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AnswerALL questions

1. (@) (i) Arsenic (33As) is the element beneath phosphorus in group thefperiodic table.
Complete the electronic configuration of Arsenic.

[Ar]

(1)

(i) To which block does arsenic belong? Ginesaplanation for your answer.

(@)

(b) (i) Define the relative atomic mass of amato

1)

(i) Deduce the mass number and atomic numbeanaftom that has four fewer protons and
four fewer neutrons than the isotof3as.

(2)

Question continues on next page
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(i) To which block does the element deducegbant (ii) belong to? Givd HREE features
which are common to most elements in this block.

(4)

(iv) Arsenic has a number of oxides. Deduce thwpigcal formula of the oxide which
contains 65.2 % arsenic by mass.

(2)
(Total: 12 marks)

2. Consider the following data:

Substance RO (s) Fe (s) CO (9) C&(9)
AH® / kJ mol™ -824.2 0 -110.5 -393.5

(&) The following equation shows one of the readithat can occur in the extraction of iron.
Fe0s(s) + 3CO(g)—2Fe(s) + 3CQQ)

Calculate the standard enthalpy change for #gastron (show your working):

®3)
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(b) The standard entropy change of the reactierisJ K* mol™. Explain what is meant by the
term entropy change of a reaction and explain wievalue implies?

3)

(c) Explain why this reaction is feasible at athfgeratures.

3)
(Total: 9 marks)

3. Hydrogen is produced industrially by the reacti@tween steam and methane when the following
dynamic equilibrium is established.

CH,(g) + HO(g) = CO(g) + 3H(g) AHC® = +206 kJ mol*

(a) State Le Chatelier’s Principle.

(2)

Question continues on next page
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(b) Use Le Chatelier’'s principle to predict the aepe effects of (i) an increase in temperature
and of (ii) an increase in pressure on the yielthyairogen obtained in the above reaction. In
each case, explain your answer.

() increase in temperature at constant pressure:

(2)

(i) increase in pressure at constant temperature:

(2)

(c) State what can be used to increase the anodunyidrogen produced in a given time, without
changing the equilibrium yield of hydrogen.

(1)

(d) Predict the changes in the yield atglexpected when an inert gas is added at constant
temperature and constant volume.

(4)
(Total: 11 marks)
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4. This question is about redox potentials. Whener@priate, use the standard electrode potential
data in the table below to answer the questionshwiallow.

E°/V
Zn*'(aq) +26 —  Zn(s) -0.76
V¥@g)+e —  V¥aq) ~0.26

SO7 (aq) + 2H(ag) +26  —  SO3 (aq) + BO()) +0.17
VO#(aq) + 2H@g) +& —  V¥(aq) + BO() +0.34
Fe'ag)+e —  Fe'(aq) +0.77
VOi(aq) + 2H(@qg)+& —  VO*(aq) + HO() +1.00
Cly(g) + 2¢ — 2CI'(aq) +1.36

(&) From the table above, select the species whittte most powerful reducing agent.

(1)
(b) From the table above select:
() a species which, in acidic solution, will redu VO, (aq) to VG*(aq) but will not
reduce V3'(aq) to V**(aq);

(1)

(i) a species which, in acidic solution, will dise V&*(aq) to VG (aq).
1)

(c) The cell represented below was set up undedsird conditions.
Pt|Fé*(aq), F&'(aq) || TF*(aq), Tl (aq)|Pt E®=+0.48V
() Deduce the standard electrode potential ferfthlowing half-reaction.
TI** (aq) + 26 — TI" (aq)

1)

(i)  Write an equation for the spontaneous cedcten.

(2)
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(d) After acidification, 25.0 cfiof a solution of hydrogen peroxide reacted exaetth 16.2 cni
of a 0.0200 mol di solution of potassium manganate(VIl). The overajliaion for the
reaction is given below.

2MnO, + 6H" + 5H,0, — 2M?* + 8H,0 + 5G

() Use the equation for this reaction to deteenthe concentration, in g dinof the
hydrogen peroxide solution.

(4)

(i) Calculate the maximum volume of oxygen, mead at a pressure of 98.0 kPa and a
temperature of 298 K, which would be evolved irs ttgaction.

3)
(Total: 13 marks)
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5. This question concerns the elements sodium, asagm, aluminium.

(@ (i) Place the elements in order of increasimgngth as reducing agents.

(1)

(i)  Explain the factors which determine theesigth of these elements as reducing agent.

2)
(b) For the N& Mg®* and APF* ions:

(i) write the electronic configuration in termiarbitals;

1)
(i) list the ions in order of increasing size;

(1)
(i) explain why there is a difference in theesiof the ions.

(2)

Question continues on next page
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(c) A solution of sodium sulfate is neutral, whese solution of aluminium sulfate is acidic.
Give a reason for this.

3)

(d) Sodium chloride crystals may be obtained bgpevating an aqueous solution of the salt to
dryness. Magnesium chloride crystals cannot be goegp in this way. Explain this
observation, giving balanced equations where reduir

(2)
(Total: 12 marks)
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6. Period 3 elements of the Periodic Table showatians in their physical properties across the
period.

(@ The graph below shows the variation of meltamgl boiling points of the elements across

Period 3.
Melting Point of Period 3 Elements
2000
5_4’
o 1500
5
® 1000
9]
g 500
(]
= 0
Na Mg Al Si P S Cl Ar
Element

In each of the following parts of this questiatentify clearly the interactions involved.

(i) Explain the general increase in melting pdiom Na to Al.

3)
(i) Account for the variation in the melting pds from P to Ar.
3)
(iif) Si has a much higher melting point than ariyhe other elements in the period. Why is
this?
(1)

Question continues on next page
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(b) Period 3 elements also show different behaviio their chemical properties.

(i) Describe what you would obserwen separate samples of magnesium and sulfur are
reacted with oxygen. Write an equation for eaclatrea.

* magnesium

(1)

e sulfur

(1)

(i) Write equations for the reactions of aluminiwxide, AbOs, with

* sodium hydroxide;

(1)

* hydrochloric acid.

1)
(Total: 11 marks)

7. This question concerns the following sequerigearctions:

CH; COOH COCl1
I II

Cl Cl Cl

A B C

(@) Give the systematic name/Aof

(2)
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(b) B is only slightly soluble in water. However, its gbility increases on increasing pH.
Explain these observations.

3)

(c) Give reagents and conditions that can be fageaction:

(2)

(2)

(d) Reaction of 1 mole of with excess aqueous silver nitrate(V) produces 1lenobd silver
chloride. Explain this observation.

(2)
(Total: 11 marks)
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8. Tartaric acid, ) is a naturally occurring compound found in gapelse Tholecule has two
chiral carbons.

HOOC—~CH(OH)—CH(OH)-COOH

(@) Give the systematic namel®f

(2)

(b) Explain what is meant by ehiral carbon and indicate, by an (*) thehiral carbons in
tartaric acid.

(2)

(c) Name the type of isomerism which may be exhibitgdataric acid.

(1)

(d) Explain the following two terms:
(i) enantiomer;

1)

(i) (-)-tartaric acid.

1)
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(e) Distinguish between internal and external gensation, using tartaric acid to exemplify the
differences between the two terms.

()
(Total: 12 marks)

9. Treatment of benzene with a mixture of conaatt nitric(V) and sulfuric(VI) acids at 80,
produces substan&e which is a yellow liquid with a characteristic sin

(&) Write an equation for the formation of a ogen-containing electrophile from the
interaction of nitric(V) and sulfuric(VI) acids andentify the electrophile.

(2)

Question continues on next page
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The electrophile in part (a) reacts with beme and forms an intermediate which has a
positive delocalized charge. Draw the structuréd=adnd indicate with an (*) the carbon

atom which idNOT involved in delocalization.

(b)

Fis
(2)

(c) Freacts to fornk. Write an equation for this reaction.

2)
When methylbenzene is used instead of benaeribe reaction in part (a), two major

(d)
products and one minor product are formed. Drawsthectures of the two major products

and the minor product.

3)
(Total: 9 marks)
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Required Data: Relative atomic masses: H=1; C = 12; N = 14; 65S = 32; Fe = 56.
Self-ionization product for water, k= 1 x 10** moP dn®.
A Periodic Table is provided.

Answer TWO questions from each section and ANY other question.

SECTION A

1. (a)

(b)

()

(b)

()

Use hydrochloric acid and ethanoic acidxplan in detail what is meant by the use of the
terms a strong acid and a weak acid. (4)

A 0.21 mol dr® solution of sodium hydroxide was added from a ttereo 25.0 crhof a
0.16 mol dm® solution of ethanoic acid in a conical flask. Givieat the value of the acid
dissociation constank,, for ethanoic acid is 1.74 x Tamol dn>, calculate the pH at 25 °C
of the solution in the conical flask at the follogithree points:

(i) before any sodium hydroxide had been added;

(i) after 8.0 cm of sodium hydroxide solution had been added:;

(iii) after 40.0 cri of sodium hydroxide solution had been added. (12)

Explain how an acid-base indicator works artdyvguch an indicator is not useful for a
titration between a weak acid and a weak base. (4)
(Total: 20 marks)

State and explain the effect of a cataly}¥toiiithe rate, and (ii) on the equilibrium yieldan
reversible reaction. (5)

“The strength of adsorption onto the activession the surface of a heterogeneous catalyst

helps to determine the activity of the catalyst.”

(i) Define heterogenous catalyst.

(i) Explain how heterogeneous catalysts world discuss why different catalysts have
different activities.

(i) SuggestONE reason why a ceramic support is used for the cstaty catalytic
converters in cars.

(iv) Explain briefly how lead poisons this catstlyn cars. (20)

In aqueous solution, Feions act as a homogeneous catalyst in the reabétmeen Tand
S,05 ions where 803 are reduced to SEY ions. GiveONE reason why the reaction is slow
in the absence of a catalyst. Write equations ¢gmsst how F& ions can act as a catalyst for
this reaction. (5)
(Total: 20 marks)

© The MATSEC Examinations Board reserves all rigittgshe examination questions in all examinatiopepa set by the said Board.
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3. (a)

(b)

()
(d)

(b)

()

The ion €4 can act as aidentate ligand by reacting with transition metal ions to form
coordinate bonds. Explain the terms in italics. 3)

Sketch the structure of the complex ion fadniy FE* ions which contains £0,° as the
only ligand. (3)

Explain the meaning of the chelate effecgbyng relevant examples. (4)

Describe how Mn@ can be converted into manganate(VI) and how tipiscies can
disproportionate. What is the species that re$idta this disproportionation and deduce an
equation for the redox reaction between the oxdlipeoduct of the disproportionation
reaction and oxalic acid. (20)
(Total: 20 marks)

A sample of a hydrated double salt, Fe{iNSOs)..6H,O, which contains 0.363 g of iron.
The sample was boiled with an excess of sodiumdxyde and the ammonia given off was
absorbed in 20 ciof 0.800 mol dri? hydrochloric acid. The resulting solution required
50 cnt of 0.060 mol driP sodium hydroxide to neutralise the excess acidedbene the
value ofx in the molecular formula and hence the moleculassnof the hydrated double
salt. (8)

State the observations for the colour chargeected when an excess of aqueous reagent is
added to separate aqueous solutions of the foltpwairs of ions. Write an equation for the
reaction of each ion with the sodium carbonate.

() Excess sodium carbonate to [Fe(Bt]** and [Fe(HO)g*". (4)
(i) Excess of dilute agueous sodium hydroxideadkled to separate aqueous solutions
containing [Fe(HO)s]*" and [Cr(HO)s]>". (4)

Account for the fact that iron(lll) iodide isistable whilst iron(lIl) chloride is stable. (4)
(Total: 20 marks)

Page 2 of 4



AM 06/I1.17m

SECTION B

5.

Explain fully the following statements. Sometbé statements carry additional instructions to
direct you better in your answer. Where necegsanye your point with appropriate equations.

(@)

(b)

()

(d)

Upon addition of either a small amount olutél hydrochloric acid or a small amount of
sodium hydroxide to a mixture of sodium ethanoai# ethanoic acid, one notices that the
pH does not vary that much. (4)

Manganese(lV) oxide doesn't react with dil(ftenol dn®) hydrochloric acid, but oxidises
concentrated (10 mol dri) hydrochloric acid to chlorine. Explain these abséions using
the following standard redox potential values: @&iin of manganese(lV) oxide to Kfn
ions =+1.23 V and reduction of chlorine gas toiGhs = +1.36 V. (5)

The bond dissociation enthalpy of thel H bond is +436.0 kJ mdlwhereas the mean bond

dissociation enthalpy of thelCH bond in methane is +415.5 kJ molAccount fully for all
differences in the two statements. ) (5

During a seminar about human impact on thérenment a participant stated the following:

“Human activities are responsible for ozonolysishe stratosphere”. Using your knowledge

of chemical processes, explain in depth why tlatestent is incorrect. (6)
(Total: 20 marks)

Describe how the following conversions may leried out. In your answer give the reagents,
essential reaction conditions and equations teessmt the reactions taking place.

(@)
(b)
()

(d)

CH3CH2Br to CH3CH>CH>0OH (4)
C2HsCOOH to C2HsNH (6)
CH3CH2Br to CH3CH2CHoNH2

(4)

© » Do

(6)
(Total: 20 marks)

Questions continue on next page
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7.

This question is about the following molecules:

(@)

(b)

()

(d)

(@)

(b)

()

A = CH,CH(NH,)COOH
B = CHCH(OH)COOH

Describe the synthesis of molecufesindB, starting from ethanol, including reagents and
intermediate structural formulas. (7

Describe test tube reactions that would ia#iche presence of the two functional groups in
compoundB. 3

The melting point of molecukk is 297°C, while that of molecul® is 18°C. Explain the
difference in the melting points of these two males. (4)

BothA andB can polymerise. Name the type of polymers formgddthA andB, indicate
how each polymer forms and draw the structure efrépeat unit. (6)
(Total: 20 marks)

Draw and label the apparatus that would bd ts@repare ethanal, GEHO from ethanol,
CHsCH,OH in the laboratory, describing how the produat ba purified using a technique
that involves a reaction with sodium hydrogenselfiaf). (9)

Precautions need to be taken during the &boy preparation of ethanal from ethanol, to
prevent the loss of the main product as a resutidg reactions. Name the most important
products of these side reactions. SIBWO precautions that may be taken to prevent the
loss of the main product, ethanal. ) (4

The saturated vapour pressure of ethanol &C25 7.9 kPa.
(i) Use Raoult's law to calculate the vapour ptese of the alcohol over a solution in
water with a mole fraction of 0.1 of the alcohol.
(i) The value obtained from Raoult's law is digrantly lower than that obtained
experimentally. Explain this observation.
(i) Sketch and label an appropriate T-X diagriamthe water-ethanol system. (7)
(Total: 20 marks)
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Therearethree questionsin thispaper. Answer ALL questions.
1. Inthis experiment, you are required to:

i)  standardise solution S with an iodometric teghe;
i)  determine the concentration of solution Chwat back titration method.

You are provided with the following solutions:

)] a solution of sodium thiosulfate, labell8gd

i)  potassium iodate of concentration 0.0130 ool labelledK ;
i) a solution of ascorbic acid (vitamin C), EedCy;

iv)  10% potassium iodide;

v) 2 M sulfuric acid;

vi)  starch indicator.

(@) Enter thevalue of your laboratory number, n, in the following box.

CANDIDATE LABORATORY NUMBER, n:

(b) Standardisation of solution S

Using a suitably rinsed pipette, transfer 25.0° @h solutionK into each of three conical
flasks. Add approximately 10 énof 10% potassium iodide, followed by approximatilycn?
of 2 M sulfuric acid.

Titrate the iodine discharged with soluti® adding 2 crm of starch indicator towards the
end-point. Record the results WO concordant titrations in the table below.

1% Titration 2" Titration 39 Titration
Final reading
Initial reading
Titre
Mean titre: cn

(18)

© The MATSEC Examinations Board reserves all rigittghe examination questions in all examinatiopgpa set by the said Board.
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(c) Determine the molarity of solutidh The following equations will be useful.

6H* + 105 + 51~ - 3I, + 3H,0
I, + 25,03 - 21~ + 5,02~

(4)
(d) Determination of the concentration of Vitamin C
lodine can be considered to react with vitaminc€oading to the following equation:
CsHgOg + I, — CgHeOp + 21" + 2H"
Into each of the three conical flasks, pipette &8 of solutionK (excess). Using a suitably
rinsed pipette, transfer 25 &mf solutionC, into each conical flask. Add 10 érof 10%
potassium iodide, followed by 10 érof 2 M sulfuric acid. Titrate the iodine dischadgeith

solutionS, adding 2 criof starch indicator towards the end-point.

Repeat for concordant results, and enter youriddtee table below.

1% Titration 2" Titration 39 Titration
Final reading
Initial reading
Titre
Mean: chn

(18)
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(e) Hence calculate:

(i) the number of moles of unreacted iodine;

(3)
(i)  the number of moles of iodine which reactedhaiitamin C;

3)
(i)  the concentration of solutio@.

(4)

(Total: 50 marks)

Please turn the page
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2. You are provided with a mixture of two inorgarsalts labelledVl, consisting of a water
soluble substance and an insoluble component. Garrythe following tests and suggest a
plausible identity of the two substances.

(@) To your sample dfl, add 10 cm of distilled water and shake. Filter the mixtureda
wash the residue wittwo portions of 5 cridistilled water. Retain both the filtrate and

the residue for subsequent tests.

Observation Inference

To 1 cmi portions of the filtrate, add:
(b) aqueous sodium hydroxide, dropwise at fast] then in excess;

Observation Inference

(c) aqueous ammonia, dropwise at first, and theaxcessRetain the mixture for the next
test.

Observation Inference
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(d) To the mixture obtained in test in part (aidalO drops of dimethylglyoxime. Note:
Wash the test tube immediately after use.

Observation Inference

(e) Acidify 1 cnf of the filtrate with 1 cr of dilute nitric acid, followed by three drops of
barium chloride solution.

Observation Inference

(f) To approximately half of your residue fromrp@a), add 5 crhof dilute nitric acid. Using
the reagents provided, test for any gases evoRethin the reaction mixture for tests

(9) to (i).

Observation Inference

In the following three tests, to 1 &mortions of the solution obtained in test (f), add
(g) 10 drops of dilute aqueous sodium hydroxidéowed by an excess;

Observation Inference

Please turn the page
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(h) 15 drops aqueous ammonia, dropwise at firdtthan in excess;

Observation Inference

() 1 cnT drops of potassium hexacyanoferrate(ll).

Observation Inference

Conclusion: M is probably a mixture of

(Total: 30 marks)
3. You are provided with an organic substancellathé&. Carry out the tests as described below
and suggest a plausible structure for the compound.
(@ Burn one drop df on a crucible lid.

Observation Inference

Page 6 of 8



AM 06/111.17m
DO NOT WRITE ABOVE THISLINE

(b) To 1 cniof 2,4-DNPH solution add three drops of substdhce

Observation Inference

(c) To 1 cm of silver nitrate, add two drops of aqueous sodhydroxide. Add aqueous
ammonia until the precipitate just dissolves. Ada tdrops ofF and place in a warm
water bath for a minute.

Observation Inference

(d) Mix 1 cn? of Fehling A solution with 1 cfof Fehling B. Add three drops &fand place
in a warm water bath for a minute.

Observation Inference

(e) To about 1 cfof iodine solution, slowly add aqueous five dragmslium hydroxide
dropwise until a pale yellow solution is obtain@dd two drops of.

Observation Inference

Conclusion: A possiblestructurefor Fis:

(Total: 20 marks)
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