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Answers 

Revision quiz 
Kate Appleby 

Buried with their bones 
(1) To understand why lipids are insoluble in water, we have to look at their chemical structure. 
Triacylglycerols (TAGs) are one of the lipid types that are analysed (see Box 1 on p. 3 of the magazine 
for their structure). Although they are esters, and the ester group itself is polar, they also have very 
long hydrocarbon ‘tails’, which are not polar at all. So overall, lipids are non-polar, whereas water is a 
polar molecule. Like dissolves like, therefore non-polar lipids will not dissolve in polar water. 

(2) This is much simpler than it may first look. All you have to do is calculate the overall mass of the 
molecule and then calculate the percentages of carbon, hydrogen and nitrogen in the molecule: 

Relative molecular mass of glycine (C2H5NO2)  

= (12.01 × 2) + (1.01 × 5) + 14.01 + (16.00 × 2)  

= 75.08 g mol–1 

Percentage mass of carbon = 100
0875

20112
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).(
= 31.99% 

Percentage mass of hydrogen = 100
0875

5011
!

!

.

).(
= 6.73% 

Percentage mass of nitrogen = 100
0875

0114
!

.

.
= 18.66% 

(3) Hexadecane is an alkane and is therefore non-polar. Cholesterol has an –OH group, and so has 
medium polarity, and oleic acid is a fatty acid (it has a carboxylic acid group), making it the most polar 
component of the three (although the long hydrocarbon tail means that compared to smaller carboxylic 
acids, it is actually not a very polar molecule). In the process of column chromatography the least 
polar solvent is used first and the solvent polarity is increased over time. Like dissolves like, so the 
least polar component must move down the column fastest (dissolved in the first, non-polar solvent). 
This means hexadecane will elute first, followed by cholesterol and then oleic acid, as the solvent 
polarity increases. 

Focus on industry: Applications in agriculture 
(1) The toxophore is the part of the molecule that actually binds to the target molecule in pests and 
gives the insecticide its toxic properties. 

(2) The secondary amine in eserin must be converted to the tertiary amine in pirimicarb. This can be 
achieved by a simple nucleophilic substitution reaction with 1 equivalent of methyl iodide or methyl 
bromide.  
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(3) (a) A stereochemical form is one of the possible spatial configurations of a molecule. It has specific 
spatial arrangements of atoms that are restricted in their rotations, and are held in that one specific 
configuration. 

(b) The three asymmetric centres (chiral carbons) in the pyrethrin are shown below: 

O

O
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H
cis/trans

Chiral

Chiral
Chiral  

(c) A double bond can give rise to E/Z isomerism (sometimes referred to as cis/trans isomerism). For 
example, the molecule on the left is cis-but-2-ene (Z-but-2-ene) and the one on the right is trans-but-2-
ene (E-but-2-ene): 

C C C C

H

H3C CH3

H H

H3C H

CH3 
The double bond marked in the pyrethrin molecule can show E/Z isomerism. Note that the other 
double bonds in this molecule do not show stereoisomerism, because if one of the carbons involved in 
the double bond has two identical groups attached, then there is no difference between the two 
possible arrangements of groups across the bond. 

Lifestyle chemistry: Shades of chemistry 
(1) 

Frequency/Hz 3 × 1019   
Increasing frequency 

  3 

Wavelength/m <10–11 10-11–10–8 10-8–4 × 
10–7 

4 × 10–7–7 
× 10–7 

7 × 10–7–
10–3 10–3–10–1 10–1–108 

Radiation Gamma rays X-rays Ultraviolet Visible Infrared Microwave Radio 
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E/Z isomers possible 
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(2) Homolytic fission produces free radicals, as the bond is broken equally. So in the case of Cl2, one 
electron goes to one chlorine atom and one electron goes to the other chlorine atom. 

Half arrows show the movement of one electron. 

Cl Cl 2Cl  
Heterolytic fission produces ions, as the bond is broken unequally. Both electrons go to one species, 
producing an anion (negatively charged ion) and the species that does not receive any electrons 
becomes a positively charged cation. The electrons go to the most electronegative atom. For HCl, the 
mechanism is as follows: 

H Cl H
+
+ Cl

-

 
 
(3) The polycarbonate monomer is formed by a simple nucelophilic substitution reaction, shown below 

HO OH

Cl

O

Cl

HO O Cl

O

H Cl
-

HO O Cl

O

+ HCl  

Fragments: the future of pharmaceuticals 
(1) Drugs can bind to the active site of a protein, either reversibly as a competitive inhibitor (where the 
drug needs to be in a higher concentration than the normal substrate in order to block it and stop it 
binding) or irreversibly (where the drug chemically alters the protein and prevents the substrate from 
ever binding again). Drugs that bind at an allosteric site do not bind to the active site, but change the 
shape of the protein when they bind so that the substrate can no longer bind to the active site. Often, 

• • 
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such drugs are non-competitive inhibitors, as they do not compete with the substrate for the active 
site.  

(2) Polar molecules are unable to cross cell membranes because they are non-polar. A cell membrane 
is composed of many phospholipids, which contain a hydrophilic, polar head and a hydrophobic non-
polar tail. The phospholipids arrange into a bilayer — with the hydrophilic heads pointing out into the 
extracellular environment and into the cell, as shown below. To diffuse through a membrane, 
molecules need to pass through the hydrophobic region, which is unfavourable for polar molecules. 
Polar molecules require specific transport systems to enter a cell. 

 

  
 
 

Encounter: SeXeY chemistry 
Electron count for hydrogen selenide: 

Se = 6 valence electrons 

2H = 2 × 1 = 2 valence electrons 

Total = 6 + 2 = 8 electrons = 4 electron pairs 

There are four pairs of electrons, but only two bonds, therefore there must be two lone pairs. This 
means the molecule must be bent, with bond angles smaller than those in the tetrahedral structure, 
due to lone pair repulsion: 

Se

H

H

   

Back page: Celebrating the double helix 
(1) A hydrogen bond is an intermolecular force between a hydrogen atom, which is covalently bonded 
to an electronegative atom (e.g. oxygen or nitrogen), and another electronegative atom with a lone 
pair of electrons (e.g. O or N). The electron-withdrawing effect of the electronegative atom, to which 
the hydrogen is covalently bonded, leaves the hydrogen atom with a small positive charge — it is 
electropositive. The hydrogen bond is an attractive force between electropositive hydrogen and an 
electronegative atom; it is a strong form of dipole–dipole interaction.  

The strongest hydrogen bonds form between hydrogen and fluorine. Why do you think this is? (Hint: 
how electronegative is fluorine?) 

Outside the cell 

Inside the cell 

Phospholipid bilayer forming a cell membrane 
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(2) Adenine and thymine bind through two hydrogen bonds (as shown in Figure 1 on p. 34 of the 
magazine), whereas guanine and cytosine bind with three. More energy is required to break more 
hydrogen bonds. Separating the bases in DNA by breaking the hydrogen bonds is an important 
process for replicating DNA and for making messenger RNA in the process of transcription (the first 
step in protein synthesis). Typically, the hydrogen bonds are broken quickly by enzymes. 

(3) Adenine binds to thymine and guanine binds to cytosine, so the base order of the corresponding 
DNA strand must be GCTAACCGTAAC. 


