Gateway 125,126, 130
Fall 2006
Studio 8a p8

Studio 8a:  10/23/06:  Aqueous Cases Study: Determining Nitrate at the Muskov’s Well.
 

Group assignments:  A Leader; B Recorder/Reporter; C Technician/Researcher

Question:  Is the nitrate in the Muskov’s well water above the MCL?
Evaluation:

Nitrate levels in aqueous samples can be measured by first reducing the nitrate species (NO3-) to nitrite (NO2-) via a redox reaction with finely divided zinc powder. The nitrite is then converted to a diazonium salt 4-[(4-amino-1-naphthalenyl)azo]-benzenesulfonic acid and complexed with 1-napthylamine to form a colored complex as shown in Figure 1.

Figure 1:  Conversion of nitrate to a colored molecule
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Q: How do you measure the concentration of a colored molecule? 

A: One method of determining concentration, colorimetry (not to be confused with calorimetry) uses light to find the concentration of colored molecules.
 
Think back to what you know about visible light and the color spectrum.  As light passes through a clear, colored solution, the solution absorbs the colors that we do not see and transmits the colors that we do see.  Figure 2 shows a beam of electromagnetic radiation (aka light) of radiant power P0, directed at a sample solution.  Molecules in the solution absorb some of the light so that the beam of radiation leaving the sample has radiant power P. 

Figure 2:  Transmittance and Absorbance.

	
	The amount of radiation absorbed may be measured in a number of ways: 

Transmittance, T = P / P0
% Transmittance, %T = 100 T 

Absorbance, 

A = log10 P0 / P
A = log10 1 / T 
A = log10 100 / %T
A = 2 - log10 %T 



The relationship between absorbance and % transmittance is illustrated in Figure 3:

Figure 3:  Relationship between % Transmittance and Absorbance
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If all of the light passes through a solution without any absorption, then absorbance is zero, and percent transmittance is 100%.  If all the light is absorbed, then percent transmittance is zero, and absorption is infinite.

What do absorbance and transmittance have to do with concentration?  Figure 4 shows graphs representing % Transmittance (%T) and Absorbance (A) vs. Concentration.

1) What kind of relationship do absorbance and concentration have?  Describe why and how you would use absorbance to find concentration?  (use an equation in your description)
Figure 4:  %T and A vs. Concentration 
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Beer’s Law
The relationship between absorbance and concentration is known as the Beer-Lambert law:  A=bc
A     absorbance (no units, since A = log 10 P0 / P )
      molar absorptivity with units of L mol-1 cm-1. Molar absorptivity is a constant unique to every molecule at a particular wavelength.
b     is the path length of the sample, that is, the length that the light must travel through the sample expressed in centimeters.
c     is the concentration of the molecule in solution, expressed in mol L-1 (M)

Molar absorptivity ()
2) Beta carotene has a very high value of molar absorptivity at 446 nm of 135700 L mol-1 cm-1.  A sample in a cuvette that is 1 cm wide has an absorbance of 1.0 at 466 nm.  What is the concentration of beta carotene in solution?

Preparation
-Prepare five nitrate standards from the 100 ppm NO3- solution.  Use a buret (see the end of the studio for instructions on the use of a buret) so you can measure the volume of the 100 ppm NO3- standard accurately.  Make your standards in 50 mL volumetric flasks. 

-Use a blank so that any background absorbances can be factored out. 

-Treat all samples including the blank the same, carrying all seven through the same chemical reactions. 

-Use DI water to calibrate the spectrometer to 100% transmittance.

	Standard
	Volume of 100 ppm NO3- in 50 mL volumetric flask
	Concentration NO3-

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


Pour each of your samples into an Erlenmeyer flask or beaker
Steps 1 & 2:  Conversion of Nitrate to Diazonium Cation
To each 50 mL sample, add 1.0 mL of 2.4 M HCl, 1.0 mL of sulfanilic acid solution, and about 2.5 g of the Zinc/NaCl powder.  Stir all solutions for at least 7 minutes.  Some Zn particles should remain in the bottom of the flask.  If none are present after a few minutes of stirring, more Zn/NaCl should be added.
After 7 minutes, filter each suspension using a vacuum flask and quantitatively transfer the filtrate to a labeled 100 mL volumetric flask.  Some Zn particles should be retained by the filter.

Step 3:  Creating Magenta Color
Add 1.0 mL of napthylamine hydrochloride reagent and 1.0 mL of the 0.2 M sodium acetate to the filtered solution and swirl to mix.  Allow 10 minutes for a light magenta color to develop.  Dilute the solution to 100 ml and mix thoroughly.  Plan your work so that the samples do not sit for a long time after color development before collecting absorbance data.

Start with the most concentrated standard and take an absorbance reading.  Choose the wavelength of maximum absorbance.  Record the absorbance of you remaining standards and samples at this wavelength (if you take multiple readings, then you can average them.)
Data Table:  

2)  Using Exel, prepare an absorbance vs. concentration curve and perform a linear regression.  Include the equation of the best-fit line and a title on your graph.  Label axes and make sure they are scaled to the appropriate number of significant figures.  What is the molar absorptivity (ε) of the colored complex?

Sketch your graph below

3)  Find the concentrations of NO3- in your blank and the well water sample.

4)  Add your nitrate findings to complete the well water report:

	Species
	Measured level
	Within Normal Range

	Ammonium
	<0.06 ppm NH4+
	v

	Chloride
	3.2 ppm Cl-
	v

	Nitrate
	
	 

	Dissolved Oxygen
	1.0 ppm O2
	v

	pH
	5.8
	v


5)  Is the nitrate level in the Muskov's well above the MCL?

6)  If the water is contaminated, what should the Muskovs do about their contaminated water?  What are their choices?

7)  Where is the contamination coming from?

8)  Add any new data that you obtained today to your diagram in Studio 7c

.

______________________________________________________________________________

Using a Buret 

Cleaning the Buret

"In order for your buret to perform optimally, it must be properly cleaned. To clean the buret, use the following procedure: 

"Rinse with DI water:
With the stopcock closed, add some DI water to the buret. Tip and roll the buret, allowing the water to have contact with all of the inside surfaces. Open the stopcock and allow the water to drain. If the water drains without leaving any droplets on the side, repeat the rinse twice more then move to step two. If droplets remain on the inside surface, wash the buret with detergent solution, rinse several times with tap water, then rinse three times with DI water. 


"Rinse with solution:
After draining the final DI water rinse, close the stopcock and add about 5 mL of the solution to be dispensed from the buret. Again, roll and tip the buret so the solution has contact with all the inside surfaces. Open the stopcock and allow the solution to drain into a beaker for disposal. Repeat this twice more. Discard the solution used in the rinses. 

"After you are finished with the buret, rinse it by filling it with distilled water and allowing it to drain. "

Loading the Buret 
Once the buret is clean, clamp it to a stand using a buret clamp. Always make sure the buret is clamped in a perfectly vertical position before taking any readings. 

Before adding solutions to the buret, make sure the stopcock is closed (horizontal position). 

Get the appropriate amount of solution in a clean, dry beaker. 

Unclamp the buret and tilt it slightly while pouring the solution slowly down the inside surface. This will prevent the formation of air bubbles. 

Pour a few milliliters of solution into the buret. Open the stopcock all the way in order to force all the air out of the stopcock and tip. Close the stopcock before the solution drains below the stopcock.  If the tip still contains air, add a few more milliliters of solution and repeat the process.  Repeat this until you are convinced no more air is left in the stopcock or tip.  Discard the solution that you have run through the buret. 

Fill the buret to just below the 0.0 mL mark.  You can save waste by only filling the buret to 120% of the volume you estimate you will need.


Reading the Buret
Note that the buret scale runs from top to bottom (this is the opposite direction from a graduated cylinder or a measuring cup.) 

Always read the bottom of the meniscus.  Always read the meniscus at eye-level.  (If you are reading it from above, you will read too high. If you read from below, your reading will be too low.)

Take a look at the scale on the buret to determine what each graduation stands for.   The long lines around the buret mark mL.  Usually each milliliter is divided into 0.1 mL marks.  You should read meniscus to the closest 0.1 ml and then estimate the hundredths place to the nearest fifth (0.2 ml).
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Practice makes perfect!  (Try reading the three burets above…does everyone in your group agree?)

Sometimes it helps to place a white card with a black mark on it behind the buret.  Align the black mark so that it is just under the meniscus. 

 Operating the Buret
Before delivering any solution, record the initial buret reading in your notebook. 

Stir or swirl the solution that you are adding the solution in the buret to in order to ensure good mixing.

"Open the stopcock by twisting it 90 degrees into the vertical position and allow the solution to drain.  As you near the desired volume, slow the flow by turning the stopcock back toward the closed position.  You should be able to control the buret to deliver one drop at a time.  When the desired volume has been delivered, close the stopcock. 

"Wait a couple of seconds, then record the final buret reading.  Calculate the volume delivered by subtracting the initial reading from the final reading: 
initial reading - final reading 

"When delivering solutions, you must not allow the solution to drain below the bottom of the calibration range.  If this is about to occur, close the stopcock and take a final reading.  Refill the buret, get an initial reading, and continue delivering solution.  The total volume delivered is the sum of the volume delivered from the first fill first time and the volume delivered from the second fill. "
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� Walczak , M.M.; Lantz , J. M. “ Well Wishes.” J. Chem. Edu. 2004, 81, 218.


� Some material from the Sheffield Hallam University School of Science and Mathematics: � HYPERLINK "http://www.shu.ac.uk/schools/sci/chem/tutorials/molspec/beers1.htm" �Beers Law-Theoretical Principles.�


� Information (especially cleaning the buret and operating the buret) from http://chemed.chem.purdue.edu/genchem/lab/equipment/buret/
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