Chemistry 434L, T,R 8-10:50 Room C108
Instrumental Analysis Lab Spring Semester 2010, SDSMT
Instructor:  Dr. D. Heglund, dan.heglund@sdsmt.edu,  Office:  C219
Phone:  394-1241, Office Hours 10:00-11:00 MWF or by appointment
Text: Chemistry Experiments for Instrumental Methods, Sawyer, Heineman and Beebe

Labs performed this semester:

The enology lab is a comprehensive lab and data is collected throughout the semester.  Since this lab is spread out, you should keep accurate records of exactly what is done and when to submit a formal report on this lab at the end of the semester.  Keep track of all details of the juice, sugar, pH, titrations, specific gravity, observations (bubbles, color, temperature, cloudiness of solution…).

Cyclic voltammetry:  Chapter 4, experiment 4-1, p 79. Perform the procedure with every other scan rate and the rate multiplied by 10 (20, 200, 75, 750…mV/sec).  If the concentration is not high enough, let the TA know immediately as the CV from the book is different than ours.  You should get nice shaped “ducks”.  Also perform the treatment of data, find the concentration of an unknown and answers questions 1-4.  Report the unknown as concentration and mL of stock.  Increase the concentration values from the book by a factor of 5.

Ultraviolet Visible:  Chapter 6, experiment 6-1, p 168.  Skip ahead to the procedure Part II Absorption Spectra on page 173.  All you need to do for this section is to obtain an absorbance spectrum for both metal ions.  In part III  Beer’s Law, follow the procedure, saving all spectra to the computer.  You will need to get an unknown of each Cr3+ and Co2+.  Continue on to part IV Simultaneous Analysis of a Two-Component Mixture.  Perform the procedure for the mixture and save all spectra.  Obtain an unknown mixture and determine the concentration of each compound of the mixture.  Report the concentration of each metal separately as concentration and mL of stock.  For the unknown mixture, express the answer as mL of stock of each metal.  There are no questions for this lab.  If you wish, you can save your data and make an Excel spreadsheet of your data.  If not, you’ll have two write down all your values by hand.  Do not make too much stock solution.  Calculate how much you will need.  I believe the procedure calls for extreme excess of solution that we have to dispose of.  You cannot share your stock solutions with other groups.

Atomic Absorption:  Chapter 9,  Experiment 9-1, p 244.  Copper sulfate only.  Perform a burner height optimization,   normal calibration curve, TA-supplied unknown, dissolving a vitamin (acidify) making your own quantitative procedure with filtering, soak several pennies in a cola drink for a week (start on Thursday, measure the following Thursday).  I leave the number of pennies and quantity of cola up to you, just document it and make sure that the concentration is within your calibration curve.  The specific procedure is on p 251 for the copper sulfate.  Since this lab is fairly short, perform the calibration by standard addition of your unknown as well and report two values for your unknown with discussion.  In addition to the rest of the lab, you will need to carefully take the cover off the broken AA and sketch the optical path from light source to detector going through the beam splitters, chopper, mirrors and monochromator.  Make only 100 mL of the stock copper solution.

Fluorescence:  Chapter 10, experiment 10-1, p 270.  Perform the  procedure, treatment of data, pH dependence (treatment of data), halide quenching (treatment of data), tonic water, and two unknowns.  Notes:  Fluorescence of quinine.  Since the concentrations are very low you need to make sure things are clean and well rinsed.  Make sure to make your dilutions with a specific molarity acid, NOT water for the calibration curve or unknowns.  When making dilutions, make sure to rinse the pipette with the solution before a second dilution.  Rinse the cuvette several times with the solution before measuring the fluorescence and marking the settings on the instrument.  When measuring the fluorescence, wait for it to peak and stabilize before you record the number.  Also make sure the lamp in warmed up.  Get an unknown from the TA.  Also perform do the halide quenching experiment.  Report the unknown values both as concentration, and mL of stock.

High performance liquid chromatography:  Chapter 13, experiment 13-1, p 347.  Perform the procedure, adjust the pH of the solutions with acetic acid.  Degas with helium from the GC connected to a frit.  Make sure you dilute your solutions with the same mobile phase.  When you inject the caffeine, you can wait a couple minutes and repeat the injection to get an average of three injections for your calibration curve.  Make calibration curves with peak height, peak area, width1/2 height x height, and cutting the peaks from the paper using mass of paper vs. concentration.  Obtain an unknown from the TA and report your answer in mg of an average of three injections.  Also determine the caffeine content in a caffeinated beverage and compare it to a literature value.  You will have to wait until all compounds elute for prior to the second injection.  Report your answer with an average of three injections.  Perform the treatment of data for the caffeine standards and either the coffee or cola section.  Answer questions 1-4.

Gas chromatography:   Chapter 12, experiment 12-3, p 336.    Obtain vials of:  pentane, hexane, octane, nonane, decane, isooctane, cyclohexane, toluene, ethyl benzene, o-xylene, m-xylene, p-xylene and white gas.  Inject each compound until a reproducible retention time is achieved.  You will also have to make a method that can separate all compounds, so before you try to get the retention time for each individual compound, you need to confirm that the method you picked can separate all the compounds.  Once you settle on a method that separates all the compounds of your test mixture, determine the retention time of each component.  When all of this is done, obtain an unknown from the TA from the list of compounds that you injected.  Determine what compounds are in your unknown.  Finally, inject a sample of white gasoline and a separate hydrocarbon mixture and discuss what compounds you believe are in the gasoline unknowns and relative certainty.  When working with the gas cylinders, make sure to adjust only the main valve, not the regulation step.  There is also a shut off valve directly behind the instrument for the He.  Turn the GC on by pushing the button on the front left side.  Wait until the instrument is done loading the software inside the instrument, then on the computer, start, hpchemstation, instrument 1 online and the computer should take control of the instrument.  Under method, load startup.m and the instrument should be ready in a few minutes.  Experiment with the oven temperature ramp, do not simply use the ramp from the previous group since they may not have it right.  Save your method on Tuesday and load it after the startup.m on Thursday.  This instrument is very sensitive and you need only inject a fraction of a 1/10 of a microliter.  Rinse the syringe with the solution to inject several times and fill the syringe with the solution, empty the syringe, withdraw about 2 microliters of air and inject the air into the GC.  This should give you enough signal to work with.  Make sure that your peaks are Gaussian and small.  If you have square tops or a large attenuation, you have injected far too much sample.  Insert needle, quickly but without bending it, inject quickly, without bending the plunger, withdraw the needle quickly, and press the start button on the instrument.  That will give you a starting time.  To make the experiment go as smoothly as possible, this time should be the same.  Perform the procedure and the treatment of data, but no questions.

Gas chromatography mass spectrometry: This lab is not contained in your lab book.  The purpose of this lab is to get familiar with the instrument and report the most probable components within your unknown.  Obtain vials of:  pentane, hexane, octane, nonane, decane, isooctane, cyclohexane, toluene, ethyl benzene, o-xylene, m-xylene, and p-xylene..  Keep in mind that the detection limit of this instrument is on the order of pg.  If your peaks are gigantic or not Gaussian, you have injected too much sample and will need to withdraw a micro liter of the vapor above volatile liquids.  Your unknown can contain any mixture any organic chemical of our choosing.  Make sure you discuss what compounds you think are in the unknown with a degree of certainty.

Conductivity lab:  This lab is not contained in your lab book.  Using a conductivity probe and a volt meter, determine the linear range of conductivity of NaCl solution.  Start with a concentrated solution and keep making dilutions until the signal does not change compared to distilled, deionized water.  Report your values with LOL, detection limit and a calculated limit of detection.  Since this lab is simple, this must be one of your memo labs.  Make a plot of the conductivity versus concentration and discuss the linearity.  Depending on the LDR of the meter, you may have to make a log-log plot to show all data.  Obtain an unknown from the TA and report your answer in mL of stock.  If we happen to have snow at the time, obtain a sample of runoff water adjacent to a salted street and attempt to determine the concentration using conductivity.  This lab cannot be chosen for one of the first “expert labs.”

Infrared Spectrometry:  This lab is not contained in your lab book.  Obtain chemicals : Benzoic acid, Caffeine, Sand, Acetylsalicylic acid, Acetanilide,and Pencil lead from the Storeroom and determine the IR spectra of the compounds using the photoacoustic accessory and with a KBr pellet.  As part of this lab, go through a basic interpretation of the IR bands, and discuss any differences between the spectra.  Also compare the ease of obtaining the spectra with the KBr pellet and the photoacoustic accessory.

Nuclear magnetic resonance spectrometer:  For this experiment you will do a quantitative determination of a known mixture of ethanol and benzene and then an unknown mixture of xylenes.  An example of a similar experiment is located in your lab text along with a discussion of the interpretations of chemical shifts and spin-spin splitting.  Understand that the chemicals used in the text are not quite the same as what we need for this lab.  The treatment of data is the same for determining the percent of each component within the mixtures.  This is done with the integration of the spectral traces given by the instrument.  Typical samples for NMR determination consist of 10-50 mg of sample dissolved in about 1.0 mL of solvent.  Start with CDCl3 which contains a very small percent of TMS.  Tetramethylsilane or TMS is a reference compound that is already included in the solvents prepared for NMR.  Qualitative analysis of your spectra is expected with interpretation of both sample and impurities that can and will be present.
Chemicals:  Deuterated chloroform, Absolute ethanol, Benzene, Mixture of benzene-ethanol, o-xylene, p-xylene, xylenes



