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22.
0.315 g of an organic compound containing C, H and O was completely burned in oxygen and was found to produce 0.630 g of carbon dioxide and 0.258 g of water.  Calculate the empirical formula for this compound.
(4)
23.
A sample of a compound was known to be a short-chain alkanol.  The sample was treated as follows:

sample burned in excess oxygen. 



the gases passed through a tube packed with CaCl2


remaining gases passed through concentrated KOH solution.


Experimental results:


(i)
0.508 g sample burned 


(ii)
CaCl2 tube increased in mass by 0.610 g 


(iii)
Volume of gas reduced by 610 cm3 on passing through the KOH(aq). 


The molar volume on the day of the experiment was 24.0 litres.

(a)
Use the experimental results to identify the alkanol.
5
(b)
State why this experiment is best carried out in duplicate.
1
(6) 
24.
The mass spectrum of a molecule of empirical formula CH4O is shown below.
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(a)
Suggest a formula for an ion for each peak in the above spectrum.
2
(b)
What is measured by the peak height in the above 


spectrum?
1
(c)
Occasionally two electrons can be removed from each fragment produced.  Where will these peaks appear in the mass spectrum?
 1
(4) 

25.
When an organic compound is passed through a mass spectrometer some of its molecules are broken down into fragments.  The simplified mass spectrum of an organic compound is shown below.
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The molecule was known to be either:
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(a)
Suggest which fragments of the molecule could be responsible for each peak in the mass spectrum.
         2
(b)
By referring to your answer in part (a) decide which of the molecules could have given rise to the spectrum.  Explain your choice.
 2
(4) 

26.
After chlorinating benzene a sample of the product was subjected to mass spectral analysis:
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(a)
Draw the structure of the product.  Give a reason for your answer.
 2
(b)
There is evidence for two isotopes of chlorine in the sample.  Identify this evidence.
         1
(c)
By reference to the above spectrum, state what is meant by a molecular ion.
         1
(d)
The most intense fragment ion occurs at 77. 



(i)
What is a fragment ion? 
1


(ii)
What evidence is there that the ion at 77 contains no chlorine? 
1


(iii)
Suggest a formula for the ion at 77.
 1
(7) 

27.
If a very thin sample of an organic compound is subjected to energy from the infra-red region of the electromagnetic spectrum, specific frequencies of radiation are absorbed.

(a)
What kind of movement is induced in the molecules when infra-red radiation is absorbed?
         1
(b)
What can be deduced about a molecule by examining its 


infra-red spectrum?
         1
(c)
How could infra-red be used to show that a sample 


produced after distillation was pure?
         2

(4) 

28.
(a)
Nuclear magnetic resonance (NMR) spectroscopy is a              non-destructive method of analysis.  Explain what is meant 



by this statement.
          1

(b)
Name another non-destructive method of analysis.
1

(c)
Can the technique of atomic absorption spectra be 



classified as non-destructive?  Explain your answer.
          2
(4) 

29.
NMR, infra-red and colorimetry involve absorption of energy by samples.   What part of the electromagnetic spectrum does each involve?
(3) 

30.
The hydrogen atoms in a molecule spin about their axes.

(a)
What property does this confer on these atoms that is useful in NMR analysis?
         1
(b)
If a magnetic field is applied to the molecule then these hydrogen atoms take up one of two orientations.




(i)
Describe these orientations. 
1


(ii)
Explain which of these is of lower energy.
 1
(c)
Electromagnetic energy (high frequency radio waves) is 


now applied and many of the hydrogen atoms ‘flip’.



What is meant by ‘flip’?
1
(d)
Since more atoms started in the lower energy state there 


is a net energy change.  Explain whether this is absorption or an emission of energy.
2
(e)
The immediate surroundings of the hydrogen atoms in the molecule will determine whether it flips or not at a certain radio frequency. The NMR spectrum of the molecule 


consists of a number of peaks.




(i)
What can be deduced from the positions of the peaks? 
1


(ii)
What can be deduced from the areas of the peaks?
1
(8) 

31.
Tetramethylsilane (TMS) is used as a reference in proton NMR.

(a)
How many hydrogen atoms are there in TMS?
1
(b)
All the hydrogen atoms in TMS are said to be in the same chemical environment.  Explain.
         1
(c)
What is the numerical value of the chemical shift for the peak(s) produced by TMS?
         1
(3) 

32.
The 1H NMR spectrum of ethanol (C2H5OH) is shown below.
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a)
Which chemical produced the peak named TMS and what 


is its purpose?
         2
b)
Give two reasons for the chemist deciding that peak C was due to the CH3 group.
         2
c)
Link peaks A and B to the hydrogen atoms in ethanol.   


(Give two reasons in each case.)
         2
(6) 

33.
A hydrocarbon liquid, of empirical formula C8H10, was subjected to 1H NMR analysis:
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(a)
What is peak D?
1
(b)
(i)
What name is given to the line above each peak? 
1 


(ii)
How do the values shown relate to the number of hydrogens in the molecule?
         1
(c)
Suggest a structural formula for the molecule and justify 


your choice.
         2
(5) 

34.
An alcohol has a molecular formula of C3H8O.

(a)
Suggest two possible isomeric structures for this 


compound
2
(b)
The 1H NMR spectrum for one isomer showed four peaks.   


(i)
Which isomer does this indicate?
         1

(ii)
How many peaks would the other isomer have?  
1

(iii)
Comment on the relative integrals (i.e. the areas 



under the peaks).
          1
(c)
Predict the number of peaks observed in the spectrum of 


the isomeric ether.
         1
(6)

35.
An 1H  NMR spectrum was recorded for each of these straight-chain hydrocarbons: CH4, C2H6, C3H8 and C4H10.

(a)
(i)
Which of the compounds would show only one peak? 
2

(ii)
Explain your choice by reference to all the structural formulae.
2
(b)
How many peaks would you expect for both the isomers of C4H10?
         2

(c)
A compound of formula C5H12 also shows only one peak.  Suggest a structural formula for this isomer.
         2


(8) 

36.
The following electron density map was obtained from an aromatic compound with molecular formula C6H3Cl3O.
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(a)
Explain why the hydrogen atoms do not show up clearly in the electron density map.
         1
(b)
Draw the full structural formula for this compound.
1
(c)
Draw the electron density map that would be obtained for methanoic acid.
         1


H/96 

(3)

37.
In the late 1950s and 1960s, Dorothy Hodgkin was the first person to unravel the structures of big molecules like vitamin B12 (still injected as a cure for pernicious anaemia) and insulin (a molecule with over 800 atoms).

(a)
What technique did she pioneer in solving these structures?
1
(b)
Suggest a reason why it was a breakthrough to know the structure of vitamin B12.
1
(c) 
(i)
In what way would a carbon atom differ from a chlorine atom in an electron density map? 
1

(ii)
Explain why hydrogen atoms cannot be easily detected by this technique. 


(d)
The electron density map for an organic molecule is shown below.
1
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(i)
Suggest the structural formula for this molecule. 
1
(ii)
State where the nuclei of the carbon atoms are to be found in the above diagram. 
1
(iii)
Draw a similar diagram for the molecule monochlorobenzene.
1
(7) 
























































































