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A heterogeneous catalyst is a substance which is different in phase from the reactants, 

and increases the rate of a reaction by providing an alternative reaction pathway with 

lower activation energy, while remaining chemically unchanged at the end of the 

reaction.

The large surface area to volume ratio of platinum nanoparticles.

Inhaled nanopartciles can be deposited throughout the human respiratory system, 

followed by translocation potentially to the brain, liver and spleen. In view of the larger 

surface area, nanoparticles may show an increased toxicity compared to larger    

particles of the same chemical composition.



CO is oxidised to CO2 since the oxidation number of carbon increases from +2 in CO to 

+4 in CO2, while NO is reduced to N2 since the oxidation number of nitrogen decreases

from +2 in NO to 0 in N2.

Increasing the pressure causes the gas molecules to be closer together, therefore 

increasing the frequency of collision between the molecules. As a result, the frequency 

of effective collision also increases, leading to an increase in the rate of reaction.
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0.20736 mol 212.0  41.0  216.0 g mol dm

12.44 g dm

Assuming a density of 1 g cm–3, this translates to 12.44 g of CH3CO2H in 1000 g of vinegar

  
12.44 g

% by mass of ethanoic acid 100%
1000 g

1.24%

Since the % by mass of ethanoic acid is below 5%, the vinegar would taste pleasant. 



The end-point of a weak acid-strong base titration like in this case has a pH > 7. If the working 

range of the indicator is below that of the end-point pH and before the region of rapid pH 

increase, it will change colour before the end-point, leading to a smaller mean titre volume.

A buffer solution is one that is capable of resisting pH changes when small amount of 

acid or base is added.

When small amount of an acid is added, the equilibrium shifts to the left thereby 

removing the acid. When a small amount of a base is added, the base is removed by 

the H+, where the equilibrium shifts right to replenish the H+. Since small amount of 

acid and base is removed, the pH remains relatively constant.
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Since X is divalent, it is likely to be magnesium. 



Terylene has high tensile strength and ability to stretch and is less prone to creasing.

This is because there is restriction rotation about the C=C and each of the double bond 

C has two different substitutents on it.

The ester functional group in Terylene may undergo alkaline hydrolysis when treated with 

sodium hydroxide.
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At any given pressure, the yield increases with temperature, meaning that the position 

of equilibrium lies more to the right (product side), favouring the forward reaction. 

Hence, the forward reaction is endothermic as the system attempts to counter the 

increase in temperature by absorbing heat.

At any given temperature, the yield increases with pressure, meaning that the position 

of equilibrium lies more to the right, favouring the forward reaction. Hence, the forward 

reaction involves a decrease in the total number of molecules as the system attempts 

to counter the increase in pressure by reducing the number of gaseous molecules.

When temperature increases, the proportion of molecules with energy more than or 

equal to the activation energy increases. Also, the average kinetic energy of the 

molecules increases, increasing the frequency of collision. Both leads to an increase 

in the frequency of effective collsion and hence the rate of reaction.



Increasing the temperature increases the rate constant for a reaction since the 

proportion of molecules with energy greater or equal to the activation energy increases.

H = +210 kJ 

CH4 + 2H2O 

CO2 + 4H2 

CO + 3H2 + H2O 

H = –42 kJ 



diamagnetic

paramagnetic

paramagnetic

2s2 2p6 3s2 3p6

2s2 2p4

2s2 2p6 3s2 3p6 3d6 4s2



Bent shape with bond angle of 105º. There are two σ bond pairs and two lone pairs of 

electrons around the central O, which will arrange themselves in a tetrahedral geometry to 

minimise repulsion. As lone pairs are closer to the O, they occupy more space resulting in 

compression of the H–O–H bond angle from the ideal tetrahedral angle of 109.5º to 105º.

Trigonal pyramidal shape with bond angle of 107º. There are three σ bond pairs and one 

lone pair of electrons around the central O, which will arrange themselves in a tetrahedral 

geometry to minimise repulsion. Since there is only one lone pair in H3O+, the 

compression of the H–O–H from the ideal 109.5º is less severe, giving an angle of 107º.





Number of stages primarily affects the startup cost in terms of the design of the manufacturing 

plant. In this case, the number of stages required for process A, B and C are not very different 

and so does not significantly favour or disfavour any one of the process.

Besides the direct cost of the raw material, its availability will affect the operating cost as well due 

to the need to factor in transportation cost. In addition, if the raw material needs to be made to 

order, it will further increase the cost as it will entails having to pre-order and store the raw 

material to meet the requirement of producing large amounts of the drug. Hence these two 

factors render process B especially attractive, while disfavouring process C severely.

The overall energy input required per mole of the drug will affect the operating cost due to the 

cost of electricity. This many also have a negative impact on the environment, particularly so if 

the electricity originates from the burning of fossil fuel. This will again severely disfavour process 

C, while slightly favouring process A, although the advantage over process B is marginal.

The toxicity of the solvent used will present environmental issues as the solvent eventually will 

be discarded into the environment. The volatility of the solvent on the other hand affects the ease 

of isolation of the products, with a volatile solvent being more easily removed and recovered.

The atom economy, which reflects the efficiency of the reactions involved, should be considered 

together with the overall yield, which gives an indication of the amount of drug obtained. 

Although a high overall yield is desirable, however, if the atom economy is low, it would mean 

that a lot of undesirable by-products will be produced at the same time, which will be discarded 

into the environment, posing potential environmental issues if these wastes are toxic.

The solvent used, atom economy, overall yield and toxicity of waste, taken together all            

renders process A highly undesirable, while process B will be substantially favoured over 

process C, particularly if large amounts of the drug is to be made.

All in all, weighing all the different factors, process B will be the most suitable for manufacturing 

the new drug.



S atom has a larger atomic radii than a Cl atom since the Cl nucleus has one more 

proton than the S nucleus, but shielding effect is similar as they have the same number 

of core electrons. Hence effective nuclear charge experienced by the valence electrons 

is higher in Cl, pulling the valence electrons closer, hence a smaller atomic radii.

The S2– anion has one additional filled quantum shell of core electrons compared to the 

Na+ cation, hence ionic radii of Na+ is smaller than that of S2–.

Electronegativity refers to the power of an atom to attract electrons to itself.

Bonding changes from ionic bonds in Na2O and MgO, to ionic bonds with covalent 

character in Al2O3, to polar covalent bonds in SiO2, P4O10 and SO3, since the difference 

in electronegativity between the element and O decreases, as electronegativity of the 

elements increases across Period 3.



SF6 consists of six polar S–F bonds arranged in an octahedral manner around the S. 

Although the S–F bonds are polar, however, the polarity of bonds cancel exactly due to the 

symmetrical shape of the molecule, resulting in a non-polar molecule.



14 σ and 2 π bonds



Let the mass number of the third isotope be m. 
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The mas number of the third isotope is 56. 
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First ionisation energy is the energy required to remove one mole of electrons from 

one mole of gaseous atoms to give one mole of gaseous unipositive cation.

First ionisation energy of sodium is 494 kJ mol–1, of phosphorus is 1060 kJ mol–1.

P with 15 protons in the nucleus, has a higher nuclear charge than Na with 11 protons. 

Shielding is similar as they have the same 1s2 2s2 2p6 core. Thus the valence electrons 

of P experiences higher effective nuclear charge, leading to a higher 1st I.E.

Electronic configuration of P is [Ar] 3s2 3p3, S is [Ar] 3s2 3p4. First ionisation energy of 

S involves removal of a paired 3p electron, which requires less energy due to inter-

electronic repulsion.

Sc to Zn has electronic configuration of the form [Ar] 3dn 4s2 or [Ar] 3dn 4s1, where the 

4s electrons are the outermost. For each proton added to the nucleus, one electron is 

added to the inner 3d subshell, which nullifies the increase in nuclear charge, hence       

the effective nuclear charge experienced by the 4s electrons are very similar, leading to 

very similar first ionisation energy.
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In 100 g of X, 

C H O 

mass / g 53.3 11.1 35.6 

amt / mol 53.3
4.44
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11.1
11.1

1.0
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35.6
2.23

16.0


mole ratio 2 5 1 

Empirical formula of X is C2H5O. 

Let the molecular formula of X be (C2H5O)n. 
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Molecular formula of X is C4H10O2. 




