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PREFACE

This book contains exercises for classwork and homework on 51 lessons from
the course of pre-university chemistry. Multiple choice questions may have from 1 to
3 correct answers. The answers to multiple choice questions and the ways to solve
problems and chains of chemical reactions can be found: 1) in the text of the book
written by the same authors («Pre-University Chemistry»); 2) in any other relevant
source of knowledge; 3) most answers are hidden in other questions from this book.
Finally, all those questions must be answered during corresponding lessons. The main
purpose of this book is to make foreign attendees familiar with the style of questions
from the entrance exam. The authors are looking forward to receive any feedback
regarding this book from both attendees and colleagues.

Please, be aware that some chemical terms have different meanings in English
and Russian. For example, «chemical element» is defined in the IUPAC Gold Book
as both: 1) all atoms with the same number of protons in the atomic nucleus; 2) a pure
chemical substance composed of atoms with the same number of protons
in the atomic nucleus. In Russian just the first meaning of the term «chemical
element» is used, while the second meaning has its own expression which can be
translated as «simple substance». Moreover, the term «compoundy is used in English
to refer to substances composed of atoms from different chemical elements, while in
Russian it refers to any substance. In this book we use English terminology and not
literal translation from Russian. Such trivial English names of substances as «lime

water», «sodium bicarbonatey, «carbon dioxidey, etc. are also used in this book.



LESSON 1. INTRODUCTION TO THE GENERAL CHEMISTRY

TEST FOR CLASSWORK

1. Choose physical processes:
a. the melting of the ice
b. the boiling of water
c. the burning of wood
d. the oxidation of sulfur

2. Choose chemical processes:
a. production of ammonia from nitrogen and hydrogen
b. the dissolving of glucose in water
c. the dissolving of calcium carbide in water
d. the dissolving of sodium bicarbonate in acetic acid

3. Choose pure chemical elements:
a. chlorine gas c. steel
b. iron d. sodium chloride

4. Choose compounds:

a. sulfur dioxide c. methane
b. white phosphorus d. oxygen
5. Choose allotropic modifications of carbon:
a. graphite C. propane
b. diamond d. carbon dioxide

6. Choose oxygen containing compounds:
a. CaO b. O, C. 03 d. H,SO,

7. Choose chemical elements which have absolutely different names in English and Latin:
a. Ag b. Ni c.K d. Fe

8. Choose chemical elements which have similar names in English and Latin:
a. B b. W c.N d. Pb

9. Which compounds are composed of three atoms?
a. NO, b. HCN c. HNO; d. N,Os

10. Which compounds are made from atoms of two chemical elements?
a. SOz b. N, c. P,Og d. HzSIOg



TEST FOR HOMEWORK

1. Choose physical processes:
a. the mixing of flour with sugar
b. condensation of water
c. the burning of magnesium in CO,
d. the rusting of iron

2. Choose chemical processes:
a. production of the distilled water
b. the dissolving of sodium chloride in water
c. the dissolving of sodium sulfide in water
d. the dissolving of aluminum chloride in water

3. Choose pure chemical elements:
a. lime water C. nitrogen
b. marble d. mercury

4. Choose compounds:

a. pyrite c. silver
b. gold d. bronze
5. Choose allotropic modifications of oxygen:
a. oxide C. oXygen
b. ozone d. ozonide

6. Choose phosphorus containing compounds:
a. F, b. NaF C. P4 d. H3PO,

7. Choose chemical elements which have absolutely different names in English and Latin:
a. Au b. Pt c. Na d. F

8. Choose chemical elements which have similar names in English and Latin:
a. Br b. 1 c. Sn d. Sb

9.  Which compounds are composed of four atoms?
a. H,0, b. SO, c. H;0" d. P,

10. Which compounds are made from atoms of three chemical elements?
a. CCl, b. O, c. H3PO, d. KCN
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. Write the formula of potassium nitrate:

. Write the formula of strontium phosphate:

EXERCISES FOR CLASSWORK

. Write the formula of sodium sulfide:

. Write the formula of zinc sulfide:

. Write the formula of aluminum sulfide:

. Write the formula of lithium sulfite:

. Write the formula of calcium sulfate:

. Write the formula of sodium nitrite:

. Write the formula of aluminum nitrite:

10. Write the formula of calcium carbonate:

11. Write the formula of barium silicate:

12. Write the formula of strontium oxide:

13. Write the formula of calcium hydroxide:

14. Write the formula of sulfuric acid:

15. Write the formula of nitric acid:
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. Write the name of H,SO,:
. Write the name of FeO:

. Write the name of NaNO,:
. Write the name of NH;NOs:
. Write the name of CO,:
. Write the name of H3PO,:
10. Write the name of K,SiOs:

EXERCISES FOR HOMEWORK

. Write the name of NaOH:

. Write the name of KClI:

. Write the name of HBr:




LESSON 2. MOLAR MASS

EXERCISES FOR CLASSWORK

Calculate the number of moles in 40 g of sodium hydroxide (NaOH)?

What is the mass of 3.6 moles of sulfuric acid (H,SO,)?

Find the molar mass of a substance if 5.5 moles of it has a mass of 435 g?

How many molecules are there in 3 L of liquid water (density is equal to 1 g/ml)?

Find the number of moles in a sample of a substance if there are 3.7:10°® molecules
in that sample.

How many molecules are there in 128 g of oxygen?

Calculate the mass of 4.9-10° molecules of carbon dioxide (CO,).




10.

Find the molar mass of a substance if 3.01-10°° molecules of it have a mass of 49 g.

How many moles of oxygen atoms are there in 100 g of barium sulfate (BaSO,)?

Find the mass of a sample of ammonium nitrate if you know that there are
0.47 moles of nitrogen atoms in that sample.

EXERCISES FOR HOMEWORK

Calculate the number of moles in 50 g of potassium hydroxide (KOH)?

What is the mass of 0.67 moles of nitric acid (HNO3)?

Find the molar mass of a substance if 2.5 moles of it has a mass of 150 g?

How many molecules are there in 4 L of liquid ethanol (the density of C,HsOH is
equal to 0.8 g/ml)?




10.

Find the number of moles in a sample of a substance if there are 8.9-10% molecules
in that sample.

How many units are there in 523 g of ZnClI,?

Calculate the mass of 2.6-10% molecules of hydrogen peroxide (H,O,).

Find the molar mass of a substance if 1.2:10%* molecules of it have a mass of 126 g.

How many moles of sodium ions are there in 200 g of sodium carbonate (Na,CO3)?

Find the mass of a sample of zinc hydroxide if you know that there are 0.27 moles
of oxygen atoms in that sample.

10



10.

LESSON 3. VALENCE
TEST FOR CLASSWORK

What is the valence of carbon in carbon dioxide?
a. Il b. Il c. vV d.V

In which compounds the valence of phosphorus is equal to VV?
a. P,Os b. P,0O; c. H3PO, d. PC|5

Calculate the sum of all coefficients in the following chemical reaction:
ZH+HC1—>ZHC12+H2
a. 4 b.5 Cc.6 d.7

Calculate the sum of coefficients before reactants in the following chemical reaction:
NaOH + H,SO4 — Na,SO,4 + H,0
a.2 b.3 c.4 d.5

Calculate the sum of coefficients before products in the following chemical reaction:
Al + HCI — AlClg + H2
a.3 b.4 c.5 d. 6

In which molecules there are three single or a single triple covalent bond?
a. 0, b. H,O c.CO d. H,0,

Calculate the sum of all coefficients in the following chemical reaction:
Ca+ H,0 — Ca(OH), +?

a. 3 b.4 c.5 d. 6

Calculate the sum of coefficients before reactants in the following chemical reaction:
AgNO; +? — AgCl + KNO;

a. 2 b.3 c.4 d.5

Calculate the sum of coefficients before products in the following chemical reaction:
Ca(OH)z + H3PO4 — Ca3(P04)2 +?

a.l b.3 c.5 d.7
How many atoms are connected to the nitrogen atom in HNO, molecule?
a.0 b.1 c.2 d.3

TEST FOR HOMEWORK

What is the valence of sulfur in sulfur trioxide?

a. ll b. I c. v d. Vi
11



10.

In which compounds the valence of silicon is equal to 1V?
d. SlOz b. HleOg C. KleOg d. Sio

Calculate the sum of all coefficients in the following chemical reaction:
Fe + H,SO, — FeSO, + H,
a. 4 b.5 Cc.6 d.7

Calculate the sum of coefficients before reactants in the following chemical reaction:
Al(OH)3 + H2804 — A12(804)3 + Hzo
a.2 b. 3 c.4 d.5

Calculate the sum of coefficients before products in the following chemical reaction:
Fe203 + HNO3 — FC(NOg)g + Hzo
a. 3 b.4 c.5 d. 6

In which molecules there are four single or two double covalent bonds?
a. CoH, b. NH; c. SO, d. CH,

Calculate the sum of all coefficients in the following chemical reaction: K + H,O — ? + H,
a. 4 b.5 c.6 d.7

Calculate the sum of coefficients before reactants in the following chemical reaction:
CaCO3z +? — CaSO, + CO, + H,O
a.2 b. 3 c.4 d.5

Calculate the sum of coefficients before products in the following chemical reaction:
Ca(OH)Z + HN03 — 7+ H,0
a.l b.3 c.5 d. 7

How many atoms are connected to the chlorine atom in HCIO, molecule?
a. 2 b.3 c.4 d.5

EXERCISES FOR CLASSWORK

Balance the following chemical equations:
Cr+ 0O, - Cr,03

Zn(NOs), + Al > AI(NO3); + Zn

H3;PO4 + NaOH — NasPO, + H,0O

Ca(OH), + H3PO, — Ca3(P0Oy), + H,O

K+ 0, - K0

Cu(NOs), + Zn — Zn(NO3), + Cu

H,SO, + NaOH — Na,SO, + H,0

12
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Ca(OH), + HNO3; — Ca(NO3), + H,0O
Na + O, — Na,O

Cu(NOs3), + Cr — Cr(NOs)3 + Cu
H,SO, + Ca(OH), — CaSO,4 + H,0O
Sr(OH), + HNO3; — Sr(NOs), + H,0

What are the products of the reaction between iron (I1) oxide and hydrochloric acid?

What are the products of the reaction between iron (I11) oxide and nitric acid?

To produce zinc sulfate we need to put in sulfuric acid.

To produce potassium hydroxide we should put in water

EXERCISES FOR HOMEWORK

Balance the following chemical equations
Pb(NO3), + Al — Pb + AI(NO3)3
Al(OH); + H,SO4— Al,(SOy4); + H,O
NH;z; + O, > NO + H,0
P+ O,— P,05
PbCl, + Al - Pb + AICl;

Cr(OH);z + H,SO4— Cry(SQOy)s + H,O
NH;z; + O, > N, + H,0

P+ 0O,—> P,0;

Al + KOH + H,0 — K[AI(OH)4] + H»
Fe,O3 + HCl —» FeCl; + H,O

AgNO; + AICI; —> AgCI + AI(NO3)3
N, + H, > NH;

The products of the reaction between aluminum and hydrochloric acid are:

Copper forms in the reaction with sulfur.

To produce zinc phosphate we need to put zinc in acid.

To produce iron (111) oxide we should burn

13



LESSON 4. STOICHIOMETRIC CALCULATIONS
EXERCISES FOR CLASSWORK
What is the mass of sulfur reacted with oxygen and produced 3.6 g of sulfur

dioxide:
balance the equation: S+0,—> S0,

Calculate the mass of phosphorus (V) oxide produced from 6.2 g of phosphorus
and oxygen?
balance the equation: P+ 0O, — P,0O5

What is the mass of zinc chloride produced in the reaction between 9 g of zinc and
hydrochloric acid?
balance the equation: Zn + HCI — ZnCl, + H,

What is the mass of silver chloride produced in the reaction between 10 g of silver
nitrate and barium chloride?
balance the equation: AgNO; + BaCl, - AgCl + BaNO;

Calculate the mass of water needed to produce 20 g of lithium hydroxide from
lithium.
balance the equation: Li + H,O — LiOH + H,

14



6.

7.

1.

Find the mass of zinc oxide formed in the reaction of zinc hydroxide
decomposition. The mass of zinc hydroxide was equal to 75 g, the mass of water
produced is equal to 10 g.

balance the equation: Zn(OH), — ZnO + H,0

What is the mass of iron (I11) chloride formed in the reaction between iron and
chlorine gas? The mass of iron is equal to 18.2 g, the mass of chlorine gas is equal
to 16.4 g.

balance the equation: Fe + Cl, - FeCl;

EXERCISES FOR HOMEWORK

What is the mass of carbon reacted with oxygen and produced 5.2 g of carbon
dioxide:
balance the equation: C+0,—>CO,

Calculate the mass of orthophosphoric acid produced from 9.1 g of phosphorus
(V) oxide and water?
balance the equation: P,O5 + H,O — H3;PO,

15



What is the mass of sodium iodide produced in the reaction between 9 g of sodium
and iodine?
balance the equation: Na + I, — Nal

What is the mass of barium sulfate produced in the reaction between 6 g of barium
hydroxide and potassium sulfate?
balance the equation: Ba(OH), + K,SO, —» BaSO, + KOH

Calculate the mass of strontium needed to produce 30 g of strontium hydroxide in
the reaction with water.
balance the equation: Sr+ H,O — Sr(OH), + H,

Find the mass of aluminum oxide formed in the reaction of aluminum hydroxide
decomposition. The mass of aluminum hydroxide was equal to 110 g, the mass of
water produced is equal to 15 g.

balance the equation: Al(OH); — Al,03 + H,0

What is the mass of calcium carbonate formed in the reaction between calcium
oxide and carbon dioxide? The mass of calcium oxide is equal to 33.3 g, the mass
of carbon dioxide is equal to 12.2 g.

balance the equation: Ca0 + CO, —» CaCOs

16



LESSON 5. MOLAR VOLUME OF GASES

EXERCISES FOR CLASSWORK

How many moles are there in 11.7 L of nitrogen (in normal conditions)?

What volume is occupied by 4.5 moles of oxygen (in normal conditions)?

How many molecules are there in 2 L of hydrogen (in normal conditions)?

Find the molar mass of a gas if 10 g of it occupy a volume of 5.1 L (in normal
conditions)?

. Calculate the mass of ammonia which has a volume of 133.6 L (in normal
conditions)?

Calculate the volume of oxygen required to burn down 14.2 L of methane.

What is the volume of carbon monoxide produced from 37 L of carbon dioxide
in its reaction with coal (in normal conditions)?

17



10.

Calculate the volume of an unknown gas which has a mass equal to 7 g and
the relative density per oxygen which is equal to 0.625?

What is the density of unknown gas per nitrogen if its density per hydrogen
is equal to 17?

Find the volume of carbon dioxide (in normal conditions) produced in the reaction
between 10 g of calcium carbonate and 8 g of hydrochloric acid.

EXERCISES FOR HOMEWORK

How many moles are there in 1.8 L of ozone (in normal conditions)?

What volume is occupied by 3.2 moles of hydrogen (in normal conditions)?

How many molecules are there in 7.7 L of ammonia (in normal conditions)?

Find the molar mass of a gas if 5 g of it occupy a volume of 2.2 L (in normal
conditions)?

18
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10.

Calculate the mass of sulfur (V1) oxide which has a volume of 43.7 L (in normal
conditions)?

Calculate the volume of oxygen required to burn down 5.2 L of acetylene.

What is the volume of sulfur (IVV) oxide produced from 4.5 g of hydrogen sulfide
in its reaction with the excess of oxygen (in normal conditions)?

. Calculate the volume of an unknown gas which has a mass equal to 5 g and

the relative density per dry air which is equal to 1.25?

What is the density of unknown gas per dry air if its density per ozone is equal
to 1.5?

Find the volume of ammonia (in normal conditions) produced in the reaction
between 7 g of ammonium nitrate and 9 g of potassium hydroxide.

19



LESSON 6. THE SAMPLE OF CONTROL TASK #1

How many molecules are there in 128 g of oxygen?

Balance the following chemical equations:
(NH,4),S0O,4 + BaCl, —» BaSO, + NH,CI
Al(OH); + HCI — AICI; + H,0

CuS + O, —» CuO + SO,

Mg(NO3z), + NaOH — Mg(OH), + NaNO;

How many moles of oxygen react with 36 g of carbon?

Calculate the molar mass of unknown gas if the mass of 3 L of that gas is equal
t09.51¢

What is the mass of AgCl which is produced in the reaction between 1.34 ¢
of AgNO; and 1.34 g of ZnClI,?

Calculate the volume of hydrogen gas required for the reaction with 3.3 L
of oxygen at 35 °C and at the pressure of 1.2 atmospheres. Water is the product
of that reaction.

20



10.

LESSON 7. THE PERIODIC TABLE
TEST FOR CLASSWORK

Metallic properties of chemical elements from A subgroups increase from:
a. left to right c. top to bottom
b. right to left d. bottom to top

Nonmetallic properties of chemical elements from A subgroups increase from:
a. left to right c. top to bottom

b. right to left d. bottom to top

Atomic radii of chemical elements from A subgroups increase from:

a. left to right c. top to bottom

b. right to left d. bottom to top

Electronegativity of chemical elements from A subgroups increases from:
a. left to right C. top to bottom

b. right to left d. bottom to top

lonization energy of chemical elements from A subgroups increases from:
a. left to right c. top to bottom

b. right to left d. bottom to top

Choose s-elements:
a. Na b. Sr c. Al d. Sc

Choose p-elements:
a. Cu b. Sb c. Cl d. He

Choose d-elements:
a. Ba b. Fe c. Si d. Mn

Which properties are usually identical for elements from the same subgroup?
a. number of protons

b. highest valence

c. number of electrons on the outer layer

d. electronegativity

Which properties are identical for elements from the same period?
a. atomic radius

b. ionization energy

c. the number of electron layers

d. chemical properties
21



10.

TEST FOR HOMEWORK

Metallic properties of chemical elements from A subgroups decrease from:

a. left to right c. top to bottom

b. right to left d. bottom to top

Nonmetallic properties of chemical elements from A subgroups decrease from:
a. left to right c. top to bottom

b. right to left d. bottom to top

Atomic radii of chemical elements from A subgroups decrease from:

a. left to right c. top to bottom

b. right to left d. bottom to top

Electronegativity of chemical elements from A subgroups decreases from:
a. left to right c. top to bottom

b. right to left d. bottom to top

lonization energy of chemical elements from A subgroups decreases from:
a. left to right c. top to bottom

b. right to left d. bottom to top

Choose s-elements:
a. He b. CI c.H d. Ar

Choose p-elements:
a. Al b.S c. Hg d.C

Choose d-elements:
a. Be b. Co c. Ni d. Mg

Which properties are usually identical for elements from the same subgroup?
a. the formula of the highest oxide

b. atomic radius

c. the formula of the pure chemical element

d. the formula of the binary compound with hydrogen

Which properties are identical for elements from the same period?
a. electronegativity

b. molecular mass

c. the line in the Periodic table

d. the column in the Periodic table

22



10.

11.

12.

EXERCISES FOR CLASSWORK

Write the names of metals from the group I11A of the periodic table:

Write the names of metals from the group IVA of the periodic table:

Write the names of nonmetals from the group VA of the periodic table:

Write the names of nonmetals from the group VIA of the periodic table:

Write the names of metals from the 3" period of the periodic table:

Arrange these elements in the order of the increase of their metallic properties
(Al/Na/Mg/Si/Cs/C):

Arrange these elements in the order of the decrease of their nonmetallic properties
(B/Br/ClIFAII:

Write the formula of the highest oxide of elements from the VIA group of
the periodic table starting from the 3™ period:

Write the formula of the binary compound with hydrogen for elements from
the 111A group of the periodic table:

Which metalloids are classified as metals if we divide all the elements into metals
and nonmetals?

Calculate the number of protons in 20 g of phosphoric acid.

The percent of *°Cl in the sample of HCI is 80 %, the percent of *’Cl is 20 %. Find
the volume of hydrogen produced in the reaction between 100 g of that HCI
sample with sodium.

23



10.

11.

12.

EXERCISES FOR HOMEWORK

Write the names of nonmetals from the group 1A of the periodic table:

Write the names of nonmetals from the group IVA of the periodic table:

Write the names of metals from the group VA of the periodic table:

Write the names of metals from the group VIA of the periodic table:

Write the names of metals from the 2™ period of the periodic table:

Arrange these elements in the order of the increase of their metallic properties
(Ca/Sr/Al/Mg/Ba/B):

Arrange these elements in the order of the decrease of their nonmetallic properties
(F/O/SIC/SilBe):

Write the formula of the highest oxide of elements from the VA group of
the periodic table starting from the 3™ period:

Write the formula of the binary compound with hydrogen for elements from
the VIIA group of the periodic table:

Which metalloids are classified as nonmetals if we divide all the elements into
metals and nonmetals?

Calculate the number of protons in 60 g of calcium phosphate.

The percent of °H in the sample of H,O is 2 %, the percent of 'H is 98 %. Find
the volume of hydrogen produced in the reaction between 10 g of that H,O sample
with potassium.

24



LESSON 8. ELECTRON CONFIGURATIONS

TEST FOR CLASSWORK

1. How many energetic sublevels are there on the 4™ energetic level?

a.l b. 2 c.3 d. 4
2. How many electron orbitals are there on the p-sublevel?
a.l b. 2 c.3 d. 4
3. What is the maximal number of electrons which can occupy all orbitals of the same
d-sublevel?
a. 2 b. 6 c. 10 d. 14

4. How many unpaired electrons are there in the nitrogen atom (in its normal state)?
a.l b. 2 c.3 d. 4

5. What is the number of electrons on the outer shell (level) of the chlorine atom:
a. 17 b.8 c.18 d.7

6. What is the maximal number of electrons on the same orbital?
a.l b. 2 c.6 d. 10

7. Choose the correct order of electron orbitals fulfillment:
a. 1s/2s/2p/3s/3d c. 1s/2s/3s/2p/3d
b.1s/2s/3p/3s/3d d. 1s/2s/2p/3s/3p

8. Choose the electron configuration of the nitrogen atom (in its normal state):
a. 1s°2s%2p® c. 1s%25%2p?
b. 1s%2s'2p* d. 1s'2s?2p*

9. What element has the following electron configuration: 1s22s°2p°3s”3p*
a. Na b. Mg c. Al d. Si

10. Choose possible electron configurations (in both normal and excited states) for
the carbon atom:
a. 1s°2s%2p? c. 1s°2s%2p*
b. 1s°2s'2p* d. 1s%2s%2p*

25



TEST FOR HOMEWORK

1. How many energetic sublevels are there on the 3 energetic level?

a.l b. 2 c.3 d. 4
2. How many electron orbitals are there on the d-sublevel?
a.l b. 3 c.5 d.7
3. What is the maximal number of electrons which can occupy all orbitals of the same
f-sublevel?
a. 2 b. 6 c. 10 d. 14

4. How many unpaired electrons are there in the oxygen atom (in its normal state)?
a.l b. 2 c.3 d. 4

5. What is the number of electrons on the outer shell (level) of the copper atom:
a.l b. 2 c.8 d. 18

6. How many electrons are there on the 3" sublevel of the chrome atom (in its normal
state)?
a.l b.3 c.4 d.5

7. Choose the correct order of electron orbitals fulfillment:
a. ...3s/3p/4s/3d c....3s/3d/3p/4s
b. ...3s/3d/3p/4s d. ...3p/3d/3s/4s

8. Choose the electron configuration of the zinc atom (in its normal state):
a. [Ar]4s*4p® c. [Ar]4s*4d™®
b. [Ar]4s%4d"® d. [Kr]5s%5d™

9. What element has the following electron configuration: [Ne]3s?3p*

a.S b. P c. Cl d. Ar

10. Choose possible electron configurations (in both normal and excited states) for
the nitrogen atom:
a. 1s°2s%2p® c. 1s°2s%2p?
b. 1s°2s*2p* d. 1s%2s°2p?

26



N o o B

10.

11.

12.

EXERCISES FOR CLASSWORK

Write the complete electron configuration for beryllium:

Write the complete electron configuration for bromine:

Write the complete electron configuration for scandium:

Write the short electron configuration for magnesium:

Write the short electron configuration for germanium:

Write the short electron configuration for titanium:

Draw the diagram with cells and arrows for the outer shell of carbon:

Draw the diagram with cells and arrows for the outer shell of sulfur:

Draw the diagram with cells and arrows for the outer shell of copper:

Find the mass of the product of the reaction between two pure chemical elements.
The first one has an electronic configuration 1s*2s’2p5 and the volume of 5 L
(in normal conditions). The second one has an electronic configuration 1s°2s*2p°3s’
and the mass of 0.5 g.

Which particles from this line (Na* / Mg? / F*/ CI" / AI** / Ne / Ar) have the same
electronic configuration (if we ignore empty orbitals). Write this configuration.

Arrange the atoms (in their ground state) from this line (Ne /Cr/ C/ N/ K/ Mn)
in the order of the increase of the number of unpaired electrons.
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EXERCISES FOR HOMEWORK

1. Write the complete electron configuration for calcium:

2. Write the complete electron configuration for phosphorus:

3. Write the complete electron configuration for vanadium:

Write the short electron configuration for lithium:

Write the short electron configuration for arsenic:

Write the short electron configuration for cobalt:

N o o B

Draw the diagram with cells and arrows for the outer shell of chrome:

8. Draw the diagram with cells and arrows for the outer shell of fluorine:

9. Draw the diagram with cells and arrows for the outer shell of nickel:

10. Find the mass of the product of the reaction between two pure chemical elements.
The first one has an electronic configuration 1s*2s’2p* and the volume of 7 L
(in normal conditions). The second one has an electronic configuration
15%25%2p®3s%3p* and the mass of 1.5 g.

11. Which particles from this line (K* / Ca?* / I'/ CI' / S* | Xe / Ar) have the same
electronic configuration (if we ignore empty orbitals). Write this configuration.

12. Arrange atoms and ions (in their ground state) from this line (He /Fe/Cu /P / Si/
Mn®*) in the order of the increase of the number of unpaired electrons.
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10.

LESSON 9. CHEMICAL BONDS

TEST FOR CLASSWORK

Choose binary compounds with ionic bonds:

a. CCl, b. KCI c. ZnO d. Sio
Choose compounds with ionic and covalent polar bonds:

a. NaCl b. KNO; c. NO, d. KOH
Choose binary compounds with covalent polar bonds:

a. PCl; b. NagN c. K;O d. KH

In which compounds one can find at least one covalent nonpolar bond?
a. H, b. C,He c. H,0O, d. H,0
Choose substances with the metallic bonding:

a. AgCl b. KAIO, c. AgAu d. CugZn
In which compounds there are just sigma covalent bonds?
a. CH, b. C,H, c. CoH, d. CsHy,
Which compounds contain a double bond?

a. 0, b. N, c. H, d. C,H,
Which compounds contain a triple bond?

a. C,H, b. CO c. N, d. O
Choose a compound with the most polar covalent bond:

a. NaF b. HF c. H,O d. H,S
Indicate the possible schemes of hydrogen bond formation:

TEST FOR HOMEWORK

Choose compounds with ionic bonds:

a. Ba(OH), b. H,SO, c. KNO; d. SiO,

Choose compounds with covalent polar bonds:

a. Cl, b. ZnSO, c. NH; d. ZnO

Choose diatomic molecules with covalent nonpolar bonds:

a. Py b. N, c.0, d. Sg

In which compounds one can find at least one covalent polar bond?
a. Bry b. CH5CI c. N,O d. LiCl

Choose substances with metallic bonding:

a. NaH b. SnCu, c. K,ZnO, d. KNa
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6. Inwhich compounds there are pi-bonds?
a. C3Hg b. CsH, c. CoHy d. 0o,

7. Which compounds contain a double bond?
a. l, b. P4 c. SO, d. SO;

8. Which compounds contain a triple bond?
a. CaC, b. CO, c. KCN d. S

9. Choose a compound with the most polar bond:
a. KCI b. LiF c. HF d. BF;

10. Indicate the possible schemes of hydrogen bond formation:

EXERCISES FOR CLASSWORK

1. Write 5 samples of substances with just covalent nonpolar bonds:

2.  Write 5 samples of substances with just ionic bonds:

3. Write 5 samples of substances with just covalent polar bonds:

4. Write 5 samples of substances with metallic bonding:

5. Arrange substances in this line (HF / H,O / BH3 / CH4 / H,S) in the order of
the increase of the polarity of a bond between atoms of different elements:

EXERCISES FOR HOMEWORK

1. Write 5 samples of substances with both covalent polar and ionic bonds:

2.  Write 5 samples of substances with both covalent nonpolar and ionic bonds:

3. Write 5 samples of substances with both covalent polar and nonpolar bonds:

4. Write 5 samples of substances which can make intermolecular hydrogen bonds:

5. Write 5 samples of substances with a triple bond:
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LESSON 10. OXIDATION STATE

TEST FOR CLASSWORK

1. Determine the oxidation state of phosphorus in H;PO,:
a. +5 b. +3 c.+1 d. -3

2. Choose compounds in which the oxidation state of nitrogen is equal to +3:
a. NH; b. NaNO, c. N,O, d. HNO,

3. Choose anions in which the oxidation state of phosphorus is equal to +5:
a. PO, b. HPO,* c. H,PO,~ d. H,PO3

4. Calculate the charge of the anion made from three oxygen atoms and one silicon atom
in its maximal oxidation state:
a.—2 b. +2 c.-3 d. +3

5. Choose oxidation states possible for hydrogen atoms:
a. +1 b. -1 c.+2 d.0

6. For which compounds the term «oxidation state» is more applicable than the term
«valence»?

a. K;O b. NaCl c. PH; d. SiH,

7. For which compounds the term «valence» is more applicable than the term «oxidation
state»?
a. PCl, b. N, c. LiF d. C3Hg

8. Choose the minimal oxidation state for sulfur:
a.0 b. +6 c.+4 d. -2

9. Choose the maximal oxidation state for chlorine:
a. -1 b. +1 c.+3 d. +7

10. Which chemical elements demonstrate a single possible oxidation state in compounds?
a. H b. K c.F d.O
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TEST FOR HOMEWORK

Determine the oxidation state of sulfur in H,SO,:
a. +4 b. +6 c.0 d. -2

Choose compounds in which the oxidation state of oxygen is equal to —2:
a. NO b. K,O c. K,0O, d. KO,

Choose anions in which the oxidation state of carbon is equal to +4:
a.COy b.HCOO c. HCOs d. C,04*

Calculate the charge of the anion made from four oxygen atoms and one phosphorus
atom in its maximal oxidation state:
a.—2 b. +2 c.-3 d. +3

Choose oxidation states possible for nitrogen atoms:
a. +1 b. +3 c.+5 d. +7

For which compounds the term «oxidation state» is more applicable than the term
«valence»?
a.NaBr b.Cl, c. CH, d. CaO

For which compounds the term «valence» is more applicable than the term «oxidation
state»?
a. NH; b. BaO c. NaF d. H,S

Choose the minimal oxidation state for carbon:
a.0 b. 6 c.-4 d. -2

Choose the maximal oxidation state for manganese:
a.—1 b. +1 c.+3 d. +7

Which chemical elements demonstrate a single possible oxidation state in compounds?
a. Ca b. Zn c.Cr d. Mn

EXERCISES FOR CLASSWORK

Write oxidation states upon all the elements in the following compounds:
P, PCl; PCls P,O3 HsPO,  H4P,0;

Write oxidation states upon all the elements in the following compounds:
Sg SO, SO, H,SO;  H,SO,  Aly(SOy);
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Write oxidation states upon all the elements in the following compounds:
CO CO, H,CO; CH, C,H, HCOH

Arrange compound in this line (CsCl / MgO / CrO3 / Al,O53 / Mn,0O5) in the order
of the increase of the oxidation state of a metal:

Write 5 samples of substances in which oxygen demonstrates oxidation state
different from -2:

EXERCISES FOR HOMEWORK

Write oxidation states upon all the elements in the following compounds:
N, NO N,O3 NH;NO, N,Os N,O

Write oxidation states upon all the elements in the following compounds:
Cr K,Cr,O4 CroO BaCrO, NaCroO, Cr,0;

Write oxidation states upon all the elements in the following compounds:
HI P HIO; NalO, KIO Ca(10,),

Arrange compound in this line (SOs; / OF, / SiO, / P,Os / As,05) in the order of
the increase of the oxidation state of a nonmetal (which is not oxygen):

Write 5 samples of substances in which hydrogen demonstrates oxidation state
different from +1:
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LESSON 11. CLASSIFICATION OF CHEMICAL REACTIONS

TEST FOR CLASSWORK

Choose composition reactions:
a. 2H, + O, — 2H,0

b. 2Na + 2H,0 — 2NaOH + H,
c. CaCO3; — CaO + CO,
d.Zn+S — ZnS

Choose decomposition reactions:
a. NH; + HC1 — NH,CI

b. 2KNO3; — 2KNO, + O,

c. N,O; — 2NO,

d. 2Ag,0 — 4Ag + O,

Choose single replacement reactions:
a. 2K + 2H,0 — 2KOH + H,

b. 2Al + 6HCl — 2AICl; + 3H,

c. KCI + AgNO; — AgCl + KNO3
d. Zn + CuSO, — ZnSO, + Cu

Choose double replacement reactions:

a. 2KOH + H,S0O,4 — K,SO, + 2H,0

b. CaO + 2HCI — CaCl, + H,0

c. N, + 3H, — 2NH;

d. ZnCl, + 2AgNO3; — 2AgCl + Zn(NOs),

Choose combustion reactions:
a. 4NH;3 + 30, — 2N, + 6H,0
b. CH, + 20, — CO, + 2H,0
c. Mg+ S — MgS

d. 2Fe + O, — 2FeO

Which of the equations written above represent reduction-oxidation (redox) reactions?
a. 2HNQO; + Ca(OH), — Ca(NOg), + 2H,0

b. 2H,S + 30, — 2SO, + 2H,0

c. Cl, + H,O — HC1 + HCIO

d. 3Ca0 + P,05 — Caz(POy,),

34



10.

In which reactions hydrogen atoms act as reducers?
a. 2H, + O, —» 2H,0

b. H, + 2K — 2KH

c. 2HCl + Zn — ZnCl, + H,

d. HCI + NH; — NH,CI

In which reactions sulfur atoms act as oxidizers:

a. H,+S — H,S

b. Ca+S — CaS

C. HySO4 (ditute) + Zn — ZnSO4 + Hy

d. 2H,SO4 (concentrateq) + Zn — ZnSO4 + SO, + 2H,0

Choose appropriate characteristics of the following reaction: 3S + 2H,0 — 2H,S + SO,
a. redox reaction

b. single displacement reaction

c. double displacement reaction

d. disproportioning reaction for sulfur atoms

Choose appropriate characteristics of the following reaction: Zn + CuSO, — ZnSO, + Cu
a. redox reaction

b. single displacement reaction

c. double displacement reaction

d. composition reaction

TEST FOR HOMEWORK

Choose composition reactions:

a. 2Ca+ 0, —» 2Ca0O

b. 2CaS + 30, — 2Ca0 + 2SO,

c. CO; + H,0 + CaCO3 — Ca(HCO3),
d. Zn+ H,S — ZnS + H,

Choose decomposition reactions:
a. NH,OH — NH; + H,0

b. Ba(OH), — BaO + H,0

c. 2CH; — C,H, + 3H,

d. 2CO + O, — 2CO;,

Choose single replacement reactions:
d. SlOg + CaCO; — CaSiO3 + CO,
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b. C|2 + 2KI — 12 + 2KCl
c. Mg + H,0 (t°) —» MgO + H,
d. AI(OH); + KOH (t°) — KAIO, + 2H,0

Choose double replacement reactions:

a. NaCl (soiigy + H2SO4 (concentrated) / vy — NaHSO4 + HCI
b. NaOH + HCl — NaCl + H,O

c. I, +H, > 2HI

d. Zn(OH), + HC1 — ZnOHCI + H,0

Choose combustion reactions:
a. 4Fe + 30, — 2Fe,04

b. 2Mg + CO, — 2MgO + C
c. CaO + H,0 — Ca(OH),

d. 2NO + O, — 2NO,

Which of the equations written above represent reduction-oxidation (redox) reactions?
a. H,SO; — SO, + H,0

b. 4AHNO; — 4NO, + O, + 2H,0

c. K,0 + H,0 — 2KOH

d. 2NO, + 2KOH — KNO, + KNO; + H,0

In which reactions nitrogen atoms act as reducers?
a. 3H, + N, — 2NH;

b. 4NH3 + 503 (catalysty — 4NO + 6H,0

c. NH; + HNO; — NH4NO;

d. (NH4),Cr,07 (t°) — N, + 4H,0 + Cr,03

In which reactions oxygen atoms act as oxidizers:
a. 2H, + O, —» 2H,0

b. 30,— 205

c. K,Cr,0O; + 2KOH — 2K,CrO, + H,O

d. 2H,0, + S — SO, + 2H,0

Choose appropriate characteristics of the following reaction: NH;NO, — N, + 2H,0
a. redox reaction

b. composition reaction

c. decomposition reaction

d. conproportioning reaction for nitrogen atoms
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10. Choose appropriate characteristics of the following reaction:
Ca(HCO3), — Ca0 + 2C0O, + H,0
a. redox reaction
b. single displacement reaction
c. double displacement reaction
d. decomposition reaction

EXERCISES FOR CLASSWORK

1. Write 3 samples of combination (composition) reaction for chlorides:

2.  Write 3 samples of decomposition reaction for salts:

3. Write 3 samples of single displacement reaction with HCI:

4. Write 3 samples of double displacement reaction with AgNOs;:

5. Write 3 samples of neutralization reaction with KOH:

6. Write 3 samples of combustion reaction in which CO, is a product:

7. Write 2 samples of redox reaction in which hydrogen atoms are oxidizers:
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EXERCISES FOR HOMEWORK

Write 3 samples of combination (composition) reaction for sulfides:

Write 3 samples of decomposition reaction for acids:

Write 3 samples of single displacement reaction with H,SO,:

Write 3 samples of double displacement reaction with BaCl,:

Write 3 samples of neutralization reaction with Ba(OH),:

Write 3 samples of combustion reaction in which SO, is a product:

Write 2 samples of redox reaction in which hydrogen atoms are reducers:
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LESSON 12. REDOX REACTIONS
EXERCISES FOR CLASSWORK
1. Balance the following redox reactions using electron balancing, provide half-

reactions of oxidation and reduction:
KBr + K,Cr,07 + H,SO, — Br, + Cr2(804)3 + K,SO, + H,0

KMnQO, + HCl - MnCl, + Cl, + KCI + H,0

NaBr + NaBrO; + H,SO, — Br, + Na,SO, + H,O

KMnO4 + KN02 + KOH — KzMnO4 + KN03 + Hzo

KMnO, + N,0O + H,SO, - K,SO, + MnSO, + Mn(NOg), + H,0

2. What is the coefficient before KMnQ, in the following reaction?
KMnO, + H,S + H,SO4 — MnSO, + S + K,SO, + H,0

3. What part of the total H,SO, amount participated in the following reaction really
acted as an oxidizer?
Cu + H,S0O, — CuSO, + SO, + H,0
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EXERCISES FOR HOMEWORK

1. Balance the following redox reactions using electron balancing, provide half-
reactions of oxidation and reduction:
Na + HNO3; — NH4NO; + NaNO; + H,0

KBr + K,Cr,0; + H,SO, — Br, + Crz(SO4)3 + K,SO, + H,0

HI + HzSO4 —> |2 + H28+ Hzo

K2Cr,07 + Zn + H,SO4 — ZnSO,4 + Crp(S0y)3 + K,SO4 + H0

Cas(PO,), + C + SiO, — CaSiO; + P + CO

2. What is the coefficient before K,Cr,0O in the following reaction?
K>Cr,0O7 + H,S + H,SO, — Cr2(504)3 +S + K,SO, + H,0O

3. What part of the total HNO; participated in the following reaction really acted as
an oxidizer?
Cu+ HNO; — CU(N03)2 + NO, + H,0O
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LESSON 13. CHEMICAL EQUILIBRIUM
EXERCISES FOR CLASSWORK

1. Write how different stresses will affect the equilibrium of the given system.
2NOC|(g) — 2N0(g) + Clg(g) + Q

NOCI concentration increase:

NOCI concentration decrease:

NO concentration increase:

NO concentration decrease:

Cl, concentration increase:

Cl, concentration decrease:

Increase in pressure:

Decrease in pressure:

Increase in volume;

Decrease in volume:

Increase in temperature:

Decrease in temperature:

2. Write the expression of the constant of chemical equilibrium for the following
processes.
Hag) + Fa) <> 2HF(g)

COyg) + Cs) <« 2CO(

2NO(g) + Oy(g) <> 2NOy(

N2O(g) + NOz(g) <> 3NO()
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EXERCISES FOR HOMEWORK

1. Write how different stresses will affect the equilibrium of the given system.
COg + 2Hyq) <> CH30H () + Q

CO concentration increase:

CO concentration decrease:

H, concentration increase:

H, concentration decrease:

CH3OH concentration increase:

CH3O0H concentration decrease:

Increase in pressure:

Decrease in pressure:

Increase in volume;

Decrease in volume:

Increase in temperature:

Decrease in temperature:

2. Write the expression of the constant of chemical equilibrium for the following
processes.
CHyg) + 2H,S() <> CSa(g) + 4Hz(g)

SO2(g) + NOy(s) > NO(g) + SOsq)

2C0O(g) + Oyg) <> 2C0O;
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LESSON 14. CHEMICAL KINETICS

TEST FOR CLASSWORK

Which actions can shift the equilibrium of the following process towards reactants?
2H,S () + 302 ) > 2802 ) + 2H20 ()

a. pressure increase c. addition of SO,

b. addition of O, d. volume decrease

The increase of pressure will shift the equilibrium of N; ) + O, (g <> 2NO () reaction:
a. towards reactants

b. towards products

c. it will not affect the equilibrium

The decrease of the volume of the gas container will shift the equilibrium of
2NO (g + Oy (g <> 2NO,, process:

a. towards reactants

b. towards products

c. it will not affect the equilibrium

How many times the velocity of CO, 4 + CaO () < CaCO; ¢ will grow in case
of 3 times increase in CO, concentration?
a. 2 b. 3 c.4 d. 9

Indicate the change of the velocity of 2CO  + O, () <> 2CO, ( reaction in case
of 3 times increase in CO concentration:

a. 3 times increase c. 3 times decrease

b. 9 times increase d. 9 times decrease

The velocity of endothermic reaction increases in case of:
a. increase in temperature c. decrease in temperature
b. increase in pressure d. decrease in pressure

The velocity of the reaction has become 4 times higher due to the growth of
temperature from 30 to 50 °C. Find out the Q4 coefficient.
a. 2 b.3 c.4 d.5

How the velocity of the forward reaction C;H, g + 2H; () — C;Hg (g Will change
in case of 2 times decrease in reactants concentration:
a. decrease 2 times C. increase 16 times
b. increase 4 times d. decrease 8 times
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10.

How the velocity of the forward reaction N, () + 6Li ) — 2Li3N () will change in case
of 3 times increase in pressure:

a. increase 3 times C. increase 2187 times

b. decrease 3 times d. decrease 2187 times

How the velocity of the forward reaction 2P  + 3Cl, () — 2PCl; () will change in case
of 3 times increase of the volume of the gas container?

a. increase 3 times C. increase 27 times
b. decrease 3 times d. decrease 27 times
TEST FOR HOMEWORK

Which actions can shift the equilibrium of the following process towards products?
2H2S (g + O2g) <> 28 ) + 2H,0 ()

a. pressure decrease c. addition of H,S

b. addition of O, d. volume decrease

The decrease of pressure will shift the equilibrium of 2N,O ) + O, (g < 4NO (g
reaction:

a. towards reactants

b. towards products

c. it will not affect the equilibrium

The decrease of the volume of the gas container will shift the equilibrium of
P4 gy + 6Cl, gy <> 4PCl3 ) process:

a. towards reactants

b. towards products

c. it will not affect the equilibrium

How many times the velocity of PCl; ) + Cl; () <> PCls () will grow in case of 3 times
increase in Cl, concentration?
a. 2 b. 3 c. 4 d.9

Indicate the change of the velocity of 2P () + 50, ¢ < 2P,0s () reaction in case
of 2 times decrease in O, concentration:

a. 4 times increase c. 32 times increase

b. 4 times decrease d. 32 times decrease

The velocity of exothermic reaction increases in case of:
a. increase in temperature c. decrease in temperature

b. increase in pressure d. decrease in pressure
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10.

The velocity of the reaction has become 9 times higher due to the growth of
temperature from 37 to 57 °C. Find out the Q4 coefficient.
a. 2 b. 3 c.4 d.5

How the velocity of the forward reaction 2SO, ) + O, () — 2503 (g Will change in case
of 3 times increase in reactants concentration:

a. decrease 8 times C. increase 27 times

b. increase 9 times d. decrease 4 times

How the velocity of the forward reaction F; ) + H, () — 2HF (g will change in case of
2 times increase in pressure:

a. increase 2 times C. increase 4 times

b. decrease 2 times d. decrease 4 times

How the velocity of the forward reaction CO g + Cl, ) — COCI; g will change in case
of 2 times increase of the volume of the gas container?

a. increase 4 times C. increase 2 times

b. decrease 4 times d. decrease 2 times
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LESSON 15. THE SAMPLE OF CONTROL TASK #2

Determine the oxidation state for each atom in the following compounds:
F,O Zn(N03)2 MgS|03 NaCrO, KoHPO,

Write down complete and short electron configurations for:
Na:

S

P:

Cu:

Balance chemical reactions using electron balance method:
FeSO, + KMnO, + H,SO, - MnSQO, + K,SO, + FeZ(SO4)3 + H,0

HC|03 + HzSO3 — HC] + H2804

NaOH + NO, — NaNO, + NaN03 + H,O

Q10 coefficient for a given chemical reaction is equal to 3. How will the rates of
this reaction change in case of 40 °C temperature increase?

Given this equilibrium, predict the direction of shift for each stress.
4NHz(g) + 505() <> 4NOg) + 6H,0)
removal of NO:

decrease of the volume of a gas container:
the increase of the pressure:
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LESSON 16. OXIDES

EXERCISES FOR CLASSWORK

Write 5 samples of absolutely basic oxides:

Write 5 samples of absolutely acidic oxides:

Write 5 samples of amphoteric oxides:

Arrange these oxides (MnO / Mn,O; / MnO, / MnOs / Mn,0O3) in the order of
the increase of their acidic properties:

Finish chemical reactions and balance them:
Ca0O + SO, —
Na,O + SO; —

Al,O; + P,O5 —
CaO + H,S0O4 —
KOH + N,O5 —
SrO + H,0 —
SO; + H,O —

Calculate the mass of a salt produced in the reaction between 10 g of calcium oxide
and 4 L of carbon dioxide (in normal conditions).

Find the mass of a salt formed in the reaction between 5 L of sulfur IV oxide
(in normal conditions) and 2.3 g of barium oxide.
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EXERCISES FOR HOMEWORK

Write 5 samples of basic anhydrides:

Write 5 samples of acidic anhydrides:

Write 5 samples of neutral oxides:

Arrange these oxides (CrO / CrOg / Cr,03) in the order of the increase of their
basic properties:

Finish chemical reactions and balance them:
BaO + CO, —
K,0 + Si0, —
MgO + P,O5 —
Na,O + HNO; —
LiOH + N,O3; —
Ca0 + H,0 —
SO, + H,0 —

Calculate the mass of a salt produced in the reaction between 8 g of strontium
oxide and 9 g of silicon 1V oxide.

Find the mass of a salt formed in the reaction between 3 L of sulfur VI oxide
(in normal conditions) and 1.4 g of lithium oxide.
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LESSON 17. BASES

EXERCISES FOR CLASSWORK

1. Write 5 samples of absolutely basic hydroxides:

2.  Write 5 samples of alkalis:

3. Write 5 samples of amphoteric hydroxides:

4. Finish chemical reactions and balance them:
NaOH + CO, —
KOH + SO, —
Na + H,0O —
K,O + H,0 —
Ba(OH), + N,Os —
Sr(OH), + HNO; —
NaOH + AI(OH); —

5. Calculate the mass of an alkali produced in the reaction between 4 g of sodium and
50 g of water.

6. Find the maximal mass of oxide that can be produced due to thermal
decomposition of 200 g of magnesium hydroxide.

7. What is the mass of a salt formed in the reaction between 5 g of solid potassium
hydroxide and 8 g of aluminum oxide at high temperature?
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EXERCISES FOR HOMEWORK

Write 5 samples of soluble metal hydroxides:

Write 5 samples of metal hydroxides which can be thermally decomposed:

Write 5 samples of diacidic metal hydroxides:

Finish chemical reactions and balance them:
LiOH + SiO, —
NaOH + P,O5 —
Ca+H,0 —
BaO + H,O —
Al(OH); + SO; —
Ca(OH), + HNO, —
KOH + Zn(OH), —

Calculate the mass of an alkali produced in the reaction between 7 g of calcium
oxide and 20 ml of water (density of water is 1 g/ml).

Find the maximal mass of water that can be produced due to thermal
decomposition of 300 g of lithium hydroxide.

What is the mass of a salt formed in the reaction between 4 g of solid sodium
hydroxide and 7 g of zinc oxide at high temperature?
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LESSON 18. ACIDS

EXERCISES FOR CLASSWORK

Write 7 strong acids:

Write 5 samples of monoprotic acids:

Finish chemical reactions and balance them:
Zn + H,SO, —
KOH + HNO; —
CaO + HCI —

Na,CO; + CH;COOH —
K,SiO; + HBr —

Calculate the volume of hydrogen (in normal conditions) released in the reaction
between 6 g of zinc and 10 g of sulfuric acid.

Find the volume of carbon dioxide (in normal conditions) produced in the reaction
between 5 g of sodium carbonate and 17 g of hydrochloric acid.

What is the mass of a salt formed in the reaction between 13 g of sodium
hydroxide and 8 g of hydrobromic acid?

Find the mass of sulfuric acid produced from 8 L of sulfur VI oxide in its reaction
with water (in normal conditions).
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EXERCISES FOR HOMEWORK

Write 5 samples of weak acids:

Write 5 samples of diprotic acids:

Finish chemical reactions and balance them:
Al + H,SO4 —
LiOH + HNO, —
BaO + HI —

K,CO;3 + H,C,04 —
H,SiO; + KOH —

Calculate the volume of hydrogen (in normal conditions) released in the reaction
between 3 g of aluminum and 6 g of hydrochloric acid.

Find the mass of a salt produced in the reaction between 4 g of potassium
carbonate and 10 g of sulfuric acid.

What is the mass of a salt formed in the reaction between 11 g of lithium
hydroxide and 28 g of hydroiodic acid?

Find the mass of orthophosphoric acid produced from 6 g of phosphorus V oxide
in its reaction with water.
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LESSON 19. SALTS

EXERCISES FOR CLASSWORK

Write 5 samples of acidic salts:

Write 5 samples of basic salts:

Which metals from this line (Na / Fe / Zn / Ag / Ba / Ni) can substitute copper
in CuCl, in water solution?

Finish chemical reactions and balance them, notice the coefficients:
2NaOH + 1H,S0; —
1NaOH + 1H,SO; —
1Zn(OH), + 2HC] —
1Zn(OH), + 1HCI —
1KHSIiO; + 1KOH —
1KHSiO3 + 1HCI —

AlI(OH); + 1KOH —

Determine what kind of salt(s) is formed in the reaction between 2 g of sodium
hydroxide and 25 g of phosphoric acid, find its mass.

Find what kind of salt(s) is formed in the reaction between 4 g of potassium
hydroxide and 3.5 L (normal conditions) of carbon dioxide.
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EXERCISES FOR HOMEWORK

Write 5 samples of acids which can form acidic salts:

Write 5 samples of bases salts which can form basic salts:

Which metals from this line (K / Cr / Zn / Ag / Sn / Ni) can substitute cobalt
in CoCl, in water solution?

Finish chemical reactions and balance them, notice the coefficients:
2NaOH + 1CO, —
1NaOH + 1CO;, —
1Mg(OH), + 2HNO; —
1Mg(OH), + IHNO; —
ZnOHCI, + 1INaOH —
ZnOHCI, + 1HCI —
Al(OH); + 3KOH —

Determine what kind of salt(s) is formed in the reaction between 3 g of potassium
hydroxide and 4 g of phosphoric acid, find its mass.

Find what kind of salt(s) is formed in the reaction between 7 g of sodium
hydroxide and 1.2 g of zinc hydroxide, find its mass.
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LESSON 20. INORGANIC COMPOUNDS

TEST FOR CLASSWORK
Choose basic oxides:
a. Sio, b. K,O c. ZnO d. SrO
Choose acidic oxides:
a.CoO b. CO, c. BaO d. SO,
Choose amphoteric oxides:
a. Al,O3 b. ZnO c. SiO d. Cr,04

Choose neutral oxides (those which cannot form salts):
a. NO b. SiO, c. Mgo d. N,O

Choose strong acids:
a. HCI b. HBr c. Hi d. HF

Choose strong bases:
a. Be(OH), b. Sr(OH), c. KOH d. LiOH

Choose acidic salts:
a. NH4N03 b. NH,H,PO, c. KHC03 d. (MgOH)2C03

Choose bases which cannot be formed in the reaction between corresponding oxide and
water:

a. AI(OH); b. NaOH c. KOH d. Zn(OH),
Choose salts which can react with the acid containing the same anion:
a. KN03 b. N32803 C. K3PO4 d. KH,PO,
. Choose salts which can react with alkali:
a. NaCl b. KBr c. MgCl, d. AIPO,
TEST FOR HOMEWORK

Choose basic oxides:
a. CaO b. Mn,0O, c. CrO; d. Cs,0

Choose acidic oxides:
a. SO, b. BeO c. N,Os d. H,0,

Choose amphoteric oxides:
a. Fe,04 b. MnO, c. P,O3 d. Na,O
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10.

Choose neutral oxides (those which cannot form salts):
a.CoO b. SiO c. CaO d. SrO

Choose weak acids:
a. H,SO, b. HNO; c. HNO, d. H,SO3

Choose weak bases:
a. Fe(OH), b. Cu(OH), c. NaOH d. NH,OH

Choose basic salts:
a. CaOHCI b. (MgOH),SO, c. K[AI(OH)4] d. FeCl;

Choose bases which cannot be formed in the reaction between corresponding oxide and
water:
a. Fe(OH); b. LiOH c. CsOH d. Fe(OH),

Choose salts which can react with the acid containing the same anion:
a. KCI b. NaHCO; c. K3sPO, d. K;HPO,

Choose salts which can react with alkali:
a. NH,CI b. ZnBr, c. NaCl d. BaCl,

EXERCISES FOR CLASSWORK

Write four reactions according to the following classic chains of chemical reactions
and balance them:

K — KOH — K,S0O; —» KOH — K,S

1.

2.

3.

4.

Al — AICl; —> Al(OH); — NaAlO, — Aly(SOy)3

1.

2.

3.

4.

Mg(OH), - MgO — Mg(NO3), - Mg(OH), - MgOHCI
1.

2.
3.
4
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2.

3.

1.

Zn(OH), — K;,[Zn(OH)4] —» ZnCl, — Zn(OH), —» ZnO
1.
2.
3.
4,

Write four reactions with sodium containing compounds according to the chain of
chemical reactions
Na+H:._G A+HI—)B+E:: C+Ag""'-05 D

1.
2.
3.
4,
Calculate the sum of molar masses for substances B and D:

Write four reactions with silicon containing compounds according to the chain of
chemical reactions

.+ 0, + INeOH + H, 50 +2KOH
SI—— A B———->C D

1.
2.
3.
4,
Calculate the sum of molar masses for substances B and D:

EXERCISES FOR HOMEWORK

Write four reactions according to the following classic chains of chemical reactions
and balance them:

Mg — MgO — Mg(NOs), — Mg(OH), — MgSO,

1.

2.
3.
4
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CaCO3; — Ca(HCO3), — CaO — CaSO3; — Ca(NOs),
1.

2.

3.

4,

P — P,05 — NazPO, — Na,HPO, — Baz(PO,),
1.

2.

3.

4,

K — K;0 — K;S — KCl — KNO;

1.

2.

3.

4,

2. Write four reactions with zinc containing compounds according to the chain of

chemical reactions
7n +0, SA + 2HET B + INaOH S C +2Na0H (inwatsr solution) D

1.
2.
3.
4,
Calculate the sum of molar masses for substances C and D:

3. Write four reactions with magnesium containing compounds according to
the chain of chemical reactions

+HCI + KOH (in sxcess) t b0
Mg A —-B—C—==>5D

1.
2.
3.
4,
Calculate the sum of molar masses for substances C and D:

58



1.

LESSON 21. THE SAMPLE OF CONTROL TASK #3

Write down equations of chemical reactions between the following substances
(in case if they are possible) and balance them:

CuCly(solid) + H,SO, (concentrated) —
FeCl; + AQNO3; —
K,CO; + Ca(OH), —»
K+H,0—>
Ag + H,SO4(diluted) —

Write four reactions according to the following classic chain of chemical reactions
and balance them:

C—C0O,— NaHCO3—>Na,CO3;—~>CaCO;

1.

2.

3.

4,

Write four reactions with chlorine containing compounds according to the chain of
chemical reactions

+H, + Al +3NalH
C|2 — A B = C

+AgNG,

— D

> w N

What salt (potassium sulfite, potassium hydrogen sulfite, or the mixture of them)
will be formed from 16.8 g of potassium hydroxide and 6.7 L of sulfurous acid
anhydride? Calculate the mass of that salt.
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LESSON 22. SOLUBILITY

TEST FOR CLASSWORK

Choose insoluble (solubility < 0.1 g per 100 g of H,0) salts:
a. KCI b. Na,SO4 c. CaCO3 d. BaSO,

Choose soluble (solubility > 1 g per 100 g of H,0) salts:
a. Nal b. Zn(NO3z), c. AgCl d. Zn3(POy),

Slightly soluble salt (with solubility between 0.1 and 1 g per 100 g of H,O) is
considered to be insoluble in the written form of chemical reaction:

a. if it is a reactant

b. if it is a product

c. always

d. never

Will there be a precipitate if we put 0.5 mg or 0.05 mg of CaCO; in 200 g of water
(CaCO; solubility is 0.0006 g per 100 g of H,0)?
a. Yes/Yes b. Yes/ No c. No/Yes d. No/No

Which substances demonstrate good solubility in water?
a. 0, b. C,HsOH c. N, d. HCI

Which substances demonstrate good solubility in benzene?
a. CH, b. C;Hg c. H,O d. CeHua

How can we dissolve a precipitate in water solution?
a. increase the temperature

b. decrease the temperature

c. add more water

d. add a substance which reacts with that precipitate

Molarity is the ratio between:

a. the mass of a solute and the mass of a solution

b. the number of moles of a solute and the mass of a solvent

c. the number of moles of a solute and the volume of a solution
d. the volume of a solute and the volume of a solution

Mass percentage is the ratio between:
a. the mass of a solute and the mass of a solvent
b. the number of moles of a solute and the mass of a solution
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c. the mass of a solute and the mass of a solution
d. the number of moles of a solute and the volume of a solution

10. Choose true statements about saturated solution:
a. saturated solution exists upon the precipitate of a solute
b. saturated solution cannot dissolve more solute
c. saturated solution is always considered as concentrated solution
d. saturated solution may have rather low concentration

TEST FOR HOMEWORK

1. Choose insoluble (solubility < 0.1 g per 100 g of H,0) salts:
d. MgSO4 b. (NH4)ZSO4 c. SrCOs3 d. K28|O3

2. Choose soluble (solubility > 1 g per 100 g of H,0) salts:
a. BaCl, b. HNO; c. NiCl, d. KOH

3. Slightly soluble salt (with solubility between 0.1 and 1 g per 100 g of H,0) is
considered to be soluble in the written form of chemical reaction:
a. if it is a reactant
b. if it is a product
c. always
d. never

4. Will there be a precipitate if we put 100 g or 10 g of KBr in 100 g of water (KBr
solubility is 70.7 g per 100 g of H,0)?
a. Yes/Yes b. Yes/No c. No/ Yes d. No/ No

5. Which substances demonstrate low solubility in water?

6. Which substances demonstrate low solubility in benzene?
a. C,H, b. NaOH c. Mg(OH), d. C4Hs

7. How can we produce a precipitate in water solution?
a. increase the temperature, dissolve high amount of solute, then cool down the solution
b. increase the temperature and wait until sufficient amount of water will be
evaporated, then cool down the solution
c. add more water
d. add a substance which produces precipitate in reaction with a given solute
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8. Molality is the ratio between:
a. the mass of a solute and the mass of a solvent
b. the number of moles of a solute and the mass of a solvent
c. the number of moles of a solute and the mass of a solution
d. the mass of a solute and the volume of a solution

9. Mole fraction is the ratio between:

a. the mass of a solute and the mass of a solvent

b. the number of moles of a solute and the number of moles of all components of
a solution

c. the volume of a solute and the mass of a solution

d. the number of moles of a solute and the mass of a solution

10. Choose true statements about unsaturated solution:
a. unsaturated solution always have rather low concentration
b. unsaturated solution can dissolve more solute
C. unsaturated solution can dissolve more solvent
d. unsaturated solution may become saturated at lower temperature
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LESSON 23. MASS PERCENTAGE AND MOLARITY

EXERCISES FOR CLASSWORK

Convert the molarity (0.001 mol/L) of the H,SO, solution into the mass percentage.
The density is approximately equal to 1 g/ml.

Calculate the molarity of Ba(OH), in the final volume of 750 ml, if the initial mass
of Ba(OH), was equal to 17 g.

Calculate the mass percentage of KOH solution made from 30 g of KOH dissolved
in water until the final volume of 300 ml. The density of the solution is equal to
0.92 g/ml.

Calculate the mass of KOH needed to make 400 ml of solution with mass
percentage of 15 % and density equal to 0.85 g/ml.

Calculate the number of moles of Ba(OH), present in 950 ml of solution with
the molarity equal to 0.03 mol/L

Calculate the molarity of the water solution made from 40 g of Na,SO,, if the final
volume is 1200 ml.
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7.

10.

Calculate the mass percentage of sodium hydroxide in the water solution made
from 12 g of NaOH and 68 ml of pure water.

Find the mass of CuSO45H,O which is needed to prepare 1 L of CuSO, water
solution with the molarity equal to 0.02 mol/L.

Calculate the mass of a precipitate formed after the mixing of 20 ml of 0.02 M
potassium chloride and 15 ml of 0.01 M silver nitrate solutions.

Calculate the mass of a precipitate formed after the mixing of 40 ml of 0.01 M
sodium sulfate and 35 ml of 0.02 M strontium chloride solutions.

EXERCISES FOR HOMEWORK

Convert the mass percentage (0.85 %) of the NaCl water solution into the molarity.
The density is approximately equal to 1 g/ml.

Calculate the molarity of LiOH in the final volume of 300 ml, if the initial mass of
LiOH was equal of 7 g.

Calculate the mass percentage of NaOH solution made from 23 g of NaOH
dissolved in water until the final volume of 200 ml. The density of the solution is
equal to 0.91 g/ml.
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. Calculate the mass of KCI needed to make 200 ml of solution with mass percentage
of 5 % and density equal to 0.95 g/ml.

. Calculate the number of moles of Sr(OH), present in 650 ml of solution with
the molarity equal to 0.09 mol/L

. Calculate the molarity of the water solution made from 10 g of H,SO,, if the final
volume is 2400 ml.

. Calculate the mass percentage of potassium hydroxide in the water solution made
from 15 g of KOH and 135 ml of pure water.

. Find the mass of Na,SO,-10H,0O which is needed to prepare 1 L of Na,SO, water
solution with the mass percentage equal to 0.5 %. The density is 1 g/ml.

. Calculate the mass of a precipitate formed after the mixing of 30 ml of 0.03 M
barium chloride and 20 ml of 0.02 M lithium sulfate solutions.

10. Calculate the mass of a precipitate formed after the mixing of 70 ml of 0.02 M

potassium silicate and 10 ml of 0.1 M hydrochloric acid solutions.
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LESSON 24. ELECTROLYTIC DISSOCIATION

EXERCISES FOR CLASSWORK

Write 5 samples of strong electrolytes:

Write 5 samples of weak electrolytes:

Write equations of electrolytic dissociation for the following substances:
HCI:
H,SO,:
LiOH:
Ca(OH),:
Write equations of stepwise dissociation for the following substances:
H,SO;:

H3PO4:

NaHCOs;:

ZnOHCI:

How many types of ions are formed in the process of electrolytic dissociation of
the following substances:

K3POy:
KoHPO,:
KH,POy:
MgCl,:
MgOHCI:
What is the number of moles of ions formed after the dissociation of 1 mole of
the following substances:

NaCl:

MgCl,:
AICl;:

Al (SOy)s:
Ba(OH),:
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10.

Calculate the molar concentration of chloride ions in the water solution prepared
from 10 g of aluminum chloride. The final volume is 300 ml.

Calculate the molar concentration of sulfate ions in the water solution prepared
from 15 g of potassium sulfate. The final volume is 400 ml.

Calculate the molar concentration of all ions in the water solution prepared from
20 g of barium chloride. The final volume is 2 L.

Calculate the molar concentration of hydrogen ions in the water solution prepared
from 5 L of hydrogen chloride (in normal conditions). The final volume is 500 ml.

EXERCISES FOR HOMEWORK

Write 5 samples of nonelectrolytes:

Write 5 samples of substances which have two steps of dissociation:

Write equations of electrolytic dissociation for the following substances:
NaOH:
Ba(OH),:
HI:
HCIO,:
Write equations of stepwise dissociation for the following substances:
H,S:

AI(OH)3:
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10.

KHSO;:

CuOHBtr:

How many types of ions are formed in the process of electrolytic dissociation of
the following substances:

K,SO,:
KHSOy,:
KHSIOs:
AlICls:
Al(OH),CI:
What is the number of moles of ions formed after the dissociation of 1 mole of
the following substances:

KI:
Na,SOy:
Cal,:
CH3;COOK:
Sr(OH),:
Calculate the molar concentration of sodium ions in the water solution prepared
from 13 g of sodium sulfate. The final volume is 200 ml.

Calculate the molar concentration of potassium ions in the water solution
prepared from 3 g of potassium. The final volume is 100 ml.

Calculate the molar concentration of hydrogen ions in the water solution prepared
from 4 g of potassium hydrogen sulfate. The final volume is 200 ml.

Calculate the total molar concentration of all phosphate, hydrogen phosphate and
dihydrogen phosphate anions in the water solution prepared from 14 g of sodium
phosphate. The final volume is 400 ml.
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LESSON 25. IONIC EQUATIONS
EXERCISES FOR CLASSWORK
1. Continue equations of chemical reactions, balance and write complete and short

ionic equations for them:
HzSO4 + NaOH —

H,S + KOH —

Zn(OH)2 + HZSO4 —

BaC|2 + KZSO4 -

CaCIZ + Na,CO; —

2. Suggest a chemical reaction which can be expressed by the given short ionic
equation and write it down:
Ag"+ 1 =Agl

H* + OH = H,0

APP* + 30H = Al(OH),

EXERCISES FOR HOMEWORK

1. Continue equations of chemical reactions, balance and write complete and short
ionic equations for them:
H3PO4 + KOH —
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K,S + HCl —

Ba(N03)2 + H2804 —

NH4C| + AgNO3 —

CaCIZ + Na,SO, —

Suggest a chemical reaction which can be expressed by the given short ionic
equation and write it down:
Ca*" + 2F = CaF,

COs* +2H*=CO, + H,0

Zn*" + 40H™ = [Zn(OH),]*
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LESSON 26. HYDROLYSIS OF INORGANIC SALTS
TEST FOR CLASSWORK

Which ions are present in NaH,PO, solution?
a. Na* b. H,PO, c. HPO, = d. NaH,*"

Choose strong electrolytes:
a. NacCl b. KNO, . C¢H1206 d. HNO,

Choose weak electrolytes:
a. C,HsOH b. CH;COOH c. AgNO; d. Zn(OH),

Which reactions can be expressed by the same ionic equation?
a. 2NaOH + H,S0O, — Na,SO,4 + 2H,0

b. Na,O + H,SO, — Na,SO, + H,0

c. 2NazPO, + 3Li,SO4 — 3Na,SO,4 + 2Li3PO,

d. KOH + HNO3; — KNO3 + H,0

Choose the correct ionic equation for the following reaction:
Na,CO; + Ca(OH), — CaCO; + 2NaOH

a. CO5” + Ca(OH), — CaCO; + 20H"

b. COs* + Ca®* — CaCOs

c. Na" + OH™ — NaOH

d. Na,CO; + Ca”* — CaCO; + 2Na"*

In water solutions of which substances there is acidic medium (pH < 7)?

a. HCI b. H,S c. ZnCl, d. KCI

In water solutions of which substances there is basic medium (pH > 7)?

a. H,SO, b. KsPOy c. NH; d. NH,CI

What substances will be formed if we mix solutions of K,S and AIClI; together?
a. HpS b. Cl, c. Al,S; d. AI(OH);

Dissolving HCI in water includes such steps, as:

a. ionization and dissociation C. just ionization

b. just dissociation d. neither ionization, nor dissociation

. Dissolving ZnCl, in water includes such steps, as:
a. ionization and dissociation C. just dissociation
b. dissociation and partial hydrolysis d. just complete hydrolysis

71



10.

TEST FOR HOMEWORK

Which ions are present in NH4CI solution?
a. N** b. NH," c. H d. CI

Choose strong electrolytes:
a. NaOH b. NO, C. HC|O4 d. H,0,

Choose weak electrolytes:
a. C3H,OH b. CH3NH, c. HI d. Ca(OH),

Which reactions can be expressed by the same ionic equation?
a. Ba(OH), + H,SO, — BaSO, + 2H,0

b. Ba + H,SO, — BaSO, + H,

c. BaCl, + Na,SO, — BaSO, + 2NaCl

d. Ba(NOs), + K,SO, — 2KNO; + BaSO,

Choose the correct ionic equation for the following reaction:
HCl + KOH — KCI + H,0

a. HClI + OH — CI' + H,0

b. K"+ CI' = KCl

c. H"+ OH - H,0

d. KOH + H" - K"+ H,0

In water solutions of which substances there is acidic medium (pH < 7)?

a. CO, b. A|C|3 c. FeBr, d. KzSOg

In water solutions of which substances there is basic medium (pH > 7)?

a. NO, b. KNO, C. Na28i03 d. NaCl

What substances will be formed if we mix solutions of Na,SO3; and CrCl; together?
a. SO, b. Cr c. Cr(OH); d. NaCl

Dissolving NaCl in water includes such steps, as:

a. ionization and dissociation C. just ionization

b. just dissociation d. neither ionization, nor dissociation

Dissolving NasPO, in water includes such steps, as:
a. ionization and dissociation C. just dissociation
b. dissociation and partial hydrolysis d. just complete hydrolysis

72



EXERCISES FOR CLASSWORK

1. Write the equation of hydrolysis for given substances, provide its complete and
short ionic forms.
KNO, + H,0 <

NH,NO; + H,0 <

CH5;COONa + H,0 «

2. Write the equation of stepwise hydrolysis for given substances, provide its
complete and short ionic forms.
Na,CO; + H,0 <«

FeCl, + H,O <

EXERCISES FOR HOMEWORK

1. Write the equation of hydrolysis for given substances, provide its complete and
short ionic forms.
LiF + H,O &
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NH,Cl + H,0 <

CH,COOK + H,0 <>

2. Write the equation of stepwise hydrolysis for given substances, provide its
complete and short ionic forms.
K2803+H20<—>

MgC|2 + H,0 «
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LESSON 27. THE SAMPLE OF CONTROL TASK #4

Suggest a chemical reaction which can be expressed by the given short ionic
equation and write it down:
3Ca®" + 2P0 % — Cay(PO,),

Continue equations of chemical reactions, balance and write complete and short
ionic equations for them:
Ca(OH)z + H;PO, —

Write the equation of stepwise hydrolysis for given substances, provide its
complete and short ionic forms.
ZnSO4+H20<—>

Indicate the pH level in water solutions of the following substances:
CaCl,
FeBr;
LisPO,
NH;NO,

Calculate the mass of sulfate ions formed after the addition of 3L of sulfur (VI)
oxide into 2L of liquid water.

75



LESSON 28. HYDROGEN AND WATER

EXERCISES FOR CLASSWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
H, - H,0 — NaOH — H,0 — HCI
1.
2.
3.
4,
Write the third reaction in the complete and short ionic forms:

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
H,O0 - H,S0, - H, — NH; — NH,CI
1.
2.
3.
4.
Write the fourth reaction in the complete and short ionic forms:

3. Calculate the mass of water produced from 10 L of hydrogen and 20 g of copper
(11) oxide.

4. Calculate the mass of sulfuric acid produced in the reaction between 20 L of sulfur
(V1) oxide and 30 g of water.
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Calculate the mass of nitric acid produced in the reaction between 3 g of nitrogen
(V) oxide and 20 g of water.

Calculate the molarity of sodium hydroxide water solution formed after dissolving
2 g of sodium in 300 g of water. The density of the final solution is approximately
equal to 1 g/ml.

The mass of an alloy made from sodium and potassium was equal to 5 g. The mass
percentage of sodium in that alloy was equal to 40 %. Calculate the volume of
hydrogen produced after that alloy had been put into water.

EXERCISES FOR HOMEWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

KH - KOH - H,0 - H;, — H,S

1.

2.

3.

4.

Write the second reaction in the complete and short ionic forms:

Write four reactions according to the following classic chain of chemical reactions
and balance them:

H,O0 — NaOH — NaHCO; — H,0 — HNO;

1.

2.
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3.
4,
Write the second reaction in the complete and short ionic forms:

Calculate the mass of water produced from 5 L of hydrogen and 10 g of tin (II)
oxide.

Calculate the mass of barium hydroxide produced in the reaction between 8 g
of barium oxide and 20 g of water.

Calculate the mass of calcium hydroxide produced in the reaction between 5 g
of calcium and 30 g of water.

Calculate the molarity of orthophosphoric acid water solution formed after
dissolving 2 g of phosphorus (V) oxide in 200 g of water. The density of the final
solution is approximately equal to 1 g/ml.

The mass of a mixture made from magnesium oxide and calcium oxide was equal
to 7 g. The mass percentage of magnesium oxide in that mixture was equal to 65
%. Calculate the mass of water reacted with that mixture.
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10.

LESSON 29. HALOGENS
TEST FOR CLASSWORK

In which reactions hydrogen atoms act as reducers?
a. H, + Cl, —» 2HC1

b. 2K + H, —» 2KH

c. CuCl, + H, — Cu + 2HCI1

d. 3Fe + 4H,0 — Fe30,4 + 4H,

In which reactions hydrogen atoms act as oxidizers?
a.Zn + H,SO, — ZnSO, + H,

b. 2CH, + O, — 2CO + 4H,

c. 2Na + 2H,0 — 2NaOH + H,

d. 3H, + N, — 2NH;

In which reactions hydrogen gas is released?
aHO+K— Db HClI+Zn— c. H,SO;+Cu—  d. HNO; + Fe —

Choose ions represented as H in ionic equations:
d. H30+ b. H3O, C. H502+ d. OH"

Bromine (Br,) in normal conditions is a:
a. gas b. liquid c. solid substance  d. plasma

Which substance is used in qualitative analysis of solutions for the presence of halogens
anions?
a. NaNO; b. H,SO, c. AgNO; d. KOH

Which reactions are possible?
aKlI+Cl,—- b.KBr+l, — c. NaBr + Cl, — d.NaCl + I, —

Calculate the sum of all coefficients in the redox reaction:
LiOH + Cl, (t°) — LiCl + LiCIO3 + H,0
a. 9 b. 10 c. 17 d. 18

Which reactions can be expressed by the ionic equation: Ca + 2H* — Ca** + H,
a. Ca+2HF — CaF, + H,

b. Ca+ 2HCI — CaCl, + H,

c. Ca+ 2H,0 — Ca(OH), + H,

d. Ca+ H, — CaH,

Choose formulas of hydrates:

a. BaH, b. NaOH c. CuSO,4-5H,0 d. H,C,0,2H,0
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10.

TEST FOR HOMEWORK

In which reactions chlorine atoms act as oxidizers?
a. KOH + HCl - KCl1 +H,0  c¢. KCIl + AgNO; — KNO3; + AgCl

b. 3C|2 +2P — 2PC13 d. 3C|2 + 2Fe — 2FCC13

In which reactions iodine atoms act as reducers?

a. 2Kl + C|2 — 2KCl + 12 c.2Na + |2 — 2Nal

b. |2 + H2 — 2HI d. 6KI + ZKMnO4 + 4H20 - 312 + 2Mn02 + 8KOH
In which reactions chlorine gas is released?

a. MnO, + HCIl — C. BaC|2 + H,S0, —

b. KMnO, + HC]l — d. FEC|3 + H,0 —

Choose ions formed in water solution of I, in the presence of KI:
aly b. 1, c. ¥ d1L®

lodine (I,) in normal conditions is a:
a. gas b. liquid c. solid substance  d. plasma

Indicate the colors of AgCI, AgBr and Agl:
a. white / yellow / red

b. white / pale yellow / yellow

c. yellow / pale yellow / white

d. red / yellow / white

Which reactions are possible?
a. NaBr + Cl, — c. HBr + Cl, —
b. NaBr + |, — d.NaCl + I, —

Calculate the sum of all coefficients in the redox reaction:
KI + C02 + 02 - K2C03 + |2
a. 11 b. 10 c.9 d. 8

Which reactions can be expressed by the ionic equation:
2Br + Cl, — 2CI' + Br,

a. 2AgBr + CaCl, — CaBr, + 2AgCl

b. 2HBr + Cl, — 2HCI + Br,

c. 2NaBr + CaCl, — CaBr, + 2NaCl

d. 2KBr + Cl, — 2KCl + Br,

Choose formulas of hydrides:
a. CaH, b. LiH c. FeSO,-5H,0 d. H,C,0,
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EXERCISES FOR CLASSWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
NaCl — Cl, — FeCl; — KCI — AgClI
1.

2.
3.
4

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
K — KI — KBr - KCl - KNO;
1.

2.
3.
4

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

3. Calculate the volume of hydrogen chloride that can be produced from 100 g of
solid sodium chloride with the help of concentrated sulfuric acid.
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4. Find the simplest formula of a compound. The mass percentages of elements
in the compound are as follows: 44.83 % of potassium, 18.39 % of sulfur and
36.78 % of oxygen.

5. Find out the simplest formula of a substance if in 200 g of it there are 80 ¢
of calcium, 24 g of carbon and 96 g of oxygen.

6. The mass of the mixture made from iron and copper is 15 g. That mixture reacted
with 7.75 L of chlorine gas. Find the mass percentage of copper in the initial
mixture.

EXERCISES FOR HOMEWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
Br, — ZnBr, —» NaBr — Br, - KBrO;
1.
2.
3.
4.
Write the first reaction in the complete and short ionic forms:

Write the second reaction in the complete and short ionic forms:
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Write four reactions according to the following classic chain of chemical reactions
and balance them:

F, — HF — NiF, —» ZnF, — CaF,

1.

2.

3.

4,

Write the second reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

Calculate the mass of 5 % hydrochloric acid that can be produced from 100 g
of solid potassium chloride with the help of concentrated sulfuric acid.

Find the simplest formula of a compound. The mass percentages of elements
in the compound are as follows: 18.78 % of sodium, 28.98 % of chlorine and
52.24 % of oxygen.

Find out the simplest formula of a substance if in 699 g of it there are 411 g
of barium, 96 g of sulfur and 192 g of oxygen.

The mass of the mixture made from iron and copper is 30 g. That mixture reacted
with hydrochloric acid and produced 0.5 L of hydrogen. Find the mass percentage
of copper in the initial mixture.
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LESSON 30. OXYGEN AND ITS COMPOUNDS
EXERCISES FOR CLASSWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
0O, — Na,0, - Na,0 - NaNO3; — O,
1.
2.
3.
4.
Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
O3 — O, - Na,0, » H,0, - O,
1.
2.
3.
4.
Write the kinetic equation for the first reaction, and the equation for the constant
of equilibrium for that process:

Write the third reaction in the complete and short ionic forms:

3. Calculate the volume of oxygen needed to burn 10 g of potassium. Consider
potassium superoxide as the only one product of this reaction.
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4. Find the volume percentage of methane in its mixture with carbon dioxide. 30 L of
that mixture reacted with 30 L of oxygen (in normal conditions).

5. The mass of oxygen atoms in the sample of barium sulfate is equal to 11.7 g. Find
out the mass of the whole sample.

6. The mass of the mixture made from gold and zinc is 30 g. That mixture has been
burnt. The mass of the resulting mixture is equal to 40 g. Find the mass percentage
of gold in the initial mixture.

EXERCISES FOR HOMEWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
O, — SO; —» Na,SO; - BaSO; — SO,
1.
2.
3.
4.
Write the second reaction in the complete and short ionic forms:

Write the third reaction in the complete and short ionic forms:
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Write four reactions according to the following classic chain of chemical reactions
and balance them:

0, —» KO, —» K;,0, > KOH — KBr

1.

2.

3.

4,

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

Calculate the volume of oxygen needed to burn 3 g of sodium. Consider sodium
peroxide as the only one product of this reaction.

Find the volume percentage of acetylene in its mixture with nitrogen. 20 L of that
mixture reacted with 7 L of oxygen (in normal conditions).

The mass of oxygen atoms in the sample of copper sulfate pentahydrate is equal to
21.7 g. Find out the mass of the whole sample.

The mass of the mixture made from platinum and aluminum is 25 g. That mixture
has been burnt. The mass of the resulting mixture is equal to 30 g. Find the mass
percentage of platinum in the initial mixture.
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10.

LESSON 31. SULFUR AND ITS COMPOUNDS

TEST FOR CLASSWORK
Choose formulas of oxides:
a. H,0O b. H,0O, c. BaO d. BaO,
Choose formulas of peroxides:
a. K;O b. K,0, c. KO, d. Ca0O,
Choose formulas of superoxides:
a. Na,O b. NaO, C. Pb02 d. KO,
Oxygen will be released in reactions:
a.Na+ H,O — c. KCIO; (t°) —
b. NaNO; (t°) — d. CaCOs (t°) —
In which reactions sulfur atoms act as reducers:
a. Na,S + 2HCl — 2NaCl + H,S c. 2H,S + O, — 2S + 2H,0
b. 2H,S + 30, — 2S0, + 2H,0 d.Cu+S — CuS

Choose substances which react with concentrated H,SO,:
a. NaCl (solid) b. KCI (water solution) C. Ag d. Au

Which reactions are possible?
a. Fe + HySO4 itue) —
b. Fe + HZSO4 (concentrated / low temperature) >

c. Al + HZSO4 (concentrated / high temperature) —
d. Pt + H2504 —

Calculate the sum of all coefficients in the redox reaction:
C + Hy,SO, (concentrated) — CO, + SO, + H,0
a.5 b.6 c.7 d. 8

Which reactions can be expressed by the following ionic equation:
Ba’* + SO,> — BaSO,

a. BaCl, + H,SO, — BaSO, + 2HCI

b. Ba+ H,SO, — BaSO, + H,

c. Ba(NO3), + K,SO, — BaSO,4 + 2KNO;

d. Ba(OH), + H,SO4 — BaSO,4 + 2H,0

Choose formulas of sulfites:

a. BaS b. K,S c. K,SO; d. Na,SO3
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10.

TEST FOR HOMEWORK

Choose formula of iron sulfide used in industrial sulfuric acid production:
a. FeS b. Fe,S; c. FeS, d. FesS,

Choose correct statements about hydrogen sulfide (H,S):
a. it has an odor of rotten eggs

b. it is solid in normal conditions

c. it is weak electrolyte

d. its water solution is acidic

Choose substances which cannot react with dilute sulfuric acid (H,SOy,):
a. NaOH b. NaCl (solid) c.Cu d. CuO

Oxygen will be released in reactions:

a. H,0O, (t°) — c. NaOH (to) —

b. AgNO; (t°) — d. Ca(OH), (t°) —
In which reactions sulfur atoms act as oxidizers:

a.S0,+C—->CO,+S c. 5505 + 2P — 5S0, + P,05
b. 2H2803 + 02 — 2H2804 d. Mg +S — MgS

Choose substances which react with concentrated H,SO,:

a. BaCl, (siig) c. Pt

b. BaCly (water solution) d.P

Which reactions are possible?

a. FeSO; + H,SO, — c.C+H,SO,—

b. Al,S; + H,O0 — d. Na,SO,4 + K,S —

Calculate the sum of all coefficients in the redox reaction:
S + H,SO, (concentrated) — SO, + H,O
a.5 b. 6 C.7 d. 8

Which reactions can be expressed by the following ionic equation:
2H" + S* — H,S

a. 2HCI + K;S — 2KCI + H,S

b. H,SO, + BaS — BaSO, + H,S

c. 2HNO;3; + Na,S — 2NaNO; + H,S

d. H, + S — H,S

Choose formulas of sulfides:
a. ZnS b. Na,S c. K,S d. Na,SO3
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EXERCISES FOR CLASSWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
S — SO, - SO; —» ZnS0O, — K,S0O,
1.

2.
3.
4

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
CuS—S0,—~» S—>H,S—>CoS
1.

2.
3.
4

Write Kkinetic equation for the third reaction, and the equation for the constant
of equilibrium for that process:

Write the fourth reaction in the complete and short ionic forms:

3. Find the mass percentage of copper in its mixture with zinc. 20 g of that mixture
reacted with the excess of dilute sulfuric acid and produced 1.1 L of a gas.
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The mixture of sulfur and phosphorus had a mass of 6 g. That mixture has been
burnt completely in 4.4 L of oxygen. Find the mass percentage of sulfur
in the initial mixture.

The mass percentage of sulfur VI oxide in oleum is 20 %. What mass of that oleum
is required to prepare 1 kg of pure sulfuric acid?

The mass of the mixture made from copper and silver is 4 g. That mixture reacted
with concentrated sulfuric acid and produced 0.9074 L of sulfur dioxide. Find
the mass percentage of silver in the initial mixture.

EXERCISES FOR HOMEWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

H,SO4 — H,S - KHS — K,S — SO,

1.

2.

3.

4.

Write the second reaction in the complete and short ionic forms:

Write the third reaction in the complete and short ionic forms:

Write four reactions according to the following classic chain of chemical reactions
and balance them:

Li,S—H,S— S—SrS—ZnS

1.
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2.
3.
4,
Write the first reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

25 g of zinc reacted with 70 g of concentrated sulfuric acid. Calculate the volume
of sulfur (1V) oxide released in this process.

The mixture of zinc and aluminum had a mass of 15 g. That mixture reacted with
sulfuric acid and produced 68 g of salts. Find the mass percentage of zinc in
the initial mixture.

The mass percentage of sulfur (V1) oxide in oleum is 10 %. What mass of that
oleum is required to prepare 1 kg of sulfuric acid with the mass percentage of 30
%?

The mass of the mixture made from potassium and sodium sulfides is 5 g. That
mixture reacted with hydrochloric acid and produced 1.2688 L of hydrogen
sulfide. Find the mass percentage of potassium sulfide in the initial mixture.
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1.

LESSON 32. NITROGEN AND ITS COMPOUNDS

EXERCISES FOR CLASSWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

N, — NH; — NH4NO3 — N,O — NO,

1.

2.

3.

4,

Write the second reaction in the complete and short ionic forms:

Write the Kinetic equation for the fourth reaction, and the equation for
the constant of equilibrium for that process:

Write four reactions according to the following classic chain of chemical reactions
and balance them:

Cu(NO3z); — NO, - HNO3; —» KNO3z — KNO,

1.

2.

3.

4.

Write the second reaction in the complete and short ionic forms:

Write the third reaction in the complete and short ionic forms:

Calculate the mass of nitric acid produced from 12 L of nitrogen (IV) oxide
(in normal conditions) and 25 g of water in the presence of oxygen.
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4. What is the mass of ammonium bromide formed in the reaction between 4 L of
ammonia (in normal conditions) and 2 g of hydrogen bromide?

5. What is the mass of sodium nitrate formed in the reaction between 100 g of 5 %
sodium hydroxide solution and 200 g of 10 % nitric acid?

6. Find the mass percentage of potassium nitrate in its mixture with iron (111) nitrate.
15 g of that mixture has been heated up and produced 2 L of a brown gas.

EXERCISES FOR HOMEWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
HNO, — HNO; — Zn(NO3), - NO, — NaNO;
1.
2.
3.
4.
Write the first reaction in the complete and short ionic forms:

Write the second reaction in the complete and short ionic forms:
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Write four reactions according to the following classic chain of chemical reactions
and balance them:

Zn(NO3z), — Ba(NO3); — HNO3; — AgNO3 — KNO;

1.

2.

3.

4,

Write the first reaction in the complete and short ionic forms:

Write the second reaction in the complete and short ionic forms:

Calculate the mass of nitric acid produced from 10 L of nitrogen (IV) oxide
(in normal conditions) and 7 g of water in the absence of oxygen.

What is the volume of nitrogen (in normal conditions) formed after
the decomposition of 6 g of ammonium nitrite?

Calculate the volume of nitrogen released in the reaction between 18 g of nitric
acid and 3 g of zinc.

Find the mass percentage of copper (Il) nitrate decomposed during the heating.
The initial mass was equal to 20 g. The final mass of the mixture of solid
substances after the heating is equal to 18 g.
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LESSON 33. PHOSPHORUS AND ITS COMPOUNDS

TEST FOR CLASSWORK

Choose formulas of compounds in which nitrogen has negative oxidation state:

a. NasN b. NaN3 c. NH,Br d. NO,
During NH," cation formation nitrogen atom behaves as:
a. electron pair donor C. proton donor

b. electron pair acceptor d. proton acceptor

Choose redox reactions:

a. N,Oz + H,O — c. N,Os + H,O —

b. N02+H20—> d. NH3+02—>

NO, will be released in reactions:

a. KNOj; (t°) — c. AgNQ; (t°) —

b. Zn(NO3), (t°) — d. Cu+ HNO;3 (concentrated) —
Which substances react with HNO3:

a. Hg b. KOH c. KCI d. Au
Choose molecular compounds:

a. white phosphorus C. ammonia

b. red phosphorus d. ammonium chloride

Gas will be released in the reaction:
a. Fe + HNO; — c. FeO + HNO3; —
b. NH4C| + H2504 — d NH4N03 (to) —

Calculate the sum of all coefficients in the redox reaction:
Zn + HNO; — Zl’l(NOg)z + N,O + H,0
a. 10 b. 13 c.24 d. 20

Which reactions can be expressed by the following ionic equation:
3Ca*" + 2P0O,> — Ca3(PO,),

a. 3CaCl, + 2H3P0O4 — Caz(PO,), + 6HCI

b. 3CaCl, + 2NazPO,4 — Ca3(PO,4), + 6NaCl

c. 3CaS0, + 2K3P0O4 — Caz(POy), + 3K,SO4

d. 3Ca + 2H3P0O, — Ca3(PO,), + 3H,
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10. Dihydrogen phosphate will be produced in the reaction between:
a. 2 mol NaOH and 1 mol H;PO,
b. 1 mol NaOH and 1 mol H;PO,
c. 3 mol NaOH and 1 mol H3PO,
d. 1 mol NaOH and 3 mol H3PO,

TEST FOR HOMEWORK

1. Choose formulas of compounds in which nitrogen has positive oxidation state:

a. NaNOs; b. NaNO, c. NH3 d. N,
2. Describe pH level in the water solution of ammonia?
a. slightly acidic c. strongly acidic
b. slightly basic d. strongly basic
3. Choose redox reactions:
a. NH; + HCl — c.NO+0; —
b. N2+ H2—> dAgN03+KC1—>
4. O, will be released in reactions:
a. NaNO; (t°) — c. NH4NO; (t°) —
b. Cu(NOg); (t°) — d. NH4NO, (t°) —
5. Which substances react with AgNO3:
a. KF b. KCI c. KBr d. Kl
6. Choose ionic compounds:
a. phosphine ¢. ammonium phosphate
b. phosphorus (I11) chloride d. potassium dihydrogen phosphate

7. Water will be produced in the reaction:
a.Zn + HNO; — €. CuO + HNO; —
b. NH4C| + H3PO4 — d NH4C1 + KOH —

8. Calculate the sum of all coefficients in the redox reaction:
Ca+ HN03 — C&(NOg)z + Nz + Hzo
a. 12 b. 17 c. 27 d. 29

9. Which reactions can be expressed by the ionic equation: NH,* + OH — NH; + H,0
a. NH;NO3 + LiOH — LiNOs + NH3 + H,0
b. (NH,4),SO,4 + Ba(OH), — BaSO,4 + 2NH; + 2H,0
c. NH,Cl + NaOH — NaCl + NH; + H,0O
d. NH4H,PO, + 3KOH — K3PO,4 + NH3 + 3H,0
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10. Monohydrogen phosphate will be produced in the reaction between:
a. 2 mol NaOH and 1 mol H3PO, c. 4 mol NaOH and 1 mol H3PO,
b. 1 mol NaOH and 2 mol H;PO, d. 1 mol NaOH and 3 mol H3PO,

EXERCISES FOR CLASSWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
P— P203 —> P205 —> H3PO4 —> Cag(PO4)2
1.

2.
3.
4

Write the fourth reaction in the complete and short ionic forms:

2.  Write four reactions according to the following classic chain of chemical reactions
and balance them:
H3PO4 — K3PO4 — K,;HPO, - KH,PO, — NagPOy
1.
2.
3.
4.
Write the second reaction in the complete and short ionic forms:

3. Calculate the mass of phosphorus (V) oxide that is needed to make 300 ml of
orthophosphoric acid solution with the molarity of 0.1 mol/L.

4. Calculate the mass of a product of the reaction between 3 g of calcium oxide
and 9 g of phosphorus (V) oxide.
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5. Calculate the mass of a salt(s) produced in the reaction between 5 g of barium
oxide and 8 g of phosphoric acid.

6. What salt will be formed in the reaction between 17 g of sodium hydroxide and
190 g of phosphoric acid? Calculate the mass of a salt(s).

EXERCISES FOR HOMEWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
H3;PO, — Ca(H,P0O,), — NaH,PO, — NazPO,; — LisPO,
1.
2.
3.
4.
Write the fourth reaction in the complete and short ionic forms:

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
P— P205 & H3PO4 —> Na3PO4 —> an(PO4)2
1.

2.
3.
4
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Write the fourth reaction in the complete and short ionic forms:

3. Calculate the mass of phosphorus that is needed to make 200 ml of
orthophosphoric acid solution with the molarity of 0.05 mol/L.

4. Calculate the mass of a product of the reaction between 2 g of sodium oxide
and 8 g of phosphorus (V) oxide.

5. Calculate the mass of a salt(s) produced in the reaction between 4 g of potassium
hydroxide and 10 g of phosphoric acid.

6. What salt will be formed in the reaction between 11 g of calcium hydroxide and
3 g of phosphoric acid? Calculate the mass of a salt(s).
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1.

LESSON 34. CARBON AND ITS COMPOUNDS
EXERCISES FOR CLASSWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

C — CO, —»> Na,CO; — CaCO; — CO,

1.

2.

3.

4,

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

Write four reactions according to the following classic chain of chemical reactions
and balance them:

Al,C; —» CH; —» CO, - CO — CO;,

1.

2.

3.

4,

Write the kinetic equation for the second reaction, and the equation for
the constant of equilibrium for that process:

Write the kinetic equation for the third reaction, and the equation for the constant
of equilibrium for that process:

Calculate the volume of carbon (IV) oxide produced after the addition of
the excess of hydrochloric acid to 100 ml of 0.2M solution of sodium carbonate.
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Calculate the mass of a product of the reaction between 2 g of calcium oxide
and 3 L of carbon dioxide.

Calculate the mass of a salt(s) produced in the reaction between 5 L of carbon
dioxide and 30 g of potassium hydroxide solution with the mass percentage of 5 %.

The mass of the mixture of calcium carbonate and barium carbonate is 500 g.
The mass of the mixture after the complete thermal decomposition is 345 g. Find
the mass percentage of calcium carbonate in the initial mixture.

EXERCISES FOR HOMEWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

K,CO3; — CO, —» CaCO3; — Ca(HCOs3), — Na,CO4

1.

2.

3.

4.

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

Write four reactions according to the following classic chain of chemical reactions
and balance them:
CaC, - C,H, > CO, > (NH4)2C03 — CO,
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Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

Calculate the volume of carbon (1V) oxide produced after the addition
of the excess of sulfuric acid to 200 ml of 0.1M solution of potassium carbonate.

Calculate the mass of a product of the reaction between 3 g of strontium oxide
and 5 L of carbon dioxide.

Calculate the mass of a salt(s) produced in the reaction between 6 L of carbon
dioxide and 25 g of calcium hydroxide solution with the mass percentage of 3 %.

The mass of the mixture of sodium carbonate and potassium carbonate is 10 g.
The volume of a gas produced after the reaction with the excess of hydrochloric
acid is equal to 1.8686 L. Find the mass percentage of sodium carbonate
in the initial mixture.
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10.

LESSON 35. SILICON AND ITS COMPOUNDS

TEST FOR CLASSWORK
In which kind of hybridization electron orbitals of the outer shell of carbon atoms exist
in diamond?
a. sp b.sp?  c.sp’ d. no hybridization
In which kind of hybridization electron orbitals of the outer shell of carbon atoms exist
in graphite?
a. sp b.sp?  c.sp’ d. no hybridization
Which substances should we add to CaCO; precipitate in water solution to dissolve it?

a. HCI b. KOH c. CO, d. HNO;3

What gas is produced in CaC, hydrolysis reaction?
a. CO, b. 0o, c. CoH, d. H,

What gas is produced in Al,C5 hydrolysis reaction?
a. H, b. CH, c. CO, d. H,S

In which reactions precipitate is formed?
a. Ca(OH), + HC1 — c. Na,SiO; + HCl —
b. CaCIZ + Na,CO; — d. KHCO; + HCl —

Which reactions are possible?
d. KgSlOg +CO, —» c. Ko,CO; + S|02 —
b. MQZSI + HCl — d. Na25i03 + K,CO3 —

Calculate the sum of all coefficients in the redox reaction:
S|H4 + NaOH + H,0 — NaZSiOg +H,
a. 9 b. 10 c. 11 d. 12

In which reactions a gas is formed:
a. CaCO; + HCl —

b. CaCO; + CO; + H,0 —

c. Ca(HCOs), + H,SO, —

d. Ca(HCOs), (t°) —

In which reactions carbon atoms behave as oxidizers?
a. C+CuO — Cu+CO

b. C + 4HNO; (concentrateds) — CO2 + 4NO; + 2H,0

c. C,Hy + Hy — CyH,

d. 2C + Ca — CaC,
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10.

TEST FOR CLASSWORK

What is the type of crystal structure for SiO, in normal conditions?
a. molecular b. ionic c. atomic d. metallic

With which chemical element hydrogen atoms form the most stable compounds?
a.B b. Si c.C d.P

Which substances should we add to Ca(OH), water solution to cause precipitation?
a. HNO3 b. K,CO, c. excess of CO, d. limited CO,

Choose carbonates which cannot be decomposed at high temperature:
a. Na,CO; b. K,CO3 c. CaCO; d. MgC03

Choose formulas of bicarbonates:
a. NaHCO; b. KHCO; C. Ca(HC03)2 d. (MgOH)2C03

In which reactions precipitate is formed?
a. Ca(HCO3), + HCl —

b. Ca(HCO;), + KOH —

c. KHSiO; + HCI —

d. KHSiO; + KOH —

Which reactions are possible?
a. Si0; + H,0 —

b. Si + NaOH + H,0—

c. CaCO; + SiO, —

d. Na,SO,4 + K,CO3 —

Calculate the sum of all coefficients in the redox reaction: Ca,Si + HC1 — CaCl, + SiH,
a. 6 b.7 c.8 d.9

In which reactions a gas is formed:
a. CaC, + HCl —

b. K;SiO3 + CO, —

c. Li,CO; (t°) —

d. NaHCO; (t°) —

In which reactions carbon atoms behave as reducers?
a. 2C+0,—2CO

b. C+0,— CO,

c. CH; + 20, — CO, + 2H,0

d. 3C +4Al — ALLC,
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EXERCISES FOR CLASSWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
KzSiOg — HleOg —> Na28i03 —> C&SlOg —> S|02
1.

2.
3.
4

Write the second reaction in the complete and short ionic forms:

Write the third reaction in the complete and short ionic forms:

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
S|H4 — S|02 —> Na28i03 —> H28|03 —> BaS|03
1.

2.
3.
4

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

3. Calculate the volume of carbon (1V) oxide produced after the reaction between
20 g of sodium carbonate and the excess of silicon (1V) oxide.
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Calculate the mass of a product of the reaction between 3 g of barium oxide
and 6 g of silicon (1V) oxide.

Calculate the mass of a precipitate produced in the reaction between 4 g of sodium
silicate and 50 g of hydrochloric acid solution with the mass percentage of 12 %.

The mass of the mixture of silicon (1) oxide and solid potassium silicate was 20 g.
The mixture has been put into the solution of hydrochloric acid. Find the mass
percentage of sodium (IV) oxide in the initial mixture if the mass of a precipitate
after the reaction was equal to 12.6 g.

EXERCISES FOR HOMEWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

SiO, — Si — Na,SiO3; — H,Si0; — SiO;

1.

2.

3.

4.

Write the second reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:
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Write four reactions according to the following classic chain of chemical reactions
and balance them:

Ca,Si — SiH; — SiO, —» CaSiO; — SiO,

1.

2.

3.

4,

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

Calculate the volume of carbon (IV) oxide produced after the reaction between
30 g of calcium carbonate and the excess of silicon (IV) oxide.

Calculate the mass of a product of the reaction between 2 g of potassium oxide
and 4 g of silicon (I'V) oxide.

Calculate the mass of a precipitate produced in the reaction between 7 g of potassium
silicate and 55 g of nitric acid solution with the mass percentage of 22 %.

The mass of the mixture of silicon (IV) oxide and silicic acid was 40 g. The mixture
has been heated until the constant mass of 36 g. Find the mass percentage of
sodium (1V) oxide in the initial mixture.
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1.

LESSON 36. ALKALI METALS
EXERCISES FOR CLASSWORK

Write four reactions with potassium containing compounds according to the chain
of chemical reactions
A HHC B +—4~§ﬂ"'95_)c “.D

K 1S
1.
2.
3.
4,

Write the second reaction in the complete and short ionic forms:

Write the third reaction in the complete and short ionic forms:

Write four reactions with sodium containing compounds according to the chain
of chemical reactions

+HO +HI + Ol +AgNO
Na > A > B It= c 8%, p

1.
2.
3.
4.
Write the second reaction in the complete and short ionic forms:

Write the third reaction in the complete and short ionic forms:

10 g of sodium has been dissolved in 400 g of water. Find the minimal mass of
sulfuric acid solution with the mass percentage of 15 % needed to neutralize that
sodium hydroxide solution.
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4. Find the difference between mass percentages of potassium in its oxide and
superoxide.

5. Which substance can you add to the solution containing lithium and sodium
hydroxides to remove lithium cations from it (in form of precipitate)? Write
the reaction and its complete and short ionic forms:

6. How can you confirm the presence of iodide ions in the solution of sodium iodide?
Write the reaction and its complete and short ionic forms:

EXERCISES FOR HOMEWORK

1. Write four reactions with lithium containing compounds according to the chain
of chemical reactions

.+, + H, 0 + HCI + AgNo
Li 2%, A I B — Cc &%= , p

1.
2.
3.
4,
Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:
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Write four reactions with potassium containing compounds according to the chain

of chemical reactions
+ 1KOH

lKOH +H PO, A +1K0H N B N C +LEE!_) D

1.
2.
3.
4.
Write the first reaction in the complete and short ionic forms:

Write the second reaction in the complete and short ionic forms:

12 g of lithium has been dissolved in 300 g of water. Find the minimal mass
of sulfuric acid solution with the mass percentage of 8 % needed to neutralize that
lithium hydroxide solution.

Find the difference between mass percentages of sodium in its oxide and peroxide.

Which substance can you add to the solution containing sodium chloride and
sodium fluoride to remove fluoride anions from it (in form of precipitate)? Write
the reaction and its complete and short ionic forms:

How can you confirm the presence of sulfate ions in the solution of sodium sulfate?
Write the reaction and its complete and short ionic forms:
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LESSON 37. ALKALINE-EARTH METALS
EXERCISES FOR CLASSWORK

1. Write four reactions with calcium containing compounds according to the chain

of chemical reactions

+ 0, +H,0 +150 + 2HCI
— A - 5 B  — , C — D

Ca

H w N e

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

2. Write four reactions with magnesium containing compounds according
to the chain of chemical reactions

+HCI (inexcess) + KOQH (in excess) (7
Mg THELUnexcess) | p LB LuC

R0

1.
2.
3.
4.

Write the first reaction in the complete and short ionic forms:

Write the second reaction in the complete and short ionic forms:

3. Calculate the volume of carbon dioxide which will be enough to make the maximal
amount of precipitate in 1 L of the solution of calcium hydroxide with the molarity
equal to 0.05 mol/L.
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4. Find the difference between mass percentages of calcium in its oxide and
phosphate.

5. You have two tubes: one contains magnesium chloride, another contains strontium
chloride. Which substance can you add to both of them to find out which one
contains magnesium chloride. Write the reaction and its complete and short ionic
forms:

6. How can you confirm the presence of barium ions in the solution of barium
chloride? Write the reaction and its complete and short ionic forms:

EXERCISES FOR HOMEWORK

1. Write four reactions with barium containing compounds according to the chain of

chemical reactions

+ 0y + H,0 + 2ZHNO, + Hz 50,
— A — — C

Ba

— D

> w e

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:
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Write four reactions with strontium containing compounds according to the chain

of chemical reactions

+ Og + H, O +1C0 + 2HCI
— A E —- B —————— C

Sr

—

H w NP

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

Calculate the mass of solid substances left after the heating of 200 g of magnesium
hydroxide if the yield of the decomposition was 70 %.

Find the difference between mass percentages of barium in its oxide and peroxide.

You have two tubes: one contains potassium hydroxide, another contains barium
hydroxide. Which substance can you add to both of them to find out which one
contains barium hydroxide. Write the reaction and its complete and short ionic
forms:

How can you test the amphoteric properties of beryllium hydroxide? Write
the reaction and its complete and short ionic forms:
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10.

LESSON 38. ALUMINUM AND IRON
TEST FOR CLASSWORK

Choose metals which react with water at normal temperature and produce alkali:
a. Li b. Na c.Zn d. Al

Choose hydroxides which can be decomposed at high temperature:
a. Ca(OH), b. KOH c. LiOH d. NaOH

Which cations are responsible of water hardness?
a. Mg b. Ca** c. Na* d. K

Choose compound that will be formed in the reaction between AICI; and the excess of

KOH water solution?

a. AI(OH); c. K;[AI(OH)g]

b. K[AI(OH),4] d. KAIO,

In which reactions iron is oxidized to Fe>*?

a. Fe + HCI c. Fe + H,SO, (dilute)

b. Fe+C|2 d. Fe+H,O+ 0, —>
Which reactions are possible?

a. CUC|2 +7Zn — C. A|203 + H,0 —

b. ZnC|2 +Cu— d. A|203 + NaOH + H,0 —

Which reactions can be described by the following ionic equation?
Al¥ + 40H — [AI(OH)]

a. Al(OH); + KOH — K[AI(OH),]

b. AICl; + 4KOH — KJ[AI(OH),] + 3KCI

c. AICI; + 6KOH — K;3[Al(OH)g] + 3KCI

d. AI(NO3); + 4NaOH — Na[Al(OH),] + 3NaNO3

Calculate the sum of all coefficients in the redox reaction: K + KNO; — K,0 + N,
a. 12 b. 18 c. 19 d. 20

Which metals have a color different from gray?
a. gold b. copper c. silver d. cesium

In which reactions aluminum atoms behave as reducers?
a. 4Al + 30, — 2A1,0;
b. 2Al + Fe,0; — Al,O3 + 2Fe
c. AlCIl; +3NaOH — AI(OH); + 3NaCl
d. 2Al(OH); (t°) — Al,O3 + 3H,0
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10.

TEST FOR HOMEWORK

Choose metals which react with water at high temperature and produce an oxide:
a. Mg b. Na c. Fe d.K

Choose reactions in which metal melts before the completion:
a.Li+H,0— c. K+H,0—
b. Na + H,O — d. Cs+H,0 —

Which salts are associated with temporary water hardness?
d. MgCIZ b. C&(HCOg)Z C. Mg(HC03)2 d. K,SO,

Choose compound that will be formed in the reaction between solid AICI; and solid
NaOH at high temperature:
a. Al(OH); b. Na[AI(OH),4] c. Nas[Al(OH)g] d. NaAlO,

In which conditions iron turns to rust?
a. in the presence of water

b. in the presence of oxygen

c. in the presence of water and oxygen
d. in the presence of water and nitrogen

Which reactions are possible?
a. NaCl + KOH — c. KOH + HCI —
b. NaCl + AgN03 — d. FeC|2 + C|2 —

Which reactions can be described by the following ionic equation?
Al¥ + 60H — [AI(OH)g]*

a. Al(OH)3; + NaOH — Na[AI(OH)4]

b. AICI; + 4NaOH — Na[Al(OH),4] + 3KCI

c. AlICI; + 6LIOH — Liz[AlI(OH)] + 3LiCl

d. Aly(SOy4); + 12NaOH — 2Na3[Al(OH)e] + 3Na,SO,

Calculate the sum of all coefficients in the redox reaction: CaSQO, (t°) — CaO + SO, + O,
a.b b. 6 c.7 d.8

What particles can be found in metallic solids?
a. neutral atoms C. anions
b. cations d. free electrons

In which reactions iron atoms behave as reducers?

a.4Fe + 302 — 2F6203 c. 2Fe + 3C|2 - 2F6C13

b. 2Al + Fe,0; — Al,O3 + 2Fe d. Fe(OH); + 3HC1 — FeCl; + 3H,0
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EXERCISES FOR CLASSWORK

1. Write four reactions with aluminum containing compounds according to the chain

of chemical reactions

+ 0z + Hcl + 3NaOH + 3NaOH
— A — B — C — D

Al

H w NP

Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

2. Write four reactions with iron containing compounds according to the chain
of chemical reactions

+ ZHNGQ + 1K0H + 1K0H
FeO = 5 A — B

1.

+ Hy 50,

C — D

2.
3.
4

Write the second reaction in the complete and short ionic forms:

Write the third reaction in the complete and short ionic forms:

3. Calculate the mass of a salt produced after the heating together 5 g of solid sodium
hydroxide and 2 g of aluminum hydroxide.
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What is the mass percentage of iron turned to rust if the initial mass of iron was
equal to 84 g, and the mass of iron hydroxide now is equal to 12 g.

Calculate the volume of nitrogen released in the reaction between 18 g of nitric
acid and 3 g of aluminum at high temperature.

Calculate the volume of sulfur (1V) oxide released in the reaction between 5 g
of concentrated sulfuric acid and 4 g of iron at high temperature.

EXERCISES FOR HOMEWORK

Write four reactions with iron containing compounds according to the chain

of chemical reactions

+ 2HCI + 1HCI + AgNo
FE(OH)g -

+ Hy PO
S A 5 B 35V

— C

— D

> w N

Write the second reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

Write four reactions with aluminum containing compounds according to the chain
of chemical reactions

Al

+ HNOg + 4NaOH + 1HC! + 3HC!
> A—"—"> B —

—
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2.
3.
4,
Write the second reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

Calculate the mass of a complex salt produced after putting 6 g of aluminum
chloride in 200 g of the solution with the mass percentage of sodium hydroxide
equal to 25 %.

What is the mass percentage of aluminum oxide on the surface of aluminum plate?
That plate had a mass of 10 g. Complete dissolving in hydrochloric acid produced
12.32 L of hydrogen (in normal conditions).

Calculate the mass of ammonium nitrate formed in the reaction between 12 g
of nitric acid and 2 g of aluminum at high temperature.

Calculate the volume of sulfur (IV) oxide released in the reaction between 5 g
of concentrated sulfuric acid and 4 g of iron at high temperature.
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LESSON 39. THE SAMPLE OF CONTROL TASK #5

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
C —» CO, » KHCO; — K,CO3 — BaCOs3
1.
2.
3.
4,
Write the third reaction in the complete and short ionic forms:

Write the fourth reaction in the complete and short ionic forms:

2. Write four reactions with sulfur containing compounds according to the chain

of chemical reactions
S +0, A + NeOH lxirzaxcsss}_) B + HCI (in sxcess) o C +f_‘.-1|_",|_) D

> w N

Write the second reaction in the complete and short ionic forms:

Write the third reaction in the complete and short ionic forms:

3. Find the volume percentage of ammonia in its mixture with nitrogen. 5 L of that
mixture reacted with 2 g of hydrogen chloride.
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Find the simplest formula of a compound. The mass percentages of elements
in the compound are as follows: 62.22 % of iron, 35.56% of oxygen and 2.22 %
of hydrogen.

The mass of the mixture made from zinc nitrate and cobalt (I1) nitrate is 12 g.
That mixture has been thermally decomposed and produced 2.914 L of nitrogen
dioxide. Find the mass percentage of zinc nitrate in the initial mixture.
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LESSON 40. SATURATED HYDROCARBONS

TEST FOR CLASSWORK

What is the valence of carbon in all organic compounds?
a. b. Il c. Hl d. v

Choose the common formula for alkanes:
a. CnHZn-Z b. CnH2n C. CnH2n+2 d. CnH2n-6

How many isomers can you suggest for butane molecule?
a.l b. 2 c.3 d. 4

Choose isomers which can be described by the same CsH,, formula:
a. 2-methyl-butane

b. 3-methyl-pentane

C. 2,2-dimethyl-propane

d. 2,2-dimethyl-pentane

Choose alkanes existing in gaseous state in normal conditions:
a. CoHg b. CH, c. C¢Hypo d. CsHg

Describe the type of chemical reaction between C,Hg and Cl,:
a. addition

b. substitution

c. decomposition

d. composition

Which reactants can be used to synthesize C1oH,, from CsH,CI?
a. potassium

b. potassium chloride

c. sodium

d. sodium hydroxide

Calculate the sum of all coefficients in the redox reaction: CsHg + O, — CO, + H,0
a. 6 b. 10 c.7 d. 13

Choose the final products of C4H;o combustion in the excess of oxygen:
a. CO, and H,0 c. C,Hg and CyH,
b. CO and H,0O d. C,Hy,OH

. Which substances can be produced in the reaction between three substances: C,HsCl,
C;H,Cl and Na?
a. C4Hyp b. CeH1s c. CsHy» d. CsHy6
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10.

TEST FOR HOMEWORK

Choose the type of hybridization state for outer shell electron orbitals of each carbon
atom in saturated hydrocarbons?

a. sp b.sp?  c.sp’ d. no hybridization
Cracking of alkanes results in formation of:

a. shorter alkanes c. longer alkanes

b. shorter alkenes d. longer alkenes

How many isomers can you suggest for pentane molecule?
a.l b. 2 c.3 d. 4

Choose isomers which can be described by the same CgH,, formula:
a. 2-methyl-butane

b. 2-methyl-pentane

c. 3-methyl-pentane

d. 2,3-dimethyl-pentane

Choose alkanes existing in solid state in normal conditions

a. C5H12 b. C6H14 C. C16H34 d. C23H48

Describe the type of the following chemical reaction: 2CH, (t°) — C,H, + 3H,
a. composition c. decomposition

b. dehydration d. dehydrogenation

Which reactants can be used to synthesize C,,H,, from C¢H3Br?

a. potassium c. lithium

b. potassium carbonate d. potassium permanganate

Calculate the sum of all coefficients in the redox reaction:
C4H10 + 02 — C02 + HZO
a. 15 b. 18 c. 25 d. 33

Choose the products of the reaction between HNO3 and C4H:
a. C4HgNO, and H,0O

b. C4HgNH; and H,0

c. C3HgNO, and H,O

d. C4H11NO;

Which substances can be produced in the reaction between tree substances: CsH-Br,
C,H¢Br and K?
a. CgHyg b. CeHia c. CsHyp» d. CsHs
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EXERCISES FOR CLASSWORK

Draw structural formulas of the following compounds:

3-ethyl-3-methyl-hexane

2,2-dimethylbutane

3-ethyl-4-propylheptane

1,2-dimethylcyclopentane

Find the formula of a hydrocarbon. Combustion of that hydrocarbon resulted

in the formation of 2 L of carbon dioxide and 1.205 g of water. The relative density
of the hydrocarbon per helium is 13.5.

The mixture made from ethane and butane has a volume of 4 L. That mixture has
been completely burnt. The volume of carbon dioxide was equal to 12 L. Find
the volume percentage of ethane in the initial mixture of gases.

The mixture made from methane and propane has a volume of 6 L. That mixture
has been completely burnt. The volume of oxygen used in this process was equal to
24 L. Find the volume percentage of propane in the initial mixture of gases.

EXERCISES FOR HOMEWORK

Draw structural formulas of the following compounds:
2-methyl-4-propyl-octane

3,3-diethylhexane

2,3,4-trimethylpentane

2,4-dimethylhexane
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2. The products of the complete combustion of a hydrocarbon are: 40 L of carbon
dioxide and 32.143 g of water. The relative density of this compound per oxygen is
1.75. Find the formula of a hydrocarbon.

3. The mixture made from methane and butane has a volume of 5 L. That mixture
has been completely burnt. The volume of oxygen used in this process was equal to
28 L. Find the volume percentage of methane in the initial mixture of gases.

4. The mixture made from propane and butane has a volume of 6 L. That mixture
has been completely burnt. The volume of carbon dioxide produced in this process
was equal to 19 L. Find the volume percentage of butane in the initial mixture of
gases.
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LESSON 41. NOMENCLATURE OF UNSATURATED HYDROCARBONS

EXERCISES FOR CLASSWORK

1. Draw structures of all the isomers (including interclass ones) of hexene:

2. Draw structures of the following compounds:

5-methyl-trans-2-hexene

3-methyl-1-pentyne

3,4-dimethyl-cis-3-hexene

1,3-hexadiene

3. Name the following compounds:
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EXERCISES FOR HOMEWORK

1. Draw structures of all the isomers (including interclass ones) of heptyne:

2. Draw structures of the following compounds:

2-methyl-2-pentene

3-ethyl-4-octyne

4,4-dimethyl-cis-2-pentene

2-methyl-1,3-butadiene

3. Name the following compounds:
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LESSON 42. CHEMICAL PROPERTIES OF UNSATURATED
HYDROCARBONS

EXERCISES FOR CLASSWORK

What volume is occupied by 33 g of ethylene in normal conditions?

Determine the volume of acetylene which can be produced from 1 kg of calcium
carbide containing 30 % of impurities.

The mixture of methane and acetylene had a volume of 6 L. That mixture has been
passed through the bromine water solution. The mass of the solution increased by
5 g. Find the volume percentage of methane in the initial mixture.

The mixture of propane and propyne had a volume of 6 L (in normal conditions).
The mixture reacted with 1.2 L of hydrogen. Calculate the volume percentage
of propane in the initial mixture.
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5. 9.375 g of a hydrocarbon reacted with 5 L of hydrogen up to the complete
saturation and produced 5 L of an alkane. Find the formula of that compound.

6. There is a mixture of ethene, propyne and propadiene. 2 L of that mixture reacted
with 3.5 L of hydrogen until the complete saturation. Find the volume percentage
of ethene in the mixture.

EXERCISES FOR HOMEWORK

1. How many molecules are there in 13 L of propylene in normal conditions?

2. Determine the volume of methane which can be produced from 1 kg of aluminum
carbide containing 12 % of impurities.
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3. The mixture of propane and propene had a volume of 8 L. That mixture has been
passed through the bromine water solution. The mass of the solution increased by
3 g. Find the volume percentage of methane in the initial mixture.

4. The mixture of butane and ethene had a volume of 3 L (in normal conditions).
The mixture reacted with 1.4 g of hydrogen chloride. Calculate the volume
percentage of butane in the initial mixture.

5. 2 L of an alkene added 7.2321 g of hydrogen bromide and produced 10.9821 g
of an alkyl bromide. Find the formula of that alkene.

6. There is a mixture of propene, butyne and 1,3-butadiene. 2 L of that mixture
reacted with 21.429 g of bromine until the complete saturation. Find the volume
percentage of propene in the mixture.
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1.

3.

LESSON 43. POLYMERS OF UNSATURATED HYDROCARBONS

EXERCISES FOR CLASSWORK

Write four reactions with organic compounds according to the chain of chemical
reactions

Al,Cs, Hy 0 A + 1€, B LEL N C
1.

2.

3.

4,

+ 187y,

— D

Write four reactions according to the following classic chain of chemical reactions
and balance them:

octane — 1-butene — 2-chlorobutane — 2-butene — 2,3-dichlorobutane

1.

2.

3.

4,

Draw structures of stereoisomers for 2-butene:

Write four reactions according to the following classic chain of chemical reactions
and balance them:

methane — methylchloride — ethane — ethylbromide — hexane

1.

2.

3.

4.

Calculate the volume of 1,3-butadiene that is needed to make 200 g of
polybutadiene.
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5. Calculate the number of monomers in 100 g of polyethylene.

6. Find the mass of chlorine in 500 g of polyvinylchloride.

EXERCISES FOR HOMEWORK

1. Write four reactions with organic compounds according to the chain of chemical

reactions
+ 1H, + HCl + Na

CaC, *%=% , A =, B - C
1.

— D

2.
3.
4

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
decane — pentane — 1-pentene — 2-chloropentane — 4,5-dimethyloctane
1.
2.
3.
4.
Draw the structure of the last compound:
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. Write four reactions according to the following classic chain of chemical reactions
and balance them:

ethane — ethylchloride — ethene — polyethylene — carbon dioxide
1.
2.
3.
4.

Calculate the volume of ethylene that is needed to make 300 g of polyethylene.

Calculate the number of monomers in 150 g of natural rubber.

Find the mass of chlorine in 400 g of polychloroprene.
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LESSON 44. BENZENE AND ITS HOMOLOGS

TEST FOR CLASSWORK

1. Which reactant can be used to distinguish unsaturated hydrocarbons from saturated

ones?
a. Tollen’s reagent c. bromine water
b. Fehling’s solution d. silver nitrate

2. Choose the common formula for alkenes and cyclic alkanes:
a. CnHZn-Z b. CnH2n C. CnH2n+2 d. CnHZn-G

3. Are there cis- and trans- isomers for 1-butene and 2-butene, respectively?
a.yes/no b. no/ yes c. yes/yes d.no/no

4. Choose the product of acetylene trimerization:
a. vinyl acetylene c. methane
b. benzene d. toluene

5. Choose the most abundant product of 1-propene reaction with HCI:
a. 1-chloropropane C. propyne
b. 2-chloropropane d. propane

6. Describe the type of chemical reaction between C,H, and Br,:
a. addition c. decomposition
b. substitution d. composition

7. Choose the formula of polyvinylchloride:
a. [-CHCI=CH,-],, c. [-CHCI-CHx-],
b. [-CH,-CH,-], d. [-CHCI=CHCI-],

8. Calculate the sum of all coefficients in the redox reaction:
C5H10 + 02 — C02 + Hzo

a. 17 b. 20 c. 37 d. 48
9. Choose the hybridization state of outer shell electron orbitals in carbon atoms from
benzene:
a. sp b.sp?  c.sp’ d. no hybridization
10. What type of compound is produced in alkene hydration reaction?
a. alkane c. aldehyde
b. diene d. alcohol
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TEST FOR HOMEWORK

1. Choose formulas of benzene homologues (arenes)?
a. CgHg b. CgHqg c. CgHyg d. CoH,

2. Choose the common formula for alkynes and dienes:
a. CpHan2 b. CrHan C. CnHansz d. CiHzne
3. Are there cis- and trans- isomers for 2-pentene and 2-pentyne, respectively?

a.yes/no b. no/ yes c. yes/yes d.no/no

4. Choose the product of acetylene dimerization:
a. toluene c. methane
b. benzene d. vinyl acetylene

5. Choose the most abundant product of 2-propanol dehydration at temperature higher
than 170 °C in the presence of H,SOy:

a. propene C. 2-propyne
b. 1-butene d. propane
6. Describe the type of chemical reaction between C,H, and H,O:
a. addition C. composition
b. redox reaction d. one step reaction

7. Choose the formula of polyethylene:
a. [-CHCI=CH,-],, c. [-CHCI-CH,-],
b. [-CH,-CH,-], d. [[CHCI=CHCI-],

8. Calculate the sum of all coefficients in the redox reaction:
C4H6 + 02 i C02 + Hzo
a. 13 b. 14 c. 27 d. 30

9. Choose correct statements about benzene molecule:
a. it is prone to substitution reactions more than to addition reactions
b. it is prone to addition reactions more than to substitution reactions
c. three bonds between carbon atoms in the molecule are shorter than three other bonds
d. lengths of all six bonds between carbon atoms are equal to each other

10. Choose the most abundant product of CH,=CH-CH=CH, + H, reaction? The molar
ration between reactants is 1:1.
a. 1-butene c. butane
b. 2-butene d. 1,2-butadiene

134



EXERCISES FOR CLASSWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:

methane — acetylene — benzene — cyclohexane — cyclohexene
1.

2.
3.
4

2.  Write four reactions according to the following classic chain of chemical reactions
and balance them:
propane — 1-bromopropane — hexane — benzene — styrene
1.
2.
3.
4.
Draw the structural formula for the last compound:

3. Draw structures of all isomers for trimethylbenzene and name them:

4. Find the volume of hydrogen needed for complete saturation of 7 g of benzene.
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5.

Determine the mass of the organic product of the reaction between 15 g of toluene
and the excess of bromine water.

Calculate the volume of oxygen which is required to burn down 34 L of benzene.
The density of benzene is 0.89 g/ml.

EXERCISES FOR HOMEWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

methane — acetylene — benzene — bromobenzene — ethylbenzene
1.

2.
3.
4

Write four reactions according to the following classic chain of chemical reactions
and balance them:

hexane — benzene — chlorobenzene — toluene — trinitrotoluene

1.

2.

3.

4.

Draw the structural formula of the last compound:
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3. Draw structures of all isomers for dichlorobenzene and name them:

4. Find the volume of chlorine gas (in normal conditions) needed for complete
saturation of 9 g of benzene (up to hexachlorocyclohexane).

5. Calculate the mass of calcium carbide needed to make 100 g of benzene. The yield
of the first step is 60 %, the yield of the second step is 75 %.

6. Calculate the volume of air which is required to burn down 15 g of benzene.

137



1.

2.

LESSON 45. ALCOHOLS

EXERCISES FOR CLASSWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

glucose — ethanol — 1,3-butadiene — 2-butene — 2,3-dibromobutane

1.

2.

3.

4,

Write four reactions according to the following classic chain of chemical reactions
and balance them:

ethane — 1-chloroethane — ethanol — diethyl ether — carbon dioxide

1.

2.

3.

4.

Draw the structural formula of the third compound:

3. Draw structures of all isomers for butanol and name them:

4. Calculate the mass of methanol which has been burned down. The volume of

carbon dioxide produced is equal to 56 L.
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5. What is the mass of carbon dioxide formed in the reaction between 15 ml of
ethanol (density is 0.8 g/ml) and the excess of oxygen?

6. What is the mass of diethyl ether formed from 12 g of ethanol?

EXERCISES FOR HOMEWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
methane — chloromethane — ethane — bromoethane — cthanol
1.
2.
3.
4,

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
chloroethane — ethene — ethanol — 1,3-butadiene — 2-butene
1.
2.
3.
4.
Draw the structural formula of the fourth compound:
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3. Draw structures of all isomers for pentanol and name them:

4. Calculate the mass of 1,2-ethanediol (ethylene glycol) which has been burned
down. The volume of carbon dioxide produced is equal to 26 L.

5. What is the mass of carbon dioxide formed in the reaction between 15 ml of
glycerol (density is 1.3 g/ml) and the excess of oxygen?

6. What is the mass of polybutadiene that can be produced from 1 L of ethanol
(density is 0.8 g/ml). The yield of the process is 40 %.
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1.

LESSON 46. ALDEHYDES AND KETONES

EXERCISES FOR CLASSWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

calcium carbide — acetylene — acetaldehyde — ethanol — ethene

1.

2.

3.

4.

Draw the structural formula of the intermediate product of the second reaction:

Write four reactions according to the following classic chain of chemical reactions
and balance them:

propane — 1-chloropropane — propanol — propanal — propionic acid

1.

2.

3.

4.

Draw structures of all isomers for pentanal and name them:

Calculate the mass of silver produced in the silver mirror test with 4 ml of 0.02 M
solution of propanal.
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5. The mass of an alcohol formed by the way of hydrogenation of a corresponding
aldehyde is 3.45 % higher than the mass of that aldehyde. Find the formula
of an aldehyde.

6. What is the mass of acetaldehyde that can be produced from 5 L of acetylene
(in normal conditions) if the yield of the process is 66 %7?

EXERCISES FOR HOMEWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
methane — chloromethane — methanol — methanal — formic acid
1.
2.
3.
4,

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
butanone — 2-butanol — 2-butene — butane — ethane
1.
2.
3.
4.
Draw structural formulas of the most abundant and the less abundant products
of the second reaction:
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3. Draw structures of all isomers for hexanone and name them:

4. Calculate the mass of silver produced in the silver mirror test with 200 ¢
of a solution containing 4 % of ethanal and 3 % of butanal by mass.

5. The mass of an alcohol formed by the way of hydrogenation of a corresponding
aldehyde is 4.45 % higher than the mass of that aldehyde. Find the formula
of an aldehyde.

6. 200 g of the solution of propanal and propanone produced 3 g of silver in the silver
mirror test. The total mass percentage of organic substances (propanal and
propanone) in the initial solution was equal to 15 %. Find the mass percentage
of propanone in the initial solution.
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1.

3.

LESSON 47. CARBOXYLIC ACIDS

EXERCISES FOR CLASSWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

chloromethane — methanol — methanal — formic acid — methyl formiate

1.

2.

3.

4.

Write the same reaction as the first one but in the alcoholic solution:

Write four reactions according to the following classic chain of chemical reactions
and balance them:

propionic acid — ethyl propionate — sodium propionate — ethane — ethene

1.

2.
3.
4

Write the same reaction as the second one in acidic medium:

Draw the structural formula of oxalic acid:

4. Calculate the volume of carbon dioxide produced in the reaction between 20 g

of 9 % acetic acid solution and 5 g of sodium bicarbonate.
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5. Find the mass of acetic acid anhydride needed to prepare 300 g of acetic acid
solution with the mass percentage of 5 %o.

6. The volume of hydrogen released in the reaction between 10 g of a saturated
monoprotic carboxylic acid and potassium is equal to 1.273 L. Find the formula
of that acid.

EXERCISES FOR HOMEWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
ethanal — ethanol — acetaldehyde — acetic acid — acetic acid anhydrate
1.
2.
3.
4,

Write the third reaction with another oxidizer:

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
butane — 1-butyne — butanone — 2-butanol — 2-bromobutane
1.
2.
3.
4.

Write the second reaction in which its minor product is formed:
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3. Draw the structural formula of butanoic acid:

4. Calculate the volume of carbon dioxide produced in the reaction between 30 g
of 9 % acetic acid solution and 15 g of potassium carbonate.

5. Find the mass of acetic acid anhydride needed to prepare 250 g of acetic acid
solution with the mass percentage of 15 %o.

6. The volume of hydrogen released in the reaction between 8 g of a saturated
monoprotic carboxylic acid and sodium is equal to 1.211 L. Find the formula
of that acid.
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10.

LESSON 48. ESTERS AND FATS

TEST FOR CLASSWORK

Esters may be described as products of the reaction between:
a. alcohols and aldehydes

b. carboxylic acids and aldehydes

c. carboxylic acids and alcohols

d. alcohols and alkanes

Choose the common formula for monoatomic saturated alcohols:

a. CyH,,.;,OH c. C,H,+20OH

b. C,H,,OH d. C,H5,:1OH
Ethers are isomers of:

a. esters c. alcohols

b. aldehydes d. carboxylic acids

Choose the product of 1-propanol dehydration reaction at the temperature lower than
140 °C in the presence of H,SOy:

a. propanal c. dipropyl ether

b. propene d. ethyl acetate

Acetic acid reacts with:

a. K b. KOH c. KCI d. Cl,
Fat can be described as:

a. ether c. aldehyde

b. ester d. carboxylic acid

Silver mirror test (reaction with Ag,O) can be used to approve the presence of:
a. aldehyde c. glucose
b. ketone d. fructose

Calculate the sum of all coefficients in the reaction between formic acid aldehyde
(H,CO) and the excess of Tollen’s reactant (Ag,0):
a.9 b.5 c. 10 d. 4

How many isomers can you suggest for butanol molecule?
a.?2 b.4 c.5 d.7

Which products may be formed in the process of ethanol oxidation (consider different
oxidizers and conditions)?
a. CO, b. CH5CHO c. CH;COOH d. C,oHg
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10.

TEST FOR HOMEWORK

Ethers may be described as products of the reaction between:
a. alcohols

b. carboxylic acids and alcohols

c. carboxylic acids

d. alkenes

Choose the common formula for monoprotic saturated carboxylic acids:

a. C,H,,+1COOH c. C,H,,+,COOH

b. C,Hz,+20, d. C,H»,,COOH

Esters are isomers of:

a. esters c. alcohols

b. aldehydes d. carboxylic acids

Which substances react with both phenol and ethanol?

a. NaOH b. Na c. HCI d. H,
Choose the final products of glucose alcoholic fermentation:
a. H,0 b. CO, c. C,HsOH d. CH;COOH
Methylacetate is:

a. ether c. salt

b. ester d. carboxylic acid

Reaction with Fehling’s solution (usually written as Cu(OH),) can be used to approve
the presence of:

a. aldehyde c. glucose

b. glycerol d. fructose

Calculate the sum of all coefficients in the reaction between acetaldehyde (CH;CHO)
and the excess of Fehling’s solution (Cu(OH),):
a.6 b.7 c.8 d. 9

How many isomers can you suggest for butanal molecule?
a.2 b.3 c.4 d.5

Choose the product of propanal reduction by hydrogen:
a. propane C. propyne
b. propene d. propanol
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EXERCISES FOR CLASSWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
ethanol — diethyl ether — ethanol — ethyl propionate — sodium propionate
1.
2.
3.
4.

Write the first reaction at higher temperature (higher than 170 °C):

2. Draw a structure of a fat molecule made from two residues of palmitic acid
and one residue of stearic acid:

Write the reaction of saponification (with sodium hydroxide) for this fat:

3. Find the mass of sodium stearate that can be obtained in the reaction
of saponification of 500 g of the fat from the previous exercise.
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4. What is the mass of an ester produced in the reaction between 5 g of acetic acid
and 6 g of propanol?

5. Ethyl butanoate has been hydrolyzed with the help of sodium hydroxide. Then
sodium butanate has been decarboxylized. The mass of propane is 4 g. Find
the mass of ethyl butanoate used in this process. The yield of the first step is 85 %o,
the yield of the second step is 55 %.

EXERCISES FOR HOMEWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
1-bromopropane — 1-propanol — propanal — propionic acid — ethyl propanoate
1.
2.
3.
4.
Write the third reaction with another oxidizer:

2. Draw a structure of a fat molecule made from one residues of oleic acid, one
residue of linolenic acid, and one residue of stearic acid:
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Write the reaction of saponification (with potassium hydroxide) for this fat:

3. Find the mass of potassium oleate that can be obtained in the reaction
of saponification of 300 g of the fat from the previous exercise.

4. What is the mass of an ester produced in the reaction between 7 g of propionic
acid and 9 g of ethanol?

5. Propyl propionate has been hydrolyzed with the help of potassium hydroxide.
Find the yield of this process if the mass of propanol is 24 g, while the mass
of an ester was 50 g.
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1.

3.

LESSON 49. CARBOHYDRATES

EXERCISES FOR CLASSWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

glucose — ethanol — ethene — 1,2-dichloroethane — ethylene glycol

1.

2.

3.

4.

Write the process of lactic acid and not alcoholic fermentation (the first reaction):

Write four reactions according to the following classic chain of chemical reactions
and balance them:

starch — glucose — sucrose — fructose — sorbitol

1.

2.

3.

4.

Which substance from this chain shows a positive silver mirror test? Write

the corresponding reaction:

Draw the structural formula of ribose:

4. Calculate the mass of glucose produced from 20 g of sucrose in the hydrolysis

reaction.
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5. Find the mass of starch needed to make 200 g of ethanol in the alcoholic
fermentation process if the yield is 75 %.

6. What mass of silver will be formed in the silver mirror test with 15 g of glucose?

EXERCISES FOR HOMEWORK

1. Write four reactions according to the following classic chain of chemical reactions
and balance them:
glucose — ethanol — ethanal — acetic acid — sodium acetate
1.
2.
3.
4.
Write the last reaction with another reactant:

2. Write four reactions according to the following classic chain of chemical reactions
and balance them:
sucrose — glucose — ethanol — diethyl ether — carbon dioxide
1.
2.
3.
4.
Draw the structural formula of an isomer of the fourth substance which can react
with metallic sodium:
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. Draw the structural formula of deoxyribose:

. Calculate the mass of glucose produced from 300 g of starch in the hydrolysis
reaction.

Find the mass of grape needed to make 300 g of ethanol in the alcoholic
fermentation process if the yield is 75 %, the mass percentage of starch in grape
is 19 %.

What mass of silver will be formed in the silver mirror test with 20 g of
the mixture of glucose and sucrose, if the mass percentage of sucrose is 40 %?
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LESSON 50. AMINES, AMINO ACIDS AND PROTEINS

TEST FOR CLASSWORK

What is the difference between polymerization and polycondensation?

a. there are no subproducts of polycondensation

b. there are no subproducts of polymerization

c. polymerization and polycondensation are synonyms

d. synthesis of a polysaccharide is polycondensation, synthesis of polyethylene is

polymerization

2.

Nucleotide is a monomer of:
a. RNA b. protein c. glycogen d. DNA

What is the difference between cellulose and starch?

a. in starch molecules of glucose are connected by a(1—4) and a(1—6) bonds, while

in cellulose they are connected by B(1—4) bonds

b. cellulose is unbranched, while starch is branched
c. starch is unbranched, while cellulose is branched
d. in starch molecules of glucose are connected by a(1—4) bonds, while in cellulose

they are connected by B(1—4) and f(1—6) bonds

4.

Choose the pathway to synthesize alanine from CH3;COOH:

a.+C|2/+NH3 C.+Br2/+NH3

b. + NH;/+ H,O d+H,/+N,

Amino acids in proteins are connected with each other by:
a. ionic bonds C. peptide bonds

b. covalent bonds d. hydrogen bonds

Choose the products of glycine combustion:
a. CO, b. H,0O c. N, d. H,

How many atoms are connected to the nitrogen atom of serine in the state of zwitterion?
a.l b. 2 c.3 d. 4

Two strands of DNA are connected together by:

a. covalent bonds C. peptide bonds

b. ionic bonds d. hydrogen bonds

DNA molecule is made from the following chemical elements:
a.C,N,O,P,H c.C,N,O,H

b.C,N,O,S,H d.C,N,O,P, S H
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10. Human proteins are made from the following chemical elements (ignore

posttranslational modifications):

a.C,N,O,H c.C,N,O,S,H
b.C,N,O,P,H d.C,N,O,P,SH
TEST FOR HOMEWORK

Choose amino acids with hydrophilic side chains:
a. alanine c. glutamic acid
b. aspartic acid d. glycine

Glucose is a monomer of:
a. starch c. glycogen
b. cellulose d. DNA

What is the difference between DNA and RNA?

a. nucleotides of DNA contain deoxyribose, while nucleotides of RNA contain ribose

b. uracil is normally included in RNA, but not in DNA

c. RNA is more stable than DNA

d. in all forms of life, except some types of viruses, DNA and not RNA is used for

the storage of genetic information

4.

Choose the pathway to synthesize ethyl amine from C,Hg:

a.+C|2/+NH3 C.+Bry/ + NH;

b.+ HNO;/+ H, d. + HNO3/ + O,

Nucleotides in a single strand of DNA or RNA are connected with each other by:
a. ionic bonds C. phosphodiester bonds

b. hydrogen bonds d. covalent bonds

Choose the products of methylamine chloride reaction with alkali:
a. CO, b.H,O c. N, d. CH;5NH,

How many atoms are connected to the carbon atom of carboxylic group?
a.l b. 2 c.3 d. 4

Amino acids can react with:
a. alkalis b. acids C. OXygen d. nitrogen

Glycogen is made from the following chemical elements:
a.C,N,O,P c.C,H,O
b.C,N,O,S d.C,N,O,PS
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10. Human proteins are made from the following chemical elements (consider

3.

the possibility of posttranslational modifications):
a.C,N,OH c.C,N,O,S,H
b.C,N,O,P,H d.C,N,O,P,S H

EXERCISES FOR CLASSWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

calcium carbide — acetylene — benzene — nitrobenzene — aniline

1.

2.

3.

4.

Write the second reaction with another product:

Write four reactions according to the following classic chain of chemical reactions
and balance them:

butane — ethane — nitroethane — ethylamine — ethylamine chloride

1.

2.

3.

4,

Write the backward process for the fourth reaction:

Draw the structural formula of glycyl serinate:
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. Determine the mass of hydrochloric acid required for the reaction with 20 g
of glycine.

Find the simplest formula of an organic substance. Complete combustion
of 1.384 g of that substance resulted in the production of 1 L of carbon dioxide,
0.5 L of nitrogen and 2 g of water.

Calculate the volume of methylamine (in normal conditions) produced in
the reaction between 10 g of methylamine chloride and the excess of potassium
hydroxide.

EXERCISES FOR HOMEWORK

Write four reactions according to the following classic chain of chemical reactions
and balance them:

ethane — chloroethane — ethylamine — ethylamine chloride — ethylamine

1.

2.

3.

4.

Write the first reaction with another halogen:

Write four reactions according to the following classic chain of chemical reactions
and balance them:

methanol — chloromethane — ethane — nitroethane — nitrogen
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Write the second reaction if the product is propane:

Draw the structural formula of alanyl aspartate:

. Determine the mass of sodium hydroxide required for the reaction with 20 g
of glycine.

The products of the combustion of 20 g of organic substance are 23.172 L
of carbon dioxide and 18.621 g of water. Determine the simplest formula of that
compound.

Calculate the volume of propylamine (density is 0.72 g/ml) produced in
the reaction between 20 g of propylamine chloride and the excess of sodium
hydroxide.
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LESSON 51. THE SAMPLE OF CONTROL TASK #6

Write four reactions according to the following classic chain of chemical reactions
and balance them:

ethane — ethene — bromoethane — ethanol — chloroethane

1.

2.

3.

4,

Write four reactions according to the following classic chain of chemical reactions
and balance them:

methanol — chloromethane — propane — bromopropane — propene

1.

2.

3.

4,

Acetaldehyde reacted with Tollens’ reagent and produced 6.48 g of silver.
Determine the mass of acetaldehyde.

What is the volume of carbon dioxide produced in the process of alcoholic
fermentation of 38 g of glucose. The yield of the reaction was equal to 60 %.

The products of the combustion of 10 g of organic substance are 7.304 L of carbon
dioxide and 7.826 g of water. Determine the simplest formula of that compound.
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6. Find the mass of alanine produced after the complete hydrolysis of 25 g of alanyl
glutamate.
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Appendix
PERIODIC TABLE OF THE ELEMENTS
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