Geochemistry Lab 1:  Equilibrium controls on P levels in natural waters (Lake Champlain water)
Spectrophotometer Calibration.  Using the reactive phosphorus method (instructions provided) and the standards provided for phosphate, measure the absorbance of each standard and construct a calibration curve for the spectrophotometer you have.  Use this calibration data to calculate the P in unknown samples (note you may want to dilute a sample to get it within your working range, especially if your spectrophotometer gives a ‘limit’ message on the screen (the spectrophotometers are each a little different on this).  For at least 1 set of measurements, run identical samples 3 times so you can estimate the analytical error associated with the measurement.
Lab exercise 1.  You will be making additions of Ca2+-rich fluids to several P-rich water samples to determine PO43- solubility in water with respect to hydroxylapatite.
Step 1:  Measure 200 ml of lake water to begin. Collect a subsample (1 ml) of the starting lakewater fluid in your reaction vessel, add 9 ml of deionized water,  and measure the amount of P in it colorimetrically using the Hach spectrophotometer and reagent kits provided (remember to account for the 1:10 dilution!).  Measure the pH using the pH electrode and meter provided.
Step 2: Add 4 ml of the Ca2+ solution (a 50.0 mM solution) into the reaction vessel, measure the pH, and observe.  Collect a subsample (1 ml) of the starting fluid in your reaction vessel, filter the solution into a clean tube with a 25mm filter, add 9 ml of deionized water, and measure the P left using the spectrophotometer.
Step 3. Using a dropper, add, 1 drop at a time, 0.1 M NaOH to the reaction vessel and adjust the pH to about 10 (this should take between 10 and 15 drops, leave the pH electrode in the flask while doing this and swirl to mix – if over don’t worry, record the pH and continue) and observe. Using a 10ml syringe, subsample (10 ml) the solution, filter the solution (using the 25mm filter from step 2, these can be used again if you remember to rinse through about 1 ml of the new solution before collecting the new sample) into a clean tube, and measure the P left using the spectrophotometer.  Collect the filter in a clean tube for later!
Step 4: Let the precipitate settle in the flask (give it time, it is a nanoparticle…), decant the clear solution and draw 10ml suspension into a syringe and filter with a 45mm filter cartridge and 0.2 um filter.  Collect the filter and save it inside a tube for later use (we should positively identify the mineral formed).
If the equation for Hydroxylapatite precipitation is:

Ca5(PO4)3(OH) + H+ ( 5 Ca2+ + 3 PO43- + H2O 
Write the equilibrium expression for this in terms of log K = [products] / [reactants] (assume the activity of hydroxylapatite and water is 1) and calculate the equilibrium constant, K, for this reaction in your water sample.  Assume 45 mM Ca2+ in solution.
Lab exercise 2.  You will be making additions of FeOOH minerals (principally ferrihydrite) as slurries to P-rich lakewater samples.   

Step 1:  Measure 200 ml of lake water to begin. Collect a subsample (1 ml) of the starting fluid in your reaction vessel, add 9 ml of deinized water,  and measure the amount of P in it colorimetrically using the Hach spectrophotometer and reagent kits provided (remember to account for the 1:10 dilution!).  Measure the pH using the pH electrode and meter provided.
Step 2: Add 2 ml aliquots of the FeOOH slurry into the reaction vessel, do this 3 times.  After each addition, subsample (10 ml each) the solution, filter with a 25mm filter, and measure the P left using the spectrophotometer.  

Step 3. After completing all additions, suspend any solids precipitated by stirring, draw 10 ml into a syringe and using a filter (contained in a 45mm filter holder), collect the filtrate on the filter and save in a sample tube.
If the equilibrium expression for P sorption to FeOOH is:

FeOOH + PO43- ( FeOOH(PO43-
Write the equilibrium expression for this in terms of log K = [products] / [reactants] (assume the activity of FeOOH and FeOOH(PO43- is 1) and calculate the equilibrium constant, K, for this reaction in your water sample.  

Report:

· Method description – detailed enough that a reader could replicate these experiments

· Calibration curve for phosphorus

· Solutions for the unknown values in each experiment, including an assessment of the analytical error (1-sigma standard deviation is sufficient)

· Presentation of the log K calculated for each equilibrium condition

