Chemistry I

Standard 1:  Science as Inquiry – The student will develop the abilities necessary to do scientific inquiry and develop an understanding of scientific inquiry.


Benchmark 1:  The student will demonstrate the abilities necessary to do scientific

 inquiry.




Indicators:

1. Designs investigations, including developing questions, gathering and analyzing data, and designing and conducting research.  

2. Correctly uses the appropriate technological tools and mathematics in their own scientific investigations.  
3. Actively engages in conducting an inquiry, formulating and revising his or her scientific explanations and models (physical, conceptual, or mathematical) using logic and evidence, and recognizing that potential alternative explanations and models should be considered. 
Standard 2A:  (Chemistry) Physical Science – The student will develop an understanding of the structure of atoms, compounds, chemical reactions, and the interactions of energy and matter.


Benchmark 1:  The student will understand the structure of the atom.




Indicators:

1. Understands a chemical reaction occurs when one or more substances (reactants) react to form a different chemical substance(s) (products).  
2. Understands there are different types of chemical reactions all of which demonstrate the Law of Conservation of Mass (e.g., synthesis, decomposition, combustion, single and double replacement, acid/base, and oxidation/reduction).
3. Understands isotopes are atoms with the same atomic number (same number of protons) but different numbers of neutrons. The nuclei of some atoms are radioactive isotopes that spontaneously decay, releasing radioactive energy.
4. Understands the organization of electrons and their orbitals at their energy levels.
Benchmark 2:  The student will understand the states and properties of matter.



Indicators:

1. Understands chemists use kinetic and potential energy to explain the physical and chemical properties of matter on earth.

2. Matter may exist in any of these four states: solids, liquids, gases and plasma.

3. The student will know the Kinetic Theory and have an understanding that the speed for the moving particles determines the state in which the mater is it. 

4. The student will understand Heat of fusion and Heat of vaporization and their effects on the states of matter.

5. 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.

6. Students know how to identify solids and liquids held together by Van der Waals forces (induced dipole), hydrogen bonding, Dipole-dipole forces, and London forces and relate these forces to volatility and boiling/melting point temperatures.

Benchmark 3:  The student will gain basic concept of chemical reactions. 

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.



Indicators:

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

2. Students know chemical bonds between atoms in molecules such as H2, CH4, NH3, H2CCH2, N2, Cl2, and many large biological molecules are covalent.

3. Students know salt crystals, such as NaCl, are repeating patterns of positive and negative ions held together by electrostatic attraction. Not all salts are NaCl.

4. Students know how to draw Lewis dot structures.


Benchmark 4:  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.




Indicators:

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

2. Students know how to use the periodic table to identify metals, metalloids (semimetals), alkali metals, alkaline earth metals, transition metals, non-metals, noble gases, inner transition metals, actinides, lanthinides and halogens.

3. Students know how to use the periodic table to identify trends in ionization energy, electronegativity, and the relative sizes (radii) of ions and atoms.

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

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

6. 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.

7. 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.

Benchmark 5:  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 (Stoichiometry). 



Indicators:

1. Students know how to describe chemical reactions by writing balanced equations.

2. Students know the quantity one mole is set by defining one mole of carbon 12 atoms to have a mass of exactly 12 grams.

3. Students know one mole equals 6.022 x 1023 particles (atoms, molecules or anything).

4. 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.

5. 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.

6. Students know how to calculate percent yield in a chemical reaction.

7. Students know how to identify reactions that involve oxidation and reduction and how to balance oxidation-reduction reactions.

Benchmark 6: The kinetic molecular theory describes the motion of atoms and 

molecules and explains the properties of gases.




Indicators:

1. Students know the random motion of molecules and their collisions with a surface create the observable pressure on that surface.

2. Students know the random motion of molecules explains the diffusion of gases.

3. Students know how to apply the gas laws to relations between the pressure, temperature, and volume of any amount of an ideal gas or any mixture of ideal gases.

4. Students know the values and meanings of standard temperature and pressure (STP).

5. Students know how to convert between the Celsius and Kelvin temperature scales.

6. Students know there is no temperature lower than 0 Kelvin also known as Absolute Zero.

7. Students know the kinetic theory of gases relates the absolute temperature of a gas to the average kinetic energy of its molecules or atoms.

8. Students know how to apply Dalton's law of partial pressures to describe the composition of gases and Graham's law to predict diffusion of gases.

9. Students know how to solve problems by using the ideal gas law in the form PV = nRT

Benchmark 7: Acids, bases, and salts are three classes of compounds that form 

ions in water solutions.



Indicators:

1. Students know the observable properties of acids, bases, and salt solutions

2. Students know acids are hydrogen-ion-donating and bases are hydrogen-ion-accepting substances.

3. Students know strong acids and bases fully dissociate and weak acids and bases partially dissociate.

4. Students know how to use the pH scale to characterize acid and base solutions.

5. Students know the Arrhenius, Bronsted-Lowry, and Lewis acid-base definitions.

6. Students know how to calculate pH from the hydrogen ion concentration.

7. Students know buffers stabilize pH in acid-base reactions.

Benchmark 8: Solutions are homogenous mixtures of two or more substances.



Indicators:

1. Students know the definitions of solute and solvent.

2. Students know how to describe the dissolving process at the molecular level by using the concept of random molecular motion.

3. Students know temperature, pressure, and surface area affect the dissolving process.

4. Students know how to calculate the concentration of a solute in terms of grams per liter, molarity, parts per million, and percent composition.

5. Students know the relationship between the molality of a solute in a solution and the solution's depressed freezing point or elevated boiling point.

6. Students know how molecules in a solution are separated or purified by the methods of chromatography and distillation.

Benchmark 9: Energy is exchanged or transformed in all chemical reactions and physical changes of matter.



Indicators: 

1. Students know how to describe temperature and heat flow in terms of the motion of molecules (or atoms).

2. Students know chemical processes can either release 




(exothermic) or absorb (endothermic) thermal energy.

3. Students know energy is released when a material condenses or freezes and is absorbed when a material evaporates or melts.

4. Students know how to solve problems involving heat flow and temperature changes, using known values of specific heat and latent heat of phase change.

5. Students know how to apply Hess's law to calculate enthalpy change in a reaction.

6. Students know how to use the Gibbs free energy equation to determine whether a reaction would be spontaneous.

Benchmark 10: Chemical reaction rates depend on factors that influence the 

frequency of collision of reactant molecules.



Indicators:

1. Students know the rate of reaction is the decrease in 





concentration of reactants or the increase in concentration of products with time. 

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

3. Students know the role a catalyst plays in increasing the reaction rate.

4. Students know the definition and role of activation energy in a chemical reaction.

Benchmark 11: Chemical equilibrium is a dynamic process at the molecular level.



Indicators:

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

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

3. Students know how to write and calculate an equilibrium constant expression for a reaction. 
Standard 5:  Science and Technology – The student will have a variety of educational experiences which involve science and technology.  The student will begin to understand the design process, which includes this general sequence: state the problem, the design, and the solution.  
Benchmark 1:  The student will develop an understanding that technology is applied science.




Indicators:

1. Understands technology is the application of scientific knowledge for functional purposes. 
Standard 6:  Science in Personal Environmental Perspectives – The student will demonstrate personal health and environmental practices.  

Benchmark 1:  The student will develop an understanding of the overall functioning of human systems and their interaction with the environment in order to understand specific mechanisms and processes related to health issues.



Indicators:

1. Understands the severity of disease symptoms is dependent on many factors. 

Benchmark 2:  The student will understand that human populations use natural resources and influence environmental quality.  



Indicators:

1. Understands natural resources from the lithosphere and ecosystems are required to sustain human populations.  

Benchmark 4:  The student will understand the effect of natural and human-influenced hazards.



Indicators:

1. Understands that natural processes on the Earth may be hazardous for humans.

Standard 7:  History and Nature of Science – The student will experience some things about scientific inquiry and learn about people from history.

Benchmark 1:  The student will develop an understanding that science is a human endeavor that uses models to describe and explain the physical universe.




Indicators:

1. Explains how science uses peer review, replication of methods, and norms of honesty. 

2. Recognizes the universality of basic science concepts and the influence of personal and cultural beliefs that embed science in society. 
3. Recognizes that society helps create the ways of thinking (mindsets) required for scientific advances, both toward training scientists and educating a populace to utilize benefits of science (e.g., standards of hygiene, attitudes toward forces of nature, etc.). 

4. Understands there are many issues which involve morals, ethics, values or spiritual beliefs that go beyond what science can explain, but for which solid scientific literacy is useful. 

Benchmark 2:  The student will develop an understanding of the nature of scientific knowledge.



Indicators:

1. Understands scientific knowledge describes and explains the natural world.  Scientific knowledge is provisional and is subject to change as new evidence becomes available. 

2. Understands scientific knowledge begins with empirical observations, which are the data (also called facts or evidence) upon which further scientific knowledge is built. 

3. Understands scientific knowledge consists of hypotheses, inferences, laws, and theories. 

