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1. Theseare a suite of NMR or combined IR/NMR spectroscopy problems. From the spectra and
information below, derive the molecular structure. Explain your reasoning.

a). The IR spectrum below is obtained on a neat liquid sample, which shows a fairly weak UV
absorption band near 280 nm in 95% ethanol. The parent masspeak in the spectrum lies at
MW=86, with fragments 29 and 57 amu.



b). The formula for this compound is C6H12O2. The IR spectrum is obtained on a neat liquid
sample. What is the structure of this compound?



c). The compound whoseIR and NMR spectra are shown below has a parent ion peak at 60 amu
and a strong fragment at 31 amu. There is no UV absorption above 205 nm.



d). The compound whoseIR and NMR spectra are shown below hasa parent ion peakat 134amu
and a strong fragments at 91 and 43 amu. There is strong UV absorption below 200 nm, and
two weak bands at 252 and 280 nm.



e). There is no UV absorption by this compound at wavelengths beyond the 205 nm cuto� in
95% ehtanol. The IR spectrum is obtained on a neat liquid. The parent masspeak is at 74
amu, with a range of fragments from 29-31amu (and near 45 amu as well). From the spectra
below, determine the structure.



f ). The following compound, with the formula C4H8O2, is an ester. Give its chemical structure
and assignthe chemical shifts to the appropriate proton(s).

g). The following monosubstitued aromatic compound has the chemical formula C9H12. Give its
structure and assignthe chemical shift values.



h). This compound has the chemical formula C3H7NO2, and has two intensevibrational bands at
1550and 1360cm� 1. Assign the chemical shifts below and the structure.

i). The infrared spectrum of this molecule,with the chemical formula C4H7O2Br, hasan extremely
broad absorption band from 3400-2400cm� 1. The resonanceat far left hasbeenbrought onto
the chart (which runs from only � =0{8), and occurs at 10.97 � . Assign the chemical shifts
below and the structure.



j). And last but not least... This aromatic compound shows weak infrared absorption at about
3000,2850,and 2750cm� 1 with strong absorption bands at 1680,1260,1030,and 840 cm� 1.
The �ne structure in the NMR resonancesof the aromatic protons can be used to assignthe
substitution structure on the benzenering (seeSection6.3 of the on-line NMR supplementary
notes from Week #7). What is the structure of this compound, and which protons produce
the NMR chemical shifts in the spectrum below?



2. Consider a system of N particles with massm in a 3D box of volume V = L x L y L z , whose
energy levels are given by:
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where a, b, and c are the particle-in-a-box quantum numbers (a;b;c = 1; 2; 3; :::) for x, y, and z,
respectively.

A piston of area A = L x L y moves along the z direction to compressor expand the gas by
changing the box length by dz. In the absenceof heat 
o w, the reversible work dw done with this
piston is simply
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where n j is the occupation number of state j = (a;b;c). By consideringthe change in each � j due
to dz, show that
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3V

where n j is the occupation number of state j = (a;b;c). By consideringthe change in each � j due
to dz, show that
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for any arbitrary 3D box; and show that this expressionprovides(yet another) route to the equation
of state of a perfect gaswith no internal degreesof freedom. The term < � tr ans > is the translational
energyas averagedover the ensemble, not that for an individual particle.
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