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What is studied in organic chemistry? 

The subjects of organic 
chemistry are carbon-based 

(has the C–H bond) 
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Can we build a wall between organic 
and inorganic chemistry? 



 Chemical elements that are necessary for 
the construction and life of cells and 
organisms are called biogenic elements. 
All living systems are based on six elements: 
carbon C, hydrogen H, oxygen O, nitrogen 
N, phosphorus P, and sulfur S, which are 
called organogens (97% of them). 

 
 In addition, vital macroelements also 

include s-elements of the third (sodium, 
magnesium) and fourth (potassium, 
calcium) periods, and p-elements of the 
third period (chlorine). 
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s-Block 
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 Bond multiplicity is the number of 
electron pairs socialized by neighboring 
atoms as a result of the formation of a 
covalent bond. 

 In ethane, Н3С–СН3 bond between carbon 
atoms is single, in ethylene, Н2С=СН2 - 
double, in acetylene, НССН - triple. 
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 The σ-bond is formed when the 
atomic orbitals overlap axially and 
has an axis of symmetry that 
coincides with the line connecting 
the nuclei. The maximum electron 
density lies on this axis. All single 
bonds are σ-bonds. 
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 s – s  

 H – H  

 s – σ   

H – C        

H – N 
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 σ – σ    

C – C        

C – N 

C – O   



 

 The π-bond is 
formed when the p-
orbitals overlap 
laterally and has a 
plane of symmetry 
passing through the 
line connecting the 
atomic nucleus 
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Isomerism 
Isomers are molecules with identical molecular formulae — 

that is, same number of atoms of each element — but 
distinct arrangements of atoms in space. Isomerism is 

existence or possibility of isomers. 
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• Use handouts. 
• Read the text "Isomerism“ WB1, p. 

15; WB2 p. 15. How many types of 
this phenomenon can be 
distinguished? 
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• Use handouts. 
• Read the text "Isomerism". How 

many types of this phenomenon can 
be distinguished? 

• Do task 1 (practice) WB1, p. 15 
• Read the text "Optical isomerism“ 

WB2 p. 15 
• Do task 1, 2, 3, 4 (a, b) WB2 p. 

15(!mark) 
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 HYBRIDIZATION is the mixing of 
atomic orbitals of different shapes and 
energies (within the valence level) 
with the formation of atomic orbitals 
of the same shape and energy. 

 When s-AO and p-AO are mixed, hybrid atomic 
orbitals (σ - AO) are formed: 
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s - АО р - АО σ – АО 
(hybrid) 

(!video) 
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TYPES OF HYBRIDIZATION OF ATOMIC ORBITALS 

Type of 
Hybridiza

tion 
Formula   

Carbon skeleton 
structure 

view 

sp 
 

 

 

sp2 
 

 

 

sp3 
 

 

 

1s + 1p = 2sp 

1s + 2p = 3sp2 

1s + 3p = 4sp3 

linear (180ᵒ)  

flat triangle (120ᵒ)  

tetrahedral (109ᵒ)  

C

C

C

(!mark) 
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(!mark) 
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(!mark) 

Determine the class and C-chain type of organic compounds 



Nomenclature of 
organic compounds 

IUPAC 
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  Summary of Formulas 
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IUPAC System of Naming 
Alkanes 

 The IUPAC (International Union of Pure 
and Applied Chemistry) establishes the 
rules for naming organic compounds. 

 Alkanes are named with –ane endings. 
 The first four alkanes are methane, 

ethane, propane and butane. 
 The names of longer carbon chains use  

Greek prefixes such as pent- for 5 C 
atoms and hex- for 6 C atoms. 
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Names of Continuous-Chain 
Alkanes 
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Learning Check 

A.  Give the name of each compound: 

   1)  CH3—CH3 

   2)  CH3—CH2—CH3 

   3)  CH3—CH2—CH2—CH2—CH2—CH3 

 

B. Write the condensed structural 
formula of  

     pentane. 
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Solution 

A.  Give the name of each compound: 
   1)  CH3—CH3  ethane 
   2)  CH3—CH2—CH3 propane 
   3)  CH3—CH2—CH2—CH2—CH2—CH3 
      hexane 
B. Write the condensed structural 

formula of   
 pentane. 

 CH3—CH2—CH2—CH2—CH3 
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Learning Check  

For propane, write the: 

1)  Molecular formula 

2)  Expanded structural formula 

3)  Condensed structural formula  
 (two conformations) 

4)  Line-bond formula 
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Solution 
1)  Molecular formula   C3H8 
2)  Expanded structural formula 
    H    H  H 
       |    |   |        
H —C—C—C—H  
     |    |   |       
       H   H  H     
3)  Condensed structural formula (two 

conformations) 
   CH3—CH2—CH3                    CH3 

      | 
     CH3—CH2 
4)  Line-bond formula                 or 
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Branched-Chain Alkanes 

 In a branched-
chain alkane, a 
side group 
called a branch 
or a 
substituent is 
attached to a 
carbon chain. 

branch 
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An alkyl group:  
 Is composed of one or more carbon atoms 

attached to a carbon chain.   
 Is derived from the corresponding alkane 

by removing one hydrogen.   
 Is named by replacing the –ane ending of 

the corresponding alkane with –yl. 
 Derived from methane is methyl and 

from ethane is ethyl. 

Alkyl Groups 
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Alkyl Groups 
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 The names of branched-chain alkanes 
indicate the groups bonded to the 
longest carbon chain.  

                       CH3  methyl group on C-3 

                                  | 
 CH3—CH2—CH2—CH—CH2—CH3    hexane  

    6      5      4       3      2      1   

 

            3-Methylhexane 

  

  

Naming Branched-Chain 
Alkanes 
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In the IUPAC system: 

 The longest chain is named as the main 
chain. 

 Any carbon branches use their alkyl 
names. 

 Each branch is numbered by counting the 
main chain from the end nearest the first 
side group. 

 Branches are listed in alphabetical order. 

  

Naming Summary 
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Give the IUPAC name for each 
alkane. 

A.         CH3
                CH3 

             |               | 
    CH3—CH—CH2—CH—CH3 
    
 
B.                 CH2CH3      CH3 
                     |              | 
 CH3—CH2—CH—CH2—C—CH2—CH3 

               | 

                  CH3 

Learning Check 
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A.         CH3
                 CH3  

             |               | 
    CH3—CH—CH2—CH—CH3 
 2,4-dimethylpentane 
    
B.                 CH2CH3       CH3 

                               |               | 
 CH3—CH2—CH—CH2—C—CH2—CH3  

               | 

                  CH3    

 5-ethyl-3,3-dimethylheptane 

Solution 
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What Is In A Name? 
The structural formula is drawn from 
the IUPAC name. 
        2, 4-dimethylhexane 
 
     2, 4   dimethyl       hexane  
 
 
Location of       Two CH3-groups        6 carbons 
main chain 
branches 
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Drawing Structural Formulas 

Draw the condensed formula of 
2-methylpentane 
 
1. Draw the main chain of 5 carbon atoms. 
 C—C—C—C—C 
2. Add a CH3 branch to C-2 on the main chain. 
        CH3          
        |             
 C—C—C—C—C 
3. Add hydrogen atoms to give 4 bonds to each 

C. 
            CH3 
            |                     
 CH3—CH—CH2—CH2—CH3 
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Draw the condensed structural 
formula for 

A.  2, 3-dimethylbutane 
 
 
 
B.  2, 3, 4-trimethylpentane 

Learning Check 
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Write the condensed structural 
formula for 

A.   2, 3-dimethylbutane 
           CH3   CH3 
                 |      | 
  CH3—CH—CH—CH3 
  
B.  2, 3, 4-trimethylpentane 
          CH3   CH3    CH3 
                 |      |      | 
  CH3—CH—CH—CH—CH3 

Solution 



Other cases 

 How to give an IUPAC name for 
unsaturated hydrocarbons? 

 What if is there a functional group? 

 

 Location! 
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 In a haloalkane, one or more H atoms in an 
alkane is replaced by a halogen atom. 

 Haloalkanes containing one halogen are 
named alkyl halides. 

 In IUPAC names, a halogen is named as 
fluoro, chloro, bromo, or iodo. 

CH3Br bromomethane (methyl bromide) 
          Cl                
          | 
CH3—CH—CH2—CH3      2-chlorobutane 
         (sec-butyl chloride) 

  

  

Haloalkanes 
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 Two or more substituents are 
named in alphabetical order. 

      Cl             Br 
            |              | 
 CH3—CH—CH2—CH—CH2—CH3 

 

    4-bromo-2-chlorohexane 

Substituents 
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The name of this compound is:  
                Cl               CH3 
                           |              |  
  CH3—CH2—CH—CH2—CH—CH3 

 

1)   2,4-dimethylhexane 

2)   3-chloro-5-methylhexane 

3)   4-chloro-2-methylhexane 

Learning Check 
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The name of this compound is:  
          Cl              CH3 
                           |              |  
  CH3—CH2—CH—CH2—CH—CH3 

 

3)    4-chloro-2-methylhexane 

Solution 
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Give the IUPAC name for each. 

 

A.   CH3CH2—F 

 
                Br    Cl 
                |      |  
B.   CH3—CH—CH—CH3 

Learning Check 
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Give the IUPAC name for each. 

A.   CH3CH2—F  fluoroethane 

    
                Br    Cl 
                |      |  
B.   CH3—CH—CH—CH3 

   2-bromo-3-chlorobutane 

Solution 
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 Halothane is widely used as an 
anesthetic, which is a compound that 
decreases the ability of the nerve cells to 
conduct pain.   

 What is the IUPAC name of 
halothane? 

         F    Br 
         |    | 
    F—C—C—Cl  
         |    | 
             F    H 

Learning Check 
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The IUPAC name is  
2-bromo-2-chloro-1,1,1-trifluoroethane 
         F    Br 
         |    | 
    F—C—C—Cl  
         |    | 
             F    H 

Solution 



Other cases 

 How to give an IUPAC name for 

cyclic chain? 

 

 Cyclo! 
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Cycloalkanes with Side Groups 

    

CH3

CH3

CH3

CH3

CH3

CH3

methylcyclopentane

1,2-dimethylcyclopentane

1,2,4-trimethylcyclohexane



Give the IUPAC name 

(!mark) 
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WB 1. P.12, tasks 1, 2, 4, 5 

HOMEWORK 
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The 

Krebs 

Cycle 



HOMEWORK 

1. Prepare for the test (Unit 1 Structure of organic 
compounds): 
 Describe the electronic structure of organogenic atoms, 

their valence. Valence states of organogenic atoms. The 
types of hybridization. The main approaches to the 
classification of organic compounds. 

 Isomerism of organic compounds. 
 Nomenclature of Organic Compounds (IUPAC). 
 Types of reagents, homolysis and heterolysis of covalent 

bonds, classification of organic reactions by direction and 
reagent involved. Types of reaction centers in molecules of 
organic compounds. 
 

 
2. STUDY INFORMATION of the lecture 

“Alkenes and arenes 
reactivity” 
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Types of 
reactions and 
reagents in 

organic 
chemistry 
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 A chemical reaction is a process accompanied by a 
change in the distribution of electrons in the outer 
shells of the atoms of the reacting substances. 

Reactivity is the ability of a 

substance to react chemically and 

react at a slower or faster rate. 

Substrate 

(reactant) 

Reagent 

(reactive 

particle) 

Reaction 

products 

A reaction center is an atom or 

group of atoms directly involved in 

a given chemical reaction. 



By the mechanism of breaking the 
covalent bond 

1. Radical reactions (bond homolysis) 

2. Ionic reactions (bond heterolysis) 

68 

free radicals 

cation anion 



 The polarity of the bond is due to the uneven distribution 
of the electron density. The reason for the polarity is 
differences in the electronegativity of bound atoms. 

 Electronegativity (EO) is the ability of an atom in a 
molecule to attract binding electrons. As the difference in 
electronegativity increases, the bond polarity increases.  
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Reagent Definition Examples 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Electrophile 

Е+, Е 

A particle that forms a new 

covalent bond due to the 

partner's electronic pair. 

Н+, Вr+, R3C
+, 

SO3, AlCl3 

Nucleophile 

Nu, Nu- 

Particles forming a new 

covalent bond with a 

partner carrying a partial 

or full positive charge, 

providing their electron 

pair. 

Н-, Сl-, OH-, RO- 

NH3, H2O, 

CH2=CH2 (alkenes), 

C6H6 (arenes) 
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Reagent Definition Examples 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Acid  

НА 

(ВН+) 

Base 

В, В- 

Neutral molecules or ions 

capable of donating a 

hydrogen proton H+. 

Neutral molecules or "-" 

charged particles capable of 

tearing a proton away from an 

acid site. 

НСl, 

НС≡СН, 

CH3COOH, 

NH4
+, H3O

+ 

OH-, RO- 

NH3, H2O, 

R-OH, R-NH2, 
CH2=CH2 

(alkenes) 
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Reagent Definition Examples 
 
 
 
 

 
 
 

 
 
 

Radical 

·R 

Oxidizer 

[O] 

Reducing agent 

[H] 

Free atom or particle with 

unpaired ē 

Neutral molecule or ion 

that accepts ē 

Neutral molecule or ion 

that gives off ē  

·Сl, ·Br, 

·OH, ·CH3 

О2 

Fe3+ 

H2, Fe2+ 



By the direction of 
reaction 

 

1. Substitution reactions (S) 

Substitution 
type 

Example in a general form 

Radical substitution SR 

Electrophilic 

substitution SE 

Nucleophilic 

substitution SN 

Leaving group 
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By the direction of 
reaction 

 

2. Addition reactions (A) 

Addition type Example in a general form 

Radical addition AR 

Electrophilic 

addition АE 

Nucleophilic 

addition АN 
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3. Elimination reactions (Е) 

Example in a general form 

• Groups X and Y can leave sequentially or 

simultaneously, unite or not unite 
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By the direction of 
reaction 

 



By the direction of 
reaction 

 

4. Regrouping  

Regrouping type Example in a general form 

Radical regrouping 

Nucleophilic 

regrouping 

76 



By the direction of 
reaction 

 
5. Redox reactions 

In the course of these reactions, the oxidation state of the 

carbon atom, which acts as a reaction center, changes. 

Oxidation of organic compounds is the process of removing 

hydrogen to form a multiple bond or a new bond between a carbon 

atom and a heteroatom. Reduction is the reverse process of 

oxidation. 
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Redox series 

Minimum oxidation 

state of carbon 

Maximum oxidation 

state of carbon  
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methane methanol formaldehyde 

methanoic acid carbon dioxide 



6. Acid-base interactions 
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The acid (кислота) is the 

hydrogen proton donor H+. 
The base (основание) is the 

acceptor of the hydrogen proton H+. 

By the direction of 
reaction 

 


