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INTRODUCTION

When studying the course "General Chemistry", the topic "Basic chemical
concepts and laws" is the entry point for it. The peculiarity of the topic is that it
is a foundation for further study of the discipline according to the curriculum and
training program for foreign students of technological specialties. The structure
of methodical guidelines provides consideration of theoretical material, tasks for
self-control and laboratory work.

Theoretical fundamentals and basic laws of chemistry are presented. The
law  of  conservation  of  mass,  the  law  of  constancy  of  matter,  gas  laws  are
theoretically considered. The particular attention is paid to explaining the law of
equivalents.  As for reviewing the theoretical material,  we propose to perform
laboratory  work  «Determination  of  the molar  mass  of  the  metal  equivalent»,
which will  contribute  to  the  formation  of  students'  development  of  chemical
thinking and skills of scientific experimental work. The experimental part of the
work contains detailed instructions for conducting and processing the results of
the experiment, making a report. The purpose of the work is to get acquainted
with the concept of substance equivalent and the method of calculating the molar
mass of equivalents in accordance with the law of equivalents.

The  terms  and  concepts  used  meet  the  requirements  in  the  field  of
theoretical chemistry. The presented material will be useful for foreign students
of all forms of training to technological specialties.
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1. BASIC THEORETICAL PROVISIONS

1.1. Basic concepts of chemistry
Atom is the smallest part of a chemical element that exhibits its properties.

Figure 1

Molecule is an electrically neutral particle formed of two or more
atoms, and the smallest stable particle of a substance possessing all its
chemical properties.

The atomic mass unit is amu
12

27mass of atom isotope C
amu 1.66 10 kg.

12
-= = Ч

The relative molecular (atomic) mass of a substance Mr (Ar) – the ratio

of the mass of the molecule (atom) to amu:

mass of molecule (atom)
( ) .

aumr rM A =

The molar mass (M) is the mass of 1 mole of a substance expressed in 

grams and is equal to Mr (amu).

Avogadro number NA is the number of structural units (atoms, 

molecules, ions, electrons, etc.) in 1 mole of a substance

NA = 6.022·1023 mole−1.

The amount of a substance (n) – the number of the same structural units

contained in the substance, which may be calculated from the equations:

; ; .
m A

m V N
n n n

M V N
= = =
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m – mass; V – volume; Vm – molar volume; N – number of particles.

2. BASIC LAWS OF CHEMISTRY

2.1. The mass conservation law

From the point of view of classical mechanics and chemistry, the law of
conservation of mass is the following: the mass of substances participating in the 
chemical reaction is equal to the mass of the substances formed as a result of the 
reaction. This law is closely connected with the law of energy conservation and
is valid only for an isolated system, which does not exchange significant energy
with the environment.

The connection of mass (m) and energy (E)

was formulated by Albert Einstein:

E = mc2,

c – light rate in vacuum

In real chemical processes the mass of the substances formed is less
than                      that which corresponds to the law of mass conservation due to the
incomplete 
proceeding of reactions and various losses of substances.

 In this case, product yield ηp (%) is calculated as:

p
p

c

100%.
m

m
h = Ч

mp –mass of the substance obtained; mc – mass of the substance calculated.

2.2. The law of the substance composition constancy

The foundations of the atomic-molecular theory of the composition and
structure of chemical compounds were laid by the  scientists Proust and Dalton.
The law of constancy of composition (J.-L. Proust, 1808) emphasizes: a chemical
compound has a permanent qualitative and quantitative composition, regardless
of  the  method  and  conditions  of  its  production.  The  law  has  significant
limitations and applies only to those compounds that have a molecular structure
in each physical state. All gaseous and liquid substances, as well as solids with
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low melting points, have a molecular structure. The quantitative composition of
substances  of  non-molecular  structure  may  vary  depending  on the  method  of
production.

With the development of chemistry, it became clear that some substances
are  not a  subject to the law of constancy of composition and depending on the
method  of  production  may  have  different  quantitative  (but  not  qualitative)
composition. Conventionally,  they  are  divided  into  daltonides  and  bertolides.
Substances of permanent composition were named daltonides (after the English
chemist and physicist Dalton). Daltonides are substances of constant qualitative
and quantitative 
composition;  their  composition  is  expressed  by  simple  formulas  with  integer
stoichiometric indices for example: MgO, HCl, SiO2. 

Bertolides (in memory of the French chemist Bertol) are so called non-
stoichiometric binary compounds of variable composition, which depend on the
method  of  producing (oxides,  sulfides,  carbides,  hydrides, etc.), for example:
ferric sulfide (II) FeSx (where x = 1.02 – 1.10); vanadium (II) oxide VyO (where 
y = 0.9 – 1.3).

2.3. Gases Laws

Avogadro’s Law  states that equal volumes of different gases contain the
same number of molecules under the same conditions. When calculating the 
material balance of chemical reactions, the first consequence of Avogadro's law
is more widely used.

The first consequence of Avogadro's law states that one mole of any gas
under identical conditions occupies the same volume. The molar volume of
the gas  Vm is of 22.4 l/mol under  normal conditions  (n.c.):  T0= 273 K (0 °C); 
P0 = 101325 Pa.

The second consequence of Avogadro's law states that the molar mass of
one gas M1 is equal to the product of the molar mass of the second gas M2 and
the density of the first gas relative the second D, for example:

2

2

1 1 1 1
H air

H air

; .
2 29

M M M M
D D

M M
= = = =

Boyle – Mariott’s law states  that the product of the gas pressure on its
volume is constant at constant temperature and mass:
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PV  const ,        P1V1  P2V2

where: P – gas pressure; V – gas volume, const – constant, which is
determined by the chemical nature, mass and temperature of the gas.

Gay-Lussac’s law states that at a constant pressure P and mass the volume
V of the gas is proportional to the absolute temperature T:

1 2

1 2

const; .
V V V

T T T
= =

 V1T2 V2T1

Charles law (or Gay-Lussac’s 2nd law). The gas pressure of a fixed mass
and a fixed volume is directly proportional to the absolute temperature of the gas.

 
1 2

1 2

const; .
P P P

T T T
= =

P1 T2 = P2T1

Combined  gas  law.  To  perform any  calculations  on  chemical  reactions
involving gases, the volume of a gas must be brought to normal conditions (n.c.).
Such a calculation can be performed using the mathematical expression of the
combined gas law:

0 0

0

;
PV PV

T T
=

where: V0  volume of gas in n.c.,

T0  absolute temperature 273 K, 

P0  pressure101325 Pa.

The  ideal  gas  equation  that  is  also  known  as  Clapeyron-Mendeleev’s
equation gives the opportunity to calculate all parameters for gaseous compounds
from simple equation:

or
m

PV nRT PV RT
M

= =

where: n – amount of a gas, mol; m – weight of a gas, g; M – molar mass of a gas,
g/mol; P – pressure (Pa); V – volume (m3); T – temperature (K); R – gas constant
R=8,314 J/(mol·K).

2.4. Law of equivalents
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Law of equivalents states that the masses mX of the reactants participating
in  chemical  reaction  are  proportional  to  the  molar  masses  of  the equivalents
M(1/z, X) of these reactants:

A + B ↔ C

A B

(1 / ,A) (1/ ,B)

m m

M z M z
=

Equivalent  is a real or notional particle of a substance that can attach or
replace (or corresponds to) one atom H or ion H+ in the acid-base (exchange)
chemical  reactions  or  one  electron  in  oxidation-reduction  (redox)  reactions.
Equivalent as a molecule, atom or ion has no dimension.

The equivalence factor f(X) is the fraction of the real particle that
corresponds to one H atom or H+ ion in acid-base (exchange) chemical reactions
or to one electron in the redox reactions. Equivalence factor is always equal or f
≤ 1.

The  molar mass of a substance equivalent M(1/z,  X) is calculated using
equivalence factor f:

M(1/z, X) = f∙M(X),

where: M(X) – molar mass of a substance, g/mol.

The amount of a substance equivalent n(f(X)) is defined as:

(X)
( (X))

(X)

n
n f

f
= ,

where: n(X) – the amount of substance (Х), mole.

The concept  of  molar  volume of  equivalent  V(f(X))  is  used for  gaseous
substances, in other words the volume which is one mole of the equivalent of
gaseous substance. It is defined as:

V(f(X)) = Vm·f(X);

where: Vm – molar volume of gas, l/mole.

The acid equivalence factor is calculated by the formula
H3PO4 + NaOH = NaH2PO4 + H2O; f(H3PO4) = 1;

H3PO4 + 2NaOH = Na2HPO4 + 2H2O; f(H3PO4) = 1/2;
H3PO4 + 3NaOH = Na3PO4 + 3H2O; f(H3PO4) = 1/3;
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acid

1

(H )
f

n += .

The hydroxide base equivalence factor
Al(OH)3 + HCl = Al(OH)2Cl + H2O; f(Al(OH)3) = 1;

Al(OH)3 + 2HCl = AlOHCl2 + 2H2O; f(Al(OH)3) = 1/2;
Al(OH)3 + 3HCl = AlCl3 + 3H2O; f(Al(OH)3) = 1/3;

base

1

(OH )
f

n -= .

The oxide equivalence factor
H2O: 1 O atom is equivalent to 2 H atoms

f(O) = 1/2; f(H2O) = 1/2.
Al2O3 + 6HCl = 2AlCl3 + 3H2O;
Al2O3 is equivalent to 6H+ ions

f(Al2O3) = 1/6

oxide

1

2 (O)
f

n
= .

The salt equivalence factor
Al2(SO4)3 + 2NaOH = 2Al(OH)SO4 + Na2SO4

f(Al2(SO4)3) = 1/2
Al2(SO4)3 + 6NaOH = 2Al(OH)3 + 3Na2SO4

f(Al2(SO4)3) = 1/6

salt

1

(M) (M)
f

n val
=

Ч .

The equivalence factor of a substance in redox reaction is calculated from
the ratio f = 1/z, where z is the number of electrons that the oxidant attaches and
the reducing agent loses.

2Al + 6HCl → 2AlCl3 + 3H2

Al – 3e → Al3+; Al – reducing agent, z = 3, f (Al) = 1/3;

2H+ + 2e → H2; H+ – oxidant, z = 1, f (H+) = 1; f(H2) = ½.
Equivalence factor of an element in any substance is calculated by the

formula

1
f

z
= ,

where: z – valence or oxidation state of an element in the compound.      
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For example:

Compound H2S NH3 CH4

f(X) 1/2 1/3 1/4

3. QUESTIONS FOR SELF-STUDY
3.1. Determine the equivalence factor of the substances listed in your 

variant  in Table 1.
Table 1 – Tasks variants

Variant Substances Variant Substances

1 N2O, HCl, Al(OН)3, Na2SO4 14 Cs2O, HІO3, Zn(OН)2,
FeCl3

2 ТіО2, Н3PO4, Ве(OН)2,
CaBr2

15 N2O5, HClO3, LіOН,
Cr2(SO4)3

3 ВеO, Н2SO3, NaOН,
AlPO4

16 Cr2O3, НMnO4, Sr(OН)2,
Fе3(PO4)2

4 WO3, HNO3, Вa(OН)2,
Fe(NO3)3

17 Nb2O5, Н2SeO4, Fе(OН)2,
Na2CO3

5 Al2O3, HClO4, Ті(OН)4,
CuSO4

18 P2O5, Н2S2O3, Ge(OН)4,
HgSO3

6 MgO, Н2SO4, Cr(OН)3,
MgSO4

19 ВaO, Н3PO4, Ni(OН)2,
K3PO4

7 SiO2, Н2MoO4, KOН,
Co(NO3)2

20 SO2, HNO2, Cu(ОН)2,
(NH4)2CO3

8 K2O, HClO3, Ca(OН)2,
ZnSO4

21 B2O3, Н3AsO4, Mn(OН)2,
Na2S

9 Cu2O, HF, Sn(OН)4, FePO4 22 CaO, HCN, Au(OН)3,
Pb(NO3)2

10 Lі2О, H2CO3, Sn(OН)2,
CdCl2

23 FеO, Н3AsO3, RbOH,
Ca3(PO4)2
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11 SO3, Н2Te, CsOH, AgNO3 24 PbO2, CH3COOH,
Co(OН)2, СrCl3

12 CO2, Н2CrO4, Fе(OН)3,
Lі3PO4

25 CrO3, НBrO3, Pb(OН)2,
Mn(NO3)2

13 NO2, Н2S, Mg(OН)2,
Вa3(PO4)2

26 Fе2O3, Н2SiO3,Cu(OН)2,
Ba3(PO4)2

3.2. For the reaction аА + bВ = сС + dD determine the mass or volume of
the substance required for the formation of the substance C from a solution  
containing the substance A of a given mass. What is the amount of equivalent of
product C? Initial data for calculations are given in Table. 2.

Table 2 – Tasks variants

Variant А В С mA, g

1 Pb(NO3)2 Н2S (g) PbS 10
2 MnSO4 Н2S (g) MnS 12.5

3 Pb(NO3)2 Н2SO4 PbSO4 22
4 ВaCl2 К2SiO3 ВaSiO3 36
5 MgSO4 Н2SiO3 MgSiO3 15.3

6 MnCl2 Н3PO4 Mn3(PO4)2 8
7 AlCl3 NaOН Al(OН)3 29
8 ZnSO4 Н2S (g) ZnS 17.9
9 CuSO4 NaOН Cu(OН)2 25

10 CоSO4 Н2S (g) CоS 47
11 AgNO3 KCl AgCl 39
12 FeCl3 Н3PO4 FePO4 55.5

13 CdCl2 Н2S (g) CdS 26
14 CаCl2 Na2CO3 CаCO3 67

15 ВaCl2 Н2SO4 ВaSO4 35.9
16 CdCl2 Н3PO4 Cd3(PO4)2 29
17 NiSO4 Н2S (g) NiS 56.9
18 ZnSO4 NaOН Zn(OН)2 45.7
19 CuSO4 Na2CO3 CuCO3 34

20 MgSO4 Н3PO4 Mg3(PO4)2 48.7
21 FeSO4 NaOН Fе(OН)2 21.3

22 SnCl2 KІ SnІ2 53.9
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23 Вa(NO3)2 Na2SO4 ВaSO4 12.7
24 CаCl2 Н3PO4 Cа3(PO4)2 68
25 Fe2(SO4)3 NaOН Fе(OН)3 73
26 Pb(NO3)2 K2SO3 PbSO3 23.8

3.3. Tasks for independent class work

№ 1
1. Calculate the molar mass of a gas which has a mass 0.982 g and a volume

0.5 liter under normal conditions (n.c.).
2. Find the mass fraction of Barium in its hydroxide Ba(OH)2.
3. Calculate the mass of Zinc oxide, which contains 6.5 kg of Zinc.

№ 2
1. Calculate the molar mass of a gas, if its density is 1.25 g/l (n.c.).
2. Find the mass fraction of Aluminum, which may be obtained from 10.2

kg Al2O3.
3. What is the volume of Oxygen with mass equal to 8 g.

№ 3
1. Calculate the molar mass of a compound which amount of substance is

0,3 mole and the mass is 24.4 g.
2. Find the mass fraction of Oxygen in oxide Fe3O4.
3. What is the mass of 3.01·1021 atoms of Nitrogen?

№ 4
1. How many grams of Oxygen was consumed for burning of the 6 g of

Magnesium?
2. What is the amount of substance of Ferrum (ІІ) oxide, which mass, is 80 g.?
3. The 20 g CaCO3 sediment was formed under the absorption of Carbon 

dioxide  through  the  Calcium  hydroxide  solution.  Find  the  mass  of  reacted
Сa(OH)2.

№ 5
1. How many  grams of СО2 may be obtained from 800 g of

Magnesium carbonate tempering?
12



2. What is the mass of 0.75 mole of Oxygen?
3. Calculate the mass fraction of Sodium in its hydroxide NaOH.

№ 6
1. How many molecules of oxygen are necessary to receive: a) 30 g of

ozone; b) 28 liters of ozone (n.c.)?
2. What is the mass of Calcium which is contained in 22.2 g of Calcium

hydroxide Ca(OH)2 ?
3. Calculate the mass fraction of Ferrum in the oxide Fe3O4.

№ 7
1. What is the mass of the Zinc hydroxide which contains 17 mole of

Hydrogen atoms?
2. Calculate the mass fraction of Chromium in Cr(OH)3.
3. How many atoms of Hydrogen are there in 112 liters (n.c.) HCl?

№ 8
1. How many molecules of Nitrogen there are in its mixture with CO

which volume is 10–3 sm3 if the volume fraction of N2 is 10–4 %?
2. The mass of a  gaseous substance is 0.57 g and its volume (n.c.) is 

160 ml. Calculate the molar mass of this substance.
3. What is the mass fraction of Zinc in oxide ZnO?

№ 9
1. Calculate the molar mass of a gas, if its density is 1.964 g/l under

normal conditions.
2. What is the amount of a substance of Chromium (III) oxide if it’s mass

109.2 g?
3. Find the volume (n.c.) of the 1,505·1021 atoms of Oxygen.

№ 10
1. Calculate the molar mass of a gas, if its density is 2.253 g/l under

temperature 30° С and pressure 202.65 kPa.
2. What is the mass of Chromium (VI) oxide if its amount of substance is
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0.8 mole?
3. What is the volume (n.c.) of 14 g of Ammonia?

№ 11
1. Calculate the molar mass of a gas, if its density upon Hydrogen is 8.5.
2. What is the molar mass of the compound if its amount of substance is

0.3 mole and weight is 10.67 g?
3. What is the mass of 3, 01·1021 atoms of ozone?

№ 12
1. The volume of a gas is 0.5 l (n.c.) and its mass is 0.982 g. What is

the molar mass of this gas?
2. What is the mass of 4,515·1021 atoms of Oxygen?
3. Calculate the mass of Fe3O4, in which there are 28 g of Iron.

№ 13
1. Gaseous mixture contains 20 % of CO  volume and 80 %volume of

CO2. What is average molar mass of this mixture?
2. If the number of atoms is equal t 2 g of Zinc and the same mass of

Aluminum? Calculate the amount of corresponding compounds.
3. Find the mass of 40 liters of Carbon (II) oxide under normal conditions.

№ 14
1. What is the mass fraction of Chlorine in Chlorine (VII) oxide?
2. What volume of Oxygen (n.c.) contains the same number of molecules

as in 24 g of MgO?
3. Calculate the mass of 6.02·1021 atoms of Argentum.

№ 15
1. Calculate the molar mass of a gas, if its density is 2.857 g/l under 

normal conditions.
2. If the number of atoms is equal to 2 liters of Helium and 1 liter of

Oxygen (n.c.)? Fulfill the corresponding calculations.
3. What mass of Cuprum may be obtained from 160 g of CuO?
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№ 16
1. Calculate the molar mass of a gas, if its density is 5.375 g/l under

temperature 313 K and pressure 303975 Pa.
2. What mass of Carbon dioxide contains the same number of molecules

as 9 g of water?
3. Find the volume of Nitrogen dioxide with mass 18 g under normal

conditions.
№ 17

1. Calculate the molar mass of a gas, if its density upon air is 1.517.
2. What is the mass of 1.204·1020 atoms of Nitrogen.
3. Find the volume of NO that mass is 17 g under temperature 20° С 

and pressure 202.65 kPa.
№ 18

1. Find the molar mass of a gas if its mass is 0.616 g and volume (n.c.) is
0.3. 

2. Calculate the density (g/l) of Oxygen (n.c.).
3. What is the mass of Zinc hydroxide Zn(OH)2, which contains 15.4 g

of  Zinc?

№ 19
1. Gaseous mixture of Hydrogen and Nitrogen contains 25 % volume of

N2. Find its average molar mass.
2. What is the mass of Barium oxide if its amount of substances is 0.25

mole?
3. How many grams of Chromium one can obtain 102 g of Cr2O3?

№ 20
1. Find the mass fraction of Magnesium in oxide Mg (MgO).
2. What amount of substance Ferrum (ІІІ) hydroxide with mass 204 g

contains?
3. Calculate the volume of Nitrogen with mass 26 g under temperature

0° С and pressure 5 atmospheres.
№ 21

1. Find the molar mass of gas if its mass is 0.616 g and volume (n.c.) is 0.3 l.
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2. Calculate the density (g/l) of oxygen (n.c.).
3. What is the mass of Zinc hydroxide Zn(OH)2, which contains 15.4 g

of Zinc?

№ 22
1. Gaseous mixture of Hydrogen and Nitrogen contains 25 volume % of

N2. Find its average molar mass.
2. What is the mass of Barium oxide if its amount of substances is 0.25

mole?
3. How many grams of Chromium one can obtain 102 g of Cr2O3?

3.4. Tasks for independent work

№ 1
1. Find the simple formula of compound if the elements percentage in it is:

Na – 22.1 %; O – 46.2 %; H – 1.0 %; S – 30.7 %.
2. Hydrogen chloride acid solution containing 1.095 g HCl reacts with

0.54 g of Aluminum. Find the volume (n.c.) of formed Hydrogen.
3. Calculate the mass of Sodium chloride and water that  is  necessary to

prepare 250 g of solution with the mass fraction of NaCl 2.5 %.

№ 2
1. Find the formula of a compound containing 68.85 % of Carbon, 4.92 % of

Hydrogen, 26.23 % of Oxygen.
2. Calculate the amount of the  substance of Potassium chloride produced

during  thermo destruction of KClO3 in accordance with reaction:
2KClO3 = 2KCl + 3O2.

3. What is the mass part of salt in the solution if 160 g of latter contains
40 g of dissolved compound?

№ 3
1. The volume of Nitrogen dioxide and Oxygen mixture produced during

thermo destruction of 6.62 g hard metal nitrate is 1.12 l (n.c.). What is the molar
mass of this nitrate?

2. 4.83 g of Zinc sulfate was obtained during Zinc reaction with sulfuric
16



acid. Find the mass of reacted metal.
3. What amount of the Potassium chloride is necessary to obtain a solution

with mass part of KCl 5 %?

№ 4
1. During the tempering o f  6.06 g of alkali metal nitrate (V) 5.1 g of

its nitrate (III) was formed. Which metal salt was destroyed?
2. Find the mass of Calcium phosphate (V) obtained from reaction

between Phosphate (V) acid and 22.4 g of Calcium oxide.
3. What mass of both salt and water is necessary to prepare 400  g

solution with mass fraction of dissolved Sodium sulfate 20 %?

№ 5
1. The oxide with mass 2.29 g was formed during the reaction between 1 g

of Phosphorus and 1 g of oxygen. Find the formula of the oxide.
2. Calculate the mass fraction of the salt in compound Na2CO3·10H2O.
3. Find the mass of solution with mass fraction of hydrogen chloride 4 %,

if 180 g  of water was used for its preparation.

№ 6
1. Find the molar mass of a substance in which the elements percentage

is: Sulfur – 84%, Carbon – 16%. The density upon air of this compound
steam is 2.62.

2. Calculate the mass of a compound formed during the 0.5 mole
Barium oxide reacting with water.

3. Find the mass fraction of solution formed by 90 g salt dissolved in 1
liter of water.

№ 7
1. Find the molar mass of the compound containing Hydrogen, Carbon and

Oxygen with mass ratio 1: 6: 24. Density of the gaseous state of this compound
upon hydrogen is 31.

2. What volume (n.c.) of Hydrogen sulfide is formed during the reaction
between 10 g of Hydrogen and 20 g of Sulfur?

3. How many grams of a salt  is necessary to add to 3 liters of water to
17



obtain a solution with mass fraction of a salt 4 %?

№ 8
1. 0.745 g of Potassium chloride and 336 ml (n.c.) of Oxygen were formed

during the heating of a compound with mass 1.225 g. Find the molar mass of a
compound.

2. The volume of Nitrogen dioxide produced from the reaction of Cuprum
with concentrated nitrate acid is 5.6 l (n.c.). What mass of a salt is formed during
the reaction?

3. 40 g of the crystal hydrate CuSO4·5H2O is dissolved in 600 ml of water.
What is the mass fraction of crystal hydrate and water free salt in a solution?

№ 9
1. Find the molar formula of the compound containing Oxygen, Calcium

and Nitrogen with mass parts 48.48 %, 30.31 %, 21.21 % corresponding. The
molar mass of the compound is 132 g/mol.

2. The mixture of gases (NO2, O2, H2O) with volume 15.68 l (n.c.) was
formed during the thermal destruction of nitrate acid. What is the amount of a
substance of the acid reacted?

3. Find the mass fraction  of Sodium sulfate obtained from  32.2 g
Na2SO4·10H2O dissolution 967.8 ml. of water.

№ 10
1. The  substance  consists  of  Potassium,  Sulfur  and  Oxygen  with  mass

fraction  of elements  consequently  49.37  %,  20.25  %,  30.38  %.  What  is  the
formula of the substance?

2. What amount of Zinc hydroxide reacted with chloride acid if 2.72 g of
salt was obtained during the reaction?

3. What weight of FeSO4·7H2O is necessary to prepare for 500g of solution
with concentration of FeSO4 2.7 %?

№ 11
1. The compound contains Oxygen, Hydrogen, Chlorine and Calcium
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with corresponding mass fraction of elements 17.30 %, 1.08 %, 38.38 % and
43, 24 %. Find this compound.

2. What is  the  weight  of a salt formed during a reaction between 28
grams of Calcium oxide and 22.4 liters of Carbon dioxide (n.c.)?

3. Find the mass fraction of NaCl in a solution formed by addition of 40
ml water to 160 g of the solution with mass fraction of Sodium 8 %.

№ 12
1. What is a compound if its 3.04 g produces 4.66 g of BaSO4 when

reacting with BaCl2 and 1.12 g of iron after reaction with Zinc?
2. How many reactants are necessary for obtaining 6.56 g of Na3PO4

from Phosphorus (V) oxide and Sodium hydroxide?
3. Find the mass fraction of salt in the formed solution if 30 g of a

salt was crystallized from 800 g of solution under the cooling.

№ 13
1. Find the formula of phosphoric acid if mass fraction of Hydrogen and

Oxygen               1.25 and 60.00 %.
2. What weight of a salt may be obtained during reaction between 0.2 mole

of Potassium hydroxide and hydrogen Chloride solution containing 10 g HCl?
3. 90 g of water was evaporated from 300 g of solution with mass fraction

of dissolved salt 10 %. Find the mass fraction of components in formed solution.

№ 14
1. A Calcium containing salt includes also Oxygen with mass fraction 12.6 %

and Chlorine with mass fraction 55.90 %. Find a salt if its molar mass is 127 g/mol.
2. 4.9 g of Cuprum (ІІ) hydroxide was obtained after reaction between

Cuprum (ІІ) sulfate and alkali. What amount of substance of Cuprum (ІІ) sulfate
was used for reaction?

3. 30 g of a salt was added to the 700 g of a solution with mass fraction
of a salt 7 %. Find the mass fraction of a salt in forming solution.

№ 15
1. Find the formula of substance containing Hydrogen and Nitrogen if the

mass fraction of the latter is 97.67 % and density of this substance upon air is
19



1.482.
2. A volume of Hydrogen chloride formed from reaction between Sodium

Chloride and concentrated sulfuric acid is 5.6 l (n.c.). What weight of NaCl was
reacted?

3. What mass of HСl is contained in 2,0 l of solution with mass fraction of
acid 15 % and density 1.075 g/ml.?

№ 16
 1. One of the borate acid salts contains 22.77 % of Sodium, 21.78 % of

Boron, 55.45 % of Oxygen. Find the formula of a salt.
2. The sediment of Argentum chloride with amount of substance 0.3 mole

is formed by reaction between the Argentum nitrate and Potassium chloride. Find
the mass of reacted Argentum nitrate.

3. Determine the mass fraction of Potassium nitrate in the solution
obtained after 15 g KNO3 dissolution in 400 g solution of Potassium nitrate
with ω(KNO3) = 20 %.

№ 17
1. 3.02 g of compound contains 1.12 g of Iron, 0.62 g of Phosphorus,

1.28 g of Oxygen. Find this compound.
2. What weight of Silicium was dissolved in alkali if the volume of

f o r mi n g  Hydrogen is 2.24 l (n.c.)?
3. How much water and solution with mass fraction of Ammonia 22 % is

necessary for preparing of 300 g of Ammonia solution with mass fraction 10 %.

№ 18
1. The compound contains 3.06 % of Hydrogen, 65.31 % of Oxygen

and 31.36 % of Phosphorus. Find the formula of a compound if its molar mass is
98 g/mol.

2. What volume of Cl2 (n.c.) was dissolved in Sodium hydroxide, if 23.4 g
of Sodium chloride was formed?

3. Two solutions of alkali were mixed. The weight of the first was 120 g
with mass fraction of a substance 18 %; the weight of the second one – 60 g with
mass fraction of a substance 12 %. What is the mass fraction of alkali in formed
solution?
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№ 19
1. Oxygen is educed during the thermal destruction of 6.06 g of a salt and

the solid Residual contains 2.34 g of Potassium, 0.84 g of Nitrogen and 2.88 g of
Oxygen. Find the formula of a salt.

2. What weight of Iodine was formed during 33.6 liters of Cl2 reaction with
Potassium iodide?

3. 150 g of  water  and 30 g of  Sodium nitrate  were added to 200 g of
solution with ω(NaNO3) = 6 %. Find the mass fraction of a formed solution.

№ 20
1. The mass fraction of Potassium, Oxygen and Chlorine in a substance are

28.16 %, 46.21 % and 25.63 %. Find the formula of a substance.
2. What volume of Ammonia (n.c.) was used to obtain 10.7 g of

Ammonia chloride NH4Cl?
3. Find the mass fraction of nitric acid in solution if its 1.5 l contains 120 g

HNO3. Density of a solution is 1.039 g/ml.

№ 21
1. The oxide with weight 2.29 g was formed during the reaction between 1 g

of Phosphorus and 1 g of Oxygen. Find the formula of the oxide.
2. Calculate the mass fraction of the salt in compound Na2CO3·10H2O.
3. Find the weight of solution with mass fraction of Hydrogen chloride 4 %, if

180 g of water was used for its preparing.

№ 22
1. Find the molar mass of a substance in which the elements percentage is:

Sulfur – 84%, Carbon – 16 %. The density upon air of this compound steam is
2.62.

2. Calculate the mass of a compound formed during the 0.5 mole Barium
oxide reacting with water.

3. Find the mass fraction of solution formed by 90 g salt dissolved in 1 liter
of water.

21



4. EXPERIMENTAL PART

4.1. Experiment 1. Determination of molar mass of metal equivalent

The method is based on a measuring the volume of gaseous hydrogen t
that exudes during the reaction of a metal with the excess of acid by reaction

М + H2SO4 = МSO4 + H2

М0 – 2e = М+2,  f(М) = 1/2,
2H+ + 2e = H2, f(H2) = 1/2.

A metal is two-valence and is located in a range of standard electrode 
potentials   before hydrogen. 

The experiment is conducted using the device shown in Fig. 1.

Figure 1 – The device for determining 
the molar mass of metal equivalent:
1 – test tube,

2 – burette,

3 – glass tube

Procedure 
1. Check the tightness of the device by following procedure:
− set up set a test tube;
− put the funnel so that the water level in it will be lower than the water

level in burette;
− secure it in this position. If after 1–2 minutes water level in burette

remains constant, the system can be considered as airtight.
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2. Remove the test tube from the device and set the water level in
burette at around "0" by moving the funnel.

3. Fill 1/3 of the test tube with the acid solution (H2SO4) = 25 % and

add 2–3 drops of copper(II) sulfate.
4. Place the metal with mass of 0.1 grams on the top of the test tube,

preventing its contact with the acid.
5. Connect a test tube to the device.
6. By moving the funnel set the same level of water in the funnel and 

burette, record in Table 3 the level of water in burette before the experiment.
7. Put the metal in the acid, and watch how hydrogen exudes.
8. After the reaction stops, set again the same level of water in the funnel

and the  burette and record in Table 2.3 the level of water in the  burette after
the experiment.

9. Calculate the difference in water levels in the burette before and after the
experiment that determines the volume of gaseous hydrogen V that is evolved in
the reaction: V = V2 – V1.

Table 3 – Experiment results

Metal
sample
weight

Position of water level in 
burette, ml

The volume
of evolved

hydrogen V,
ml

t,
°C

Pressure, 
mm Hg

After the

experiment V2

Before the

experiment V1

P h

10. Record in the Table 3 the values of atmospheric pressure and the 
temperature under which the experiment is conducted. As hydrogen is collected
above  the  water,  you  need  to  write the  pressure  of  water  vapor  h at  the
temperature of the experiment (Table 4).

11. Set the volume of evolved hydrogen to normal conditions V0 by the
equation:

0
0

0

( )V P h T
V

PT

-
= ,
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where: P0 – pressure under n.c. (760 mmHg), T0 – temperature under n.c. (273
K), T – experiment temperature (273 + t, K).

Table 4 – The pressure of water vapor h at different temperatures, °С

t, °C h t, °C h t, °C h

14 12.0 18 15.5 22 19.8

15 12.8 19 16.5 23 21.1

16 13.6 20 17.5 24 22.6

17 14.5 21 18.6 25 23.8

12. Find t h e  experimental value of molar weight of metal equivalent
from such proportions:

mМ– V0;  M(1/2 М)e – Vm(1/2H2),
considering Vm(1/2H2)=11200 ml/mol.

13. Find the metal in Periodic table that atomic mass is in accordance
with M(1/2 М)e. Determine the theoretical molar weight of a metal equivalent:

M(1/2М)т = A∙f(М),
where: А – atomic metal mass, f – equivalence factor (1/2 for two-valence
metal).

14. Calculate the experiment error:

1 1
M M

2 2
ε 100%

1
M

2

E T

T

M M

M

ж ц ж ц-з ч з чи ш и ш= Ч
ж ц
з чи ш

Conclusions:
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