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Bonding, Structural Formulas, and Molecular Shapes 

Organic Chemistry 

Definition 

The word Organic can be a biological or chemical term, in biology it means anything that is 

living or has lived. The opposite is Non-Organic.    

Organic Chemistry is unique in that it deals with vast numbers of substances, both natural 

and synthetic.  

The clothes, the petroleum products, the paper, rubber, wood, plastics, paint, cosmetics, 

insecticides,  and drugs 

But, from the chemical makeup of organic compounds, it was recognized that one 

constituent common to all was the element carbon. 

Organic chemistry   

is defined as the study of carbon/hydrogen-containing compounds and their derivatives. 
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The Uniqueness of Carbon 

What is unique about the element carbon? 

Why does it form so many compounds? 

The answers lie in 

The structure of the carbon atom.  

The position of carbon in the periodic table. 

These factors enable it to form strong bonds with 

other carbon atoms and with other elements(hydrogen, oxygen, nitrogen,  halogens,…etc). 

Each organic compound has its own characteristic set of physical and chemical properties 

which depend on the structure of the molecule. 

N –O –H 
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Atomic Structure 

Atoms consist of three main particles: neutrons (have no charge), protons (positively 

charged) and electrons (negatively charged). 

Neutrons and protons are found in the nucleus. 

Electrons are found outside the nucleus. 

Electrons are distributed around the nucleus in successive shells (principal energy levels). 

 

Atom is electrically neutral. 

i.e. Number of electrons = Number of protons 

Atomic number of an element is the number of protons. 

The energy levels are designated by capital letters (K, L, M, N, ..) or whole numbers (n). 

The maximum capacity of a shell = 2n2 electrons. 
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For example, the element carbon (atomic number 6) 

6 electrons are distributed about the nucleus as 

N M L K Shell 

0 0 4 2 Number of electrons      

Valance Electrons: Electron-Dot Structures 

Valance Electrons are those electrons located in the outermost energy level (the valance 

shell). 

Electron-dot structures 

The symbol of the element represents the core of the atom. 

The valance electrons are shown as dots around the symbol. 

 

Chemical Bonding 

In 1916 G.N. Lewis pointed out that: 

The noble gases were stable elements and he ascribed their lack of reactivity to their 

having their valence shells filled with electrons. 

2 electrons in case of helium. 

8 electrons for the other noble gases. 

Ionic Bonds 

123
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567

Elements at the left of the periodic table give up their valance electrons and become +ve 

charged ions (cations). 

Elements at the right of the periodic table gain the  electrons and become -ve charged ions 

(anions). 

Ionic bond     

The electrostatic force of attraction between oppositely charged ions. 

The majority of ionic compounds are inorganic substances. 

 

 

Electronegativity Measures The Ability of An Atom To Attract Electrons 
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Covalent Bonds  

Elements that are close to each other in the periodic table attain the stable noble gas 

configuration 

by sharing valence electrons between them. 

Covalent bond 

The chemical bond formed when two atoms share one pair of electrons. 

A shared electron pair between two atoms or single covalent bond, will be represented by 

a dash (-). 

 

In molecules that consist of two like atoms; 

the bonding electrons are shared equally 

(both atoms have the same electronegativity). 

When two unlike atoms; 
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the bonding electrons are no longer shared equally (shared unequally). 

A Polar Covalent Bond 

A bond, in which an electron pair is shared unequally. 

The more electronegative atom assumes a partial negative charge and the less 

electronegative atom assumes a partial positive charge. 

Coordinate Covalent Bonds 

There are molecules in which one atom supplies both electrons to another atom in the 

formation of a covalent bond. 

 

Lewis base 

The species that furnishes the electron pair to form a coordinate covalent bond. 

Lewis acid 

The species that accepts the electron pair to complete its valance shell. 

base  

How Many Bonds to an Atom?  Covalence 

Number 

The number of covalent bonds that an atom can form with other atoms. 

i.e. the covalence number is equal to the number of electrons needed to fill its valance 

shell. 

Shapes of Organic Molecules 
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Orbital Picture of Covalent Bonds 

Atomic Orbitals 

An atomic orbital represents a specific region in space in which an 

electron is most likely to be found. 

Atomic orbitals are designated in the order in which they are filled by 

the letters s, p, d, and f. 

Examples: 

K shell has only one 1s orbital. 

L shell has one 2s and three 2p (2px, 2py and 2pz).  

An s orbital is spherically shaped electron cloud with the atom’s nucleus and its center.  

Atomic Orbitals 

A p orbital is a dumbbell-shaped electron cloud with the nucleus between the two lobes. 

Each p orbital is oriented along one of three perpendicular coordinate axes (in the x, y, or z 

direction). 

 

An energy level diagram of atomic orbitals. 

When filling the atomic orbitals, keep in mind that 

An atomic orbital contain no more 2 electrons. 

Electrons fill orbitals of lower energy first. 
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No orbital is filled by 2 electrons until all the orbitals of equal energy have at least one 

electron. 

 

The electronic configuration of carbon (atomic number 6) can be represented as 

1s22s2sp1
x2p1

y  or    

1s22s22p2 

Molecular Orbitals 

A covalent bond consists of the overlap between two atomic orbitals to form a molecular 

orbital. 

Example: 
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Sigma bonds ( bonds) can be formed from 

The overlap of two s atomic orbitals. 

The end-on overlap of two p atomic orbitals. 

   S-S     S-P       P- P 

The overlap of two an s atomic orbital with a p atomic orbital. 

pi bonds (π bonds) can be formed from the side-side overlap between two p atomic 

orbitals. 

 P –P 

Bond Energy and Bond Length 

A molecule is more stable than the isolated constituent atoms. 

This stability is apparent in the release of energy during the formation of the molecular 

bond. 

Heat of formation (bond energy) 

The amount of energy released when a bond is formed. 



13 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

Bond dissociation energy 

The amount of energy that must be absorbed to break a bond. 

Bond length 

The distance between nuclei in the molecular structure. 

.

Hybridization (Alkanes sp3) 

In the case of alkanes sp3, the three 2p orbitals of the 

carbon atom are combined with its 2s orbital to form four 

new orbitals called "sp3" hybrid orbitals. 

Four hybrid orbitals were required since there are four 

atoms attached to the central carbon atom.  

These new orbitals will have an energy slightly above the 

2s orbital and below the 2p orbitals as shown in the 

following illustration 

Notice that no change occurred with the 1s orbital. 

 SP3

2s2psp3

2s2p  

Methane 

Regular tetrahedron with all H-C-H bond  

  angles of 109.5º. 
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Hybridization (Alkenes sp2) 

In the case of alkenes sp2, the 2s orbital is  combined with only two of the 2p orbitals             

          

(since we only need three hybrid orbitals for the three groups. thinking of groups as atoms 

and non-bonding pairs) forming three hybrid orbitals 

called sp2 hybrid orbitals. 

 SP2

2s2p

sp2

2s2p 

(Ethylene) 

 

 

 

 

Hybridization (Alkanes sp) 

In the case of alkynes sp, the 2s orbital is combined with only one of the 2p orbitals to yield 

two sp hybrid orbitals. 

  

 

 

 

The other p-orbital remains unhybridized and is at 
right angles to the trigonal planar arrangement of the 
hybrid orbitals. 

The trigonal planar arrangement has bond angles of 
120°. 

The two hybrid orbitals will be arranged as far 
apart as possible from each other with the result 
being a linear arrangement. 

The two unhybridized p-orbitals stay in their 
respective positions (at right angles to each other) 

and perpendicular to the linear molecule (180). 



15 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

Inductive Effect 

Inductive effect can be defined as the permanent displacement of electrons forming a 

covalent bond (sigma σ bonds ) towards the more electronegative element or group. 

The inductive effect is represented by the symbol, the arrow pointing towards the more 

electronegative element or group of elements.  

(+ I) effect if the substituent electron-donating 

(+ I) effect     CH3, -C2H5, -NH2, OH, OCH3, …. 

(- I) effect if the substituent electron-withdrawing 

(- I) effect+I): -CH3, -C2H5, -NH2, OH, OCH3, …. 

Bond Polarity and Dipole Moment (µ) 

Dipole moment (depends on the inductive effect). 

A bond with the electrons shared equally between two atoms is called a nonpolar bond 

like in Cl-Cl and C-C bond in ethane. 

0

A bond with the electrons shared unequally between two different elements is called a 

polar bond. 

polar

The bond polarity is measured by its dipole moment (µ). 

Dipole moment (µ) defined to be the amount of charge separation ( +δ  and –δ ) multiplied 

by the bond length. 

Electronegativity of some elements 

F=4 

 اكبر عنصر 

O=3.5 N=3 C=2.5 Na=0.9 Li=1 H=2.2 
Cl=3 S=2.6 P=2.1 Si=1.8 Al=1.5 Mg=1.2 

0.3 non polar 

covalent bond )H-H N= N   CH4    C2H4
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0.3 1.7 polar covalent bond )

HCl 

1.7 ionic bond NaCl

Functional Groups 

Functional Group is a reactive portion of an organic molecule, an atom, or a group of atoms 

that confers on the whole molecule its characteristic properties. 
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The maximum capacity of a shell =         electrons 2 

3n2 D 2n2 c 4n2 b n2 A 

 

electrons located in the outermost energy level (the valance shell). 3 

Non of these   D Atomic no c proton b Valance 
Electrons 

A 

 

Elements at the left of the periodic table give up their valance electrons and 
become  

4 

 

electron D atoms c (anions). b +ve charged 
ions  

A 

 

Elements at the right of the periodic table gain the  electrons and become  5 

atom D cation c proton b -ve charged 
ions  

A 

 

The electrostatic force of attraction between oppositely charged ions. 6 

Polar 
covalent  

D Ionic  c Covalent 
bond 

 

b Non polar A 

Which of the following compounds has an ionic bond? 1 

LiF D CH3F c Br2 b HCl A 
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The chemical bond formed when two atoms share one pair of electrons. 7 

Polar 
covalent  

D Covalent 
bond 

 

c Ionic b Non polar  A 

 

The species that accepts the electron pair to complete its valance shell 8 

 
Lewis atoms 

 

 

D  
Lewis 
carbon 

 

c  
Lewis acid 

b  
Lewis base  

 

A 

 

can be formed from The overlap of two s atomic orbitals. 
The end-on overlap of two p atomic orbitals. 

9 

 
Hydrogen 

bond 

 

D  
Alpha bond 

c  
Pi bond 

b Sigma bonds 

( bonds 

 

A 

 

The amount of energy released when a bond is formed. 10 

bond energy 

 

D  Bond 
atoms  

 

c Bond angle 

 

b Bond length A 

 

The distance between nuclei in the molecular structure. 11 

Bond 
electrons 

 

D Bond angle 

 

c Bond length b  bond energy A 
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The trigonal planar arrangement has bond angles of  12 

 
109°. 

D  
180°. 

c  
120°. 

b  
140°. 

a 

 

effect if the substituent electron-donating.................. 13 

α 
 

D ± 
 

c (- I) 

 

b (+ I) 

 

A 

 

effect if the substituent electron-withdrawing.............. 41 

 

α 
 

D  
(+ I) 

 

c  
(- I) 

b  

± 
 

A 

 

Which of the following compounds has an ionic bond? 41 

 
C2H2 

 

D  
C2H6 

c  
CH4 

b  
NaCl 

A 

 

The type of hybridization of  selected carbon is  
   

 

16 

 
SP3 

D  
SP4 

 

c  
SP2 

b  
SP1 

A 
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The type of hybridization of  selected carbon is     17 

 
SP4 

d  
SP3 

c  
SP2 

b  
SP1 

A 

 

The angle --------------------in linear carbon atom 18 

 
160° 

d  
109° 

c  
180° 

b  
120° 

A 

 

how many sigma bond in this comound ? 19 

 
41 

d  
41 

c  
41 

b  
1 

A 

Key answer  

 السؤاه الاجابة السؤاه الاجابة

B 44 D 4 

B 41 C 1 

A 41 A 1 

B 41 A 1 

A 41 A 1 

D 41 C 1 

C 41 C 1 

B 41 B 1 

D 41 A 1 

- - - 12 D 42 

 



21 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

CHAPTER 2 

ALIPHATIC HYDROCARBON 

Hydrocarbons are Organic Compounds, which contain only the two elements carbon and 

hydrogen. 

Aliphatic hydrocarbons are subdivided into: 

Saturated hydrocarbons   1  

 

Alkanes; CnH2n+2          (contain carbon-carbon single bond) 

Cycloalkanes: CnH2n     (contain carbon-carbon single bond in a single ring) 

Unsaturated hydrocarbons2  

 Alkenes : CnH2n            (contain carbon-carbon double bond) 

carbon triple bond)-carbon(contain         2     -: Cn H2nAlkynes  
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Alkanes 

General formula is CnH2n+2 

 a TETRAHEDRALof carbon repel each other into four sp3 orbitals In alkanes, the 

like in CH4. bond angles of 109.5ºarrangement with  

H -in carbon overlaps with the 1s orbital of a hydrogen atom to form a CEach sp3 orbital 

bond. 

Names, Molecular formulas and Number of Isomers of the first ten Alkanes 

 

Structural Isomerism 

Isomers are different compounds with identical molecular formulas. 

The phenomenon is called isomerism. 

Structural or constitutional isomers are isomers which differ in the sequence of atoms 

bonded to each other. 

 

Examples 

 .10H4Butanes, C 
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Alkyl Groups 

An alkyl group is an alkane from which a hydrogen has been removed. 

General formula CnH2n+1. 

Alky group is represented by R. 

Nomenclature of alkyl groups by 

replacing the suffix – ane of the parent  

alkane by –yl. 

i.e.  Alkane – ane + yl = Alkyl 

 

 

 

CnH2n+1

R 

ane 

yl 



24 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

 

Nomenclature 

 

The older unsystematic names,  (Common names). 

The IUPAC names.  

hemistryCpplied Aure & Pnion of Unternational I 

The IUPAC Rules قواعد الايوباك 

Select the parent structure the longest continuous chain 

 

Number the carbons in the parent chain 

starting from the end which gives the lowest number for the substituent 



25 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

 

  

To name the compound; 

The position of the substituent on the parent  carbon chain by a number. 

The number is followed by a hyphen (-). 

The combined name of the substituent (ethyl). 

The parent carbon chain (hexane) 

If the same alkyl substituent occurs more than once on the parent carbon chain, 

the prefixes di-, tri-, tetra-, penta-, and so on 

are used to indicate two, three, four, five, and so on. 

di-, tri-, tetra-, penta

 

 

If different alkyl substituents are attached on the parent carbon chain, 

they are named in order of  alphabetical order. 
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each substituent is given a number corresponding to its location on the longest  Note that

chain. The substituent groups are listed alphabetically. 

 

When two substituent are present on the same carbon, use the number twice. 

 

When two chains of equal length compete for selection as the parent chain, 

choose the chain with the greater number of substituents. 

 

If substituents other than alky groups are also presents on the parent carbon chain; 

all substituents are named alphabetically. 
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The two principal sources of alkanes are petroleum and natural gas. 

Petroleum and natural gas constitute the chief sources of 

Alkanes up to 40 Carbons 

Aromatic 

Alicyclic (Cyclic aliphtic hydrocarbons) 

Heterocyclic 

Physical Properties of Alkanes, Alkenes and Alkynes 

Physical States 

C1 (C2) to C4 are gases, 

C5 to C17 are liquids, 

C18 and larger alkanes are wax –like solids. 

Solubility 

Alkanes, Alkenes and Alkynes are nonpolar compounds. 

Their solubility “ Like dissolve like”  

Alkanes, Alkenes and Alkynes are soluble in the nonpolar solvents; 

carbon tetrachloride, CCl4 and benzene, 
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Alkanes, Alkenes and Alkynes  are insoluble in polar solvents like water. 

C. Boiling Points 

 

 

Preparation of Alkanes 

Hydrogenation of Alkenes and Alkynes 

 

 

 

Pt , Pd, Ni  

Grignard reagent is alkyl magnisum 

halied  

R  

Mg x 

(OH)R  

RH 
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2) Hydrolysis of Grignard Reagent 

 

Grignard reagents react readily with any source of protons to give hydrocarbons. 

 

By coupling of alkyl halides with dialkyl cuprate (all kinds of alkanes) 

 

Notations for bond breaking and bond making 

A covalent bond can be broken in either two ways,  

Homolytic cleavage. 

 

Heterolytic cleavage. 

 

 

Cuprate 

Li Br 

R CuR 

CH3 

 

 

 



30 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

Reactions of Alkanes 

Saturated hydrocarbons undergo very few reactions, so they are called Paraffinic 

hydrocarbons. (Latin parum, little; affinis, affinity) 

Halogenation 

The halogenation of an alkane appears to be a simple free radical substitution in which a C-

H bond is broken and a new C-X bond is formed 

 

Combustion 

 

 

 

 

Halogenation 

Substitution reaction of alkanes, 

i.e. replacement of hydrogen by halogen, 

usually chlorine or bromine, giving alkyl chloride or alkyl bromide. 

Flourine reacts explosively with alkanes 

It is unsuitable reagent for the preparation of the alkyl flourides. 

Iodine is too unreactive 

2x

H H

x 

 

CO2 H2O
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It is not used in the halogentaion of alkanes. 

Halogenation of alkanes take place at 

high temperatures or under the influence of ultraviolet light 

Halogenation 

Chlorination of an alkane usually gives a mixture of products 
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ALKENES 2 

Alkenes are hydrocarbons that contain a carbon–carbon double bond. 

Alkenes are also Olefins. 

General formula is CnH2n 

The simplest members of the Alkenes series are C2 & C3 

 

The Structure of Alkenes 

hybridized orbitals-2spHybridization;  

 and bond length C=C (1.34 Å).° angle between them is 120The  

A trigonal planar. 

Common Names 

The simplest members of the alkene and alkyne series are frequently referred to by their 

older common names, ethylene, acetylene, and propylene. 

 

allyl groups.and the vinyl Two important groups also have common names; They are  

These groups are used in common names. 
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Nomenclature of Alkenes 

The IUPAC rules for naming alkenes are similar to those for alkanes, but a few rules must 

be added for naming and locating the multiple bonds. 

The ending -ene is used to designate a carbon–carbon double bond. 

.of the double bond carbonsboth Select the longest chain that includes  

ane ene 

 

Number the chain from the end nearest the double bond so that the carbon atoms in that 

bond have the lowest possible numbers. 

 

If the multiple bond is equidistant from both ends of the chain, number the chain from the 

end nearest the first branch point. 

 

Indicate the position of the multiple bond using the lower numbered carbon atom of that 

bond. 

 

The root of the name (eth- or prop-) tells us the number of carbons, and the ending (-ane, -

ene, or -yne) tells us whether the bonds are single, double, or triple. 
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No number is necessary in these cases, because in each instance, only one structure is 

possible. 

 

With four carbons, a number is necessary to locate the double bond. 

 

Branches are named in the usual way. 

 With cyclic hydrocarbons, we start numbering the ring with the carbons of the double bond. 



35 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

 

  

 

Example:  Write the structural formula of  4-Isopropyl-3,5-dimethyl-2-octene. 

The parent carbon chain is an Octene. 

The double bond is located between the 2nd and 3rd carbons 

 

Two methyl groups are attached on the parent carbon chain, one on carbon 3 and the 

other on carbon 5. 

 

An isopropyl group is attached on carbon 4. 

 

 

Put the missing hydrogens to get the correct structure. 
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Geometric Isomerism in Alkenes 

In alkenes, geometric isomerism is due to restricted rotation about the carbon - carbon 

double bond. 

 

when W differs from X and Y from Z, Alkenes exist as geometric isomers  

 

 

cis isomer; when two similar groups are on the same side of the double bond. 

trans  isomer; when two similar groups are on the opposite sides of the double bond. 

They have different physical properties and can be separated by fractional crystallization or 

distillation. 
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If (W = X or Y = Z), geometric isomerism is not possible. 

(no geometrical isomerism 

 

 

For alkenes with four different substituent such as  

E , Z 

 

 

Basically, the E,Z system works as follows; 

Arrange the groups on each carbon of the C=C bond in order of priority 

The priority depends on atomic number: 

The higher the atomic number of the atom directly attached to the double-bonded carbon, 

the higher the priority.  

Thus, in structure (I), 

Another system, the E, Z system,  
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Cl > F, and CH3 > H.  

If the two groups of higher priority are on the same side of the C=C plane, 

together).zusammen, (from the German  Z;isomer is labeled  The 

Z 

E 

If the two groups of higher priority are on opposite sides of the C=C plane,  

(from the German entgegen, opposite). The isomer is labeled E; 
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Preparation of Alkenes 

Alkenes are prepared by Elimination of an atom or group of atoms from adjacent carbons 

to form carbon-carbon double bond. 

 

 Dehydration of Alcohols 

When an alcohol is heated in the presence of a mineral acid catalyst, It readily loses a 

molecule of water to give an alkene.  

 

The acid catalysts most commonly used are sulfuric acid, H2SO4, and phosphoric acid, 

H3PO4. 

Dehydration of Alcohols 

Removal of OH group and a proton from two adjacent carbon atoms using mineral acids 

such as H2SO4 or H3PO4 

 

ٌتم نزع الماء عن طرٌق حمض 

 الكبرٌتٌك اوحمض الفوسفورٌك 

و ٌتكون مكانهم   OHو   Hاي ٌنزع 

 رابطة ثنائٌة
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Which Alkene Predominates?; Saytzeff’s Rule 

The loss of water from adjacent carbon atoms, can give rise to more than one alkene. 

Example: the dehydration of 2-butanol. 

 

Saytzeff’s Rule applies 

In every instance in which more than one Alkene can be formed 

The major product is always the alkene with the most alkyl substituents attached on the 

double-bonded carbons.  

Classes of Carbocations 

 

 

Dehydrohalogenation of Alkyl Halides 

KOH,NaOH

 Hو لكن  OHعند نزع الماء طبقا لقاعدة سٌتزٌف ٌتم نزع ال

تنزع من ذرة الكربون الفقٌرة بالهٌدروجٌن ) ٌوجد عندها 

 major productعدد اقل من ذرات الهٌدروجٌن وهذا هو 

 واحدة Rذرة الكربون الاولٌة مرتبطة ب

  2Rذرة الكربون الثانوٌة مرتبطة ب 

 3Rذرة الكربون الثلاثٌة مرتبطة ب 
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Alkenes can also be prepared under alkaline conditions. 

heating an alkyl halide with a solution of KOH or NaOH in alcohol, yields an alkene. 

 

 

Dehalogenation of  Vicinal Dibromides 

 Vicinal DibromidesZn/AcOH 

 

 

Reactions of Alkenes 

The chemistry of alkenes can be divided into two general types of reactions: 

Electrophilic Addition Reactions 

Addition of Hydrogen: Hydrogenation 4 

Addition of a mole of hydrogen to carbon-carbon double bond of Alkenes in the presence of 

suitable catalysts to give an Alkane.  

 باستخدام الزنك والخل  2xٌتم  نزع 

 وٌتكون مكانهم رابطة ثنائٌة 
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Addition of Halogen: Halogenation 1 

 

 

Iodine is too unreactive and will not add to the double bond.  

Fluorine is too reactive and reacts explosively with an alkene. 

Addition of Acids 1  

 

H

HOH

Acids that add in this way are the hydrogen halides (H-F, H-Cl, H-Br, H-I), and water (H-OH). 

الاضافة فً 

 cisالوضع 

الاضافة فً 

 transالوضع 
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Any electron-rich species is called a nucleophile.  

deficient species is called an electrophile.-Any electron - :Examples of Electrophile 

Positive reagents: protons (H+), alkyl group R+ , nitronium ion  (NO2
+), etc…. 

Neutral reagents having positively polarized centers: HCl, bromine (because it can be 

polarized so that one end is positive). 

Lewis acids: molecules or ions that can accept an electron pair   BF3 and AlCl3. 

Metal ions that contain vacant orbitals: the silver ion (Ag+), the mercuric ion (Hg2+), and the 

platinum ion (Pt2+). 

 

3.1.  Addition of Hydrogen Halide  

Alkenes react with hydrogen chloride, HC1, hydrogen bromide, HBr and hydrogen iodide, 

HI, to form alkyl halides, RX. 
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Reagents and alkenes can be classified as either symmetric or unsymmetric with respect to 

addition reactions.  

If a reagent and/or an alkene is symmetric, only one addition product is possible. 

But if both the reagent and the alkene are unsymmetric, two products are, in principle, 

possible. 

  

Markovnikov’s Rule 

In electrophilic addition of H—X to Unsymmetrical Alkenes the hydrogen of the hydrogen 

halide adds to the double-bonded carbon that bears the greater number of hydrogen 

atoms and the negative halide ion adds to the other double-bonded carbon. 

H x 

 

 

 

 

Explanation for Markovnikov’s Rule 
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Example; Addition of HBr to propene 

 

In modern terms Markovnikov’s rule can be restated:  

The addition of an unsymmetrical reagent HX to an unsymmetrical alkene proceeds in such 

a direction as to produce the more stable carbocation.  

 

3.2.  Addition of Water: Hydration  

If an acid catalyst is present, water (as H-OH) adds to alkenes and the product is alcohol. 
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Oxidation Reactions 

Ozonolysis 

 

 

Ozonolysis 

Ozonolysis can be used to locate the position of a double bond.  

Example;  

Ozonolysis of 1-butene gives two different aldehydes, whereas 2-butene gives a single 

aldehyde. 

 

Oxidation Using KMnO4  

Alkenes react with alkaline potassium permanganate to form glycols (compounds with two 

adjacent hydroxyl groups). 

2O O O
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ALKYNES 

The Structure of Alkynes 

Alkynes are hydrocarbons that contain a carbon–carbon triple bond. 

Alkynes are also known as Acetylenes. 

2-2nHnCGeneral formula is  

orbitalshybridized -sp; Hybridization 

°the bond length 1.20 A° and angle between them is 180The  

shape Linear 

 

Nomenclature of Alkynes 

The simplest members of the Alkenes series are C2 & C3 

Named are derived from the corresponding alkanes by replacing the –ane ending by –yne. 

 OH 2الاضافة

 cisفً الوضع 
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IUPAC rules as discussed for Alkenes . 

 

Example 

3-Chloro-2,7-dimethyl-4-nonyne        

Acidity of Alkynes 

A hydrogen atom on a triply bonded carbon (Terminal Alkyne) is weakly acidic and can be 

removed by a very strong base ( as Sodium amide). 

H 

 

 

Internal alkynes (Non-Terminal Alkyne) have no exceptionally acidic hydrogens. 

Relative Acidity of the Hydrocarbon. 

Terminal alkynes, are more acidic than other hydrocarbons 

Preparation of Alkynes 

Dehydrohalogenation of Alkyl dihalides 

Hx 

2HX 
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KOH/alchol NaNH2 

 

NaNH22HX

 

Reaction of Sodium Acetylide with Primary Alkyl Halides 

Acetylene 

 

 

 

Monosubstituted Acetylenes 

 

Electrophilic Addition Reactions 
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Addition of Hydrogen: Hydrogenation  

With an ordinary nickel or platinum catalyst, alkynes are hydrogenated all the way to 

alkanes. 

However, a special palladium catalyst (called Lindlar’s catalyst) can control hydrogen 

addition so that only one mole of hydrogen adds. In this case, the product is a cis alkene. 

 

Addition of Halogen: Halogenation  

Bromine adds as follows; In the first step, the addition occurs mainly trans. 

 

 

Addition of Hydrogen Halide  

With unsymmetric triple bonds and unsymmetric reagents, Markovnikov’s Rule is followed 

in each step, as shown in the following example: 

 

Addition of Water: Hydration  

عند إضافة الهٌدروجٌن ٌعطً الالكٌن ثم الالكان وللحصول على 

 الالكٌن فقط نستخدم عامل مسمم للتفاعل 

نحصل Ni-B2 or Pd, CaCO3( lindlar catalyst)اذا استخدمنا 

  cis alkeneعلى 

  Na or LI in liquid ammoniaما عند استخدام 

 trans alkeneنحصل على 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 تتم الاضافة طبقا 

 لقاعدة ماركٌنوكوف
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Addition of water to alkynes requires not only an acid catalyst but mercuric ion as well. 

Although the reaction is similar to that of alkenes, the initial product - a vinyl alcohol or 

enol - rearranges to a carbonyl compound (keto form). 

The keto form of aldehydes and ketones are in equilibrium with the enol form. 

The keto from predominates at equilibrium for most simple aldehydes and ketones. 

The inter conversion is called keto-enol tautomerization. 

 

 

 

 What is the correct IUPAC name of the following compoung?  
 

 

4 

4-chloro-2-methylpenatne b 2- methyl -4-chloropentane A 

2-chloro-2-methylpentane d 2-chloro-4-methylpentane  c 

 

Cis -1,2-dimethylcyclopentane compound is : 1 

 

b 

 

A 

 

d 

 

c 

عند إضافة 

 الماءعلى الالكاٌن 

فً حالة الاستلٌن 

 فقط  ٌعطً الدهٌد 

 

لكن اي الكاٌن 

 اخر ٌعطً كٌتون 

 

 مهمة جدا 
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The structural formula of 3- ethyl -4- methylheptane is: 1 

 

b 

 

A 

 

d 
 

c 

 

IUPAC name for the following compound is 
 

 

1 

cis-1-methyl-3-ethylcyclohexene b Trans-1-methyl-3-ethylcyclohexene A 

Trans-1-ethyl-5-methylcyclohexane d Trans-1-ethyl-3-methylcyclohexane c 

 

 
IUPAC name for the following compound is 

 

1 

1-ethyl-5-methylcyclohexane b 1-ethyl-3-methylcyclohexane A 

1-ethyl-3-methylhexane d 3-methyl-1-ethylcyclohexane c 

 

the IUPAC name of the formula is: 

 

 

 

1 

3-ethyl-2,2-dimethylheptane b 5-ethyl-6,6-dimethylheptane A 

6,6 di methyl-5- ethyl heptane d 2,2-dimethyl-3- ethylheptane c 

 

the IUPAC name of the formula is  

 

 

1 
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1,1dimethyl-3-ethylcyclohexane b 1-ethyl-3,3-dimethylcyclohexane A 

1-ethyl-5,5-dimethylcyclohexane d 3-ethyl-1,1dimethylcyclohexane c 

 

The structural formula of 4-ethyl -2,3,6-trimethylheptane 1 

 

b 
 

A 

 

d 

 

c 

 

The compound with the lowest boiling point is ? 1 

2-methylpentane b N-Hexane  A 

2,2-dimethylbutane d 3-methylpentane c 

 

The molecule with the lowest boiling point is? 42 

 

b 

 
 

A 

 

d 

 

c 

 

The compound with the highest boiling point is: 44 

n-pentane b N-Hexane  A 

2,2dimethylbutane d 2-methylpentane c 
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41 

1-bromopropane b 1-bromopentane A 

Octane  d Pentane  c 

 

 
41 

Hexane  b 1-chloroethane  A 

Butane  d 1-chlorobutane c 

 

the reagent needed for the following transformation 41 

Cl2/FeCl3 b Cl2/light A 

HCl/H2O d HCl c 

 

The type of hybridization of indicated carbo in the following structure is: 
 
 

41 

SP3 b SP A 

SP2 d SP3D c 

 

The correct name of the following compound : 
 

  

41 

7-bromo-4-chloro-3-methyl-4-octene b 2-bromo-5-chloro-2-ethyl-4-octene A 

6-bromo-3-chloro-2-ethyl-4-heptene d 2-bromo-5-chloro-6-methyl-4-octene c 
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The correct name of the following compound 

 

 

41 

2-chloro-6-isopropyl-3-heptene b 7-chloro-2,3-diethyl-5-octene A 

2-chloro-6,7-dimethyl-3-octene d 6-chloro-2-isopropyl-4-heptene c 

 

Which of the following compounds has two geometric isomers ? 41 

 

b 

 

A 

 

d 

 

c 

 

The major product of the following reaction is : 

 

41 

 

b 

 

A 

 

d 

 

c 

 

What the reagent used for the following reaction ?  

 

12 
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b 

 
A 

 
d 

 
c 

 

The major product of the following reaction is : 

 

14 

 

b 

 

A 

 

d 
 

c 

 

Ozonoloysis of 1,3-di methylcyclopentene : 11 

 

b 

 

A 

 

d 

 

c 

 

Which of the following reagents is a nuclophile ? 11 

 NO2
+ b BF3 A 

+CH3 d R-NH2 c 

 

 

11 

 

b 

 

A 



57 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

 

d 

 

c 

 

The major product of the following reaction is : 

 

11 

 
b 

 

A 

 

d 

 

c 

 

The IUPAC name of the given compound is ? 

 

11 

5-bromo-2- pentyne  b 1-bromo-4-pentyne A 

5-bromo-3- pentyne  d 1-bromo-3-pentyne c 

 

The IUPAC name of the given compound is ? 

 

11 

6-heptene-1-yne b 1-heptene-6-yne A 

1-heptene-6-ene d 6-heptene-6-ene c 

 

The type of hybridization of indicated carbo in the following structure is 

 

11 

SP2 b SP A 

SP3 d d SP3 c 
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11 

 

b 
 

A 

 
d 

 

c 

 

The product of the following reaction is: 

 

12 

 

b 

 

A 

 
d 

 
c 

Key answer 

 السؤاه الاجابة السؤاه الاجابة السؤاه الاجابة

d 14 a 44 c 4 

b 11 c 41 b 1 

c 11 d 41 d 1 

c 11 a 41 c 1 

c 11 d 41  a 1 

b 11 c 41 b 1 

a 11 d 41 c 1 

a 11 d 41 b 1 

d 11 c 41 d 1 

a 
 

12 b 12 d 42 
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CHAPTER 3. AROMATIC HYDROCARBONS 

Originally called aromatic due to fragrant odors, although  this definition seems inaccurate 

as many products posses distinctly non-fragrant smells! 

  

Currently a compound is said to be aromatic if it has benzene-like in its properties.  

 

Their properties differ markedly from those of aliphatic hydrocarbons. 

aliphatic hydrocarbons ectrophilic substitution whereas Aromatic hydrocarbons undergo el

.free radical substitutionto double and triple bonds and  additionundergo ionic  

The Structure of Benzene Ring 

Benzene is the parent hydrocarbon of aromatic compounds, because of their special 

chemical properties. 

Today a compound is said to be aromatic if it is benzene-like in its properties.  

Structure of Benzene 

Molecular formula = C6H6 

The carbon-to-hydrogen ratio in benzene, suggests a highly unsaturated structure. 

Benzene reacts mainly by substitution. 

It does not undergo the typical addition reactions of alkenes or alkynes. 

Kekulé structure for benzene. 

Kekulé suggested that the single and double bonds exchange positions around the ring so 

rapidly that the typical reactions of alkenes cannot take place. 
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Resonance Model for Benzene. 

 

 

Benzene is planar. 

All of the carbon–carbon bond lengths are identical: 1.39 Aº, intermediate between typical 

single (1.54Aº) and double (1.34 Aº) carbon–carbon bond lengths. 

Each carbon is therefore sp2-hybridized. 

Bond angles of 120°. 

 

Aromatic Character (Aromaticity) 
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SP3

Huckel rule 

Huckel rule  

The number of ∏ electrons in the compound = (4n + 2) 

Where (n = 0,1, 2, 3, and so on).  

Structure and name of aromatic compound 

 

Examples 

 

Nomenclature of Aromatic Compounds 

that do not have common names accepted by IUPAC are  Monosubstituted benzenes

named as derivatives of benzene.  
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Common names are accepted by IUPAC (parent compounds).  

 

When two substituents are present, three isomeric structures are possible.  

They are designated by the prefixes; ortho- (o-), meta- (m-) and para- (p-).  

If substituent X is attached  to carbon 1; o- groups are on carbons 2 and 6, m- groups are on 

carbons 3 and 5, and p- groups are on carbon 4. 

 

Examples;  

 

نستخدم المقطع اورثو ومٌتا وبارا عند 

وجود ذرتٌن هالوجٌن على الحلقة بحٌث 

وتأخذ الاخري الاسماء  4تأخذ احدهم رقم 

 اورثو ومٌتا وبارا كما بالشكل 
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The prefixes; ortho- (o-), meta- (m-) and para- (p-) are used when the two substituents are 

not identical.  

 

When more than two substituents are present, their positions are designated by 

numbering the ring. 

 

Two groups with special names occur frequently in aromatic compounds; the phenyl group 

and the benzyl group.  

 

Examples; 

phenyl )  

 

فً حالة وجود اكثر من 

استبدالٌن على الحلقة 

 نرقم الحلقة
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Reactions of Benzene 

Electrophilic Aromatic Substitution Reactions 

 تفاعلات الاستبداه الالكتروفيمي 

Halogenation 

 

 

Nitration 

 

Sulfonation 

 

Alkylation (Friedel-Crafts) 

 

Acylation (Friedel-Crafts) 

 

تفاعلات الهلجنة تتم بواسطة 

هالوجٌن واحد أحماض لوٌس 

 المناسبة كعامل حفاز

 Xتدخل  Hتخرج 

تفاعلات النٌترة تتم بواسطة 

HNO3  فر وجودH2SO4  كعامل

 مساعد 

 NO2تدخل مجموعة  Hتخرج 

 H2SO4 نة بواسطةفتفاعلات السل

 كعامل مساعد  SO3فً وجود 

 SO3Hتدخل  Hتخرج 

 

الكلة ) فرٌدل كرافت ( بواسطة هالٌد 

 لا مائً  Al Cl3الالكٌل فً وجود 

 Rتدخل  Hتخرج ال 

 اسٌلة ) فردٌل كرافت ( بواسطة 

وتدخل  Hلا مائً تخرج Al Cl3فً وجود 
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The Mechanism of Electrophilic Aromatic Substitution 

We can generalize this two-step mechanism for all the electrophilic aromatic substitutions. 

 

 

Halogenation 

 

 

 

The Mechanism of Electrophilic Aromatic Substitution 

Nitration 

In aromatic nitration reactions, the sulfuric acid catalyst protonates the nitric acid, which 

then loses water to generate the nitronium ion (NO2
+), which contains a positively charged 

nitrogen atom. 

 

Sulfonation 
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We use either concentrated or fuming sulfuric acid, and the electrophile may be sulfur 

trioxide, SO3, or protonated sulfur trioxide, +SO3H. 

 

Friedel–Crafts Alkylation  

The electrophile is a carbocation, which can be formed either by removing a halide ion from 

an alkyl halide with a Lewis acid catalyst (for example, AlCl3) .  

 

Friedel–Crafts  Acylation 

The electrophile is an acyl cation generated from an acid derivative, usually an acyl halide. 

The reaction provides a useful general route to aromatic ketones. 

 

Disubstituted Benzenes:  

Orientation 

Ortho and para meta 

activating 

deactivating 

Deactivating benzene ring 

NH2, OH , OR , C6H5 , R 
F ,Cl , Br , I 

NO2 , CN , COOH , CHO , 
SO3H , CO2R , COR 

تحتوي على روابط 

 ثنائٌة وثلاثٌة
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Substituents already present on an aromatic ring determine the position taken by a new 

substituent. 

Example; nitration of toluene gives mainly a mixture of o- and p-nitrotoluene. 

 

On the other hand, nitration of nitrobenzene under similar conditions gives mainly the meta isomer. 

 

Disubstituted Benzenes: Orientation& Reactivity 

Directing and Activating Effects of Common Functional Groups 

Substituents that release electrons to the ring will activate the ring toward electrophilic 

substitution. 

Substituents that withdraw electrons from the ring will deactivate the ring toward 

electrophilic substitution. 

 

 If the directing effects of the two groups are the same, the result is additive 
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 If the directing effects of two groups oppose each other, the more powerful 

activating group decides the principal outcome 

 Usually gives mixtures of products 

 

  

Side-Chain Reactions of Benzene-Derivatives 

 

 

 

2. Oxidation of an Alkyl Side Chain 

Conversion into a carboxyl group, -COOH, by treatment with hot potassium permanganate. 
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Regardless the length of the alkyl chain, the product is always the same. 

 

 

 T- butyl

 

 

 

 

Which of the following compounds is aromatic ? 1 

 

d 

 

c 

 

b 

 

A 

Which of the following compounds is not aromatic ? 2 

 

d 

 

c 

 

b 

 

A 

Which of the following compounds is aromatic ? 3 

 

d 

 

c 

 

b 

 

A 
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Which of the following compounds has an aromatic character ? 4 

 

d 

 

c 

 

b 

 

A 

Which of the following compounds is not aromatic ? 5 

 

d 

 

c 

 

b 

 

A 

Which of the following compounds is aromatic ? 6 

 

d 

 

c 

 

b 

 

A 

Which of the following compounds is aromatic ? 7 

 

d 

 

c 

 

b 

 

A 

Which of the following compounds is aromatic ? 8 

 

d 

 

c 

 

b 

 

A 
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what the IUPAC name of this compound ? 

 

 

 

9 

 
b 

 
A 

 d  c 

Which of the following compounds is 4- bromophenol? 10 

 

d 

 

c 

 

b 

 

A 

The common name of methylbenzene is? 11 

Xylene d Anisol c p- Cresol b toluene A 

Which of the following compounds known as m- Nitroaniline? 12 

 

d 

 

c 

 

b 

 

A 
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The common name of 1,4- dimethylbenzene? 13 

p-Xylene d p-Anisol c p- Cresol b toluene A 

The structure formula of p- cresol is ? 14 

 

d 

 

c 

 

b 

 

A 

What the IUPAC name of the structure ?   
 

 

 

15 

1,3- dinitro-4-chlorobenzene b 1-chloro-2,4- diaminobenzene   A 

1,3-diamino-4- chorobenzene d 1-chloro-2,4- dinitrobenzene   c 

The structure of m-fluorobenzene chloride is? 16 

 

d 

 

c 

 

b 

 

A 
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The structure of p- xylene is ? 17 

 

d 

 

c 

 

b 

 

A 

Oxidation of ethylbenzene by KMnO4 yields ? 18 

 

d 

 

c 

 

b 

 

A 

The reactant  X is ?

 

19 

 

d 

 

c 

 

b 

 

A 

Which of the following compounds undergoes an electrophilic substitution 
reaction?  

20 

 

d 

 

c 

 

b 

 

A 
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What is the best reagent used for the following reaction ?

 

21 

 
d 

 
c 

 
b 

 
A 

 
22 

 
b 

 
A 

 
d  c 

Which of the following groups m-directing in electrophilic substitution? 23 

-OCH3 d -SO3H c -NH2 b -CH3 A 

Which of the following groups deactivated the benzene ring towards nitration? 24 

-OCH3 d -NH2 c -COOCH3 b -OH A 

Which of the following groups deactivated the benzene ring towards nitration? 25 

-CN d -CH3 c - OH b -NH2 A 

The main product of the reaction shown below is ? 

 

26 
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Key answer  

 السؤاه الاجابة السؤاه الاجابة

C 41 D 4 

C 41 B  1 

D 41 C  1 

D 41 D  1 

A 41 D 1 

B 41 B 1 

A 12 B 1 

C 14 C 1 

B 11 A 1 

C 11 B 42 

B 11 A 44 

D 11 B 41 

A 11 D 41 

D 11   

 

  

 

d 

 

c - 

 

b 

-  

A 

The sulfonation prouduct formed from the following reaction is ?

 

27 

 

d 

 

c 

 

b 

 

A 



76 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

CHAPTER 4 

ALCOHOLS, PHENOLS AND ETHERS 

Alcohols, Phenols and Ethers  

Alcohols, ethers and phenols have a common functional group, the hydroxyl group, -OH.  

 

Alcohols are compounds whose molecules have a hydroxyl group attached to a saturated 

carbon atom. 

Phenols  are compounds that have a hydroxyl group attached directly to a benzene ring . 

Ethers are compounds whose molecules have an oxygen atom bonded to two carbon atom. 

Alcohols and Phenols 

Alcohols and phenols may be viewed as organic derivatives of water.  

 

Alcohols have the general formula R-OH, and structurally similar to water, but with one of 

the hydrogens replaced by an alkyl group. 

Phenols have a hydroxyl group attached directly to an aromatic ring. 
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Alcohols 

 

Alcohols can be viewed in two ways structurally:  

as hydroxyl derivatives of alkanes  

and (2) as alkyl derivatives of water. 

 

Classification of Alcohols  

Alcohols are classified as primary (1°), secondary (2°), or tertiary (3°), depending on whether 

one, two, or three organic groups are connected to the hydroxyl-bearing carbon atom. 

 

Methyl alcohol, which is not strictly covered by this classification, is usually grouped with the 

primary alcohols. 

Nomenclature of Alcohols 

The common names for the simplest alcohols consist of alkyl group attached to the hydroxyl 

function followed by the word alcohol: Alkyl alcohol . 

 alkyl group + alcohol  
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In the IUPAC system, alcohols are named according to the following rules. 

1. Select the longest continuous carbon chain that contains the -OH group.  

Drop the –e  ending of the parent alkane and replace it by the suffix -ol:  Alkanol  

2. When isomers are possible, the chain is numbered so as to give the functional group (-OH) 

the lowest possible number. 

e ol 

 

 

3. When alkyl side chains or other groups are present, they are named alphabetically and 

their positions are indicated by a number.   

The position of the functional group (-OH) is always given the lowest possible number at the 

end of the name. 

oH 

 

For cyclic alcohols, numbering always starts from the carbon bearing the -OH group.  
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4. With Unsaturated 

Alcohols; If a molecule contains both an -OH group and a C=C or C-C triple bond, the -OH 

group takes preference before the double or triple bonds in getting the lower number. 

oH   

The name should include (if possible) both the hydroxyl and the unsaturated groups, even if 

this does not make the longest chain the parent hydrocarbon.  

 

Alcohols with More Than One Hydroxyl Group 

Compounds with two adjacent alcohol groups are called glycols. 

The most important example is ethylene glycol. 

Compounds with more than two hydroxyl groups are also known, and several, such as 

glycerol and sorbitol, are important commercial chemicals. 
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automobile radiators and as a raw  s used as the “permanent” antifreeze ini Ethylene glycol

material in the manufacture of Dacron. 

is completely miscible with water. glycol  Ethylene 

boiling liquid with a distinctly sweet taste. -soluble, high-s a syrupy, colorless, wateri Glycerol

Its soothing qualities make it useful in shaving and toilet soaps and in cough drops and 

syrups.  

Phenols 

 are usually named as derivatives of the parent compounds. 

 

The hydroxyl group is named as a substituent when it occurs in the same molecule with 

carboxylic acid, aldehyde, or ketone functionalities, which have priority in naming. 
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Physical Properties of Alcohols 

Physical State 

The simplest alcohol, methanol, is a liquid at room temperature. 

In contrast, alkanes from methane to butane are gases.  

Solubility 

The lower alcohols are completely miscible with water. 

As the number of carbons in the alcohol increases, the solubility in water decreases. 

Boiling Points 

Series of normal alcohols; The boiling points increase with increase in molecular weights. 

A comparison of boiling points among isomeric alcohols; The boiling points decrease as the 

number of alkyl branches from the carbinol group increases. 

 

 

 

Hydrogen Bonding in Alcohols 

The boiling points (bp,s) of alcohols are much higher than those of ethers or hydrocarbons 

with similar molecular weights. 

 

Why? Because alcohols form hydrogen bonds with one another. 
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 The O-H bond is polarized by the 

high electronegativity of the oxygen atom and places a partial positive charge on the hydrogen 

atom and a partial negative charge on the oxygen atom. 

 

However, as the organic chain lengthens and the alcohol becomes relatively more 

hydrocarbon like, its water solubility decreases. 

 

 

 10 alc > 20 alc > 30 alc 

Physical Properties of Phenols 

Phenol is a colorless, crystalline, low-melting solid, with a high boiling point, that is 

moderately soluble in water.  

Most other phenols also are solids, with slight solubility in water and high boiling points.  

The most significant physical property that distinguishes alcohols from phenols is the 

acidity of phenols.  

The Acidity of Alcohols and Phenols 

Like water, alcohols and phenols are weak acids. 
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The hydroxyl group can act as a proton donor, and dissociation occurs in a manner similar to 

that for water 

 

mainly because the corresponding phenoxide Phenols are stronger acids than alcohols 

ions are stabilized by resonance. 

 

All electron-withdrawing groups increase acidity by stabilizing the conjugate base. Electron-

donating groups decrease acidity because they destabilize the conjugate base. 

R 

F , Cl ,Br  

 

 

Alkoxides, the conjugate bases of alcohols, can be prepared by the reaction of an alcohol 

with sodium or potassium metal. 
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Preparation of Alcohols 

From Alkenes 

A. Hydration of Alkenes 

1. Addition of water to a double bond in the presence of an acid catalyst, H+.  

 

2. The addition follows Markovnikov’s rule. 

 

3. It is not possible to prepare primary alcohols except Ethanol. 

B. Oxidation of Cycloalkenes 

Alkenes react with alkaline potassium permanganate to form glycols (compounds with two 

adjacent hydroxyl groups). 

 

Nucleophilic Substitution of Alkyl Halide 

 

تكسر الرابطة الثانئٌة وٌتم 

 اضافة الماء 

 طبقا لقاعدة ماركٌنٌكوف

 

اكسدة الالكٌن الحلقً تسكر 

الربطة وتدخل مجموعتٌن 

 هٌدروكسٌل فً الوضع سٌس

بمجموعة  Xاستبدال 

 هٌدروكسٌل باستخدام 

Aq KOH 
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Reduction of Ketones, and Aldehydes 

Aldehydes and ketones are easily reduced to primary and secondary alcohols, respectively. 

 

 

Addition of Grignard’s Reagent to Aldehydes and Ketones 

 

R 

Reactions of Alcohols and Phenols 

Alcohols undergo two kinds of reactions: 

Those that involve the breaking of the oxygen-hydrogen bond (CO-H). 

Those that involve the rupture of the carbon-oxygen bond (C-OH). 

Phenols do not participate in reactions where the C-OH bond is broken. 

اختزال الالدهٌد والكٌتون باستخدام 

 اي من العوامل المختزلة مثل 

Li Al H 4/ dry ether 

Zn /H+ or Fe / HCl   

Na /alcohol === NaBH4/ H2O 

H2/ Pt  or Pd |or Ni 
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Reactions of Alcohols 

A) Those that involve the breaking of the oxygen-hydrogen bond (CO-H). 

1) Reactions of Alcohols and Phenols as Acids: Salt Formation.  

 

 

B) Those that involve the rupture of the carbon-oxygen bond (C-OH). 

The Reaction of Alcohols with Hydrogen Halides: Alkyl Halides 

Alcohols react with hydrogen halides (HCl, HBr and HI) to give alkyl halides. 

 

Dehydration of Alcohols: Formation of Alkenes 

Alcohols can be dehydrated by heating them with strong acid. 

 

C) Oxidation Reactions 

Oxidation is the removal of H from a compound and/or the addition of O to a compound. 

 

An oxidizing agent is the chemical reagent that does the oxidation.  

 

 Xب   OHتفاعل استبدال ال 

نزع ماء من الكحول بالتسخٌن 

 فً وجود حمض قوي 

 ٌتكون الالكٌن 

 2Hالاكسدة هً نزع 

 Oاو إضافة 
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Primary alcohols give aldehydes, which may be further oxidized to carboxylic acids. 

Secondary alcohols give ketones. 

Tertiary alcohols, having no hydrogen atom on hydroxyl-bearing carbon, do not undergo 

oxidation. 

 

Primary alcohols, oxidation can be stopped at aldehyde stage by special reagents, such as 

“pyridinium chlorochromate (PCC)”. 

 

 

 

 

Primary alcohols yield aldehydes when treated with mild oxidizing agents such as hot 

metallic copper or CrO3 in pyridine.  

 

 

خدام عامل مؤكسد ٌتأكسد الكحول الاولً باستخدام عامل مؤكسد ضعٌف الى الدهٌد ولكن عند است 

 الى حمض كربوكسٌلً   K2Cr2O7  or KMnO4قوي مثل 

CH2OH → CHo                                                                              CH2OH → COOH 

 



88 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

Primary alcohols yield aldehydes when treated with stronger oxidizing agents, such as 

chromic acid, H2Cr2O7, or neutral potassium permanganate, KMnO4, the intermediate 

aldehydes formed initially are oxidized further to carboxylic acids. 

 

Secondary alcohols, when treated with any of the oxidizing agents mentioned previously,  

yield ketones.  

 

Preparation of Phenols 

The Alkali Fusion of Sulfonates 

The alkali fusion of sulfonates involves the following steps; 

1. Sulfonation of an aromatic ring.  

2. Melting (fusion) of the aromatic sulfonic acid with sodium hydroxide to give a phenoxide 

salt.  

3.  Acidification of the phenoxide with HCl to produce the phenol. 

 

 

الكحول الثانوي ٌتأكسد بأي 

 عامل مؤكسد الى كٌتون

فً حٌن لاٌتأكسد الكحول 

 الثالثً بأي عامل مؤكسد
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Reactions of Phenols 

Halogenation takes place without catalyst. 

  

The products depend on the solvent used.  

In aprotic solvents (solvents that do not release protons) (CCl4, CS2)-bromination gives a 

mixture of o- and p-bromophenol.  

In protic solvents (solvents that can release protons) (H2O)-halogenation gives a trisubstituted 

phenol is produced. 

Ethers 

Structure of Ethers 

All ethers are compounds in which two organic groups are connected to a single oxygen 

atom. 

The general formula for an ether is R-O-R’, where R and R’ may be identical or 

different, and they may be alkyl or aryl groups 

R—O—R,  Ar—O—R, or Ar—O—Ar 

The geometry of simple ethers is similar to that of water.  

The ether is classified as 

Symmetrical ethers; When the organic groups attached to the oxygen are identical. 

Unsymmetrical ethers (mixed ethers);  

When the organic groups attached to the oxygen are different.  
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Nomenclature of Ethers 

Common Names 

Ethers are usually named by giving the name of each alkyl or aryl group, in alphabetical 

order, followed by the word ether 

. 

 

IUPAC System 

For ethers with more complex structures, it may be necessary to name the -OR group as an 

alkoxy group. In the IUPAC system, the smaller alkoxy group is named as a substituent. 

 

Physical Properties of Ethers 

Physical State 

Ethers are colorless compounds with characteristic, relatively pleasant odors.  

Boiling Points 

They have lower boiling points (bp,s) than alcohols with an equal number of carbon atoms.  

In fact, an ether has nearly the same bp as the corresponding hydrocarbon in which a -CH2- 

group replaces the ether’s oxygen.  

Because of their structures (no O-H bonds), ether molecules cannot form hydrogen bonds 

with one another.  

oR 
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Solubility 

Low-molecular-weight ethers, such as dimethyl ether, are quite soluble in water. 

Ether molecules can form hydrogen bonds to water.  

 

Preparation of Ethers 

There are two general methods for synthesizing ethers. 

1) Dehydration of alcohols 

It is used commercially and in the laboratory to make certain symmetrical ethers. 

It takes place in the presence of acid catalysts (H2SO4, H3PO4) (intermolecular reaction) 

 

Example; 

The most important commercial ether is diethyl ether. It is prepared from ethanol and 

sulfuric acid. 

 

2) Williamson synthesis 

General laboratory method used to prepare all kinds of ethers, symmetrical and 

unsymmetrical. 
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Scope and Limitations 

When ethyl alcohol is dehydrated by sulfuric acid at 180° C, the dominant product is 

ethylene. 

 

To prepare ethyl ether  

Dissolve ethyl alcohol in sulfuric acid at ambient temperature. 

Heat the solution to 140°C while adding more alcohol.  

 

2) Williamson Synthesis 

This method has two steps; 

1) An alcohol is converted to its alkoxide by treatment with a reactive metal (sodium or 

potassium). 

 

2) Displacement is carried out between the alkoxide and an alkyl halide. 

 

To obtain the best yields of mixed dialkyl ethers, we select a 1 rather than a 2or 3alkyl 

halide and react it with a sodium alkoxide 

To prepare an alkyl aryl ether, we must be careful not to pick a combination in which one of 

the reagents has a halogen directly attached to an aromatic ring.  

Example 1; Preparation of t-butyl methyl ether, (CH3)3C-O-CH3.  

In theory, this could be done by either of two reactions.  

1. You could react sodium methoxide, CH3O-Na+, with t-butyl chloride, (CH3)3C-Cl.  
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This combination leads to dehydrohalogenation to an alkene, an elimination reaction.  

2. You could react sodium t-butoxide, (CH3)3C-O-Na+, with methyl chloride, CH3Cl.  

This route gives the desired ether by substitution. 

 

Example 2; Assume you need to synthesize methyl phenyl ether (anisole), CH3-O-C6H5, by 

the Williamson method. In theory,  you could obtain anisole in either of two ways. 

 

 

Reactions of Ethers 

Ethers are quite stable compounds.  

The ether linkage does not react with bases, reducing agents, oxidizing agents, or active metals.  

Ethers react only under strongly acidic conditions.  

Cleavage of Ethers by Hot Concentrated Acids  

When ethers are heated in concentrated acid solutions, the ether linkage is broken. 

 

The acids most often used in this reaction are HI, HBr, and HCl.  

If an excess of acid is present, the alcohol initially produced is converted into an alkyl halide 

by the reaction.  
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HCl , HBr , HI 

22

The common name of 2- propenol 1 

Vinyl alcohol  d Isopropyl 
alcohol 

 

c Tert-butyl 
alcohol 

b Allyl alcohol A 

The name of the following compound is:  
 

 

 

2 

4-propenyl-2-pentanol b 2,3-dimethyl-1- hexen-5-ol A 

5-hydroxy-2,3-dimethyl-1-hexene d 4,5-Dimethyl-5-hexen-2-ol c 

The structural formula of 5-methyl-1-cyclopentenol is? 3 

 

d 

 

c 

 

b 

 

A 

How many hydroxyl group does ethylene glycol have ? 4 

four d three 

 

c two b one A 
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The IUPAC name of the following compound is 
 

                

1 

 

b 
 

A 

 

d 
 

c 

The structure of 2-methyl-2-cyclopentenol is: 6 

 

d 

 

c 

 

b 

 

A 

The IUPAC name of tert-butyl alcohol is: 7 

1-butanol  d 2-methyl-
2-propanol 

 

c 2-butanol b 2-propanol A 

The IUPAC name of                                       is: 
 
 

 

8 

3-chloro-6-methylcyclohexanol  b 2-chloro-6-methylcyclohexanol  A 

2-chloro-5-methylcyclohexanol  d 5-chloro-2-methylcyclohexanol  c 

The IUPAC name of                                       is: 

 

 

9 

Hexanol  b phenol A 

Cyclohexyl alcohol d Cyclohexane alcohol c 



96 
 0581323208تصوٌر او نسج المذكرة الا  بتصرٌح من د/على هـ     لا احل  1439/1440 --109كٌم    --د/علً محمد علً ) ابو عبد الرحمن (    

Which one form the following does not has the ability to form interamolecuar 
H-bond ? 

10 

 

d 

 

c 

 

b 

 

A 

The IUPAC name of the following compound is 
 

 

 

11 

3- iso propyl-4-pentyn-1-ol b 3-Acetylene-4- methyl-1-pentanol A 

3-isopropyl-1-pentyne-5-ol d 3-ethynyl-4-methyl-1-pentanol c 

The IUPAC name of the following compound is  

 

41 

2-hydroxy-5-chlorohexane b 2-chloro-5-hexanol A 

5-choro-2- hexanol d 2-chloro-5-hydroyhexane c 

Which of the following has highest boiling point ? 13 

methanol d Dimethyl 
ether 

 

c Ethyl 
boromide 

b butanol A 

Which of the following compounds is more soluble in water? 14 

benzene d hexane 

 

c Diethyl 
ether 

b propanol A 

The product of the following reaction is 
 

 

 

41 
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d 

  

c 

 

b 

 

A 

The product of the following reaction is 

 

41 

 

d 

 

c 

 

b 

 

A 

The major product of this reaction is ?

 

74 

 

d 

 

c 

 

b 

 

A 

The following general equation, the reagen Z is 

 

18 

Acetaldehyde  
  

d formaldhyde  

 

c Methanol  b Acetone  A 

The product of the following reaction  

 

41 
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d 

 

c 

 

b 

 

A 

Which of the following is the most acidic compound? 20 

 

d 

 

c 

 

b 
 

A 

Key answer 

 السؤاه الاجابة السؤاه الاجابة

B 44 B 4 

D 41 C 1 

A 41 B 1 

A 41 B 1 

D 41 B 1 

D 41 D 1 

C 41 C 1 

C 41 B 1 

B 41 D 1 

D 12 B 42 


