
CHMY 271 

Lab 7 

Spectroscopic and Spectrometric Analysis
Introduction 
It is very important in Organic Chemistry to be able to understand and use spectroscopic and spectrometric techniques.  In spectroscopy, a sample is typically irradiated with light.  The light used could be x-ray, UV, visible, IR, microwave, radio waves, etc.  Some techniques, such as infrared (IR) spectroscopy measure how much light of various wavelengths and energies is absorbed by the sample to gain information about the sample’s chemical makeup.  In the case of IR, the information obtained provides information regarding the types of functional groups that are present in the compound being analyzed.  In some other techniques, such as nuclear magnetic resonance (NMR), when the sample is irradiated, it absorbs light becoming excited.  After being excited, it relaxes to a lower energy state releasing energy.  Measuring the energy of such reemitted light can also give information about the makeup of a substance.  In the case of 1H and 13C NMR, the information obtained provides information about the chemical environment of each H atom and C atom in the compound being analyzed.  

In spectrometric analysis, such as mass spectrometry (MS), a sample is irradiated with energy.  That energy causes the sample to undergo a specific chemical reaction (ionization and possibly fragmentation).  Analysis of the resulting ions and fragment ions provides information about the chemical makeup of the substance.  The type of MS analysis we will be using causes molecules to fragment readily.  The fragments that are produced are unique to the original molecule’s structure, so the pattern of fragmentation is like a chemical fingerprint.

In this lab, each lab group will be given 2 unknown samples.  The first unknown will contain a pure organic substance.  You are expected to use IR, NMR, GC-MS, and any other reasonable methods of analysis to determine the identity of this unknown.  Your pure compound could be any existing organic compound.  The second unknown will contain a mixture of two organic substances.  You are expected to use NMR, IR, GC-MS, and any other reasonable methods of separation and analysis to determine the identity of both of the components of this unknown mixture.  Both of the substances that make up unknown mixture can be found in the list of possibilities on the next page.  You will have limited lab time to complete this lab, so it is highly recommended that you prepare ideas for how to solve this problem before coming to lab.  Most of the lab time available will be required to collect the spectroscopic and spectrometric data, so you will have to do the majority of your interpretation of the data and identification of the unknowns outside of lab.  Please consult with your instructor though if you need any help with your interpretation of data or identification of the unknowns.  Check with your lab syllabus or instructor to determine when the final lab report is due.
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benzylamine benzylchloride
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O H

OH

salicylaldehyde
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methylbenzoate
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cyclohexene

HO OH

LISTOFPOSSIBLECOMPOUNDSPRESENTINUNKNOWNMIXTURE


The focus of this lab is on your ability to use the techniques of IR, NMR, and GC-MS and more importantly, your ability to interpret data gained from these instrumental techniques.  Thus, it is HIGHLY RECOMMENDED that you come prepared on the first lab day with a general understanding of how IR, NMR, and GC-MS data can be interpreted to determine the chemical structure of an organic compound.
Procedure 

1. Start by using your text book, the lecture slides, the internet, and your brains to investigate the spectroscopic and spectrometric techniques, IR, NMR, and GC-MS.  

2. Collaborate with the other students in your group to develop a proposal completely describing how each of the analyses will be performed for both your pure unknown and your unknown mixture.  You will only have about 1 gram or 1 mL of unknown to work with, so consider carefully how to perform the analysis without running out of material.  BEFORE YOU CONTINUE, CHECK WITH YOUR INSTRUCTOR to make sure your proposal is reasonable.  
3. Complete the steps outlined in your proposal.  Be sure to record all of your observations and data IN YOUR LAB NOTBOOK USING THE CORRECT FORMAT, SIGNIFICANT FIGURES, AND UNITS.  BE SURE YOU HAVE ALL OF THE SPRECTAL DATA SAVED TO DISK OR PRINTED OUT BEFORE YOU LEAVE LAB.
4. When spectroscopic data of your unknown mixture is obtained, develop a proposal completely describing how you will either separate the two components of your mixture to identify them separately or how the data you have obtained for the mixture allows you to identify both components with certainty.  

5. Use your collected data to identify each component of each unknown.  In your lab report, you must discuss the following characteristics for each identified compound:
a. Identify the peaks in the IR spectrum that correlate to each of the key functional groups in your unknown.
b. Assign each proton in your chemical structure to a peak in the 1H NMR.

c. Assign each carbon in your chemical structure to a peak in the 13C and DEPT NMR.

d. Discuss the certainty you have in the GC-MS analysis.

e. Discuss the certainty you have in your overall analysis and conclusions and WHY you are certain or uncertain.  In addition, consider what you might have done differently if you were to repeat the lab experiment including ideas to obtain more/better data
6. Once your instructor agrees that you have collected enough data, dispose of your waste as described in the waste disposal guidelines below.

7. Write your report using the lab report guidelines. 
WASTE DISPOSAL GUIDELINES

· All excess unknown and solutions used for GC-MS analysis should be rinsed with ethanol into the sealed storage container labeled for liquid waste removal and incineration.

· Any sample that was dissolved in CDCl3 for NMR analysis should be disposed of in the “chlorinated organic solvent waste.”
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