13.11 Structural Determination Assessed HW MS
1.
two isotopes  (1)

C3H735Cl = 78    C3H737Cl = 80  (1)

relative abundances  35Cl:37Cl = 3:1  (1)
3

[3]

2.
(a)
same molecular formula / same number of each type of atom (1)

different arrangements of atoms (in the molecule)  (1)
(not just same structural formula)
2

(b)
(i)
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(1)
(1)
2

(ii)
43:
CH3CH2CH2+/ CH3C+HCH3 / C3H7+ (1)
29:
CH3CH2+ / C2H5+  (1)
15:
CH3+  (1)

(2 max if +ve sign omitted or –ve) (+ can be anywhere)
3

(iii)
Isomer 1 (dependent on candidate’s order)  (1)
Isomer 2 could not (easily) give peak at 29 / C2H5+  (1)
2

(c)
(i)
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(ii)
ester (1)
carboxylic acid  (1)


names must be appropriate way round relative to (i)
these marks dependent on correct answers in (i)
2

[13]

3.
(a)
A
B
CH3COOH (1)
HCOOCH3

or HOCH2[image: image4.wmf]C

H

O

(1)
2

(b)
C
D

CH3CH2CH2OH
CH3CH2–O–CH3 (1)
or CH3CH(OH)CH3 (1)

2

(c)
E
F
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(d)
G
H
CH3CH2CHO (1)
CH3COCH3 (1)
2

(e)
I
J
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(f)
K
L
one alkene e.g.
one cycloalkane e.g.
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4.
(a)
(CH3)4 Si or tetramethylsilane  (1)
1

(b)
4  (1)
1

(c)
2 : 1 : 6 : 3  (1)
1

(d)
–CH2CH3  (1)
CH3 splits CH2 to form a quartet  (1)
CH2 splits CH3 to form a triplet  (1)
3

(e)
two equivalent CH3 groups  (1)
1

(f)
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5.
(a)
Pentan-2-one
1

(b)
(i)
1680 – 1750 (cm–1)
1

(ii)
3230 – 3550 or 1000 – 1300 (cm–1)
1

(iii)
4
1

(c)


	Reagent
	K2Cr2O7/H+
	KMnO4 /H+
	Na
	CH3COOH/
H2SO4
	1

	with C
	no reaction
	no reaction
	no reaction
	no reaction
	1

	with D
	goes green
	goes colourless
	effervescence
	smell
	1


(penalise incomplete reagent e.g. K2Cr2O7 or Cr2O7 2–/H+ then mark on)

(d)


	Reagent
	Tollens
	Fehlings or Benedicts
	1

	with E
	silver
(mirror)
	red ppt or goes red
(not red solution)
	1

	
	
	
	


[9]

6.
(a)
C=O (1)
1

or “carbonyl”

(b)
(i)
Cl has (2) isotopes (1)
Allow 35Cl and 37Cl without word isotope – but must be correct isotopes

must have 3 different elements, i.e. not C3H7+ but allow balanced equation including C3H7+ for the equation mark

(ii)
Fragmentation: [image: image12.wmf]O

C

CH
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-

+

 (1)
must be an ion (*)

Equation: C4H7ClO+  [image: image13.wmf]O

C

CH

3

+

 + C2H4Cl (1)
3

(*) allow C2H3O+ or any form of it (i.e. CH2CHO+ or CH2COH+) in equation, be generous with position of + or 
if fragment ion completely wrong (not m/z = 43) no further marks

(c)
(i)
CDCl3 or CCl4 (1) or D2O, C6D6
(ii)
Si(CH3)4 (1) or SiC4H12
2

(d)


	
	Peak 1
	Peak 2
	Peak 

	Integration value
	3
	3
	1

	Splitting pattern
	doublet
	singlet
	quartet

	Number of adjacent, non-equivalent protons
	1
	0
	3



(1)
1

(e)
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7.
X is methyl propanoate
1
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M1 for arrow and lone pair,
4
M2 for arrow
addition-elimination
1


Spectrum 2
1

if thinks Spectrum 1 = X can only score for structure of Y


Y is CH3COOCH2CH3
1
The two marks for explanation are awarded for discussing one or more of the
2
four peaks (not those for the CH3 of the ethyl groups)
for stated  values the integration or the splitting should be related to the
structure: e.g. structure of X shows that

at  3.7 – 4.1 (1) spectrum of X should have integration 3 / singlet (1)
or


at  2.1 – 2.6 (1) spectrum of X should have integration 2 / quartet (1)
Spectrum 2 has these
[OR Spectrum 1 has

at 3.7 – 4.1 (1) quartet / integration 2 (1) so not X

at 2.1 – 2.6 (1) singlet / integration 3 (1) so not X]

[10]


Organic points
(1)
Curly arrows: must show movement of a pair of electrons,
i.e. from bond to atom or from lp to atom / space
e.g.
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