
14th Swiss and Liechtenstein
Chemistry Olympiad

First round

Multiple Choice : 25 Questions

Duration : 40 minutes
Questions : Multiple Choice Questions (MC) and

Multiple True False Questions (MTF)
Grading : Each fully correct reply is worth one point.
Aids and tools : All aids are allowed (Text books, calculators,

periodic table, etc.). However, the test has to be
solved on one’s own without the help from others.

Participation conditions : - born on or after 1st of Juli 2000
(according to IChO) - not yet immatriculated at an university

- attending a Swiss school (now or previously)
Due date : 27th of Oktober 2019
Due address : available online

Good luck!



◗✉❡st✐♦♥ ✶ ✭▼❈✮✿

❲❤❛t ✐s t❤❡ ❝♦♥❝❡♥tr❛t✐♦♥ ♦❢ ❛ ♣♦❧②♠❡r s♦✲
❧✉t✐♦♥ ✐♥ mg mL−1✱ ❛ss✉♠✐♥❣ ❛ ❝♦♥❝❡♥tr❛✲
t✐♦♥ ♦❢ 382 µM ❛♥❞ ❛ ♠♦❧❡❝✉❧❛r ✇❡✐❣❤t ♦❢
33116 g mol−1❄

❆ 7 mg mL−1

❇ 17 mg mL−1

❈ 10 mg mL−1

❉ 1.7 mg mL−1

❊ 13 mg mL−1

◗✉❡st✐♦♥ ✷ ✭▼❈✮✿

❲❤❛t ✐s t❤❡ ♣❍ ✈❛❧✉❡ ♦❢ ❛♥ ❛q✉❡♦✉s HClO4

s♦❧✉t✐♦♥ ❛t ❛ ❝♦♥❝❡♥tr❛t✐♦♥ ♦❢ 0.0457 mol/L❄

❆ 2.84

❇ 1.84

❈ 1.34

❉ ■ ❝❛♥♥♦t ❞❡t❡r♠✐♥❡ t❤❡ pH ✈❛❧✉❡ ❛s ■ ❛♠

♠✐ss✐♥❣ t❤❡ pKa ✈❛❧✉❡✳

❊ 0.34

◗✉❡st✐♦♥ ✸ ✭▼❈✮✿

❆ ♣r♦t❡✐♥ ✐s q✉❛♥t✐✜❡❞ ✈✐❛ t❤❡ ❧❛♠❜❡rt✲❜❡❡r
❧❛✇ ✭A = ǫ · l · c✮✳ ❚❤❡ ❡①t✐♥❝t✐♦♥ ❝♦❡✜❝✐❡♥t ♦❢
s❛✐❞ ♣r♦t❡✐♥ ✐s 78′565 M−1 cm−1 ❛t 280 nm✳
❲❡ ♠❡❛s✉r❡ ❛♥ ❛❜s♦r❜❛♥❝❡ ♦❢ A = 0.300 ❢♦r
❛ 1 : 100 ❞✐❧✉t❡❞ s❛♠♣❧❡✱ ♠❡❛s✉r❡❞ ❛t 280 nm
❛♥❞ ✇✐t❤ ❛♥ ♦♣t✐❝❛❧ ♣❛t❤ ❧❡♥❣t❤ ♦❢ 5 mm✳
❲❤❛t ✐s t❤❡ ✐♥✐t✐❛❧ ♣r♦t❡✐♥ ❝♦♥❝❡♥tr❛t✐♦♥ ♦❢
♦✉r s❛♠♣❧❡❄

❆ 5.12 µM

❇ 764 µM

❈ 206 µM

❉ 124 µM

❊ 512 µM

◗✉❡st✐♦♥ ✹ ✭▼❈✮✿

❚❤❡ CN− ✐♦♥ ❤❛s ❛ ♣❑B ✈❛❧✉❡ ♦❢ 4.78✳ ❲❤❛t
✐s t❤❡ ♣❍ ✈❛❧✉❡ ♦❢ ❛ 0.005 M s♦❧✉t✐♦♥ ♦❢ ❍❈◆❄

❆ ✺✳✼✻

❇ ✸✳✵✹

❈ ✸✳✺✹

❉ ✶✵✳✹✻

❊ ✽✳✷✹

◗✉❡st✐♦♥ ✺ ✭▼❚❋✮✿

❆♠❡r✐❝✐✉♠✲✷✹✶ ✭24195Am✮ ✐s ❛♥ ❛❧♣❤❛ ❡♠✐tt❡r
❛♥❞ ✇❛s t❤❡r❡❢♦r❡ ❝♦♠♠♦♥❧② ✉s❡❞ ✐♥ s♠♦❦❡
❞❡t❡❝t♦rs✳ ❲❤❛t ❛r❡ t❤❡ ♣r♦❞✉❝ts ♦❢ t❤❡ ❛❧♣❤❛
❞❡❝❛②❄

❆ 4
2He

❇ 234
91Pa

❈ 240
94Pu

❉ 239
93Np

❊ 237
93Np

◗✉❡st✐♦♥ ✻ ✭▼❈✮✿

■❢ ✇❡ ❤❛✈❡ ❛ s❛♠♣❧❡ ♦❢ 5.0 g 241
95Am t♦❞❛②✱

❤♦✇ ♠✉❝❤ ✇♦✉❧❞ ❜❡ ❧❡❢t ✐♥ 300 years ✭❤❛❧❢✲❧✐❢❡
= 432.2 a✮❄

❆ 1.8 g

❇ 4.2 g

❈ 8.1 g

❉ 3.1 g

❊ 2.5 g

◗✉❡st✐♦♥ ✼ ✭▼❈✮✿

❚❤❡ ❡❧❡❝tr♦♥ ❝♦♥✜❣✉r❛t✐♦♥ (1s)2(2s)2(2p)4

❝♦rr❡s♣♦♥❞s t♦ ✇❤✐❝❤ ❡❧❡♠❡♥t❄

❆ ❈

❇ ❙

❈ ◆

❉ P

❊ ❖

❈❤❡♠✐str② ❖❧②♠♣✐❛❞ ✷✵✶✾✴✷✵ ✲ ✶st r♦✉♥❞ ✶ ♦❢ ✺



◗✉❡st✐♦♥ ✽ ✭▼❈✮✿

❍♦✇ ♠❛♥② ❡❧❡❝tr♦♥s ❛r❡ tr❛♥s❢❡rr❡❞ ✐♥ t❤❡ ♦①✲
✐❞❛t✐♦♥✴r❡❞✉❝t✐♦♥ ❜❡t✇❡❡♥ I2O5 ❛♥❞ I2 ✐♥ t❤❡
❢♦❧❧♦✇✐♥❣ r❡❞♦① r❡❛❝t✐♦♥❄

I2O5 + 5 CO → I2 + 5 CO2

❆ ✻

❇ ✶✵

❈ ✹

❉ ✷

❊ ✶✷

◗✉❡st✐♦♥ ✾ ✭▼❈✮✿

❚❤❡ ❢♦❧❧♦✇✐♥❣ r❡❛❝t✐♦♥ ✐s ✉s❡❞ t♦ q✉❛♥t✐❢② ❝❛r✲
❜♦♥ ♠♦♥♦①✐❞❡✳ ❲❤❛t ✐s t❤❡ ✈♦❧✉♠❡ ♦❢ CO2

❡✈♦❧✈❡❞ ❜② ❧❡tt✐♥❣ ♦♥❡ ❧✐t❡r ♦❢ ❛✐r r❡❛❝t ✇✐t❤
I2O5✱ ✐❢ ✇❡ ❛ss✉♠❡ t❤❛t t❤❡ ❧❡✈❡❧ ♦❢ CO ✐♥ ❛✐r
✐s 0.2 ppm ✭❛ss✉♠✐♥❣ ❛t♠♦s♣❤❡r✐❝ ♣r❡ss✉r❡✮❄

I2O5 + 5 CO → I2 + 5 CO2

❆ 0.2 L

❇ 1 µL

❈ 0.2 µL

❉ 0.001 cm3

❊ 0.0002 L

◗✉❡st✐♦♥ ✶✵ ✭▼❈✮✿

❲❤✐❝❤ ♦❢ t❤❡s❡ ♠♦❧❡❝✉❧❡s s❤♦✇ t❤❡ s❛♠❡
♦①✐❞❛t✐♦♥ st❛t❡ ❛t t❤❡ ✐♥❞✐❝❛t❡❞ ❝❛r❜♦♥❄

❆ ✶ ✰ ✺

❇ ✹ ✰ ✺

❈ ✶ ✰ ✷

❉ ✶ ✰ ✹

❊ ✶ ✰ ✸

◗✉❡st✐♦♥ ✶✶ ✭▼❚❋✮✿

❲❤✐❝❤ ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡❧❡♠❡♥ts ♦❝❝✉rs ❛s ❛
❧✐q✉✐❞ ❛t 20 ◦C ❛♥❞ ❛t♠♦s♣❤❡r✐❝ ♣r❡ss✉r❡❄

❆ ❇❡

❇ ❍❣

❈ ❈❧

❉ ❇r

❊ ❋

◗✉❡st✐♦♥ ✶✷ ✭▼❚❋✮✿

❲❤✐❝❤ ♠♦❧❡❝✉❧❡ s❤♦✇ ❛ tr✐❣♦♥❛❧ ♣②r❛♠✐❞❛❧
❝♦♥❢♦r♠❛t✐♦♥❄

❆ NH3

❇ NO3
−

❈ PCl5

❉ SO3
2−

❊ BH3

◗✉❡st✐♦♥ ✶✸ ✭▼❈✮✿

❖r❞❡r t❤❡ ❢♦❧❧♦✇✐♥❣ ♠♦❧❡❝✉❧❡s ❛❝❝♦r❞✐♥❣ t♦
t❤❡✐r ❜♦✐❧✐♥❣ ♣♦✐♥t✳

❆ ✹ ❁ ✷ ❁ ✸ ❁ ✺ ❁ ✶

❇ ✸ ❁ ✷ ❁ ✹ ❁ ✶ ❁ ✺

❈ ✺ ❁ ✶ ❁ ✸ ❁ ✷ ❁ ✹

❉ ✺ ❁ ✶ ❁ ✹ ❁ ✷ ❁ ✸

❊ ✹ ❁ ✷ ❁ ✸ ❁ ✶ ❁ ✺

❈❤❡♠✐str② ❖❧②♠♣✐❛❞ ✷✵✶✾✴✷✵ ✲ ✶st r♦✉♥❞ ✷ ♦❢ ✺



◗✉❡st✐♦♥ ✶✹ ✭▼❈✮✿

❈❛❧❝✉❧❛t❡ t❤❡ r❡❛❝t✐♦♥ ❡♥t❤❛❧♣② ♦❢ t❤❡
❢♦❧❧♦✇✐♥❣ r❡❛❝t✐♦♥ ❛♥❞ ♠❛❦❡ ❛ st❛t❡✲
♠❡♥t ✇❤❡t❤❡r t❤❡ r❡❛❝t✐♦♥ ✐s ❡♥✲
❞♦t❤❡r♠✐❝ ♦r ❡①♦t❤❡r♠✐❝✳ ❈♦♥s✐❞❡r✿
∆fH(Glucose, s) = −1260 kJ mol−1

∆fH(H2O, g) = −242 kJ mol−1

∆fH(CO2, g) = −393 kJ mol−1

C6H12O6 (s) + 6 O2 (g) → 6 CO2 (g) + 6 H2O (g)

❆ ∆rH = −2550 kJ mol−1✱ ❡①♦t❤❡r♠✐❝

❇ ∆rH = +5070 kJ mol−1✱ ❡①♦t❤❡r♠✐❝

❈ ∆rH = −2550 kJ mol−1✱ ❡♥❞♦t❤❡r♠✐❝

❉ ∆rH = +2550 kJ mol−1✱ ❡♥❞♦t❤❡r♠✐❝

❊ ∆rH = +2550 kJ mol−1✱ ❡①♦t❤❡r♠✐❝

◗✉❡st✐♦♥ ✶✺ ✭▼❈✮✿

■♥ ♦r❞❡r t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❤❡❛t ❣❡♥❡r❛t❡❞ ❜② ❛
r❡❛❝t✐♦♥✱ ♦♥❡ ✉s❡s ❛ ❝❛❧♦r✐♠❡t❡r✳ ❆ ❝❛❧♦r✐♠❡✲
t❡r ✉s❡s ❛ r❡❢❡r❡♥❝❡ ❝❡❧❧ ✜❧❧❡❞ ✇✐t❤ 0.4 L ♦❢
✇❛t❡r✳ ❚❤❡ ❤❡❛t ❣❡♥❡r❛t❡❞ ✐s ❞❡t❡r♠✐♥❡❞
❢r♦♠ t❤❡ ✐♥❝r❡❛s❡ ✐♥ t❡♠♣❡r❛t✉r❡ ❛♥❞ t❤❡
❤❡❛t ❝❛♣❛❝✐t② ♦❢ ✇❛t❡r ✭4.18 J g−1 K−1✮✳ ■❢
✇❡ ❛ss✉♠❡ t❤❛t t❤❡ ❧❛st r❡❛❝t✐♦♥ r✉♥ ✐♥ ♦✉r
❝❛❧♦r✐♠❡t❡r ❤❡❛t❡❞ t❤❡ ✇❛t❡r ❢r♦♠ 37 ◦C t♦
48 ◦C✳ ❍♦✇ ♠✉❝❤ ❡♥❡r❣② ❞✐❞ t❤❡ r❡❛❝t✐♦♥
❣❡♥❡r❛t❡❄

❆ 18.4 J

❇ 1.84 kJ

❈ 18400 J

❉ 46 kJ

❊ 46 J

◗✉❡st✐♦♥ ✶✻ ✭▼❈✮✿

❇❡❧♦✇ ②♦✉ ❝❛♥ s❡❡ t❤❡ t✐tr❛t✐♦♥ ❝✉r✈❡ ♦❢
❛♠♠♦♥✐❛ ✇✐t❤ ❍❈❧✳ ❲❤❛t ✐s t❤❡ ♣❑a ♦❢ t❤❡
❛♠♠♦♥✐✉♠ ✐♦♥❄

❆ ■ ❛♠ ♥♦t ❣✐✈❡♥ ❡♥♦✉❣❤ ✐♥❢♦r♠❛t✐♦♥ t♦ ❛♥s✇❡r

t❤✐s ◗✉❡st✐♦♥✳

❇ ✾✳✷

❈ ✺✳✵

❉ ✽✳✹

❊ ✶✳✵

◗✉❡st✐♦♥ ✶✼ ✭▼❈✮✿

❨♦✉ ❛r❡ ✇♦r❦✐♥❣ ✉♣ ❛ r❡❛❝t✐♦♥ ❛♥❞ ②♦✉r ♣r♦❞✲
✉❝t s❤♦✇s ❛ ❞✐str✐❜✉t✐♦♥ ❝♦❡✣❝✐❡♥t ♦❢ 4 =
c(EtOAc)
c(H2O) ✳ ■❢ ②♦✉ ❡①tr❛❝t ②♦✉r ❛q✉❡♦✉s ♣❤❛s❡

✭100 mL✮ t❤r❡❡ t✐♠❡s ✇✐t❤ ❊t❖❆❝ ✭100 mL
❡❛❝❤✮✳ ❲❤❛t ✐s t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ♣r♦❞✉❝t ✐♥
t❤❡ ❝♦♠❜✐♥❡❞ ♦r❣❛♥✐❝ ♣❤❛s❡❄

❆ ✾✻

❇ ✽✵

❈ ✾✺

❉ ✾✶

❊ ✾✾

❈❤❡♠✐str② ❖❧②♠♣✐❛❞ ✷✵✶✾✴✷✵ ✲ ✶st r♦✉♥❞ ✸ ♦❢ ✺



◗✉❡st✐♦♥ ✶✽ ✭▼❚❋✮✿

❈❤♦♦s❡ ❛❧❧ st❛t❡♠❡♥ts ✇❤✐❝❤ ❛r❡ ❝♦rr❡❝t✳

❆ ◆❛❈❧ ✭s✮ ✐s ❛ ❣♦♦❞ ❡❧❡❝tr✐❝❛❧ ❝♦♥❞✉❝t♦r✳

❇ ❚❤❡ ❡❧❡❝tr✐❝❛❧ ❝♦♥❞✉❝t✐✈✐t② ♦❢ ❛ ◆❛❈❧ s♦❧✉t✐♦♥

✐♥ ✇❛t❡r ❞❡❝r❡❛s❡s ✇✐t❤ ✐♥❝r❡❛s✐♥❣ t❡♠♣❡r❛✲

t✉r❡✳

❈ ❚❤❡ ❡❧❡❝tr✐❝❛❧ ❝♦♥❞✉❝t✐✈✐t② ♦❢ ♠❡t❛❧s ✐♥✲

❝r❡❛s❡s ✇✐t❤ ✐♥❝r❡❛s✐♥❣ t❡♠♣❡r❛t✉r❡✳

❉ ◆❛❈❧ ✭❛q✮ ✐s ❛ ❣♦♦❞ ❡❧❡❝tr✐❝❛❧ ❝♦♥❞✉❝t♦r✳

❊ ◆❛❈❧ ✭❧✮ ✐s ❛ ❣♦♦❞ ❡❧❡❝tr✐❝❛❧ ❝♦♥❞✉❝t♦r✳

◗✉❡st✐♦♥ ✶✾ ✭▼❚❋✮✿

❲❤✐❝❤ ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ ❢✉♥❝t✐♦♥❛❧ ❣r♦✉♣s ✐s
♥♦t ♣r❡s❡♥t ✐♥ t❤❡ ❣✐✈❡♥ ♠♦❧❡❝✉❧❡❄

❆ ❉♦✉❜❧❡ ❜♦♥❞

❇ ❆♠✐♥❡

❈ ❆♠✐❞❡

❉ ❆❧❝♦❤♦❧

❊ ❊st❡r

◗✉❡st✐♦♥ ✷✵ ✭▼❚❋✮✿

❲❤✐❝❤ ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ ♠♦❧❡❝✉❧❡s ✐s ♥♦t ❛
❝♦♥st✐t✉t✐♦♥ ✐s♦♠❡r ♦❢ C4H8O❄

❆ ✸

❇ ✹

❈ ✺

❉ ✷

❊ ✶

◗✉❡st✐♦♥ ✷✶ ✭▼❈✮✿

❲❤❛t ✐s t❤❡ ❡♥❡r❣② ♦❢ ❛ ♣❤♦t♦♥ ♦❢ ✇❛✈❡❧❡♥❣t❤
350 nm❄ ❈♦♥s✐❞❡r t❤❡ ❢♦r♠✉❧❛ E = hc

λ
✳

P❧❛♥❝❦✬s ❝♦♥st❛♥t ✐s h = 6.626 · 10−34 J s
❛♥❞ t❤❡ s♣❡❡❞ ♦❢ ❧✐❣❤t ✐♥ ❛ ✈❛❝✉✉♠ ✐s c =
2.998 · 108 m s−1✳

❆ 5.7 · 10−19 J

❇ 5.7 · 1019 J

❈ 5.7 · 10−16 J

❉ 5.7 · 1018 J

❊ 5.7 · 10−18 J

◗✉❡st✐♦♥ ✷✷ ✭▼❈✮✿

❍♦✇ ♠❛♥② ❛t♦♠s ♦❢ ❊✐♥st❡✐♥✐✉♠✱ 254
99Es✱ ❛r❡

✐♥ ❛ s❛♠♣❧❡ ♦❢ 0.5 g❄

❆ 1.29 · 1021

❇ 3.04 · 1022

❈ 1.19 · 1021

❉ 3.04 · 1021

❊ 1.29 · 1022

◗✉❡st✐♦♥ ✷✸ ✭▼❈✮✿

❍♦✇ ♠❛♥② Ag+ ✐♦♥s ❛r❡ ♣r❡s❡♥t ✐♥ 0.5 L
♦❢ ❛ s❛t✉r❛t❡❞ ❆❣❈❧ s♦❧✉t✐♦♥ ✭KL = 2.0 ·

10−10 M2✮❄

❆ 1.00 · 10−5 mol

❇ 7.07 · 10−5 mol

❈ 1.41 · 10−6 mol

❉ 7.07 · 10−6 mol

❊ 1.41 · 10−7 mol

◗✉❡st✐♦♥ ✷✹ ✭▼❈✮✿

❖r❞❡r t❤❡ ❢♦❧❧♦✇✐♥❣ ❡❧❡♠❡♥ts ❛❝❝♦r❞✐♥❣ t♦
t❤❡✐r ❡❧❡❝tr♦♥❡❣❛t✐✈✐t② ✐♥ ✐♥❝r❡❛s✐♥❣ ♦r❞❡r✳

❆ P ❁ ◆❛ ❁ ❈ ❁ ❖ ❁ ❋

❇ ◆❛ ❁ P ❁ ❈ ❁ ❖ ❁ ❋

❈ ◆❛ ❁ ❈ ❁ P ❁ ❖ ❁ ❋

❉ ◆❛ ❁ ❈ ❁ P ❁ ❋ ❁ ❖

❊ ◆❛ ❁ P ❁ ❈ ❁ ❋ ❁ ❖

❈❤❡♠✐str② ❖❧②♠♣✐❛❞ ✷✵✶✾✴✷✵ ✲ ✶st r♦✉♥❞ ✹ ♦❢ ✺



◗✉❡st✐♦♥ ✷✺ ✭▼❈✮✿

❲❡ ♠❡❛s✉r❡❞ ❛ ♣r♦♣❡rt② ❇ ♦❢ ❛ s♦❧✉t✐♦♥ t♦
❜❡ 3.45 ✇❤❛t ✇❛s t❤❡ s♦❧✉t✐♦♥s ❝♦♥❝❡♥tr❛t✐♦♥
✐❢ ②♦✉ ❝♦♥s✐❞❡r t❤❡ ❢♦❧❧♦✇✐♥❣ ♣❧♦t❄

❆ 0.09 µM

❇ 0.18 µM

❈ 0.9 µM

❉ 0.045 µM

❊ 4.5 µM

❈❤❡♠✐str② ❖❧②♠♣✐❛❞ ✷✵✶✾✴✷✵ ✲ ✶st r♦✉♥❞ ✺ ♦❢ ✺


