Learning Objectives #2
Basic Chemical Concepts and Stoichiometry

1. Balance chemical reactions given the reactants and products. (Application)

2. Use balanced reaction expressions to calculate masses or weights of reactants used or products made.  (Application)

3. Calculate the molarity, normality, and/or mass concentration of a chemical given the mass and the volume of solvent. (Application)

4. Calculate concentrations using the mixing equation.  (Application) 

5. Perform calculations using the concentration of a compound expressed in terms of one of its elements (e.g., the concentration of NH3 in mg/L as N).  (Application)
Chemical Equilibrium

1. Explain chemical equilibrium in terms of reaction rates. (Comprehension)

2. Given a reaction, write the equilibrium equation. (Knowledge)

3. Describe and apply the law of mass action (Le Châtelier's Principle) to a chemical system to predict how a system will react when its equilibrium is disrupted. (Application) 
Acid/Base Chemistry and Buffering

1. Differentiate between strong and weak acids and bases. (Knowledge)

2. Define pH and pOH and explain why pH + pOH = 14. (Knowledge and comprehension)

3. Write equilibrium equations for acid and base dissociation reactions, and sketch a graph showing how the relative concentrations of the different chemical species varies as a function of pH (distribution diagram).  (Knowledge and comprehension)

4. For weak acids, weak bases, and ammonia, calculate the pH at which a given degree of fractionation (f) or the concentration of a chemical species occurs.  (Application) 
5. In words, and illustrations, describe the buffering phenomenon.  (Knowledge)

6. Explain the relationship between buffering and carbonate-containing species in natural waters in terms of the chemical reactions involved.  (Comprehension)

7. Define alkalinity and acidity. (Knowledge)
8. Calculate approximate and exact alkalinity given the concentrations of carbonate-containing species, a carbonate distribution diagram, and/or pH. (Application)
9. Describe how alkalinity is measured in the lab and calculate alkalinity from laboratory data. (Knowledge and application)

10. Explain differences in alkalinity based on water sources and characteristics. (Comprehension)

11. Given a titration curve, estimate the equivalents of acid needed to change the pH a given amount.  Use this answer to calculate acid flow or volume.  (Application)

Solubility of Salts

1. Describe what saturated, unsaturated, and supersaturated salt solutions are and how they differ in their behavior in relation to submerged solids. (Knowledge)

2. Given Ksp, calculate the solubility (i.e., number of mg that can be dissolved in a liter).  (Application)

3. Given concentrations and Ksp, determine if a solution is saturated, unsaturated, or supersaturated.  (Application)

4. Given Ksp and the concentration of one ion, calculate the concentration of the other ion or pH necessary to start or stop precipitation.  (Application)
Adsorption

1. Given an adsorption isotherm, calculate the mass of solute retained on the adsorbent at equilibrium. (Application)
2. Describe the two major factors affecting the capacity of a material (adsorbent) to adsorb another (adsorbate).  (Knowledge)

3. Explain why the equilibrium concentrations are different depending on whether the adsorbent is in a column or directly added to the flow. (Comprehension)
4. Calculate the mass of adsorbent needed to treat a given volume of water with a given concentration of solute when the adsorbent is (a) in a column (Ceq=Cinf), or (b) added directly to the contaminated flow (Ceq=Ceff).  (Application)

