LEARNERS' ALLEY

Chemical Formulae, Equations, the
@ Mole and Gases

m Competition Practice

Name Time 45 minutes Total 22 marks Score 122

Marks by notes section For the marker: total each row. A score below the target means that section of the notes needs revising.

Notes section Questions Marks Target Score
1 Chemical Equations 1 1 1
2 Relative Masses 2,3 2 2
3 The Mole 4,5,6,7 4 3
4 Empirical and Molecular Formulae 8,9,10 3 2
5 Reacting Masses 11 1 1
6 Solutions 12 1 1
7 Gas Volumes 13 1 1
8 The Ideal Gas Equation 14,15,16,17,18, 19, 20, 21, 22 9 6
o Competition questions 22 MARKS

@ The first six ionisation energies of an element, M, in kJ mol~1 are 660, 1267, 2218, 3313, 7863 and
9500. M forms its only chloride by heating M with chlorine. What is the equation for the formation of
the chloride of M?

A 2M+Cl, - 2MCl
B M+ Cl, » MCl,

C M+ 2Cl, - MCl,
D M+ 3Cl, - MClg

Answer C] m
n Source: SIChO Mock 3 P1 Q3

04 Chemical Formulae, Equations, the Mole and Gases, Set B 1of7



@ The relative abundances of all the isotopes present in a sample of nickel are shown.

A
69.3

26.7

relative abundance

1.20 3-f° 1.00
T T T

T T T
58 59 60 61 62 63 64
mass of isotope

What is the relative atomic mass of nickel calculated from these data?

A 58.8 B 59.8 C 59.9 D 61.0

Answer C] m
/ SJChO Mock 3 P1 Q2

© [

The relative atomic mass of antimony, which consists of the isotopes 121Sb and 1235b, is 121.8. What
is the percentage of 1235h in the isotopic mixture?

A 40% B 45% C 50% D 60%

Answer C] m

2019 RVHS J1 Common Test P1 Q2

If there are n molecules in 10 g of methane, CH,, how many molecules are in 55 g of carbon dioxide?
A 4n B 2n Chn D 0.5n

® ]

Answer C] m

2023 SIJChO P1 Q39

Which of the following statements about 20.3 g of Co,(S0O,4)5 is false? [Molar mass = 406 g mol_l]

ONSl

A This amount is equivalent to 1.2 dm?3 of hydrogen at 293 Kand 1 atm.
B It contains 47.3% of oxygen by mass.

C It contains 0.15 mol of SO42~ ions.

D It contains 3.01 x 1022 ions.

Answer C] m

2019 RVHS J1 Common Test P1 Q1

Which of the following quantities is equal to the Avogadro constant?

© ]

A The number of atoms in 24 dm?3 of oxygen under room temperature and pressure.
B The number of molecules in 1 dm?3 of chlorine at 273 K and 1.5 atm.
C The number of ions in 68.05 g of CaSOy.

D The number of carbon atoms in 22.7 dm? of ethane gas, C,Hg, under standard temperature and
pressure.

Answer C] 0
n 2021 EJC J2 Prelim P1 Q8
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@ Which substances contain the same number of atoms?

11.20 mol of NH3

2 1.445 x 10%* molecules of O,

336.0 gof C4H1504

457.6 dm? of Cl, at room temperature and pressure

A 1and2only B 1and3only C 2and4only D 1,2,3and4

Answer C] m
2024 VS O Prelim P1 Q10

~

Complete combustion of a sample of a hydrocarbon, Y, gave 0.66 g of carbon dioxide and 0.36 g of
water. What is the empirical formula of Y?

A C3Hy B Cs3Hs C C3Hg D C¢Hg

Answer C] m

2020 YIJC J2 Prelim P1 Q20

/

© ]

A 2.0 g sample containing 0.0130 mol of an organoboron compound, with the formula C,H,BO,, was
burnt in an excess of oxygen. 4.58 g of CO, and 1.76 g of H,O were produced. What is the molecular
formula of the organoboron compound?

A CH,BO, B CgH-BO, C CgHy5BO, D CoHy5BO

Answer C] m
2021 SAJC J2 Prelim P1 Q3

The empirical formula of an oxide of element X is X,05. 106.5 g of X,05 contains 60 g of oxygen. What
is the identity of X?

A 3115P B 4020C8. C 703168. D 17571LU

@ [

Answer C] m

/ 2025 CHIJ O Prelim P1 Q12

® [

Sodium hydrogencarbonate, NaHCO3, can be prepared from sodium sulfide, Na,S, by the following
reactions.

Na,S(s) + CaCO3(s) — CaS(s) + Na,CO3(s)

N82CO3(S) + H20(l) + COz(g) - 2NaHCO3(s)

Assuming that the percentage yield in each step is identical, 20.5 kg of sodium hydrogencarbonate (M,
= 84.0) was formed from 50 kg of sodium sulfide (M, = 78.1). What is the percentage yield of each

step?
A 13.8% B 43.7% C 61.8% D 70.7%
Answer C] m
n 2022 VJC J1 Promo P1 Q7
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What is the volume of distilled water that must be added to 50 cm? of 0.280 mol dm~3 KMnO,, to dilute
it t0 0.160 mol dm~=3?

A 11.5cm3 B 37.5cm3 C 38.5cm3 D 87.5cm3

Answer D m

2022 AMSR Topical Revision Q10

Amedeo Avogadro discovered that equal volumes of gases at the same temperature and pressure
contain the same number of molecules. Two closed containers, A and B, hold gases at the same
temperature and pressure. The mass of gas A is equal to the mass of gas B, but gas A has a higher
density than gas B. Which of the following statements is true?

A The molar mass of A < the molar mass of B
B The number of atoms in A < the number of atoms in B
C The number of molecules in A < the number of molecules in B

D The volume of A > the volume of B

Answer D m
2023 SIChO P1 Q42

Which graph is a correct representation of Boyle’s law?

A B
p P v %
0 Vv 0 % 0 T 0 1T
A graph A B graphB C graphC D graphD

Answer C] m

SJChO Mock 3 P1 Q27

0.0353 g of a sample of volatile organic compound was completely vaporised at 50 kPa and 300 K. The
vapour occupied a volume of 40 cm?3. 0n complete combustion in excess oxygen, 80 cm?3 of carbon
dioxide and 80 cm?3 of water vapour were formed. All gaseous volumes were measured under identical
conditions. What would be the molecular formula of the compound? (R=8.311] K1 mol‘l)

A C,H,0 B C,H,0 C C,He0 D CsHg

Answer C] m
2022 NJC J2 Prelim P1 Q4

In an experiment, 0.100 g of a volatile liquid Q formed 0.0250 dm? of vapour at 100 °C and 1 bar. What
is the relative molecular mass of Q?

0.100 x 373 B 0.0250 x 273 x 22.7
0.0250 x 22.7 0.100 x 373
0.100 x 273 x 22.7 ) 0.100 x 373 x 22.7

0.0250 x 373 0.0250 x 273

Answer C] m
2022 YIJC J2 Prelim P1 Q6
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Deuterium, 2H, is an isotope of hydrogen. In an experiment, 18.0 g of gas A at 40 °C is found to occupy
the same volume as 0.6 g of deuterium gas, 2H2, at 20 °C. The pressure of gas A is twice that of the
deuterium gas. What is the relative molecular mass of gas A?

A 320 B 60.0 C 641 D 120

Answer C] m

2024 VIC J2 Prelim P1 Q5

A 20 dm?3 vessel contains 0.25 mol of ammonia gasanda 30 dm?3 vessel contains 0.42 mol of hydrogen
chloride gas. When the two vessels were connected at 500 K, the following reaction occurs: NH3(g) +
HCLl(g) — NH,4Cl(s). What is the resultant pressure, in Pa, in the combined vessel? (R =8.31J K1
mol™1)

A 14127 B 20775 C 34902 D 55677

Answer C] m

2023 TIC J2 Prelim P1 Q8

An equimolar mixture of Hy, and O, was placed in a sealed, rigid container at room temperature. The
total pressure inside the container is P Pa. The mixture was sparked, and H, and O, reacted until H,
was completely consumed. What is the partial pressure, in Pa, of O, in the container after the reaction
at room temperature?

A 2P B P C 0.5P D 0.25P

Answer C] m
2020 RIJ1 Promo P1-P3 Q6

A gaseous sample containing x dm? of gaseous methanol, CH30H, was burnt in 4x dm3 of oxygen to
produce carbon dioxide and water vapour. The total pressure in the system after combustion was P.
Which statements are correct?

1 Methanol reacts with oxygen in a 2 : 3 mole ratio.
2 The partial pressure of carbon dioxide in the system is 0.18P.
3 Assuming these gases behave ideally, they occupy an insignificant volume.

A 1,2and3 B 1and2only C 2and3only D 1only

Answer C] m

2021 DHS J2 Prelim P1 Q5

F,(g) and Xe(g) are added to a container of fixed volume. The initial partial pressure of F,(g) is 7.0 atm
and that of Xe(g) is 1.6 atm. When all of the Xe(g) has reacted with F,(g) to form a solid compound, C,
the pressure of unreacted F,(g) is 3.8 atm. The temperature remained constant throughout. What is
the formula of the solid compound C?

A XeF B XeF, C XeFg D XeF,

Answer C] m

2022 Gaseous State Topical Revision Q12
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@ Analysis of a mixture of sulfur-containing gases shows that hydrogen sulfide, H,S, and carbon disulfide,
CS,, are presentin a 2 : 1 mole ratio. The mixture is burned in excess oxygen, forming SO,, CO, and
H,0. Which row describes the SO, : CO, mole ratio after complete combustion, and the relative
deviation from ideal behaviour of the gases CO, and CS,?

SO, : CO, mole ratio relative deviation
A 3:1 CS, deviates more than CO,
B 4:1 CS, deviates more than CO,
C 3:1 CO,, deviates more than CS,
D 4:1 CO, deviates more than CS,
A rowA B rowB C rowC D rowD

2024 DHS J2 Prelim P1 Q3

Answer C] m
n
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