13.11 ANSWERS TO EXERCISES
13.11 Exercise 1

1.
43 - CH3CH2CH2+ and CH2CHO+

equations:
CH3CH2CH2CHO+. ( CH3CH2CH2+ + .CHO




CH3CH2CH2CHO+. ( CH3CH2. + CH2CHO+
29 - CH3CH2+ and CHO+

equations: 
CH3CH2CH2CHO+. ( CH3CH2+ + .CH2CHO




CH3CH2CH2CHO+. ( CH3CH2CH2. + CHO+

57 – CH2CH2CHO+

equation:
CH3CH2CH2CHO+. ( .CH3 + CH2CH2CHO+

15 – CH3+

equation:
CH3CH2CH2CHO+. ( CH3+ + .CH2CH2CHO

2.
Pentan-2-one gives a peak at 43 due to CH3CH2CH2+ and CH3CO+

equations:
CH3CH2CH2COCH3+. ( CH3CH2CH2+ + .COCH3



CH3CH2CH2COCH3+. ( CH3CH2CH2. + COCH3+

Pentan-3-one gives no peak at 43 as it contains no such fragments

3.
a)
15 - CH3CH2CH2CH2CH3+. ( CH3+ + .CH2CH2CH2CH3


29 - CH3CH2CH2CH2CH3+. ( CH3CH2+ + .CH2CH2CH3


43 - CH3CH2CH2CH2CH3+. ( CH3. + +CH2CH2CH2CH3


57 - CH3CH2CH2CH2CH3+. ( CH3CH2. + +CH2CH2CH3

b)
15 - CH3COOCH2CH3+. ( CH3+ + .COOCH2CH3


15 - CH3COOCH2CH3+. ( CH3COOCH2. + +CH3


29 - CH3COOCH2CH3+. ( CH3COO. + +CH2CH3
43 - CH3COOCH2CH3+. ( CH3CO+ + .OCH2CH3

c)
15 - CH3CH2COOH+. ( CH3+ + .CH2COOH


29 - CH3CH2COOH+. ( CH3CH2+ + .COOH



57 - CH3CH2COOH+. ( CH3CH2CO+ + .OH


d)
15 - CH3CH2CH2CH2CHO+. (CH3+ + .CH2CH2CH2CHO



29 - CH3CH2CH2CH2CHO+. (CH3CH2+ + .CH2CH2CHO


43 - CH3CH2CH2CH2CHO+. (CH3CH2CH2+ + .CH2CHO



57 - CH3CH2CH2CH2CHO+. ( CH3CH2CH2CH2++ .CHO

13.11 Exercise 2
1.
a)
O-H (alcohol)


b)
C=O (carbonyl)


c)
C=O and O-H (acid) so carboxylic acid


d)
C=O (carbonyl)

2.
All have a carbonyl group (1700)

A is a carboxylic acid (2500 – 3000 broad) – butanoic or methylpropanoic acid. 

B has no broad peaks so is either a carbonyl ether or an ester
C is an alcohol (3000 – 3000 broad) so is a carbonyl alcohol
3.
The fingerprint region (1500 – 3500 cm-1) is different for every molecule

So compare the fingerprint region of the molecule with a database of IR spectra of known carbonyl molecules until an exact match is found.

13.11 Exercise 3

1.
peak at 1.1 is CH3- adjacent to -CH2-

peak at 2.2 is -CH2CO-, adjacent to CH3-

peak at 11.8 is –COOH


so molecule is propanoic acid, CH3CH2COOH

2.
a)
peak at 1.2 is CH3-, adjacent to -CH2-



peak at 1.3 is also CH3-, adjacent to -CH2-



peak at 2.3 is -CH2CO-, adjacent to CH3-



peak at 4.1 is -CH2O-, adjacent to CH3-



so molecule is ethyl propanoate, CH3CH2COOCH2CH3
b)
CHCl3 is not used as a solvent because it contains a proton which will interfere with the spectrum of the substance being analysed.
c)
TMS is a good standard because



- it contains 12 identical protons, giving a single intense peak

- it contains highly shielded protons, which do not interfere with the spectrum

- it is cheap and non-toxic

13.11 Exercise 4

1.
Molecular formula = C5H10O2

infra-red spectrum:

peak at 1710 cm-1 indicates a carbonyl


proton nmr spectrum:


peak at 0.8 is CH3- adjacent to -CH2-



peak at 1.1 is -CH2- adjacent to CH3- and -CH2-



peak at 2.3 is -CH2CO- adjacent to -CH2-



peak at 3.7 is CH3O- 



so molecule is methyl butanoate, CH3CH2CH2COOCH3

mass spectrum:



peak at 43 from: CH3CH2CH2COOCH3+. ( CH3CH2CH2+ + .COOCH3


peak at 57 from: CH3CH2CH2COOCH3+. ( CH3CH2CH2CO+ + .OCH3
