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BBSS GCE 'O' Level Prelim Exams 2020
Sec 4 Express 

Chemistry (6092) Paper 1 MCQ
Solutions

Paper 1 (40 marks)
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MCQ

1 Ammonia, butane and hydrogen chloride all exist as gases at room temperature. Hence, they 
cannot be condensed using a water condenser.

2 Both the green and red dyes have same boiling point, so cannot be separated by fractional 
distillation. Chromatography helps to separate the components in the lollipop. 

3 Rate of diffusion of gases is dependent on molecular mass and temperature. Having the same 
molecular mass does not mean the same gas, hence boiling point, solubility and number of 
atoms in one molecule would be different.

4 Dilute sugar solution means there is less sugar dissolved in a large volume of water. This
means the sugar molecules are far apart in water. With more water molecules, the particles are 
closely packed.   

5

6

Impurities increase the boiling point of a substance. Sodium chloride added to water act as an 
impurity which causes boiling point of water to increase.

Graphite is an allotrope of carbon. Crude oil is a mixture of hydrocarbons. Methane is CH4, a 
compound. 

7 2HCl +   CaCO3 CO2 +     CaCl2 +   H2O
CO2 +  C (charcoal)         2CO
Any unreacted carbon dioxide is removed by Y (aqueous sodium hydroxide).

8 Both X- and Y+ have 18 electrons.
X- = 2, 8 ,8      Y+ = 2, 8, 8  Both ions have 8 valence electrons.
When an ion is formed, there is no change in no. of neutrons.
No. of neutrons in X- = 39 - 19 = 20 = no. of neutrons in Y+ = 37 – 17 = 20.
X is a metal . It forms an ionic compound with a non-metal, Y.
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9 element 1 is hydrogen which is a gas, a non-metal, which does not conduct electricity.
Group I metal is more reactive than Group II metal.
Element 2 is lithium, a Group I metal, is more reactive than element 4, magnesium.
Group I metals have low melting points and boiling points compared to other metals.
Element 4, magnesium, is a metal with a giant metallic structure.

12 Tl has a charge of 1+ and ClO2 has a charge of 1-. The ratio of Tl : ClO2 is 1 : 1.

13 Each covalent bond consists of 2 electrons.

                            has 12 electrons involved in bonding.

14 Both MgO and Al2O3 are ionic compounds which conduct electricity in molten state. So the 
temperature range must include the melting points of both compounds.
Both compounds are in molten state between 2852 0C to 2880 0C.

        
15 Nitrogen is in group V, it forms 3 covalent bonds with other atoms. Chlorine is in group VII, it 

forms a single covalent bond with other atoms. Oxygen is in group VI, it forms 2 covalent bonds 
with other atoms. Hence Cl

17 Bronze is a mixture of metals which have giant metallic structure with high melting points.

18 2HCl +   CaCO3        CO2    +     CaCl2       +   H2O
no. of moles of CO2 = 100 / 24000 
                                  =  0.004167
                                  = no. of moles of CaCO3

mass of CaCO3 in chalk = 0.004167 x  100 = 0.4167 g 
% purity of CaCO3 in chalk = 0.4167 / 0.5 = 83.3 %

19 2C2H2 + 5O2    4CO2 + 2H2O
vol of O2 needed = 1 × 5/2 = 2.5 dm3 (mol ratio = vol ratio for gases)
vol of air needed = 2.5 × 100/20 = 12.5 dm3

20 To calculate % change, add up the total volume of reacting gases (which is the original volume) 
and subtract it from the total volume of gases produced, then divide by original volume and 
multiply by 100.
Options C is incorrect as there is a large change in volume due to change from gas to solid.
Change in volume for option A : (3-1)/3 x 100  = 66.7%
Change in volume for option B = (6-3)/6 x 100 = 50.0%
Change in volume for option D = (7-2)/7 x 100 = 71.4%
Hence option B has the smallest % change in volume.

21 Statements 2 and 4 are correct. Statement 3 is incorrect as each molecule of carbon dioxide 
has 3 atoms but each molecule of hydrogen chloride has 2 atoms. 1 mole of carbon dioxide 
has more atoms than 1 mole of hydrogen chloride gas.
Mr of CO2 = 44; Mr of HCl = 36.5 so 1 mole of each gas does not have same mass.
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22 Mass of water = 49.2 – 24.0 = 25.2 g

No. of moles of water = 25.2 / 18 = 1.4 mol

No. of moles of magnesium sulfate = 24.0 / [24+(32 +(16x4)) = 0.2 mol

                       MgSO4 :     H2O 

                           0.2     :     1.4

                             1      :      7
23 HX   +    NaOH     NaX   +   H2O

no. of moles of acid = 0.1 x 0.02 = 0.002 mol. = no. of moles of alkali
concentration of alkali = 0.002 / 0.025  = 0.0800 mol / dm3

HX is a strong acid as it has a pH of 0.8. 
Neutralisation occurs when there is a sharp change in the pH.                             

24 Acid reacts with metal carbonate or metal hydrogen carbonate to form a salt, CO2 and water.
Substance A has to be a metal carbonate or metal hydrogen carbonate and gas B has to be 
CO2. Acid reacts with reactive metal to from salt and hydrogen gas. Substance C has to be 
magnesium, not copper. Acid reacts with a base to form salt and water. Substance D has to be 
a base which is a metal oxide or metal hydroxide.

25 Chlorine , gas X, turns damp blue litmus red, then bleached.
3Cl2 +  6FeSO4    2Fe2(SO4)3    + 2FeCl3

Chlorine reacts with iron(II) sulfate to form iron(III) sulfate and iron (III) chloride which form 
yellow solution. 
Iodide ion from KI is oxidised by chlorine to form to form brown iodine solution.

26 Aqueous copper(II)  sulfate contains water. Sodium reacts vigorously with water to form sodium 
hydroxide which reacts with copper(II) sulfate to form blue precipitate, copper(II) hydroxide. 
Sodium metal burns with a yellow flame as heat is produced during the reaction with water. 
Being less dense than water, it darts about on the surface of water.

27 copper, copper(II) oxide and lead(II) oxide has no reaction with steam. Zinc reacts with steam 
to form hydrogen gas. 

28 Barium is a more reactive metal than magnesium. Like magnesium, it is extracted from its 
molten ore by electrolysis.

29 A decrease in % of carbon(low carbon steel) is malleable, not  brittle.
An increase in % of carbon(high carbon steel) is strong and hard, not softer.
In an alloy of steel, different size of carbon and iron atoms disrupt the orderly arrangement of 
pure iron atoms, making it stronger.

30 Equation B – Oxidation state of carbon is reduced from +4 in CO2 to +2 in CO.
Equation C – Oxidation state of iron is reduced from +3 in Fe2O3 to 0 in Fe.  

31 Across the same period, the nature of oxides changes from basic oxides (metal oxides) to
amphoteric oxides (metal oxides), then acidic oxides (non-metallic oxides).
X is either a Group IV, V or Group VI non-metal as it forms an acidic gas of formula, XO2.
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Amphoteric oxides react with both acids and bases. Z is a Group VII non-metal which has a 
charge of 1- as it forms an ionic compound with W, a metal, of formula, WZ. 

33 Equation 3 represents combustion which is an exothermic reaction.
Equation 4 represents condensation whereby heat is released when gas condenses into a 
liquid. 

34 Graph Y – no. of moles of solution = 0.02 x 4 = 0.0800 mol.
Graph Z – As initial reaction is faster than Y, concentration of solution should be higher than Y.
As volume of gas collected is half that of Y, no. of moles of solution should be half that of Y.
Option A - no. of ,moles of Z =  0.005 x 8 = 0.0400 mol.  

35 A – air cannot be used as a raw material as iron would be oxidised by it and rendered ineffective 
as a catalyst. Optimal conditions for the process are 250 atm and 450 C. 
Iron catalyst helps to lower the activation energy for the reaction. 

37 volume decreased = 50 – 40 = 10 cm3

% volume decreased = (10/50) x 100% = 20% = % of oxygen used up.  
Combustion of methane uses up about 20% of oxygen.     
MgO produced is a solid product and will not contribute to the volume in the vessel at the end 
of reaction. Reactions B and D do not require oxygen.

38 In a simple cell, more reactive metal (zinc) loses electrons and flow to copper electrode. 
H+ from hydrochloric acid gains electrons to form hydrogen gas.

39 At anode, Cl ion is preferentially discharged to form chlorine gas.
At cathode, H+ is preferentially discharged to form hydrogen gas. 
Sodium and hydroxide ions are not discharged. As there is a higher concentration of hydroxide 
ions in solution, the electrolyte becomes more alkaline, thus pH increases.
Overall equation for the electrolysis :  2HCl (aq)    Cl2(g) + H2(g) 
Ratio of H2  :  Cl2 = 1 : 1. Thus equal volume of both gases are produced.

40 At anode, OH is preferentially discharged to form oxygen gas.
At cathode, H+ is preferentially discharged to form hydrogen gas.
Overall equation for electrolysis of dilute hydrochloric acid:  2H2O        2H2 +    O2 

Ratio of H2 :   O2 =   2 : 1.  
Thus volume of oxygen gas = half that of hydrogen = 9.6/2 = 4.8 cm3  

The End
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ns electctcttctctcttcttctctctcttctccttccccctcctctctctctctctc rorororoooooroooooooons to fofofofoffofofoffff rrrmrmrmrrrmrmrrrrrrrrrr hhhhhhhhhhhhhhhhhhhhhhhhhhhhydydydydydydydydydydddydydydydyddyddyddydyydydddydyyddydyddydddyddddddydydddddydddddydddddddydddddddddddddddddddyyddddydyyydyddddddddddddrororororororororororoorororooooororoooororoororooooorororooooorrorororororooooroororoooorrrrooorooorrrorroorooooorororooooroooooooooooorooooorroroooooooooggggggggggggegegegegeggggggggegegegegegegegegegegegegegennnnnnnnnnnnn gagaggagagas.s.s.s.s.

is preferentnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn iaiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaally yyyyyyyyyyyyyyyy dididdiidiidiscscsscscssscscsscsccsscscsscsscscscsccccccscscscscscscccccchahaaaaaaaaaaaaaaaaaargrgrggggrgggggrgggrgrggggggggggggggggggggedeee tototototototootototootototototototooootototooooooootototoooootttttt fffffffffffffffffffffffffffffffffffffform chlorinenenenene gggggas.
H is preeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeefefeffefefefefefefffeferererererererererrererererrerererererrererrerrrrrerreeereereeeeeeeeentialllllllllllllllllllllyyyyy yyyyyyyyyyyyyyyyyyyyyyyyyyyyy didididididdidididddididididdddididiididddiididddddddd scscsscscscscscscscscscsscssssssccsssssssssssss hahahahahahahahahahahahahahhahahhahahahhhhahhahahhahhahahahaaaaaaaaaaaaaargrgggggggggggggggggggggggggggggggggggggggededddddddddddddddddddddddddddddddddddddddd tttttttttttttttttttttttttttto ooooooooooooooooooooooooooooooooooooooooooo fofofffofoffofofofofofffffffffffffffff rmmmmmmmmm hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhyydyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy rogennnnnn ggggagg s. 

and hhhhhhhhhhhhhydydydddyddydddydyddddydyydyddydddydyddyddyy roxidedededdededededededededdededdedededdededddeddeddededdeddededdeddddddd iiiiiiiiiiiiiiiiiiionoononononoononooooooooonononoonononoononooooooooooonns sssssssssssssssssssssssssss araaaaaaaaaaaaaa eeeeeeeeeeeeeeeeeeeeeeeeeeee nononononononononononnnonoonooonooooooooooooooooooooooot t tttttttttttttttttttttttttt t dididididiididiidididididididiidididdiddidddddddddd scscscsccscscccsccscscsccscscccscscscccccccscccscscccssss harggggggggggggggggggggggggggggggededddddddddddddddddddddddddddddddddddddddddd. .......... AsAsAAsAsAsAsAsAsAsAsAsAsAsAsAsAAsAAsAsAAAAsAsAsAsAsAAAAssAsAAAAAAAsAsAsAAAAAAAAsAsAssAssssAsss tttttttttttttttthehehhehehhhhhehehehheheheeeere is a a aaa a hihihihihighghghghgheereee  conc
ns in soolululululuulullululululululllullululllullutttttttttittttttttttttttttttttttttttttttttt onnnnnnnnnnnn,,,,,,,,,,,,,,,, thththththththththththththththe eleleeeleeeleeeeleeeeeeeeeeeeeeeeeeeeeee ecececececececececececcececceeccecececceceececcctrtrtrtrtrtrtrtrrtrtrtrtrtrtrtrrololololololollloloolololoooooo ytytytytytytytytytytyyytyytyyyyyytyyytytyytytytytyytyyyytyyytyttteeeeeeeeeeeeeeeeeeeee bebebebebebbbbbbebbebbbebbbbbbbbbbbbbbbb comeeeeeeeeeeeeeeeeeeeeeeeees ssssssssss mmmmmmommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm rererererererereererererererererererereererreererrerrreereereererereeeeeeee aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaalklklklklklklklklkkklklkklklklklklklkklklklklklkklklkllklkklklkkkkkkklkkkaaaaalaaaaaaaaaaaaaaa ine,,, ttttthuhuhuhuhusssss pHpppp inc
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BBSS 2020 Prelim 4E Chemistry Paper 2
Answers with Markers’ Feedback
 
1a krypton [1]
1b bromine [1]
1c arsenic [1]
1d calcium [1]

note: max [2] if student wrote chemical symbols, instead of names.

2a C [1]
2b E [1]
2c F [1]
2d A [1]
2e B [1]

3a The elements are arranged in order of increasing atomic (proton) number. [1]
3b Cobalt and nickel have the same relative atomic masses / Ar. [1]
3c Any two comparisons, [1] each

Transition elements 
have high melting/boiling points while halogens have low melting/boiling points
have high density while halogens have low density  
conduct heat/electricity while halogens do not
are malleable/ductile while halogens are not  
form positive ions by losing electrons while halogens form negative ions by gaining 
electrons  
are catalysts while halogens are not   

3di Any one, [1]
Hydrogen atom gains one electron (to form ion of 1 charge)
Hydrogen atom form diatomic molecule (through sharing of electrons)  
Hydrogen has low melting/boiling point/is a gas (at room temperature and pressure)

3dii Hydrogen atom loses one electron (to form ion of 1+ charge) [1]

4a CH3NH2 + HCl CH3NH3Cl [1]
4b blue, 9 11 [1]

red, 1 or 2 [1]
4c It does not form in the centre as CH3NH2 (Mr = 31) has lower molecular mass than HCl

(Mr = 36.5), hence, CH3NH2 diffuses at a faster rate than HCl, and travels further
across the tube compared to HCl. 
[1] quote both Mr 

[1] methyl amine has lower Mr and diffuses faster
[1] methyl amine travels further

5a MgSiO3 MgO  + SiO2 [1]
5b MgO, SiO2, SO2 [1]

MgO is a basic oxide which forms a solution of pH 10 [1] (accept pH 9 11), while SiO2

and SO2 are acidic oxides. SiO2 does not dissolve in water, giving pH 7 [1]*, while SO2

forms a solution of pH 5 [1] (accept pH 3 6).
note: *bonus mark

protonnnnn) ) ) ) ) nununununumbmmmmm e
ses / Ar. [1[1[1[1[1]]]

s while haloggggenenenenenenenenennnnnnnnnnnssssssssssssssssssss ss ss s hahahahahahahahahhhahahhaaahhahhahaaaahahahahahahahhahahaaahhaaaaaahaaaaahahaaahaaahaahahaaaaaaaaaahhahaaaaaavvvvvvvevevevevevevevevevevvvevveveveveveveveveveveveveevvv lllllllllooooow mmmmmeleleleleltititititingngngngng/b/b/b/b/boiling p
alogens hhhhhhhhhhhhhavavavavavvvvavavvvvvvvaaavvaave eeeeeeeeeeeeeeeeee lololololoooooooooooooooooooooooooooooooooooooooooooooooooow wwwww wwwwwwwwwwww w wwww wwww wwwww wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww dededededededededededededededededdededededdedededededededededddededdeddedddeddddddddddddddddedddddddddddededdddddddddddddddededeensnnnsnnnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnnnsnsnsnsnsnsnsssssssssititiiitiititititititittitiiitiitititititititititititititititttyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 

city whileeeeeeeeeeeeeeeeeeeeeeee hhhhhhhhhhhhhhhhalaaaaaaaaaaaaaaa ogennnnnnnnnnnnsssssssss dododdddddddddddddddd nnnnnototottooootoootototoooooootootototoootttootototooototototoooooooooooooootototoototttotooooooo
ductile wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwhhhihihihihihihihihhihihihihihiihihihhhhhhhhhhhhhhh leleleleleleelelelellelellelelelelelleeeeeeeeeeeeeee hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhalallllllllllllllllogogogogoggogoogggoogoogogoggoogooo eneeeeeeeeeeeeee s arrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreeeeeeeeeeee not 

tive ions by y yyy yyyyy yyy yyyyyy yyyyyy yyyyyyyyyy yyyyy loloooooooooooooooooooooooooooooooosisisisisssssssssssiisisissisissssssisisiisss ngnggngngngngngggggnggggngngngngngngnggngnggngngngngggngngngngngngngnnngnnnnnn eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeelelelelelelellellelellelelelelleeleleeeleeeeeeeeeeeeeeeeeeeeeectctccctctctccctctctcctctctctcctcctttttttttttttroroooooooooooooooooooooooooooooooooonsnsnsnsnsnnssnsnsnsnnsnssnsnsnsnsnsnsssnsnsnsnnssnsnsnnsnnsnsnssss wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwhihhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh le halogennnnnssss s fffofoform negegegegegegatatatatativivvivivive eeeee ions b
trons 

are cacacacaaaacaaaaaaaaaacc tatatatatatatataatatatatataataatatttttt lylylylylylylylylylylylylylylysts whwhwhwhwhwhwhwhwwhwwhwhwwwwhwhhwhwwhhwhhhhwhhwhwhwhhwhw ilililiilliliilllllllllllllllleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee hahhahahhahahahahahahahahhahahhahhhhhahahhhahahhahahahaaaaaaaaaaaaaaloloooooooooooooooooooogegegegegegegegegegegeggegeggegeggegegggggggeggeggegegggggg nnsnsnssssnsnsnnnssnsnsnsnsnnnsnsnsnsnsnsnnsnsssnsnsnnnnsnnsssns aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaarerrrrrrrrrrrrrrrrrrrrrr  notottotottototototottototooottotooootototooototooooooo    
Any one, [[[[[[[[[[[[1]1]1111111111111111111111

HyHyyHyHyHyHHyHyHyHyHHyHyHyHHHHyHHyHyHyHyHyHyHHyHyHHyHHyHHyHyHHHHHHyydrdddddddddddddddddddddddddddddd ogennnnnnnnnnnnnnnn aaaaaaaaaatotottttttttttttt m mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ggaggggggggggggggggggggggggggggggggggggggg ins onoononononononononnonononnnonononononnnonononee eeeeeeleleeeeeeeeeeeeeeeeeeeeeleelleeeeeeeeeeeee ececccccccccccccccccccccccccccccccccccccctrtrtrtrtrtrrttrtttrtrtrtrtrtrtrtrtrtrtrtrtrtrttttttttrttrtttttttrtrt onononononononononnonononononoononnnonoonononononononononononoononononononoonononnno  (((((((((((((((((totototototototototottotototottottotooooooo forrrrrmmmmm ioioioioionnnnn ofo  1
HyHyHyHyHyHyHyHyHHyHyHyHyHHyHyHHyHyHyHyHyHyHHyHyHHyHyHyHHHyHyHHHyHHHHyyHHHyyyyHHyHyHyHyyyyyyyyyyydrdrdrdrdrrddrdddrdrdrdrdrdrdrdrdrdrdddrddddddddddddddddrdd ogogogogogogogogogogogogogooogooogoogogogogoggogggogggggggggggogeneneeeeeeeeeeeeeeeeeeeeeeeeeeee aaaaaaaaaaaaaaaaatotototototoototoootototototototototttotttttt m m formrmmmrmmrmrmmrmmmrmrmrmrmmrmmmmrmrmmrmmmmrmrmmmmrmmmmmmmmmmmrrrrr dddddddddddddddddddddddddddddddiaiiaiaiaiaaiaiaiiaaiaiaiaiaiaiaaaaiaaaiii totototototototototototototototooooomimmmmmmmmmmm c moleeeeeecucucucuculelelelele (((((thtttht roug
HyHyHyHyHyyHyHyyHyHyHHyHyyyyyyyHHH drogeneneneenenenenenenenneeneneenneeeeenenee  hasssssssssssssssssssssssssssssssssss llllllllllllllllllllllowowwowowowowowwowowowowowowwowowowooooooooowooowooooooooooooooowwwo mmmmmmmmmmmmmmmmmmelelelelelelellelelelelelelelelelelelleleee titttttttttttttttttttttttttttttttt ngngnnnnngngnnnnnngngnnnnnnnnn /boilililiiingngngngng pppppoioooo nt/is

ogennnnnnnnnnnnnnnnnnnnnnn aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatototototototototototototooommmmmmm m m mmmmmmmmmmmmmmmmm lolololloololollololollooooolloooololoooooooooooooooosesesessesesesessseesessseseseseseseseseseesessesesesesseeesseseessssssssssssssssssss ononononononononoonononononononononononoononoonononnononononoonnonoonnnnono e e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eleleeeeee ecctrtrtrtrtrtrononononon (((((tototototo ffffform i

+ HCHCHCHCHCHCHHHCCHCHCHHHCHCHCCHCHHHCHCHCHHHHHHCHCHCCHHHHCCHCCHHHHH llllllllllllllllll CHCHCHCHCHC 333333NHNHNHNHNHNH3Cl [
[1]
1]

m i
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5c Add excess hot concentrated sodium hydroxide to the mixture. [1]
Filter the mixture and recover MgO as the residue. [1]

5d

[1]

6a Phosphoric acid dissociates partially in water to form hydrogen ions. [1]
6b Add a few drops of Universal Indicator to separate test tubes containing sulfuric acid and 

phosphorous acid. 
In the test tube containing 

sulfuric acid, the Universal Indicator will turn from green to red. [1]  
phosphoric acid, the Universal Indicator will turn from green to orange / yellow. [1]

6c NH4H2PO4 / (NH4)2HPO4 [1]

7a Greenhouse gases in the atmosphere help to trap heat [1] energy to heat up the earth. 
Without these gases, the atmosphere on Earth will be too cold to support any living 
organisms.

7b CFCs in the atmosphere regenerates or CFCs leak out of old refrigerators / discarded 
foam plastic. [1]

7c The contribution of carbon dioxide is the most significant, despite its low greenhouse factor 
because the amount of carbon dioxide in the atmosphere is significantly larger than that of 
the other gases or there is much more CO2 [1] in the atmosphere than other gases.

8a 3H2 + N2 2NH3 [1]
8bi

P 

R 

[1] graph P
[1] graph R 
note: penalise [1] if labels are absent

0        2        4      6        8
          I         I         I         I time / h

concentration /
(mol/dm3) 

reactants

product

to ora

trap heaatt [1[1]] enenererggy to hea
n Earth willl bebebebe ttttoooooooo cololololdddd totototo ssuppo

erates orrrrrrrrrrr CFCFCFCFCFCFCFCFCFCFCFCFCsCsCsCsCsCsCsCssssssssssssssssssssssssssssssssssssssssss leleleleleleleeleleleleleleleleleleelelelelleelelelelelelelelelelelelllleleleleeleleleeeeleleeleleeeeleleeeeeeeeeeleeeeeeeleeeeeeeeeeeeeleeeleel akaakaaaaakakakakakakakakaaaakakaakakakakakakakakakakakakakakakakakakkkkakkkkkkkakakaaaaaa oooooooooooooooooooooooooooooooooooooooutuututututututututututututututututututututututututututututututututututut oooooooooooooooooooooooooooooooooooof f f f f oldd rerererefrfrfrfrigigigigerators / d

rbon ddddddddddddddddddddddddddddddddddddddioioooioioiooioioioooioioioioioooiooooxixiixixixixixixixixiixixixixixixixxixxxixxixxxxidedededededeededededeedededdedededeeeeeeeeeeeeeeee issssssssssssss thththhhhththhththhhe mostsssststssssssssssssssssssssssssss ssssssssssssssssssssssssssssssignificant, dedededesssspite e e e ititititssss llllow grgrgrgreeeeeeeenhnhnhnhouse
ount of carbrbrbrrbrbrrbrbrbrrrbrbrrbrrrbrrbrbrbrrrrrrrrr ooonoooooooooooooooooooooo ddioioooioooooiooooooiooooioiooooooooooxixixixxixixixxixxxxxixixxxxxixixixxiidedeeeeedeeeeeeee iiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn theeeeeeeeeeeeeeeeeeeeeeeeeeeeee atatatatatatatatatatatattatatattatttattattattataaaaaaaaaaaa mospheree iiis s ssssigniffiicanananantltltltly y y y lalalalarrgrgrger tha

ases or ttttttttttttttttthehheheheheheheeheehehheehehheeeeeeeeeeeeeeeeeeerererrrrrrrrrrrrrrerrerrrrrr  is mumumumumumumumummumumummmumummmmmmumumumuumuuuuuumuchchchchchchchchchcchchchchchhchchchchhchchhchchchcccccccc omomomomomomomoomomomomooooooooooooooooooorererererererereereeeeereeeeeeeeeeeeeeeeeeeeee CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO222 [[[[1[[[[ ]] innnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn tttttttttttttttttttttttttttthehhhh  atmmmososososppppherrrreeee ththththanananan othe

3H2 + NNNNNNNNNNNNNNNN2 2N2N2N2N2N2N2N2N2N2N2N2N2N2N2N2N2N22N2N2NN2N2NNN2N22N2N222222 HHHHHHHHHHHHHHHHHHHHHHH33333333333333333 [1[1[1[1[1[1[[1[1[[[1[[[1[1[1[[1[[[[1[[1111111111111]]]]]]]]]]]]]]]]]]

PPPPPPPPPPPPPPPPPPPPPPPP

R

connnnnnnnnnnnnnnncececeeeeeeeeentntnnnnnnnnnnnnnnnnnnnnnnnnnnnn rarararararararararararaararrararaaaaaaaaaaaaaaaatittttttttttttttttt on /
(mmmmmmmmmmmmmmmmoloooo /d/d/d/d/dd/d/d/d/d/dd/dd/dd/dd/ddddddddd//// mmmmmmmmmmmmmmmmmmmmmmmm333333333) ) ) ))) ))))))))))))))) 
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8bii

 

[1] graphs for forward and backward reactions
[1] graphs intersect + labelling of X

9ai 3K(s) + Al3+(l) 3K+(l) + Al(s) [1]
9aii Aluminium is reduced as Al3+ gains three electrons to form Al. [1] 

Potassium is oxidised as K loses one electron to form K+. [1]
As both oxidation and reduction occurs in the reaction, it is a redox reaction.

9aiii AlCl3    +   3K       Al    +  3KCl
Mr of AlCl3 = 27 + 3(35.5) = 133.5
From equation, no of moles of AlCl3 = no. of moles of Al  
                                                          = = 20 mol [1]
Mass of aluminium chloride = 20 x 133.5 = 2670 g [1]

9b sodium can be used, as it is more reactive than aluminium. Hence sodium can displace 
aluminium from aluminium chloride. [1]

9c

     

           

  
[1] correct axes
[1] correct labels for activation energy and enthalpy change 
[1] correct formulae for reactants and products

9d aluminium < beryllium < sodium < potassium [1]
note: the order of Al and Be can be switched around

  

rate of reaction

0

x

forward reaction

backward 
reaction

   

  

time / h

Energy 

AlCl3 +  3K

activation energy / Ea

Al + 3KCl

Progress of reaction

enthalpy change /
H = ve

s to form AAll.. [1[1]]
n to form KK++. [1[1]]

in the reactiononononnnnnnn,,,,,,,,,,,,,,,,,,, itiiititit iiiisss ssssssssssssssssssss ssssss ss s aaaa rredoooox x x x rererereacacacactitititioooon.

133.555
oles ooooooooooooooooooooooooof ffffffffffffffffffffff AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAlllllllllllllllllllllCCCCCCCCCCCCCCCCCCCllllllllllllll33333333333333 ============= no. ofofofofofofofofofofofofofofoffff mmmmmmmmmmmmmmmmmmmmmmmmolesss ooooooooooooooooooooooooofffffffffffffffff All

                             ============== = 202022020202020202020202022020220220220202020220202202020220200022200 mol [1]
uminiummmmmmmmmmmmmmmmmmmmmmmmmmmmmmm chchchchhhhhhhhhhhhhhhhhhhhhlolololololololollololollololololollooloooooooride = 22222222222222222222222222222220000000000000 x 13131111313131311313113113111111111111 333333.33333333333333333333333333333333 5 5555 = 22222226262222222 7070707070070707070070070007070 gggggggggggggggggggggggggggggg [1]

m can bbbbbbbbbbbbbbbbbbbbbbbbeeeee eeeeeeeeeee usededeeeeeeeeeeeeeeeeeeeeeeeeeeee ,,,,,,,,,,,,,,,,,,, asasasasasasasasasasasaasasasasasasasasasasaasasaaassssssssss iiiiiiiiiiiiiit tttttttttttttttttttttt isis momomomomomomomomomomomomomomomooomomooooooomommm rereerererereeerererererereereeererereereerrrr rrrrrrrrrrrrrrrrrrrrrrrrrrrreeaeee ctcttttttttttttttttttttiviviiiiviiviviviviviiiivvvvviviivvivivivvvvveeeeeeeeeeeeeeeeeeeeeeeeeeeeee ththththhthththththhththththttththththththhthtthhhananananananananananananananaananaananaaaanananananannnanaanaanannnnna aaaaaaaaaaaaaaaaaaaaaaaluminiiiiumumumum. HHence
aluminiuiuuuuuuuuuuuuuuuuuuuuuuummmmmmmmmmmmmmmmmmmm frrrrrrrrrrrrrromomomommmmmomomommomomomomooo  aluluuuuuuuuuuuuuuuuuuuuumimimimimmmimimmimimimimimmimmmimmimmmimiminininininininininininininiiniiiininniumumumumumumumumuuumumuumumumumuumuumuumuuumummmmmmmmmm cccccccccccccccccccccccccccccccchlorididdddddddddddddddddddddddidddddeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee. [1[1[1[1[11[11[11111[1[1111[111[1[111111[[111111]]]]]]
EEEEEEEEEEEEEEEEEEnenennnnnnneneenenenennenneennn rgy yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy

AlClClllllClClClCCllllllllll33333333333333333333333 +++++++++++++ 3333333333333333333333333333333333333333333KK KKKKKKKKKKKKKKKKKKKKKKKKKK

ac



4 
  

10a Above 100 oC, the solvent which is water would have boiled off. [1]
reject evaporation of water

10b cerium(III) sulfate [1]
10c At 50 oC, a 100 g saturated solution of sodium nitrate will contain 115 g of solute. [1]

For 200 g saturated solution, mass of KNO3 crystals at 50 oC = 115 x 2 g = 230 g [1]
10d The forces of attraction between the water molecules and sodium and chloride ions of 

the solid are stronger than that between the water molecules and silver and chloride ions. 
[1] While the forces of attraction between the sodium and chloride ions are weaker than 
the forces of attraction between silver ions and chloride ions. [1]

10e Temperature increases the solubility of a salt. Higher the temperature, higher the Ksp.
[1]

10f silver chloride [1]
10gi calcium sulfate [1]
10gii Ionic product 

= [conc of Ca2+(aq)] x [conc of SO4
2 (aq)] 

= (
.

) x (
.

) [1]

= 2.5 x 10 5  > 2.0 x 10 5 mol2/dm3

Since IP > Ksp, precipitation would be observed. [1] (this mark can be awarded even if 
the previous substitution is incorrect)

10h evaporate the solvent / cool the solution [1]

11a Ba(OH)2(aq) + H2SO4(aq) BaSO4(s) + 2H2O(l)
[1] state symbols
[1] balanced equation

11bi Filter the mixture [1]
Barium sulfate will be collected as residue, while water will be collected as filtrate. [1]

11bii Moles of barium sulfate formed = (10 / 1000) x 0.5 = 0.005 mol [1]
Mass of barium sulfate formed = 0.005 x 233 = 1.17 g (3sf) [1]

11c

[1] zero/low conductivity when volume of sulfuric acid is 5 cm3 

[1] conductivity decreases and increases (when sulfuric acid in excess)

  

volume of 1.0 mol/dm3

sulfuric acid / cm3

electrical 
conductivity

I
5 
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EITHER

12ai movement of electrons  in anti-clockwise direction. [1]
12aii electrode X: cathode; electrode Y: anode [1]
12b iron electrode: 2H+(aq)  +  2e H2(g)   [1]

zinc electrode: Zn(s)   Zn2+(aq)  +  2e [1]
12ci CuO [1]
12cii 2O2 O2 + 4e

No. of moles of oxygen gas = 48 / 24000 = 0.002 mol [1]
No. of moles of electrons = 0.002 x 4 = 0.008 mol  
Cu2+  +  2e     Cu
No. of moles of copper = 0.008 / 2 = 0.004 mol
Mass of copper formed = 0.004 x 64 = 0.256 g [1]

12d Magnesium is more reactive than zinc [1], causing the flow of electrons to be reversed, 
causing electrode Y to be the cathode and electrode X to be the anode. [1]
Pinkish-brown solid will be formed at electrode Y and effervescence will be seen at 
electrode X. [1]

OR

12a anode; cathode [1]
12b Y is hydrogen [1]

hydrogen ion will be discharged/reduced/gain electron to form hydrogen gas [1]
12c As sodium ions and hydroxide ions are not discharged [1], they remained in the 

solution to form sodium hydroxide / As hydrogen ions and chloride ions are discharged, 
sodium ions and hydroxide ions remained in the solution formed sodium hydroxide. 

12d Place a damp blue litmus paper near the gas, chlorine gas turned damp blue litmus 
paper red and bleached it. [1]

12e The size of the pore is not big enough for chloride ions to pass through. [1]
Hence, chloride ion cannot pass through the membrane and chloride ion is separated 
from hydroxide ion [1] and sodium hydroxide is collected as the only product.

12f Oxygen gas instead of chlorine gas will form at the positive electrode/anode. [1]
Hydroxide ion is discharged/oxidised/lost electrons to form oxygen gas. [1]
Sodium chloride solution becomes more concentrated as water is decomposed /  
sodium ions and chloride ions are not discharged. [1]

 
  

the an
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Qns Challenges Feedforward feedback

1 listed elements from other 
period, and/or write the 
chemical formula 

understand the requirements of the question: element from 
Period 4, and write the NAME 

1d listed potassium as the wrong 
answer. 

while potassium reacts readily with cold water, it forms 
compound of the type MOH. 

2s don’t know what is brine. brine is concentrated sodium chloride. when brine is 
electrolysed, chloride ions are preferentially discharged 
compared to hydroxide ions, to give chlorine gas. 

3c did not compare the properties 
of both substances

mentioned that the halogen 
only shows oxidation state of 

1 in its compounds which is 
not true. 

the command word ‘compare’ requires a clear comparison 
of the substances.

the compounds of halogens can show a variety of oxidation 
states: 1 in HX, +1 in NaClO, +5 in NaClO3 etc

4a could not give the correct 
equation and formula of 
methylammonium chloride 

link methyl amine to ammonia which is familiar to all. think 
about how ammonia and hydrogen chloride gas reacts via 
acid-base reaction to give a salt. 

4b unsure about the colours of 
Universal Indicator 

link the acidity and basicity of the substances to the colour 
chart. 

4c used the wrong terms ‘relative 
atomic mass’ instead of 
‘relative molecular mass’. Omit 
Mr in their answers 

relative atomic mass or Ar is used for atoms, while relative 
molecular mass or Mr is used for molecules. 

5b did not list the nature 
(neutral/acidic/basic) of the 
oxides and the pH values. 

metal oxides are basic, non-metal oxides are acidic. These 
oxides forms solutions that are either basic, acidic or 
neutral. SiO2 is an acidic oxide which does not react nor 
dissolve in water. Hence it remains neutral.  

5c cannot find a method to 
separate the substances. 

MgO is basic oxide, while SiO2 is acidic oxide. Water is not 
suitable as MgO is not very soluble in water. SiO2 being 
acidic, reacts with conc hot NaOH (link to formation of slag 
in blast furnace), to form a soluble salt. Upon filtration, this 
salt forms the filtrate, while MgO forms the residue. 

5d cannot deduce the dot-and-
cross, given the structure 

remember to include the charges for ions, and check that all 
atoms have 8 valence electrons after bonding. 

6a cannot tell that phosphoric acid 
is weak acid. 

The extent of ionisation of an acid/base will tell us whether 
the substance is strong/weak, not by the amount of H+(aq) 
formed. 

Markers’ Feedback 
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Qns Challenges Feedforward feedback

6b many complex solutions were 
given. 

‘simple’ means a physical test would suffice. Usage of other 
chemicals are not needed.  

6c cannot deduce the formula of 
the salt 

H3PO4 H+ + H2PO4

H2PO4   H+ + HPO42

HPO4
2  H+ + PO43

The anions that are bolded can bond with NH4
+ to form the 

salts.  

7b did not address the word 
‘increasing’ 

many answers mentioned about CFCs lingering or staying in 
the atmosphere, but did not address the word ‘increasing’. 

7c did not compare to other gases answers need to compare the abundance of carbon dioxide, 
relative to other gases, as required by qns. 

8a could not recall the equation 
for the manufacture of 
ammonia 

recall that the Haber process is a reversible process 

8bii could not sketch the rate vs 
time graph for forward and 
backward reaction 

rate of the forward reaction decreases at a decreasing rate 
over time, and rate of the backward reaction increases at 
decreasing rate over time. This is because the concentration 
of reactants decrease over time, hence the rate will 
decrease at a decreasing rate over time. 

9ai could not come up with the 
correct state symbols for Al3+ 

many listed the aluminium ion as (aq). This is incorrect as 
water will react with potassium. Hence aluminium ion is (l). 

9aii did not answer to the question 

 

did not specify the form of 
aluminum 

while the qns wanted the answer to be in terms of electron 
transfer, some scoped their answer in terms of oxidation 
states.  

in the qns, aluminium can be Al(s) or Al3+. need to make the 
distinction. 

9aiii did not convert the mass to g for calculation of no. of moles, the mass needs to be 
converted to g. 

10b missing oxidation number for 
transition element in chemical 
name. 

for any compounds containing transition element, the 
oxidation number of that element must be stated in the 
chemical name. 

10d cannot link the data to the 
requirement of the qns 

 

need to identify the relevant data needed in order to craft a 
response that address the question. Since the question is on 
solubility, search for data which talks about solubility. 

need to compare the differences between sodium chloride 

Markers’ Feedback 
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decrreaeaeeeaeaeaeaeeaeaeaeaeaeaeaeaaeeaeeaeaeeaeaeeaeaasing rateeeeeeeeeeeeeeeeeeeeeeeee ovovovovovovovovovovooooovovovoovoovovovovovoovoovovvvvverererererrererererrerrrrrr time. Thihis isisss bbbbececccauauauause the
ofofofofofofofofofofofofffoffffofofofofofofofooff rrrrrrrrrrrrrrrrrrrrrrreaeaeaeeeeaeaeeaeeeeeeeeeeeeeeeee ctananannnnannnnnnnnnnnannnnnnnnnannnnana tststtttststststststststststststsststststststststtstssttssts dddddddddddddddddddddddececececececececececececececcceccececececceecececececccccrerererererererrerereerrereerereeeeeeeeeeeeeeeeeasasasaaasasasasaasaasaaaaaaaaaaaaaaaa eeeeeeeeeeeeeeeeeeeeeeee over tttimimimime,eee hhhheneee ce
dededededededdddedededededddedededddeddeeeeeeeeecrcrrrrrrrrrrrrrrrrrrrrrrrrreaeaeaeaeaeaeaeaeaeaeaeaeeaeaeeeaeaeaeaeaeaeeaaeaeaaeaaae sssesesesesesesessssesesese aaaaaaaaaaaaaaaaaaaaaaat t tttttttttttttttttttttt aaaaaaaaaaaaaaaaaaaaaaaaaaaaa ddecreasisisisingngngng rrrrataaa e ove

coululllllulllllllllldddddddddddddddd nonnononononononononnonononononnonnnnonnnnnnnnnnnnnnonnoootttttttttttttttttttttttttttt cococococoococococococococococococccc mememememememmememememmmememmemmemmmmmmemmemmmemmmmmemee up pppppppppp wiwiwwwwwwwwwwwwiwwiiiiiwiwiwww ththhththhthhhhthhththhtttht  theeeeeeeeeeeeeeeeeeeee 
rrecccccccccccccccctttttttttttttttt stststsstststststststate syyyyyyyyyyyyyyyyyyyymbmmmmmmmmmmmmmmmmmmmmmm ols s s sssss sss ssssssss fofoffofofofofooofoofofofofofffofofoooofofoofoofooooofofoofor rrrrrrrrr AlAlAlAlAlAAAlAAAlAAlAlAlAAlAAlAl3++++++++++++++

mmammmmmmmmmmm ny listeeeedddd ththththeeee alalalaluminiu
water r r r wiwiwiwilllll rrrreeaee ct w

ot annnnnnnnnnnnnnnnswswsswsswswswssswssswsswswswsswsswwwerererererrrerererrrrerrererrererrerrerrrrr to o thththththththhhththhhthththhthhhthhhthhhththththhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeee qqqqqqqqqquuquqqqqqqqqqqqqq estit onononon
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Qns Challenges Feedforward feedback

did not compare the two ionic 
compounds 

and silver chloride. 

10gii not able to determine the ionic 
product correctly 

when the same volume of another solution is mixed, the 
concentration of both solutions is halved. 

11bi did not state clearly how to 
separate the products 

need to state how the products (water and BaSO4) can be 
separated and found after filtration. 

11c did not appreciate the concept 
of limiting reagent, precipitate 
formation and how these links 
to electrical conductivity 

 

Did not label the volume of 
acid 

In the first instance when sulfuric acid is added to barium 
hydroxide, insoluble barium sulfate is formed. Hence 
concentration of ions and hence conductivity decreases. The 
conductivity decreases and reaches a minimum when all 
barium hydroxide is reacted. Thereafter, sulfuric acid is in 
excess, and conductivity increases as concentration of ions 
increase. 

consider when the acid is in excess, to determine the volume 
of acid used. 

E12 

a&b 

cannot determine which is the 
anode and cathode and hence 
the reactions at the respective 
terminals 

zinc is more reactive than iron. Hence zinc will be oxidised to 
Zn2+, electrons are lost, with Zn being the anode. Hence iron 
is the cathode. Iron cannot be reduced further. H+ is reduced 
to form H2. Overall, the direction of movement of electrons 
is anti-clockwise. 

12ci cannot determine the molten 
binary compound 

pinkish-brown solid is copper, while the gas is oxygen. Since 
the compound is molten, we have Cu2+(l) and O2 (l). 

12cii did not substitute the correct 
values 

need to convert volume to dm3 to use the formula: no. of 
moles of gas = volume of gas in dm3 / 24 

12d could not apply the difference 
in reactivities to the 
observations 

the change is applied in cell A, but question asked for 
observations in cell B. 

A larger difference in reactivity between iron and zinc and 
magnesium in zinc does not give a larger yield of substance. 
The process is faster due to larger current, but the amount 
of products remained the same. 

O12e did not fully address the 
question 

question asked how the chloride ion prevent contamination. 
Hence there are two parts: (1) why does chloride ion not 
pass through the membrane? (2) How does this prevent 
contamination? 

O12f did not compare the 
differences 

response need to make clear comparison when a new 
change is applied.  

 

Markers’ Feedback 

min
ereaffteter, su

ncreasess aaaaas cooooonnnnnncent

when the acid iiiiiissss s sssssss ss ininininini eeeeeeeeeexcxcccceeeese s, tttttooo o o dededededetetetetetermrmrmrmrmine t
cid usededededdeddedddededddededededddedededddededddddede ...

he
d hencccccccccccccccccceeeeeeeeeeeeeeeeeeeeeeeeeeeeee

the reseseeeeee pectivvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvveeee

zinccccccccccccccccccc is s s sssssssssssss more rrrrrrrrrrrreaeaaaaaaeaeaaaeaaaaaaaactivveeeeee thhhthhththhhthththhthhhththhhhhthhhhthttttthththhththttththhhththhhhthhhhhhhtthhhhhhhhhhhhhhhhhhhhhthaaanananananananaaananananaaaaaaaananananaanaaa iiroon.nnnn HHHHHenceeeee zzzzzinininininccccc will be oxooooo idise
ZnZnZnZnZnZZnZnZnZnZZZZZnZZZZZZZZnZnZnZnZZnZnnZZZZZ 2+222222222222222222222222222222222 , eleleeeeeeeeeeeeeeeee ececeeeeeeeeeeeeee tronss ssssssss arrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrre lost, with ZZZZZnnnn n bbbbeb innnnnggggg ththththththe annnnnnodododododode.e.e.e.e. HeHeHeHeHeHence ir
isissisisssissssississsisssissssisississisisiiiiis tttttttttttttttttttttttttthehehhehhhehheheehehehehhhhheheheeehehehehehehhheheeeeeeheeeeeeeeeeeeeee ccatatatatataataaataaaaaaaaaaaaaaaaaaaaaaaaaaaa hohhohohohohohohohohohhohohhhohohohohohhhohhhohohhohhhohooooooooooodedededeedededededededededededededeeedededededededededeeeeeddddddd .. . . ... .... IrIIIIIIIIIIIIIIIIIIII on ccannot bebebebebe rrrrreeducedddddd ffffffurururururththththththeeeeere . H+ is
to forororroorroooooooooooo mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm H2. Ovvererererreererrrrrerrerrreerererereerrereerereeeeeee alallalalallalalalalaaaaaaaaaaaaaaaaaaaaaaaaaaala l,l,l,l,l,l,l,l,l,l,l,l,l,l,l,l, tttttttttttttttttthe directiionnnnnn ooooof ff momomomomovemen
isisisissisisiiissiiississisisisiiisis aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaantntntntntnttnttntntntntnttntnttttttttnntntnnnnnnnnn i-clococococcoccocococcccocococococcococcococcoccocococcooooooocooooocccoccoooockwkwkwkkwkwkwkwkwkkkwkwkkwkkkwkwkkwkwkwkwkwkwkwkwkwkwwwwwwwkwwkwwkwkwwwkkkk isisisisisisissisisissiiiisisiisisiisisisiiiiiiiiiiisssssseee.ee.e.ee.e.eeeeeeeeeeeeeeeeeeeeeeeeeeeee

caaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnn otooooooooooo ddddddddddddddddddddddddddddddddddddddeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ermineneneneneeeneneeeeneneeee tttttttttttttttheheheheeheheheheeheehehh mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmolten 
binaaaaaaaaaaaaryryryryryryryyyrrrrr cccccccccomomomomomomoomomomoomomomomomomomoomomomooomomomooomommommmmmommommmoommmmpopopopopopopopoppoopoooopoooooooooopooooopooooooooununuuuuuuuuuuuuuuuuuuuuuuuuuuu d

pipipipipipppipppppppipipipppiippppippppppppppppp nknknknknknnnknknkkknknkknknknknknknkkkknnkkkkkkkknkknknkknnnnnnnnnnnnnn isisisisisisiisisisisisisisisisiiisisissssisisssississssssssiisshhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh----------------brbrbbrbrbrbrbrbrbbrbrbrbrbrbrbrrbrrbbbbbrbrbbrrrbrrrbrrbrbbbbbbbbbbbb owowoowowowowowowwooowwooowowowwwwwwwn sooooolililililiddddd isisisisis cccccopopoo per
ththttttttttttttttttt e comppppouououououo ndndndndnd iiiiis molte
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s
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