
American School Macedonia
Course Outline - 2021/2022

Course Name: Chemistry (5 classes per week/180 classes per year)
Grade Level: 11th

Textbook: Chemistry, Addison-Wesley, Expanded 4thEdition
Other resources: Phet simulations, Khan academy, presentations prepared by the teacher
Standards used for the yearly curriculum: NGSS standards

Objectives of the course:

At the end of this course, the student can write the formulas and give names of chemical
compounds using the IUPAC rules. The student will be able to use the organization of the
periodic table to predict the relative properties of elements based on their knowledge and
understanding of the patterns. The student will be able to understand and recognize the difference
between types of reactions, balance them and predict their products. Next, the student will be able
to solve practical problems using their knowledge and understanding of chemical quantities and
stoichiometry. The student will demonstrate the ability to describe characteristics of solutions and
demonstrate the ability to describe factors affecting solubility. Also, the student will demonstrate
the ability to describe factors that affect the reaction rate and use Le Chatelier’s Principle to
explain how equilibrium systems adjust to stresses such as temperature and concentration
changes. Further, the student will demonstrate the ability to describe and name acids and bases
and to describe and use the pH scale. Additionally, the student will demonstrate the ability to
explain how the concept of neutralization applies to titrations. Next, the student will be able to
explain the meaning of enthalpy, construct thermochemical equations and describe heat changes
in physical and chemical processes as exothermic and endothermic. The student will be able to
differentiate between properties of inorganic and organic compounds, differentiate between
alkanes, alkenes, alkynes, and cyclic hydrocarbons and identify, name and draw structural
formulas for the first ten alkanes. Further, the student will be able to recognize that many organic
compounds contain functional groups, which determine the properties and uses of that
compound. Lastly, the student will be able to describe and write oxidation and reduction reactions
for voltaic and electrolytic cells and describe electroplating and its application.

Unit Title Length per
Standards Used Contact hours or

Unit
workload:



Unit 1: Atoms and
the Periodic Table

7 weeks or
9-12-PS1 -1

● Total (contact)
hours: 35 classes

35 classes
9-12-PS1-2

● Practical: 2
classes

● Theoretical
classes: 13

● Expected
self-study: 10

● classes

Unit 2: Chemical
Reactions and
Stoichiometry

7 weeks or
HS-PS1-5

● Total (contact)
hours: 35 classes

35 classes
HS-PS1-6

● Practical: 2
HS-PS1-7

classes
● Theoretical

classes: 13
● Expected

self-study: 10
classes

Unit 3 - Energy 3 weeks or
HS-PS1-4

● Total (contact)
HS-PS1-7

hours: 15 classes
15 classes

● Practical: 2
classes

● Theoretical
classes: 9

● Expected
self-study: 4
classes



Unit 4 - Acids and
Bases and Redox

Reactions

8 weeks or
HS-PS1-2 ● Total (contact)

hours: 40 classes
40 classes

● Practical: 2
classes

● Theoretical
classes: 30

● Expected
self-study: 8

● classes

Unit 5 - Organic
Chemistry

8 weeks or
HS-PS1-2 ● Total (contact)

hours: 40 classes
40 classes

● Practical: 2
classes

● Theoretical
classes: 30

● Expected
self-study: 8
classes

Unit 6 - Electrochemistry 3 weeks or
HS-PS1-1 ● Total (contact)

hours: 15 classes
15 classes

● Practical: 2
classes

● Theoretical
classes: 9

● Expected
self-study: 4
classes

Teaching strategies:

❖ Experiential learning
❖ Peer teaching
❖ Inquiry-based learning



❖ Problem-based learning
❖ Teaching focused on developing conceptual understanding
❖ Teaching focused on effective teamwork and collaboration
❖ Differentiated to meet the needs of all learners
❖ Informed by assessment (formative and summative).

Formative assessments:

❖ Given through the chapters of the units
❖ Improves how students learn by covering small content areas of the material
❖ Opportunities for skill development
❖ Focuses on the process of student learning
❖ Connected to the summative assessments

Summative assessments

❖ Unit tests - given at the end of the unit
❖ Lab activity - either demonstrative or done by students (qualitative observations)
❖ Lab investigation - Inquiry based (relationship between variables is investigated)
❖ Research paper - Inquiry based

Academic Integrity

Students will have to cite the work of others and sources of information used based on our
academic honesty policy.

Language Development

One of the major goals in teaching chemical language with a contextual approach is that students
will develop the ability to understand and make decisions about issues they may face in their
everyday lives outside of the classroom. In this curriculum in particular, students will build the
new science vocabulary by taking class notes of their definitions, practice their outlining in the
formative assessments, and incorporate them in the answers in the summative assessments such
as the unit test in order to apply scientific language effectively.

Information Communication Technology

Through the exploration of this course students will have the opportunity to use google slide
presentations provided by the teacher and the main resource the textbook “Chemistry,
Addison-Wesley, Expanded 4th Edition”. Additionally, students will use an online periodic table



and use simulations on Phet when applicable.
Unit 1: Atoms and the Periodic Table

Length of Unit: 7 weeks or 35 classes

Unit description: During this unit students will be able to reinforce and deepen their knowledge
about the structure of the atom using atomic models in a historical hierarchy. Using this
understanding students will gain knowledge on the arrangement of the electrons in the atom and
will be able to learn how to write the electron configuration of the elements. Further students will
learn about the ground and excited state of the electrons in the atom when energy is
absorbed/released into/out of the atom. Additionally, students will gain knowledge and
understanding on the different classifications and patterns found in the PTE. These include the
classification based on the electron configurations into groups such as: the representative
elements, transition, inner transition metals and noble gasses and other classifications such as:
metals, nonmetals and metalloids and based on their state of matter and melting points. Further,
students will explore the periodic trends such as: atomic size, ionic size, ionization energy and
electronegativity. During this unit students will also gain knowledge and understanding about the
ionic formation, and learn to show the ionic bond formation using dot structures and Bohr
models. Next, students will learn about the IUPAC rules of naming binary and ternary ionic
compounds and the crossing method in order to write the correct formula. Students will learn
about the properties of ionic compounds. Based on these properties students will conduct an
investigation relating the concentration solution of ionic solutions and their ability to conduct
electric current. Lastly, students will gain knowledge and understanding of covalent bond
formation and about their properties. Additionally, students will gain knowledge and
understanding about polar and nonpolar covalent bonds using the electronegativity values for
elements, as well as about polar and nonpolar molecules.

Unit content:

❖ Chapter 1: Atomic structure
- Atomic Number and Atomic Mass
- Isotopes of the Elements
- Research paper: Can Nuclear Power Solve the Energy Crisis?

Chapter 2: Electrons in atoms
- The Quantum Mechanical Model

of the Atom
- Atomic Orbitals
- Electronic Configurations
❖ Chapter 3: Chemical

Periodicity



- Periodic Trends in Ionization Energy
- Periodic Trends in Ionic Size
- Periodic Trends in Electronegativity
❖ Chapter 4: Chemical bonds
- Ion Formation
- Ionic Bond Formation
- Naming and Writing the Formula of Ionic compounds
- Metallic Bonds
- Covalent Bond Formation
- Coordinate Covalent Bonds and Resonance
- VSEPR Theory
- Polar Bonds and Polar Molecules
- Properties of Ionic Compounds
- Lab investigation: Will Changing the Concentration of Ionic Solutions Affect Their

Intensity of Conducting Electricity?

NGSS - standards used for this unit

9-12-PS1 -1 Use the organization of the periodic table to predict the relative properties of
elements based on the patterns of electrons in the outermost energy level of atoms. [Clarification
Statement: Examples of properties that could be predicted from patterns could include reactivity
of metals, types of bonds formed, numbers of bonds formed, and reactions with oxygen.]
9-12-PS1-2 Construct and revise an explanation for the products of a simple chemical reaction
based on the outermost electron states of atoms, trends in the periodic table, and knowledge of
the patterns of chemical properties. [Clarification Statement: Examples of chemical reactions
could include the reaction of sodium and chlorine, or of oxygen and hydrogen.]

Skills developed in the unit:

Atomic and Molecular Structure

1. The periodic table displays the elements in increasing atomic number and shows how
periodicity of the physical and chemical properties of the elements relates to atomic structure. As
a basis for understanding this concept:

a. Students know how to relate the position of an element in the periodic table to its atomic
number and atomic mass.

b. Students know how to use the periodic table to identify metals, semimetals, nonmetals, and
halogens.

c. Students know how to use the periodic table to identify alkali metals, alkaline earth metals



and transition metals, trends in ionization energy, electronegativity, and the relative sizes
of ions and atoms.

d. Students know how to use the periodic table to determine the number of electrons available
for bonding.

e. Students know the nucleus of the atom is much smaller than the atom yet contains most of
its mass.

f. Students know how to use the periodic table to identify the lanthanide, actinide, and
transactinide elements and know that the transuranium elements were synthesized and
identified in laboratory experiments through the use of nuclear accelerators.

g. Students know how to relate the position of an element in the periodic table to its quantum
electron configuration and to its reactivity with other elements in the table. h. Students know
the experimental basis for the development of the quantum theory of atomic structure and the

historical importance of the Bohr model of the atom.

Chemical Bonds

2. Biological, chemical, and physical properties of matter result from the ability of atoms to form
bonds from electrostatic forces between electrons and protons and between atoms and molecules.
As a basis for understanding this concept:

a. Students know atoms combine to form molecules by sharing electrons to form covalent or
metallic bonds or by exchanging electrons to form ionic bonds.

b. Students know chemical bonds between atoms in molecules and many large biological
molecules are covalent.

c. Students know salt crystals, such as NaCl, are repeating patterns of positive and negative
ions held together by electrostatic attraction.

d. Students know the atoms and molecules in liquids move in a random pattern relative to one
another because the intermolecular forces are too weak to hold the atoms or molecules in
a solid form.

e. Students know how to draw Lewis dot structures.
f. Students know how to predict the shape of simple molecules and their polarity from Lewis

dot structures.
g. Students know how electronegativity and ionization energy relate to bond formation. h.
Students know how to identify solids and liquids held together by Van der Waals forces or
hydrogen bonding and relate these forces to volatility and boiling/melting point temperatures.

Essential Questions:

1. How has the development of the atomic theory helped with the current understanding of
the structure of the atom?

2. How can the arrangement of the periodic table be used to predict physical and chemical



properties of an element?
3. How are electrons involved in the formation of chemical bonds?
4. How are chemical compounds named and represented in a chemical formula?

Enduring Understanding/Big Ideas:

1. The atomic theory has changed over time with the discovery of the subatomic particles
within an atom, the nucleus, and energy levels of the electron cloud. Each subatomic
particle affects the identity, stability and reactivity of the atom.

2. Elements have several physical and chemical properties including atomic radius,
electronegativity, reactivity, and electron distribution. The repetition of these properties
among the known elements places them within groups, or families, that share similar
properties. Therefore, the location of an element on the periodic table can be used to
predict what physical and chemical properties an element possesses.

3. Electrons can be transferred between atoms to form an ionic bond or they can be shared
between two atoms to form a covalent bond. Each type of bond can be illustrated using
Lewis dot diagrams to show the valence electrons and type of bond.

4. A binary ionic compound is identified from a chemical formula using the name of the
metal and nonmetal ending in -ide. A binary covalent compound is identified from a
chemical formula using numeric prefixes to identify the number of each element within
the compound and ending in -ide.

Unit 2: Chemical Reactions and Stoichiometry

Length of Unit: 7 weeks or 35 classes

Unit description: In this unit students will learn how to correctly write and read word, skeleton
and chemical equations using a set of symbols based on the rules of IUPAC. Next, students will
learn about the five types of chemical reactions, combination/synthesis, decomposition,
single-replacement, double-replacement and combustion reactions. Further, students will learn
how to write net ionic equations and learn to predict the precipitate in a double-replacement
reaction. Additionally, students will learn about the three methods of measuring the amount of
substances by mole, mass and by volume using the Avogadro's number and the constant for the
standard molar volume of gasses. They will also learn how to convert these amounts into
mole-mass, mass-mole and mole-volume relationships. Finally, they will learn how to determine
the percent by mass of any element in a given compound and will be able to calculate the
empirical and molecular formula of a compound. Additionally, students will learn how to
calculate the percent yield and understand the difference between the actual and the theoretical
yield. In this unit students will gain knowledge and understanding of the rates of chemical
reactions and how these rates are expressed. Additionally, they will learn about the four factors
that influence the rates of reactions, such as temperature, concentration, surface area and



presence of catalysts. Next, students will learn about the concept of chemical equilibrium and Le
Chatelier's principle. Further, students will learn how the amounts of reactants and products
change in a chemical system at equilibrium. Finally, students will gain knowledge and
understanding on what are the three stresses, such as concentration, temperature and pressure that
can cause a change in the equilibrium position of a chemical system.

Content of the unit:

❖ Chapter 1: Chemical quantities
- The Mole Concept
- The Molar Mass of a Substance
- Mole-mole and Mass - mole Calculations
- The Volume of a Mole of Gas
- Percent Composition
- Calculating Empirical and Molecular Formulas
❖ Chapter 2: Chemical reactions
- Writing Chemical Equations
- Balancing Chemical Equations
- Types of Reactions
- Predicting Products of Chemical Reactions
❖ Chapter 3: Stoichiometry
- Mole-mole Calculations
- Mass- mass Calculations
- Limiting Reagent
- Percent Yield
❖ Chapter 4: Reaction rates and equilibrium
- Reaction Rate and Collision Theory
- Factors Affecting Reaction Rates
- Le Chatelier’s Principle
- Factors Affecting Equilibrium
- Lab investigation: How Will Changing the Concentration of One Reactant Affect the

Reaction Rate of a Chemical Reaction?

NGSS standards used for the unit:

HS-PS1-5 Apply scientific principles and evidence to provide an explanation about the effects of
changing the temperature or concentration of the reacting particles on the rate at which a reaction
occurs. [Clarification Statement: Emphasis is on student reasoning that focuses on the number
and energy of collisions between molecules.] [Assessment Boundary: Assessment is limited to



simple reactions in which there are only two reactants; evidence from temperature, concentration,
and rate data; and qualitative relationships between rate and temperature.]

HS-PS1-6 Refine the design of a chemical system by specifying a change in conditions that
would produce increased amounts of products at equilibrium.* [Clarification Statement:
Emphasis is on the application of Le Chatelier’s Principle and on refining designs of chemical
reaction systems, including descriptions of the connection between changes made at the
macroscopic level and what happens at the molecular level. Examples of designs could include
different ways to increase product formation including adding reactants or removing products.]
[Assessment Boundary: Assessment is limited to specifying the change in only one variable at a
time. Assessment does not include calculating equilibrium constants and concentrations.]

HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass,
are conserved during a chemical reaction. [Clarification Statement: Emphasis is on using
mathematical ideas to communicate the proportional relationships between masses of atoms in
the reactants and the products, and the translation of these relationships to the macroscopic scale
using the mole as the conversion from the atomic to the macroscopic scale. Emphasis is on
assessing students’ use of mathematical thinking and not on memorization and rote application of
problem-solving techniques.] [Assessment Boundary: Assessment does not include complex
chemical reactions.]
Conservation of Matter and Stoichiometry

1. The conservation of atoms in chemical reactions leads to the principle of conservation of
matter and the ability to calculate the mass of products and reactants. As a basis for
understanding this concept:

a. Students know how to describe chemical reactions by writing balanced equations. b.
Students know the quantity one mole is set by defining one mole of carbon 12 atoms to have
a mass of exactly 12 grams.
c. Students know one mole equals 6.02x1023 particles (atoms or molecules). d. Students know
how to determine the molar mass of a molecule from its chemical formula and a table of
atomic masses and how to convert the mass of a molecular substance to moles, number of
particles, or volume of gas at standard temperature and pressure. e. Students know how to
calculate the masses of reactants and products in a chemical reaction from the mass of one of
the reactants or products and the relevant atomic masses. f. Students know how to calculate
percent yield in a chemical reaction.
g. Students know how to identify reactions that involve oxidation and reduction and how to

balance oxidation-reduction reactions.

Reaction rates



2. Chemical reaction rates depend on factors that influence the frequency of collision of reactant
molecules. As a basis for understanding this concept:

a. Students know the rate of reaction is the decrease in concentration of reactants or the
increase in concentration of products with time.

b. Students know how reaction rates depend on such factors as concentration, temperature,
and pressure.

c. Students know the role a catalyst plays in increasing the reaction rate. d. Students
know the definition and role of activation energy in a chemical reaction.

Chemical Equilibrium

3. Chemical equilibrium is a dynamic process at the molecular level. As a basis for
understanding this concept:

a. Students know how to use LeChatelier's principle to predict the effect of changes in
concentration, temperature, and pressure.

b. Students know equilibrium is established when forward and reverse reaction rates are
equal.

c. Students know how to write and calculate an equilibrium constant expression for a
reaction.

Essential questions:

1. What is the format for representing a chemical reaction with a chemical equation?
2. How are chemical equations balanced to satisfy the law of conservation of matter?
3. What are 5 major types of chemical reactions and their identifying characteristics?
4. How do you predict the products of common chemical reactions?
5. Why must chemical equations be balanced?
6. Why is the mole an important measurement in chemistry?
7. How can the amount of reactants and products in a chemical reaction be predicted?
8. What is the significance of a limiting reactant in stoichiometric calculations?

Enduring Understanding/Big Ideas:

1. Chemical equations are balanced by applying the law of conservation of mass.
2. Chemical reactions can be recognized by four signs.
3. The products of a chemical reaction can be predicted by applying a set of rules. 4. The



mole is a number representing a large quantity. It provides a direct relation between the
observable macroscopic properties and the submicroscopic atoms that are not visible 5.
Quantities of matter in a chemical reaction can be calculated using mathematical relations
between reactants and products.

Unit 3 - Energy

Unit length: 3 weeks or 15 classes

Unit description: During this unit students will be able to learn how to calculate the heat capacity
of substances as well as to understand the calorimetry concept in order to gain knowledge of the
measurement of the energy released. Students will also learn how to write thermochemical
equations and use Hess’s law to calculate the enthalpy of reactions. Lastly, during this unit
students will be able to learn to explain and draw energy diagrams for exothermic and
endothermic reactions.

Unit content:

Chapter 1: Thermochemistry
- Heat Capacity
- Specific Heat Capacity
- Exothermic and Endothermic Processes
- Calorimetry
- Thermochemical Equations
- Research paper: The Greenhouse Effect
- Hess’s Law
- Standard Heats of Formation

NGSS standards used for the unit:

HS-PS1-4. Develop a model to illustrate that the release or absorption of energy from a chemical
reaction system depends upon the changes in total bond energy. [Clarification Statement:
Emphasis is on the idea that a chemical reaction is a system that affects the energy change.
Examples of models could include molecular-level drawings and diagrams of reactions, graphs
showing the relative energies of reactants and products, and representations showing energy is
conserved.] [Assessment Boundary: Assessment does not include calculating the total bond
energy changes during a chemical reaction from the bond energies of reactants and products.]

HS-PS1-7. Use mathematical representations to support the claim that atoms, and therefore mass,



are conserved during a chemical reaction. [Clarification Statement: Emphasis is on using
mathematical ideas to communicate the proportional relationships between masses of atoms in
the reactants and the products, and the translation of these relationships to the macroscopic scale
using the mole as the conversion from the atomic to the macroscopic scale. Emphasis is on
assessing students’ use of mathematical thinking and not on memorization and rote application of
problem-solving techniques.] [Assessment Boundary: Assessment does not include complex
chemical reactions.]

Skills developed in the unit

1. Understand the concepts of an exothermic reaction, for which ∆H is negative (negative
enthalpy change), and an endothermic reaction, for which ∆H is positive (positive enthalpy
change).

2. Know that if a reversible reaction is exothermic in one direction, it is endothermic in the
other direction.

3. Be able to interpret energy level diagrams.
4. Be able to calculate energy changes from specific heat capacities and changes in

temperature in calorimetry experiments.
5. Know that bond breaking is endothermic and bond formation is exothermic, and be able

to use bond energy data to calculate energy changes.

Essential questions:

1. What happens when two objects at different temperatures come into contact?
2. What factors determine the heat capacity of an object?
3. Why is it important to define the system and the surroundings?
4. What is enthalpy?
5. What is the law of conservation of energy?

Enduring Understanding/Big Ideas:

1. Understand that heat flows from the object with the higher temperature to the object with
the lower temperature because heat is a type of energy that moves from warmer to cooler
areas.

2. Understand that the chemical composition and the mass of a substance determine the heat
capacity of an object.

3. Understand that it is important to define both the system and its surroundings, because heat
flows between the boundary between the two.

4. Understand that enthalpy us the heat change associated with a chemical or physical



processes carried out at constant pressure.
5. Understand that the law of conservation of energy states that in any chemical or physical

process, the energy is neither created nor destroyed. All of the energy involved in a
process can be accounted for as work, stored energy or heat.

Unit 4 - Acids and Bases and Redox Reactions

Unit length: 8 weeks or 40 classes

Unit description: During this unit students will be able to learn about the hydronium ion
production and its influence in the neutral pH of water. Next, students will learn how to calculate
the pH value using the logarithmic functions. Further, students will gain knowledge and
understanding about the properties of acids and bases and measure the pH level of different
substances during a lab activity. Students will also learn about the different theories of what are
acids and bases, such as Bronsted – Lowry and Lewis theory of acids and bases. Finally, students
will be able to learn how to name and write the formula of acids and bases. For the chapter -
Neutralization, students will have the opportunity to gain understanding for neutralization
reactions and the method of titration through a lab activity, conducted in the lab of the Faculty of
Mathematics and Natural Science - Skopje. Lastly, for the chapter - Redox Reactions, students
will be able to learn how to assign oxidation numbers, use the differences in the oxidation
numbers to balance redox reactions.

Unit content:

❖ Chapter 1: Acids and Bases
- Properties of Acids and Bases
- Names and Formulas of Acids and Bases
- The pH Concept
- Calculating pH Values
- Arrhenius Acids and Bases
- Bronsted – Lowry Acids and Bases
- Lab Activity: Measuring pH
❖ Chapter 2: Solutions
- Solution Formation
- Factors Affecting Solubility
- Molarity
- Percent Solutions
- Colligative Properties
❖ Chapter 3: Neutralization
- Neutralization reactions



- Titration
- Lab Activity: Acid - Base Titration
- Normality
- The solubility product constant
❖ Chapter 4: Redox Reactions
- Assigning oxidation numbers
- Oxidation number changes
- Balancing redox equations
- Identifying redox reactions
- Using half-reactions to balance redox equations

NGSS standards used for the unit:

HS-PS1-2.Construct and revise an explanation for the outcome of a simple chemical reaction
based on the outermost electron states of atoms, trends in the periodic table, and knowledge of
the patterns of chemical properties. [Clarification Statement: Examples of chemical reactions
could include the reaction of sodium and chlorine, of carbon and oxygen, or of carbon and
hydrogen.] [Assessment Boundary: Assessment is limited to chemical reactions involving main
group elements and combustion reactions.]

Skills developed in the unit

1. Define an acid as a substance that can form H+(aq) ions or that is an H+ donor. 2. Describe
reactions with metals, carbonates, metal hydroxides and metal oxides in which salts are
formed.
3. Understand the terms strong, weak, dilute and concentrated.
4. Know that some oxides of non-metals react with water to form acidic solutions. 5. Recall
that pH is a measure of H+ ion concentration, and recall that a change of 1 on the pH scale
corresponds to a change by a factor of 10 in H+ ion concentration. 6. Know that one mole of
some acidic substances is able to form/donate more than one mole of H+ ions, including the
use of the terms mono-, di-, tri-, and polyprotic. 7. Define a base as a substance that can form
OH–(aq) ions or that is an H+ acceptor. 8. Understand the terms strong, weak, dilute and
concentrated.
9. Know that the reaction of an acid with a base can lead to neutralization and is often

exothermic.
10. Know that on a basic level, oxidation is the gain of oxygen and that reduction is the 11.

Know and be able to use the concept that oxidation and reduction are the transfer of
electrons, i.e. reduction is the gain of electrons and oxidation is the loss of electrons. 12.
Identify any chemical equation that involves: oxidation only, reduction only, redox (both



Essential questions:

1. How are solutions different from other types of mixtures?
2. What are the basic parts of a solution?
3. Why are acids called proton donors?
4. How is [H+] found from pH?
5. Is a negative pH possible?
6. How can you tell if a compound is an acid?
7. What is pH?
8. What is a neutralization reaction
9. What is titration?
10. What is oxidation and what is reduction?
11. How are oxidation numbers assigned?
12. How are chemical reactions balanced using oxidation numbers?

Enduring understanding/ Big Ideas

1. Understand that a solution is a homogeneous mixture that is dissolved on a
molecular/ionic level.

2. Understand that solutions are made from solute, a substance that gets dissolved in the
solvent and a solvent, a substance that does the dissolving.

3. Acids are considered as proton donors because they increase the concentration of the H+

ion.
4. Understand that the pH scale is a measure of hydrogen ion concentration, a measure of the

acidity or alkalinity of a solution. The pH scale usually ranges from 0 to 14. Aqueous
solutions at 25°C with a pH less than 7 are acidic, while those with a pH greater than 7
are basic or alkaline. A pH level of 7.0 at 25°C is defined as "neutral" because the
concentration of H3O+ equals the concentration of OH− in pure water.

5. Understand that titration is the slow addition of one solution of a known concentration
(called a titrant) to a known volume of another solution of unknown concentration until
the reaction reaches neutralization, which is often indicated by a color change. The
solution called the titrant must satisfy the necessary requirements to be a primary or
secondary standard. In a broad sense, titration is a technique to determine the
concentration of an unknown solution.

6. Understand that oxidation and reduction can be viewed from electron transfer perspective,
or from the gaining or loss of oxygen.

7. Understand that all chemical processes that undergo oxidation are always accompanied by
reduction.

Unit 5: Organic Chemistry



Unit length: 8 weeks or 40 classes

Unit description: During this unit, students will be able to learn about the IUPAC rules of
naming and writing the formulas of alkanes, alkenes and alkynes for both, straight and branched
chains. Students will also learn about the geometrical and structural isomers of alkanes and
alkenes. During this chapter students will have the opportunity to learn and understand the
fractional distillation for crude oil through a research paper. Additionally, students will be able to
learn how to name organic compounds such as alcohols, carboxylic acids and aldehydes and
ketones. Lastly, students will learn about polymerization and polymerization reactions.

Content of the unit:

Chapter 1: Hydrocarbon compounds
- Continuous –chain alkanes
- Branched –chain alkanes
- Properties of alkanes
- Alkenes and alkynes
- Geometric isomers and Stereoisomers
- Cyclic and aromatic hydrocarbons
- Natural gas and petroleum
- Research paper: Fractional distillation of Crude Oil

Chapter 2 Functional groups
- Halocarbons
- Alcohols and Properties of alcohols
- Aldehydes and ketones
- Carboxylic acids
- Polymerization

Standards used for this unit:

HS‐LS1‐6 Construct and revise an explanation based on evidence for how carbon, hydrogen,
and oxygen from sugar molecules may combine with other elements to form amino acids and/or
other large carbon‐based molecules.

Skills developed in the unit:
1. The bonding characteristics of carbon allow the formation of many different organic

molecules of varied sizes, shapes, and chemical properties and provide the biochemical



basis of life. As a basis for understanding this concept:

a. Students know large molecules (polymers), such as proteins, nucleic acids, and starch, are
formed by repetitive combinations of simple subunits.

b. Students know the bonding characteristics of carbon that result in the formation of a large
variety of structures ranging from simple hydrocarbons to complex polymers and
biological molecules.

c. Students know the system for naming the ten simplest linear hydrocarbons and isomers
that contain single bonds, simple hydrocarbons with double and triple bonds, and simple
molecules that contain a benzene ring.

d. Students know how to identify the functional groups that form the basis of alcohols,
ketones, ethers, amines, esters, aldehydes, and organic acids.

Essential questions:

1. Is there a connection between the chain length of hydrocarbons and their properties?
2. What is the difference between structural, molecular and skeletal formulas? 3. What
is the difference between saturated and unsaturated hydrocarbons? 4. What is
polymerization?
5. How are structural and geometrical isomers different?
6. What are functional groups?
7. Does the functional group determine the reactivity of organic compounds?

Enduring Understanding/Big Ideas:

1. Understand the link between carbon chain length and the following trends in physical
properties of hydrocarbons: boiling points, viscosity, flammability.

2. Know the use of longer chain alkanes in cracking to form shorter chain alkanes and
alkenes, and be able to write balanced chemical equations for these reactions. 3. Understand
structural isomerism and be able to recognise examples.
4. Understand and be able to use the following terms: molecular formula, full structural

formula (displayed structure) and condensed structural formula.
5. Know and understand the terms homologous series and functional group. 6. Describe
alkanes as a homologous series with the general formula of CnH2n +2. 7. Be able to name, or
recognise from the name, the C1 to C6 straight-chain alkanes. 8. Describe alkenes as a
homologous series with a double bond and the general formula CnH2n.
9. Be able to name, or recognise from the name, C2 to C6 straight-chain alkenes, including

the position of the double bond.
10. Recognise and be able to use the test for unsaturation with bromine water.



11. Polymers: Addition polymerisation, polyalkenes: know that alkenes or other molecules
with a C=C bond may react with each other to form long-chain saturated molecules called
polymers by addition reactions called polymerisation, and that the unsaturated molecules
are called monomers.

12. Describe alcohols as a homologous series with the general formula CnH2n +1OH. 13. Be
able to name, or recognise from the name, C1 to C6 straight-chain alcohols,including the
position of the -OH group.
14. Describe the reaction of alcohols with sodium metal.
15. Describe carboxylic acids as a homologous series with the general formula CnH2n

+1COOH.
Unit 6: Electrochemistry

Unit length: 3 weeks or 15 classes

Unit description: During this unit students will learn about the difference between voltaic and
electrochemical cells. Students will be able to write half reactions about the reduction and
oxidation processes in both voltaic and electrolytic cells. Next, students will learn about
electroplating and its usages in real-life as well as to conduct an experiment through which an
electrolytic cell will be used to coat an object with copper.

❖ Chapter 1: Electrochemistry
- Voltaic Cells
- Fuel cells
- Dry cells
- Half cells
- Electrolytic cells
- Electroplating
- Lab Activity: Electroplating

NGSS standards for the unit:

HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based
on the patterns of electrons in the outermost energy level of atoms. [Clarification Statement:
Examples of properties that could be predicted from patterns could include reactivity of metals,
types of bonds formed, numbers of bonds formed, and reactions with oxygen.] [Assessment
Boundary: Assessment is limited to main group elements. Assessment does not include
quantitative understanding of ionization energy beyond relative trends.]

Skills developed in the unit:



Essential questions:

1. What is the difference between an anode and a cathode?
2. Why is direct current applicable for electrolysis and not alternating current?
3. What is the difference between voltaic and electrochemical cells?
4. What are half cells?
5. What is electroplating and what are some of its real-life applications?

Enduring understanding/Big ideas

1. Understand the terms electrode, cathode (negative electrode), anode (positive electrode)
and electrolyte.

2. Understand why direct current (dc), and not alternating current (ac), is used in electrolysis.
3. Understand that in electrolysis at the cathode, the cations (positively charged ions) receive

electrons (reduction) to change into atoms or molecules, and at the anode, the anions
(negatively charged ions) lose electrons to form atoms or molecules (oxidation).

4. Understand and be able to predict the products of the electrolysis of the following: a.
aqueous solutions (including those of salts), including situations where more than one
ion/molecule is attracted to a single electrode

5. Be able to write half-equations for the processes taking place at each electrode.
6. Explain how electrolysis is used to electroplate objects.


