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MgO + H2SO4 → MgSO4 + H2O 

MgO + NaOH → no reaction 

Al2O3 + 3H2SO4 → Al2(SO4)3 + 3H2O 

Al2O3 + 2NaOH + 3H2O → 2NaAl(OH)4 

SO3 + H2O → H2SO4 (sulfur(VI) oxide dissolves in water in dilute sulfuric acid) 

SO3 + 2NaOH → Na2SO4 + H2O 

Potassium has a larger atomic radius than sodium. The valence electron in potassium is further 

away from the nucleus and thus less strongly attracted by the nucleus. Hence, potassium loses 

its valence electron more readily than sodium, and is a better reducing agent.





The central O atom has 2 σ bond pairs (b.p.) and 2 lone pairs (l.p.) of electrons arranged 

in a tetrahedral manner. As l.p.–l.p. repulsion > l.p.–b.p. repulsion > b.p.–b.p. repulsion, 

by VSEPR. the H–O–H bond angle is compressed from ideal 109.5º to 105º.

Carbon dioxide is a non-polar molecule. Despite the C=O bond being a polar bond 

due to the higher electronegativity of O compared to C, but due to the linear shape of 

the O=C=O molecule, the two bond dipoles cancel each other exactly.

Non-polar CO2 molecules are held together by weak instantaneous dipole-induced dipole 

attractions. Thus, little energy is needed to separate them, giving a low boiling point.

Since the reaction is endothermic, when the temperature is increased, the position of 

equilibrium shifts to the right, to absorb energy in attempt to counter the increase in 

temperature, leading to an increase in the equilibrium yield of CO.



T

R

Ea

When temperature is increased, the average kinetic energy of the particles increases 

as seen in the shape of curve R compared to curve T. The frequency of collision 

increases. In addition, the number of particles with energy greater or equals to Ea 

increases as shown by the shaded region. Both factors causes the frequency of 

effective collision to increase and hence, the rate of reaction increases.
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The mole is the SI unit of amount of substance. One mole contains exactly 6.02 × 1023 

elementary entities
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Since the percentage of iron in the nail is larger than 95%, out of the 92%ï95% range, the 
nail is not of the composition expected. 



Nitrogen is being oxidised as the oxidation number of N increases from –3 in NH3 to 0 

in N2, while hydrogen is being reduced as the oxidation number of H decrease from +1 

in NH3 to 0 in H2.

2NH3 → N2 + 3H2 

To catalyse the reduction of any oxides of nitrogen formed in the jet engine back to N2.

          As ammonia is less flammable than kerosene, there is less danger of a jet fire 

and impending explosion should there be a fuel leakage, making ammonia a safer fuel.

      As ammonia is a gas, which must be compressed and stored at high 

pressure, the tanks of ammonia must be thick-walled, making the tanks much heavier.

     As about half the energy is released per gram of ammonia compared to 

kerosene, about twice the mass of ammonia is needed as fuel, making the tanks heavier.



The exhaust from aeroplanes using ammonia as a fuel contains only N2 and H2O(g), which 

are environmentally benigne, while that using kerosene contains CO2, a greenhouse gas.

Hydrogen gas is highly flammable rendering its transportation and storage in danger of 

explosion. In addition, due to the extremely low density of hydrogen gas, it must be 

compressed and stored at extremely high pressures, which is very costly.



First ionisation energy is the energy required to remove one mole of electrons from 

one mole of neutral gaseous atoms to give one mole of gaseous ions each with a 

charge of 1+.

Na(g) → Na+(g) + e– 



Across period 3 from 11Na ([Ne] 3s1) to 18Ar ([Ne] 3s2 3p6), the first ionisation energy 

generally increase as the nuclear charge increases due to increasing number of protons in 

the nucleus, while the shielding effect is roughly the same since they have the same [Ne] 

core of electrons which shields the valence 3s and 3p electrons from the nucleus. As a result, 

the effective nuclear charge generally increases across period 3, causing the valence 

electrons to be more strongly attracted to the nucleus and more energy is required to remove 

the first valence electron.

There is a dip in the first ionisation energy from 12Mg ([Ne] 3s2) to 13Al ([Ne] 3s2 3p1) since the 

electron removed from Al resides in the higher energy 3p orbital compared to the 3s orbital 

for Mg. Hence less energy is required to remove the 3p electron.

There is another dip in the first ionisation energy from 15P ([Ne] 3s2 3p3) to 16S ([Ne] 3s2 3p4) 

since the 3p electron removed from S is paired with another 3p electron in one of the 3p 

orbital, which suffers from interelectronic repulsion and hence, less energy is required to 

remove this paired 3p electron in S compared to the unpair 3p electron in P.

There is a large dip the first ionisation energy from 18Ar ([Ne] 3s2 3p6) in period 3 to

19K  ([Ar] 4s1) in period 4 due to the additional shell of now core 3s and 3p electrons, which 

help to shield the valence 4s electron in K from the additional proton in the nucleus compared 

to Ar. The first ionisation energy of K is even lower than that of Na, both in group 1, as the 

valence 4s electron in K is in a quantum shell that is further away from the nucleus than that 

for the valence 3s electron in Na, hence less strongly attracted by the nucleus.



C14H11Cl2NO2

molecular mass 12.0 14 +1.011+ 35.52+14.0 +16.0 2
−

= 

= 1296.0 g mol

% by mass of C in diclofenac 12.014
= 100%

296.0
= 56.8%



50 mg $0.50daily cost = 2 
25 mg/tablet tablet

 = $2.00

400 mg $0.10daily cost = 3 
200 mg/tablet tablet

 = $0.60

250 mg $1.20daily cost = 3 
250 mg/tablet tablet

 = $3.60

Carboxylic acid

Both drugs have one –CO2H group, but naproxen has a larger non-polar hydrocarbon 

skeleton of two fused benzene rings, which does not interact favourably with water.

The carboxylic acid, –CO2H, group

N–H bond

dichofenac



Bond energy is the energy required to break one mole of a gaseous covalent bond by 

homolysis, averaged over a number of chemical species containing that type of bond.
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Since the graph of [(CH3)3CBr] against time shows that the reaction has a constant 

half-life of 48 s, the reaction is first order with respect to (CH3)3CBr.

Since the graph of [NaOH] against time is a straight line with constant rate of 

reaction, the reaction is zero order with respect to NaOH.
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A strong Bronsted-Lowry base is a compound which is completely protonated by H+.

A buffer solution is a solution which is able to resist a change in pH (i.e. pH remains 

almost unchanged) when a small amount of acid or base is added to it.

pH += − lg ( ) H aq 

NH4
+  + OH– → NH3 + H2O



A reaction is exothermic when more energy is given out during the formation of new bonds 

in the products, compared to energy taken in to break the bonds in the reactants.

standard enthalpy change of formation of gaseous butane
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But-2-ene is able to show cis-trans isomerism because there are two different groups on 

each of the C=C carbon, namely, a methyl group and a hydrogen atom. Hence, the two 

methyl groups can be on the same side of the C=C in the cis isomer or on opposite side in 

the trans isomer. Ethene is unable to show cis-trans isomerism as each of the C=C carbon 

possesses two identical groups, namely, two hydrogen atoms. Hence there is no spatial 

differentiation between the relative positions of the groups about the C=C.
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Let X be C4nH10nOn. 
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Molecular formula is C4H10O.

In 100 g of X C H O 

mass / g 64.9 13.5 21.6 

amount / mol 64.9 5.41
12.0

=
13.5 13.5
1.0

=
21.6 1.35
16.0

=

mole ratio 4 10 1 

Empirical formula is C4H10O. 



Nanomaterials are materials which have structured components with at least one 

dimension in the size range between 1 to 100 nm.

Diamond has a giant molecular structure consisting of network of carbon atoms each 

tetrahedrally covalently bonded to four other carbon atoms via strong C–C single 

bonds in a 3-dimensional lattice structure. Diamond is hard, strong and non-malleable 

as the carbon atoms are held closely together by strong C–C bonds in the giant lattice 

structure. In addition, as large amount of energy is needed to overcome the network of 

strong C–C bonds, diamond has high melting and boiling points.

Diamond is a non-conductor of electricity as all the electrons are localised in the 

covalent bonds and are not mobile to conduct electricity.

Graphene has a giant molecular structure consisting of a single layer of carbon atoms 

with each carbon atom bonded to three other carbon atoms by strong covalent bonds 

to form a network of hexagonal rings. The remaining lone electron from each 

unhybridised p orbital delocalised over the whole lattice structure, making the C‒C 

bond stronger.

As a large amount of energy is required to break the network of strong C‒C bonds, 

graphene will have high tensile strength, as well as high melting and boiling points.

Graphene is a good electrical conductivity as there is one lone electron on each 

carbon atom that is delocalised in the structure. The free mobile electrons move in the 

presence of an applied electric field.
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