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[Section 1 – 4: Physical Chemistry] 

Section 1 
Atoms, Molecules and Stoichiometry

Some candidates did not realize that the average kinetic energy of gaseous particles is directly proportional to the absolute temperature.  (1990)

Many candidates did not point out that the mass spectrometer responds to the mass to charge ratio.  (1990)

Many candidates incorrectly stated that -particles are helium atoms.

Some candidates did not emphasis that the electrons in -particles are moving very fast.   (1991)

Many candidates wrongly assigned the unit a.m.u. to the relative atomic mass. (1996)

Many candidates did not give a precise definition for ‘electron affinity’. They did not point out that the electron affinity of an element X is the molar enthalpy change when atoms of X in the gaseous state take up electrons to form X-(g) ions under standard conditions.  (1996)

Many candidates did not know that 'molar mass' has units while 'relative molecular mass' is dimensionless.  Some candidates obtained incorrect numerical answers because they used incompatible units in their calculations. (1999)

Section 2
The Electronic Structure of Atoms and the Periodic Table

Many of those who did describe the shape of an s-orbital described it as circular and that of a p-orbital as the number 8, showing that they lacked a 3-dimensional picture.  (1989)

Most candidates were able to give the correct shape of the 1s orbital, however, they failed to describe the variation of electron density as a function of distance from the nucleus.  (1991)

Only a handful of candidates were able to explain clearly the meaning of the spherical shape of the 1s orbital and its physical significance, i.e. the most simple description of the surface of the sphere represents the probability of finding, say 90%, of the 1s electron. A majority of the candidates did not make the important point that orbitals should be thought of as shapes with fuzzy and indistinct edges, like clouds in reality.  (1992)

It was surprising to find that many candidates could not distinguish between electron affinity and electronegativity.  (1994)

Many candidates were unable to point out that the energy difference between two energy levels are not the same and hence the spectral lines in the emission spectrum are not equally spaced.  (1995)

Many candidates had the misconception that the atomic radius of an element is the distance between the nucleus and its outermost electron(s).   (1996 HKASL)

Few candidates would precisely define the term 'electron shell'. Some could not distinguish between the terms 'electron shells' and 'electron subshell'.  (1997)

Few candidates correctly arranged the chemical species in the order of increasing ionization enthalpy, i.e. O < N < N+. Candidates should know that the ionization enthalpy of a species depends on its size, its electronic configuration and the effective nuclear charge on the electron to be removed.  (1998)

Many candidates did not know that the second ionization energy of an element is always greater than its first ionization energy.  (1999 HKASL)

Many candidates did not point out that the energy of an electron in an atom is quantized.  Some candidates did not understand the relationship between “energy level” and “spectral line”.   (1999)

The failure to state that the spectral lines become progressively closer to each other as frequency increases because the energy difference between energy levels decreases with increase in principal quantum number.   (2000)

The failure to indicate that the ionization enthalpy (I.E.) equals to hL, where h is the Planck constant,  is the frequency of the convergence limit and L is the Avogadro constant.   (2000)

The failure to indicate in the graph the (2, 3, 3) pattern in the trend of the first I.E. for the Period 3 elements.  (2000)

The failure to indicate that Ne has a higher first I.E. than Ar, and that Na has the smallest first I.E. among the elements from Ne to Ar.   (2000)

The electronic configuration of a copper atom at ground state should be presented as [Ar] 3d10 4s1 instead of [Ar] 4s1 3d10.  (2002)

Section 3
Energetics

Many errors arose as a result of a poorly constructed Born-Haber cycle.  (1990)

Generally experimental details were poor and measuring temperature change was taken as measuring enthalpy change.  (1990)

Many candidates could not explain fully what happens when an ionic compound is dissolved in water.  (1991)

Many candidates did not include temperature and pressure in their definition of standard enthalpy of formation.  (1992)

Many candidates erroneously said that diamond was the more stable allotrope of carbon. This indicated that their concept of 'energetic stability' was quite confused and/or that they could not relate the sign of enthalpy terms to the stability of compounds.  (1994)

Enthalpy level diagram was poorly presented and in particular, many candidates failed to include the physical states of the species involved.
(1994 HKASL)

Many candidates confused energy cycle with enthalpy level diagram. State symbols were frequently missed out.



(1995 HKASL)

Many candidates did not know that the standard enthalpy change of formation of a compound refers to the enthalpy change when one mole of the compound is formed from its constituent elements under standard conditions. Some candidates confused the sign conventions used in chemical energetics.












(1998 HKASL)

Many candidates mistakenly omitted the negative sign in enthalpy change of combustion.







(1999 HKASL)

Many candidates failed to relate the solubility of an ionic compound to the relative magnitudes of its lattice enthalpy and the hydration enthalpies of its constituent ions.   (2002)

Section 4
Bonding and Structure

Some of the common difficulties are summarized as follows:

(i) 
Most candidates were able to point out that the formation of chemical bond is a result of electron rearrangement, but failed to recognize that such a rearrangement of electrons leads to the attainment of a state of lower energy.

(ii)
Many candidates had difficulty in giving correct spelling for words like "octet", "covalent", "electrostatic", etc.

(iii)
Some candidates could not differentiate bondings between atoms and interactions between molecules.   (1991)

Candidates were expected to know that the orbital occupied by the two electrons in the H2 molecule can be obtained by taking the sum of two H 1s atomic orbitals, and that in the region between the two nuclei where there is appreciable overlap of the two 1s orbitals, the resultant electron density has an increased amplitude.











(1992)

Many candidates mistakenly stated that the strength of the van der Waals forces was affected by molecular mass instead of molecular size.  (1991)

Many candidates were unable to express their intuitive understanding of the term 'hydrogen bonding'. They were expected to write that the hydrogen atom is situated between two (small, non-metallic) electronegative atoms, and that one of these has a lone pair of electrons. 

A common misconception was that hydrogen bonds are (only) intermolecular.












(1994)

Many candidates could not give the correct structure for CO.   (1995)

Packing types of ionic crystals were confused with those of metals, so that ionic lattices, such as CsCl, were referred to as body-centred cubic. The correct description is that the lattice of CsCl is formed by the interpenetration of two primitive cubic lattices, one of Cs+ and the other of Cl- ions. The term intermolecular forces was applied to ionic and covalent compounds. Giant covalent structures were incorrectly termed giant molecular structures. The term oxidation number and coordination number were confused. The terms ions, atoms and molecules were used interchangeably.   (1996)

Many candidates knew that hydrogen bonding exists in ice, but failed to reckon that each water molecule is surrounded tetrahedrally by four other water molecules to form an open structure.   (1996 HKASL)

Most of the candidates did not have a proper understanding of the terms 'dipole' and 'dipole moment'.  (1997)

Many candidates wrongly used the term 'bond' for 'intermolecular attraction'. 












(1997)

Candidates were weak in drawing three-dimensional structures. Many candidates wrongly considered the shape of BF3 as pyramidal instead of trigonal planar. Many did not recognize that a dative bond is formed between the atoms N and B in the adduct.    (1998)

Not many candidates could give a precise definition of the electronegativity of an element.    (1998 HKASL)

Common mistakes included:

~
the failure to account for the formation of the delocalized  electron cloud in 
the benzene ring,

~
the omission of the fact that the sp2 hybrid orbital of C overlaps with the s 
orbital of H form a  bond, and writing sp2 instead of sp2. 

~
The intermolecular force in liquid H2S is stronger than that in liquid SiH4 
because there is a dipole moment in H2S and no net dipole moment in the 
symmetrical SiH4 molecule.  Therefore, the boiling point of H2S is significantly 
higher.  









(1999)

Most candidates failed to give a correct description of the nature of intermolecular attraction in the noble gases in terms of instantaneous dipole-induced dipole attraction between gas molecules. Some candidates gave superficial answers that van der Waals' forces exist between the molecules without proceeding to explain the origin of these forces.




(1999 HKASL)

Incorrect description of the intermolecular attraction between C2H5OC2H5 molecules as hydrogen bond instead of van der Waals’ forces.  (2000)

The failure to point out that H2O has a higher boiling point than C2H5OH because H2O forms two hydrogen bonds per molecule whereas C2H5OH forms only one hydrogen bond per molecule.   (2000)

It is surprising to notice that a lot of candidates did not know that the hybridization state of C in CO2 and of Si in SiO2 are sp and sp3 respectively.   (2002)
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