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Section A

For each question there are four possible answers, A, B, C and D. Choose the one you
consider to be correct.

1 Use of the Data Booklet is relevant to this question.

Which one of the following has the same number of particles as one mole of magnesium
atoms?

A the number of ions in 2 dm?® of 0.25 mol dm—2 of aqueous hydrochloric acid
B the number of delocalised electrons in one mol of copper metal

C the number of atoms in 71 g of chlorine gas
D

the number of ions in 58.5 g of sodium chloride

2 What mass of carbon dioxide will be formed by the complete combustion of 4.00 g of
butan-1-ol?

A 238g B 3.03g C 951g D 121g

3 The percentage by mass of water in a hydrated manganese(ll) chloride salt is 36.4%.
What is the empirical formula of the hydrated salt?

A MnCl2.2H0 C  MnCl2.4H:0
B MnCl..3H20 D  MnCl..5H20

4 Which of the following has the same electronic configuration as the chloride ion, CI=?

A Ca% B Na* C Ne D F~

5 In which of the following reactions is the underlined element being reduced?

A NHs+ HCI — NH4CI

H207 + 217 + 2H* — 2H20 + |,
2V3* + Hy0z — 2V02* + 2H*
CaCO; —» Ca0 + CO.,

o 0O @
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6 When heated, solid iodine forms iodine vapour.

What does this information suggest about the nature of the particles in these two physical
states of iodine?

solid vapour
A ionic atomic
B ionic molecular
C molecular atomic
D molecular molecular

7 Hydrazine, N2Hg4, is useful as a rocket fuel. It has some properties that are similar to those of
ammonia, NHs.

H H
N /
N—N
/ AN
H H
hydrazine

Why are hydrazine molecules more soluble in water than ammonia molecules?

A There are more van der Waals' forces between hydrazine and water than between
ammonia and water.

B There are more hydrogen bonds between hydrazine and water than between
ammonia and water.

C There are stronger permanent dipole interactions between hydrazine and water
than between ammonia and water.

D The covalent bonding in hydrazine is stronger than that in water.

8 Which of the equations correctly define the standard enthalpy change of formation of a
compound?

A 2C(s) + 3Hz(g) + ¥202(g) ——> C2oHsOH(l)
B 2Hx(g) + O2(g) — 2H20(I)

C Na(s) + Cl(g) —— NaCl(s)

D C(g) +20(g) —> COz(g)
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9 The graph below shows the fraction of ammonia in the equilibrium mixture obtainable if
equilibrium was established under different temperature and pressure conditions during the
Haber process.

N2(g) + 3H2(g) —— 2NHz3(9g) AH <0

A

Fraction of NH3
in equilibrium
mixture / %

»
|

0 H

What do H, J and K represent and what is the relative magnitude of J and K?

H Jand K relative magnitude
A pressure temperature J>K
B pressure temperature K>J
C temperature pressure J>K
D temperature pressure K>J

10 The table shows some data on two acid-base indicators.

i colour change
indicator approximate pH range of 9
colour change acid alkali
thymolphthalein 9-10 colourless blue
chlorophenol red 6-7 yellow red

Which conclusion can be drawn about a solution in which thymolphthalein is colourless and
chlorophenol red is red?

A It is weakly acidic.

B It is weakly alkaline.
C It is neutral.
D

It is strongly alkaline.
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11 10 cm? of 0.01 mol dm™ solution of H>SOy4 is diluted with 90 cm? of water.
What is the pH of the resulting solution?

A 17 B 2.0 c 27 D 3.0

12 Anenzyme required in laboratory process operates at maximum efficiency when placed in an
aqueous solution buffered at pH 5.6.

Which combination of substances when dissolved in water would give the appropriate buffer
solution?

A 0.5 mol of HCI and 1 mol of CH;COONa

B 0.5 mol of HCI and 1 mol of CH3;COOH

C 1 mol of CH;COOH and 1 mol of NaOH

D 1 mol of CH3COONH,4

13 Which statement about the order of reaction is correct?

A It is the sum of the powers of the concentrations of the species included in the rate
equation.

B It is the sum of the powers of the concentrations of the reactants and products.

C It is the sum of the number of species included in the rate equation.

D Itis the sum of the number of moles on the left-hand side of the balanced chemical
equation.

14 The diagram represents the Boltzmann distribution of molecular energies at a given
temperature.

. A
Fraction of 1
molecules

»

» Energy

Which of the following statements is incorrect?

A The total number of molecules is constant at all temperatures.

(o8]

When temperature decreases, the maximum of the curve is displaced to the left.

C  When temperature increases, the fraction of molecules with any given energy also
increases.

D  When temperature increases, the fraction of molecules with energies greater than
the activation energy increases.
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15 The reaction pathway diagram for a two—step reaction is shown below.

Step1: E — F

Step2: F ——> G

Energy / kJ mol™
A

G
Progress of reaction

Which statement about the reaction is correct?

A Step 2 is more exothermic than step 1.

B The enthalpy change of reaction for both the forward and backward reaction of
step 1 is the same.

The activation energy for the backward reaction of step 1 is 66 kJ mol-".

D The enthalpy change of reaction for the conversion of E to G is the sum of the
enthalpy changes of step 1 and step 2.

16 Theions P%, S?” and CI™ have radii 0.212nm, 0.184nm and 0.181 nm respectively.
Which one of the following correctly explains the decrease in radius from P3" to CI™?

increase in both the total number of electrons and nuclear charge
total number of electrons remaining constant with an increase in nuclear charge

increase in the total number of electrons with nuclear charge remaining constant

o0 o >

decrease in the total number of electrons with nuclear charge remaining constant

17 Which of the following statements about the electrical conductivity of elements across
Period 3 is incorrect?

A Electrical conductivity increases from sodium to aluminium as the number of
delocalised cations and electrons increases.

B Sodium, magnesium and aluminium are good electrical conductors as their metallic
lattices contain delocalised electrons.

C Silicon is a semiconductor as the electrons within the covalent bonds are held tightly
and are not easily delocalised.

D Phosphorous, sulfur, chlorine and argon are non—conductors as there are no mobile
charge carriers in their simple molecular structures.
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18 Phosphorus can form PCls and PCls. However, nitrogen can only form NCls.
Which statement is a correct explanation of this?

Nitrogen can attain an oxidation state of +5.
The N-CI bond is weaker than the P-CI bond.

The valence orbitals of P are higher in energy than that of N.

o 0O o >r

The n = 2 principal quantum shell can contain a maximum of 8 electrons.

19 When heated with chlorine, the following hydrocarbon undergoes free radical substitution. In
the propagation step, the free radical X- is formed by the loss of one hydrogen atom.

+ Cle ——> X* + HC/

How many different forms of X+ are theoretically possible?

A 3 B 4 cC 5 D 6

20 Dichlorodifluoromethane, CClyF2, is widely used in aerosol propellants and as a refrigerant.
Which statement helps to explain why dichlorodifluoromethane is chemically inert?

The carbon—fluorine bond energy is large.
Fluorine atoms have high electronegativity.

The carbon—fluorine bond has a high polarity.

(O @ ve I

Van der Waals’ forces between CCIl.F2> molecules are weak.

21 What is the total number of sigma bonds in a molecule of vitamin C as shown below?

OH

HO OH
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22 Compound Q below is a derivative of chlorogenic acid which is found in coffee beans.

=
O @]
OH
O
OH
HO OH
compound Q

Which of the following statements is correct?

A 1 mol of Q will react with 2 moles of NaOH(aq) on heating.
B 1 mol of Q will react with 4 moles of NaOH(aq) in the cold.

C When 1 mol of Q reacts with an excess of sodium carbonate, 1 mol of carbon dioxide

gas and 1 mole of water will be formed.

D When 1 mol of Q reacts with an excess of sodium metal, 4 moles of hydrogen gas will

be evolved.

23 Which of the following pairs of reagents can both be used separately to distinguish

CHsCOCH,CHs and CH3CH(OH)CH=CH_?

A alkaline aqueous iodine and sodium metal

B 2,4-dinitrophenylhydrazine and hot acidified potassium manganate(VII)
C Tollens’ reagent and bromine in tetrachloromethane
D

Ha, nickel catalyst, heat and hot acidified potassium manganate(VII)

24  Which of the following will not be produced when 2,4-dibromoheptane reacts with hot

ethanolic sodium hydroxide?
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25 A sample of ethanal is treated with HCN in the presence of a little KCN. The organic product
is then heated under reflux with dilute sulfuric acid.

What will be the final organic product?

A CH3COCO-H

B CH3CH2CONH;

C CH3CH(OH)CO2H

D CH3CH(OH)CH2NH;

2017 HCI Preliminary Examination H1 Chemistry Paper 1



10

Section B

For questions 26-30, one or more of the numbered statements 1 to 3 may be correct.
Decide whether each of the statements is or is not correct.

The responses A to D should be selected on the basis of:

A B C D
1,2and 3 1 and 2 only 2 and 3 only 1 only
are correct are correct are correct is correct

No other combination of statements is to be used as a correct response.

26  Which pairs of compounds contain one that is giant ionic and one that is simple molecular?

1 NaF and BH;
2 HCI and I,
3 A|203 and SiOz

27 Which particles have the electronic configuration 1s22s22p®3s23p®3d®4s'?

1 24Cr
2 25M n*
3 26F62+

28 Which statements containing the third period elements (sodium to argon) and their
compounds are correct?

1 Electronegativity increases across Period 3 elements.
2 Aluminium oxide is the only oxide which is amphoteric.
3 The maximum oxidation state is shown by silicon.

29 An organic compound has the formula C4HeCl>.
Which are correctly named isomers of this compound?

1 3,4-dichlorobut-3-ene
2 1,4-dichlorobut-2-ene
3 1,1-dichlorobut-1-ene
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The responses A to D should be selected on the basis of:

A B C D
1,2and 3 1 and 2 only 2 and 3 only 1 only
are correct are correct are correct is correct

No other combination of statements is to be used as a correct response.

30 Which alcohols can be formed by the reduction of a ketone?

1 2-methylbutan-2-ol
2 2-methylpentan-3-ol
3 hexan-2-ol
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