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
UNIT 3

22.
(a)
Mass of  C = 12/44  0.630 = 0.172 g 



Mass of  H = 2/18  0.258 = 0.0287 g 



Mass of  O = 0.315 – (0.172 + 0.0287) = 0.1143 g    



(–1 for each error)
2





Mole ratio 



Moles of C = 0.172/12 = 0.0143
2



Moles of H = 0.0287/1 = 0.0287
4



Moles of O = 0.1143/16 = 0.00714
1
(1)



The empirical formula is C2H4O

(1)







2






(4)
23.
(a)
Mass of water = 0.610 g  moles of water = 0.61/18 = 0.034   moles of hydrogen = 2  0.034 = 0.068  


 mass of hydrogen = 1  0.068 = 0.068g
(1) 



Volume of CO2 = 610 cm3   moles CO2 = 610/24000 



= 0.0254 


 moles of carbon = 0.0254   



 mass of carbon = 12  0.0254 = 0.305 g
(1) 



Mass of oxygen = 0.508 – (0.068 + 0.305) = 0.135 g
(1)






Mole ratio 



Moles of  C   0.305/12
=
0.0254
3 



Moles of  H  0.068/1
=
0.068
8 
(1)



Moles of O  0.135/16
=
0.0084
1 



Empirical  formula  is C3H8O, CH3CH2CH2OH
(1)







5

(b)
To improve the reliability of the results
1






(6)
24.
(a)
CO+ 28; COH+ 29; CH3O+ 31; CH3OH+ 32.  
2

(b)
Relative abundance of each ion formed. 
1

(c)
At m/z = 14; 14.5; 15.5; 16
1






(4)
25.
(a)           
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(b)
A

(1)



Molecule B cannot be fragmented into all of these 



parts.
(1) 






2





(4)
[image: image2.png]


26.
(a) 






1


(b)
The peaks at 112 and 114 correspond to the two isotopes 



of chlorine, 35Cl and 37Cl, being present. 
1

(c)
A molecular ion is formed from the molecule with the 



loss of only one electron.
(1)



C6H5Cl+ 
(1)






2

(d)
(i)
It is part of the molecule with a positive charge. 
1


(ii)
There is only one peak at 77 therefore the two 





isotopes of Cl are not present.
1


(iii)
C6H5+  has a mass of 77.
 1






(7)

27.
(a)
Vibration in the molecule, i.e. specific bonds lengthen 



and shorten rapidly.
1

(b)
The presence of different types of bonds, e.g. C=O, O–H, etc. 
1

(c)
Compare the infra-red spectrum of the distilled sample 



with that of a pure sample of   the expected distillate.
(1)



They should be identical.
(1)






2






(4)
28.
(a)
The sample is not used up nor changed during analysis 



and can be recovered and used again. 
1

(b)
X–ray or infra-red of liquid sample 
1

(c)
No, because the sample is used up. 
1






(3)
29.
NMR – radio; infra-red – infra-red; colorimetry – visible 
(3  1)






(3)

30.
(a)
It produces a magnetic field. 
1

(b)
(i)
Lined up with or against the magnetic field. 
1


(ii)
The one that is lined up against the magnetic field. 
1

(c)
The nucleus changes orientation from high to low spin, 



i.e. changes from being aligned against to being aligned 



with the magnetic field. 
1

(d)
Absorption as energy is required to bring about the 



change.
(1+1) 
2

(e)
(i)
The chemical environment, i.e. the other atoms close 





to the hydrogen atom.  
1


(ii)
The number (proportion) of hydrogen atoms in the 





same chemical environment.  
1






(8)
31.
(a)
12 

1

(b)
All the H atoms are in CH3 groups attached to the central 



silicon. 
1

(c)
0.0 

1






(3)
32.
(a)
Tetramethylsilane 
(1)



It is used as a reference and is given the chemical shift 



value of 0.  
(1)






2

(b)
The chemical shift of the peak is where the CH3 peak is 



found.  
(1)



The area under the curve/integral shows three H atoms.  
(1)






2


(c)
Peak A has a chemical shift of 3.6 and has an integral of 2, therefore it corresponds to CH2.  
1


Peak B has a chemical shift of 2.8 and has an integral of 1, therefore it corresponds to the H in the OH group.      
1






(6)
33.
(a)
Peak D is the reference peak (TMS). 
1

(b)
(i)
Integral
1


(ii)
It gives the relative number of hydrogen atoms in 





the same environment. 
1
[image: image3.png]CH,CH,
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(c)




The phenyl group has five H atoms; the CH2 has two H 



atoms; the CH3 has three H atoms and this agrees with 



the integral values of 5; 2; 3.
(1)



Also, the chemical shift values from the Data Booklet 



agree.  
(1)






3






(6)
34.
(a)
CH3CH2CH2OH  
(1)



CH3CH(OH)CH3  
(1)






2

(b)
(i)
CH3CH2CH2OH  
1


(ii)
3         
1


(iii)
6 (2  CH3 ): 1 (CH): 1 (OH) 
1

(c)
CH3CH2OCH3, therefore expect three peaks.    
1






(6)
35.
(a)
(i)
CH4;  C2H6
(1+1)






2


(ii)
All the H atoms are in the same chemical 





environment for CH4 and for CH3CH3.   
(1) 

For the CH3CH2CH3 and the CH3CH2CH2CH3 





expect two peaks from the CH3 and the CH2 





groups.   
(1)






2

(b)
CH3CH(CH3)CH3
2 peaks – one for the CH3 groups 



and one for the CH group
(1)



CH3CH2CH2CH3
2 peaks – one for the CH3 groups 



and one for the CH2 groups
(1)








2
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(c) 






2






(8)

36.
(a)
 The atom has only one electron. 
1
[image: image5.png]



(b)






1
[image: image6.png]



(c)






1






(3)
37.
(a)
X–ray crystallography 
1

(b)
Helps to find mode of action  or allows vitamin B12 or 



related compounds  to be synthesised 
1

(c)
(i)
A carbon atom has fewer electrons and would 





appear smaller.
1


(ii)
They have only one electron and so their electron 





density is too small for them to be easily seen. 
1
[image: image7.png]




(d)
(i) 






1



(ii)
At the centre of the concentric circles.    
1
[image: image8.png]




(iii) 





1






(7)






















































































































































































































































































































































