrocarbons:  organic compounds in which carbons atoms form chains and non-aromatic rings.

Methods used to Represent Molecules

Expanded Molecular Formulas: shows groupings of atoms, and often gives an idea of molecular structure.

Ex)

Propane
C3H8


CH3CH2CH3
Structural Models:  is a 3-D representation of the structure of a compound.

1. ball-and-stick models

2. space-filling models

Examine fig. 13.6 p. 540

Structural Diagrams:  is a 2-D representation of the structure of a compound.  Also called structural formulas.

Three kinds of structural diagrams:

1. complete structural diagrams

2. condensed structural diagrams

3. line structural diagrams

[image: image3.png]Chy
CHy— CH—CH,— CH; —CHy

A complete structural diagram A condensed structural diagram Aline structural diagram
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Facts about alkanes:

Saturated hydrocarbons: each carbon atom is bonded to the maximum possible number of atoms (either carbon or hydrogen)

Homologous Series:  each molecule differs from the next molecule by the structural unit –CH2-.  A series of molecules like this, in which each member increases by the same structural unit, is called a homologous series.

There is a mathematical pattern of carbon and hydrogens  in each alkane:



CnH2n+2
Practice Problem p.545 #1-4

Properties of Alkanes

Alkanes:

· non-polar

· fairly weak intermolecular forces (have relatively low boiling points

· as the number of atoms in the H-C molecule ( the BP increases

Examine Table 13.1 p.546

Naming Alkanes

Rules for Naming Organic Compounds follow the IUPAC System.
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The First Ten Straight-Chain Alkanes

Name

# Carbon atoms
Expanded MF

Methane


1



CH4
Ethane



2


CH3CH3


Propane


3


CH3CH2CH3
Butane



4


CH3(CH2)2CH3
Pentane


5


CH3(CH2)3CH3
Hexane



6


CH3(CH2)4CH3
Heptane


7


CH3(CH2)5CH3
Octane



8


CH3(CH2)6CH3
Nonane


9


CH3(CH2)7CH3
Decane



10


CH3(CH2)8CH3
Read p.547 –549

Do Practice Problems p.549 #1-5

Drawing Condensed Structural Diagrams:

Practice Problems p.551 # 6-7

Cycloalkanes

Hydrocarbons with a carbon-to-carbon bond structure forming a closed ring is known as an alicyclic hydrocarbon.

Acyclic hydrocarbons are open-chain hydrocarbons without any rings of carbon atoms.

When all the carbon-to-carbon bonds in an alicyclic hydrocarbon are single, the compound is called a cycloalkane.

Names of the cycloalkanes are derived by adding the prefix “cyclo” to the normal alkane name.

Ex)

cyclopropane

cyclobutane

Alkenes

· Alkenes are hydrocarbons that contain one or more double bonds.

· The –ene- ending applies to all HC’s with double bonds

· Mathematical relationship: CnH2n
Properties of Alkenes

· They are non-polar, which gives them physical properties similar to those of alkanes.

· They are unsaturated compounds which contain carbon atoms that can potentially bond to additional atoms

· BP of alkenes are usually slightly less than the BP of similar sized alkanes

· Low solubility in water

· Non-polar compounds

· Chemically alkenes are much more reactive due to their double bonds

· This property makes alkenes a popular choice for consumers

· Polymerization: a reaction that occurs with alkenes joining themselves together to make long chains of molecules.

Comparing the Reactivity of Alkanes and Alkenes p.554

 Naming Alkenes

p.556

Do Practice Problems p.557 #8- 10

Cis-Trans (Geometric) Isomers

Isomers:  compounds that have the same formula but different structural arrangements. 

Ex) Draw the isomers of pentane

Another type of isomer results from the presence of a double bond.

It is called a cis-trans isomer (or geometric isomer).

Occur when different groups of atoms are arranged around the double-bond.  Unlike the single carbon-carbon bond, which can rotate, the double carbon-carbon bond remains fixed.
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General rules:

· to have a cis-trans (geometric) isomer, each carbon in the C=C double bond must be attached to two different groups

· in a cis isomer, the two larger groups are attached to each C=C double bond on the same side

· in a trans isomer, the two larger groups are attached to each C=C double bonds on opposite sides.

Do Practice Problems p.558 #11-14

Alkynes

Alkynes are unsaturated hydrocarbons with one or more triple bonds.

· Molecular name ends in “yne”

· Shapes of alkynes are linear

· Much more reactive than alkanes and alkenes

· Few alkynes occur naturally because they are so reactive

· Mathematical formula CnH2n-2
· The simplest alkyne being ethyne or commonly known as (acetylene C2H2 )

Do Practice Problems p.560 # 15- 16

Cycloalkanes

Hydrocarbons with a carbon-to-carbon bond structure forming a closed ring is known as an alicyclic hydrocarbon.

Acyclic hydrocarbons are open-chain hydrocarbons without any rings of carbon atoms.

When all the carbon-to-carbon bonds in an alicyclic hydrocarbon are single, the compound is called a cycloalkane.

Names of the cycloalkanes are derived by adding the prefix “cyclo” to the normal alkane name.

Ex)

cyclopropane

cyclobutane

Practice Problems p.563 #17 – 18

Investigation 13-C

Structures and Properties of Aliphatic Compounds p.564

Review Summary: Rules for Naming and Drawing Aliphatic Compounds p.565 – 566

Section Review p.566 – 567 # 1-8

Refining and Using Hydrocarbons

Sec 13.4

Petroleum is a complex liquid mixture of hundreds of thousands of compounds most of which are hydrocarbons with one to 40 carbon atoms per molecule.

Because petroleum is a mixture, its composition varies widely from region to region in the world.  An efficient process is essential for separating and collecting the individual, pure hydrocarbon components.

Using properties to Separate Petroleum Components

A process used for separating petroleum into its hydrocarbon components is called fractional distillation.  It relies on the physical property- boiling point.  Each fraction (hydrocarbon components) has its own boiling points.  

The separating technique starts in an oil refinery, with large furnaces that vaporize the liquid components.  The fluid mixture then enters a large fractionation tower.  Examine fig 13.35 p.569

As each fraction reaches a level plate where the temperature is just below its boiling point, it condenses and liquifies.  The liquid are removed from the tower by pipes, while the remaining vapour fractions continue to pass through the plate to higher levels.

Fractions that are heavier condense first and are removed in the lower section of the tower, while the lighter hydrocarbons with lower boiling points are separated in the upper part part of the tower.
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Cracking and Reforming

Once the fractions are removed from the distillation tower, they are processed even further.  One such technique is called “cracking”.
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Cracking:was first introduced in Sarnia, Ontario.  This process uses heat to break hydrocarbon molecules into smaller gasoline molecules.  It is performed in the absence of air thereby producing other types of hydrocarbons.

Reforming

Another technique that uses heat, pressure, and catalysts to convert large hydrocarbons into other compounds.  Especially aromatic compounds (benzene derivatives).
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