Environmental Chemistry Lab

Week 1: Lab basics

Almost all environmental measurements require developing accurate standards.  Generally, all of our measurements reference back to a primary gravimetric (weight) standard.  Since it is sometimes more convenient and more accurate to transfer known volumes of solution, it is essential that we be able to do this accurately.  Various manufacturers make reasonably accurate pipetters, but the accuracy of these can be improved by careful calibration.  Also, sometimes a pipetter breaks and in this case, it is essential that you are able to identify a poorly performing pipetter.

In this lab exercise you will:

1) Gravimetrically calibrate the adjustable pipetters (1-5ml) at four volume settings.  This calibration will be useful in later labs to obtain the best accuracy;

2) Use the pipetters and the "Spec 21" spectrophotometers to generate a “calibration curve” (absorbance vs concentration) for a KMnO4 (potassium permanganate) solution

To start out, record the date and title of the lab (“Lab basics”) in your lab book.  Keep good notes of what you are doing and record all data in your lab book.  Do not record any data on scraps of paper!  Safety goggles must be worn whenever you are in the lab area.  This is important as the KMnO4 solution is in acidic medium.  

Part I:

Pipetters are a modern day labor saving device which are considerably faster and easier to use than traditional glass pipettes.  Unfortunately there is a small loss in accuracy and precision compared with traditional glass pipettes, even if used perfectly.  However if you don’t follow the directions exactly, a large error will occur.  It’s important that you learn to use the pipetters correctly.  The pipetters which you will use are continuously adjustable from 0.1 - 5.0 ml.  You will calibrate the pipetters at four settings, 0.5, 1,3, and 5 ml.  Since the density of water is 0.9999 grams/ml at 20oC this provides an easy and accurate way to check on the performance of the pipetters.  

Before beginning, read the directions which come with the pipetters.  At each setting you will make 5 replicate transfers to a “pretared” Erlenmeyer flask and record the mass on one of the balances.  Practice your pipeting with one of the coarser balances (0.001 g resolution).  For this practice, you don’t need to record the data, but experiment with the pipetters so that you can learn the correct way to use them.  Incorrect pipetting is a common cause of poor measurements!  When you are ready, switch to the analytical balance which has a resolution of  0.1 mg or .0001 g for data recording.  Since there is only one analytical balance in the chemistry lab, please work efficiently.  After each transfer to the flask you can hit the “tare” button on the balance to rezero.  Record the data in an organize table in your lab book.  You should have a total of 20 values, 5 at each setting.  Also record the number or letter of the pipetter so that you can unambiguously identify it throughout the quarter.

Part II:

Permanganate solutions are purple in appearance.  This means that yellow light is absorbed by the permanganate ion (MnO4​-).  Beer’s law states that the absorbance (of light) of a solution is proportional to the concentration of the absorbing species, the “analyte”, in this case the MnO4- ion.  (While this is a simplification of Beer’s law, we won’t worry about this for now.)

A standard contains a known amount of the analyte.  Since this is the basis for determining any unknown concentration, it is important that the standards be prepared carefully.  Prepare your working standards from the stock solution.  This solution is 0.010 M in KMnO4 and is in acidic medium (caution!).  Prepare 4 working standards by pipetting 1, 3 and 5 ml of stock into 100 ml volumetric flasks using the same pipetter you used in part I above.  Carefully dilute to the mark with distilled water and label each flask with the appropriate concentration.  

Read the abbreviated instructions for using the "spec 21's".  Make your measurements at a wavelength of 545 nm.  You will use distilled, deionized water to zero the instrument.  Use the square plastic cuvettes for each solution and use the same cuvette for the blank or zero as your sample solution.  Output the data in absorbance mode and record the data in tables in your lab notebook.  First zero the instrument with the blank then record the absorbance for three separate rinses of the sample solution.  Rezero the instrument before proceeding to the next concentration.  Be sure to wash the cuvette carefully between concentrations.  

Finally, generate an absorbance spectrum of the KMnO​4 solution.  Do this by recording the absorbance of your most concentrated working standard between 400-700 nm in 20 or 50 nm intervals.  You will need to rezero the instrument at each wavelength.  Alternatively, you can use the diode array spectrometer, which gets the spectral data at all wavelengths simultaneously.

BEFORE LEAVING LAB, SIGN YOUR LAB BOOK, TEAR OUT THE DUPLICATE SHEETS AND TURN THESE INTO DR. JAFFE.

Calculations (Put final calculations in your lab book):

Part I:

For each setting of the pipetter calculate the mean, standard deviation and 95% confidence interval of the 5 replicates volumes.  The 95% C.I. = t*sd/√N; since t=2.78 for 4 degrees of freedom, for this experiment is  = 2.78*sd/√5.  Calculate the relative standard deviation in % and tell whether the 95% C.I. overlaps with the presumed value.  If the 95% C.I. does not overlap the expected value, then this indicates that there is some degree of bias in the pipetter.   In this case, you must you the corrected value in all future work with this pipetter.  Put the data and results into a neat table in your lab book and turn a copy in to Dr. Jaffe.  You can make your table in Excel or Word, print it out and then tape a copy into your lab book.

Part II:

Enter your absorbance data into Excel.  For each data point you will have the concentration as well as the absorbance.  Include 0,0 as one data point, giving you a total of 4 d.p.  Make an X-Y plot of absorbance (Y) vs concentration (X) and use the linear regression function to calculate the slope, intercept and R2.   This is called a “calibration curve”, which may be linear, but doesn’t have to be.

If there is evidence from part I of bias in the pipetter, then you should correct your concentrations by using the corrected volume.  Does the "fit" of the regression improve using the calibrated volume?  Print out a copy of the X-Y plot and tape it into your labbook. 

Plot out a copy of the absorbance spectrum by making an X-Y plot of absorbance (Y) vs wavelength (X) and tape this into your labbook.

Report

For this short lab report, turn in the following information, with your name by the deadline:

Start with a very brief description of the experiment and goals (one page max).  Then go right into the results and interpretation.

Part I:  An organized table showing all data, the mean, SD, 95% CI, the % difference between your mean and the true value and whether or not it statistically agrees with the accepted value for each setting of the pipetter.  Be sure to include which pipetter you used.  

Part II: Turn in a well organized table with your data points, a copy of your calibration curve, the least squares regression line and the regression parameters (slope, intercept, R2) and whether you used corrected pipetter data to improve your fit.  If so, include these data and regression data as well. 


Week 1 lab data sheet

Tape this page into your labbook and use to record data.  Be sure to record units for all numbers and use the correct number of significant figures throughout.  Complete basic calculations (means, sd, regressions) in lab while there it is still possible to redo any suspect values.   If Part I and Part II don’t fit on one page, cut in half.
Part I:  Pipetter Number or letter:    __________
	Setting:
	
	
	
	

	Rep 1
	
	
	
	

	Rep 2
	
	
	
	

	Rep 3
	
	
	
	

	Rep 4
	
	
	
	

	Rep 5
	
	
	
	

	Rep 6
	
	
	
	

	Mean
	
	
	
	

	SD
	
	
	
	


************************************Cut Here***********************************
Part II:  Absorbance values:
	Conc:
	
	
	

	Rep 1
	
	
	

	Rep 2
	
	
	

	Rep 3
	
	
	

	Rep 4
	
	
	

	Mean
	
	
	

	SD
	
	
	


In-lab regression output (Y = m* X + b) using uncorrected data:

m =  _________

b = ________

R2 = __________
