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Introduction

The classes of inorganic substances are the fundamental material in the
course of general and inorganic chemistry studying. The classification of
substances facilitates the study and systematizes the whole variety of inorganic
compounds in nature. Knowing the structural features of the chemical
compounds classes, it is possible to characterize the properties of their
individual representatives.

The purpose of the work is to help students fill the missing knowledge and
fully master the presented material. The nomenclature, production and chemical
properties of the main classes of inorganic compounds (oxides, bases, acids and

salts) are considered.



1 Nomenclature of inorganic substances

The major characteristic that’s placed into the classification base and
chemical compounds nomenclature is chemical composition. If the substance
contains atoms of only one chemical element, then it is called a simple
substance. If the substance contains atoms of the different chemical elements,
then it is called a complex substance. All simple substances (except monatomic)

and all complex substances are called chemical compounds.

The nomenclature of inorganic compounds consists of formulas and titles.
The chemical formula reflects the substance using chemical elements symbols,
numerical symbols and other characters. Chemical name reflects the substance
using words or groups of words.

Symbols and names of the chemical elements are listed in the periodic
table of elements. Elements conventionally divided into metals and non-metals.
The following elements are referred to the non-metal group: all elements from
V1A group (noble gases), VIIA group (halogens), VIA group elements (except
Polonius), Nitrogen, Phosphorus, Arsenic, Carbon, Silicon, Bor, Hydrogen. All
other elements are referred to metals.

The names of simple substances consist of one word — the name of a
chemical element with a numerical prefix (or without), for example:

Hg — (mono) (mercury);

O, — dioxygen;

O3 — trioxygen (Ozone);

P, — tetraphosphorus;

Sg — octosulfur.

Undefined number is indicated with prefix — "field".

In contrast to the element name that is capitalized, the similar simple
substance name spelled with a lowercase letter. Also, special names are used for

some simple substances: O; — ozone; P4 — white phosphorus.



Chemical formulas of complex substances contain electropositive and
electronegative components designation, such as NaCl (Na* — positively charged
— cation, CI” — negatively charged — anion).

Names of the complex substances are formed from chemical formulas

starting from left to right. They consist of two words — cation and anion names

In the nominative for example:

CuSO, copper (1) sulfate;

LaCls lanthanum (111) chloride or lanthanum trichloride;

PClI; phosphorus trichloride or phosphorus (111) chloride.

The names of some elements, simple substances and ions are presented in

Table. 1.

Table 1 — The names of some elements and simple substances

Symbol of )
i Recommended | Simple i i i
the Element Latin Cation, radical Anion
nomenclature | substance
1 2 3 4 5 6
Ag Argentum Argentum silver silver (1) argentate
. . i arsenic (1),
As Arsenicum Arsenic arsenic . arsenate
arsonium
aurum (1),
Au Aurum Aurum gold aurate
auryl
bismuth (111), i
Bi Bismuthum Bismuth bismuth . (1) bismuthate
bismuthyl (111)
carbon,
. graphite, carbonyl,
C Carbonium Carbon ] carbonate
diamond, carboxyl
carbine
Cu Cuprum Cuprum copper cuprum (1) cuprates
F Fluorum Fluor difluor - fluoride
Fe Ferrum Ferrum iron Ferrum (1) ferrate
H Hydrogenium Hydride hydrogen hydrogen hydride




Table 1 (continuation)

1 2 3 4 5 6

Hg Hydrargy_rum, Mercury m_ercgry, mercury (I1) mercurate
Mercurius quicksilver

I lodum lodine lodine jodonium iodide ('), iodate
Mn Manganum | Manganese |manganese| Manganese (1) manganate
N Nitrogenium Nitrogen Nitrogen Nitrosyl nitrate
Ni Niccolum Nickel Nickel nickel (I1) -

) Oxon, :

@) Oxygenium Oxygen Oxygen oz0ne oxide

P Phosphorus | Phosphorus [Phosphorus Phosphorus Phosphate
Pb Plumbum Lead Lead Lead plyumbat
S Sulfurum Sulfur Sulfur Sulfone, sulfuryl sulfate
Sb Stibium antimony antimony |  Antimony (1) stybat
Si Silicium Silicium Silicium - silicate
Sn Stannum Stannum Tin Stannum (I1) stanat

2 Oxides

Oxides are the substances that composed of two elements; one of them is

Oxygen in the oxidation state —2.

Oxides can form salts under different conditions, then they are considered

salt-forming. Oxides that do not form salts when directly reacted with one

reagent in one step are relatively rare and are not persistent substances. These

include: NO — nitrogen (11) oxide; N,O — nitrogen (I) oxide; SiO — silicon (I1)

oxide, CO — carbon (I1) oxide etc. The oxides are classified according to the

nature and oxidation state of the element and consequent chemical properties

and divided into basic, acidic and amphoteric (Fig. 1).

The basic oxides are formed by alkali (Li; Na; K; Rb; Cs) and alkaline-

earth (Mg, Ca; Sr; Ba) metals, as well as by transition metals in lower oxidation
state (Fe?*, Mn*", Ni**, Co®" etc).




OXIDES

E+X20_2x
I T 1
Basic Ampbhoteric Acidic
(Li, Na, K, Rb, Cs),0 398 CO,, SiO,, SO, NO,
(Mg, Ca, Sr, Ba)O n SO3, P,0s, N>Os
(Fe, Cr, Mn)O (Al, In, Ga),04 SO;
(Cu, A),0 (Sn, Pb)O (Fe, Cr)0;
TN (Fe, Cr, Mn),05 Mn,O-

Figure 1 — Classification of oxides

The acidic oxides are formed by nonmetals (Si, C, P, S etc) and also by
metals in high and the highest oxidation states (Cr*®, Mn*’, Fe*® etc). Their
hydrates exhibit only acidic properties, therefore above are also called as acid
anhydrides.

The oxides which are formed by amphoteric metals (Be, Al, Sn, Pb) and
transition metals at intermediate oxidation state (Mn**, Mn*3, Fe*, Cr* etc) are

called amphoteric. They exhibit both properties of basic and acidic oxides.
Methods of oxides producing

1. Reaction of simple and complex substances with oxygen:
2Zn+ 0, =27Zn0
S+ 0,=S0,
C,H, + 30, = 2CO; + 2H,0
2PbS + 30, = 2Pb0O + 2SO,
2. Decomposition of the oxygen containing complex substance:
Ca(OH), = CaO + H,0
H,SO; = SO, + H,0



4HNO; = 4NO, + 2H,0 + O,
NHsNO; = N,O + 2H,0
3. Reaction of active metals with less active metals’ oxides:

2Al + Fezog = A|203 + 2Fe
Chemical properties of basic oxides

1. Reaction with water. Oxides of alkali and alkaline-earth metals react
with water producing soluble hydroxides (alkalis):
K,0 + H,0 = 2KOH,
BaO + H,0 = Ba(OH)..
Basic oxides of transition metals do not react with water because of
insolubility of their hydroxides.
FeO + H,0 #
2. Reaction with acidic oxides proceeds in melts or at high temperatures
CaO + CO, = CaCO;,
3NiO(melt) + P,0s = Ni3(PO,)s.
3. Reaction with acids. All basic oxides react with acids producing the
salts:
Na,O + H,SO4 = Na,SO, + H,0,
CaO + 2HCI = CaCl; + H,0,
Co0 + 2HNO3; = Co(NOs3), + H0.
3. Basic oxides don’t react with alkali
MgO + NaOH #
4. Basic oxides of transition metals can be reduced to the metal by
reducing agent, for example:
FeO + C =Fe + CO,
NiO + CO = Ni + CO..



Chemical properties of acidic oxides

1. Reaction with water. Acidic oxides (except SiO,) are dissolve in water
producing acids:
P,05 + 3H,0 = 2H3PO,,
CrO3; + H,O = H,CrO,.
2. Reaction with basic oxides proceeds in melts or at high temperatures:
SiO; + Ca0 = CaSiOs(melt),
SO, + Na,O = Na,SOs..
3. Reaction with the alkali produces salts and can proceeds in one or more
modes depending on the nature of oxide, for example:
N,Os + H,0O = 2HNOg3,
CO, + NaOH = NaHCO; or
CO; + 2NaOH = Na,CO;3; + H,0.

4. Usually acidic oxides do not react with acids except of redox reactions.
Chemical properties of amphoteric oxides

1. Amphoteric oxides do not react with water as their corresponding
hydroxides are insoluble.
2. Amphoteric oxides react both with acidic and basic ones producing
salts:
Ca0 + Zn0O = CaZnO,,
CO, + ZnO = ZnCOs.
3. Amphoteric oxides react with alkali (as acidic ones) with the formation

of simple or complex salts depending on the conditions:

in melt Al,O3 + 2NaOH = 2NaAlO, + H,0,

in water solution Al,O3; + 2NaOH + H,0 = 2Na[AI(OH)4].

4. Amphoteric oxides react with acids (as basic ones) producing salts:



A|203 + 6HN03 = 2A|(N03)3 + 3H20,
BeO + H,SO,= BeSO, + H,0.
3 Hydroxides

Hydroxides as following from the name are the derivatives from oxides
and water. So, their classification is similar to oxides one (Fig. 2). All
hydroxides contain one or more groups OH", and depending on the nature and

strength of element — oxygen bond, they are divided on three types (Fig. 2).

Compounds containing metal or NH," cations and producing OH™ ions
under dissolution in polar solvents (for example — in water) are known to be just
hydroxides. The last are divided to basic soluble (alkali) or insoluble and
amphoteric hydroxides as appropriative oxides. Acidic hydroxides are better

known as oxygen containing acids and produce H* cations under dissolution.

HYDROXIDES
E(OH), or E,O/H,
I 1 1
Basic Amphoteric Acidic
(Li, Na, K, Rb, Cs)OH Be(OH), H,Si03, H,S05
Zn(OH)Z H2504, H3PO4
(Mg, Ca, Sr, Ba)(OH), Al | H
(Fe, Cr, Mn)(OH) (Al In, Ga)(OH)s HNO;
"CuwoH (Sn, Pb)(OH), H,(Fe, Cr)O,
(Fe, Cr, Mn)(OH)g4 HMnO,

Figure 2 — Classification of hydroxides

The hydroxide name consists of the metal name nominative case and the
word "hydroxide". If metal forms several hydroxides, the oxidation state is

pointed with Roman numeral in parentheses. For example, CuUOH — copper (I)
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hydroxide, Cu(OH), — copper (I1) hydroxide. The number of hydroxy groups
that are bonding to the metal cation determines the acidity of the base, so NaOH,
KOH, TIOH — one acid bases, Ca(OH),, Ba(OH),, Cu(OH), — two acid ones
La(OH)s, AI(OH)s— three acid ones, Th(OH),4 — four acid ones.

Hydroxides producing methods depend on the nature of hydroxide.
Direct method is usually used for soluble bases producing by following
reactions:

1. Dissolution of alkali and alkaline-earth metals oxides in water:

Na,O + H,O = 2NaOH,
BaO + H,0 = Ba(OH),

2. Dissolution of alkali and alkaline-earth metals in water:

2Na + 2H,0 = 2NaOH + Hj,
Ba + 2H,0 = Ba(OH)Z + H,.
Insoluble hydroxides are produced preliminary by indirect method —

exchange reaction of salt with alkali:

CuSO, + 2NaOH = CU(OH)zl + Na,SOy,
BiCl; + 3NaOH = Bi(OH)s| + 3NaCl.

Basic hydroxides chemical properties

Insoluble basic hydroxides exhibit reactions with acids
Mn(OH), + 2HCI = MnCl, + 2H,0,
and thermal destruction
Mn(OH), = MnO + H,0.

Soluble basic hydroxides which are known as alkali are more reactive.
Alkalis as strong electrolytes irreversibly dissociate producing hydroxide
ions:
NaOH <> Na* + OH",
11



and multi-acidic alkalis dissociate step by step:
Ba(OH), <> BaOH" + OH" | step;
BaOH" <> Ba’* + OH™ Il step.

Alkalis also react with acids (neutralization reaction):

NaOH + HCI = NaCl + H,0,
Ba(OH), + 2HNO; = Ba(NO3), + 2H,0;
with acidic oxides:
Sr(OH), + CO, = SrCO3| + H,0;
and salts if producing insoluble substances or less strong hydroxide:
2KOH + NiSO, = Ni(OH),| + K5SOs,
Ba(OH), + K,SO,4 = 2KOH + BaSO,/,
NH,4CIl + NaOH = NH,OH + NaCl.
In addition, alkalis react with amphoteric oxides and hydroxides:
2NaOH + Al,O3 = 2NaAIlO, + H,0,
2NaOH + Zn(OH), = Nay[Zn(OH),].
More over some amphoteric metals and nonmetals can reduce hydrogen
from water in alkali solution
2NaOH + Zn + 2H,0 — Nay[Zn(OH),] + H,?,
2NaOH + Si + H,0 — Na,SiO3 + 2H,1.
Halogens and chalcogenes disproportionate in alkaline solutions:
6NaOH + 3S — Na,SO3 + 2Na,S + 3H,0,
2NaOH + Cl,— NaCl + NaClO + H;0.

Amphoteric hydroxides chemical properties

Amphoteric hydroxides are the substances that exhibit both basic and

acidic properties depending on the conditions of reactions. Amphoteric
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hydroxide are insoluble compounds and weak electrolytes. They donate or
accept OH ions dissociate according to the schemes:
Al(OH); <> (AIOH)** + OH',
AI(OH); + H,0 <> H" + [AI(OH).] .
The reactions of amphoteric hydroxides with acid and alkali as well as thermal

destruction are following:
Zn(OH), + 2HCI = ZnCl, + H,0,
Zn(OH), + 2NaOH = Na,[Zn(OH)4],
Zn(OH), — ZnO + H,0.

4 Acids

Acids are the substances containing hydrogen ions H* which can be easily
replaced by metal cations due to the low energy of the bond O-H. So, acids
dissociate in the solutions in one or more steps depending on the basicity of the
acid (Fig. 3). Acids are divided onto the oxygen containing (HNOs, H,SO,4) and
oxygen free (HCI, H,S).

Dissociation of acids

H,E,O, < H* + H,,E,O,

H,E,0, & xH* + E,0.*

I 1
Oxygen containing

Oxygen free
HNO,, HCIO,, HMnO,
. HF, HCI, HBr, HI
H,SiO3, H,S03, H,SO, H,S, H,Se

H,PO,, H,AsO,

Figure 3 — Classification of acids
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The acids HCI, HNO3; are monobasic; H,S, H,SO, are dibasic acids; H3POy, is
three basic one. Depending on the dissociation ability acids may be strong (HCI,
HNO3, H,SO,4, HCIO,4) and weak (H,SO3, H,CO3, CH;COOH). You must know
that HNO3z; of any concentration and concentrated H,SO4 exhibit strong
oxidizing properties and their reactions with metals differ from other acids (HCI,

HF, H,S, H,SO,4 of low concentration, all organic acids).
Methods for producing acids:

1. Soluble oxygen containing acids are produced by the reaction of acidic

oxides with water:

P,0O5 + 3H,0 = 2H3PO,,
SO3 + H,0 = H,SO,.
2. Oxygen free acids are obtained by direct reaction between gaseous hydrogen
with non-metals and following dissolution in water:
H, + Cl, = 2HCI,
H, + S = H,S.
3. Weak acids may be obtained from salts by reaction with stronger or less

volatile acids:

FeS + 2HCI = FeCl, + H,S,
N&C'(K) + HZSO4(KOHH) = NaHSO, + HCI,
Na,SiO3 + 2HCI = H,Si03 + 2NaCl.

Chemical properties of acids

1. The acids dissociate producing hydrogen H* or hydronium H;O" (H,O-

H") ions, and strong acids dissociate irreversibly
HCl— H" + CI,

but weak for acids the reaction is reversible

14



H,SO3 < H + HSO; .

2. Acid react with basic and amphoteric oxides:
H,SO, + N1O — NiSO4 + H,0,

3H,S0, + Al,O3 — A12(804)3 + 3H,0.

3. Acids react with alkali (reaction of neutralization), basic and
amphoteric hydroxides:
HCI + NaOH = NaCl + H,O (molecular equation),
H* + OH = H,0 (short ionic equation),
H,S0, + Ni(OH), — NiSO, + 2H,0,
3H,S0;, + 2AI(OH); — Aly(SO4)s + 6H,0.

4. Acid non-oxidizing agents react with metals located in a series of
standard electrode potentials (SSEP) before hydrogen. Such reactions are red-ox

and produce salt and gaseous hydrogen:
Zn + HCI = ZnCl, + H,1,

H2SO4geiuredy + Co — CoSO, + Ha1,
but HySO4(delutedy + Cu don’t react.
5. Acids react with salts producing insoluble or volatile substances:
H,SO, + BaCl, — BaSO, | + 2HCI,
H,SO,4 + Na,S — Na,SO0,4 + H,S1.

6. Oxygen containing acids can decompose at heating:

t
H,S0, —»S0, +H,0
t
4HNO, —>4NO, +2H,0+0,

Acids HNO; of any concentration and concentrated H,SO, include
elements (N and S) that are stronger oxidizing agents than hydrogen ions, since
they are at the maximum oxidation state. Therefore, such acids are able to

oxidize a wider range of metals and even non-metals, and they are called
15



oxidizing acids. In the reaction metal is oxidized to M** producing salt or oxide,
and acid forming element is reduced for some oxidation state which depends
both on the metal activity and acid concentration (Table 2 and 3). Metal reaction
with nitric acid of different concentration:
M + HNO3; — M(NO3), + A + H,0,
M — xe — M** oxidation half reaction,

NO; +ye — 4 + H,O reduction half reaction.

Table 2 — The product A of Nitrogen reduction depending on the metal

activity and acid concentration

Metal Concentration of acid w, %
Delute Middle Concentrated
w<15 15<w=<40 w>45
Active N-*H,NO;or
up to Zn NH, N20O, N, NO,
Middle activity
from Zn to Pb - NO
. NO 2
Inactive at heating
from Ge to Au

Some examples of such reactions considering the higher oxidation state of

the metal when effecting by concentrated acid are following:
8HNO;3(m) + 3Cu — 3Cu(NO3), + 2NO1 + 4H,0,
4HNOj () + Cu — Cu(NO3), + 2NO,1 + 2H,0,
10HNOjy(q) + 4Zn — 4Zn(NO3), + NH;NO; + 3H,0,
12HNO3 + 5Zn — 5Zn(NO3), + No1 + 6H,0,
10HNO3(g) + 4Sn — 4Sn(NOs); + NH,;NO3 + 3H,0,
4HNO3() + Sn — SnO; + 4NO,1 + 2H,0.

Reactions of concentrated nitric acid with nonmetals:
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5HNOj3( + 3P + 2H,0 — 3H3PO, + 5NO,
2HNO3 () + S — H,SO, + 2NO.
Metal reaction with concentrated sulfuric acid:
M + H,SO4 — M»(SO,)x + D + H,0,
M — xe — M** oxidation half reaction,

SO, +ye — D + H,0 reduction half reaction.

Table 3 — The product D of Sulfur reduction depending on the metal

activity and acid concentration

Metal Concentration of acid w, %

Delute Middle Concentrated

w<15 15<w<40 w>45
Active

H,S

up to Zn H 3
Middle activity 2
from Zn to Pb SO,
Inactive at heating
from Ge to Au B SO,

Some examples of such reactions considering the higher oxidation state of

the metal when effecting by concentrated acid are following:

H2SO4g) + Fe — FeSO4 + Hyf,
6H,SO4() + 2Fe — Fey(S04)3 + 350,71 + 6H,0,
H2SO4g) + Zn — ZnSO4 + H, 71,
S5H3SO4(¢) + Zn — ZnSO4 + HyS 1 + 4H,0,
H2SO4(g) + Cu — don’t react,
2H3S04() + Cu — CuSO4 + SO, + 2H,0.
Reactions of concentrated sulfuric acid with nonmetals:
5H,SOy(¢) + 2P — 2H3P0O4 + 550, + 2H,0,
2H3SO04() + S — 35S0, + 2H,0.

17



5 Salts

Salt is a product of full or partial replacement of hydrogen ions in acids

with a metal or that of OH™ ions in hydroxides by acid residues. From the

perspective of the electrolytic dissociation theory salts are the electrolytes

producing cations and acid residue anions, for example:
Fe,(SOy); <> 2Fe® + 3507

KAI(SO.), <> K + AP + 2S0;”

KHSO, <> K"+ HSO, .

Salts are divided on medium, acidic and basic (Fig.4).

SALTS
Kt, A,
| I 1
Basic Na,COs; Acidic
CuoHCl AT L Zn(NOg),  \w /[ SNaHHSCC§33
ZnOHNO;  Tom| CuCl, —1 N(HSO,),
3 OH OH KH,PO
AIOHSO SnSO, 2. =4
4 K,HPO
KsPO, 2MFUq

Figure 4 — Classification of salts

Medium salts (most common compounds) are the products of the full

replacement of hydrogen in acid with a metal

Zn + H,SO,4 = ZnSO4 + H,,

Ba(OH)z + H,S0O, = BaSO, + 2H,0.

Medium salts may be classified to

18



e double ones containing cations of two different metals and one anion —

KAI(SO,),, KCr(S04),, etc;

e mixed salts contain vice versa one cation and two different anions

CaClI(OCI) — Calcium chloride chlorate (1).

e complex salts contain complex (high coordinated) cation or anion that is
stable in aqueous solutions:
Nas[Al(OH)s] — 3Na" + [AI(OH)e]*,
[Cu(NH3)4]SO4 — [Cu(NH3)4]2+ + SO.*.

Acidic salt is a product of incomplete replacement of hydrogen ions on
metal ions, for example: NaHCOj3, Na;HPO,4, KH,PO,.

Basic salts contain OH™ ions except metal ions and acid residue, for
example: (MgOH),SO,4, AIOHCI,, AI(OH).CI. It is a product of incomplete
replacement of hydroxy groups with acid residues.

Name of the salt consists of the cation name in the nominative and acidic

part, for example:

K,S0, sodium sulfate;

Ba(HCO:3), barium hydro carbonate;

CaszP, calcium phosphide;

KAI(SOy), potassium aluminum sulfate;
K,NaPO, dipotassium sodium phosphate;
MgOHCI hydroxy magnesium chloride.

Methods for salts producing

1. Direct reaction of metals with non-metals
Zn+ S =12nS.
2. Replacement reaction of metal with less active metal salt
Zn + CuSO,4 = ZnS0O, + Cu.

3. The reaction of metals with acids
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Zn + H,SO,4 = ZnSO,4 + Ho.
4. Reaction between oxides of different nature
CaO + CO, = CaCO:s.
5. Acidic or amphoteric oxides reaction with alkali:
P,Os + 6NaOH = 2Na3PO, + 3H,0,
Al,0O3 + 2NaOH + 3H,0 = 2Na[AI(OH)4].
6. Basic or amphoteric oxides reaction with acids:
CaO + 2HCI = CaCl, + H,0,
Zn0O + H,SO4 = ZnSO,4 + H,0.
7. The neutralization reaction
NaOH + HCI = NaCl + H,0.
8. The reaction of alkali with salts producing insoluble bases
CuSO, + 2NaOH = Cu(OH),| + 2NaCl.
9. Reaction acid with salt producing less soluble or volatile product
NaCl + H,SO, = NaHSO, + HCl,
H.SO, + BaCl, — BaSO,4 | + 2HCI,
H,S0, + Na,S — Na,SO, + H,S1
10. The reaction between the salts producing precipitate:
AgNO; + NaCl = AgCl| + NaNOs
Besides these, the most common ways for salts producing are following:
1. The reaction of ammonia with acids:
NH;3 + HCl = NH,CI
2NH3 + HySO4 = (NH,4),SO,
2. Acidic salts reaction with alkali
NaHCO; + NaOH = Na,CO3 + H,0O
3. Basic salts reaction with acids
CaOHCI + HCI = CaCl, + H,0

4. Reaction of salts with non-volatile oxides:

20



Na,CO; + SiO, > Na,SiOz + CO,

5. Amphoteric hydroxides reaction with alkali

3NaOH + AI(OH)z = Nas[Al(OH)¢]

Some properties of salts are reflected in the equations of reactions for
their preparation (reactions 2, 8-10). However, the behavior of the salts upon
heating, which is called thermal decomposition, is particularly interesting. The
products of above reactions strongly depend on the nature of the salt as well as
on the temperature. Carbonates and hydro-carbonates of major metals produce

carbon (IV) oxide under the heating:
CaCO; - CaO + CO,
2NaHCO; > Na,COs + CO, + H,0

However, when heated, alkali metal carbonates melt rather than decompose.
Nitrates decomposition products depend on the nature of metal and

thermal resistance of metal oxides, for example for:

e alkali metals 2NaNO; — 2NaNO, + O,

e other and preliminary hard metals ~ 2Mg(NOs), > 2MgO + 4NO, + O,
2Pb(NO3), — 2PbO + 4NO, + O,
e noble and semi noble metals 2AgNO; — 2Ag + 2NO, + O,
Above reactions are redox, and nitrogen(V) is the oxidizing agent for

oxygen(ll).
Alkali metals chlorates are the oxygen source also
2KCIlO3 — 2KCl1 + 30..

6 The control tasks

1. Complete the equation of possible reactions:

« substance A reactions with substances B listed in the 3-d column of the
Table 4;
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» conversion salts listed in the 4-th column of Table 4 in acidic and basic

ones and vice versa.

Table 4 — Variants of tasks

Variant Substance A Substance B Salts
1 2 3 4
1 N2Os NaOH, H,SO,, CuO Na,SOs, CuCl,
2 NaOH CuSO4, MgO, H,CO3 K2S04, Fe(NO3);
3 AICl; NaOH, H3PO,, Mg LizPO4, Cr(NOs)s
4 H,SO, Si0,, KS, Cu(OH), TiCls, Rb,CO3
5 CaO H,0, Mg(OH),, HCI Cs,S03, MnBr,
6 Al(OH); Na,SO4, KOH, SO; FeCls, NasPO,
7 HNO, NaOH, NiO, CO; LizAsO4, Co(NO3);
8 K>S H,S04, Cd(OH),, CuO ZnBr,, Rb,CO;3
9 SiO; NaOH, Al,O3, H,0 K2SeOq, All;
10 H3PO, Ba(OH),, FeO, KCI Cd(NO,),, Na;SnOs
11 Fe(OH)s K2SO4, HCI, SO3 Li,S04, MgSO.
12 Li,CO3 NaOH, H,SO,, Al,O3 Cs,COs3, BeCly
13 ZnO KOH, HNO3, H,0 Ba(NOs),, Na,SeOy
14 HCl NaOH, CuO, P,0s CaCly, Rb,CO4
15 Ni(OH); LiOH, H,S, CO, CuSO04, K3AsO3
16 KsPO, H,S04, Ca(NOs)z, CO, | Ni(NOs),, Na,SnO,
17 H,SO3 NiSOs, Be(OH),, CaO CdCl,, Cs,CO3
18 Mg(OH), H,S, CuO, KSiOs, LisPO4, Zn(NOs),
19 Al,O; NaOH, H0, HCl CssAsOs, Al(NOs)s
20 Rb,SO3 HCI, MgO, Ni(NO3), Rb,SeO,, BeCl,
21 Cr(OH); NaOH, H,0, HNO; Li,504, Co(NO,),
22 HBr H,S0O4, CdO, CuO Cr(NOs3)3, Na,CO4
23 BeO NaOH, CO,, HNO3 Ca(NOs3),, Na,SiO3
24 Ni(NOs), KOH, Fe, Al,05 RbsPO,, MgBr,
25 CuSO4 NaOH, Mg, H3PO, Na,SO4, Fe(NO2) 3
26 Be(OH), KOH, H,0, H,CO3 Rb;Sn03, MnBr;
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2. According to your variant (Table 5) make the following exercises:

« compose a hydroxide formula corresponding to an oxide (column 2) or vice

versa an oxide formula corresponding to a hydroxide (column 3);

» complete chemical reactions that characterize the chemical properties and

producing of the substances listed in column 4;

» what class of inorganic substances are the compounds shown in the column 5.

Table 5 — Variants of tasks

Variant Oxide Hydroxide Formulas of  |Formulas of substances
substances

1 2 3 4 5

1 Na20, N203, ZnO ? NaOH, CuSOq4 NzOg, HzSO4, K2C03

2 ? Fe(OH)g, HC|O4, HzSOg, Na2C03 T|20, A|C|3, H3PO4

CsOH

3 MgO, SiOz, MIlOz ? Al(OH)g, HzSO4 HNOg, NiO, Bag(PO4)2

4 ? CuOH, HNOs, HNO,, Ca(OH); | Cra(SOu)s, HCI, BaO
Al(OH)3

5 N205, COO, In,O3 ? Crz(SO4)3, KOH szo, CUSO4, H,Se0,

6 ? RbOH, HBrOs, Ba(OH),, K2SO3 | Fe;O3, HCIO, Na,SO3
Ga(OH)s

7 CdO, SOs3, AU203 ? Ni(OH)z, H3PO4 HzSiOg, K3PO4, CuO

8 ? BI(OH)g, H,Se0q, Zn(N03)2, A|C|3 NI(NOg)z, H3POs3, TIOZ

TIOH

9 FeO, WOg, C|207 ? KZS, GI’(OH)3 Agzo, NazHPO4, HBr

10 ? NaOH, HNO,, HC', CaO H3AsOs, Cr,0s3, LINOZ
Mn(OH),

11 Kzo, COz, Cr203 ? SOQ, Cu(OH)z TI(OH)4, ZnO, H2W04

12 ? Be(OH),, HCIOs3, ZnS0y, H,S HCIO;, K,SiO3, PbO;
Ti(OH),

13 |CuO, Se03, MoO3 ? BaCl,, Na,O MgO, Aly(SO4)3, HIO;

14 ? Fe(OH),, H3POQOy, LiOH, H,SiO3 | H,SOs3, Tl,03, Li,CO3

15 szo, P205, ? A|203, HBrO;3 Cf(NOg)g, HNOz, SnOz

16 ? T|(OH)3, H3AsSOy,, Pb(OH)z, MgC'Z Lizo, H3;AsO4, NaNO,
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Table 5 (continuation)

1 2 3 4 5)

17 AQ,0, Asy03, ? H,Se, BaO H,CO3, BeSO3, Mn,03
18 ? Ni(OH),, H3POs, Si0,, Co(OH), [Ti(NOs)s, CdO, HoSO3
19 BaO, P,03, SnO, ? HBr, Fe(OH)s3 Cl,07, K3S, HMnO,4
20 ? RbOH, H,WO,, Zn(OH),, P,0s |Ni(OH),, N2O3, HCIO,
21 | TLO, SO,, BeO ? HgCl,, Mn(OH), | Cd(OH),, CuSOs, SO,
22 ? TIOH, H,M00O,, H,S0s3, K3SiO3 | HI, Fea(S04)3, MNn,0y
23 |Li;O, As,0s, PbO ? Mg(OH)z, Cr,03 | SO3, H3AsOs3, BaSiOs;
24 ? Au(OH)3, H3AsOs, | Li,O, AI(NOs); | HzSeOq, AlO3, LINO,
25 |NiO, Se0,, Al,0; ? Cr(OH)s, H,CO3 | KNOy, Pd(OH),, P,0s
26 ? Pb(OH)4, HIO;, TiO2, Cd(OH), |CO, Cas(PO4)2, HCIO,4

3. Make the equation of chemical reactions that correspond to the

transformation chains outlined in your variant of the Table 6.

Table 6 — Variants of tasks

Variant

Schemes of transformation

1 Na—Na,0—NaOH—>Na,CO;—NaHCO;—NaCl

C0O,—~CaC03;—~»Ca0—Ca(0OH),—~CaCl,—~»CaOHCI

MgO—Mg(NO3),—MgCO3—>MgCl,—>MgOHCI—Mg(OH),

SO,—>Na,SO;—~»NaCl—->Na,SO,—~»NaHSO,—BaSO,

Aleg—)Alz(SO4)3—)A| Clg—)Al (O H)g—)NaAl Og—)Al (N 03)3

P205—)H3PO4—)C33(PO4)2—)C&(H2PO4)2—)C&C03—)C3C|2

Fe203—>Fe(N 03)3—>Fe(O H)g—)FQzOg—) FEQ(SO4)3—) FeOHSO,

BeO—BeSO,—~Be(OH),—~>Na,BeO,—~»Be(OH),—~BeO

O©| 00 N O O | WO DN

NH3—>NH,CI>NH,OH—> (NH,),HPO,—
(N H4)3PO4—)N H4H2PO4

10 CdO—CdCl,—»Cd(OH),—~»CdO—»CdS0O,—Cd

12 Zn(N03)2—)2n804—)zn(HSO4)2-)Z”(OH)g—)KzZﬂOz—)ZﬂSO4

13 NiO—Ni(NO3),—>Ni(OH),—NiSO;—»Ni(HSO,4),—Ni
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Table 6 (continuation)

Variant Schemes of transformation
14 C0O,—K,C0O3—->KHCO;—-K,0—->KOH—KCI
15 Cr,03—>NaCrO,—Cr(NO3);—>CrOH(NO3),—>Cr(OH);—Cr,04
16 NO—->NO,—-HNO3—Zn(NO3),—Zn(0OH),—K,Zn0O,
17 FeSO,—Fe(OH),—~Fe(OH);—FeCl;—>FeOHCIl,—Fe(OH)3
18 SnO—SnCl,—»Sn(OH),—BaSn0O,—BaCl,—»BaS0,
19 CaO0—Ca(OH),—»CaC03—»C0O,—»Na,CO3—»NaHCO;
20 CuO—CuS0O,4—~Cu(OH),—»CuO—CuCl,—Cu
21 Li,O—LiOH—LiHSO;—Li,SO;—LiNO;—Li;PO,
22 Cl,—>HCIl—FeCl,—>FeOHCl—Fe(OH),—FeO
23 Co—Co0S0O4— (CoOH),S0O4—»Co(OH),—»Co0—CoCO;
24 Pb—PbO—Pb(NOj3),—Pb(OH),—~Na,[Pb(OH)4]—>PbSO,
25 H,S—S0,—H,S03;—»>MgS0;—»>MgS0O,—~>MgOHSO,

4. Solve the tasks of your variant
Variant 1

1. After processing 15.6 g mixture of zinc powder and zinc oxide by dilute
sulfuric acid 2.24 liters (n.c.) gas was formed. What is the mass fraction of zinc
oxide in the mixture? What is the gas?

2. The nickel plate is submerged into the silver nitrate solution. After a
while its mass increased by 2.19 g. What mass of silver is recovered on the
surface of the plate?

Variant 2

1. A mixture powder of 20 grams containing magnesium and its oxide was
processed by acetic acid. What is the mass fraction (%) of oxide in the mixture,
if 16 liters (n.c.) of gas was evaluated? What is the gas?

2. What is the mass of the salt producing from the reaction of barium
oxide of 48 g with 10.08 liters of the sulfur (1) oxide (n.c.)?
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Variant 3

1. How much sodium hydroxide substance is needed to convert 3.04 g of
chromium (I11) oxide into the salt?

2. What is the mass fraction (%) of potassium hydroxide in the solution if
the 120 g of the solution dissolves 19.5 g of zinc?

Variant 4

1. A solution containing 5.85 g of sodium chloride was added to the
solution containing 20 g silver nitrate. Define the mass of sediment if product
yield is of 98%.

2. Define the mass fraction of calcium hydroxide in a solution that was
formed while dissolving 0.84 g calcium oxide in water of 11 g.

Variant 5

1. What volume (n.c.) of gaseous hydrogen can be released when
processing 32 g of zinc with excess sulfuric acid? The product yield is of 95%.

2. Magnesium oxide of 8 g was dissolved in 131.1 ml hydrochloric acid
solution with a density of 1.068 g/ml. What is the mass fraction of HCI in the
solution?

Variant 6

1. Define the weight of iron (I11) sulfate in the solution, if iron (111) oxide
with mass of 24 g reacted with a solution of sulfuric acid with 120 ml capacity
(p=1.108 g/ ml, ® (H,SOy4) = 22%)?

2. Salt of 14 g was formed when sulfur (1V) oxide was bubbled through
the potassium hydroxide solution of 89.36 ml (p = 1.119 g/ml). Calculate the
mass fraction (%) of KOH in the solution?

Variant 7

1. The thermal processing of a mixture zinc carbonate and zinc hydroxide

of mass 32.2 g produces 5.6 liters of gas. What is the mass fraction (%) of zinc

carbonate in the reacting mixture?
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2. Aluminum oxide obtained using 81 g of the metal was dissolved in
excess of alkali producing sodium meta aluminate. What mass of sodium
hydroxide was used for the reaction?

Variant 8

1. Calculate the volume of solution with o(HCI) of 30% (p = 1.15 g/ml)
which is required for dissolution 250 g of calcium carbonate containing 20 %
impurities?

2. 40 ml of hydrochloric acid solution (p = 1.170 g/ml and o(HCI) of
24 %) has reacted with excess of ammonia. What is the mass of reaction
product?

Variant 9

1. Iron (I1) sulfide with mass of 8.8 kg containing impurities fraction of
4.4 % was treated with hydrochloric acid in excess. What volume of hydrogen
sulfide (n.c.) was proceeded?

2. Define the mass portion of sulfuric acid in the solution if 40 ml
(p=1.095 g/ml) of this solution was reacted with barium chloride producing 10 g
of the salt, and the reaction yield is of 98%.

Variant 10

1. Magnesium carbonate of 22 g with impurities mass fraction of 6% has
been treated with sulfuric acid solution. What volume of carbon (1V) oxide (n.c.)
was produced?

2. Ammonia in excess has been proceeded with 40 ml of hydrochloric
acid solution (p=1.170 g/ml, ®(HCI)=24 %). What is the mass of the reaction
product?

Variant 11

1. Sulfuric acid solution of 200 g with ©w(H,SO,4) = 12% was mixed with

sodium hydroxide solution of 100 g and ®(NaOH) = 8 %. What amount of

sodium hydrosulfate substance was obtained?
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2. What is the mass fraction (%) of calcium carbonate in limestone of 250
g, if while its fusion with silicon (IV) oxide the carbon (IV) oxide with volume
33.24 1 (n.c.) was obtained?

Variant 12

1. Iron powder was reacted with gaseous Cl, producing 31.2 g of
appropriative salt. What volume of chlorine (n.c.) was used if losses during
reaction were 4% ?

2. Copper plate of mass 16 g was immersed into the solution of silver
nitrate, and the plate mass was raised up to 35 g. What mass of silver nitrate
participated in the reaction?

Variant 13

1. Calculate the volume (n.c.) of carbon (Il) oxide that is needed for full
reduction of iron (I11) oxide to the metal, if oxide mass is 1 kg and impurities
mass fraction of 20 %.

2. What volume of sodium hydroxide solution (p = 1.153 g/ml, ®(NaOH)
= 14%) is required to dissolve the 0.04 mol chromium (I11) oxide, if the reaction
yield is 95%7?

Variant 14

1. Salt NaCl mass of 58.5 g was treated with sulfuric acid in excess
producing hydrogen chloride. The last was dissolved in 146 g water. Calculate
the mass fraction (%) of HCI in the solution.

2. What volume of potassium hydroxide solution o(KOH) = 12 % (p =
1.100 g/ml) is required to dissolve 1.5 mol of aluminum hydroxide?

Variant 15

1. The potassium carbonate solution was mixed with magnesium sulfate
one producing the precipitate of mass 20 mg. Calculate the mass fraction of
magnesium sulfate in the solution if its volume was 541 ml and density was
1.089 g/ml.
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2. The reaction of H,SO,4 with sodium sulfide of mass 10.3 g produces gas

with volume 2.5 liters (n.c.). Define the reaction product yield.
Variant 16

1. What is the weight of zinc hydroxide is formed in the processing of the
solution with volume 48.7 ml and ®(ZnSO4) = 20% (p = 1,232 g / ml) by
solution of potassium hydroxide?

2. Sodium of 46 g was dissolved in 500 ml of the water. Calculate the
mass fraction of alkali in the solution.

Variant 17

1. Carbon (IV) oxide of 14 liters (n.c.) was passed through the 100.7 ml of
sodium hydroxide solution (p = 1.370 g/ml, ®(NaOH) = 34%). What is the mass
of the producing salt?

2. Zinc of 13 g was dissolved in dilute sulfuric acid in excess, and
produced gaseous hydrogen reacted with sulfur. Calculate the mass of the
product if its yield is of 75%.

Variant 18

1. Some alkali metal of 1.95 g was reacted with water producing 560 ml
(n.c.) of gaseous hydrogen. Determine the molar mass of the metal.

2. Zinc powder of 200 g containing impurities mass fraction of 35% was
reacted with chloric acid solution of w(HCI) = 30%. Calculate the mass of the
acid solution.

Variant 19

1. Calculate the volume (n.c.) of hydrogen sulfide producing by
processing of 1 kg iron(l1) sulfide if the mass fraction of impurities in last is of
95%.

2. What is the mass of precipitate producing from exchange reaction
between 620 ml sodium hydroxide solution (o(NaOH) = 26%, p = 1.126 g/ml)
and 542 ml copper sulfate solution (o(CuSQO,) = 26%, p = 1.084 g/ml)?
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Variant 20

1. The sulfur (IV) oxide of 7 liters (n.c.) was passed through the 50.5 ml
of sodium hydroxide solution (o(NaOH) = 34%, p = 1.370 g/ml). What is the
mass of producing salt?

2. Mixture of aluminum hydroxide and magnesium of 10 g with mass
fraction of magnesium of 23% was reacted with potassium hydroxide solution.
What volume of solution (o(KOH) = 12%, p = 1.100 g/ml was used for
reaction?

Variant 21

1. Potassium oxide of 18.6 g was dissolved in 81.2 ml of water. What is
the hydroxide mass fraction in obtained solution?

2. What mass of sodium hydroxide must be added to 22.8 ml solution of
ortho phosphoric(V) acid (o(H3PO4) = 24 %, p = 1.140 g/ml) to obtain sodium
dihydro-phosphate?

Variant 22

1. Metal(ll) oxide of 4.30 g had been dissolved in 101 ml of sulfuric acid
(o(H2S04) =5 %, p = 1.031 g/ml). Oxide of what metal was processed?

2. What volume of hydrogen sulfide must be dissolved in 600 ml of water
to obtain a solution with w(H,S) of 4 %?

Variant 23

1. Gaseous hydrogen of volume 840 ml (n.c.) was obtained by dissolution
of 1.725 g alkali metal in water. What is the molar mass of above metal?

2. What the mass of salt can be produced by the reaction 10 g of NaOH
with 18 g of HNO3?

Variant 24

1. Zinc of 32.5 g was processed by sulfuric acid in excess. What volume

of gaseous hydrogen (n.c.) was formed if the reaction yield is of 95%.

2. Calculate the mass fraction (%) of Calcium in CaCOs.
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7 Experimental parts
Before performing experiments, you need to familiarize yourself with the
safety rules and behavior in a chemical laboratory (Appendix A) and establish

laboratory logs according to the rules given in Appendix B.
7.1 Oxides
Experiment 1. Obtaining basic oxide via metal oxidation

Put a piece of magnesium in a metal spoon and heat it in the flame of the
burner. After burning metal, add distilled water and test the obtained solution via
litmus, check the color of the solution. Then add some hydrochloric acid. How

changes the color of the indicator? Write the appropriate chemical reactions.
Experiment 2. Obtaining oxide via decomposition of hydroxide

Add the excess of alkali to the copper salt solution and watch the
precipitation. Heat the tube with precipitate in the flame of the burner. Write the

equation of the performed reactions.
7.2 Hydroxides
Experiment 3. Producing hydroxide from metal oxide

Put some magnesia into the tube; add 2 ml of distilled water and 2 drops
of the phenolphthalein. How does the color of the solution change? Check if the

reaction accelerates when heated? Write the equation for the reaction.
Experiment 4. Producing insoluble hydroxides

Take three test tubes and pour 3-4 ml of solutions of CuSO,4, CoSO, and
FeCl; into separate tubes. Then add sodium hydroxide solution into each tube
until starting precipitation. How are precipitates colored? Put each of the
precipitates in 2 tubes. Add hydrochloric acid drop by drop to dissolve each of
hydroxides. For other 3 tubes add some sodium hydroxide solutions. Do
precipitates dissolve in alkali? Make a conclusion about the nature of
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hydroxides. Heat the solution of Copper (1) hydroxide until changing the color

of sediment. Write the equations for the proceeding reactions.
Experiment 5. Producing amphoteric hydroxides

Put 3—4 ml of salts ZnSO,4 and Al,(SO,)3 in two test tubes; add some ofe
alkali solution (NaOH) until starting precipitation. Put each of the precipitates in
2 tubes. Add hydrochloric acid drop by drop to dissolve each of hydroxides. For
other 2 tubes add excess of sodium hydroxide solutions. Do precipitates dissolve
in alkali? Make a conclusion about the nature of hydroxides. Write the equations

for the proceeding reactions.
7.3 Acids
Experiment 6. Producing acid

Pour sodium chloride into a test tube and add a few drops of concentrated
sulfuric acid. Put a piece of paper moistened with a litmus solution on top of the

test tube. What you observe? Write the equation for the proceeding reaction.
Experiment 7. Properties of acids

Reaction of neutralization. Add 2-3 drops of phenolphthalein indicator
into the test tube with an alkali solution. Then pour acid until the disappearance

of color. Write the equation for the proceeding reaction.

Reaction of acid with metals. Put in three test tubes a piece of zinc, copper
and iron powder, respectively. Add 2 ml of hydrochloric or dilute sulfuric acid
to each tube. In which tubes does the reaction occur? Which metal does not react

with acid? Why? Write the equations for the proceeding reactions.

Reaction of acid with salts. Add into four test tubes solutions of sodium
sulfide (Na,S), barium chloride (BaCl,), copper chloride (CuCly) and lead nitrate
(Pb(NOg),; add some drops of dilute sulfuric acid to each tube. What you
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observe? Does the reaction proceed in each tube? Write the equations for the

proceeding reactions.
7.4 Salts
Experiment 8. Producing salts from oxides

Put some grains of calcium oxide and copper (1) oxide into two tubes;
add hydrochloric acid for the first and dilute sulfuric acid to the second. Heat the
tube with copper (1) oxide. What you observe? Write the equations for the

proceeding reactions.
Experiment 9. Obtaining salts via reaction between salts

Conduct exchange reactions by mixing salt solutions, adding 2-3 drops to

a test tube:
o Pb(NO3), + Kl =
o Pb(NOs), + K,CrO, =
o Pb(NO3), + Na,S =
o BaCl, + K;SO,4 =
o Na,S+ CuCl, =
o Na,S + CdSO, =
o MnSO, + Na,S =

Pay attention to the color of the precipitates, and conclude the possibility

of reactions between the salts. Write the equations for the proceeding reactions.
Experiment 10. Reaction of salts with metals

Put in three test tubes a piece of zinc, magnesium and copper,
respectively. Add 2 ml of lead acetate to each tube. In which tubes does the
reaction occur? Which metal does not react with salt? Why? Write the equations

for the proceeding reactions.
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