Chemistry J Proficiencies

The Science of Chemistry

1. Describe the process in the scientific method.

2. Explain the purpose of controls in an experiment.

3. Describe the role of models in chemistry.

4. Distinguish between hypothesis, theory, and law.

5. Indicate the importance of repetition, communicating, organization, inferring, and measuring
    with respect to scientific method.

6. Define the term serendipity as it relates to science discoveries.

Matter & Chemistry

7. Describe matter by its properties.

8. Define mass and weight, and state how to measure mass.

9. Distinguish between chemical and physical properties, and give examples of each.

10. Draw models to represent solids, liquids, and gases on the particle level.

11. Distinguish among kinetic, potential, and other forms of energy.

12. Apply the conservation of energy and matter to systems.

13. Describe the energy changes that accompany a change in state.

14. Describe energy transfers in chemical reactions.

15. Distinguish between pure substances and mixtures on the particle level.

16. Classify mixtures as heterogeneous or homogeneous.

17. Explain how compounds can be distinguished from mixtures.

18. List five methods of separating the components of a mixture.

19. List properties that can be used to identify a pure substance.

20. Calculate density and use density to identify pure substances.

21. List the basic SI units and quantities they describe.

22. Use metric prefixes to convert metric units (INCLUDE MULTI-STEP CONVERSIONS).

23. Distinguish between accuracy and precision in measurement.

24. Use significant figures in measurements and calculations.

Atomic Structure

25. Describe the organization of the modern periodic table.

26. Use the periodic table to obtain information about the properties of elements.

27. Explain how the names and symbols of elements are derived.

28. Identify common metals, nonmetals, metalloids, and noble gases.

29. Infer the existence of atoms from the laws of definite composition, conservation of mass, and
      multiple proportions.

30. List the five basic principles of Dalton's atom theory.

31. Describe models of the atom (Thomson, Rutherford, Milikan, Bohr).

32. Compare and contrast the properties of electrons, protons, and neutrons.

33. Explain the particle-wave nature of electrons.

34. Describe the quantum model of the atom.

35. Decipher an element's atomic number and mass number in terms of atomic structure.

36. Decipher the information provided by the four quantum numbers with respect to the location of
      electrons in atoms.

37. Define the Pauli exclusion principle and Hund's rule in terms of the arrangement of electrons.

38. Use the periodic table to write the electron configuration and orbital diagrams for any atom on
      the periodic table.
Periodicity

39. Describe how the modern periodic table is organized.

40. Describe the periodic law.

41. Explain why elements in the same family of the periodic table have similar properties
      (define the term valence).

42. Describe characteristic properties of the alkali metals, alkaline-earth metals, transition metals,
      actinide's, lanthanide's, halogens, and noble gases.

43. Relate the properties of various elements to their configurations.

44. Describe the trends seen in the periodic table with respect to atomic radius, ionization energy,
      electron affinity, electronegativity, and reactivity.

45. Relate trends of the periodic table to the atomic structures of the elements.

46. Distinguish between naturally occurring and synthetic elements.
47. Explain the relationship between atomic mass and atomic mass units, and derive the atomic
      mass unit.

48. Use a periodic table to determine the atomic mass for an element.

49. Use the mole as a counting unit for large numbers of atoms. EXPLAIN THE DERIVATION OF
      THE MOLE.

50. Solve problems with conversion between moles, Avogadro's number, and molar mass.

51. Calculate the mass of a single atom.

Ionic Compounds

52. Explain why atoms of noble gases have chemical stability.

53. Recognize that isolated atoms achieve stability by forming chemical bonds.

54. Relate chemical stability, energy, bond formation, and octet rule.

55. Compare the bond energies of various chemical compounds including salts.

56. Describe how sodium and chlorine atoms achieve stable octets by forming a chemical bond
      with one another.

57. Distinguish among ions, actions, and anions.

58. Explain how an ionic bond is formed.

59. Describe the properties of ionic compounds, including the crystal lattice structure of salts.

60. Summarize the energy changes that occur when an ionic compound is formed.

61. Use the rules for writing and naming monatomic ions.

62. Apply the rules for writing and naming binary ionic compounds.

63. Recognize and explain why certain formulas are invalid.

64. Distinguish between monatomic and polyatomic ions.

65. Identify polyatomic ions on formulas and in compound names.

66. Use the proper rules for naming and writing formulas for ionic compounds containing
      polyatomic ions.

67. Use chemical formulas to determine the molar mass of an ionic compound.

68. Determine the percentage composition of an element by mass.

69. Interpret the chemical formula for hydrated crystal.

Covalent Compounds

70. Compare and contrast the properties of substances with covalent and ionic bonds.

71. Identify the forces acting on two covalent bonds.

72. Explain the changes that occur in stability and energy as a covalent bond forms.

73. Use electronegativity values to determine the nature of a chemical bond.

74. Distinguish between intermolecular bonds and covalent and ionic bonds.

75. Draw Lewis structures to show the arrangement if valence electrons among the atoms in
      a molecular compound.

76. Recognize exceptions to the octet rule and the limitations of Lewis structures.

77. Use both Roman prefixes and Roman numerals to name molecular compounds.

78. Given composition data, determine the empirical and molecular formula for a molecular
      compound.

79. Given the molecular formula, determine the structural formula for a molecular compound.

80. Relate the chemical properties of a molecule to its shape.

81. Explain the basis of VSEPR theory.

82. Predict the shape of a molecule from its Lewis structure.

83. Describe the properties and structure of a covalent network.

84. Relate the physical properties of organic compounds to their chemical structure.

85. List and draw the first 10 members of the alkane family of hydrocarbons.

86. Relate the boiling points of the first ten hydrocarbons to number of carbon atoms.

87. Identify and draw alkenes and alkynes.

88. Decipher abbreviated structural formulas for organic compounds by identifying function groups.

89. Use IUPAC naming rules to name basic alkanes, alkenes, and alkynes.

Chemical Equations

90. Explain what a chemical reaction is.

91. Distinguish between evidence that suggests a chemical reaction may have occurred and
      conclusive proof of a change.

92. Use a word equation to describe a chemical reaction.

93. Explain why some reactions are endothermic and others are exothermic.

94. Relate the conservation of mass to the arrangement of atoms in a chemical equation.

95. Explain why reactants must be brought into contact for a reaction to occur.

96. Translate word equations into formulas.

97. Relate the conservation of mass to a balanced equation.

98. Distinguish between coefficients in a chemical equation and subscripts in a chemical equation.

99. Properly balance formula equations.

100.Use information from a chemical equation to describe the energy change involved in a reaction.

101. List the states of matter for reactants and products.

102. Interpret a chemical equation in terms of the relative number of molecules involved and the
        moles of reactants and products.

103. Derive mole ratios from a balanced chemical equation.

104. Use mole ratios and &Delta;H values to calculate energy changes in reactions.

105. Categorize reactions as belonging to one (or more) of five basic types of chemical reactions.

106. Write chemical equations representing each type of chemical reaction.

107. Use an activity series to predict whether a given reaction will occur and what its products
        will be.

108. Write total and net ionic equations for double replacement reactions.

Stoichiometry

109. Define reaction stoichiometry.

110. Use mole ratios and molar masses to make conversion factors for solving stoichiometry
        problems. (mole/mole; mole/gram; gram/mole; gram/gram; Density as a conversion factor;
        Avogadro's number as a conversion factor).

111. Distinguish between limiting reactant and excess reactant.

112. Identify the limiting reactant in a problem, and calculate the theoretical yield.

113. Distinguish between theoretical yield and actual yield.

114. Given the actual yield and the quantity of the limiting reactant, calculate the percent yield.

115. Use percent yield to calculate actual yield.

Causes of Change

116. Distinguish between heat and temperature.

117. Explain how a calorimeter measures change in energy.

118. Explain the caloric content of food.

119. Calculate the amount of heat energy released or absorbed in a chemical reaction or physical
        change.

120. List examples of different heats of reaction.

121. Draw a heat curve for water.

122. Use heats of reaction in stoichiometry calculations.

123. Explain the relation among heat of reaction, enthalpy change, and stability.

124. Interpret an energy diagram of the reaction pathway for exothermic and endothermic reactions.

125. Explain the relationship between activation energy and chemical changes.

126. Use kinetic molecular theory to explain activation energy and chemical change.

127. Use Hess's law to solve problems involving physical and chemical changes.

128. Define entropy, and provide examples of high- and low-entropy situations.

129. Explain the relationship between a change in entropy and stability.

130. Use standard entropy values in calculations.

131. Summarize the conditions that favor a spontaneous chemical reaction.

132. Define free energy.

133. Calculate the change in free energy to predict whether a reaction will occur spontaneously.

Gases and Condensation

134. Describe the general properties of gases.

135. Explain the assumptions of kinetic molecular theory.

136. Explain the energy distribution diagram for a gas at different temperatures.

137. Describe the four variables that define a gaseous system.

138. Describe how a barometer is used to measure pressure.

139. Relate the ideal gas model to observed behavior of real gases.

140. Use the basic gas relationships to solve mathematical problems.
        (Boyle's, Charles', Combined, Guy-Lussac's).

141. Use the ideal gas law to solve gas problems.

142. Describe and calculate how to collect gases by water displacement.

143. Understand and calculate Dalton's Law of partial pressure.

144. Calculate mole fraction and relate it to Dalton's Law of partial pressure.

145. Apply your knowledge of reaction stoichiometry to solve gas stoichiometry problems.
146. List the conditions under which gases deviate from ideal behavior.
147. Relate attractive forces to boiling point, volatility, and surface tension.

148. Interpret a phase diagram, and describe the significance of the triple point.

149. Relate volatility and vapor pressure.

150. Relate vapor pressure and temperature.

151. Describe sublimation.

152. Define boiling point in terms of vapor pressure.

Solutions

153. Distinguish between solutions, colloids, and suspension.

154. Given various types of solutions, determine the solute and solvent.

155. Interpret a solubility graph.

156. Distinguish among unsaturated, saturated, and supersaturated solutions.

157. Relate various ways of expressing concentration data.

158. Recognize that units of concentration represent a ration.

159. Use units of molarity in stoichiometry calculations.

160. Describe the procedure for making solutions of different molarities including dilution
        problems.

161. Determine polarity of solutes using electronegativity and molecular geometry.

162. Describe the solvation process.

163. Explain the solubility of ionic solutes and polar solutes in water.

164. Explain the insolubility of non polar solutes in water.

Chemical Equilibrium

165. Describe how conductance can be measured.

166. Distinguish among the properties of nonelectrolytes, weak electrolytes, and strong electrolytes.

167. Describe the theory of ionization.

168. Compare and contrast the dissociation of ionic and molecular compounds in aqueous solutions.

169. List two colligative properties, and explain how they can be demonstrated.

170. Calculate freezing point depression and boiling point elevation.

171. Distinguish between reactions that go to completion and reversible reactions.

172. Determine which reaction is favored when a stress is applied to equilibrium system using
        LeChatelier's principle.

173. Describe what happens when complex ions are present in aqueous equilibrium.

174. Write Keq expressions for any reaction in equilibrium.

175. Use Keq values to calculate concentrations of reactants or products.

176. Write Ksp expressions for the solubility of slightly soluble salts.

177. Calculate Ksp values given the concentrations of ions in aqueous equilibrium.

178. Write a net ionic equation and describe the terms common ion effect and spectator ion.

Acids and Bases

179. Describe the characteristic properties of aqueous acids and bases.

180. Distinguish between the Arrhenius, Bronsted, and Lewis definitions of acids and bases.

181. Describe how some compounds can function as both a Bronsted acid and Bronsted base.

182. Explain the difference between a strong acid and a weak acid and between a strong base and
        a weak base.

183. Identify conjugate acid-base pairs.

184. Explain how dissociation constants are a measure of the relative strength of weak acids and
        bases.

185. Explain and use the pH scale to calculate the concentrations of H3O+ and OH- given the pH
        of a solution.

186. Use the pH and molarity of a weak acid solution to calculate ka.

187. Write an equation for a neutralization reaction.

188. Describe how an acid-base titration is performed.

189. Determine the molarity of an acid or base solution using titration data.

190. Use Le Chatelier's principle to explain why indicators change color.

191. Distinguish between equivalence point and end point.

Rates of Reactions

192. List examples of properties that can be used to measure the rate of a reaction.

193. Calculate the rate of reaction based on disappearance of a reactant or the appearance of
        a product.

194. Explain collision theory.

195. List four major factors that affect the rate of reaction and describe how changes in each factor
        affect the rate.

196. Derive a rate law from a graph of concentration vs. time.

197. Given a rate law expression, determine the effects of changing concentrations on the rate.

Electrochemistry

198. Identify the path taken by electrons in an electrochemical cell.

199. Describe how current flows in a voltaic cell.

200. Distinguish between oxidation and reduction.

Nuclear Chemistry

201. Describe the process of alpha, beta, and gamma decay.

202. Define half-life and perform basic half-life problems.
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