
15th Swiss and Liechtenstein
Chemistry Olympiad

First round

Multiple Choice : 30 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 after 1st of July 2001
(according to IChO) - not yet immatriculated at an university

- attending a Swiss school (now or previously)
Due date : 26th of September 2020
Due address : available online

Good luck!



◗✉❡st✐♦♥ ✶ ✭▼❈✮✿

❚♦ ❣❛✐♥ ♣r❡❝✐♣✐t❛t❡❞ s✐❧✈❡r ❝❤❧♦r✐❞❡ ✭s♦❧✐❞✮
❢r♦♠ ❛♥ ❛q✉❡♦✉s s♦❧✉t✐♦♥✱ ✇❤✐❝❤ ♦❢ t❤❡ ❢♦❧✲
❧♦✇✐♥❣ ❡①tr❛❝t✐♦♥ ♠❡t❤♦❞s ✇✐❧❧ ❧✐❦❡❧② ❜❡ t❤❡
♠♦st s✉❝❝❡ss❢✉❧❄

❆ ❈r②st❛❧❧✐③❛t✐♦♥

❇ ❈♦❧✉♠♥ ❝❤r♦♠❛t♦❣r❛♣❤②

❈ ❈❡♥tr✐❢✉❣❛t✐♦♥

❉ ❋r❛❝t✐♦♥❛❧ ❞✐st✐❧❧❛t✐♦♥

❊ ❯s✐♥❣ ❛ str♦♥❣ ♠❛❣♥❡t

◗✉❡st✐♦♥ ✷ ✭▼❈✮✿

❈♦❜❛❧t ❤❛s ♦♥❧② ♦♥❡ ♥❛t✉r❛❧❧② ♦❝❝✉rr✐♥❣ ✐s♦✲
t♦♣❡✳ ❲❤❛t ♠❛ss ❞♦❡s ♦♥❡ s✐♥❣❧❡ ❝♦❜❛❧t ❛t♦♠
❤❛✈❡❄

❆ 5.9 ∗ 10−22 ❣

❇ 9.8 ∗ 10−23 ❣

❈ 3.5 ∗ 10−25 ❣

❉ 4.5 ∗ 10−23 ❣

❊ 1.6 ∗ 10−21 ❣

◗✉❡st✐♦♥ ✸ ✭▼❈✮✿

❲❤❛t ✐s t❤❡ ❜❛s✐❝ ❝♦♠♣♦s✐t✐♦♥ ♦❢ 75
33❆s❄

❆ ✸✸ ♣r♦t♦♥s✱ ✹✷ ♥❡✉tr♦♥s✱ ❛♥❞ ✸✸ ❡❧❡❝tr♦♥s✳

❇ ✼✺ ♣r♦t♦♥s✱ ✹✷ ♥❡✉tr♦♥s✱ ❛♥❞ ✼✺ ❡❧❡❝tr♦♥s✳

❈ ✸✸ ♣r♦t♦♥s✱ ✼✺ ♥❡✉tr♦♥s✱ ❛♥❞ ✸✸ ❡❧❡❝tr♦♥s✳

❉ ✸✸ ♣r♦t♦♥s✱ ✶✵✽ ♥❡✉tr♦♥s✱ ❛♥❞ ✸✸ ❡❧❡❝tr♦♥s✳

❊ ✸✸ ♣r♦t♦♥s ❛♥❞ ✼✺ ❡❧❡❝tr♦♥s ❜✉t ♥❡✉tr♦♥s
❝❛♥♥♦t ❜❡ ❞❡t❡r♠✐♥❡❞✳

◗✉❡st✐♦♥ ✹ ✭▼❈✮✿

❲❤❛t ✐s t❤❡ ♥❛♠❡ ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ ❝♦♠♣♦✉♥❞✿
P4❙7❄

❆ P❤♦s♣❤♦r♦✲■❱✲s✉❧✜❞❡✲❱■■

❇ ❚❡tr❛♣❤♦s♣❤♦r✉s ❤❡♣t❛s✉❧✜❞❡

❈ ◗✉❛tr♦♣❤♦s♣❤♦r♦✉s s❡♣t✐♠♦s✉❧✜❞❡

❉ ❚❡tr❛♣❤♦s♣❤♦❤❡♣t❛s✉❧✜t❡

❊ P❤♦s♣❤♦r✉s❬■❱❪ s✉❧✜❞❡❬❱■■❪

◗✉❡st✐♦♥ ✺ ✭▼❈✮✿

❲❤✐❝❤ ♦♥❡ ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ ❜❡st ❞❡s❝r✐❜❡s t❤❡
♠♦❧❡❝✉❧❛r ❣❡♦♠❡tr② ✭s❤❛♣❡✮ ♦❢ ❙❡❋3

+❄

❆ ❚❡tr❛❤❡❞r❛❧

❇ ❚r✐❣♦♥❛❧✲♣②r❛♠✐❞❛❧

❈ ❚r✐❣♦♥❛❧✲♣❧❛♥❛r

❉ ❇❡♥t

❊ ❈②❝❧✐❝

◗✉❡st✐♦♥ ✻ ✭▼❈✮✿

●✐✈❡♥ ✐s t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❞♦① ❡q✉❛t✐♦♥✿
✽ ❆❧ ✰ ✸ ◆❖3

− ✰ ✺ ❖❍− ✰ ❳ ❍2❖
→ ❨ ❬❆❧✭❖❍✮4❪

− ✰ ✸ ◆❍3

❉❡t❡r♠✐♥❡ ❳ ❛♥❞ ❨✳

❆ ❳ ❂ ✾❀ ❨ ❂ ✹

❇ ❳ ❂ ✶✺❀ ❨ ❂ ✽

❈ ❳ ❂ ✵❀ ❨ ❂ ✽

❉ ❳ ❂ ✽❀ ❨ ❂ ✹

❊ ❳ ❂ ✶✽❀ ❨ ❂ ✽

◗✉❡st✐♦♥ ✼ ✭▼❈✮✿

❲❤✐❝❤ ✐s t❤❡ ♦①✐❞❛t✐♦♥ ♥✉♠❜❡r ♦❢ ❚❡ ✐♥
❍6❚❡❖6❄

❆ ✰■❱

❇ ✰❱■

❈ ✲❱■

❉ ✵

❊ ✰❳■■

◗✉❡st✐♦♥ ✽ ✭▼❈✮✿

❍❛✈✐♥❣ ✵✳✷✺✵ ♠♦❧ ◆2 ❣❛s ✐♥ ❛ ❝♦♥t❛✐♥❡r ✭✶✵ ▲✮
❛t ✶✵✵ ◦❈✳ ❯s✐♥❣ t❤❡ ✐❞❡❛❧ ❣❛s ❧❛✇✱ ❝❛❧❝✉❧❛t❡
t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♣r❡ss✉r❡✿
♣❱ ❂ ♥❘❚
❘ ❂ ✽✳✸✶✹✺ ❏ ❑−1 ♠♦❧−1

❆ ✷✵✳✽ ❦P❛

❇ 7.7 ∗ 103 ❦P❛

❈ ✼✽ ❦P❛

❉ ✶✳✶ ❦P❛

❊ ✷✳✽ ❦P❛

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



◗✉❡st✐♦♥ ✾ ✭▼❈✮✿

●✐✈❡♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❞✐❛❣r❛♠✱ ✇❤✐❝❤ ♦❢ t❤❡ ❢♦❧✲
❧♦✇✐♥❣ st❛t❡♠❡♥ts ✐s ❝♦rr❡❝t❄

❆ ❚❤❡ r❡❛❝t✐♦♥ ✐s ❡♥❞♦t❤❡r♠✐❝✳

❇ ❚❤❡ ♣r♦❞✉❝ts ❤❛✈❡ ❧❡ss ♠❛ss t❤❛♥ t❤❡ r❡❛❝✲
t❛♥ts✳

❈ ❚❤❡ r❡❛❝t✐♦♥ ❡♠✐ts ❧✐❣❤t ✭✢✉♦r❡s❝❡♥❝❡✮✳

❉ ❚❤❡ r❡❛❝t✐♦♥ ✐s ❡①♦t❤❡r♠✐❝✳

❊ ❚❤❡ r❡❛❝t✐♦♥ ✐s ❣r❛✈✐t②✲s❡♥s✐t✐✈❡✳

◗✉❡st✐♦♥ ✶✵ ✭▼❈✮✿

❊t❤❛♥♦✐❝ ❛❝✐❞ ❛♥❞ ❡t❤❛♥♦❧ r❡❛❝t r❡✈❡rs✐❜❧② t♦
❢♦r♠ ❡t❤②❧ ❡t❤❛♥♦❛t❡ ❛♥❞ ✇❛t❡r✳ ❚❤✐s r❡❛❝✲
t✐♦♥ ✐s ❢❛✐r❧② s❧♦✇✱ ❛♥❞ ✐s ✉s✉❛❧❧② ❞♦♥❡ ✐♥ t❤❡
♣r❡s❡♥❝❡ ♦❢ ❛ s♠❛❧❧ ❛♠♦✉♥t ♦❢ ❝♦♥❝❡♥tr❛t❡❞
s✉❧♣❤✉r✐❝ ❛❝✐❞ ❛s ❛ ❝❛t❛❧②st✳ ❲❤❛t ✐s t❤❡ ❡❢✲
❢❡❝t ♦♥ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ✇❤❡♥ ❛❞❞✐♥❣ t❤❡ ❝❛t✲
❛❧②st❄

❆ ❙❤✐❢t t♦ t❤❡ ❡❞✉❝t s✐❞❡✱ ❜❡❝❛✉s❡ t❤❡r❡ ❛r❡
♠♦r❡ r❡❛❝t❛♥ts✳

❇ ❙❤✐❢t t♦ t❤❡ ♣r♦❞✉❝t s✐❞❡✱ ❜❡❝❛✉s❡ t❤❡ ❝❛t❛✲
❧②st ♠❛❦❡s t❤❡ r❡❛❝t✐♦♥ ❢❛st❡r✳

❈ ❙❤✐❢t t♦ t❤❡ ♣r♦❞✉❝t s✐❞❡✱ ❜❡❝❛✉s❡ s✉❧♣❤✉r✐❝
❛❝✐❞ r❡❛❝ts ✇✐t❤ ✇❛t❡r✳

❉ ❙❤✐❢t t♦ ❡❞✉❝t s✐❞❡✱ ❜❡❝❛✉s❡ ♠♦r❡ ❛❝✐❞ ✐s
❛❞❞❡❞✳

❊ ◆♦ ❡✛❡❝t ♦♥ t❤❡ ❡q✉✐❧✐❜r✐✉♠✱ ❛s ❛ ❝❛t❛❧②st
♦♥❧② s♣❡❡❞s ✉♣ ❛ r❡❛❝t✐♦♥✳

◗✉❡st✐♦♥ ✶✶ ✭▼❈✮✿

❲❤② ❞♦ ◆2 ❛♥❞ ❖2 ❜♦t❤ ❝♦✲❡①✐st ✐♥ t❤❡ ❛✐r
❛♥❞ ❞♦ ♥♦t r❡❛❝t t♦ ◆❖❄

❆ ❇❡❝❛✉s❡ s❛♠❡✲❡❧❡♠❡♥t✲❣❛s❡s ❛r❡ ♣r❡❢❡rr❡❞
❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❇♦rs❝❤✲◆✐❣❡❧✲▲❛✇✳

❇ ❇❡❝❛✉s❡ ◆❖ ✐♠♠❡❞✐❛t❡❧② ❡①♣❧♦❞❡s ✐♥ s✉♥✲
❧✐❣❤t✳

❈ ❇❡❝❛✉s❡ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ❛t r♦♦♠ t❡♠♣❡r❛t✉r❡
✐s ♦♥ t❤❡ ❧❡❢t s✐❞❡ ✭❢❛✈♦✉r✐♥❣ ◆2 ❛♥❞ ❖2✮✳

❉ ❇❡❝❛✉s❡ t❤❡r❡ ✐s t♦♦ ♠✉❝❤ ◆2 ❛♥❞ ♥♦t
❡♥♦✉❣❤ ❖2 ✐♥ t❤❡ ❛✐r✳

❊ ❇❡❝❛✉s❡ ❤✉♠❛♥s ♥❡❡❞ ♦①②❣❡♥ t♦ s✉r✈✐✈❡✳

◗✉❡st✐♦♥ ✶✷ ✭▼❈✮✿

■r♦♥ ✐s ♦①✐❞✐③❡❞ ✇✐t❤ ✇❛t❡r ✐♥ ❛ ❝❧♦s❡❞ s②st❡♠✳
❲❤❛t ✐s t❤❡ ❡✛❡❝t ♦♥ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ✐❢ t❤❡
♣r❡ss✉r❡ ✐♥ t❤❡ s②st❡♠ ✐s ✐♥❝r❡❛s❡❞❄
✸ ❋❡ ✭s✮ ✰ ✹ ❍2❖ ✭❣✮ ⇄ ❋❡3❖4 ✭s✮ ✰ ✹ ❍2 ✭❣✮

❆ ❙❤✐❢t t♦ t❤❡ ❧❡❢t ❜❡❝❛✉s❡ ❤②❞r♦❣❡♥ ❣❛s ✐s ❜❡✲
✐♥❣ ❝♦♠♣r❡ss❡❞✳

❇ ❙❤✐❢t t♦ t❤❡ r✐❣❤t ❜❡❝❛✉s❡ ❝♦♥❝❡♥tr❛t✐♦♥s ♦❢
t❤❡ ✐♥✈♦❧✈❡❞ ❣❛s❡s ✐♥❝r❡❛s❡✳

❈ ❙❤✐❢t t♦ t❤❡ r✐❣❤t ❜❡❝❛✉s❡ ♣❛rt✐❝❧❡s ❛r❡ ✐♥
❝❧♦s❡r ❝♦♥t❛❝t t♦ r❡❛❝t✳

❉ ◆♦ ❡✛❡❝t ♦♥ t❤❡ ❡q✉✐❧✐❜r✐✉♠✱ ❛s ✐r♦♥ ❛❧s♦ ❛❝ts
❛s ❛ ❝❛t❛❧②st ✐♥ t❤✐s r❡❛❝t✐♦♥✳

❊ ◆♦ ❡✛❡❝t ♦♥ t❤❡ ❡q✉✐❧✐❜r✐✉♠✱ ❛s t❤❡r❡ ✐s ♥♦
❝❤❛♥❣❡ ✐♥ ✈♦❧✉♠❡ ✐♥ t❤✐s r❡❛❝t✐♦♥✳

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



◗✉❡st✐♦♥ ✶✸ ✭▼❈✮✿

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

❆ ✭❇❖❍✮4❖5
2−

❇ ❖✭❇❖❍✮2❬✭❖❇❖✭❖❍✮✮2❪
2−

❈ ❇4❖9❍4
2−

❉ [❇4❖5✭❖❍✮4]
2−

❊ ❚❤✐s ♠♦❧❡❝✉❧❡ ❞♦❡s ♥♦t ❡①✐st✳

◗✉❡st✐♦♥ ✶✹ ✭▼❈✮✿

❲❤✐❝❤ ✐s t❤❡ ❝♦♥❥✉❣❛t❡❞ ❜❛s❡ ♦❢ ❙❍−❄

❆ ❙2−

❇ ❍❙

❈ ❙−

❉ ❍2❙

❊ ❍❙+

◗✉❡st✐♦♥ ✶✺ ✭▼❈✮✿

❲❤✐❝❤ ✐s t❤❡ ❝♦♥❥✉❣❛t❡❞ ❛❝✐❞ ♦❢ ❙❍−❄

❆ ❍❙

❇ ❙0

❈ ❍2❙
−

❉ ❍−❙

❊ ❍2❙

◗✉❡st✐♦♥ ✶✻ ✭▼❈✮✿

●✐✈❡♥ t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❛❝t✐♦♥✿
❈❙2 ✰ ❙❍−

→ ❙2❈❙❍
−

❆❝❝♦r❞✐♥❣ t♦ ▲❡✇✐s✱ ✇❤✐❝❤ ❝♦♠♣♦✉♥❞ ❛❝ts ❛s
❜❛s❡ ❛♥❞ ✇❤✐❝❤ ❛s ❛❝✐❞❄

❆ ❈❙2 ✐s t❤❡ ❜❛s❡ ❛♥❞ ❙❍− ✐s t❤❡ ❛❝✐❞✳

❇ ❙❍− ✐s t❤❡ ❜❛s❡ ❛♥❞ ❈❙2 ✐s t❤❡ ❛❝✐❞✳

❈ ❈❙2 ✐s ❜♦t❤ ❜❛s❡ ❛♥❞ ❛❝✐❞✳

❉ ❙❍− ✐s ❜♦t❤ ❜❛s❡ ❛♥❞ ❛❝✐❞✳

❊ ❈❙2 ✐s t❤❡ ❛❝✐❞ ❛♥❞ ❙❍− ❛❝ts ❛s ❛ ❝❛t❛❧②st✳

◗✉❡st✐♦♥ ✶✼ ✭▼❈✮✿

❚♦ ❛ ✶✵✵ ♠▲ s♦❧✉t✐♦♥ ♦❢ ✵✳✵✸✺ ♠♦❧✴▲ ❍◆❖2

✭♥✐tr♦✉s ❛❝✐❞✮✱ ✵✳✵✶✵ ♠♦❧ ◆❛◆❖2 ✭s♦❞✐✉♠ ♥✐✲
tr✐t❡✮ ❛r❡ ❛❞❞❡❞✳ ❲❤❛t ✐s t❤❡ ♣❍ ✈❛❧✉❡ ♦❢ t❤❛t
s♦❧✉t✐♦♥❄
♣❑a ✭❍◆❖2✮ ❂ ✸✳✷✾

♣❍ ❂ ♣❑a ✰ ❧♦❣10
[A−]
[HA]

❆ ✶✳✹✻

❇ ✷✳✼✺

❈ ✷✳✽✸

❉ ✸✳✼✺

❊ ✸✳✽✸

◗✉❡st✐♦♥ ✶✽ ✭▼❈✮✿

❍♦✇ ♠❛♥② ❝♦♥st✐t✉t✐♦♥❛❧ ✐s♦♠❡rs ❛r❡ t❤❡r❡ ♦❢
❈4❍11◆❄
❉♦✉❜❧❡ ❜♦♥❞ ❡q✉✐✈❛❧❡♥❝❡s ❢♦r ❈c❍h◆n✿
❉❇❊ ❂ 2c−h+n+2

2

❆ ✹

❇ ✺

❈ ✻

❉ ✼

❊ ✽

◗✉❡st✐♦♥ ✶✾ ✭▼❈✮✿

❈❛r❜♦♥ ❞❛t✐♥❣ ✐s ❛ ♠❡t❤♦❞ t❤❛t ❝❛♥ ❜❡ ✉s❡❞
t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❛❣❡ ♦❢ ❢♦ss✐❧ r❡♠❛✐♥s✳ ■t
✉s❡s t❤❡ r❛❞✐♦❛❝t✐✈❡ ❝❛r❜♦♥ ✐s♦t♦♣❡ 14❈ ✇✐t❤
❛ ❤❛❧❢✲❧✐❢❡ ♦❢ ❛♣♣r♦①✐♠❛t❡❧② ✺✬✼✵✵ ②❡❛rs✳ ■❢ ✶✺
✪ ♦❢ t❤❡ ✐♥✐t✐❛❧ ❛♠♦✉♥t ♦❢ 14❈ ✐♥ ❛ s❛♠♣❧❡
r❡♠❛✐♥✱ ❤♦✇ ♠✉❝❤ t✐♠❡ ❤❛s ❡❧❛♣s❡❞❄
N(t) = N0 exp(−kt)

t1/2 =
ln(2)
k

❆ ✽✺✺ ②❡❛rs

❇ ✺✬✼✵✵ ②❡❛rs

❈ ✶✺✬✻✵✵ ②❡❛rs

❉ ✷✶✬✽✵✵ ②❡❛rs

❊ ✺✹✬✷✵✵ ②❡❛rs

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



◗✉❡st✐♦♥ ✷✵ ✭▼❈✮✿

❍♦✇ ♠✉❝❤ ❡♥❡r❣② ❣❡ts r❡❧❡❛s❡❞ ❛t t❤❡ ♥✉❝❧❡❛r
✜ss✐♦♥ ♦❢ ✶ ❦❣ ✉r❛♥✐✉♠✲✷✸✺❄
235❯ ✰ ♥ →

90❑r ✰ 143❇❛ ✰ ✸ ♥
♠✭♥✮ ❂ ✶✳✵✵✽✼ ✉
♠✭90❑r✮ ❂ ✽✾✳✾✷✺✷ ✉
♠✭143❇❛✮ ❂ ✶✹✷✳✾✷✻✼ ✉
♠✭235❯✮ ❂ ✷✸✺✳✵✹✸✾ ✉
E = mc2

c = 299′792′458 ♠✴s
✶ ✉ ❂ 1.66054 ∗ 10−27 ❦❣

❆ ✵✳✶✼✺ ❏

❇ ✹✶✾✵ ❏

❈ ✽✸✽✵ ❏

❉ 5.43 ∗ 106 ❏

❊ 6.66 ∗ 1013 ❏

◗✉❡st✐♦♥ ✷✶ ✭▼❈✮✿

❲❤❛t ✐s t❤❡ ♥❛♠❡ ♦❢ t❤❡ ♣r♦❞✉❝t ♦❢ t❤✐s ❝♦♥✲
❞❡♥s❛t✐♦♥ r❡❛❝t✐♦♥❄

❆ ❳ ❂ ♣❡♥t❛♥✲✷✲♦♥❡

❇ ❳ ❂ ❤❡①❛♥✲✸✲♦♥❡

❈ ❳ ❂ ♠❡t❤②❧ ❜✉t❛♥♦❛t❡

❉ ❳ ❂ ❡t❤②❧ ❜✉t❛♥♦❛t❡

❊ ❳ ❂ ✷✲❤②❞r♦①②❡t❤②❧ ❜✉t❛♥♦❛t❡

◗✉❡st✐♦♥ ✷✷ ✭▼❈✮✿

❍♦✇ ♠❛♥② ❝❤✐r❛❧ ❝❡♥t❡rs ❛r❡ t❤❡r❡ ✐♥ t❤❡
str✉❝t✉r❡ ❜❡❧♦✇❄

❆ ✵

❇ ✸

❈ ✺

❉ ✽

❊ ✶✵

◗✉❡st✐♦♥ ✷✸ ✭▼❈✮✿

❲❤❛t ✐s t❤❡ ❝❡❧❧ ♣♦t❡♥t✐❛❧ ♦❢ ❛ ❣❛❧✈❛♥✐❝
❝❡❧❧ ❜❛s❡❞ ♦♥ t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❞✉❝t✐♦♥ ❤❛❧❢✲
r❡❛❝t✐♦♥s ❛t ✷✺ ◦❈✱ ✇❤❡r❡ ❬◆✐2+❪ ❂ ✵✳✷✵ ▼
❛♥❞ ❬P❜2+❪ ❂ ✵✳✵✷ ▼❄
◆✐2+ ✰ ✷ ❡− → ◆✐❀ E0 = −0.23 ❱
P❜2+ ✰ ✷ ❡− → P❜❀ E0 = −0.13 ❱
E = E0 + RT

nF ❧♥ [Ox]
[Red]

❘ ❂ ✽✳✸✶✹✺ ❏ ♠♦❧−1 ❑−1❀ ❋ ❂ ✾✻✹✽✺ ❈ ♠♦❧−1

❆ −13 ♠❱

❇ −70 ♠❱

❈ +70 ♠❱

❉ +100 ♠❱

❊ +130 ♠❱

◗✉❡st✐♦♥ ✷✹ ✭▼❈✮✿

❲❤❛t ✐s t❤❡ ♠❛①✐♠✉♠ ②✐❡❧❞ ♦❢ ❛♠♠♦♥✐❛ ✐❢
✸ ❣ ❤②❞r♦❣❡♥ ❣❛s r❡❛❝t ✇✐t❤ ✶ ❣ ♥✐tr♦❣❡♥ ❣❛s❄

❆ ✵✳✻✶ ❣

❇ ✶✳✷ ❣

❈ ✹✳✵ ❣

❉ ✷✻ ❣

❊ ✺✶ ❣

◗✉❡st✐♦♥ ✷✺ ✭▼❈✮✿

❆❣2❈r❖4 ❤❛s ❛ s♦❧✉❜✐❧✐t② ♣r♦❞✉❝t ♦❢ 1.1 ∗

10−12 ♠♦❧3 ▲−3 ❛t ✷✺ ◦❈✳ ❲❤❛t ♠❛ss ♦❢ s✐❧✈❡r
❝❤r♦♠❛t❡ ❝❛♥ ❜❡ ❞✐ss♦❧✈❡❞ ✐♥ ✷ ▲ ♦❢ ✇❛t❡r❄
❑L ❂ ❬❆❣+❪2 ❬❈r❖4

2−❪

❆ ✶✾ µ❣

❇ ✷✼ µ❣

❈ ✻✳✺ ♠❣

❉ ✷✷ ♠❣

❊ ✹✸ ♠❣

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



◗✉❡st✐♦♥ ✷✻ ✭▼❈✮✿

❚❤❡ r❡❛❝t✐♦♥ ♦❢ ❛❧✉♠✐♥✐✉♠ ✇✐t❤ ✐r♦♥ ♦①✐❞❡ ✐s
str♦♥❣❧② ❡①♦t❤❡r♠✐❝ ❛♥❞ ❝❛♥ r❡❛❝❤ t❡♠♣❡r❛✲
t✉r❡s ✉♣ t♦ ✷✹✵✵ ◦❈✳ ❚❤❡r❡❢♦r❡✱ t❤❡ t❤❡r♠✐t❡
r❡❛❝t✐♦♥ ✐s ♦❢t❡♥ ✉s❡❞ t♦ ❥♦✐♥ r❛✐❧✇❛② tr❛❝❦s✳
❍♦✇ ♠✉❝❤ ❤❡❛t ✐s ❣❡♥❡r❛t❡❞ ✐❢ ✶✵✵ ❣ ♦❢ ❛❧✉✲
♠✐♥✐✉♠ ✐s r❡❛❝t❡❞ ✇✐t❤ ❡①❝❡ss ✐r♦♥ ♦①✐❞❡❄
✷ ❆❧ ✭s✮ ✰ ❋❡2❖3 ✭s✮ → ✷ ❋❡ ✭s✮ ✰ ❆❧2❖3 ✭s✮❀
∆❍ ❂ −848 ❦❏✴♠♦❧

❆ 785 ❦❏

❇ 848 ❦❏

❈ 1570 ❦❏

❉ 3140 ❦❏

❊ 7340 ❦❏

◗✉❡st✐♦♥ ✷✼ ✭▼❈✮✿

❘❛♥❦ t❤❡s❡ ❝♦♠♣♦✉♥❞s ✐♥ t❡r♠s ♦❢ ✐♥❝r❡❛s✐♥❣
❛❝✐❞✐t②✿ ❈❍3❈❖2❍✱ ❍❈❧✱ ❍❈❧❖4✱ ❍2❖ ❛♥❞
❍2❙✳

❆ ❍2❖ ❁ ❍2❙ ❁ ❈❍3❈❖2❍ ❁ ❍❈❧ ❁ ❍❈❧❖4

❇ ❍2❖ ❁ ❈❍3❈❖2❍ ❁ ❍2❙ ❁ ❍❈❧ ❁ ❍❈❧❖4

❈ ❍2❙ ❁ ❍2❖ ❁ ❈❍3❈❖2❍ ❁ ❍❈❧ ❁ ❍❈❧❖4

❉ ❍2❙ ❁ ❍2❖ ❁ ❈❍3❈❖2❍ ❁ ❍❈❧❖4 ❁ ❍❈❧

❊ ❍2❖ ❁ ❈❍3❈❖2❍ ❁ ❍2❙ ❁ ❍❈❧❖4 ❁ ❍❈❧

◗✉❡st✐♦♥ ✷✽ ✭▼❈✮✿

❲❤✐❝❤ ❡♥❡r❣② ❤❛s ❛ s✐♥❣❧❡ q✉❛♥t✉♠ ♦❢ ②❡❧❧♦✇
❧✐❣❤t ♦❢ ✇❛✈❡❧❡♥❣t❤ ✺✺✵ ♥♠❄
E = hf = h c

λ
h = 6.626 ∗ 10−34 ❏ s
c = 299′792′458 ♠✴s

❆ 3.6 ∗ 10−19 ❏

❇ 3.6 ∗ 10−28 ❏

❈ 1.2 ∗ 10−31 ❏

❉ 3.6 ∗ 10−40 ❏

❊ 1.2 ∗ 10−48 ❏

◗✉❡st✐♦♥ ✷✾ ✭▼❈✮✿

❚❤❡ ❡q✉✐❧✐❜r✐✉♠ ❝♦♥st❛♥t ♦❢ t❤❡ ❞❡❝♦♠♣♦s✐✲
t✐♦♥ r❡❛❝t✐♦♥ ♦❢ ◆2❖4 t♦ t✇♦ ❡q✉✐✈❛❧❡♥ts ♦❢
◆❖2 ❛t ✷✺ ◦❈ ✇❛s ❢♦✉♥❞ t♦ ❜❡ Kc = 4.66 ∗

10−3 ♠♦❧✴▲✳ ❈❛❧❝✉❧❛t❡ t❤❡ ❢r❡❡ ●✐❜❜s ❡♥❡r❣②
♦❢ t❤✐s r❡❛❝t✐♦♥✿
◆2❖4 ✭❣✮ ⇄ ✷ ◆❖2 ✭❣✮
∆G = −RTln(Kc)

❆ ✹✽✺ ❏✴♠♦❧

❇ ✶✳✶✷ ❦❏✴♠♦❧

❈ ✺✳✼✽ ❦❏✴♠♦❧

❉ ✶✸✳✸ ❦❏✴♠♦❧

❊ ✷✷✳✹ ❦❏✴♠♦❧

◗✉❡st✐♦♥ ✸✵ ✭▼❚❋✮✿

❈♦♥s✐❞❡r t❤❡ ❢♦❧❧♦✇✐♥❣ st❛t❡♠❡♥ts t❤❛t ❝♦♠✲
♣❛r❡ ♣✉r❡ ♠❡t❛❧s ❛♥❞ ❛❧❧♦②s✳ ❲❤✐❝❤ st❛t❡✲
♠❡♥ts ❛r❡ ❝♦rr❡❝t❄

❆ ●♦❧❞ ✐s ❛ ❜❡tt❡r ❝♦♥❞✉❝t♦r t❤❛♥ r❡❞ ❣♦❧❞ ✭❣♦❧❞
❛♥❞ ❝♦♣♣❡r ❛❧❧♦②✮✳

❇ ●♦❧❞ ✐s ♠♦r❡ ❞✉❝t✐❧❡ t❤❛♥ r❡❞ ❣♦❧❞ ✭❣♦❧❞ ❛♥❞
❝♦♣♣❡r ❛❧❧♦②✮✳

❈ ❆❧❧♦②s ❛r❡ ♥♦t ❤♦♠♦❣❡♥♦✉s ♠✐①t✉r❡s✳

❉ P✉r❡ ♠❡t❛❧s ❣❡♥❡r❛❧❧② ✜♥❞ ❛ ✇✐❞❡r ✈❛r✐❡t② ♦❢
❛♣♣❧✐❝❛t✐♦♥s ✭❝♦♥str✉❝t✐♦♥✱ ❛✉t♦♠♦❜✐❧❡✱ s✉r✲
❣✐❝❛❧ t♦♦❧s✱ ✳✳✳✮ t❤❛♥ ❛❧❧♦②s✳

❊ ■r♦♥✲❜❛s❡❞ ❛❧❧♦②s ✇✐t❤ ❝❤r♦♠✐✉♠ ❛r❡ ❢❛r ❧❡ss
♣r♦♥❡ t♦ r✉st t❤❛♥ ♣✉r❡ ✐r♦♥✳

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


