New Way Chemistry for Hong Kong A-level (3rd Edition)

Suggested Solutions for UCLES Questions

Part 2   The Electronic Structure of Atoms and the Periodic Table (Book 1, p.131 – p.134)

12.
(a)
(i)
The first ionization energy of an element is the energy expressed in kJ mol–1






 required for                









X(g) (( X+(g) + e(


(ii)
The first ionization energies decrease in magnitude on descending Group II

because the outermost electron is further from the nucleus and are better shielded by the inner electron shells. Therefore, it is less strongly attracted by the nucleus and less energy is required to remove the electron.


(b)
(i)
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(ii)
Mg
1s22s22p63s2




Al
1s22s22p63s23p1




The first ionization energy of Al is less than that of Mg because less energy is required to remove a 3p electron in Al than a 3s electron in Mg since the 3p electron is further away from the nucleus.



(iii)
The first ionization energy of Tl is greater than that of Ba because Tl has a higher nuclear charge and the outermost electron is poorly shielded by the 4f and 5d subshells.

13.
(a)
Across the period from Li to Ne, the atomic radius decreases. From Li to Ne, the number of protons increases but the screening effect remains the same since the elements have the same number of shells of electrons. Therefore, the attraction for the valence electrons increases and the size decreases.


(b)
Mg and Al are in the same period. However, Al has 1 proton more than Mg while the screening effect is the same. Al is thus smaller than Mg. Al has 3 valence electrons to contribute for the metallic bond while Mg only has 2. The metallic bond strength in Al is stronger and hence Al atoms are more closely bound. Its molar volume is thus smaller and hence Al has a higher density than Mg.



Mg and Ca are in the same group. Ca has 1 more shell of electrons and the screening effect is greater. Hence, the valence electrons are more loosely bound, giving rise to a larger atomic radius. Due to the larger size of Ca, the metallic bond is weaker than in Mg. Thus Ca has a larger molar volume and hence a lower density.



Fe is a transition element. Due to the poor screening effect of the 3d electrons and the high proton number, the valence electrons are more tightly bound and hence Fe has the lowest atomic radius among the four metals. Fe can utilize its 3d and 4s electrons for metallic bonding. Together with its small size, the metallic bond is very strong. The atoms are very closely bound and Fe thus has a small molar volume. With a heavy nucleus and a small molar volume, Fe has the highest density.
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i.e. Density =
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× (4 × 10–4) g cm–3 
	Metal
	Ar
	Atomic radius (nm)
	Density 
(g cm–3)
	Calculated density (g cm–3)

	Mg
	24
	0.160
	1.74
	2.34

	Al
	27
	0.143
	2.70
	3.69

	Ca
	40
	0.197
	1.54
	2.09

	Fe
	56
	0.127
	7.86
	10.94


14.
(a)
The nuclide, 7Li, may be represented as 
[image: image5.wmf]Li
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. It shows that there are 3 protons and (7 – 3) = 4 neutrons in the nucleus. Being a neutral atom, there should be an equal number of electrons as there are protons, i.e. there are 3 electrons. These figuration of 7Li is 1s22s1, i.e. 2 electrons, of opposite spins in the 1s orbital and a single electron in the 2s orbital.



The charges and masses of these sub-atomic particles are summarized as follows.

	
	Atomic charge
	Mass  (kg)

	Proton
	+1
	1.67 × 10–27

	Neutron
	0
	1.67 × 10–27

	Electron
	–1
	9.11 × 10–31



(b)
(i)
Larger




F– and Ne are isoelectronic. However, Ne has 1 proton more than F–. Hence, the attraction for electrons in Ne is stronger and the atomic raidus of Ne is smaller.



(ii)
Smaller




Mg2+ and Ne are isoelectronic. However, Mg2+ has 2 protons more than Ne. Hence, the attraction for electrons in Mg2+ is stronger. Moreover, being positively charged, the electrons are even more tightly bound. Therefore, Mg2+ is smaller than Ne.

15.
(a)
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(i)
From Na to Ar, the number of proton increases while the screening effect remains effectively the same (same number of shell of electrons). The atomic radius decreases and the attraction for valence electrons increases. Hence, first ionization energy increases.



(ii)
Discontinuity in the trend between Mg and Al:




The electron to be removed from Al is at a higher energy 3p orbital compared to a lower energy 2s orbital in Mg. Less energy than expected is thus required to ionize Al.




Discontinuity in the trend between P and S:




The electron to be removed from S is a paired 3p orbital. The electronic repulsion between the paired electrons makes its removal easier than expected. Hence, S has a lower first ionization energy than expected.


(b)
Mg2+ has a higher number of protons but similar screening effect as Na+ since Mg2+ and Na+ are isoelectronic.


(c)
(i)
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From Na+ to Mg2+ to Al3+, ionic radius decreases while the cationic charge increases. The charge density and hence polarizing power of the cations increase. The polarization of H2O molecules results in the loss of H+ to the solvent and hence acidity of the solution. Since polarizing power increases from Na+ to Mg2+ to Al3+, the pH of the solution decreases. 



(ii)
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Since 
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, Ca2+ is less polarizing than Mg2+. However, 
[image: image14.wmf]+

2

Ca

r
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and the charge of Ca2+ is double that of Na+. Ca2+ is more polarizing than Na+.




The pH of CaCl2 is expected to be slightly below 7 but above 6.0, e.g. 6.8.




Be2+ is smaller than Al3+ but has a lower charge than Al3+. Be2+ is thus expected to have about the same polarizing power as Al3+. Hence, the pH of BeCl2 is expected to be about 3.0.

16.
(a)
Ca
1s22s22p63s23p64s2


      
Ca2+
1s22s22p63s23p6


(b)
The atomic radius of Ca is significantly greater than the ionic radius of Ca2+ because Ca has 1 more electron shell (an outer 4s orbital which is absent in Ca2+). Besides, Ca2+ has 2 electrons less than Ca. and thus its outer electrons are pulled in closer to the nucleus by the larger effective nuclear charge.

17.
(a)
Fe+(g)   －→   Fe2+(g) + e–

ΔH = second ionization energy


Fe2+
1s22s22p63s23p63d6

(b)
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(c)
(i)
From Na to Ar, the number of protons increases, shielding effect remains the same (same number of filled shells of electrons), atomic size decreases. Thus, the attraction for the valence electrons and the first ionization energy increases across the Period.



(ii)
Mg
1s22s22p63s2



Al
1s22s22p63s23p1




For Al, the electron to be removed is at a higher 3p energy level. Hence, less energy is required to remove it.
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P
1s22s22p63s23p3
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S
1s22s22p63s23p4
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S, the electron to be removed is from a doubly filled 3p orbital. The electronic repulsion between the 2 electrons makes its removal easier.



(iii)
K has a larger atomic radius due to its larger shielding effect although it has more protons than does Na. Hence K has a lower first ionization energy.

18.
(a)
(i)
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(ii)
N(g)  －→   N+(g) + e–



(iii)
Oxygen is in Group VI of the Periodic Table with a p4 configuration. The first ionization energy of oxygen involves the removal of an electron from a paired orbital. The electronic repulsion due to the presence of another electron causes the first ionization energy of oxygen to be lower than that of nitrogen in which the first electron is removed from a singly occupied orbital.


(b)
(i)
1s22s22p3



(ii)
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19.
(a)
The first ionization energies for Group I elements decrease down the group from lithium to caesium. This is because the valence electron is further from the nucleus and the number of inner filled quantum shell increases from lithium to caesium. The valence electron is more greatly shielded from the positively charged nucleus progressively down Group I. As a result, less energy is required to remove the valence electron down the group resulting in the trend of decreasing first ionization energies down Group I.


(b)
Across the period from sodium to argon, the number of protons and electrons increases by one each consecutively. There is a general trend of increasing first ionization energies across the period from sodium to argon. This is because the nuclear charge across the period increases as a proton is added to the nucleus but shielding remains approximately constant since the electron is added to the same valence shell. Effective nuclear charge increases across the period resulting in a general increase in first ionization energies across the period from sodium to chlorine.

20.
(a)
Radius of the valence electrons. A greater nuclear charge (more protons) and less screening effect (by inner core electrons) reduce the size of an atom.


(b)
(i)
A sodium ion has 1 shell of electrons less than a sodium atom so that the ionic radius of sodium is far smaller than its atomic radius.



(ii)
With increasing proton number, the number of filled inner shells also increases for Group I cations, so that valence electrons are better shielded and are further away from the nucleus. Thus, the radius of Group I cations increases with increasing proton number.


(c)
In general, for each consecutive transition element Cr to Cu, a proton is added to the nucleus while an electron is added to the 3d subshell. The electron added to the 3d subshell (which is nearer to the nucleus than the 4s-subshell) shields the 4s electron relatively effectively. Thus, even though the number of protons increases from Cr to Cu, shielding provided by the added 3d electron is sufficient to keep the effective nuclear charge approximately constant. Hence, atomic radii of the elements Cr to Cu are similar.

21.
(a)
(i)
Electrons



(ii)
Electrostatic attraction between the positively charged protons in the nucleus and the negatively charged electrons.



(iii)
The nucleus containing protons and neutrons are missing from Jean’s description. Also the electrons are not free to move everywhere in the atom but are confined in regions of space called orbitals.
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(b)
(i)



(ii)
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(iii)
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(iv)
The first ionization energies of nitrogen and oxygen are 1 400 and 1 310 kJ mol-1 respectively. The first ionization energy of oxygen is lower than that of nitrogen despite its higher nuclear charge because the electron to be removed in oxygen is found in an orbital containing a pair of electrons. The electron repulsion due to the presence of another electron in the same orbital causes less energy to be required for the electron to be removed in oxygen.


(c)
(i)
N3– and O2–



(ii)
To achieve a stable electronic configuration of that of a noble gas, nitrogen and oxygen can gain 3 or 2 electrons respectively or lose 5 or 6 electrons respectively. Since it is energetically more demanding to lose such a high number of electrons for both nitrogen and oxygen, they tend to gain electrons to form negative ions than to lose electrons to form positive ions in binary compounds.

22.
(a)
1s22s22p63s23p63d24s2


(b)
TiCl2, TiCl4

23.
(a)
Ga3+
1s22s22p63s23p63d10

(b)
N3–
1s22s22p6
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