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	Code
	Unit 4-Introduction to Bonding
	Textbook Reference

	C2.1x
	Chemical Potential Energy Potential energy is stored whenever work must be done to change the distance between two objects. The attraction between the two objects may be gravitational, electrostatic, magnetic, or strong force. Chemical potential energy is the result of electrostatic attractions between atoms.
	

	*C2.1a
	Explain the changes in potential energy (due to electrostatic interactions) as a chemical bond forms and use this to explain why bond breaking always requires energy.
	Section(s) 8.7,14.2

Page(s) 185,338

& Teacher Supplement

	*C2.1b
	Describe energy changes associated with chemical reactions in terms of bonds broken and formed (including intermolecular forces).
	Section(s) 8.7,14.12-14.13

Page(s) 185,338-340

	C3.2x
	Enthalpy Chemical reactions involve breaking bonds in reactants (endothermic) and forming new bonds in the products (exothermic). The enthalpy change for a chemical reaction will depend on the relative strengths of the bonds in the reactants and products.
	

	*C3.2b
	Describe the relative strength of single, double, and triple covalent bonds between nitrogen atoms.
	Section(s) 14.1-14.2,14.12

Table 14.4

Page(s) 317 320,338,339

	C3.3x
	Bond Energy Chemical bonds possess potential (vibrational and rotational) energy.
	

	*C3.3c
	Explain why it is necessary for a molecule to absorb energy in order to break a chemical bond.
	Section(s) 8.7,14.12

Page(s) 185,338

	C4.4x
	Molecular Polarity The forces between molecules depend on the net polarity of the molecule as determined by shape of the molecule and the polarity of the bonds.
	

	*C4.4a
	Explain why at room temperature different compounds can exist in different phases.
	Section(s) 13.5,14.13,14.14

Table 14.15

Page(s) 307,343

	*C4.4b
	Identify if a molecule is polar or non-polar given a structural formula for the compound.
	Section(s) 14.10-14.11

Page(s) 335-337

	C5.8
	Carbon Chemistry The chemistry of carbon is important. Carbon atoms can bond to one another in chains, rings, and branching networks to form a variety of structures, including synthetic polymers, oils, and the large molecules essential to life.
	

	~C5.8A
	Draw structural formulas for up to ten carbon chains of simple hydrocarbons.
	Section(s) 25.1-25.2,25.5

Page(s) 591-593,599

	~C5.8B
	Draw isomers for simple hydrocarbons.
	Section(s) 25.4 Page(s) 598

	~C5.8C
	Recognize that proteins, starches, and other large biological molecules are polymers.
	Section(s) 26.12-26.16

Page(s) 636-645

	                                                Inquiry, Reflection and Social Implications

	C1.1A
	Generate questions for investigations
	

	C1.2A
	Determine scientifically answerable questions

Students may observe a chemical reaction, generate questions that can be investigated and critique those questions to determine if they can be investigated.
	


* Priority Expectations
Chemical Potential Energy - Potential energy is stored whenever work must be done to change the distance between two objects. The attraction between the two objects may be gravitational, electrostatic, magnetic, or strong force. Chemical potential energy is the result of electrostatic attractions between atoms.

C2.1a, C2.1b: Tutorial Covalent Bonding: http://www.teachersdomain.org/asset/lsps07_int_covalentbond/
A single atom is held together by the attraction between the protons in its nucleus and its orbiting electrons. When two atoms approach each other, each nucleus also attracts the other atom's electrons. The sharing of valence electrons in covalent bonding is the result of both atoms "fighting" for the electrons, with neither one "winning." Consequently, the atoms are effectively bonded together. 

Look at the following diagram and keep in mind that all atoms, compounds and molecules seek the lowest potential energy state. When the atoms are very, very far from each other the potential energy is 0 because there is no interaction between protons-electrons (point A in the diagram). A molecule is most stable when its electrostatic potential energy is at a minimum (point B in the diagram)—in other words, when its atoms are located at a distance where the proton-electron attractions balance these repulsions. At this distance, the atoms can share their valence electrons and form a covalent bond. If the atoms get too close (point C in the diagram), they repel each other because of proton-proton and electron-electron repulsion. At this point the bond distance is close to 0 and the potential energy is extremely high. By looking at the diagram for the bonding of H, you can easily see bond breaking will always require energy. In other words you will need an input of energy in order to break a chemical bond. In the diagram this would be point A subtracted from point B.
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Practice Skill: 

1. This graph shows the changes in potential energy for the reaction of two hydrogen atoms as they move closer together to form a hydrogen gas molecule: 2 H (g) ( H2 (g).
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Which statement about a point on the graph best explains how the potential energy and the bond strength between 

the two hydrogen atoms change as they come together to form a molecule?


A. Point Q is the point where the potential energy is greatest and the bonds are 

                 most stable.


B. Point R is the point where the potential energy is the lowest and the bonds are 

                most stable.


C. Point S is the point where the potential energy is the greatest and the bonds are 

                 most stable.


D. Point T is the point where the potential energy is the lowest and the bonds are

                 most stable.

2. 
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                                                                         Figure X

Atoms seldom exist as independent particles in nature. A chemical bond is a mutual electrical attraction between 
the nuclei and valence electrons of different atoms that binds the atoms together. When atoms bond, their valence electrons are redistributed in ways that make the atoms more stable thus decreasing in potential energy. 
For question 2-5 refer to figure X. (r = distance between nuclei, BDE = bond dissociation energy)

Why are the two hydrogen atoms at the far right of figure-X at zero potential energy?
A. They are so close to each other that there is no electrostatic interaction between them.


B.  They are so far apart from each other that there is electrostatic interaction between them.


C.  They are so close to each other that there is electrostatic interaction between them.


D. They are so far apart from each other that there is no electrostatic interaction between them.

3. As the atoms approach each other both nuclei repel each other, as do both valence electrons. At the same time the nucleus of one atom attracts the valence electron of the other atom. When the lowest potential energy is reached a stable bond is formed between the two hydrogen atoms. At this point what is happening between the two nuclei and the valence electrons of each atom?


A.  The repulsion forces are equal to the attractive forces.



B.  The repulsion forces are always greater than the attractive forces.


C.  The attractive forces are greater than the repulsion forces.
 


D.  Both the attractive and repulsion forces are not equal to each other.
4. To the far left of figure X why is there an increase in potential energy as the two hydrogen atoms are brought very, very close to each other?


A. The attractive forces exceed the repulsive forces.



B. The repulsive and attractive forces have the same energies.



C. The repulsive and attractive forces are equal to each other.



D. The repulsive forces exceed the attractive forces.

5. Why is it necessary for a molecule of H2 to absorb energy in order to break this bond into two single Hydrogen atoms?

A.  The energy content of H2 is higher than that of each single H atom.



B.  The energy content of H2 is the same as that of each single H atom.



C.  The energy content of H2 is lower than that of each single H atom.



D.  The energy is equal to the kinetic energy.
Enthalpy - Chemical reactions involve breaking bonds in reactants (endothermic) and forming new bonds in the products (exothermic). The enthalpy change for a chemical reaction will depend on the relative strengths of the bonds in the reactants and products.
C3.2b: Bond energies are the energies required to break chemical bonds. The numbers given are normally the energies required to break a mole of bonds and are expressed in units of kJ per mole. For example, the H-H bond energy is 436 kJ/mol. This means that the energy required to break one mole of H2 molecules into 2 H atoms is 436 kJ. Covalent bonds can be formed with one or more pairs of electrons. A single bond is the sharing of one electron pair H — H. It is also common to have double bonds (two pairs of electrons shared between the atoms) O = O and triple bonds (three pairs of electrons shared between the atoms) N ≡ N. 
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	Bond Energies Increase as the Bond Order Increases

	C — C
	347 kJ/mol

	C = C
	611 kJ/mol

	C ≡ C
	891 kJ/mol


Metallic, ionic, and covalent bonds: http://www.teachersdomain.org/asset/lsps07_int_chembonds/
Practice Skill:  
6. The molecule below shows covalent bonds between nitrogen and hydrogen atoms.
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  Which of the numbered bonds is strongest?

A. 1

B. 2

C. 3

D. 4

7. 

                         [image: image8.png]Bond Lengths and Bond Energies
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Bond lengths and bond energies for single and multiple covalent bonds are depicted in the above table. Which bond is easiest to break in a nitrogen molecule a single, double, or triple bond?

A.  The triple bond.

C.  The single bond.



B.  The double bond.   
D.  Not enough information.
Bond Energy- Chemical bonds possess potential (vibrational and rotational) energy.
C3.3c: Energy of Chemical Reactions: When chemical reactions occur, there is always a change in energy. Sometimes the energy is released, or given off, as the reaction takes place. Sometimes energy is absorbed. Based on the type of energy change involved, chemical reactions are classified as either exothermic or endothermic reactions. 

In either type of reaction, energy is neither created nor destroyed. One of two things can happen to the energy. It can be stored in the molecules of a reacting substance or it can be released from a reacting substance in which it was originally stored. As mentioned previously the energy that is absorbed or released usually takes the form of heat or visible light. The energy that is exchanged during exothermic or endothermic reactions can be shown with an energy diagram. All energy diagrams show the reactants on the left side of the diagram and the products are always shown on the right side. 

In an exothermic reaction energy is released. The energy released in an exothermic reaction was originally stored in the molecules of the reactants. The molecules of the products no longer contain this stored energy so the energy of the products is less than the energy of the reactants.    Example: N2 + 3H2 ( 2NH3
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In an endothermic reaction energy is absorbed. The energy absorbed during an endothermic reaction is usually in the form of heat or electric energy. The energy of the products is more than the energy of the reactants. The energy that is absorbed in an endothermic reaction is stored in the molecules of the products. Example: A + B ( C
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Practice Skill: 
8. What happens to the potential energy of two covalently bonded atoms as they are pulled farther apart?

A. The potential energy of both atoms increases.

B. The potential energy of both atoms decreases.

C. The potential energy of one atom increases and the potential energy of the other atom decreases.

D. The potential energy of one atom stays the same, and the potential energy of the other atom either increases or decreases.
Molecular Polarity-The forces between molecules depend on the net polarity of the molecule as determined by shape of the molecule and the polarity of the bonds.
C4.4a: Intermolecular Forces & States of Matter: http://www.ausetute.com.au/intermof.html
                                                                                      https://youtu.be/90q7xl3ndJ8
Molecular Polarity: The forces between molecules depend on the net polarity of the molecule as determined by shape of the molecule and the polarity of bonds. http://chemwiki.ucdavis.edu/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Intermolecular_Forces/Van_der_Waals_Forces
Molecules can attract each other by a variety of forces. Intermolecular attractions are weaker than either ionic or covalent bonds (intramolecular forces). Intermolecular forces are responsible for determining whether a molecular compound is a gas, a liquid, or a solid at a given temperature. The two weakest attractions between molecules are collectively called van der Waals forces; Van der Waals forces are made up of dipole interactions and dispersion forces. 
Dispersion Forces: https://youtu.be/ikKiQIYnqXA
F2 and Cl2 attract each other mainly by means of dispersion forces. Fluorine and chlorine have relatively few electrons and are gases at ordinary room temperature and pressure because of their especially weak dispersion forces. The larger number of electrons in bromine generates larger dispersion forces. Bromine molecules therefore attract each other sufficiently to make bromine a liquid at ordinary room temperature and pressure. Iodine has an even larger number of electrons so it is a solid at room temperature and pressure.
Practice Skill:

1. At room temperature, sugar is a solid and ammonia is a gas. Which statement explains the differences in the states of matter of these two compounds?

A. Sugar has stronger ionic bonds than ammonia does.

B. Ammonia has stronger ionic bonds than sugar does.

C. Sugar has stronger intermolecular forces than ammonia does.

D. Ammonia has stronger intermolecular forces than sugar does. 

2. Which of the following is a solid at room temperature, sodium chloride or elemental chlorine used in the treatment of water and why?

A. Sodium chloride because most ionic compounds form crystalline solids at room  

 
     temperature. 

B. Elemental chlorine because most covalent compounds form crystalline solids at room 
  


     temperature.


C. Elemental chlorine because most ionic compounds form crystalline solids at room 

     temperature.


D. Sodium chloride because most covalent compounds form crystalline solids at room
      temperature

3. 1. Explain why chlorine is a gas, bromine a liquid, and iodine a solid at room temperature.

Claim: 
Evidence:

Reasoning:

C4.4b: Electrons are not always shared equally between two bonding atoms: one atom might exert more of a 

force on the electron cloud than the other. This "pull" is termed electronegativity and measures the attraction 

for electrons a particular atom has. The unequal sharing of electrons within a bond leads to the formation of an electric dipole: a separation of positive and negative electric charge. Fractional charges are denoted as δ+ (delta plus) and δ− (delta minus). Remember that F, O, and N have high electronegativities and pull on electrons more so than atoms with low electronegativity. When high electronegativity atoms bond to low electronegativity atoms their electrons will be distributed unevenly resulting in a polar bond.  Polarity of a molecule or compound is based on two ideas. One is the bonding itself, whether it is polar or non-polar. The second part is the geometry or shape of the molecule or compound and whether or not the polar bonds cancel out. Symmetric compounds are always non-polar. Polar compounds will align themselves a set way within an electric field because they have a greater electron density on one side than on the other. 
Non-polar examples: If the central atom of a structural formula is surrounded by the same atoms and the molecule is symmetrical, or if two of the same atoms are bonded to each other, the electrons are distributed evenly then the molecule is non-polar.

                                                         [image: image12.png]


   or       [image: image13.png]



Polar examples: If the central atom of a structural formula is surrounded by one or more different atoms, it is non-symmetrical, or if two different atoms are bonded to each other, the electrons are not distributed evenly then the molecule is polar.
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Practice Skill: Identify the following as polar or non-polar.
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Carbon Chemistry - The chemistry of carbon is important. Carbon atoms can bond to one another in chains, rings, and branching networks to form a variety of structures, including synthetic polymers, oils, and the large molecules essential to life.
C5.8A: Hydrocarbons: A hydrocarbon is a molecular compound composed of only hydrogen and carbon. Petroleum is a vitally important world resource. In its natural state it is a mixture of complex hydrocarbons. Petroleum is a mixture that must be refined before it can be used for building or burning. Gasoline, diesel fuel and natural gas (methane) come from petroleum. Nearly all plastic products are made from petroleum. Other items made from petroleum include: artificial flavors, colors, and preservatives found in processed foods, mascara, hairspray, soap, many prescription and over-the-counter drugs, asphalt, chewing gum, CDs and DVDs, perfumes, paint thinner, glues, PlayStations, body lotions, shampoos, fabric softeners, sports equipment, clothing, auto parts and many, many more. Study the classification of hydrocarbons below.
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Alkanes are the simplest hydrocarbons. These compounds are named by using a prefix that tells the number of carbon atoms that are linked in the longest uninterrupted chain in the molecule. These names end with the root word “ane”

Practice Skill: 1. Use the table below to name each of the alkanes indicated. When you are finished naming each of the 7 hydrocarbons, go the lab station and build all of them from the molecular model kit your teacher has provided.                                       
	Prefix
	Number of Carbon Atoms

	Meth
	1

	Eth
	2

	Prop
	3

	But
	4

	Pent
	5

	Hex
	6

	Hept
	7

	Oct
	8

	Non
	9
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a. _________________________             b. ___________________                  c. _______________________
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d. _________________________                        e. _____________________________

2. Once you build your model of each of the following, draw them in the space provided:

	a. Methane
	b. Ethane

	
	

	c. Propane
	d. Butane

	
	


Alkanes, Alkenes, and Alkynes: When a hydrocarbon has all single bonds it is called an alkane. The general formula for an alkane is CnH2n + 2. When a hydrocarbon has one double bond it is called an alkene. The general formula for an alkene is CnH2n. When a hydrocarbon has one triple bond it is called an alkyne. The general formula for an alkyne is CnH2n - 2. 

The naming system for alkenes and alkynes is similar to that used for naming alkanes. The longest chain of uninterrupted carbons decides the prefix for the name. If the molecule has one double bond in the carbon chain the name ends with “ene”. If the molecule has one triple bond in the carbon chain the name ends with “yne”.

Example 1: Name the molecule with the formula C6H12. The formula for this molecule fits the CnH2n general formula for an alkene. Since the molecule will have a chain of 6 carbon atoms long, the prefix name will be Hex… These facts added together will make the name of this molecule Hexene. 

Example 2: Name the molecule with the formula C5H8. The formula for this molecule fits the CnH2n – 2 general formula for an alkyne. Since the molecule will have a chain of 4 carbon atoms long, the prefix name will be Pent… These facts added together will make the name of this molecule Pentyne. 

Practice Skill: 1. Draw structural formulas for each of the following:

	a. ethane
	b. ethene
	c. ethyne

	
	
	

	d. butane
	e. butene
	f. butyne

	
	
	

	g. hexane
	h. hexene
	i. hexyne

	
	
	


2. When you are finished drawing the structural formulas go the lab station and build all of them from the molecular model kit your teacher has provided. Once you build your model of each of the following, draw them in the space provided:

	a. Ethene
	b. Ethyne

	
	

	c. Butene
	d. Butyne

	
	


C5.8B: Isomers: In chemistry isomers are compounds with the same molecular formula but different structural formulas. The word comes from Greek for “equal part”. Isomers do not necessarily share similar chemical properties, unless they also have the same functional groups. Study the diagram below, you will be responsible for knowing and drawing structural isomers only. 
Examples of structural isomers:     
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Practice Skill: 
1. In the space below draw and name at least 3 isomers of C6H14. 

2. Which of the following are isomers of C6H14?

1. Hexane


2. 2-Methlypentane


3. 3-Methlypentane


4. 2, 2-Dimethlybutane



A. 1 only


B. 1, 2, 3, and 4



C. 2 and 4




D. 1, 3, and 4
3. The structure for pentane is shown below.
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Which of the following structures represents an isomer of pentane?
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C5.8C: Ingredients for Life: Carbon: http://www.teachersdomain.org/asset/ess05_vid_carbon/
Ringed Carbon Compounds: http://www.teachersdomain.org/asset/pj07_int_carbon/
Organic Chemistry: is the branch of chemistry devoted to the study of carbon compounds. Carbon atoms are found in all living things. The chemistry of carbon is important. Carbon atoms can bond to one another in chains, rings, and branching networks to form a variety of structures. These structures include synthetic polymers, oils, and the large molecules essential to life. Petroleum comes from fossil fuels and fossil fuels where once living things. Chemists have learned to synthesize carbon compounds in the lab and so not all carbon compounds come from living things. As mentioned previously carbon compounds make our lives quite convenient (fuel for cars or plastics found in many of the products we use every day). In organic chemistry a hydrocarbon as you already know is made only of hydrogen and carbon, these are referred to as pure hydrocarbons. Some hydrocarbons are also bonded to oxygen, nitrogen, phosphorus, and sulfur, these are called impure hydrocarbons. Whether pure or impure they definitely are organic because they contain carbon atoms. 

Polymers and Biological Polymers: Macromolecules are large biological molecules. Macromolecules are polymers. Polymers are large molecules that are made up of many similar “units” linked together. Individual units are called monomers. In a polymerization reaction these small units are joined together by a process called dehydration synthesis or condensation reaction. What happens is that as the units are joined water is released in the reaction. 
http://video.lonestar.edu/media/nhscience/dehydrat/dehydrat.html
When the body needs to break down the biological polymer (macromolecule) water is added to break the molecule apart and this reaction is known as hydrolysis. 

There are four macromolecules: carbohydrates, lipids, proteins, and nucleic acids. 

	Biological Polymer
	Atoms
	Examples
	Monomer
	Use

	Carbohydrates

https://www.wisc-online.com/learn/natural-science/life-science/ap13104/biomolecules-the-carbohydrates

	C, H, O
	Sugars, Starches, Glycogen
	Glucose, Galactose, Fructose
	Main energy source, structural component for strength and rigidity

	Lipids

https://www.wisc-online.com/learn/natural-science/life-science/ap13204/biomolecules---the-lipids

	C, H
	Fats, Oils, Waxes
	Fatty acids
	To store energy, chemical messengers, and used as parts of biological membranes

	Proteins

https://www.wisc-online.com/learn/natural-science/life-science/ap13304/biomolecules---the-proteins

	C, H, O, N
	Antibodies, Hemoglobin, Insulin, Collagen 
	Amino Acids
	Enzymes, regulate chemical pathways, structural components, move materials in and out of cells, help fight disease

	Nucleic Acids

http://www.johnkyrk.com/DNAanatomy.html

	C, H, O, N, P
	DNA, RNA
	Nucleotides
	Store and pass on genetic information


Practice Skill: 

1. Which of the following compounds may be polymers?

A. carbohydrates


B. proteins



C. nucleic acids


D. all of the above

2. Explain what a polymer is and give four examples of polymers that are found in your body.
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