IB CHEMISTRY SL

Chemistry is an experimental science that combines academic study with the acquisition of practical and investigational skills. It is called the central science as chemical principles underpin both the physical environment in which we live and all biological systems. Apart from being a subject worthy of study in its own right, chemistry is a prerequisite for many other courses in higher education, such as medicine, biological science and environmental science, and serves as useful preparation for employment.
GOAL:  The goal of IB standard level chemistry is to:  

· provide opportunities for scientific study and creativity within a global context which will stimulate and challenge students
· provide a body of knowledge, methods and techniques which characterize chemistry and technology so that students are able to use and apply this information

· develop an ability to analyze, evaluate and synthesize scientific information
· engender an awareness of the need for, and the value of, effective collaboration and communication during scientific activities
· develop experimental and investigative scientific skills
· develop and apply the students’ information technology skills in the study of chemistry
· raise awareness of the moral, ethical, social, economic and environmental implications of using chemistry and technology
· develop an appreciation of the possibilities and limitations associated with chemistry and chemists
· encourage an understanding of the relationships between scientific disciplines and the overarching nature of the scientific method.
CURRICULUM CONTENT AREA 1:  Chemical Foundations – Chapter 1 

Objective:  Students will understand and demonstrate the use of the scientific method, SI units, measurement and errors, significant figures, and the classification of matter.

Desired outcomes:  The students will be able to...

1. State and use the scientific method to solve problems.

2. Compare and contrast hypothesis, theory, and natural law.

3. Name the prefixes used in SI along with the symbols for length, volume, mass, density, time, and temperature.
4. Identify the source and the amount of uncertainty in measurements.
5. Use the terms accuracy and precision to describe the reliability of measurements.
6. Identify random and systematic errors.
7. Determine the amount of significant figures in measurements and in calculations.
8. Convert measurements among related SI units using dimensional analysis (unit factor method).
9. Convert measurements into scientific notation.
10. Explain temperature in terms of Kelvin and convert between Kelvin and Celsius.
11. Perform calculations involving density.

12. Classify matter according to its composition and distinguish among elements, compounds, homogeneous mixtures, and heterogeneous mixtures.

13. Discuss separation methods.

14. Classify change and properties as physical or chemical.

15. Describe how to recognize a chemical change.

16. Classify a property as qualitative or quantitative.

CURRICULUM CONTENTAREA 2: Atomic Theory – Chapters 2, 3, and 7

Objective:  Students will track the development of atomic theory from the Greeks until the present.  They will study the current model of the atom and its structure.  They will be introduced to quantum mechanics and how the position of an electron determines the atom’s energy level.

Desired outcomes:  The students will be able to...

1. Explain how people originally explained the composition of matter.
2. Explain the law of conservation of mass and its importance.

3. State the contribution of the following scientists to our understanding of atomic structure: Lavoisier, Proust, Dalton, Thomson, Rutherford, Becquerel, Millikan, Bohr, and de Broglie, Pauli.
4. State Dalton’s atomic theory of matter.  
5. Name and give the properties of the proton, electron, and neutron.

6. Illustrate the modern model of an atom.

7. Define the terms mass number, atomic number, and isotope.

8. Using the ZAX notation, state the number of protons, electrons, and neutrons in the atom.

9. Calculate the average atomic mass of an element from the relative abundance and masses of its isotopes.

10. Describe the term valence electrons.
11. Explain electromagnetic radiation using the terms wavelength and frequency.

12. Perform calculations involving energy, wavelength, and frequency of energy emitted by an excited atom.

13. Explain the contribution of Planck and Einstein to quantum mechanics.

14. Describe and explain the difference between a continuous spectrum and a line (emission) spectrum.

15. Explain how the lines in the emission spectrum of hydrogen are related to the energy levels of the electrons.
16. State the Aufbau principle.

17. Determine and describe the electron configurations of atoms in terms of main energy levels and sublevels.
CURRICULUM CONTENT AREA 3: Periodicity – Chapters 2, 7, and 8

Objective:  Students will relate atomic properties to position in the periodic table and use the relationships and trends observed to predict atomic properties. 

Desired outcomes:  The students will be able to...

1. Describe the early attempts at classifying elements, including Mendeleev’s periodic table of the elements.

2. State the periodic law.

3. Identify and state the properties, including physical state, of metals, metalloids, and non-metals.

4. Distinguish between the terms groups or families and periods.

5. Identify groups in the table by their common names.

6. Relate the position of any main group element in the periodic table to its electron configuration.

7. Explain the periodic trend in ionization energy and electron affinity.
8. Explain the periodic trend in radius in terms of atomic structure.

9. Explain the periodic trend in electronegativity and melting points.

10. Predict chemical behavior of the main group elements according to their position in the periodic table (alkali metals + water and halogens, halogens with halide ions, and halide ions with silver ions).

CURRICULUM CONTENT AREA 4: Bonding – Chapters 2, 8, and 10

Objective:  Students will be able to identify the types of bonding between atoms and predict the compound’s behaviour and shape due to the bonding.  They will be able to write the names and formulas of compounds and molecules.    

Desired outcomes:  The students will be able to...

1. Describe covalent, ionic, and metallic bonding. 

2. Relate properties of compounds to type of bonding.

3. Predict whether a compound of two elements would be mainly ionic or covalent using the position of the elements in the periodic table or electronegativity values.

4. Define the term ion and state ions formed by elements in groups 1, 2, 13, 14, 15, 16, and 17.

5. Define cation and anion.

6. Describe the process of dissociation and dissolving.
7. State some of the transition metals that can form more than one ion and what their ionic   charge will be.

8. Deduce the formula and state the name of binary ionic compounds.

9. Deduce the formula and state the name of ionic compounds with polyatomic ions.

10. Deduce the formula and state the name of binary covalent compounds.

11. Identify the relative polarity of bonds based on electronegativity values.

12. State and explain the relationship between the number of bonds, bond length, and bond strength.

13. Draw and explain Lewis structures for molecules and ions.

14. Describe the VSEPR model and explain how it is used to predict shapes and bond angles of molecules.

15. Identify the shape and bond angles for species with two and three negative charge centres.

16. Predict molecular polarity based on bond polarity and molecular shape.

17. Discuss factors affecting the solubility of one substance in another.
18. Explain how soaps and detergents work.
19. Describe the types of intermolecular forces and explain how they arise from the structural   feature of molecules.

20. Describe and explain how intermolecular forces affect the boiling points of substances.

21. Describe metallic bond formation and explain the physical properties of metals.

22. Compare and explain the following properties of substances resulting from different types of bonding: melting and boiling points, volatility, conductivity, and solubility.

23. Predict the relative values of melting and boiling points, volatility, conductivity, and solubility based on the different types of bonding in substances.

CURRICULUM CONTENT AREA 5: States of Matter – Chapter 5 and 10

Objective:  Students will be able to compare and contrast the different states of matter.  They will be able to explain and predict the behaviour of the states of matter in different situations.  They will understand the kinetic theory of matter and use this understanding to explain molecular motion.      

Desired outcomes:  The students will be able to...

1. Define and explain gas pressure.

2. Describe ways to measure pressure and calculate pressure, using pressure conversions.

3. Explain the effects of changing the number of particles, mass, temperature, pressure, and volume of a gas.

4. Relate the laws of Boyle, Charles, and Avogadro to perform calculations.

5. Analyze data, qualitatively and quantitatively, that relates temperature, pressure, and volume of a gas.

6. Use the ideal gas law in calculations.

7. Describe the conditions of STP.

8. Describe and compare the three states of matter.
9. State the kinetic theory and use it to describe the movement of gas particles whose average energy is proportional to absolute temperature.

10. Interpret changes in temperature and changes of state of a substance in terms of the kinetic theory of matter.

11. Use the term diffusion to explain the movement of gasses.

12. Describe the characteristics of a liquid.

13. State and explain the equilibrium established between a liquid and its own vapour in terms of vapour pressure.

14. Explain surface tension and capillary rise on the basis of unbalanced forces.

15. Use a phase diagram to explain the phases of a substance as a function of temperature and pressure.

16. Describe the Maxwell-Boltzmann energy distribution curve.

17. Draw and explain Maxwell-Boltzmann energy distribution curves for different temperatures.

CURRICULUM CONTENT AREA 6: Stoichiometry – Chapters 3 and 4
Objective:  Students will study relations in stoichiometry, perform stoichiometric calculations, write balanced chemical equations, and describe the types of chemical reactions.

Desired outcomes:  The students will be able to...
1. Compare and contrast the mole as a number and as a mass.

2. Convert between number of particles, moles, and number of grams of a substance.

3. Distinguish between atomic mass, molecular mass, and formula mass.

4. Calculate the molar mass of an element and the molecular mass of a compound.

5. Calculate the percent composition (mass percent) of a compound, given its formula.

6. Determine the empirical formula of a compound, given its percent composition.

7. Determine the molecular formula of a compound, given its empirical formula and either       its molar mass or molecular mass.

8. Demonstrate how chemical equations describe chemical reactions.

9. Illustrate how to balance chemical reactions by changing coefficients.

10. State and describe the four general types of reactions.

11. Given the equation of a reaction, classify the reaction as one of the general types.

12. Predict quantities of reactants and products in chemical reactions.

13. Determine the limiting reactant and the reactant in excess when quantities of reacting substances are given.

14. Determine the percent yield of a reaction, given the actual yield and the theoretical yield.

15. Define the terms relative molecular mass and relative atomic mass.

16. Define the terms solute, solvent, solution, and concentration.

17. Calculate the molarity of a solution, given the grams of solute and the volume of solution.

18. Calculate how many grams of solute are needed to prepare a given volume of solution of a given molarity.
19. Calculate the number of moles of solute in a given volume of solution of know concentration.

CURRICULUM CONTENT AREA 7: Oxidation and Reduction Reactions and Electrolysis – Chapters 4 and 17
Objective: Students will learn what reducing and oxidizing agents are and how to perform redox reactions.  They will then apply this knowledge towards understanding the process of electrolysis and electrical cells.

Desired outcomes:  The students will be able to...

1. Compare and contrast the process of oxidation with the process of reduction.

2. Describe how to assign oxidation numbers to atoms in compounds.

3. State and explain the relationship between oxidation numbers and the names of compounds.

4. Explain an oxidizing agent and a reducing agent.

5. State how to identify oxidation-reduction reactions.

6. Explain the concept of half-reactions.

7. Determine how to balance redox equations by the half-reaction method.

8. Deduce a reactivity series based upon the chemical behaviour of a group of oxidizing and reducing agents.

9. Deduce the feasibility of a redox reaction from a given reactivity series.

10. Describe and explain how a redox reaction is used to produce electricity in a voltaic cell.

11. Explain the process of electrolysis.

12. Draw a diagram showing the essential components of an electrolytic cell.

13. Relate the movement of charge through an electrolytic cell to the chemical reactions that occur.

14. Relate the construction of a galvanic cell to how it functions to produce a voltage and an electrical current.

15. Deduce the products for the electrolysis of a molten salt.

16. Distinguish between the use of a spontaneous redox reaction to produce electricity in a voltaic cell and the use of electricity to carry out a non-spontaneous redox reaction in an electrolytic cell.

17. Describe and explain the use of electrolysis in electroplating.

CURRICULUM CONTENT AREA 8: Energetics – Chapters 6, 8, and 16
Objective:  Students will study the exchange of energy during chemical reactions.

Desired outcomes:  The students will be able to...

1. Distinguish between energy, heat, and work.

2. Define the terms exothermic reaction, endothermic reaction, and standard enthalpy change of reaction.

3. State the relationship between temperature change, enthalpy change, and whether a reaction is exothermic or endothermic.

4. Deduce, from an enthalpy level diagram, the relative stabilities of reactants and products and the sign of the enthalpy change for the reaction.

5. Suggest suitable experimental procedures for measuring enthalpy changes of reactions in aqueous solutions.

6. Calculate the heat change for a substance given the mass, specific heat, and temperature change.

7. Explain that enthalpy changes of reaction relate to specific quantities of either reactants or products.

8. Analyze experimental data for enthalpy changes of reactions in aqueous solution.

9. Calculate the enthalpy change for a reaction in aqueous solution using experimental data on temperature changes, quantities of reactants and mass of solution.

10. Use Hess’s Law to determine the enthalpy change of a reaction which is the sum of two or more reactions with known enthalpy changes.

11. Define the term average bond enthalpy.

12. Describe and explain the changes, which take place at the molecular level in chemical reactions.

13. Calculate the enthalpy change of a reaction using bond enthalpies.

14. State and explain the factors which increase the entropy in a system.

15. Predict whether the entropy change for a given reaction or process would be positive or negative.

16. Define standard free energy change of reaction.

17. State whether a reaction or process will be spontaneous by using the sign of free energy.

18. State and predict the effect of a change in temperature on the spontaneity of a reaction, given standard entropy and enthalpy changes.

CURRICULUM CONTENT AREA 9:  Chemical Kinetics and Equilibrium – Chapters 12 and 13
Objective:  Students will be able to explain the concept and use of equilibrium during chemical reactions and they will be able to describe the factors affecting the rate of reactions. 

Desired outcomes:  The students will be able to...

1. Define the term rate of reaction and describe the measurement of reaction rates.

2. Analyze data from rate experiments.

3. Describe and explain the collision theory.

4. Define activation energy and explain why reactions occur when the reacting species has greater internal energy than activation energy.

5. Explain that reactions can occur by more than one step and that one step, the rate-determining step, can determine the rate of reaction.

6. Predict and explain, using collision theory, the qualitative effect of particle size, temperature, concentration, inhibitors, and catalysts on the rate of a reaction.

7. Outline the characteristics of a system in a state of equilibrium.

8. State and explain the effect of a catalyst (homogeneous and heterogeneous) on the equilibrium reaction.

9. State the equilibrium constant expression for a homogeneous reaction.

10. Deduce the extent of a reaction from the magnitude of the equilibrium constant.

11. Describe and explain the application of equilibrium and kinetics concepts to the Haber process and the Contact process.

12. Using Le Chatelier’s principle, describe and predict the qualitative effects of changes of temperature, pressure and concentration on the position of equilibrium and the value of the equilibrium constant.
CURRICULUM CONTENT AREA 10:  Acids and Bases – Chapters 2, 4, 14 and 15
Objective:  Students will be able to explain the behaviour of acids and bases and determine how each ionizes in a reaction.  They will also be able to measure and calculate pH values.

Desired outcomes:  The students will be able to...

1. Outline the characteristic properties of acids, bases, and salts in aqueous solution.

2. Compare and contrast the Arrhenius and Bronsted-Lowry models of acids and bases.

3. Name acids and bases.
4. Describe and explain the differences between strong and weak acids and bases in terms of the extent of dissociation/ionization, reaction with water, and conductivity.

5. State whether a given acid or base is strong or weak.

6. Identify the conjugate acid-base pairs in a given acid-base reaction.

7. Explain the concept of neutralization and the composition of a salt.
8. Distinguish the overall, ionic, and net ionic equations for an acid-base reaction.
9. State and explain whether salts form acidic, alkaline, or neutral aqueous solutions.
10. Distinguish between aqueous solutions that are acidic, neutral, or basic using the pH scale.

11. Identify which of two or more aqueous solutions is more acid or basic, using pH values.

12. State that each change of one pH unit represents a tenfold change in the hydrogen ion concentration.

13. Deduce changes in hydrogen ion concentration when the pH of a solution changes by more than one pH unit.

14. Calculate hydrogen ion concentration, hydroxide ion concentration, pH, and pOH from specified concentrations.

15. Describe and explain data from experiments to distinguish between strong and weak acids and bases, and to determine the relative acidities and basicities of substances.

16. State the principles and uses of indicators.
17. Explain the process of titration.
18. Draw and explain a graph showing pH against volume of titrant for titrations involving strong acids and bases.

19. Describe a buffer solution in terms of its composition and behaviour.

20. Describe ways of preparing buffer solutions.
CURRICULUM CONTENT AREA 11:  Organic Chemistry – Chapter 22
Objective:  Students will be introduced to different types of hydrocarbons.  They will then use this knowledge to explain the behaviour of these molecules and predict the outcomes of reactions involving organic compounds.

Desired outcomes:  The students will be able to...

1. State what organic chemistry is.

2. Describe the features of a homologous series.

3. Predict and explain the trends in boiling points of members of a homologous series.

4. Draw structural formulas for the isomers of the non-cyclic alkanes up to C6.

5. State the names of alkanes up to C6, straight and branch-chained.

6. Explain the relative inertness of alkanes.

7. Describe complete and incomplete combustion of hydrocarbons.

8. State that the combustion of hydrocarbons is an exothermic process.

9. Draw structural formulas and state the names for straight-chain alkenes.

10. Outline the reaction of symmetrical alkenes with hydrogen, bromine, hydrogen halides, and water.

11. Outline the uses of reactions of alkenes.

12. Identify aromatic hydrocarbons and explain their use.

13. Draw and state the names of compounds containing up to five carbon atoms with one of the following functional groups: aldehyde, ketone, carboxylic acid, alcohol, amide, amine, ester, and halogenoalkane.

14. Explain that functional groups can exist as isomers.

15. Outline the existence of optical isomers.

16. Discuss the volatility, solubility in water, and acid-base behaviour of the functional groups aldehyde, ketone, carboxylic acid, alcohol, amide, amine, ester, and halogenoalkane.

17. Describe the partial and complete oxidation of ethanol.

18. Outline the condensation reaction of an alcohol with a carboxylic acid to form an ester, and state the uses of esters.

19. Deduce the condensation polymers formed by amines and by carboxylic acids.

20. Outline the polymerization of alkenes.

21. Outline the formation of peptides and proteins from 2-amino acids.

CURRICULUM CONTENT AREA 12: Option B – Medicines and Drugs
The aim of this option is to give students an understanding of how drugs and medicines can influence the functioning of the body. Students should be able to recognize the fundamental structures and relevant functional groups of several classes of drugs and medicines (as listed below or in 11.3.1), and should be able to distinguish between them. Memorizing of complex formulas is not required. Throughout the option, stress the contribution that science has made (and continues to make) toward maintaining and improving the health and well-being of the world's population.

B.1 Pharmaceutical Products
1. List the effects of drugs and medicines. 
2. Outline the stages involved in research, development and testing of new pharmaceutical products.

3. Describe the different methods of administering drugs.
4. Discuss the terms lethal dosage (LD50), tolerance and side effects.
B.2 Antacids
1. State and explain how excess acidity in the stomach can be reduced by the use of different bases.

B.3 Analgesics
1. Describe and explain the different ways that analgesics prevent pain.
2. Describe the use of derivatives of salicylic acid as mild analgesics and compare the advantages and disadvantages of using aspirin and paracetamol (acetaminophen).
3. Compare the structures of morphine, codeine and the semi-synthetic opiate, heroin.

4. Discuss the advantages and disadvantages of using morphine and its derivatives as strong analgesics.
B.4 Depressants
1. Describe the effects of depressants.
2. Discuss the social and physiological effects of the use and abuse of ethanol.
3. Describe and explain the techniques used for the detection of ethanol in the breath and in the blood or urine.
4. Describe the synergistic effects of ethanol with other drugs.
5. List other commonly used depressants and describe their structures.
B.5 Stimulants
1. List the physiological effects of stimulants.
2. Compare amphetamines and adrenaline.
3. Discuss the short- and long-term effects of nicotine consumption.
4. Describe the effects of caffeine and compare its structure with that of nicotine.
B.6 Antibacterials

1. Outline the historical development of penicillins.
2. Compare broad-spectrum and narrow-spectrum antibiotics.
3. Explain how penicillins work and discuss the effects of modifying the side chain.

4. Discuss and explain the effect over prescription of penicillins has, and the use of penicillins in animal feedstock.

B.7 Antivirals 

1. State how viruses differ from bacteria.

2. Describe the different ways in which antiviral drugs work.
3. Discuss the difficulties associated with solving the AIDS problem.
EXTENSION

B.9 Anesthetics
1. Compare local and general anesthetics in terms of their mode of action.
2. Compare the structures and effects of cocaine, procaine and lidocaine.

3. Discuss the advantages and disadvantages of nitrous oxide, ethoxyethane,

trichloromethane, cyclopropane and halothane.

B.10 Mind-altering drugs

1. Describe the effects of lysergic acid diethylamide (LSD), mescaline, psilocybin and tetrahydrocannabinol (THC).

2. Discuss the structural similarities and differences between LSD, mescaline and psilocybin.
3. Discuss the arguments for and against the legalization of cannabis.
CURRICULUM CONTENT AREA 13: Option D – Environmental Chemistry

The effect of human activity on the environment has become increasingly global, with the effects of chemicals in air and water spanning political and natural borders.  An understanding of this impact is essential within and beyond the study of chemistry.

D.1 Primary Air Pollution

1. Describe the sources of carbon monoxide, oxides of nitrogen and sulphur, particulates and hydrocarbons in the atmosphere.

2. Outline the effects of primary air pollution on health.

3. Discuss methods for the reduction of primary air pollution.

D.2 Ozone Depletion

1. Describe the formation and depletion of ozone by natural processes.

2. List the pollutants, and their sources, that cause the lowering of ozone concentrations

3. State the environmental effects of ozone depletion.

4. Discuss the alternatives to CFCs in terms of their properties.

D.3 Greenhouse Effect and Global Warming

1. Describe the greenhouse effect.

2. List the main greenhouse gases and their sources, and discuss their relative effects.

3. Discuss the influence of increasing amounts of greenhouse gases on global warming.

4. Outline the influence of particulates on the Earth’s surface temperature.

D.4 Acid Rain

1. State what is meant by acid rain and outline its origins.

2. Discuss the environmental effects of acid rain and possible methods to counteract them.

D.5 Water Suitable for Drinking

1. Discuss the demand for fresh water and reasons for the inadequacy of its supply.

2. Compare the advantages and disadvantages of treating drinking water with chlorine and ozone.

3. Discuss ways to obtain fresh water from sea water using distillation, reverse osmosis and ion exchange.

4. Discuss ways to reduce the amount of water used and to recycle water.

D.6 Dissolved Oxygen in Water

1. Outline the importance of dissolved oxygen in water.

2. Outline biological oxygen demand (BOD) as a measure of oxygen-demanding wastes in water.

3. Distinguish between aerobic and anaerobic decomposition of organic material in water.

4. Describe the influence of sewage, detergents and fertilizers on the growth of aquatic plants, and the effect of their subsequent decomposition on oxygen concentration (eutrophication). 

5. Discuss the effect of heat on dissolved oxygen and metabolism in water.

D.7 Waste Water Treatment

1. Outline the primary and secondary stages of sewage treatment and state what is removed during each stage.

2. Discuss the increasing use of tertiary treatment.

