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1. This question is about rocket fuel  Mark 

(a)   

 
(b)   

 

 

 

 

 

 

 

 

(c) (i)   

 

 

 

 

 (ii)  

 

 

(d) (i)  

 

 

 

 

 (ii) Oxidation state of H in reactant 

 

Oxidation state of C in reactant 

 Oxidation state of H in product 

 

Oxidation state of C in product 

(e)  

 

 

 

 
Total out of 7  
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2. This question is about electronegativity, bonding and structure Mark 

(a)  

 

 

 

 

 

  

 

(b)  

 

 

  

 

(c) 
 
 
 
 
 
 
 
 
 
 

 

(d) (i)  

 

 

(ii)  

(iii)  

(iv)  

(v)  

(e)  

   
(f) (i)  

 
(ii)  

 
(iii) 

 

 

  
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(g) (i)  

 

 

 

 

(ii)  

 

 

 

 

(h) (i)  

 

 

 

 

 

 

 

 

 

(ii)  

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

(iii)  

 

 

 

 

 

 

 

 

 

 

 
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(iv)  

 

 

 

 

 

 

 

 

 
 

 
 

 
(v)  

 

 

 

 

 

 

 

 

 
Total out of 20  
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3. This question is about amino acid complexes Mark 

(a) (i)  

 

(ii)  

  

 
(b) (i)  

 

 

 

 

 

 

 

 

(ii)  

 

 

 

 

(c) 

   

 
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(d) Draw each stereoisomer only once. If the stereoisomer is chiral, you should only draw 
one enantiomer. Not all boxes may be required. 



 
 

 

 

 

 

 

 

 

(e) Draw each stereoisomer only once. If the stereoisomer is chiral, you should only draw 
one enantiomer. Not all boxes may be required. 



 
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(f) RhMt3 

 



 

 

Number of d-electrons in outer shell 

 

Arrangement 1 

 

Arrangement 2 

Spin magnetic moment, μ 

 

 

 

Spin magnetic moment, μ 

CuMt2 

 



 

 

Number of d-electrons in outer shell 

 

Arrangement 1 

 

Arrangement 2 

Spin magnetic moment, μ 

 

 

 

Spin magnetic moment, μ 

(g)   

 

 

 
 

  

 

 

High spin Low spin 

  

 
Total out of 18  
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4. This question is about vaping Mark 

(a) (i) 

 

 

 

 

Nitrile Alcohol Ester Ketone Ether Carboxylic 
Acid 

      

 
 

 (ii)  

 

 
 

(b) 

 

Structure Is this structure consistent with the data from… 

… mass spectrometry? …1H NMR? …13C NMR? 

 

   

 

   

 

   

 

   





 

(c) 

Continued on next page 
 

aldehyde/ketone phosphonium ylide major alkene product 

  
 

  
 

 

 
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aldehyde/ketone phosphonium ylide major alkene product 

  

 
OR 

  

 



 

 

(d) A 

 
 

 

 

 

 

 

B 

 

 

 

 

 

 

 

 



 



 

C 

 

 

 

 

 

D 

 

 

(e) carbocation 

 

 

 

 

 

 

 

 
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(f) W 

 

X 

 

 

 

 

 
 







 

Y 

 

Z 

 

 

 

 

 
 

 
Total out of 21  
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5. This question is about cheese Mark 

(a) (i)  

 

 

 

 

 

  

(ii)  

 

 

 

 
 

(b)  

 

 

 

 

 

 

(c) (i)  
 

Oxidation Reduction Condensation Hydrolysis  Isomerisation Elimination 

      
 

 
(ii)                                       

 

A 

 

B 

  

 
(d)  

 
  

(e) 

 

 

(f) (i) 

 

 

 

 

 

 

 
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 (ii)  

 

 

 

 

 

 

 

(g)  

 

 

 

 

 

 

 

 

 

 

 

 

 

(h)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
𝑘H𝑉ch𝑝b 

4𝜋𝑟3𝑝b
3𝑅𝑇

 
4𝜋𝑟3𝑝b
3𝑅𝑇

𝐾 ⋅ 10pH 𝐾 ⋅ 10pH𝑘H𝑉ch𝑝b 
𝑉ch𝑝b
3𝑅𝑇

 𝐾 ⋅ 10−pH𝑘H𝑉ch𝑝b 

𝒏CO2(g)       

𝒏CO2(ch)       

𝒏HCO3(ch)
−        

 

 

 
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(i)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(j)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Total out of 20  

 


