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Experiment 12 — 

Spectroscopy Dry Lab 

_____________________________________________________________________________ 

Pre-lab preparation.  (1) Read text Ch 13.  As you're reading, you will find a lot of information 

that you discovered on your own in the last lab — perhaps even a few statements that you 

disagree with based on what you saw in those spectra.  The chapter will also help you fill in 

some of the gaps and generalize a few of your conclusions from the last lab.  Based on the 

reading, answer the following questions in your notebook.  (a) In addition to the characteristic 

C=O stretch, aldehydes display a pair of anomalous peaks in the CH stretching region, at what 

wavenumbers?  (b) The text points out C—O stretching vibrations in the spectra of some 

compounds.  In what wavenumber range do these appear?  (c) The triple bond stretches for 

nitriles and terminal alkynes are fairly intense, but that for an internal alkyne (even one with two 

different alkyl groups attached to the sp Cs) is usually extremely weak.  Why?  (d)  Conjugation 

decreases the stretching frequency of a C=O by about 30 - 40 cm–1 on average.  Why?  (Yes, you 

discovered this last week, but it's important that you understand it and be able to draw the 

correct resonance structures.)  (e) In the spectrum of o-nitrotoluene in the text, two strong 

absorptions are indicated (in red) for the nitro group.  What vibrations do you think these are due 

to?  (f) When interpreting an IR spectrum, beware of overtones.  In some of the spectra from the 

last lab you may have noticed small peaks that seemed out of place.  Such peaks are often due to 

overtones of intense absorptions.  Recall that vibrational transitions excited by IR light are from 

the lowest (zero-point, v = 0) vibrational level to the next one (v = 1).  Overtones are transitions 

from v = 0 to 2, and as such are spectroscopically "forbidden", which just means they're much 

less probable, and therefore weak.  v = 0 —> 2 transitions require about twice the energy and 

thus occur at twice the frequency as the v = 0 —> 1 transitions.  Look at the two IR spectra on 

pages 526-7.  There are clear overtones at 3350 cm–1 in the first and at 3500, and 2100 cm–1 in 

the second (and others?).  What absorptions are those overtones of?  (2) In your notebook, sketch 

one IR spectrum (make the scale from 4000 to 500 cm–1) that has all of the following 

absorptions: O–H, C–H (of each hybridization), CN and CC triple bonds, C=O, C=C, C–O.  Try 

to show the approximate shapes, frequencies, and intensities as they would actually appear. 
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 Part 1 — In the lab you will be given a handout with a set of NMR and IR spectra.  Your 

first task is to determine the structure of each compound. 

Start by calculating the degree of unsaturation.  This is the number of pairs of Hs that the 

formula is "missing" compared to the formula of a compound having the same heavy atoms but 

no rings or multiple bonds.  Each "missing" pair of Hs implies the presence of an additional 

bond, i.e. a π-bond or a ring.  So this calculation gives us the total number of π -bonds plus rings 

in possible structures with that formula.  If you understand this principle, you will be able to (a) 

figure this out without the equation, and (b) derive the equation if you feel the urge.  If you try to 

determine the DU by memorizing an equation, you're going to use up ten times the amount of 

brain storage space, and you may well screw up the calculation anyway.  And then by forcing 

everything to conform to your wrong DU value, you'll burn up huge amounts of time and energy, 

just to end up with some hairy maggot-infested frankenstructure.  Eeeeek.  Bottom line: this 

calculation must be done correctly or it's worse than useless. 

 Let's start with hydrocarbons.  The number of Hs in the reference structure, an acyclic 

alkane, is twice the number of Cs, plus 2.  Compare this with the number of Hs in the formula.  

DU is the number of pairs of Hs that the formula is "missing". 

   DU  =  ((2#Cs + 2) – #Hs in formula)/2 

 Now let's include O, N, halogen, and anything else that you like.  Take the reference 

structure and add an O.  Because O makes two bonds, you can insert it anywhere and the total 

number of Hs stays the same.  So oxygens don't affect the number of Hs in the reference.  

Halogens need to be inserted in place of Hs, so for every halogen, the reference structure has one 

fewer H. N makes 3 bonds, so for every N we insert, we'll need to add one H.  (If you don't 

follow this, draw some molecules, and it will make sense.)  So the more general formula is 

  DU  =  ((2#Cs + 2) – #halogens + # Ns  – #Hs in formula)/2 

The part in bold gives the number of Hs in the reference structure — you can check this by 

stringing together all the heavy atoms with single bonds and then counting up the Hs that you 

need to add. 
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 Now one place that this calculation is especially useful is in identifying the possible 

presence of an aromatic (i.e., benzenoid) ring.  What is the DU value for a benzene ring? 

 No go to it.  Have fun. Write your structures directly on the handout provided and then 

turn that in along with the part below from your notebook. 

 

Part 2 — You will be provided with copies of NMR spectra of samples of the solids that 

you separated and recrystallized last semester.  For each compound, you should now have an 

NMR and an IR spectrum. 

Are the spectra reasonably consistent with the structures?  For example, if the compound 

has a carbonyl group, is there an IR absorption at the right place?  Are there other peaks that 

confirm the identity of the compound?  Are the NMR peak positions reasonable?  Integration?  

Coupling?  Does either spectrum indicate the presence of impurities?  (It's possible that the 

samples used for the NMR spectra were less pure than yours.) 

Please write your discussion of the spectra in your notebook, turn it in, and you're done. 

 








