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Section A

Answer all the questions in this section in the spaces provided

1 (a) A, B andC are Period 3 elements, from Na to Ar, inclusive. Some of the physical properties
of the three elements are listed below:

. A has the highest melting point among Period 3 elements.

. B has the highest electrical conductivity in Period 3.

. C burns in air with a bright white flame.

. B and C can show the same oxidation state in their compounds.

Identify A, B and C and explain your answers. Hence give the chemical formulae for their
chlorides in the maximum oxidation state.

A:

Explanation:

Chloride in maximum oxidation number:

B:

Explanation:

Chloride in maximum oxidation number:
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C:

Explanation:

Chloride in maximum oxidation number:

[6]

(b) The graph below shows the variation of the second ionisation energies for seven
consecutive elements, which have atomic numbers between 8 to 18 in the Periodic Table.

Second I.E. /kd mol-!

Atomic number
Suggest and explain the identity of D.

D:

Explanation:

[2]

[Total: 8]
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2 Gases W and X react as shown in the equation given.

W) + X(@ <= Y() + 2Z(g) DH=+90kJmol?

Gases W, X and Z were injected into a vessel at 25 °C and allowed to reach dynamic
equilibrium. The graph below (not drawn to scale) shows how the concentration of the four
gases varies with time.

concentration / mol dm-

03L

0.1~

0

to t1 to t3 ta time

(@ (i) Explain what is meant by dynamic equilibrium.

[2]

(i)  Write an expression for K. for this equilibrium, stating the units.

[2]

2016 TJC H1 Chemistry Preliminary Exam [Turn over



(ilf)  Calculate the value for K at time, t;.

[2]

(b) (i) State Le Chatelier’s principle.

[1]

At time, t;, the volume of the system was reduced which lead to an increase in
concentration of the gases. This causes the position of the equilibrium to shift.

(i)  Suggest and explain what happens to the system between time t; to ta.

[2]
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(iii) Sketch on the same axes how the concentration of the four gases will change
when more gas Y was introduced at time, ta.

[2]

(iv) State and explain the effect of the presence of a catalyst on the equilibrium
position and the value of the equilibrium constant.

[2]

[Total: 13]
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3 (a) Theionones, agroup of fragrance materials that range from violet sweetness to woody
floral tonality, lend a sweet and powdery quality to fragrance.

B-ionone has the following structure:

(i) Draw the hybrid orbitals and state the type of hybridisation for C2 in B-ionone.

Hybridisation:

[2]
B-ionone exists in different isomeric forms.

(i) State the type of stereocisomerism exhibited by B-ionone, and identify the number
of stereoisomers.

Type of sterecisomerism:

Number of stereocisomers:

[2]

(iii)  Although both C1-C2 and C2—-C3 bonds are single bonds, they have different
bond strengths. Suggest which bond is stronger and explain your answer.

[2]
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(b) Cinnamaldehyde is a flavonoid that gives cinnamon its flavour and odour.

o)
- "H

cinnamaldehyde

Draw the structures of the organic product(s) formed when cinnamaldehyde reacts
with:

(i) concentrated alkaline KMnQa, reflux

[1]

(i) Hzgas, Pd catalyst at room temperature and pressure

[1]

(iii)  2,4-dinitrophenylhydrazine, room temperature

[1]
[Total: 9]
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4 (a) Ethanoic acid undergoes dissociation as shown below:
CH3CO2H = CH3CO2 + H*

(i) Write an expression for equilibrium constant, K., of the dissociation process.

[1]

(i) Given that the equilibrium constant has a value of 1.74 x 107%, calculate the
concentration of H* present in 0.1 mol dm of ethanoic acid. Hence, determine its
pH.

[2]

(b) Ethane-1,2-diamine is used in large quantities as a precursor to drugs and various
polymers. It can be obtained from ethanedioic acid through a three-step synthesis.

o O
|l Step 1 Step 2
HO—C—C—OH — =~ “oon
5

Step 3
NH3

ITIHz THz
H—C|}—T—H
H H

(i) Draw the structures of the products of steps 1 and 2 in the spaces provided above.

[2]
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10

(i) State the reagents and conditions for step 1.

[1]

(iii) Name the type of reaction that takes place in step 3.

[1]
(c) There is arange of reactions of carbonyl compounds which follows the pattern

o) OH

| | catalyst |

C ¥ HX — R—C—X
PN

R R’ N

One example is the formation of cyanohydrin, where X is CN. Hence, fill in the blanks in
the following synthetic routes which involves carbonyl compounds as the reactant.

(i)
OH H

+  CHsCH:NH, ——> H—C—— N— CH,CH;3

CHs

H O. I
(@) — N H
OCHs

OH o OH OH

conc HaSOs
heat

sweet-smelling compound CsHsOs
(3]
[Total: 10]
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Section B

Answer two questions from this section on separate answer paper.

5 Ethanedioic acid is a substance found in many plant foods. Cabbage is among the plant foods
with high ethanedioic acid content. However, its anion, C>04* can bind to iron to form iron(ll)
ethanedioate, which renders much of the iron in cabbage unusable by the body.

(@) 50.0 cm?®sample of iron(ll) ethanediaote, FeC,04 was extracted from 300 g of cabbage,
diluted in water and the solution made up to 250 cm?. A 25.0 cm? portion of this solution
was acidified and required 26.90 cm? of 0.0100 mol dm potassium manganate(VIl) for
oxidation of iron(ll) to iron(lll) and ethanedioate ions to carbon dioxide.

(i)  State the change in oxidation number for manganese and carbon in the reaction.

[1]

(i)  Write down all the relevant ion-electron half equations and hence the overall redox
equation for the reaction between potassium manganate(VIl) and iron(ll)
ethanedioate. [2]

(iii) Calculate the concentration, in mol dm3, of iron(ll) ethanedioate in the original
sample. [2]

(iv) Calculate the number of moles of iron in each gram of cabbage. [1]

(b) Ethanedioic acid dissociates in water according to the following equation.

HOOC-COOH + H,O ——— HOOC-COO" + H30"

The table below compares the K, values of three organic acids.

Formula Ka
Ethanoic acid CH3COOH 1.74 x 10°
Ethanedioic acid HO,CCOH 6.46 x 10
Oxoethanoic acid (CHO)COOH 479 x 10*

With reference to the Ka values, comment on the order of acidity of the three organic
acids. [2]
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12

(c) Compound A, with molecular formula CsHgO, decolourises aqueous bromine and reacts
with PCls giving off white fumes. Upon refluxing A with acidified potassium
manganate(VIl), a symmetrical product B, CsHsOs, is formed. B does not give a red
precipitate with Fehling’s solution but an orange precipitate is observed with
2,4-dinitrophenylhydrazine. 1 mole of B also reacts with 1 mole of Na>COs with
effervescence observed. B reacts with NaBH4 to form C. Deduce the structures of
compounds A, B and C, explaining the chemistry of the reactions involved. [8]

(d) (i) Describe what you see when separate samples of sodium and sulfur are burned
in excess air. Write equations for the reactions that occur. [2]

(i) The products resulting from the reactions in (d)(i) both react with water. Write
equations for these two reactions and describe the effect of the resulting solutions
on Universal Indicator solution. [2]

[Total: 20]
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13

Chloroethene, CH,=CHCI, which is a colourless compound, is an important industrial chemical
chiefly used to produce the polymer polyvinyl chloride or PVC.
CH>=CHCl is made from 1,2-dichloroethane, CH,CICH>Cl as shown in the equation below.

CH:CICH.CI —> CH=CHCI + HCI AH®

(@) (i) State the type of reaction occurring and suggest the reagents and conditions for the
reaction. (2]

(ii) Use the bond energy values from the Data Booklet to calculate AH®,. [2]

(b) Suggest synthetic routes for conversions | and Il starting from 1,2-dichloroethane.

I/ NaOCH.CH.ONa

CH:CICH:CI

u\ HO,C-CH>CH,-CO,H

[6]

(c) Chloroethane can be distinguished from iodoethane by heating both compounds
separately with agueous NaOH, then acidified with dilute nitric acid before adding dilute
silver nitrate.

(i) Chloroethane and iodoethane have different rates of hydrolysis with hot aqueous
NaOH. Explain the relative rate of hydrolysis of the above two halogen compounds.

[2]
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After hydrolysis with aqueous NaOH, a white ppt of AgCI will be observed for chloroethane,
while a yellow ppt of Agl will be seen for iodoethane.

The lattice energy of AgCI can be calculated from figures obtained experimentally using a
Born-Haber cycle as shown below.

Energy/ kJ mol*

Ag*(g) + Cl(9)

- 349
AHz=+731 Ag'(g) + CI(g)

Ag(9) + Cl(9)

+ 407 AHjatt
Ag(s) + ¥2Clz(g)

AH; =-127
AgCl(s)

(i) Define lattice energy. (1]

(iii) In the Born-Haber cycle above, name the enthalpy changes represented as

° AHl
e AH, [2]

(iv) Using the Born-Haber cycle above, calculate the lattice energy, AHiat, Of AgCL.  [2]
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(d) Besides calculating experimentally using Born-Haber cycles, lattice energies can also be
calculated based on the theoretical model of an ionic compound.

The table gives the experimental and theoretical values of lattice energies for the silver

halides.
Compound | experimental value / kd mol™ | theoretical value / kJ mol™
AgF 967 953
AgCl 916 864
AgBr 904 830
Agl 889 808

(i) Explain why the value of theoretical lattice energy of AgBr is larger than that of Agl.

[1]

(i) Explain why the difference between the experimental and theoretical values
increases from AgF to Agl. [2]

[Total: 20]
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7 Thalliumis a Group Il element discovered in 1861, and its toxicity was quickly noted. Thallium
isotopes and compounds have useful applications, sometimes despite their toxic nature.

(@) Thallium forms compounds similar to aluminium, and thallium(lll) chloride and
thallium(lll) fluoride have very different structures and bonding.

(i) Draw and state the shape of thallium(lIl) chloride, TICls. [2]

(i) In gaseous phase, thallium(lll) chloride is able to form a compound with a M, of
621. Draw a dot-and-cross diagram of this compound, and state the CI-TI-Cl bond
angle. (2]

(iii) Explain, in terms of structure and bonding, why thallium(lll) fluoride has a high
melting point of 550 °C. [2]

(iv) Thallium is also able to form thallium(l) chloride, which is crystalline in nature. In
the crystal lattice of sodium and potassium chlorides, the co-ordination number of
each ion is 6. In the crystal lattice of thallium(l) chloride, TICI, the co-ordination
number has a different value.

Crystal lattice of sodium chloride

Suggest an explanation for the co-ordination number in the TICI lattice being
different from those in NaCl and KCI. [1]
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(b) Thallium(lll) chloride, TICls, reacts with hot water to produce thallium(lll) oxide
precipitate and hydrochloric acid.

(i)  Write a balanced equation for the above reaction. [1]

(i)  In an experiment, a 15 g impure sample of thallium(lll) chloride (M; = 310.5) was
mixed with hot water, and filtered. Water was then added to the filtrate to make a
standard solution in a 250 cm?® volumetric flask. A 25.0 cm?® aliquot was titrated
against 0.5 mol dm aqueous sodium hydroxide, requiring a titre of 22.00 cm?3.
Determine the percentage purity of the sample.

You may assume that the impurities are insoluble in water and are inert. [2]

(c) Thallium(l) sulfate (M, = 504.1) was often employed as a rodenticide and is highly
poisonous. The lethal dosage is 16 ppm of the rat’'s mass. Assuming a typical rat has a
mass of 230 g, determine the number of moles of thallium(l) sulfate needed to kill a rat.

[2]

(d) Thallium(lll) ethanoate, TI(CHsCOy)s, is able to react with an alkene through addition.
When cyclohexene reacts with thallium(lll) ethanoate, a compound with the molecular
formula C10H1604 is formed. Suggest the structural formula of this compound. [1]

(e) 2Tl is an isotope of thallium that is often used in medical diagnostics due to its
radioactive decay by electron capture with emission of gamma rays. The electronic
configuration of the Tl atom is [Xe]4f45d°6s26p?.

Electron capture is a process in which a proton-rich nucleus of an atom absorbs one
electron from the first or second quantum shell to change one proton into a neutron.

(i)  Suggest the species formed, including the nucleon number, when 2°1T| undergoes
electron capture. [1]

(i)  The species formed immediately after electron capture is known to be in excited
state, before returning to ground state by emitting gamma rays.

Name the orbital where the excited electron is most likely located in, and explain
why high energy gamma rays are emitted when the species return to ground
state. [2]
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(iii) A patient is typically injected with 0.02 pg of thallium for heart diagnosis. The
following graph shows the radioactive decay (through electron capture) of a 0.02
ng sample of 20Tl dissolved in 1 dm? of inert solvent.

[21T1] / pg dm
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Time /h

Using the graph, deduce the order of reaction for the radioactive decay of 2°'TlI.

[2]

(iv) Hence, write the rate equation for this reaction and determine the rate constant,
stating its units. [2]

[Total: 20]
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