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Functional Groups 

The chemical reactions of organic compounds occurred at 
specific sites in the molecules. These sites usually contained 
specific atoms or groups of atoms bonded to carbon. These 
groups at which reactions occur are called functional group. 

Alkanes 

Alkanes are  alphatic organic compounds that consist of single-
bonded carbon(C-C) and hydrogen atoms(H-C) and lack any 
other functional groups. Alkanes have the general 
formula (CnH2n+2) . Alkanes are also saturated hydrocarbons. 
Alkanes are the simplest and least reactive hydrocarbon species 
containing only carbons and hydrogens. 

CnH2n+2    ( n=1 )  →    C1H2x1+2=CH4    methane  , (n=2) 
C2H2x2+2=C2H6 ethane 

Alkyl Groups(R) 

    An alkyl group(R) is formed by removing one hydrogen from 
the alkane chain and is described by the formula (CnH2n+1 ). The 
removal of this hydrogen results in a stem change from -ane to -

Compound Exampc 

Alkcnc H 2. 

Al ne H - H 

ArOM2! C aCH• 
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yl. CnH2n+1    ( n=1 ) →  C1H2x1+1=CH3    methyl  , (n=2) 

C2H2x2+1=C2H5 ethyl . for that the alkane is (R-R  or   R-H) 

Naming Alkanes and Cycloalkanes 

1-Identify the longest carbon chain. This chain is called the
parent chain.

2-Identify all of the substituents (groups appending from the
parent chain).

3-Number the carbons of the parent chain from the end that
gives the substituents the lowest numbers. When compairing a
series of numbers, the series that is the "lowest" is the one which
contains the lowest number at the occasion of the first
difference. If two or more side chains are in equivalent
positions, assign the lowest number to the one which will come
first in the name.

N IO . of C Nlame ,o.f M lolecular N .a1m ,e of 1Formu la 
atoms alkane for mula alkyl g roup 

1 Methane 1CH 4 Methyl -CH3 
2 E, hane C2H6 Ethyl! -C2Hs 

3 Propane· C3Hs Pro,pyl -C3H7 
4 Butane C4H 1,o Buty;I -C4 H9. 

s Pentane CsH 12 Pentyl -CsH n 
6 Hexane ( ~6H 14 Hexyl -C.,H ll3 
7 Hep ane '½ H 16 Hept yl -C, H 1s 
8 Octane CaH 1a Octy:I -C--a H17 

9 Nlon ne '½JH 2,o Nonyl -CgH19 
10 D e cane 'C10H 22 Decyl C10H 21 
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4-If the same substituent occurs more than once, the location of 
each point on which the substituent occurs is given. In addition, 
the number of times the substituent group occurs is indicated by 
a prefix (di, tri, tetra, etc.). 

5-If there are two or more different substituents they are listed in 
alphabetical order using the base name (ignore the prefixes). 
The only prefix which is used when putting the substituents in 
alphabetical order is iso as in isopropyl or isobutyl. The prefixes 
sec- and tert- are not used in determining alphabetical order 
except when compared with each other. 

 

 

Hexane (Hex + ane ) 

 

2-methyl hexane 

 

2,3-dimethyl hexane 

H H H H H H 
I I I I I I 

H- C- C- C- C- C- C- H 
I I I I I I 
H H H H H H 

H 

' H - C - H 

H I H H H H I 
I I I I I H- c - c - c - c - c - c - H 
I t I I I I 

H H HI H H HI 
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2,3,4-trimethylhexane 

 

2,2-dimethyl hexane 

 

3-ethyl-2,4-dimethylhexane 

 

Common 
naming for 
alkane 

 

CIL 
I 

CIL - CH- CH- CH2 - CHi - CIL 
I 

CIL 

CH3 
I 21 3 4 5 6 

H3 C - C - C H2 - C H2- C H - C H3 
I I 

CH, C H3 

CH3 
CH3CH2CH2CH2+CH3 

CH3 

CH3 
6 5 4 3 12 1 

H3C-CH2-CH-CH-CH-CH3 
I I 

neopentane 
CH3 
I 

CH3 CH2 
I 
CH3 

n-pentane 
C H3 
I 

CH3- C - C H3 

I 
CH 2- CH 2- 1H 2 

CH3 CH3 
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Alkyl halides 

   The halogen is treated as a substituent on an alkane chain. The 
halo- substituent is considered of equal rank with an alkyl 
substituent in the numbering of the parent chain. The halogens 
are represented as follows: 

(F) fluoro-   ,     (Cl) chloro-    ,    (Br) bromo-  ,        (I)
 iodo- 

 

2-bromobutane 

 

2-Iodobutane 

CH3 I 
C 

H c----H---cH 3 3 

isobutane 

Cl 
2-chlorobutane 

Br 

I 

n-butane 
butane 

H 3 c- CH - CH 2 - CH 3 
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2-Bromo-3-methylhexane 

 

 

• Saturated hydrocarbons can also exist as rings. Cyclic 
compounds of carbon containing only single bonds are called 
Cycloalkanes.If The compounds contain only one ring, they 
have the general formula CnH2n 

Cycloalkanes are named by adding the prefix cyclo- to the name 
of the straight – chain hydrocarbon containing the same number 
of carbon atoms. For example 

CH3 
I 

H -C-CJ 
I 

H-C-CJ 
CH3 

2, 3-dichlorobu tane 

CH3 

Br 

" 
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All the carbon atoms of a cycloalkane are equivalent. Therefore, 
no number prefix is needed for monosubstituted cycloalkanes. 
For example: 

 

 

A carbon atom is designated: primary,secondary,or tertiary 
according to the number of carbon atoms bonded to it. 

&~ 0 CH D 
I 2 1H2 idcnrie2I 

ct.iH, idcncical CH2 k,CH2 
to 

cu '=c2 
Crcloprop:ane C)'clohexanc 

l OCH'b u(CH3>, 

Mcrhylcyclopropanc lsopropykyclohepcanc t•Butylcycloocunc 

[!"'CH' 
J 

l • E1hyl,+mcthylcyclopcn1ane 
, 

• ('fHs 
~H3 

t,2-Dimcthylcydohcxanc 
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Geometric Isomers 

 Molecules that differ in the three – dimensional arrangements 
of their atoms in space. 

 

 

Physical Properties 

p I l, f\ 

l ;trhll \ 

H 
H 
C 

• OIi !:11'\ 

,1rl lll \:uhnn 

(a) 

H 
propane ·d 

H 
H 

but:me 

. 
crl1Jrr 

hp , >gtn 
3 

C 3CC@aCCH3 I l 
G 3 

I' imm 
h drn 1t 11. • 

(b 

H H 
H H 

:dopcotan 

HACH, 
CH3 H 

m-1,2-Dimctbylcyd o ropane 1ra1t1- l ) -Dimcthykyclo ropane 
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  The alkanes can exist as gases, liquids, or solids at room 
temperature. The unbranched alkanes methane, ethane, propane, 
and butane are gases. Branched alkanes normally exhibit lower 
boiling points than unbranched alkanes of the same carbon 
content. This occurs because of the greater van der Waals forces 
that exist between molecules of the unbranched alkanes. The 
unbranched alkanes have greater van der Waals forces of 
attraction because of their greater surface areas. alkanes are 
almost completely insoluble in water. Alkanes are non-polar 
solvents. Since only C and H atoms are present, alkanes are 
nonpolar. Alkanes are immiscible in water but freely miscible in 
other non-polar solvents. Alkanes consisting of weak dipole 
dipole bonds can not break the strong hydrogen bond between 
water molecules hence it is not miscible in water. 

 

Chemical Reactions  

• Chlorination 

 

 

Oxidation: 

H HC1 

H 
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In the presence of excess oxygen,alkanes burn to form carbon 
dioxide,water and energy 

 

 

If insufficient oxygen ,alkanes form carbon monoxide or carbon 

 

Preparing  alkane 

 

C + 2 H ,,O -
RCOONa + NaOR 

Sodium salt of 

CaO 

Hcnl 
RR +N¾CO3 Alkane 

carlloxylic acid 

CH3COONa + NaOH 
CaO CH4 +N¾CO3 

Sodium Rent Methane 
ethanoate 

CaO 
C2H5COONa + NaOH Heat C2H, + Na2CO3 

Sodium Elhanc 
propnnoore 
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Aromatic Compounds  

    Benzene has a high degree of unsaturation but is unreactive.It does not 

undergo the usual addition reactions of alkenes and alkynes. It does react 

under more vigorous conditions(heat or catalysts) to form products of 

substitution. This difference in chemical reactivity is due to the structure 

of benzene. 

 

 

Naming Aromatic Compounds 

  When one group is attached to benzene, the compound is named by 

placing the name of the group as prefix to the benzene. 

 

O· ·O 

Cl 

Chlorobenzcne Nittobcnzcne Erhylbenzcn( lodobenzenc 
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0 
Toluene Bcnzoic acid Bcnwdehydc Benzonim.Jc 

0 
OH 

6 OH 
Aniline Phenol Benzcocsulfonic Ac:ctophcoonc 

rod 

P~yl group 

?3 
CH3CCH=CHCH3 
~ 'l - ' 

4-Methyl-4-phcnyl-2-pcnttne 1 t 1-Diphcny lcyclopcntanc 



 

    If two groups are attached to the benzene ring, the name must not only 

tell what groups are present, but also where they are located. We can 

differentiate the three possible isomers of a disubstituted benzene in two 

ways. 

 

 

Bcozyl group 

For example: 

Benzyl chloride fl. nz:yl bmmidc 

o-Dibromohcnienc 
l,2-Dibromobmzcne 

r,r-Oibromobcnzenc 
l ~-Dibromobenunc 

p-Dihromohcnunc 
1,4.Dibromobcnzcne 



 

Several disubstituted benzenes have been given names that, give no 

indication of the kind of groups attached to the ring. 

 

Substitution Reactions Of Aromatic Compounds 

 

OH OH OH OH 
H 

I 
CH:1 

OH 
m•X~lcne Catechol Rt'$orcinol H ydrO<Ju i norte 

BromituzJiOII 

~H 
~ + l~r:! 

~11, 

FcBr,1• ~ + Hlir 

c.hlorination 

+ · HCJ 



 

    Toluene,nitrobenzene,chlorobenzene and many other aromatic 

compounds also undergo substitution reactions. These compounds differ 

from benzene in that they already have a substituent on the benzene ring. 

The remaining five hydrogens are not equivalent. When these hydrogens 

undergo substitution reactions, isomers can be formed depending on 

which hydrogen is replaced. 

~1-f 

V 

Frittdd-Crafts ~tiJm 
0 
n 

----.... 
CH3 + HCl 



 

 

Examples: 

93% 

T2ble 13-1. Dircccing Elfeet of Subs1i1uen~ 

o,p 
-NH2, -NHR, -NR2 

-NH2, -NHAr, -N(Ar)z 

-OH, -OR, -OAr 

1
o 1

o 
-NHCf -NH( 

\' ' 
R Ar 

Alkyl groups 

H2logcns 

• R = alkyl g,ouf1$: Ar = aryl gro!fS, 

Predominant Directing 

111 

t + + + 
-NH3, -NH2R, -NHR2, -NR3 

t I + + 
-NH3, -NH{lr, -NH(Ar)z, -N(Ar)a 



 

Other Reactions Of Aromatic Compounds 

 

Table 1¼-2. Dircccivc [nRuencc and Effecr on Rc:ictivicy of Substitucnts& 
I . Activating and orth<> and /)Ara d i recting 

A . Strongly activating 
- NH2 , -NHR, - NR2 • - NHAr-, -N(Ar-h 
-OH, --OR, -OAr 

B . Moderately activacing 

,,?o 4'o 
- NHC"-. , - NHC.._,_ 

R A r 
C. Weakly accivacing 

A lkyl groups 

I L Scrongly deactivating and m#a directing 
- N02 
-CN 

-S03 H 
+ + • + + + -NH3 , -NH2 R , -NHR2 , - NR3• - NH2Ar-, - NH{Arh, -N(Arh 

III. Deactivating and ortho and para directing 
Halogens 

Cl 

l,2,),4,~,6-Htnchloroqclohexane 



 

 

 

Cumenc: 

Styrene Bcmmic acid T oluene 

CH3 

I 
KMnO◄ 

~ 
u♦ • H~O, j 

o•X)'lcne 

3 f KMnO, 

d H ,(CH2)3CH3 

1-Phcnylpcn tanc 

C02H 

( 
KMnO~ 

u•, H10, j 

CO?H 
• 

Phthalic ~cid 

CH2CH3 

CH:1 

o-EthyJtoh,tnc 



 

 

 

 

 

Br2 
no reaction 

KMnO!4 
no reaction 

0 -
H3O+, H2O 

no reaction 

H/Pt 
no reaction 

OXIDATION REACTION OF ALKYLBENZENE 

examples: 

hot, cone., KMn04/H+ 

reflux 

hot, cone., KMn04/H• 

reflux 

0 
F\_11 
~ C-OH 

0 

Q-H-oH 
0 

0-CH -CH hot, cone., KMn04/H+ Q-c" OH 
2 3 .., ~ h -

reflux 

hot, cone., KMn04/H+ ~ 

reflux • ~ COOH 

COOH 



 

 

Complete the following reactions 
1-Benzonitrile      +           Br2  / FeBr3 

2-Acetophenone  +          HNO3 /H2SO4 
3-Anisole               +          CH3Cl /AlCl3 
4-Phenol                +          H2SO4/ SO3 

Aromatic compounds in natural 

1-benzen is toxic compound 

2-It cause severe liver damage. 

3-It is possible carcinogen(cause cancer). 

4-It is not found in natural . 

Many compounds that have a benzene ring in their basic structure  such 

compound are called derivatives of benzene 

1-Phenylalanine(essential amino acid) a compound essential for life 

contains a benzene a ring and is derivative of benzene 

 

This compound cannot be made in the human body and must be 

obtained from food we eat .However ,plants can make phenylalanine 

(called essential amino acids).Phenylalanine can be used to prepare 

other important compounds such as hormones epinephrine and Dopa. 

Phenylalanine is transformation into tyrosine(isnot essential amino acid)  

Aromatic Heterocyclic compounds 

Resemble benzene in they are highly unsaturated yet undergo 

electrophilic substitution ,They contain at least one element other than 



carbon or hydrogen usually nitrogen.They contain 6 electrons in ring and 

heteroatom. 

1-Four pyrrole rings joined together by CH bridge to form porphyrins that 

their ability to bind metal ions in space between the four nitrogen atoms   

Hemoglobin is composed of two parts .One parts protein portion called 

globin.The other part is porphyrin part called heme      .Heme contains an 

iron atom in ferrous oxidation state in space between the nitrogen atoms. 

 

2-pyridine 

Pyridine can be regarded as benzene in which one carbon has been 

replaced by a nitrogen atom .  

Some exampleNicotinamide ,Nicotine ,Nicotinic acid and pyridoxine 

(vitamin B6) 

3-Indole 

  Indole is an aromatic heterocyclic compound containing  a pyrrole ring 

and benzene ring with one side in common .The single most important 

Heme 

Indolc 

Pyridine 

0 

,~----H 
~:;:=:t[CH,~~].CH, 

0 
ChloropbyO , 



derivative of indole in living system is the amino acid tryptophane it is 

essential amino acid for mammals must get it from foods.Many 

important compounds are prepared from tryptophane in living systems 

.One of them is serotonin,an important hormone that affects blood 

pressure and is a factor in the functioning of brain. 

 

 

4-Imidazole is a compound that contains tow nitrogen atoms in five 

membrane ring 

The most important derivative of imidazole is the amino acid histidine . 

In living systems enzyme transform histidine to the pharmacologically  

active histamine 

Histamine which causes dilation of capillaries and stimulation of muscle 

5-Purine is a compound that contains two heteroaromatic rings that 

have one side in common .A derivative of purine with an –NH3 

(amine)substitutuent in the 6 position is called adenine .It is part of 

adenine triphosphate (ATP). 

 

 

 

 

 

N -----<( 
N 
H 

7 6 
s N 

1 N --=----r- > B 

2 ~_ ----.!1--Ng 
N H 
3 
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CARBOHYDRATES 
 

Carbohydrates are the most abundant biomolecules on earth. Oxidation of 

carbohydrates is the central energy-yielding pathway in most non-photosynthetic 

cells. 

Definition: Carbohydrates are polyhydroxy aldehydes or ketones, or substances that 

yield such compounds on hydrolysis. carbohydrates have the formula (CH2O)n.  

Biological Importance of carbohydrates 
 

 Carbohydrates act as energy reserves and metabolic  intermediates.

 Ribose and deoxyribose sugars forms the structural frame of the genetic 

material, RNA and DNA.

 Polysaccharides like cellulose are the structural elements in the cell walls of 

bacteria and plants.

 Carbohydrates are linked to proteins and lipids that play important roles in cell 

interactions.

 Carbohydrates are intermediates in biosynthesis of fats and proteins.


 In animals they are important constituent of connective tissues.

 They participate in biological transport, cell-cell communication and activation 

of growth factors.

 Carbohydrates that are rich in fiber content help to prevent constipation.

There are four major classes of carbohydrates: 
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1. Monosaccharides 
 

Monosaccharides, or simple sugars, consist of a single polyhydroxy aldehyde or 

ketone unit. The most monosaccharide in nature is the six-carbon sugar D- glucose, 

sometimes referred to as dextrose. The word “Monosaccharides” derived from the 

Greek word “Mono” means Single and “saccharide” means sugarThey contain 3 to 7 

carbon atoms, 2 or more hydroxyl (OH) groups and one aldehyde (CHO) or one 

ketone (CO) group.

 
Physical Properties of monosaccharides 
 
They are colorless, crystalline compounds, readily soluble in water. Their solutions are 

optically active. Carbohydrates spontaneously change between the α and β configuration. 

 








When the - OH group around the carbon atom adjacent to the terminal primary alcohol 

carbon is on the right, the sugar is a member of the D-series, when it is on the left, it is a 

member of the L-series. These D and L configuration.


Optical Activity - The presence of asymmetric carbon atom causes optical activity. When 

a beam of plane polarized light is passed through a solution of carbohydrate it will rotate the 

light either to right or to left. Depending on the rotation, molecules are called dextrorotatory 

(+) (d) or levorotatory (-) (l).  


Epimers- When sugars are different from one another, only in a single carbon atom 

(around one carbon atom) they are called epimers of each other. For example glucose and 

mannose are epimers. They differ only in configuration around C2. Mannose and Galactose 

are epimers of Glucose. 
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Classification of Monosaccharides 

Monosaccharides are classified in two ways. (a) First of all, based on the 

number of carbon atoms present in them and (b) secondly based on the presence of 

carbonyl group. 

 
The naturally occurring monosaccharides contain three to seven carbon 

atoms per molecule. For example, the terms triose, tetrose, pentose, and hexose 

signify monosaccharides with, respectively, three, four, five, and six carbon atoms. 

Monosaccharides are also classified as aldoses or ketoses. Those monosaccharides 

that contain an aldehyde functional group are called aldoses; those containing a 

ketone functional group on the second carbon atom are ketoses.  
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Hexoses 
 

Hexoses are “Monosaccharides” containing 6 carbon atoms. The molecular formula 

of Hexose is C6H12O6 

Characteristics 

 Hexoses are simple sugars

 Hexoses are soluble in water

 They are sweet in taste .

 They are crystalline forms.

 The pentoses may contain an aldehyde group (aldohexose) or a ketone group 

(ketohexose).

Structure of Monosaccharides 

1. Straight or Open Chain Structure: Here 6 carbon atoms of glucose are 

arranged in a straight line. It is also called open chain structure because the two 

ends remain separate and they are not linked.  



5 

 

 

2. Cyclic or Ring Structure: Here the atoms are arranged in the form of a 

ring. Haworth (1929) proposed this formula and hence the name Haworth’s 

Projection Formula. The sugar molecules exist in two type of rings which are as 

follows – (a) Furanose Ring – 5 membered ring 

(b) Pyranose Ring- 6 membered ring 
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            Open chain D-glucose       α-D –glucose         α-D –glucose 
                                                         (Fisher formula)            (Haworth formula) 

 
 
 
2- Disaccharides 

 
Disaccharides consist of two sugars joined by an glycosidic bond, like sucrose, 

lactose and maltose.  

The disaccharides can be classified into: 
 

1. Homodisaccharides 
 

 

 
 

 
 

2. Heterodisaccharides: are formed of 2 different monosaccharide units like sucrose 

composed of glucose and fructose , lactose composed of glucose and galactose. 
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3- Oligosaccharides 

Oligosaccharides consist of short chains of monosaccharide units (3-9), or residues, 

joined by characteristic linkages called glycosidic bonds. Common oligosaccharides 

include raffinose, and stachyose. These oligosaccharides can be found in relatively 

abundant levels in legumes, whole grains, some cruciferous vegetables, and some fruits. 

4- Polysaccharides 
 

Polysaccharides contain hundreds or thousands of carbohydrate units. The anomeric 

carbons are connected through glycosidic linkages. 

Polysaccharides are of two types based on their function and composition.  

A. Storage polysaccharide - starch. 

B. Structural polysaccharide - cellulose. 
 

Homopolysaccharide: a polysaccharide is made up of one type of 

monosaccharide unit. 

Starch 
 

 Starch is a polymer consisting of D-glucose units. 
Starches (and other glucose polymers) are usually insoluble in water because  of 

the high molecular weight, but they can form thick colloidal suspensions  with 

water. 

 Starch is a storage compound in plants, and made of glucose units 

 It is a homopolysaccharide made up of two components: amylose and 

amylopectin. 

 Most starch is 10-30% amylose and 70-90% amylopectin. 

 Amylose – a straight chain structure formed by 1,4 glycosidic bonds 

between α-D-glucose molecules. 

Glycogen 
 

• Glycogen is the main storage polysaccharide of animal cells (Animal starch). 

• - It is present in liver and in skeletal muscle. 

• - Like amylopectin glycogen is a branched polysaccharide of D-glucose units in α - 

(1, 4) linkages, but it is highly branched. 
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• - The branches are formed by α -(1,6) glycosidic linkage that occurs after every 8 -

12 residues. Therefore liver cell can store glycogen within a small space. Multiple 

terminals of branch points release many glucose units in short time. 

• Like amylopectin, glycogen gives a red-violet color with iodine. 
 
 

Cellulose 

• Cellulose is the most abundant structural polysaccharide in plants. It is fibrous, 

tough, water insoluble. Cellulose is a linear unbranched homopolysaccharide of 

10,000 or more D- glucose units connected by β-(1, 4) glycosidic bonds. Humans 

cannot use cellulose because they lack of enzyme (cellulase) to hydrolyze the β-( 

1-4) linkages.  

• Cellulose is an important structural polysaccharide, and is the single most 

abundant organic compound on earth. It is the material in plant cell walls that 

provides strength and rigidity; wood is 50% cellulose. 

• Cellulose is also important industrially, from its presence in wood, paper, 

cotton, nitrocellulose, photographic films (cellulose acetate), etc. 
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Chemistry lab:1                                                            First stage 

Lab Equipments 
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Lab Equipments 

 Balance: Used for obtaining the masses of solid and liquid 

substances. 

 Beaker: A flat-bottomed, cylindrical piece of glassware used 

for mixing and heating compounds. 

 Bunsen burner: Attached to a gas line and lit to provide heat 

for your experiments. 

 Burette: An extremely accurate device with a stopcock at the 

bottom used to measure volumes of reagents. 

 Ceramic Square: Used to avoid burning the surface of your lab 

bench. 

 Clamps: Used to hold a variety of things in place, especially 

test tubes. 

 Test tube: Cylindrical open-topped piece of glassware that 

comes in varying sizes. Used to hold and mix small samples. 

Stirred by tapping the bottom with two fingers. Fit into both a 

centrifuge and test tube rack. Graduated cylinder: Used to 

precisely measure volumes. 

 Graduated cylinder: Used to precisely measure volumes. They 

are available in various sizes.  

 Metal spatula: Used to measure out solid substances. 

  Mortar and pestle: Used to grind solid chemical compounds 

for chemistry experiments. 
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 Pipette bulb: Used to transfer accurately measured amounts of 

liquid from one container to another. 

 Rubber stoppers: Used to close flasks or test tubes to prevent 

evaporation of liquids or escape of gases. 

 Crucible: A cup-shaped container capable of sustaining high 

temperatures. It is used to heat chemical compounds. 

 Crucible tongs: Used to handle the hot crucible. 

 Clay triangle: Used to hold a crucible while it's being heated. 

 Condenser: Used to collect vapors by condensing them into 

liquids as they contact the liquid-cooled inner surface of the 

condenser. 

 Erlenmeyer flask (Conical Flask): Used to hold liquids. The 

small upper opening slows evaporation, so for some volatile 

liquids, a flask is a better choice than a beaker. The shape also 

makes it suitable for mixing and swirling liquids during a 

titration. 

 Florence flask (Volumetric Flask): A type of flask, generally 

round-bottomed, usually suspended and heated from below. Its 

shape makes it easy to swirl and mix liquids inside of it. 

 Funnel: Used together with filter paper to filter precipitates out 

of solutions. 

 Watch glass: A piece of glassware in the shape of a large 

contact lens used for evaporating liquids. 

 Wire gauze: Generally used as a surface for a beaker or flask to 

rest when being heated by a Bunsen burner. 
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 Graduated Pipet: Can be used to any of the given markings 

along its side.  

 Volumetric Pipet: Extremely accurate, but only used for one 

volume. 

 Test Tube Brush: An instrument used to clean the equipments 

by using water and purifier.  

 Test Tube Holder: Used to hold a test tube while it's being 

heated. 

  Ring Stand: Used in conjunction with clamps to hold 

equipment that cannot stand up on its own. 

  Scoopula: Another instrument used to transfer solids from one 

place to another. 

 Thermometer: Used to measure temperatures. Thermometer 

generally contain liquid mercury (Hg). 

----------------------------------------------------------- 
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Chemistry lab:2                                                          First stage 

 

REACTIONS OF ACID RADICALS OR – ANIONS  

 

      We are studying some acid radicals such as:- 

1- Chloride    Cl
–
 

2- Iodide    I 
–
 

3- Phosphate    PO4
–2

 

4- Sulphate    SO4
–2

 

5- Thiocyanate   SCN 
–
 

6- Oxalate    C2O4
–2

 

   The reactions of these anions depend upon precipitation reaction, and 

their solubility's, or upon oxidation – reduction reaction as in a certain 

organic acid such as oxalate. 

_________________________________________________________ 

1-STUDY THE REACTIONS OF CHLORIDE ION Cl
– 

                      
(USE NaCl SOLUTION   5%)

 
 
 

       Chloride is constituent of hydrochloric acid (HCl) produced by parietal cells 

of stomach. It is more in extracellular fluid than intracellular fluid. It is required 

for proper erythrocyte (RBC) function by chloride shift. It is involved in 

maintenance of plasma volume. It is activator of some enzymes like amylase, 

angiotensin converting enzyme etc. 
REACTION -1 

        -With AgNO3 solution   5% 

  When an aqueous solution of silver nitrate (AgNO3) is (10 drops) added to the 

aqueous solution of (10 drops) sodium chloride (NaCl), a white precipitate of 

silver chloride (AgCl) is formed that is indicated by the following chemical 

reaction. 
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                  NaCl  +  AgNO3  AgCl  +  NaNO3 

  

                                                             wt. ppt.  

REACTION -2 

   
  -Confirm by: 

1- Try the solubility of AgCl in HNO3 ( insoluble). 

2- Try the solubility of AgCl in dil NH4OH (soluble). 

In order to confirm that this precipitate is AgCl, 20 drops of NH4OH is 

added to the same test tube. The white precipitate dissolves because AgCl 

salt forms a complex with NH3. 
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        AgCl  +  2NH4OH               Ag(NH3)2Cl  +  2H2O 

                                                       soluble complex 

   Added 15 drops of HNO3 into the solvated complex and a white precipitate 

is re-constituted. Because with the addition of HNO3, the silver diamine 

complex [Ag(NH3)2 ]
+
 decomposes and re-precipitates as AgCl. 

 

Note:-Sea water and tap water Contains (Cl
-
)  
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2-STUDY THE REACTIONS OF IODIDE ION I
 – 

                      (USE KI SOLUTION 5%)  

     Iodine is constituent of thyroid hormones. Thyroxine (T4) and 

triiodothyronine (T3) synthesis involves iodine utilization. Thyroid hormones are 

essential for mental development as well as physical development. 

REACTION -1 

        -With AgNO3 solution   5% 

   Add (10 drops) of AgNO3 solution to (10 drops) of KI solution then you will 

see yellow precipitate of AgI in the tube which will be insoluble in NH4OH and 

HNO3.                     

                  KI  +  AgNO3  AgI  + KNO3 

  

                                                             yell. ppt. 

                                                                  Insoluble in 

                                                              NH4OH and HNO3                                                                                  

REACTION -2 

   
 -Confirm by starch test: 

Iodides are readily oxides in acid solution to free iodine by a number of 

oxidizing agents, free iodine identified by the deep blue coloration produced 

with starch solution. 

   Add (5 drops) of KI solution to (5 drops) of HNO3 solution then you will see                        

brown solution of free iodine.                                                                                                          

             KI + HNO3                  HI + KNO3 

__________________________________________________ 
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3-STUDY THE REACTIONS OF PHOSPHATE ION PO4
 –2 

                      (USE  Na2HPO4  SOLUTION   15% )  

   Phosphate is present in humans to an extant of about 500-700gm. More of it is 

present in bone and teeth. In the body phosphate is present in two forms. An 

inorganic form found in bone and teeth which is complexes with calcium and 

magnesium. Another is organic form. It is present as organic compounds in the 

cells and cell membranes. In the bone and teeth it is present as hydroxyl apatite. 

Phosphate is component of blood buffers. 

REACTION -1 

        -With AgNO3 solution   5% 

Add (10 drops) of AgNO3 solution to (10 drops) of Na2HPO4 solution then you 

will see yellow precipitate of Ag3PO4 in the tube which will be sparingly soluble 

in HNO3. 

           Na2HPO4 + 3AgNO3  Ag3PO4 + 2NaNO3 + HNO3 

  

                                                             yell. ppt. 

     Try the solubility of the yellow ppt. Ag3PO4 in  

1- In dilute NH4OH (soluble). 

2- In dilute HNO3 (soluble). 

REACTION -2 

   
-Confirm by FeCl3 test: 

Pale buff FePO4, soluble in excess of FeCl3 and in HCl, but insoluble in acetic 

acid (CH3COOH ). 

   Add (2drops) of FeCl3 solution to (10 drops) of Na2HPO4 solution then you 

will see   pale Buff ppt. FePO4 in the tube. 

           Na2HPO4 + FeCl3                FePO4 + 2NaCl + HCL 

                    pale Buff. ppt. 
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4-STUDY THE REACTIONS OF SULPHATE ION SO4
= 

                      (USE  Na2SO4  SOLUTION   10% ) 

Reaction  -1 

   Add (10 drops) of AgNO3 solution to (10 drops) of Na2SO4 solution then you 

will see white precipitate of Ag2SO4 in the tube which will be sparingly soluble 

in HNO3. 

 

                             2AgNO3  +  Na2SO4→Ag2SO4 + 2NaNO3 

                                                                    

                                                                  wt. ppt. 

Reaction -2 

   -Confirm by reaction with BaCl2 solution 

   Add (10 drops) of BaCl2 solution to (10 drops) of Na2SO4 solution then 

you will see white precipitate of BaSO4 which be insoluble in dil HCl.  

                     Na2SO4 + BaCl2 → BaSO4 + 2NaCl 

    

            wt. ppt. 

   To 0.5 mL of sample in a test tube, add 7 drops of HNO3 and 1 drop of 

BaCl2, respectively. The white precipitate is BaSO4 and the formation of 

this precipitate indicates the presence of SO4
2−

 ion in the sample. 
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5-STUDY THE REACTIONS OF THIOCYANATE ION SCN
-
 

(USE KSCN SOLUTION 5%)
 

Reaction -1 

   Add (10 drops) of AgNO3 solution to (10 drops) of KSCN solution then you 

will see white precipitate of AgSCN in the tube which will be soluble in NH4OH 

but insoluble in dil HNO3. 

                  KSCN +  AgNO3  AgSCN  + KNO3 

                                                                

                                                               wt. ppt. 
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Reaction -2 

  -Confirm by FeCl3 test: 

   Add (5 drops) of FeCl3 solution to (5 drops) of KSCN solution the 

product solution will be red blood solution of Fe(SCN)3 

           FeCl3+3KSCN   →    Fe(SCN)3 +3KCl 

                                         red blood colour solution 

 

6-STUDY THE REACTIONS OF OXALATE ION C2O2
=
 (USE 

K2C2O4 SOLUTION   5%)
 

    Many metal ions form insoluble precipitates with oxalate, a prominent 

example being calcium oxalate, the primary constituent of the most 

common kind of kidney stones. 

Reaction -1  

   -With AgNO3 solution   (5%) 

   When an aqueous solution of silver nitrate (AgNO3) is (10 drops) added to the 

aqueous solution of (10 drops) potassium oxalate (K2C2O4), a white precipitate 

of silver oxalate (Ag2C2O4) is formed that is indicated by the following chemical 

reaction. 

K2C2O4  + 2AgNO3 → Ag2C2O4  +2KNO3 

          

                        Wt.PPt 

https://en.wikipedia.org/wiki/Calcium_oxalate
https://en.wikipedia.org/wiki/Kidney_stone


Tikrit University                                                     College of Dentistry   

 

1- Try the solubility of Ag 2C2O4 in HNO3 (soluble). 

2- Try the solubility of Ag 2C2O4 in dil NH4OH (soluble). 

Reaction - 2 

  -Confirm by KMnO4 test: 

   Decolourized the purpul colour of Permanganate (2 drops) when warmed in 

acid solution (2 drops) with oxalate (10 drops) in (60-70C) 

 

K2C2O4  +H2SO4 → H 2C2O4  + K2SO4 

2 KMnO4 + H 2C2O4 +3 H2SO4 →2MnSO4 +10CO3 + 8H2O+ K2SO4 

This reaction depended upon oxidation reduction reaction. 
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Chemistry lab:3                                                          First stage 

 

REACTIONS OF ( METAL IONS ) OR – CATIONS:  

   The compounds of these metals are characterized by their precipitation as 

chlorides by diluted hydrochloric acid (HCl) or by soluble chloride.  

These metals or cations are:   

1- Silver – Ag
+
.       

2- Lead  – Pb
+2

. 

3- Mercury – Hg2
+2

. 

1.Silver – Ag
+ 

   Silver is a white mutable and ductile metal, it is insoluble in (H2SO4 and 

dil.HCl) but dissolves in nitric acid HNO3 (2:1) and in boiling conc.H2SO4.     

 

Ag
+
 + 2HNO3    AgNO3 + NO2

-
 + H2O 

2Ag
+
 + 2H2SO4   Ag2SO4 + SO4

-2
 + 2H2O 

 

1- REACTIONS OF SILVER  ION Ag
+ 

(Use a solution of silver nitrate (AgNO3 5%)
 

REACTION -1 

        -With diluted hydrochloric acid (HCl) 

 

                                                            10 drops AgNO3 

                                                             5  drops HCl  

 

                         white .ppt of AgCl 

HCl  +  AgNO3  AgCl  +  HNO3 

  

                                                                          wt. ppt. 
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1- The white precipitate of AgCl is insoluble in water (H2O) and acid 

(including nitric acid HNO3). 

2- The white precipitate of AgCl is soluble in dilute NH4OH to formation the 

complex soluble salt Ag(NH3)2Cl. 

 

AgCl + 2NH4OH        Ag(NH3)2Cl  + 2H2O 

                                 Complex soluble 

                                 salt 

 

REACTION -2 

        -With potassium chromate K2CrO4 

 

                                                            10 drops AgNO3 

                                                             5  drops K2CrO4 

 

                          

                          red ppt. of Ag2CrO4 

 

2AgNO3   + K2CrO4                   Ag2CrO4+ 2KNO3 

  

                                                                          red ppt. 

 

1- The red precipitate of silver chromate Ag2CrO4 is insoluble in dilute 

acetic acid (CH3COOH). 

2- The red precipitate of silver chromate Ag2CrO4 is soluble in NH4OH and 

in dilute HNO3. 
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2.Lead - Pb
+2 

Lead is a bluish – grey metal, it is readily dissolved by dilute nitric acid 

(HNO3). 

 

3Pb
+2

 + 8HNO3                  3Pb(NO3)2 +  2NO +  4H2O 

 

2- REACTIONS OF LEAD  ION - Pb
+2 

(Use a solution of lead nitrate Pb(NO3)2   5%)
 

 

REACTION -1 

        -With diluted hydrochloric acid (HCl) 

 

                                                             10 drops Pb(NO3)2 

                                                               5 drops HCl (dil) 

 

                            

                              white ppt. of PbCl2 

 

2HCl + Pb(NO3)2     PbCl2 +  2HNO3 

  

                                                                            wt. ppt. 

 

1- The white precipitate of PbCl2 is soluble in hot water. 

2- The white precipitate of PbCl2 is separate in the solution cooled. 
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REACTION -2 

        -With potassium chromate K2CrO4 

 

                                                             10 drops Pb(NO3)2 

                                                               5 drops K2CrO4 

 

                            

                              yell. ppt. of PbCrO4 

 

Pb(NO3)2+  K2CrO4                   PbCrO4+  2KNO3 

                                                            

                                                                           yell. ppt. 

 

1- The yellow precipitate of PbCrO4 is insoluble in NH4OH. 

2- The yellow precipitate of PbCrO4 is soluble in alkali hydroxide (NaOH). 

 

PbCrO4  + 4NaOH                Na2(PbO2) + Na2CrO4 +2H2O 

                                                        Complex soluble 

         salt 

 

3.Mercury -  Hg2
+2 

     Mercury is a silvery – white, liquid metal at the ordinary temperature, 

it is unaffected by treatment with dilute HCL or dilute H2SO4 but react 

readily with nitric acid HNO3. Cold dil. of nitric acid and excess of 

mercury yield mercurous nitrate Hg2(NO3)2.   
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3- REACTIONS OF MERCUROUS  ION – Hg2
+2 

(Use a solution of mercurous nitrate Hg2(NO3)2   5%)
 

 

REACTION -1 

        -With diluted hydrochloric acid (HCl) 

 

                                                            10 drops Hg2(NO3)2 

                                                              5 drops HCl (dil) 

 

                            

                              white .ppt of Hg2Cl2 

 

2HCl  + Hg2(NO3)2              Hg2Cl2+  2HNO3 

  

                                                                            wt. ppt. 

The white precipitate of Hg2Cl2 is insoluble in hot water. 

 

REACTION -2 

        -With NH3 solution:       

The white precipitate of Hg2Cl2 react with NH4OH to formation black 

precipitate Hg(NH2)Cl. 

 

Hg2Cl2  + 2NH4OH                   Hg(NH2)Cl+ Hg
 
+ NH4Cl + 2H2O 

  

                                                                 black. ppt. 
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Chemistry lab:4                                                          First stage 

 

Preparation and standardization of 0.1 M(HCl) 

hydrochloric acid solution 

   Hydrochloric acid is present in the digestive juices of the 

human stomach. Excessive secretion of the acid causes gastric ulcer, 

while a marked deficiency of it impairs the digestive process and is 

sometimes the primary cause of deficiency anemia. Concentrated 

hydrochloric acid causes burns and inflammation of the skin. 

 

https://www.britannica.com/science/stomach
https://www.britannica.com/science/digestion-biology
https://www.britannica.com/science/inflammation
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Chemistry lab:5                                                          First stage 

 

pH METER 

Principles of operation of a pH meter: 

   A pH meter is essentially a voltmeter with high input impedance which 

measures the voltage of an electrode sensitive to the hydrogen ion 

concentration, relative to another electrode which exhibits a constant 

voltage. The key feature of the pH-sensitive electrode is a thin glass 

membrane that's outside surface contacts the solution to be tested. The 

inside surface of the glass membrane is exposed to a constant 

concentration of hydrogen ions (0.1 M HCl).  

   Inside the glass electrode assembly, a silver wire, coated with silver 

chloride and immersed in the HCl solution, is called an Ag/AgCl 

electrode. This electrode carries current through the half-cell reaction. 

The potential between the electrode and the solution depends on the 

chloride ion concentration, but, since this is constant (0.1 M), the 

electrode potential is also constant. 

   A reference electrode is needed to complete the electrical circuit. A 

common choice is to use another Ag/AgCl electrode as the reference. The 

Ag/AgCl electrode is immersed in a 0.1 M KCl solution which makes 

contact with the test solution through a porous fiber which allows a small 

flow of ions back and forth to conduct the current. The potential created 

at this junction between the KCl solution and the test solution is nearly 

zero and nearly unaffected by anything in the solution, including 

hydrogen ions. 
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  Glass electrode    Reference electrode    Combined electrode 

 

Using the pH Meter:  

   Allow the meter a few minutes to stabilize after you plug it in. When 

you are not using the meter, keep the electrode immersed in pH 7.0 buffer 

to a depth of about one inch. The meter must be calibrated by using 

standards of known pH before an unknown is measured. Since the 

unknowns are acidic, the pH 4.00 and pH 7.00 standards should be used. 

   An accurate pH reading depends on standardization, the degree of static 

charge, and the temperature of the solution.  

1. The pH meter should be standardized each time it is used with a buffer 

of known pH, preferably one closest to the desired final pH. To 

calibrate the pH meter, expose the hole in the electrode, rinse the 

electrode with deionized water, and place the electrode in a standard 

solution, e.g., pH 7.  

2. Make sure the solution you are measuring is at room temperature since 

the pH can change with a change in temperature.  
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3. The pH-sensitive glass membrane is very thin and very easily broken. 

Therefore do not touch the membrane with anything harder and do 

that very gently; do not put the electrode down on the desk. Do not 

drop the electrode or bump it on the bottom of the beaker when 

immersing it in a solution. 

4. The glass membrane must be thoroughly hydrated to work properly. 

Do not allow the electrode to remain out of water any longer than 

necessary. When the electrode is not in use, keep it immersed in the 

pH 7.00 buffer.  

The importance of pH and pH control: 

Solution pH and pH control play a major role in many facets of our 

lives. Consider a few examples: 

 Agriculture: Crops grow best in a soil of proper pH. Proper 

fertilization involves the maintenance of a suitable pH. 

 Physiology: If the pH of our blood were to shift by one unit, we 

would die. Many biochemical reactions in living organisms are 

extremely pH dependent. 

 Industry: From manufacture of processed foods to the 

manufacture of automobiles, industrial processes often require 

rigorous pH control. 

 Municipal services: Purification of drinking water and treatment 

of sewage must be carried out at their optimum pH. 

 

 

 

 



Tikrit University                                                     College of Dentistry   

 4 
 

 

 

pH meter 

 

        Litmus Paper 
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Chemistry lab:6                                                          First stage 

 

Action strong acid and base on Indicators 

Indicators:  

   There are many substances that show one colour in an acidic medium 

and another colour in a basic medium. Such substances are called acid-

base indicators.  

An acid/base indicator is a weak organic acid or a weak organic base 

whose un dissociated form differs in color from its conjugate base or its 

conjugate acid form.  

   Litmus is a natural dye found in certain lichens. It was the earliest 

indicator to be used. It shows red colour in acidic solutions and blue 

colour in basic solutions. Phenolphthalein and methyl orange are some 

other indicators.  

Procedure:  

1- Take about 2 mL solution of acid or base in a test tube.  

2- Add a drops of indicator to it and observe the colour. What to 

observe?  

3- Tabulate your observations in Table.  

Sample 

solution  

red 

litmus  

blue 

litmus  

phenolphthalein  methyl 

red  

methyl 

orange  
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Chemistry lab:7                                         First stage 

 

"Experiment for preparing of methane gas in the laboratory" 

Chemical properties of alkanes:  

1. Alkanes have a formula CnH2n+2, n=1,2,3 …etc. 

2. Alkane doesn't have functional group because it's formed from 

saturated hydrocarbon (C-C and C-H). 

3. Alkane structure (R-R or R-H) R=alkyl group. 

4. Alkane is unaffected by many common chemical reagents but reacts 

with chlorine or fluorine in the presence of light. 

5. The alkanes can exist as gases, liquids, or solids at room temperature. 

The unbranched alkanes (methane CH4, ethane C2H6, propane C3H8, 

and butane C4H10) are gases; while from (pentane C5H12 to hexadecane 

C17H36) are liquids; and the larger than hexadecane are solid. 

 

 

  Procedure:   

       Methane can be prepared in the laboratory by heating a mixture of 

sodium acetate with sodium hydroxide according to the equation: 

 

CH3COONa + NaOH      ∆      CH4 + Na2CO3 

1- Firstly measure out 5 gm of sodium acetate or (sodium ethanoate). 

2- Then add 2.5 gm of pulverized sodium hydroxide (or soda lime) 

and mix these two compounds well. 

3- Transfer the mixture into a hard glass test tube / boiling tube and 

heat strongly. 

4- (Sodium hydroxide NaOH and calcium oxide CaO) are called soda 

lime. 

5- Methane can be collected by tube of the gas will replace the water.  
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After prepare methane we can study physical properties of 

methane or (alkanes): 

1- Combustion: in combustion of methane gas is produce carbon 

dioxide, water vapor and heat. 

      CH4 +2O2 → CO2 + 2H2O + Heat ∆ 

    Alkane + O2→ CO2   +   H2O + Heat ∆ 

2- It is a colorless and odorless gas.  

3- It is lighter than water and insoluble in water but soluble in non-

polar solvents (organic solvents) like; alcohol (R-OH), carbon 

tetrachloride (CCl4) … etc. 

NOW:   

1. Can you prepare hexane, butane and ethane? 

2. Define sodium lime? 

3. Write chemical equation for combustion of propane? 

4- Ethane can be solved in ………. and ……… but not in ………….. 
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Chemistry lab: 8                                              First stage 

"Experiment for preparing of ethene(ethylene) gas in the laboratory" 

Alkenes: 

1-Alkenes are unsaturated hydrocarbons have (C=C) that consider the 

functional group. 

2-Alkenes formula CnH2n where n= 2, 3, 4 ……… 

3-Alkene reacts with brom water (Br2), when the red brom water is 

adding into alkene solution its color will disappear. 

Procedure: 

The dehydration of ethanol to give ethene (ethylene): 

1-This is a simple way of making gaseous alkenes like ethene. If ethanol 

vapor is passed over heated aluminium oxide powder, the ethanol is 

essentially broken to give ethene and water vapor. 

 

It wouldn't be too difficult to imagine scaling this up by boiling some 

ethanol in a flask and passing the vapor over aluminium oxide heated in a 

long tube. 

2-Ethanol is heated with an excess of concentrated sulphuric acid at a 

temperature of 170°C. The gases produced are passed through sodium 

hydroxide solution to remove the carbon dioxide and sulphur dioxide 

produced from side reactions. 
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Do the following  

1-Distinguish between ethane and ethene. 

2-By the same way prepare propene. 

3-see the diagram then explain why alkane has red color. 

 

4- Dehydration reagents are ………. and ………. .  

5- See the equation then complete  

CH3-CH=CH-CH3 + Br2 → 

CH3-CH2 –CH2-CH3 + Br2 → 
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Chemistry lab:9                                                          First stage 

"Experiment for preparing of ethyne (acetylene) gas in the 

laboratory" 

Chemical properties of alkynes or (acetylenes):  

1. Acetylenes are unsaturated hydrocarbons that have carbon atoms in 

chains linked by one or more triple bond (C≡C). 

2.  Acetylenes have a formula CnH2n-2; R-C≡C-H and R-C≡C-R 

where R=alkyl group, acetylene formula C2H2 (H-C≡C-H).  

3. Acetylenes have two functional groups (C≡C) and acidic hydrogen 

atom (R-C≡C-H). 

Experiment: 

   Ethyne gas or (acetylene) is prepared by the reaction of water 

with calcium carbide (CaC2). Acetylene is a colorless gas. 

CaC2 +2H2O→H-C≡C-H +Ca(OH)2 

Main Chemicals required: 

1. Calcium Carbide (CaC2) [also known as calcium dicarbide] is a 

white/gray solid.     

2. Water H2O. 

Procedure 

1. Set up the apparatus as shown in the diagram. 

2. Place few pieces of calcium carbide in a Büchner flash. 

3. Add water from the dropping funnel, few drops at a time. 

4. Collect the gas produced in the test tube. 

5. Discard the first test tube as it a mixture of air and ethyne. 
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After preparing ethyne now we study some physical properties of 

ethyne 

1-Combustion: 

   The ethyne gas burns with a luminous smoky flame as a result 

of unburned carbons.  

2C2H2+5O2           4CO2+2H2O 

2-Addition of bromine test:  

   Addition of bromine water is presence of a triple bond C≡C 

(unsaturated compound), turns the color from yellow/red color 

to colorless. The decolorisation of bromine is the standard test 

for unsaturated in a compound. 

A. Place bromine water in the test tube. 

B. Add the hydrocarbon to the test tube and shake 

C. If the bromine color disappears then the hydrocarbon is 

unsaturated. 

 

H-C≡C-H    +   2Br2                       CHBr2-CHBr2 

                Yellow –red                Colorless 

3-Addition of acidified potassium permanganate (KMnO4) test: 

  This is also used to test for presence of a triple bond C≡C (unsaturated 

compound), the color turn from purple to colorless. 

A. Place the hydrocarbon to the test tube. 
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B. Add KMnO4 solution in the test tube and shake. 

C. If the KMnO4 color disappears then the hydrocarbon is 

unsaturated. 

                                                      KMnO4 

                             R-C≡CH                R-COOH + CO2 
                                                       H3O

+ 
                                                      KMnO4 

                             R-C≡CR'                R-COOH + R'-COOH 
                                                       H3O

+ 

4-Addition of tollen reagent [Ag(NH3)2OH] test: 

  The tollen reagent Ag(NH3)2OH turns from colorless to white 

precipitate. 

A. Place the alkyne to the test tube. 

B. Add some drops of Ag(NH3)2OH  solution to the test tube and 

shake . 

C. If the solution colorless turns to white precipitate then the alkyne 

has acidic hydrogen atom (terminal Hydrogen atom) 

H-C≡C-H  +  Ag(NH3)2OH → H-C≡C-Ag + 2NH3 + H2 

(Terminal Hydrogen atom) 

R-C≡C-R  +  Ag(NH3)2OH     →    N.R 

(No terminal Hydrogen atom) 

--------------------------------------------------------------------------------------- 
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