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WORLD YOUTH CHEMISTRY TALENT OLYMPIAD
MOCK TEST LEVEL 3

SENIOR

(Grade 10 - 11 - 12)

I. MULTIPLE CHOICE QUESTIONS

Question 1 to 10, 3 marks each

Q1. Which of the following elements has no unpaired electrons in its ground-state electron
configuration?

(A) Ca (Z =20) (B) Br (Z = 35) (C)S (Z=16) (D) Si (Z =14)

Q2. The electron shell structures of atoms P and Q are shown in the figure below.

Which of the following statements about the compound formed between P and Q is correct?
(A) The ionic compound has the chemical formula PQ

(B) The ionic compound has the chemical formula PQ,

(C) The covalent compound has the chemical formula PQ.

(D) The covalent compound has the chemical formula PQ..

Q3. Carbon monoxide reacts with iron(III) oxide according to the following reaction:

3 CO(g) + FexOs(s) — 3 COu(g) + 2 Fe(s)
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Q13. Methyl eugenol can be prepared from eugenol, which is found in clove essential oil,
and is a substance capable of attracting insects. Elemental analysis shows that methyl
eugenol contains C, H, and O, and that the mass percentage of oxygen is 17.98%.

The mass spectrum (MS) of methyl eugenol is shown below.

100 - 107
g %
= 147
% 4 91 55
g o
g 1 178
:g K ‘ |
O‘Anl.h denal I[ i I . ‘h ..Jl‘ shol 1 J L
T 2 U i4 T ¥ Ll % T g ) hi Ll
60 80 100 120 140 160 180
m/z
[Figure: MS spectrum of methyl eugenol]
What is the degree of unsaturation (DU) of methyl eugenol?
(A)3 (B)4 ©5 (D)6
Q14. The IR spectrum of compound X gives the result shown below:
100 +
€
=
a -
£
8 -
0 vy Ty r
4000 3500 3000 2500 2000 1500 1000 500

[Figure: IR spectrum of compound X]

Elemental analysis shows that compound X contains 66.66% C, 11.11% H by mass, with the
remainder being O. In the MS spectrum of X, the molecular ion peak [M*] has an m/z value
of 72. Compound X is reduced by LiAlHj to form a secondary alcohol. Determine the

structural formula of X.

(A) Butan-2-one (B) Butanone (C) Pentan-2-one (D) Propanone
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Q15. The chemical equation for the reaction between acetic acid and ethyl alcohol to produce

ethyl acetate is:
CH:COOH + C:Hs0OH = CHsCOOC:Hs + H20
The H* ion participates in step (1) of the reaction mechanism above as follows:
Given the following statements:
(a) In step (1), a 7t bond is cleaved

(b) Substances X and Y are unstable because each contains an atom that has not attained a

noble-gas electron configuration

(c) In step (1), the H* ion accepts two lone pairs of electrons from the oxygen atom in acetic

acid

(d) If concentrated H,S0, is replaced by dilute H,50, as the catalyst, the reaction yield does
not change because the equilibrium shifts in the forward direction

The correct statements are:

(A) (b), (c), (d)- (B) (a), (b). (C) (b), (0). (D) (a), (b), (d).

Q16. In the presence of the enzyme Lactococcus lactis, glucose is fermented into lactic acid

according to the chemical equation:
CsH1:0s — 2 CH:CH{OH)COOH

To study the dependence of lactic fermentation catalyzed by Lactococcus lactis on the pH of
the medium, a group of students proposed the following hypothesis: “The higher the pH of
the medium, the higher the efficiency of glucose lactic fermentation catalyzed by Lactococcus
lactis.” The group conducted the experiment as follows:

¥

% Step 1: Prepare 5 beakers, each containing 50 mL (d = 1.04 g/mL) of 10% glucose
solution. Add chemicals to adjust the pH of the beakers to 4, 5, 6, 7, and 8, respectively.
Heat at 110°C for 20 minutes to sterilize the medium, then allow it to cool.

% Step 2: Add an equal amount of Lactococcus lactis enzyme to each beaker, cover
tightly, and incubate for 48 hours at 37°C.

Step 3: Analyze the samples using an appropriate method to determine the reaction

yield.
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[Figure: graph of pH versus reaction yield]

a) Based on the experimental results, at pH = 6, the maximum mass of lactic acid obtained

is m g. The value of m is 4.7.

b) Glucose and lactic acid are organic compounds with the general formula Ca(H20)m
¢) Among the tested pH media, the reaction yield is highest at pH =6.5

d) The experimental results prove that the students’ hypothesis is correct

Which of the following is correct?

(A) a, b, and ¢ are true; d is false (B) a and b are true; c and d are false
(C) a, b, and d are true; c is false (D) All are true

Q17. Given the reaction scheme with the correct mole ratios:
X+2NaOH — Xi + Xz + X3
X1+ HCl — Xa + NaCl
Xo + HCl — X5 + NaCl
Xo+ CuO — Xa+ Cu+ H:O

It is known that X has the molecular formula CsHzOy4 and contains two ester functional
groups; Xy, Xz, and Xs each contain carbon atoms in their molecules, and the molar mass of

Xy is smaller than that of X,. Consider the following statements:
(a) The molecular mass of X; is 46
(b) X, is a polyfunctional compound
(c) X4 can undergo the silver mirror reaction

(d) A molecule of Xz has two oxygen atoms
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II. SHORT ANSWER QUESTIONS

Question 21 to 25, 6 marks each

WYCTO 2026

Q21. The mass spectrum of zinc (Zn) is shown below. The abundance of each isotope is

indicated on each signal. Calculate the average atomic mass of zinc in amu. Round the result

to 2 decimal places.

Ham luong %

60 - &
©
50 - 3
40 - 2
@
~ 2
30 o &
@
20 - =
o
10 4 ~ N
-t w
0 - . =4 3
63 64 65 66 67 68 69 70 71
m/z

Q22. Glucosamine hydrochloride is commonly used as an oral dietary supplement for the
treatment of osteoarthritis. Shrimp shells, which contain 17% chitin (CsHisNOs). by mass,

are collected from seafood-processing factories and utilized to produce glucosamine

hydrochloride according to the scheme below:

&Sz] i 091503

Budc 1: Nung quéng Pyrite
Step 1: Roasting of Pyrite ore

Fes: + 01 —< Fezo;, + 502

¥

Budc 2: Oxi héa SO,
Step 2: Oxidation of SO,
280, + 0, — 2S0,

(xt: V,04, t°)

S vloi- v

X
5

Budc 3: Hap thu SO, vao H,S0, 98%
Step 3: Absorption of SO, into 98% H,S0,
S0, + H,S0,(98%) — OLEUM (H,S,0,)

(98% sulfuric acid)
&

SAN PHAM: OLEUM
PRODUCT: OLEUM

To produce 1000 boxes of glucosamine hydrochloride, each box containing 375 tablets with
a glucosamine hydrochloride content of 1500 mg per tablet, how many kilograms of shrimp

shells are required? Given that the yield of glucosamine hydrochloride production from



