IB 3 HL P2 16w to 99s Section A&B 310marks
All Higher Level topics have been combined with their respective Standard Level equivalent, so in HL topic 2 revision resources there will be topics 2 and 12. 
From 2016 onwards, Section B which allowed candidates to chose 2 questions out of 4 in paper 2 was removed so that effectively the whole paper became like section A, and all questions were compulsory.
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All topics ranked according to their impact on your final grade using exam papers from 1999 to 2016
	Topic
	Option
	10
	N.ofSci
	8
	4
	5
	9
	6
	1
	3
	7
	2
	11

	Rank
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	14

	% of IB Grade
	16.6
	8.4
	7.4
	6.5
	6.3
	6.3
	5.8
	5.0
	4.1
	4.0
	3.1
	2.5
	1.8

	Paper 1
	
	14.0
	
	12.8
	11.5
	12.2
	9.6
	8.0
	8.4
	9.3
	3.7
	4.7
	3.4

	Paper 2 A
	
	11.1
	
	9.2
	9.3
	12.3
	9.5
	11.9
	11.8
	6.3
	6.1
	6.0
	3.2

	Paper 2 B
	
	20.0
	
	12.6
	13.2
	9.1
	12.2
	6.9
	1.6
	5.8
	6.9
	2.9
	2.9

	Paper 2 ALL
	
	15.6
	
	10.9
	11.2
	10.7
	10.8
	9.4
	6.7
	6.1
	6.5
	4.5
	3.1

	Paper 3
	69.2
	
	30.8
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Standard and Higher Level components compared
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Essentially, IA has the exact same weight, the Option in HL is almost 50% more important than in SL but Topic 10 is more important in SL than HL. All other topics contribute almost equally to a SL and HL grade.
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The dark blue bars are where your final IB grade will be from: 
1. Your IA is the single most important part of your IB HL, more important than even the Option. Imagine how much time in class, at home and in revision you have or will give to topics 9, 10 and 11. Your IA, on average, will be worth more to your final grade than all those combined.
2. The Option is the most important topic for your IB grade compared to the everything else  
3. Topic 10, Organic Chemistry, is by far the most important topic for papers 1 and 2.
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Q# 2/ IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/Q2 Not with (d)
This is the Lewis structure for the ethandioate ion:
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[image: ]


Q# 46/ IB Chem/2000/w/TZ0/Paper 2 Section A/Higher Level/
[image: ]
Q# 47/ IB Chem/2000/s/TZ0/Paper 2 Section B/Higher Level/Q6
[image: ]
Q# 48/ IB Chem/1999/s/TZ0/Paper 2 Section B/Higher Level/Q8(b)
This question is about oxides of these elements: 
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Question Answers Notes Total
a Mg v 1
b 24 78.60 + 25 x 1011 2 26 x 1120 “Award [2] for correct final answer

L T EE—— Do not accept data booklet value (24.31). 2
«=243269=»2433 v
c contamination with sodium/other «compounds» v’ 1
d i |energylevels are closer together at high energy / high frequency / short B
wavelength v
ionisation energy v 1
e MgO(s) + H,0(l) — Mg(OH),(s) Accept =
OR 1
MgO(s) + H,0(l) = Mg (aq) + 20H  (aq) v
f from basic to acidic v Accept “alkali/alkaline” for “basic’
through amphoteric v Accept “oxides of Na and Mg: basic AND o;
of Al amphoteric” for M1. 2
Accept “oxides of non-metals/Si to Cl acidic™ for
M2.
Do not accept just *become more acidic’
g MoN, v “Accept MgO,, Mg (OH),, Mg(NO,),, MgCO, 1
h “3-Digiant» regularly repeating arrangement «of ions» Tccept giant” for M1 unless ‘giant covalent
OR stated.
lattice «of ions» v
2
electrostatic attraction between oppositely charged ions Do not accept ‘ionic” without description.
OR
electrostatic attraction between Mg and O ions ¥
i |i | Anode (positive electrode). Penalize missinglincorrect state symbols at
200 - Clfg) - 257 Gy and Mg once ony.
2

Cathode (negative electrode)
Mg® = 26— Mg (1) ¥

Award [1 max] if equations are at wrong
electrodes.
Accept Mg (g).
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(©)

a

@

i)

@

strong acid: (assumed to be) completely/100% dissociated/ionized and
weak acid: partially dissociated/ionized:

Similarity: bubbling/effervescence/gas / heatincrease in temperature / solid
dissolves;

Difference: strong acid more vigorous / faster reaction / greater temperature
increase;

Accept converse statements for weak acid.

10%: 1)/ 10105/ 1:10% ;
Do not accept inverse ratio, 1:10"

Na and Mg: basic
Al amphoteric
Do not accept amphiprofic.

Sito CL acidic
Arno oxide

Award [2] for three or four correct, award [1] for two correct.

Award [1] for stating oxides become more acidic towards the right/chiorine
or more basic towards the lefsodium.

Do not penalize incorrect formulas of oxides.

Na,0(s) + H,0(1) - 2NaOH(aq) / Na,0(s) + 2HCl(aq) — 2NaCl(aq) + H,0(1):
Accept a correct equation with any acid or acidic oxide.

S0,(1)+H,0() > H,SO, (aa)/ SOs (1) + 2NaOH (aq) > Na;SO« (aq) + HO (1)
Accept a correct equation with any metal hydroxide, metal oxide, metal
carbonate or metal hydrogen carbonate.

Do not accept equation with SOz

Ignore state symbols.
Accept ionic equations for M1 and/or M2.

n

2

n

2

2
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©

(i) ability of an atom to attract (a pair of) electrons in a covalent bondimolecule
 ability of an atom to attract a shared pair of electrons; n
Do not accept element/nucleus instead of atom.

(i)) - do not form bonds/compounds / do not share electrons / have (fullistable)
octet/ have fullistable outer shell; n
Accept (chemically) inert / do not react / stable electron arrangements/’
configurations.

(Li > Cs) atomicfionic radius increases;
force of attraction between metal ions and delocalized electrons decreases;
Accept metallic bonding gets weaker.

(F - I) London/dispersion/instantaneous induced dipole-induced dipole forces
increase;
Accept vawnvan der Waals' forces for London/dispersion forces.

with increasing number of electrons/molar mass/surface area/size of electron
cloud; 3 max]
Do not accept “with increasing size” or “with increasing mass” ony.

Nar has one less energy levelishell compared to Na atom / Na has 2 energy
levels/shells compared to 3 in Na atom;

(compared to Na atom) effective nuclear charge greater in Na~ (5o valence

electrons attracted more strongly to nucleus) / (compared to Na atom) more

protons than electrons in Na* (5o valence electrons attracted more strongly to

nucleus); 1 max]
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(b)
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(Cu) 157257 2p"3s73p°45'3d" / 157257 2p" 3s73p°3d" 45",
Do not accept [Ar] 45'3d".

(Cu™) 1s72572p°3s73p"ad ;
Do not accept [Ar] 3.

(NH;) Lewis base and (Cu™) Lewis acid;

NHafligand donates an electron pair (to Cu®) / Cu* accepts an electron pair
(from NHa).

forming coordinate/dative (covalent) bond;

Accept coordination bond.

Do not accept just covalent bond.

d orbitals are split (into two sets of different energies).
(frequency/wavelength of visible) light absorbed by electrons moving between d
levels/orbitals;

colour due to remaining frequencies/complementary colour transmitted;

Cu™* has unpaired electrons/partially filed d sub-level / Zn® has filed d sub-level;

Accept d-d transitions possible between orbitals for M2.

]

Bl

4]
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a

@

a

@

MgCl, conducts electricity and PCLs does not;
MgCl is fonic and PCl is covalenymolecular,

ions/charged particles can move in MgCl / no free charged particles in PCls;
Award [1 max] if allthree points correct for one substance but not other.

MgCt;

45pH<69;

high charge density/high charge and small size of Mg® makes [Mg(H:0)s**
hydrolyse / polarizes water to produce H';

POl

0<pHz4;

(reacts with water to) form HCUH:PO3;
Do ot accept HsPOs.

Na, Mg (oxides): basic

Al (oxide): amphoteric
Do not accept amphiprotic.

Sito Gl (oxides): acidic

Award [2] for all three listed sefs correct.
Award [1] for one or two listed sets correct.

Award [1] for stating oxides become more acidic towards right/Cl or more
basic towards lef/Na.

Do not penalize if reference is to Ar instead of Cl.

Do not penalize for incorrect formulas of oxides.

Na,0(s)+H,0(1) > 2NaOH(aq):
P.0y5(5)+ 6H:0 (1) - 4H,PO, (aq)

Ignore state symbols.

Accept P,0s(s) + 3H:0 (1) — 2HsPO4 (aq).

Do not award marks if incorrect formulas of the oxides are used.

Penalize fone paifs missing on Br and F once only.
Accept any combination of lines, dots or crosses to represent electron pairs.

O]

“

2

2

2
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Accept any other octahedral arrangement of ligands.
Ignore missing square brackets and charge.

Half equation:

T'(aq)+3H,0(1) > 10, (aq) + 6H"(ag) + 6e”;
Accept e instead of €”

Accept reversible arrows.

Overall equation
Cr,0,%(aq)+T"(aq) + BH"(aq) > 2Cr* (aq) + 10;(aq) + 4H,0(1);

Ignore state symbols.

oxidized and increase (in oxidation number) of 6/from —1/-1 to +5/+V;
potential (of reduction half-reaction) under standard conditions measured
relative to standard hydrogen electrode/SHE / OWTTE:

Accept “solute concentration of 1 mol dm™” or “1 bar/1 atm (pressure) for
gases” instead of “standard condltions”.

Accept voltage/em for potential

(+)1.08 (V);

2Cr(s) + 3CU* (aq) > 2Cr* (aq) + 3CU(s);

Ignore state symbols.

Do not accept reversible arrows.

Negative electrode: chromium/Cr and Positive electrode: copper/Cu;
Accept “Cr s the anode and Gu the cathode".

from chromium/Cr to copper/Cu;

Accept “from negative electrode/anode to positive electrode/cathode” if

electrodes correctly identified in (iv).

negative ions/anions towards the chromium(lll) solution and positive
ions/cations towards the copper(ll) solution / OWTTE;

2

2

m

m

m
m

m

m

m
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as 3d
Accept full-arrows

Accept boxes in reverse order or at different energy levels.

Do not award the mark if sub-levels are incorrectly labelled or if no boxes are
drawn.

(electrostatic) attraction between (lattice of) cations/positive/Cr** ions and
delocalized electrons;

(delocalized electrons allows) the layers/rows of cations/positive/Cr™ ions
o slide past each other (without disrupting the metallic bonding);
Accept atoms instead of ions.

chromium(ll) oxide;
Do ot award the mark for chromium oxide.

(electrostatic) atfraction_between positive and negative fons/oppositely
charged ions/Cr* and O*;

formed as a result of electron transfer from chromium atoms to oxygen
atoms / OWTTE;

Ignore reference to number of electrons transferred or charges of fon for M2

ions are not free to move (when solid) / fons in rigid lattice / OWTTE;

7 +3;
Do not cccept incorrect notation such as 3+/3.

ligand has lone/non-bonding electron pair /
dative (covalenty/coordinate/coordination bond forms;

ligand s Lewis base / ion is Lewis acid;

partially filed/incomplete d sub levels/orbitals;
d orbitals split into two levels;

energy difference is in visible part of spectrum / electrons absorb visible
lightione colour/frequency/wavelength:

electron transitions occur from lower to higher energy level (within

d sub-level).

complementary colour/colour not absorbed is seen:

Do not accept complementary colour "emitted”.

m

m

m

m

2

m
m

2

[4max]
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Clhas 7 valence electrons and is in group 7:
Accept ‘group 17" as suggested by IUPAC.

Clhas 3 occupied (electron) shells/energy levels and so is in period 3

<7055

penvanguar! | accept 100° - 108°. polar
i Literature value is 103"

Octanedral

Accept square | 90° (180%) polar

bipyramidal.

‘Do ot accept EGF for bond angies and polarities from Incorrect shapes.

Award [3] for all Six correct.
Award [2] for four or five correct.
Award [1] for two or three correct.

2

O]
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Na,0(s)+ H,0 (1)  2NaOH(aq);
Accept Na,0(s)+ H,0(l) — 2Na' (aq)+ 20H "(aq)

P.0y(8)+6H,0(1)  4H,PO, (aq); 2
Accept P,0y(s)+3H,0(1) = 2HyPO, (aq).

Accept P,0,,(s) +6H,0(1) — 4H" (ag)  4H,PO; (aq)

Ignore state symbols.

(i) NazO onic and PsO1o covalent (within molecule);

NazO in giant/3D/networklattice structure with strong (ionic) bonds and
P4O10 has a (simple) molecular structure/weak intermolecular forces

(between molecules); 121
Award [1] for stating that bonds require more energy to break in NazO than
in PsOro.
(i)
no no
no yes 2
Award [2] for four correct.

Award [1] for two or three correct.

Ammonium chioride:
Accept any value in the range: 3<pH<T:

NH,(aq) == NHy(ag) +H'(@q):

Sodium methanoate:
7<pH<11;

HCOO (aq)+H,0(1) = HCOOH(aq) + OH (aq); 4]

Award [1 max] for both M1 and M3 combined if stated “pH < 7/acidic for
ammonium chioride and pH > 7/alkaline/basic for sodium methanoate”.

Accept alternative suitable equations.
Award [1 max] for two correct explanations, such as “salt of weak acid and
strong base” or “salt of weak base and strong acid”, without equations.
Penalize missing equilibrium sign once only.

Ignore state symbols.
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1572522p*3s3piad10s / 1522523 3p*4s'3d™s,

Physical
“Cu lower boiling pointimelting pointidensity/greater rate of diffusion than ¢Cu;
Accept converse argument.

Do not accept “different mass”

Ghemical.
(properties identical because) same electron configuration/arrangement of
electrons;

Accept “same number of protons and electrons”.

Do not accept “same number of electrons” OR “same valence (electrons)” OR
“same atomic number" only.

electrosatic attraction;
between (a lattice of) cations/positive ions and delocalized/sea of electrons;
Do not award any mark for only stating “metalic bonding”.

m

2

2
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(@ curve with a posifive slope curving upwards; a
Do not penalize if curve passes through the origin.

k

L @ @ @@

i

() @ heat transferred/absorbed/released/enthalpy/potential encrgy change when 1
mol/molar amounts of reactant(s) react (to form products) / OVTTE,
under standard conditions / at a pressure 100 kPa/101.3 kPa/l atm and
temperature 298 K/25°C 21
Award [2] for difference between standard enthalpies of products and
standard enthalpies of reactants /H® (products) — H® (reactants).
Award [2] for difference between siandard enthalpies of formation of
products and standard enthalpies of formation of reactants / SAH,

(products) — SAH (reactants).

) (1.00x0.0500=)0.0500 mol) ;
(0.0500%57.9=)2.90(k]): 2
Ignore any negative sign.
Award [2] for correct final answer.
“Award [1max] for 2900 J.

250
i) [40 % ,]o 0625 (mol NaOH) :
0.0500x4.18x13.3=2.78(kJ)/ 50.0x4.18x13.3=2780(T)
[ e ]:445(1(1:@1") Bl
0.0625
_Award [3] for correct final answer.
Negative sign is necessary for M3.
Award M2 and M3 if 52.5g is used to obtain an enthalpy change of —46.7
(kI mol-1).
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~445-579 / comect Hess's Law cycle (as below) / comect
‘manipulation of equations;
NaOH(s) + HCl(ag) > NaCl (ag) + ;O (1)

—445k7 —579%1

NaOH (aq) + HC1(aq)
~1024KT;

Award [2] for correct final answer.

zinc (only) forms the ion Zn® / has the oxidation state +2;

Allow forms only one ion / has only one oxidation state.

has full d-subshell/orbitals / does not have a partally filled d-subshell/orbials
(needed to exhibit transition metal properties).

Fe?™: 157257 2p° 3573p° 3d° /[Ar] 3d° and Fe®™ 157257 2p" 367 3p 3d° [Ar] 3d°;
half-full sub-level3d" has extra stability:

Less sepulsion between clectrons / electrons singly occupy orbitals / electrons
do not have to pair with other electrons;

Accept converse points for Fe'™.

e

rr

Bl
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(@)  oxidation and (iron/Fe) loses electrons/increases in oxidation number/state: aj

()  0,(aq) +4e” +2H,0(1) > 40H (aq)
0 =Y =[RS

h 21
ward [2] for five correct.

ward [1] for four correct.

Accept use of oxidation states (0, +1, -2, 2, +1) for oxidation numbers.

Penalize once for incorrect notation (eg, 2, 2-).

(iif)  O,(aq)+2H,0 () + 2Fe(s) > 2Fe* (aq) + 4 OH (aq) i
Ignore state symbols

() Fefiron: m

oxygen is non-polar;
needs to break strong hiydrogen bonds/H-bonds between water molecules (to

dissolve) / oxygen cannot form hydrogen bonds/H-bonds with water.

oxygen can only form (weak) van der Waals’/vdW/LDF/London/dispersion forces

with water; 2 max]

groups indicate the number of electrons in the highest energy leve/outer/valence
shell;
periods indicate the number of (occupied) energy levels/shells (in the atom). 2

V105 catalyses oxidation of SO; / V:0s is a catalyst in the Contact Process;
Fe catalyses the reaction between N, and Hs / Fe is a catalyst in the Haber Process:

Ni/Pd/Pt catalyses hydrogenation / manufacture of margarine / addition of hydrogen

to C=C / conversion of alkenes to alkanes;

Pd/Pt is a catalyst in catalytic converters / P/Pt catalyzes reaction of NO; and

CO/NO; and (unburnt) fuel/exhaust gases. [2max]
Accept other correct examples.

Accept formulas or names of substances.

() H0()=H"(aq)+OH (aq)/ 2H,0 (1) = H;0"(aq) + OH (aq) a
= and state symbols are necessary for the mark.

i) Ky =[H"J[OH)/ Ky =[H;0"][OH] a

(i) at higher temperatures ionization increases / at higher temperatures
equilibrium shiffs to right;
ionization is endothermic: 2

Do not allow ECF for M2.

(v) 5.13x107% =[H; O°F/[H] /[H;0°)/[H]=7.16x107 (moldm™)
PH=614/615 o
_Award [2] for correct final answer-





image88.jpeg
(@

®)

©

@

63x+65(100—x) =63.55x100
(x=)7250(%):
Award [2] for correct final answer.

157 2% 2p° 35% 3p° 3d'° 45!/ 15 267 2p° 367 3p° 45! 34",
Do not accept upper case letters or mumbers as subscripts.

colouris due to movement of electrons (between d orbitals) / OWTTE:
copper(T) has a full d sub-shell(. hence electrons cannot move) / copper(II) has an
incomplete d sub-shell(, hence electrons can move) / OIVTTE;

[6) (Ef,,,: 015-0.52

-037(V)

choosing correct E_, values;

combining in correct way:
Award [2] for correct final answer.
Award [1] for -0.18 (0.34 instead of 0.15) and -0.19 (0.34 instead of 0.52).

(i) not spontaneous because £ negative / OWTTE:

2]

I

12

2]

I
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(i)

(1)

(i)

@
(i)

@

()

(1)

basic to acidic:

Na,0(s) + H,0() = 2NaOH (aq) :
50,(2) +H,0() > HyS0,(aa):
Ignore state symbols.

molten ALCl; does not conduct electricity and molten ALO; does;
ALCl, is a covalent molecule and has no fiee charged particles to conduct

electricity:
ALO, is ionic/has ions which are free to move when molten;

Cly(2) + H,0(1) = HCl(aq) + HCIO(aq)
Ignore state symbols.

Allow —.

Br(aq): no change;

KBr (aq): colous change / from colourless to red/yellow/orange/brown;

2Br™(aq) > By (aq) + 267
Cly(g)+ 2" > 2CI (a):

Ienore state symbols.
Accept e instead of e

HF has hydrogen bonds (befween molecules);

strength of van der Waals”/London/dispersion forces increases;
as mass/size/number of electrons of halogen atom/molecule increases;

o 522p%3s73p"4s'3d°/ 15725 2p% 357 3p%3d 45!
o 15°2872p%3673p% 3¢

H,0 is aligand / has lone (electron) pair;
forms dative (covalent)/coordinate bond / donates a lone (electron) pair
ligand is Lewis base / Cr* is Lews acid;

Cr** has partially filled d orbitals;

d orbitals split into two levels / three lower energy and fwo higher energy
levels

encrgy difference is in visible part of spectrum;

electrons absorb visible light / one colour/frequency/wavelength;

clectron transitions occur from lower fo higher encrgy level within
d sub-level;

complementary colour/colour not absorbed is seen:

Bl

B

a

21

21

a

21

21

Bl

3 max]
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() acidic because [Cr(8,0),]" (1) — [Cr (,0), (O] () + " (s0):
Allow answers with further equations.
Accept any other valid equations.
Ignore state symbols.

successive ionization energy values increase with removal of each electron;
large increase in ionization energy when sixth electron is removed;

as clectron is one energy level/shell closer to the nucleus;

Accept a suitably annotated diagram.

a

2 max]




image91.jpeg
(@
®)

@©

@

152572p"3s73p"3d* / [Ar]3d*;
ligand;
dative/coordinate (covalen),

Do not accept “covalent”.

variable oxidation state/number:
catalytic properties:

d sublevellorbitals split (into two levels by ligands);

electrons absorb light/photons and move to the higher energy orbital;

frequency of light/photons absorbed in the visible region:

a

2

2

Bl
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(i)

NOs™ and CI” anions may also react with KMnO, / HNO; is an oxidizing
agent / (HC1 will not work as) CI” reacts with MaO; (to form Cl,) / HCI
oxidized / OTTE;

For HCI, allow correctly balanced chemical equation.

2MnO, +10CT +16H" — 2Mn* +5Cl, + SH,0

Accept NO5™ and CI” may react with KMnOs/Fe*™

CaCO;(s) +H,S0,(aq) — CaS0,(s) + Hy0 (1) + CO, (g)

correct chemical equation:

correct state symbols;

llow CaSO.(ag) istead of CaSO(s).

M2 can only be scored if M1 is correct.

Award [Imax] if H:COx(aq) is given instead of H:O(l) + COx(g).

a

2
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ester;
Do not accept just carbonyl.

a

llow carboxylato (ligand)/carboxylate (ligand) bu not carboxyl/carboxy.

dative (covalent) / coordinate;

a

Do not allow just covalent or co-dative.

@ Y,

_

symmetrical s orbital representation.

Do not penalize if axes are not

%, , 2 can be located in any dir
”

labelled for s orbital.
vection.

dumbbell-shaped py orbifal representation with clectron density located

along x-axis;
x-axis must be labelled for p o

2
rbital.

Do not accept if py and p: are also drawn as question asks for orbital not sub-level.

@ 16

157257 2p%3573p%4s73d " 4p%ad®
Order of 45 and 3d levels can be inter
Do not accept other notation such as

aj

a
rchanged.
subscripts.

1 [ARIAERl

1 AR EEER RS

35 3p

s 3d I

llow full arrows instead of half-arrows in orbital diagram.

Sub-levels must be labelled for mark.
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decreases (from left to right/across period 3);
same number of shells/energy levels / shiclding remains the same,

‘mumber of protons/uclear charge increases so aftraction of mucleus on outer electrons
increases | OWTTE:

hypothesis is wrong since ionic radius should be smaller than atomic
radius/110x10 *m ;

‘greater attraction of the nucleus on outer electrons / effective charge of nucleus
‘reater / sepulsive forces befween clectrons smaller:

Bl

2]
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(i)

One valence clectron / one electron in outer shell

Melting point low (compared to other metals)

First LE.: low: second LE.: very high (need both for mark)
For at least two full electron arrangements given.

Reactivity increases down the group

as outer electrons are further from the nucleus so easier to remove.

Description of reaction with water:
e.g. vigorous / highly exothermic.

Gas produced / alkaline solution.

Balanced equation. e.g. 2Na(s)+ 2H,0(1) - 2NaOH(aq) + H, (¢)
(must be balanced; state symbols not required.)

Description of reaction with chlorine:
e.g. vigorous / highly exothermic

white solid formed

Balanced cquation. e.g. 2Na(s)+Cl,(g) > 2NaCl(s)
(must be balanced, state symbols not required.)

a
a

a

a
a

a
a
a

a
a
a
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() Elcctrons go into same main shell/encrey level.
Increase in nuclear charge OR number of profons in the nucleus across period
(pulls valence clectrons closer together).

() Mgis 35, Alis 35°3ph,
The 3p’ clectron is in a higher encrgy level and casicr o remove.

(iii) P is 3p® where the clectrons are arranged singly: § is 3p*
Ision of the paired electron in S causes lower LE.
wulsion of the paired el ins lower LE

NaCl MgCl,. AICl, (AL,CL). SiCl,. PCI, or PCI,.
(Award [2] for all correct and [1] for one error)

Argon is a noble (unreactive) gas with full outer shell of electrons.

SiCl,: covalent bonding between atoms (within the molccules).
Weak van der Waal's or London or dispersion forees between molccules.

nj

I
17
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(d) () Explain the convergence of lines in a hydrogen emission spectrum

U]

(i)~ State what can be determined from the frequency of the convergence limit

U]

(€) Magnesium burns in air to form a white compound, magnesium oxide. Formulate an
equation for the reaction of magnesium oxide with water.

U]

() Describe the trend in acid-base properties of the oxides of period 3, sodium to chiorine.

2

(g)  In addition to magnesium oxide, magnesium forms another compound when burned in
air. Suggest the formula of this compound.

U]
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(i)

NaCl - high melting and boiling points - giant structure/ionic 11 mark]
— strong attraction
between ions 1 mark]

®e®

OR OR
@ @ ® @ 11 mark]
® O ®

AL,Cl, ~ low melting and boiling points — simple molecular/covalent 1 mark]
~ associated or weak forces {1 mark]
between individual
molecules
ci

N |
OR 1 mark]
l/\Cl Cl/Al\Cl

OR Lewis dot-cross diagram

cn\ /C
N

C

PCl, — low melting and boiling points - simple molecular/covalent 11 mark]
— weak forces between
individual molecules 1 mark]

eﬂ,@ P, a—>p—cl
G - OR / T\ OR T_- 1 mark]

o cr o Cl a

NaCl dissolves (do ot accept dissociates) {1 mark]
AIC, vigorous reaction fexothermic/fizzing/gas evolved {1 mark]
PCl, gives vigorous reaction/exothermic/fizzing/gas evolved {1 mark]
AICl, +3H,0 - Al(OH), + 3HCI {1 mark]
PCl, +3H,0 — H,PO, +3HCI {1 mark]
onic, ionic, covalent, covalent 14 marks]
strong alkali, weak alkali, nothing, ~acid 14 marks]
OR OR OR  OR
highpH pHabove7 7  below7

Na,0+H,0 - 2NaOH Give 1 mark] 11 mark]
MgO +H,0 — Mg(OH), if product {1 mark]
P,0,(P,0,)+6H,0(3H,0) > 4H,PO,(2H,PO,) s correct 1 mark]
OR

P,0,(P,0,) + 6H,0(3H,0) — 4H,PO, (2H,PO,)

Total [25 marks]
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Question Answers Notes Total
d > B Accept single negative charges on two O atoms
B 0 singly bonded to C.
No—e” | or Do rot acoept resanancs structures. ;
/ N Allow any combination of dots/crosses or lines to
o representsletron pars
v
e electrons delocalized «across the O—C—O system» Accept delocalized 7-bond(s).
OR
resonance occurs v No ECF from (d).
122 «pmn < C-0 < 143«pm» ¥ 2
Accept any answer in range 123 «pm» to
142 «pm.
Accept “bond intermediate between single and
double bond” or “bond order 1.5
f coordinate/dative/covalent bond from O to «transition» metal «ion»
OR
acts as a Lewis base/nucleophile v
can occupy two positons
OR 2

provide two electron pairs from different «O» atoms
OR

form two «coordinateldative/covalents bonds wwith the metal ion»
OR

chelate «metaliion» v
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(€) Outine why all the C-O bond lengths in the ethanedioate ion are the same length and
suggest a value for them. Use section 10 of the data booklet 2

() Explain how ethanedioate ions act as ligands 2
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a.

Tin(l) chioride is a white solid that is commonly used as a reducing agent.

(a) () State why you would expect tin(ll) chioride to have a similar lattice enthalpy to
strontium chloride, using section 9 of the data booklet

(i) Calculate the molar enthalpy change when strontium chioride is dissolved in
water, using sections 18 and 20 of the data booklet.

(iijy Tin(1l) chloride reacts with water to precipitate the insoluble basic chioride,
Sn(OH)CL

SNCl, (ag) + H,0 (1) = Sn(OH)CI(s) + H"(aq) + CI"(aq)

‘Suggest why tin() chioride is usually dissolved in dilute hydrochioric acid
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(b) Tin can also exist in the +4 oxidation state.
Sn“(aq)+2¢"==Sn*"(aq)  E°=+0.15V

‘Vanadium can be reduced from an oxidation state of +4 to +3 according to the
equation

VO™ (aq)+ 2H"(aq) + € = V"' (aq) + H,O()  E°=+034V
() Calculate the cell potential, £°, and the standard free energy, AG, change for

the reaction between the VO™ and S ions, using sections 1 and 2 of the data
booklet 2

Ee.

AG®:

(i) Deduce, giving your reason, whether a reaction between Sn* (aq) and VO™ (aq)
would be spontaneous. m

() Outiine, giving the full electron configuration of the vanadium atom, what is meant by
the term transition metal 2
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(d)  Inan aqueous solution of vanadium(lll) chioride, the vanadium exists as [V (H,0)J*,
[VCL(H,0)* or [VCL, (H,0)J" depending on the concentration of chioride ions in the
solution

() Describe how Ct” and H,0 bond to the vanadium ion. ]

(i) Outine what would happen to the wavelength at which the vanadium complex
fons would absorb light as the water molecules are gradually replaced by chioride
ions, using section 15 of the data booklet. @2

(e) Eight successive ionisation energies of vanadium are shown in the graph below:
18000
16000 -
14000 -

IE 12000 4

KJmor' o000
8000
6000
4000 4

2000 4

0 1
1 2 3 4 5 3 7 8

Number of electrons removed
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(i)

Asolution of HNO, has a pH of 1, while a solution of HNO, has a pH of 5.
Determine the ratio of the hydrogen ion concentration in HNO, HNO;.

() State the acid-base character of the oxides of the period 3 elements Na to Ar. 2
(i)~ State balanced equations to llustrate the acid-base character of sodium oxide
and sulfur trioxide: 2

Sodium oxide:

Sulfur trioxide:
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(@) () Define the term electronegativity. U]

(i) Suggest why the noble gases are generally not assigned electronegativity values.  [1]

(b)  Explain why the melting points of the group 1 metals (Li - Cs) decrease down the group
whereas the melting points of the group 7 elements (F — I) increase down the group. &

(c)  Outiine one reason why the sodium ion, Na~, has a smaller radius than the sodium
atom m
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(a) State the full electron configurations of copper, Cu, and copper (ll) ion, Cu

(b) Cu*(aq) reacts with ammonia to form the complex ion [Cu (NH;),J""
Explain this reaction in terms of acid-base theory, and outiine the bonding in the
complex formed between Cu® and NH,,

(c)  Explain why complexes of Zn* (aq) are colourless whereas complexes of Cu™ (aq)
are coloured

“
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@

)

Consider the structure and bonding in MgCL, and PCL,.

a

State and explain the electrical conductivities of these two chloride compounds in
their liquid state.

Bl

@

‘Suggest, giving your reasons, the approximate pH values of the solutions formed
by adding each chloride compound separately to distilled water.

MgCl,

PCL

a

Identify the acid-base character of the oxides of each of the elements from
sodium to chlorine in period 3.

21
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stion 9 continued)

©

(i) State the equations for the separate reactions of sodium oxide and phosphorus(V)
oxide with water.

21

Consider the molecules PB, and S,

() Deduce the Lewis (electron dot) structure of both molecules.

(i) Predict the shapes of the two molecules, giving the Br—P-Br bond angle in PBr,
and the F~S—F bond angles in SF,

“1

PBr, SF,

Shape: Shape:

Bond angle: Bond angles
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stion 8 continued)

©

(i) Suggest why solid Cr,0 does not conduct electricity.

Chromium forms the complex fon [Cr (NH,),CL]"

() Deduce the oxidation number of chromium in this complex.

U}

(i) Describe the nature of the ligand-chromium ion bonds in terms of acid-base
theory.

(i) Explain why [Cr(NH,),CL]" is coloured

“1
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stion 8 continued)

@

(V) Draw the structures of two possible isomers of this complex ion 2
() The dichromate ion, Cr,0,*"(aq), and the iodide fon, T"(aq), react together in the
presence of an acid to form Cr*(aq) and 10;(aq) ions. Deduce the half-equation
for the reaction of I" to TO,” and the overall equation for this reaction. 2
Hal-equation

Overall equation

@

Explain in terms of oxidation numbers whether iodine is oxidized or reduced
in'part () (), 1
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8. Chromium is a transition metal with many uses.

@

()

() Draw an orbital diagram (using the arrow-in-box notation) showing the electrons

in the 4s and 3d sub-levels in chromium metal U]
(i) Outiine the nature of the metallic bonding present in chromium 0]
(iii)  Explain why chromium metal is malleable. m
(i) State the name of Cr,0;. U]

@

Describe the ionic bonding present in Cr,O, and how the ions are formed.
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(i) Determine the pH of the solution resuiting when 100 cm* of 0.50moldm™
‘CH,CICOOH is mixed with 200cm® of 0.10moldm™ NaOH. [l

()  Describe how chlorine’s position in the periodic table is related to ts electron
armangement. 2

) SCl, and SCIF; are two suifur chioride type compounds with sulfur having different
oxidation states. Predict the name of the shape, the bond angle and polarity of these
molecules. &)

Molecule Shape Bond angle Polarity

sct,

SCIF,
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2.

This question is about the compounds of some period 3 elements.

(a) State the equations for the reactions of sodium oxide with water and phosphorus(V)

oxide with water.

2

(b) () Explain why the meiting point of phosphorus(V) oxide s lower than that of sodium

oxide in tems of their bonding and structure.

2

solid and molten states. Complete the boxes with “yes” or “no’.

(i) Predict whether phosphorus(V) oxide and sodium oxide conduct electricity in their

2

Phosphorus(V) oxide

Sodium oxide

Solid state

Molten state
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Copper is a metal that has been used by humans for thousands of years.

(a) State the full electron configuration of “Cu.

(b)  State one difference in the physical properties of the isotopes *Cu and “Cu and
‘explain why their chemical properties are the same.

Physical

Chemical

(c)  Describe the bonding in solid copper.
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®

() Zinc is found in the d-block of the periodic table. Explain why it is not considered

a transifion metal. 2]
(i) Explain why Fe™" is a more stable ion than Fe® by reference to their electron
configurations. 5l
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(b)  The oxygen in half-equation 2 is atmospheric oxygen that is found dissolved in water in
very small concentrations. Explain, in terms of intermolecular forces, why oxygen is not
very soluble in water. 2]

(9) State the relationship between the electron arrangement of an clement and ifs group
and period in the periodic fable. 2]

(@) Transition mefals and their compounds ofien catalyse reactions. The catalyzed
decomposition of hydrogen peroxide by Cu is an example. State two other examples
of catalyzed reactions giving the transifion metal or ifs compound acting as catalyst. e

() () Statea chemical equation for the partial dissociation of water info ions, including
state symbols o
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There are only two isotopes. 3 Cu and 3Cu, in naturally occurring copper.

(a) The relative atomic mass of copper is 63.55. Calculate the percentage of $Cu in the
naturally occurring element. 2

(b)  State the full electronic configuration of a copper atom. o

(9) Explain why most copper(ll) compounds are coloured, whereas most copper(l)
compounds are not. 12
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@

‘The oxides and chlorides of period 3 elements exhibit periodicity.

() State the changes in the acid-base nature of the oxides across period 3 (from Na,0
to C1,0,). including equations for the reactions of Na,0 and SO, with water. 5l

(i) State whether or not molten aluminium chloride, ALCI,. and molten aluminium
oxide, ALO;. conduct electricity. Explain this behaviour in terms of the structure
and bonding of the two compounds. 5l

(i) State the equation for the reaction of Cl, with water. o
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@

Transition metals form complex ions which are usually coloured.

(i)  State the full electron configurations of Cr and Cr*™ el

[et

() Cr* ions and water molecules bond together to form the complex ion [Cr (H )]
Describe how the water acts and how it forms the bond, identifying the acid-base
character of the reaction. 5l

(i) Explain why the [Cx(H,0),]" ion is coloured 5l
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(iv) Outline, including a relevant equation, whether the [Cr(E,0) " ion is acidic.
basic or neutral o

(¢) Explain how the number of electrons in the outer main energy level of phosphorus, .
can be determined using the data of successive ionization energies. 2]
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4

EUK-134. the structure of which is shown below. is a complex ion of manganese(III) that is
used in expensive sun-protection products because of ifs powerful antioxidant propertics.

OCH; H,cO

(®)  State the clectron configuration of the manganese ion in EUK-134. o

(b)  State the name given fo species that bond fo a central metal ion, and identify the fype
of bond present. Je

Name given

Type of bond:

(9) Transition metals have certain characeristic properties. State fwo properties that are
involved in EUK-134 rapidly decreasing the concentration of oxidizing agents. Je
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(@) Substances like EUK-134 are often coloured. Explain why compounds of transition
‘mefals absorb visible radiation. 51
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Iron tablets are often prescribed to patients. The iron in the tablets is commonly present as
iron(Il) sulfate, FeSO,

(®)  State the function of iron in the human body. o

Two students carried out an experiment to determine the percentage by mass of iron in a brand
of tablets marketed in Cyprus.

Experimental Procedure:

+ The students took five iron tablets and found that the total mass was 1.65g.

+ The five tablets were ground and dissolved in 100em’ dilute sulfuric acid, H,SO, (aq)

The solution and washings were transferred to a 250cm’ volumetric flask and made up to
the mark with deionized (distilled) water.

+ 250cm’ of this Fe*(aq) solution was transferred using a pipette into a conical flask.
Some dilute sulfuric acid was added.

+ A titration was then carried out using a 5.00x10”moldm™ standard solution of
potassium permanganate, KMnO, (aq). The end-point of the titration was indicated by a
slight pink colour.

The following results were recorded.

i First accurate | Second accurate
Rough titre povi ey

Tnitial burette reading /

i eplp 105 120 0.00

Final burette reading

Pl e 2005 18.00 1680
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®)

(i)  Following the experiment, the students proposed the following hypothesis:

“Since sulfuric acid is a strong acid, fwo other strong acids such as nifric acid,
HNO, (ag) or hydrochloric acid, HCl (ag), could also be used in this experiment”.

Suggest one problem with this hypothesis

o

(i) The students also explored the role of sulfuric acid in everyday processes and found
that sulfuric acid present in acid rain can damage buildings made of limestone.
Predict the balanced chemical equation for the reaction befween limestone and
sulfuric acid, including state symbols.

o]
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3. Carboplatin used in the treatment of lung cancer has the following three-dimensional structure.

(3)  Identify the name of the functional group circled in the structure of carboplatin. /i

(b)  State the type of bonding befween platinum and nitrogen in carboplatin. /i
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()  Elemental platinum has electrons occupying s. p. d and f atomic orbitals.

() Draw the shape of an s orbital and a p, orbifal. Label the x, y and = axes on

each diagram. 12
A
s orbital p, orbital
(i) State the maximum number of orbitals in the 1 = 4 energy level o

(@) Anumber of ruthenium-based anti-cancer drugs have also been developed. State the full
electron configuration of the ruthenium(II) ion, Ru’" o
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Tron is in the same group in the periodic table as ruthenium.

Construct the orbital diagram (using the arrow-in-box nofation) for iron, showing the
electrons in the n=3 and n=4 energy levels only and label cach sub-level on the
diagram.

o
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Table 8 of the Data Booklet shows the atomic and ionic radii of the elements.

(2) Describe and explain the trend in atomic radius across period 3. ik

(b) A student formulates the following hypothesis: “If phosphorus were to form a positive
ion, P*_ its ionic radius would probably be between 110x10™2m and 212x10™*m ~
Evaluate this hypothesis ]
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(f)  In this project the students explored several aspects of the chemistry of the halogens.
In the original preparation of ICI(l). they observed the yellow-green colour of
chlorine gas, Cl, (g). reacting with solid iodine, I, (s).

() State the full clectron configuration of iodine (Z =53).

1]

(i) Chlorine can also react with water. Statc the balanced chemical equation for the
reaction of Cl, (g) with water.

1]
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