
ELECTRONIC STRUCTURE AND THE PERIODIC TABLE

ANSWERS TO ADDITIONAL QUESTIONS (AH CHEMISTRY) 1

UNIT 1

1. Br�Br bond enthalpy = 194 kJ mol�1 (1)
E = Lhν for one mole of bonds (See units above.) (1)
ν = E/Lh = 194000/6.63 × 10�34 × 6.02 × 1023 J/Js

(Showing these units helps to get the units right for
the next line.) (1)

= 4.86 × 1014 s�1 (or Hz) (1)
(4)

2. (a) An excited electron returns to ground state, emitting
energy difference as visible light of a specific wavelength. 1

(b) The energy gaps between energy levels decrease with
increasing energy, i.e. the higher energy levels get
closer and closer together. 1

(c)    (i)    ∆E = hν
= 6.63 × 10�34 × 1.26 × 1015  J
= 8.35 × 10�19 J (1)

But  IE = L × ∆E
= 6.02 × 1023 × 8.35 × 10�19  J mol�1

= 50.27 × 104  J mol�1

= 502.7 kJ mol�1 (1)
2

(ii) The first ionisation energy of the element.
(Check page 10 of the Data Booklet to confirm
that this is a likely answer.) 1

(5)

3. (a) Line A has a longer wavelength than all the others
shown. (1)
(Since it is the Balmer series, ground state is n = 2.)
This represents the smallest energy jump,
i.e. from n = 3 to n = 2. (1)

2
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(b) E = Lhc/λ (1)
(Note: The question tells you to include �L� in this
equation.)

= (6.02 × 1023 × 6.63 × 10�34 × 3 × 108 )/656 × 10�9 (1)
= 0.1825 × 106  kJ mol�1

= 182.5 kJ mol�1 (1)
3

(5)

4. (a) The ultra-violet region 1
(See page 14 of the Data Booklet: ultra-violet includes
λ = 310 nm; visible runs from ~700 nm to ~400 nm.)

(b) E = Lhc/λ (1)
= 6.02 × 1023 × 6.63 × 10�34 ×  3 × 108/284 × 10�9 (1)
= 0.422 × 10 (23 � 34 + 8 + 9) J mol�1

= 422 kJ mol�1 (1)
3

(c) Energy from the spark excites some electrons to a higher
energy level. (1)
When these electrons return to ground state a specific
amount of energy is released and this shows up as a
line of measurable wavelength (or frequency) in the
spectrum. (1)

2

(d) To gain a wider range of properties, e.g. harder,
resistant to corrosion, etc. 1

(7)

5. (a) The Balmer series is, for n1= 2:
1/λ = Rh (1/22 � 1/42)

= 1.097 × 107 × (1/4 � 1/16)
= 1.097 × 107 × 3/16
= 2.06 × 106 (1)

λ = 1/(2.06 × 106) = 0.485 × 10�6

= 485 nm (1)

This line will be blue-green (see page 14 of the Data
Booklet). (1)

3
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(b)    n
1
 = 1 (1)

All the jumps must be of shorter wavelength,
i.e. of higher energy than those for n1= 2. (1)

2
(5)

6. (a) An electron 1

(b) Each letter represents an orbital orientated along the x-,
y- or z-axis. 1

(c) (i) s orbitals are spherical and symmetrical around
the nucleus. (1)
p orbitals are dumb-bell shaped and are
symmetrical around each axis. (1)

2

(ii) The p orbitals are arranged mutually at right
angles. 1

(d) Electrons are placed singly in degenerate orbitals before
pairing occurs in one orbital. 1

(e) Error 1: The �4p� orbitals should be labelled �3p�. (1)
Error 2: Hund�s rule states that electrons will occupy

degenerate orbitals  singly before any one is
doubly filled. (1)

The correct configuration is:

2
(8)

7. (a) (i) 1 1
(ii) 5 1

(b) (i) 6 1
(ii) 2 1
(iii) 18 1

(c) (i) 1s 1
(ii) 4s 4p 4d 4f 1

(7)

1s 2s 2px 2py 2pz 3s 3px 3py 3pz
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8. (a) (ii) is wrong because the 2s electrons have identical
�addresses�, i.e. all four quantum numbers the same
for both.
or Electrons cannot have  parallel spin in the same
orbital. (1)
This violates Pauli�s exclusion principle. (1)

2
(b) The two 2p electrons should occupy two degenerate 2p

orbitals (with parallel spin). (1)
Hund�s rule (1)

2

(c) (vi) has violated the Aufbau principle since the s
sublevel (1)
is not yet full but the 2p sublevel is filling. (1)

2
(6)

9. (a)

2

(b) A region where one or (at most) two electrons are likely
to be found. 1

(c) It signifies the second energy level. 1

(d) Of equal energy 1

z
y

x

2s

2px

z
y

x

z
y

x

z
y

x

2py 2pz



ELECTRONIC STRUCTURE AND THE PERIODIC TABLE

ANSWERS TO ADDITIONAL QUESTIONS (AH CHEMISTRY) 5

(e)

(�1 for any error) 2
(7)

10.

only one area correctly labelled (1)
       (2)

11. (a) Manganese 1
(b) 1s2 2s2 2p6 3s2 3p6 4s2 3d5  or  [Ar] 4s2 3d5 1
(c)    [Ar] 4s0 3d4   (the 4s term may be omitted) 1

(3)

12. (a) 380 kJ mol�1 (±20 kJ mol�1 ) 1

(b) There is a huge energy requirement to break the noble
gases into a stable octet.
or It is very difficult to remove an electron from a full
energy level. 1

(c) (i) The Group 1 metal has the largest radius in that period
and has the smallest nuclear charge in that period.
Both facts lead to a lesser attraction for the
outermost electron. 1

(ii) Each new energy level means a larger radius (less
attraction for the outermost electron) and provides
a greater shielding effect (again reduced attraction
by the nucleus). 1
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(d) Two factors apply: the steady increase in nuclear charge
and the slight decrease in atomic radius from Li to Ne
makes the attraction of the nucleus for outer electrons
greater. 1

(e) (i) Be  1s2 2s2

B    1s2 2s2 2p1, i.e. B has started a new subshell so
its outermost electron is relatively easier to remove
than that of Be, where a complete subshell has to be
broken into. 1

(ii) Half-full shells are relatively stable so N (with a half-
filled p subshell) has a higher IE than O, which has
one electron more. 1

(7)

13. (a) Electrons are excited by electric discharge to a higher
level. (1)
These electrons emit energy as they return to a lower
energy level. (1)
The quantity of energy emitted depends on the energy
values of the two energy levels involved.  (Many lines
may be produced and each will represent a specific
electronic jump.) (1)

3

(b) Pass the light through a prism and examine the
spectrum produced on a screen. (1)
Spectral lines characteristic of sodium and of neon
would be seen. (1)

2
(5)

14. (a) Since E = hc/λ or E ∝  1/λ, shorter wavelengths
correspond to higher energy. (1)
or It can be assumed that these lines represent a part
of a series of lines which converge (at a continuum, not
shown) at the higher energy end, i.e. to the left on the
diagram shown in the question.  Both arguments lead to
the conclusion than 393 nm represents the highest
energy value shown. (1)

2



ELECTRONIC STRUCTURE AND THE PERIODIC TABLE

ANSWERS TO ADDITIONAL QUESTIONS (AH CHEMISTRY) 7

(b) Instead of coloured lines on a black background, there
would be black lines on a coloured background
(of the visible spectrum). 1

(c) ν = 1/λ = 1/620 × 10�7 (1)
= 16129 cm�1 (Remember the units.) (1)

2

(d)   The orange-red of the 620 lines would probably swamp
the less intense blue-green lines.     1

(6)

15. (a) By spraying as a solution into a Bunsen flame
or by electric discharge through a gaseous sample
or by electric sparking between graphite electrodes 1

(b) Valence electrons are excited and promoted to higher
energy levels. 1

(c) (i) Electrons return to a lower energy level, including
the ground state, emitting energy equal to the
energy difference between the two levels involved
as light. 1

(ii) A spectral line on the spectrum for each �jump�
or a series of characteristic spectral lines
or the intensity of light of one spectral line. 1

(d) By using an appropriate filter. 1

(e) The intensity of the light emitted. 1

(f) Make up standard solutions of Ca2+(aq). (1)
Use the solutions to make a graph of intensity of
radiation vs concentration of solution. (1)

2

(g) Measure the intensity of radiation of the water sample
(being tested). (1)
The concentration is read from the graph. (1)

2
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(h) (i) Each lamp gives out radiation characteristic of a
specific metal. Particles of the metal in the sample
absorb a measurable amount of this light in proportion
to their concentration as electrons are promoted. 1

(ii) The quantity of energy absorbed, i.e. the difference
in intensity, between the incident light and the
transmitted light. 1

(12)

16. (a)

1

(b)  (i)

2

(ii)

1

(iii) In (ii) two of the bonding electrons are delocalised
over the two oxygen atoms and the carbonyl carbon:

so the negative charge is considered to be shared
equally between all three atoms and not to be
residing on either oxygen.

(In (i) the negative charge is attached completely,
i.e. localised, on only one of the oxygens.)      1

(5)
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17. (a)

1

(b) (i)

1

(ii)

1
(3)

18. (a) Trigonal planar (trigonal is acceptable). 1

(b) In CF4 all four outer electrons in carbon are used in
bonding pairs with fluorines.  All four bonds are
identical. The bond angle will be the tetrahedral angle
of 109.5°. (1)

In NF3 
 two of the electrons in nitrogen form a lone

pair. The three others each form bonding pairs.
The lone pair exerts a greater repulsion �downwards�
so the bond angle is slightly less than 109.5°. (1)

2
(3)
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19. (a)

(1) (1)

(Do not rely on your skill as an artist � label the shapes also.) 2

(b) Nitrogen has an extra pair of electrons (a lone pair).
These exert a strong repulsive force downwards on the
bonding pairs hence they are pushed down �below� the
tetrahedral angle, creating a pyramid: (1)

Boron has only three outermost electrons, so BCl3  has
only three pairs of bonding electrons. They spread
themselves symmetrically (or as far from each other as
possible), i.e. pointing to the corners of an equilateral
triangle. (1)

        2
(4)
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20. (a) There are five pairs of electrons around the central
chlorine atom (since an atom of Cl has seven outermost
electrons and each F atom contributes one electron to
the total ⇒ 10 electrons ⇒  5 pairs). 1

(b) Five pairs lead to a trigonal bipyramid. 1

(c)

(Any two of these three shapes are acceptable.)  2
(4)
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21. (a) Sodium chloride has a face-centered cubic arrangement.
or Each ion is surrounded by six near neighbours of the
oppositely charged ions. (1)

(Any one of these equivalent sketches is acceptable.) (1)
2

(b) The different sizes (radius ratio) of the two ions involved
cause CsCl to have a  co-ordination of 8:8 (and not 6:6
as in  NaCl). 1

(c) The closer match of iron(II) oxide to the radius ratio of
NaCl suggests a sodium chloride structure.

Na+/Cl� = 95/181 = 0.52
Cs+/Cl� = 174/181 = 0.96
Fe2+/O2� = 61/136 = 0.45                      2

(5)
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22. (a) Each Na+
 
 ion

  
has six Cl�  ions as near neighbours and each

Cl� ion has six Na+ ions  similarly arranged. Each ion
therefore has six near neighbours ⇒  6:6 co-ordination. 1

(b) Since Na and Cl have a valency of 1 they cannot have
six bonds.
or In the sketch each Na+  has 6 Cl� near neighbours and
none of these can be considered to be the partner for
the Na+ any more than any other therefore the lines
represent the direction along which the forces of ionic
bonding apply (and do not represent shared pairs of
electrons as in covalent bonds of covalent molecules.) 1

(c) Molecules of sodium chloride do not exist.  Only
covalent substances can be correctly labeled as molecular,
but no single Na+

 
 has a single identifiable special

neighbour among the six Cl� ions. 1
(3)

23. (a)     H2        +        SiHCl3         →       Si          +       3HCl 2
(�1 for each error)

(b) (i) Boron 1
(ii) Phosphorus 1

(c) (i) Boron  →  p-type semiconductor.
(ii) Phosphorus  →  n-type semiconductor. 1

(both correct for 1)
(5)

24. (a) C, E (both correct for 1) 1

(b) F, G (both correct for 1) 1

(c) B 1

(d) A, D (both correct for 1) 1

(Note: while graphite is undoubtedly a non-metal it
conducts electricity by a mechanism  that we associate
with metals, called metallic conductivity.)

(4)
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25. (a) Doping 1

(b)

1

(c) (i) An n-type semiconductor. (1)
P has five outer electrons (one more than Si) and
these extra electrons are the charge carriers. (1)

2

(ii) Boron 1

(d) n-type semiconductors have a surplus of electrons (from
the dopant) in some areas and these fill the lowest
unfilled conduction band, making the semiconductor a
better conductor. (1)

p-type semiconductors have positive holes (introduced
by the dopant) and these are the charge carriers. (1)

2

(e) (i) A layer of an n-type semiconductor, e.g. Si
containing P impurities, is attached to a layer of
a p-type semiconductor, e.g. Si containing B
impurities. 1

(ii) When a p�n junction is irradiated with light,
electron hole pairs are formed and electrons
migrate. (1)

The electrons migrate → n-type semiconductor
and the holes → p-type.  The n-type is therefore
now negative with respect to the p-type,  i.e. a
potential difference has been created. (1)

2
(10)
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26. (a) T
c
 is the temperature at which the electrical resistance falls

to zero. 1

(b) Superconductors are materials that present no resistance
at all to the flow of an electric current. 1

(c) Liquid helium has the lowest boiling point and this was
needed to achieve the very low temperatures that were
needed initially. 1

(d) Tc for some new materials was above the boiling point of
nitrogen � a much cheaper coolant. 1

(e)   (i) This would bring superconductivity within reach at
ambient  temperatures, with no need  for expensive
coolants. 1

(ii) Distribution of electricity, electric trains/trams,
electric motors (big and small), etc.  1

(6)

27. (a) B 1
(b) A 1
(c) C 1
(d) A 1
(e) D  1

(5)

28. (a) Graph 1 1
(b) Graph 3 1
(c) Graph 2 1

(3)
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29. (a) C (diamond or graphite) has a covalent network
structure so covalent bonds have to be broken on
melting, i.e. the melting point is very high. (1)

N2 has a covalent molecular structure so only van der
Waals� forces need to be broken to melt solid nitrogen,
i.e. the melting point is very low. (1)

2

(b) (i) FCl 1

(ii) LiCl 1

(iii) BeCl2 1

(iv) Polarity falls from Li to N since the difference in
electronegativity decreases to zero. (1)

Polarity rises from N to F since the difference in
electronegativity increases again  (with the polarity
reversed). (1)

2
(7)

30. The H+ ion would consist of only a nucleus and as such
cannot have a separate existence.
(In fact it exists in aqueous solution attached to a water
molecule, i.e. H

3
O+.) (1)

31. (a) AlCl3 = 27 + (3 × 35.5) = 133.5 but the relative molecular
mass = 267, i.e. twice the value for the empirical formula.
The structure must therefore be a dimer of AlCl3,
i.e.  Al2Cl6. 1

(b) Covalent molecular structure with dipole�dipole
interactions. 1

(c) Aluminium hydroxide. (1)

The chloride is hydrolysed by the water and HCl(g) is
evolved. (1)

2
(4)
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32. (a) Li+H� 
  
or Mg2+(H�)

2
(1)

Each reacts vigorously (at least) with water, releasing
H2 gas, leaving the metal hydroxide in solution. (1)

2

(b) Al2O3 + 6HCl → 2AlCl3 + 3H2O (1)
base + acid → salt + water (½)
(Note: there is no need to show the dimeric nature of
the salt since it will be in solution as separate ions.)

         Al2O3 + 3H2O + 2NaOH → 2NaAl(OH)4 (1)
acid + base → salt (½)

sodium aluminate
or sodium tetrahydroxoaluminate(III) 3

(c) SiCl
4
, PCl

3
, SCl

2  
are all hydrolysed by water. (1)

Fumes of HCl(aq) are seen and an oily liquid falls to
the bottom of the tube. (1)
(BCl

3 
and CCl

4
 are not hydrolysed; the chlorides of  As,

Se, Br, Sb and Te  are all covalent chlorides and simply
dissolve in non-polar solvents without reaction, but are
hydrolysed by water, since it is polar,  giving fumes of
HCl(aq), as well as an oxyacid or an oxychloride � both
seen as an oily droplet.) 2

(d) The hydrogen bond is the force of attraction between
an H atom of one molecule (which is directly attached
to an element of high electronegative value) (1)
and an atom of high electronegative value on another
molecule. (1)
For water (or HF or HCl) (1)
the boiling points are higher than  predictions based
only on molecular size. (1)
(This is also true of melting point, of viscosity, of
surface tension and of specific heat capacity.
Hydrogen bonding also causes water to have its
maximum value of density at 4oC, (ice floats), by holding
neighbouring molecules a little further apart than liquid
molecules.) 4
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(e) Na
2
O MgO Al

2
O

3
SiO

2
P

2
O

3
SO

2
Cl

2
O

strong weak amphoteric acidic acidic acidic acidic
base base

or strong or  alkali  ↔ amphoteric strong
base  acid

1
(12)

33. (a)

(1)

(1)
2

(b) Fe3+ is the more stable because it has a d sub-shell that
is exactly half-filled.  This is a more stable arrangement
than that with one more electron. 1

(3)

34. (a) +1 1

(b) 10 1

(c)

When the ion is irradiated with white light, energy is
absorbed and promotes one electron from a lower 3d
energy level to the higher 4s energy level.  1

(3)

!

!
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35. (a) Water molecules and hydroxide ions. (1)
They use a lone pair of electrons to form a dative
covalent bond with the central metal ion, Fe2+. (1)

2
(b)

(1) octahedral (1)

2

(c) When a water molecule acts as a ligand its O�H bonds
will become more polarised than before so H+ ions
will tend to form. (1)

However, the hydroxide ion donates a complete negative
charge to the central metal ion, effectively reducing the
positive charge on it and so reducing the polarising
effect on the O�H bonds.  H+ ions are therefore less
likely to form, i.e. the solution is less acidic.  (1)

2
(6)

36. (a) The 3d orbitals are each half-filled before one is doubly
filled, i.e. maximum unpairing before pairing, etc. 1

(b)

(Note: the 4s box may precede the 3d or it may be
omitted altogether since it is empty.) 1

(c) Only one 1
(3)
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37.  (a) 1. [Cu(NH
3
)

4
]2+ (1)

2. [Cu(NH3)3(Cl)]+ (1)
3. [Cu(NH3)2(Cl)2]

0 (You may omit the zero in
this formula.) (1)

Ligands are held to a central metal ion by dative covalent
bonds, not by ionic bonds.  The ionic chloride ions are
free to form a precipitate with Ag+ ions whereas the
covalently bonded chlorides are not. (1)

4

(b) The degree of d�d splitting is controlled by the ligands
involved. (1)
NH3 on its own will therefore be different from NH3

with varying  proportions of Cl. (1)
2

(6)

38. (a) CrO
4

2�

Cr = ? oxidation state
= ? + (4 × �2)  =  �2

? = �2 + 8
= + 6 (1)

i.e. Cr atom has lost six electrons.
1s2  2s22p6  3s2 3p63d0  4s0 (You may omit the 3d0  4s0.) (1)

2

(b)   Cr in CrO4
2�  is in oxidation state  +6 (see above).

In Cr2O7
2� , Cr  =  ?

(2 × ?) + (7 × �2)  =  �2
?  =  +12/2  =  +6
So Cr in Cr2O7

2�  is also in oxidation state  +6. (1)
This is therefore not a redox reaction. (1)

2

(c) d�d splitting can only apply when there is at least one
electron in a d orbital (this theory similarly does not
apply to a completely filled d sub-shell). 1

 (5)
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39. (a) Colour intensity is at a maximum when the concentration of
the complex is at a maximum. (1)
Ratio of [Ni2+]/[ligand] = 25/75 = 1/3. (1)
i.e. x = 1, y = 3. (1)

3

(b) The N atoms in diaminoethane each have one lone pair. (1)
Each lone pair forms a dative covalent bond with the
Ni2+ ion. (1)

2

(c) The complex is purple, i.e. it absorbs in the green
region. (1)
The filter transmits green to get the best absorption
from the complex. (1)

2
(7)

40. The H
2
O ligands (1)

split the degenerate d orbitals. (1)
Energy from the red end of the visible spectrum is absorbed
as electrons are promoted across the small energy gap, ∆,
now existing in the d orbitals. Hence the green colour is
seen. (1)

3
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41. (a) Green 1

(b)

Labels/units on axes (½ + ½)
Subtracting 3 from each colorimeter reading  (1)
Concentration of unknown = 0.0068 ± 0.0001 g l�1 (1)
(Remember to subtract 3 from the colorimeter reading
for the unknown.) 3

(c) There is some iron in the water.
or Impurities with similar absorption patterns are present. 1

(d) Duplicates should be prepared
or Large volumes should be used (to reduce error).
or A blank should be carried out on the buffer and solvent
without  any sample present. 1

(e) d�d splitting or d�d transitions 1
(7)

42. (a) Five degenerate orbitals are split into two orbitals of
higher energy and three of lower energy.  Electrons can
be promoted across this gap by absorbing energy from
the visible spectrum. (1)

The peak around 410 nm represents the wavelengths
absorbed (and equals the energy value of the d�d split). (1)

2
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(b) Since  the chloro complex leads to a lower value of
d�d splitting (1)
less energy is needed to make the jump (1)
so absorption moves to the lower or red end of the
spectrum. (1)

3
(5)

43. (a) [VO2]
+ V + (2 × �2) = +5

V = +5 (or V) (1)
[V(H2O)6]

2+ V = +2 (or II) (1)
2

(c) Hexaaquavanadium(III) (1)

(Make sure you show that the O atom (1)
is donating the lone pair, not the H atom.) 2

(c) (i) 1s2  2s22p6  3s23p6  4s0  3d0 (or omit the last two terms) 1
(ii) It has no d electrons to be promoted. 1

(d) Absorption should cover the red/yellow and possibly the
green regions.

1
(7)
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44. (a) Ni2+ [Ar] 4s2 3d8    or  1s2   2s2 2p6  3s2 3p6 4s2 3d8. 1

(b) Cl� splits the d orbitals and energy (a selection of
frequencies) from the visible spectrum promotes
electrons across the gap. (1)
Remaining frequencies are transmitted and these
produce the colour. (1)

2

(c) The size of the d�d split is altered by the presence of
different ligands, so frequencies absorbed are different
and the colour transmitted is altered. 1

(4)

45. (a) [Cu(Cl )4]
2� ((1) for formula and (1) for charge) 2

(b) (i) Hexaamminecopper(II) 1

(ii)

1
(4)

46. (a) E = Lhc/λ (1)
λ = Lhc/E = 6.02 × 1023 × 6.63 × 10�34 × 3 × 108/239 × 103 (1)

= 119.74 ×10 �6/239
= 5.01 × 10�7m
= 501 nm (Note: this is in the visible spectrum

so it is a sensible answer.) (1)
3

(b) Green is absorbed (1)
so purple or magenta seen. (1)

2
(5)
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47. (a) Green (since red is absorbed). 1

(b) E = Lhc/λ (1)
= 6.02 × 1023 × 6.63 × 10�34 × 3 × 108/540 × 10�9   J mol�1(1)
= 0.222 × 106  J mol�1

= 222 kJ mol�1 (This is a likely order of magnitude �
see Data Booklet.) (1)

3
(4)

48. (a) It has a full d sub-shell. 1

(b) It contributes no colour to compounds.
It has only one valency.
Neither the element nor its compounds show significant
catalytic properties.
(any two) 2

(c) Fe Haber process
Pt Ostwald process/oxidation of ammonia.
Pt catalytic converters in car exhausts.
Ni hardening of vegetable oils → fats.
(accept others) 3

(d) Vacant d orbitals are readily available for (reversible)
bonding, i.e. show variable oxidation states. 1

(7)

49. (a) They are compounds of the transition metals. 1

(b) One reactant may be adsorbed (or held by covalent
bonds, often with d orbitals of the catalyst) (1)
in a suitable orientation for a more probably successful
collision.
or in such a way that bonds within the reactant are
weakened (and there is a new arrangement of bonds,
i.e. a reaction occurs). (1)

2
(3)
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