STRUCTURE DETERMINATION
Answers to end-of-chapter questions

	1.
	
	
	Concentrated sulphuric acid

Heat under reflux

peak at 1650 cm-1 indicates alkene

absence of peak at 3300 cm-1 shows that it is not an alcohol

so it is hex-1-ene

an IR spectrum of hexan-1-ol

would have a peak at 3300 cm-1
and nothing at 1650 cm-1
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	a)
	i)
	C=O
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	ii)
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there is no broad peak at 2500 – 3000 cm-1
which a carboxylic acid would have
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	b)
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	3.
	
	
	Possible peaks are
70 - [35Cl-35Cl]+, probability ¾ x ¾ = 9/16

72 - [35Cl-37Cl]+, probability 2 x (¾ x ¼) = 6/16

74 - [37Cl-37Cl]+, probability ¼ x ¼ = 1/16

= 3 molecular ion peaks

m/z value of least abundant molecular ion peak = 74
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	4.
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	5.
	
	
	Alcohol: highest m/z ratio = 46

So rmm = 46

Acid: highest m/z ratio = 74

So rmm = 74

  
[image: image6.wmf]C

C

H

H

H

H

H

O

H

  
[image: image7.wmf]C

H

H

C

H

H

H

C

O

O

H


	1
1

1

1

2

	6.
	
	
	Bromine has two isotopes, 79Br and 81Br
Which are equally abundant

Giving a ram of 80

So there will be two molecular ion peaks of equal abundance
[C2H5-79Br]+: m/z = 108

[C2H5-81Br]+: m/z = 110
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	7.
	
	a)
	All four CH3 groups are identical
Giving 12 protons in one environment

The H atoms on the CH are identical

Giving 2 protons in a second environment

The H atoms on carbons 2 and 4 are identical

Giving 2 protons in a third environment

So ratio of areas = 12:2:2 = 6:1:1 
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	b)
	3 (in the ratio 9:5:1)
	1

	8.
	
	
	CH3COOCH2CH3
CH3-CO protons have no adjacent H atoms so will give a singlet

So must be 2.0 (expected chemical shift 2.1 – 2.6)

4.1 must be –OCH2- (expected chemical shift of 3.7 – 4.1)

has three adjacent protons

so must be a quartet

1.2 must be –CH3 (expected chemical shift 0.7 – 1.2)

has two adjacent protons

so must be a triplet
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	9.
	a)
	
	4 (as there are four peaks)
	1

	
	b)
	
	1.2:1.2:1.2:1.8 = 2:2:2:3
	1

	
	c)
	
	2.4 suggests adjacent C=O group

is a two-proton quartet so must be –CH2CO- attached to –CH3
1.1 suggests no adjacent functional group
is a three-proton triplet so must be CH3- attached to –CH2-

so group must be CH3CH2CO-
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	d)
	
	3.8 triplet so adjacent to –CH2-
2.8 triplet so adjacent to –CH2-
	1

	
	e)
	
	2.8 is a two-proton triplet

chemical shift suggests –CH2CO adjacent to –CH2-

so 3.8 is a two proton triplet

so must be –CH2Cl adjacent to –CH2-
so structure must be CH2ClCH2COCH2CH3
	1

	10.
	a)
	
	Number of absorptions:

· tells you the number of different types of protons
Positions of the absorptions:

· gives information about the possible identity of functional groups on the C atom to which the protons are attached (or the adjacent C atom)

Relative intensities:

· tells you the number of protons in each environment

Splitting of absorptions:

· tells you the number of H atoms on C atoms adjacent to the C atom to which the H atoms are attached
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	b)
	
	It has a single intense peak
The protons are highly shielded so the peak does not interfere with the rest of the spectrum

It is cheap and non-toxic
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	c)
	
	Absorption at 1715 cm-1 shows A is a carbonyl
Spectrum shows intensities are 2.9 cm and 4.1 cm
Which is equivalent to a 2:3 ratio

10 protons in total so 4:6 ratio

suggesting two identical -CH2- and two identical -CH3
-CH2- shift is 2.42, suggesting adjacent -CO-

and is a quartet, suggesting adjacent –CH3
-CH3 shift is 1.06, suggesting no adjacent functional group

and is a triplet, suggesting adjacent -CH2-

so A must be CH3CH2COCH2CH3
CH3CH2COCH2CH3+. ( CH3CH2CO+ + CH2CH3.
Peak with m/z 57 = CH3CH2CO+
B is CH3CH2CH(OH)CH2CH3
C is CH3CH=CHCH2CH3
When C is hydrated, OH can attach to either of C atoms 2 and 3

Giving D, CH3CH(OH)CH2CH2CH3 as well as B
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	11.
	
	a)
	The fingerprint region would be different for the two compounds

So they could be compared against an existing database
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	b)
	1-bromopropane would have 3 peaks, relative intensities 3:2:2
2-bromopropane would have 2 peaks, relative intensities 6:1
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1 peak at 136





1 peak at 138
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