2020 MNER ¥R Z BEAITTE
(Jcco)

1. [FIER]

] JUNIOR CANADIAN CHEMISTRY OLYMPIAD 2
He
H‘ s Periodic table and data sheet Ao
ydrogen Helium
3 4 5 6 7 I8 9 10
Li | Be B Cc N o) F | Ne
6.941 2.012 1081 12.01 14.01 16.00 19.00 20.18
Lithium Benyllium Boron Carbon Nitrogen Oxygen Fluorine Neon
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl Ar
2299 2431 26.98 28.09 30.97 3207 3545 39.95
Sodium Magnesium Aluminium Silicon Phosphorus Sulfur Chiorine Argon
9 70 21 72 23 7% 25 76 77 78 29 30 il 32 33 3% 35 3%
K | Ca| Sc | Ti V| |Cr|{Mn|Fe|Co| Ni |[Cul|lZn| Ga|Ge| As | Se | Br | Kr
39.10 40.08 44.96 47.87 50.94 52.00 5494 5585 5893 58.69 63.55 6538 69.72 7261 74.92 78.96 79.90 83.80
Potassium Calcium Scandium Ttanium Vanadium | Chromium | Manganese Iron Cobalt Nicke! Copper Zine. Gallium Germanium Arsenic Selenium Bromine Krypton

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb| Sr| Y | Zr |Nb [ Mo| Tc | Ru| Rh | Pd | Ag| Cd| In | Sn | Sb | Te | Xe
85.47 87.62 88.89 91.22 92.91 95.96 (98) 1011 1029 106.4 107.9 1124 1148 187 1218 1276 1269 1313
Rubidium Strontium ylirium Zirconium Niobium Technetium | Ruthenium | Rhodium Palladium Silver ‘Cadmium Indium Tin Antimony Telurium lodine Xenon

[55 |56 57 72 73 74 75 76 77 78 79 [0 [sT  [82 |83  [84 |85 |86 |
Cs|Ba|La| Hf [ Ta| W | Re| Os | Ir Pt | Au| Hg | Tl | Pb | Bi | Po | At [ Rn

1329 1373 1389 1785 1809 1839 186.2 1902 1922 1951 197.0 2006 2044 207.2 209.0 (209) (210) (222)
Cesium | Barium | Lanthanum | Hamium | Tantawum | Tungsten | Rnenum | osmum | wigum | Piatum Gold Mercury | Thailium Lead Bismuth | Polonium | Astatine | Radon

|87 [88  [89  [104 [105 |06 [107  [108 |08 [110  [111 M2 |13 [114 [116 116 [117 |118
Fr | Ra| Ac | Rf [Db | Sg | Bh | Hs | Mt [ Ds | Rg| Cn | Nh | FI [ Mc| Lv | Ts | Og

(223) (226) (227 (261) (262) (266) (264) (@17 (268) (269) (272) (285) (284) (289) (288) (292) (294) (294)
Francum | Rsdium | Adtinium | Ruthedorgium] Dubnium | Seaborgium | Bohrium | Hassium | Meitnerium ] Damsiacium Copericium| Nibonium | Flerovium | Moscovium | Livermorium | Tennessine | Oganesson

58 [0 [0 |61 62 |63 |64 |65 66 [67 _[68 [6@ [0 |71
Ce| Pr{Nd|Pm|Sm| Eu| Gd | Tb | Dy [ Ho | Er [ Tm | Yb | Lu

140.1 1409 1442 (145) 1504 152.0 167.3 158.9 1625 164.9 167.3 168.9 173.0 175.0
Coriam Neodymian Samarim | europum | caolrium | Tarbian | Dysprosm | Hobmum | Erbiam | hutum | vitiom | st
90 91 92 93 3 95 96 97 98 99 100 101 102 103
Th|{Pa| U |[Np|Pu|Am|[Cm | Bk | Cf | Es | Fm | Md | No | Lr
2320 2310 2380 2370 (244) (243) (247) (247) (251) (252) (257 (258) (259) (262)
Thorium | Protactinium| Uranium | Neptunium | Plitonium | Americium Curium Berkelium | Californium | Einsteinium | - Fermium Nobelium | Lawrencium

Ji FIRGEAAT Atomic mass unit  1.66054x10°% kg
B {RMEES %It Avogadro’s number  6.022x10%

T it Charge of an electron 1.60218x1071? C 1atm = 101325 Pa
AL Faraday's constant 96485 C mol-1 1 bar = 100000 Pa
HHRS A Gas constant 8.3145] K mol™! 0°C=273.15K
L liht Mass of an electron  9.1094x10°! kg
JEi# Speed of light 2.99792458x10° ms™!
I FLHE Plank Constant 6.62637x10 Js .

Low-dose aspirin (CsHgOs)is known to prevent heart attacks. Low-dose aspirin often
comes in 81 mg tablets. If a person consumes one 81 mg tablet, how many moles of

aspirin would they be consuming?

{EC77) i (1) Bo ] DT AR(CoHsO4)i8 % 4 81 mg A F 77, AT LATRBGCAERG . R — A
B—h 81 mg (95l At £ FE 2 > E R (ol =] DL AR ?

* #RE
O A 2.22x103
O B.4.50x10
O €. 4.50x10!
O b.1.5x1073

O E2.22



2. [FRiE]
Which of the following chemical equations is properly balanced?
P A2 75 18 SR T 1R 8 1) 2 W42

(193) | _# 5

O A 4C3H5N;09 — 12C0O; + 10H,0 + 6N, + 02

O B. CgHg + 60, — 5CO; + 4H,0

© ¢ CH30H + 0; — CO;y + 2H50

O D.2C7H5N306 — 2Ny + 5H,0 + 7CO + 7C

3. [3RT]
Calculate the mass of sodium chloride (NaCl) required to prepare a 3.00 M solution in

water using a 200 mL volumetric flask?

£ 200mL 7 B i & 3.00 M ) NaCl AK¥ER, 1R ERILE (NaCD #Yf &
REL?
(193) | * #wi2

O A.13.80g

O B.34.80g

O c. 35.06g

O b.21.27g

O E 3.51g



4. [sRtR)
The density of benzene (CsHs) at 20 °C is 0.8765 g/cm®. What is the volume of 1 mole of
benzene at 20 °C?
20°C B % (CeHe) MIFEN 0.8765 glem®. TEFRFHRIERMT, 1| BEREMERZ
b7

(19) | *iwiE
O A 89.1L
O B. 68.5mL
O ¢ 36.4mL
O b. 68.5L

O E. 89.1mL



5. [SRER]
Classify each observation as a physical or a chemical property and tally them.
s FHIFAEE L5 R AL Y I 8L A B AT 2 RIHFe %

Observation I: Bubbles form on a piece of metal when it is dropped into acid.
WG R 1 ERBRRET RS

Observation 2: The color of a crystalline substance is blue.

WEETR 2. Reas PRGN .

Observation 3: A shiny metal melts at 820°C.

XL 3. HFENERIE SN 820C.

Observation 4: The density of a solution is 1.34 g/cm’.

WELT R 4 RFEREN 134 glemd® ©
(19) | * iz
O A

3 chemical properties and 1 physical prop

3TETHFEMER, 1 MNETYEMER

O s
2 chemical properties and 2 physical properties

2 PETHZMER, 2 METYER

O &
1 chemical property and 3 physical properties

1 TMETHZEER, 3 1TETYER

O b
4 physical properties

4 MRETYE

O E
4 chemical properties

4 MEBTHF M



6. [HER]
Several general types of chemical reactions can occur based on what happens when
going from reactants to products. What is the type of the following reaction?

CH4 + 202 => 2H20 + COZ
A M RE 3)  AIFR R A 8,  RDIE RBE 7 A LK -
CH4 + 20; - 2H,0 + CO; J& T F 35— R b2 e B ?

(173) ] * 7

O A
Synthesis

& RN

O B
Neutralization

AR R

O c
Decomposition

DRERRL

O .
Single replacement

B

O E
Combustion

SR



7. [SRER]

What is the correctly balanced form of the chemical reaction depicted in the figure
below?

KT T EFRFEREL, TR T IE# i 20—

ElementA (JLEA) : @

ElementB (JtZB) : O 8 —> m &
ElementC (5Z C) : O co
(19) | *tric

O A AB4 + 4C — AB, + (4B,
O B.AB4 + 2C; — AC, + 2CB2
O C.4BA + 2C — AB, + 2CB)
O D.AB; + 4C — AB, + 2C,B

O E. 4BA + 2C2 — ZABZ + ZCZB

8. [BaikR]

A chemist titrated aqueous oxalic acid with sodium hydroxide and recorded the pH on
the graph below. Estimate the pH at the last equivalence point observed for this titration.
Use the titration curve below.

— A4 Ak 5 R AR A PRI T E SRR, RO R Tz R R pH 21k, W T E R
AN e AT T E 2R, A S i E R b BRSNS S pH
18-

14

12
10

pH

O N & O ®

0 5 35

10 15 20 25
Volume of NaOH added [mL]
B NaOH (& F1 [mL]

O b0.13.0

O E29.0



9. [8 3R]
Chemical oxygen generators can provide oxygen for breathing in case of emergency in
aircrafts and submarines. The oxygen source is usually an inorganic superoxide, chlorate
or perchlorate. If 138.5 grams of potassium perchlorate is decomposed inside an oxygen

generator, (KClOs— KCI + 20:). How many grams of dioxygen are produced? (assume
a yield of 100% for the above reaction)

FR S ENE AT LAE R W0 T A RS A . SSCRIEEHE vl
FAkYy. SRR ELH A ARR L. WIRSE RS PR T 138.5 b SR
(KClIOs— KCl1+20,) , MAZEREZLRMES? (R RN ™%
A 100%)

(143) | *#5ig

O A8

O B.16

O 32

O D.64

O E 128

10. [E2%ERT ]

Assuming ideal gas behavior for the reaction in question 9, at 25°C and | bar, what
would be the volume of dioxygen (O5) produced?

iR 9 M b R NN B S AORZS, B 25°C, 1 bar, ALERMAES (02)
BRI EA?

(17) | ®imic

O A 24.8L

O B. 49.6L

O ¢.99.2L

O D.49.6mL

O E. 24.8mL



11, [EEEAEA]

The molality (m) of a solution is defined as the number of moles of solute per kilogram
of solvent. The dissolution of chemical saltpetre (potassium nitrate, KNOs) in water is a
strongly endothermic reaction. This chemical process has been used in Middle Ages to
chill water, wine and other beverages indirectly. If a basin containing 60 kg of water and
6 kg of saltpetre were used to cool drinks, what would be the molality of the KNO;
solution?

BT TR (m) T BRI PE AR . Ema (R,
KNOy) # TR N . fEPied, b2 RN S8 H A K. BRI
e WARAE 36 60 kg /KA 6 kg FEREP /KGR EIUCEL, HB4 KNOs 5 Ui
HERIKERZ T

(193) | % t5iE

O A 0.989m

O B.1.978m

O ¢ 0.495m

O b.1.177m

O E.5.982m



12. [Bi%]

For a reaction A + B — Products, the rate law is: v= k[A]’[B]. For gas containers with

the same volume, which mixture would have the highest rate of reaction according to this
rate law?

MF—MEERR A +B—=4%l, #HEFRN: v=kAP[B]. REHFEHE, F
EBMHFEISEES, FHIMRRNR A Y0 RN iR ?
Legend: compoundA QO
R e A
compound B @
wam B

* #R1C

»
O

O O
O
OO

O s

O £
®)
O o

® ¢ O




O
m

13. [Sp%RT]

Two moles of liquid water initially at 274 K are mixing with two moles of liquid water
initially at 362 K in a perfectly insulated container. Assume that the molar heat capacity
of liquid water is constant and independent of temperature.Calculate the final
equilibrium temperature of the water after mixing.

e AU A 28 1, 45 2 mol HIRE 9 274K (IHAK 5 2 mol BIHRA Y9 362K
MR KBATIR G . BSOIA KRR A AT FLS IR . TR A R AR
LT R -

* FRiC
O A.298K
O B.308K

c. 318K

O

O D.328K

O E. 358K



14, [B3ER]

In the compound X,0s, the electron configuration of the element X is 1s?2s?2p®3s23p3d°.
Which of the following element correspond to X ?

EALEY X20: 4, o X M85 FH N 15°272p°3s73p3d°
AR e R 2R X?

(157) | *ize
O AAl
O BV
O cCr
O b.Sc

O EFe

15, [S%kRT]
Which of the following correctly lists the order of increasing electrical conductivity of

an aqueous solution by dissolving 1.0 mole of following substances respectively into
water to make 1.0 liter of solution?

¥ 1.0 mol &5+ (194 73 VAR T 7K, CAHI & 1.0 L, /Kisii SR MMBIK
HEFI| IEH 2 T 50— 51 ?
(173) | *ixie

O A CH30H<CH3COOH<AgCl<CaCl, <HC

O B.CH3COOH < CH30H < CaCl,<HCI<AgCl

O ¢ CH30H <AgCl< CH3COOH <HCI< CaCl,

O b.AgCl< CH30H < CH3COOH < CaCl,<HCI

O E CH30H < CH3COOH <HCI<AgCl< CaC



16. [ kR]

' Which of the following accurately represents a trend in electronegativity?
AR5 ] LAAE R s o0 R A PR AR L 3 ?

(173) | ®izie

O ‘A N>O>F
O B.Ne>F>0
O ¢ F>S>0
O b. F>S>0

O E.CI>Br >I

17. [E2iE]

Which of the following compounds is containing covalent and ionic bonds?

THE SRS A I T A E Tk ?

(1493) | #imie
O A HBr
O B.KCl

O ¢ HO0

O b.KNO3

O E SiO2



18. [S:%E7]

One mole of uranium-238 is slowly decaying. If the kinetics of this process is first order,
after how many half-lives there is only 0.125 moles of uranium-238 left?

1 mol (f94#-238 IEAEEMS TR . WIS RSN —%ah e, Ball)s T
0.125 mol () 8h-238, R T 20443812

(193) | *#7E
Q A3
QN8 12
O c8
O b.4
O E9
19. [FiAF]
Archimedes principle states: "When an object is completely submerged, the volume of the
displaced water equals the volume of the object." A 200 mL graduated cylinder was filled
with exactly 100 mL of water before a 27.0 gram copper block is added to the cylinder.

What volume should the cylinder read if the block is completely submerged by water?
The density of copper is 8.96 g/cm®.

PR R . “ R —MExEREEKD, BHKAERETOER S
AR " AR 100 mL [F7KHEA 200 mL R E S, REERFEANIA 27.0 g (4
B Wi SPOKRE, WA skh AR E i EBUR 202

CL RN Y% RN 8.96 g/em®.

(193) | _wimie

O A.103mL

O 8.130mL

O ¢ 127mL

O b.142mL

O E 129mL



20. [FRIER]

A sample of an unknown compound with formula of CyHy was combusted with excess
amount of oxygen, the reaction produced 132.001g of carbon dioxide and 72.064g of
water. Based on the information given, this unknown compound is

—EMN 1N CHy, E1ELRME AL, A 132.001g ~FHALHA
72.064g /K- HRAELLEE ST HEWT, =L &N

(173) | & i5iE
O . A.CHy4
O B.CyHg
O ¢ CsHg
O b. C4Hyg

O E CgHyg

21. [R%E-]
Which of the following molecules has a tetrahedral molecular geometry?

THIEA T BAT DY A Fa B ?

(193) | &5

O A.SF4

O B. CH4

Q c XeF4

O D.BF;3

O E. H,CO



22, [#i%]
i How many structural isomers does a compound with molecular formula of CsHio have?

77N CaHo ML EVIE B AR RE?

(143). & #7ic
O A6
O 8.2
O c4
O b3
O ES

23. [FiR]

A mixture of chromium and zinc weighing 1.000 g was reacted with an excess of
hydrochloric acid. After all the metals in the mixture reacted, 618 mL of wet hydrogen
gas was collected over water at 25°C and 103160 Pascal. Determine the mass percent of

Zn in the metal sample. (CrCl; and ZnCl: were produced and the vapour pressure of water
at 25°C is 3160Pa)

Ji A 1.000 g MR EHR S S5t B EE R AT N . IR SR IIATE &8 72 & RN
JG, fE25°C. 103160 Pa (f)/KZES_EHBEES] 618 mL iR E <. HH &@EFE M Zn
FRBEESE. (CH=YHiEAs CrCh fl ZnCl, 25°C B K755 E N 3160 Pa)
(197) | *iwiE

O A 22.9%

O B.77.1%

O €. 67.4%

O D.28.9%

O E71.1%



24. [B3ER)

The molecule below is sometimes used as a substitute to aspirin. It is found in leaves and
bark from the willow tree and has been used for its health effects for at least 2,000 years.
Which of the following molecular formula is the correct one for the molecule below ?

& BB 957 N R AR RT ] DL AR B AR, AR E TR A T AR B, N
FEFIIKCAH 2000 £ F L. LR ZME 2 17K?

H
H

OII’,‘C)I\T
HO v OH

(-:)Ii
Salicin 7K #
(17) | *imE
O A C13H1307
O B. C12H2007
O & C17_H1607

O b C13H1307

O E C13H1307



25. [FRiERT]

The synthesis of aspirin (acetylsalicylic acid) using salicin as starting material 1s shown
in the reaction scheme below:

FRKBHERERPTRILH (ZBKER) 1RGSR R FR:

H 0, Ol
CrO;
0

Oy, ‘.‘-\‘T aq. H:SO4 OH
acetone
HOLJ\OH
H
A

OY
0

Ol

Which of the following compounds could be used as reagent A?
FEE R & YRl R ERR A?

O a CH3COOCH3

O B.CH30CH,CH3

O c CH3COOCH2CH3

O o (CH3C0)7_O

O E COo,



