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Follow the markscheme provided, award only whole marks and mark only in RED.

Where a mark is awarded, a tick/check (v') must be placed in the text at the precise point where it becomes
clear that the candidate deserves the mark. One tick to be shown for each mark awarded.

Sometimes, careful consideration is required to decide whether or not to award a mark. In these cases write a
brief annotation to explain your decision. You are encouraged to write comments where it helps clarity,
especially for moderation and re-marking. It should be remembered that the script may be returned to the
candidate.

Unexplained symbols or personal codes/notations are unacceptable.

Record marks in the right-hand margin against each mark allocation shown in square brackets e.g. [2].
The total mark for a question must equal the number of ticks for the question.

Do not circle sub-totals. Circle the total mark for the question in the right-hand margin at the end of the
question.

Where an answer to a part question is worth no marks, put a zero in the right-hand margin next to the square
bracket.

Where work is submitted on additional sheets the marks awarded should be shown as ticks and a note made
to show that these marks have been transferred to the appropriate square bracket in the body of the script.

For each option:  Add the totals for each question in the option and write it in the Examiner column on the
front cover.

Total: Add up the marks awarded and enter this in the box marked TOTAL in the
Examiner column on the cover sheet.

After entering the marks on the front cover check your addition to ensure that you have not made an error.
Check also that you have transferred the marks correctly to the cover sheet. All scripts are checked and a
note of all clerical errors will be given in feedback to examiners.

If an answer extends over more than one page and no marks have been awarded on a section draw a diagonal
line through that section to indicate that it has been marked.

If a candidate has attempted more than the required number of questions within a paper or section of a paper,
mark all the answers and use the marks of those answers that have the highest mark, unless the candidate
has indicated the question(s) to be marked on the front cover.

A mark should not be awarded where there is contradiction within an answer. Make a comment to this effect
in the left hand margin.
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Subject Details: Chemistry HL Paper 2 Markscheme

Mark Allocation

Candidates are required to answer ALL questions in Section A [40 marks] and TWO questions in Section B
[2 x 25 marks]. Maximum total = [90 marks].

1.

10.

11.

12.

13.

14.

A markscheme often has more marking points than the total allows. This is intentional. Do not award more
than the maximum marks allowed for part of a question.

Each marking point has a separate line and the end is signified by means of a semicolon (;).

An alternative answer or wording is indicated in the markscheme by a slash (/) — either wording can be
accepted.

Words in brackets ( ) in the markscheme are not necessary to gain the mark.
Words that are underlined are essential for the mark.
The order of marking points does not have to be as in the markscheme, unless stated otherwise.

If the candidate’s answer has the same “meaning” or can be clearly interpreted as being of equivalent
significance, detail and validity as that in the markscheme then award the mark. Where this point is
considered to be particularly relevant in a question it is emphasized by writing OWTTE (or words to that
effect).

Remember that many candidates are writing in a second language. Effective communication is more
important than grammatical accuracy.

Occasionally, a part of a question may require an answer that is required for subsequent marking points.
If an error is made in the first marking point then it should be penalized. However, if the incorrect answer is
used correctly in subsequent marking points then follow through marks should be awarded. Indicate this
with ECF (error carried forward).

Only consider units at the end of a calculation. Unless directed otherwise in the markscheme, unit errors
should only be penalized once in the paper. Indicate this by writing —1(U) at the first point it occurs and U
on the cover page.

Significant digits should only be considered in the final answer. Deduct 1 mark in the paper for an error
of 2 or more digits unless directed otherwise in the markscheme.

e.g. if the answer is 1.63:

2 reject
1.6 accept
1.63 accept

1.631  accept
1.6314 reject

Indicate the mark deduction by writing —1(SD) at the first point it occurs and SD on the cover sheet.

If a question specifically asks for the name of a substance, do not award a mark for a correct formula,
similarly, if the formula is specifically asked for, do not award a mark for a correct name.

If a question asks for an equation for a reaction, a balanced symbol equation is usually expected, do not
award a mark for a word equation or an unbalanced equation unless directed otherwise in the markscheme.

Ignore missing or incorrect state symbols in an equation unless directed otherwise in the markscheme.
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SECTION A

all heat is transferred to water/copper sulfate solution / no heat loss;

specific heat capacity of zinc is zero/negligible / no heat is absorbed by the zinc;
density of water/solution =1.0/ density of solution = density of water;

heat capacity of cup is zero / no heat is absorbed by the cup;

specific heat capacity of solution = specific heat capacity of water;

temperature uniform throughout solution;

Award [1] each for any two.

Accept energy instead of heat.

() T =73.0(C);
Allow in the range 72 to 74 (°C).

AT =48.2(°C);
Allow in the range 47 to 49 (°C).

Award [2] for correct final answer
Allow ECF if Tsinal OF Tinitial COrrect.

(i) 10.1(kJ);
Allow in the range 9.9 to 10.2 (kJ).

1.00x50.0

(nzh = Neyso, = 1000 j: 0.0500(mol);

—201 (kImol™);

Allow in the range —197 to —206 (kJ mol ™).
Value must be negative to award mark.

(1) the more negative the electrode potential the more negative the enthalpy
change / the more exothermic the reaction / OWTTE;
Accept electrode potential proportional to the enthalpy change.
Do not accept greater enthalpy change.

(i) any line (straight or curve) with positive gradient;
Accept if curve becomes flat for electrode potentials above 0.25.

which passes through AH =0 at standard electrode potentials between 0.25
and 0.50;

Accept either positive or zero enthalpy change for electrode potentials greater
than value of copper (in range 0.25 to 0.50).

[2 max]

[2]

[1]

[1]

[1]

[1]

[2]
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(i)  (bond formed by) sideways overlap;
(of) p orbitals;
Marks awarded either from sketch or from explanation.

(i) C(l)is sp® and C(2) is sp?;

cC=—C .
/ 1
H;C \CH3

cis but-2-ene/Z-but-2-ene;

H,
HzC - CHz
H,C—CH / | :
HzC_ CHz
CH,

synthesis of materials not naturally available/plastics;
chemically unreactive materials produced,;

wide range of uses/physical properties / versatile;
cheap;

large industry;

uses a limited natural resource;

Award [2] for any two.

(i)  addition;

(iii) CH; CH; CH; CH; CH; CHj
N N N,
TEEERE

Must show continuation bonds.
Ignore bracket around the 6 carbons.
Must have 6 carbons joined to each other along chain.

(iv) monomers are smaller molecules / have smaller surface area than polymers;
Accept monomers have lower molecular mass.

with weaker intermolecular/Van der Waals’/London/dispersion forces;
Accept opposite argument for polymers.

[2]

[1]

[2]

[1]

[2 max]

[1]

[1]

[2]
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(@ (i) ions/particles accelerated by electric field;

ions/particles deflected by magnetic field; [2]
Award [1 max] for acceleration and deflection of ions without reference to
fields.
(i)  prevents collisions / avoid false readings due to presence of other particles; [1]
(54 x5.95) + (56 x 91.88) + (57 x 2.17) .
(b) ;
100
55.90; [2]

Award [2] for correct final answer.
Answer must be to 2 d.p.

(c) metallic (bonding);
positive ions/cations and delocalized/sea of electrons;
electrostatic attraction between the two;
Award [2 max] for description of bonding

Conductivity:
electrons delocalised/free to move;

Malleability:
atoms/ions/cations can move without breaking bonds / atoms/ions/cations can slide
past each other; [4]

(d Cu:
1s?2s°2p°®3s*3p°3d™ 4s';

Cu™:

1s*2s%2p°3s°3p°®3d"; [2]
Ignore relative order of 3d and 4s.

Penalize only once if noble gas core is given.

(e) dorbitals are split (into two sets of different energies);
frequencies of (visible) light absorbed by electrons moving from lower to higher
d levels;
colour due to remaining frequencies/complementary colour transmitted,;

Cu?* has unpaired electrons/partially filled d sub-level;
Zn*" has filled d sub-shell;
electronic transitions/d-d transitions possible for Cu®* / no electronic/d-d transitions

possible for Zn*"; [4 max]
Allow wavelength as well as frequency.

(f)  NH,: Lewis base /Cu?**: Lewis acid;
each NH,/ligand donates an electron pair (to Cu*");

NH, replace H,O ligands around Cu®* ion/around central ion;
forming coordinate (covalent)/dative covalent bond,; [3 max]
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SECTION B

energy (per mole) needed to remove one/first/most loosely bound electron from
a (neutral) atom;

in the gaseous state;

Mg (g) > Mg"(g) +e;

Gaseous state symbols needed.

Accept e instead of e .
Only penalize omission of gas phase once in either the second marking point or
the third marking point.

successive electrons (are more difficult to remove because each is) taken from
more positively charged ion/ OWTTE;
increased electrostatic attraction;

10" electron comes from 2" energy level/n=2 and 11" electron comes from
1% first energy level/n=1 / OWTTE;

electron in 1% energy level closer to nucleus;

electron in 1% energy level not shielded by inner electrons / exposed to greater
effective nuclear charge;

contains ions which are free to move (only) in molten state;
Mg?** move to cathode/negative electrode and CI~ move to anode/positive
electrode / OWTTE;

anode/positive electrode;

2CI" > Cl, +2e /CI" > 3Cl, +e;
Accept e instead of e .

Do not accept CI- > Cl +e .
Ignore state symbols.

magnesium has large negative electrode potential / E® ;
reduction of H,O/H" to H, has less negative electrode potential;

Mg?* not readily reduced (in comparison to H,0);

if formed, magnesium would (immediately) react with water to form Mg**;

magnesium more reactive than hydrogen;
Do not accept Mg too reactive.

[3]

[2]

[3]

[2]

[2]

[1 max]
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I:
atomization/sublimation (of Mg) / AH (Mg) / AHY

atomization sublimation
V:
enthalpy change of formation of (MgCl,)/AH (MgCl,) ;

formation

Energy value for II:
+243;

Energy value for IlI:
738 +1451=2189;

Energy value for IV:
2(-349) ;
AH®, (MgCl,) = 642 + 148 + 243 + 2189 = (+)2252(KJ);

theoretical value assumes ionic model;

experimental value greater due to (additional) covalent character;

oxide greater charge;
oxide smaller radius;
Accept opposite arguments.

MgCl, (weakly) acidic and MgO alkaline;

MgO + H,0 — Mg(OH), ;
Ignore state symbols.

[2]

[4]

[2]

[2]

[1]
[1]
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(b)

(©)

(d)

— 11 —
Ne =ﬁ:6.88 and n, =E=17.2;
12.01 1.01
ratio is 1:2.5;
C,Hs;

No penalty for using 12 and 1.

(M =@J=58,2 / (M =ﬁ}:58,3;
385 PV

C4H10 ;

Br,/bromine;

UV/ultraviolet light;
Accept hf/hv/sunlight.

Initiation:

Br, — 2Br.;

Propagation:

Bre + RCH, > HBr + RCH,+;
RCH,«+ Br, - RCH,Br + Bre;

Termination: [1 max]
Bre + Bre —» Br, ;

RCH,s + Brs - RCH,Br;
RCH,++ RCH,» > RCH,CH,R ;
Award [1] for any termination step.

Accept radical with or without « throughout.

N10/4/CHEMI/HP2/ENG/TZO0/XXIM

[3]

[2]

[2]

[4 max]

Do not penalise the use of an incorrect alkane in the mechanism.
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curly arrow going from lone pair/negative charge on O in OH™ to C;
Do not allow curly arrow originating on Hin OH .

curly arrow showing Br leaving;
Accept curly arrow either going from bond between C and Br to Br in bromoethane
or in the transition state.

representation of transition state showing negative charge, square brackets and partial
bonds;

Do not penalize if HO and Br are not at 180° to each other.

Do not award M3 if OH ---- C bond is represented unless already penalised in M1.
Do not penalise the use of an incorrect alkyl chain in the mechanism

Br CH;,

First and second structures should be mirror images. Tetrahedral arrangement
around carbon must be shown.

(i)  order with respectto OH =0;
order with respect to X =1;
rate =k[X];
Award [3] for final correct answer.

(i)  0.2(0);
min™;

(iii) 2-bromo-2-methyl-propane;
Do not penalize missing hyphens or added spaces.
Accept 2-bromomethylpropane.

tertiary (structure);

(iv) C,H,Br—C,H," + Br /inequation with curly arrows and slow;

C,H,” + OH" — C,H,OH /in equation with curly arrows and fast;

No penalty if primary structure is shown.
No credit for S, 2 mechanism, except by ECF.

[3]

[2]

[3]

[2]

[2]

[2]
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exothermic;

Accept either of the following for the second mark.
increasing temperature favours endothermic/reverse reaction;
as yield decreases with increasing temperature; [2 max]

yield increases / equilibrium moves to the right / more ammonia;
increase in pressure favours the reaction which has fewer moles of gaseous
products; [2]

[NH, T’

[N,1H. T’ -

(K:=)

[N,]: (at equilibrium =1.00-0.031=) 0.969 (moldm®);
[H,]: (at equilibrium =3.00-3(0.031) =) 2.91 (moldm™);

[KC _ (O-Lz)zgj ~1.6(1) x10™: 3]
(0.969) (2.92)
Ignore units.

Award [1] forK, =1.4x107"

no effect; [1]

strong acid completely dissociated/ionized and weak acid partially dissociated/

ionized;

HNO, (aq) —» H"(aq) + NO; (aq) ;

HCN(aq) = H"(aq) + CN (aq) ; 3]
Insist on both arrows as shown.

State symbols not needed.

Accept H,0 and H,O".

« _HIICN ]
* [HCN]
Allow H,0" instead of H™.

K, =10"%=6.17x107"; [2]
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(iii) [H*]=+K,[HCN] /4/(6.17x10 % x0.108) ;
~8.16x107°;
Allow in the range 8.13x10°to 8.16x10°°.
pH=5.09;
OR

pH =3 (pK, —log[HCN])/3(9.21-10g0.108)
=5.09;

[H"]=10"5% =8.16 x 107

Allow in the range 8.13x10°to 8.16x10°°.

If expression for [H*] missing but both answers correct, award [3], if one answer
correct, award [2].

assume [H*] << 0.108/ negligible dissociation; [4]

(c) With HNO;:
faster rate of bubble/hydrogen/gas production;
faster rate of magnesium dissolving;
higher temperature change; [2 max]
Accept opposite argument for HCN.
Reference to specific observations needed.
Award [1] if 2 observations given but acid is not identified.

(d) () (nitric acid) 7.5cm?; [1]
(i) not valid as hydrocyanic acid reacts with same volume/ 7.5 cm?; [1]
(iii)  bromothymol blue / phenol red / phenolphthalein; [1]
(e) HNO;;

(higher conductivity for solutions with same concentration as) there are more ions
in solution; [2]
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(b)

(©)
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H
H [1]

Accept x’s, dots or lines for electron pairs

(i)

H-N-H < 109 / any angle between 104" and 109°;

due to four centres of electron/negative charge / four electron pairs

(one of which is a lone e- pair) / four electron domains;

extra repulsion due to lone electron pairs; [3]
Do not allow ECF for wrong Lewis structures.

weaker van der Waals’/London/dispersion/intermolecular forces in ethene;
stronger (intermolecular) hydrogen bonding in hydrazine; [2]
If no comparison between strengths then [1 max].

(i)

(i)

(iii)

(iv)

AH . ® =XAH,® products — AH,® reactants;
Can be implied by working.

AH.® (H,0(I)) =-286(kJ);
AH © = 2(-286)—50.6 = -622.6 (kJ) ;
Award [3] for correct final answer.

[3]

bonds broken: 4 N-H, N-N, O=0/ +2220(kJmol™);

bonds formed: N=N, 40-H/-2801(kImol™);

-581(kJmol™) ; [3]
Award [3] for correct final answer.

value based on AH, more accurate;

AH, accurate for compounds in reaction;

bond energy calculation assumes average bond energies;
(bond energy calculation) only applies to gaseous states / ignores intermolecular
bonds; [3 max]

AS® =3S° (products) —=S° (reactants);

Can be implied by working.

=191+ (2x69.9) —205-121=+4.8(JK'mol™) ;
Award [2] for correct final answer.

small value since number of mol of g on both sides the same; [3]



(d)

(v)

(vi)

(1
(i)
(iii)
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AG® =-622.6—298(0.0048) ;
=-624.0(kJmol™);

Award [2] for correct final answer.
Allow 623.9 to 624.1.

all reactions are spontaneous;

AG is negative (at high temperatures and low temperatures);

acid-base/neutralization;

109°/109.5°;

3

sp~;
No ECF if bond angle incorrect in (ii).

[2]

[2]

[1]
[1]
[1]




