
Revision for  Unit 4 AOS 1 outcome 1 – media article 

Dimethyl carbonate (DMC) is an important, versatile and environmentally friendly chemical 
used in various chemical industries. Below are some products made using dimethyl 
carbonate. 

 

 

 

 

 

1. Polycarbonates - DMC is a building block in manufacturing polycarbonate plastics, 
which are used in electronic components, automotive parts, eyewear lenses, and 
construction materials. 

2. Pharmaceuticals -It is involved in synthesizing intermediates and active 
pharmaceutical ingredients (APIs). 

3. Agrochemicals - DMC helps produce herbicides, insecticides, and fungicides. 

4. Paints and Coatings - As a solvent and chemical intermediate, it helps manufacture 
environmentally friendly paints and coatings. 

5. Lithium-Ion Batteries - Electrolyte solutions using DMC improve battery efficiency in 
mobile devices and electric vehicles. 

6. Fuel additive- It serves as an oxygenate 

additive to improve combustion efficiency 

and reduce emissions in gasoline. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Figure 1 – An abstract from  a research paper on the green synthesis of  
dimethyl carbonate (DMC) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – A visual summary of the reaction to form DMC via CO2 pathway and its use in 
the formation of other compounds 
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Figure 3 – Shows three chemical reactions forming DMC 
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Dimethyl carbonate (DMC) is a versatile, safe and environmentally friendly chemical widely 
used as a solvent, methylating agent, and intermediate in pharmaceutical and industrial 
synthesis. Its low toxicity and biodegradability make it an attractive alternative to more 
hazardous chemicals. 

Currently, two main industrial processes produce DMC: 

1.  The phosgene reaction 
2.  The direct synthesis from carbon dioxide (CO₂) 

 

The phosgene reaction involves the reaction of phosgene (COCl₂) with methanol (CH₃OH) to 
form DMC and hydrogen chloride (HCl) as a byproduct. Both phosgene and methanol are 
toxic, with phosgene infamously used as a chemical warfare agent during World War I. 
Handling phosgene requires stringent safety precautions, and the corrosive HCl byproduct 
necessitates careful neutralization and disposal. This method typically achieves high yields of 
around 90.0%.  

 

Alternatively, the direct synthesis from CO₂ uses carbon dioxide, a greenhouse gas and 
methanol, along with catalysts, to produce DMC and water as a byproduct. While far less toxic 
than phosgene, carbon dioxide’s chemical stability demands high pressure and temperatures, 
and innovative catalysts to achieve high rates and moderate yields. 

Developing sustainable and safe production methods for DMC remains a central challenge, as 
industries seek to balance yield, safety, environmental impact, and economic viability in line 
with green chemistry principles. This method typically achieves low yields of around 50.0%. 

 

 

 

 

 

 

 

 

 

 



1. Consider fig. 2.  
a. Give the systematic name of the molecule labelled “C” 
b. Draw the structural formula of the compound and give its molecular formula. 

 
 

2. Consider fig. 3 reaction 2.  
a. Calculate the atom economy of reaction 2. 

 

 

 

b. Under certain conditions reaction 2 has a %yield of 55%. Calculate the 
expected mass of DMC formed if 3.200 grams of methanol reacted 
completely. Express your answer to the right number of significant figures. 

 

 

 

 

 

c. Under totally different conditions 3.200 grams of methanol produced 3.587 
grams of DMC. Calculate the %yield under these conditions. 

 

 

 

 

d. Calculate the atom economy for the reaction?  What does this suggest about 
the reaction? 

 

 

 

 

 



3. Figure 3 shows reaction 2 as a catalyst driven reaction.  
i. What green chemistry principle does using a catalyst in this  reaction 

address? 

 

 

 

ii. Discuss what the impact of a catalyst is on the reaction in regards to: 
 
 
- Temperature the reaction takes place at. 

 

 

 

- Yield produced  

 

 

 

  

- Waste created 

 

 

 

 

- Atom economy 
 

 

 

 

 



4. A chemical reaction involves two reactant molecules combining to form a single 
product molecule, with no molecules lost or eliminated during the process. 
a. What class of reaction does this represent? Explain your answer, highlighting 

why the number of reactants and products matter in classifying this reaction. 

 

b. What is the atom economy of an addition reaction? Justify your answer. 

 

 

5. Degree of unsaturation give an indication as to the structure of the molecule. 
 
a. Give the degree of unsaturation of molecules A, B, C and D shown below. 

 

 
 
 
 
 
 
 
 

b. What is the degree of unsaturation of DMC. Justify your answer. 

 

 
 
 
 
 
 
 
 
 
 
 

 

          A 

 

                    B 

 

C 

 

D 



6. Consider the reaction pathway shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Substance Reaction with Br2 
water 

Reaction with  
Cr2O7

2- 

Reaction with blue 
litmus paper 

W Brown → clear Remains orange Remains blue 
U Remains brown Remains purple Turns red 
Z Remains brown Remains purple Turns red 
A Remains brown Remains purple Remains blue 
T Remains brown Orange → green Remains blue. 

 

 

 

 

 

(g) 
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a. Name each compound in the table below      

A  
 

M  
 

X  
 

Y  
 

Z  
 

W  
 

R  
 

Q  
 

J  
 

T  
 

U  
 

 

b. In the diagram above, circle and name the functional group of compound D. 

 

c. What general class of reaction forms compounds: 
 
i. M ___________________________________________________________ 

 
ii. R ___________________________________________________________ 

 
iii. T ___________________________________________________________ 

 
iv. Z ___________________________________________________________ 
 
v. D ___________________________________________________________ 

 
 
 



7. Dimethyl carbonate (DMC) is used for methylation in peptide synthesis because 
it is a mild, safe, and environmentally friendly methylating agent. Unlike 
traditional reagents such as diazomethane or methyl iodide, DMC has low 
toxicity and produces minimal hazardous waste, aligning with green chemistry 
principles. Its gentle reaction conditions help preserve the delicate structure and 
chirality of amino acids and peptides, minimizing the production of unwanted 
optical isomers and side reactions. Methylation itself is important in peptide 
synthesis because it protects reactive side chain groups, like carboxyl (–COOH) 
groups, from unwanted chemical reactions during the complex multistep 
synthesis process. By temporarily masking these functional groups, methylation 
improves the control, efficiency, and selectivity of peptide bond formation, 
ensuring the accurate assembly of biologically active peptides and enhancing 
stability and purity of the final product. 

 

 

 

 

 

 

 

 

 

a. With reference to the 2026 data booklet: 
i.  draw the skeletal structures of two possible dipeptides formed from the 

reaction between alanine and glycine, in the space provided below. 

 

 

 

 

 

ii. Circle and name three functional groups present in peptide 1. 

 

Peptide 1 Peptide 2 



b. During artificial peptide synthesis, aspartic acid tends to react with its acidic 
side chain to form crosslinks with neighbouring amino sidechains. Consider the 
methylated and unmethylated forms of aspartic acid, shown below. 

 

 

 

 

 

 

i. How does methylation affect the solubility of the aspartic acid 
molecule in water? 

 

 

 

ii. How does methylation influence the boiling point of aspartic acid? 

 

 

 

iii. In what two ways does the methylation of the carboxyl functional 
group on the R group alter the chemical properties of aspartic 
acid? 
 

 

 

iv. A student was quoted as saying “ aspartic acid with a methylated R 
group would not be able to undergo condensation polymerisation 
to form a peptide” Is this statement chemical valid? Justify your 
answer. 

 

 

 

  



c. Below is a section of a protein chain. Name the labelled intermolecular forces 
acting between different parts of the protein chain and give two amino acids that 
can produce the interaction labelled. 

 

 

 

 

 

 

 

 

 

 

 

i. A ___________________________________________ 
 
Amino acid 1 _____________________ + amino acid 2 ____________________ 
 

ii. B ___________________________________________ 
 
Amino acid 1 _____________________ + amino acid 2 ____________________ 
 

iii. C ___________________________________________ 
 
Amino acid 1 _____________________ + amino acid 2 ____________________ 
 

iv. D ___________________________________________ 
 
Amino acid 1 _____________________ + amino acid 2 ____________________ 
 
 
 
 

 



 
d. What type of covalent bond produces structure E ? Describe the type of reaction 

taking place to form these bonds and name the  functional groups involved.  
 
 
 
 
 
 
 
 
 

e. Consider the peptide chain shown below.  
i. How many amino acids formed this peptide? 

 
ii. Name three amino acids produced from the breakdown of the peptide 

shown below and name the general class of reaction that reaction A 
belongs to. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Reaction A __________________________ 



 

f. Consider the four sketches below of protein structures. Complete the table. 

 

Diagram Structure Intermolecular 
forces 

Property 

 Monomer Covalent 
ionic 
dispersion only 
H-bonding 
Dipole-dipole 

Contains carboxyl 
and amino 
functional groups 
 

iii  Covalent 
ionic 
dispersion only 
H-bonding 
Dipole-dipole 

Breaks at very high 
temperatures 
 
 

  Covalent 
ionic 
dispersion only 
H-bonding 
Dipole-dipole 

Interaction 
between amide 
bonds (peptide 
links) 
 

iv.   
 
 
 

Covalent 
ionic 
dispersion only 
H-bonding 
Dipole-dipole 

Breaks at low 
temperatures 
around 40-50 oC 

  Covalent 
ionic 
dispersion only 
H-bonding 
Dipole-dipole 
 

Forms from R 
group interactions 

 

 


