Chem 4010/5326: Organic Spectroscopic Analysis
Fall 2015
Problem Set 1
(1) Determine the unsaturation number for each of the following compounds:
(a) C8H7NO (HDI = 6)
(b) C3H7NO3 (HDI = 1)
(b) C4H4BrNO2 (HDI = 3)

(d) C5H3ClN4 (HDI = 6)
(e) C21H22N2O2 (HDI = 12)

(2) Calculate the molecular formulas for possible compounds with molecular masses of 136. In
addition to the atoms listed below, you may assume that the only other atoms present are
carbon and hydrogen. Base formula from rule of 13 = C10H16
(a) A compound with two oxygen atoms (C8H8O2)
(b) A compound with two nitrogen atoms (C8H12N2)
(c) A compound with two nitrogen atoms and one oxygen atom (C7H8N2O)
(d) A compound with five carbon atoms and four oxygen atoms (C5H12O4)
(3) An unknown substance shows a molecular ion peak at m/z = 170 with a relative intensity of
100. The M + 1 peak has an intensity of 13.2, and the M + 2 peak has an intensity of 1.00. What
is the molecular formula of the unknown? Base formula from rule of 13 = C13H14. This
formula will give an isotope pattern close to the one provided. Another formula that will
be close is C12H10O.
(4) The mass spectrum of an unknown liquid shows a molecular ion peak at m/z = 78, with a
relative intensity of 23.6. The relative intensities of the isotopic peaks are as follows:
m/z = 79
80
81

Relative intensity = 0.79
7.55
0.25

What is the molecular formula of this unknown? Base formula from rule of 13 = C6H6. The
M+2 peak (m/z = 80) is about 1/3rd the height of the molecular ion peak. This indicates
one Cl is present. Adding one Cl to the formula requires substituting for C2H11, but we do
not have enough hydrogens. We must then substitute one C for H12 in order to make up
for the deficit. Thee formula is: C6H6 – C +H12 – C2H11 + Cl = C3H7Cl.
(5) Given the spectral information for each compound below: (i) determine the molecular formula
and unsaturation number, (ii) identify major functional groups, (iii) determine the structure (if
possible). Hint: Remember that the number of signals seen in 1H and 13C NMR spectra is
governed by symmetry.
(a) the 13C NMR spectrum shows 4 signals
(i) C6H4Cl2O; HDI = 4 (ii) MS: isotope patterns shows Cl x 2; IR: OH present, overtones
indicate aromatic ring is present, and is either monosubstituted or 1,2,3-trisubstituted,
along with 4 signals in 13C NMR indicate 1,2,3-trisubstituted aromatic
Cl
HO

(iii)

Cl

(b) the 13C NMR spectrum shows 8 signals
(i) C8H14O; HDI = 2 (ii) IR: 1716 indicates ketone is present (nonconjugated), not a lot of
other useful information; MS: m/z 43 could be CH3CO
It may be difficult to arrive at a unique structure with just the information given.

O
(iii)

(c) the 13C NMR spectrum shows 3 signals
(i) C3H4O; HDI = 2 (ii) MS: m/z 39 could be M+ – OH; IR: OH present, 2121 indicates alkyne,
sharp peak at 3294 maky go with this as terminal alkyne. Not a lot of stable structures
with this formula and an alkyne and OH group.
(iii)

OH

(d) the 13C NMR spectrum shows 5 signals
(i) C5H10O2; HDI = 1 (ii) MS: m/z 74 McLafferty fragment ion for methyl ester; IR: 1759 ester
is present. Straight chain ester is present as braching would decrease the number of
signals in the 13C NMR spectrum.

O
(iii)

O

(e) the 13C NMR spectrum shows 6 signals
(i) C6H11NO; HDI = 2 (ii) MS: Odd MW M+ says odd number of nitrogens present. IR:
possible NH's, 1662 indicates probable amide (not a ring lower than 6), with just this
information several possible structures may be possible.

O
HN
(iii)

(f) the 13C NMR spectrum shows 6 signals
(i) C6H8O; HDI = 3 (ii) MS: m/z 68 possible retro Diels-Alder with loss of ethylene; IR: no
OH, 1685 could be amide, but no nitrogen (even mass two nitrogens would remove too
many carbons), consistent with conjugated ketone either in a six membered ring or
exocyclic. Few structures would be consistent with the 13C NMR data given.

O
(iii)

