Periodicity (Topics 3 and 13) Practice Test
IB Chemistry
Answer Key

1. B (I had put “d” before.  Note this mistake)
(i)
period is a horizontal row in the periodic table and a group is a 
vertical column / OWTTE; DO NOT write “OWTTE” on the test.  It means, “or words to that effect,” which means you do not have to have this answer exactly. 
1

(ii)
2,8, 6 for SL, 1s22s22p63s23p4 for HL
electrons in three energy levels / shells;
five outer / valence electrons;
3

[4]

2. Mistake: Answer not present.  Only Electronegativity decreases.
3. D
(i)
metallic bonding in Na and Mg;
more delocalized (OWTTE) electrons in Mg / Mg ion is smaller
/more positive;
stronger attraction in Mg between positive ions and delocalized
electrons;
3

(ii)
Si is macromolecular / a giant molecule / OWTTE;
many (covalent) bonds to be broken;
2

A clear implication of covalent bonding must be made if both 
marks are to be awarded.

(iii)
van der Waals’ / weak intermolecular forces / London dispersion forces;
Cl2 has more electrons / higher Mr than Ar;
2

[7]


(i)
loss of 2 electrons / outer electrons;
3 shells to 2;
net attractive force increases;
2 max

(ii)
P3– has one more shell than Si4+;
some justification in terms of electron loss / gain;
net attractive forces;
2 max

(iii)
same electron arrangement / both have two complete shells;
extra protons in Na+ (attract the electrons more strongly);
2

[6]

4. D
(i)
i and ii graded together:


Cl is less than F because:


Electron removed (from Cl) is further from higher energy level/further from the nucleus / in n = 4 compared to n = 3;


this is more important than the extra 8 protons in Cl / OWTTE;
increase repulsion by extra shell of electrons / greater shielding effect;
so less strongly attracted by nucleus;


O less than F because


F has one more proton / hither nuclear charge than O;


electron removed is in same (main) higher energy level / shell;



smaller (atomic) radius;
so less strongly attracted by nucleus;


(ii) 
Mg greater than Na because
(Mg has) greater nuclear charge / one more proton / 12 protons compare to 11;
electron removed is in same (main) higher energy level / shell;
smaller (atomic) radius;
so more strongly attracted by nucleus;
7

Accept opposite worded arguments, i.e. why Na is 
greater than K.
Award [7] for any seven correct but accept less/more 
strongly attracted to nucleus once only.

(iii)
second electron in Na removed from n = 2, whereas second electron in Mg
removed from n = 3

(i)
atomic radius of N > O because O has greater nuclear charge; 
greater attraction for the outer electrons / OWTTE;
2

(ii)
atomic radius of P > N because P has outer electrons in an energy 
level further from the nucleus / OWTTE;
1

(iii)
N3− >N / ionic radius > atomic radius because N3−  has more electrons 
than protons; so the electrons are held less tightly / OWTTE;
2

Award [1] for greater repulsion in N3−  due to more electrons (no reference to protons).
[5]

5. D

6. D

oxides of:
Na, Mg: basic;

Al: amphotoric;

Si to Cl: acidic;

Ar: no oxide;

All four correct [2], two or three correct [1].


Na2O + H2O  2NaOH;
SO3 + H2O  H2SO4;
4

Must be balanced for marks.
Award marks for alternative correct equations such as SO3 with NaOH.

[4]

alkali metals:
metallic bonding / a bed of cations in a sea of electrons;
as radius increases down the group, valence electrons are further away from
nucleus (and strength of metallic bonding decreases);


halogens:
non-polar / van der Waal’s forces between molecules;
as size increases van der Waal’s forces increase (and melting point increases);


period 3 elements:
increase in melting points of metals (Na, Mg, Al) due to increase in number of
valence electrons and decrease in size / the way atoms are packed as solids;
Award mark just for “increased number of delocalized or valence electrons”.


silicon:
network covalent solid (with very high melting point);
Award mark also for “many or strong covalent bonds”.


P → Ar:
simple molecular (atomic in case of Ar) substances with weak van
der Waal’s forces (and lower melting points);
trend in P4, S8, Cl2, Ar due to size / mass of particles;
8

Award mark for “decreasing mass or size”.
Molecular formulae not necessary.

12 ½ (this is a separate problem from #12, but I forgot to write “13” on the practice test)

(i)
similarities [3 max]
the metal floats / moves on the surface;
fizzing / effervescence / bubbles; (accept sound is produced)
solution gets hot;
solution becomes alkaline / basic;
they react to form the metal hydroxide;
hydrogen is evolved;


differences [1 max]
flame / hydrogen burns with potassium (and not with lithium) 
/ reaction faster / more vigorous with potassium / slower or 
less vigorous with lithium;
4 max

(ii)
2Li + 2H2O → 2Li+ + 2OH– + H2 / 2K+ + 2H2O → 2K+ + 2OH– + H2;

Accept LiOH / KOH.

pH  11;
LiOH/KOH is a strong base/strong alkali / high concentration of OH−;
3

[7]

7. B
8. D
9. A

10. Answer not present: III only

(i)
Mg: 3s2 and Al: 3s23p1 (need both for mark);
3p electron is higher in energy than 3s (and easier to remove);
2

(ii)
Mn4+: [Ar]3d3 and Zn2+: [Ar] 3d10 (need both for mark);
colour due to splitting of partially filled d orbitals
(at different energy levels); electronic transitions between these are responsible for colour;
Mn4+ has partially filled d orbitals / Zn2+ does not;
Mn4+ not in its highest oxidation state (and can be oxidized);
Zn2+ in its highest oxidation state (and cannot be further oxidized);
6

[8]

11. This question already appeared (#12) once.  No need to answer it twice.

12. B

ligand: a molecule or ion that can bond to a (central) metal ion
(to form a complex);
H2O: Lewis base and Fe2+: Lewis acid (need both for mark);
each H2O / ligand donates an electron pair (to Fe2+);
forming coordinate covalent / dative covalent bond;
4

[4]

(a)
scandium and zinc / Sc and Zn;
1

Both needed for the mark.
Accept copper/Cu if given in addition to Sc and Zn i.e. all three needed for the mark.
(b)
species / neutral molecules / anions which contain a non-bonding pair
of electrons; able to form coordinate/dative covalent bonds;
2

(c)


(3)

	ion
	MnO4–
	[CuCl4]2−
	[Ni(NH3)6]2+

	oxidation state
	+7
	+2
	+2


Accept 6+, 2+, 3+. If given as 6, 2, 3 or (VI), (II), (III), 
Award [2] only.
3

(d)
V / V2O5 in the contact process;
Fe in the Haber process;
Ni in the conversion of alkenes to alkanes / hydrogenation reactions;
2 max

Award [1] each for any two.
Accept any other suitable examples.
(e)
variable oxidation states; coloured compounds;
2

Accept any other suitable examples.
[10]

