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SECTIONA

Ql Sustainability is emerging as a market driver with the potential to grow profits and
present oeportunities for valne creation. Choose one of the green sustainabl,e
chemistry product and answer the following question:

(a) Briefly explain the process description for the pro&rction of the selected
green prodtrct.

(7 marks)

O) Demonstrate the green chemistry principle apply to the approached

Process' 
(lo marks)

(c) Analyzetheapplications ofthe bio-based chemicals.
(8 marks)

a2 (a) A number of metrics have been proposed over the past 5 to l0 years to
make ctrernists aware of tlrened to clrarrye thernethods used for chemical
syntheses and chemical processes. Define the metric:

(r) The atom economy (AE).
(iD E-Factor.
(iiD Reaction mass efficiency Gtv{E).
(iv) Mass Intensity (MI).
(v) Mass productivity (lv[P).

(5 marks)

O) Brara'yl alcohol (1081 e, 0.10 mol, MW 108.1) is reacted wittt p
toluenesulfonyl chloride (21.9 g. 0.115 mol, MW 190.65) in solution

[toluene (500 g) and timethylamine (15 g)] to induce the reaction to give
sulfonate ester (MW262.29) isolated rn Wo yield (0.09 mol, 23.6 g).

Calculate:

(i) Theafomeconomy(AE).
(a marks)

(i1) The reaction nrass efiEciency (RN{E).
(4 marks)

(iii) Themass intensity (MI).
(a marks)

(iv) Themass productivity (NP).
(a marks)

(v) The E-factor.
(4 marks)
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Q3 In real chemical industy, the hypothetical reaction which is no by-product no
waste and no need for separation are not happen. Development of process and

technologies that resulting more efficient chemical reactions ar€ required to
generate little waste md lower environilrEfit emissions compare to taditional
chemical reaction.

(a) Define fhe following term:
(i) Crr€en Cbemistry.
(ii) Sustainability.

(a marks)

O) Based on the naditional chemical reaction, explained FOIIR (4) factors

that causes the imple,rnentation of green chemistry principle.

(d) Explained design approaches for safety
sustainable prodtrct.

(8 marks)

@ relevant fiagedy which

(6 marks)

chemical pnocess towards

(7 marks)

Q4 Caaalytic reagents are knonm supoior to stoichiomeffic reagents-

(a) List the SIX (6) possible approaches for multiphase operation of catalysis

to improvetheir usability and recycre. 
(6 ma*s)

O) Explain the role of multiphase operations in general aspects.
(4 marks)

(c) DemonstratetheFouR (4)types of catalyst available in idwtry.
(8 marks)

(d) Outline the general characteristic of catalyst to enable sustainable

chemical process.
(7 marks)

(c) Support the answer in Qf (b) with TWO
involve chemical accident.
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Q5 (a)

(b)

(a)a6
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The ecological footprint @F) is one of the most widely used indicators of
susainability.

(r) Defire ecological foogint.
(I marks)

(ir) Write the significance value of ecological footgint as

sustainability indicators.
(8 marks)

(iii) Propose TWO (2) example of ecologcal footprint with the
rneastnements tmit.

(6 marks)

Various meftics and mefhods in engineering desrgn are used to evaluate
and measure the different aspects ofthe environmental impact of industrial
activities and services. Demonstrate the sustainability metrics
characteristic in FM (S}brod categories.

(10 ma*s)

A raw material or feedstock should be renewable rather than depleting
ufienever technically and economically practicable.

(r) Define renewable resources.
(I ma*s)

(ii) Propose FOIIR (4) example of renewable nesounces.
(4 marks)

(iii) Exptain each renervable resounces to support the answer in Q6 (e)
(ii).

(8 ma*s)

The rationale for using biomass as a chemical feedstock is illustate by
sevenal important advantages" Demonstnate FOUR (4) advantages of
biomass feedstocks 

(g marks)

Briefly discuss TWO (2) available basic plafomrs of biofuels pnrduction
from renwablebiomass.

(a marks)

-Ehln oFQuEsrroNs-

(b)

(c)
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