Environmental Chemistry Lab

Week 2: Determination of Iron in North Creek water by Visible Spectroscopy

Introduction to North Creek

For the next few weeks, we will be conducting various analyses on North Creek water.  This is the salmon bearing stream that flows through the UWB campus.  While North Creek does still have active salmon runs, it is not pristine.  It flows through a very urban and industrial part of Snohomish County.  Typically stream flow in the Creek peak in the winter, with the heavy rains our region receives and is at a minimum in summer.  Temperatures peak in summer.  The higher temperature and lower stream flows during summer cause problems.  During summer, temperature, dissolved oxygen and nutrients (nitrate, phosphate) sometimes exceed the state standards.  An additional problem for North Creek is the amount of paved area in the watershed.  This pavement results in a higher peak stream flows following a rain storm, and lower flows in between storms, since pavement, unlike soil, is not able to hold water in between storms.  This can result in scouring of streambeds and makes for poor salmon habitat.  Another problem with pavement is that allows chemical contaminants to rapidly flush into the stream before they have a chance to break down.  The UWB wetlands project was built, in part, to alleviate some of these problems.  The wetlands absorbs water during major rain events, much like a sponge, and then releases it more slowly.  This reduces the peak stream flows, but also helps keep the stream flow higher during periods of low rain.  In addition, the wetlands can help to reduce chemical contamination.  Our analyses on North Creek water over the next several weeks will focus on the physical and chemical environment.  Keep in mind that these parameters change daily and monthly and that therefore our work this quarter will give us only a “snapshot” of a very dynamic system.  

Goals for this week

 In this lab exercise you will:

1) Prepare standards and unknowns for Fe analysis by complexing the Fe+2 ion with 1,10 phenanthroline.  The standards are prepared from an Fe stock standard and the pipetters;

2) Measure the light absorbance of the Fe-phenanthroline complex in the standards and unknowns at 510 nm using the Spec  20;

3) Plot the calibration curve and use the linear regression line to determine the concentration of Fe in North Creek water, as well as several other unknown water samples.

Solutions and supplies provided:

100 ppm Fe standard

0.3% 1,10 phenanthroline (3 grams/liter ddw)

Distilled, deionized water (DDW)

0.2 M H2SO4 in dropper bottles

Sodium citrate buffer (259 g/l) in dropper bottles

10% hydroxylamine hydrochloride (~20 ml per student)
pH paper

125 ml Erlenmyeyer flasks (8 per student)

Small beakers (~10 per student)

200 ml volumetric flasks

North Creek water (organics removed by acid digestion)

2 other unknown Fe samples


Pre-lab preparations:

Prior to coming to lab, you must complete the following steps:

1) Read through Experiment 9 in your text, pages 107-114;

2) Start on a new page in your labbook and record the title of the lab.  Next describe in a few sentences in your own words, the goals for the lab and then in a few sentences describe the overall approach to be used to accomplish these goals (a few sentences);

3) Label the next section “Pre-lab preparations” and make a table showing the amount of stock standard you will use to produce your 4 calibration standards.  Keep in mind that we will be using 200 ml volumetric flasks, rather then 100 ml flasks;
4) Find 3 scientific papers from a peer-reviewed journal that deal with water quality in a stream or river system.  These papers will likely be part of your references for your water quality report later in the quarter.  Bring a copy of the abstract of these papers to class and turn them into Dr. Jaffe;

5) Pass Quiz 1 on Blackboard with a grade of 90% or better.

Directions:

1) Goggles must be worn for the duration of this lab experiment!

2) We will skip Part A in the text and you will be provided with the 100 ppm Fe stock standard.  For this reason you should start with step 2 in Part B (page 112).  Prepare 4 Fe standards (0.5,1,2, and 5 ppm) in your 200 ml volumetric flasks by pipetting the correct amount of the stock standard.  Dilute to the mark carefully with DDW;

3) From this point on, the 4 standards, one blank and the 3 unknowns are treated identically.  The “blank” is a solution which contains all of the reagents, but does not contain any of the analyte (Fe in this case).  Transfer a 5.00 ml aliquot of the blank, standard OR sample to each of the eight Erlenmeyer flasks. Then to each add 10 drops of the citrate buffer to each flask and mix.  Pipet 1.00 ml 10% Hydroxylamine Hydrochloride and 3.00 ml Phenanthroline reagent to each flask and mix.  Wait 5 minutes for color development.  For this step, it is helpful to line up the 8 Erlenmeyer flasks on your counter and use “production line” techniques to ensure that no solutions are missed.  Note that at the end of this step, all solutions will have the same final volume;
4) Generate a random order for your 8 samples to be measured and record this order in your labbook.  Move your samples over to a Spec 20 and zero the instrument at 510 nm using DDW.  You now have 8 samples to measure.  Use one cuvette for all samples.  After each sample, rinse the cuvette several times with the new solution to be measured and re-zero the instrument with DDW.  Record the absorbance data in your labbook;

5) Generate an absorbance spectrum by recording the absorbance data of the Fe-phenanthroline complex between 400-700 nm.  While you could do this with the spec 20, it is slow.  Instead, you will use the diode array spectrometer, which can measure all wavelengths at once.  Use your highest concentration standard that you made in the last step and distilled water as the blank.  Make a printout of your absorbance spectrum;

6) While you are still in lab and before getting rid of your solutions, confirm that your calibration curve is reasonably linear.  Are there any standards which seem to have unreasonable absorbances?  Check that all of the unknowns have absorbance values that are bracketed by your standards.  If any unknown has an absorbance value higher then your highest standard, then you must go back and repeat the sample prep at a 1:1 or some other appropriate dilution level.

Calculations:

1) Generate your “calibration curve” from the data on your calibration standards.  In all, you should use 5 data points to generate your calibration curve: the 4 standards and your blank (0 ppm).  Plot the data up using a spreadsheet program and add in a linear regression line.  Be sure to put the absorbance on the y-axis and the concentration on the x-axis.  Get the equation of the line and the R2.  You will use the equation of the line to determine the concentration of your unknowns.  If you have done a good job of preparing your solutions, the R2 should be quite high.  If one point is substantially out of whack, then it may be reasonable to exclude this point, but you should discuss this with Dr. Jaffe.

2) Calculate and plot your residuals for the linear regression.  This is important to see whether there is any evidence of non-linearity in your calibration data.  Whatever calibration equation you use, you must be sure it is a good fit to the actual data points.  If not, substantial errors can occur. Discuss this with Dr. Jaffe is you have any doubts.

3) The equation for your line (y=mx+b), can be rewritten as:

Absorbance = m * concentration + b

(where m=slope and b=intercept)

This is because you plotted your absorbance data on the y-axis and the concentration data on the x-axis.  Rearranging this equation, you can calculate the Fe concentration (ppm) in your 3 unknowns.  In other words, you measured the absorbance in your unknowns and can then solve this for concentration.

Tape a copy of your calibration curve, the absorbance spectrum, the results of your linear regression equation and all unknown concentrations into your labbook.

Report

Hand-in to Dr. Jaffe the following items by the deadline given on the syllabus:

1) A 1-page summary of your work, including your name, your title for the lab, a brief statement of goals and a brief overview of the procedures you followed.  Be sure to especially note any changes in the procedure.

2) A copy of your calibration curve.  This must be printed out from a spreadsheet program (no hand drawn plots). Data points must be clearly shown, as well as the linear regression line.  Label the axeses clearly;

3) A plot of the residuals (y-axis) vs concentration (x-axis);  

4) A copy of your calculations, clearly worked out.  Report your Fe absorbance values and concentrations for all unknown in one table;  

5) A copy of the absorbance spectrum (computer plot);

In addition, please answer the following questions in your report:

1) How can you tell if your linear fit is “good enough”?  

(Note, R2 is a poor indicator).  Despite the fact that the R2 value for all students in this lab was 0.99 or better, a few students were off significantly. In one case, the calibration plot had demonstrable variations in it, and this student was the farthest from the true value).

2) How can you tell if your calibration curve is truly linear?

3) What does the absorption spectrum tell you about this complex?  Why did we choose 510 nm for the analysis?  Would the analysis have worked as well at some other wavelength?  Why?

4) Why do we measure the absorbance of a blank?  What does it tell us if the blank has a non-zero absorbance?  How should the blank point be treated in your data analysis?

