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All Higher Level topics have been combined with their respective Standard Level equivalent, so in HL topic 2 revision resources there will be topics 2 and 12. 
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All topics ranked according to their impact on your final grade using exam papers from 1999 to 2016
	Topic
	Option
	10
	N.ofSci
	8
	4
	5
	9
	6
	1
	3
	7
	2
	11

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

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

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

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

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

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

	Paper 3
	69.2
	
	30.8
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Standard and Higher Level components compared
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Essentially, IA has the exact same weight, the Option in HL is almost 50% more important than in SL but Topic 10 is more important in SL than HL. All other topics contribute almost equally to a SL and HL grade.
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The dark blue bars are where your final IB grade will be from: 
1. Your IA is the single most important part of your IB HL, more important than even the Option. Imagine how much time in class, at home and in revision you have or will give to topics 9, 10 and 11. Your IA, on average, will be worth more to your final grade than all those combined.
2. The Option is the most important topic for your IB grade compared to the everything else  
3. Topic 10, Organic Chemistry, is by far the most important topic for papers 1 and 2.
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Q# 2/	IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/Q7



Q# 3/	IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/


Q# 4/	IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/ 




1 Mole of Phosphine was completely combusted in air.

Q# 5/	IB Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 7/	IB CHEM/2014/w/TZ0/Paper 2 Section B/Higher Level/Q8
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Q# 8/	IB Chem/2014/w/TZ0/Paper 2 Section A/Higher Level/


Q# 9/	IB Chem/2014/w/TZ0/Paper 2 Section A/Higher Level/


Q# 10/	IB CHEM/2014/s/TZ1/Paper 2 Section B/Higher Level/Q8
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The reaction of ethanoic acid and sodium hydrogen carbonate is given below:
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Q# 11/	IB Chem/2013/s/TZ1/Paper 2 Section A/Higher Level/




Q# 12/	IB Chem/2012/w/TZ0/Paper 2 Section B/Higher Level/Q7
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Q# 13/	IB Chem/2012/w/TZ0/Paper 2 Section A/Higher Level/Q1
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Q# 14/	IB Chem/2012/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 15/	IB Chem/2011/w/TZ0/Paper 2 Section B/Higher Level/Q9
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Q# 17/	IB Chem/2011/s/TZ1/Paper 2 Section B/Higher Level/Q9e
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Q# 18/	IB Chem/2009/w/TZ0/Paper 2 Section A/Higher Level/ NOT with Q1a
This balanced redox equation is needed to answer the question that follows:
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Q# 19/	IB Chem/2008/s/TZ1/Paper 2 Section A/Higher Level/
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Q# 20/	IB Chem/2008/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 21/	IB Chem/2007/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 22/	IB Chem/2007/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 23/	IB Chem/2007/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 24/	IB Chem/2006/w/TZ0/Paper 2 Section B/Higher Level/Q7
1. (i) Gaseous compound = Methane
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Q# 25/	IB Chem/2006/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 26/	IB Chem/2006/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 27/	IB Chem/2006/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 28/	IB Chem/2005/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 29/	IB Chem/2004/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 30/	IB Chem/2004/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 31/	IB Chem/2004/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 32/	IB Chem/2003/w/TZ0/Paper 2 Section A/Higher Level/
[image: ]
Q# 33/	IB Chem/2002/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 34/	IB Chem/2002/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 35/	IB Chem/2001/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 36/	IB Chem/2001/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 37/	IB Chem/2001/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 38/	IB Chem/2000/w/TZ0/Paper 2 Section B/Higher Level/Q6
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Mark Scheme
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Q# 3/	IB Chem/2016/s/TZoSP/Paper 2 Section A/Higher Level/




Q# 4/	IB Chem/2016/s/TZ1/Paper 2 Section A/Higher Level/Q1



Q# 5/	IB Chem/2015/w/TZ0/Paper 2 Section A/Higher Level/


Q# 6/	IB Chem/2015/s/TZ1/Paper 2 Section A/Higher Level/

Q# 7/	IB CHEM/2014/w/TZ0/Paper 2 Section B/Higher Level/Q8
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Q# 8/	IB Chem/2014/w/TZ0/Paper 2 Section A/Higher Level/

Q# 9/	IB Chem/2014/w/TZ0/Paper 2 Section A/Higher Level/Q6

Q# 10/	IB CHEM/2014/s/TZ1/Paper 2 Section B/Higher Level/Q8
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Q# 11/	IB Chem/2013/s/TZ1/Paper 2 Section A/Higher Level/

Q# 12/	IB Chem/2012/w/TZ0/Paper 2 Section B/Higher Level/
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Q# 13/	IB Chem/2012/w/TZ0/Paper 2 Section A/Higher Level/Q1
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Q# 14/	IB Chem/2012/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 15/	IB Chem/2011/w/TZ0/Paper 2 Section B/Higher Level/Q9
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Q# 16/	IB Chem/2011/w/TZ0/Paper 2 Section A/Higher Level/Q1
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Q# 17/	IB Chem/2011/s/TZ1/Paper 2 Section B/Higher Level/Q9e
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Q# 18/	IB Chem/2009/w/TZ0/Paper 2 Section A/Higher Level/Q1
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[image: ]
Q# 21/	IB Chem/2007/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 24/	IB Chem/2006/w/TZ0/Paper 2 Section B/Higher Level/Q7a
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Q# 25/	IB Chem/2006/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 26/	IB Chem/2006/w/TZ0/Paper 2 Section A/Higher Level/Q2
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Q# 28/	IB Chem/2005/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 29/	IB Chem/2004/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 31/	IB Chem/2004/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 32/	IB Chem/2003/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 33/	IB Chem/2002/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 34/	IB Chem/2002/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 35/	IB Chem/2001/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 36/	IB Chem/2001/w/TZ0/Paper 2 Section A/Higher Level/
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Q# 37/	IB Chem/2001/s/TZ0/Paper 2 Section A/Higher Level/
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Q# 38/	IB Chem/2000/w/TZ0/Paper 2 Section B/Higher Level/
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IB Paper 3 HL Maped for Option B for 2016 Specimin, Summer and Winter
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Question Answers Notes Total
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«mass of pure hydrated ethanedioic acid i each titration = 7.00 x
10%mol  126.08gmol™ =» 0.0883/8.83 x 102 gn ¥ Award [3] for correct final answer.
2 50 4% i anhydre nedio
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00883g
« - 100 =» 0.6 ¢%» ¥
% purity = 5o e * 1002 T064%
ALTERNATIVE 2:
«mol of pure hydrated ethanedioic acid in 1 dm® solution = 7.00 x
1000
107 » 2.80 % 102 amoly
25
«mass of pure hydrated ethanedioic acid in sample = 2.80
102mol  126.08gmol™ =» 353ug» ¥ 3

3539

«% purity = 2229 100 =3 706%n ¥
% purty = £ 558 < 100 = 706 %
ALTERNATIVE 3:

mol of hydrated ethanedioic acid (assuming sample to be pure) =
5009

126.08gmol

actual amount of hydrated ethanedioic acid =
1000

0.03966 «mol» v

«.00 % 107 % » 2.80 * 102 amoly ¥

«% purity = 280510 400 =, 70.6 %» v

0.03966
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(b)

©

(@

()

®

() 10t 1,:V/+5t00;
ol -1I-t00

Accept change in oxidation number -5 and +1.
Penalize incorrect notation such as 5+ or 5 once only.

(i)~ Oxidizing agent: 103/iodate and Reducing agent: I"/iodide;

0.250 x 2.00 x 10° /5.00 x 107 (mol of KIO);
(5.00 10 x 214.00 =) 0.107(g);
Award [2] for the correct final answer.

Q) 140%)
Accept 1 (%)

(i) systematic;
dilute the orange juice;
Accept other valid suggestions, eg. compare with a standard (showing
colour at equivalence) / ook at mixture through a yellow fiter / add more
staroh (for a sharper colour change) / filter orange juice (through charcoa).
Do ot accept repeat titrations or alternative indicator.

(i) 1.44x10° (mol);

10,”:3C,H,0, /1:3 mole ratio;

(1.44 x 10° mol x 3 =) 4.32 x 10° (mol);
Award [2] for the correct final answer.
Award [1 max] for “4.80 x 10°¢ (moi)” obtained from reversed ratio, 3:1

(4.32x10° x176.14=) 761x10°(g);
Accept M; =176 and mass =7.60x10<(g).

gradient

£ _123300);
R
Accept value from ~1200 o ~1260 (K).

E, = (1233 x 8.31=) 1.02 x 10° Jmol / 10.2kJ mor""
corect E, value;

correct units;

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 mol.

2

n

e

m

2

n

e

n

Bl
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(b)

©
(@

(&)

((12 m;u 50):}12 so(cm?) ;
(0.01260x0.100 =)1.26x10°(mol);
Award [2] for correct final answer.

0 [0
(i) (6.30x10*x10=)6.30x10(mol);
(i) [ 0.795

PR :]12S(gmol ):

(V) M,(C,H,0,)=90.04 and M,(H,0)=18.02;
x=2;
Accept integer values for Mys of 90 and 18 and any reasonable calculation.
Award [1 max] if no working shown.

hydrogen bonding;

Mark cannot be scored if lone pairs are missing on oxygens.
Accept any combination of lines, dots or crosses (o represent electron pairs.

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;
Award marks for suitable diagrams.

2

m

m

m

2

m

m

[S]
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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.
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(i)

(1)
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(i)
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(i)

C: sp hybridization:
0: sp* hybridization: 2l
Award [1] if the answer is sp without specifying C or O atoms.

En Energy

1h]os

ore hybridization
three sp* orbitals and one p-orbital at higher encrey:

sp” orbitals contain: two. two and one electron and p-orbital contains one

electron; 2
Do not allow ECF from (d)().

ability of atom/micleus to aftract bonding/shared pair of clectrons / attraction
of nucleus for bonding/shared pair of electrons / OTVTTE; o

(same number of shells buf) increase in nuclear chargelatomic
nmumber/number of protons increases clectronegativity / O has more protons

than C;

Accept oxygen has a higher effective nuclear charge.

decrease in radius along the period increases electronegativify / O has smaller

radius than C: 2

smooth curve through the data; a
Do not accept a curve that passes through all of the points or an answer that
Joins the points using lines.

p=21x10°/2.1x10°(Pa)/ 2.1x10° (kPa) and
0%10%/5.0x107 (m’) / 5.0x10™ (dm’)

_ PV _)21x10°x50x10°
TRTT) 831x330
038 (mol): Bl
Award [3] for correct final answer.

For M3 apply ECF for correct computation of the equation the student has
written, unless more than one mistake is made prior this point.

equilibrium between HIn and In”/ HIn = In” + K~

the colours of HIn and In” are different:

if added to acid. the equilibrium shifts to the left and the colour of HIn is seen

| OWTTE:

if added to base/alkali. the equilibrium shifts to the right and the colour of In~

is seen/ OWTTE: 12 max]

phenolphthalein: o
Accept phenol red.
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PO, [7;023 :}a 0176(mol) and H,0 %, 0.0832 (mol):
2 )

H,0 is the limiting reactant and reason related fo stoichiometry;

2
%/o 0555(mol):

(0.0555x98.00=)5 44¢g ;

The unit is needed for M.

Award [2] for correct final answer.

Do not penalize slight mumerical variations due to premature rounding.

H,PO, is the weaker acid and higher pKy/lower Ky;

PCl(s)+4H,0 () > H;PO, (aq) + SHCI(®)
correct products and balancing;

correct siate symbols:

Accept (ag) for HCl or H™ and CT ions.

M2 can only be awarded if MI correct.

Allow PCI(s)+H,0()— POCI,(g)+ 2HCI(g)

Iz

12

I

2]
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6.

(a)  hydroxyl and carbonyl;

Accept alcohol as an alternative to hydroxyl andlor ketone as an alternative fo

carbomy.
llow hydroxy, but not hydroxide, as an alternative to hydroxyl.

) CHO:

© c [ug;xloﬂ ]3999/400%

H[za_
3003

x100 }573/57%

\
01690 100 |53.28/53.3%:
3003 )

Award [2] if all three are correct, and [1] if two are correct.

Accept i the third value is obiained by subiracting the other two percentages from 100%.
Do not penalize if integer values of relative atomic masses are used.

I

I

2]
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0.675 (2) % 0.002 (g):
Percentage uncertainty: 0.3 %;
Accapt answers correct to one, two or three significant figures for percentage uncertainy.

In 25.0 cm’ ngy =121x10° (mol) ;

In 100 cm’: myg, =4.84x10° (mol) :

M(: 0.675
4841

ward [3] for correct final answer.
Accept suitable alternative methods.
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(1201 6 ) o1
CSHLO

ward [2] for correct final answer.
Accept answrs using infeger values of molar mass.

l’ M _) 139
{ Mass of C;H,O ) 68.08
CH0;:

Award [2] for correct final answer.

weak acids partially dissociated/ionized and strong acids completely dissociated/
ionized (in solution/water) / OWTTE.

(@) solution which resists change in pH / changes pH slightly / keeps pE constant /
OWTIE:
when small amounts of acid or base are added;

(i) less effective at higher temperatures / more effective between 24 °C and 40°C
than > 40°C;
PH changes more if the same volume of acid is added at high(er) temperature /
OWTTE:

2
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IC1/ iodine monochloride:
Do not accept iodine or bromine.
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(i)

(iii)

T:4andm: 3 andp: 3: n

n=(65.0/65.02)=1.00 (mol) : nj
No penalty for using whole number atomic masses.

n(Nl)z(%xl.OO :)1.50(11101):
T=((25.00+273.15)=)298.15 K / (25.00 + 273) = 298K :

p=1.08x1.01x10° Pa/1.08x1.01x 10? kPa / 1.09 x10° Pa / 1.09x 10> kPa:
 _1RT _ (10)(150)(8.31)(298.15/ 295)

I (1.08x1.01x10°)
Award [4] for correct final answer.
_Award [3 max] for 0.0341 (dnr’) or 22.7 (dnr’).
_Award [3 max] for 34.4 (dm’).

Award [2 max] for 22.9 (dm’).
_Award [2 max] for 0.0227 (dnr’).
_Award [2 max] for 0.034 (dnr’).

=34.1(dm’): 1
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The concentration of a solution of a weak acid, such as ethanedioic acid, can be determined
by tiration with a standard solution of sodium hydroxide, NaOH (aq).

(a) Distinguish between a weak acid and a strong acid. 0}

Weak acid:

strong acid:

(b)  Suggest why itis more convenient to express acidity using the pH scale instead of
using the concentration of hydrogen ions. 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 fitrated
against a 0.100mol dm™ solution of sodium hydroxide using a suitable indicator.

(COOH), (aq) + 2NaOH(aq) — (COONaJ, (aq) + 2H,0(1)
The mean value of the titre was 14.0cm

() Suggesta suitable indicator for this titration. Use section 22 of the data booklet.  [1]
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(i)~ Calculate the amount, in mol, of NaOH in 14.0cm?® of 0.100mol dm™ solution. m

(i)~ Calculate the amount, in mol, of ethanedioic acid in each 25.0cm’ sample ]

(v) Determine the percentage purity of the hydrated ethanedioic acid sample. &)

(d) Draw the Lewis (electron dot) structure of the ethanedioate ion, "00CCOO" 4]
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(b) Bute. a pamkiller used on horses. has caused widespread concern recently because
analytical tests showed that it entered the food chain through horse meat labelled as beef.
The drug is suspected of causing cancer.

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

Element Percentage
c 73.99
H 655
N 9.09
o Remainder

Calculate the empirical formula of bute, showing your working.

&)

(i) The molar mass, M, of bute, is 308.37 gmol™. Calculate the molecular formula.

o
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1

Two IB students carried out a project on the chemistry of bleach.

(3) The bleach contained a solution of sodium hypochlorite, NaClO(aq). The students
determined experimentally the concentration of hypochlorite ions, C107 i the bleach:

Experimental procedre.

« 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.

CIO™(ag) +21"(aq) + 2H" (ag) - CI"(ag) + L (aq) + H O (1)

« The iodine formed was titrated with 0.100moldm™ sodium thiosulfate solution,

Na,$,0;(aq). using starch indicator.

1,(ag)+25,

‘The following data were recorded for the titration:

0, (ag) — 21 (1) +5,0," (a0)

First titre Second titre | Third titre
Final burette reading of
0.100mol dui” Na,$,0,(aq) 2395 46.00 2215
(in cm’ £ 0.05)
Tnitial burette reading of
0.100mol dui” Na,$,0,(aq) 0.00 2395 000
(in cm’ £ 0.05)

with the iodine to reach the end point.

@) Calculate the volume. in cm’, of 0.100moldm™ N:

,$,05(aq) required o react

o
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(i) Calculate the amount. in mol. of Na,

(aq) that reacts with the iodine. n

(i) Calculate the concentration, in moldar®, of hypochlorite ions in the diluted
bleach solution. 14

(1) Calculate the concentration, in moldm>, of hypochlorite ions in the undiluted
bleach solution. /i
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1. Phosphine (IUPAC name phosphane) is a hydride of phosphorus, with the formula PH,,

@ 0

Draw a Lewis (electron dot) structure of phosphine. m

(i)

State the hybridization of the phosphorus atom in phosphine ]

(i)

Deduce, giving your reason, whether phosphine would act as a Lewis acid,
aLewis base, or neither. m

W)

Outiine whether you expect the bonds in phosphine to be polar or non-polar,
giving a brief reason m
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(v)  Phosphine has amuch greater molar mass than ammonia. Explain why
phosphine has a significantly lower boiling point than ammonia 2

(vi) Ammonia acts as a weak Bransted-Lowry base when dissolved in water.
NH, (aq) + H,0(1) = NH,"(aq) + OH"(aq)

Outine what is meant by the terms “weak” and “Bronsted—Lowry base’. 2

Weak:

Bronsted-Lowry base:

(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,P0;"(aq)

(i) The first reagent s written as P,, not 4P. Describe the difference between P,
and 4P, ]
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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(1) > PH,(g) + 3H,P0,"(aq)

Calculate the amount, in mol, of white phosphorus used.

m

(i)

“This phosphorus was reacted with 100.0cm® of 5.00mol dm™ aqueous sodium
hydroxide. Deduce, showing your working, which was the limiting reagent

(i)

Determine the excess amount, in mol, of the other reagent.

W)

Determine the volume of phosphine, measured in cm? at standard temperature
and pressure, that was produced.
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(d)  Impurities cause phosphine to ignite spontaneously in air to form an oxide of
phosphorus and water.

() 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. 0]
Standard enthalpy of combustion of phosphine, AHS = ~750kJmor!
‘Specific heat capacity of air = 1.00Jg™ K™ = 1.00kJkg™ K™

(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 @l

(iijy - The molar mass of the oxide is approximately 285gmol”"
Determine the molecular formula of the oxide. m
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Astudent used the technique of titration to determine the concentration of ascorbic acid
(C.H,0,)in a sample of orange juice. Excess potassium iodide, KI(aq), was added to
acidified orange juice. The resulting solution was itrated with potassium iodate, KIO; (aq),
in the presence of starch as an indicator. The end-point of the titration was shown by a
biue-black colour.

Step1 10, (aq) + 5T (aq) + 6H"(aq) — 3L, (aq) + 3H.0 (1)

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

Stp2  L(ag)+T(aq) =1 (aq)
‘Ascorbic acid reacts with tri-iodide ions as follows.

Step3  CH.0,(a0)+1y (aa) - CH,O,(aq) + 2H"(aq) + 3T (a)

(a) () Deduce the changes in oxidation number of iodine in step 1 2
10, o1y
Tl
(i) Identity the oxidizing and reducing agents in step 1 ]

Oxidizing agent

Reducing agent





image18.jpeg
(b)

Calculate the mass, in g, of potassium iodate, KIO(s), which was required to prepare
0.250dm® of a 2.00 x 10~ moldm" solution

2

©

The concentration of KIO, used in the ttration 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
nital volume of KIO, (+ 0.05cm) 0.00 7.10 14.40
Volume added of KIO, (z 0.10cm’) 710 730 7.20
Mean volume added of KIO, (= 0.10cm’) 7.20

(U]

KIO, (aq).

Calculate the percentage uncertainty associated with the mean volume of

minimized

i)y The colour of orange juice interfered with the blue-black colour at the equivalence
point. State the name of this type of error and suggest how this can be.

2
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(i) Determine the amount, in mol, of KIO; (aq), in the mean volume. U]

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

(e) Calculate the mass, in g, of ascorbic acid, C,H,O, (aq), present in the sample of
acidified orange juice. m
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Ethanedioic acid is a diprotic acid. A student determined the value of x in the formula of
hydrated ethanedioic acid, HOOC-COOHxH,0, by titrating a known mass of the acid with
a0.100moldm™ solution of NaOH (aq).

0.795g 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 0.100moldm™ NaOH / cm® | Titration1 | Titration2 | Titration 3

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

(a) Calculate the average volume of NaOH added, in cm?, in titrations 2 and 3, and then
calculate the amount, in mol, of NaOH added. &)
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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 (1)

Determine the amount, in mol, of ethanedioic acid that reacts with the average
volume of NaOH (aq).

U}

(i) Determine the amount, in mol, of ethanedioic acid present in 250 cm” of
the original solution

U}

(iii) ~ Determine the molar mass of hydrated ethanedioic acid.

(v) Determine the value of x in the formula HOOC—COOHsxH,0.

Identify the strongest intermolecular force in solid ethanedioic acid
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The graph below shows pressure and volume data collected for a sample of

carbon dioxide gas at 330 K.

]

—
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vd 01 % / 2mss1d

Volume / x 10 m*

ny

Draw a best-fit curve for the data on the graph

@

€]

(i) Use the data point labelled X to determine the amount, in mol, of carbon dioxide
gas in the sample.
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4.

Phosphorus(V) oxide, P,0;, (M, =283.88), reacts vigorously with water (M,
according to the equation below.

-18.02),

P,0,4(s) + 6H,0 (1) > 4H,PO, (aq)

(3) A student added 5.00g of P,0y; to 1.50g of water. Determine the limiting reactant,
showing your working 7

() Calculate the mass of phosphoric(V) acid, H;PO,, formed in the reaction. 2]

(0)  Phosphoric(V) acid. H,PO,. has a pK, of 2.12 (pK,,) while phosphoric(IIl) acid. H,PO;.
has a pK, of 1.23(pK,)). Identify the weaker of the two acids. giving a reason for [I]
your choice.

(@) State a balanced equation for the complete reaction of solid phosphorus(V) chloride.
PCI, with water, including state symbols, 12
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6.

‘The open-chain structure of D-fructose is shown below.

HOH

0

CH,0H
(®)  State the names of fwo functional groups in D-fructose. o
(b) Deduce the empirical formula of D-fructose. o
(9)  Calculate the percentage composition by mass of D-fructose. o
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@

Outline how _electrical conductivity can be used to distinguish between a
0.200moldm™ solution of ethanoic acid, CH;COOH. and a 0.200moldm™ solution of
hydsochloric acid, HCL o

®)

25.0cm’ of 0.200moldm™ ethanoic acid was added to 30.0cm’ of a 0.150mol dm™
sodium hydrogencarbonate solution, NaHCO;(aq).

() State an equation for the reaction of ethanoic acid with a solution of sodium
hydrogencarbonate. o

(i) Determine which is the limiting reagent. Show your working 2]
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() HClis a strong acid and CH;COOH is a weak acid so HCI has higher
conductivity / HCI dissociates completely in water and CH,COOH does not, so

HCI has higher conductivity / HCl is a stronger acid (than CH;COOH) so has
‘higher [H'] and higher conductivity: a

(®) @) CHCOOH aq)+HCO; (aq) — CH,C00™(aq) + H,0 () +CO,(2): m
Accept NaHCO3(ag) and CH;COONa (ag) instead of ions.
Ignore state symbols

()  n(CH;COOH) =0.00500(mol) and n(NaHCO;) =0.00430 (mol);
NaHCO, is limiting: 2

(i) n(COy)=n(NaHCO;) = 0.00430 (mol)
m(CO,)=0.00450x44.01=0.198(2) : 2
Award [2] for correct final answer.

(©) () T=363K and V'=9.50x10"m’;
Accept V =9.5x107 dm’ if P is used as 101 kPa in calculation.
PV _101x10°x9.50x10™

RT 831:363
=3.18x107 (mol) ; Bl
ward [3] for correct final answer.
(m__0348
M= - = 1109 1 1
@ \n 3.18x10 } (gmol™): m
@ @ T
) P
o
CH,

curly arrow going from lone pair on N in NH; to C

curly arrow showing Br leaving

Accept curly arrow going from bond between C and Br fo Br on
I-bromoethane or on the transition stafe.

representation of transition state showing square brackets, two partial bonds

and curly arrow going from NH bond to NC partial bond/curly arrow going

from NH boad to N; Bl
Do not penalize if NH; and Br are not at 180° o each other.

Do not award M3 if NHs—C bond is represented.

() react CHLT with CNKCN solution to form cthanenitrile

(reduce nitrile by heating with) Hy;
Ni (catalyst): Bl
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(iii) Calculate the mass, in g, of carbon dioxide gas produced. 2

The molar mass of a volatile organic liquid. X. can be determined experimentally
by allowing it to vaporize completely at a controlled temperature and pressure.
0.348 of X was injected into a gas syringe maintained at 2 temperature of 90°C and
a pressure of 101x10°Pa. Once it had reached equilibrium. the gas volume was
measured as 95.0cm’

)  Determine the amount, in mol, of X in the gas syringe. 15}

() Calculate the molar mass of X. o
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A student decided to determine the molecular mass of a solid monoprotic acid, HA, by titrating a

solution of a known mass of the acid.

The following recordings were made.

Mass of bottle /g = 0.001g

1.737

Mass of bottle + acid HA / g = 0.001 g

2412

(2) Calculate the mass of the acid and determine its absolute and percentage uncertainty.

122

(b)  This known mass of acid. HA, was then dissolved in distilled water to form a 100.0 cm®
solution in a volumetric flask. A 25.0cm’ sample of this solution reacted with 12.1 cm” of
20.100mol dm NaOH solution. Calculate the molar mass of the acid.

Bl
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() The percentage composition of HA is 70.56% carbon, 23.50% oxygen and 5.94%
hydrogen. Determine ifs empirical formula ek

(@ Determine the molecular formula of HA. 12k

(¢) A solution of HA is a weak acid. Distinguish between a weak acid and a swong acid.  [1]
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1.

Two groups of students (Group A and Group B) carried out a project™ on the chemistry of some
group 7 elements (the halogens) and their compounds.

(2) In the first part of the project, the two groups had a sample of iodine monochloride
(a corrosive brown liquid) prepared for them by their teacher using the following reaction.

1,(s) + Cl, (g) > 21C1(1)
The following data were recorded.
Mass of L(s) 1000 g
Mass of CL,(g) 224¢g

Mass of ICI (1) obtained 8602
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