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« The Junior Canadian Chemistry Olympiad (JCCO) is an annual event for grades
7 to 11 students. Our goal is to promote interest in chemistry amongst younger high
school students jointly organized by Chemical Institute of Canada and SIMCC with
support from the Faculty of Department of Chemistry at the University of British
Columbia.

» Each year SIMCC contestants outside of Canada and China, interested in chemistry
can participate in the JCCO contest. The contest is a 90 minutes, 25 multiple choice
questions chemistry quiz.

« The topics covered in the contest are the 11th-grade high school chemistry curriculum
and beyond. At least eighty certificates are awarded to the top-performing students
across SIMCC countries and territories. The best performing students in the contest
are invited to the annual Junior Canadian Chemistry Olympiad Online Camp organized

by the Department of Chemistry at the University of British Columbia.
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Contest Date: 20th September 2026
Registration Closed Date: 31st August 2026
Competition format: Online or paper based under in-person invigilation K ey

Length of competition: 90 minutes.

Information
for JCCO

Number of questions: 25 multiple choice questions.

Students are allowed to use non-programmable calculator, and JCCO datasheet during the competition. The
following is the link to the datasheet: https://www.jcco-
occj.ca/ files/ugd/ec9937 e65dd465da8149118fd6dcc4d201137a.pdf
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SYLLABUS OF THE JUNIOR CANADIAN CHEMISTRY OLYMPIAD

Level 1: All participants are expected to know these topics.

Level 2: These topics are more challenging, testing a higher level of knowledge.
Level 3: These topics are very challenging, the JCCO question may include information
to help solve the problem. Testing understanding of chemistry at a higher level.

1. Chemical calculations

BAlaNCING EQUETIONS : v::vs5:c55ws5msvmssm swwsm s v sy He s SR G R RS A A PR waR RS
Stoichiometric calculations
Mass and volume relations (including denSity)........ouueueueeeeueeeeeeseeeaeanaseeaesnannnn
EMIDITC FOFTOUIA . <5 vo 30 svznsssnmms smsssminssumerasovonssisssosnmsnsnninssionsomyanssnsesinsssssoessniss
Mole concept and Avogadro’s number
Concentration calculations (with different units)
Rearrangement types of atoms in chemical reactions (synthesis, decomposition,

single-double replacement, combustion/oxidation, neutralization) ...................... 1
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2. Atoms
2.1. Structure of the nucleus
2:1.1. Counting of nucleons and ElectrONS ..:q.:: ot svssvsivssvsisiassussnsansansas 1
2:1:2. DS O O P S s s o A D S O O S s Sseeid
2.1.3.  Calculation of the effective nuclear charge (Slater's rule) ......c.ccveuenenn... 3
2.2. The hydrogen atom
2:2:1:  Conceptofienergyilevels: ...cnnunsnasmniennnnsnasianssnssses 2
222 Quantum nuMbers (N, 1, M) ..ot a e 3
2.3. Radioactivity
2.31. Types of FAdI0aCHVITY .. qxxuommivassos s s sinsmss soass oAt saussnsnsass o ovars
2:3.2: Radioactive deGay : . o s T B S e S B S S s

Syllabus

3. Spectroscopy
31, ‘Basic concepts of NGt 8nd COIOT -.: -.:xovivmmmmimms s s s se s e 2
3.2. Wavelength, frequency, wave numbers, photon energies...........cccoeeeueeneuevennnnns 3
353, TBEOISIEBW ... cncmercneymsmimmsmmsioien newmmmmma s gxeimmmn asmsinmn n s i e se'e y mn ez o i 3
3.4. Optical rotation, rotation and concentration calculations ..............cceeeeueueneneunnnnn. 3

4. Chemical bonding
4.1. Bond types
4.1.1.  Covalent, ionic, covalent network bonds, metallic and coordination ....... 1
4.1.2. Bond order determination (from molecular formula) ........ooouuiciiieeiiiiiiniiiinnn. 2
4.1.3.  Intermolecular forces and relation to properties.......cccueeieeieieeninenennnns 2
4.2. Lewis theory and VSEPR — Simple molecular structures with
4.2.1. No more than four electron pairs about central atom...........ccoeveiinennn. 1
4.2.2.  With central atom exceeding the “octet rule” ........ccooiiiiiiiiniiiiiiennnne. 2
4.3. Delocalization, aromaticity and resonance StruCtUres ............ecueueueeevenenveneneenenns 3

5. Periodic trends

5.1. Electron Configuration
S5kl Pauli exclusion principle
5:1.2: MaIn GrOUP EIEMENES o uasisissssissiussmais s mevasns s s s avasinasss
5:1:3. First-row transition metal atoms and their ions
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6.1.

6.2.

6.3.

6.4.

6.5.
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8.1.

8.2,

8.3.

6. Inorganic Chemistry
Trends in physical properties of elements

6:1.1: o (T 3 0 e o T e i
6.1.2. 7071 [1a Ve I oo 11 o | SRR 1
6:1.3. MetalliC CHATAGEET «us o rereanninsssoxusmes s iseEs e e S HE SRS S H S 6 1}
0:1:d: Electrical condUEIVITY = ous s sty s s m s S s s A e 2
Groups 13 - 18 and Hydrogen

6.2.1.  The oxidation state of boron in oxides and chlorides is +3.........cccceuenen. 2
6.2.2.  The oxidation state of aluminium in oxides and chlorides is +3 ............. 2
Group 14

6.3.1.  The oxidation state of Si in its chloride and oxide is +4.......ccceovveueenennn 2
6:3:2. Intrinsic semiconductors (one pure element)......ccoveveiiieiiiiieinicienennns 2
6.3.3.  Extrinsic semiconductors (impure or “doped”) n-type and p-type .......... 2
Group 17 — Halogens

6.4.1.  Reactivity and oxidant strength decrease from F2 t0 Iz.cccceoveniniuienenennn. 2

6.4.2.  Acid-base properties of the hydrogen halides ...........cccccoiiiiiiiiiiiininn, 1

6.4.3. The oxidation state of fluorine in its compounds is =1 .......cccceevvinenennn.n. 1 a u S
6.4.4. The -1, +1, +3, +5, +7 oxidation states of chlorine and bromine ......... 3

Transition metals

6.5.1. Common oxidation states of common transition metals:
Cr(+3), Cr(+6) Mn(+2), Mn(+4), Mn(+7) Ag(+1) Fe(+2), Fe(+3)

Co(+2), Zn(+2), Hg(+1), Hg(+2) Cu(+1), Cu(+2), Ni(+2) ceevvrereranannns 2
6.5.2.  Colors of ions listed above in aqueous solution ...........ccceevviiiiiiiencinnnnn. 2
6.5.3.  Insolubility of Ag, Hg, Pb and Cu in HCI, HBrand HI........ccccvevvinenennnnn. 2
6.5.4. MnOs4 and Cr2072" are strong oxidants in acid solution .........c..ccc.ueueee... 1
6:5:5. Recognizing equations for complexation reactions given all formulae ..... 2

7. Chemical kinetics

ECEOIS GlTCELING T CACHOI A O o onisrvnsursusnssnssnsisnsnnae A e A AN e SR e PR PR RS PR PO R A S 1
Rate law

T:2:3: Rate:of chemiCal rea i ONS s o s S o S s 2
7.2.2.  Rate law for homogeneous reactionsS . .....eueveeeueeiueenenieeaieeneneneeenanennas 2
7:2.3.: Conceptof TeaCHON 0N :sussumumaineiass sss s s e e S e S G aaaaS 2
7.2.4. Rate:constant: definTtion : :v:s s o s s St i s s asiassn &3 2
First-order reactions

7:3:1. Dependence of concentration on tiMe .....c.oeeviuiieieiiiiieeeeeeieeeeaaaaananns 2
7.3.2.  Concept of half-life, exponential decay .......c.ccovviriiiiiiiiiiiiiiieeaen, 2
7:3:3: Relationship between half-life and rate constant..........cccoceiveiieienannn. 2
Rate:COnSIant-Tor SeCON OTABE TOACHONS « cvvvsmsizsermvssurssnssmnsonansssns snnnsnnnsmissaess 3

8. Analytical chemistry
Acid-base titrations

8:1.1. DIrect BEEHON - . .cccvornsinsme snmsivsssmsnsne e sse st sAn SRS SoEE v S AT Fa Heb S e S MR SR S 2
8.1.2.  Titration curve; pH (strong and weak acid) ......cceceeiiiiiiniiniiiiiiiiieienns 2
Qualitative analysis of inorganic ions

8.2.1. Identification of Ag*, Ba?*, Cu?*, ClI7, CO327, S04 ..eiiuerirereeneneneneenenns 524
8.2.2.  Colors of precipitates of cations listed above ........cc.ceveeniiiiiiiiiiniiiinanns 2
8:2.3.: Gravimetric. analysis:calCulatioNS o i s s s s s s s i 2
Qualitative analysis of organic compounds

8:3.1. Bromine water (detection of unsaturated compounds) ......c.cceeeenennnnn.. 2

8.3.2.  Tollens' test (detection of reducing sugar and aldehydes)..................... 2




9. Organic Chemistry

9.1.. Naming hydroCarbonRs (TUPACY vz siwassosssesss s ass s s s v oisissass h §
9.2. Organic chemistry line structure (counting C, H and other atoms) .............c........ 2
9.3. Nomenclature
QAL AICONONS s immmenicssensmssine cmmse e i s E S SR B SRS 55 9456 48 HA S S SR 2
9:3.2.: Aldehydes and'ketones . vcnviinnanimimisiiimmana e 2
9.3.3.  Carboxylic acid and deriVatiVES ......cceiuiiieieiiiieieeeeeeaeeeieieeae e e e enanans 2
9.3.4. AIMINES o sxsunsses sonsgisnsssoness sonaas sosen s s Ss AL smas sae s iissesssnsSsssiasasesaenssssnsns 2
9.4. Isomers
9.4.1. Constitutional (structural) ISOMErS....c.ccciiiieieiiicieiiaiiiiiieeaceonaenrarnsnnes 2
9.4.2. Geometrical isomers (CiS and trans) ..eueeuiuieeinineeeieieeeneeeaieaeeeaanans 2
9.5. Geometry at singly, doubly, and triply bonded carbon and other centers............. 1
9.6. Trends in boiling points
9.6.1.  Alkanes With SEIUCEUIe ......ceuniniei e ee e e e e ene e 2
9.6.2.  Alcohols vs ethers due to hydrogen-bonding .......cocviiiniieiiiiieiiieienannns 2
9.6.3.  Carboxylic acids vs esters due to hydrogen-bonding.........cccceeiuiiienannn. 2
9.7. Organic chemistry reactions a u S
o 7 Hydrogenation of alkenes and alkynes.........coveiiiiiiieiiiiieiieeeeeanens 2
9.7.2.  Oxidation of alcohols and aldehydes...........cccoiiniiiiiiiiiiiiiiiiieeiaa 2
9.7.3. Reaction of carboxylic acids with alcohols to form esters.........ccccceeneee. 2
9.8. Identification of common fUNCtioNal GrOUPS .........eueeeeeeeeeeeeseeereeneeeeeseseneneennns 2

10. Physical Chemistry
10.1. Gases

10.1.1. Ideal gas law (calculations) .....ceueniiiiiieiiieee e e naaas i
10.1.2. Definition and use of partial pressure (Dalton’s [aw) ........cccoeuveienienennnn. 2
10:1:3:: Basic kinetic theory 0F Gases e st i s S e s s 2
10.2. First Law of Thermodynamics
10.2.1. Concept of system and SUrrOUNdINGS......cceeveerieiererernrarirerererensncasanases 2
10:2:2: ENergy;Neat and - WORI: oty vy s oo sy oy s s o B s RS s s 1
10.3. Enthalpy (First Law of Thermodynamics)
10.3.1. Relationship between internal energy and enthalpy .........cccceoeviiiininennnn. 2
10.3.2. Definition of heat capacity and energy-heat calculations ...................... 2
10.3.3. Enthalpy is a state property (HESS'S LaW) .cueuviiieiiiiiiiiiieieiieenenenenanens 2
10.3.4. Use of standard formation enthalpies ........c.ccoeiuiiiiiiiiiiiieceeeeeeeas 2
10.3:5.. Enthalpiesiof solution and. SOIWAtON «....csusesssssesss o oise s s sussassssssssosss 2
10.3.6. Bond enthalpies (definition and USE) ......coviiiiiiiiiiiiiiii s 2
10.4. Second Law of Thermodynamics (Gibbs Free Energy)
10.4.1. Gibbs energy definition (AG = AH = TAS) teriiiiiieiie e ee e enanans 2
10.4.2. Using AG to predict direction of natural change........ccccoeviiiiiiieninannn. 1
10.4.3. Relationship between AG® and equilibrium constant K.........cceevvvvinennnnn. 3
10.5. Chemical Equilibrium
1054, FeChatelier s PONGIDIE i« cissvssmsssess s s e m B sras a9 sie Sren s s Fe e a8 1
10.5:2:  PH O R OR 5 st S S i S o S o s i SR S S SR aniiss 1
10.5.3.  Ku defiMition cueee et e e e e e e e e e e e ea e e aaaans i 4
10.5.4. K, and Kb as a measure of acid and base strength........c.cccceevviienennnnn. 1
10:5:5:  Acidity OF DasiCIEY OF 10MS st st s s i e e S S S SO S S8 i
10.5.6. Calculation of pH from pKa(weak acid) or pKp(weak base) ........c........... 2
10.6. Interpretation of PRase diBGIramIS «.....ueueeeneeeeeeee e eieeeeeeeeeeseeneaeeseseneeeenenes 2

10.7. Simple electrochemistry (excluding Nernst @qUation) ............eeeeeueeeeeeeeneneeeeeananennns 2




JUNIOR CANADIAN CHEMISTRY OLYMPIAD

The Periodic Table/Data Sheet may be used for all parts of the contest, and non-programmable calculators are allowed.

Write your answers on the back side of the Answer Sheet provided. Do not forget to write your name and your school name on the front of the Answer
Sheet. While students are expected to attempt all questions for a complete examination in 1.5 hours, it is recognized that backgrounds will vary and
students will not be eliminated from further competitions because they have missed parts of the paper.

1y

Which of the following chemical equations is properly balanced?

a) CH;OH + O, — CO; + 2H,O

b) 2NaOH + H3PO4 — Na,HPO; + H,O

¢) Ba(NOs), + Na;SO4 — BaSO4 + NaNOs
d) C¢Hs + 80, — 6CO, + 4H,O

e) 3NaOH + H3PO4 — NazPO4 + 2HO

Camphor (C10H160) is a terpenoid with a strong aroma found in
camphor trees leaves. If an average of 45.6 mg of camphor can be
extracted from leaf of camphor tree, how many moles of camphor
can be extracted from 100 camphor tree leaves?

a) 4.56<10 b) 3.001072 ¢) 3.00<107 d) 4.56<10' e) 3.00<107"

Calculate the mass of anhydrous sodium bisulfate (NaHSOy)
required to prepare a 0.10 M bisulfate solution in water using a 100
mL volumetric flask.

a)1.19g Db)1.04g ¢)119g d)1.20g e)0.12¢g

4) In order to plot a two component phase diagram, 0.527 g of

naphthalene (128.174 g/mol) and 1.264 g of diphenylamine
(169.227 g/mol) are mixed and melted together. What is the mole
fraction of naphthalene in the mixture?

a) 0.550 1) 0.645 ¢)0.355 d)0.450 e)0.569

The first law of Thermodynamics states that

a) Entropy is zero for a perfect crystal of a pure substance at zero
Kelvin.

b) The entropy of a system increases for any spontaneous process.

¢) An object maintains its state of motion unless acted upon by an
unbalanced force.

d) Heat flows spontaneously from a hot body to a cold body.

e) Energy is conserved
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6)

7)

8)

9)

JUNIOR CANADIAN CHEMISTRY OLYMPIAD

What is the balanced form of the chemical reaction depicted

below?
Element A: @ ? —
OO OC

Element B: O

a) A3 + 3B — 3AB»
b) 3A +3B> — 3AB»
c)3A+6B — 3AB;
d) 3A + 6B — A3Bs
e) A3+ By — AB»

O8O0
O8O0
O8O0

The density of ethanol (C;HsOH) at 20 °C is 0.7893 g/cm’. What is
the volume of 1 mole of ethanol at 20 °C?

a)46.1mL b)584mL ¢)364mL d)0.584L e)46.1m’

Which of the following accurately represents a trend in
electronegativity?

a)Ne>F>0
b)F>0>N
¢)Br>Cl>F
d) Cs > Rb > Na
e)Al>P>S

Which of the following accurately represents a trend in the first
ionization energies?

a)Ne>F>C
b)Br>Cl>F
¢)Cs>Rb>Na
d) Ar > Ne > He
e)Al=>P>S

10)

11)

The second law of Thermodynamics states that

a) Entropy is zero for a perfect crystal of a pure substance at zero
Kelvin.

b) The entropy of a system increases for any spontaneous process.

¢) An object maintains its state of motion unless acted upon by an
unbalanced force.

d) The entropy of the universe is continually increasing.

e) Energy is conserved.

To study weather phenomena sensors carried by balloons are used.
What is the mass of helium that is needed to fill a 65 m® balloon to
a pressure of 1 atm at 25 °C? Assume ideal gas behavior.

a)2.66kg 1)0.105g ¢)11.61g d)10.63kg e)1268ke

o-Pinene is a terpenoid with a strong aroma found in pine resin.

Which of the following molecular formula is the
correct one for a-pinene?

a) CoHn b) CioHi4 ¢€) CioHis d) CoHia €) CoHis

a-Pinene
o-Pinene is a reactant in the following reaction:

A

—_— >
Pd

Which of the following compounds could be used as reagent A?
a) HCl b) H» c) O3 d) H.O e) NaHCO;3
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14)

16)

17)

JUNIOR CANADIAN CHEMISTRY OLYMPIAD

A solution of tetrachloroethane (C>H>Cly) in cyclohexanone
(CsH100) is prepared with 29.3 mL of tetrachloroethane in 86.5
mL of cyclohexanone. What is the mole fraction of
tetrachloroethane in the solution? Assume densities of 1.59 g/cm’
for tetrachloroethane and 0.948 g/cm’ for cyclohexanone.

a) 0.249 b) 0.165 ¢) 0.751 d) 0.835 e) 0.181

A catalyst cannot alter.

a) the rate of a reaction.

b) the activation energy of a reaction.

¢) the equilibrium constant of a reaction.
d) the half-life of a reaction.

e) the rate constant of a reaction.

M is eliminated from the body of a dead mammoth by a first
order process that has a half-life of 5750 years. What percentage of
the initial **C would remain in the mammoth body after 11 500
years?

a) 0% b) 25% ¢) 50% d) 75% e) 2%

Consider the following reaction: CHs(g) — C(diamond) + 2H)(g).
Use the information provided below to calculate the enthalpy of
reaction when 1 mole of diamond is formed.

C(graphite) + 2H>(g) — CHs(g) AH=-74.8KkJ

C(graphite) — C(diamond) AH=1.9KkJ

a)-76.7kT  b)729k] ¢)76.7k] d)-729kI e)74.8KkJ

18)

19)

20)

The highly toxic carbonyl chloride (phosgene) is used to
synthesize many organic compounds:

CO(g) + Cla(g) = COCly(9)

The equilibrium constant Kp for the gas-phase synthesis of
phosgene is 7.70 at 75 °C. What is the equilibrium pressure of
COC if the equilibrium pressures of CO and Cl, are both 2 atm?

a)1.90atm b) 154 atm c¢)30.8atm d)3.90 atm e) 237 atm

The rate law for the above reaction is as follows: v = k[CO][CL,]*
Use the data table below to find the value of x.

Initial concentration (M)
Experiment [CO] [CL] Initial rate (Ms™)
1 0.12 0.20 0.121
2 0.24 0.40 0.684
a) 1.0 b) 0.5 c)0 d) 2.0 e)l.5

When 7.41 g of solid Ca(OH), (Molar mass = 74.09 g/mole. Ksp =
5.02+107°) is dissolved into 1.00 L of water (assume there is no
change in volume), the pH of the solution is closest to,

a) 13.00 Db)12.67 «¢)12.33 d)12.00 e)11.67
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Check-list for teachers before the scheduled JCCO Contest day:

» Confirm that you have received the link to access the online competition.

« Verify that you have received your Online Contest System username and password.

» Test your login credentials before the competition day.

« If you encounter any login issues, inform your teacher or country partner immediately.

« Students taking the paper-based competition should confirm the competition details with their
respective country partners.

 Print the allowed JCCO datasheet in advance and be familiar with it (this can be downloaded at
https://www.jcco-occj.ca/ files/ugd/ec9937 e65dd465da8149118fd6dcc4d201137a.pdf

Before the
contest
day




Agenda

(Based on
Exam Time as per SINGAPORE TIME S GT)
Session 2
« 1900 to 1930: Registration
« 1930 to 2000: Open ceremony and contest instruction

» 2000 to 2130: Competition




Perfect Score Full marks

Gold award Top 10%

Silver award Next 15%

Bronze award Next 25%

Honorable Mention Next 20%

Certificate of Participation Next 30% Awards

« Physical certificate for each participant.

« Medals for Perfect scorer, Gold, Silver and Bronze winners.

 E-certificates are given to participants who qualify for Honorable Mention and Certificate of

Participation.




JCCO is an important Science
Olympiad competition for High
Achieving students
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