Dr. Fisanick	Chemistry K	#4
Chemistry K Course Proficiencies
The Nature of Chemistry   
1. Understand the steps involved in the scientific method
2. Understand the purpose of controls in an experiment.
3. Be able to identify the dependent variable and independent variable in the experiment
4. Be able to distinguish between a hypothesis, a theory and a law
5. Describe how experimental errors will affect results.
6. Describe ways to improve an experiment.
7. Know the location of all safety equipment in the laboratory
8. Know the safety symbols used in the lab
Math Tool Kit    
9. Know the metric units of length, volume and mass.
10. Be able to use the metric system prefixes.
11. Use dimensional analysis to convert between metric system prefixes.
12. Understand that measurements are uncertain.
13. Understand the difference between accuracy and precision.
14. Correctly use significant figures.
15. Be able to convert numbers between scientific notation and decimal form.
16. Correctly graph experimental data.
Energy and Matter 
17. Know that energy is the capacity to do work or produce heat.
18. Know that energy can exist in different forms.
19. Understand the concept of temperature.
20. Be able to convert between Celsius and Kelvin.
21. Know the concept absolute zero.
22. Define matter.
23. Define the 3 states of matter and their properties.
24. Draw models to represent solids, liquids and gases on the particular level.
25. Describe the energy change that accompanies a change in state.
26. Understand the difference between chemical and physical properties.
27. Define the term density and be able to calculate density using the measurements of volume and mass.
28. Distinguish between physical and chemical change.
29. List the 4 observations that serve as evidence for chemical change.
30. Understand that matter and energy are conserved in any process.
31. Distinguish between elements, mixtures, compounds and pure substances.
32. Distinguish between homogeneous/heterogeneous and solution/colloid/suspension.
The Structure of Matter   
33. Define the term “ATOM”.
34. Describe the contribution of the following scientists to the development of the atomic model. Dalton, Thompson, Rutherford and Bohr. 
35. Draw a model of the atom for each of these models.
36. List the 3 principle subatomic particles by name, symbol, atomic mass and electrical charge.
37. Define and distinguish between the terms atomic number and atomic mass.
38. Determine the number of protons, neutrons and electrons in elements, ions, and isotopes.
39. Understand that the strong nuclear force keeps the nucleus together. 
40. Understand that radioactive decay occurs when the nucleus breaks down.
41. Explain what is meant by the term ‘a quantum of energy’.
42. Describe the principle energy levels and the sublevels (s, p & d) of the quantum-mechanical model.
43. Describe the number of sublevels for each principle energy level, its designated letter, and the number of electrons allowed in each sublevel (s, p & d).
The Periodic Table 
44. Describe the organization of the periodic table developed by Mendeleev and Moseley.
45. Describe the periodic law
46. Identify the arrangement of groups and periods on the periodic table.
47. Use the periodic table to identify the standard states of the elements.
48. Use the periodic table to identify whether an element is naturally occurring or synthetic.
49. Determine the number of valence electrons for representative elements based on their position in the periodic table.
50. Identify the s-, p-, d-, and f- blocks on the periodic table.
51. Describe the characteristics of the alkali metals, alkaline-earth metals, transition metals, halogens and noble gases
52. Relate the properties seen in the periodic table to the number of valence electrons
53. Use the periodic table to identify whether an element is a metal, non-metal or metalloid.
54. Define the terms “ionic radius”, “ionization energy”, and “electronegativity”. 
Groups of Elements 
55. Compare Group 1A and Group 2A metals.
56. Give several examples and uses of transition metals.
57. Relate the natural abundance of the metal to it use.
58. Understand that metals need to be purified
59. Describe some of the properties of O, C, and N.
60. Describe some of the unique properties of H.
Chemical Formula and Bonding - Part 1   
61. Explain why noble gases are stable.
62. Understand that atoms achieve stability by forming bonds.
63. Understand that electrical attraction is the basis of an ionic bond. 
64. Distinguish between ions (cations and anions).
65. State the octet rule.
66. Use Lewis diagrams to illustrate the formation of simple ionic compounds.
67. Describe the properties of ionic compounds.
68. Define empirical formula.
69. Name and write formulas of monatomic ions and binary compounds.
70. Distinguish between monatomic and polyatomic ions
71. Name and write formulas of compounds that contain polyatomic ions
72. Interpret the chemical formula of a hydrated crystal
73. Determine the number of each type of atom in a compound.
Chemical Formula and Bonding - Part 2   

74. Understand that a covalent bond is a shared pair of electrons
75. Use Lewis diagrams to illustrate the formation of covalent bonds and show unshared pairs.
76. Use Lewis diagrams to illustrate single, double and triple bonds
77. Describe the properties of covalent compounds
78. Understand what a molecular formula is
79. Relate the structural formula to the molecular formula
80. Name and write formulas for covalent compound using the prefix system
81. Name the 7 diatomics
82. Describe the difference between polar and non-polar bonds.
Organic Chemistry  
83. Define a hydrocarbon.
84. Apply hydrocarbon structure to commercial applications.
85. List and draw the first 10 member of the alkane family
86. Identify and draw alkenes
87. Define saturated and unsaturated as it relates to hydrocarbons.
88. Relate the structure of hydrocarbons to the boiling point.
89. Identify the functional groups of alcohol, carboxylic acid, and ester.
Chemical Reactions and Equations
90. Understand that in all chemical reactions, reactants are changed into products
91. Construct a word equation from a description of a reaction
92. Construct a formula equation from a word equation
93. Balance equations and explain that mass is always conserved.
94. Distinguish between coefficients in a chemical equation and subscripts in a chemical formula
95. Determine the standard states of reactants using the periodic table or observation
96. Classify chemical reactions as representative of the following types of reactions: decomposition, direct synthesis, single replacement, double replacement and combustion.
97. Distinguish between exothermic and endothermic reactions.
Stoichiometry   
98. Define the mole.
99. Define Avogadro’s number.
100. Define and calculate the molar masses of elements and compounds.
101. Convert between mass and moles.
102. Construct mole ratios from balanced equations.
103. Be able to calculate the amount of product from a given amount of reactant (gram/gram). 
104. Calculate percentage yield when given actual yield and theoretical yield.
105. Describe the terms limiting reactant and excess reactant.
106. Distinguish between empirical and molecular formula.
Heat in Chemical Reactions    
107. Describe Enthalpy.
108. Draw an enthalpy diagram for an exothermic and endothermic reaction.
109. Describe how calorimetry determines the heat of a reaction.
110. Distinguish between heat and temperature.
111. Define heat capacity and specific heat.
112. Calculate the heat of reaction as measured in a calorimeter.
113. Link food as a fuel and it fate in a combustion reaction
114. Use kinetic theory to explain heat transfer.
Gases   
115. List the postulates of the kinetic molecular theory
116. List the four parameters and their symbols that affect the behavior of gases.
117. Be able to explain what pressure. 
118. Explain what atmospheric pressure is through the formula Force/ area. 
119. List the units used to measure pressure (atm, kPa, Pa, mmHg). SI unit is kPa.
120. Describe how a barometer and a manometer work.
121.  Predict qualitative changes in volume given changes in pressure, temperature or number of moles of gas.
122.  State and use Boyle’s law, Charles Law and Combined Gas Law.
123.  Calculate the effect of changes in temperature and pressure on a volume of gas by use of the combined gas laws.
124.  State and use the Ideal Gas Law.
125.  State and use Dalton’s law of partial pressure.
Liquids and Solids    
126. Define viscosity.
127. Define surface tension.
128. Compare crystalline and amorphous solid substances.
129. Describe vaporization, condensation, and boiling.
130. Describe freezing and boiling.
131. Describe sublimation.
132. Identify the features of a phase diagram.
Solutions        
133. Given different types of solution determine the solute and solvent.
134. Define the terms unsaturated, saturated, and supersaturated and interpret a solubility graph.
135. List three factors that affect the rate of dissolving.
136. Define molar concentration
137. Calculate the molar concentration of a solution.
138. Describe the solvation process
139. Describe the dissociation process of ionic compounds and polar compound in water.
140. Contrast the following terms: strong electrolyte, weak electrolyte, non-electrolyte.
141. Understand that polar substances do not dissolve in non-polar solvents and vice versa (Likes dissolve likes)
142. Define and use the colligative property of freezing point depression.
Acids, Bases and Salts   
143. Describe the properties of an aqueous acid and base.
144. Demonstrate that a substance is acid, base or neutral through common indicator test.
145. Distinguish between strong and weak acids.
146. Explain and illustrate meaning of monoprotic and polyprotic acids.
147. Understand the Arrhenius definition of acid and base.
148. Be able to write a neutralization reaction and identify the salt.
149. Describe the Brønsted definition of acid and base.
150. Explain the mathematical relationship between the pH scale and H+ concentration.
Rates of Reaction   
151. Define rate of reaction.
152. Explain collision theory
153. List the four major factors that affect the rate of reaction.
154. Explain how changing them affects the rate.
Nuclear Chemistry  
155. Describe the 3 types of radiation.
156. Define half life and be able to perform basic half life decay problems.
157. Define nuclear fission and fusion.
158. Balance nuclear equations and be able to identify the types of decay.
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