


MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
NATIONAL TECHNICAL UNIVERSITY 

«KHARKIV POLYTECHNIC INSTITUTE»

M. Ved, D. Alami, M. Slavkova

BASES OF INORGANIC 

AND ORGANIC CHEMISTRY

Textbook

K h a r k i v
Pidruchnyk NTU «KhPI» 

2 0 1 6



УДК 54(075.8)
ББК 24я73 

В26

Р е ц е н з е н т и :
В. І. Ларін, д - р  хім. наук, проф., директор НДІ хімії 

Харківського національного університету ім. В. Н. Каразіна;
В. І Шустіков, д-р техн. наук, проф., завідувач кафедри органічної хімії 

та мікробіології Національного технічного університету «ХПІ»

Друкується за рішенням редакційно-видавничої ради 
Національного технічного університету «ХПІ», 

протокол № 2 від 06 грудня 2012 р.

Викладено фундаментальні положення загальної, неорганічної і органічної хімії 
та проаналізовано реакційну здатність найважливіших класів неорганічних і орга­
нічних речовин. Запропоновано багатоваріантні завдання та вправи для аудиторної та 
самостійної роботи студентів. Розраховано на студентів вищих навчальних закладів 
денної та заочної форм навчання напрямів «Хімічні технології та інженерія», «Нафто­
газова інженерія та технології» та ін.

Ved M.
B26   Bases of Inorganic and Organic Chemistry : textbook / edited by 

M. Ved / M. Ved, D. Aland, M. Slavkova. ‒ Kharkiv : Pidruchnyk NTU 
“KhPI”, 2016. ‒ 256 c.

ISBN 978-617-687-069-2
Stated fundamental theoretical principles of general, inorganic and organic chemistiy 

and analyzed the reactivity of the most important classes of inorganic and organic 
substances. A multivariate tasks and exercises for classroom and independent work are 
proposed. For university students full-time and distance learning areas “Chemical 
Technology and Engineering” “Oil and gas engineering and technology” and others.

УДК 54(075.8) 
ББК 24я73

ISBN 978-617-687-069-2
© Ved M., Alami D., Slavkova M., 2016 

© Pidruchnyk NTU “KhPI”, 2016



CONTENT
Preface...............................................................................................................

P a r t  1. INORGANIC CHEMISTRY

C h a p t e r  1. Introduction to general chemistry: basic concepts
about matter...........................................................................

1.1 Subject of chemistry. States and properties of matter...........................
1.2 Pure substances and mixtures................................................................
1.3 Elements and compounds. Properties of atoms and molecules.............
1.4 Fundamental chemical laws...................................................................
1.5 Chemical reactions and equations.........................................................
Concepts to remember.................................................................................
Sample problems with solutions.................................................................
Individual test paper....................................................................................

C h a p t e r  2 .  Atomic structure and the periodic table...............................
2.1 Constituents of the atom........................................................................
2.2 Quantum number...................................................................................
2.3 Atomic orbitals......................................................................................
2.4 Ionization energy...................................................................................
2.5 Electronegativity....................................................................................
Concepts to remember.................................................................................
Sample problems with solutions.................................................................
Individual test paper....................................................................................

C h a p t e r  3. Chemical bonding: the covalent and the ionic bond
models.....................................................................................

3.1 Chemical bond.......................................................................................
3.2 Valence and Lewis symbol. The octet rule............................................
3.3 The ionic bond model. Lewis structures for ionic compounds.............
3.4 The covalent bond model......................................................................
3.5 Valence electrons and number of covalent bonds formed.

Algorithm for drawing Lewis structures.............................................
3.6 Molecular geometry...............................................................................
3.7 Electron groups......................................................................................
3.8 Bond and molecular polarity.................................................................
Concepts to remember.................................................................................
Sample problems with solutions.................................................................
Individual test paper....................................................................................

  7

  8
  8
11
12
14
16
18
20
22

24
24
25 
27 
29
29
30 
32 
35

39
39
40 
43 
45

48
51
53
57
61
63
67

3



C h a p t e r  4 .  Chemical thermodynamics and kinetics...........................
4.1 Thermodynamic potentials...................................................................
4.2 Basic concepts of chemical kinetics....................................................
4.3 Chemical equilibrium...........................................................................
Concepts to remember...............................................................................
Sample problems with solutions................................................................
Indiv idual test paper.................................................................................

C h a p t e r  5.  Solution chemistry...............................................................
5.1 General properties of solutions. Solubility..........................................
5.2 Solution concentration units................................................................
5.3 Acids and bases. Ionic equilibrium......................................................
5.4 Hydrolysis............................................................................................
5.5 Common ion effect..............................................................................
Concepts to remember...............................................................................
Sample problems with solutions................................................................
Individual test paper..................................................................................

C h a p t e r  6. Electrochemical processes and systems..............................
6.1 The main provisions.............................................................................
6.2 Potential differences at interfaces........................................................
6.3 Electrochemical cells...........................................................................
6.4 Electrodes and electrode reactions.......................................................
6.5 Electrolysis in aqueous solutions.........................................................
6.6 Faraday’s laws of electrolysis..............................................................
Concepts to remember...............................................................................
Sample problems with solutions................................................................
Individual test paper..................................................................................

C h a p t e r  7. Corrosion of metals..............................................................
7.1 The main provisions.............................................................................
7.2 Control of corrosion.............................................................................
Concepts to remember...............................................................................
Individual test paper..................................................................................

P a r t  2 .  ORGANIC CHEMISTRY

C h a p t e r  8. Introduction to organic chemistry:
alkanes, cycloalkanes and alkyl halides..............................

8.1 Organic and inorganic compounds......................................................
8.2 Classification of organic compounds...................................................
8.3 Condensed formulas, complete and skeletal structures.......................

4

  70
  70
 72
 79
 81
  83
  86

  89
 89
 93
 95
 99
101
101
102
106

110
110
111
113
116
120
122
122
124
125

129
129
134
135
136

137
137
138 
140



8.4 Physical properties of alkanes and cycloalkanes................................
8.5 Chemical properties of alkanes and cycloalkanes..............................
8.6 Physical properties of alkyl halides....................................................
8.7 Chemical properties of alkyl halides..................................................
Concepts to remember..............................................................................
Individual test paper.................................................................................

C h a p t e r  9. Unsaturated hydrocarbons: alkenes, dienes, alkynes........
9.1 Unsaturated hydrocarbons..................................................................
9.2 Characteristics of alkenes and cycloalkenes.......................................
9.3 Line-angle structural formulas for alkenes.........................................
9.4 Physical and chemical properties of alkenes......................................
9.5 Alkynes...............................................................................................
9.6 Physical and chemical properties of alkynes......................................
Concepts to remember..............................................................................
Individual test paper.................................................................................

C h a p t e r  1 0 .  Aromatic hydrocarbons....................................................
10.1 The main provisions of aromatic hydrocarbons................................
10.2 Physical properties of aromatic hydrocarbons..................................
10.3 Chemical properties of aromatic hydrocarbons................................
Concepts to remember..............................................................................
Individual test paper.................................................................................

C h a p t e r  11. Derivatives hydrocarbons: alcohol, ethers
and phenols........................................................................

11.1 The main provisions of derivatives hydrocarbons............................
11.2 Preparation of alcohols.....................................................................
11.3 Classification of alcohols..................................................................
11.4 Chemical reactions of alcohols.........................................................
11.5 Ethers. Preparation of ethers.............................................................
11.6 Chemical reactions of ethers.............................................................
11.7 Phenols..............................................................................................
11.8 Physical and chemical properties of phenols....................................
Concepts to remember..............................................................................
Individual test paper.................................................................................

C h a p t e r  1 2 .  Aldehydes and ketones......................................................
12.1 The main provisions of aldehydes and ketones................................
12.2 Preparation of aldehydes and ketones...............................................
12.3 Reaction of aldehydes and ketones...................................................
Concepts to remember..............................................................................

5

141
141
144
144
145 
147

153
153
154
155
156 
159 
159 
161 
162

168
168
170
170
174
175

179
179
180 
181 
182 
186
187
188 
188 
189 
191

197
197
197
199
205



C h a p t e r  1 3 .  Carboxylic acids and derivatives. Amines......................
13.1 Carboxylic acids...............................................................................
13.2 Preparation of carboxylic acids and acid halides..............................
13.3 Reactions of carboxylic acids and acid halides................................
13.4 Esters. Preparation and reactions of esters.......................................
13.5 Amides. Preparation and reactions of amides................................ .
13.6 Preparation of amines and quaternary ammonium salts...................
Concepts to remember............................... ....... .......................................
Individual test paper.................................................................................

C h a p t e r  1 4 .  IUPAC nomenclature rules for organic compounds.....
14.1 IUPAC nomenclature for alkanes.....................................................
14.2 IUPAC rules for naming branched-chain alkanes............................
14.3 IUPAC nomenclature for cycloalkanes............................................
14.4 IUPAC nomenclature for alkenes and cycloalkenes.........................
14.5 IUPAC nomenclature for alcohols....................................................
14.6 IUPAC nomenclature for phenols.....................................................
14.7 IUPAC nomenclature for ethers.......................................................
14.8 IUPAC nomenclature for thiols.......................................................
14.9 IUPAC nomenclature for aldehydes................................................
14.10 IUPAC nomenclature for ketones................................................. .
14.11 IUPAC nomenclature for carboxyl acids.......................................
14.12 IUPAC nomenclature for esters.....................................................
14.13 IUPAC nomenclature for amines...................................................
14.14 IUPAC nomenclature for amides...................................................

Applications...................................................................................................

6

207
207
209
210 
213
215
216 
218 
222

227
227
229
232
234
236
239
240
241
241
242
243
244
245
246

247


