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PREFACE

This edition of the book "Inorganic Chemistry Tasks with Exemplary
Solutions" - a collection of solved problems in chemistry is dedicated to
people interested in chemistry and participants in National competitions, in
National and International Olympiads in Chemistry. The book has been
developed to help prepare competitors for successful qualifying
performance.

The aim of the book is to offer exemplary solutions to problems, in which
it is shown to young people that in addition to a full and complete
representation of the chemical properties of substances by means of
chemical equations, a commentary on the processes involved is also
necessary.

For example:

- If hydrolysis processes are considered, the commentary should point
out the solubility of the substance in water, describe the hydrolysis
process in detail and the nature of the medium.

- Jon-exchange processes that affect the interaction between acids,
bases, and salts are represented by molecular, full-ion, and short-ion
equations, and it is emphasized that a reaction takes place when a
gas, precipitate, or weak electrolyte is produced.

- Inredox processes it is necessary to denote the electronic transitions,
the oxidant and the reductant, the electronic balance.

- If one is solving a problem for a chemical element, one must
characterize the atom of the element, present its electronic structure,
as well as its electronic formula, physical and chemical properties.

Due to the considerable length, the material is divided into seventeen
chapters and two parts. The first part includes 9 chapters dealing with
problems of inorganic chemistry and the second part - 8 chapters with
problems related to the properties of the chemical elements of the seven A
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groups of the Periodic Table and the properties of the metals of the B groups.
The two parts contain the solutions of 222 inorganic chemistry problems.

Problems with appropriate solutions can be the basis for a good preparation
in chemistry, for national competitions, for national and international
chemistry Olympiads, but also for gaining in-depth knowledge necessary
for successful performance during the study of chemistry, as well as
medicine at university, and then - in professional career.

I hope that the proposed exemplary solutions will be a useful and interesting
tool for developing skills of analysis, comparison, generalization, searching
for relationships and dependencies and will facilitate the preparation of
young people for successful competitive performances.

Ilia Manolov






PART ONE



PROBLEMS RELATED TO PROOF
REACTIONS OF COMPOUNDS AND IONS

Task 1

Five tubes contained solutions of HCI, HNO; , H,SO, , CO, , and H,S,

respectively. By means of what qualitative reactions can the substances in
these solutions be proved? Express the reactions with chemical equations.

Exemplary solution:

The five tubes contained solutions of substances with acidic properties. The
litmus will turn red from all the solutions, therefore these substances cannot
be distinguished using litmus. In aqueous solution they dissociate and give
off hydrogen cations and acid anions.

HCl —» H"™ + CI

HNO; —> H" + NO,
N _2
H,SO, —>2H + SOy

Hydrochloric, nitric and sulfuric acids are strong electrolytes and dissociate
completely in aqueous solution.

Carbonic acid is a weak and perishable dibasic acid and dissociates
reversibly in two steps:

H,CO, H® + HCOj;

_2
H" + Co0,

HCO;
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Total

_2
2H+ + CO3

H,CO;

Hydrogen sulfide acid is a weak, dibasic acid, dissociates bidentate:

H,S HY + HS

HS

)

HT + S

Ion exchange reactions are not related to electron transfer. Ion exchange
reactions take place when a gas, precipitate or weak electrolyte is produced
as a result of the interaction. lon exchange reactions are expressed by three
types of equations: molecular, full ion and short ion equations.

Chloride ions from hydrochloric acid are proved with silver nitrate solution.
A white precipitate of silver chloride is obtained.

HCl + AgNO; —> AgCl¢+ HNO;

H* + ¢l + Ag'+ NO; —» AgClj + H' + NO;
AN ~ J AN ~ J %—J

Ag" + Cl —> AgC1¢

By the light, the precipitate of silver chloride turns violet (silver salts are
photosensitive). It dissolves readily in ammonia due to the formation of the
complex salt diammonium silver chloride.

AgCl + 2NH;—> [Ag(NH;3),]Cl

Sulfate, carbonate and sulfide ions form insoluble salts, but only silver
halides change color in daylight or direct sunlight.

Reagent for the demonstration of sulfuric acid and sulfate ions are barium
ions. Mixing a solution of sulfuric acid and barium dichloride produces a



white precipitate of barium sulfate.

H,SO, + BaCl, —> BaSO4¢+ 2 HCI

2 2 _ _
2H' + 804 + Ba + 2C1 —» BasOy 2H'+ 2Cl
. J « J %—j

+2 -2
Ba + S04 —> BaSO4¢

The aqueous solution of carbon dioxide represents the weak and perishable
carbonic acid. It is a weak electrolyte and decomposes reversibly with the
evolution of carbon dioxide and water.

C02 + H20 p— H2CO3

_2
H" + CO;

H,CO; H™ + HCO;

Carbonic acid is dibasic and its dissociation occurs in two steps.

Reagent for proving carbonic acid and carbonate ions is clear lime water
Ca(OH), .

Ca(OH); + H,CO;—> CaCO3¢+ 2 H,0

_2
+2 —
Ca + 20H, + 2H" + CO3 — CaCO;

1 ¢

H,CO;

+ 2H20

+2 -2
Ca + CO; — = CaCOjy '
Mixing the two solutions separates a white precipitate of calcium carbonate.

Hydrogen sulfide is a gas with the smell of rotten eggs. In water as a dibasic
acid it dissociates to two degrees.
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The silver ions form with the sulfide ions a black precipitate of disilver
sulfide.

H,S + 2AgNO; ——> Ag2$¢ + 2HNO;

2H'+ 52+ 2 Ag'+2NO; —»Ag28¢+ 2H2NO,

2 Agt 4 §2—>Ag28¢

Nitric acid is highly oxidative, which is a prerequisite for its interaction with
metals after hydrogen in Order of Relative Activity of Metals, for example
copper. The redox process occurs in two stages.

Cu + 2H"+2NO; —» CuO + 2NO; + H,0
%{—J

_ +2 _
CuO +2H++2N03—> Cll +2NO3 +H20
—_ S

Sum equation:

_ +2 —
Cu+ 4H"+4NO;—» Cu t2NO3, +2NO,' + 2 H,0
%—J %—J

The emitted nitrogen dioxide is red-brown in color, which is unequivocal
evidence of nitric acid.

Processes involving a change in the degree of oxidation of particles and a
transfer of electrons from one type of particle (atoms, ions or molecules) to
another type of particle are redox processes. Reducers are particles that give
up electrons and increase their oxidation state. The process is oxidation
coupled with electron giving up. Oxidizers are particles that accept electrons
and lower their oxidation rate. The process is a reduction in which electrons
are taken up.

The interaction of copper with nitric acid is an oxidation-reduction process.



Cuo _ 2 e__> Cu 2 1
2
4
N+5 I e— N+ 1 2
Task 2

Express with chemical equations the hydrolysis of salts: Na,S, KCl, CuSO4 and
Pb(NOs),. Are you able to recognize them 1) with an indicator and 2) with
appropriate reagents? Indicate conditions that favor hydrolysis processes.

Exemplary solution:

According to Arrhenius' theory, salts are the product of the interaction
between acids and bases. The products of neutralization are salt and water.
Salts are electrolytes which, when dissolved in water, dissociate into metal
or other cations and acid anions.

Salts produced by neutralization of strong bases and weak acids, weak bases
and strong acids, weak bases and weak acids hydrolyze. Salts derived from
strong bases and strong acids do not hydrolyse.

Hydrolysis is the reverse process of neutralization and is the interaction of
molecules or ions of the solute with solvent molecules to change the pH of
the solution.

H,S + 2Na" + 2 0H
%—/

-2 _
2Na"+ s + 2H" + 20H
%—/ \ )

1

24,0

The sulfide ion from the salt binds to the hydrogen ions from the water in
the weak electrolyte hydrogen sulfide. In excess, the hydroxide ions remain
in solution, which determine the alkaline character of the medium. pH > 7.
Violet or red litmus immersed in the disodium sulfide solution turns blue.

Potassium chloride does not hydrolyze because it is a salt of the strong
potassium base and the strong hydrochloric acid.
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Copper sulfate is a product of the weak base copper dihydroxide and the
strong sulfuric acid. The hydrolysis is represented by the following equation:

-2
2 _
Cu”. S0,  +2H' +20H Cu(OH), + 2H" + SO4
~—
Y

|

2 H,0

The copper ions from the salt bind to the hydroxide ions from the water in
the weak electrolyte copper dihydroxide. In excess, hydrogen ions remain
in solution, which determines the acidic character of the solution. pH < 7.
The blue or violet litmus turns red.

Lead dinitrate is a product of the weak base lead dihydroxide and the strong
nitric acid. The salt hydrolyzes.

Pb + 2NO; + 2H'+ 20H Pb(OH), + 2H "+ 2 NO;

2 H,0

The lead ions from the salt bind to the hydroxide ions from the water in the
weak electrolyte lead dihydroxide. In excess, hydrogen ions remain in
solution, which determine the acidic character of the solution. pH < 7. The
blue or violet litmus turns red.

The aqueous solution of disodium sulfide colors the litmus blue, the aqueous
solutions of copper sulfate and lead dinitrate color the litmus red. The
potassium chloride solution is neutral and does not change the color of the
litmus.

No precipitation reactions are known for the alkali elements because
insoluble compounds of the alkali elements have not been described.
Sodium ions color the flame of the spirit lamp yellow.

Sulfide ions interact with silver nitrate solution. When aqueous solutions of
disodium sulfide and silver nitrate are mixed, a black precipitate of disilver
sulfide is released.



Na,S + 2 AgNO; —>Ang¢ + 2 NaNOj

_2 — —
2Na" + S + 2Ag™+ 2NO3; —» Ag,S, + 2Na’ + 2NO;
M | |

|

2Ag" + §2—>Ag28¢

When an aqueous solution of disodium sulfide is mixed with hydrochloric
acid, the stronger hydrochloric acid displaces the weaker hydrogen sulfide
acid from the salt and a gas with the odor of rotten eggs is given off. This is
unequivocal evidence of hydrogen sulfide acid and sulfide ions.

NaS + 2 HCl — 2NaCl + stT

_2 — _
2Na" + § 4+ 20" +2¢1 — Hsh F2Nat 120l
. J AN J —

Y Y

2 HT + §2—> HZST

The potassium ions color the flame of the spirit lamp violet. Chloride
ions with silver nitrate solution form a white precipitate of silver chloride.

KCl + AgNOj3— KNO;3 + AgCl¢
K'+ I+ Ag+ NOy — = AgCl¢ + K+ NO;
Y " %_j

Ag" L Ccl] —> AgC1¢

Copper sulfate can be proved by both the cationic and the anionic part.
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CuSO4 + 2NaOH — > Cu(OH)z¢ + NayS0y

2 2 — —2
Cu + SO, + 2Na'+ 20H —> Cu(OH), + 2Na'+ SO,
N\ v J [ ) W

Y

+2 _
Cu + 20H—>Cu(OH)2l

If an aqueous solution of copper sulfate is added to an aqueous solution of
sodium base, a sky-blue precipitate of copper dihydroxide is given off. Thus
the copper ions are proved.

Sulfate ions are demonstrated with barium ions. A white precipitate of
barium sulfate isseparated.

CuSO4 + BaCl, —» BaS0,4, * CuCl

'

+2 —2 +2 _ +2 —
\Cu + SO4J + Ba + 2C1 —_— BaSO4¢ + Cu + 2Cl
~ (N ~ J —

+2 -2

Ba + SOy —> BaSO4¢

Lead dinitrate can be recognized by the determination of lead cations and
nitrate anions. The lead ions, when reacted with hydrochloric acid or soluble
chlorides, form a white precipitate of lead dichloride.

Pb(NO3), + 2HCl — PbC12¢+ 2HNO;
+2 _ _ 4 _
Pb +2NO; + 2H" + 2Cl — PbCl,; + 2H" + NO;
%{—/ %{—/ l \ J

+2 _
Pb + 2Cl — PbClzi



10 I

No insoluble nitrates are known, no reagent exists to characterize nitrate
anions by precipitate formation.

Hydrolysis is an endothermic process. It has been found that at high
temperature and high dilutions the rate of hydrolysis increases, while at
concentrated solutions and low temperature it decreases.

Task 3

Suggest a way to distinguish aqueous solutions of CuSOa, Fex(SO4); and
Pb(NO3), using only one reagent. Why can't thesesolutions be distinguished
with litmus?

Exemplary solution:

Aqueous solutions of the three salts CuSO, , Fe, (S04); and Pb(NO3), can
be identified with a sodium base aqueous solution.

CuSO4 + 2NaOH—> Cu(OH), * Na,SOy

+2 _2

_ —2
Cu + SO4 + 2Na'+ 20H — Cu(OH), + 2Na + SOy
AN J AN J Y

g Y

+2 _
Cu + 2 OH —>CU(OH)2l

If an aqueous solution of copper sulfate is added to an aqueous solution of
sodium base, a sky- blue precipitate of copper dihydroxide is given off.

Fez(SO4)3 + 6 NaOH —> 2Fe(OH)3¢ + 3Na2804

+3 —2 _ . —2

2Fe +3S04 + 6Na"+60H — » 2Fe(OH)3l+ 6Na® + 35S0,

— - [ —
+3

Fe + 30H —» Fe(OH)w
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If an aqueous solution of ferric trisulfate is added to an aqueous solution of
sodium base, a rusty brown precipitate of ferric trihydroxide is separated.

Pb(NO3), + 2NaOH—>Pb(OH)zl+ 2NaNO;

2 — —
Pb +2NO; + 2Na'+ 20H ——» Pb(OH), + 2Na'+ 2 NOj
— T\ ) -

+ 2 _
Pb + 2 OH —>Pb(0H)2¢

When aqueous solutions of lead dinitrate and sodium base are mixed, white
lead dihydroxide precipitates. It is useful to recall that if an additional
amount of sodium base solution is added, the lead dihydroxide precipitate
dissolves because a water-soluble complex compound is formed. The same
precipitate is also dissolved in mineral acids. This confirms the amphoteric
nature of lead and its dihydroxide.

The solutions of the three salts cannot be distinguished with litmus because
all three solutions stain the litmus red. All three salts are products of weak
bases and strong acids, which means that in aqueous solution they hydrolyze.

-2

-2 —
Cu? . SO, + 2H" + 20H Cu(OH), + 2H" + SO,
“ v J O J ~— —

Y

I

2 H,0

2
-2 — +
2F¢ 1350, + GH' + 6 OH =——= 2Fe(OH); + OH + 380,

Y

|

6 H,0

Pb +2NOy + 2H" + 20H ———= Pb(OH), + 2H" + 2NO;

I

2 H,0
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In all three salts, the metal ions from the salts bind with the hydroxide ions
from the water to form weak electrolytes. The hydrogen ions from the water
remain in excess in the solutions and determine the acidic character of their
aqueous solutions. Aqueous solutions of the three salts are acidic (pH < 7)
and color the blue and violet litmus red. The salts cannot be distinguished
using litmus.

Task 4

Aqueous solutions of sodium sulfate, silver nitrate, barium chloride,
potassium chloride, sodium phosphate, sulfuric acid and sodium base are
given.

Express with chemical equations the possible interactions between them.
Explain which reagents can be used to prove the corresponding substances.

Exemplary solution:

Na>SO4 | AgNOs | BaClz KCl | NasPOs | H2SO4 | NaOH

NaxSO4 - + + - - - -

AgNO; + - + + + +

BaClz + + - - + + +

KCI - + - - - - -

Na3PO4 - + + - - + -
H>SO4 - - + + -

NaOH - + + - - + -

Disodium sulfate interacts with silver nitrate and barium dichloride. An
interaction takes place between electrolyte solutions when a gas, precipitate
or weak electrolyte is released. In the equations below, a white precipitate
of disilver sulfate and a white precipitate of barium sulfate are separated.

Na;SO,4 + 2AgNO; — Ag2804¢+ 2NaNO;

Y

_2 — -
2Na"+S0, + 2Ag 4 2NO3; —> AngO4l + 2 Na® + 2NO3
\ v Y N / —

_2
2 Ag" + SO, — Ag2504¢



