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Chemistry of Organic Compounds Containing Functional Group - I

Syllabus

Halogen Compounds: Preparation of alkyl halides from alkanes and
alkenes – Wurtz reaction and Fittig’s reaction – Mechanism of SN1
and SN2 reactions of alkyl halides – Effect of substrate and
stereochemistry.
Alcohols: Preparation from Grignard reagent – Preparation of
ethanol from molasses – Wash, rectified spirit, absolute alcohol,
denatured spirit, proof spirit and power alcohol (mention only) –
Comparison of acidity of ethanol, isopropyl alcohol and tert-butyl
alcohol
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Chemistry of Organic Compounds Containing Functional Group - I

Syllabus - Contd...

– Haloform reaction and iodoform test – Luca’s test – Chemistry of
methanol poisoning – Harmful effects of ethanol in the human body.
Phenols: Preparation from chlorobenzene – Comparison of acidity
of phenol, p-nitrophenol and p-methoxyphenol – Preparation and
uses of phenolphthalein
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Alcohols and Phenols

Alcohols

Alcohols have the general formula ‘R-OH’, where ‘R’ is an alkyl
group. Depending upon the carbon atom carrying the ‘-OH’ group
is primary, secondary or tertiary, mono hydric alcohols are classified
as primary, secondary and tertiary alohols.

R CH2 OH

Primary alcohol

R CH

R

OH

Secondary alcohol

R CH

R

R

OH

Tertiary alcohol
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Alcohols and Phenols

Alcohols

Preparation of Alcohols

Grignard reagents(alkyl magnesium halides) react with react with
aldehydes and ketones to give adducts which on hydrolytic
decomposition with dilute acid give alcohols.

Formation of Primary Alcohols

Formaldehyde react with Grignard reagents and followed by
hydrolysis of the product formed gives a primary alcohol.
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Alcohols and Phenols

Alcohols

R Mg X + H C

O

H

R CH2 OMgX

Grignard reagent Formaldehyde
Adduct

R CH2 OMgX

Adduct

R CH2 OH

Primary alcohol
-MgX(OH)

H2O/H+
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Alcohols and Phenols

Alcohols

Preparation of Secondary Alcohol
Aldehydes other than formaldehyde react with Grignard reagent
followed by hydrolysis give secondary alcohols.

R Mg X + R C

O

H

R CH OMgX

Grignard reagent Aldehyde
Adduct

R CH OMgX

Adduct

R CH OH

Seondary alcohol

R

R R

-MgX(OH)

H2O/H+



R
ijo

y
K

.J
.

R
ijo

y
K

.J
.

Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Alcohols

Preparation of Tertiary Alcohols

Ketones react with Grignard reagents to give tertiary alcohols

R Mg X + R C

O

R

R C OMgX

Grignard reagent Ketone
Adduct

R C OMgX

Adduct

R C OH

Tertiary alcohol

R

R R
R

R R
-MgX(OH)

H2O/H+
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Alcohols and Phenols

Alcohols

Manufacture of Ethanol from Molasses

Methanol is manufactured from molasses by fermentation
process by the process of fermentation.

Fermentation
It is the process of breaking down complex organic molecules into
simpler ones in the presence biological catalysts known as enzymes.

Molasses is the mother liquor left after the crystallisation of
cane sugar from sugar cane juice. It contains large amounts
(≈40%) uncrystallisable cane sugar.
Molasses Is diluted with water to get ≈10% solution of sugar.
Yeast is added to it and it is kept at 303-308 K for 2-3 days.
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Alcohols and Phenols

Alcohols

The enzyme invertase present in yeast brings about the
hydrolysis of sucrose (cane sugar) to glucose and fructose.

C12H22O11 + H2O Invertase
Yeast

C6H12O6 + C6H12O6

The enzyme zymase present in yeast then brings about the
conversion ol both glucose and fructose into ethanol.

C6H12O6

[O]

Zymaze
2 C2H5OH + 2 CO2

Wash

An 8-10% solution of ethanol is obtained by the fermentation of
carbohydrates and this is called wash.
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Alcohols and Phenols

Alcohols

Rectified Spirit

Fractional distillation of wash gives a 95.6% solution of ethanol.
The 95.6% solution of ethanol is called rectified spirit.

Absolute Alcohol

100% ethanol can be obtained from rectified spirit upon its
distillation over quicklime (CaO) and then over a few pieces of
calcium. 100% pure ethanol is known as absolute alcohol.
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Alcohols and Phenols

Alcohols

Denatured Spirit
Alcohol for industrial purposes is rendered unfit for drinking by
adding some copper sulphate (to give it colour) and poisonous or
nauseating substances like methanol, pyridine, etc. This process is
called denaturation of alcohol and the sample thus obtained is
called denatured spirit. Ethanol denatured with a small quantity
of methanol (5%) is called methylated spirit.
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Alcohols

Proof Spirit

The term “Proof” with a prefix number is used for government
documentation of the alcoholic content of distilled alcoholic
beverages in certain countries.

The term proof spirit is used to represent an alcohol-water
mixture or a beverage containing a standard amount of alcohol.

In US, it represents a mixture of alcohol and water containing
50 per cent alcohol by volume at 600F (-15.360) having al
specific gravity 0.93353.
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Alcohols and Phenols

Alcohols

Proof Spirit

It is used as a standard of strength of distilled alcoholic
beverages and is denoted “100 Proof”.

The content (v/v) of alcohol in a beverage is expressed relative
to the above standard. e.g.. as 65 Proof. 80 Proof, 105 Proof,
etc.

Now a days, most countries have adopted the mode of stating
the alcohol content of beverages in terms of the percentage of
alcohol by volume (ABV) instead of Proof.
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Alcohols and Phenols

Alcohols

Power Alcohol

Ethanol is used as an additive to the fuels for auto mobiles or other
internal combustion engines in certain countries; ethanol thus used
for the generation of power is referred to as power alcohol.
Alcohol has a lower caloric value and hence the power output
generated from alcohol is much less than that from conventional
fossil fuels. However, it has a higher octane rating (better
antiknock property) as compared to petroleum fuels and hence the
addition of a small quantity of ethanol (say, 5%) to a petroleum
fuel increases its octane rating.
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Alcohols and Phenols

Acidity of Alcohols

Alcohols ae feebly acidic. The feeble acidity is illustrated with
reaction with active metals like Na, K, etc.

2 R-OH

Alcohol

+ 2 Na −→ 2 R-O−Na+

Alkoxide

+ H2

2 CH3-CH2-OH

Ethanol

+ 2 Na −→ 2 CH3-CH2-O−Na+

Sodium ethoxide

+ H2
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Alcohols and Phenols

Acidity of Alcohols

The acidic character is due to the
polar nature of the ‘O-H’ bond. But
due to the presence of electron
releasing alkyl group makes it less
polar and thereby makes alcohol
weakly acidic.

R O H

δ− δ+
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Alcohols and Phenols

Acidity of Alcohols

Order of Acidity os Alcohols

Acidity of alcohols decreases in the following order.

CH3

CH

H3C

O H H3C C O H

H3C

CH3

tert-Butyl alcohol(30)
Isopropyl alcohol(20)

H3C C
H2

O H

Ethyl Alcohol (10)



R
ijo

y
K

.J
.

R
ijo

y
K

.J
.

Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Acidity of Alcohols

Haloform Reaction

Aldehydes and ketones containing ‘CH3-CO-’ group are oxidised by
halogen and alkali(I2 and alkali Br2 and alkali or Cl2 and alkali) to
form haloform (chloroform, bromoform, or iodoform) and the salt of
the carboxylic acid containing one carbon atom less than the parent
carbonyl compound. The reaction is known as haloform reaction.

CH3-CO-R + 3 NaOX
X2/NaOH CX3-CO-R

Trihalo derivative

+ NaX +H2O

CX3-CO-R + NaOH
R-COONa + CHX3

Haloform
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Alcohols and Phenols

Acidity of Alcohols

Any compound having ‘CH3-CO-’ and ‘CH3-CH-OH’will get
converted to haloform and salt of carboxylic acid.

Therefore all methylketones (R-CO-CH3), and 10 and 20 alcohols
like ethanol will give haloform test.

So haloform testIodoform test is used as a qualitative test for
compounds having this characteristic group.
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Alcohols and Phenols

Acidity of Alcohols

CH3-CH2-OH + NaOCl
Cl2/NaOH CH3-CHO

Acetaldehyde

+ NaCl +H2O

CH3-CHO + 3 NaOCl
Cl2/NaOH CCl3-CHO

Trichlorocetaldehyde

+ NaCl +H2O

CH3-CHO + NaOH
Cl2/NaOH CHCl3

Chloroform

+ H-COO(−)Na+ +H2O



R
ijo

y
K

.J
.

R
ijo

y
K

.J
.

Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Acidity of Alcohols

Iodoform Test

Any compound having ‘CH3-CO-’ and ‘CH3-CH-OH’ when made
to react with I2 and alkali will get converted to yellow precipitate
Iodoform and salt of carboxylic acid.

Since Iodoform is highly recognisable, the reaction is used to
distinguish compounds having ‘CH3-CO-’ group. This test is
known as Iodoform test.
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Alcohols and Phenols

Acidity of Alcohols

CH3-CH2-OH + NaOI
I2/NaOH CH3-CHO

Acetaldehyde

+ NaI +H2O

CH3-CHO + 3 NaOI
I2/NaOH CI3-CHO

Triiodocetaldehyde

+ NaI + H2O

CCl3-CHO + NaOH
I2/NaOH CHI3

Iodoform

+ H-COO(−)Na+ +H2O



R
ijo

y
K

.J
.

R
ijo

y
K

.J
.

Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Acidity of Alcohols

Reactions of alcohols with Halogen
acids

Alcohols are converted into corresponding alkyl halides by the
action of halogen acids particularly in presence of anhydrous ZnCl2
and Con. H2SO4.

R-OH

Alohol

+ HX −→ R-X

Alkyl halide

+ H2O.
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Alcohols and Phenols

Acidity of Alcohols

The reaction of HCl requires Con. H2SO4, HBr and HI prepared in
situ by reaction with NaBr +Con. H2SO4 and KI + 95% H3PO4

respectively.

CH3-CH2-OH + HCl
an. ZnCl2 CH3-CH2-Cl

Chloroethane

+ H2O

CH3-CH2-OH + HBr
NaBr/ H2SO4

∆

CH3-CH2-Br

Bromoethane

+ H2O

CH3-CH2-OH + HI
KI/H3PO4

∆

CH3-CH2-I

Iodoethane

+ H2O
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Alcohols and Phenols

Acidity of Alcohols

The reaction of HCl requires Con. H2SO4, HBr and HI prepared in
situ by reaction with NaBr +Con. H2SO4 and KI + 95% H3PO4

respectively.

CH3-CH2-OH + HCl
an. ZnCl2 CH3-CH2-Cl

Chloroethane

+ H2O

CH3-CH2-OH + HBr
NaBr/ H2SO4

∆

CH3-CH2-Br

Bromoethane

+ H2O

CH3-CH2-OH + HI
KI/H3PO4

∆

CH3-CH2-I

Iodoethane

+ H2O
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Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Acidity of Alcohols

For a given halogen acid ‘HX’, the reactivity of alcohl is in the order
30 > 20 > 10.

Lucas Test

So 30 alcohols react readily with Con. HCl in presence of an. ZnCl2
at room temperature, 20 alcohols require more time at room
temperature or mild heating and 10 alcohols do not undergo
reaction at room temperature and requires strong heating. This
forms the basis of Lucas Test to distinguish 30, 20 and 10 alcohols.
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Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Acidity of Alcohols

Distinction B/W 30, 20 and 10 Alcohols

30, 20 and 10 are distinguished by Lucas Test. Lucas Test makes
use of Lucas reagent, which is nothing but, mixture of Con. HCl
and an ZnCl2.

The time required by different alcohols to react with Lucas reagent
to form the alkyl halide which is indicated by the formation of the
turbidity is different.

1 A tertiary alcohol produces the turbidity immediately.
2 A secondary alcohol produces turbidity onlyin 5 minutes.
3 A 10 alcohol does not produce turbidity at room temp.
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Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Acidity of Alcohols

CH3 C

CH3

CH3

OH

30 alcohol

+ HCl an. ZnCl2
Room Temp.

CH3 C

CH3

CH3

Cl

30 alkyl halide

+ H2O
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Alcohols and Phenols

Acidity of Alcohols

CH3 CH

CH3

OH

20 alcohol

+ HCl

an. ZnCl2
Room Temp.

CH3 CH

CH3

Cl

20 alkyl halide
Takes 5 minute

for turbidity

+ H2O

CH3 CH2 CH2 OH

10 alcohol

+ HCl an. ZnCl2
Room Temp.

No reaction at Room Temp.
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Alcohols and Phenols

Acidity of Alcohols

Chemistry of Methanol Poisoning

Methanol is readily absorbed by ingestion as well as inhalation
and is toxic to humans.

Methanol absorption can cause severe metabolic disturbances,
blindness and permanent neurologic dysfunction leading to
comma and death.
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Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Acidity of Alcohols

The toxicity of methanol is due to its metabolites rather than
methanol itself; it Is metabolized in vivo. principally in the
liver, through dehydrogenation by the enzyme alcohol
dehydrogenase to toxic formaldehyde and then to highly toxic
formic acid (and formate).

CH3-OH
Alcohol dehydrogenase

H-CHO

H-CHO
Acohol dehydrogenase

H-COOH
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Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Acidity of Alcohols

Formic acid (as well as formate) is toxic as it inhibits
mitochondrial cyochrome c-oxidase (an enzyme in the
respiratory electron transport chain of mitochondria), causing
the symptoms of hypoxia (a condition of deprival of adequate
oxygen) at the cellular level, and also causing metabolic
acidosis (a condition in which there is too much acid in the
body fluids) among a variety of other metabolic disturbances.

The mechanism by which methanol causes toxicity to the
visual system is also believed to be due to the ocular toxicity of
its metabolite, formic acid.
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Alcohols and Phenols

Acidity of Alcohols

Harmful Effects of Ethanol in Human
Body

Consumption of alcohol causes serious damage to the human
body. A few ill effects of alcohol on the various parts of human
body are briefly mentioned here.

Central nervous system: Alcohol depresses the central nervous
system and thereby interferes with the brain’s communication
pathways, Causes changes in mood and behaviour as well as
makes it harder to think clearly and move with coordination.

It leads to slurred speech, impaired vision and foggy memory.
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Chemistry of Organic Compounds Containing Functional Group - I

Alcohols and Phenols

Acidity of Alcohols

Harmful effects Contd...

It impairs judgement and leads to accidents including vehicle
crashes, falls, burns and drowning.

It adversely affects normal thought processes and moral
judgement, leading to a total disregard of the moral values
which, in turn leads to sexual assaults and domestic violence.

Long term drinking brings permanent damage to the brain.

y
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Acidity of Alcohols

Harmful effects Contd...

Heart:- Heavy drinking on a single occasion as well as long
term drinking can lead to cardiomyopathy (weakening,
stretching and drooping of heart muscle), cardiac arrhythmia
(irregular heart beat) and high blood pressure.

Liver:- Drinking takes a toll on the liver and leads to a variety
ol chronic liver problems including steatosis (fatty liver),
alcoholic hepatitis (inflammation of the liver), liver fibrosis
(excessive accumulation of extracellular matrix proteins in the
liver) and liver cirrhosis (permanent liver damage where
healthy cells are replaced by scar tissue).
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Alcohols and Phenols

Acidity of Alcohols

Alcohol causes the pancreas to produce toxic substances that
can eventually lead to pancreatitis, a dangerous inflammation
and swelling of the blood vessels in the pancreas that prevents
its normal functioning.

in the stomach, alcohol acts as an irritant. Drinking, even a
little makes the stomach produce more acid which leads to
gastritis, or even peptic ulcer
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Acidity of Alcohols

Harmful Effects Contd...

Kidneys:- One of the main functions of the kidneys is to
regulate both the volume and the composition of body fluids
containing electrolytes such as sodium, potassium, and
chloride ions.

Chronic alcohol consumption can interfere with kidney function
directly or indirectly.
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Acidity of Alcohols

Alcohol has a diuretic effect, which is to say that it causes an
increase in the production and excretion of urine. This, In
turn, can change the body’s fluid level and disturb the
electrolyte balance.

Further, alcoholic liver disease impairs (either greatly augments
or reduces) the rates of plasma flow and filtration through a
mass of capillaries of the kidneys and affects their function.
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Acidity of Alcohols

Harmful Effects Contd....

Long term drinking increases the risk of, and eventually leads
to, developing cancers in the various parts of the body such as
mouth, throat, esophagus, liver, breast, etc.

Drinking too much alcohol weakens the immune system,
making one s body a much easier target for disease-causing
pathogens.
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