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All topics ranked according to their impact on your final grade using
exam papers from 1999 to 2016

Topic
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Standard and Higher Level components compared

All topics Covered in SL RED area and HL BLUE COLUMNS in IB Chemistry in papers 1, 2 and 3 and IA
Percentage of all WEIGHTED marks awarded for each topic from exam papers from 1999 through to winter 2016.

20

18

16

14

12

10

0

1A Option 10 N.ofSci 8 4 5 9 6 3 7 1 2 11
ESL 200 11.5 114 8.6 7.7 6.1 5.8 5.2 5.1 5.1 4.5 4.3 3.4 1.3
EHL 20.0 16.6 9.6 7.4 6.7 6.6 6.2 6.0 4.7 4.5 3.6 3.5 3.0 1.8

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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All topics Covered in HIGHER Level Chemistry in papers 1,2 and 3
Percentage of all WEIGHTED marks awarded for each topic from exam papers from 1999 through to winter 2016.
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The dark blue bars are where your final IB grade will be from:
1. Your IAis 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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Topic Chem 1 Q# 1/ 1B Chem/2019/w/TZ0/Paper 2/Higher Level/Q8./ www.SmashingScience.org :0)
7.  Automobile air bags inflate by a rapid decompaosition reaction. One typical compound used
Is guanidinium nitrate, C(NH,),NO,, which decomposes very rapidly to form nitrogen, water
vapour and carbon.

(a) (i) Deduce the equation for the decomposition of guanidinium nitrate. [1]
(i)  Calculate the total number of moles of gas produced from the decomposition of
10.0g of guanidinium nitrate. 1]
(i) Calculate the pressure, in kPa, of this gas in a 10.0dm® air bag at 127°C,
assuming no gas escapes. 1]
{iv) Suggest why water vapour deviates significantly from ideal behaviour when the
gases are cooled, while nitrogen does not. 2]
(b)  Ancther airbag reactant produces nitrogen gas and sodium.
Suggest, including an equation, why the products of this reactant present a safety hazard. [Z]
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Topic Chem 1 Q# 2/ IB Chem/2019/w/TZ0/Paper 2/Higher Level/Q7./ www.SmashingScience.org :0)
6. Copper forms two chlorides, copper(l) chlonde and copper(ll) chloride.

(i) Copper(ll) chloride is used as a catalyst in the production of chlorine from
hydrogen chloride.

4HCl(g) + O,(g) = 2Cl,(g) + 2H,0(g)

(b)  Solid copper(ll) chloride absorbs moisture from the atmosphere to form a hydrate of
formula CuCl,=xH,0.

A student heated a sample of hydrated copper(ll) chlonde, in order to determine the
value of x. The following resulis were obtained:

Mass of crucible = 16.221g
Initial mass of crucible and hydrated copper(ll) chloride = 18.360¢
Final mass of crucible and anhydrous copper(ll) chloride = 17.917g

Determine the value of x. [3]

Topic Chem 1 Q# 3/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q5/ www.SmashingScience.org :0)
5.  This reaction is used in the manufacture of sulfuric acid.

250,(g) + O,(g) = 2504(g) K. =280 at 1000K

(a) State why this equilibrium reaction is considered homogeneous. [1]
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Topic Chem 1 Q# 4/ |B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q2/ www SmashingScience.org :0)

2.  Anorganic compound containing carbon, hydrogen and oxygen has 62.02% carbon and
10.43% hydrogen by mass.

(@) Determine the empirical formula of the compound, showing your working. [3]

Topic Chem 1 Q# 5/ |B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q1/ www SmashingScience.org :0)

1.  3.26g of iron powder are added to 80.0cm® of 0.200 moldm™ copper(ll) sulfate solution. The
following reaction occurs:

Fe(s) + CuSO,(aq) — FeSO4(aq) + Cu(s)

(@) (i) Determine the limiting reactant showing your working. [2]

(i) The mass of copper obtained expenmentally was 0.872g. Calculate the
percentage yield of copper. [2]
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Topic Chem 1 Q# 6/ |B Chem/2018/s/TZ 2/Paper 2/Higher Level/Q1l/ www . SmashingScience.org :0)

1.

A student determined the percentage of the active ingredient magnesium hydroxide,
Mg(OH),, in a 1.24 g antacid tablet.

The antacid tablet was added to 50.00 cm? of 0.100 moldm™ sulfuric acid, which was
In EXcess.

(a) Calculate the amount, in mol, of H,SO,. [1]

(b) Formulate the equation for the reaction of H,SO, with Mg(OH),. [1]

(c) The excess sulfuric acid required 20.80 cm® of 0.1133 moldm™ NaOH for neutralization.

Calculate the amount of excess acid present. [1]

(d) Calculate the amount of H,SO, that reacted with Mg(OH),. [1]
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(e) Determine the mass of Mg(OH), in the antacid tablet. 2]
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() Calculate the percentage by mass of magnesium hydroxide in the 1.24 g antacid tablet
to three significant figures. i
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Topic Chem 1 Qd 7/ IB Chem/2018/s/TZ 1/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)
1.  Urea, (H,N),CO, is excreted by mammals and can be used as a fertilizer.

(@) (1) Calculate the percentage by mass of mitrogen in urea to two decimal places using
section 6 of the data booklet. [2]

&= W -E W-E = W R - E W R @ W Wty DN we e s e THE e e RR . e T e P e R T T i A i - e e el ST e el e e B e W W E =

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

- - i - - - - i L - - L] L - - L - - - - - - - " - - - L - - i - - - - L - L - - - - . L - - L - - - sl e W e e W e W W oW @ R W oW @ R W

--------------------------------------------------------------------------

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

(1) Suggest how the percentage of nitrogen affects the cost of transport of fertilizers
giving a reason. [1]
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(b) The structural formula of urea is shown.

H

A 20

T
N

H” H

H

(c) Urea can be made by reacting potassium cyanate, KNCO, with ammonium chloride,
NH,CL

KNCO (aqg) + NH,Cl(aq) — (H,N),CO(aq) + KCl(aq)

Determine the maximum mass of urea that could be formed from 50.0 cm® of
0.100mol dm™ potassium cyanate solution. 2]

(f)  The combustion of urea produces water, carbon dioxide and nitrogen.

Formulate a balanced equation for the reaction. [2]

(g) Calculate the maximum volume of CO,, in cm’®, produced at STP by the combustion of
0.600g of urea, using sections 2 and 6 of the data booklet. [1]
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Topic Chem 1 Q# 8/ |B Chem/2017/s/TZ 2/Paper 2/Higher Level/Q2/ www .SmashingScience.org :0)

2. (a) An acidic sample of a waste solution containing Sn*"(aq) reacted completely with
K,Cr,0; solution to form Sn** (aq).

(i) 13.239¢ of K,Cr,0,(s) were dissolved in distilled water to form a 0.100dm?
solution. Calculate its molar concentration. [1]

(iv) 10.0cm?® of the waste sample required 13.24 cm® of the K,Cr,O, solution.
Calculate the molar concentration of Sn**(aq) in the waste sample. [2]

Topic Chem 1 Q# 9/ |B Chem/2017/s/TZ 2/Paper 2/Higher Level/Q1/ www SmashingScience.org :0)

1. There are many oxides of silver with the formula Ag,O,. All of them decompose into their
elements when heated strongly.

(a) (i) After heating 3.760g of a silver oxide 3.275¢ of silver remained. Determine the
empirical formula of Ag,O . 2]

(i) Suggest why the final mass of solid obtained by heating 3.760g of Ag,O, may
be greater than 3.275g giving one design improvement for your proposed
suggestion. Ignore any possible errors in the weighing procedure. 2]
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Topic Chem 1 Q# 10/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)
(b) Naturally occurring silver is composed of two stable isotopes, '"Ag and ""@Ag.

The relative atomic mass of silver is 107.87. Show that isotope '"Ag is [1]
more abundant.

(d) Outline the model of electron configuration deduced from the hydrogen line emission
spectrum (Bohr's model). [2]

Topic Chem 1 Qi 11/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/Q6/ www.SmashingScience.org :0)

(c) (i) One possible product, X, of the reaction of ethane with chlorine has the following
composition by mass:

carbon: 24 27 %, hydrogen: 4.08%, chlorine: 71.65%

Determine the empirical formula of the product. [2]
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Topic Chem 1 Qi 12/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/Q5 DATA Booklet T22/
www.SmashingScience.org :0)

(h) Hydrazine is used to remove oxygen from water used to generate steam or hot water.
N.H,(aq) + O,(aq) = N,(g) + 2H,0(l)
The concentration of dissolved oxygen in a sample of water is 8.0 x 10°gdm™.

(i) Calculate, showing your working, the mass of hydrazine needed to remove all the
dissolved oxygen from 1000dm” of the sample. [3]

(i) Calculate the volume, in dm®, of nitrogen formed under SATP conditions.
(The volume of 1 mol of gas = 24 8dm? at SATP) [1]

Topic Chem 1 Q¢ 13/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/C2d
2.  Titanium and vanadium are consecutive elements in the first transition metal series.
(h) TICl, reacts with water and the resulting titanium(lV) oxide can be used as a smoke

screen.
(i)  Formulate an equation for this reaction. [2]
(i) Suggest one disadvantage of using this smoke in an enclosed space. [1

Topic Chem 1 Qi 14/ IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/zzzz

2. The concentration of a solution of a weak acid, such as ethanedioic acid, can be determined :
by titration with a standard solution of sodium hydroxide, NaOH (aq).
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(c) 5.00g of an impure sample of hydrated ethanedioic acid, (COOH),-2H,0, was dissolved
in water to make 1.00dm?® of solution. 25.0 cm® samples of this solution were titrated
against a 0.100moldm™ solution of sodium hydroxide using a suitable indicator.

(COOH), (aq) - 2NaOH (aq) — (COONa), (aq) + 2H,0(1)

The mean value of the titre was 14 0cm’.

(i)  Calculate the amount, in mol, of NaOH in 14.0cm? of 0.100 moldm™ solution. [
(i) Calculate the amount, in mol, of ethanedioic acid in each 25.0cm® sample. 1
(iv) Determine the percentage purity of the hydrated ethanedioic acid sample. [3]
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Topic Chem 1 Q¥ 15/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/Q7/ www.SmashingScience.org :0)
(b) Bute, a pamnkiller used on horses. has caused widespread concern recently because
analytical tests showed that 1t entered the food chain through horse meat labelled as beef.
The drug 1s suspected of causing cancer.

(1) Analysis of a sample of bute cammed out in a food safety laboratory gave the
following elemental percentage compositions by mass:

Element Percentage
C 73.99
H 6.55
N 9.09
o Remainder
Calculate the empirical formula of bute. showing your working. [3]

(i) The molar mass, M. of bute. is 308.37 gmol™_ Calculate the molecular formula. [1]
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Topic Chem 1 Q# 16/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
1. Two IB students carried out a project on the chemistry of bleach.

(@) The bleach contamned a solution of sodium hypochlorite. NaClO(aq). The students
determined experimentally the concentration of hypochlorte 1ons, C10™, in the bleach:

Experimental procedure:
« The bleach solution was first diluted by adding 25.00 cm® of the bleach to a 250cm’
volumetric flask. The solution was filled to the graduation mark with deionized water.

* 25.00cm’ of this solution was then reacted with excess iodide in acid.

ClO (aq)+ 21" (aq) + 2ZH"(aq) — CI (aq) + I,(aq)+ H,O(])

+ The iodine formed was titrated with 0.100moldm™ sodium thiosulfate solution,
Na,S,0,(aq). using starch indicator.

1,(ag) + 28,0, (aq) — 2I (aq)+S,0,” (aq)

The following data were recorded for the titration:

First titre Second titre Third titre
Final burette reading of
0.100 mol dm™ Na,S$,0,(aq) 23.95 46.00 22.15
(in cm?’ = 0.05)
Initial burette reading of
0.100 mol dm™ Na,S$,0,(aq) 0.00 2395 0.00
(in cm’ + 0.05)

(i) Calculate the volume. in em’. of 0.100moldm™ Na,S,0,(aq) required to react
with the 1odine to reach the end point. [1]
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(1) Calculate the amount. 1n mol. of Na,S,0;(aq) that reacts with the 1odine. [1]

(i) Calculate the concentration. in moldm™, of hypochlorite ions in the diluted
bleach solution. 1]

(1v) Calculate the concentration. in mol dm>, of hypochlornite tons in the undiluted
bleach solution. [1]

Topic Chem 1 Qi 17/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/
1. Phosphine (IUPAC name phosphane) is a hydride of phosphorus, with the formula PH,.

(b) Phosphine is usually prepared by heating white phosphorus, one of the allotropes
of phosphorus, with concentrated aqueous sodium hydroxide. The equation for the
reaction is:

P.(s) + 30H (aq) + 3H,0(1) — PH,(g) + 3H,PO; (aq)

(iy  The first reagent is writien as P,, not 4P. Describe the difference between P,
and 4P. M
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(c) 2.478g of white phosphorus was used to make phosphine according to the equation:

P,(s) + 30H™(aq) + 3H,0(l) - PH,(g) + 3H,PO, (aq)

(i) Calculate the amount, in mol, of white phosphorus used. [1
(i)  This phosphorus was reacted with 100.0 cm® of 5.00moldm™ aqueous sodium
hydroxide. Deduce, showing your working, which was the limiting reagent. (1]
(i) Determine the excess amount, in mol, of the other reagent. 1
(iv) Determine the volume of phosphine, measured in cm’ at standard temperature
and pressure, that was produced. 1

(d) Impurities cause phosphine to ignite spontaneously in air to form an oxide of
phosphorus and water.
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1 Mole of Phosphine was completely combusted in air./ www.SmashingScience.org :0)

(i) The oxide formed in the reaction with air contains 43.6 % phosphorus by mass.
Determine the empirical formula of the oxide, showing your method. [3]

(i) The molar mass of the oxide is approximately 285gmol™".
Determine the molecular formula of the oxide. [1]

..........................................................................

Topic Chem 1 Qi 18/ IB Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/

1.  Astudent used the technique of titration to determine the concentration of ascorbic acid
(C.H,O,) in a sample of orange juice. Excess potassium iodide, KI(aq), was added to
acidified orange juice. The resulting solution was fitrated with potassium iodate, KIO, (aq),
in the presence of starch as an indicator. The end-point of the titration was shown by a
blue-black colour.

Step1 10, (aq) + 5I'(aq) + 6H"(aq) - 31,(aq) + 3H.O(1)

lodine is only slightly soluble in water; but in the presence of excess iodide ions, I" (aq),
it forms the soluble tri-iodide ion, 15 (aq).

Step2  L(aq)+I(aq)=1, (aq)
Ascorbic acid reacts with tri-iodide ions as follows.

Step3  C.H,0,(aq)+ 1 (ag) » C.H.O,(aq) + 2H" (aq) + 3I"(aq)
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(b) Calculate the mass, in g, of potassium iodate, KIO4(s), which was required to prepare
0.250dm’® of a 2.00 x 10~ moldm solution. 2]

(c) The concentration of KIO, used in the titration was 2.00 x 10~ moldm™.
The titration produced the following results.

Titration 1 | Titration 2 | Titration 3
Final volume of KIO, (= 0.05cm®) 7.10 14.40 21.60
Initial volume of KIO, (+ 0.05cm’) 0.00 7.10 14.40
Volume added of KIO, (+ 0.10cm’) 7.10 7.30 720
Mean volume added of KIO, (+ 0.10cm’) 7.20
(iiy Determine the amount, in mol, of KIO, (ag), in the mean volume. [

(d) Determine the amount, in mol, of ascorbic acid, C.H,0;(aq), in the sample of acidified
orange juice. [2]

(e) Calculate the mass, in g, of ascorbic acid, C;H,0, (aq), present in the sample of
acidified orange juice. [1]
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Topic Chem 1 Q# 19/ IB Chem/2015/s/TZ1/Paper 2 Section A/Higher Level/

1.  Ethanedioic acid is a diprotic acid. A student determined the value of x in the formula of

hydrated ethanedioic acid, HOOC—-COOHexH,O, by titrating a known mass of the acid with
a 0.100 moldm™ solution of NaOH (aq).

0.795¢ of ethanedioic acid was dissolved in distilled water and made up to a total volume of
250cm® in a volumetric flask.

25cm’ of this ethanedioic acid solution was pipetted into a flask and titrated against aqueous
sodium hydroxide using phenolphthalein as an indicator.

The titration was then repeated twice to obtain the results below.

Volume of 0.100 moldm™ NaOH / cm’ Titration 1 Titration 2 Titration 3

Final burette reading (+ 0.05) 13.00 25.70 38.20
Initial burette reading (+ 0.05) 0.00 13.00 2570
Volume added

(@) Calculate the average volume of NaOH added, in em®, in titrations 2 and 3, and then
calculate the amount, in mol, of NaOH added. [2]
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(b) (i) The equation for the reaction taking place in the titration is:
HOOC-COOH (aq) + 2NaOH (aq) —» NaOOC—COONa (aq) + 2H,0(l)

Determine the amount, in mol, of ethanedioic acid that reacts with the average

volume of NaOH (aq). [1
S —————

the original solution. 1
—en.
ry———— S
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Topic Chem 2 Q#20/ 1B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q4/ www.SmashingScience.org :0)

(c) Sketch a graph to show the relative values of the successive ionization energies
of boron. [2]

lonization energy

-

1 2 3 4 5
Number of electrons

Topic Chem 2 Qi 21/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q4/ www.SmashingScience.org :0)
(c) The first six ionization energies, in kJmol™, of an element are given below.

IE, IE IE, IE, IE, IE;
578 1816 2744 11576 14829 18375
Explain the large increase in ionization energy from IE, to IE,. [2]
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Topic Chem 2 Qdf 22/ IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/

4. Magnesium is a group 2 metal which exists as a number of isotopes and forms many
compounds.

(@) State the nuclear symbol notation, 2., for magnesium-26. [1]

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

(b) Mass spectroscopic analysis of a sample of magnesium gave the following results:

% abundance
Mg-24 78.60
Mg-25 10.11
Mg-26 11.29

Calculate the relative atomic mass, Ar- of this sample of magn&sium fo two decimal
places. 2]

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

-------------------------------------------------------------------------

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

(c) Magnesium ions produce no emission or absorption lines in the visible region of the
electromagnetic spectrum. Suggest why most magnesium compounds tested in a
school laboratory show traces of yellow in the flame. [1]

--------------------------------------------------------------------------

--------------------------------------------------------------------------
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(d) (i) Explain the convergence of lines in a hydrogen emission spectrum. 1]

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

Topic Chem 2 Qi 23/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
(d) (1) State the condensed electron configuration of sulfur. [1]

(1) Deduce the orbital diagram of sulfur. showng all the orbitals present in the diagram.  [1]

Topic Chem 2 Qi 24/ |B Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
2. One of the main constituents of acid deposition 1s sulfuric acid. H,SO,. This acid 1s formed
from the sulfur dioxide pollutant. SO,.

(e) With reference to section 9 of the data booklet, explain the difference between the
atomic radius and the sonic radius of nitrogen. [1]
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Topic Chem 2 Qi 25/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/Q4/ www.SmashingScience.org :0)
(e) Eight successive ionisation energies of vanadium are shown in the graph below:

18000 -
16000 -
14000 —

LE. 12000 -
kimol™  19gop -

8000 —
6000 —
4000 —
2000 —
0 1
1 2 3 4 5 6 7 8
Number of electrons removed
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(i) State the sub-levels from which each of the first four electrons are lost. [1]

First: . ... Second: .. .. Third: .. .. Fourth: .. ..

(ii) Outline Why there is an increase in ionization energy from electron 3 fo
electron 5. [1]

(iii) Explain why there is a large increase in the ionization energy between electrons 5
and 6. [3]

(iv) Vanadium is comprised aimost entirely of *'V. State the number of neutrons an
atom of *'V has in its nucleus. [1]

Topic Chem 2 Q# 26/ |B CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/Q7/ www.SmashingScience.org :0)
Table 5 refers to the periedic table

(@) The two most abundant isotopes of bromine have the mass numbers 79 and 81.
Calculate the relative abundance of ™Br using table 5 of the data booklet, assuming the
abundance of the other isotopes is negligible. [2]
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6. Copper forms two chlorides, copper(l) chloride and copper(ll) chloride.

(@) (i) State the electron configuration of the Cu™ ion. (1

(f)  Dilute copper(ll) chloride solution is light blue, while copper(l) chloride solution is colourless.

() Descnbe how the blue colour is produced in the Cu(ll) solution. Refer to section 17
of the data booklet. [3]

(i) Deduce why the Cu(l) solution is colourless. [1]

Topic Chem 3 Qi 28/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q4/ www.SmashingScience.org :0)

4. Properties of elements and their compounds can be related to the position of the elements in
the periodic table.

(@) Explain the decrease in atomic radius from Na to CL [2]
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Explain why the radius of the sodium ion, Na™, is smaller than the radius of the oxide
[2

(b)
ion, O

Topic Chem 3 Q¥ 29/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q3/ www.SmashingScience.org :0)
3.  Bromine can form the bromate(V) ion, BrO, .

(i) State the electron configuration of a bromine atom. [1]

(a)

(1) Sketch the orbital diagram of the valence shell of a bromine atom (ground state)
on the energy axis provided. Use boxes to represent orbitals and arrows to
(1

represent electrons.

Energy

(e) State and explain the magnetic property of iron(ll) and iron(lil) ions. 2]

www.SmashingScience.org Page 29 of 314
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(c) When calcium compounds are introduced into a gas flame a red colour is seen;
sodium compounds give a yellow flame. Outline the source of the colours and why

they are different. [2]
(e) Sketch a graph of the first six ionization energies of calcium. [2]
i
g
|
W2 3 4 '8 b
Number of electron removed

Topic Chem 3 Qi 31/ IB Chem/2018/s/TZ 1/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)
(b) The structural formula of urea is shown.

W
N
H/ \H

(h) Describe the bond formation when urea acts as a ligand in a transition metal
complex ion. [2]
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Topic Chem 3 Q¥ 32/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q1 Data Booklet T22/ www.SmashingScience.org
:0)
1. There are many oxides of silver with the formula Ag,O,. All of them decompose into their
elements when heated strongly.

(c) (i) Some oxides of period 3, such as Na,O and P,O,,, react with water. A spatula
measure of each oxide was added to a separate 100cm?® flask containing distilled
water and a few drops of bromothymol blue indicator.

The indicator is listed in section 22 of the data booklet.

Deduce the colour of the resulting solution and the chemical formula of the

product formed after reaction with water for each oxide. [3]
Fla?lf Colour of solution Product formula
containing
| T I O T Y
PO | ol ... | cishaemaiiececccesan

Topic Chem 3 Q¥ 33/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/Q2d
2. Titanium and vanadium are consecutive elements in the first transition metal series.
(i) Sketch a graph of the first six successive ionization energies of vanadium on the
axes provided. [1]

lonisation Energy
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(e) Describe, in terms of the electrons involved, how the bond between a ligand and a
central metal ion is formed. [1

(f)  Outline why transition metals form coloured compounds. [4]

Topic Chem 3 Qi 34/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/Q2/ www.SmashingScience.org :0)
2.  Titanium and vanadium are consecutive elements in the first transition metal sernes.
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(b) Titanium exists as several isotopes. The mass spectrum of a sample of titanium gave

the following data:
Mass number % abundance
46 7.98
47 732
48 73.99
49 546
50 5.25
Calculate the relative atomic mass of titanium to two decimal places. 2]
(c) State the number of protons, neutrons and electrons in the 35Ti atom. [1]
Protons:
Neutrons
Electrons

(1]

Patrick Brannac www.SmashingScience.org
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(e) Magnesium burns in air to form a white compound, magnesium oxide. Formulate an

equation for the reaction of magnesium oxide with water. [1]
(f)  Describe the trend in acid-base properties of the oxides of period 3, sodium to chlorine [2]
{g) In addition to rnagnesium oxide, magnesium forms another CO-ITIpOUﬂd when bumed in
air. Suggest the formula of this compound. 1]
Topic Chem 3 Q¥ 36/ |B Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/Q2 Not with {d)
This is the Lewis structure for the ethandicate ion:
[ i e
: O\ /0..
(o 0:
(H  Explain how ethanedioate ions act as ligands. 2]

Topic Chem 3 Q# 37/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/
4. Tin(ll) chioride is a white solid that is commonly used as a reducing agent.
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(c) Outline, giving the full electron configuration of the vanadium atom, what is meant by
the term transition metal. 2]

(d) In an aqueous solution of vanadium(lll) chloride, the vanadium exists as [V (H,0)J",
[VCL(H,0).]" or [VCL,(H,0),]" depending on the concentration of chioride ions in the
solution.

(i)  Describe how ClU” and H,0 bond to the vanadium ion. [1]

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

..........................................................................
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Topic Chem 3 Qi 38/ |B CHEM/2015/w/TZ0/Paper 2 Section B/Higher Level/Q8/ www.SmashingScience.org :0)
(e) (i) State the acid-base character of the oxides of the period 3 elements Na to Ar. [2]

(i) State balanced equations to illustrate the acid-base character of sodium oxide
and sulfur trioxide. 2]

Sodium oxide:

Topic Chem 3 Q# 39/ IB Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/
5. (a) (i) Define the term electronegativity. [1]

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

(C) Outline one reason Why the sodium ion, Na~, has a smaller radius than the sodium
atom. [1]
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Topic Chem 3 Qi 40/ IB Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/
2. (a) State the full electron configurations of copper, Cu, and copper (Il) ion, Cu". [2]

(c) Explain why complexes of Zn* (aq) are colourless whereas complexes of Cu™ (aq)
are coloured. [4]

Topic Chem 3 Qi 41/ |B CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/Q9/ www .SmashingScience.org :0)

(b) (i) Identify the acid-base character of the oxides of each of the elements from
sodium to chiorine in period 3. 2]

(i) State the equations for the separate reactions of sodium oxide and phosphorus(V)
oxide with water. [2]

Topic Chem 3 Qi 42/ |B CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/Q8/ www.SmashingScience.org :0)
(c) Chromium forms the complex ion [Cr(NH,),CL]".
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(iv) Draw the structures of two possible isomers of this complex ion. 2]

Topic Chem 3 Qi 43/ |B CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/
8. Chromium is a transition metal with many uses.

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

in the 4s and 3d sub-levels in chromium metal. [1]
(i)  Outline the nature of the metallic bonding present in chromium. 1
(i) Explain why chromium metal is malleable. [1]
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(c) Chromium forms the complex ion [Cr(NH,),CL]J".

(i)  Deduce the oxidation number of chromium in this complex. 1

(i)  Describe the nature of the ligand-chromium ion bonds in terms of acid-base
theory. (2]

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

Topic Chem 3 Q# 44/ IB CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/

(e) Describe how chiorine’s position in the periodic table is related to its electron
arrangement. [2)
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Topic Chem 3 Qi 45/ IB Chem/2015/s/TZ1/Paper 2 Section A/Higher Level/
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]

Topic Chem 3 Qi 46/ |B Chem/2015/s/TZ1/Paper 2 Section A/Higher Level/
4. Copper is a metal that has been used by humans for thousands of years.

(a) State the full electron configuration of *Cu. [1]

(b) State one difference in the physical properties of the isotopes **Cu and *Cu and
explain why their chemical properties are the same. [2]

Topic Chem 4 Q#47/ 1B Chem/2019/w/TZ0/Paper 2/Higher Level/Q7 ./ www.SmashingScience.org :0)
6. Copper forms two chlorides, copper(l) chloride and copper(ll) chloride.

(i)  When excess ammonia is added to copper(ll) chloride solution, the dark blue
complex ion, [Cu(NH,),(H,0),]*", forms.

State the molecular geometry of this complex ion, and the bond angles within it. 1]

Molecular geometry:
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1.  The equations show steps in the formation and decomposition of ozone in the stratosphere,
some of which absorb ultraviolet light.

Step 1 0, = 20+
Step 2 0 +0,—> 0,
Step 3 0,—-»0+0,
Step 4 O+ + 0; = 20,

(a) Draw the Lewis structures of oxygen, O,, and ozone, O,. 2]

(b) Outline why both bonds in the ozone molecule are the same length and predict the

bond length in the ozone molecule. Refer to section 10 of the data booklet. [2]
Reason
Length
(c) Predict the bond angle in the ozone molecule. [1]
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(d) Discuss how the different bond strengths between the oxygen atoms in O, and O, in
the ozone layer affect radiation reaching the Earth’s surface. 2]

(e) (i) Identify the steps which absorb ultraviolet light. [1]

(i) Determine, showing your working, the wavelength, in m, of ultraviolet light
absorbed by a single molecule in one of these steps. Use sections 1, 2 and 11 of
the data booklet. 2]

() Ozone depletion is catalysed by nitrogen monoxide, NO, which is produced in aircraft
and motor vehicle engines, and has the following Lewis structure.

/N=o>

Show how nitrogen monoxide catalyses the decomposition of ozone, including
equations in your answer. [2

Topic Chem 4 Qi 49/ |B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q3/ www.SmashingScience.org :0)
3. Bromine can form the bromate(V) ion, BrO,".
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(b) (i) Draw two Lewis (electron dot) structures for BrO;". 2]

Structure | — follows octet rule:

Structure |l — does not follow octet rule:

() Determine the preferred Lewis structure based on the formal charge on the
bromine atom, giving your reasons. [2]

(c) Predict, using the VSEPR theory, the geometry of the BrO; ion and the O-Br-O bond
angles. [3]
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7. Some physical properties of molecular substances result from the different types of forces
between their molecules.
(a) (1) Explain why the hydndes of group 16 elements (H,O, H,S, H,Se and H,Te) are
polar molecules. [2]
(i)  The graph shows the boiling points of the hydrides of group 16 elements.
H.O
<
g
=4
= HzTE
3 H.Se
H,S
1 2 3 4 5
Period
Explain the increase in the boiling point from H,S to H,Te. [2]
(b) Lewis structures show electron domains and are used to predict molecular geometry.
Deduce the electron domain geometry and the molecular geometry for the NH,™ ion. [2]
Electron domain geometry:
Molecular geometry:

Patrick Brannac www.SmashingScience.org
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(c) Resonance structures exist when a molecule can be represented by more than one
Lewis structure.

(1)  Carbon dioxide can be represented by at least two resonance structures, | and Il

O=C=O :OEC—é:

(1) (2) (1 (2)
Calculate the formal charge on each oxygen atom in the two structures. [2]
Structure 1 I
O atom labelled (1)
O atom labelled (2)
(1) Deduce, giving a reason, the more likely structure. [1]

(d) Absorption of UV light in the ozone layer causes the dissociation of oxygen and ozone.

Identify, in terms of bonding, the molecule that requires a longer wavelength to
dissociate. 2]

(e) Carbon and silicon are elements in group 14.

Explain why CO, is a gas but SiO, is a solid at room temperature. 2]
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(d) One possible Lewis structure for benzene is shown.

|
H C H
Na X
I
C _=C
” - \T = \H
H
State one piece of physical evidence that this structure is incorrect. [1]
Topic Chem 4 Qi 52/ |B Chem/2018/s/TZ 1/Paper 2/Higher Level/Q2/ www.SmashingScience.org :0)
Z Calcium carbide, CaC,, is an ionic solid.
(@) Describe the nature of ionic bonding. [1]
(d) (1) Suggest two reasons why solid calcium has a greater density than solid
potassium. [2]
()  Outline why solid calcium is a good conductor of electricity. [1]
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(g) (i) Describe how sigma (c) and pi () bonds are formed. [2]

sigma (o):

(i) Deduce the number of ¢ and m bonds in a molecule of ethyne. 1

sigma (G):

Topic Chem 4 Qi 53/ IB Chem/2018/s/TZ 1/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)
(b) The structural formula of urea is shown.

Predict the electron domain and molecular geometries at the nitrogen and carbon
atoms, applying the VSEPR theory.

Electron domain geometry Molecular geometry

NIOEEN | oo cosou suwes v pewas wewan || ee saese saEee s e SR

Carbon | ... ...l trigonal planar
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(e) (1) Suggest one reason why urea is a solid and ammonia a gas at room temperature.  [1]

(1) Sketch two different hydrogen bonding interactions between ammonia and water.  [2]

() The C-N bonds in urea are shorter than might be expected for a single C-N bond.
Suggest, in terms of electrons, how this could occur. 1]
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4. Bonds can be formed in many ways.

(@) The landing module for the Apollo mission used rocket fuel made from a mixture of
hydrazine, N,H,, and dinitrogen tetraoxide, N,O,.

2N,H, (1) + N,O, (1) = 3N, (g) + 4H,0(g)

(1)  State and explain the difference in bond strength between the nitrogen atoms in a

hydrazine and nitrogen molecule. 2]
(i) State why hydrazine has a higher boiling point than dinitrogen tetraoxide. 1]
(b) (i) Discuss the bonding in the resonance structures of ozone. [3]

(i) Deduce one resonance structure of ozone and the corresponding formal charges
on each oxygen atom. 2]

Patrick Brannac www.SmashingScience.org Page 49 of 314




Topic Chem 4 Qi 55/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q3/ www.SmashingScience.org :0)

(b) Deduce the Lewis (electron dot) structure, molecular geometry and the bond angles
of PCL,. [3]

Lewis structure:

Molecular geometry:

Topic Chem 4 Qi 56/ |B Chem/2017/s/TZ 2/Paper 2/Higher Level/Qlc
()  Explain the electrical conductivity of molten Na,O and P,O,,. 2]
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8. There is concem about damage done to the ozone layer in the stratosphere by jet-propelled
aircraft.

(@) Formulate two equations to show how nitrogen(ll) oxide, NO, catalyses the destruction
of ozone. [2]

(b) Suggest why the loss of ozone is an international environmental concern. 2]

Topic Chem 4 Qi 58/ |B Chem/2017/s/TZ 1/Paper 2/Higher Level/Q5/ www.SmashingScience.org :0)

5.  Two hydnides of nitrogen are ammonia and hydrazine, N,H,. One denvative of ammonia is
methanamine whose molecular structure is shown below.

]
N——H
A

(a) Estimate the H-N—H bond angle in methanamine using VSEPR theory. 1

(b) State the electron domain geometry around the nitrogen atom and its hybndization in
methanamine. [2]
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2.  Titanium and vanadium are consecutive elements in the first transition metal series.

(@) Describe the bonding in metals. [2]
d
(i)  Suggest why the melting point of vanadium is higher than that of titanium. [1]
(iv) Explain why an aluminium-titanium alloy is harder than pure aluminium. 2]
(g) (i) State the type of bonding in potassium chloride which melts at 1043K. [1]

(n)  Achlonde of titanium, TiICl,, melts at 248K. Suggest why the melting point is so
much lower than that of KCI. [1]
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(h) Describe the structure and bonding in solid magnesium oxide. [2]

Topic Chem 4 Qi 61/ |B Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/Q2/ www . SmashingScience.org :0)

(c) 5.00g of an impure sample of hydrated ethanedioic acid, (COOH),-2H,0, was dissolved
in water to make 1.00dm® of solution. 25.0cm® samples of this solution were titrated
against a 0.100moldm™ solution of sodium hydroxide using a suitable indicator.

(COOH), (aq) - 2NaOH (aq) — (COONa), (aq) + 2H,0(1)
(d) Draw the Lewis (electron dot) structure of the ethanedioate ion, OOCCOO". [1]

(e) Outline 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]

Topic Chem 4 Qi 62/ |B Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/Not with Q5 {a)
5. Pmpane and propene are members of different hOﬂ'!O'OgOUS series.

Propane: Propene:
H H H H
N
H C C C H —C C H
/]
H
H H H H H
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(b) () Draw diagrams to show how sigma (c) and pi () bonds are formed between

atoms. [2]
Sigma (c):
Pi (m):
(i) State the number of sigma (<) and pi () bonds in propane and propene. [2]
Number of sigma (c) bonds Number of pi (7) bonds
PIOPans | ... 0 el | (T o . oo e
PN | | e T e » . s o = s

Topic Chem 4 Qi 63/ |B Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/

1.  Ethane-1,2-diol, HOCH,CH,OH, has a wide variety of uses including the removal of ice from
aircraft and heat transfer in a solar cell.

Ethene has the formula CH2CH2

(d) Explain why the boiling point of ethane-1,2-diol is significantly greater than that of
ethene. [2]
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Topic Chem 4 Qi 64/ |B Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/

6. Ozone. dinitrogen monoxide, CFCs, sulfur hexafluonde and methane are all examples of
greenhouse gases.

(@) (1) Draw one valid Lewis (electron dot) structure for each molecule of the greenhouse
gases listed below. [2

Lewis (electron dot) structure

Sulfur hexafluonide

(1) Deduce the name of the electron domain geometry and the molecular geometry for

each molecule listed below. [2]
e e Molecular geometry
geometry
Ozone | W2l 80 S . 88 R ...
Sulfor BExatiionde™, |§.. e @~ 00 M0 | LB ...
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(11) Identify which molecule(s) given m part (a) (1) has’have an extended octet of [I]
electrons.

(1v) State the bond angles for each species in part (a) (11). [1]
Ozone:
Sulfur hexafluonde

(v) Draw all the resonance structures of ozone. Lone pairs should be shown. [1]
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(b) Nitrous oxide can be represented by different Lewis (electron dot) structures.

(1) Deduce the formal charge (FC) of the nitrogen and oxygen atoms in three of these
Lewss (electron dot) structures, A, B and C. represented below. [2]

LHS: atom on lefi-hand side; RHS: atom on right-hand side.

. FCof O FC of FC of N

Lewis (electron dot) structure on LHS coiitral N on RHS
A :6=N=i\i:
B :0—N=N:
c : O=N—N:

(1) FC can be useful in electron book-keepmg. but electronegativity values are ignored
when FCS are assigned.

Based on the assignment of FCS of the atoms in part (1). deduce which Lewis
(electron dot) structure of N,O (A. B or C) 1s expected to be the preferred structure.
Explore why another factor needs to be considered. [2
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(d) (1) The concentration of ozone in the upper atmosphere 1s maintained by the following
three reactions, I, IT and IIL

hl
I 0O — 20
I 0,+0¢— O,

I
oo o, —= 0,+0.

Explaimn by reference to the bonding 1n O, and O,, which of the reactions, I or III,
needs more energy. [3]

(1) Usmg dichlorodifluoromethane, CCLF,, as an example, outline the reactions in
which ozone depletion occurs in the upper atmosphere. Formulate an equation for
each step in this process and explain the mitial step by reference to the bonds m  [5]
CCLF,.

..................................................................

..................................................................
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(c) One of the intermediates in the reaction between nitrogen monoxide and hydrogen
is dinitrogen monoxide, N,O. This can be represented by the resonance structures

below:
+ - . + .
Ne—=N—(0: ——s N=N=0

(i)  Analyse the bonding in dinitrogen monoxide in terms of o-bonds and x-bonds. [3]

(i) State what is meant by resonance. [1]

Topic Chem 4 Qi 66/ |B Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/
1. Phosphine (IUPAC name phosphane) is a hydride of phosphorus, with the formula PH,.

(a) (i) Draw a Lewis (electron dot) structure of phosphine. [1]

(i) State the hybridization of the phosphorus atom in phosphine. [1]
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(iv) Outline whether you expect the bonds in phosphine to be polar or non-polar,
giving a brief reason. [1

(v) Phosphine has a much greater molar mass than ammonia. Explain why
phosphine has a significantly lower boiling point than ammonia. [2)

Topic Chem 4 Qi 67/ |B CHEM/2015/w/TZ0/Paper 2 Section BfHigher Level/Q6/ www.SmashingScience.org :0)
(c) (i) Deduce the type of hybridization shown by the nitrogen atoms in NF,”, N,H, and

N,H,. (31
NF* NH, N.H,
Hybridization |..-. ... ... ... [.... L o8 £ i | S as SR .« -
(i) Describe how sigma (o) and pi (x) bonds form. 2]
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(i) Draw the Lewis (electron dot) structures of SF, and SF,. Use the valence shell
electron pair repulsion (VSEPR) theory to predict the name of the shape of each
molecule. [4]

(d) (i) Listthe following compounds in order of increasing boiling point:
CH,CHO, CH,CH,CH,, CH;COOH, CH,CH,0H. 2]

(i) Explain the order of boiling points in the compounds listed in part (d) (i), in terms
of intermolecular forces. [4]
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(b) Explain why the meiting 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. (3]

Topic Chem 4 Qi 69/ |B CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/Q9/ www.SmashingScience.org :0)
(C) Consider the molecules PBT;, and SF‘.

(i)  Deduce the Lewis (electron dot) structure of both molecules. 2]

(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,. [4]
PBF; SFI

Shape Shape

Bond angle Bond angles:
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(i) Explain why both PBr, and SF, are polar. [2]

(d) The structure of cis-but-2-ene-1,4-dioic acid is shown below.

B

(i) Describe the covalent bond between carbon and hydrogen in the molecule above
and how it is formed. [2]
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(i)

Deduce the hybridization of the oxygen atoms labelled a and p. [1]

(iii)

Describe sigma (o) and pi (x) bonds between atoms. 2]

(iv)

Identify the number of sigma (o) and pi () bonds present in a molecule of
cis-but-2-ene-1 4-dioic acid. 1

Topic Chem 4 Qi 70/ |B CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/Q8/ www .SmashingScience.org :0)

(b)

Patrick Brannac www.SmashingScience.org Page 64 of 314

() State the name of Cr,0,. [1]

(i) Describe the ionic bonding present in Cr,O, and how the ions are formed. 2]




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

Topic Chem 4 Qi 71/ |B CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/Q7/ www.SmashingScience.org :0)
()  Describe the formation of ¢ and = bonds in an alkene. 2]

Topic Chem 4 Q# 72/ 1B CHEM/2015/s/TZ1/Paper 2 Secticn B/Higher Level/Q5/ www.SmashingScience.org :0)
(g) Identify three allotropes of carbon and describe their structures. [4]

Topic Chem 4 Qi 73/ |B CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/

(f) SCl, and SCIF; are two sulfur chloride type compounds with sulfur having different
oxidation states. Predict the name of the shape, the bond angle and polarity of these
molecules. [3]

Molecule Shape Bond angle Polarity

80 || cescimaarnemnrn | mamsirasivicemm | veersirt st

B || nesssonmsneamess | v scsssannes | comammrresns i
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(b) (i) Explain why the melting point of phosphorus(V) oxide is lower than that of sodium
oxide in terms of their bonding and structure. 2]

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

solid and molten states. Complete the boxes with “yes” or “no”. [2]
Phosphorus(V) oxide Sodium oxide
Solid SIale = | o L || s eeesmmei s cosaaa
MolienSiate BF| oo s cRRE - || oo L s e L

Topic Chem 4 Qi 75/ |B Chem/2015/s/TZ1/Paper 2 Section A/Higher Level/ Q4/ www SmashingScience.org :0)
(c) Descnibe the bonding in solid copper. [2]

Topic Chem 4 Qi 76/ |B Chem/2015/s/TZ1/Paper 2 Section A/Higher Level/

1.  Ethanedioic acid is a diprotic acid. A student determined the value of x in the formula of
hydrated ethanedioic acid, HOOC—-COOHexH,0, by titrating a known mass of the acid with
a 0.100moldm™ solution of NaOH (aq).

(c) Identify the strongest intermolecular force in solid ethanedioic acid. [1]
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(d) Deduce the Lewis (electron dot) structure of ethanedioic acid, HOOC-COOH. [1]

(e) Predict and explain the difference in carbon-oxygen bond lengths in ethanedioic acid
and its conjugate base, "OOC-COO". [3]

Topic Chem 5 Q#77/ 1B Chem/2019/w/TZ0/Paper 2/Higher Level/Q7 ./ www.SmashingScience.org :0)

6. Copper forms two chlorides, copper(l) chloride and copper(ll) chloride.

(1)  Copper(ll) chloride is used as a catalyst in the production of chlorine from
hydrogen chloride.

4HCl(g) + O,(g) = 2CL,(g) + 2H,0(q)

Calculate the standard enthalpy change, AH®, in kJ, for this reaction, using
section 12 of the data booklet. [2]

(d) Determine the enthalpy of solution of copper(ll) chloride, using data from sections 18
and 20 of the data booklet.

The enthalpy of hydration of the copper(ll) ion is —2161kJmol™. [2]
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3. Propene is an important starting material for many products. The following shows some
compounds which can be made from propene, C,H..

Propene (C,H,) = C,H.Cl = C,H,0 - C,H,0

(b) An experiment was carried out to determine the order of reaction between one of the
isomers of C,H,Cl and aqueous sodium hydroxide. The following results were obtained.

cuperimens | [SHC0] | [OF]1, | e
1 0.05 0.10 3.1x10™
2 0.10 0.20 1.3 x 107
3 0.15 0.10 92 x10™*

(c) (1) Wrte an equation for the complete combustion of the compound C,H,O formed
in (@)(iv). [1]

(i) Determine the enthalpy of combustion of this compound, in kJ mol™, using data
from section 11 of the data booklet. [3]
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7. Consider the following Hess's law cycle:

Step 1
CH,=CH, (g) + Ha (g) ——2—» CH3CHj (g)

+—0o(g) +%02(Q)
Step 2 Step 3

2C0O; (g) + 3H.0 (1)

(b) Calculate the standard enthalpy change, AH®, of step 2 using section 13 of the
data booklet. [1]

(c) Determine the standard enthalpy change, AH®, of step 1. [1]

(d) Suggest one reason why the calculated value of AH® using Hess’s Law in part (c) can
be considered accurate and one reason why it can be considered approximate. [2]

Topic Chem 5 Qi 80/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q5/ www.SmashingScience.org :0)
5. This reaction is used in the manufacture of sulfuric acid.

250,(g) + O,(g) = 2S0,(g) K, =280 at 1000K
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(b) Predict, giving your reason, the sign of the standard entropy change of the forward
reaction. 1

(c) Calculate the standard Gibbs free energy change, AG®, in kJ, for this reaction at
1000K. Use sections 1 and 2 of the data booklet. 2]

(d) Predict, giving your reasons, whether the forward reaction is endothermic or
exothermic. Use your answers to (b) and (c). (2]

Topic Chem 5 Qi 81/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q4/ www.SmashingScience.org :0)

4. Properties of elements and their compounds can be related to the position of the elements in
the periodic table.

(d) Predict, giving your reasons, whether Mn® or Fe™ is likely to have a more exothermic
enthalpy of hydration. [2]

Topic Chem 5 Qi 82/ |B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)

1.  3.26g of iron powder are added to 80.0cm® of 0.200 moldm™ copper(ll) sulfate solution. The
following reaction occurs:

Fe(s) + CuSO,(aq) — FeSO,(aq) + Cu(s)
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(b) (i) The reaction was carried out in a calonmeter. The maximum temperature rise of
the solution was 7.5°C.

Calculate the enthalpy change, AH, of the reaction, in kJ, assuming that all
the heat released was absorbed by the solution. Use sections 1 and 2 of the
data booklet. [2]

(i)  State another assumption you made in (b)(i). [1]

Topic Chem 5 Qi 83/ IB Chem/2018/s/TZ 1/Paper 2/Higher Level/Q3/ www.SmashingScience.org :0)
3.  This question is about ethene, C,H,, and ethyne, C,H,.
(c) (1) Under certain conditions, ethyne can be converted to benzene.

Determine the standard enthalpy change, AH®, for the reaction stated, using
section 11 of the data booklet. [2]

3C,H,(g) = CeHe ()
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(i) Determine the standard enthalpy change, AH®, for the following similar reaction,
using AH; values in section 12 of the data booklet. 2]

3C,H,(g) = C.H; (1)

(m) Explain, giving two reasons, the difference in the values for (c)(i) and (ii). If you
did not obtain answers, use —475kJ for (i) and —600 kJ for (ii). [2]

(iv) Calculate the standard entropy change, AS?, in J K™, for the reaction in (ii) using
section 12 of the data booklet. [1]

(v) Determine, showing your working, the spontaneity of the reaction in (ii) at 25°C. [3]
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9. The Bombardier beetle sprays a mixture of hydroquinone and hydrogen peroxide to fight off
predators. The reaction equation to produce the spray can be written as:

CgHs(OH),(aq) + H,0,(aq) - C,H,0,(aq) + 2H,0(l)
hydroquinone quinone

(@) (1) Calculate the enthalpy change, in kJ, for the spray reaction, using the data below. [2]

C.H,(OH),(aq) = C,H,0,(aq) + H,(g) AH® = +177.0kJ
2H,0 (1) + 0,(g) = 2H,0, (aq) AH® = +189.2kJ
H,O (1) = H,(g) + %Oz(g) AH® = 4285 5kJ

(i)  The energy released by the reaction of one mole of hydrogen peroxide with
hydroquinone is used to heat 850 cm? of water initially at 21.8°C. Determine the
highest temperature reached by the water.

Specific heat capacity of water = 4.18kJkg™' K.

(If you did not obtain an answer to part (i), use a value of 200.0kJ for the energy
released, although this is not the correct answer.) [2]
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(b) (i) Hydrogenation of propene produces propane. Calculate the standard entropy

change, AS®, for the hydrogenation of propene. 2]
Formula S®/ JK 'mol™
H,(g) +131
C.H.(g) +267
C,H:(g) +270

--------------------------------------------------------------------------

- - - w om = - = - - - - - - - - - = - - - - - - - " - - - - - - - - - - - - " - - = - om - w m = - - = - - = - - W = = m m w w m m =™ ®w ™ w w ®m w w w

(1) The standard enthalpy change, AH®, for the hydrogenation of propene i1s

—-124 4kJmol™". Predict the temperature above which the hydrogenation reaction
IS not spontaneous. [2]

= - = = . = = a = = a = = a = = e = = = = = = = = = s o = = . = = = = = = = - - & o= = = = = s = = a. = = = o i i @ a W ek m o as m m s w

= - = = & - = 3 = . = = = = = = + = = = = = - = = = = - o = = = = = = = - a0 - = = = & - = a = - @ = = - - = = = - = = & = = 3 = = =F = = =

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Topic Chem 5 Q# 85/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/Q4/ www.SmashingScience.org :0)

4. Millerite, a nickel sulfide mineral, is an important source of nickel. The first step in extracting
nickel is to roast the ore in air.
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(c) The reaction for the formation of liquid tetracarbonylinickel is shown below:

Ni(s) + 4CO(g) — N(CO),(l)

(i) Calculate the standard entropy change, AS®, of the reaction, in JK™', using the

values given. 2]
S® /1 JK 'mol™
Ni(s) 29.9
CO(g) 197 6
Ni(CO), (1) 3134
(i) Calculate a value for AH® in kJ. [1]
AH % I kJ mol™
CO(qg) -1105
Ni(CO), (1) -6330
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(i) Use your answers to (c)(i) and (c)(ii), to determine the temperature, in “C, at which
the decomposition of liquid tetracarbonyinickel to nickel and carbon monoxide
becomes favourable.

(If you did not get answers to (c)(i) and (c)(ii), use —=500JK™" and —200kJ
respectively but these are not the correct answers.) [3]

(d) Suggest why expenments involving tetracarbonylnickel are very hazardous. 1

Topic Chem 5 Q# 86/ |B Chem/2016/w/TZ0/Paper 2 Secticn A/Higher Level/

1. Ethane-1,2-diol, HOCH,CH,OH, has a wide variety of uses including the removal of ice from
aircraft and heat transfer in a solar cell.

(a) Ethane-1,2-diol can be formed according to the following reaction.

2C0(g) +~ 3H,(g) = HOCH,CH,OH(g)

(i) Calculate the enthalpy change, AH®, in kJ, for this reaction using section 11 of
the data booklet. The bond enthalpy of the carbon—oxygen bond in CO(g) is

1077 kJmol™. [3]
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(b) (i) Calculate AH®, in kJ, for this similar reaction below using AH% data from section
12 of the data booklet. AH$ of HOCH,CH,OH (1) is —454 8kJmol™. [11

2C0(g) + 3H,(g) = HOCH,CH,OH (1)

(i) Deduce why the answers to (a)(iii) and (b)(i) differ. [1]

(iii) AS* for the reaction in (b)(i) is —-620.1JK™'. Comment on the decrease in entropy.  [1]

(iv) Calculate the value of AG*®, in kJ, for this reaction at 298K using your answer to
(b)(i). (If you did not obtain an answer to (b)(i), use —244 0kJ, but this is not the
correct value.) [2]

(v) Comment on the statement that the reaction becomes less spontaneous as
temperature is increased. [1]
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(c) Ozone in the atmosphere can be formed from the combustion of methane.

(1)  State the equation for this combustion reaction. [1]

(i) Calculate the standard enthalpy change for the reaction, AH®_ in kJmol™, using
the thermodynanmuc data in section 12 of the data booklet and the information
given below. (1

0,(2)
AH,° =+142 3k mol”

(1) State why the standard enthalpy change of formation. AH ,e, for oxygen 1s
not given. [1]
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(iv) Calculate the standard entropy change for the reaction, AS®, in JK ' mol™.
using the thermodynamic data in section 12 of the data booklet and the information

given below. [1]

0,(2) 0,(2)
5% =+205.0JK mol™ §% =+237.6JK  mol™

(v) Deduce the standard change in Gibbs Free Energy. AG®. in kJmol™. for this
reaction at 298K. [1j

(vi) Deduce, giving a reason. whether the reaction is spontaneous or non-spontaneous
at this temperature. [1]

Topic Chem 5 Q# 88/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
2. One of the main constituents of acid deposition 1s sulfuric acid. H,SO,. This acid 1s formed
from the sulfur dioxide pollutant. SO,.

(b) Consider the following equilibrium between the two oxides of sulfur, sulfur dioxide and
sulfur tnioxide:

2580,(g)+0,(g) =280,(g) AH=-198kJ
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(c) Sketch the potential energy profile for the forward reaction in part (b) to show the effect

of a catalyst on the activation energy. E_, [2]
AN
Potential
Energy
Progress of reaction

Topic Chem 5 Q¥ 89/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
5. Many automobile manufacturers are developing vehicles that use hydrogen as a fuel.

(a) Suggest why such vehicles are considered to cause less harm to the environment than
those with intemal combustion engines. [1]

(b) Hydrogen can react with ethene to form ethane.
H,(g)+C,H,(g) > C,H,(g)

Using average bond enthalpies at 298K from section 11 of the data booklet. calculate the
change in enthalpy. AH. in kJmol™. for this reaction. [3]
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(b) The enthalpy change for the reaction between nitrogen monoxide and hydrogen is
—664KJ and its activation energy is 63kJ.

Energy

Progress of reaction

(iy  Sketch the potential energy profile for the overall reaction, using the axes given,
indicating both the enthalpy of reaction and activation energy. [2]

(i)  This reaction is normally carried out using a catalyst. Draw a dotted line labelled
“Catalysed” on the diagram above to indicate the effect of the catalyst. [1]

Topic Chem 5 Q# 91/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/
1. Phosphine (IUPAC name phosphane) is a hydride of phosphorus, with the formula PH,.

(d) Impurities cause phosphine to ignite spontaneously in air to form an oxide of
phosphorus and water.

(i) 200.0g of air was heated by the energy from the complete combustion of
1.00mol phosphine. Calculate the temperature rise using section 1 of the data
booklet and the data below. [1]
Standard enthalpy of combustion of phosphine, AHS = —750 kJmol™

Specific heat capacity of air = 1.00Jg7'K™' = 1.00kJkg™'K™
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4. Tin(ll) chioride is a white solid that is commonly used as a reducing agent.

(@) (i) State why you would expect tin(ll) chioride to have a similar lattice enthalpy to
strontium chioride, using section 9 of the data booklet. 1]

(i) Calculate the molar enthalpy change when strontium chioride is dissolved in
water, using sections 18 and 20 of the data booklet. 2]

Topic Chem 5 Q# 93/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/

2.  Pnhosgene, COCL,, is usually produced by the reaction between carbon monoxide and
chiorine according to the equation:

CO(g) + CL,(9) = COCL,(g)

(i) The standard enthalpy change of formation of phosgene, AHY, is —220.1kJmol™.
Determine the standard enthalpy change, AH", for the forward reaction of the
equilibrium, in kJ, using section 12 of the data booklet. [2]
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(iv) Calculate the standard entropy change, AS®, in JK™', for the forward reaction at
25°C, using your answers to (a) (i) and (a) (iii).
(If you did not obtain an answer to (a) (ii) and/or (a) (i) use values of +20.0kJ
and —120.0kJ respectively, although these are not the correct answers.) [2]

Topic Chem 5 Q¥ 94/ |B CHEM/2015/w/TZ0/Paper 2 Section B/Higher Level/

6.  lron(lll) oxide is the main source of iron but the decomposition of Fe,O, (s) into its elements
is extremely difficult due to a large positive value of AG®.

(@) Consider the following reactions:
Fe,0,(s) — 2Fe(s) + %Oz (9) AG® = +742kJmol™
CO(g)+ %oz (g) - CO,(g) AG® = -257kJmol™

Suggest, with a reason, whether it is possible to produce iron by reacting Fe,O, with CO. [2]

(b) The thermite reaction is one of the most exothermic reactions.

Fe,0:(s) + 2A1(S) — 2Fe(l) +ALO,(S) AH®=-8252kJ

Species S®/JK 'mol’ AGS ! kJmol™
Al(s) +283 0

ALO,(s) +50.9 -1582
Fe(l) +348 +10.0

Fe,05(s) +87.5 ~742
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(i)  Calculate the standard free energy change, AG®, in kJ mol™’, by using values of
the standard free energy change of formation, AG?, from the table above. 2]

(i) Calculate the standard entropy change, AS®, in JK'mol™, by using values of
standard entropy, S®, from the table. 1

(iiiy Calculate the standard free energy change, AGF, for the reaction using AH® and
AS® values at 25°C. 2]

Topic Chem 5 Q# 95/ |B Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/Table 11/ www.SmashingScience.org
:0)
3. Propane, C,H,(g), undergoes complete combustion to form carbon dioxide, CO,(g), and
water, H,0(g).

(a) State an equation for the complete combustion of propane, C,H,(g). [1]

(b) Calculate the standard enthalpy change for the reaction in part (a) using bond enthalpy
values given in table 10 of the data booklet. [3]
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3.  Carbon monoxide reacts with hydrogen to produce methanol.

CO(g) + 2H,(g) — CH,OH (1)

Substance AH® | kJ mol™ AGS 1 kJ mol™ S®/Jmol" K™
CO(g) -1105 -137.2 +1976
CH,OH (1) -239.0 -166.0 +126.8
(a) Calculate the standard enthalpy change, AH=, in kJmol™", for the reaction. [1]

(b) Calculate the standard free energy change, AG<, in kJmol™, for the reaction
(AG% (H,) =0 kdmol™). [1]

(c) Using the values obtained in parts (a) and (b), calculate the standard entropy change,
AS®, in Jmol K™, for the reaction at 298K. [1]

(d) Determine the absolute entropy, S=, in Jmol™ K™, for H,(g) at 298K. 2]
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solution and the enthalpy change of the reaction between aqueous sodium hydroxide and

A student carried out an experiment to determine the concentration of a hydrochloric acid
this acid by thermometric titration.

measuring the temperature of the mixture each time. Her results are piotted in the

graph below.

She added 5.0 cm?® portions of hydrochloric acid to 25.0 cm® of 1.00moldm™ sodium
hydroxide solution in a glass beaker until the total volume of acid added was 50.0cm?’,

Topic Chem 5 Q# 97/ IB Chem/2015/s/TZ2/Paper 2 Section A/Higher Level/
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By drawing appropriate lines, determine the volume of hydrochioric acid required
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The initial temperature of both solutions was the same.
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(i) Determine the concentration of the hydrochloric acid, including units. 2]

(b) (i) Determine the change in temperature, AT. [1

(i)  Calculate the enthalpy change, in kJmol™, for the reaction of hydrochloric acid
and sodium hydroxide solution. [3]

(i) The accepted theoretical value from the literature of this enthalpy change is
-58kJmol™". Calculate the percentage error correct to two significant figures. 1

(iv) Suggest the major source of error in the experimental procedure and an
improvement that could be made to reduce it. [2]
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(g) Determine the standard enthalpy change of formation, AH%, of NaCl (s), in kJmol™,
using a Born-Haber cycle and tables 7, 10 and 13 of the data booklet. The standard
enthalpy change of atomization (standard enthalpy change of sublimation), AHS, of

Na(s)is +108kJmol™. 4]

Topic Chem 5 Q# 99/ |B CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/Q5/ www.SmashingScience.org :0)

(b) (i) Define the term average bond enthalpy. 2]
(i) Ethanol can be used as a fuel. Determine the enthalpy of combustion of ethanol
at 298K, in kJmeol™, using the values in table 10 of the data booklet, assuming all
reactants and products are gaseous. [4]
(c) Students can also measure the enthalpy of combustion of ethanol in the laboratory
using calorimetry. Suggest the major source of systematic error in these procedures. 1
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() (i) The standard enthalpy change of combustion, AHZ, of propanoic acid is
-1527 kJmol™. Determine the standard enthalpy change of formation of
propanoic acid, in kJmol™, using this information and data from table 12 of the
data booklet. [4]

(i)  Deduce, giving a reason, the sign of the standard entropy change of the system
for the formation of propanoic acid from its elements. [2]

Topic Chem 6 Q# 100/ 1B Chem/2019/w/TZ0/Paper 2/Higher Level/Q7./ www SmashingScience.org :0)
6. Copper forms two chlorides, copper(l) chlonde and copper(ll) chloride.

(i)  Copper(ll) chloride is used as a catalyst in the production of chlorine from
hydrogen chioride.

4HCL(g) + O,(g) = 2CL(g) + 2H,0(g)
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() The diagram shows the Maxwell-Boltzmann distribution and potential energy
profile for the reaction without a catalyst.

Annotate both charts to show the activation energy for the catalysed reaction,

using the label E, ;- 2]
N /N
A
3 E.
3 >
S 2
g o
5 ¢ |4HCl(g) + O:(g)
c 8 \
g |
 —
=] °
: & |
a
2Cl,(g) + 2H,0(g)
~ N
. . >~ ~
Kinetic energy E, Progress of reaction
(iv) Explain how the catalyst increases the rate of the reaction. 2]

Topic Chem 6 Q¥ 101/ IB Chem/2019/w/TZ0/Paper 2/Higher Level/Q4./ www.SmashingScience.org :0)
3. Propene is an important starting material for many products. The following shows some
compounds which can be made from propene, C,H;.

Propene (C,H,) = C,H,Cl = C,H,0 - CH,0
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(b) An experiment was carried out to determine the order of reaction between one of the
isomers of C,H,Cl and aqueous sodium hydroxide. The following results were obtained.

. [C.H,Cl]/ [OHT]/ Initial rate /
CXparimant mol dm™ mol dm™ | mol dm™s™
1 0.05 0.10 31 x10™
2 0.10 0.20 13 x 107
3 0.15 0.10 9.2 x 10
() Determine the rate expression from the results, explaining your method. [3]

Topic Chem 6 Qi 102/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q10/ www.SmashingScience.org :0)
10. The following mechanism is proposed for a reaction:

A+B—>C+D slow step
D+B—>A+E fast step
(a) Classify substances B and D as reactant, product, catalyst, or intermediate, based on
the proposed mechanism. [2]
B:
D:
(b) Deduce the rate expression. [1]
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(c) Calculate the initial rate of reaction for experiment 2, if measured under the same

conditions. (1]
Experiment | [A]/ moldm™ [B]/ moldm™ | Initial rate / moldm™s™
1 0.200 0.200 1.20
2 0.300 0.200

Topic Chem 6 Qi 103/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)

1. 3.26 g of iron powder are added to 80.0 cm?® of 0.200 moldm™ copper(ll) sulfate solution. The
following reaction occurs:

Fe(s) + CuSO,(aq) — FeS0O,(aq) + Cu(s)

(c) (i) Sketch a graph of the concentration of iron(ll) sulfate, FeSO,, against time as the
reaction proceeds. [2]

[FeSO,]/ mol dm™

0 >

0 Time

(i)  Qutline how the initial rate of reaction can be determined from the graph in
part (c)(i). [2]

(i) Explain, using the collision theory, why replacing the iron powder with a piece of
iron of the same mass slows down the rate of the reaction. [2]
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Topic Chem 6 Qi 104/ IB Chem/2018/s/TZ 1/Paper 2/Higher Level/Q4/ www.SmashingScience.org :0)
4.  Calcium carbonate reacts with hydrochloric acid.

CaCO,(s) + 2HCl (aq) — CaCl, (aq) + H,O(l) + CO,(g)

(@) Outline two ways in which the progress of the reaction can be monitored. No practical
details are required. [2]

(b) The results of a series of experiments in which the concentration of HCl was varied are
shown below.
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[HC1] / moldm™
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(1)  Suggest why point D is so far out of line assuming human error is not the cause. [1]
(1) Draw the best fit line for the reaction excluding point D. [1]
(i) Suggest the relationship that points A, B and C show between the concentration

of the acid and the rate of reaction. [1]
(iv) Deduce the rate expression for the reaction. [1]
(v) Calculate the rate constant of the reaction, stating its units. [2]

(c) Predict from your line of best fit the rate of reaction when the concentration of HCl is

1.00 mol dm™. [1]

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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(d) Describe how the activation energy of this reaction could be determined. [3]

Topic Chem 6 Qi 105/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q5/ www.SmashingScience.org :0)
5. (a) Magnesium reacts with sulfuric acid:

Ma(s) + H,SO,(aq) = MgSO,(aq) + H,(g)

The graph shows the results of an experiment using excess magnesium ribbon and dilute
sulfuric acid.

—_— - -
——

Volume of hydrogen gas / cm’
\

Time/s

(i)  Outline why the rate of the reaction decreases with time. [1

(i) Sketch, on the same graph, the expected results if the experiment were repeated
using powdered magnesium, keeping its mass and all other variables unchanged. [1]
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(b) Nitrogen dioxide and carbon monoxide react according to the following equation:
NO,(g) + CO(g) = NO(g) + CO,(g) AH=-226kJ

Experimental data shows the reaction is second order with respect to NO, and zero
order with respect to CO.

(i)  State the rate expression for the reaction. [1]

()  The following mechanism is proposed for the reaction.

Step | NO,(g) + NO,(g) — NO(g) + NO,(g)
Stepll  NO,(g) + CO(g) = NO,(g) + CO,(g)

Identify the rate determining step giving your reason. 1]

() State one method that can be used to measure the rate for this reaction. [1]
(iv) Calculate the activation energy for the reverse reaction. [1]

o |

a4

-

4

% NO, + CO E,=132kJ

]

=

g

a NO + CO,

Reaction coordinate
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(v) Sketch the relationship between the rate of reaction and the concentration of NO,.  [1]

Rate

[NOJ

_E
(c) The Arrhenius equation, k = Ae T , gives the relationship between the rate constant
and temperature.

State how temperature affects activation energy. [1]

(d) State the equation for the reaction of NO, in the atmosphere to produce
acid deposition. [1]

Topic Chem 6 Qi 106/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)
1. The rate of the acid-catalysed iodination of propanone can be followed by measuring how the
concentration of iodine changes with time.
L, (aq) + CH,COCH,(aq) = CH,COCH,I(aq) + H" (aq) + I" (aq)
The general form of the rate equation is:
Rate = [H,CCOCH,(aq)]" x [I;(aq)]" x [H" (aq)P
The reaction is first order with respect to propanone.

(a) (i) Suggest how the change of iodine concentration could be followed. [1]

Patrick Brannac www.SmashingScience.org Page 97 of 314




(i)  Astudent produced these results with [H'] = 0.15moldm™. Propanone and acid
were in excess and iodine was the limiting reagent.

Determine the relative rate of reaction when [H'] = 0.15mol dm™. [2]

084
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[1,] / moldm™
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=
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Time /s

(b) The student then carried out the experiment at other acid concentrations with all other
conditions remaining unchanged.

[H*]/ moldm™ Relative rate of reaction
0.05 0.0025
0.10 0.0051
0.20 0.0100
Determine the relationship between the rate of reaction and the concentration of acid
and the order of reaction with respect to hydrogen ions. 2]
Relationship:
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(c) When the concentration of iodine is varied, while keeping the concentrations of acid
and propanone constant, the following graphs are obtained.

1 =

Relative measure of iodine concentration

| : l
20 40
Time/s
Deduce, giving your reason, the order of reaction with respect to iodine. 2]
Order with respect to iodine:
Reason:
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(d) When the reaction is carried out in the absence of acid the following graph is obtained.

“
£
-
E 8
Time /s
Discuss the shape of the graph between A and B. 2]
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Topic Chem 6 Qdf 107/ 1B Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/

3.  Sodium thiosulfate solution reacts with dilute hydrochloric acid to form a precipitate of sulfur
at room temperature.

Na,S,0, (aq) +~ 2HCl(aq) — S(s) - SO, (g) + 2NaCl(aq) + X

(a) Identify the formula and state symbol of X. [1]
(b) Suggest why the experiment should be carried out in a fume hood or in a
well-ventilated laboratory. [1]

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

(c) The precipitate of sulfur makes the mixture cloudy, so a mark underneath the reaction
mixture becomes invisible with time.

10.0cm® of 2.00moldm™ hydrochloric acid was added to a 50.0cm?® solution of sodium
thiosulfate at temperature, T,. Students measured the time taken for the mark to

be no longer visible to the naked eye. The experiment was repeated at different
concentrations of sodium thiosulfate.

: Na,S,0,(a Time, t, for mark to 17 L
AP [ fa:n;I t;r(n'?n disappear/s £ 1s t Lod
1 0.150 23 43.5
2 0.120 27 37.0
3 0.090 36 278
4 0.060 60 16.7
5 0.030 111 9.0

* The reciprocal of the time in seconds can be used as a measure of the rate of reaction.

[Source: Adapted from hitp/fwww flinnsci.com/]
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Show that the hydrochloric acid added to the flask in experiment 1 is in excess. 2]

1
(d) Draw the best fit line of — against concentration of sodium thiosulfate on the
axes provided. t 21

i
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[NaS.0,] / moldm™

(e) (i) Using the graph, explain the order of reaction with respect to sodium thiosulfate. 2]
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(i)  Ina different experiment, this reaction was found to be first order with respect to
hydrochloric acid. Deduce the overall rate expression for the reaction. [

()  Astudent decided to carry out another experiment using 0.075moldm™ solution of
sodium thiosulfate under the same conditions. Determine the time taken for the mark
to be no longer visible. 2]

(@) An additional experiment was carried out at a higher temperature, T,.

(i) On the same axes, sketch Maxwell-Boltzmann energy distribution curves at the
two temperatures T, and T,, where T, > T, 2]

-
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(i) Explain why a higher temperature causes the rate of reaction to increase. [2]

(h) Suggest one reason why the values of rates of reactions obtained at higher
temperatures may be less accurate. [1]

Topic Chem 6 Qi 108/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/Q4/ www.SmashingScience.org :0)
(e) Describe what you understand by the term frequency (pre-exponential) factor, A. [1]

(f) The activation energy, E,. for the reaction of 1-iodoethane with sodum hydroxide 1s
87.0kImol™. and the frequency (pre-exponential) factor. A_ is 2.10 x 10" mol™ dm’s™.

Calculate the rate constant. k., of the reaction at 25 °C. indicating the units of £, and giving
a reason for your choice. [2]
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Topic Chem 6 Q¢ 109/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/

3.  The reaction between hydrogen and nitrogen monoxide is thought to proceed by the
mechanism shown below.

2NO(g) = N,0,(9) fast equilibrium
N,O,(g) + H,(g) — N,O(g) + H,O(g) slow reaction
N,O(g) + H,(g) — N.(g) + H,0(g) fast reaction
(@) (i) State the equation for the overall reaction. 1]
(i) Deduce the rate expression consistent with this mechanism. [
(i) Explain how you would attempt to confirm this rate expression, giving the results
you would expect. [3]
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(iv) State, giving your reason, whether confirmation of the rate expression would
prove that the mechanism given is correct. m

(v) Suggest how the rate of this reaction could be measured experimentally. [1]

{b)
(i) Sketch and label a second Maxwell-Boltzmann energy distribution curve
representing the same system but at a higher temperature, T ,q,.. 1
A
-
2
[+1}
&
0
E =
°
=
o
m
Fel
[=]
a
. »
E, Energy
(iv) Explain why an increase in temperature increases the rate of this reaction. [2]
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Topic Chem 6 Qi 110/ I1B CHEM/2015 /w/TZ0/Paper 2 Section B/Higher Level/Q7/ www.SmashingScience.org :0)

(c) The oxidation of nitrogen monoxide takes place as follows:

The following experimental data was obtained at 101.3kPa and 298K.

2NO(g) + O,(g) — 2NO;(9)

£ - Initial [NO] / Initial [O,] / Initial rate /
e moldm™ moldm™ moldm™s™'
1 2.30 x 102 1.15x 107 1.05x 107
2 230 x 107 230 x 107 2.09x107
3 460 x 107 460 x 107 1.68 x10™
(i) Deduce the orders of reaction with respect to O, and NO. 2]
Order with respect to O,
Order with respect to NO:
(i) State the rate expression for the reaction. 1
(i) Calculate the value of the rate constant, k, and include its units. [2]
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(iv) Suggest a mechanism that is consistent with the rate expression, indicating the
rate-determining step. [3]

Topic Chem 6 Qi 111/ IB Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/Q1/ www.SmashingScience.org :0)
() The student found by further experimentation that oxidation of ascorbic acid follows
first-order kinetics. Thegmphofhkagaimt%isshmbelw.
Determine the activation energy to three significant figures, including units. [3]
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Topic Chem 6 Qi 112/ IB Chem/2015/s/TZ2/Paper 2 Section A/Higher Level/

2. (a)

Define the term rate of reaction. [1]

(b)

Explain why increasing the particle size of a solid reactant decreases the rate
of reaction. [2]

(©)

Patrick Brannac www.SmashingScience.org Page 1092 of 314

Nitrogen(1l) oxide reacts with hydrogen according to the equation below.
2NO(g) + 2H,(g) — N,(g) + 2H,0(g)

A suggested mechanism for this reaction is:

Step1: NO+H,=X fast
Step2: X+NO->Y+H,0 slow
Step 3: Y+H,—>N,+HO fast
()  Identify the rate-determining step. [

(i)  Astudent hypothesized that the order of reaction with respectto H, is 2.
Evaluate this hypothesis. [2]




Topic Chem 6 Qi 113/ IB CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/Q7/ www .SmashingScience.org :0)
(c) (i) Determine the orders of reaction of the reactants and the overall rate expression
for the reaction between 2-bromobutane and aqueous sodium hydroxide using

the data in the table.
Experiment | [NaOH]/ moldm™ | [C,H.Br]/ moldm™ | Rate / moldm™s™
1 1.00 1.00 166 x 107
2 0.50 1.00 8.31x10™
3 0.25 0.25 102 x 107
4 1.00 0.50 829 x 10 2]

(i) Determine the rate constant, k, with its units, using the data from experiment 3. 2]

(i) Identify the molecularity of the rate-determining step in this reaction. M
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Topic Chem 6 Qi 114/ IB Chem/2015/s/TZ1/Paper 2 Section A/Higher Level/

3.  The rate of reaction is an important factor in industrial processes such as the Contact
process to make sulfur trioxide, SO, (g).

(@) Define the term rate of reaction. [1]

(b) Describe the collision theory. [3]

Topic Chem 7 Q# 115/ 1B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q5/ www.SmashingScience.org :0)
5.  This reaction is used in the manufacture of sulfuric acid.

250,(g) + O,(g) = 2S0,(g) K. = 280 at 1000K

(e) 0.200mol sulfur dioxide, 0.300 mol oxygen and 0.500 mol sulfur trioxide were mixed in
a 1.00dm’ flask at 1000K.

Predict the direction of the reaction showing your working. [3]

Topic Chem 7 Qi 116/ IB Chem/2018/s/TZ 1/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)
1. Urea, (H,N),CO, is excreted by mammals and can be used as a fertilizer.
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(b) The structural formula of urea is shown.

H

A 20

T
N

H” H

H

(d) Urea can also be made by the direct combination of ammonia and carbon dioxide
gases.

2NH, (g) + CO,(g) = (H,N),CO(g) + H,0(q) AH <0

(i) State the equilibrium constant expression, K. [1

(i) Predict, with a reason, the effect on the equilibrium constant, K_, when the

1 " g

temperature is increased. M

(i) Determine an approximate order of magnitude for K_, using sections 1 and 2 of
the data booklet. Assume AG® for the forward reaction is approximately +50kJ
at 298K. [2]
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Topic Chem 7 Qi 117/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q4/ www.SmashingScience.org :0)
(d) The equilibrium for a mixture of NO, and N,O, gases is represented as:

2NO,(g) = N,0O,(q)

At 100°C, the equilibrium constant, K, is 0.21.

(i)  Ata given time, the concentration of NO,(g) and N,O, (g) were 0.52 and
0.10moldm™ respectively.
Deduce, showing your reasoning, if the forward or the reverse reaction is
favoured at this time.

[2]

(i) Comment on the value of AG when the reaction quotient equals the equilibrium
constant, Q = K. 2]
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Topic Chem 7 Qi 118/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q3/ www.SmashingScience.org :0)

3. PCl,(g) and Cl,(g) were placed in a sealed flask and allowed to reach equilibrium at 200°C.
The enthalpy change, AH, for the decomposition of PCL,(g) is positive.

0

3004 | Cl,(g)

—_— e = e e = = — o — | —

Concentration / moldm*

T

™
2
—
Lo
S

] 1
00 20 40 6.0 80 100 120
Time / min

I
140 160

[Source: Source: hitp./leducation alberta.ca/media]

(a) (1) Deduce the equilibrium constant expression, K, for the decomposition

of PCL,(g). (1]
(i)  Deduce, giving a reason, the factor responsible for establishing the new
equilibrium after 14 minutes. [2]
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Topic Chem 7 Q# 119/ IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/
1.  Ethane-1,2-diol, HOCH,CH,OH, has a wide variety of uses including the removal of ice from

aircraft and heat transfer in a solar cell.
(@) Ethane-1,2-diol can be formed according to the following reaction.
2CO(g) + 3H,(g) = HOCH,CH,0OH(g)

(i)  Deduce the equilibrium constant expression, K, for this reaction. [1]

(i)  State how increasing the pressure of the reaction mixture at constant temperature
will affect the position of equilibrium and the value of K_. [2]

Position of equilibrium:

Topic Chem 7 Qi 120/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
2. One of the main constituents of acid deposition 15 sulfuric acid. H,SO,. This acid 1s formed
from the sulfur dioxide pollutant, SO,

A mechanism proposed for its formation 1s:

HO+(g) + S0, (g) — HOSO, (g)
HOSO, (g) ~0,(g) — HOO«(g) + SO, (g)
S0, (g)+ H,0(1) - H 80, (ag)
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(b) Consider the following equilibrium between the two oxides of sulfur, sulfur dioxide and
sulfur trioxide:

280,(g)+0,(g) =280,(g) AH =-198k]

Predict, with a reason, 1n which direction the position of equilibrium will shaft for each of
the changes listed below. 3]

Change Shift Reason

Increase in temperature | [

Increase mpressure | |

Addition of a catalyst to the mixture

Topic Chem 7 Qi 121/ 1B Chem/ZOleé_/TZl/Paper 2 Section A/Higher Level/
2.  Phosgene, COCL,, is usually produced by the reaction between carbon monoxide and

chlorine according to the equation:
CO(g) + CL,(g) = COCL,(q)
(@) (i) Deduce the equilibrium constant expression, K_, for this reaction. [1

(i) Atexactly 600 °C the value of the equilibrium constant is 0.200. Calculate the
standard Gibbs free energy change, AG®, for the reaction, in kJ, using sections 1
and 2 of the data booklet. State your answer to three significant figures. [3]
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Topic Chem 7 Qi 122/ IB CHEM/2015/w/TZ0/Paper 2 Section B/Higher Level/

(a) The following reaction is used in industry to obtain hydrogen from natural gas by partial
oxidation with steam.

CH,(g) + H,0(g) = 3H,(g) + CO(q) AH®= 4+206kJ

(i) Describe the effect, if any, of each of the following changes on the equilibrium
amount of hydrogen, giving a reason in each case.

4]

Increasing the pressure, at constant temperature:

(i) Discuss the effects of adding a solid catalyst to the mixture of methane and
steam, at constant pressure and temperature.

(31

(i) Deduce the equilibrium constant expression, K_, for the reaction.

(1

(iv) Identify which of the changes in part (a) (i) will affect the value of K, and whether
the value will increase or decrease. [1]




(b) The equilibrium constant, K_, for the reaction
CO(g) + H,0(g) = H,(g) + CO,(9)
was found to be 10.0 at 420°C.
1.00mol of CO(g) and 1.00mol of H,0(g) are mixed in a 1.00dm® container at 420°C.

Calculate the equilibrium concentration of each component in the mixture, showing
your working. [3]

Topic Chem 7 Qi 123/ I1B CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/

7.  When nitrogen gas and hydrogen gas are allowed to react in a closed container the following
equilibrium is established.

N,(g) + 3H,(g) = 2NH,(g) AH=-926kJ
The above equaticn is needed in question {d){i)
(d) (i) Deduce the equilibrium constant expression, K., for the reaction on page 10. 1
(i)  When 1.00mol of nitrogen and 3.00mol of hydrogen were allowed to reach

equilibrium in @ 1.00dm* container at a temperature of 500 °C and a pressure of
1000 atm, the equilibrium mixture contained 1.46 mol of ammonia.

Calculate the value of K_ at 500°C. [2]
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Topic Chem 7 Qi 124/ 1B CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/

7.  When nitrogen gas and hydrogen gas are allowed to react in a closed container the following
equilibrium is established.

N,(g) + 3H,(g) = 2NH,(g) AH=-92 6kJ

(@) (i) Outline two characteristics of a reversible reaction in a state of
dynamic equilibrium. 2]

(i) Predict, with a reason, how each of the following changes affects the position
of equilibrium. [2]

The volume of the container is increased.

(iiy Define the term activation energy, E,. 1
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(b) Ammonia is manufactured by the Haber process in which iron is used as a catalyst.
Explain the effect of a catalyst on the rate of reaction. 2]

(c) Typical conditions used in the Haber process are 500 °C and 200 atm, resulting in
approximately 15 % yield of ammonia.

(i)  Explain why a temperature lower than 500 °C is not used. [2]

(i)  Outline why a pressure higher than 200 atm is not often used. [1]

Topic Chem 7 Qi 125/ IB Chem/2015/s/TZ1/Paper 2 Section A/Higher Level/

3.  The rate of reaction is an important factor in industrial processes such as the Contact
process to make sulfur trioxide, SO, (g).

(c) The Contact process involves this homogeneous equilibrium:
2S0,(g) + 0,(g) = 2S0,(g) AH =-198kJ

(i) State and explain how increasing the pressure of the reaction mixture affects the
yield of SO,. (2]
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(i)  2.00mol of SO, (g) are mixed with 3.00mol of O,(g) in a 1.00dm* container until
equilibrium is reached. At equilibrium there are 0.80mol of SO,(g).

Determine the equilibrium constant (K,) assuming all gases are at the same

temperature and pressure. [4]
(i) State the effect of increasing temperature on the value of K. for this reaction. 1
(d) Outiine the economic importance of using a catalyst in the Contact process. 2]

Topic Chem 8 it 126/ 1B Chem/2019/w/TZ0/Paper 2/Higher Level/Q7./ www.SmashingScience.org :0)
6. Copper forms two chlorides, copper(l) chloride and copper(ll) chloride.

(iv) Examine the relationship between the Brensted—Lowry and Lewis definitions of a
base, referring to the ligands in the complex ion [CuCLJ*. [2]
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5.

Another common acid found in food is ethanoic acid.

(@) A sample of ethanoic acid was titrated with sodium hydroxide solution, and the
following pH curve obtained.

14

12
10 d

0 10 20 30 40 50

Volume of NaOH / cm?

Annotate the graph to show the buffer region and the volume of sodium hydroxide at
the equivalence point. [2]

(b) (i) Identify the most suitable indicator for the titration using section 22 of the data
booklet. [1]

(i)  Describe, using a suitable eguation, how the buffer solution formed during the
titration resists pH changes when a small amount of acid is added. [2]
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4. A molecule of citric acid, C;H,0;, is shown.

O OH
O O

HO OH
OH

The equation for the first dissociation of citric acid in water is

C.H,0,(aq) + H,0(l) = C,H,0, (aq) + H,0" (aq)

(a) (i) Identify a conjugate acid—base pair in the equation. 1
(i)  The value of K, at 298K for the first dissociation is 5.01 x 107,
State, giving a reason, the strength of citric acid. [1
(i) The dissociation of citric acid is an endothermic process. State the effect on the
hydrogen ion concentration, [H'], and on K, of increasing the temperature. 2]
Effect on [H'] Effect on K,
(iv) Calculate the standard Gibbs free energy change, AG®, in kJ mol™, for the first
dissociation of citric acid at 298K, using section 1 of the data booklet. 1
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(v) Comment on the spontaneity of the reaction at 298 K. 1]

(b) Outline two laboratory methods of distinguishing between solutions of citric acid and
hydrochloric acid of equal concentration, stating the expected observations. [2]

Topic Chem 8 Qi 129/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q6/ www.SmashingScience.org :0)
6. Butanoic acid, CH,CH,CH,COQOH, is a weak acid and ethylamine, CH,CH,NH,, is a weak base.

(a) (i) State the equation for the reaction of each substance with water. 2]

Butanoic acid:

(i)  Draw a diagram showing the delocalization of electrons in the conjugate base of
butanoic acid. [1]
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(b) (i) AD0.250moldm™ aqueous solution of butanoic acid has a concentration of
hydrogen ions, [H'], of 0.00192moldm™. Calculate the concentration of
hydroxide ions, [OH], in the solution at 298 K. [1]

(i) Determine the pH of a 0.250 moldm™ aqueous solution of ethylamine at 298K,
using section 21 of the data booklet. [3]
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[3]

Sketch the pH curve for the titration of 25.0cm?® of ethylamine aqueous solution with
50.0cm’ of butanoic acid agueous solution of equal concentration. No calculations

are required.
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(b) Dissolved carbon dioxide causes unpolluted rain to have a pH of approximately 5, but
other dissolved gases can result in a much lower pH. State one environmental effect of
acid rain. [1]

(c) Wirite an equation to show ammonia, NH,, acting as a Brensted—Lowry base and a
different equation to show it acting as a Lewis base.

(2]

Brensted—Lowry base:

(d) Determine the pH of 0.010mol dm™ 2, 2-dimethylpropanoic acid solution.

K, (2,2-dimethylpropanoic acid) = 9.333 x 10

(2]

(e) Explain, using appropriate equations, how a suitably concentrated solution formed by
the partial neutralization of 2, 2-dimethylpropanoic acid with sodium hydroxide acts as a
buffer solution.

(2]
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Topic Chem 8 Qi 131/ IB Chem/2018/s/TZ 1/Paper 2/Higher Level/Q2/ www.SmashingScience.org :0)
(f)  Calcium carbide reacts with water to form ethyne and calcium hydroxide.

CaC,(s) + H,O(l) » C,H,(g) + Ca(OH), (aq)

Estimate the pH of the resultant solution. [1]

Topic Chem 8 Qi 132/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q8/ www.SmashingScience.org :0)
8. Soluble acids and bases ionize in water.

(a) Sodium hypochlorite ionizes in water.

OCl (aqg) + H,O(l) = OH (aq) + HOCl (aq)

(i) Identify the amphiprotic species. [1
() Identify one conjugate acid-base pair in the reaction. 1
Acid Base

(b) A solution containing 0.510g of an unknown monoprotic acid, HA, was titrated with
0.100 moldm™ NaOH (aq). 25.0cm® was required to reach the equivalence point.

(i) Calculate the amount, in mol, of NaOH (aq) used. [1]

(i)  Calculate the molar mass of the acid. 1]

Patrick Brannac www.SmashingScience.org Page 128 of 314




(i) Calculate [H'] in the NaOH solution. [1]

(iv) The following curve was obtained using a pH probe.

g

14 -

PP HN (N S R B o

10 -

2-——! -|’——.‘ 1 il

0 I I I | | 1 1 4
5 108% 15 20825 30 35
Volume of NaOH added / cm?®
State, giving a reason, the strength of the acid. [1]

(v) State a technique other than a pH titration that can be used to detect the
equivalence point. [1]

(vi) Deduce the pK_ for this acid. [1]
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(c) The pK, of an anthocyanin is 4.35. Determine the pH of a 1.60 x 10°moldm™ solution
to two decimal places. [3]

Topic Chem 8 Q¥ 133/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/Q5 DATA Booklet T22/
www.SmashingScience.org :0)

5.  Two hydndes of nitrogen are ammonia and hydrazine, N,H,. One denvative of ammonia is
methanamine whose molecular structure is shown below.

H .
—

/]

H .

(c) Ammonia reacts reversibly with water.
NH,(g) + H,0 () = NH,"(aq) + OH (aq)

Explain the effect of adding H™ (aq) ions on the position of the equilibrium. 2]
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(d) (i) Hydrazine reacts with water in a similar way to ammonia. (The association of a
molecule of hydrazine with a second H is so small it can be neglected.)

N,H, (ag)}+ H,O(l) = N,H, (aq) + OH (aq)
pK, (hydrazine) =577

Calculate the pH of a 0.0100 moldm™ solution of hydrazine. [3]

(i) Suggest a suitable indicator for the titration of hydrazine solution with dilute
sulfuric acid using section 22 of the data booklet. [1]

(e) Outline, using an ionic equation, what is observed when magnesium powder is added
to a solution of ammonium chlonde. [2]
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Topic Chem 8 Qi 134/ IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/

2. The concentration of a solution of a weak acid, such as ethanedioic acid, can be determined
by titration with a standard solution of sodium hydroxide, NaOH (aq).

(a) Distinguish between a weak acid and a strong acid. 1

(b) Suggest why it is more convenient to express acidity using the pH scale instead of
using the concentration of hydrogen ions. 1

(c) 5.00g of an impure sample of hydrated ethanedioic acid, (COOH),-2H,0, was dissolved
in water to make 1.00dm’ of solution. 25.0cm® samples of this solution were titrated
against a 0.100mol dm™ solution of sodium hydroxide using a suitable indicator.

(COOH), (aq) - 2NaOH (aq) — (COONa),(aq) + 2H,0(1)

The mean value of the titre was 14.0cm’.

(i)  Suggest a suitable indicator for this titration. Use section 22 of the data booklet. M
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Topic Chem 8 Qi 135/ IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/
F 3 This question is about the weak acid methanoic acid, HCOOH.

(@) Calculate the pH of 0.0100moldm™ methanoic acid stating any assumption you make.
K,=1.6x 107

(3

Calculation:

(b) (i) Sketch a graph of pH against volume of a strong base added to a weak acid
showing how you would determine pK, for the weak acid.

(2]

pH

T
Volume at equivalence
Volume of strong base added
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(i) Explain, using an equation, why the pH increases very littie in the buffer region
when a small amount of alkali is added. 2]

Topic Chem 8 Q¥ 136/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
2.  One of the main constituents of acid deposition is sulfuric acid. H,SO,. This acid 1s formed
from the sulfur dioxide pollutant. SO,.

A mechanism proposed for its formation 1s:

HO+(g) + $05(g) — HOSO, (2)

HOSO,(g) + 0,(g) - HOO«(g) + SO, (g)
SO,(g)+ H,0(l) - H,SO, (aq)

(a) State what the symbol («) represents in the species shown 1n this mechanism. [1]

(d) Other compounds present in acid ram are formed from nitrogen dioxide. NO,.
Formulate an equation for the reaction of nitrogen dioxide with water. [1]
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Topic Chem 8 Q¥ 137/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
3. A0.12moldm™ sodium methanoate solution dissociates completely into its ions.

(a) Formulate the equation. mcluding state symbols. for the equilibrium reaction of the
hydrolysis of the methanoate anion. [1]

Sections 1 and 21 of the data booklet may be used for parts (b) to (e).

(b) Calculate the value of K. the acid dissociation constant at 298K. for an aqueous
solution of methanoic acid. [1]

(c) Calculate the value of K,_ the base dissociation constant. for the conjugate base. [1]
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(d) Determune the concentration. in moldm™. of hydroxide ion. [OH (aq)]. in the original

0.12moldm™ sodium methanoate solution. mentioning one assumption made. [3]
(e) Calculate the pH of the 0.12moldm™ sodium methanoate solution. [2]

Topic Chem 8 Qi 138/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/Q2/ www.SmashingScience.org :0)

(d) Phenylamine can act as a weak base. Calculate the pH of a 0.0100moldm™ solution
of phenylamine at 298K using section 21 of the data booklet. [4]

Topic Chem 8 Qi 139/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/Q1{a) Not with 1{a){
1. Phosphine (IUPAC name phosphane) is a hydride of phosphorus, with the formula PH,.

It's Lewis structure is this:
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H .

(i) Deduce, giving your reason, whether phosphine would act as a Lewis acid,
a Lewis base, or neither. [1]

(vi) Ammonia acts as a weak Brensted—Lowry base when dissolved in water.
NH, (aq) + H,0(l) = NH,"(aq) + OH (aq)

Outline what is meant by the terms “weak” and "Brensted-Lowry base”. [2]

(b) Phosphine is usually prepared by heating white phosphorus, one of the allotropes
of phosphorus, with concentrated aqueous sodium hydroxide. The equation for the
reaction is:

P.(s) + 30H (aq) + 3H,0(1) — PH4(g) + 3H,PO, (aq)

(i) Theion H,PO, is amphiprotic. Outline what is meant by amphiprotic, giving the
formulas of both species it is converted to when it behaves in this manner. 2]
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(iv) State the equation for the reaction of this oxide of phosphorus with water. [1]

(v) Suggest why oxides of phosphorus are not major contributors to acid deposition. [1

(vi) The levels of sulfur dioxide, a major contributor to acid deposition, can be
minimized by either pre-combustion and post-combustion methods. Outline one
technique of each method. 2]

Pre-combustion:

..........................................................................

Topic Chem 8 Qi 140/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/
4.  Tin(ll) chioride is a white solid that is commenly used as a reducing agent.

{a)
(iii)  Tin(ll) chloride reacts with water to precipitate the insoluble basic chloride,
Sn(OH)CL.

SnCl, (aq) + H,0 (1) = Sn(OH)CL(s) + H™(aq) + Cl'(aq)
Suggest why tin(il) chioride is usually dissolved in dilute hydrochloric acid. [1]

Patrick Brannac www.SmashingScience.org Page 138 of 314




Topic Chem 8 Qi 141/ IB CHEM/2015 /w/TZ0/Paper 2 Section B/Higher Level/Q7/ www.SmashingScience.org :0)
(d) Consider the following spontaneous reactions.

Fe(s) + Ni* (ag) — Fe* (aq) + Ni(s)
Zn(s) + Fe* (aq) » Zn*" (aq) + Fe(s)
Ni(s) + Pb*(aq) — Ni* (aq) + Pb(s)

(i) Deduce the order of increasing reactivity of the metals based on the reactions
above. 2]

(i) Identify the strongest oxidizing agent in the reactions above. [1]

(e) Deduce the half-equations for the formation of the major product at the positive
electrode (anode) when the following aqueous solutions are electrolysed. [2]

Dilute sodium chiloride:
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Topic Chem 8 Qi 142/ IB CHEM/2015/w/TZ0/Paper 2 Section B/Higher Level/

(@) 20.0cm?® aqueous solutions of two bases, each with a concentration of 0.100 moldm™

8.

were separately titrated with 0.100mol dm™ hydrochloric acid, HCI(aq), and the
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(i) Deduce the pH at the equivalence points for base | and base II.

(2

(i) Suggest why the titration curve for base | is different from base II. 1
(iii) State the formulas of two possible bases which could be used as base |. [1]
(iv) Calculate, using data from the graph, the dissociation constant, K., of base I,

showing your working. [3]
(v) Suggest an indicator that can be used for both fitrations. [1]
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(b) (1) State whatis meant by the term buffer solution. 2]

(i) Calculate the pH of a solution prepared by mixing 40 0cm® of 0.200moldm™
NH, (aq) and 40.0 cm® of 0.100moldm™ HCl (aq), showing your working.
(PK, NH, = 4.75 at 298 K) 3]

(c) The equations of two acid-base reactions are given below.
Reaction A H,CO, (aq) + H,0(1) = HCO, (aq) + H,0"(aq)
Reaction B HCO, (ag) + H,0 (1) = CO,* (aq) + Hs0"(aq)

(i)  Explain whether HCO, (aq) behaves as an acid or a base in each of the

reactions A and B. 2]
Reaction A
Reaction B
(i) Deduce two conjugate acid-base pairs from reactions A and B. 2]
Acid Base
Conjugateacid-basepair1 |- - - - - .- - - - ... | il

Conjugate acid-basepair2 .. ................. . ... ... ceeee e
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(d) Nitric acid, HNO,, and nitrous acid, HNO,, are described as strong and weak acids
respectively.

(i) Distinguish between strong and weak acids. [1]

(i) A 1.00g sample of solid magnesium carbonate, MgCO,, is added to separate
solutions of HNO, and HNO, of the same concentration and temperature. State
one similarity and one difference in the observations made in these reactions. [2]

(i) A solution 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,. [1]

Topic Chem 8 Qi 143/ 1B Chem/ZOlS/w/TZO/Paper 2 Section A/Higher Level/Q2/ www.SmashingScience.org :0)
(b) Cu™(aq) reacts with ammonia to form the complex ion [Cu(NH,).]*"

Explain this reaction in terms of acid-base theory, and outline the bonding in the
complex formed between Cu* and NH,. [3]
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(e) (i) Define the term base according to the Lewis theory. [1]
(i) Define the term weak base according to the Brensted-Lowry theory. 1
(i) Deduce the formulas of conjugate acid-base pairs in the reaction below.
CH,NH,(aq) + H,O(l) = CH,NH,"(aq) + OH (aq) [2)
Acid Conjugate base
()  Determine the pH of a 0.100moldm™ solution of ammonia, NH, (aqg), using
tables 2 and 15 of the data booklet. [4]
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[3]

.0cm?® of 0.100 moldm™NH, (aq) is

Sketch the pH titration curve obtained when 50
added to 25.0 cm’ of 0.100 moldm™ HCl (aq).
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Topic Chem 8 Qi 145/ IB Chem/2015/s/TZ2/Paper 2 Section A/Higher Level/

4.  Abuffer solution with a pH of 3.87 contains 7.41gdm™ of propanoic acid, CH,CH,COOH,
together with an unknown quantity of sodium propanoate, CH,CH,COONa.

(a) Define the term buffer solution. [2]

(b) Explain, using appropriate equations, how this solution acts as a buffer solution. 2]

(c) Calculate the concentration, in moldm™, of sodium propanoate in this buffer solution.
The pK, of propanoic acid is 4.87 at 298K. [4]
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Topic Chem 8 Qi 146/ I1B CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/
Need table 21 and 22/ www.SmashingScience.org :0)

8.  Acids can be described as strong or weak.

(@) (i) Outline the difference in dissociation between strong and weak acids of the same
concentration. M

(i) Describe three tests that can be camied out in the laboratory, and the expected
results, to distinguish between 0.10moldm™ HCl(aq) and 0.10moldm™
CH,COOH (aq). [3]

(b) Calculate the pH, using table 15 of the data booklet, of a solution of ethanoic acid
made by dissolving 1.40g of the acid in distilled water to make a 500 cm® solution. [4]
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(c) (i) Determine the pH at the equivalence point of the titration and the pK, of an
unknown acid using the acid-base titration curve below. 3]
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(i)  Identify, using table 16 of the data booklet, a suitable indicator to show the
end-point of this titration. 1]
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(iif) Describe how an indicator, that is a weak acid, works. Use Le Chatelier's
principle in your answer. [2]

(d) (i) State the formula of the conjugate base of chioroethanoic acid, CH,CICOOH. [1]

(i)  Identify, with a reason, whether chloroethanoic acid is weaker or stronger than
ethanoic acid using table 15 of the data booklet. 1

(i) Determine the pH of the solution resuiting when 100 cm® of 0.50 moldm™
CH,CICOOH is mixed with 200 cm® of 0.10 moldm™ NaOH. [4]
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Topic Chem 8 Qi 147/ IB Chem/2015/s/TZ1/Paper 2 Section A/Higher Level/Q2/ www.SmashingScience.org :0)

(c) Predict and explain the pH of the following aqueous solutions, using equations to
support your answer. [4]

Ammonium chloride, NH,Cl(aq):

Topic Cherm 9 q# 148/ 1B Chem/2019/w/TZ0/Paper 2/Higher Level/Q7./ www SmashingScience.org :0)
6. Copper forms two chlorides, copper(l) chloride and copper(ll) chloride.

(1) Copper(ll) chlonide is used as a catalyst in the production of chlorine from
hydrogen chloride.

4HCl(g) + O,(g) = 2Cl,(g) + 2H,0(q)

(c) Two electrolysis cells were assembled using graphite electrodes and connected in
series as shown.

Molten copper(l) chloride Dilute aqueous copper(ll) chloride
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(i)  State how current is conducted through the wires and through the electrolyte. [2]

(i)  Wrte the half-equation for the formation of gas bubbles at electrode 1. 1]

() Bubbles of gas were also observed at another electrode. Identify the electrode
and the gas. [1]

Electrode number (on diagram):

(iv) Deduce the half-equation for the formation of the gas identified in (c)(iii). 1
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(e) Copper(l) chioride undergoes a disproportionation reaction, producing copper(ll)
chloride and copper.

2Cu’(aq) = Cu(s) + Cu™ (aq)

(1) Calculate the cell potential at 298K for the disproportionation reaction, in V, using
section 24 of the data booklet. [1]

(i) Comment on the spontaneity of the disproportionation reaction at 298K. 1]

(i) Calculate the standard Gibbs free energy change, AG®, to two significant figures,
for the disproportionation at 298 K. Use your answer from (e)(i) and sections 1
and 2 of the data booklet. [1]

(iv) Suggest, giving a reason, whether the entropy of the system increases or
decreases during the disproportionation. [1]
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(v) Deduce, giving a reason, the sign of the standard enthalpy change, AH", for the
disproportionation reaction at 298 K. [1]

(vi) Predict, giving a reason, the effect of increasing temperature on the stability of
copper(l) chloride solution. [1]

Topic Chem 9 Q¥ 149/ IB Chem/2019/w/TZ0/Paper 2/Higher Level/Q3./ www . SmashingScience.org :0)

2.

The biochemical oxygen demand of a water sample can be determined by the following
series of reactions. The final step is titration of the sample with sodium thiosulfate solution,
Na,S,0,(aq).

2Mn* (aq) + O,(aq) + 40H (ag) = 2MnQ,(s) + 2H,0(l)
MnO,(s) + 2T (aq) + 4H" (ag) > Mn” (aqg) + L,(aq) + 2H,0(1)
28,0,” (aq) + L,(aq) - 2I"(aq) + 5,0, (aq)
A student analysed two 300.0 cm® samples of water taken from the school pond: one
immediately (day 0), and the other after leaving it sealed in a dark cupboard for five

days (day 5). The following results were obtained for the titration of the samples with
0.0100 moldm™ Na,S,0, (aq).

Sample |Titre /em® +0.1cm’

Day O 258
Day 5 201
(@) (i) Determine the mole ratio of S,0,” to O,, using the balanced equations. [1]
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(1) Calculate the number of moles of oxygen in the day 0 sample. [2]

(i) The day 5 sample contained 5.03 x 10~ moles of oxygen.

Determine the 5-day biochemical oxygen demand of the pond, in mg dm™
(“parts per million”, ppm). 2]

Topic Chem 2 Q¥ 150/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q6/ www.SmashingScience.org :0)
6. Butanoic acid, CH,CH,CH,COQH, is a weak acid and ethylamine, CH,CH,NH,, is a weak base.

(i) Deduce the average oxidation state of carbon in butanoic acid. [1]

Topic Chem 2 Q¥ 151/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q3/ www.SmashingScience.org :0)
3. Bromine can form the bromate(V) ion, BrO, .

(d) (i) Bromate(V)ions act as oxidizing agents in acidic conditions to form bromide ions.

Deduce the half-equation for this reduction reaction. [2]
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(i) Bromate(V) ions oxidize iron(ll) ions, Fe*, to iron(lll) ions, Fe™.

Deduce the equation for this redox reaction. 1]

(i) Calculate the standard Gibbs free energy change, AG®, in J, of the redox reaction
in (ii), using sections 1 and 24 of the data booklet.

E® (BrO, / Br) = +1.44V 2]

Topic Chem 2 Q¥ 152/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)

1.  3.26g of iron powder are added to 80.0cm® of 0.200moldm™ copper(ll) sulfate solution. The
following reaction occurs:

Fe(s)+ CuSO,(aq) = FeS0O,(aq) + Cu(s)

(d) A student electrolyzed aqueous iron(ll) sulfate, FeSO,(aq), using platinum electrodes.
State half-equations for the reactions at the electrodes, using section 24 of the
data booklet. 2]

Anode (positive electrode):
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Topic Chem 2 Qi 153/ IB Chem/2018/s/TZ 1/Paper 2/Higher Level/Q6/ www.SmashingScience.org :0)
6. The diagram shows an incomplete voltaic cell with a light bulb in the circuit.

)
L,
MgSO,(aq) AgNO, (aq)
(a) Identify the missing component of the cell and its function. [2]
(b) Deduce the half-equations for the reaction at each electrode when current flows. 2]
Positive electrode (cathode):
Negative electrode (anode):
(c) Annotate the diagram with the location and direction of electron movement when
current flows. [1]

(d) Calculate the cell potential, in V, using section 24 of the data booklet. [1]
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(e) Determine the loss in mass of one electrode if the mass of the other electrode
increases by 0.10g. [2]

Topic Chem 2 Qi 154/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q4/ www.SmashingScience.org :0)
4. Bonds can be formed in many ways.

(@) The landing module for the Apollo mission used rocket fuel made from a mixture of
hydrazine, N,H,, and dinitrogen tetraoxide, N,O,.

2NoH, (1) + NoO4 (1) — 3N, (g) + 4H,0(9)
(i) Determine the oxidation state of nitrogen in the two reactants. [1]

(iv) Deduce, giving a reason, which species is the reducing agent. [1]

Topic Chem 2 Q¥ 155/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q2/ www.SmashingScience.org :0)

2. (a) An acidic sample of a waste solution containing Sn”"(aq) reacted completely with
K,Cr,0; solution to form Sn**(aq).

(i) State the oxidation half-equation. 1]
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(i)  Deduce the overall redox equation for the reaction between acidic Sn*"(aq) and
Cr,0,(aq), using section 24 of the data booklet. [1]

(b) (i) Corrosion of iron is similar to the processes that occur in a voltaic cell. The initial
steps involve the following half-equations:

Fe*(aq) + 2" = Fe(s)
%02 (g) + H,0 (1) + 26" = 20H"(aq)

Calculate E®, in V, for the spontaneous reaction using section 24 of the
data booklet. [1]

(i) Calculate the Gibbs free energy, AG®, in kJ, which is released by the corrosion of
1 mole of iron. Use section 1 of the data booklet. 2]

(c) Zincis used to galvanize iron pipes, forming a protective coating. Outline how this
process prevents corrosion of the iron pipes. [1]

Topic Chem 2 Q¥ 156/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/Q4/ www.SmashingScience.org :0)

4.  Millerite, a nickel sulfide mineral, is an important source of nickel. The first step in extracting
nickel is to roast the ore in air.

(a) Formulate an equation for the oxidation of nickel(ll) sulfide to nickel(ll) oxide. [1]
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(b) The nickel obtained from another ore, nickeliferous limonite, is contaminated with iron.
Both nickel and iron react with carbon monoxide gas to form gaseous complexes,
tetracarbonyinickel, Ni(CO), (g), and pentacarbonyliron, Fe(CO).(g). Suggest why the
nickel can be separated from the iron successfully using carbon monoxide. [1

Topic Chem 2 Qi 157/ IB Chem/2017/s/TZ 1/Paper 2/Higher Level/Q3/ www.SmashingScience.org :0)
3. Vanadium has a number of different oxidation states.

(@) Determine the oxidation state of vanadium in each of the following species. 2]

(b) Electrode potentials for the reactions of vanadium and other species are shown below.

V¥ (aqg) + e = V*(aq) ~0.26V
VO*(ag) + 2H"(aq) + - = V*(aq) + H,O(l) +0.34V
VO," (aq) + 2H" (aq) + e~ = VO™ (aq) + H,O(l) +1.0V
Zn**(aq) + 2" = Zn(s) —-0.76V
Pb* (aq) + 2™ = Pb(s) -0.13V
SO,* (aq) + 4H™(aq) + 2e” = H,S0,(aq) + H,O(1) +0.17V
Ag (aq) +e"=Ag(s) +0.80V
1Cl(g) + & = Cl'(aq) +1.36V
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3. Vanadium has a number of different oxidation states.

(a) Determine the oxidation state of vanadium in each of the following species. [2]

(b) Electrode potentials for the reactions of vanadium and other species are shown below.

V¥(aq) + e” = V*(aq) -0.26V
VO™ (aq) + 2H (aq) + & = V¥ (ag) + H,O(l) +034V
VO, (aq) + 2H"(aq) + & = VO™ (aq) + H,O(l) +1.0V
Zn*(aq) + 2" = Zn(s) —-0.76V
Pb* (aq) + 2™ = Pb(s) -0.13V
SO,” (aq) + 4H" (aq) + 2e” = H,S0,(aq) + H,O(l) +0.17V
Ag’(aq) + & = Ag(s) +0.80V
2CL(g) +&" = Cl'(aq) l3sv

(i)  Identify, from the table, a non-vanadium species that can reduce VO* (aq) to
V*(aq) but no further. [1]

(ii) I\jichntify, from the table, a non-vanadium species that could convert VO, (aq) to
(aq). [1]
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(c) (i) Formulate an equation for the reaction between VO* (aq) and V**(aq) in acidic
solution to form V* (aq). [1]

(i) Comment on the spontaneity of this reaction by calculating a value for AG® using
the data given in (b) and in section 1 of the data booklet. [3]

Topic Chem 9 Qi 158/ IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/Q4/ www.SmashingScience.org :0)
(i)  Magnesium chloride can be electrolysed.

(iy Deduce the half-equations for the reactions at each electrode when moiten
magnesium chioride is electrolysed, showing the state symbols of the products.
The melting points of magnesium and magnesium chlonde are 922K and
987K respectively. [2]

Anode (positive electrode):

(i)  Identify the type of reaction occuming at the cathode (negative electrode). [1]
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(i) State the products when a very dilute aqueous solution of magnesium chioride
is electrolysed. [2]

Anode (positive electrode):

Topic Chem 2 Qi 159/ IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/Q4/ www.SmashingScience.org :0)

(j} Standard electrode potentials are measured relative to the standard hydrogen
electrode. Describe a standard hydrogen electrode. 2]

(k) A magnesium half-cell, Mg (s)Mg** (ag), can be connected to a copper half-cell,
Cu(syCu®™ (aq).

(i) Formulate an equation for the spontaneous reaction that occurs when the circuit
is completed. M

(i) Determine the standard cell potential, in V, for the cell. Refer to section 24 of the
data booklet. [1]

(iif) Predict, giving a reason, the change in cell potential when the concentration of
copper ions increases. [2]
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Topic Chem 2 Q¥ 160/ IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/

1.  Ethane-1,2-diol, HOCH,CH,OH, has a wide variety of uses including the removal of ice from
aircraft and heat transfer in a solar cell.

(c) Determine the average oxidation state of carbon in ethene and in ethane-1,2-diol. [2]

Topic Chem 2 Qi 161/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
1.  Two IB students carried out a project on the chemistry of bleach.

(a) The bleach contained a solution of sodmum hypochlorite, NaClO(aq). The students
determined expenimentally the concentration of hypochlomnte 1ons, ClO™. in the bleach:

Experimental procedure:

* The bleach solution was first diluted by adding 25.00 cm’ of the bleach to a 250cm’
volumetric flask. The solution was filled to the graduation mark with deionized water.

* 25.00cm’ of this solution was then reacted with excess iodide in acid.

ClO" (aq)+ 21" (aq) + 2H"(aq) — CI" (aq) + I,(aq)+ H,O (1)

+ The iodine formed was titrated with 0.100moldm™ sodium thiosulfate solution.
Na,S,0,(aq). using starch indicator.

I,(aq)+ 2S,0," (aq) — 2I' (aq)+S,0,” (aq)

The following data were recorded for the titration:

First titre Second fitre Third titre
Final burette reading of
0.100 mol dm™ Na,$,0,(aq) 23.95 46.00 22.15
(in em’ + 0.05)
Initial burette reading of
0.100 mol dm™ Na,S,0,(aq) 0.00 2395 0.00
(in cm’ + 0.05)
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(b) Some of the group 17 elements. the halogens. show vanable valency.

(1) Deduce the oxidation states of chlorine and 1odine in the following species. [1]
NaClO:
I

(1) Deduce, with a reason, the oxidizing agent in the reaction of hypochlorite 1ons with
iodide ions in part (a). 1]

(1) From a health and safety perspective, suggest why 1t 1s not a good 1dea to use
hydrochloric acid when acidifying the bleach. [1]
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(iv) The thiosulfate ion, S,0;", is an interesting example of oxidation states.
The sulfur atoms can be considered to have an oxidation state of +6 on one atom
and -2 on the other atom. Discuss this statement in terms of your understanding

of oxidation state. 2
: ﬁ:
A
° .06

(c) The vanous changes that have been made to the definitions of oxidation and reduction
show how scientists often broaden similarities to general principles.

Combustion 1s also a redox type of reaction.

With reference to the combustion reaction of methane, explore two different definitions
of oxidation, choosing one which 1s valid and one which may be considered not valid. [2]

CH,(g) +20,(g) - CO,(g) + 2H.O(1)

Topic Chem 9 Q¥ 162/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/
4.  Tin(ll) chioride is a white solid that is commonly used as a reducing agent.
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(b) Tin can also exist in the +4 oxidation state.
Sn*"(aq) + 2e” = Sn**(aq) E®=+0.15V

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

VO¥(aq)+2H"(ag) + e =V (aq) + H,O(l) E®=+034V

(i) Calculate the cell potential, E®, and the standard free energy, AG®, change for
the reaction between the VO* and Sn*" ions, using sections 1 and 2 of the data
booklet. 2

(i) Deduce, giving your reason, whether a reaction between Sn*" (aq) and VO* (aq)
would be spontaneous. (1]

Topic Chem 9 Q# 163/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/
1.  Phosphine (IUPAC name phosphane) is a hydride of phosphorus, with the formula PH,.

{b)
(i) State the oxidation state of phosphorus in P, and H,PO," 2]
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(iv) Oxidation is now defined in terms of change of oxidation number. Explore how
earlier definitions of oxidation and reduction may have led to conflicting answers
for the conversion of P, to H,PO,” and the way in which the use of oxidation
numbers has resolved this. [3]

Topic Chem 2 Q¥ 164/ IB Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/

1.  Astudent used the technique of titration to determine the concentration of ascorbic acid
(CH;O;) in a sample of orange juice. Excess potassium iodide, KI(aq), was added to
acidified orange juice. The resulting solution was titrated with potassium iodate, KIO, (aq),
in the presence of starch as an indicator. The end-point of the titration was shown by a
blue-black colour.

Step 1 10, (aq) + 51" (aq) + 6H" (aq) — 3L,(aq) + 3H,0(1)

lodine is only slightly soluble in water; but in the presence of excess iodide ions, I" (aq),
it forms the soluble tri-iodide ion, I (aq).

Step2  L(aq)+I"(aq)=1,(aq)

Ascorbic acid reacts with tri-iodide ions as follows.

Step3  CH,0;(aq) + I (aq) — C;H,O,(aq) + 2H™(aq) + 3T (aq)

(@) (i) Deduce the changes in oxidation number of iodine in step 1. 2]

(i)  Identify the oxidizing and reducing agents in step 1. 0]

Oxidizing agent:
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Topic Chem 2 Q¥ 165/ IB CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/Q8/ www .SmashingScience.org :0)
(d) (i) The dichromate ion, Cr,0," (aq), and the iodide ion, I"(aq), react together in the
presence of an acid to form Cr**(aq) and I0,7(aq) ions. Deduce the half-equation
for the reaction of I" to IO, and the overall equation for this reaction. [2]

Half-equation:

(ii) Explain in terms of oxidation numbers whether iodine is oxidized or reduced
in part (d) (i). 1)

Topic Chem 2 Qi 166/ 1B CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/Q8/ www SmashingScience.org :0)

(e) Avoiltaic cell is constructed as follows. One half-cell contains a chromium electrode
immersed in a solution containing Cr’*(aq) ions. The other half-cell contains a copper
electrode immersed in a solution containing Cu™ (aq) ions. The two electrodes are
connected to a voltmeter and the two solutions by a salt bridge.

Voltmeter

Y/
Salt bridge

Cr(s) Cu(s)

Cr**(aq) Cu*(aq)

() Define the term standard electrode potential. [1]
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(i) Calculate the cell potential, in V, under standard conditions, for this voltaic cell,

using table 14 of the data booklet and E° ..., = —0.74V. M
(i)  Predict the balanced equation for the spontaneous reaction which will produce a
current in this voltaic cell. [1]
(iv) Identify the negative and the positive electrodes in this cell. M
(v) Predict the direction of movement of electrons in the extemnal circuit. [1]
(vi) State the directions in which the negative ions (anions) and the positive ions
(cations) flow in the salt bridge. M
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Topic Chem 9 Q¥ 167/ IB Chem/2015/s/TZ2/Paper 2 Section A/Higher Level/

6. Electrolysis is an important industrial process used to obtain very reactive elements from
their common ores.

(@) Moiten magnesium chioride can be electrolysed using inert graphite electrodes
at 800°C.

Deduce the half-equations, including state symbols, for the reactions occurring at
each electrode. (The melting points of MgCL, and Mg are 714°C and 649°C

respectively.) (31

Positive electrode (anode):

(b) Aluminium can also be obtained by electrolysis. Suggest one reason why aluminium is
often used instead of iron by engineers. [1]

Topic Chem 2 Qi 168/ IB CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/Q7/ www .SmashingScience.org :0)
The structure of ethanol is CH3CH2CH and for ethanal it is CH3CHCO

H 0 H H
|/ . /H

H=C=C H—C—C—0
,'., H H H
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(i) Determine the oxidation number of carbon in ethanol and ethanal.

(2]

(i) Deduce the half-equation for the oxidation of ethanol to ethanal.

g

(iv) Deduce the overall redox equation for the reaction of ethanol to ethanal with

acidified potassium dichromate(VI).

(2]

Topic Chem 2 Qi 169/ IB CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/Q6/ www SmashingScience.org :0)

@ M

Bromine can be produced by the electrolysis of molten sodium bromide.
Deduce the half-equation for the reaction at each electrode. 2]

Positive electrode (anode):

(if)

Predict the products formed at the electrodes during the electrolysis of
concentrated aqueous sodium bromide. 2]

Positive electrode (anode):
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Topic Chem 2 Qi 170/ IB CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/Q6/ www .SmashingScience.org :0)
(e) Bromine reacts with aqueous sodium iodide.

Br,(aq) + 2Nal(aq) — L, (aq) + 2NaBr(aq)

Identify the oxidizing agent in this reaction. (1

(h (i) Define the term standard electrode potential, E<. [1]

(i) Draw a labelled diagram for the voltaic cell in which the following reaction occurs.

Mg(s) + Cu™(aq) — Mg™(aq) + Cu(s)

Include in your answer the direction of electron flow and the polarity of
the electrodes. [4]

(i) A student measures a voltage of 2.65V in the voltaic cell formed between
magnesium and copper half-cells using a digital voltmeter.

State the random unceriainty of this value, in V, and the number of significant
figures in the answer. 2]

Random uncertainty:
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(iv) Outline how the student can reduce the random error in her results. M

Topic Chem 10 Q# 171/ 1B Chem/2019/w/TZ0/Paper 2/Higher Level/Q4. NOT with Q3b{i)

3. Propene is an important starting material for many products. The following shows some
compounds which can be made from propene, C;H;.

Propene (C,H,) = C,H.Cl = C,H,0 - C,H,0

(a) Consider the conversion of propene to C,H.CL.

(i) State the type of reaction. 1
(i) State the IUPAC name of the major product. [1
(in)  Outline why it is the major product. [1

(iv) Write an equation for the reaction of the major product with aqueous sodium
hydroxide to produce a C,;H,0 compound, showing structural formulas. [1]

(b) An experiment was carried out to determine the order of reaction between one of the
isomers of C,H,Cl and aqueous sodium hydroxide. The following results were obtained.

. [CH,CI/ | [OHT]/ | Initial rate/
Experiment mol dm™ mol dm™ | mol dm™@s™

1 0.05 0.10 31x10™
2 0.10 0.20 13 x 1073
3 0.15 0.10 92 x10™*

The rate equation for this reaction is: Rate = k [CsHCI][OH]
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()  Deduce the type of mechanism for the reaction of this isomer of C,H,Cl with
aqueous sodium hydroxide. 1]

(i) Sketch the mechanism using curly arrows to represent the movement of electrons.  [4]

(d) (1) State the reagents for the conversion of the compound C,H,O formed in (a)(iv)
into C;HgO. [1]

(i)  Explain why the compound C;H:O, produced in (a)(iv), has a higher boiling point
than compound C,H.O, produced in d(i). 2]

(e) Propene is often polymenzed. Draw a section of the resulting polymer, showing two
repeating units. 1]
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Topic Chem 10 Q# 172/ |1B Chem/2018/w/TZ 0/Paper 2/Higher Level /Q9/ www.SmashingScience.org :0)
9. Halogenoalkanes undergo nucleophilic substitution reactions with sodium hydroxide.

(a) State a reason why most halogenoalkanes are more reactive than alkanes. [1]

(b) Classify 1-bromopropane as a primary, secondary or tertiary halogenoalkane, giving
areason. [1]

(c) Explain the mechanism of the reaction between 1-bromopropane with aqueous sodium
hydroxide using curly arrows to represent the movement of electron pairs. [4]

(d) State, giving your reason, whether the hydroxide ion acts as a Lewis acid, a Lewis
base, or neither in the nucleophilic substitution. [1]

(e) Suggest two advantages of understanding organic reaction mechanisms. 2]
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Topic Chem 10 Q# 173/ |1B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q8/ www.SmashingScience.org :0)

8. Carbon dioxide contributes significantly to global warming. It can be used as a raw material
with methyloxirane to form polymers.

0
AN I
nCO; + n H(|3 CH, e s O—C—0—CH—CH,
CHs CHs
methyloxirane

(a) Suggest why the three-membered ring in methyloxirane is unstable. [1]
(b) (i) Draw two structural isomers of methyloxirane. 2]
() State, giving a reason, whether methyloxirane can form cis-frans isomers. [1
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Topic Chem 10 Q# 174/ |1B Chem/2018/w/TZ 0/Paper 2/Higher Level /Q7/ www.SmashingScience.org :0)
7. Consider the following Hess's law cycle:

Step 1
CH,=CH; (g) + Ha (g) ————= CH3CHs (g)

- 02 (9) O‘? (9)
Step 2 Step 3

2C0, (9) + 3H,0 (1)

(a) Identify the type of reaction in step 1. [1]

Topic Chem 10 Q# 175/ I1B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q6/ www.SmashingScience.org :0)
6. Butanoic acid, CH,CH,CH,COOQOH, is a weak acid and ethylamine, CH,CH,NH,, is a weak base.

(d) Explain why butanoic acid is a liquid at room temperature while ethylamine is a gas at
room temperature. [2]

Topic Chem 10 Q# 176/ |1B Chem/2018/w/TZ 0/Paper 2/Higher Level /Q6/ www.SmashingScience.org :0)
6. Butanoic acid, CH,CH,CH,COQH, is a weak acid and ethylamine, CH,CH,NH,, is a weak base.

(e) (i) State a suitable reagent for the reduction of butanoic acid. [1]

(i) Deduce the product of the complete reduction reaction in (e)(i). [1]
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Topic Chem 10 Q# 177/ |1B Chem/2018/s/TZ 1/Paper 2/Higher Level/Q7/ www.SmashingScience.org :0)
7.  This question is about the reactions of halogenoalkanes.

(a) Compare and contrast the mechanisms by which 1-chlorobutane, CH,CH,CH,CH,CI,
and 2-chloro-2-methylpropane, (CH,),CCl, react with aqueous sodium hydroxide,
giving two similarities and one difference. [3]

Two similarities:

(b) Outline why the rate of reaction of the similar bromo-compounds is faster. [1]

(c) (i) State the organic product of the reaction between 1-chlorobutane,
CH,CH,CH,CH,CIl, and aqueous sodium hydroxide. [1]

(i)  Suggest how this product could be synthesized in one step from butanoic acid. [1]
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(i) Deduce the name of the class of compound formed when the product of (c)(i)
reacts with butanoic acid. 1

Topic Chem 10 Q# 178/ |1B Chem/2018/s/TZ 1/Paper 2/Higher Level/Q3/ www.SmashingScience.org :0)
3.  This question is about ethene, C,H,, and ethyne, C,H..

(@) (i) Ethyne, like ethene, undergoes hydrogenation to form ethane. State the
conditions required. [2]

(1)  Outline the formation of polyethene from ethene by drawing three repeating units
of the polymer. [1]

(b) Ethyne reacts with chlorine in a similar way to ethene. Formulate equations for the
following reactions. [2]

One mole of ethyne reacts with one mole of chlonne:
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Topic Chem 10 Q# 179/ |1B Chem/2017/s/TZ 2/Paper 2/Higher Level/Q6/ www.SmashingScience.org :0)
6. The photochemical chlonnation of methane can occur at low temperature.

(a) Using relevant equations, show the initiation and the propagation steps for
this reaction. [3]

Initiation:

(b) The overall equation for monochlornination of methane is:
CH,(g) + Cl,(g) —» CH,Cl(g) + HCl(g)

Calculate the standard enthalpy change for the reaction, AH®, using section 12 of the
data booklet. 2]

(c) Polyvinyl chloride (PVC) is a polymer with the following structure.

H H H H H H
YA QHA
A g
State the structural formula for the monomer of PVC. [1]
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Topic Chem 10 Q# 180/ IB Chem/2017/s/TZ 2/Paper 2/Higher Level/Q2a
(v) Identify one organic functional group that can react with acidified K,Cr,0, (aq).

[1]

Topic Chem 10 Q# 181/ |1B Chem/2017/s/TZ 1/Paper 2/Higher Level/Q7/ www.SmashingScience.org :0)
7. Benzene is an aromatic hydrocarbon.

(a) Discuss the physical evidence for the structure of benzene.

[2]

(b) State the typical reactions that benzene and cyclohexene undergo with bromine.

[1]

Benzene:

(c) State the reagents used to convert benzene to nitrobenzene and the formula of the
electrophile formed.

[2]

(d) Explain the mechanism for the nitration of benzene, using curly arrows to show the
movement of electron pairs.

[4]
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(e) State the reagents used in the two-stage conversion of nitrobenzene to aniline. [2]

Topic Chem 10 Q# 182/ |1B Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/
6. One structural isomer of C;H;Bl" is a chiral molecule.

(@) Draw the three-dimensional shape of each enantiomer of this isomer showing their
spatial relationship to each other. 2]

(b) When one enantiomer undergoes substitution by alkaline hydrolysis approximately
75 % of the product molecules show inversion of configuration. Comment on the
mechanisms that occur. [2]

(c) Suggest why the rate of alkaline hydrolysis of an enantiomer of iodopropane is greater
than that of an enantiomer of bromopropane. 1
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Topic Chem 10 Q# 183/ |IB Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/
5. Propane and propene are members of different homologous series.

(a) Draw the full structural formulas of propane and propene. [1

Propane:

Propene:

(c) Both propane and propene react with bromine.

(i) State an equation and the condition required for the reaction of 1 mol of propane

with 1 mol of bromine. 2

(i)  State an equation for the reaction of 1 mol of propene with 1 mol of bromine. [1

(iiiy State the type of each reaction with bromine. [1
Propane
Propene
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(d) Construct the mechanism of the formation of 2-bromopropane from hydrogen bromide
and propene using curly arrows to denote the movement of electrons. [3]

Topic Chem 10 Q# 184/ I1B Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/Q7/ www.SmashingScience.org :0)
{d) X is an alcohol with the following formula:

H H H
]
H C C C—H
]
H O H
|

Y is an isomer of X but has a different functicnal group

(v) Both X and Y are soluble in water. Deduce whether or not both X and Y show
hydrogen bonding with water molecules, representing any hydrogen bonding
present by means of a diagram. 2
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Topic Chem 10 Q# 185/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/Q7/ www.SmashingScience.org :0)
{d)
(iv) Compare and contrast the bonding types formed by nitrogen 1n [PtC1,(NH;),]. 2
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Topic Chem 10 Q# 186/ |1B Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
7.  The biopharmaceutical industry 1s now a global contributor to the world economy.

(a) Atorvastatin, a drug used to lower cholesterol. recently gained attention from the global
media.

Atorvastatin has the structure shown below.

Identify the four functional groups. I IT, Il and IV. 2]

{b) Bute is a chemical with the following melecular formula:
C19H20N202

(1) Deduce the degree of unsaturation (index of hydrogen deficiency — IHD) of bute.  [1]
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(d) The two 1somers of [Pt(NH;),Cl,] are crystalline. One of the 1somers 1s widely used as a
drug 1n the treatment of cancer.

(1) Draw both 1somers of the complex. [1]

(1) Explain the polanty of each isomer, using a diagram for each 1somer to support
your answer. [2]

Topic Chem 10 Q# 187/ IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/
4. 1l-iodoethane reacts with sodium hydroxide.

(a) Explain the mechanism of this reaction, using curly arrows to represent the movement
of electron pairs and showing any stereochemical features of the reaction mechanism. 4]
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(b) State the rate expression for this reaction and identify the moleculanty of the rate-
determining step (RDS).

2]

(c) Suggest why polar, aprotic solvents are more suitable for S22 reactions whereas polar,
protic solvents favour S,1 reactions. 2

(d) Deduce. with a reason, if water or DMF (N.N-Dmmnethylformamide, HCON(CH,),) 1s a
better solvent for this reaction. [1]
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Topic Chem 10 Q# 188/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/
5. Compouncl A and compound B are hydrocamons.

@

A

(@) (i) State the term that is used to describe molecules that are related to each other in
the same way as compound A and compound B. [1]

(i) Suggest a chemical test to distinguish between compound A and compound B,
giving the observation you would expect for each. [2]

Topic Chem 10 Q# 189/ IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/

2. Phosgene, COCIL,, is usually produced by the reaction between carbon monoxide and
chiorine according to the equation:

CO(g) + CL(g) = COCL(9)
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(b) One important industrial use of phosgene is the production of polyurethanes.
Phosgene is reacted with diamine X, derived from phenylamine.

H,N CH; NH, X

(i) Classify diamine X as a primary, secondary or tertiary amine.

(]

(i) Phenylamine, C.H.NH,, is produced by the reduction of nitrobenzene, C,H.NO,.
Suggest how this conversion can be carried out.

(i)  Nitrobenzene can be obtained by nitrating benzene using a mixture of
concentrated nitric and sulfuric acids. Formulate the equation for the equilibrium
established when these two acids are mixed.

(1

(iv) Deduce the mechanism for the nitration of benzene, using curly amows to
indicate the movement of electron pairs.

[4]
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(c) The other monomer used in the production of polyurethane is compound Z shown
below.

()  State the name, applying IUPAC rules, of compound Z and the class of
compounds to which it belongs.

(2]

Topic Chem 10 Q# 190/ 1B CHEM/2015/w/TZ0/Paper 2 Section B/Higher Level/

9.

Patrick Brannac www.SmashingScience.org Page 191 of 314

(a) AD0.8429g sample of a liquid halogenoalkane, RBr(l), was heated under reflux with
1.35 x 10 mol of aqueous sodium hydroxide, NaOH (ag). After cooling the mixture, the
excess NaOH was titrated with hydrochloric acid, HCl(aq), and required 7.36 x 10~ mol
of the acid.

(i)  State the equation for the substitution reaction of the halogenoalkane with sodium
hydroxide.

(1]

(i)  Calculate the amount, in mol, of sodium hydroxide that reacted with the
halogenoalkane.

(1]




(iiiy Calculate the molar mass of the halogenoalkane. 1]

(iv) Given that each molecule of the halogenoalkane contains one bromine atom,
determine its molecular formula. [1]

(v) Deduce the structural formulas of four structural isomers of the halogenoalkane
based on the molecular formula and label each isomer as primary, secondary or
tertiary. [4]
(If you have not been able to determine the molecular formula in part (a) (iv), use
C;H,,Br to deduce the four structural isomers.)

(b) The reaction between a primary halogenoalkane drawn in part (a) (v) and potassium
cyanide follows a S,2 mechanism.

(i) State the importance of this reaction in organic synthesis. 1

Patrick Brannac www.SmashingScience.org Page 192 of 314




(i)  Explain the mechanism of the reaction using curly arrows to represent the
movement of electron pairs. [4]

(iiiy  The organic product obtained in part (b) (ii) can be reduced to form an amine.
State an equation for this reaction and a suitable catalyst. [21

{d) This melecule is needed in the question that follows it:

H\C= /CH3
H/ \CH3

(i)  Under certain conditions, the major product obtained in the elimination reaction
can undergo polymerization. Identify the type of polymerization and draw a
section of the polymer consisting of two repeating units. 2]

Type of polymerization:

Section of polymer:
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(d) Ethane can react with chlorine. Explain the free-radical mechanism of this reaction,
including any necessary reaction conditions. [4]

Topic Chem 10 Q# 191/ IB CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/
10. Some reactions of but-2-ene are given below.

Poly(but-2-ene)

Br.(l) concentrated H,SO,

HO(1)

Compound A H,C—CH=CH—CH,

in the absence But-2-ene
of UV

» C.HOH
Compound C

HBr

H, G CHBr —CH,=—CH,
Compound B

(@) (i) Deduce the full structural formuia of compound A. [1

(i)  Apply IUPAC rules to name compound A. [1]
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(iii) Describe the colour change observed when excess but-2-ene reacts with bromine
to form compound A. 1

(b) (i) Outline two reasons why the polymerization of alkenes is of economic importance.  [2]

(i)  Identify the structure of the repeating unit of poly(but-2-ene). M

(c) (i) CompoundC, C,H.OH, can also be formed by reacting compound B,
CH,CHBrCH,CH,, with aqueous potassium hydroxide. This reaction proceeds by
both S, 1 and S,2 mechanisms. Explain the 5,2 mechanism, using curly arrows
to represent the movement of electron pairs. [4]
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(i)  Explain why the hydroxide ion is a better nucleophile than water. 2]

(d (i) Compound B, CH,CHBrCH,CH,, also reacts with potassium cyanide.
Apply IUPAC rules to name the organic product formed. 1

(i) The organic product of the reaction in part (d) (i) can be reduced to:

H H CH; H H
BENL
He=—C C C C—=N~—H
| | |
H H H H
State the two reagents required. [1]

(i) Deduce the full structural formula of the organic product formed when the
compound in part (d) (ii) reacts with ethanoic acid in the presence of an acid
catalyst. (1
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(¢) Compound C, C,H,OH, can be oxidized by acidified potassium dichromate(VI) to form
compound F.

(i) State the name of the functional group present in compound F. [1]

(i) Deduce the structural formula of an alcohol which is a structural isomer of

compound C and cannot be oxidized by acidified potassium dichromate(V1). M
()  Expiain why but-2-ene is more volatile than compound C. [2]
(g) Deduce the equation for the complete combustion of compound C. 1
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(h) But-2-ene can exist as two geometrical isomers. Geometrical isomerism is a form

(i)  Define the term stereoisomers. 1]
(i) State the conditions needed for a compound to show geometrical isomerism. 2]

(i) Draw the structures of the two geometrical isomers of but-2-ene, clearly
identifying each as cis or trans. [2]
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Topic Chem 10 Q# 192/ I1B Chem/2015/s/TZ2/Paper 2 Section A/Higher Level/
5. (a) State two features of a homologous series. [2]

(b) Ethane, a member of the homologous series of alkanes, can react with bromine.
Explain the free-radical mechanism of this reaction, including any necessary reaction
conditions. [4]

Topic Chem 10 Q# 193/ |1B CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/
5.  Ethanol has many industrial uses.

(a) State an equation for the formation of ethanol from ethene and the necessary
reaction conditions. [3]

Equation:
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(d) State the equation for the acid-catalysed reaction of ethanol with propanoic acid and
state the name of the organic product. 2]

() (i) Apolyester can be formed when ethane-1,2-diol reacts with benzene-1.4-

dicarboxylic acid.
Deduce the structure of the repeating unit and state the other product formed. 2]
Repeating unit:
Other product:
(i)  State the type of polymerization that occurs. M
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Topic Chem 10 Q# 194/ |1B CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/
6. Bromomethane was used as a pesticide until it was found to be ozone-depleting.

(@) State the equation for the reaction between methane and bromine to form bromomethane.  [1]

(b) (i) Explain, using equations, the complete free-radical mechanism for the reaction of
methane with bromine, including necessary reaction conditions. [4]

(i) Bromomethane reacts with agueous sodium hydroxide. State the organic
product of this reaction. M

(c) Explain why the rate of the reaction between iodomethane, CH.I, and NaOH (aq) is
faster than the rate of the reaction between CH,Br and NaOH (aq). [2]
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Topic Chem 10 Q# 195/ 1B CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/

7. (a) (i) Ethanolis a primary alcohol that can be oxidized by acidified potassium
dichromate(Vl). Distinguish between the reaction conditions needed to produce
ethanal and ethanoic acid. 2]

(b) Ethanol can be made by reacting aqueous sodium hydroxide with bromoethane.
Explain the mechanism for this reaction, using curly arrows to represent the movement  [4]
of electron pairs.

(d) 2-bromobutane exists as optical isomers.

(i) State the essential feature of optical isomers. [1

(i)  Outline how a polarimeter can distinguish between these isomers. 2]

Topic Chem 11 Q# 196/ 1B Chem/2019/w/TZ0/Paper 2/Higher Level /Q4.NOT with Q3c
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3. Propene is an important starting material for many products. The following shows some
compounds which can be made from propene, C,H,.

Propene (C,H,) = C,H.Cl = C,H,0 — C,H,0

(b) An experiment was carried out to determine the order of reaction between one of the
isomers of C,H.Cl and aqueous sodium hydroxide. The following results were obtained.

cxporimens | [SHEL, | 101, | it roe
1 0.05 0.10 3.1x10™
2 0.10 0.20 1.3x 107
3 0.15 0.10 9.2 x 107

C3HgO mentioned in this question has a molecular formula of CH;COCH;

(i) Explain why the '"H NMR spectrum of C,H,0, produced in (d)(i), shows only one
signal. [1]

Topic Chem 11 Q# 197/ I1B Chem/2019/w/TZ0/Paper 2/Higher Level/Q3./ www SmashingScience.org :0)

2.  The biochemical oxygen demand of a water sample can be determined by the following
series of reactions. The final step is titration of the sample with sodium thiosulfate solution,
Na,S,0,(aq).

2Mn* (aq) + O,(aq) + 40H (aq) = 2MnO,(s) + 2H,0(l)
MnO,(s) + 2T (aq) + 4H" (ag) = Mn™" (aq) + L,(aq) + 2H,0(1)
2S,0,"(aq) + L,(aq) = 2I"(aq) + S,0,“ (aq)
A student analysed two 300.0 cm® samples of water taken from the school pond: one
immediately (day 0), and the other after leaving it sealed in a dark cupboard for five

days (day 5). The following results were obtained for the titration of the samples with
0.0100moldm™ Na,S,0, (aq).

Sample | Titre / cm® +0.1cm®
Day0 258

Day 5 201
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(b) (i) Calculate the percentage uncertainty of the day 5 titre. [1]

(i)  Suggest a modification to the procedure that would make the results more reliable. [1]

Topic Chem 11 Q# 198/ |1B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q8/ www.SmashingScience.org :0)

(c) Predict the chemical shift and splitting pattern of the signal produced by the hydrogen
atoms labelled X in the 'H NMR spectrum of the polymer. Use section 27 of the
data booklet. [2]

CHs

CX; —CH—O0—C—0

Chemical shift:

Topic Chem 11 Q# 199/ IB Chem/2018/w/TZ 0/Paper 2/Higher Level/Q2 NOT With 2{a)

2.  Anorganic compound containing carbon, hydrogen and oxygen has 62.02% carbon and
10.43% hydrogen by mass.

It’s empirical formula is C3HO
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(b) The infrared spectrum of the compound is shown. Deduce the functional group of the

compound. [1]
10
D.B' 1 .-
g 0.6
= |
@ 04 »
- |
" 021 - - - - L 1
D.O L) L L) LI L L] L
3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™
[Source: NIST Mass Spec Data Center, S.E. Stein, director, “Mass Spectra” in NIST Chemistry WebBook,
NIST Standard Reference Database Number 69, Eds. P.J. Linstrom and W.G. Mallard,
National Institute of Standards and Technology, Gaithershurg MD, 208949]
(c) The mass spectrum of the compound is shown. Deduce the relative molecular mass of
the compound. [1
120 |
|
100+ - ! { I | & |
2 B |
g 80+ - |  — 8 . :
] | |
£ 604 - . ’ . | { i
g |
2 | |
_l_ﬂ 40_ 1 - 1 i_ l = ! . T
@ 58
o |
20- i S N0 R 1/
145 27 g 3739 afy
0 I.1..6 ! ?zlﬁlz.all:“ 5y ‘?II 4-"' { ! 4
1590 200 25% 30 3 45 S50 65
miz
[Source: NIST Mass Spec Data Center, S E. Stein, director, “Mass Spectra” in NIST Chemistry WebBook,
NIST Standard Reference Database NMumber 69, Eds. P.J. Linstrom and W.G. Mallard,
National Institute of Standards and Technology, Gaithersburg MD, 20899]
(d) The compound could not be oxidized using acidified potassium dichromate(V1).
Deduce the structural formula of the compound. [1
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Topic Chem 11 Q# 200/ |1B Chem/2018/w/TZ 0/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)

1.  3.26g of iron powder are added to 80.0 cm® of 0.200 moldm™ copper(ll) sulfate solution. The
following reaction occurs:

Fe(s) + CuSO,(aq) — FeSQ,(aq) + Cu(s)

(b) (i) The reaction was carried out in a calonmeter. The maximum temperature rise of
the solution was 7.5°C.

()  The only significant uncertainty is in the temperature measurement.

Determine the absolute uncertainty in the calculated value of AH if the uncertainty in
the temperature nse was £0.2°C. [2]

Topic Chem 11 Q# 201/ |1B Chem/2018/s/TZ 2/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)
(g) Outline why repeating quantitative measurements is important. 1

Topic Chem 11 Q# 202/ |1B Chem/2018/s/TZ 1/Paper 2/Higher Level/Q2/ www.SmashingScience.org :0)

(b) Descnbe how the relative atomic mass of a sample of calcium could be determined
from its mass spectrum. [2]

Topic Chem 11 Q# 203/ |1B Chem/2018/s/TZ 1/Paper 2/Higher Level/Q1/ www.SmashingScience.org :0)
1. Urea, (H,N),CO, is excreted by mammals and can be used as a fertilizer.

(b) The structural formula of urea is shown.
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(1) The mass spectrum of urea is shown below.

100~

Relative intensity

0 Ii::il !i‘:lil}l”}! i?l!lllli!! I:III IIIIII:IR !:Illlllllllli
25 gO 5
miz

[Source: NIST Mass Spec Data Center, S E. Stein, director, "Mass Spectra” in NIST Chemistry WebBook, NIST Standard
Reference Database Number 69, Eds. P.J. Linstrom and W.G. Mallard, National Institute of Standards and Technology,
Gaithershurg MD, 20899, doi:10.18434/T4D303, (retrieved May 31, 2018)]

Identify the species responsible for the peaks at m/iz = 60 and 44. [2]
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(k) The IR spectrum of urea is shown below.

100
50 -
|
0 ¥ L ¥ L L] L] L]
4000 3000 2000 1500 1000 500

[Source: SDBS, National Institute of Advanced Industrial Science and Technology]

Identify the bonds causing the absorptions at 3450cm™ and 1700cm™ using section 26
of the data booklet. 2]
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() () Predict the number of signals in the '"H NMR spectrum of urea. [1]

I redi e splitting pattern of the spectrum of urea.
(i) Predictth litti 1t f the '"H NMR f [1]

() Outline why TMS (tetramethylsilane) may be added to the sample to carry out
'H NMR spectroscopy and why it is particularly suited to this role. [2]

Topic Chem 11 Q# 204/ |1B Chem/2016/w/TZ0/Paper 2 Section A/Higher Level/

1.  Ethane-1.2-diol, HOCH,CH,OH, has a wide variety of uses including the removal of ice from
aircraft and heat transfer in a solar cell.

()  Predict the 'HNMR data for ethanedioic acid and ethane-1,2-diol by completing the
table. 2]

Number of signals Splitting pattern

Ethanedivicacid: | -o--- g . . O B AELF. | M--- -S4 _"TO. . .. ... ...

Ethane-1,2-diol: | --------- il Not required

Topic Chem 11 Q# 205/ I1B Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/Q7/ www.SmashingScience.org :0)
{b) Bute is a chemical with the following melecular formula:
C19H20N202
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It has an unsaturation index of 9/ www.SmashingScience.org :0)

(1v) The infrared (IR) spectrum of bute 1s shown below.

100
$
~ A
5
5 50 -
g
wn
g
—_
B
0 T L o T L | T T T T T T T T T T T T T T T
4000 3000 2000 1500 1000 500
Wavenumber / cm™

[Source: SDBS web: www.sdbs nodb.aist.go.jp (Natonal Institute of Advanced Indusmal Science and Technology, 2014)]

Usmg information from section 26 of the data booklet, identify the bonds
corresponding to A and B. [1]

(v) Based on analysis of the IR spectrum. predict. with an explanation. one bond
containing oxygen and one bond contamning mitrogen that could not be present in
the structure. 2]

Bond containing oxygen not present in structure:
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(c) An alcohol. X, of molecular formula C;HO. used as a disinfectant in hospitals, has the
following "HNMR spectrum:

Il

- 4 & 1 & & E L I 4 H
10 5- 8 ¥ 6 5 4 3 2 1 0

Chemucal shift / ppm

[Source: SDBS web: www. sdbs.niodb.aist. go jp (National Institute of Advanced Industnal Science and Technology, 2014)]

The three peaks in the '"HNMR spectrum of X have chemical shift values centred at
0=40.23and 1 2ppm.

(1) From the integration trace. estimate the ratio of hydrogen atoms in different
chemical environments. [1]

(i) Deduce the full structural formula of X. [1]
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(11) Y 1s an 1somer of X contamning a different functional group. State the condensed
structural formula of Y. [1]

(1v) Compare and contrast the expected mass spectra of X and Y using section 28 of the
data booklet. 2]

Topic Chem 11 Q# 206/ 1B Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/Q2/ www.SmashingScience.org :0)

(c) The other monomer used in the production of polyurethane is compound Z shown
below.

(i) Deduce the number of signals you would expect to find in the '"H NMR spectrum
of compound Z, giving your reasons. M
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The mass spectrum and infrared (IR) spectrum of compound Z are shown below:

Mass spectrum

100 -

80

Relative Intensity

0 lii:!ii!=|ll1li=l! llI[llll]illii”il

| :
I T
10 15 20 25 30 35 40 45 50 55 60 65

[Source: hitp:/isdbs. db.aist.go.jp]
IR spectrum

100

Transmittance / %
3

0 T T T T T T T =5 T T T T T T I il LY cmm— N g T 1} T 1
4000 3000 2000 1500 1000 500
Wavenumber / cm™

(i) Identify the species causing the large peak at m/z = 31 in the mass spectrum. 1

(iv) Identify the bond that produces the peak labelled Q on the IR spectrum, using
section 26 of the data booklet. 1
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Topic Chem 11 Q# 207/ I1B Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/
5. Compound A and compound B are hydrocarbons.

@

L)

(b) Outline how you could use the IR spectra of compounds A and B and section 26 of the
data booklet to identify them. (1]

(c) Two signals occur in the 'H NMR spectrum of compound A. Deduce their expected

chemical shift and their splitting pattemn, using section 27 of the data booklet. 2]
Signal 1 2
Chemical shit/ppm [ [
Spl‘rtting pattem _________________________________
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Topic Chem 11 Q# 208/ |1B Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/

1. A student used the technique of titration to determine the concentration of ascorbic acid
(C,H,0O,) in a sample of orange juice. Excess potassium iodide, KI(aq), was added to
acidified orange juice. The resulting solution was titrated with potassium iodate, KIO,(aq),
in the presence of starch as an indicator. The end-point of the titration was shown by a
blue-black colour.

(c) The concentration of KIO, used in the titration was 2.00 x 10 moldm™.

The titration produced the following results.

Titration 1 | Titration 2 | Titration 3
Final volume of KIO, (+ 0.05cm®) 7.10 14.40 2160
Initial volume of KIO, (+ 0.05cm’) 0.00 7.10 1440
Volume added of KIO, (+ 0.10cm’) 7.10 7.30 720
Mean volume added of KIO, (+ 0.10cm®) 7.20

(i) Calculate the percentage uncertainty associated with the mean volume of
KIO, (aq). (1

(i)  The colour of orange juice interfered with the blue-black colour at the equivalence
point. State the name of this type of ermor and suggest how this can be
minimized. [2]
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Topic Chem X 92 Q# 209/ |B CHEM/2015/w/TZ0/Paper 2 Section B/Higher Level/Q6/ www SmashingScience.org :0)
gstion 6 COﬂﬂl‘\UEd)

(e) Inthe operation of a mass spectrometer, the first stage is vaporization and the last is
detection. State the names of the other three stages and outline what happens in
each one. [3]

Topic Chem X 93 Q# 210/ 1B CHEM/2015/s/TZ2/Paper 2 Section B/Higher Level/
9. (a) Consider the structure and bonding in MgCl, and PCL,.

(i) State and explain the electrical conductivities of these two chloride compounds in
their liquid state. (3]

(i) Suggest, giving your reasons, the approximate pH values of the solutions formed
by adding each chioride compound separately to distilled water. [4]

Patrick Brannac www.SmashingScience.org Page 216 of 314




Topic Chem 99x99 Q# 211/ IB Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/

4. (a) The monomers hexanedioic acid and 1,6-diaminohexane react together to form a
synthetic polymer.

Deduce the structural formula of each monomer. [2]

(b) State the type of polymerization reaction that occurs between these two monomers and
identify the structural feature needed in the monomers. [2)

(c) Draw the structure of the linkage formed in this polymer, and identify the other product
of this polymerization reaction. 2]
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Topic Chem X 910 Q# 212/ IB CHEM/2015/w/TZ0/Paper 2 Section B/Higher Level/Q9/ www SmashingScience.org
:0)

(c) The reaction between the primary halogenoalkane, obtained in part (a) (v), and hot,
concentrated alcoholic NaOH is an example of an elimination reaction.

(i) Explain the mechanism of the elimination reaction using curly arrows fo represent
the movement of electron pairs. [4]

Topic Chem x 910 Q# 213/ IB CHEM/2015/s/TZ1/Paper 2 Section B/Higher Level/Q7/ www . SmashingScience.org
:0)
(e) Describe, using an equation, the elimination of HBr from 2-bromobutane, stating the
reagent used. 21
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Mark Scheme

Topic Chern 1 Q# 1/ 1B Chem/2019/w/TZ0/P2/Higher Level/Q8./

7. [a [i | C{NHz)NOs(s) — 2Na(g) + 3H:0(g) + C(s) v 1
|2 [0 |poesofgas=e5x— 1000 =, 0409 «mols v ]
122.11g mol
7. it » % Tl 2
a i wp= 04089 mol=8.31 JK™ mol |_12T+'??3:K»= 136 «kPax 1
10.0 dm®
7. |a iv | Any two of
nitrogen non-polar/London/dispersion forces AND water polarfH-bonding «
water has emuche stronger intermolecular forces v 2 max
water molecules affract/condense/occupy smaller volume «and therefore deviate
from ideal behaviours v
7. |b 2Na(s) + 2H:0(l) — 2NaOH (aq) + Hz(g) v Accept the equation of combustion of
hydrogen.
; Do not accept just “sodium is
hydrogen explosive reactive/dangerous”
OR
highly exothermic reaction 2
oR
sodium reacts violently with water
orR
forms strong alkalh v
Topic Chem 1 Q# 2/ IB Chem/2019/w/TZ0/P2/Higher Level/Q7 ./
6. |b mass of H20 = «18.360g — 17.917 g =» 0443 «gs AND mass of CuCl = Award [3] for comrect final answer.
«17.9179-16.221g =» 1.696 «gn v
moles of H:0 = « 23428 ___,, 0.0246 umol»
18.02 g mol
OR 3
moles of CuCla= «_1-9968 = 0.0126 «mols v
134 45 gmol”
awater : copper(ll) chionde = 1.95: 1»
w=n2V Accept ax =» 1.95
Topic Chem 1 Q# 3/ IB Chem/2018/w/TZ 0/P2/Higher Level/
5. a all uspecies» are in same phase Accept "all zpecies are in same stafe”.
Accept "all species are gases”. !
Topic Chem 1 Q# 4/ IB Chem/2018/w/TZ 0/P2/Higher Level/
2. - «in 100 g sample» 62029 - AND 10439 -
12.01gmol” 1.01gmol”
OR
«in 100 g samples» 5.184 mol C AND 10.33molH
2755% 3
oR
1.722mol O v

wempirical formulas CaH:0
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Topic Chem 1 Q# 5/ IB Chem/2018/w/TZ 0/P2/Higher Level/

1.

a

3.26g

55 85gmor” - 0.0584 mol ¥

MNFe @ -

CuS0s is the limiting reactant

Neusos «= 0.0800 dm? x 0.200 moldm™2» = 0.01680 mol AND

Do not award M2 if mole calculation iz not shown.

1. |a i ALTERNATIVE 1: Accept answerz in the range 85-86 %.
«0.0180 mol x B3.55gmol =» 1.02«gs v Award [2] for correct final answer.
D.872g
€—— "5 100 =» 855 «%» v
1.02g 1
2
ALTERNATIVE 2:
&g‘_. 0.0137 emoln
63.55 gmol™
«20137mol 450 on 85.6 «%»
0.0180mol
Topic Chem 1 Qi 6/ 1B Chem/2018/s/TZ 2/P2/Higher Level/
1. |a n(Hz503) «= 0.0500 dm?® % 0.100 mol dm—» = 0.00500/5.00 x 10 %emols 1
1. |b H2504(aq) + Mg(OH)z (5] = MgS0:(ag) + 2H0 () Accept an ionic eguation. 1
1 c 1 P 3 -
an(H:50s) = E * n{NaOH) = E (0.02080 dm? x D.1133 mol dm ™)
1
0.001178/1.178 x 107> amois
1 d n(H2504) reacted «= 0.00500 - 0.001178% = 0.00382/3.82 x 1072 «moln 1
1. e n(Mg(OH}2) #= n{H:S04) =» = 0.00382/3.82 x 10> amols Award [2] for comect final answer.
m(Mg({OH)z) «= 0.00382 mol x 58.33 g mol '» = 0.223 «gn v 2
2 o =f, ianit
1. |f % Mg(OH)2 a= 0223 g 1008 = 180 W% o Anawer must show three significant
124¢g figures. 1
Topic Chem 1 Q# 7/ IB Chem/2018/s/TZ 1/P2/Higher Level/
1. a i molar mass of urea e=4 x 1.01 + 2 x 14.01 + 12.01 + 16.00» = 80.07 g mol™'s « | Award [2] for correct final answer.
2« 14.01 Award [1 max] for final answer not to
#% nitrogen = —————— * 100 =» 48.65 «%» + two decimal places. 2
1 a i ncosts increases AND lower N % umeans higher cost of transportation per unit of | Accept other reszonable explanations.
nirogens Do not accept answers refeming to
OR safety/explosions. 1
wcosts increases AND inafficient'too much/about half mass not nitrogen
L niKNCO) «= 0.0500 dm?* x 0.100 moldm™3*» = 5.00 x 1072 umols v Award [2] for correct final answer.
2
umass of urea =5.00 x 10~ mol x 60.07 g mol™'» = 0.300 «gs v
1. d iii —AGT S0x10° J Accept range of 20-20.2 for M1.
nie= RT i B3MJK 'mol" =298 K »=-20¥ Award [2] for comrect final answer.
alz=n 2x 10-5
2
orR
1.80 x 107%
OR
1072
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L 2(H2N)2CO (s) + 302(g) — 4H20 (1) + 2COz(g) + 2N2(g) Acoept (HN):CO (s) + > Oz () -
)z 50

correct coefficients on LHS 2
2H20 (1) +#COz(g) +Nz(g).

Accept any correct ralio.

correct coefficients on RHS

12 600
g aV = _9_______9_| x 22700 em? mol™ = » 227 wems v 1
60.07 gmol”

Topic Chem 1 Q# 8/ IB Chem/2017/s/TZ 2/P2/Higher Level/
2 |a [ii 13.230g

# [K2Cra07] = - — =p 0.450 amoldm™ s « 1
28420 gmol™ x0.100 dm™
2 a v . 2 mal Award [2] for correct final answer.
n{Sn**) = «0.450 moldm™ x 0.01324dm? x e =» 0.0170 amoi» «
0.0178mol 2
w[Sn*]= ————— =» 1,70 «moldm ™% +
0.0100dm”
Topic Chem 1 Q# 9/ IB Chem/2017/s/TZ 2/P2/Higher Level/
1. |a i 3275g Accept other valid methods for M1.
n{Ag)=u1————— =» 0.03036 «mol»
107.87 g mol
AND Award [1 max] for comect empirical
farmuia if method not shown.
3.780g - 3.275g 0485
n(0)=+« —= =» 0.03021 ¢mal® ¥
18.00gmol” 16.00 2
0.030386
#—— = 1/ ratio of Ag to O approximately 1 : 1, son
0.03031 ’ e s
AgO v
1 a ii temperature too low Accept ‘not heafed strongly enough”.
OR if M1 as per markachems, M2 can only

heating time oo short be scored for conzfant mass technigue.

OR
. Accept "soot deposition” (M1) and any
id td d letely «

oxide not decomposed completely datie way o reduce it (M2).

heat sampie to constant mass «for three or more trialsy « | 2
P Accept "absorbs moisture «from

afmospheres (M1) and “cool in
dezsicator” (M2).

Award [1 max] for reference to
“impurity~ AND dezign improvement.

Topic Chem 1 Q# 10/ IB Chem/2017/s/TZ 2/P2/Higher Level/

1 b Ay closer to 107/less than 108 «so more 'WAgs Accept calculation that gives greater

OR than 50% "TAg. :

Arless than the average of (107 + 108) «so more 'TAgs «
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Do not accept name for the products.
Accept ‘Na™ + OH " for NaOH.

energy levels converge/get closer together at higher energies
OoRrR
energy levels converge with distance from the nucleus «

blus NaOH « ) )
Ignore coefficients in front of formuia.
AND
yelow v HaFO4 v
1 c ii amoltens NazO has mobile ions/charged particles AND conducts electricity « Do not award marks without concept of
amoltens P40y does not have maobile ions/charged particles AND does not il chunmess Belog preaent
conducts electricity/is poor conductor of electricity v Award [1 max] if type of bonding or
electncal conduchivity cormrectly
identified in each compound.
Do not accept answers based on
elecfrons.
Award [1 max] if reference made to
solution.
1 d electrons in discrete/specific/cenain/'different shells/energy levels v Accept appropriate diagram for either

M1, M2 or both.

Do not give marks for answers that refer
fo the lines in the spectrum.

6. c i

2427 408 7165
= =2 =— =4 == v
c 201 2021 ANDH 101 404 AND Cl a5 2021

#hence® CHxCL v

2427 408 7165

¢ —_— ;
ceePi 201 101 .45
Do not accept CaHJClz
Award [2] for correct final answer.

A

Topic Chem 1 Q# 12/ IB Chem/2017/s/TZ 1/P2/Higher Level/

HCl is corrosive «

5 |h i total mass of oxygen €= 8.0 x 1072 gdm™ x 1000 dm3* - 8.0 ag» Award [3] for comrect final answer.
8.0
N(02) = ———9 % 0.25 «mol®
3200 gmal”

or
n{MNaHe) = n(Oz) v
#mass of hydrazine = 0.25 mol x 32.08 g mol™" =0 8.0 #g» «

5 h i n(NzHs) = n(O3) = 80g =% 0.25 4mol» Award [1] for correct final answer.

32.00gmal™
wvolume of nitrogen = 0.25 mol % 24.8 dm® mol™" = 6.2 adm™ «
Topic Chem 1 Q# 13/ IB Chem/2017/s/TZ 1/P2/Higher Level/

2 h i TiCle (1) + 2H20 (1) = TiOz2(s) + 4HCL (aq) Accept inn{r: equation.
Lol t ucks Award M2 if products are HCl and a
correct balancing ¥ compound of Ti and O.

2 h i HCI causes breathing/respiratory problems Accept TIO: causes breathing
OR problemsfiz an immitant.
HCl is an imitant Accept harrmfua'_ for bath _HCJ and TiO:z.
oR Accept “smoke iz asphyxiant”.
HCl is toxic
OR
HCI has acidic vapour
OR

Topic Chem 1 Q# 14/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/

2. |a

Weak acid: partially dissociated/ionized «in solution/waters

AND

Strong acid: «assumed to be almost» completely/100% dissociated/
ionized «in solution/waters v’

stated,

ccept answers relating to pH, conductivity,
reactivity if solutions of equal concentrations

Patrick Brannac

www.SmashingScience.org

Page 222 of 314




Question Answers Notes Total

2. |b «log scale» reduces a wide range of numbers to a small range Do not accept “easy for calculations”

OR

simplefeasy to use 1

OR

converts exponential expressions into a linear scale/simple numbers v/
2. |c |i phenolphthalein

OR 1

phenol red v
2 e |H (14, e o

«n(NaOH) = [%]dm’ «0.100moldm™ =» 1.40 * 10~ «mol» ¥ 1

1
& e W 45 % 140 10° =5 7.00 x 10" amoly ¥ 1
Question Answers Notes Total

2. |& iv | ALTERNATIVE 1: Award suitable part marks for alternative methods.

«mass of pure hydrated ethanedioic acid in each titration = 7.00 ~

10™*mol = 126.08gmol ™" =» 0.0883/8.83 « 1072 «gs v Award [3] for correct final answer.

; o 25 ; .
mass of sample in each titration = « <5.00g =» 0.125¢gn ¥ Award [2 max] for 50.4% if anhydrous ethanedioic
1000 acid assumed.
. 0.0883g
= " = v
«% purity 01259 100 =» 70.6 «%»
ALTERNATIVE 2:

«mol of pure hydrated ethanedioic acid in 1 dm’ solution = 7.00 =
1000
107 x =» 2.80 « 10 «mol» ¥
25
amass of pure hydrated ethanedioic acid in sample = 2.80 =
10 mol = 126.08gmol™ =» 3.53 ugn ¢ 3

«% purity = -:-% < 100 =» 70.64%» ¥

ALTERNATIVE 3:
mol of hydrated ethanedioic acid (assuming sample to be pure) =

5008 __ ;03966«mols v

126.08gmol
actual amount of hydrated ethanedioic acid =

«7.00 =« 107 = % =» 2.80 = 107 emol» ¥

2
«% purity = % < 100 =» 70.64%n ¥

Topic Chem 1 Q# 15/ IB Chem/2016/s/TZoSP/P2 Section A/Higher Level/

b i 7399\ _ 655\ _ Award [2 max] for correct final answer without
= ‘(13—_0{)—6.161(@0 lﬁ n, A(rol-> 649(“) mcl M‘OP‘W
9.09 10.37
)= f—_= +
n, .(1 4,01) 0.649 (mol) and x, ‘(x sm) 0.6481 (mol) 4
n.n n n,=95:10:1:1 ¢
Empirical formula: C,H N0, v
Topic Chem 1 Q# 16/ IB Chem/2016/s/TZoSP/P2 Section A/Higher Level/
Question Answers Notes Total
L |a |i [¢2205+22195)(0.5)=22.10¢cm” ¥ 1
a |i 2210x0.100 1\, , 3083 v
(—1000 )_A_lxi(} 0.002214mol» 1
i (0'5*131"10_ ol =)4.4:x10* 10,0442 (moldm™> ¥ 1
25.00
a v | (442x107 x10=)4.42%107 /0.442 (mol dm ™) ¥ 1
Topic Chem 1 Q# 17/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/
1. |b |i P, is a molecule gcomprising 4P atomss AND 4P is four/separate «P»
atoms
OR 1
P, represents g4P» atoms bonded together AND 4P represents e4»
separate/non-bonded «P» atoms v
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1 |e i f \
o247\, _ 0.02000emols v -
4%3097/
e 18 n(NaOH) = €0.1000 x 5.00 =» 0.500 amoly AND P jphosphorus is Aoceprn(H,Oj=%=5.5OW P, is limiting 1
limiting reagent v reagent.
1. |e |iii |amount in excess €=0.500 - (3 = 0.02000)» = 0. 440emols v 1
1. |e iv |€22.7 = 1000 x 0.020008 - 454€cm'» v Accept methods employing pV = nRT, with p as
either 100 (454cm’) or 101.3kPa (448cn’). Do .
not accept answers in dnr.
Question Answers Notes Total
1. |d Wi 4386 Accept other methods where the working iz
n(F) &= »=141emols v Al
3097
100 -
n(o)-ms-a.sam v 3
16.00
«2O) 35 _ 550 o empirical formula is» PO, ¥
n{P) 141
1. |d il 285
CW-ZOO'wmbcular formula=2xP.O, 3P0, + 1

Topic Chem 1 Q# 18/ IB Chem/2015/w/TZ0/P2 Section A/Higher Level/

1. (@ () IOjtol,:Vis5100;
I'tol,:-l-11t0 0 2]
Accept change in oxidation number —5 and +1.

Penalize incorrect notation stch as 5+ or 5 once Oﬂf}’.
(i)  Oxidizing agent. 10;/iodate and Reducing agent. I~/iodide; i

(b) 0.250 x 2.00 x 107 /5.00 x 10~ (mol of KIO,);

(5.00 x 107 x 214.00 =) 0.107(q); 2]
Award [2] for the correct final answer.
(€ () 1.4(%) nj
Accept 1 (%).
(i) systematic,
dilute the orange juice; [2]

Accept other valid suggestions, eg. compare with a standard (showing
colour at equivalence) / look at mixture through a yellow filter / add more
starch (for a sharper colour change) /filter orange juice (through charcoal).
Do not accept repeat titrations or alternative indicator.

(i)  1.44x107 (mol): [1]
(d) IO, :3C,H,O, /1:3 mole ratio;
(144 x 10° mol x 3 =) 4.32 x 107 (mol); 2]

Award [2] for the correct final answer.
Award [1 max] for “4.80 x 10°¢ (mol)” obtained from reversed ratio, 3:1.

() (432x10°x176.14=)761x107(g); 1
Accept M = 176 and mass =7.60x1073(g).
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() gradient= —%f -1233(K);
Accept value from —1200 to —1260 (K).

E, = (1233 x 8.31=) 1.02 x 10* Jmol™* / 10.2kJ mol

correct E, value;

correct units; 3]
Allow value in range 9.97 — 10.5 kJ moi.

Answer must be given to three significant figures.

Award [3] for correct final answer and units.

Accept J or kJ instead of J mol~ or kJ mol.

Topic Chem 1 Q# 19/ IB Chem/2015/s/TZ1/P2 Section A/Higher Level/

1. (@) [wz]m_so(mﬂ;

(0.01260%0.100 =)1 26 x 10 (mol): 121
Award [ 2] for correct final answer.
-3
) () [%zle.wnu“‘(mm; (1]
(i) (6.30x10™ x10=)6.30x 10" (mol): O
(0795 .
(iii) [6_30x104 __]126 (gmol™): 1

(iv) M,(C,H,0,)=90.04 and M,(H,0)=18.02;
x=2; [2]
Accepr fnteger values for M,’s of 90 and 18 and any reasonable calculation.
Award [1 max] ifno Working shown.

Topic Chem 2 Q#20/ 1B Chem/2018/w/TZ 0/P2/Higher Level/

4. c N

g

c

)

%

5

2
T T T L)
1 2 3 4
Number of electons

Sketch showing:
largest increase between third and fourth ionization energies
IEs< IEa<|Ez<IEs<[Esv
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Topic Chem 2 Q# 21/ |1B Chem/2017/s/TZ 2/P2 /Higher Level/

4

c

Any two of:

|IE4: electron in lowerfinner shell/lenergy level
oRrR

|IEs: more stable/full electron shell v

Topic Chem 2 Q# 23/ 1B Chem/ZplG/s/TZoSP/PZ Section A/Higher Level/

IEs: electron closer to nucleus Accept “increase in effective nuclear R,
OR charge” for M2.
|IEs: electron more tightly held by nucleus v
IE4: less shielding by complete inner shelis «
Topic Chem 2 Q# 22/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/
Question Answers Notes Total
4. |a *Mg v 1
4. b 24 <7860 + 251011+ 261129 Award fi‘} for correct final answer.
wh, =» 100 v Do not accept data booklet value (24.31) 2
w=243269=5» 2433 v
4 |c contamination with sodium/other «compoundss v 1
4 |d i energy levels are closer together at high energy / high frequency / short 1
wavelength v
4. |d |ii |ionisation energy v 1

d

1

[MNel3si3p* v Electrons must be given as supersoript.

d

B

monp
15 2 2p 3s 3p

Topic Chem 2 Q# 24/ |IB Chem/2016/s/TZoSP/P2 Section A/Higher Level/

e

atomic radius which is 71pm/71x107 m due to increased repulsion
between electrons v

ionic radius of nitrogen is 146 pm/146 107 m which is greater than | Values must be given to score mark

4.

e

Topic Chem 2 Q# 25/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/

First 4s AND Second:4s AND Thid: 3d AND Fourth: 3d v

Do not apply ECF from (c).

4.

ain the same sub-shell and a» decrease in electron-electron repulsion
OR

qin the same sub-shell ande as more electrons removed, the pull of of the
nucleus/positive ions holds the remaining electrons more tightly ¢

Do not accept “greater nuclear charge/
effective nuclear charge”.

electron § is lost from the 3d orbital
OR
electron 5 is lost from the valence shell v

electron § is lost from a 3p orbital
OR
electron 8 is lost from a ecompletes inner shell v

3p orbitallcomplete inner shell experiences a much larger affective nuclear
charge

OR

3p orbitalicomplets inner shall is less well shielded

OR

3p orbitallcomplete inner shell is nearer the nucleus ¥

Award [1 max] (for M1/M2) (ECF) if candidate

recognises electrons 5 and 6 are from
different levels.

4.

iv

28+

Topic Chem 2 Q# 26/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/
(@)

79.91=79x+81(1-x);
Award M1 for any Suitable calculation.

(abundance ™Br =) 54 .5 %;
Award [2] for correct final answer.

6.

Topic Chem 3 Q#27/ 1B Chem/2019/w/TZ0/P2/Higher Level/Q7./

IA'-} 3d1il
OR
1s? 28% 2pF 38 3p°3d" v
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6.

«ligands causes d-orbitals «tow split v

light absorbed as electrons transit to higher energy level «in d—d transitions»

OR
light absorbed as electrons promoted

energy gap comresponds to «oranges» light in visible region of spectrum

colour observed is complementary

full «3nd subJdeveliorbitals
OR
no d—d transifion possible «and therefore no colours v

Topic Chem 3 Q# 28/ |B Chem/2018/w/TZ 0/P2/Higher Level/

4.

nuclear charge/number of protons/Ze~ increases «causing a stronger pull on | Accept “atomic number” for ‘number of

the outer electronss

same number of shells/wouters energy levelishielding

protons”.

isoelectronic/same electronic configuration/uboths have 2.8 v

more protons in Na™

Topic Chem 3 Q# 29/ |IB Chem/2018/w/TZ 0/P2/Higher Level/

3

a

152 252 2p° 357 3p® 45 340 4p*
OR
[Ar] 452 3d" 4p°

Accept 3d before 42

A

1 (L [ | e
’]L, adsn

Energy

Accept double-headed amowsz.

Structure | — follows oclet rule:

W /O 0 =
O—Br>0:| [ :0—B—0:
"¢ /

' v
Structure |l — does not follow octet rule:
O—Br=0 :O—Blr-:(}

I
0! et
L OR - o

Accept dotz, croszes or lines fo reprezent electron
pairs.

wstructure I» formal charge on Br=+2
OR

astructure [I» formal charge on Br=0/+1

structure |l is preferred AND it produces formal charge closerto 0

lgnore any reference to formal charge on oxygen.
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3 c Geomefry:
trigonalipyramidal ¥

Reason:
three bonds AND one lone pair
OoRrR

four electron domains Accept "charge centres” for “elecfron domainz™.

0-Br-0 angle: Accept answers in the range 104-109%
107

3. |d i BrO3 (aq) + 8™+ 8H™ (agq) — Br™ (ag) + 3Hz0 (1) Accept reversible arrows.
correct reactants and products 2

balanced equation

3. d i BrOs(aq) + 8Fe® (ag)} + BH™ (ag) — Br-{aq) + 3Hz0 (1) + BFe¥ (aq) v 1

3. |d | | EOppn = a+1.44V - D77V =0 0.67 aVn

AG? = 4—nFE “macton = —f % 88500 C mol™ = 0.67 V =» 3.8 x 105 xin

3. e both are paramagnetic ¥ Accept orbital diagrams for both iong showing

unpaired electrons. 2
wboth» contain unpaired electrons o

Topic Chem 3 Q# 30/ |IB Chem/2018/s/TZ 1/P2/Higher Level/

2. e upromoteds electrons fall back to lower energy level Accept ‘Na and Ca have different
: = nucfear charge” for M2. 2
eneargy difference between levels is different +
2. e
] . X X
g X
%
X 2
t i 4 4 ¢ t
1 2 3 4 5 5}
Number of electron removed
general increase
only one discontinuity between “IE2" and "IE3"
Topic Chem 3 Q# 31/ IB Chem/2018/s/TZ 1/P2/Higher Level/
1. h lone/non-bonding electron pairs #on nitrogen/oxygenfiigand» given to/shared with
metal ion 2
co-ordinate/dative/covalent bonds
Topic Chem 3 Qi 32/ 1B Chem/2017/s/TZ 2/P2/Higher Level/
1 ¢ i 3=} b ur of = ion Product ; Do not accept name for the products.
Accept ‘Na™ + OH™" for NaOH.
blue NaQOH v i 3
Ignore coefficients in front of formula.
AND
Ye“w ra HZPDA v
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Topic Chem 3 Q# 33/ IB Chem/2017/s/TZ 1/P2/Higher Level/

2. |d fii A log graph iz acceptable.
Accept log plot on given axes (without
amendment of y-axiz).

Award mark if gradient of 5 fo 6 iz
greater than “best fit fne“of 1 fo 5.

LE.
i 2 3 1 5 &
1
4— x
E x X
g x
5 ] *
] 4
&
&
._12::
<
oy
T T T T T 1
1 F 3 4 5 ]
Eleciion ramoved

regular increase for first five AND sharp increase to the Gth «

2. e pair of electrons provided by the ligand v+ Do not accept dafive” or “co- 1
ordinate bonding” alone.

2. |f partially filled d-orbitals «

#ligands cause» d-orbitals #to® split «

light is absorbed as electrons transit to a higher energy level €in d—d transitions»
OR 4 max
light is absorbed as electrons are promoted «

energy gap comesponds to light in the visible region of the spectrum
colour observed is the complementary colour v

Topic Chem 3 Q# 34/ |B Chem/2017/s/TZ 1/P2/Higher Level/
r & b

(46 x 7.98) + (47 x 7.32) + (48 x 73.99) + (49 x 5.486) + {50 x 5.25) Answer must have two decimal places
v with a value from 47.90 to 48.00.

100
=4703 ¢ Award [2] for correct final answer. "
’ Award [0] for 47_87 (dala booklet value).
2. |ec FProtons: 22 AND Neutrons: 26 AND Electrons: 22 « 1
2. |d i 152252 2p5 352 3pf 3d2 v 1
Topic Chem 3 Q# 35/ 1B Chem/2016/w/TZ0/P2 Section A/Higher Level/
4. |e MgO(s) + H,O(l) — Mg(OH).(s) Accept =
OR 1
MgO(s) ~ H.O(l) — Mg (aq) + 20H (aq) ¥
4, |f from basic to acidic ¥ Accept ‘alkali/alkaiine” for “basic”.
through amphoteric ¥ Accept “oxides of Na and Mg basic AND oxide
of Al- amphoteric” for M1. 2
Accept “oxides of non-metals/Si to Cl acidic” for
M2.
Do not accept just "become more acidic .
4. |g Mg;N, v Accept MgO,, Mg (OH},. Mg(NO,},, MgCO, 1
Topic Chem 3 Q# 36/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/
2 |1 coordinate/dative/covalent bond from O to «transition» metal wion»
OR

acts as a Lewis base/nucleophile v

can occupy two positions
OR 2
provide two electron pairs from different «O» atoms
OR

form two «coordinate/dative/covalents bonds wwith the metal ion»
OR
chelate «metalfions +
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Topic Chem 3 g# 37/1B Chem/.2('J_16/s/T;1/P2 Section A/Highlgr Level/

4. |e 15°252p 35 3p " 3d"¢s”
OR
1s25°2p"3s"3p"4s"3d’ v 2
incomplete d esub-» levelorbital/shell gin its compounds/ionss
4 |d i give/donate a lone/non-bonding slectron pair v Accept “through the formation of a dative/
coordinate bond"™. 1
Accept "by acting az Lewiz bases”.
Do not accept “act as ligands™.
Question Answers Notes Total
4 |d i emore chlondo ligandse smaller energy gap between spiit d-orbitals
OR
Cl is lower than H,O in spectrochemical series
OR Do not accept anawers in ferms of change
Cl is a weaker ligand/has lower charge density ¢ of frequency. 2
the absorption will move to longer wavelengths
OR

the absorption wavelength will increase v
Topic Chem 3 Q# 38/ IB CHEM/2015/w/TZ0/P2 Section B/Higher Level/
(e) (i) Naand Mg: basic
Al: amphoteric
Do not accept amphiprotic.

Si to CL: acidic

Ar: no oxide ;; 2]
Award [2] for three or four correct, award [1] for two correct.

Award [1] for stating oxides become more acidic towards the right/chlorine

or more basic towards the left/sodium.

Do not penalize incorrect formulas of oxides.

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

SO, (1) +H,0(1) = H,S0, (aq)/ SO; (1) + 2NaOH (aq) — Na;S0« (aq) + H20 (1) [2]
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.
Topic Chem 3 Q# 39/ IB Chem/2015/w/TZ0/P2 Section A/Higher Level/

5. (a) (i) ability of an atom to attract (a pair of) electrons in a covalent bond/molecule
/ ability of an atom to attract a shared pair of electrons; 1
Do not aocept element/nucleus instead of atom.

(ii) do not form bonds/compounds / do not share electrons / have (full/stable)
octet / have full/stable outer shell; [1]
Accept (chemically) inert / do not react / stable electron arrangements/
configurations.

(c) Na® has one less energy level/shell 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* (so valence
electrons attracted more strongly to nucleus) / (compared to Na atom) more
protons than electrons in Na“ (so valence electrons attracted more strongly to
nucleus); [1 max]
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Topic Chem 3 Q# 40/ IB Chem/2015/w/TZ0/P2 Section A/Higher Level/
2. (a) (Cu)1s°2s°2p®3s’3p°4s'3d” /1s°2s°2p°3s°3p°3d'°4s’;
Do not accept [Ar] 4s'30d'°.

(Cu™) 15°25°2p°3s%3p" 3 ; 12]
Do not accept [Ar] 3c°.

(c) d orbitals are split (info 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 filled d sub-level / Zn?* has filled d sub-level;

Accept d-d transitions possible between orbitals for M2. [4]
Topic Chem 3 Q# 41/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/
(b) (i) Na, Mg (oxides): basic

Al (oxide): amphoteric
Do not accept amphiprotic.

Si to Cl (oxides): acidic [2]

Award [2] for all three listed sets 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 left/Na.

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

Do not penalize for incorrect formulas of oxides.

(i) Na,O(s)+H,O(l)—»2NaOH(aq);
P:Oy(s)+6H,0(l) = 4H,PO,(aq); [2]
Ignore state symbols.

Accept P;0s(s) + 3H,0 (1) — 2H;P04(aq).
Do not award marks if incorrect formulas of the oxides are used.

Topic Chem 3 Q# 42/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/
v) r al T4

HNL_ | NHs
Cr

HaN/ | \N"h

HaN\cl _NH;

r i

o |\C1
NH; |

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

(2
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Topic Chem 3 Q# 43/ IB CHEM/2015/s/TZ1/P2 Section B/Higher Level/

8. (@
1 ARIE AR ]
4s 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.

(i) (electrostatic) attraction between (lattice of) cations/positive/Cr** ions and

delocalized electrons; [1]
(i) (delocalized electrons allows) the layers/rows of cations/positive/Cr** ions
to slide past each other (without disrupting the metallic bonding); [1]
Accept atoms instead of ions.
() (1) W/+3; [1]

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

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

ligand is Lewis base / fon is Lewis acid; 12]

(iii)  partially filled/incomplete d sub levels/orbitals;
d orbitals split into two levels;
energy difference is in visible part of spectrum / electrons absorb visible
light/one colour/frequency/wavelength,
electron transitions occur from lower to higher energy level (within
d sub-level);
complementary colourfcolour not absorbed is seen; [4 max]
Do not accept complementary colour "emitted”.

Topic Chem 3 Q# 44/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/
(e) Clhas 7 valence electrons and is in group 7;
Accept “group 17" as suggested by IUPAC.

Cl has 3 occupied (electron) shells/energy levels and so is in period 3; [2]
Topic Chem 3 Q# 45/ IB Chem/2015/s/TZ1/P2 Section A/Higher Level/

2. (@ NaO(s)+H0()— 2NaOH(aq);
Accept Na,O(s)+ H,0(l) — 2Na’ (ag)+ 20H "(aq)

P,0,;(s)+6H,0(l) = 4H,PO, (aq). [2]
Accept P,0,(s) + 3H,0(1) — 2H,PO,(aq).
Accept P ,O,,(s) +6H,O(l)— 4H" (aq) + 4H,PO, (aq).
Ignore state symbols.
Topic Chem 3 Q# 46/ IB Chem/2015/s/TZ1/P2 Section A/Higher Level/
4. (a) 1s22s?2p83s23p?3d'%4s! / 1522522p®3s23p®4s'3d'e; [1]

(b) Physical:
%Cu lower boiling point/melting point/density/greater rate of diffusion than %Cu;
Accept converse argument.
Do not accept “different mass”.

Chemical:

(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.
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Topic Chem 4 Q#47/ 1B Chem/2019/w/TZ0/P2/Higher Level/Q7./

6 [T || octahedral AND 90° «180° for axialy Accept squars-based bi-pyramid.

Topic Chem 4 Q# 48/ |IB Chem/2019/w/TZ0/P2/Higher Level/Q2./

1. |a O D O:O—O Coordinate bond may be represented by an arrow.

v v Do not accept delocalized structure for ozone.

1. |(b resonance astructuress
OR
delocalization of «the double/pi bonds electrons v

121 apmn < length < 148 apms v Accept any length between these two values.

1 |c any value from 110°-119° &

1. |d wbonds in O: stronger than in Oz v

ozone absorbs lower frequencylensrgy «radiation than oxygens | Accept ozone wlayers absorbs a range of frequencies.
OR
czone absorhs longer wavelength eradiation than oxygens

1. e |[i steps 1 AND 3 &

1. |e ii ALTERNATIVE 1: Award [2] for correct final answer.
for oxygen:

408 000 Jmol™
e
8.02x10"mol™

g 8.63x10™ Jsx3.00=10" ms™'
827=107" J

E= = 827 x 107 wln

h= =» 240 x 107 am» v

ALTERNATIVE 2:
for czone:
similar calculation using 200 < bond enthalpy < 400 for ozone, such as
. 300000 Jmol™!
6.02x10"mal™
" 8.63=107 J5>c3_CfDx1CI’ ms™
4.08x107" J

=p 4.98 x 107" adn

A= =3 399 x 107 ami» v

1. |f NO+ Oz = *NO2+ Oz Accept *NO: — *NO ++0 AND

*NOz+ 03 5 *NO+ 20 v *0 + 03— 20, for M2
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Topic Chem 4 Q# 49/ |B Chem/2018/w/TZ 0/P2/Higher Level/

3 |b i Structure | — follows octet rule: Accept dotz, crosses or lines fo represent electron
f pairs.
H O—EF_}O : / O—B;—o :
49

L
e

Structure |l — does not follow octet rule:
He omti—4] 3 Q-—Blr=cl

l
0 (O

OR J

3. b ii wstructure i» formal charge on Br=—+2 lgnore any reference to formal charge on oxygen.
OR
astructure [i» formal charge on Br=0/+1 2

structure |l is preferred AND it produces formal charge closerto 0

3 e Geometry:
trigonalipyramidal

Reason:

three bonds AND one fone pair
OoR

four electron domains v Accept "charge centres” for "electron domains”.

O-Br-0 angle: Accept answers in the range 104-109"
107

Topic Chem 4 Q# 50/ |B Chem/2018/s/TZ 2/P2/Higher Level/

USSR IS WER3 muLes uLan

7. |a i polar bonds «between H and group 18 elements

OR

difference in electronegativities «between H and group 18 elements
M2:
uneven distribution of charge/electron cloud Do nof accept "nefoversll dipole 2
oR moment” without further explanation.
non-linear’bentV/-shaped/angular shape «due to lone pairss fy&mmegz;?eﬁ

oR

polar bonds/dipoles do not cancel out

7. |a |ii | number of electrons increases M1: Acospt "M, /A, increases” or
“malecuies become larger in
sizedmass’surface area”.

Lendon/dispersion/instantanecus induced dipole-induced dipole forces increase o
7. |b Electron domain geometry: Both markz can be swarded for clear
diagrams. Electron domain geometry
tetrahedral v requires a 3-D diagram showing the
tetrahedral arrangement. 2

Molecular geometry:
bentV-shaped/angular v
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T. c i Structure: | 1]
O atom labelled (1) 0 a+ni v

O atom labelled (2) 0 -1 v

Award [1] for any two correctly filled
cellz.

7. c i structure | AND no formal charges
OR

structure | AND no charge transfer ubetween atomss

7. d Q1 has bond between single and double bond AND Oz has double bond
OR

O3 has bond order of 1.5 AND O3 has bond order of 2

oR

bond in O3 is weakerflonger than in Oz v

Q3 reguires longer wavelength

M1: Do not accept "ozone has one
single and one double bond”.

7. = COz anon-polars aweaks London/dispersion forces/instantaneous induced dipole-
induced dipole forces between molecules

Si0Oz networkl/lattice/3D/giant «covalents structure

M1: The concept of between” iz
ezsential.

Topic Chem 4 Q# 51/ |B Chem/2018/s/TZ 1/P2/Higher Level/

3 |d equal C—C bond #lengths/strengthss

OR

regular hexagon

OR

walls C—C have bond order of 1.5

OR

ually C—C intermediate betwean single and double bonds

Accept "all C-C—-C bond anglez are
equal”.

Topic Chem 4 Q# 52/ |B Chem/2018/s/TZ 1/P2/Higher Level/

2. |a electrostatic attraction AND oppaositely charged ions

2. b multiply relative intensity by am/z» value of isotope
OR
find the frequency of each isotope

sum of the values of products/muiltiplication «from each isctopes
oRrR

find/calculate the weighted average v

Award [1 max] for stating ‘m/z values of
izotopes AND relative
abundancafntensity” but not stafing
theze need to be multiplied.

2 c «promoteds electrons fall back to lower energy level

energy difference between levels is different

Accept "Na and Ca have different
nuclear charge” for M2.

2. |d i Any two of
stronger metallic bonding

smaller ionic/atomic radius v
wao electrons per atom are delocalized
OR

greater ienic charge

greater atomic mass

Do not sccept just heavier™ or "more
magssive” without reference to atomic
mass.

2. |d i delocalized/mobile electrons afree to moves
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Z, e
o . X X
t_g’ X
x X .
1 2 3 4 5 &8
Number of electron removed
general increase
only one discontinuity between “IE2" and "IE3" ¥
2. |f pH=T7 Accept any specific pH value or range
of valuss above 7 and befow 14. L
2. g i sigma (g): Award marks for suifable diagrams.
overlap «of atomic orbitals» along the axialintemuclear axis
OR
head-on'end-to-end averlap «of atomic orbitalss
2
Pi(x):
overiap «of p-orbitalss above and below the internuciear axis
OR
sideways overlap «of p-orbitalsy
2. |g ii sigma (T): 3
AND 1
pi(m):24
Topic Chem 4 Q# 53/ |B Chem/2018/s/TZ 1/P2/Higher Level/
i b A Balectlar neoietry Note: Urea's structure iz more complex
- - - than that predicted from VSEPR theory.
tetrahedral trigonal pyramidal 3
trigonal planar HONS
e i Any one of: Accept “ures has larger size/greater
van der Waals forces™
urea has greater molar mass
. . ' Do not accept “urea has greater
urea has greater electron density/greater London/dispersion P R A 1
urea has more hydrogen bonding v
urea is more polar/has greater dipole moment
1. |e ii H\ Award [1] for each correct interaction.
? if lone pairs are shown on N or O, then
the lone pair on N or one of the lone
EI v pairs on O MUST be invoived in the
= H-bond.
/N\ & Fenalize zolid line to reprezent 2
H | "H, :
H fnﬁj_ H-bonding only once.
2N
H H
1. i lone pairs on nitrogen atoms can be donated to/shared with C—N bond
OR
C—N bond partial double bond character
delocalization wof electrons occurs across moleculen
oRrR
slight positive charge on C due to C=0 polarity reduces C—N bond length v
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Topic Chem 4 Q# 54/ |B Chem/2017/s/TZ 2/P2/Higher Level/

4. |a i triple bond in nitrogen amolecules AND single bond in hydrazine « Accept bond enthalpy values from dafa
bookiet (158 and 945 kJ mol™).
triple bond is stronger than single bond
OR
more shared «pairs ofs electrons make bond stronger/attract nuclei more «
4 a ii hydrogen bonding «between molecules, dinitrogen tetracxide does nots
4 b i lone pair on p orbital wof O atom# overlaps/delocalizes with pi slectrons «from | Accept Jp/pift electrons are
double bonds v delocaiized/nof localized™
both O-C bonds have equal bond length
oRrR
both O-0 bonds have samea/1.5 bond order
OR
both O-0 are intermediate betwean O-0 AND O=0 v
both O—-0 bonds have equal bond energy «
4 b i ALTERNATIVE 1: Accept any combination of lines, dots or
crosses fo represent electrons.
o Do not accept structure that represenis
o Rl 1.5 bonde.
- - v
Do not penalize mizsing lone pairs if
FC:—1 AND +1 ANDO v already penalized in 3(b).
If resonance structure iz incarrect, no
ALTERNATIVE 2: ECF.
Any one of the structures with correct
= formal charges for [2 max].
NG
FC:0 AND +1 AND -1 ~

Topic Chem 4 Q# 55/ |B Chem/2017/s/TZ 2/P2/Higher Level/

3 b

Lewiz structure:

S—pr—al
al
Molecular geomelry:

trigonalftnangular pyramidal v

Bond anglesz:
< 108.5° v

Penalize mizsing lone pairs once only
between thiz question and 4(b){ii).

Accept any combination of lines, dotz or
crogses fo represent electrons.

Do not apply ECF.

Do not accept answer egual to or less
than 90°.

Literature vaiuve iz 100.1°,

1 c i

Topic Chem 4 Q# 56/ |B Chem/2017/s/TZ 2/P2/Higher Level/

amoltens NazO has mobile ions/charged particles AND conducts electricity

amoltens P4Oypdoes not have mobile ionsicharged particles AND does not
conducts electricitylis poor conductor of electricity +

Do not award marks without concept of
mobie charges being present.

Award [1 max] if fype of bonding or
electncal conductivity correctly
identified in each compound.

Do not accept answers based on
electrons.

Award [1 max] if reference made to
solution.
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Topic Chem 4 Q# 57/ 1B Chem/2017/s/TZ 1/P2/Higher Level/
8. |a NO-(g)+ Osz(g} = NO=(g) + Oz20g) v Allow reprecentation of radicals without
- if conzizfent throughout
NO2- (g) + O-(g) — NO-(g)+ Oz(g)
oRr
NGz~ (g} + Oa(g) = NO- (g} + 202 (g} ¥

8 b #loss of czone® allows UV radiation to penetrate atmosphere/reach earth +
UV radiation causes skin cancer
oR
UV radiation causes tissue damage v

Topic Chem 4 Q# 58/ |B Chem/2017/s/TZ 1/P2/Higher Level/
5 |a 107 v Accept 100° to <109.5°.
Literature valus = 105.8°

5 b tetrahedral v No ECF sllowed.

spt v
Topic Chem 4 Q# 59/ IB Chem/2017/s/TZ 1/P2/Higher Level/

2. |a elactrostatic attraction «
between #3 lattice of® metal/positive ions/cations AND %a sea of# delocalized Accept “mobile elecfronz”.
electrons v Do not accept "metfal atoms/nuclei”.

2 d il vanadium has smaller ionic radius fleading to strenger metallic bonding® « Accept vanadium has ®one» more

valence efectronitsy wleading fo
stronger metallic bondings.
Accept "atomic” for “onic”.

2 d v titanium atomsfions distort the regular arrangement of atomslions Accept diagram showing different sizes
OR of atomsfions.
titanium atomsfions are a different size to aluminium *atomsfions® ¥
prevent layers shiding over each other «

2 o i ionic
OR
#electrostatic® attraction between oppositely charged ions «

2 o ii simple® molecular structure Accept specific examplez of weak
OR bonds such as London/dispersion and
weakéer intermolecular bonds van der Waals.

OR Do not accept “covalent”.
weaktert bonds between molecules
Topic Chem 4 Qi 60/ |B Chem/2016/w/TZ0/P2 Section A/Higher Level/
4, |h «3-D/giant» regularly repeating arrangement «of ionss Accept “giant” for M1 unless “giant covafent’
OR stated.
lattice «of ions»
2
electrostatic attraction between oppositely charged ions Do not accept “lonic” without description
OR
electrostatic attraction between Mg®* and O% ions ¥
Topic Chem 4 Q# 61/ |B Chem/2016/w/TZ0/P2 Section A/Higher Level/
Question Answers Notes Total
2. |d 5 w2 G o 2- Accept single negative charges on two O atoms
‘0 o} : singly bonded to C.
\C—C/ OR \\\\c—c/ Do not accept resonance structures 1
A N A \ Alfow any combination of dots/crosses or lines to
s .0: 0. O 7 represent electron pairs.
2. |e electrons delocalized «across the 0—C—-O system» Accept delocalized wband(s).
OR
resonance occurs ¥ No ECF from (d)
122 apmn < C-0O < 143 «pmn ¥ 2
Accept any answer in range 123 «pmy to
142 apmyp
Accept “bond intermediate between single and
double bond™ or “bond order 1.5
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Topic Chem 4 Q# 62/ |B Chem/2016/w/TZ0/P2 Section A/Higher Level/

5 |b i Sigma (o)
=~ ¥>= 0R (A=,
Pi {m) 2
i iy v
5 (b [ii : ora 1 e Award [1] for two or three correct answers.
:,‘::-::1[;“ of sigma (o) Number of pi (1) bonds VS T ————
Propane 10 0 2
Propene 8 1 v
Topic Chem 4 Q# 63/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/
Question Answers Notes Total
1. |d ethane-1,2-diol can hydrogen bond to other molecules «and ethene Accept converse arguments.
cannots Award [0] if answer implies covalent bonds are
OR broken
ethane-1,2-diol has asignificantlys greater van der Waals forces v
2
hydrogen bonding is «significantly» stronger than other intermolecular
forces v
Topic Chem 4 Q# 64/ |B Chem/2016/s/TZoSP/P2 Section A/Higher Level/
Question Answers Notes Total
6 |[a |[i = g prm— Lines, x's or dots may be used to represent electron
0O Charges may be included in Lewis structures of
O// \0 / 0/ \\\‘0 v ozone but are not required
T
‘K, I F: 2
- /TN
:F F:
e :E: s
a il - = Award [I max] for either both electron domain
sctron dowain Molecular sesmetrr | | oometriss correct OR for sither both molecular
geomelr —— e . geometries corvect.
trigomal/triangular | | b edibentiangular + 3
planar =
- octzhedral’square | octabedral/square
; f bi idal e idal v
a iii | sulfur hexafluonde/SF; « 1
a  |iv | Ozone: Accept any angle greater than 115 but less than 120 Experimental value of bond angle in O is 117 .
and 1
Sulfur hexafluoride: 90 (and 180 )+
Question Answers Notes Total
6 [a | o o Double-headsd arrow not necessary for
/\‘{‘\ ,/’\' mark 1
.0, o, 0 0. Linez, x’s or dots may be used to
represent electron pairs.
b |i
A 0:\:\ 0 +1 -1 -
Award [2] for all nine FCs correct. [1] for -
I e 1 1 0 six to eight FCs correct.
C [ :0=N—N: <1 +1 2
b |8 |smallest FC difference for A or B, so erther 15 preferred v Reazon requived for M.
-
however B 15 prefened a5 cxyzen 15 more electionegative than mtrogen, even =
though FC per se 1znores electronegativity v OWTIE
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Question Answers Notes Total
& |d |3 0, has a double bond v Do not award mark for I on its own with no
ustificati
0, has mtermediate bonds between double and single bonds
OR 3
0, has a bond order of 1%: +
bond m O, is stronger therefore I needs more enargy v
d |ii |Cl dbond breaks since weakest bond « Allew reprasentation of radicals without « as long as
consistent throughout.
i
CCLE, —» -CCE,+C v
Ch+0,5C0.+0, ¥ 5
Co+050,+Ck v
Clo-+0, -5Cl+20, v
Topic Chem 4 Q# 65/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/
Question Answers Notes Total
3 e |i ALTERNATIVE 1:
co-bond fom NtoN ANDfromNio O v
=-bond fromNto N v
delocslized =-bond/n-electrons eextending over the oxygen and both
nitrogenss v
ALTERNATIVE 2: 3
both have 2 c-bonds efrom N ta N and from N to O» AND =-bond from N
wNY
one structure has second n-bond from N to N and the other has x-bond
frrmN©0Ov Award [1 max] if candidate has identified
botheither structfure having 2 c-bonds and
delocalized =-bond/n-electrons ¢ 2 x-bonds.
3 |ec ii more than one possible position for @ multiplefm-/pi- bond « Accept “more than one possible Lewiz
strucfure”.
Accept reference fo delocalizabon if M3 not 1
awarded in ¢ (i).
Accept reference fo fractional bond orders.
Topic Chem 4 Q# 66/ |B Chem/2016/s/TZ1/P2 Section A/Higher Level/
[ Guestion — RANswers Notes Total |
1. |a i o e o Accept structures using dotz and/or crosses
H T H to indicate bonds andior fone pair :
H v
1. |a |[i sp'v Do not allow ECF from a (i). 1
1. |a |iii |Lewis base AND has a lone pair of electrons «to donates v
1. |a iv | non-polar AND P and H have the same electronegativity v Accept “similar electronegativities”.
Accept ‘polar” if there is a reference to a 1
amall difference in electronegativity and apply
ECFin1a(v.
1. |a v PH, has London edispersiony forces v Accept van der Waalz" forces, dispersion
forces and instantaneous dipole — induced
NH, forms H-bonds ¥ dipole forces.
Accept “dipole-dipole forces™ as molecule is
H-bonds are stronger polar.
OR H-bonds in NH, (only) must be mentioned fo 2
London forces are weaker v score [2]. _—
Do not award M2 or M3 if
+ implies covalent bond is the H-bond
= implies covalent bonds break.
Accept “dipole-dipole forces are weaker”
1. |a vi | Weak: only partially dissociated/ionized €in dilute aqueous solutions v Accept reaction with water iz reverzible/an
Brensted—Lowry base: an acceptor of protons/H'/hydrogen ions v Accept "water iz partially dissociated eby the 2
weak bacep”.
1. |b |i P, is a molecule ecomprising 4P atomss AND 4P is four/separate «P»
atoms
OR
P, represents «4P» atoms bonded together AND 4F represents ed»
separate/non-bondad «P» atoms v
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Topic Chem 4 Q# 67/ |B CHEM/2015/w/TZ0/P2 Section B/Higher Level/

€ NF, N,H, N,H,
Hybridization sp*, sp2. sp®; 3]

Do not penalize if it is not superscript.

(i) sigma bond: overlapping of orbitals end to end/head on / overlapping of
orbitals along internuclear axis;
Accept “axial overiapping of orbitals”.

pi bond: side-ways/parallel overlapping of p orbitals (above and below

intermuclear axis), [2]
Accept “overlapping of p orbitals above and below the intemuclear axis™

Accept suitable labelled diagrams.

@iy — IFi s I
3 E 1P
AL N\
4 & 1N
See saw; Octahedral; 4]

Accept any combination of lines, dots or crosses to represent electron
pairs.

Penalize missing lone pairs on fiuorine atoms once only.

For SF4 lone pair on S required for the mark.

Do not allow ECF for a wrong Lewis structure.

Accept saw horse/distorted tetrahedron instead of see-saw.

(d) (i) CHiCHCH3 < CH;CHO < CH3;CH,OH < CH:COOH ;; [2]
Award [2] for correct order.
Award [1] for CH;COOH > CH;CH:0H > CH;CHO > CH,CH.CHj; as
compounds are not listed in order of increasing boiling point.
Award [1] if one error in the order.

(ii) CH2CH2CHa /London/dispersion/instantaneous induced dipole-induced
dipole forces
CHaCHO dipole-dipole forces (and London/dispersion forces)
CHaCH20H H-bonding (and dipole-dipole and London/dispersion forces)
CHa2COOH H-bonding (and dipole-dipole and London/dispersion forces);;
Award [2] for all four correct.
Award [1] for two or three correct.

H-bonding strongest / London/dispersion forces weakest / dipole-dipole
stronger than London/dispersion / dipole-dipole weaker than H-bonding;

Accept van der Waals' forces for London/dispersion forces.

CH3:COOQH forms more/stronger H-bonds than CH3CH.OH / CH2COOH is
more polar than CHzCH20H; 4]
Accept CH;COOH has more electrons/higher mofar mass than CH3CH20H.

(e) ionization and (hombardment) by high energy/fast moving electrons/electron gun
(to form positive ions);
acceleration and passing through electric field/potential difference/oppositely
charged plates;
deflection and passing through magnetic field/electromagnet;
Award [1] for naming 3 processes (ionization, acceleration, deflection) in the
correct order with incorrect details.
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Topic Chem 4 Q# 68/ |B Chem/2015/w/TZ0/P2 Section A/Higher Level/
(b) (Li — Cs) atomic/ionic 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 vdW/van 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” only.

Topic Chem 4 Q# 69/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

© O
BB
:‘B..r:

S F ;

- [2]
Penalize lone pairs missing on Br and F once only.
Accept any combination of lines, dots or crosses to represent electron pairs.

(i) PBr; SF,
Shape: Shape:
trigonal pyramidal; see-saw/K-shaped;
Accept triangular pyramidal. Accept distorted tetrahedral.

No ECF for shape if Lewis structure is incorrect.

Bond angle: Bond angle:
Any value 99 <109 ; Any two for [1] of:
Literature value = 101 . (Feq—S—Feq): Any value 100°<120°

Literature value = 103

(Fa—S-Fa.): Any value 175" <185
Literature value = 179 /180"

(Fa—S—Fog): Any value 85°< 95°
Literature value = 89 [4]
No ECF for angle if shape is incorrect.

Do not award mark for correct angles if shape is incorrect.

(i) P-Brand S-F bonds are polar / bonds in both molecules are polar;
non-symmetrical distribution of electron cloud / polar bonds/dipoles do not
cancel because of non-symmetrical shape; [2]
M2 may also be scored with a suitable diagram showing the vectorial
addition of the individual S—F dipole moments to show a net dipole moment
centred along the axis between the Fe—S—Feq bond.
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@

(i)

(iii)

(V)

EITHER

(electrostatic) attraction between (positively charged) nuclei and a pair of
electrons;

formed as a result of electron sharing (between the carbon and hydrogen
nuclei);

OR

sigma bond formed by overiap of atomic orbitals;
s orbital from H and p/sp? from carbon; [2]

a:sp® and 8 sp*; (1]
Accept if numbers are given as Subscripts.

o bond:
end-on / axial overlap of two orbitals;

xbond:
sideways overlap of two (parallel) p orbitals; [2]

Accept suitable diagrams for both marks.

11cand3T; (1]

Topic Chem 4 Q# 70/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

(b)

(i)  chromium(iil) oxide; 11
Do not award the mark for chromium oxide.

(i) (electrostatic) atfraction between positive and negative ions/oppositely
charged ions/Cr** and 0%~
formed as a result of electron transfer from chromium atoms to oxygen
atoms / OWTTE, [2]
:'gno:e reference to number of electrons transferred or cnarges of ion for M2.

(iiiy ions are not free to move (when solid) / ions in rigid lattice / OWTTE; [1]

Topic Chem 4 Q# 71/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

(M
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Sigma bonds:
o o
g e/ (A=
result from head-on/end-on overlap of orbitals / OWTTE,

Accept axial ovenap of orbitals.
Accept “symmetric orbital” with respect to same plane / OWTTE.

result from sideways overlap of orbitals / OWTTE, [2]
Accept “antisymmetric orbitals” with respect to (defining) plane (containing at
least one atom) / OWTTE.




Topic Chem 4 Q# 72/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

(g) Allotropes:
Any three allotropes for [1] from:
diamond
graphite
fullerene
graphene;
Alfow (carbon) nanotubes for graphene.
Accept Cso /Cro /buckminsterfullerene/bucky balls for fullerene.

Structures:

Any three for [3] from:

Diamond:

tetrahedral arrangement of (carbon) atoms/each carbon bonded to four others /
sp® and 3D/covalent network structure;

Graphite:

each carbon bonded to three others (in a trigonal planar arrangement) / sp? and
2D / layers of (carbon) atoms;

Fullerene:

each (carbon) atom bonded to three others (in a trigonal arrangement) / sp? and
joined in a ball/cage/sphere/connected hexagons and pentagons;

Accept “trigonal planar” for “each carbon atom bonded to three others” part in M4.
Graphene:

each carbon bonded to three others (in a trigonal arrangement) / sp® and

2D structure; [4]

Topic Chem 4 Q# 73/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/
(e) Clhas 7 valence electrons and is in group 7,
Accept “group 17" as suggested by IUPAC.

Cl has 3 occupied (electron) shells/energy levels and so is in period 3; [21
(n I cuie hape 109;; " g":
< ; o
3_3;:\”3"90'3” Accept 1000 = -’080‘ po‘ar
apesy Literature value is 103°.
Octahedral
Accept square | 90° (180°) polar
Do not accept ECF for bond angies and polaﬁtfes from incorrect Shapes.
Award [3] for all six correct.
Award [2] for four or five cormrect.

Award [1] for two or three correct.
Topic Chem 4 Q# 74/ |B Chem/2015/s/TZ1/P2 Section A/Higher Level/
(b) (i) NazO ionic and PsOso covalent (within molecule);

Naz0 in giant/3D/network/lattice structure with strong (ionic) bonds and
P4+O1o has a (simple) molecular structure/weak intermolecular forces

(between molecules); [2]
Award [1] for stating that bonds require more energy to break in Na:20 than
in P40y,
(i)
no no
o yes = [2]
Award [2] for four correct.

Award [1] for two or three correct.
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Topic Chem 4 Q# 75/ IB Chem/2015/s/TZ1/P2 Section A/Higher Level/

(c) electrostatic attraction;
between (a lattice of) cations/positive ions and delocalized/sea of electrons; [2]
Do not award any mark for only stating “metaliic bonding”

Topic Chem 4 Q# 76/ |B Chem/2015/s/TZ1/P2 Section A/Higher Level/

(c) hydrogen bonding; [1
(d) O 0
H""O"‘C"C"'Q"H = I1]

Mark ‘c':annor be scored if lone pairs are missing on oxygens.
Accept any combination of lines, dots or crosses lo represent electron pairs.

(e) Acid
one double and one single bond / one shorter and one longer bond;
Accept “two double and two single”.

Conjugate base:
two 1.5 bonds / both bonds same length;
Accept “four / all’.

electrons delocalized / resonance forms; [3]
Award marks for suitable diagrams.

Topic Chem 5 Q# 77/ 1B Chem/2019/w/TZ0/P2/Higher Level/Q7./

6. [a |ii |AH=3AH® (products)— TAHY, (reactants) v Award [2] for correct final answer.
AH® = 2(-241.8 skJmol"n) — 4{~92.3 «kJmol~'s) = —114.4 akJs 2

6 |d enthalpy of solution = lattice enthalpy + enthalpies of hydration «of Cu** Accept enthalpy cydle.
and Cl's v

Award [2] for correct final answer.
w+2824 kdmal™" — 2161 kd mol™ — 2{358 kdmal™) =» =55 «kJmol™'s

Topic Chem 5 Q# 78/ |IB Chem/2019/w/TZ0/P2/Higher Level/Q4./

3. |e |[i |2CHsO()+90:(g) - 6CO:(g) + BH:0 ()
OR 1
CsH:O (1) + 4.50:2{g) — 3COz(g) + 4H:0(g) v

& |e ii bonds broken: Award [3] for comrect final answer.
T(C—H) + C-0 + O-H + 2(C-C) +4.5(0=0)
OoR

7(414 «kJmol™'s) + 358 «kd mol~'s + 463 ukJ mol'» + 2(346 «kJmol™'s) +
4.5(498 akJ mol-'») / 6652 wkdw v

bonds formed:
6(C=0) + 8(0-H) 3
OR

6(804 k. mol™*») + B{463 wkJ mol™'s) / 8528 wkdn

aAH= bonds broken — bonds formed = 6652 — 8528 =» —1876 akJmol™'» +
Topic Chem 5 Q# 79/ |B Chem/2018/w/TZ 0/P2/Higher Level/

T b w(—2BG kJ) + (1411 kJ)=» — 1687 akJn 1

7. |e «—1697 kJ + 1561 kJ =» —138 akJ»
OR 1
«AH " = AHT (products) — AH? (reactants) = —B4 kJ — 52 kJ =» —136 akJs
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7. |d Accurafe:

no approximations were made in the cycle

OR

values are specific to the compounds

OR

Hess's law is a statement of conservation of energy
oR

method is based on a law

oOR

data in table has small uncertainties

Approximate: 2
values were experimentally determined/had uncertainties

OR

each value has been determined to only three/four significant figures

oR

different sources have «slightlys different values for enthalpy of combustion
OR

law is valid until disproved

OR

law of conservation of energy is now conservation of mass-=nargy

OR

small difference between two quite large terms wleads to high percentage unceraintys

Topic Chem 5 Q# 80/ |B Chem/2018/w/TZ 0/P2/Higher Level/

5. b negative AND fewer moles/molecules wof gasw in the products 1
5. |e AG® =«—RT In Kc=» —8.31 J K~'mol™ % 1000K  In 280 Award [2] for correct final answer.

OR

AG=—4T7 x10P win 2

«AG® =p —47 ks

5. d AG®< O'spontansous AND AS © < Ofunfavourable
. 2
exothermic AND AH" amust bes negativeffavourable «
Topic Chem 5 Q# 81/ |B Chem/2018/w/TZ 0/P2/Higher Level/
4 |d Fe®™ AND smaller sizelradius M1 not neaded for M2.
oR
Fe®" AND higher charge density + 2

stronger interaction with «polary water molecules «
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Topic Chem 5 Q# 82/ |B Chem/2018/w/TZ 0/P2/Higher Level/

1. |b |i ALTERNATIVE 1:
q=«B0.0gx4.18Jg K" x 75K =0 2.5 x 10% «J»/2.5 akJn ¥
wper mol of CuS0s= ——29 K =4 g x 102kJ mol-'»
0.0160 mol

afor the reactions AH=—1.8x 10" ekJ» Vv Award [2] for PR

ALTERNATIVE 2:
q=e80.0gx4.18Jg ' K" x TE5K =0 25 x 10 «Jn/2.5 akln v

0.872
B3.55

=0.0137 mol»

Ny =

«per mol of CuS0s= =25k 4 8x10?kimol's

0.0137 mol
wfor the reactions AH =—1.8 x 102 akJn

1. b ii density «of solutions is 1.00 g cm™ The mark for “reaction goes fo compiletion”
OR can only be awarded if 0.0160 mal was used

ific h ity wof soluti is 4.18 J g~ K- Vthat of et &N
: ti : “1ithat
specific heat capacity «of solutions is g atof epures water | asipt Tent lons”

OR 1
reaction goes to completion

OR

iron/CuS0s does not react with other substances

Topic Chem 5 Q# 83/ |B Chem/2018/s/TZ 1/P2/Higher Level/

3 |e i AH® = bonds broken — bonds formed Award [2] for correct final answer.
- -
«AH® = 3(C=C) — B{C=Cloene /3 X 839 — 8 x 507 { 2517 — 3042 =» SR R A5 elly
—525 akdw
Award [1 max] for: 2
®AH® = 3(C=C) — 3(C-C) — 3(C=C) /
3x839-3%346— 3% 614 /2517 -
2880 =» —363 wkJv.
A |c ii AH® = TAH: (products) — TAH: (reactants) Award [2] for correct final answer.
il far - - 2
AH® = 48 kJ - 3 x 228 kJ =» —635 akJn v/ AUESIRRN S <1635 sy’
3 |e iii | AH.values are specific to the compound
OR
bond enthalpy values are averages «from many different compoundss
2

Accept "benzene iz in two different

condensation from gas fo liquid is exothermic states gone liquid the other gacs”

for M2.
3 |e |iv | gAs®=173-3%x201=» 430wl K s ¥ 1
. c v T=a25+ 273 =y 208 aK» AG? < 0 may be inferred from the
caleulation.
AG® a =—835 kJ — 208 K x (—0.430 kJ K™")» = =507 kJ v 3

AG® < 0 AND spontaneous
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Topic Chem 5 Q# 84/ |B Chem/2017/s/TZ 2/P2/Higher Level/

9. a i | 188.2 = Accept other methods for correct
AH=1770- 2 —285.5 wkdw ¥ manipulation of the three equations.
«AH =3 — 203.1 wkJn v Award [2] for correct final answer. 2
a i | 203.1 «kJ» =0.850 wkgn X 4.18 «kJ kg™ K™ X AT aK» Award [2] for correct final answer.
oR Accept two, three or four significant
figures.
aAT =» 57.2 aKn +
={ - C = = v
T = (57.2 + 21.8)°C =» 78.0«°C» / 352.0 «K» Uniz, F specified, must be consistent
with value sfated.
If 200.0 kJ was uzed: *
200.0 «kJw = 0.850 wkgn X 4.18 akd kg™  K'» x AT aK»
OR
aAT =n 56.3aKn +
4T =1{56.3 +218)°C =» 78.1 «°C» / 3511 aKnv"
b i | «AS?=y 270 «J K=" mol'n — 267 «J K~ mol's — 131 «J K~ mol™'» + Award [2] for correct final answer.
2
wAS5"=p 128 «J K mol s v
b i | ghon spontanecus ifs AGY = AHY - TASY =0
OoR
AH®~ TASO v Award [2] for correct final answer. 35
Acecept 639 C.
« T aboves —124 4k m':'r"'_ =p 072 ukn ¥ Do not award M2 for any negative T
—0.128akd K™ mol™» valus.
Topic Chem 5 Q# 85/ |B Chem/2017/s/TZ 1/P2/Higher Level/
4. |e |i T5 % = 313.4 €J K 'n Award [2] for correct final answer.
AND 2
TS e -4 X 107 6)+ 200 JK T -2 8203 € K tn v
ASY 4m TS e — TS e =313 4 - B203% « - 506.8 ¢ K™ +
4 [e |F [aH®«-—833.0-4x(-110.5p ——101 wkin ¥ 1
c iii | awhen® AG - D sforward and backward reactions are equally favourables v Award [3] for correct final answer. Use
AH 101 kJ of -500 J K™ and —-200 kJ gives
awhen AG =D, Te—» Tat— 377 4K» v .
AS D.5089 kJ K 127 °C.
ftemperature =% 104 & Cs « Award [2 max] for T <104 € Cs. 3
Accept AG <0 and T>104 €Cu.
4. d CO is toxic/poisonous
OoR
Ni{CO)s decomposition deposits nickel in the lungs
OR 1
tetracarbonylnickel is toxic/poisonous
OR
tetracarbonylnickel is highly lammable @auto-ignition temperature of 80 'C» +
Topic Chem 5 Qit 86/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/
1. |a iii | Bonds broken: 2C=0 + 3(H-H) / 2(1077 kd mol™") + 3(436kJmol™) /
3462 akdn ¥
Bonds formed: 2(C-0) + 2(0-H) + 4(C-H) + (C-C) / 2(358 kJmol™") + 3
2(463kJmol™") = 4(414kImol™") + 346kJmol ™" / 3644 ukdn v
«Enthalpy change = bonds broken — bonds formed = 3462kJ — 3644 kJ =» Award [3] for correct final answer.
—182 «kdn ¥ Award [2 max] for «+n182 ukJn.
1. |b i «AH = T AH, products - T AH, reactants = —~454 8kJmol™ - 2(-110.5kJmol™") =» 1
-233 8 ukdn v
1. |b ii in (a)(iii) gas is formed and in (b)(i) liquid is formed Accept product is anows a liquid.
OR
products are in different states Accept answers refermng to bond
OR enthalpies being means/averages
conversion of gas to liquid is exothermic 1
OR
conversion of liquid to gas is endothermic
OR
enthalpy of vapourisation needs to be taken into account v/
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Question Answers Notes Total
1. |b |iii |«ASisnegative because five mols ofs gases becomes «one mol ofs | Accept “fewer moles of gas” but not fewer
liquid molecules”.
OR 1
increase in complexity of product «compared to reactantss
OR
product more ordered «than reactanis»s v
1 b iv o (6201 1 Award [2] for correct final answer
A= [ 1000 ] K Y Award [1 max] for «+»185 « 10°
4G =-233.8kJ— (298K [ _16:;01 ] kJK™) = —49.0ukJn ¥ 1f—244 0kJ used, answeris
¢ 2
AG = -244.0kJ - (298K L 4520'1] KIK) =
1000
-59.2 ukdn»
Award [2] for correct final answer.
1 b |v |increasing T makes AG larger/more positive/less negative
OR 1
—~TAS will increase v
Topic Chem 5 Q# 87/ |B Chem/2016/s/TZoSP/P2 Section A/Higher Level/
e |i CH,(g)+50,(g) > CO.(g)+2H 0(g)+20,(g) ¥ 1
€ i AHS= ([(—393.5) +(2)(-241.8)+ (3)(-‘-142.3}]— [(—74.0)] l)— 660.8 0T mol ™) ¥ 1
© | smdndmﬁabychnpdﬁm"&ﬂ,“dmwlhmstm&w 1
15 always zero v
© | | AS® =([(+213.8)+ (2)(+188.8) + ()(+237.6)] - [(+186) + (5)(+ 205.0)] =) i
—14 40K 'mol™ v
¢ |¥ o & o —1444 3
AG" ={ AH" -TAS =(—660.3)—(298)|W|= —617.8&Tmol™ « 1
¢ |vi |spontaneous since negative AG” ¢ 1
Question Answers Notes Total
6 |d i O, has a double bond v Do not award mark for I on itz ovn with no
rustificati
O, has mtermediate bonds between double and single bonds
OR 3
O, has 3 bond order of 1% v
bond m O, 15 stronger therefore I needs more enexgy v
d |i |[Cl dbond breaks smnce weakest bond v Allow represemtation of radicals without + as long as
consistent throughout.
drv
CCLE, 5 «CCE, + Ck ¥
Ck+0,5ClO0.+0, ¥ ’
Co+050,+Ck v
Clov+0, 5Cl+20, v
Topic Chem 5 Q# 88/ |B Chem/2016/s/TZoSP/P2 Section A/Higher Level/

/

Potential
Energy

Progress of reaction
carrect posihons of reactants and products v
correct profile with labels showing activation emergy with and

without a catalyst v

[ E]
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Topic Chem 5 Q# 89/ IB Chem/2016/s/TZoSP/P2 Section A/Higher Level/

Question Answer: Notes Total
& |2 only water/H>0 produced ¢so non-polluting) v 1
b Bond breaking:
(DE-H)+ @CH) +ANC=0)
OR
(1)(436) = (H(H414) + AN614) = 2706 KT mol ™) +
Bond formation: 3
(ENC-H)+ANC-O)
OR
(6)(414) +(1)(346) = 2830 T mol ™) v
Award [2 max] for =124 <kTmol >
(+2706-2830> =—124 T mol ™) « Award [3] for correct final answer.
Topic Chem 5 Q# 90/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/
Question Answers Notes Total
% 1B i Accept other clear waye of indicating energy/
enthalpy changes.
2
Srogress of reaction
products lower than reactants AND enthaipy of reaction correctly marked
and labelled with name or value ¥
activation energy comectly marked and labelled with name or value v
3 b ii
§
1
Smogress of raaction
lower dotted curve, between same reactants and products levels,
labelled "Catalysed” v
Topic Chem 5 Q# 91/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/
1 |d i : 750 « 100 >
temperaturs rise €= 22000-100" = 3750€°ClHEn v Do not acoept—3750. 1
Topic Chem 5 Q# 92/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/
4. |a |i same charge AND same/similar ionic radius v 1
4 |a |ii |enthalpy of hydration €= —1483 + 2 (-350)8 = -2201 ek mol"» ¥ Award [2] for correct final answer.
enthalpy of solution €= 2170 - 2201s =—31akJmol's ¥ Award [1 max] for =31 akJmol’'». 2
Award [1 max] for =4371.
Topic Chem 5 Q# 93/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/
2 |a ili | AH® a-2201-(-110.5 Award [2] for correct final answer.
AH® - 1028 aiis ¥ Award [1] for -330.6, or +109.6 ekJs. 2
2. |3 [iv |AG"=-108.6- (298 x AS") == 117 ekl v Award [2] for correct final answer.
Award [2] for —470eJK '» (recuft from given values).
AS® g=— (1.7 + 120998‘6)"10]'__407“ K-'p ¢ g&;ﬁr‘;rperafzewru'lgmwff!aieadydonem 9
Award [1 max] for —0.407 ekJK '».
Award [1 max] for-138.9 €JK'».
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Topic Chem 5 Q# 94/ |B CHEM/2015/w/TZ0/P2 Section B/Higher Level/
6. (a) possible to getiron and 3:1 ratio of the two equations;
The ratio may be shown in combining the equations/calculating overail
AG/-29 (kJ).
possible to get iron and resultant AG is negative/-29 (kJ);
“Possible to get iron” needs only to be stated once.
Do not accept “possible to get iron” without any reason.
Do not accept ‘it is not possible to get iron because AG is positive”.

) M

(il

(iii)

AG® = [-1582 + 2 x 10] — [-742];

AG® =-820(kJ mol™);
Award [2] for the correct final answer.

(AS® = [50.9 + 2(34.8)] - [87.5 + 2(28.3)]) =—23.6(JK™'mol™") ;

AG® = [-825.2 — (298 x(-0.0236))];

AG® =—818(kJ mol™)/ -8.18 x 10° (J mol™);
Award [2] for the correct final answer.
Award [0] if b{i) is repeated here.

Topic Chem 5 Q# 95/ IB Chem/2015/w/TZ0/P2 Section A/Higher Level/

3. (a) C,H,(9)+50,(g)—>3C0O,(g)+4H,0(g).
Ignore state symbols.

(b) bonds broken: 2(C-C)/694 + 8(C-H)/3304 + 5(0=0)/2490 / 6488 (kJ);
bonds made: 6(C=0)/4476 + 8(O-H)/3712 / 8188 (kJ);
(6488 — 8188 =) — 1700 (kJ mol);
Ignore signs in M1 and M2.
Award [3] for the correct final answer.
Award [2] for +1700 (kJ mol~).
Accept values from 2016 data booklet to give 6494 (kJ) for M1, 8528 (kJ) for M2,
and -2034 (kJ) for M3.
Topic Chem 5 Q# 96/ |B Chem/2015/s/TZ2/P2 Section A/Higher Level/

3. (@ (-239.0-[-110.5]=)-128.5(kJmol™);

(b) (-166.0-[-137.2]=)-28.8(kJmol™");

(©)

[MS“3 =-288=-1285 —[

298 x AS® ]
1000

(AS® =)-335(Jmol"K™);

(@) AS®=3S%, s =2 S macans / -335=126.8-197.6-25°,, ;

5%,

=(+)132(Jmol™ K™);

Award [2] for correct final answer.
Award [1 max] for S, =(+)264(Jmol" K™).
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Topic Chem 5 Q# 97/ IB Chem/2015/s/TZ2/P2 Section A/Higher Level/

i oI e .4
1. @O g unssasasannasnasananansannnsanzEner cananEasaRLLS
EEENEEE 13 0 14 A 5 86 651 08 5 I O B O
DT A A man.
31 . H HHHHA =
N EEN N T T 1 oy =i 1 B [
T 1 - YLl T EEEEEEENEEEENEENEE
1 I s e - T 1T 1717 1117
30 (S I e O O A maEFUENEPEEEEN
111 ; 1 T 1
R A A e
e aEEE SR N - HHH A
1 1 1 t 1T 1] 1 T 171
C 9+— L
— rrriTrrt EEMERREN A Ty B2 5 50 G S R B B
1 1 1 T T 1 & it G EEEEEE
p I g ZATHHAE 1 R
Baa EEEE-.E U - [N 0T | I 1
5 28-H A ey
E ..l“‘f‘.\-,l:lr.ﬂ‘!—‘!——\'—“"rjl"]r 1 II.[[<..r.1T_I
T = 171 1111
g A T T T T T
N S R O T L 1 A i | | I Y O 0
27 INENERRERP A0 0 M 0 121 ] J Lt | 5 5 O O 0 e
I 11171 8 L 0 O 1131711
= TT11 %_i_!ll EETCET T R | 11717
T Tt 1";::::1‘1::{ 1% rI!T__r-.. 'T‘?“.‘T:
26 i':!r /I:} ;iFI 11 1 T T 1 T 117 T 1 L
HAeEHH HAEHH ]
v.aENs ] EEE R 33 17 J3-
25 A THAT T .132;'::_“_.;"1" 0 22 12 A I O
dEESEEmEmamEmdanEuE CERT TR
I 7 ERN 1 i 1 31 1
- R J_—‘_HZIj_{ii_
24 I N L] A | S I e 1 1

0.0 100 200 30.0 400 50.0
Volume of hydrochloric acid added / cm?®

drawing best-fit straight lines to show volume;
There shouid be approximately the same number of points above and
below for both lines.

27.0 (cm); [2]
Accept any value in the range 26.0 to 28.0 (cn7’) if consistent with student’s

annotation on the graph.

Accept ECF for volumes in the range 27.0-30.0 cn?’ if it coresponds to

maximum temperature of line drawn.

Volume should be given to one decimal place.

(i) (HCY) =2

=0.926moldm™; [21
Volume of 26.0 gives [HCU] = 0.962 moldn™. Volume of 28.0 gives [HCI] =

0.893 moldm™.

Award [2] for correct final answer with units.

Award [1 max] for correct concentration without units.

Accept M, mol L™, mol/dm’ as units.
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(b) (i) (302-25.0=)(+)5.2(°C/K); [1
Any accepted value must be consistent with student’s annotation on the
graph but do not accept AT <5.1.
Accept (+)5.6("C/K) (ie, taking into account heat loss and using T when
volume = 0.0 cn’).

(i) Q=(mxcxAT =(25.0+27.0)x4.18x5.2=1130.272J=)1.13(kJ);
n = (1.00 x 0.0250 =)0.0250 (mol);

AH=(—%=—45210.88Jm0I" =)—45(kJmol™); 3]

Award [3] for correct final answer.
Award [2] for +45 (kJ mol ~").
Apply ECF for M3 even if both m and AT are incorrect in M1.
Accept use of c = 4.2 Jg 'K
(| -45-(-58)
i .
. [ ‘ (-58)
Answer must be given to two significant figures.
Ignore sign.

100 =)22 (%) (1

(iv) heatlosses;
better (thermal) insulation / using a polystyrene cup / putting a lid on the
beaker, [2]
Acoept other suitable methods for better thermal insulation but do not
accept jUSf “use a calorimeter” without reference to insulation.
Topic Chem 5 Q# 98/ IB CHEM/2015/s/TZ1/P2 Section B/Higher Level/

(g) atomization of chiorine =% bond enthalpy / % 243 /121.5 (kJ mol™);

correct values for ionization Na (+496 kJ mol ') and electron affinity Cl (—349 kJ mol™1)
and lattice enthalpy of NaCl (+790 kJ mol' / +769 kJ mol™');

Bom-Haber energy cycle;
Accept lines or arrows in energy cycle.
Na'(g) + e+ Cl(g)
A
Na(g) + Cl(g)
r
_ yNa'(g)+Cl (g)
s
Na(g) + 1Cl,(g)
NE(S) + % Cl; (9)
i NaCl(s)

AH2(NaCl(s))=-413.5/-413/-414(kJ mol);

Accept —392.5 /—392 /—393 if +769 used for lattice enthalpy.
Award [4] for correct final answer.
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Topic Chem 5 Q# 99/ IB CHEM/2015/s/TZ1/P2 Section B/Higher Level/

() ()

(i)

energy needed to break (1 mol of) a bond in the gaseous state/phase;
(averaged over) similar compounds;

Do not accept “similar bonds” instead of “similar compounds”.
Concept of “similar” is important for M2.

CH,CH,OH+30, — 2C0, +3H,0;

Bonds broken:

347 + (5% 413)+ 358 + 464 + (3 x 498)/ 4728 (kJ) /
C-C+5C-H+C-O+0-H+30=0;

Bonds made:

(4% T746)+ (6% 464)=5768(kJ)/ 4C=0 + 60-H;

AH =(4728 -5768 =)—1040(kJmol ') / bonds broken — bonds formed;
Award [4] for correct final answer.

Award [3] for (+)1040 (kJ mol™?).

(c) heatloss (to the surroundings);

o O

3C(s)+ 3H.(g)+ O.(g) — CH,CH,COOH(l);

AH? = = AH?, (reactants) — > AH? (products) ;

Accept any suitable energy cycle.

> AH?, (reactants) = 3 x (-394) + 3 x(—286) / 2040 (kJ mol ');

(AHS =[3x(-394)+ 3 x(—286)] - (-1527) =)-513 (kJmol ') ;
OR

CH,CH,COOH(l) +3.50,(g) — 3CO,(g) + 3H,0(g);

AH?7 =3 AHf (products) - 3" AH? (reactants) ;

> AH? (products) = 3 x (-394) + 3% (-286) / —2040 (kJmol ');
(AHS =[3x(-394)+ 3 x (~286)] - (~1527) =)~ 513 (kJmol ') ;

Ignore state symbois.
Award [4] for correct final answer.

(i) negative;

reduction in the number of gaseous molecules;

[2]

(4]

(1

(4]

(2

Topic Chem 6 Q# 100/ IB Chem/2019/w/TZ0/P2/Higher Level /Q7./
6 |a |ii A N
£ &
: §
E
- : 4HTH() + 0. (g)
i §
[-% o
& 2CL (g) + 2H,01g)
> >
Kinatic energy  Esese £ Progrese of reaction
Ea jcas to the left of £ peak lower AND E, i smaller v
6. |a |iv | acatalyst provides ans alternative pathway v
awiths lower E;
OR
higher proportion of/more particles with akinetics E = Eyex athan Ea»
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Topic Chem 6 Q# 101/ 1B Chem/2019/w/TZ0/P2/Higher Level/Q4./
Lo |b i Rate = & [C:H,Cl] [OH] v

«[OH] held constant and»s [CsH-Cl] triples AND rate triples «so first order wrt
CaHCle & 3

[C3H-Cl] doubles AND [OH™] doubles AND rate quadruples «so first order wrt
OH™»

Topic Chem 6 Q# 102/ I1B Chem/2018/w/TZ 0/P2/Higher Level/Q10

10. | a B: reactant
2
D: intermediate
10. |b rate = k[A][B] ¥ 1
10. |c 1.80 emoldm>s™'s 1
Topic Chem 6 Q# 103/ IB Chem/2018/w/TZ 0/P2/Higher Level/
c i N
E
=
B
E
a
k& 2
0 —
0 Time
initial concentration is zero AND concentration increases with time
decreasing gradient as reaction proceeds
1. |e |ii |w«draw am tangent to tha curve at ime =0 Accept suitable diagram.
arate equalsw gradient/siope «of the tangents B
1. |e i piece has smaller surface arsa Accept "chance/probability” instead of “frequency”.
Do not accept just Fewer collizions”.
lower frequency of collisions 2
OR
fewer collisions per second/unit time
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4 |a Any two of: Do not sccept “disappearance of
calcium carbonafe”.

Do not accept "gas bubblez”.

Do not accept “colour change” or 2
change of conductivity + “indicator”.

change of pH

loss of mass «of reaction mixture/COas

#incraase in# volume of gas produced v

change in temperature

4. b i reaction is fast at high concentration AND may be difficult to measure accurately
OR

so many bubbles of CO:z preduced that inhibit contact of HCL (ag) with CaCO3 (s)
OR

insufficient change in conductivity/pH at high concentrations

OR

calcium carbonate has been used up/is limiting reagent’ there is not enough
calcium carbonate «to react with the high concentration of HCl»

OR
HCl is in excess

OR
so many bubbles of CO; produced that inhibit contact of HCL (ag) with CaCOs (s} v

4. |b ii 22

— - - — e ]
L] =y =2 (= (=]

Ratle of reaction [ 10 * moldm ? s
=

00 02" 04 06 08 10
[HC1] / mol dm-

straight line going through the origin AND as close to A, B, C as is reasonably
possible v

4 |b iii | wdirectiys proportional v Accept Tirst order” or “linear”.

Do not accept rate increases as
concentrafion increases” or ‘positive
correlation™.

4. b iv rate =k [H'] v Accept “rate = k [HCI]". 1

4 b |v (oo2v
2
ey

4 | 20.5 x 1072 wmol dm™>s™"» Accept any answer in the range
19.5-21.5. 1
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4 d ALTERNATIVE 1:
carmy out reaction at several temperatures
1
plot = against log rate constant
— - i —E

Ea=-gradient xR v Accept “gradient= R‘ ~ for M3.

ALTERNATIVE 2:

carry out reaction at two temperatures Award both M2 and J:’s for the formula
e Ef1 1)

" ate, RI\T, T,

determine two rate constants

oR
A 14 iath f the formui.

determine the temperature coefficient of the rate J HE ey Y m:.? 3 .e e

rate, ==l
such as Ll .
rate,
use the formula AL G . | v
k; R -_Tz T\ 7
Topic Chem 6 Q# 105/ IB Chem/2017/s/TZ 2/P2/Higher Level/

5 a i concentration of acid decreases Accept “less frequency/chance/rafe’
OR probabiity/fikelihood of collisions”.
surface area of magnesium decreasesy” Do nat acae.p b Jost Jeas ackl~or leas

magnesium”.
Do not accept “conceniration of
reagents decrease”.

5 a ii -

5

i

L.

:

5

4

5

:

Tima /s

curve starting from origin with steeper gradient AND reaching same maximum
volume v

5 b |i urate =» k [NO:J* v Accept rate =k [NOJF[COP.

5 b ii usteps | AND CO does not appear in the rate law exprassion Do not allow ECF from (i).
OoR
asteps | AND only «2 maolecules ofs NOz appears in rate expression «

5 b i «IR or UV-vis» spectroscopy Accept GC/gas chromatography.
oRrR
colorimetry
OR
colour change «over times v

5 b IV | 4By =228+ 132 =p 358 akJs v Do not accept —358.

5 b v Curve must go through origin.

L
+
[NO,)

5 c activation energy is independent of temperature « Accept "no relationship”.

5 d 2NOz(g) + HzO (1) = HNO3z(ag) + HNO:z{aqg) Accept ionized forms of the acids.
OR
4NOz(g) + 2H0 (1) + Oz(g) — 4HNOz(aq) v

Patrick Brannac

www.SmashingScience.org

Page 257 of 314




Topic Chem 6 Q# 106/ I1B Chem/2017/s/TZ 1/P2/Higher Level/

as H™ ions are produced #to catalyse the reaction®
OR
reaction is autocatalytic +

1. |a i use a colorimeter/monitor the change in colour Accept change in pH.
OR Accept change in conductivify.
take samples AND gquench AND titrate @with thiosulfaten + Accept other suifable methods.
Method musf imply “change”.
1 a i 0.8% Best fit line required for M1.
0.7
064
T 051
-2 |
B bbbl
E
Time /s M2 iz independent of M1.
best fit line v
i -Ay _—(0.43 - 0.80) Accept range from 0.0070 to 0.0080.
relative rate of reaction =t——=———"—"———=8 00074774 x 1073 v
Ax 50
1 b Relationship: Accept "doubling the concentfration
rate of reaction is #directly® proportional to [H'] doubles the rate".
OR Do not accept rate increases as
rate of reaction o [H*] ¥ concentrafion increases”.
Order of reaction with respect fo [H']:
first «
1 c zero order ¥ Accept "all graphz have same/similar
rate of reaction is the same for all concentrations of icdine v gradient”.
1 d slow rate of reaction which gradually increases «

M1 should mention rate of reaction”.

Topic Chem 6 Q# 107/ I1B Chem/2016/w/TZ0/P2 Section A/Higher Level/

Question Answers Notes Total
3. |a H,0 AND () v Do not accept H,0faqg).
1
3. |b S0.(g) is an irritant/causes breathing problems Accept S0,(g) Is acidic but do not accept
OR ‘causes acid rain”. 1
$0.(g) is poisanousltoxic ¥ Accept 80,(g) is harmfu,
Accept 50,(g) has a foul/oungent smell
3 |c 10.0 Accept answers based on volume of
n(HCL) = « 5000 dm?® = 2.00moldm™ =» 0.0200/2.00 =« 10~ «molx» solutions required for complete reaction
AND
n(Na,S,05) = « 10520 dm® * 0.150mol  dm™ =» 0.00750 / 7.50 * 10 «mols ¥
0.0200 «mol» > 0.0150 emol» Award [2] for second marking point. 2
OR
2.00 x 107 «mol» > 2 < 7.50 = 107> «mol» Do not award M2 unless factor of 2 (or
OR half) 15 used.
% % 2.00 = 107 «mol» > 7.50 « 107 «mol» v

Patrick Brannac

www.SmashingScience.org

Page 258 of 314




Question Answers Notes Total
3. |d .
45
“»
40
- 35
nw
2 304
Tt 954
§
T 204
8 % 2
'2 154 -
®
e 04
BT
T T — T T
0 0.03 0.06 0.09 0.12 0.15
[Na.S.0,] / moldm™
five points plotted correctly ¥
best fit line drawn with ruler, going through the origin «
Question Answers Notes Total
3 e i first order v
«because» [Na,S,0.] is udirectlys proportional to rate of reaction Do not accept “linear” for M2. 7
« 1 »v
t
3: ii rate = k [Na,S,0.][HCI] ¥ 1
3. |f 1 Award [2] for correct final answer,
45— Accept value based on candidate’s graph.
i E—
T s 1
Rl =
e wn ==
- 25_/_2};}_.5
g ni=
8 Award M2 as ECF from M1. ;
e 15
k]
% Award [1 max] for methods involving taking
104
o mean of appropriate pairs of % values.
5
= Award [0] for taking mean of pairs of time
: : = F i values.
] 0.03 0.06 0.09 012 0.15
[Na,S,04] / moldm™
225 x10%usn v
1 Award [2] for answers between 42 4 and
aTime = m‘; =n 44 dusn ¥ 46.4 ¢5»
Question Answers Notes Total
3. |g |i - Accept “probability wdensity» / number of
particles / N / fraction” on y-axis.
Accept “kinetic E/KE/E,” but not just "Energy/E”
I, on x-axis.
k-
o
§ T,
(=%
5
& 2
-]
w
Kinetic energy
correctly labelled axes v
peak of T, curve lower AND to the night of T, curve ¥
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Question Answers Notes Total

3. |g |ii |greater proportion of molecules have E = E,or E > E, f ::eg more molecules have energy greater
OR nc,

greater area under curve to the right of the E, v’ Do not accept just ‘particles have greater kinetic
energy”

greater frequency of collisions «between molecules» ) 2
OR Accept “rate/chance/orobability/likelihood’

more collisions per unit time/second v instead of frequency”.
Accept suttably shaded/annotated diagram.

Do not accept just “more collisions”

3. |h shorter reaction ime so larger «%» error in timing/seeing when mark Accept cooling of reaction mixture during course
disappears ¥ of reaction.

Topic Chem 6 Q# 108/ 1B Chem/ZOlG/s/TZo§P/P2 Section A/Higher Level/
- A 15 mdicative of frequency of collizions and probabality that colhmons
have proper onentations v

f _[._[(=87.0x1000) il -
k_(m{wﬂna.wxm )}-)1.2::10 v

(5

S,.2 implies second-order somol ' dm’ s v
Topic Chem 6 Q# 109/ IB Chem/2016/s/TZ1/P2 Section AfHigher Level/

3 [a [i [2NO(g)+2H.(g)—N.(g)+2H0(g) ¥ 1
3 |a |ii |rete=kNOFMH]Y 1
3 |a iii | test the effect eon the reaction rates of varying each concentration Remember fo refer back to 5 (ii) for ECF.
-

test the effect of varying [NO] «on rates, whilst keeping [H_] constant AND
test effect of varying [H.] €on rates, whilst keeping [NO] constant v

rate proportional to [NOT' 3
OR
doubling [NO] quadruples rate v

rate proportional to [H.] If onfy one speciez in rafe expression,
OR third mark can be awarded for zero order
doubling [H.] doubles rate ¢ discuzsion.

3 |a iv | no AND different mechanisms could give the same rate expression
OR

no AND mechanisms can only be disproved

OR 1
no AND just suggest it is consistent with the machanism given
OR

no AND does not give information about what occurs after RDS «
3 |a v change of pressure gat constant volume and temperaturey with time Accept other methods where rate can be
OR monitored with fime. 1
change of volume €at constant pressure and temperature® with time v

Question Answers Notes Total

Probability of fis energy

v

second curve at a higher temperature is comectly drawn (maximum lower
and to right of original) v

3 |b iv | greater proportion of molecules have EZE or E> E,|

OR

greater area under curve o the right of the E_ v Do not accspt just particles have greater

greater frequency of collisions ebetween moleculess
OR
maore collisions per unit time/second v Do not accept just ‘more collisions”.
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Topic Chem 6 Q# 110/ 1B CHEM/2015/w/TZ0/P2 Section B/Higher Level/
(c) (i) Order with respect to Oy first (order);

Order with respect to NO: second (order); 2]
(i) (rate =) k [NOF[O,]; 1]
@iy 1726/173;

mol” dm’s™; 2]

Accept M2 s~'/moi? L2 5.
(iv) NO +NO = N,0, (fast);
N,O, + 02 — 2NO, (slow);
second step is rate determining step;

OR

NO + O, =0 + NO; (fast);
O + NO — NO, (slow);
second step is rate determining step;

OR

NO + 0,==NO,; (fast);

NO; + NO — 2NO; (slow);

second step is rate determining step;

Accept single arrow instead of reversible sign.
Accept fast/slow next to the equations.

Do not accept the folfowing mechanisms:
NO + NO = NO. + N (fast)
N + Oz * NO: (SIOW)

OR

NO + NO + O,=N,0, (slow)
N,O, — 2NO, (fast) Bl
Topic Chem 6 Q# 111/ I1B Chem/2015/w/TZ0/P2 Section A/Higher Level/

() gradient = -%f -1233(K);
Accept value from —1200 to —1260 (K).

E, = (1233 x 8.31=) 1.02 x 10* Jmol™* / 10.2kJ mol™

correct E, value;

correct units; [3]
Allow value in range 9.97 — 10.5 kJ mol™'.

Answer must be given to three significant figures.

Award [3] for correct final answer and units.

Accept J or kJ instead of J mol~ or kJ moi'.
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Topic Chem 6 Q# 112/ IB Chem/2015/s/TZ2/P2 Section AfHigher Level/

2. (a) change in concentration of lEﬂCfBﬂUprdUCf with time / rate of change of
concentration; M1
Accept “increase” instead of “CMHQE” for pdeUCI and “decrease” instead of
“change” for reactant.
Accept “mass/amount/volume” instead of “concentration”.
Do not accept substance.

(b) surface area decreases;
frequency/probability of collisions decreases; [2]
Accept number of collisions per unit time decreases.

() (i) step2/X+NO—=Y +HO/slow, [11

(i)  invalid / unlikely as order most likely one (with respect to hydrogen);
rate = KINOJ’{Hz] / H; only involved once in the formation of the
intermediate before the slow step / OWTTE; [2]
Award M2 only if M1 is correct.
Topic Chem 6 Q# 113/ 1B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

(c) () [NaOH]/[OH] is 1/first order and [C ,H Br]is 1/first order;

rate = k[OH ][C,H,Br] / rate = k[NaOH][C H.Br] ; [2]
Square brackets must be used for M2.

(il 1.02x10™*
0.25x025

mol”' dm®*s’; [2]

Accept M's".

Ignore order of units.

Must use experiment 3 data.

=]0.0B16 [1.6x107;

(i) bimolecular/2; [1]
Accept dimolecular.
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Topic Chem 6 Q# 114/ I1B Chem/2015/s/TZ1/P2 Section AfHigher Level/

3. (a) change in concentration of reactant/product with time / rate of change of
concentration;
Accept “increase” instead of “change” for product and “decrease” instead of
“change” for reactant.
Accept "mass/amount/volume” instead of “concentration”.
Do not accept substance.

(b) collision frequency;
two particles must collide;
particles must have sufficient energy to overcome the activation energy/Ez E, ;

Concept of activation energy must be mentioned.
appropriate collision geometry/orientation;

(c) (i) increases yield,
(equilibrium shifts to the right/products as) more gaseous moles in
reactants/on left / fewer gaseous moles in products/on right;

(i) Egm[O,]=26(moldm”);
EqmM[SO,]=1.2(moldm);
_ [SO,F .
° " [SO,FI0,]°
K, =0.17;

Award [4] for correct final answer.
Ignore units.

(i) (K.) decreases;

(d) catalyst increases rate of reaction / equilibrium reached faster / increases yield of
product per unit time;
reduces costs / reduces energy needed;
Do not accept just “increases the yield”.

Topic Chem 7 a# 115/ 1B Chem/2018/w/TZ 0/P2/Higher Level/

e e L LTS

(1

[3 max]

(2]

[4]

(1

(2]

¥ wruuan

5 |e [SO,F 0.500°

/208 ¥
[SO.F[0.] 0.200° «0.300

areaction quotient/@ =»

reaction quotient/Q/20 8lanswer < K280
OR

mixture needs more product for the number to equal K: v

reaction proceeds to the right/products v Do not award M3 without valid reasoning.

Topic Chem 7 Q# 116/ I1B Chem/2018/s/TZ 1/P2/Higher Level/

I L _ [HMcol=[Ho]
= [NH,] <[co,]

1. d ii #wken decreases AND reaction is exothermic
OR

#Men decreases AND AH is negative

OR

wken decreases AND reverselendothermic reaction is favoured v
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-AG® -S0x10° J

nKa= = 4 -
RT B.31J K™ mol™ x 298 K

»==20+

wk:=» 2 x 1072
oRr

1.80 x 1078
OR

107%

Accept range of 20-20.2 for M1.
Award [2] for correct final anawer.

Topic Chem 7

Q# 117/ IB Chem/2017/s/TZ 2/P2/Higher Level/

#Qc= D.‘IO‘. = 037 v
0.52

reaction proceeds to the left™NOz(g) suntil G = Kc»
oOR

reverse reaction afavoureds

Do not award M2 without a calculabion
for M1 but remember to apply ECF.

AG=0+

reaction at equilibrium

OR

rate of forward and reverse reaction is the same
oRr

constant macroscopic properties «

Topic Chem 7 Q# 118/ IB Chem/2017/s/TZ 2/P2/Higher Level/

3. a

PoLIIC]

= eey]

decrease in temperature v

endothermic «reactions AND «equilibrium» shifis to the leftreactants
OR

endothermic «reaction® AND K: decreases

oR

PCls; and Cl; decreased
OR

e equilibrium» shifts in the exothermic direction +

endothermic «reactions AND concentration of PClz increased/concentration of

Do not accept temperature change”.

Accept "AH poaitive” in place of
“endothermic”.

Accept productz” instead of "PCl3; and
Cl:~

Topic Chem 7 Qit 119/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/

Question Answers Notes Total

1o la i OCH.CH.OH

ok, = B0, 1
[COT x[H.T

1 a |ii Position of equilibrium: moves to right
OR
favours product v

2
K.: no change
OR
is a constant at constant temperature v*
Topic Chem 7 Q# 120/ I1B Chem/2016/s/TZoSP/P2 Section A/Higher Level/

b

since <forward»
exothermic reachon’
AH <0 «

smee fewer {gaseous?
molecules on RHS v

smce affects rate of
forward and reverse
reachons equally v

No change
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Topic Chem 7 Q# 121/ IB Chem/2016/s/TZ1/P2 Section AfHigher Level/

Question Answers Notes Total
2 12 ' |k - fC0CU
- 1
[COJICL]
2 |a i Te=-000+ 2739 =8T3K ¥
AG” = -8.31 x 873 = In(0.200)
OR 3
AG " =g -» 11E878als v Accept 11.5 0 12.0.
Award final mark only if correct sig fig.
AG " g+ 11 Takln ¥ Award [3] for correct final ancwer.
Topic Chem 7 Q# 122/ 1B CHEM/2015/w/TZ0/P2 Section B/Higher Level/
7. (@) () Increasing the pressure, at constant temperature:
decreases;
more (gas) molecules/moles on the right / fewer (gas) molecules/moles on
the left;
Increasing the temperature, at constant pressure:
increases;
(forward) reaction is endothermic; [4]
(i)  equilibrium reached faster;
no change in the concentration of reactants/products/yield (at equilibrium) /
position of equilibrium is not affected;
rates of forward and reverse reactions increase (equally);
reduces activation energy;
no change in Kc; [3 max]
[, [CO) .
W) (K =)= [1]
[CH.][H.0]
(iv) (increasing) temperature and (K.) increases; [1]
Award [0] if both temperature and pressure stated.
(b) CO(g) + HO(g)= H,(g) + CO,(g)
(1.00-x)(1.00-x) X X
X x
K. =100 = /N100 = ———;
= (1.00 - x (1.00 - x)
x=0.760/ (1.00 — x) =0.240;
[CO] = 0.240(moldm™) and [H,0] = 0.240(moldm™) and [H,]= 0.760(moldm™)
and [CO,]= 0.760(moldm™); [3]
Topic Chem 7 Q# 123/ 1B CHEM/2015/s/TZ1/P2 Section B/Higher Level/
. [INH;(g)F
@ @O (K,=) , [1]
'N:(9)] < [H:(Q)F
Ignore state symbols.
Concentrations must be represented by square brackets.
(i) moles at equilibrium: nitrogen 0.27, hydrogen 0.81 / concentrations at
equilibrium: nitrogen 0.27 (moldm™), hydrogen 0.81(moldm™) (and ammonia
1.46 moldm™);
K. =15; [2]

Actual calculation gives K, =14.86.
Award [2] for correct final answer.

s
Award [1 max] if K. [ Lo ]=o‘0?9

=3’x1_
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Topic Chem 7 Q# 124/ 1B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

7. (@) (i) rates of forward and reverse reactions are equal / opposing changes occur
at equal rates;
the concentrations of all reactants and products remain constant /
macroscopic properties remain constant;
closed/isolated system; [2 max]
Accept “the same” for “equal” in M1 and for “constant” in M2.

(i)  The volume of the container is increased:
position of equilibrium shifts to the left/reactants and fewer moles of gas on
the right hand side/pressure decreases / OWTTE,

Ammonia is removed from the equilibrium mixture:

position of equilibrium shifts to the right/products and [NH3] decreases so

[N2] and [Hz] must also decrease to keep K. constant

OR

position of equilibrium shifts to the right/products and rate of reverse

reaction decreases / OWTTE; [2]
Award [1 max] if both predicted changes are correct.

Do not accept “to increase [NH3J" or reference to LCP without explanation.

() minimum energy needed (by reactants/colliding particles) to react/start/
initiate a reaction; [1]
Accept “energy difference between reactants and transition state”.

(b) rate increases;
more effective/successful collisions per unit time / greater proportion of collisions
effective;

alternative pathway and a lower activation energy

OR

lowers activation energy so that more particies have enough energy to react; [2 max]
Do not accept just “lowers/reduces the activation energy™

Accept “provides a surface for reacting/reactants/reaction”.

(c) (i) slowerrate/ OWTTE,
uneconomic / OWTTE; [2]

(i)  high cost for building/maintaining plant / high energy cost of compressor /
OWTTE; (1]
Do not accept *high pressure is expensive” without justification.
Accept high pressure requires high energy.
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Topic Chem 7 Q# 125/ IB Chem/2015/s/TZ1/P2 Section AfHigher Level/

() (i) increases yield;
(equilibrium shifts to the right/products as) more gaseous moles in
reactants/on left / fewer gaseous moles in products/on right; [2]

(i) Egm[O,]=26(moldm?);
Eqm[SO,]=1.2(moldm3);
__[so,F .
* " [SO,FIO,]"
K. =0A17; [4]

Award [4] for correct final answer.
Ignore units.

(i) (K,) decreases; 1

(d) catalyst increases rate of reaction / equilibrium reached faster / increases yield of
product per unit time;
reduces costs / reduces energy needed; [2]
Do not accept just “increases the yield”.

Topic Chem 8 Q# 126/ 1B Chem/2019/w/TZ0/P2/Higher Level/Q7./

6 |f iv | Any two of
ligand/chioride ion Lewis base AND donates e-pair
not Bronsted—Lowry base AND does not accept proton/H v £y
Lewis definition extends/broader than BrenstedLowry definition
Topic Chem 8 Q# 127/ I1B Chem/2019/w/TZ0/P2/Higher Level/Q6./
5 |a - t Canstruction lines not required.
12
10 -
g 4
T
=9
6 —+ : :
| Buffer reglon
ad il 2
24 i
:  Molume of NaOH at
0 - | ~“equivalence point
' ! T T -
1 10 20 30 40 50
Volume of NaOM / em?®
buffer region on graph v
equivalence point’V.g on graph
6 |b |i phenolphthalein v Accept phenol red. 1
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5 |b |ii |ALTERNATIVE 1:
H"(aq) + CH:COC™ (aq) —+ CH:COOCH (aq) ¥

added acid neutralised by ethanoate ions

OR

wwveaky CH:COOH (ag)ethanoic acid replaces H* (aq)
OR

CHCOOH/CH,COO™ ratio virtually'mostly unchanged 2

ALTERNATIVE 2:
CH:COOH (ag) = H-(aq) + CH:COO0~(aq) v
equilibrium shifts to the ethanoic acid side

OR

CH:COOH/ICH;COO™ ratio virtually/mostly unchanged v

Topic Chem 8 Q# 128/ I1B Chem/2019/w/TZ0/P2/Higher Level/Q5./

4, (a |i CsHeOr AND CsH-07
OR 1
H:0 AND H:O"

4. |a i weak acid AND partially dissociated
OR

weak acid AND equilibnum lies to left 1
OR

weak acid AND Ka < 14

4 |a |ii || Effecton[H] | Effecton iG*

increases ncreases

4 |8 |V [4AG"=-RTINK=-831JK'mol” x 298K x In{5.01 x 10) = 1000 =» 18.8
akJmol s

4 |2 |V |non-spontaneous AND AG® positive 1

4, |b Any two of
welectrical conductivity AND HCL greater Accept “add universal indicator AND
Lo e HCI more redipink™ for M2.

pH AND citric acid higher { y

! ) ! ! . Accept any acid reaction AND HCI
titrate with strong base AND pH at equivalence higher for citric acid greater rise in femperature. it
add reactive metal/carbonate/hydrogen carbonate AND stronger Accept specific examples throughout
effervescence/faster reaction with HCL v Do not accept “smell” or taste”

titration AND volume of alkali for complete neutralisation greater for citric acid

titrate with strong base AND more than one equivalence point for complete
neutralisation of citric acid +
titrate with strong base AND buffer zone with citric acid
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Topic Chem 8 Q# 129/ IB Chem/2018/w/TZ 0/P2/Higher Level/

aCaHNH2 + H20 = CaH:NH:"+ OH ™ »

[OH JICH.CHMNH,']

K@= e
[CH:CHNH;]
OR
<Ko =» 4.5 x 10~= [OH 1 [CH,CH.NH, ")
0.250
OoR
=

wKp=3 4.5 x 0=

0.250

«x=[0H]=»0.011 amoldm s ¥

v
«pH = —log Mq 12.04
0.011

OR

«pH = 14.00 — (—log D.011)=» 12.04 J

6. |a : Butanoic acid:
CH3CH2CH2CO0H {ag) + Hz0 (1} = CH3:CHz2CH2C0O0™ (aq) + H30™ (aq) v
Ethyiamine:
CH3iCHzNHz(aq) + HzO (1) = CHaCH:NH3 (ag) + OH (aq) v
11 a i ,'Q
c}-lacl-jchz—cf - Accept correct disgramse with pi clouds.
\:
Q
Diagram showing:
dotted line along O-C—-O AND negative charge
6 a i -1
6 b . = 1.00«10" mol* dm™ »=521 %1072 amoldm™3e
000192 moldm™
6 b ii spKp= 235 Ko =102¥ =45 % 10 Award [3] for correct final answer.
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pH

I J 1 I |
0 10 20 30 40 50

WVolume of bulenoic acd / cm’

decreasing pH curve ¥

pH close to 7 (6—8) at volume of 25 cm? butanoic acid v

weak acid/base shape with no flat «strong acid/basen parts on the curve v

H] = Jﬁ_ %[CeHe02] = ¥9.333x10° x 0.010 » = 3.055 x 107* «mol dm™»

apH=»351

Topic Chem 8 Q# 130/ IB Chem/2018/s/TZ 1/P2/Higher Level/
5. |a slower rate with ethanoic acid Accept expenmental observations such
OR a3 “slower bubbling” or feels lezs
warm”.
smaller temperature rise with ethancic acid
[H7] lower
OR
ethanoic acid is weak
OR
ethanoic acid is partially dissociated
5 |b Any one of: Accept Towenng pH of
te i
corrosion of materials/metalsicarbonate materials e Walsrways
destruction of plant/agquatic life +
windirects effect on human health
5. c Brensted-Lowry base:
NHz+ H" = NHS
Accept "AlCl3; as an example of Lewiz
Lewis base: acid”
Accept other valid equations such az
NH3+ BF; H:NBF3; v ;
SR DR Cu™ +4NHz — [Cu(NH3)]*
5 d

Accept pH = 3.52".
Award [2] for correct final answer.
Accept other calculation methods.
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(CH3):CCOOH (ag) + OH™ (ag) = (CHa:CCO0™ (ag) + H20 (1)
OR
(CH3):CCOOH (ag) + OH™ (ag) = (CH3:CCO0™ (ag) + H:20 (1) AND addition of

alkali causes equilibrium to mowve to right

{CH::CCOO" (ag) + H™ (aq) = (CH3):CCOOH (aq)
OR

{CHz)zCCOO" (ag) + H™ (ag) = (CH3)zCCOCH (ag) AND addition of acid causes
equilibrium to move to right

Accept "HA" for the acid.

Award [1 max] for comrect
explanations of buffering with addition
of acid AND baze without equilibrium
eguations.

Topic Chem 8 Q# 131/ IB Chem/2018/s/TZ 1/P2/Higher Level/
2 f pH>7 Accept any specific pH value or range
of values above 7 and below 14.
Topic Chem 8 Q# 132/ IB Chem/2017/s/TZ 2/P2/Higher Level/
g |a i H20Mwater v Accept “hydroxide ion/OH ™,
a i Acid Base
HOCI1 AND |OCr”
OR
HZO AND |OH ¥
b i «0.100 mol dm ™2 x 0.0250 dm?*» = 0.00250 xmals v
B
L » aM= 05109 _, 204 eg mol~'s v
0.00250 mol
b i «t.00x 107%=[H"] x 0.100»
1.00 x 107" ymol dm™ s «
b v weak AND pH at equivalence greater than 7
oRrR
weak acid AND forms a buffer region +
b v calorimetry Accept Iindicator” but not “universal
OR indicator”.
measurement of heattemperature
oRr
conductivity measureament v
b vi | upka=pH at half-equivalence =» 5.0

Ka=10%3*/446683 x 105 v

[H:0°] = /446683 <10~ <160 x 10~ / |[7.1469 % 10~ /28734 x 10* wmol
dm 3

pH = a—log 117,146‘9 x 107" = 357 v

Award [3] for correct final anzswer fo
two decimal places.

If quadratic equation used, then:
[H307)=2.459 = 107* amoi dm3»
and pH = 3.61
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Topic Chem 8 Q# 133/ IB Chem/2017/s/TZ 1/P2/Higher Level/

Ei{N-N}) + 4E(N-H)
OR
158 «kJ mol™™» + 4 = 391 «kJ mol™ / 1722 gkd» v

bonds formed:

E(N=N) + 2E(H-H)

OR

845 akJ mol™™ + 2 = 438 «kJ mol™» | 1817 kJ» v

#AH = bonds broken — bonds formed = 1722 — 1817 =» -85 akjs «

5 |a 107" v Accept 100° fo <109.5"°.
Literature vaiue = 105.8°
5 b tetrshedral v No ECF allowed.
sp’ v
5 |c removes/reacts with OH™ « Accept ionic equation for M1.
moves to the right'products #to replace OH™ ions» v
S |d i Kp=10"577/1.608 x 107 Award [3] for correct final answer.
OR Give appropriate credit for other
[NH,"] = [OH"] methods confaining errors that do not
Kp= o yield correct final answer.
MNH,]
[OHF «= 1.898 x 107 x 0.0100» = 1.698 x 107®
OoR
[OH] l::\“i 898 « 109 = 1.303 x 10~ amol dm™3»
1x 107"
H#e —ogin ———= =101+
r o 13 %107
5 |d ii methyl red
oR
bromocrescl green
ORrR
bromophenol blue
oRr
methyl orange v
5. e bubbles Do not accept “hydrogen”™ without
oR reference to obzerved changes.
gas Accept "smell of ammonia®.
OR Accept 2H (aq) +Mg (s) — Mg™ (aq)
magnesium disappears « +Ha1(g)
. . Equation must be ionic.
2NH.™ (ag) + Mg (s) — Mg~ (ag) + 2NH: (aq) + Ha (g}
5 |f bonds broken:

Award [3] for comrect final answer.
Award [2 max] for +95 «kJn.

Topic Chem 8 Q# 134/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/

2.

a

Weak acid: partially dissociated/ionized «in sclution/waters

AND

Strong acid: wassumed to be almosts completely/100 % dissociated/
ionized «in solution/waters ¥/

Accept answers relating to pH, conductivity,
reactivity if solutions of equal concentrations
stated.

Question

Answers

Notes Total

b

«log scale» reduces a wide range of numbers to a small range
OR

simple/easy to use

OR

converts exponential expressions into a linear scale/simple numbers v/

Do not accept “easy for calculations”™
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Topic Chem 8 Q# 135/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/

Question Answers Notes Total
7. |a Calgulation:
ALTERNATIVE 1:
[H1=(K, < [HA)"®/ (1.6 = 107 <« 0.0100)"*/ 1.3 = 107 «mol dm™» v
pH=«-log, [H] =2 29v
ALTERNATIVE 2:
pH = 0.5(pK, — log,[HA]) ¥
pH=29v+ Award [2] for correct final answer.

Assumption: 3
ionisation is << 0.0100 se 0.0100 - [A7] = 0.0100
OR

[HALg, = [HA]

OR =

all H™ ions in the solution come from the acid «and not from the self-ionisation
of water» Do not accept partial dissociation.
OR
[H]=[HCOO ] ¥
Question Answers Notes Total
b i M1: must show buffer region at pH < 7 and
equivalence at pH > 7

Accept graph starting from where two axes
meet as pH scale is not specified.

pH 7 — |
K/ :V i VolumeV, *
P iYa 1 /atneutralization
12 i
1 l}
Volume of strong base added

correct shape of graph v
pH at half neutralization/equivalence v

b i ALTERNATIVE 1: Accept HA or any other weak acid in
HCOOH = HCOO < H v equations.
H" ions consumed in reaction with OH™ are produced again as equilibrium Equilibrium sign must be included in
moves to the right «so [H'] remams almost unchangeds v equation for M1
ALTERNATIVE 2: 2

HCOOH + OH" = HCOO™ +H.O v
added OH™ are neutralized by HCOOH
OR

strong base replaced by weak base v

Topic Chem 8 Q# 136/ I1B Chem/2016/s/TZoSP/P2 Section A/Higher Level/

Question Answer Notes Total

2 [a | [radical / unpaired electron ¥ 1

Question Answers Notes Total
[ | | 2N0.(2)+H.00)—»HENO,(aq) + HNO,(aq) ¥ Ignore state symbols. 1
Topic Chem 8 Q# 137/ IB Chem/2016/s/TZoSP/P2 Section AfHigher Level/

3 |a HCOO (aq) +H,O(0) = OH (aq)+ HCOOH(aq) ¥ Equilibritm sign must be given for mark. 1
b K =18x107" v 1
€ e K‘ S l.OxlU’“ o |

‘-‘(;—-_'W‘)“““’“ { !
d xJ 11]
- % Award 2] for correct final answer of 3
[OH (ag)] = 2.6x10™ (moldm™) ¢ [OH (ag)].
Assumption: 0.12-x~012 v Accept any other reasonable assumption.
e POH = ¢~ log(2.6%10™) =)5.50 ¥
b
pH=(400-550841 ¥ Award [2] for correct final answer.
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Topic Chem 8 Q# 138/ 1B Chem/2016/s/TZ1/P2 Section A/Higher Level/

2 |a [OHF Accept other approaches fo the calculation.
K, “m- 107 7413x 10"y Award [4] for correct final answer.
il Accept any answer rom 8.4 10 85.

[OH]=40.0100x10"" =272x 10" v

1x10™
272« 10"

GEE =367x10"

OR
pOH =557 ¥

pH =—log[H] =844 ¥

Topic Chem 8 Q# 139/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/Q1{a)

1. |a iii | Lewis base AND has a lone pair of electrons «to donates v e,

5. |a vi | Weak: only pantially dissociated/ionzed @in dilute aqueous solutions ¥ Accept reaction with water is reversible/an
Brensted—Lowry base: an acceptor of protons/H'/hydrogen ions v Accept "water is partially dissociated eby the
weak baczep”.

1. |b |i P, is a molecule gcomprising 4P atomss AND 4P is four/separate «P»
atoms

OR

P, represents ¢4P» atoms bonded together AND 4P represents ed»
separate/non-bonded «F» atoms v

Question Answers Notes

Total

1. |b i can act as both 3 «Brensted—Lowrys acid and a «Bronsted—Lowrys base
OR
can accept and/or donate a hydrogen ion/proton/H’ ¢

HPO.~ AND HFO.v

Topic Chem 8 Q# 140/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/

4. |a [|iii |hydrochloric acid shifts equilibrium to left Accept “hydrochloric acid reacts with ebasics
OR chioride”™ OR “hydrochloric acid suppresses
hydrochloric acid prevents the basic chioride forming/precipitating ¥ sailt hydrolysis”.

Topic Chem 8 Q# 141/ 1B CHEM/2015/w/TZ0/P2 Section B/Higher Level/

(d) () Pb<Ni<Fe<Zn; 2]
Award [2] for the correct order.
Award [1] for Zn > Fe > Ni > Pb as metals not listed in order of increasing
reactivity.
Award [1] if one error in the order.

(i) Pb®/ lead(ll) (ions); [1]
Do not accept Pb/lead.

(e) Dilute sodium chloride;
HO() - %02 () + 2H" (ag) + 2™ /20H (aq) - %o, (@) + H,O() + 2¢

Concentrated sodium chloride:

Ct-(ag) —» %Ct2 (g)+e 2]

Award [1 max] if equations are given the wrong way round.
Accept e instead of e~

Ignore state symbols and equilibrium sign.

Accept correct half-equations balanced with different coefficients.
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Topic Chem 8 Q# 142/ 1B CHEM/2015/w/TZ0/P2 Section B/Higher Level/
8. (a) (i) Dbasel 70;

base II: 5.5, 2]
(i) base I strong base and base /I. weak base; [1]
(i) NaOH and KOH; [1]
Accept LIOH.

(iv) (from the graph: initial pH=11,pOH =3) [OH]=10(mol dm™):
107 %107 107 <107 _

Ko =S700-x ' 0100
K,=1.0x107;
OR

at half-equivalence point, pH = 9.0 = pK; for base II;
pPK,=140-90=50;

Award M1 and M2 for stating: “at half-equivalence point pOH = 5 = pKs for
base II".

K,=1.0x10"; 3]
Accept other valid methods of working.

Accept a slightly different value of pKy and so K if the student uses the pH

at the end point, rather than the initial or half-neutralisation values.

(v) methyl red; 1]
Do not accept bromocresol green (since from table 16 data bookiet
pH range, 3.8 is too low).

(b) (i) resists change in pH;
on addition of small amounts of acid and base; [2]

(i) (after mixing) [NH,]=[NH, ]/ nNH, = nNH,"/ n=4.00x10"mol

[base] .
OH ]=K,—— / pOH=pKs=4.75
[OH]=K, [saf] POH = pKs ;
pH =9.25; [3]
Award [1 max] if no working shown.
Accept other valid methods of working.

(c) (i) Reaction A: base and accepts a proton/H*;
Accept donates a pair of electrons.

Reaction B: acid and donates a proton/H*; [2]

Award [1] if acid and base identified correctly without a reason.

(i) Acid | Base
Conjugate acid-base pair 1/2 HzCOa and HCOs~;
Conjugate acid-base pair 2/1 HCOa~ and CO*;
Conjugate acid-base pair 1/2 HaO* and H:0; [2 max]
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(d) (i) strong acid: (assumed to be) completely/100% dissociated/ionized and

weak acid: partially dissociated/ionized; 1]
(i)  Similarity: bubbling/effervescence/gas / heat/increase in temperature / solid

dissolves:

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

increase; [2]

Accept converse statements for weak acid.

(i) 10%C 1)/ 10105/ 1:10°%; 1]
Do not accept inverse ratio, 1:10°%.
Topic Chem 8 Q# 143/ I1B Chem/2015/w/TZ0/P2 Section A/Higher Level/
(b) (NHa2) Lewis base and (Cu®) Lewis acid;
NHa/ligand donates an electron pair (to Cu®) / Cu** accepts an electron pair

(from NHa);
forming coordinate/dative (covalent) bond; [3]
Accept coordination bond.
Do not accept just covalent bond.
Topic Chem 8 Q# 144/ 1B CHEM/2015/s/TZ1/P2 Section B/Higher Level/
(e) (i) electron pair donor; [1
Accept lone pair donor.
(i) proton acceptor and partially/slightly ionized; 1
Accept “proton acceptor and partially/slightly dissociated”.
(iii) Acid Conjugate base
CH3NH;5* and CHaNH:;
H.0O and OH";
l [2)

Award [1 max] for two correct acids OR two correct conjugate bases.

INH, JOH'] iy -y
K,=—————==18x10 f10""5,
® INH,]

[NH, ]=[OH] and [NH,] = 1.00x 107 (mol dm™);

[OH]=(1.8x10™ =)1.3x10™ (mol dm™)/ pOH =2.89;
pH=(14.0-289=)11.1; [4]
Award [4] for correct final answer.
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0 5 10 15 20 25 30 35 40 45 50
NH,(aq) volume / cm?

For volume = 0: pH=1;

vertical jump should be positioned in volume range 24 cm® to 26 cm® and

include pH range between 3 1o 6;
For volume = 50: pH between 8 to 11; [3]

methyl orange / bromophenol blue / bromocresol green / methyl red; [1

Topic Chem 8 Q# 145/ 1B Chem/2015/s/TZ2/P2 Section A/Higher Level/

4.
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(@)

(b)

a solution that resists changes in pH / changes pH slightly / OWTTE;
when small amounts of an acid/H* or a base/alkali/OH™ are added; [2]

addition of acid:

CH,CH,C00"(aq) + H"(aq) = CH,CH,COOH(aq)/ propanoate ions combine with

H* ions to form undissociated propanoic acid,

addition of base:

CH,CH,COOH(aq) + OH (ag) = CH,CH,COO" (aq) + H,0(l) / addition of OH

removes H* and more propanoic acid dissociates/ionizes; [2]

Ignore state symbols.

Accept reversible arrows.

Award [1 max] if correct equations are given without reference to addition of acid
or alkali.




© K =H@UCHCHCO0 @], . . +m,g[[b«'vlse]].
* " [CH,CH,COOH(aq)] . [aciq )’

K,=13x10"°/10"*" and [H']=1.3x107/10"* (moldm™) /
[CH,CH,CO0" |

log =387-487=-1;
[CH,CH,COOH]
{[CH!CH,COOH] = %=)0.100f1.00 x 107 (moldm™);

([CH,CH,COONa] =)0.010/1.0x 10‘2(moldm""); [4]
Award [4] for correct final answer.
Accept corresponding use of [H;0]" for [H'], [acid] for [CH;CH,COOH], and
[base] or [salt] for [CH3;CH-COO™] throughout.
Topic Chem 8 Q# 146/ 1B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

8. (@) (i) weak acids dissociate only partially and strong acids (are assumed to)
dissociate fully, [1

(i) measuring electrical conductivity and strong acids have greater electrical
conductivity/weak acids have lower electrical conductivity;
Do not accept conductivity for electrical conductivity.
Accept explanation in terms of lightbulb in circuit.

measure pH/use universal indicator and pH higher for weak acid/pH lower
for strong acid;

conduct titration with a strong base and equivalence point higher for weak
acid / buffer region for weak acid,

adding a reactive metal/carbonate/hydrogen carbonate and stronger
effervescence/faster reaction with strong acids;

Accept converse argument.

Accept correct example.

adding a strong base and strong acid would increase more in temperature/
weak acids increase less in temperature; [3 max]
Accept correct example.

Award [1 max] for three suitable tests without correct results.
Accept specific examples with given strong acid and weak acid.
Accept "addition of AgNO3 (aq) and white precipitate with HCI (aq)”.
Do not accept “smeil”.
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1.40 0.0233
b) ——=0.0233(mol) and
®) 60.06 (mol) 0.500

(PK, =4.76)K, =1.7x10°;

H']=K.[HA] =8.9x10*;

Accept 9.0x10“.

pH=3.05; [4]
Award [4] for correct final answer.

Accepr alternative methods.

=0.0466(moldm);

(c) () Equivalence point: pH of 9.5;
Accept values between 9 and 10.

pK, =pH at half equivalence point;

pK, =5.4; [3]
Accept any value between 5.2 and 5.6.
Award [2] for M2 and M3 if correct pK, given without explanation.

(i)  phenolphthalein; M1

(i) HIn(ag) = H* (aq) + In- (aq) and HIn and In- have different colours;
Ignore state symbols.
equilibrium shifts depending on addition of H* and OH~/ more HIn in
acid/low pH / more In- in alkali’high pH; [2]

(d) (i) CH:CICOO-; [1
(i)  stronger because pKs of chloroethanoic acid is < pKs of ethanoic acid; [1

(iiiy Concentration of acid: g ggg =0.10(moldm*);
Concentration of base/salt. % =0.067(moldm™);

H]= K, x[HA]’ 1.3x102x0.10

[A] 0.067

pH=2.72; [4]

Award [4] for correct final answer.

Accept 269, 270 or 2.7.

Alternative for M3 and M4 if Henderson-Hasselbalch equation used.:

M3: pH = pxauagfbm]/zar :og[”s?]

[acid] 0.10
M4: pH=2.70 .
Award [1 max] for n__,(=100x 0.50 +1000) = 0.050 mol and
Myeee (= 200% 0.10 +1000) = 0.020 Mol .

/1.9%107 (moldm™);
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Topic Chem 8 Q# 147/ I1B Chem/2015/s/TZ1/P2 Section A/Higher Level/

(€)

Ammonium chioride:
Accept any value in the range: 3<pH<T7;

NH,"(aq) = NH;,(aq)+H’(aq):

Sodium methanoate:
7<pH<11;

HCOO (aq) + H,0(l) = HCOOH(aq) + OH (aq);

(4]

Award [1 max] for both M1 and M3 combined if stated “pH < 7/acidic for
ammonium chloride 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 “sait of weak base and strong acid”, without equations.

Penalize missing equilibrium sign once only.
Ignore state symbols.

Topic Chem 9 Q# 148/ IB Chem/2019/w/TZ0/P2/Higher Level/Q7./

Patrick Brannac www.SmashingScience.org

6. |c i Wires:
wdelocalizeds electrons «flows
Blectrolyte:
s«mobilex ions «flows
6 |[c [|ii |2C - Clz(g)+2e Accept e fare™.
OR
Cl— %Cb(g}"' eV
c |iii |«electrodes 3 AND oxygen/Cs Accept chiorine/Clz.
€ |V |2H.0(1) - 4H (ag) + O:(g) + 4&V Accept 2CI" (aq) — Clz(g) + 26"
Accept 4OH™ — 2H:0 + O + 4e~
6 |e |i |P=4t052-015=+»037 «Va v
6. e |[ii |spontaneous AND E® positive
6. |e |iil |AG%= y—nFE=—1mal x 96500 C Mol x 0.37 V=» —36 000 J~36 kJ v/ Accept “-18kJ mol™* «per mole of
Cu™s”™
Do not accept values of n other than 1.
Apply SF in this question.
Accept JkJ or J mal~/&J mol™ for units.
6. |e [iv |2mol(ag) — 1mol(aq) AND decreases v Accept “soiid formed from aqueous
solution AND decreases”.
Do not accept 2mol = 1 mol without
(aq).
6. e |V |AG®<DANDAS®<0DANDAH® <D
OR
AG® + TAS® <0 ANDAH® <D v
6. |e |vi | TASmore negative areducing spontaneitys AND stability increases Accept calculation showing
non-spontaneity at 433 K.
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Topic Chem 2 Qi 149/ IB Chem/2019/w/TZ0/P2/Higher Level/Q3./

2 |a [i |4:11¢ 1
2 |a i N, o - = «0.0258 dn? x 0.010mol dnr= =» 2.58 x 10~ amol» v/
2
«w =» 645 x 107 amols Award [2] for correct final answer.
2. |a Award [2] for comrect final answer.
" | difference in moles per dmy® = (645 x 1075 - 5.03 x 1075 x ::,gg[:: =n 4
473 x 107% amoldm™» v 2
wconvert to mg per dm® 4.73 x 10~ mol dm™ x 32.00gmol™ x 1000 mgg™'=»
1.51 appmymg dm™>»s
Topic Chem 9 Q# 150/ IB Chem/2018/w/TZ 0/P2/Higher Level/
6. a i -1 L
Topic Chem 9 Q# 151/ IB Chem/2018/w/TZ 0/P2/Higher Level/
3. |d i BrO3 (aq) = 8™ = 847 (ag) — Br™ (ag)+ 3H2O (1) Accept reversible arrows.
cormect reactants and products 2
balanced egquation
3. |d i BrO;~(aq) = 8Fe™ (aqg) + BH (ag) — Br-{aq) <= 3H:0 (1) = BF (aqg) 1
3. |d | | EOpen = w144V —D.TTV =n 0.67 aVn
. 2
AG® = 4—nFE "macton = — 6 x 08500 C mol ™" x 0.67 V =n —3.8 x 105 ain
Topic Chem 9 Q# 152/ IB Chem/2018/w/TZ 0/P2/Higher Level/Q1
1. d Anode (positive electrode): Accept 4OH™ (ag) = Oz2{g) + 2H0 (1) + 4~
2H0 (1) = Oz2(g) +4H (ag) + 4 OR Fe®™ (ag) — Fe’* (ag) + e~ for M1.
Cathode (negative electrodal:
2H20 (1) + 2e” — Hz(g) + 20H" (aqg) Accept Fe (ag) +2e- — Fe (s]"OR
OR "S0s (ag) +4H" (ag) 2~ = 2H:50s(ag)+ H:0 (1)”
for M2. 2

2H*(ag)+ 2e” = Hz(g) ¥
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Topi&Cﬁgm 9 Q# 153/ |B Chem/2018/s/TZ %!’_fz‘jkljl_i'gher Level/

EEuLL

¥

6. |a salt bridge v

movement of ions 2
OR Do not accept “to complete circuit”
unfezs jon movement iz mentionad for
balance charge + M2.
6. b Poazifive electrode (cathods): Award [1 max] if correct equations
& - ) iven af wrong electrodes.
AgT(ag)+e = Aglis)v 4 g
2
Negative slectrode (anode):
Mg(s) = Mg (ag) +2¢" v/
6. |ec in external wire from left to right 1
6. |d aE=40.80V — (-23T V)=+» 3.17 aVs 1
6. |e 0.10g Award [2] for correct final answer.
amoles of siver= ————u»
107.87 gmol
: 0.5x0.10 «g»
moles of magnesium= ————— 2
107.87 «g mol ™" »
24.31 I1x0.5=0.10
«loss in mass of magnesium = b u - 8- #» 0.011 ags v
107.87 gmol™
Topic Chem 9 Q# 154/ I1B Chem/2017/s/TZ 2/P2/Higher Level/
4 |a |§i | NHg -2 AND N:Og 44 v
1
4 a iv | NaH: AND oxidized/oxidation state increases
Accept "N:zH: AND gives electrons wio
OR NzOe".
NaH: AND loses hydrogen 1
oR
MNzH: AND reducesiremoves oxygen from NzOs +
Topic Chem 9 Q# 155/ IB Chem/2017/s/TZ 2/P2/Higher Level/
2. |a i Sn*(ag) = Sn*(ag)+2= ¥ Accept equilibrium sign.
; 1
Accept Sn**{ag) —2e = Sn*"(aqg)
2 |b |I | qEY=p+0.85 aVs v Accept 0.85V. .
2 [b [ii | AG® «=-nFE"s =—2 «mol ™y x DB500 «C mol s x D85 uVin v Accept “atn 164 ak)n” sz quection
ctates energy released.
#AG" =» —164 akJw v 2
Award [1 max] for "+ or "= 82 akJ».
Do not accept answer in J.
2 c Znizinc is a stronger reducing agent than Felfiron Accept "Zn iz more reactive than Fe”.
OR Accept Zn oxide layer limits further
Znizinc is cxidized instead of Fefiron TSN 1
OR Do not accept “Zn layer limits further
corrosion”.
Znizinc is the sacrificial anode «
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Topic Chem 2 Qi 156/ IB Chem/2017/s/TZ 1/P2/Higher Level/

4. 2NiS (s) + 30z (g) = 2NiO (s) + 2502(g) v

4. formation of ¥gasecus® pentacarbonyliron is slower
OR
figaseous® complexes form at different rates
oR
gases have different rates of diffusion #due to difference in masses®
OoR
difference in thermal stability of #gaseous® complexes
OR
difference in boiling points of ugasecuss complexes
OR
difference in solubility of #gasesous» complexes
oR
difference in surface affinity ®onto solid absorbents
OR
difference in chemical properties of ¥gaseocus®* complexes « Accept any other valid answer.

Topic Chem 9 Q# 157/ IB Chem/2017/s/TZ 1/P2/Higher Level/

3. a Va0g +65 « Do not penalize incorrect nofation fwice.
VO™ +4 v

3 b i H:50: (aq)
oR
Pb(s) «

3. i Zn(s} v

3. i VO (ag) + V¥ (ag) + 2H* (ag) = 2V* (aq) + H:O (1) v Accept eguilibrium sign.

c i E® tm+0.34 V — (=0.26 V}» = +0.80 aV» v Do not award M3 az a stand-alone
o O -1 -~ afNsSwWer.
AG = “-THFE -9 85 x 1-D“C mol ' x0.80 J C™ =* — 57 900 «J rnol"h /-57.8 ACCEpt .SPOﬂfEHEOUS. for M3 if anower
Wk mol™"» ¥ given for M2 iz negative.
spontaneous as AG " is nagative « Accept “spontanecus az E° is positive”
for M3.

4. i iii

Topic Chem 9 Q# 158/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/

Anocde (positive electrode):

oxygen/O,

OR

hydogen ion/proton/H™ AND oxygen/O, ¢

Cathode (negative electrode}.
hydrogen/H,

OR

hydroxide «ion»/OH™ AND hydrogen/H, v*

Award [1 max] if correct products given at wrong
electrodes.

Any two of

winerts Pt electrode

OR

platinum black conductor v
1moldm™ H(ag) ¥

H,(g) at 100kPa v

Accept tatm H,(g).
Accept 1 bar H,(g)
Accept a labelled diagram

lgnore temperature if it is specified &1

Mg(s) = Cu™ (ag) — Mg™ (aq) ~ Cu(s) ¥

™~

a0.34V - (-237V) = 0271 a\n ¥

cell potential increases «

reaction «in Q4(k)(i)» moves to the right
OR
potential of the copper half-cell increases/becomes more positive v/

Accept correct answers based on the Nernst
equation.

Topic Chem 9 Q# 159/ IB Chem/2016/w/TZ0/P2 Section A/Higher

Level/

4, |k i

Mg (s) = Cu* (aq) — Mg™ (aq) - Cu(s) ¥

4. |k i

w034V — (-237V)=+22T1«Va v

4. |k iii

cell potential increases v

reaction «in Q4(k)(i)» moves to the right
OR

potential of the copper half-cell incr /becomes more positive v

Accept correct answers based on the Nernst
equation.

Topic Chem 9 Q# 160/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/

1. |c

Ethene: -2«

Ethane-1,2-diol. -1«

Do not accept 2-, 1- respectively.

Patrick Brannac
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Topic Chem 9 Q# 161/ I1B Chem/2016/s/TZoSP/P2 Section A/Higher Level/

b > NaClO: +1 (for chlonne’ and I 0 (for 10dine) « 1
b | |ClO since chionne reduced gams slectrons

OR

ClO smnce omdatton state of chlonne changes from +1 to
~1/decreases

OR

CIO zince 1t loses oxygen / causes 1o0dide to be oxidized v

b il | oduces chlorine <gas)/Cla <on reaction with CIO™> which is toxic ' | 9P 11E 1
b iv | exadation states are not real

OR
oxidation states are just used for electron book-keepmng purposes ¥

average oxidation state of sulfur calculated to be +2 ——

but the two sulfirs are bonded differently/in different emvironments
m thiosulfate so have different condation states v OWTIE

Juestion Answers Notes Total
¢ Valid-

addition of oxygen signifies an oxidation reaction so C is oxidized
OR

loss of hydrogen sagmfies an oxadation reaction so C 15 oxadized

OR

oxidation state of C changes from —4 to <4/mcreases v

Not valid:

loss of electrons nught suggest formahon of lome product but not
vahd since CO, 15 covalent

OR

loss of electrons mught suggest formation of i1omic product but not OWTTE
valid since reachon only mvolves neutral molecules v

Topic Chem 9 Q# 162/ IB Chem/2016/s/TZ1/P2 Sectiop'A/Highe_r Level/
4 |b i E'¢=034-015 =0.10aVa ¥

[T

Accept —18335 aJ» or — 18 ekJ» 3z equation 2
AG" €= — NFE" = -2 x 96500 = 0.108 = —38670 / —370004)s / - 37 ekts ¥ | nof specified.
4. |b |ii |yes ANDAG® is nagative Do not accept reference fo anti-clock
OR rufe.

y=s AND E° for the cell is positive

OR

yes AND Sn™(aq) is a stronger reducing agent than V™ (aq)
OR 1
yes AND E° for Sn* (aq) is more negative than E® for VO™ (aq)
OR

yes AND VO™ (aq) is a stronger oxidizing agent than Sn* (ag)
OR

yes AND E* for VO™ (aq) is more positive than E” for Sn* (ag) v

Topic Chem 9 Q# 163/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/

1|6 [ | p- 3 v Do not accept 1 or 1+ for H.PO,~.
HPO,: +1 v 2
1. |b iv | oxygen gained, so could be oxidation v Award [1 max] for M1 and M2 if candidate
dizplays knowledge of at feast two of theze
hydrogen gained, so could be reduction definifions but does not apply them fo the
OR reaction.

negative charge «on product/H,PO_"»s/gain of electrons, so could be
reduction v De not award M2 for “oxidation number
changez”.
oxidation number increases so must be oxidation v
Topic Chem 9 Q# 164/ 1B Chem/2015/w/TZ0/P2 Section A/Higher Level/

1. (@ () IOjtol,:VIi<5t00;

I'toI,:-1-1t00; 2]
Accept change in oxidation number -5 and +1.

Penalize incorrect notation such as 5+ or 5 once only.

(i) Oxidizing agent. 10;/iodate and Reducing agent. I"/iodide; [1]
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Topic Chem 9 Q# 165/ IB CHEM/2015/s/TZ1/P2 Section B/Higher Level/

(d)

(M

(i)

Haif equation:
I'(aq)+3H,0(1) > 10, (aq)+ 6H™(aq) + 6e~;

Accept e instead of e
Accept reversible arrows.

Overall equation:
Cr,0,* (aq) +I"(aq)+ 8H (aq) - 2Cr** (aq) + 10,™(aq) + 4H,0(1);

Ignore state symbols.

oxidized and increase (in oxidation number) of 6/from —1/I to +5/+V;

Topic Chem 9 Q# 166/ 1B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

(€)

(M

(il

(iii)

(iv)

v)

(vi)

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 conditions”.

Accept voltage/emf for potential.

(+)1.08 (V),

2Cr(s) + 3Cu** (ag) — 2Cr* (aq) + 3Cu(s);
Ignore state symbols.
Do not accept reversible arrows.

Negative electrode: chromium/Cr and Positive electrode: copper/Cu;
Accept “Cr is the anode and Cu 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(lil) solution and positive
ions/cations towards the copper(ll) solution / OWTTE;

Topic Chem 9 Q# 167/ IB Chem/2015/s/TZ2/P2 Section A/Higher Level/
6.

(@)

(b)

Positive electrode (anode):

2CU(1) > Cl,(g)+2e /CU() > 1CL(g)+€7;

Negative electrode (cathode):

Mg™ (1) +2e™ —Mg(l);

Accept e instead of e

Award [1 max] for correct haif-equations given at the wrong electrode.
Penalize use of reversible arrows once only.

correct state symbols in both equations;

aluminium/Al is less dense (compared to iron/Fe) / Al is more ductile or malleable
/ aluminium forms a protective oxide layer / Al does not corrode / iron/Fe rusts /
OWTTE,

Do not accept “Al is lighter” OR “less expensive” OR “Al can be recycled”.
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Topic Chem 9 Q# 168/ IB CHEM/2015/s/TZ1/P2 Section B/Higher Level/
(i) Ethanol: -2/,
Ethanal: =1/, [2]
Do not accept 2—, 1— but penalize once only.

(i) CH,CH,OH— CH,CHO+2H" +2¢; M1
Half-equation required. Do not accept C,H,OH + 2[0] — CH,CHO+H,0 .
Accept e for e

(iv) 3CH,CH,OH(aq)+Cr,0.* (ag)+8H'(aq) — 2Cr’*(aq)+3CH,CHO(1)+ 7H,0(l)
correct reactants and products;
correct balancing; [2]
M2 can only be scored if M1 correct.
Ignore state symbols.

Topic Chem 9 Q# 169/ IB CHEM/2015/s/TZ1/P2 Section B/Higher Level/
(d) (i) Positive electrode (anode):

2Br- - Br,(g)+2e /Br — %Brz(g)+e‘;

Negative electrode (cathode):
Na'+e —Na(l); [2]

Award [1 max] for correct equations at incorrect electrodes.
Ignore state symbols.

Accept e instead of e~

Penaiize use of equilibrium signs once only.

(i) Positive electrode (anode):
bromine/Brz;

Negative electrode (cathode):
hydrogen/Hz; (2]
Allow sodium hydroxide/NaOH/hydroxide/OH  formation.
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Topic Chem 9 Q# 170/ 1B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

(e) bromine/Brz; [1]
Do not accept bromide/Br .

(H (i) potential of reduction half-reaction under standard conditions measured
relative to standard hydrogen electrode/SHE / potential under standard
conditions relative to standard hydrogen electrode/SHE; [1
Instead of standard state allow either solute concentration of 1 mol dm-3 or
100 kPa/1.00 x 10° Pa for gases.
Allow 1 bar for 100 kPa/1.00 x 10° Pa.
Allow 1 atm.
Allow voltage instead of potential.

(i)
direction of electron flow

\X/
salt bridge
Mg (S}— I I Cu (s)

Mg (aq) Cu*(aq)

correct diagram including (volimeter), 4 correct species (state symbols not
required) and connecting wires;

No credit if wires to electrodes immersed in the solutions.

Accept ammeter/meter/lamp instead of voitmeier.

labelled salt bridge;
Accept an appropriate sait (name or formula) instead of salt bridge
(eg, potassium nitrate).

correctly labelled electrodes as +/cathode and —/anode;

flow of electrons from Mg to Cu in external circuit; [4]
(i) Random uncertainty: (£) 0.01 (V);

Significant figures: 3; 121
(iv) repeat readings and take an average / use more precise equipment; 1]
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Topic Chem 10 Q# 171/ 1B Chem/2019/w/TZ0/P2/Higher Level/Q4./

Patrick Brannac

www.SmashingScience.org

3 |a i «electrophilics addition + Do not accept “nucleophilic addition” or
Tree radical addition”.
Do not accept “halogenation”.
3 |a |ii|2-chioropropane
3. |a |iii |secondary carbocation/carbonium «ons is more stabie
OR
carbocation/carbonium «ions stabilized by two/more alkyl groups
3 |a iV | CH:CHCICH; (1) + OH™ (ag) — CH:CH{OH)CH: (ag) + Cl™(aq)
OR
CH:CHCICH; (1) + NaOH (aq) — CH;CH(OH)CH: (aq) + NaCl (aq)
3 |b | Rate = & [C:H;Cl [OHT]
«[OH"] held constant ands» [C:H-Cl] triples AND rate triples «s0 first order wrt
CsH:Cls
[CsH-C1] doubles AND [OH"] doubles AND rate quadruples «so first order wri
OH™»
3 |b ii SN2 Accept ‘bimolecular nucleophitic
substitution.”
3 |a i welectrophilics addition Do not accept “nucleophilic addition” or
free radical addition”.
Do not accept “halogenation”.
3. |a |# | 2.chloropropane v
3. |a ili | secondary carbocation/carbonium «ions is more stable
OR
carbocation/carbonium «icns stabilized by two/more alkyl groups v
3. |a [iv [CH:CHCICH;(l) + OH (ag) » CHsCH(OH)CH:(aq) + Cl™(aqg)
OR
CH:CHCICHa (1) + Na©OH (ag) — CH:CH{OH)CH: (ag) +~ NaCl(aq) v
3. [b |i Rate = k [C:HCl] [OHT] &
«[OH"] held constant and» [C:H-Cl] triples AND rate triples «so first order wrt
C3H-Clw
[C:H-Cl] doubles AND [OH] doubles AND rate quadruples «so first order wrt
OH™» +
3. |b il SN2 Accept ‘bimolecular nucleophilic
substitution.’
3. |b i - CH cH CH Do not allow arrow oniginating on H in
OH _\ l = l ? OH".
A — HO L cl] — P T CU | Allow curly armow going from bond
oHeT | G cH HO l H between C and Cl fo Cl in either
H Hy reactant or transition state.
curly arrow going from lone pair on Ofnegative chargeon OH o C Do not award M3 if OH-C bond is
represented.
ey showing C-Cl I king v Accept formation of NaCl instead of CU.
representation of transition state showing negative charge, square brackets and
partial bonds
formation of CH-CH{OH)CH; AND Cl-v
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control/predict edesireds products

control rate of reaction amore effectivelyn

satisfy intellectual curiosity

predicting how changing reagents/conditions might affect reaction ¥
suggesting intermediates/transition states

3 d I KaCr205/Cr207/upotassiums dichromate «(V1)» AND acidified™* Accept “H=504" or "HaPO," for “H™
OR Do not accept HCI. 1
«acidified potassium» manganate(Vil)/ «H* ands KMnQs / «H* ands MnOs v Accept ‘permanganate” for
‘manganate{VIl)~
3 |d i CsHeOfpropan-2-ol. hydrogen-bonding AND C:H:O/propanone: no hydrogen
bonding/«only» dipole—dipole/dispersion forces v 2
hydrogen bonding stronger «than dipole—dipoles v
3 |e CH3 H CH; H Continuation bonds must be shown.
| | | | Methyi groups may be drawn on
—C—C—C—C—— apposite sides of the chain or head to
L |_|| lL ‘L tail. .
v Ignore square brackets and n”.
Topic Chem 10 Q# 172/ |IB Chem/2018/w/TZ 0/P2/Higher Level/
9. |a polarity/polar emolecule/bonds
OR 1
carbon—halogen bond is weaker than C—H bond
9. |b primary AND Bribromine is attached to a carbon bonded to two hydrogens Accept primary AND Br/Bromine iz
oRr aftached fo the first carbon in the chain™
1
primary AND Bribromine is attached to a carbon bonded to one C/R/alkyl
agroups
9. |ec H H i H Do not allow curly arrow ariginating on
HOT ,—N Hin HO™.
e HO—="C———Br - i + Br™ | Accept curly amrow either going from
Ci-l:ﬂl-lz/ | ‘\'tar HO'/ | ~y bond between C and Br to Brin
H CH:CHy H {-bromopropane or in the transition
CHiCHz state.
curly arrow going from lone pairinegative chargeon 0 in HO 1o C Do not penalize if HO and Br are not af
curly arrow showing Br leaving + S007 0 ek peer.
¥ 9 . Do not award M3 if OH~G bond is
representation of transition state showing negative charge, square brackets and represented.
partial bonds s
formation of organic product CH3CH>CHOH AND Br~
9 d «Lewis» base AND donates a pair of electrons o 1
8. |e Any two of: Accept other reasonable answers.
choose emosts appropriate reaction «for preparing the target compounds ¥
designidiscover new reactions/reagents
apply this knowledge to other areas of chemistry/science +
aretro-ssynthesis amore effectives '
2 max
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Topic Chem 10 Q# 173/ IB Chem/2018/w/TZ 0/P2/Higher Level/

8 |a angle between bonds is 80%/strained/smaller than 108.5° 1
8. b i Any two of: Accept displayed or condenszed
CH3COCH: ¢ structural farmulas or skeletal formuias.
Accept CH{OH)=CHCH3 and
CH3CH;CHO CH=C(OH)CHz
CH=CHCHz0OH ¥
CH:OCH=CH: ¥ 2
[>~— OH
v
]
v
B. b il no AND only cne saxial/methyl/CHa» substituent aat the rings Accept no AND «O in the ning and»
one carbon has fwo H atoms”.
OR 1
no AND two waxials substituents required «for cis/trans-isomerss
Topic Chem 10 Q# 174/ |B Chem/2018/w/TZ 0/P2/Higher Level/
7. |a welectrophilics addition/Az Accept “hydrogenation”.
OR 1
reduction v
Topic Chem 10 Q# 175/ IB Chem/2018/w/TZ 0/P2/Higher Level/
6. |d Any two of:
butanocic acid forms more/stronger hydrogen bonds v Accept "bufancic acid forms dimers”.
butanocic acid forms stronger Londen/dispersion forces Accf.‘pt “butanoic acid has larger M; hydrocarbon
_ chain‘fnumber of efecfrons” for M2.
butanoic acid forms stronger dipole—dipole interaction/force - ¢ “Dutanoic acid has larger apermanents
dipole/more polar” for M3. 2 max

Topic Chem 10 Q# 176/ |B Chem/2018/w/TZ 0/P2/Higher Level/

6.

lithium aluminium hydrde/LiAlH:

6.

butan-1-ol/1-butancl/CHiCH2CHCH-0H
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Topic Chem 10 Qi 177/ IB Chem/2018/s/TZ 1/P2/Higher Level/ ) _
7. a Any two zimilanties: Do not accept produces alcohol™ or
heterolytic bond breaking etk Nl
OR
chioride ions leave
nucleophilic/OH™ substitution v
both first order with regard to [halogenoalkane] ¥
One difference:
CH;CH;(_ZH_-CH:CI is second order’bimolecular/Sn2 AND (CH3)3:CCl is first A ¢ “substitution in 1-chhk e
orderfunimolecular/Sx1 ceept “subs sy abt 3
and «somen elimination in 2-chlioro-2-
OR methylpropane”.
CH3yCH2CH2CH:Cl rate depends on [OH"] AND (CH3):CCl does not
OoR
CH3yCHCH2CH2Cl is one step AND (CH31)sCCl is two steps
OR
(CHz):CCl involves an intermediate AND CH3:CH2CH2CHzCl does not
oOR
CH3yCH>CH2CH:Cl has inversion of configuration AND (CH31):CCl has c. 50 : 50
ratention and inversion
F b C—Br bond weaker than C-Cl bond Accept "Br~is a befter leaving group”.
Do not accept "bromine is more
reactive”. 1
Do not sccept "C-Br bond is longer
than C—CI” alone.
7. |e i butan-1-ol/CH3:CHCHCH-0H Do not accept butanol” for “butan-1-ol”.
Accept "1-butanol”. 1
Do not penalize for name if correct
formula iz drawn.
7. |c ii «reduction with» lithium aluminium hydride/LiAlHs Do not accept “sodium 1
borohydride/NaBH4".
7. |ec iii | ester 1
Topic Chem 10 Q# 178/ |B Chem/2018/s/TZ 1/P2/Higher Level/
3. a i nickel/Ni «catalysts Accept theze other catalysts: Pt, Pd, Ir,
Rh, Co, Ti.
high pressure
OR Accept "high femperature” or a sfafed
temperature such as “150 °C".
heat v
3 |a ii H H H H H H Ignore square brackets and "n".
I R e i
ing line at end of carbons
cC—C—C—C—C—
| | (l: | | ll: must be shown. 1
H H H e H
" v
i |b sthyne: CaHz + Clz = CHCICHCL Accept "CaH201z2"
2
benzene: CgHs + Cla = CeH:Cl + HCL v
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Topic Chem 10 Q# 179/ IB Chem/2017/s/TZ 2/P2/Higher Level/

6. |a Initiation: Do not penalize mizsing electron dot on
Cl-Cl — Cls = Cls + radicalz if consiztent throughout.
Accept Clz, HCl and CH3Cl without
showing bonds.
Propeption: Do not accept hydrogen radical, H= or 3
Cl+CH, - Cl-H+-CH, v H, but apply ECF to other propagation
steps.
Cl-Cl + «CH, — CI-CH, + Cl- v
6 |b @AH“ =p —82.0 akJs — 023 wkln — (—74.0 akdw) v Award [2] for correct final anzwer.
2
aAH" =» —100.3 akJn ¥
] c HL—CHCIL Accept "CHzCHCL” or "CHCICH:".
OR Do not accept "CH:C1".
H/ N\
H »~
Topic Chem 10 Q# 180/ |IB Chem/2017/s/TZ 2/P2/Higher Level/
2 a v hydroxyl/OH Accept “hydroxy/alcohol” for “hydroxyl™
OR Accept amino/amine/NHz 1
aldehyde/CHO +
Topic Chem 10 Q# 181/ IB Chem/2017/s/TZ 1/P2/Higher Level/
7. a Any two of:
planar #X-ray® v
::J }';o C bond lengths all equal e
C to C bonds intermediate in length between C—C and CaC +
all C-C-C bond angles equal «
7. b benzene: aelectrophilics substitution/Ss Accept correct equations.
AND 1
cyclohexene: delectrophilic® addiion/Asz v
7. | = fconcentrated® nitric AND sulfuric acids v 2
*NOz v Accept NOZ™.
7. d Accept mechanizm with comresponding
Kekuié structures.
_—
Do not accept a circle in M2 or M3.
MO
*NO, Accept first armow starting either inzide
the circle or on the circle.
M2 may be awarded from carrect
diagram for M3. 4
=T 1 + H
H M4: Accept CeHNO: +H2502iFH504
NOy NO; used in M3.
curly armow going from benzene ring to N of "NOa/NO:™ v
carbocation with comect formula and positive charge on ring v
curly arrow going from C—H bond to benzene ring of cationv”
formation of organic product AND H™ ¢
T. e FelZniSn AND HCUH:504JCH3iCOOH v Accept other suitable metals and acids.
Accept other suitable baszes.
NaOH/KOH + Award [T max] for single-step reducing 2

agents (such as Hz/Pt, Naz5 etfe.).
Accept formulas or names.
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Topic Chem 10 Q# 182/ |B Chem/2016/w/TZ0/P2 Section A/Higher Level/

H—C—C—H
i b

curly arrow going from C=C to H of HBr and curly arrow showing Br leaving v
representation of carbocation ¥

curly arrow going from lone pair/negative charge on Br to C™ ¥

Question Answers Notes Total
6. |a T H T
P e : P
H:Cy” | YCH: | Hi® | TCoHs 2
Br H Br
correct isomer v
mirror image shown clearly v
6. |b 52 would give inversion of configuration «almost 100%»
OR
S,,1 would give «approximately» 50% of each v’ 2
so mechanism is a mixture of both mechanisms v
6. |c C-I bond «longer, son weaker «than C—Br bonds
OR 1
I is a better leaving group than Br v
Topic Chem 10 Q# 183/ IB Chem/2016/w/TZ0/P2 Section A/Higher Level/
Question Answers Notes Total
5 |a Propane:
H H H
Bl
H H H
AND 1
Propene:
H H
>C=C—(L—H v
H I
H H
Question Answers Notes Total
5 e i CH,~Br,— C,H.Br-HBr v
wsunwlight/'UV/hv Do not accept "reflux” for M2 2
OR
high temperature v
5 c ii CMH,+Br,— CHBr, v 1
c ili | Propane: «free radicals substitution / Sg
AND 1
Propene: welectrophilics addition [ A. ¥
5 |d H H Award [2 max] for formation of
CHs CH 1-bromopropane.
>C=C< —_— H—(lj—‘—‘-g/ 2
H H | \H
! e
Br
H—{:Br
3
H CHj3
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Topic Chem 10 Q# 184/ |B Chem/2016/s/TZoSP/P2 Section A/Higher Level/

Question Answer: Notes Total
¢ |v | both Xand Y will exhibit hydrogen bonding with water molecules v
diagrams showing hydrogen bondmng v
X:
CH;4 H
i{—-L‘-—~I.\.) s H—0:
CHy H
OR
CH, H 2
]{—[‘—i:fl—!]mlmn: F-_:I—H
CHs
Y: )
|
fO—H
Topic Chem 10 Q# 1_8§ﬂﬁ Ch:e_m/ZOlG/s/'TZoSP/PZ Section A/Higher _L_t_ey_elj_____ R )
d iv | Similarigy:
both ivolve shared pair of electrons / both are covalent v
Difference: b
Pr-N: pair of elections comes from mtrogen / coordinate bond
and
N-H: one electron comes from each bonded atom v
d |v |London/dispersion / instantaneous mduced dipole-induced dipole v* | Award [2] for all three correct. [1] for any two
correct.
dipole-dipole ¥ 2 max
hydrogen bonding v
Topic Chem 10 Q# 186/ |B Chem/2016/s/TZoSP/P2 Section A/Higher Level/
Question Answers Notes Total
7. |a Award [2] for all four corvect, [1] for two or thres
corract.
I' carboxanmde
II: phenyl v Do not allow benzens. 2 max
IT: carboxyl / carboxy ¢ Do not allow carboxylic/alkanoic acid.
IV: hydroxyl v Do not allow alcohol or hydroxide.
b [d | ((05)(40-20-2)=)9 ¥ 1
Question Answers Notes Total
7. |d i Names of complexes are not required.
Cl._ _.NH; HyN. .l Complexes may be drawn without tapered bonds.
o and b, ) 1
a?” \NH_. a” ‘-\FHw v
Cisplatin Transplatin
d |&
I .NH; N, €l
M - Pt and i
a%x “xn, 17X “WN, ’
M=0 v
Cisplatin Transplatn
Ciz: polar and rans: non-polar v
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Topic Chem 10 Q# 187/ IB Chem/2016/s/TZoSP/P2 Section A/Higher Level/

Question Answers Notes Total
4 |a H C
?C-C —_— HO-?C,;‘;--I
HY
C"; CH; H
/H
HO C e
\%“'u 2 4
CH,
curly amrow gomg from lone pair'negative chargeon Om HO to C v Do not allow curly arrow originating on H in HO'|
curly arrow showmeg I leaving v Accept curly arrow going from bond between C
and I to I in 1-iodosethane or in the transition
state.
Do not allow arrow originating from C 1o C-I
bond.
representation of transihon state showmg negative charge, square brackets | Do nor award M3 if OH—C bond iz represented
and partial bonds at 180 to each other v
formation of orgame product CH.CH,0H and I" Imversion of configsuration must be shown to
score M4
b Rate expression:
rate=k[OHJ[CH,CHI] v "
Molacularity of RDS- )
bimolecular v
Question Answers Notes Total
¢ Sx2:
polar. protic solvents decrease mucleophilic reactraty due to hydrogen
bonding
OR
polar, protic solvents have a cage of solvent molecules suvounding
amonic  nucleophile resulting i increased  stabilizanon
€=o are zlower)
OR
polar, aprotic solvents have no hydrogen bonding so 5,2 reachons are 2
favowred since nucleophiles do not solvate effectively so have am
enhanced pronounced effect on nucleophilicity of amome nucleophules
€50 are faster) v
Snl:
polar, protic solvents favour Syl reactions since the carbocation
{intermediate> 13 solvated by ion-dipole mteractions by the polar
solvent v
d DMF since aprotic solvent so favours Sy2 « 1
Topic Chem 10 Q# 188/ |B Chem/2016/s/TZ1/P2 Section A/Higher Level/
5 |a i estructuralfunctionals isomeress 1
5 |a i Test: Accept other correct reagents, such az
ereact withs bromine/Br, ain the darks manganate{VIl) or iodine solutions, and
OR descriptions of the corregponding changes
areact with» bromine water/Br, (aq) in the darks v observed.
2
A: from yellow/oranga/brown to colouriess AND B: colour remains/siowly | Accept “decolourized™ for A and “not
decolourized v decolourized/iunchanged” for B.
Do not accept “cleantransparent” instead of
“colourless”.

Topic Chem 10 Q# 189/ IB Chem/2016/s/TZ1/P2 Section A/Higher Level/

2

b

primary v

z

ALTERNATIVE 1:
aheat withe tin/Sn AND hydrochlonic add/HCL v
aqueous alkai/OH (ag) v

ALTERNATIVE 2:
hydrogeniH, v
nickel/Ni gcatalysts v

Accept specific equations having comrect reactants.
Do not accept LiAIH, or NaBH,.
Accept Pt or Pd catalyst.

Accept eguations having comrect rescfants.
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Question Answers Notes Total
2 |b il |HNO,+2H.80, = NO,”+2HSO, +H,0"¥ Accept: HNO, + H.50, == NO,” + HSO, =
zg%wm+ H.50,= H,NO, +

Aoccept equivalent two alep reactions in which
sulfuric acid first behaves az a strong acid and 1
protonates the nitric acid, befors behaving as
& dehydrating agent removing water from it

2. (b |iv Accept mechanizm with corresponding
Kekulé struchares.
Do not accept a circle in M2 or M3.
NO2
*NO,

circle or on the circle.

M2 may be awarded from correct diagram for

M3
4
— + W M4: Accept CHNO, + H,50, if HSO, used
H in M3.
NO; NO;

curly amow going from benzene ring to N of "NO/NO," v
carbocation with correct formula and positive charge onring v

curly armow going from C—H bond 1o benzens ring of cation v

formation of organic product nitrobenzene AND H* v

Question Answers MNotes Total
2 e i Name: ethane-1 2-diol v Accept ethan-1 2ol / 1, 2-ethanediol.
Class: alcoholess ¢ Do not accept “diol” for Class.
2

Topic Chem 10 Q# 190/ |B CHEM/2015/w/TZ0/P2 Section B/Higher Level/
9. (@) (i) RBr(l)+NaOH(aq)—»> ROH(aqg)+NaBr(aq) /
RBr (1) + OH™ (aq) — ROH(aq) + Br- (aq) 1]
Ignore state symbols.

(i) (1.35x102-7.36x10" =) 6.14x107 / 6.1x 10 (mol): 1]

(i) (molar mass =—25%2___1137(g mol-: 1]

6.14%10
Accept 138.

(iv) (137 — 80 = 57 which comresponds to CsHg, hence molecular formula)
CsHeBr, [1]
Accept correct structural formuila of one of the isomers as molecular
formula.
Do not accept ECF from 9a(iii) for an impossible molecular formula, such
as CaH1oBr.
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(v) CHa2CH2CH2CH2Br and primary;
(CH3)2CHCH:Br and primary;
CH2CHBrCH2CHs and secondary;
(CH3):CBr and tertiary;
If primary, secondary or tertiary not stated, award [3] for four correct, [2] for
three correct and [1] for two correct structural formulas.
Penalize missing hydrogens once only.
Accept either full or condensed structural formulas.

If CsHqBr was used, accept any correct structural formulas.
CHaCHzCH2CH:CH2Br and primary;

(CH3)2CHCH2CHzBr and primary;

CH3CH2CH(CH3)CH2Br and primary;

(CH3):CCH:Br and primary;

CH2CHBrCH2CH2CHz: and secondary;

CHaCHzCHBrCHzCH: and secondary;

CHaCHBrCH(CHa): and secondary;

CHaCH2C(CHa):Br and tertiary; 4]
If primary, secondary or tertiary not stated, award [3] for four correct, [2] for
three correct and [1] for two correct structural formulas.

Penalize missing hydrogens once only.

Accept either full or condensed structural formulas.

() increase in carbon chain; [1]
(i)
H T P T
| NC“""C"'“BI' Sy /T\ " Br'-
G NC H
i, ,L CHCHCH, H CHLCH:CHy
OR
-a-"-—_-
NC™ H |-I| = T
Py NC----C----Br |—> /C\ + Br-
(CHCH™ | Br NCT | TH
V (CHaCH H CH(CH2)>

curly arrow going from lone pair/negative charge on NC- o C;

curly arrow showing Br leaving;

Accept curly arrow either going from bond between C and Br to Brin
1-bromobutane/1-bromo-2-methyipropane or in the transition state.

representation of transition state showing negative charge, square brackets
and partial bonds;
Do not penalize if NC and Br are not at 180° to each other.

Products: CH,CH,CH,CH,CN/(CH, ),CHCH,CN and Br /KBr; 4]

Penalize missing hydrogens and/or incorrect bond linkages (eg CN-C
instead of NC-C) only once in this question.
Remember to apply ECF from part (a)(v).

(iliy CH,CH,CH,CH,CN +2H, — CH,CH,CH,CH,CH,NH,
OR
(CH, ),CHCH,CN+2H, — (CH, ,CHCH,CH,NH, ;

Ni/Co/Ru;
Accept Pt/Pd/Cu/Rh.
Accept either chemical symbol or name.
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{c)
(i)  addition;
—CH(C2Hs)-CHz—CH(C2Hz)-CHz— / —C(CH3),—~CH—-C(CH3)—CHo—| 2]
Continuation bonds required for the mark.
(d) Initiation:
(:l2 NI Kl et 2Cl. R
Reference to UV light or high temperatures must be included.

Propagation:
Cls +C,H; - C,H,«+HCL;
C,H;+ +Cl, - C,H.Cl +Cle;

Termination:
Cle+Clo— Cly / CHge + Cle > CHOU/ CHyo + CiHer > Gy 4
Accept representation of radical without « (eg, Cl, CzHs) if consistent throughout
mechanism.
Accept further chiorination.
Award [3 max] if mrtiation, pmpagaﬂon and termination are not stated or are
incorrectly labelled for equations.
Accept correct description of processes without equations.
Award [3 max] if Br used correctly instead of Cl.
Topic Chem 10 Q# 191/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

Penalize missing hydrogens only once in Question 10.
10. (@ ) H H Br H

H—(::TICC—-—H:

H Br H H [1]
Acoepf bromine atoms cis to each other.

(i) 2 3-dibromobutane; [1]
Do not penalize the incorrect use of spaces, comma or hyphen.

(i) red/brown/orange/yellow to colouriess/decolourized; [1]
Do not accept clear.
Do not accept just “decolorized”.

(b) (i) (synthesis of) plastics/polymers/organic materials not naturally available /
synthetic materials;
wide range of uses/physical properties / versatile;
large industry / many tons of plastics consumed by society / OWTTE; [2 max]
Do not accept “useful” for M2.
Award [1 max] if specific addition polymer and its use is given.
Penalize reference to condensation polymers once only.

11

|. CH; CH; J n (1]
Ignore n.
Brackets are not required for the mark, but continuation bonds are.
Do not penalize if methyl groups are trans to each other.

(1)
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C ' |
|

~ ——» |HO--C---Br| — C + Br
HC” | Br £ Ho” | H
H CH; H CH,

curly arrow going from lone pair/negative charge on O in HO to C;
Do not accept curly arrow originating on H in HO™.

curly arrow showing Br leaving;

Accept curly arrow either going from bond between C and Br to Br in
2-bromobutane or in the transition state.

Accept if arrow goes from C—Br bond to/or beyond Br.

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.

formation of organic product CH:CHOHCH;CH3 and KBr/Br-, [4]

(i) OH has a negative charge/higher electron density;
stronger attraction to the carbon atom with the partial positive charge /
OWTTE, [2]
Do not accept just stronger aftraction.
Reference to carbon atom needed for M2.

(d) (i) 2-methylbutanenitrile; [1
Accept small errors in spelling.
Accept 2-cyanobutane.
Do not accept butan-2-nitrite.

(i)  hydrogen/H; and nickel/Ni; [1]
Accept other suitable metal catalysts such as platinum/Pt, palladium/Pd.

(iii) H

(o]

H
Ll

—N—C—C—H

.
-+

H
l
g

H H H H [1]
Accept condensed CH branch in structural formula as this was present in
structure given in question.

(e) (1) carbonyl; (1]
Accept ketone.

e
L

—f—T L
@ e i o

(i) CHs

H
.

—C—H
|

o

X
I——X

OH H [1]
Accept condensed or full structural formula.

Patrick Brannac www.SmashingScience.org Page 299 of 314




() hydrogen bonding in compound C;
dipole-dipole forces in C / C is more polar;
C has greater molar mass/more dispersion/London/instantaneous induced dipole-
induced dipole forces/van der Waal forces; [2 max]
Accept converse argument.
Award [1 max] for stronger intermolecular forces.

(@) CH;OH(l)+60,(g) —»4CO,(g)+5H,0(1); (1
Ignore state symbols.

(h) (i) compounds with the same structural formula and different arrangement in
space/3D structures; [1
Accept molecuiar formula instead of structural formula.
Do not accept “similar” instead of “same”.

(i) restricted rotation around a (double) bond;
carbon atoms of the C=C/carbon-carbon double bond (in alkene)/carbon
atoms of the C—C/carbon-carbon single bond (in cycloalkane) must have
two different atoms/groups of atoms / OWTTE, [2]
Do not accept “functional groups” for “groups of atoms” in M2.

(i) CHy CHs CHa H

cis and trans | (21
Award [1 max] if cis and trans isomers are correctly drawn and identified
for alkene other than but-2-ene.
Award [1 max] if student draws and labels one structure correctly but not
the other.
Topic Chem 10 Q# 192/ |B Chem/2015/s/TZ2/P2 Section A/Higher Level/
5. (a) same functional group;
same general formula;
(successive members) differ by CHo;
similar chemical properties;
gradation in physical properties; [2 max]
Do not accept “same” instead of “similar”, or vice-versa.

(b) Initiation:
Brz UV /Ihfihv m. =
Reference to UV light or high temperatures must be included.
Propagation:
Bre+C,H, = C,H.++HBr;
C,H.«+Br, - C,HBr+Br-;
Termination:
Br.+Br-—»Br, /C,H.+ +Br- - C,HBr/C,H.»+CH.- - C,H,,; [4]
Accept representation of radical without « (eg, Br, C,Hs) if consistent throughout
mechanism.
Penalize reference to heterolytic fission once only.
Award [0] to any mechanism involving ions.
Accept further bromination.
Award [3 max] if initiation, propagation and termination are not stated or are

incorrectly labelled for equations.
Accept correct description of processes without equations.
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Topic Chem 10 Q# 193/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/
5. (a) Equation:
CH,CH, + H,0 — CH,CH,OH / C,H, +H,0 — C,H.OH

Conditions:

(concentrated) sulfuric acid/H,SO, ;

Do not accept dilute sulfuric acid.

Accept phosphoric acid/H,PO, (on peliets of silicon dioxide) (for industrial
preparation).

heat / high temperature; [3]
Do not aocepr warm.

Accept high pressure (for industrial preparation) for M3 only if H,PO, is
given for M2.
(d) CH,CH,OH+CH,CH,COOH = CH,CH,00CCH,CH, +H,0;
ethyl propanoate; [2]
Do not penalize if equilibrium arrow missing.
(e) (i) Repeating unit.
H

o0——C

o

(==

——1
O

H H -

Continuation lines must be shown.
Ignore brackets and n.
Accept condensed formulas such as CHz and CeHa.

Other product:
H2O/water; [2]

(i) condensation; 1
Topic Chem 10 Q# 194/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

6. (a) CH,+Br, —CH,Br+HBr; [1

() () Initiation:
UVI thy
Br, — 2Br.;

Reference to UW/ight or high temperatures must be included.

Propagation:
Br-+CH, — CH,-+HBr ;
CH,- +Br, — CH,Br +Br-;

Termination:

Award [1 max] for any one of:

Br- +Br- = Br, ;

CH,++Br-— CH.Br

CH,++CH,-— C,H,; [4 max]
Allow representation of radical without - (eg Br, CH?3) if consistent throughout
mechanism.

Award [3 max] if initiation, propagation and termination are not stated or are
incorrectly labelled for equations.

(i) methanol/CHaOH;
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(c) C-Ibond is weaker than the C-Br bond so more easily broken;
C-I bond is longer than the C-Br bond / I larger than Br so bonding electrons not
as tightly held / I- is better leaving group than Br-;

@ O

(it)

Positive electrode (anode):
2Br- —Br,(g)+2e /Br — %Brz(g)+ e

Negative electrode (cathode):
Na' +e —Naf(l);

Award [1 max] for correct equations at incorrect electrodes.
Ignore state symbols.

Accept e instead of e~

Penalize use of equilibrium signs once only.

Positive electrode (anode):
bromine/Bra;

Negative electrode (cathode):
hydrogen/Hz;
Allow sodium hydroxide/NaOH/hydroxide/OH" formation.

Topic Chem 10 Q# 195/ |B CHEM/2015/s/TZ1/P2 Section B/Higher Level/

7. (@

curly arrow going from lone pair/negative charge on O in HO to C;

Ethanal: distill off product as it forms;
Accept distilfation.

Ethanoic acid: (heat under) reflux / use excess oxidizing agent;

(b) HC?’”\H = A
| |

/c\qr ——» | HO—C—Br | —

he™ |
H H£L H

Do not allow curly arrow originating on H in HO™.

curly arrow showing Br leaving;
Accept curly arrow either going from bond between C and Br to Brin
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.

formation of organic product CH:CH20H and Br-;
Award [3 max] for correct Sy1 mechanism.

@

(i)

chiral/asymmetric carbon / carbon attached to 4 different groups / non-

super imposable mirror images;

enantiomers rotate plane of (plane-) polarized light;
in opposite directions (by equal amounts);

Topic Chem 11 Q# 196/ IB Chem/2019/w/TZ0/P2/Higher Level/Q4 ./

(2

(2]

(2]

(2

(4]

(1

(2]

3 |d iii | only one hydrogen environment
OR
methyl groups symmetrical «around carbonyl groups v

Accept “all hydrogens belong to methyl
groups ewhich are in identical
positionsy”
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Topic Chem 11 Q# 197/ IB Chem/2019/w/TZ0/P2/Higher Level/Q3./

2 |b ; «M =p 0.5 «%s v 1
20.1cm
2, |b |ii | repstition/take several samples «and averages v 1
Topic Chem 11 Q# 198/ IB Chem/2018/w/TZ 0/P2/Higher Level/
8. c Chemical shift:
3.7-4.8 wppm»
2
Splitting pattern:
doublet ¥
Topic Chem 11 Q# 199/ IB Chem/2018/w/TZ 0/P2/Higher Level/
2. |b wabsorption at wavenumber 1700-1750 cm™'» C=0lcarbonyl Do not accept “ketone” or “aldehyde”. 1
2 e amiz =» 58 1
2. |d H O H
o _+_H U
CH:cocHs/ H H v
Topic Chem 11 Q# 200/ |IB Chem/2018/w/TZ 0/P2/Higher Level/
1. |b iii |ALTERNATIVE 1:
x0.2°C x 100 —#3%/003 ¢ Accept values in the range 4.1-5.5 akJ».
7.8°C Award [2] for correct final answer.
«D 03 x 180 kJ» = atn 5 akds
2
ALTERNATIVE 2:
W02°Cx—100__»3%/003¢
7.5C
w0.03 x 180 k) = a+» 5 akln
Topic Chem 11 Q# 201/ IB Chem/2018/s/TZ 2/P2/Higher Level/
1. a o reduce random errors Accept “to ensure refiability”.
OR 1
to increase precision
Topic Chem 11 Q# 202/ |B Chem/2018/s/TZ 1/P2/Higher Level/
2. |b multiply relative intensity by «#m/z» value of isotope Award [1 max] for stating "m/z valuez of
OR izotopes AND relative
abundancefntensity” but not stafing
find the frequency of each isotope v these need to be mulfipled.
2
sum of the values of products/multiplication «from each isotopes
OR
find/calculate the weighted average
Topic Chem 11 Q# 203/ IB Chem/2018/s/TZ 1/P2/Higher Level/
1. i 60: CONzHs™ Accept "molecular ion”.
44: CONHz" v
2
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1. |k 3450 em U N-H V Do not accept "O—H" for 3450 om™.
1700 e C=0

. v i |1 1

1. |1 i singlet Accept "no splitting”. 1

1. |1 iii | acts as intemnal standard Accept Tnert” or “readily removed” or
OR “non-foxic” for M1.

acts as reference point v

one strong signal 2
OR

12 H atoms in same environment

oOR

signal is well away from other absorptions

Topic Chem 11 Q# 204/ |B Chem/2016/w/TZ0/P2 Section A/Higher Level/

1.f Number of signals | _ Splitting pattern | | Ac¢€pt ‘none/no splitting” for singlet.
Ethanedioic acid: 1 AND singlet ¥ 2
Ethane-1,2-diol: 2y | Not required
Topic Chem 11 Q# 205/ |IB Chem/2016/s/TZoSP/P2 Section A/Higher Level/
b |iv |[AC-HandB-C=0v¥ 1

b |v [O-HandN-Hv

[T

frequencies/stretches due to O—H and N-H occur zbove 3200 <cm ™)

whach are not present in IR of bute v
¢ i 116 v 1
Question Answer:s Notes Total
7 c i III lll Ill
H—C— =P
| | | d 1
H T H
I
¢ |i@i | CHOCHCH, v 1
¢ |iv | Similarity:
both have frazment conespondinz to (A, —15)"/miz =45 v Aliow “both have same molecular ion peak M / both
have m/z = 00", However in practice the molecular
Difference: ion peak is of low abundance and difficult to observe
X ha- fragment conresponding to (M, =17)"/ miz =43  for propan-2-ol.
OR 2
X has fragment comrespondimg to (M, —43)"/ m'z =17 B
OR
Y has fragment corresponding to (M —31)"/ m'z =29
OR
Y has fragment corresponding to (M, =29} /m'z =31+
Topic Chem 11 Q# 206/ |B Chem/2016/s/TZ1/P2 Section A/Higher Level/
2 |e ii two AND two hydrogen environments in the molecule
OR 1
two AND both CH. and OH present v/
2. |c | |CHORY Accept CH,O".
Accept [-CH,OH]" and [-CH,OJ". ;
Do not accept anawers in which the charge is
misging.
2. |e |iv |oxygen-hydrogen ebonds/O—H &in hydrowyls v 1
Topic Chem 11 Q# 207/ |B Chem/2016/s/TZ1/P2 Section A/Higher Level/
5 |b compound A would absorb at 1820-1620¢cm™'s v Accept any value in range 1620 — 1680cn . 1
5 |e Signal 12 21 Accept 0.9 to 2.0 for the first signal as the
Chemical shift/ ppm 00-10 AND 45-80 ¢ O=C affects the CH, ahit (sctually 1.7).
Spiitting paftermn singlet AND  singlet v Accept ‘none/no splitting” for both splitting 2
pattemns.
Award [1 max] for the comect deduction (both
shift and splitting) of signal 1 or 2.
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Topic Chem 11 Q# 208/ |B Chem/2015/w/TZ0/P2 Section A/Higher Level/

() (i) 14(%); 1]
Accept 1 (%).
(i) systematic;
dilute the orange juice; 2]

Accept other valid suggestions, eg. compare with a standard (showing
colour at equivalence) / look at mixture through a yellow filter / add more
Starch (for a sharper colour change) / filter orange juice (through charcoal).
Do not accept repeat titrations or alternative indicator.

(i) 1.44x107° (mol); [1]
Topic Chem X 92 Qit 209/ |B CHEM/2015/w/TZ0/P2 Section B/Higher Level/
© NF, N,H, N.H,
Hybridization sp*, sp, sp*. 3]

Do not penalize if it is not superscript.

(i) sigma bond: overiapping of orbitals end to end/head on / overiapping of
orbitals along internuclear axis,
Accept “axial overiapping of orbitals”

pi bond: side-ways/parallel overlapping of p orbitals (above and below

intemuclear axis); 2]
Accept “overiapping of p orbitals above and below the intemuclear axis”.

Accept suitable labelled diagrams.

(iii) . iEl @ IFl
_\elu I/
2 | |\
IE IFI & IFI AP
See saw; Octahedral; [4]

Accept any combination of lines, dots or crosses to represent electron
pairs.

Penalize missing lone pairs on fluorine atoms once only.

For SF4_lone pair on S required for the mark.

Do not ailow ECF for a wrong Lewis Structure.

Accept saw horse/distorted tetrahedron instead of see-saw.

(d) (i) CH3CH,CH; < CH3CHO < CH3yCH,0OH < CHJaCOOH ;; [2]
Award [2] for correct order.
Award [1] for CH3COOH > CH3CH;0H > CH3CHO > CH3CH,CH; as
compounds are not listed in order of increasing boiling point.
Award [1] if one error in the order.
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@@ _ IFI & IFl
F 47
—‘\L \I/
?/l ‘ & I\
~ IFl N R 2
See saw; Octahedral; 4]

Accept any combination of lines, dots or crosses to represent electron
pairs.

Penalize missing lone pairs on fiuorine atoms once only.

For SF4 lone pair on S required for the mark.

Do not allow ECF for a wrong Lewis structure.

Accept saw horse/distorted tetrahedron instead of see-saw.

(d) () CHiCH.CH; < CH3;CHO < CH3;CH,0OH < CHCOOH ;; [2]
Award [2] for correct order.
Award [1] for CH;COOH > CH;CH;0H > CH;CHO > CH3CH.CHj; as
compounds are not listed in order of increasing boiling point.
Award [1] if one error in the order.

(i) CHaCH:CHa /London/dispersion/instantaneous induced dipole-induced
dipole forces
CH32CHO dipole-dipole forces (and London/dispersion forces)
CH2CH20H H-bonding (and dipole-dipole and London/dispersion forces)
CH2COOH H-bonding (and dipole-dipole and London/dispersion forces);,
Award [2] for all four cormrect.
Award [1] for two or three correct.

H-bonding strongest / London/dispersion forces weakest / dipole-dipole
stronger than London/dispersion / dipole-dipole weaker than H-bonding;

Accept van der Waals’ forces for London/dispersion forces.

CH2COOH forms more/stronger H-bonds than CH:CH20H / CH2COOH is
more polar than CHaCH20H; _ [4]
Accept CH;COOH has more electrons/higher molar mass than CH:CH20H.

(e) ionization and (bombardment) by high energy/fast moving electrons/electron gun
(to form positive ions);
acceleration and passing through electric field/potential difference/oppositely
charged plates;
deflection and passing through magnetic field/electromagnet; 3]
Award [1] for naming 3 processes (ionization, acceleration, deflection) in the
correct order with incorrect details.
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Topic Chem X 93 Qit 210/ |B CHEM/2015/5/TZ1/P2 Section B/Higher Level/

@)

(b)

(©)

()

(it)

0

(i)

(1)

Patrick Brannac

MgCl; conducts electricity and PCl; does not;

MgCl; is ionic and PCl; is covalent/molecular;

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

MgCl,:

4<pHZ69;

high charge density/high charge and small size of Mg** makes [Mg(H20)e]**
hydrolyse / polarizes water to produce H*;

PCl;:

0<pH<4;

(reacts with water to) form HCUH2:POg;
Do not accept HPOy

Na, Mg (oxides): basic

Al (oxide): amphoteric
Do not accept amphiprotic.

Si to Cl (oxides): acidic

Award [2] for all three listed sets 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 left/Na.

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

Do not penalize for incorrect formulas of oxides.

Na,O(s)+H,0(l)— 2NaOH(aq);
P,O,,(s)+6H,0(l) - 4H,PO(aq) .
Ignore state symbols.

Accept P;0s(s) + 3H20 (1) — 2H:PO4(aqg).
Do not award marks if incorrect formulas of the oxides are used.

:.BO.I':

S, é::: ;
A0

Penalize lone pairs missing on Br and F once only.

Acoept any combination of lines, dots or crosses to represent electron pa}rs
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(i PBr, SF.

Shape: Shape:
trigonal pyramidal; see-saw/K-shaped,
Accept triangular pyramidal. Accept distorted tetrahedral.

No ECF for shape if Lewis structure is incorrect.

Bond angle: Bond angle:
Any value 99°'<109°; Any two for [1] of:
Literature value = 101" . (Fea—S—Feq): Any value 100 <120°

Literature value = 103

(Fax—S—Fax): Any value 175" <185°
Literature value = 179 /180"

(Fa—S—Feq): Any value 85°< 95°
Literature value = 89’

No ECF for angle if shape is incorrect.

Do notawardmarkforooﬂectgg'esﬂ'shapeismoorrecr.

(i) P-Brand S—F bonds are polar / bonds in both molecules are polar;
non-symmetrical distribution of electron cloud / polar bonds/dipoles do not
cancel because of non-symmetrical shape;

M2 may also be scored with a suitable diagram showing the vectorial
addition of the individual S—F dipole moments to show a net dipole moment
centred along the axis between the Fe—S—F.q bond.

(d) (i) EITHER
(electrostatic) attraction between (positively charged) nuclei and a pair of
electrons;
formed as a result of electron sharing (between the carbon and hydrogen
nuclei);
OR

sigma bond formed by overlap of atomic orbitals;
s orbital from H and p/sp? from carbon;

(i) a sp’and g sp*
Accept if numbers are given as subscripts.

(iiiy o bond:
end-on / axial overiap of two orbitals;

7 bond:
sideways overlap of two (parallel) p orbitals;

Accept suitable diagrams for both marks.

(v) 11cand3n
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Topic Chem 99x99 Q# 211/ IB Chem/2015/w/TZ0/P2 Section A/Higher Level/

4.

(@)

(b)

(©)

HOOC(CH,),COOH;

Accept COOH(CHz)sCOOH but not COOH(CH:)4HOOC or HOOC(CHz)HOOC.

H,N(CH, );NH; ;
Accept NH>(CHz)eNH: but not HaN(CHz)gHaN or NHx(CHz)sH:N.
Aocepr full or condensed structural formulas.

Type: condensation (polymerization);
Structural feature: two functional groups on each monomer,

O H

I

A "
Accept —CONH—

Accept this group if correctly identified as part of polymer chain.
water/Hz20;

Topic Chem X 910 Q# 212/ IB CHEM/2015/w/TZ0/P2 Section B/Higher Level/

9.

V)

@)

() RBr(l)+NaOH(aq) —» ROH(aq)+ NaBr(aq) /
RBr (1) + OH™ (aq) — ROH(aq) + Br (aq) ;
Ignore state symbols.

(i) (1.35x10%-7.36x10"° =) 6.14x107 / 6.1x 10 (mol):

0.842
lar =—— " _=)137 (g mol');
(u) (molar mass 110" ) (g mol);

Accept 138.

(iv) (137 - 80 = 57 which corresponds to CsHg, hence molecular formula)

CasHgBr;

Accept correct structural formula of one of the isomers as molecular

formuia.

Do not accept ECF from 9a(iii) for an impossible molecular formula, such

as CaHqoBr.

CHaCH2CH2CH:2Br and primary,
(CH3)2CHCH:Br and primary,
CH3CHBrCH2CHz: and secondary;
(CH3):CBr and tertiary;

If primary, secondary or tertiary not stated, award [3] for four correct, [2] for
three correct and [1] for two correct structural formulas.
Penalize missing hydrogens once only.

Accept either full or condensed structural formulas.

If CsH11Br was used, accept any correct structural formulas.
CHaCH2CH2CH2CH2Br and primary,

(CH3)2CHCH2CH2Br and primary;

CHaCH2CH(CHa3)CHzBr and primary;

(CH3):CCH2Br and primary;

CHaCHBrCH:2CH2CHa: and secondary;
CH3CH2CHBrCHzCH: and secondary;

CH3CHBrCH(CHzs). and secondary;

CHa2CH:C(CHa)Br and tertiary;

If primary, secondary or tertiary not stated, award [3] for four correct, [2] for
three correct and [1] for two correct structural formulas.
Penalize missing hydrogens once only.

Accept either full or condensed structural formuias.
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(b) (i) increase in carbon chain; [1]

L T
G

— NC----C----Br |[— + Br
A
omoror” | 8 £y NeT | H
H CHCHLCH,  H HICH,CHy
OR
Né‘ H H 3 T
ISR [ W
R
o | /\ N | H
H (CHaCH  H CH(CHa),

curly arrow going from lone pair/negative charge on NC-to C;

curly arrow showing Br leaving;

Accept curly arrow either going from bond between C and Br to Br in
1-bromobutane/1-bromo-2-methylpropane or in the transition state.

representation of transition state showing negative charge, square brackets
and partial bonds;
Do not penalize if NC and Br are not at 180° to each other.

Products: CH,CH,CH,CH,CN/(CH, ),CHCH,CN and Br/KBr- 4

Penalize missing hydrogens and/or incorrect bond linkages (eg CN-C
instead of NC—C) only once in this question.
Remember to apply ECF from part (a)(v).

(ii)  CHCH,CH,CH,CN-+ 2H, — CH.CH,CH.CH,CHNH,

OR
(CHy ),CHCH,CN -+ 2H, — (CH, J,CHCH,CHNH,

Ni/Co/ Ru; 2]
Accept Pt/Pd/Cu/Rh.
Accept either chemical symbol or name.
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©

Tl 11 N,
H—C—C—C—C—H - e i
LT ™
OR

HO-

T T H CH,
H—C£C —CH, b W A
L & o H’/ CH,

curly arrow going from lone pair/negative charge on O in OH to Hon C;
Do not allow curly arrow originating on H in OH™.

curly arrow going from CH bond to form C=C bond;

curly arrow showing Br leaving;

H,C=CHCH,CH, +H,0 +Br~ / H:.C=C(CHa)z + Hz0 + Br; [4]
Accept NaBr for Br-.

Remember to apply ECF from part (a)(v).

Do not penafize if mechanism shown with a secondary bromoalkane.
Do not penalize incorrect side-chain.

Penalize missing hydrogens only once in this question.

(i) addition;
—CH(CzHs)-CH~CH(CzHs)-CHz— / ~C(CH3)-CH—~C(CH3),—CHo— 2]
Continuation bonds required for the marx.
(d) Initiation:

CL‘, N/ hf [l heat 2Cl‘ :
Reference to UV light or high temperatures must be included.

Propagation:
Cle + C,H; - C,H;e+ HCL;

CH;+ +Cl, » CH,Cl +Cls;

Termination:

Cle +Cle - Cl, / CHge + Clo > CH,CL/ CHge + CoHge - CHyg ; [4]
Accept representation of radical without « (eg, Cl, CzHs) if consistent throughout

mechanism.

Accept further chlorination.

Award [3 max] if initiation, propagation and termination are not stated or are

incorrectly labelled for equations.

Accept correct description of processes without equations.

Award [3 max] if Br used correctly instead of Cl.
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Topic Chem x 910 Q# 213/ IB CHEM/2015/s/TZ1/P2 Section B/Higher Level/

7. (@) (i) Ethanal distill off product as it forms;
Accept distillation.
Ethanoic acid: (heat under) reflux / use excess oxidizing agent; [2]

(i) Ethanol: —2/-II;
Ethanal: —1/-1; 21
Do not accepr 2——, 1— but penaﬁze once onfy.

(i) CH,CH,0H— CH,CHO+2H" +2¢; M1
Half-equation required. Do not accept C,H,OH +2[0] — CH,CHO+H,0.
Accept e for e

(v) 3CH,CH,OH(aq)+Cr,0,> (aq)+8H"(aq) — 2Cr** (aq) + 3CH,CHO (1) + 7TH,0 (1)
cormrect reactants and pl'Odl.lClS;

correct balancing; [2]
M2 can only be scored if M1 correct.
Ignore state symbols.
b -
Gy P | U= +Br
AN | WO Lohe —_— C
HaC | Br /\ Ho” | S
H HC H CHs,

curly arrow going from lone pair/negative charge on O in HO™ to C;
Do not allow curly arrow originating on H in HO.

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.

formation of organic product CH3CH20H and Br-; [4]
Award [3 max] for correct Sy1 mechanism.

(€) () [NaOH]/[OH] is 1/first order and [C,H,Br]is 1/first order;
rate = k[OH ][C,H,Br] / rate = k[NaOH][C H,Br]; 121
Squar e brackets must be used for M2.

0.0016/1.6x107°;

(i) (1-02><1U"

0.25x025
mol™' dm®s™'; [2]
Accept M~ 577
Ignore order of units.
Must use experiment 3 data.

(iii) bimolecular/2; [1
Accept dimolecular.
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(d) (i) chiraasymmetric carbon / carbon attached to 4 different groups / non-
super imposable mirror images; [1]

(i) enantiomers rotate plane of (plane-) polarized light;
in opposite directions (by equal amounts); [2]

() CH,CHBICH,CH, + OH™ — CH,CHCHCH, +H,0 +Br /
CH,CHBICH,CH, + OH™ — CH,CHCH,CH, +H,0+Br /
CH,CHBICH,CH, + CH,CH,0™ — CH,CHCHCH, + CH,CH,OH+Br";
Accept equations with NaOH.

alcoholic sodium hydroxide / ethanolic OH-; 121

(f) Sigma bonds:
o [¢]
o g e/ (N o=/
result from head-on/end-on overiap of orbitals / OWTTE:;

Accept axial overlap of orbitals.
Accept “symmetric orbital” with respect to same plane / OWTTE.

result from sideways overiap of orbitals / OWTTE, [2]
Accept “antisymmetric orbitals” with respect to (defining) piane (containing at
least one atom) / OWTTE.

(@) 7991=79x+81(1-x);
Award M1 for any suitable calculation.
(abundance "Br =) 54.5 %; [2]
Award [2] for correct final answer.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 Atomic number 2
H He
1.01 Element 4.00
3 4 5 6 7 8 9 10
Li Be Relative atomic B C N 0 F Ne
6.94 9.01 mass 10.81 12.01 14.01 16.00 19.00 | 20.18
11 12 1E 14 15 16 17 18
Na Mg Al Si P S cl Ar
22.99 24.31 2698 28.09 30.97 32.07 35.45 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \" Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 4496 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.38 69.72 72.63 74.92 78.96 79.90 83.90
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
85.47 87.62 88.91 91.22 9291 95.96 (98) 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 12690 | 131.29
55 56 57t 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
13291 | 137.33 | 138.91 | 178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.20 | 208.98 | (209) (210) | (222)
87 88 89 I 104 105 106 107 108 109 110 111 112 1lLES 114 115 116 117 118
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Uuq Uup Uuh Uus Uuo
(223) | @@26) | @271 | @67) | @68) | @69) | 270) | (269) | (278) | (281) | (281) | (285 | (286) | (289) | (288) | (293) | (299 | (294
58 59 60 61 62 63 64 65 66 67 68 69 70 71
t Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
140.12 140.91 144.24 (145) 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.05 174.97
90 91 92 93 94 95 96 97 98 99 100 101 102 103
S Th Pa u Np Pu Am Cm Bk Cf Es Fm Md No Lr
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