' JGCHE-LS3

BLoCcK -1

P’zseponsq Hive

O=»gan)c

C Mmisfb’a



Iz : :
UTTAR PRADESH UGCHE - LS— . l
’ RAJARSHI TANDON OPEN UNIVERSITY Chemistry Lab-III

Block

1

PREPARATORY ORGANIC CHEMISTRY

UNIT1 ;.
Techniqyes and Appar:_:luai ‘ " ] 'i
UNIT 2 | t
Orgalnic Preparations ' - 25 I
i

5

i

- !

J



CHEMISTRY LAB - 111

Chemistry has been defined as the integrated study of the preparation, properties, structure
and reactions of chemical elements and their compounds, and of the systems which they
form. Chemislry s, thus, an experimental science, in which sound understanding of basic
principles has to be complemented with a familiarity with techniques and a mastery of
experimental skills.

This laboratory course has been designed hasically to make you familiar with various
experimental techniques used in (be synthesis and qualitative analysis of organic
compounds. The basic concepts and (he chemical reactions on which the experimental
procedures are based have been discussed as required, T

The course conlains two blocks. Block-1 deals with preparative organic chemistry. It starts
with describing, in Unit 1, various laboratory methods u§t§d‘in organic laboratory, It
describes broadly the kind of apparatiis 1kat is used and makes yoil familiar with
elementary salety rules which have to be observed. In Unit 2 we teli you how to plan a
synthesis. We give you an idea about the various point which must be kept in mind while
choosing a particular procedure out of the alternatives avdilable for preparing a compound.
We also tell you the way you should maintain your laberatory record for the experiments
of the 'Organic Preparations’. Then, the experiments, which have been set for you to do,

-are described. These experiments have been chosen 1o make you familiar with processes
like clectrophilic aromatic substitution, acylation, nitration, oxidation, elc.

Block 2 deals with qualitative organi@ analysis. Here we have described (he slepwise
procedures that may be used lo identify an unknown compound using classical methods.
This block has three units. In Unit 3 we have taken up physical tests, elemental analysis,
solubility tests and procedural details of qualilative analysis.

Units 4 and 5, contains discussidn about the experimental procedures for the qualitative
classilicalion tests and preparalion of derivatives for compounds having most of the
conunonly encountered functional groups. -

Objectives

‘After reading this course’ and carrying ouf the experiments set for you ta do, you should be
able to:

. cxpl;iil lhe laboralory techniques such as heating, cooling, slirring, Filtration, separa-
tion and porification,

& sclect and use appropriate apparatus and techniques for various lypes of organic ex-
periments, '

s  describe various crileria which have 1o be kept in mind white choosing a particular
procedure [or the synthesis of a compound,

«  camry oul experiments described for organic preparations,

¢  describe tests thatare v +d to identify functional groups,

e identity funclional groups and prepare their derivatives, and

®  carry out experiments described for qualitative analysis.

STUDY GUIDE

This laboratory course involves six days ol intense work. You would be required to do (he
cxperiments described in this laboratory manual. Each of the experiments would be graded
and you would have to appear for the viva-voce also. Seventy per cent marks are reserved
for performing these sct experiments. On the lasl day, you would be assigned two
experimicnis one of cach type out of these, which would be similarly graded. 30% marks
are reserved for the assigned experiments.

We would advise you 1o brush up {unctional erganic chemistry and study the basic
coucepts give in this manual before you come to attend this course. This will cnable you to
get maximum benefit from this laboratory course at your study centre,

You should prepare the pages for recording an experimenl before you come to (he lab. For
cach experiment, you should write dowan the title of the experiment, important chemical
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reactions involved pracedure and ohsewallons The obscrvatlons as given with an
experiment in your manual, should be written on the Jefi-hand page of your note buok.
You can wrile down your obscrvations immedialely in the space given in the manual.

The laboratory nolcbook nwst be submitted 1o the counsellor for corrections and grading,
Marks have been allogated l'or‘doiug the experiments and for recording these properly.

We hope you enjoy (his Course. We waul you lo share the thrill of leaming by domg There
is no better way to learn,

So, best ol luck.
Laboratory Notebook

An important part of your scientific training is the maintenance of a complete and up to
dale record of your laburatory work. For recording experimental dalta, laboratory

- nolebooks are available in the markel. Purchase a 60-80 page chemistry nolebook for this
laboratory course. '
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| UNIT 1 TECHNIQUES AND APPARATUS

Structure

1.1 Iniroduction
. Qbjectives
1.2 Simple Laboratory Techniques
Heating Methods
Heating Under Reflux
Cooling Methods
Slirring
Filiration ‘
1.3 Techniques of Separation and Purification
Exiraction
Crystallisation
Sublimatien
Distillation
Chromatography
1.4 Tesls lor Purity
Melting Paim
Boiling l'eint
1.5 Glassware ; Precautions in Use and Cleaning =~
1.6 Laboratory Safety —
1.7 Laboratory Note Book -
1.8 Answers

1.1 INTRODUCTION

In this unit we shall describe some of the common experimental techniques which you
would use for carrying out experiments in the organic chemistry laboratory. The apparatus
required for various lechniques will be described and the theory of some of the techniques
will also be briefly discussed..

~ In this organic lab you will learn bow 1o use simple laboratory techuiques sucl as heating,
cooling, slirring and Gltration; as well as separation and purification techniques such as
extraction, crystallisation, distillation and chromatography. Determination of the physical

constants such as melling and boiling pojnts to check the purily of organic compounds will

also be discussed. Finally, we shall tell you tbhe way you should record your work in the _
laboratory note book. In the next unit we shall deseribe various considerations you should
keep in mind while planning on organic synthesis. :

Objectives

Alter studying this unit you should be able lo :

¢ describe basic laboratory operations such as heating, cooling, stirring and filtration,

¢ cxplain the basic concepis involved in separation and purification techniques,

s sclect and use appropriate apparatus and techniques lor various lypes of organic ex-
periments,

e  slale the various precautious needed in the use and cleaning of glass apparatus and for
laboratory safety and

e  describe how 1o maintain loboratory record for (e experiments of the ‘Organic
Preparations’.

1.2 SIMPLE LABORATORY TECHNIQUES

Heating, cooling, stirring and filtration are the iniportant operations widely-used both in
preparatory and quantitative organic chemisiry. Let us study these simple laboratory
techniques in detail. ' " '
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PREPARATORY ORGANIC - .
CHEMISTRY 1.2-1 Heatmg Methﬁds

Heating of organic compounds is resorted to for a varicly of reasons. Heating increases the
rale of chemical reactions. You would recall that organic reactions are molecular reactions,
Unlike most of the inorganic reactions which are ionic and ofien instaniancous, organic
reactions are slow and imperceptible at room temperature. An organic reaction mixture
has, thercfore, oflen to be heated to make the reaction go. Heating is also required in
purification of liquids by distillation and in the dissolution of solids during crysiallisation
as also in lhe determination of melting and boiling poiuts of organic compounds for testing
their purity.

In this 1ab course, you will usc the following heating devices.

iy Direct heating on a burner

ity Waler bath

iii)  Oil bath

iv) Sand bath

Since nearly all organic substances are inflammable, care and good judgement should
always be excreised when considering the use of these devices.

Dirccl beating on a bumer Qame should be avoided as far as possible. However, if a burner
has lo be used, say, while taking a melting or boiling point, all inllammable and volatile
materials should be removed away from the burner. In case direct heating has to be done, it,
is advisabl¢ to use a wire gauze. This makes heatling more uniform.

A waler bath, an oil balh or sand halh should be vsed to provide uniform heating. For
temperatures up to 100°C, a water bath is generally employed. You-may be using an
electrically heated water bath or a commnon copper waler bath which can be heated on a
burner. A common type of elecirically heated water bath is shown in Fig 1.1. Water bat) is
covered with rings, which can be adjusted according (o the size of the vessel to be heated.

Fig 1.1: Elecirically healed water bath

An oil bath or a sand bath is used when heating is carricd out above the 100°C. Au oil bath
can be made by filting a copper bath with a liquid like paralfin oil (Fig 1.2). A sand bath is
a shallow iron plate filled with saud. Both these baths are heated by means of a burner.

Fig 1.2: Copperbath
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1.2.2 Heating Under Reflux

A reaction fiixlure has to be often heated under reflux to prevent loss of volatile reagents and
solvents: The reaction lask, geacrally a round-bottom Dask, is liled wilh  water condenser

and healed on a waler bath or an oil bath as shown in Fig 1.3. The liquid should be made 1o boil

gently and drip back into the fask. The reaction Oask should never be filled more than 172 to . .
2£3. In casc ol very high boiling solvents aa air condenser may be used.

waler gut

clamp —b(l) u]
condenser ——— )

clamp

water in

"

boiling stones

heat
50Urce

(@) ' ®

Fig L3: Feating a reaclion mixture under reflux:
() with a woter condenser
(b) with an air condenser

1.2.3 Cooling Methods

Some tines we have 1o keep temperatures below the room lemperature lor carrying out
reactions which are strongly exothermic. Finely crushed ice is used for maintaining the
temperature at 0 - 5°C. For the temperatures below 0°C, a mixture of common salt and
crushed ice is used.

1.2.4 Stirring

In case of heterogencous reaction mixtures, yiclds can be considerably improved by
stirring, Stirring can be done with clectro-mechanical or electro-mag<clic stirers. The
larter may have a hotplate also, and provide bath for heating and stirring (Fig 1.4).

clamp ———

hal g

varizble hicating cant-ol
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PREPARATORY ORGANIC
CHEMISTRY

1.2.5 Filtration

In an organic laboratory, filtration is a commonly uscd 1echnique. Filtration can be carried
out either under atmospheric pressure, (ordinary (iltration) or under reduced pressure
(suction {iltration). Ordinary filtration is cansiderably accelerated when a Quted tilier is

" used because It increases the surface area and thus ik rate of filtration. We have shown in
Fig 1.5 how to fold the filter paper to make it MNuted. '

“6th fold 5th fold
Ist fold

3rd fold 2nd fold

7th fold 4th fold”

Fig-1,5: Folding the filter poper 1o produce fluled Glter papery

“You may-also ask your counsellor to demonstrate the folﬁings for a fluted filler paper. Tlic

filter.paper should fit the funnel snugly and before filtration it should be wetted by the pure

solvent. The fevel of the Jiquid, to be filtered, should always be lower than (he papeiedge.
For rapid filtration, we use sucliop filtration. In this, the fillration flask s attached toa

water pump, which sucks out air, thus reducing Lhe pressure inside the fltration fask. The )

liquid is forced down by the atmospheric pressure. A suction filtration unit consisting of’a
porcelain Bichner funnel, a filtration fask and a water pump is shown in Fig 1.6.

thick walled tubing

flat filter paper

vacuum release tap

Neoprene adapier

clamp

Bichner flask

Fig 1.6 : Suction liltration using a Biichner fanocly

A filter paper circle, cut correct to size is fittedin the Biichner funnel. The filter paper is
welted with solvent, and suction put on before pouring in the solution to be filtered. The
size of the fupnel used in filtration, ordinary or under suclion should cormespond to the
antounl of the substance to be filtered.
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1 .3 ' TECHNIQUES OF SEPARATION AND
- PURIFICATION

So farwe }vatilcd common operational techniques# Organic reactions are seldom

straight forward \Generally there are side reaclions, leading to by-products. Beca use of

" this, a mixture of Products is a rulg rather than an exception. Fusther since organic ~
reactious seldom go to"eompletion, the matters get further complicated due to the presence
of unreacled starting materials. So it becomies imperative (o isolate and purify lhe desired
product afler carrying out a reaction. In this section, we first discuss separalion aud
purification lechnlquc.s then we talk aboul some tesls of purity.

1.3.1 Extraction

Extraction is based on (he principle of phase disuribution. An organic compound being
more scluble in organic solvents will preferably ga into the organic layer. For extraction,
the aqueous mixture is taken in a separalory funnel, A small volume of an immiscible
solvent, like dicthy] ether or #1-hexane, is added. Care should be taken that the separatory -
funnel is nol more than 3/4 full. The funnel is stoppered and gently sbaken to mix the
contents thoroughly (Flg 1.7a). Since the solvents are generally volatile, it is necessary to
veit the funnel by inverting it and opening the stopcock (1.7b). The funnel is then made to
stand on an iron ring and the layers allowed to separate (Fig 1.7c). The aqueous layer
being heavier will generally be (he lower layer. It can be drawn off by opcmng. the
slopeock; and the organic layer poured off. .

@ (b} - - {c)

Fig L7t (a) Holding n separatory funnel during shaking; ~
(b) holding a separatory lunnel during venting;
{(c) halding a separatory funnel whilst draining the lowet layer.--

The process may be répc’ralcd twice and the trec lots of extract combined, A larger number

of cxlmcuons w:th small volumes of the solvent is able lo cxtract more of the subslance
than a sulgle extraction with a large volvmie.

It may be necessary to wash the extract with dilute aciit/alkali a5id then with plain water
before it is dried over a suitable drying ageal, A larger number of extractions should be
dried over a basic substance like anhydrous K2CQz or salid NaOH and acid sensitive
“gubstances over Na2SO4. Anhydrous MgS04 is a good general purpose drying ageat.

'1.3.2 ' Crystallisation

‘Crystallisation is one of the most cffective purification techniques for sotids. It takes
advantage of the facl that nearly all solids are more soluble iu a hot (han in a cold solvent.
Before carrying out & cryslallisation, it is an advantage to have an idea about the degree of:
purity of the subslance and the nature of impuritics. If the impﬁrilies in the impure solid
dissolve and remain dissolved when the solution is cooled, the crystals will 1dcnlly be pure.
On the other hand, the impuritics may remain undlssolved in the hol sotution, in which

TECHNIQUES AND APPARATUS 4
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Chloroform and carbon tetrachloride
are heavier than water, therefore,
they form ttic lowet layer in the
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PREPARATORY ORGANIC
CHEMISTRY

case, (hese can be filtered off, Wlie solution concentrated and allowed to 9ry§lalli's.c.

Choice of solvent

ILis always better lo try oul on a small scale [irst. The following can, however, be taken as

general puidelines :
. Al

1. Substances tend-to be more soluble in cllcmically.siniilar solvenls.’
2. Guood crystallisation medium would iniply ‘that the substance 1s very seluble in hol

and insoluble in cold. ' .
3. Very good solvents require very high concentration of solute for crystallisation,
4.  Polar solvents tend lo produce beter crystals than hydrocarbon solvents.

Table 1.1 gives a list of common solvenls amanged in order of increasing polarity and the
class of compounds for which they can be used.

Table : 1.1 Some Common Solvents

Class of substance Efficlent Solvents Polarily of
10 be crystallised : - Solvent -
Hydrocarbons pentane, hexaae, _hydrephobic
petroleum ether, {lipophilic)
benzene non-pelar
Ethers dictbyl ether, '
! methylene chloride
Halohydrocarbons * chlorolorm
Tertiary amincs acctone
Kelones and cthyl (or methyd)
Aldehydes acctale
Esters
Phenols Alcuhols ethanol
Carboxylic acids methanol
Sulphonic acids - water T
Organic salis . T A hydrophilic polar
-\ - [ ' ’
A general workplan for crystatlisation can be as follows @
(1) v o
Tmpare . i Solltion (2) . Crystals
substance | Jissolution of - [lGlration | Fiered 3 ryste
— . - erystallisation in
- impure —————=|- solution i - moth
sibsiance - | ipsoluble tother
imphritics liquor
“@
- separation
- of phases
' RO
- O] D : Dam
' i Y drying T mp.
mPur:nd . fesipurily | . crystals cryslal;
e ’ o . ! + -
- I - niother liquor
. concentrated -
. 2nd Crop’
: of crystals
These slnI:'ps are briefly described below : . ,

i) Dissolution, _ |
Once the chojice about a suitable solvent has been made, the impuré subslance is dissolved
in it. It may be noted that (he purer the subslance and the larger the ¢rystals, the more

slowly it will dissolve. Large crystals may have to be ground before dissolving, In case the .

soluiion is strongly coloured by impurities, activated charcoal may be added to decolorise

-
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it. For this, the material is first dissolVed and then tbe solution heated with 2-4% of its
weight of charcoal for about 10 minutes. The impure or crude substance must be weighed
before dissolving, this will enable you to calculate the yield of the purc product

Ii) Filtration

" Filtration serves to remove dust and insoluble impurities. A hot solution can be filtered
through a Auted filter paper which has been preheated by pouring through it a small
volume of the hot solvent. This is called simple or gravily filtration. To prevent premature
crysiallisation, a slight excess of the solvent may be used. Still if any substance is left on
the filter paper, it can be eluted Tater.

{if) Crystajlisation

Crystallisatﬁm from a rsuper-_s:nullm_ltzd solution can be i}lduccd by:

s slowly cooling a hot saturated solution to room temperature or below in ice.

# by slbtwl)f addm,g a miscible poor solvent until the solution slarts getting cloudy, warm-
" ing to clear the turbidily and allowing it to codl siowly. This is called'the mixed sol-
* vent tcchnlquc typical mixed solvents-arc ethanol-water, benzeng- pclroh.um ether, elc,

Crystallisalion may be facilitated :

« by addition of a seed crystal.
* by scratching the side of the vessel with a glass rod.

iv)- Separation of Crystals ] _
Crystals aré separated from the mother liquor by (itration preferably under suction. Some
times crysials can be removed by cenltrifugalion, especially in case the quantily is small.
The crystals are washed by cold, pure solvenl to remove Lhe sticking mother liquor.

i ! .
v} Drying
Solid 6rgn11iq'comppunds must be dried because the presence of moisture or organic
solvents may affect their melting point, gquantitative clemental analysis and even specira. A
solid thai has been crystallised from a volatile solvent can be usually dried by allowing it
to dir dry at room temperature. If (he solid is collected on a Biichner funuel under suction,
most of the solvent would be sucked off.

) -

For more cch,Llivc drying, desiccatars with suitable desiccants like silica gel, phosphorus

pentdxide or fused calc: um chioride may be used. To remove hydrocarbon solvents, a

block of solid para[tm helpful. Samples for quantitative clemental analysis are usually
" dried ina vﬁ dcs:qcalor Oven drying should, if a1 all, be carried out al temperatures

well betow the m lqu ‘point of the substance. ) B

SAQ1

List four ctiteria that should be used in selecting a solvent for a crystallisation.

SAQ2 .

The following solvent selection data was collected for an impure solid. Based-on these
results, what solvent would you use to crystalise this solid?

-Solvent Solubility at - Solubilily when Crystals farmed
room lemp, | heated when cooled
. Methano! insoluble . insoluble '
. Chloroform inssluble : solublc very few
Cyclohexane insoluble saluble many
Toluene T _ insoluble . s-;lublc ) very few

TECHNIQUES AND APPARATUS -
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PREPARATORY ORGANIC
CIIEMISTRY

1.3.3 Sublimation - -

Sublimation is an alteruative lo crystallisation lor purilying some solids. The criteria for
. elfective puritication by sublimation require that :

(i) ' thecompound to be purificd must have a relatively high vapour pressure.
(ii) thedmpuritics must iave vapour pressure substantially lower than the compound lo
' be purilied.

The technigue involves placing the impure solid in a sublimation chamber or dish and
heating it to a temperature higher than that of the cold surface on which it is to be
collecied, but lower than its melting point. Under these conditions, the salid will be
vaporised aud the vapours will condense on the cold surface. The crystals that [onn on the
cold surface are usually very pure, since impurities do nol vaporise. -

Sublimation may be carricd out in a simple apparatus consisling of a china dish in which
the sample is beated, and an inverled glass funncl to collect the sublimate. A piece of [iller
paper wilh a few holes ensures thal the sublimate docs ot (all back into the dish, a loose

cotton plug ob the stem of the funnel prevents vapours [rom escaping (Fig 1.8a).

e pe = |

. i
waler in waler om d
»
e VACOTIN
cold finger

. ' i E
mublimed !
: . material '13
s gample t
= } I | beat tource :
?
() . ) £
Figure 1.53, Apparstus for sublimation using | [

(a) purposc built sublimator (b} improvized sublimator
Fig 1.8 : (n} Sublimalion apprratns;

) {(b) Undler Vacuum
“To increase e rate of sublimation, 1he process may be carricd out under reduced pressure:
For this purpose, a simple apparatus may be sel up as shown in Fig 1.8b. The sample is pt
in the vuter tube which is heated. Cotd water is circulated through the inner tube or ‘cold

_ [nger’ to cusure complete condensation.

1.3.4 Distilation :

Liquids can be purilied by distillalion, a process that consists of vaporising a tiquid and ;
condensing the vapour as a distillate. Simple distillation can lelp removal u[non-vulalilei
jmpurities or when the dilference in boiling points ol conponents is 80° or more. - . '
Fractional distillation can be used {o separate componenls ol a mixture of figuids with
relatively smaller difference in boiling points. In case a liquid decomposes at or near the
boiling point, distiflation can be carried oul under reduced pressure, -

Ap;-)ara}u,'; t'n_r simpic distillation is [ited as shown in Fig 1.9. For heating, a waler balh
(upto 160° C) or an oil bath (uplo 200" C) can be used. Cold water is circulated through
the cnndel}scr'.'To avoid humping, boiling stones may be added to the distilfation Oask.




TECIINIQUES AND APPARATTI -

condenser
still head

clamp’
distillation flask

heat source .
waler 1n

Fig 1.9 : Apparalus for simple distillution

For fractional distiilation, a [ractionating column is usced. Various lypes ol ractionafing
columns are available, which differ in their eficcliveness ol separation. Fig 1.10 shows the
apparatus gencrally used for Lractional distillation. For distillation under reduced pressure, |
the apy «ratus is fitted a5 shown in Fig 1.9 attached to a vacuum pump. A water pump
generally gives a pressurce of about 10-15 torr and reduces the boiling poinl by about 100°,
an oil rotatory pump reduces the pressure to about 0.1 torr and further lowers tie boiling
point by 60°. A thin stream of air introduced into the distillation flask through a capiflary
fube prevents bumping in this case. : .

still head

receiver adapter

fractionating
column

laboratory jack
Lo supperl Nasks

cal source
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PREPARATORY ORGANIC
CIIEEMISTRY
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1.3.5 Chromatog_rglp_h-y“ ] , R S

Chromalographic separation depends on the differences in the partition coefficients of the
components of a mixiure betweerl two immiscible phases. One of these is the mobile phase

which moves relative to the other, the slationary phase. The substances being separated are-

transported with the mobile phasc.

_The partilion cocllicient K of a substauce, in sucha two phase system is glvcu by

K==

Cm

where cs is the concentralion of the substance in the stationary phase and ¢m is the
conceniralion of the substance in the mobile phase. From the above you can see that the
grealer the partilion coefficient of a substance, the grealer would be its concentration in the
stationary phase. In other words ils retention in the stalionary phase would be higher.
Consequently its mavement with the mobile phase would be slower,

According o the physical slales of the mobile and slationary phases, various
chromatographic methods are classrl‘ed as [ollows :

Mobhile Phase Slullonnry ‘Chromatographic Techmque
. Phase
Vapour Solid Gas chromnalography
. ' + {gas-solid chromatography)
. Liquid . ' Gas chror'natography
; (zas-liquid chromatography)
Liguid ‘ Solid - "Adsorplion chromatography
Liquid Liquid-Liquid partition

The stationary phase is called the absorbent, the mobile phase, the eluent, Removal of the
adsorbed substance from Ihe adsorbent by washing is known as elution. The solution, as il
comes oul of the chromatograplic colummn, is called the cluate.

All the above techniques are well defined and are carried oul in organic chemistry
laborataries as a routine. For processes like-gas chromatography, fairly sophisticated
commercial instriments arc available. In this course-you would be mainly doing -
adsorption chromalography. So we shall describe this method in some delail.

1.3.6 Adsorptian Chromatography

As you have read above, Lkis entails partition between a nobile liquid and a solid
slationary phase. The success of such a separation depends on the correct choice of the
molile and slationary phases.

Generally il the stalionary phase is polar like kieselgel or silica gel, ahunina or cellulose,
etc., you would cliose a mobile phase starting with non-polar going over lo polar medium
in order of increasing polarity, ¢.g., hexane— cther~> methanol. In case the stationary
phase is non-palar like nylon or polystyrene, a polar mobile phase, methanol, water or
acctoniltrile wiay be used.

i) Stationary I'hases

Same of the subslances which are commonty used as slationary ahd mobile phases are -
given below

The two connuonly used slalionary phases are ;.

Kieselgel or Sitica Gel

This is by lnr the most commeon suhslanm, used as a stationary phasc in adsorption
chromatography. Kiesclgel is dehydrated, highly parous a:llucgcu] ground lo give a
particle size of 0.04 - 0.2 mm and a surface arca al 200 - 400 m™ per gram.

Alumina

Alumina is somewhat basic. Neutral alumina is prepared by ueutralisation to pH 7.0,
{vllowed by aclivalion by heating. .

T T o Ly T S ET O
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if) Mohile Phases

The choice of the mabile phase depends on the nature of 1he subslance and how strongly it
is adsorbed. In Table 1.2, substances have been arranged in the order of heir increasingly
strong adsorplion on kieselgel and alumina along with the ‘corresponding maobile phase
which can be used as an eluent. Such a series is known as cluolropic series.

.

Table : 1.2 Elustropic Series

L

Substance Eluent
Saturated hydrocarbons u-peniane, s-hexane
' Unsaturared hydrocarbons -cycloliexane, carbon tetrachloride. 10luene
Ethers - benzene diethyl ether
Esters chlorolorm
Ketones dichloromethanc
Amines acctone (nolon AlxOn)*
cthyl acetale
Alcohols isu-prupam;l
cthanol
Phenols Acids methanel
L]
by acelic acid
waler
Incecasiogly stirongly increasing eluting
adsorbed on kiesclgel strength
or alumina

* Acctone shiould not be used on Al as it forms additien compounds with il

Mixtures of solvents can be used as cluents. The solvents should be pure, preferably
[reshly dislilled. '

Temperature Dependence

Subslances are more strongly adsotbed at lower lemperatures. Chromatography in .'my case
should be carried out in an area whicl is draught [free and not too hot.

We are describing two experimental adsorption chromatographic techniques bere, which
are analytical thin layer chromatography and preparative thick layer chromatography. -
Others, like column chromatography will be taken vp in later laboratory courses.

Analytical flc can be uscd lor:

s checking purity

preliminary tests belore separation

qualitative comparison wilh known subslances

*  monitoring a reaclion

Procedure

(i) Preparation of the phrfe -

Microscopic slides like the ones used in a bio-sciences laboratory can be used. The plates
bhave 10 be thorouglily cleancd and dried. The stalionary phase is alumina or kiesclgel
applied in thickness of about 0.2 nun from a slurry of the adsorbent in carbon (elrchloride
(aboul 30 g in 100 m} of CCla) by dipping the plate in the slurry and ailowing lo drain. A
biunder like calcium sulphaie is added to k:csclbch’,tlumum which helps in binding the
adsorbent (o the glass plate. The plates are then put in a rack and activated by heating in an
oven at 110°C for an hour or so.

(if) Application of the substance -

A dilute (1%) solution of the substance in the Least polar, svitable, low boiling solvent is
applied to the plale with a thin capillary in the Tormt ol a spol at one cud as shown in Fig.
1.21a and the solvent allowed 1o evaporate completely,

TECHNIQUES AND AI'PARATLUS

Silican Gel wilb binder for tle is
available in market, .
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Fig L.11: A Ucplate spoticd wilh the sample; tlc
' a) belore develupment
b) develuping a te plute
©) alier development -~

- (i) Developing the chiromatogram

The plate is made to stand in a chromatographic chamber with the lower end with the spol,
dipping in the cluent and ailowed to develop (Fig 1.11b). The chromatographic chambers
are small jars with fitting stoppers. When the solvent front bas advauced a suilable
distance, Ihie plate is removed, the solvent [ront marked and the plalc allowed to dry (Fig.
1. llc)

(iv) Detection

Coloured spols are, of course, immediately visible. Colourless spols can be made visible
by: -

L

., iI'lhc substance absorbs wv, e.g., the aromalic compounds.

. slandmg the plate in fodine vapour in a chromatographic jar, organic compounds
generally give coloured spots with Iz

» spraying with I : 1 H2S04 - waler mixture and then Ilu:ling strongly to carbonise the
compounds. You should be carelul W|l1| H2S04 spray, it is prele mbly done in a [ume
hood, N

*  spraying with suitable reagenls which givu coloured spots with the subslances under
observation, for example ninhydrin in case ol amino acids.

v} Recording

The chromatogram is recorded using a tracing paper. The starting position, sabvent r
and the spots are clearly marked. The details about the type o[ plate, elueat and method ol
development are also recorded.

Rrvalue ol a substance is calculated by the relationship :

Distance of spol cealre start

Rr = Distance of solvent lronl slart - .

The Rrvalue depends on the conditions under which the chromatogean was run, namely,

type of plate, cluent, tempemature, cic. Iis reproducibility is about + 20%. However, il is
best to run 1he probable reference compound on the same plate for comparison.

I'reparative Thick Layer Ch romatbgmphy :

In preparalive (lick layér chromatagraphy, larger samples of uplo 200 mg can be haudled.
The plates are also bigger, 20 c™ or so. Since it may not be possible to get a uniform layer
of the adsorbent deposited on a large plate, an applicator can be used, Commercial
applicators.or spreaders are-available which ensure a unifom: thickness of the layer, with
(he additional advantage that the thickness can be adjusted. Afterthe adsorbent has been
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deposited on the plate, it is activated by healing as for analytical tic. A concentrated -
solution of the mixture to be separated is applied in a narrowest possible strip using a
drawn out pipette. After developing Lhe chromatogram, the separated bands are detected
and scrapped off separately. These are then eluted with a Solvent inore polar than l.he
eluent, filtered and the substance lsolatcd by evaporatlon of the solvent.

SAQ3

Two components, A.'and B, were separated by tlc, When the solvent front had moved off a
distance of 10 cm above the level of the original sample spot, the spot of A was 7.0 cm and
that of B was 4 cm nbovc the original spot. Calculatc the Rr for A and B. '

1.4 TESTS FOR PURITY

Efficacy of purification can be judged by any of the followiug criteria. These criteria can
also be used for characierisation of unknown compounds. .

1.4.1 Melting Poini: (mp)

Melting point is the most common lest for purity in case of solid compounds. A pure
crystalline compound has, in general, a*definite and sharp melting point, i.e. the melting
range or the difference between the temperature at which the collapse of cryslals is first
observed and the temperature at which the sample becomeés completely liquid, does not
exceed 0.5 - 1 £0°C

Even small amounts of i xmpunly may depress the melting point appreciably. In general

one crystatlises a compound to constant melting point. It may be a good idea to crystalise it
from another solvent to check whether there is any further increase in melting poinL The
compound should be carefully dried and finely powdered for taking a meiting point.

Melling points arc vsvally determined in capillary tubes open 1o tbe air. A capillary tube is

a thin glass be about 1-2 mm in diameter. For mclting point determination, a capillary .
tube of about 8-9 cm loug is taken and sealed at onc end by holding it horizontally into the -

edge of a small Bunsen buruer flame for a few seconds while rotating it. The molten glass

waould scal the capillary. Formation of large glass beads should be avoided. '

The capitlary tube is then filled as follows :

About 25 mg of the dry substauce is placed on a clean porcelain plate and finely powdered
with a melal or glass spatula forming it into a small mound. The open end of the capillary
tube is pushed into the powder, when a small amount of the powder gels into-lhe capillary
tube. The solid is shaken down the tube by tapping the closed end of the (ube geirlly on the
working bench. The process is repeated until the length of the lightly packed materia! is
about 3-5 mm. The outside of the tube is then wiped clean.

Tiie capillary tube can be heated in a liquid bath or on an electrically heated metal block.

You wonld be usmg the Thieles melting point bath, which is.a tube with a closed bent side -
arm. On heating the bent side arm, (he heated liquid circulates and raises the tcmperature

of the sample. The tube is filled with the liquid lo just above the bent side arm. No stirring

is required. The bath liquid generally used is liquid paraffin, which can be safely beated

upto 220°C, above this temperature it stasts fuming and gets discoloured, Silicone oils,
(hough more stable, arc expensive. ' :

The thermometer is fiited through a cork. A seclion of the cork is cut away, so'lha‘l the
thenmomeler scale is visible and also to allow the air to escape on heating,

The filled capillary tube is attached (o the lower end of the thennometer in such a way that
the substance is al tbe level of the middle of the mercury bulb. For this purpose, the
capillary lube is moisiened with the baih liquid, (ke surface tension of the liquid enables
the capillary tube to become atiached to the Wennametdr by. c-aplllary aclmn The -
lhcnnomeler, with the capillary tube attached, is then inserted into the bath, Care’is ‘ldkc]l

Lo - T St )

ST S TN e P S T AL oy TR (T L




PREPARATORY ORGANIC . that the open end of the tube is well above the level of the liquid. Aliow for expansion of
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Fig L12 : Thiele’s melting point apparatus

The melting point apparatus (Fig 1.12)is heated with a small flame; comparatively rapidly -
till the temperature is about 15° below the arelting point of the substance, and then slowly
such that the risc of temperature is about 2° per niinute. The temperature at which the
substance slarts lo melt and that at which it has completely liquified, i.c. the melting range

is noted. As said above, for a pure compound it should not exceed 0. 5% - 1° Auny soflening,
sintering, evolution of gas or any other signs of decomposition are carefully noted. In case

of an unknown compound, an approximate melling point may be taken firsL

Mixed Melting Point

’

The fact that a foreign substance lowers the melting point of a pure organic subslance is p
utilised in mixed melting point test for the identification of organic compounds. For this, E
the melting point of an authentic sample of the compound is compared with thatof a
mixture of the authentic sample wilh the compound under consideration. If both are
identical, there would be no depression in the melling point of the mixture. If they are
different, the melting point of the mixture may get depressed by several degrees. It is oflen i
possible 1o attach the wo lubes, one containing the aulhentic sample and other, lhe mixture ]
on either side of the thermomeler and lake their melting points simultaneously.

142 Boiling Point (bp) - B N

Boiling point can be taken as a test for the purily of a liquid. A pure liquid will have a
certain delinite boiling point only at a particular pressure, as the boiling point is allected
both by impurities and by the ambient or external pressure. Iimpurilies gencrally raisc the
boiling point. Since boiling point is the tempcerature at which the vapour pressurc of a
liquid becomes cqual to the ambient pressure, the boiling point of a liquid will be higher at
kigher pressures, and ihe liquid will boil at a lower temperature it Ihe pressure is reduced.

J—

When 5 mil or more of the liquid is available, its boiling-point can be determined by slowly
distilling it from a small flask. For smaller quantities, a micro method has to be used, One i
such method which you would be using is described below. |

Siwolobaff"s Method

In this method, two tubes are required, one, an ordinary melting poull capillary tybe 90 -
110 mm long, the other, a wider tube 3-5 m i diameter and 80 - 100 mm long. “The
capillary lube is sealed at one end and then another scal is made in it about | e from the
open end by helding it in a lame. The wider lube is also sealed at one end. The mp:llary
lube is placed in the wider tube with open end down as shown in Fig 1. 13

18
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Fig 1.13: Asserably of boiling poinl apparatus

Then using a pipette, the liquid, the boilding point of which has to be determined, is put
into the wider tube, such that its level is about 2 mm above the seal in the capiliary tube.
The tube is attached to the thermometer keeping the liquid at level with the mercury bulb
of the thermometer. A rubber band may have to be used for the purpose. The thermometer,
with attached tubes is inserted inlo a healing bath. Care is taken that the rubber band is
well above the level of the liquid, as rubber gels attached by liquid paraffin.

The bath is heated until a rapid and continuous stream of bubbles comes out of the
capillary tube. Before this occurs, some bubbles evolving in an erratic fashion may be
scen. This is due to-the air trapped in the capillary tube. There would be 2 marked change
from slow evolution of air bubbles (o (he rapid evolulion of bubbles resulting from the
liquid boiling as its boiling point is reached. However, this is not the boiling point of the
liquid. At this stagc, the heating source is removed and the bath allowed to cool slowly. As
the rate of bubblilug_decreas'es,,lhc liquid slarls ta rise ino the capillary tube. This
temperature is noted. It is the hoiling point of the liquid. If the liquid rises sufficiently
slowly, it may be possible to note the temperature at which the liquid starts to rise, and thal
at whicl the capillary is [ull; i.c. the boiling point range of the liquid.

The capillary tube is removed and the liquid shaken out from the small end. The capillary
is then replaced in the sample tube and the process of healing and cooling repeated. A
more accurate determination may be possible this time. Observed boiling peinis should be
reproducible to within 1 - 2°.

You would like to know the physical basis ol this technique. Before the liquid is heated,
the capillary tube is filled with air. As the bath is bealcd, (he - ir in the capillary tube is
driven out and is replaced witli the vapour of the liquid. On [urther heating uniil the liquid
slarts boiling vigorously, the aclual boiling point of the liquid has been exceeded, Lhe air in
the capillary tube has been replaced complcelely with the vapour of the liguid. On cooling,
ata particular temperature the vapour pressure of the liquid to rise in the capillary tube.
This temperature is the boiling point of the liquid. ’

In addition to the melling and boiliﬁg poinls, lhe purity of a compound can be (ested by
thin layer chromatography. A pure compound would give a single spot under optimum
condilions of separation. Further, the Revalue is a characteristic property of a compound
under a slandard sel of conditions and can be used [or identificatin ol a contpound.

5AQ4

For the following mclting points, indicale what might be concluded regarding the purity of
the sample

i) 130°-132°C
b) 56°-60°C '
c) . 147° C(dec)

dy 173.5°-174.5°C

=

b
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, Criticise the following slatements by indicating whether cach is true or false, and if false,
. explain why :

An impurity always lowers the melling poinl of an organic compound.

b) A sharp melting point fora crystalline organic substance always indicates a pure
single compound.

c) - Ifthe addition of a sample of compound A to compound B does not lower the mell- *
ing point of B, B must be identical'to A.

d)  Ifthe additionof a sample of compound A lowers the melting poiut of compound B, | .
B and A cannot be identical._

..........................................................................

1.5 GLASSWARE : PRECAUTIONS IN USE AND
- CLEANING

Organic preparations involve the use of glassware of various types. Fol!oi.ving safety
precautions may be kept in mind regarding the proper and safe use of glassware.

. The cardinal rule in :‘.landling and using laboratory glassware is, never apply nndue
- "+ pressore or strain to any plece of glassware. This applies to insertion of glass tubes or
. thermometers into rubber or cork stoppers or fitling corks on condensers, funnels, etc. A
convenient method of inserting glass into corks is lo lubricate glass with a litle water or
waler containing soap or glycerol. Glass piece must be grasped very close to the cork when
irying to insert it. It is wise to wrap a picce of cloth around the glass and cork, this would
prevent a serious cut evea if the glass breaks.

The glassware musl be washed immediately after use. Most chemical residues can be removed -
by washing (he glassware with saap or commaon laboralory detergent. Common organic
solvents like alcohol or acstone can be used for washing off substances insoluble in water.
Stubbom residues may nced more powerful cleaning solutions, like chromic acid, or a mixture
of alcohol with solid potassium hydroxide, etc. We would advise you to cousuit your
counsellor before using Ihese strong cleaning solutions which require special care in handling,.

T, TYRELE BT R

Glassware often needs drying before it is used in an quanic preparalion. Glassware, other
‘than standard or graduated glassware can bé dried by a hot air blower or in a hot air oven.

Graduated glassware should neverbe hcated ‘it cau be rinsed with alcohel or acetone and

allowed to drain.

Stoppers and interchangeable joints should be properly greased in order to avoid étickiﬁg.

1.6- LABORATORY SAFETY -

P - ] TP TRV TR

Chemistry laboratorics arc potentially dangerous because they coutain inflamnable
liquids, pbiso?}ous chemicals and fragile glassware. Where high pressure cylinders of gases
are used, they also pose a potential danger. Therefore, proper precautions must always be
takent and safe experimental procedures must be followed while working in a chemistry
laboratory. I[-this is done, a chemlstry.labomlnry is o more dangcrous than & kilchen or a
bathroom.

"Soime iml:'mrtam'geneml safety cousidcrations are given below. Any special precautions or
saféty measures, if required, are given in the particular experiments. You should read all
these carefully and follow them faithfully. .
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i. The frst thing is to be familiar with 1he layout of the Iaboratory especially where fire TECHNIQUES AND APPARATUS

extinguishers, blankets or the Grst aid box is.

Never work alone in the Jaboratory

Check the glassware before uising. Il should not bave any cracks or imperfections..

Almost all organic liquids are inlammable and therefore should never be heated on

a naked flame. You may use a Water or an oif balh. :

5. All chemical must be bandled with caution. As [ar as possible direcl contact wilh
skin must be avoided. Rubber or plastic gloves can be wom while handling especial-
ly toxic comnpounds. Avoid inhaling vapours of any gompound. Never taste anything:

6. A fume hood must be used for handling dangerous substauces or for carrymg out

rcactions in which noxious gases are evolved,

4. Ask your Counselior for safe digposal of chemicals and glasswarc ‘Never poursol-

vents and other chemicals into the sink, put themn into special conlainers l'or wiste,
Also do not throw used filter papers or broken glassware into the sink, put them in
.dustbins,

1.7 LABORATORY NOTE BOOK

One of the most-important characteristics of a scientist is the habit of keeping good record
of the work (hat has been done. The record should reflcct all the planniug that has gone in
8s well as the observations at various stages of the experiment. A chemist must observe
things like whether there was a colour change when the reactants were mixed or a reagent
was added to the solulion, whelher a precipilale was formed or a gas cvolved, was \he
reaction exothermic, and record them. These observations may appear 1115|g|||l'c:mt bul
prove helpful in correct lmcrprclallon of an experimental result.

While preparing a laboratory note book, the [ollowing important features may be keptin -
mind. '

1. Record all observations and data in the note book at the time they are obtained.

. Never use scraps of paper tor noting things like weiglts of rca:.lanls taken, mcllmgJ
or boiling points, etc. They might get lost or mixed up.

2. The record should be so thorough and well arganiscd that on reading it, it should be
possible for.any one to understand what has been done and repeat it. It may not be
necessary to copy ont the exact procedure, since this is given in your laboralory
manual. However, results shopld be sununarised, conclusions drawn or eath cxpcn-
mett and explanation prov:dcd if the resulis vary from those expected.

3.  Laboratory notebouk is a complele log of all operations. Dales, times and other infor-
malion must be entered regularly.

) 4.  Abotnd noie book should be used for laﬂum tary record. Special laboralory nole

books are available, often with numbered pages; one side being blank and lhc other
ruled. RS

LS. All entries must be made in ink. 1f a mislake is made, it should be cressed out and

correct data put in,
6.  The first page of the nole book can be uscd as Lhe tille page, a few pages can be left
for the Table of Contents.

_ Fypes of Orgaﬁic Eiperiments _ ,

There are two broad classes of experiments in organic chemistry. Investigalive
experiments like those given in Block 2 of this manual, involve qualitative organic
analysis like identifying the functional group (s) in a compound or the compound itself.
Preparalive qxperimenis involve conversion of one compound into another. These
experiments require slightly dilterent type ol note book formal. Here we will discuss ihe
format we are going Lo use lor preparative experiments. '

(
Preparative Type of Experiments and Laboratory Notebook

Successful laboratory work requires preparation for the experiment in advance. You must
read the theory and experimental procedure before coming Lo Ihe lab, so that you
understand what you are doing and arc also able 1o plan the experiment properly; and
finish lt in the allotted time.

Some of the information required ta be nolcd for prcparalwc organic experiments is as

;
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lollows : : ) . ~
1.  Title .

2, lnlrndﬁuctinn
Give brief description ol the cxperiment

3. Main Reaction {s)

Write equations for the conversion of starting cmnpnuuds i.c. reactants :uln
producits. The t.qualmus should be balanced so that it is possible lo t.alculdtc e
theoretical yield of the product.

.4.  Table of Reactants and Products.

A convenient method for senmmarising the amount of reactants 1o be taken and the
products fonmed s selting up 2 Table of Reaclants and Products. 1t may u)nldm the
following :

(i)  The name and structure of each stirting male-rial and product.

(ii) | The molecular weight of each ol 1he above

(i) The weightin grams of cavh starting material taken

(iv) The moles of cach starting malterial as calculated from:(ii) and (iii)

{v) Theoretical molc ratio {or the reactants and products Whl(‘h can be calculated
from (he balanced equation lor the reaction. :

(vi) Physical properlics of the reactants and products like melting poiut, boiling
poinl, density, colour, elc.

5. Yield Data ,
The maximum expecied yield of the product, catled the theoretical yield, can be cal-
culated from the Table of Reactants and Products. Tn an organic preparalign a reac-
lant may sometimes be taken in excess of that indicated by the balanced cquation.
From the number of moles ot cach reaciant used and the mole ratio of reactants indi-
cated in the balanced equation, the reactant thal is the limiting reagent can he deter-
mined. The reaction stops when the limiting reagent is consumed, no maiter how
much of the other reactants rematn. This, in a way, ensures as complele a conversion
of the key reactaul as may be possible under the reaction conditions. The theoretical
yield in such cases can be caleulated (rom the nuinber of moles of the product ex-
pected from the number of meles of the limiting reageut and the balanced chewical
equation. The theoretical yield in grams can be calculated by multiplying the
Abeoretical yield in moles of the produet by its gram molecular weight.

Percentage yield, which is o way ol expressing (e elifeiency ol a réaction can be

.calculated from the actual and theoretidal yicld

actual yield in grams

Per cent yield = : —
ercentyie theorctical yield in grams

Per cent yicld is often rounded oft 10 whole numbers: Per cent yields ol 80% and above are

counsidered excellent for nrg'mic reaclions.

6.  Observed Pmperhe«: of the l'roducl
Physical propertics of the product oblained from the experiment like m-.llmb pmnl
boiling poiut, coleur, odour, erystalline form, ete. should be compared with ones
reporied, . -

A sample note book formate for organic prcp'iralion experiments is given here.
Preparation of acetanilide rom aniline using a mixture ol acitic duhydnd;_ and
sodium acelaie as the acetylating re H!:,Lll.lb is laken as example

Title : Preparation of Acetanilide

Intruduction : Acelanilide is prepared by acetylation of aniline with acetic an- .
bydride. Aniline is dissolved in diluted hydrochloric acidand acelylated witlhracetic
anliydride in the presence of agueous sodimm acetate. |

LAY




Main Reuctions TECIINIQUES AND APPARATIS

. 0
‘ i
NHa . NHaCl NHCCH;
el - (CEHLL R0,
— — " + 2CHCOOH + MNaCl
CILCI N Sy ’

aniline: aniline hydro- i acelnilide

’ vhloride

Table of Reaclions and Products
5L,  Compound Mol Wi, Weight Mules Maolar Ratio Quer
No, used used Theoritical dola
1. Anilinc 93 68g 073 1  Linuid
(6.6cm*) bp 184°

2. Conc.Ilydro- 365 6lem’ 0073 1

chloric acid {1.69 M HC
3. Acelic 102 9.2g 009 12 Liquid

anhydride (85em?) bp 139.5°
4. Sodium 82 g ' 0.134 18 Sulid

acclate
5 Acctanilide 135 - ‘ 1
Yield

Say the yield is 6 g. From the equation it can be seca that one mole of aniline will give one
mole of acetanide, i.c., 93 g of aniline will given 135 g of acetanilide or 6.8 g should give

9.87g. -
So, the per cent yield = 62_7 x 100 = 60.8%)

Observed Properties of the Product

Acclanilide separates out in alimosl pure form, mp 113°C,

1.8 ANSWERS

Self Assessment Questions

L. There are four important criteria that are used in sclecting a solveat tor a crystal-
lisation,

(i)  Substance tend to be more soluble in chemically similar solvents.

(il) Good crystallisation would imply that the substance is very soluble in hot and
insoluble in cold Sofvents. '
(iii) Very good solvents reguire very high concentration of solute for crystallisation.

(iv)- Palar solvents tend to produce betier crystals than hydrocarbon solvents,

2. Cyclohexane is a good sobvent. As evident from the table that solid is very soluble in
hot and insoluble in cold cyclohexane and this solvent syslem gives the hest yield,

3. Rrvalue of a substance can be calculated by the relationship :

. Distance of spot on centre from starl . h
Distance of solvent front (rom stari b .

Incase ol A, It =7 cm and & = 10 eni, therefore

T
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of A, 1} = 7 ewviind f2 = 10 ¢, therefore

7.
Rf = “—.?

Incasc of B, {i =4 emand {2 = 10 em, therelore,

4
}?r = 0" 4

As you know, a pure crysiatline compound has, in general, a definite and sharp melt-
ing poinl, i.c., the melting range or tite difference between the femperature at which
the callapse of crystals is [irst observed and the temperature at which the sample be-
comes completely liquid, docs not exceed 0.5 - 1.0°C. In our case only melting point
173.5° - 174.5°C is it in this criteria. [Uis (hercfore, the melting point of pure com-

Cpound. . L . .

8) True'b) Trie ¢) True d) False

If A and B are two dillerent compounds, the melling poiat of the mixture may gel
depressed by several degrees,

oI
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‘UNIT2 : ORGANIC PREPARATIONS

2.1 -Introdulction ' ~
Objectives '

227 Plam_ting an Organic Synthesis

2.3 ‘.Expcrimcut l-:'Prepa,ratiou of Acetanilide .

2.4 Experiment2: P;cparal'iou of p-Nitroacetanilide

2.5 Ekpcrimcill 3 : Preparation of 2-Naphthyl Benzoale

2.6 Experiment 4 : Prepamtion of Benzoic Acid - )

2.7 Experiment 5 : Preparalion of p-Benzoquinine

- 2.8-. Experimcan:P;cpamlioh of 2,4, G-Tribromoduilinc

2.1 INTRODUCTION

In Unit 1 we described various laboratory methods used in an organic laboratory. In this

unitwe shall describe how the preparatory experiments are carricd out. This will perit

you the practice and development of manipulative techniques commonly used in organic
chenusl.ry

Preparative Organic Chemistry is a quest for new cempounds orattempts at conversion of
. knoewn compounds to otherproducts with some specific properties. It may ofien be
difficult 1o bring about a desired chemical translormation. However, it is equaly and
sometimes, even more dilficult (o isolate and purify (he product. So, an organic chemist
has to call upon all the knowledge, skill and ingenuity at his/her command while preparing
or purifying a compound. No wonder, tiicw, that, preparative onganic chemistry has been
described as a2 ‘verilable mixture ol science, arl and crafi’. In this unit we will give you
sone general hints on Organic Synthesis. We hope these will enable you to organise your
work better and improve your perfurmance. Finally, we shall give the preparation ol
am tanilide, p-nitroacetanilide, 2-naphthyl be nzoale, benzoic acid, p-benzoquinoue and
2,4, 6- lrlbmm oantline.

Objectives

Alter reading this unil and carrying out the experiments set for you lo do, you shiould be
able lo

*  describe various crileria whié¢h have to be kept in mind while choosing a parlicular
procedure-for the synlhcsm of a compound.

¢ “Planan t.xpcnmcm choosmg a convenient scale and uppropna(e apparatus for carry-
ing out the reaction, its work up, punl:calmn and identification of the product, and

*  camry out the experiments described.

2.2 PLANNING AN ORGANIC SYNTHESIS

As discussed in lhe previous unil, before you (ake up any preparation, you would have to
choose a melhad for it. The choice of an appropriatec method from amongst the many
alterualives available will depend on onc or more of the following cmena whuh are
su’lf-cxplanalury

* availability of good literature procedure or recipe,
. avanl.:b:!ny of starlmb materials and reagenls.
0 '__fcaSIblllly of lhe pmccdurc and the precautions ucedt.d

Organic Preparations
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*  qime, labour and cast involved.

Y ou should read carefully the procedure you choose, incliding any loolnoles or )
precautions. As far as possiblé, try to understand the reacfion pathway so thal you are able
(o cope wilh lhe crucial phases of lhe reaction as well as avoid side-reactions leading to
lower yields and impure product. '

Belore starting an expériment, considerable planning has to be done. The four stages of the

‘experimental process which need consideration are :

*  reaction,
*  work-up or isolation,
*  purificaliou,

®*  characterisation.

As you may have leamit, organic reaclions are very sensitive to condiions like
cancentration, medium, temperature, cte., under which they are carried outl. Some reactions
are véry seusitive to even the traces.of moisture, so (be solvents, reagents and the apparatus
has 1o be rigourously dried. Tn addition, the endothermic reactions will need heating, the
cxothennic ones cooling; and a beterogencous mixture will nced to be slirred. We would
advise you to plan lor all (hese conligencies belore starting a reaction. Next, oplimal
conditions [or work-up isolation and purification bave to be chosen. It helps a great deal it
you know the properties like the physical state, mp, bp, solubility, respectively, ele. of the
reactanls, the product and the by-products ol the reaction, ’

Once a pure product is obtained, it has to be characterised by its mp, bp, ir, lc'or ND, eles
These values are compared with reported values in the case ofa known compound. In casc
1he compound is unknown, it is purilted till, sxy, there is no further change in its mp, tle or
1D. Planning also has (o be done for the maximal use of lime and scale. -

TIME )

Aun estimate of the duration of each step in the procedure should be made. Stage(s) where
the process can be interrupted, if necessary, should be identified. You should always plan
{o slart a reaction at a time such that you can cither work up the product or leave itata
convenient siage al the time you have to leave the lab.

SCALE

A suilable scale has to be chosen which makes handling casy. While doing this, the
volume of solvents, the size of the reaction Vessel and other apparatus used in work-up has
Lo he kept in mind. :

A tol of preliminary work bas to be dane before a reaction can e started. Purity ol all
reagents and solvents need lo be checked (In Section L4.0f-Unit 1, we have described the
methods of checking the purity of the reagent). Apparaios has o be setup. In choosing
reaction vessel care should be taken lo see that it is never more than 172 - 2/3 tull.
Remember liquids expand when heated. As mentioned above, adequale arrangements have
1o.be made for beating, cooling or stirring a reaction mixture. We have already
encountered wilh these simple laboratery teehnigues in Seclion 1.2°of Unit 1. A drying
tube may be used to avoid leakage of moisture into the reaction mixture. All organic
solvenis are inflammable and, therefore, should ncver be heated on a naked flame.

In subsequent sections, we will describe how the preparatory experimients are carried out.
This will pernil you the practice and development of manipulative techniques which you
have studied in Unit 1. . -

2.3 EXPERIMENT 1: PREPARATION OF

ACETANILIDE e

Introduction :

Many problems are encountered in clectrophilic substitution of aromatic amines, c.g5.,

*  They are too_reactivé and so substitution tends Lo oecur al every available ortho or
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para position as in the case of halogenation. ) Organlc Preparations

NH: - NH,

Bh '
——3

CH; CHa

Following resonance sturcturcs explain the o—, p— directing nature of — NH gmup and I.he
reactivity of aromalic amines .

.CNH; fNH: NH; ( H: NH,
G . > _ )
—s. G —> 7 e —> ‘
D 45 - V _ ,

* - They are prone to get oxidised easily. Thus in nitration, nitric acid not only nitrates
but also oxidises the highly reaclive ring, with loss of mich material as tar.

®  When the reaction is done in a strongly acidic medium as in the case of nilration, the
amine is converted to anilinium ion. The substitution is now controlied not by —NH2
group (o/p directing) but by —NH3 group which because of its posilive charge is meta
directing and also deactivating.

} NH,

§=ded

Acetylation is a way out of these difficullies. It “‘prolects’ the amino group. Afterihe
substitution, the acetyl group can be casily removed by hydrolysis.

bt
]
L]

—

In this experimment, acetanilide is prcpared by acclylation of aniline wilh acctic anhydride.
Hydrochloric acid is added 10 dissolve aniline so thal the reaction mixture is homogencous.
Sodium acelates sets the base free for acetylation to take place by neulralising the acid as

the reaction proceeds.
CeHs — NHz + HCl — CgHs — NHsCI™

CeHs — NH3CI™ + CH3 - COONa — CeHs —NHz + CH3COOH + NaCl

09 : 0 CHa
p [ |- S, |~
CeHsNH; + CHW C—0O0—C—CH: ——» GHsNH,—C—0O
, ¢!
OCOCH:

!

C:HNHCOCH; + CHiCOOH €— GeHsNH:COCH; + CHyCOO

Requirements :

Chemicals
© Aniline
Hydrochloric acid

S r | T e e oy
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Acelic anhydnde

Sodium acetale

Rectified spirit {cthyl alcohel]
Apparatits -
Beaker (250 61113) 1
Conical Oask (100 cn13) 1
Measuring cylindc-rl (10 cma) 1
Glass rod ) 1

Ordinary glass funnel 1
Filter paper

Filtration assen'lbly
Melting point apparatus

I'rocedore :

Take 160 e of water and 6.1 em” 6f concentrated hydrochloric acid in a 250 em®

beaker. Add 6.6 an® (6.8 g, 0.073 nml) aniline and stir the mixture till aniline gels
comiplelely dissolved, Add 8.5 em® {9.2 g, 0.09 mol) of acelic anhydrldc with stirring and
then 11.0 g (0.134 mol) of sodiwmn acelate dissolved in 35 cnt” of water. Stir the mixture
vigorously for 10 minutes and then cool in ice. Acetanilide would separate oul. Filter iton |
suclion, wash with water, drain and dry it on a [ilter paper in air. Notc the yield and take |
its melting point. Recrystallise 2bout 1 g of acelanilide from 25 am® of boiling waler 1o
which a few draps of ethyl alcohol (rectificd spirit) has been added. Filter and dry as

befare. Note the melting point of recrysiallised acetanilidle.

Side Reaction - None

Other Methods of I‘i‘eparution

Acetanilide can also be prepared by acetylalion of aniline with, a mixture of acelic
anbydride and glacial acelic acid. Since the reaction requires boiling for about 1/2 hr., a
small quantity of zinc dust is usually added fo reduce the mlourcd nnpurities and lo alm
prevent oXidation during the reaction.

Experiment Report - 1 Preparation of Acetanilide

‘Introduction ; In this experiment acetanilide is prepared by acetylation ol aniline with

acetic anhydride. Aniline is dissolved i dilute bydrochloric acid and acetylated with acetic
anbiydride in the presence ol sodium acetite.

Mauain Reuaction
- - ' +
CgHs — NHaz + HClI — CgHs — NH3Cl™

+ .
CgHs — NH3Cl™ + (CH3COnO + CH3COONa — CgHs —NHCOCH3
+ 2CH3COQH + NaCl

Tahle of Reactants and Products

5L N, Compound  Mul. Wi Weight Moales Molar Other
used used ratio ' dula
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F:

Obéerved Properties of the Pr_od;u:t - C - .
Melting point as prepared . - ... P ERPRA eanas )

Mecliing point after rccryslallisatibn ..................... "

. 2.4 EXPERIMENT 2: PREPARATION OF
| ~ p-NITROACETANILIDE -

Introduction ;

p-Nilroacetanilide is prepared by nilration of acetanilide. The acetamido group,

~NHCOCHS3 in acetanilide is also ortho, para directing though less activating than the free : .
amino group. Electron wilhdrawl by oxygen of the carbonyl group makes the nitrogen of
ananiide a iuch poorer source of electrons than the nitrogen of an amine. So ¢lectrons are
less available for sharing with the aromatic ring and as a consequence, the acclamido

' group aclivates an aromatic ring less strongly than an amino group :

) c|>

: r
../_\ || +
NH -— C—CH, NH=C—CH; 4
_ i
™
This electron withdrawl by carbony! oxygen would also deslabjlisc the positive charge on
. nitrogen in the transition stale during the attach of an clectrophile, in this case NO2
o eV
] i
NH = C— CH3 NH=C— CHs
N fio, <1
: TN NO» _ E
. less stable - E
A-ce:lanilidc is diss.olve.d in glacial acelic acid and nitrated with a mixture of concentrated L
nitric aud s?llpl_lunc acids below 10°C. A mixture of o- and p- nitroacetanilide is fornred. L
On cryslalll.sauon from ethyl alcohol, p-nitroacelsnilide crystallises as almost colourless :
crystals while the orthto isomer rematns in solution, :
Reaction
HNO;: + 2H2804 —+NO; + 2HSO4 + HiD - ) N o
‘ |
NHCCHa NHCCHa :
o H g NO
[ 7 e ’ :
NHCCH; NG, | —> ' f
/\ A :
> 1:102 o-nitroaceianilide . '
_ o) _ o) . :
i | i
. NHCCHa NHCCHj; . !
. =H"
—>
+
"H/'N ; : -
NG, NO,
' ~ p-uitroacelanilide

______ e __ ST )__ —
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Requirémem; _

Chemicals

Acetanilide

Glgcial acetic acid
Concentrated sulphuric acid

Concentrated nitric acid

Comnion salt

_Elhy! alcohol
Ice

- Apparatus
Beaker (100 cm’) _ 1-
Conical flask (100 cms) 1
Measuring cylinder (10 cm?') 1
Cooling bath 1
Glassrod 1
Ordinary glass funnel 1
Conical flask (100 c:113) -1
Filter paper : : -
Filtration assembly

Melling point apparatus

I'rocedure :

Add 2.5 g (0.0185 mol) of finely powdered acetanilide to 2.5 em® of glacial acetic acid
contained in a 100 cm® beaker. Add 5 cm® (9-2g) of cpncentrated sulphuric acid with
stirring. The mixture would become warm and form a clear solution. Cool the solution to
0-2°C with a [reczing mixture of ice and sall. Add a Eo!d mixture of 1.5 em’ (2.1 g) of
concentraled nitric acid and 1.0 cm® (1.8 g) of concentrated sulphuric acid slowly with
stirring. The temperature should be maintained below 10°C during the addition. After ali
the mixed acid has been added, remove the beaker containing the reaction mixture from
the freczing mixture and allow it 1o stand at room temperature for 1 hour. Pour the
reaction mixture into 50 cm? of cold water wilh stirring. Crude nitroacetanilide scparales
out at once. Allow it to staiid for 15 minutes. Filter on suction. Take the solid in a beaker,
stir with cold water and filter. Repea the process till the crude nitroatetanilide is free of
acid. - ’ -

Recrystallise the crude product from ethyl alcohol, filter on suction, wash with a little cold
cthyl alcohol and dry in air."Note the yicld and melting point.

Side Reactions : Nitration of acetanilide gives a mixture of ortho and para .
nitroacetanilides. On crystallisation from warm cthyl alcohel, p-nitrogcetanilide separates
as a colourless crystatline solid while the pale yellow ortho isomer re hains in solution.
Purity of recrystallised p-nilroacetanilide can be cheekéd by tle on sjflica Gel G using
toluene-cthyl acetate mixture to develop the chromalogram. '




v - .
[n mother liquor addilienal yellow spots may be ohserved for o- and p- nitroanilines
formed as a result of hydrolysis of the corresponding acetanilide.

Other Methods of Preparation : There is no other convenient method for the preparation
of p-nitroacetanilide. : . ‘ :

Experiment Rep,or'f 2 : Preparation of p-Nitroacetanilide
Introduction : ) '

In this cxperiment p-nitroacetanilide is prepared by nitralios of acetanilide with nitration
mixture (HNO3/H2504) Acctanilide is dissolucd in glacial acatic acid and nilrated with a
muxture of conc. nitric acid and conc. Sul pluric acid below 10°C.

LY

Reaction : _
. O 0 O

.
- NHCCH; NHCCH; NHCCH;

’ NO, )
+ HNO3 /HS0, — +

N Noz

Table of Reactanis and Producs

SLNo. Compound Mol Wi, Weight Moles " Molar Other
! used used ratio data

. 1

2

3

4

Yield

QObserved properties of the produet :
Melting point of the crude material - - - =« - - - ---

Melling point after recrystallisation - - - = - - - <= - -

25  EXPERIMENT 3 : PREPARATION OF ™

2-NAPHTHYL BENZOATE

Introduction :

Esfers can be prepared by a number of methods such as,

- ®  Direct esterification,

RCOOH + R'OH — RCOOR’ - H20

*  Use of acyl chlorides and acid anhydrides,

RCOCI + R'OH —> RCOOR' + HCl-

(RCORO + ROH —> RCOOR’ + RCOOH
*  Alcoholysis of nitriles, _

RC=N + ROH —> RCOOR' + NH

* . Meclhyl esters can be conveniently made using diazomethane,

Organic Preparatlony
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| Preparutory Organic Chemistry RCOOH + CHyNp-—> RCOOCH3 + No
' We are describing below the two important ones.

(i) - Direct esterilication : The interaction between a carboxylic acid and an alcoliol is a
reversible process. Tt proceeds very slowly and equilibrium is, attained afier
. refluxing [or several days. II, however, citlier sulphuric acid or dry

RCOOH + R'OH —> RCOOR' + H20

hydrogen chloride, Lo the extent of about 3 per cent of I.hc_f"wcighl ot alcohiol, is added I
lo the reaction mixture, the cquilibrium is reached within a tew hours. Direct
esterification reaction seldom goces to completion. When equimolecular quaniities of
the acid and alcohol are employed, only about two-thirds of the theorelically pos-
sible yicld of the ester is oblained. in order 1o displace the equilibrium to the right,

i.e., in favour of the csler one of the reactants, generally the less expensive one, is
taken in excess. - :

The acid catalysed gstériﬁn_:alimf reaction may proceed via an acyl'-ox yeen lission as
shown below :

ke OH OH
Il ' . : It | .
R—C—OH + H — R—C—OH <— R—r—0H
+
CoH OH CE)HZ
| . | —H", +H’ I
R—C—OH + H—8—R == R—-(]J—OH == R—C-Y0H
| [ R
H-+0—F O—FR

-H:0

* -H";
= R—C=ull = R—C=0

| l

OR’ ' OR'

Acid catalysed esterilication gets greatly facilitated if the reaclion is carricd oul in
the presence of henzene or preferably toluene. In this case, water produced in the
reaction gets distilled off as an ozeotrope.

(if) - - Using acyl chlorides and acid anhydrides method : Acyl chlorides react readily
with alcobols to give esters in good yield. Generallya base a terliary amine Iike
dimethyl aniline or pyridine, is added to neutralise HCl fonned. —

RCOC! + R'OH —> REOOR' + HEl

Q'|:|> . (i)" !
R—C—C + H—0—R —> R—tlzfgi
' He 0—R

0. o\l'
| R T [
R—C—OR <L R—(C—

+O— T

-——R' .

In acyl chlorides, the electronegative chlorine atom altached to the carbonyl group.
makes the carbonyl carbon more electron-deficient, thereby increasing its reaclivily
towards nucleophiles. - o T

-
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Acylation with acid anhydrides can be carried out in the presence of a sullable calalyst,

Orgunle Preparations

such as suiphuric acid or zinc chloride or a basic catalyst like pyridine. The second acyl
group, [acilitates the attack of nucleophiles on the carbouyl carbon, thus, making acid

- anhydrides more reactive,

™~

Esleriflication of aromalic carboxylic acids with phenols is gcucmlly carried out usmg acid
chlorides in the presence of dilute aqueous alkali. This method is called Scholten-Baumann
mcthod. In the preparation of 2-naphthyl benzoate, 2-naphthol is reacted with benzoyl
chloride in the presence of dilute sodiumn hy’dmxidc.

OH
CsHsCOCI +

Requirements
Chemicals
2-Naphithol
Sodium Hydrpxide
Benzoy] chloride

Ethyl alcohol -

Apparatus

Counical 1lask (100 c1113) 2
with slopper -

Measuring Cylinder (10 cn!3) =l
Ordinary glass funnel C 1
Glass red - 1
Filtration assembly

Filter paper

Melling point apparatus

Capillary tubes

Procedure :

CsHsCOO
NaOH
—_—

OO + NaCl + H,Q

o

Precautlons

Benzoy| chloride is a very
lachrymartory subsiance. It should be
preferably handled in a fume hood.
Avoid inhaling or contact with skin.

Dissolve 3.6 g (0.025 mol) of 2-naphthol in 20 am® of 5 per cent sodium hydroxide in cold

ina 100 cm?' conical flask. Add a little
completely. Add 3.5¢g (2.9 an’, 0.025

mare water if needed to dissolve 2-naphtlol
mol) of benzoyl chloride, Stopper the Oask tlghl.ly

and shake vigorously until the smell of benzoyl chloride has disappear. This may lake . R
10-15 minutes. Filter off the solid on suction, wash with a litlle cold water. Reerystallise

the crude ester from about 30 cm® of cthyl alcohol. Filter off the crystals and dry them in-

air. Nole the yield and the melting point of pure 2-naphthyl benzoate.

Side reactions : If any benzoyl chloride gets hydrolysed to benzoic acid with sodium
hydroxide, it remains in sululi@pdium benzoale

CeHs — COCI + NaOH —» CgHs —

COONa + NaCl + H20

Other methods of preparation : 2—Na}|\hthyl benzoale can be prepared by any of the other
meclhods meutioned in the introduction. :

P
Experiment Report - 3 : Preparation of 2ynaphthyl benzoate

Introduction : 2-Naphihyl benzoatc is prepare] by the Schotten-Bavmann method by
reacting 2-naphthol with benzoyl chloride in thd presence of cold dilute aqueous sodium

hydroxide. -




Preparsfory Organic Chemisiry

Reaction @

| OH = GiHs00 o
- 1

2-paphthyl benzoate

Table of Reactants nod Products

51 Compound  MolWt  Weight  Moles Molar .Other

Na. Used Used Ratlo Daia

Observed properties of the product
Melting point of crystallised product---=------- .

2,6 EXPERIMENT 4 : PREPARATION OF
BENZOIC ACID

Intrueduction :

Aromatic carboxylic acids in whitch the carboxyl group is directly atlached to the aromalic
nucleus can be prepared by any of the lollowing mcthods : )

*  Oxidative methods ; involving oxidation ol an alkyl group attached © the aromatic
nucleus, . ’ -

(O}
ArR -— ArCOOH

®*  Hydrolysis ol nitriles : A¢id or aikaline Ihydrolysis of aromalic nilriles yiclds
corresponding carboxylic acids.
A

ArcN 22 ArCOOH |

or Ol1 !
Carboxylation of aromatic ring systems : Phenols or aryl lithium compounds can be
carboxylaled by reaction with carbon divxide. The former is called Kolbe-Schmidt
reaction. Preparation of salicylic acid [rom dry sodium phenoxide by reaction with catbon
dioxide under pressure is a classical example of Kolbe-Schmidy reaclion.

O'Na” n - ORNa'

D ‘ COO Na
170° - BS°C '
+ COs = -




In the present experiment, benzojc acid is prepared by oxidation of toluene with KMnO4 in
an alkaline medium which is created by (e potassinnebydroxide formed in the reaction
CeHsCH3 + 2KMnQ4 —> C¢HsCOOK + 2MnO:2 + KOH + H20

CsHsCOOK + HCl — CgHsCOOH + KCi

¢
Requirements : ' : .

Chenticals
Toluenc

Polassium permanganate

Ethyl alcohol

Apparatus

Round bottom flask 1
150 an

Waler Condenser 1

Filtration assembly 1
China Dish 1
Conical Flask 100 em® 1
Ordinary glass funnel 1
Glass rod 1
Filter paper

Melling point apparatus
Capillary tubes

Procedure :

Pul2g (2.5 cm®, 0.02 mo}) of toluene, 3.2g (0.02 mol) of [inely graund polassium
pemnanganale aud 75 eni” of waler in the round bollom flask. Fit the water condenser and
heat he flask on a refluxhing water in walter bath for 3 hrs. while shaking the reaclion
mixture from time to time. The reaction mixture should become decolorised at the end of -
this period. If pindk colour persists, a few drops of ethyl alcohol are added. Alcohol reduces
potassivm permanganate and the solution is decolorised.

Alter the reaction is compleled, cool the mixture and filter it on suction. Wash the
precipitated manganese dioxide twice with a small amount of hot watcr, Transfer the
combined filtrate and washings 1o a china dish and evaporate them dowri to 15-20 5.1n3.
Filter olf any mangancse dioxide precipitated. Transfer the filtrate inte a 100 cm beaker
and add dilute hydrochloric acid till the selution shows a distinct acid rcaclion to congo
red. Filler aul the precipitated benzoic acid, wash it with a little cold waterand -

recryslallise it rom hot water. Note down the yield and melting point of pure benzoic acid.

Side Reactions
None

Other Methods of Preparations :

Benzoic acid can be preparcd by any of the methods mentioned in the introduction.

Experimient Report - 4 : ]‘fepamli;an of benzoic acid

Introduction : Benzoic acid is prepared by oxidation of toluene with KMnO4 in an
alkaline medium which is created by potassivm hydroxide formed in the reaction.

Reacllon
C5H5CH3 ¥ 2KMn04 —> CﬁHscOOK + 2MnO2 + KOH + H20

CsHsCOOK + HCl — CgHsCOOH + KCI

Orgapic Preparations

Precautions

Do not inhale vapours of loluene,
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Pu'pnrn'u:;ry Organle Ch'einlslﬁ :

Quinhydrone which is formed as an
intermediate in this oxidation is a
melecular complex of hydroquinone
and p—benzoquinone. his derk colour
is due 1o the presence of quineid and
benzene rings.

Precautions

p-Benzoquinone irritales the mugous
memberane and [caves brown spots oo
-the skin void contact.

Table of Reactants and Products

SL Compound MolWL  Weight Moles - Molar Ofher

No. ) T Used Used Ralio Data
h ]

Yield

------------- E

Observed Properties of the Product

Melting point - - - -« - - - - . .

27 - EXPERIMENT 5: PREPARATION OF
-BENZOQUINONE

lnt’mducllon

p-Benzoquinone is prepared by oxidation of hydroqumone wilh potassium bromale,
Sulphuric acid 4cls as a calalyst
OH 0

+ KBO; ——> 3 + KBrO + 3 H;0

OH . O

Requirement :

Chemicals
Hydroquinone
Sulphuric acid

Potassium bromate

Apparatus

Round botiom ﬂask“(IUO 01113) 1 '
Waler condenser 1

Water bottle 1

Fillralion assembly
Melting point apparatus

Thermomeler




Procedure

Heat hydroquinone, 2.5g (0.0227 mol) and 25 em? of water to 50°C in a 100 e’ round
botiom flask filled with a condenscr, Use a thermameter dipped in the reaction mixture to
nole temperature. When hydrotuinone dissolves, conl the solution to 20°C, and add 1.25
cm” of sulphuric acid slowly. If a-black sticky precipitate is formed on addition of
sulpburic acid, filter it off.-Now add 1.4 (0.0084 mot) ot‘polassnum bromate to the
reaction mixture carefully while he ating the reaction {lask: 10 60°C.on a water balh. A
reaction inunediately begins with tlie fonuation of the greenish black precipitate of

" quinhydronc. ' '

Stop the heating now, the temperature would spontancously rise 1o 75°C. The oxidalion
reaclion would be complete when the black colour of the reaction mass changes to bright
yellow of benzoquinone. Heat the reaclion mixture to K0°Ctill benzoquinone completely
dissolves. Cool it in ice and filter off benzoquinene which separales out, wash it with a
small amount of ice water and dry il in air. Note the yicld and melting point olbe almost
pure producl Bcnzoglumone mtay be recrystallised from boiling light |x'trolcum
(100-120°C) (12'cm” per gram).

Side Reactions

None

Alternate Methods

Oxidation of hydroquinone lo p-benzoquinone can be done by wsing other nxidisilig
reagents like chromic anbydride in acetic acid.

Experiment Report - 5 : Preparation of p-benzoquinone

Introduction

p-Benzoguinone is preparcd by the oxidation of hydraquinone wilh potassium bromale.
Sulphuric acid acts as the catalysL

Reaction :
OH ‘0

H5504
3 + KBy —» 3 + KBrO + 3 HpO

- OH

N

i
Table of Reactanls snd Produds

SL Compound Mol Weighi Muales Molar CGther
Na. Wi Lised Used Ratio Daia
Yield

----------- g'

Observed Properties of the Product

Melting point - - ««------- ,
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EXPERIMENT 6 PREPARATION OF 2, 4,
6 - TRIBROMOANILINE

Introduction

Electrophilic substitution reactions are typical reactions of aromatic conpounds,

Electrophilic aromatic substitwtions include a wide variety of reaclions like mitratjon,
sulphouation, Friedel-Crufts’ alkylation and acylation, balogenation and so on, These
substitutions, therefore, form a rowe of access lo various aromatic compounds by
permitting introduclion of certain substituents which can then be transformed or replaced
by (lie desired ones,

However, the various aromatic compounds ditiier in the case or lacility with which they
undergo electrophilic substitution. It has been found that a substituent group present in (he
benzene ring affects both the reactivily of the ring towards electropliilic atiack and the
orientation of the incoming substituent. The reaclivily of an aromatic compound lowards
an cleetropbile is reflected in the severity of conditions for the reaction and the time it
would 1ake. : ’

Orientation determines whether the substituent already present would direct the incoming.
substituent to orehrofpara or to the meta position.

e
On this basis the substitucnis have been broadly classificd as follows ;

L. Aclivating groups which facilitate further substitution and are ortho/para directing.
These are eleciron donating groups.

~

Strongly activaling

* -NHz (-NHR, -NRa2)
* OH

Moderately activating
* —OCH3 (-OCzHs, elc.)

* -NHCOGH;
*  Weakly activating
* —CeHs

* -CH; (—Czﬁs, ele.)

2. Deaclivating groups which make further substitution dilficult and are meta directing.

These are clectron attracting groups.

~NO: ~S0O3H
-N{CH3)3 —CHO, -COR
—CN

~COOH (~COOR) .
cle.

3. Deaclivaling groups which are ortha/para directing,.
-F, -, - Br, -1

From the above you can see that nearly all substituem groups Lall in two calegorics,
activating and ortho/para directing or deactivating and metd directing, The halogens arc in
a class by themselves being deaclivating but oriliofpara dirccling. This is because their
inductive etfect is -1, however, due to mesomeric ¢ffecl or resonanee they dircet the
incoming substituent to orthofpara positions. On the basis ol these cllects, it is possible (o
predict Lairly accurately the course ot any aromatic substilution.

In this experiment, we are describing the preparation of 2, 4, 6 - tribromoaniline [rom
aniline. Since, -NH;2 group is a slrongly activating group, you would expect aniline to
undergo further substitution casily.-Thal indeed happens; reaction, in fact, is exathermie,
and with multiple substitution we get the tribromo product. Further, as the -NH: group is

[




Orgaﬁic Preparations

orthofpara directing the substivuents take the two ortiio and a para position.

| * N
) Br Br
+ 3B ——> . "~ + 3 HBr
Br

2 4,6-tcibrome-aniline

Reaction

NHz

aor

Requirements
Chemicals
Bromine
Aniline

Ethyl alcohol
Acelic acid
Apparatus
Conical lask (100 em™ 1
Measuring cylinder (25 cms) 1
Glass rod . 1
Glass funnél 1
Filler paper
Fillraliun-usscmbly
Mclting point apparatus

T'ruocedure

Dissolve 2.3g (2.25 am®, 0.025 mol) of aniline in 10 em® of acetic acid ina 100 cm?
Erienmeyer fask. To this add dropwise a solution ol 4.0 e’ (13.3 g, (LOK3 mol) of
bromine dissolved in 10 cm:_,' of glacial acetic actd, The reaction is exollermic, so the
reaction mixture wonld need cooling during the addition of bromine. Aflter the addition is
compele, add 50 cn13 ol waler lilter the yellow salid ot suction, wash it with cold waler
and dry it in air on 2 filter paper. Recrystallise Itom ethyl aleohol, Note the yield aid the
melting point

Precuution
Caery out

the experiment in a fumehood.

Side Reactions

None

Other Metheds of Preparation

None
Experiment Report - 6 ; I'reparation of 2, 4, 6-tribromo-aniline

Introduction

In the experiment, 2, 4, 6-tribramo aniline is prepared by bromination ol aniline with
bromine in acetic acid.
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Preparatory Organic Chiemistey Reactijon
]
NH, NH;
Br Br
‘ .+ 3B ——> ]
) . Br
2,4,6-lribmmoaniline.
Tuble of Reactants and Iroduds |
s Compound  Mal. Welght Moles Molar Ollier
Na, . Mass Used Used Ralio Dala
kl
Yield

Observed properties of the product

Melting point belore crystallisation - -« - - ... _._ .

Melting point atier crys

laisation , - - - - oo . ___ )
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BLOCK INTRODUCTION

In the first block of this course CHE-08(L), we have studied various organic
preparations and laboratory methods used in organic laboratory. We exposed you
to simple laboratory- techniques such as heating, cooling stirring and filtration, as
well as separation and purification techniques like extraction, crystallisation,
distillation and chromatography. We also gave the preparation of acetanilide,
p-nitroacetanilide, 2-naphthyl benzoate, benzoic acid, p-benzoquinone and
2,4,6-tribromoaniline. B

This block deals with qualitative organic analysis. It has three units. In the first
unit of the block (Unit 3), we shall study physical examination, elemental

apalysis, solubility and procedure details of qualitative analysis.

The next two units (Units 4 & 5) deal with the experimental procedures for the
qualitative classification tests and preparation of derivatives for compounds having
commonly encountered functional groups. List of boiling points and melting
"points of some organic compounds and the melting points of their suvitable
derivatives are given in the Appendix-I.

Objectives

After studying this block and performing experiments set in it, you should
be able to :

® describe the steps involved in the identification of unknows compound by

" classical qualitative organic analysis,

® carry out the physical examination of organic compounds,

® determine elements (N, 8, X) and solubility of organic compounds,
@ describe functional group tests and methods of the preparation of derivatives
" and, ; _ : \

¢ identify the unknown organic compounds.




FTIFT W EITPTRT TP  IRLINE PTI W E, JTRSTEE - TE T 1= T T At PP R U S Foe




UNIT 3 PRELIMINARY QUALITATIVE
ANALYSIS

' Slrﬁqture
3.1 Introduction
Objectives t
32 Classical Qualitative Organic Analysis for Identification of a Pure
Compound

3.3 Physical Examination

+3.4 Elemental Analysis

3.5 Solubility Test

36 Determination of Physical Constants

3.7 Functional Group Identification

38 Preparation of Derivatives

3.9 Qualitative Type of Experiment and Laboratory Note Book

3.1 INTRODUCTION

In the first block of this course we leamnt how the organic synthesis are carried
olit. We also exposed you to simple laboratory techniques. The compounds
isolated from a reaction mixture or from some natural source may be uaknown.
Identification and characterization of the structure of unknown substances
constitute vital part of organic chemlstty Introduction into this area is pmwded
by a study of qualitative organic analysis, wl:uch is an essential part of the training
of the organic chemist.

In this unit we shall describe the stepwise procedures that may be followed to
identify a monofunctional and pure unknown compound using classical methods.
In recent years, the development of chromatographic methods: of separation and
analysis by spectroscopic techniques has revolutionised the qualitative organic
analysis. These techniques are discussed in chemlsuy Lab-12 and ‘Spectroscopy’
courses.

Objectives

After studying this unit and performing l.hc experiments set in lt, you should
be able to :

o describe the setps involved in the identification of unknown compounds by
classified qualitative organic analysis,

carry out the physical examination of orgenic compounds

determine nitrogen , sulphur, and nalogens,

determine the solubility of a organic compound,

describe the method of the identification of a unknown organic compound,

describe how to prepare a notebook for the experiments of quasii.tive organic
analysis,

3.2 CLASSICAL QUALITATIVE ORGANIC
ANALYSIS FOR IDENTIFICATION OF :
A PURE COMPOUND

The classical qualitative organic analysis consists of a series of steps fbat helps to
establish the identity of the unknown compound. These steps are

i) Physical examination

it) Elemeatal analysis to determine the presence of elements other than carbon,
hydrogen, and oxygen

iii) Solubility test in water,dilute bases and dilute acid

iv) Deterimnation of physical constants *

v) Functional group analysis wsing classification tests

vi) Preparation of derivatives

T =TTET Ty Ty T

r L Lta ey

i ———




'Guilitadive Organic Amalysls  While analysing orgamc compounds, we can follow first four steps in any order,

Caution: Do not taste an
unknown ¢ompound. To note the
odour cauticusly smell the
compund. Many organic
compounds are intensely
lackrymatory or wope,

but before performing the qualitative test for functional groups: Our final step
must always be the preparation of one or more solid derivatives. For performing
this steps you arc again going to use laboratory techniques which we have already
mentioned in Unit 1 of block 1. Let us discuss these steps one by one.

3.3 PHYSICAL EXAMINATION

In the physical examination we consider following points:

Check of Sample Purity: In this lab course e are providing unknown organic
compound i pure form so it is not necessary for you to check the sample purity.
Otherwise, first step of qualitative organic analysis is the purity check by boiling
point or melting po:nt or tlc or gas or paper chromatography. This we have

" elready mentioned in Unit 1 of Block 1.

Note the physical state: The physical state of the. cou:pound whether it is solid or
liquid should be indicated.

Note the colour: The colour is also informative. Common coloured compounnds
include nitro and pitroso compounds (yellow), a-diketones (ycllow), quinones
(yellow to red), azo compounds (yellow to red). Phenols and amines are often
brown to dark- purple because of traces of air oxidation products.

Note the odour: The odour of many organic compounds is highly distinctive.
Amines are recognisable by their fishy odour, esters are often pleasantly fragrant
Alcohols, ketones, aromatic hydrocarbons and aliphatic alkenes have characteristic
odours. Thiols, isonitriles and low-molecular weight carboxylic acids possess
unplcasant odours

Make an ignition test: Take a small amount of given sample on a spatula and
heat the spatula on a burner to see if it solid melts normally and then burns.,
Observe the flammability and nature of the flame. A yellow, sooty flame is
indicative of an aromatic or a highly unsaturated alphatic compound, a yellow but
nonsooty flame is characteristic of aliphatic hydrocarbons. Halogenated or. highly
oxygenated compounds often bum with difficulty or not at all (for examplc
carbontetrachloride is used as fi ire-extinguisher).

The charactenistic odour of sulphur dioxide indicates the presence of sulphur in -
the compound. Certain compounds like sugars char and leave a black residue on
the spatula and emit a characteristic odour.

If a white, nonvolatile residue is left after ignition,.add a drop of water and test
the solution with litmus or pH paper. A sodium (or other metal) salt is indicated
by am alkaline test

Experiment No.1 _

Carry out Physical E:amluatlon of Some Organic Compound
For this experiment we are providing six organic compounds, -
Requirement: |

Chemicals

Samples

{Apparntus .

‘Burner

Spatula

Procedure

Take six organic samplos from your counsellor and follow the-procedure as
mentioned above for physical state, colour, odour and ignite test for each sample.
Report your resuits in the Table gives below




Table 3.1 : Physical Examination of Organic Compounds-

Sample No. Phy;'.ical State Colour Odour Ignite test

or aliphatic)

Conclusive (Aromatic -

B T T R

Discuss your results with your counsellor.

3.4 ELEMENTAL ANALYSIS

The technique of elemental analysis involves the determination of which elements
may be present in a compound. The halogens, sulphur, oxygen, and nitrogen are
the elements other than carbon and hydrogen that are most commonly found in
organic. molecules. There is no direct method for the detection of oxygen, Its
presence as a part of functional group will become apparent later, Presence of

_ other hetero atoms, may be detected using the Lassaigne fusion technique where
" the organic compound heated with metallic sodium, or by Middleton’s fusion
using sodium carbonate and zinc in place of sodium.

In both methods analysis is based on the conversion of the heterc atoms to
inorganic salts such as cyanide, sulphide or halide.

1) Na or Zn/Na,CO,
C,N » NatcN—
2)H,0
1) Na or Zn/Na,CQ,
$ -  Najts?™
2)H,0O ‘
1) Na or Zn/Na,CO, -
X »  Natx~
2)H,0 )
Organic
Compounds

Though Middleton’s methodd is less hazardous -and also considered to be superior
to Lassaigne fusion for the analysis of volatile complounds, but for this methods
very pure zinc powder is required. In this course we shall consider only the
Lassaigne fusion method.

- Exﬂeriment No. 2

Determination of Nitrogen, Sulphur and Halogess by Lassaigne Sodium
Fusion Method

For this experiment, we are providing six compounds.

Introduction

The basis of the sodium fusion procedures is as follows, On fusion with sodium
the elements present in organic compounds are converted to ionic forms involving
nitrogen, sulphur and halogens if théy werse present in the organic compound. As
mentioned above nitrogen contalmng organic compound gets converted to cyanide
ions, sulphur conta.lmng organic compounds to sulphide ion and halogen

. conta.lmng organic compound to halide ion. After the organic compound has been
heated with sodium metal, the residue is hydrolyscd with distilled water to destroy
the excess sodium and d.lssolve. the i morgamc ions that aré formed as a result of-
fusion reactions. -

" Preliminery Qualtatlve Analysis

Bonding in organic compound are
geaerally covalent, therefore, like
inorganic compound, oo  direct
method available for the detection of
elements, In sodium fusion method
covalent of hefro atoms are
broken by healing of organic
compounds with sodium metal. This
results in the formation of inorganic
ions inolving these elements : X ions
from halogens 8 ion (rom sulphide,
CN ion from nitrogen. these ions
can in tum be readily identified by
inorganic qualifative macthods,

Owing o its polentially hazardous
nature, #c fusion operation sheould
be carded out very carefully. The
face should be kept away from the
mouth of the test tube at all time.
Aoid pointing the lusion tube in the
- direction of anybody- else.
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Q-n.l.ihl,lve Orgsnic Analysls

Na+C+Na ——» Na*CN “ ( (sodium cyani}i

S +2Na —— Naz § *~ (sodium sulphide)
X(Cl,Brorl)+Na ——— Na X (sod.mm halide)

The aqueous zolution of these ions are divided into five portions and each can be
analysed by usmg following qualitative tests:

1) Detectlon of nitrogen: First portion of the aqueous solution is carefully _
acidified, followed by addition of ferrous ion, Fe**, and ferric ion, Fe**. This .

_converts the cyanide-ion into -sodium * ferric ferrocygmdc, which precipitate
as an intense bluc solid callcd ‘Prussian blue’.

FJ+

Na CN "+Fc?t — Fe (CN) 4™ NaFch(CN)‘ (Prussian blug)

ii) Detectlon of Sﬁlphur: In second portion of aqueous solution the sulphur can
be detected by precipitation as black lead sulphide with lead acetate solution”

and acetic-acid or by the violet or purple colour produced by addition of
d.l-sodmm pentacyanonitrosyl ferrate (sod.lum mtro-prusmdc) in third portion.

Aceticacid
21— PbS} +2CH,COO™
$*74(CH,COQ),Pb (Black) E
. — = NalF .
ST Na,[Fe(CN),NO] a,[Fe(CN);NOS]

" di-sodium pentacyanonitrosyl violet purple

(Sodium nitroprusside)

iii) Detection of Halogens: Fourth portion of aqueous solution is acidified with

dilute nitric acid and boiled to remove any sulphide or cyanide ions that are
-expelled as hydrogen sulphide or hydrogen cyanide, respectively. Sulphide
and cyanide must be removed because they interfere with the test for .
halogens. In this portion silver nitrate solution is added, and the presence of
halide is detected by the formation of a precipitate of silver halide.

AgteXT——» AgX(solid)

The colour of the precipitate provide a tentative indication of the halogen present:

_ AgCl (White solid) -
AgBr (light yellow)
Agl (dark yellow. solid)

Positive identification of halide ions can be made by the following inorganic
gqualitative test. Carbon tetrachloride or chloroform and chlorine water added to
fifth portion of aqueous solution. Shake the solution and check the colour of
chloroform or carbon tetrachloride layer (lower layer).

Violet colour is due toiodide i jon, orange or brown colour is due to bromide ion

and no colour and positive test wnh AgNO, indicate the presence of chloride ion.

Requirements

Chemicals

Samples

Sodium metal (4ﬁm cube)

Iron (IT) sulphate (Ferrous sulphate); Iron () chloride, (Ferric Chloride) (5%)

" Dilute sulphuric acid (5%).
" Solution of disodium pentacyanoml.msylfcrratc 0.1%) (sodmm mtropmsmde)

Dilute nitric acid (5%).

Silver nitrate solution (S%)

Chlorine water.

Carbon tetradcloride or chloroform.

Acetic acid .
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Lead acetate solution (0 15 M)
Apparatus

Burner _

Six fusion tube

Six test tubes

China dish

Tongs

Wire gauze

Tripod : .
Apparatus for filtration.

Procedure

Add 15 cm’ of distilled water into a clean china dish and place it near to your
burner. Place about 20 mg of your sample in the bottom of a small fusion tube or
in case of liquid take one or two drops of liquid in a fusion tube with the help of
pipet or droper Use tonges to hold the fusion tube. Put a piece of sodium roughly
a 4 mm cube into the mouth-of the test tube, without allowing it to come into
contact with the substance at the bottom. Heat the sodium gently over a small
burner flame until it melts and runs down into the sample. There may be a very
vigorous reaction when the molten sodium touches the sample. Heat the tube
gently for 1 min; and then heat more strongly until the bottom of the tube glows
red hot. Holding the gauze with tongs in you free hand drop the red hot fusion
tube into the water of china dish and cover it immediately with gauze,

If the fusion tube does not break when it come in contact with water, crush ‘it with
the help of a glass rod. Allow any excess sodium: to react and when the reaction
has subsided, place the china dish on the gauze on a tripod and boil the solution
“for 2 min. Filter the solution whilst hot, to remove the broken glass and charred
material and divide this aqueous solution in five equal portions in five test tubes.

1. Detection of Nitrogen

Add 200 mg of iron (II) sulphate to the first portion heat the solution to boiling
and add 2 drops of ferric chloride solution add sufficient dilute sulphurtc acid to
dissolve any precipitate and make the solution acidic. The formation of a deep
blue precipitate or colouration (Prussian Blue) indicates the presence of nitrogen
in the original organic compound. If the solution is green or blue-green, filter it;
washing the filter paper with distilled water, and examine the residue for the blue
colouration. .

2. Detection of Sulphur

i) Acidify second portion of aqueous solution with acetic acid, and add a few
drops of lead acetatc solution. A black precipitate of PbS indicates the
presence of sulphur in the original organic compound.

ii) In third portion of aqueous solution add 2 cm® of the disodium
pentacyanonitrosy] ferrate solution. The purple colouration which fades slowly
on standing confirms that sulphur is prescnt.

3. Detection of Halogens

-

To the fourth portion of aqueous solution, add sufficient nitric acid to render the
solution acidic and boil the mixture until its volume has been halved.

Add 1 cm® of the silver nitrate splution to this mixture. The observation of a
white or ycllow:sh thick precipitate indicates the presence of halogen in the
original organic compound. A faint turbidity should not be interpreted as a

positive test. Tentative identification of the particular halogen may be made on the

basis of colour: Silver chloride is white, silver bromide is pale yellow, and silver
iodide is yellow.

To further distinguish the halogen present, add 0.5 cm® of carbon tetrachloride or

.chloroform.to-the fifth-test-tube.-Add chlorine-water- dropmse to the mixture-with -

gentle shaking. The appearance of a brown colouration in the bottom layer
indicates bromine, where as a purple or violet colouration mdxcatcs iodine. By the

Prellminary Qualitative Analysls

- Caution : Mﬁnipulnte sodium with

a Imife and tongs or forceps : never
touch it with the fingers Wipe it
free of kerosene with dry fijter
paper.

Red bot fusion tube will shatter
‘on contact with the water,
rleasing any unreacted sodiuim,
and the gawze stop the loss of any
material.

‘The heating of aqucous solution with
HNQ 3 has the effect of removing any
HCN or H2S if cyanide or sulphides
are present which would interfere
with this test. Tt may be omitted if
nitrogen and sulphur bave been
shown to be absent.




Qualitative Organic Analysls

process of elimination, a sample which gives a white precipitate with silver
n.itratc, but no colouration on treatment with chlorine water must contain chlorine,

cheat above mentioned procedure for all given six organic compou.nd and report
your results in the Table given below: .

Table 3.2 : Elemental analysls of organic samples

Samplé No, Element present

1

O A W N

Discuss your result with your counsellor.

‘3.5 SOLUBILITY TEST

Solubility test of an organic compouna in water, dilute acid or dilute base can
provide useful, but not definitive, information about the presence or absence of
certain functional groups,

Procedure for solubility -tests

The solubility tesl:s are donc at room temperatnrc With 100 mg of a solid (finely
crushed) or 0.2 cm® liquid and 3.0 cm’ of solvent in small test tubes, The mixture
should be shaken vigorously. It is recommended that the solubility tests be done
in the order presented below: = -

Solubility in Water

Weight out 100 mg of the finely produced solid or measure 0.2 cm’ of liquid w:l.h
the help of graduated pipette or burette treat it with successive 1 0 cm® portion of
distilled water, shake vigorously after each addition until 3.0 cm have been
added. If the compound does not dissolved completely in 3.0 cm® of water, it may
be regarded as insoluble in water.

Now test the contents of the test tube with pH paper. This test can be done by
taking one drop of solution with the help of glass rod and touch it with pH paper.

Thesolubility of the compound with distilled water suggests the presence of a low
molecular weight-organic mmpound (4-5 carbon), which contain a polar group
such as

0]

I
— OH, - COOH, - NH,, —

If higher motecular weight compound, it must be polyfunctlonal for exa.mple
carbohydrates. On the other hsnd, alkanes, alkenes, alkyne.s and alkyl halides are
water-insoluble.

If the organic compound is water soluble and give positive acidic test with pH

paper, the compound is likely to be a low molecular weight carboxylic acid such - -

as acitic acid, If compound gives positive basic test with pH paper the compound
is a low molecular weight organic base such as diethylamine. A neutral solution
suggests the presence of a neutral polar compound such as ethanol or acelone.

Solubility in 5% Sodium Hydroxide

If the compound is insoluble in distilled wﬁter, it should be similarly tested for-
- solubility in'5% aqueous sodium hydroxide sclution. This solubility indicates the -~ -

presence of a carboxylic acid, sulphonic acid, or phenol. Because they are

- converted into their water - coluble sodium salts,




. NaOH ~ = -
* Carpoxylic acids: RCOOH —* RCOO ~Nat

- waler water
insoluble soluble
NaOH
Phenok Ar — OH — Ar— O Nat
water water ‘
insoluble soluble

NaOH soluble organic compound should then be tested for solubility in the
weaker base, 5% NaHCO;, which may permit distinction between carboxylic and
penolic functional groups.

Solubility in 5% Sodium Bicarbonate

. Similar to the procedure adopted for the solubility of water, the solubility of

' compound is checked with 5% aqueous solution of sodium bicarbonate. If it is

i soluble; the presence of a carboxylic acid group may be tentatively concluded,
owing to the formation of the watcr—solublc sodium salt, Phenols are insoluble in
' sodium bicdrbonate.

NaHCO,
Ca:boxyllc acids RCOOH —— RCOOQ "Na™
insoluble soluble
NaHCQ,
Phenol: Ar-QH ——— noreaction
insojuble

Solubility in 5% Hydrochloric Acid

The solubility in 5% aqueous hydrochloric acid is evidence for an amino
compound or a heteroatomatic basc
HCI
RNH, — RNH;} I~
insoluble soluble

Any uoknown insoluble in all the reagents so far should also be checked for
solubility in concentrated-sulphuric acid.

Solubility in Concentrated Sulphuric Acid

Place 3 ml of concentrated sulphuric acid with the help’of graduated pipetie in a

dry test tube and add 100 mg of solid or 0.2 cm® of liquid. The solubility of
organic compound in H,SQ, indicate the presence of oxygenated and unsaturated
aliphatic -materials.

R,C=CR, HSO, — R,C—CR,

|
H OSoH

R,C=0+H, SO, — R,C=0*+HsO]

|
H

or ROR +H,S0, ——» R — 0 t— RHSO,"

I
H

_ The general solubility behaviour of common classes of organic compotind is
} shown schematically in Fig. 3.1.

Highly acidic phenols are soluble

in 5% sodiunr bicarbonate

11
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Solublg

Mpnofunctonal compoimds,
with less than 6 cearbon atoms.
lenlc compounda

Insoluble -~ - . '

Soluble

Carboxylic and sulfonic
i acids. Somsé highly
Inecluble| aecidic phenols

Insoluble

Allphatle

amines

primary aromalle

‘| amines FPhenols
Soluble thiophenols
f

Alkenes, halealkanes,. Oxygen containing compounds, !
unectivated aromalic : ' alkenes, nlkyaes, . i
compounds _activated aromatic compounds ‘

Fig 3.1: Solubility behaiour or common classes of orzanic cémpounds

Experiment 3
Determination of Solubility of Some Organic Compound
For this experiment we are providing six organic compound.

- Requirement
Chemical

Samples

Distilled water

NaOH solution (5%)
NaHCO, solution (5%)
HClI solution (5%)
Conc. H,S0,

pH paper

Apparatas

Small test tubes (4)
Burettes (5) d
Push

Balance

Procedure

Follow the procedure for solubility as discussed carlier for each sample and report
your results in the Table 3.3 given below:

TN T Ty
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Table 3.3 : Solubility test of Organic Samples.

Sample ISolnbl.llly - .~ Ceme. pH .lell Remark:

No. . "H2804
H20 - NeOH NaHCO3; HC]

3
.6

‘On the basis of thesc analysis make preliminary proposals as the nature of your
samples. Discuss your results with your counsellors.

3.6 _DETERMINATION OF PHYSICAL CONSTANTS

Procedural detsils for the determination of melting point and boiling point of .
organic compound is given in Unit 1 of Black 1 of this course. When looking for
candidate structures on the basis of the melting point or boiling point which we
bave recorde for our unknown, it is necessary to include for consideration
‘compounds which have values within 5°C. For this purpose we are giving tables
of organic compound with their melting or boiling points in Appendix. We can
select our probable compounds from the tables on the basis of the melting point.
or boiling point of unknown compound. Discard those compounds which do not
fit with results obtained from physical examination, elemental test and solubility
test. But still these informations generally lead to many positive substances for the
unknown. It is now necessary to pinpoint the actual compound from our list of
candidates structures. This will involve the functional group identification and the
preparation of atleast two derivatives. These information together with the
informations of physical examination, elemental analysis, solubility, confirm the
actual substance.

3.7 _FUNCTIONAL GROUP IDENTIFICATION

Though it is rare for an unknown to possess just onc functional group, but in this
laboratory course we will provide you only monofunctional compounds. Qur
classical scheme involves performing a-number of chemical tests on a substance,
each of which is specific for a type of functional group. Table 3.4, indicates the
common classes of monofunctional organic compounds which e are going to
“discuss. The detail of these tests will be discussed in Units 4 and 5. The results of
these tests usually allow the assignment of the unknown to a structural class such
as alkene, aldehyde, ketone or ester, ctc.

Table 3.4 : Common classes 'of menofunctional orgaaic compounds

.Neutral componnds . Acldic compounds . - Baslc cdmpounds
C, H, O compounds -C, H, O compounds C, H, N compounds
Aldehydes Carboxylic acids ‘ Amines
Ketones ’
Estere Phenols (weakly acldic)
Alcohols
ﬁii;en -C.'H, O, balogen compo;.lnds
Acyl halidern
C, H compounds ’
Alkenes i
Alkynes

" Prellminary Qualitatve Analysis
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Neoiral compoundu. Acldic compounds Basic compounds

Arencs

C, H, halogen comppl:mds
Halides T
Cf H, N, © compounds
Ni;m-compounds

Amides

The results obtained from the elemental analysis and solubility tests can be used

. to advantage in deciding which functional group tests should be performed

initially or which should not be done at all. The following examples illustrate the
use of the preliminary work in making these decisions:

1) If a compound is found to contain nitrogen and to be soluble in dilute HCI, a
classification test for an amine should be applied first.

it} The test for a phenol should be performed on an uoknown that is sotuble in
dilute sodium hydroxide but insoluble in dilute sodinm bicarbonate.

iif) If the elemental analysis indicates the absence of halogen, the test for alkyl or
aryl halides can bé omiltted.

iv) The absence of pitrogen means that tests for amines, amides, nitriles and nitro
compounds need not be performed.

3.8 PREPARATION OF DERIVATIV ES

After conflnmng the presence of the functional group in the unknown sample, we

prepare crystalline derivatives to identify the actual substance by comparison of

melting points with literature values. The ideal derivative should be simply and

quickly prepared by a high yielding. It should also be easily purified and
identified. These also have sharp and definite melting points preferably between
50°C and 250°C. In this work, you would be well advised not to jump to
premature conclusions about-the likely identity of your compound always prepare
‘one derivative and check that its properties agree with those-expected before
leaping into the preparation of the second confirmatory derivative. The detail
discuss to prepare derivatives for different functional groups will be discussed in
-Units 4 and 5.

So far in this unit we have discussed different steps that are evolved to estabhsh
the identity of the unknown compound. In next section; we will discuss how we
prepare laboratory note- books of classical qualitative analysis.

. 39 QUALITATIVE TYPE OF EXPERIMENT AND

LABORATORY NOTE BOOK

In Section 1.7 of Unit 1 (Block 1), we have discussed what important points onc -
may keep in mind while preparing a laboratory note book for organic experiments.

Here we will discuss a possible format for'qualitative type experiménts.

Each experiment should start on a fresh page, which should contain a title and
experiment number at the top.

A sample note book format for qualitative experiment is given here. Identification
of 2-naphthol (B-naphthol) is taken as our example.
Experiment No. ‘A’

Identification of an Unknown Organic Compound
1. Physical Examlination

a) Physical state . solid
b) Colour ° -~ white
¢} Odour - moth bafls like
d) Ignition test luminous, sooty.flame, no residue

Comment: This suggests that the unknown ‘A’ is aro_maﬁc compound.
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2. Elemental Analysis Preliminary wudve Analysis

N, S,Cl Br, I None ' Lo
3. 1) Solubility test '
H,0 5%NaOH  5%NaHCO, 5% HCI Conc. H,SO, Expected Class

- soluble soluble - - ' Acidic phenols,
carboxylic acids

i) kenctlon to pH paper neutral

4. Physical Constants ’
Meltiog point observed 122 - 124°C
5. Class determination o .
i) with aq. FeCi, no colour
ii) with alcoholic FeCl, green solution

Comment: These tests indicate the presence of phenolic compound.
6. Examination of literature

Possible compound  MLP. Derivatives Benzoate 1-Naphthyl Urethane
2-Naphtho! 123°C - 107°C 157°C

Comments: Picric acid also have M.P, 122°C. Elemental analysis shows negative
_ test for nitrogen element. That’s why it is not selected.

7. Preparation of derlvatives

(a) Derivative chosen Benzoate

M.P. observed 106 - 107°C

M.P, in literature 107°C )
(b) Derivative chosen - 1-Naphthyl urethane

M.P. observed 156-158°C

M.P. in literature 157°C

8. The unknown compound is 2-naphthol. The structure of this-compound is

sof
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UNIT4 QUALITATIVE CLASSIFICATION
TESTS AND PREPARATION OF -
' DERIVATIVES-I

Structure
4.1 lntnoducijon

Objectives
42 Functional Group Identification
43 Aldehydes and Ketones

Funclional Group Test
Characteristic Derivatives

4.4 Alcohols

Functional Group Test
Characteristic Derivatives . \

4.6 Phenols

Functional Group Test
Characterisitc Derivatives

4.6 Carboxylic Acids

Functional Group Test
Characteristic Derivalives

4.7 + Esters

. Functional Group Test
Characteristic Derivalives

48 Answers

4.1 INTRODUCTION

In the last Unit you have studied elementary analysis inelhods of organic éompounds. eg.,.

physical examination, elemental analysis, solubility test and delermination of physical
constants etc. In this unit first you will learn the idertification of organic compounds
having carbon, hydrogen and oxygen elements {aldehydes, ketones, alcohols, phenols,
carboxylic acids and esters) and then you will study the methods for the preparation of
their derivatives. .

Objectives

After studying this unit, you should able to test and derivatise the following compounds :
® Aldebydes and Ketones

Alcohols

Phenols

Carboxylic acids

Esters

4.2 FUNCTIONAL GROUP IDENTIF ICATION

Organic compounds are classified into different classes based on the presence of
functional groups. Except in the 1eaching laboratory, it is rare for an unknown compound
1o passess just one functional group. You must always be awarg of the possibility that
more than one funclional group may be present. However, here we will examine only
moncfunctional compounds. -

You can recall from your theory course (hat the functional groups are the sites of chemical
reactions, The detennination of functional groups depends on-their specific fealures of
structure and reactivity. The identification of functional group depends basically oa the
correct determination of the elements. Common monofunctional organic compounds are

wT
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listed in Table 4.1. For our convenience, in this unit, we arrange the orgamc compound on
the basis of elements present in the compound. .

From the experimental resalt so far (elemental analysis, M.P., B.P., solubility test elc.),
you will have some idea about the type of funclional groups present in your unknown
compound. Firstly, it is necessary 10 confirm the presence of these expected functional
groups through classical methed. In the next step prepare at least one crystalline derivalive
to identify actual compound by comparing (heir melling point with the literature value.
‘Melting points and/or boiling points of some common organic compounds and their
derivalives are given at the end of this block (see Appendix).

As said earlier, solid substance prepared from the compound is known as its derivative.
In gencral, the basic structure of the original substance is retained in the derivative. The
choice for the preparation of derivative is largely based on the functional group. The ideal
derivative should be simply and quickly prepared in high yield and should be easily
purified. The derivatives prepared should have sharp and definile melting point. The
melting point of the selected derivative should be sufﬁcwnlly different from that of lhe
same derivative of other compound of a particular organic class.

., Tabled.l: Common monofunctional organic compounds

Nature

Functional Grnul? ) . Class
A) When C, H and O are present
SH
. —C Aldchydes Neutral
A O
/ =0 Kelones Neutral -
2) —(!‘,—OH Alcohols Neutral
| .
Phenols Weakly acidic
3) @—ou_
0 : o
” Ca_rboxyhl: . Acidic
4y R-—C—0OH ' acids
0
il Esters Neutral
5) R—C—OR
B} When Cand H are present
11
6y —C=C— Alkenes Neutral
T —C=C— Alkynes Neutral
8) Ar-R . Arcnes Neutrnl
C) When C, H and X are preseot
9 R—X, @- X Halides Neutral
D) When C, H, N presnet
10)  RRR'N Amines Basic
E} \thn C, H, N and O present
iy -NoO, Nitro Compounds Neutral
12) —CONH, Amides Neutral

Qualitaive Claasification Tesls
and Prrparalion of Derlvatives-1

17
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Now let us discuss each functional group test individuality.

h ... 9
43 ALDEHYDES (R-C-H)ANDKETONES (R-C-R')

Both aldehydes-and ketones have carbonyl group (>C=0). You have studled the reactions -

of carbonyl group in organic chemistry course (CHE-0S). In this unit you will study the

~ tests for detecling aldehydes and ketones.

4.3.1 Functional Group Test
A) Br;dy’s Test )

The carbonyl compounds (aldehydes/ketones) react withr 2, 4—dinitrophenylhydrazine
(DNP) and give crystalline 2, 4—dinitrophenylhydrazone product witlh orange/yellow/red
colour. This test is carried out as given below :

Procedure

Take (.5 g of the unknown compound in a test tube and dissolve it in few drops of water
or ethanol. Add 1 cm’ of Brady’s reagent. Heat the reaction mixture on water bath for few
minutes and then cool it in ice. The appearance ar yellowforangefred crystalline
precipitate (ppt) indicates the presence of aldehydes or ketones.

The colour of the precipitate gives some idea of the type of carbonyl compounds.

" Colour of Precipitate ' Compound
Yellow ) Saturated carbonyl compounds
Orange ' @, f-Unsaturated carbonyl compounds
Red o Aromatic carbonyl compounds

The reaction-involves in the Brady's test is given :

NO; ' " NO,

. R ~ ' i
+ HENNHON% —— >C=NNH@~N02 + Hz0
R}

2.4-Dinitrophenyl—
hydrazone
(Yellow/Orange/Red)

Brady’s reagent : Dissolve 1 g of DNP in 5 ¢m® concentrated sulphunc acid. Add this
solution slowly with shaking and cooling to'a mixture of water (7 cm ) and ethanol
(25 cm?). Filter it 1o remove any suspended solid and store as a stock solution.

. B) Tollen’s Test

If Brady's lest is positive, than aldehydes and ketones are differentiated through Tollen's
test. A posilive Tollen’s test indicates the presence of an aldehyde. Normaily, ketones do
not give Tollen’s test but there are few exceplions, for example acetophenone and
cyclohexanone. Some easily oxidisable compounds (e.g., certain phenols, 2-naphthol;
and amines} also give positive Tollen’s test but these compounds do not give positive test
with DNP.

“Silver ammeonium ion [Ag(NH,),]" is present in Tollen's reagent. In this test aldehyde is

oxidised to carboxylic acid and silver ion reduced to free silver.

Procedure .

Place unknown compounds (2 drops of liguid or 0.05 g of solid) and 1 cm? of freshly
prepared Tollen’s reagent in a cleaned test tube. Shake Lhe test (ube and place itin the
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stand for about 10 minutes. If black precnpuate or silver mirror on the wall of test wbe is “Qualitative Classification Tests |

“not appeared, warm the test tube for few mihutes on a water bath, Formalion of black. a0d Preparation of Derivatives-1
‘precipitate or sﬂve; mirror indicates the presence of aldehydic group. -
The reaction can be-given as :
RCHO + 2Ag(NH,),0H » 2Agl +RCOONH,+3NH,+H,0 ;
- Tollen’s reagent Silver mirror . .
(colourléss) or Black ppt.
Tollen’s reagent: o 'gf
. i . . - k) - Tollen's reagent should be
Solution A:  Dissolve silver nitrate (2.5 g) in distilled water (40 cm?). prepared immediately before the
. 16 i i in disti H experiment because oo long
SolutlonB:  Djssolve potassium hydroxide (3 g) in distilled water (40.cm’), standing it decomposes 1o yield u |
Mix equal volumies of solution A and B. A white precipitate (Ag;0) is obtained. Now  potentially explosive solid, silver
add concentrated ammonia solution (30%) drop by drop uatil the mixture is almost :1":;)
clear, . '
“Agy0+4NH; + HyO —— 2[Ag(NH3)2]’OH -

C)L Schiff Test

Another memodfor distinguishing between aldehyde and ketone is Schiff Test. Aldehydes
give positive Schiffs test whereas ketones do not react with Schiff’s reagent. In this 1est
an aldehyde reacts with Schiff’s reagent to form a characteristic ‘magenta colour. Some
aromatic aldehydes (e.g., vanilin), give a negative result with the Schiff’s reagent. Methyl
ketones (CH;CO-) may restore the colour of Schiff’s reagent very slowly. Your test tube
should be free from-alkali and the salts of weak acids because these also redden lhe
Schiff’s reagent like an aldehyde. Perform this test as gwen below:

Procedure

Place 2 cm? of ynknown compound or 2 cm® of aqj ueous or alcoholic solution of the
unknown compound in a test tube. Then add 2 cm® of Schiff’s reagent in the test tube and
shake it for 2 minutes. Do not warm or heat the Schiff’s reagent because pink colour
develops on beating even in the absence of aldehyde. The appearance of wine—red or
purple colour indicates the presence of an aldehyde group.

The reaction sequence of this is:

Y CI + 3H,S0,

HSOENHQ
—@-Nﬁam + - 2 H,0
HSO NH—O/'

Scl'ufl',s reagent

{colourless) ‘t 2 RCHo

[
_ RCHsoaNH—Q

, C= = NHacl
R(IZ‘HsozNH.—Q/

P




Qualligtive Organic Analysks

Schifls rengent teads Lo acquire
colour on storage. Therefore, it is
necessary (o use only colourless
Schifl's reagent

Keep the Schiff's reageat in a well
stopped bottle in dark.

Schifll’s reagent

Dissolve p-rosaniline hydrochloride (0.2g) in saturated solution (20 cm®) of sulphur
dioxide in water. Shake and allow it to siand for few hours until it becomes colourless -
or pale yellow. Dilute with water (180 cm’) and separate Lhe clear solution by

filtration.

D) lodoform Test

lodoform tesl is uselul for the i‘ﬂanuﬁmhon of methyl kelones (CH,COR}) and secondary
methyl carbinols CH;CH(OH)R. “Since Lhis test is positive for CH;CH(OH)- groupings, it
is advised that you should perform iodoform test after confirming the presence of carbonyl
group. Ethanol, acetaldehyde {ethanal), CH,1CO- and CHI,CO- also give posilive
iodoform (¢st. The test is negative for acelic acid and some olhef“smllar compounds.
Carry out the test as under.

' Procedure

Dissolve 0.5 cm® of the unknown liquid or 0.2 g of the solid in water (3 cm®) of aqueous
dioxane (2 cm3 waler + 2 cm’ dioxane) in a boiling tube. Add iodiné~potassium iodide
solution (1 cm®) and then few drops of 3 M sodium hydroxide solution with shaking uniil
the brown colouration vanishes. A positive Lest is indicated by immediate formation of
pale yellow precipitate of iodomethane (iodoform), M.P. 119°C, without heating. Reaction
involves in the Lest is given by,

» NaOH _
CH,CCR L) RCO,Na + CH,1 L
H,0 Pale Yellow

rpt

Iodine-potassium lodide reagent: It is prepared by adding 50 g of potassium iodidé
and 25 g of iodine.to distitled . water (200 ml). A clear solution is oblained after

stirring. Deep brown colour of the solution is due to the formauan of tricdide

anion (I5)

H,0
K+, ——— Kl

4,3.2 Characteristic Derivatives

For the preparation of derivatives, carbonyl proup of aldehydes and ketones are converted
into another groups such as >C=NNHR, oximes, etc. Methods for the preparalion of some
common derivatives are given in this section,

)] 2,4—Dlnilropheliylhydrazone

Dissolve 0.5 g of the unknown carbonyl compound in a snall volume of ethanol and add
2-3 cm’ of the 2,4-dinilrophenyihydrazing reagent. Heat the mixture on water bath for
15-20 minutes, if no solid separates immediately, cool it and if a precipitate still does not
form, add water dropwise untill precipitate forms. Filter off the resulting solid, wash it
wilh agueous methanol (equal volumes of H,0) and CH,OH) and recrystallize the solid
from ethanol or ethyl acetate. Take the melting point.

NO, NO,

R - R
Ne—o 4 'HENNHGNOQ — \C:NNHONOE + H,0
/ R’ _

2,4—~Dinitrophenyl— .
_ hydrazone ="~
(Yellow/Orange/Red)

2) Semlcarbazone

. Dissolve the semicarbozide hydméhloride (0.5g) and sodium acetate (0.8g) in 5 cm? of .

water in a test tube and then add the carbonyl compound (0.5 g). Add minimym amount of
ethanol dropwise to get a clear solution if the solution is not clear. Heat the mixture for

Fl
]
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10-20 minutes on a boiling water bath, cool in ice and filter. Recrystallize Lhe product
from ethanol, aqueous ethanol, water or benzene.

R X R
N ' AN ' '
C=0 + HNNHCONH, —— =NNHCONH, + H,Q
. - / .
R’ : R i
Semicarbazone

.

3) Oxlimes: Derlivatives for higher molecular weight Aldehydes and keton&s

Place a mixture of 0.5 g of carbonyl compound, 0.5g of hydroxylamine hydrocbloride,

3 cm® of pyridine and 3 cm® of absolute ethanol in a small round bottom flask. Fit reflux
" condensor on round bottom flask and reflux the mixture for 2 hrs. on water bath.
Evaporate the solvent and recrystallized the residue from ethanol or agueous cthanol.

R
-Pyridine N
C=0 + H,NOH.HC] —48——, C=NOH + H,0 + HCI
t /
R . . R’
Hydroxyl amine Oxime
hydrochloride .
SAQ1 '
W‘hich of the following compounds will give a posilive haloform test ?
- {a) CgH;COCHy; (b) CH,COOH; (c) CH,CHO;
(d) CH,ICOR; (e) . CH,COCH,COOR

44 ALCOHOLS (R-OH)

You may have studied variety of reactions of alcohols in your theory course. In last
seclion we have seen that alcohols containing CH,CH(OH) —group give positive -
icdoform test. In Lhis seclion we shall study tests for other alcohols.

4.4.1 Functional Group Test
A) Cerle Ammonium Niirate Test

This reagent gives positive test for primary, secondary and tertiary alcohols having upto
1en carbon atoms. You camry out Lhe test at room {emperature because hot solulions of the
reagent oxidizes many of organic compounds.

Pro-ceduré'

Prepare the solution of the ynknown compound (0.2 g or 1 cm®) in water, (or dioxane for
waler insoluble compounds} add few drops of ceric ammonium nilrate. A red colour is -
obtained. This indicales the presence of primary, secondary and tertiary aledhols. Alcohols
replace nitrate ions in complex cerate anions, resulting in a change from a yellow to red
solution, The preliminary reaclion for alcohols is,

HNO,
2 ROH + (N]L)zCG(NOa_)G _— 2Ni‘{4N03 + [(ROH)ZCC(NOJ)J
Ceric ammonium Red Complex
Nitrale .

B) Acetyl Chloride Test

Acetyl chlbride reacts vigorously with alcohols to furnish an ester and-hydrogen chloride.
Compounds, such as carboxylic acids, pbenols and amines, also react with this reagent.
You should ignore these compounds due to their non—neutrality.

- Procedure _

_ In adry.test tube take 0.5 cm® of liquid or 0.5 g of solid unknown compound and add 2-3 .
dniops acetyle chloride. Reaction mixture become warm with the evolulion of hydrogen _

Quallintive Classification Teuis
and Preparation of Derlynllves-I

21
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Qualliatlve Organlc Analysls

. Lllcns’ reageni o

chloride. Bring a rod dipped in ammonium hydroxide near the mouth of test wbe. A white
fumes indicales the presence of alcohol. Reactions involved in this test is given by, |

Acetyl Ester -
chloride

. HCl + NH,OH ———  NH,Cl + H;0
Ammonium White -
hydroxide ' fume,s

When test (A) and (B) gives positive results, then perform Lucas test for the ldeutlﬁcauon
of primary, secondary and teriiary alcohols,

C) Lucas' Test: Dll'ferentiatlon between Primaty, Secondary and Tertiary Alcohols
This test is useful for distinguishing among lower molecular weight primary, secondary

- and tertiary alcohols. In this reaction alcohols convert to corresponding alkyl chloride.

Lucas® test based-upon the difference in reactivity of these three classes towards HCL.
With Lucas reagent primary alcohols give no appreciable reaction, secondary alcohols
react more rapidly and tertiary alcohol react very rapidly.

"I‘his.test has its limitation. For example allyl alcohols give similar results {o that of
secondary alcohols. Thus prepamation of its derivatives is necessary to confirm the nature’
of alcohols. Carry out the test as given below :

'Procedure’

Add Lucas’s reagent (3 cm®) into the voknown compound (0.5 cm®) in a test tube. Cork
the test tube, shake well and then allowthe mixture to stand. Note the: followmg
observations: .

B Immedialcly_cloud formation indicates the presence of l.crtiary_ alcohol.
' _ ZnCl, -
R3COH + HCl———— RyCCl + H,O.
ii) Gradually cloud formation (5-10 mmutes) indicates the presence of secondary
alcohol

ZnCl,
R;CHOH + HCl ————— R,CHCI1 + HCl1
iiiy No cloud formation md:cates thie presence of pnmary alcohol.
ZnCl,
RCH;0H + HC1 — No reacﬁon.

isolvc anhydrous zinc chloride (35 g) in concentrated hydmchlonc acid (25 cm®)
with coohng to avoid loss of hydrogen chloride.’

44. 2 Characterlsﬁc Derivatives
Methods for the preparation of some m:portant denvauves of alcohols are given below.
l) 3,5—Dlnltrobenzoate Derivatives '

-The reaction between 3,5-dinitrobenzoyl chloride and alcobol gives the comresponding

ester (3,5-dinitrobenzoate). 3,5-Dinitrobenzoate esters are suitable derivatives for both
alcohols and phenols. The reaction involves in this preparation is as under:

i NO, -
ROH  + CICQ Pyridine,  pog + HQ
. NO,

L '3.5— Dlmtrobenzoyl S 3,5-Dinitrobenzoate =
ch]orlde - :

P ——




Procedure . . - Qualfiative Classification Tests

“and Preparation of Derivatives.
Dissolve the alcohol (2 cm®) in dry pyridine (5 cm®) and add 3 »J-dinirobenzoyl chloride .
(1.2 g)in a 100 cm? round-—bouomed flask. Reflex the reaction mixlure for about 30 3.5 Dinitrobenzoyl chloride i
minutes and pour 1t into'40 ¢m? of hydrochloric acid. Sepamte the solid or oily product . reaclive (owards water; it should
and stir with 15 cm® sodium carbonate solution (1 M) 1o remove any 3,5~dinitrobenzoic . beused immediately after )
acid formed. Filter the solid and recrystallize from petroleum (60-80°C), ethanol or weighing. Don’t expasure to air

. and keep the bottle ughl.ly

anueous ethanol. - clased.

2} 1-Naphthyl Urethane Derlvative "

This derivative is also suitable for both alcohols and phenols. When aryl subsutuled
isocyanate, ArN=C=0, react with alcohols, it gwes a urethane.

o COrimemo o Oom

Aryl isocyanate Urethane

A major side reaction is that-of water with isocynate. To avoid Lhe side reaction, take
precautions Lo ensure that the alcobol is anhydrous, :

L

Procedur_e

Place the alcohol (0.5 g), dry pyridine (1 cm®) and 1-naphthyiurea (0.5 cm®) in a dry test

tube. Shake, the mixiure for few minutes. If no precipitate appears warm gently on a-water " Isocyanates are toxic. Take
bath for 5 minutes and then ¢cool the mixture in ice. Filter off the solid product. ) pormal precaytions in handling
Recrystallize the crude derivative from petroleum ether (40-60"). (Remove whem.

l—naphthylurea by filtration which is insoluble in petroleum).

SAQ 2 : :

Write “T"" if true and ““F” if false against the following statements.

a) Ceric ammonium nitrate test for secondary alcohol gives red colour. . []
b} Reaction of alcohol with acetyl chloride yields an ester and hydrogen chlofide. []

€) Acetyl chloride test is useful for distinguishing primary, secondary and tertiary
- alcohols. _ R B

d) The reaction between substituted alcohol and isocyanate gives corresponding ester. [ ]

s
4.5 PHENOLS (Ar-OH)

The aromatic compounds in which hydroxyl ({OH) group is direc'ly attached to benzene
ring are called phenols. In this section we shall study the functional group test ot' phenols
and preparation of their characteristic derivatives.

4.5.1 Fu'nclional Group Test o
. a) Ferrle Chloride Test * ‘

Most phenol react with fersic chloride to give colour. Some phenols that do not give'
colour in aqueous or alcolglic solution, but they do so in chloroformi, especially after
addition of 2 drop of pyridine. Some phenol do not give colour at all. So a negative test
must nol be taken as significan( without supporting information.

Procedure

Dissolve 0.5 g of the unknown compound in 1-2 cm’ of water (or a mixture of water and
95% ethanol if the compoung is not water soluble) and add few drops of very dilute (1%)
ferric chloride solution. Wide range of colour (given below) shows the presence of '
phenolic —OH.

>
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.

OH

|
Enols (R'C=CHR) also give & wide

range of colour with FeCl;.

‘The phenol complexes are probably
coordination
compounds in which iron is
hexavalenl
FeCly
» |[ArO)OFe] 3 +6H*
+3CT°

6Ar-OH

HO—@ HO'NO, g

Compound Colour
Phenal, o-Crescl ) Violet
p—Lresol, quinol Blue
m—Cresol, 1-Naphthol(alcoholic) Bluc—violet
Resorcinol ) I

1-Naphthol : Pink
2=Naphthol (aleoholic) T Green

SQ—OH + FeCl;, —— 3 H +

Followiné compounds do not respond with 'ferrif: chloride,
i) Picric acid

ii} Naphthol sulphonic acid

'Ihe.reacﬁon involved in this test is,

3 HCl

(o), .

B) - Liebermaan’s Test

Pheaols in which para position is free, give positive Lichermann’s test. Although few
exceptions are noted. For example, p-substituted phenols and nitrophenols do not respond
to Liebermann’s test. Dihydroxyphenols, except resorcinol, do not give satisfactory result
wilh this test.

Procedure

Place few crystals of sodium -nitrite and unknown compound (0. Sg) ina d:y test: tube Heat
the mixture gently for about 30 seconds, allow it to cool and add 0.5 cm® of ‘conc.
sulphuric acid. On shaking the contents a deep green or blue colour develops. Dilute the
content with water, the colour changes to red. Now add excess of dilute sodium hydroxide
solution, the green or blue colour again reappears. Colowr formation is observed due to the
production of salt of indophepol. The reactions of the 1est are:

H*

NaNO, » HNO, «—» HO. NO

Nitrus acid . '

NO _

O:D_NOH

.p—nilrosophenol Monoxine of

quinone .
L
e, _ H,S0,
o _N—'QE____:‘:,__-E}_Q_OH Condensation =<Z>_ NQ_
Indopheno
120 : [

OH—QNGBH 'HSG,

Green T T : : T T 7T 7T Blue

o@:p:—@—ﬁ
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452 Characteristic Derivatives

Many of the derivatives for characterizing alcobgls may be.useqg €qually successfully for
- phenols, Some commgp methods for the preparation of derivatives of phenols are given
below, : . ]

D 3,5-Dinitrobenzoate Derlvative - ST Te—
Prepare as describeg under4.4.2(1)

2) 1-Naphthy) Urethane Derlvative

Prepare as described under 44.2(2

SAQ 3 ‘

' iii) Resorcing]
T iv) 2-Napthol (alcoholic)

b) Which one of the following €ompounds do poy respond with Fecl,
1)  Picric acid

i) o—cresol

iii) Quinol

V) 2-Naphhol (alcoholic) '

46 CARBOXYLIC ACIDg (RCOOH) .
Carbolelic aoids are represented i
e ; :

4.6.1 Functional Group Test

~A) Sodiym blcarbonate Test

One of the beg; lests for the carboxylic Eroup is solubility jn basic s.lution, Carboxytic
acids liberate carbon dioxide from sodium bicarbonaie,

Procedyre
the unknowy compound in a test tybe apg 2dd 1 em’ of 5% aqueoys sodiuin

Place 0.2 g of _
bicarbonate, Vigorous evolution of carbop dioxide with effervescence indicates the
Preseace of carboxylic group,

RCOOH + NaHCo, RCOONa + H,0 + cof

4.6.2 Characteristic Derivatives

Common derivatives for carboxylic acids are; Amides, anilides, P—toluidides, phenacyt
ssters and S-benzylisolhiouronlum salts. Experimental details for amidef, anilides ang

*olvidides ara given below.

Qualltative Clatsification Tey
and of Deriratives.1
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walliativs Organic Asaiys . RCOOH + SOCl: , RCOC} + SO, + HCI

- © Thionyl Acid
. or chloride chioride )
RCOONa + SOClp , RCOCI + 80, + NaCl
Thionyl Acid ,
chloride '  chloride -

Acid chiloride, can be used to make the amide, anilides or p-toluidides. Therefore, let us
first study the method for preparation of acid chloride.

Preparation of Aclid Chlorlde -

Placé the carboxylic acid (1 ), thionyl chloride (2cm’) and dimethylformamide {OME)
(5 drops)ina small round bottom flask, attach a flux condenser and reflux for about: 30
minutes. Precipitate of acid chioride-will appear at the bottom of the flask. This mixture, -
containing acid chloride, can be used to prepare amide, anilide or p-toludide derivative as
described below: , . .

1) Amide Derlvative

Be very w,_ﬁ,; while sdding To2 gm of i.hc above mixnue, ¢ontaining acid chloride, add 15 cm? of ice—~cold conc.
conc. NH,OH, the reaction is NH,OH. A vigorous reaction take place. Filter off the solid formed as thé result of the
quite vigorous. : reaction and recrystallize from waler or agueous ethanol. ' '
_ cod . -
RCOC1 + NH,OH — RCONH,

2) p-Toluldides and Anilides Dertvatives

Take about 2 g of the crude acid chloride in a 100 cm® conical flask and dissolved it in

5 cm® of acetone. To thisadd 1 p-toluidine (dissolved in acetone). Shake the mixture fo
 few minutes and add 50 cm® of NaOH to the flask. Filter off the solid p—toluidide which
formed during the reaction. ‘Wash the p-toluidide with water and recrystallised from

ethanol.

+ -
. RCOCI + 2 QNHz — RCONH—O * @—NHSCI

LY

If you want to prepare anilide, use aniline in place of p—toluidine and you will get anilides.
. SAQ4. |
Fill in the blaoks.

a) Carboxylic acid HHEALE .o serersssr e erseressmsresoree-TOML sodium bicarbonate.
b) Reaction of acid chloride with ammonia YHEMAS cvcvvnsarsssnrsmmrermammesss st
¢) Reaction of carboxylic acid*with y1e1d.s anilides.

RN

47 ESTERS RCOOR'

- ———

 The product of the reaction between an Organic acid and an alcohol is called an ester.
They are re\presented by the general formula: ' ) )
A gumber of esters have characteristic odour. Pleasant odours of many fruits.and flowers
are due 10 Lhe presenes of esters. Some naturally occurring esters and their odours are
given in below:
N - Some esters and theirodours

- Name ~ Pentyl acetate Octy] acclate Melhyl putyrate  -Etbyl trityrate |-

26 ' . Odour Bananas Oranges - Apples- Pincapples




~A) Hydroxamic Acid Test
A neutral compound, containing C,H,0, may be an ester or.acid anhydride when it does
not respond to DNP test for aldghydes and ketones. '

Esters react with hydroxylamine to give hydroxamic acid, which then complexes with
Fe(DN) (ferric chloride) (o give a purple or deep red colour. Carboxylic acids anhydrides,

acyl halides and phenolic or enolic compounds may interfere with this test. But these

compounds can b ruled out by their solubility in aqueous sodium hydroxide,

“Procedure
Take 2-3 drop or 0.02 g of unknown compound in a boiling wbe and add 0.2 g of solid
hydroxylamine hydrochloride and 5 cm® 10% NaOH solution: Heat the mixture on a .
boiling water bath. Cool and acidify the reaction mixture With difuie hydrochloric acid and ‘
add 2-3 drops of 5% aqueous ferric chloride. Purple or deep red colouf due to formation
of ferric complex of hydroxamic acid indicates the presence of ester.

The chemical reaction of the test is:

I I .
RCOR NH,O0H —_ R CNHOH + ROE
" Hydroxylamine Hydroxamic )
acid
o - /°
3 RCNHCH + FeCly — RC - Fe + 3 HCL
: . \NH—OT,,
B) ’Eiydrolysls Test : L

Most esters undergo hydrolysis very slowly. Anhydrides are hydrolysed quickly.

Procedure . .
Dissolve the ester (0.5 g) in ethanol (2 cm?), add dilute methanolic potassium hydroxide
{2-3 drops) and phenolphibalein (2 drops) in a test tube. In anotber test lobe preparc
similar mixture but omit the ester. A pink colour is obtained in both the test tube. Now
‘place both test tubes in boiling water for 5 minute. The pink colour fades or disappears in
first test solution, whereas in second pink colour remains as such. This indicates the

_presemnce of ester group in the supplied sample. ‘
Pink colour disappears whean the alkali is used in hydrolysis of ester. Phenolphthalein is
colourless in acidic medium and pink in basic medium.

‘ -+~ KOH .
RCOOR' » RCOOKa + ROH
477.2 Characteristic Derivatives .
Estexs are identified by their amide derivatives and usually by their hydrolysis products
(alcoholic and acidic partners).

1) Amlde Derlvatives
Take about 0.5 g of the ester, 10-15 cm? water 4-5 cm® concentrated ammonia in a test
whe and shake well. Filter off the precipitate of amide, formed dusing the reaction, wash
with water and dry it. ' ' :

4.7.1 -‘Fu_ncﬂonal- Group Test - , ' ' . Qealliative Classification Tesis '
. and Preparaiios of Derivatives-1 -
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. NH
RCOOR' 2 RCONH, + R'OK

e
Amide ’

2) Hydr:olysls of Esters and Isolation of Components

(®) If a solid precipitates _ _
1) filter je off, wash with methanol and characterise it for the acid, or Phenol
(prepare suitable derivative), :

i) remove the methanol from (he filtrate and identify the liquid for alcohois or
phenols (prepare derivative),

(®) If homogeneons solution Is obtalned

Distil the methang] 0D water bath, cool angd éxtract the residue with diethy] ether, Dry the
ether extracts over anhydrous sodium sulphate, evaporate the-ether and identify the regigye

Tor alcohols, Characterise the ether—insoluble residye for carboxylic acids,

Hydrolysis of an ester is- given by,

" KOH
RCOORT — > RCOOK +R'OH

H*

RCOOH
SAQS
Complete the following reactions - .

- H*
a) CGHsCOOCH, + kon —_—
b) CH;COOCH; + NHon_'—'—-—-} PP

: Foreenns
_ c) CH;COOCZHS +NH;—— T R
4.8 ANSWERS OF SAQs
1) a,candg

2 a T b) T; ¢} F; d F
3) 2 Al four b) i '

4) a) Carbon dioxide ()] Al;ujdc €) Aniline
5) 2 CH,COOH + CH,On :

b) CH;CONHOH+CH,0y .

9 CH,CONH, + C;n,01




UNIT5 QUALITATIVE CLASSIFICATION
| TESTS AND PREPARATION OF
DERIVATIVES-II

5.1 Introduction

Objectives
52 Alkenes and Alkynes
Functional Group Test
53  Alkyl Halides
- Functional Group Test

. Characteristics Derivatives
54 Aromatic Hydrocarbons and Haloarenes

" —  Functional Group Test
Characteristic Derivatives

55  Amines
Funclional Group Test
Characteristic Derivatives

56 Nitro compounds
Functional Group Test
Characteristic Derivatives

5.7 Amides
Functional Group Test
Characteristic-Derivatives

58 Sample Experiméuls
Indentification of 2-Naphthol
Indentification of o- Anisidine _

59 Answers

5.10  Appendix

5.1 INTRODUCTION

In Unite 4 we have discussed the qualilative analysis or organic compounds having carbon,
hydrogen and oxygen clemenls In this unil we shall test the functional group of compounds
having :

(1) Carbon, hydrogcu and with or without halogcn {alkenes, alkynes, alkyl halide, aromatic
hydrocarbons and haloarenes)

(2} Carbon, hydrogen and nitrogen (amines)

(3) Carbon, hydrogen, nitrogen and oxygen (Nilro compunds and amides)

Objectives

Alter studying this unit, you should able to test and derivatize the following classes of
compounds :

Alkens and alkynes

Alkyl halides

Aromatic hydrocarbons and Haloarenes

Amines

Nilro compunds

29
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Quatitative Organic Analysls

Alkyl chlorides often react more
rapidly (50-60 minutes) upon

adding 0.5 g of potassium iodide.

32

532 Cgaracteristié Derivatives
S-Alkylisothiouronium Plcrate

From the point of derivatization, it is considered that alky halides are relatively inert-
compounds. Primary and secondary halides (Alkyl bromide or iodides) give crystalline
sharp melting S-alkylisthiouronium salts on'reaction with thiourea. Alkyl chlorides react
slowly and the yield of the derivative is poor. Tertiary halides undergo elimination,
therefore such derivative cannot be prepared for tertiary balides. You can prepare

-- S-alkylisothiouronium picrate as described below. :

Procedure

Dissolve thiourea (1.5g) in water (4 cm?) in a test tube and add to it alkyl bhalide (1 g) and
ethanol (4 cm?). In case of alkyl chloride, also add potassium iodide (1g). Heat the mixture
on a steam bath, to get homogeneous solution, for a period depending. upon the nature of the
halide : primary alkyl bromides and iodides, 10-20 minutes; secondary alkyl bromides or
iodides, 2-3 hours. Then add 0.5 g of picric acid, boil it uqtil a clear solution is obtained and
cool. a : '

. ‘ ‘
Filter off the precipitate which forms and recrystallize from aqueous ethanol. If
crystallization does not occur, add few drops of water. -

ﬁ ' NH,
+ —
RX + H,NCNH, —24 fthanol . [peeng, T x
ol
ﬂHz oMo -
T4
[RSCNH, ] | No, 0 | + HX « NO,
NO,

SAQ2

Arrange the following compounds according 1o decreasing aclivily with ethanol silver
nitrate solution : -

a) RCOCI : b) CH,CHCH,
‘ :31’
CH,
c) Cch:CH3 d) CH,CH,CH,CI

Br

54 AROMATIC HYDROCARBONS (Ar—H) AND
HALOARENES (Ar—X) _

Aromatic hydrocarbon are insoluble in concentrated sulphuric acid. Most of the arenes do
not decolourise bromine in carbon tetrachloride and also fails to decolourise cold potassium
permanganate solution. The identification of aromalic hydrocarbon and aryl halides are-




based on physical constant and chemical tests. Some- unponam functional group lesl are
given below : - ;

5.4.1 Functional Group Test
A) Aluminlum Chlorlde Test

“This test for the presence of an aromatic ring should be performed only on compounds that
have been shown 1o be insoluble in concentrated sulphuric acid. Aromatic compounds gwe
. characteristic colour with chloroform and anhydrous aluminium chloride.

The colour formation in this test is due to formation of triarylmethy! cation (Ar,C").
Triarylmethyl cation results by a series of Friedal-Craft Alkylation followed by a transfer of
hydride ion (step 1 to 3),

) Friedel-Crafts alkylation

CHCly |
—AlCL.”

2} Mono or d'ia:)?l cations are formed by the reaction of mone or diarylmethane with
aluminium chloride.

(CsHs)zCHCl + MClq | ——y (CsHs)zm'I AICL,
Diaryl cation

A

AlCla Q_CHCI AicTy” Q_CH

JHCl 2_

3) A stable triaryl cation s formed by the trinsfer of hydrogen from uinrylmelhané to
mono or diaryl cation.

H transfer . o
(CﬁHs)zC.'H A]Cl4 + (C5H5)3CH —_— (C5H5)2CH2 + (C5H5)3C+ AlCI,q
] coloured
This'test is siguiﬁcant'i'f posilive,'but a negative test does not rule out an aromatic
" compounds. Some aromalic compounds do not response to (his tesl.

. Procedure

Place unknown compound (1 cm® or 0.1 g) in a clean dry test tube, add chloroform (1 cm®)
and finally 0.2-0.3 g of powdered anhydrous aluminium chloride. The appearence of bright
colour ranging from red (o blue indicates the presence of aromatic ring. Some examples are
giveu below : !

Neme of the compound . Colour
1) Benzene, Alkyl benzene, Aryl. halides Orange to red
2) Napthalene - Blue
3) Phenanthrens. ' Purple
4) Anthrancene Green
5) Biphcnyl Purple

B) Alcoholic Silver Nitrate Test

Perform the test as described in 5.3.1. This test is negalive for most of aryl halides.
Aromatic compounds in which halogen is directly attached to the aromatic nucleus and ajtro
groups are present at ostho and/or para position react with the reagent on heating. For
example, 2,4-dinitrochlorobenzene give precipitate readily with the reagent on heating.

©r 0o colour with this test.

Qualitative Classificallon Tesls
and Preparation of Derivatlves-II

oy

Carboo tetrachloride may be
used in_plm of chloroform.

Aliphatic compounds give litle
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Qualliative Organic Analysis

+ 5.4.2 Characteristic Derivatives

Aromatic compounds are derivatized by elecl..rophilic substitution of the arene. If alkyl goup
is present, it is oxidized to corresponding carboxylic acid. Experimental detail forthe - .
preparation of some derivatives are given below. '

1) Sulphonamide Derivatlves

This method is used for the derivatizalion of aromatic hydrocarbons and aryl halides.
Aromatic hydrocarbons react with chlorosulphonic acid and yield comesponding sul phonyl
chlorides. Sulphonylchloride does not erystallise easily and are therefore converted into the °
sulphonamide by treating with concentrated ammonia. - )

50,C1 SO,NH, .

CISO,* O (excess). NHp . @
X - . X X
@ C150," OH @ NH, @

S0,Cl SO,NH,

Procedure

Prepare a solution of the unknown compound (1.0 g) in chloroform (6 cm®) and add
chiorosulphenic acid (3 cm®) drop by drop with cooling in an ice bath. When the evolution
of hydrachloride fumes has slowed down, wanm the mixture and allow it to stand at room
temperature for 30 minutes. Pour the product into crushed ice, separate the lower
chiloroform layer. Add the ammonia solytion (33%, 10 cm®) to the residue, boil for 10
minutes, cool and add 15 cm’ water. Filter the solid product (sulphonamide) and
recrystallize from agueous ethanol, '

2) Oxidation of Side Chains

Aromatic hydrocarbon conlaining side chain may be oxidised to the corresponding acids.
This method is used for alkyl arenes and benzyl halides which have at least one benzylic
hydrogen (hydrogen a- to the ring). Oxidation results are generally good for compounds
with one or two side chains. There are iwo methods for the oxidation of side chain.

i} Permanganate Method

Place the unknown compound (1.0 g), potassium permanganate (4 £), sodium carbonate
(1.0 g) and water (100 cm®) in a round bottom flask. Refiux the mixture untjl the colour of
the permanganate is discharged. Acidify with conc. hydrochloric acid and then add 25%
sodium sulphite solution with shaking until the brown precipitate of manganese dioxide has
dissolved. On cooling solid product separates which is rccrys.lallizcd from water or aqueous
ethangl, B . :

@—CHEH(X) —*%";—Oﬁ Q—CHzﬁ

Benzoic
acid

il) Chromic Acld Method

Dissolve 3 g of sodium bicarbonate in 8 cm® of water and add 5 cm” of concentrated
sulphuric acid in a round bottom flask. Then add about 1 g of unknown compound to the '
mixture. Heat the reaction mixture for 30 minutes. Cool the mixture then add about 6 ¢m? of

_ walerand filter the solid carboxylic acid. Wash the solid with water and recrystatlizes from

alcohol.

J
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SAQ3 o - ‘ . ' Qualitative Clasification Tests
. . : . and Preparation of Derivatives-IT
Complet the following reactions : ST :

2) 3 @ + CcHCl, MY, :

b) @ +  CIS0,-OH . NHg, -
"l C 0
NOE N .
&) . +  AgNO, CaflaOH,
NO,

55 AMINES (RNH,, R,NH, R,N, ArNH,)

- 5.5.1 Functional Group Test -

Amines are orgamc bases. They are classified into primary (-NH,), secondary (>NH) and
tertiary (—-— N).amines. There is possibility of quaternary ammonium halides if the halogen
is present and on dissolving in water give an alkaline solution. In this section we shatl study
about the chmactedsaition of aliphatic and aromatic amines.

A) Hinsberg Test : .

Primary, secondary and tertiary amines can be distinguished by H'msberg test. The reaction
between primary or secondary amines and benzenesulfonyl chloride gives the corresponding

substituted benzenesulfonamide. The reaction is carried out in excess base. Sulfonamides, of 20 8o allow benzencsulfooy]

" chloride to come in contact with

primary and secondary amines, are distinguishable because sulfonamides from primary " skin.
amine has an acidic amino hydrogen, which rend the product soluble in alkali. On the other )
-band, the benzenesulfonamide of secondary amines bear no acidic amino hydrogen and Use cairtion in handling ashines.

they are insoluble in both acid and base. Tertiary amines lack the necessary acidic hydmgen Maay are toxic.
for formation of benzenesulfonyl derivatives.

Thus, with few exceptions, primary amines react with benzensulfonyl chloride to provide
hémogeneous reaction mixtures and secondary amines react to yield hetrogeneous reaction
' mixeure.

@—sozm + RNH, X°H, @—'Sozi\fﬁR + KCl + H,O0

N . Primary Henzenesulphonyl

’ ’ “amine ” deravalive
excess || -excess .
HCI KOH

s +
Qsozp{ﬁ K + H,0

#tatem s = T - g




Qualitatjve Organic A.iyais

/_\\ S0,Cl + R,NH EOH, @—so.,N'Rz' )

Secor!dary Benzenesulphonyl
amine deravatwe
L}
1
excess T
KOH -

No reaction

- Procedre

In 2 e¢st tube take 3-4 drops (or 0.1 g) of the unknown compound, 0.2 g of benzénesulfonyl
chloride | cm’ of methanol and 5 cm” of 10% NaOH. Heat the mixture for few minutes, just
below ils bailing poinl, Lill order of benzenesulfonyl chloride is gone. Then cool the reaction
mixture in ice. On cooling, if no precipitate appears (han the substance is probably a tertiary
.umnc if precipilate appears, the amine is either primary or secondary.

lf a precipitite is present, filter it, wash it with 2 cm? of water and transfer it to a test wbe.
Add 2 cm? of 5% NaOH solution and warm the reaction mixture to 50°C and shake it weil.
If the precipitate dissolves, the amine is primary. If the precipitate does not dissolve it
indicates a secondary amine.

B) Nitrous Aclci Test

- This Lest is useful to differcntiate between primary aliphatic, pimary aromauc secondary

and lertiary amines. J

_Primary amines react with nitrous acid o yield diazonium ion. ‘The aiiphal.ic amines yields

unstable diazonium ion which decomposes to give nitrogen gas and alcohol. On the other
hand aromatic amines gives stable diazonium salt (stable in solution at 0°C).

dccdmpose

RNH, + HNO, » RN, » ROH + N, T

unstable H,O
Procedure

Take 0.5 g of the compound in a test and dissolve it in 2 M hydrochloride acid (2 cm?) (few
weakly basic amines require conc. HCI). Cool it 10 5°C in ice and add 4 or 5 drops of 5%
aqueous sodium nitrite. Note Lhe following observations: .. )

i) ‘There is effervescence {nitrogen gas evolved) and clear solution is obtained. This shows
the presence of primary aliphatic amine or amide (RCONH,). Rcacu:ms are given
below :

aq. NaNO, H;O
» [RN =NCI]
HCE Diazonium salt

RNH, » ROH + N, T + HCI

it) No effervescene and formation of a clear solution indicates the presence of primary
aromalic aming or tertiary amine.

aq.NaNQ,
RN — RyNHCCT .
HCI -

iii} Formation of dark brown solution indicates the presence of tertiary aromalic amine.

. NaNO L
QNRz Nan0e, o_ﬂm%;>-r~m2

4-Nilrogsocompound
Brown colour

TR e




iv) No effervescence bul the formation of cloudy solulion or emulsion (generally yellow)
indicates the presence of secondary amine.
NE.NOZ T
R,;NH ——— R,NN=0O .
’ - HA N-Nitrosamine

Il

C) Diazotisation and Coupling
Procedure

If test B gives a clear solution, then add 1o this solution 5% 2-Napthol dissolved in sodium
hydroxide (2M) and note the following observations :

i) Formauon of bright red lo dark brown precipitate indicates the presence of pnmary
aromalic amine.

ii) If no colour appears (ignore white to yellow precipitate) and test B (i) is’ posmve then
perform carbylamine test for primary amines,

D) Cabylamlpe test': Posltlve for primary amines
Procedure

Place a small quantity of organic compound, alcoholic caustic potash solution (1 “em®)and
chloroform (few drops) in a test lube. Shake Lhe contents of test wbe and heal gently. A bad
smell of isocyanide indicates the presence of primary amine.

RNH, + 3KOH + CHCIl; ———— R-C=N+3 H,0+ 3 KCI
Carbylamide
{isocyanide)

5.5.2 Characteristic Derivatives

The most common derivatives of primary and secondary amines are benzoale and toluene-4-
sulphonate. Acetyl derivalive is also'quite common. However, tertiary amines donot
underpo same reactions. Solid derivatives suitable for characterisation of lertiary amines are
" the picrate and methiodes. Experimental procedure for the preparation of these derivatives
are given below :

1) Benzoate and Toluene- 4 -sulphonate (Scotten-Baumann Method)

Place the compound (0.5 g), 2 M sodium hydroxide (10 cm®) and benzoylchloride {1 cm®) in
a boiling (ube. If the mixture is not homogeneous, add sufficient acclone. Shake the content
vigorously until a solid is obtained. Sometimes few dsops of waler is added in order to get
the precipitate. Filter off the precipilate, wash with cold waler and recrystallize from
alcobol.

If you want to prepare toluene-4- sulphonale, use loluene-4-suiphonyi in place of
benzoylchloride.

aq.NaOH

RNH, + CgH;COCl ——— > RNHCOC,H; + HCI
ag. NaOH

R,NH + CgH,COCI —— R;NCOCgH; + HCI

R,NH + CH;C4H,S0,C1 ———— R,N.S0,CsH,CH; + HCI

RNH, + CH,C4G,S0,C1 — RHNSQ,C¢H,CH; + HCI

2) Acetyl Derivatlve
Primary and secondary amines are best acetylated with acelic anhydride,

CH,COOH
RRNH" + (CH;C0),0 ———— RRNCOCH;,
Acelyl derivative
R = alkyl, aryl or H

Qualitallve Classificailon Tests
nnd Prcpanllon_or Derivatlves[T

N-Nitrosamine is carcinogenic

Destroy the isocyinide by
adding excess of hydrochioric
acid and throw it cutside.

Anilides (CgH,NHCOR) also
give povilive carbylamine test.
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Cualitallve Organic Analysls

Procedure -

Place amine fO.S £), acetic acid (1 cm’)‘:md acetic anhydride (1 cm’) in a Erlenmeyer flask.
Heat the reaction mixture for about 20 minutes, cool and pour the contents into ice-water.
Filter the solid and crystallize from water or aqueous ethanol. :

Some ortho substituled derivatives of aromatic amines are difficult to deri vatised because of
steric hindrance. Such derivalives can be prepared by adding a few drops of concentrated
sulphuric acid, which acts as a catalyst, and the use of an excess of acetic anhydride.

3) Plcrates
Procedure

Dissolve the amine (0.5 g) in ethanol (10 civ®) and add saturated-ethanolic solution of picric’

acid (5 cm’). Heat the reaction mixture on water bath for 3 minutes and allow it to cool.
Filter the solid product and recrysiallize from ethanol.

CH - 0
Noz ’ 02 ) N02 Noz
+ ~
RN+ — > RyNH

NO, NO,
4) Methlodides
Procedure

Warm gently a mixture of the amine (0.5 g) with methyliodide (0.5 cm®) on a water bath for
several minutes. Then cool it in an ice and recrystallize the product from ethano! or
methanol or ethyl acetale. ’

R4N + CH;Cl ——— RyNCH,I
SAQ4
Tick the correct answer from (he following choices given :
a) Carbylamine test is responded by:
i) CH,;CH,NH,
ii) CHyNHC,H;
i) (CH,);,N
iv) (CgHg),NH
b) Nitrosoamines are formed by
i) primary amine
ii) secondary amine
iii} tertiary amine
iv) none of above

5.6 NITRO COMPOUNDS [R(Ar)-NO,]

Organic compounds having -NO, as a functional group arc known as nitro compounds. They
may be aliphatic (R-NG;) or aromatic {Ar-NO,} compounds. Both aliphatic and aromaltic
compounds are oxidizing agents. The most common functional group test for nitro
compound is ferrous hydroxide test.

5.6.1 Functional Group Test
A) Ferrous Hydroxide Test

il

"~ Organic compounds that are oxidizing agents will oxidize ferrous hydroxide (blue) to ferric

hydroxide (brown). The most common oxidizing agents are nitro compounds. Practically

_ this test is given by all nitro-compounds in about one minute.




Procedure ’ ‘ d Preparation of Derivatlves-II
- an on rallres-
+  To afreshly prepared soluuon of 2 cm  of 5% aqueous ferrous ammonium sulphate, add 2 ’
" drops of sulphuric acid (1 M), 1 em” of ethanolic sodium potassium hydroxide (2'M) and - :
uhiknown compound (2 drops of liquid or 0.5g of solid). Warm with continuous shaking on A slight darkening or greenish
water bath for minute. The posilive test is indicated by blue precipitate tuming rust brown ;':}‘;?::"s:m; :L":be
within a minute. Prepare a similar mixture without unknown compound (Blank test). There considered a positive test
will be no change in initially formed blue precipitate in the bajnk (est. During the réaction

“Fe(D) is oxidised to Fe(Ill) in we presence of nitro compounds,

Fe** + OH —— Fe(OH), : _ .
Blue ppL ’
Fe(OH), . | !
R(ADNO, ——:— R(ANH, + Fe(OH), J
Nitro compound (Brown ppl)
: Ferric hydroxide

B) Reduction to Amlnes and Dye Test : '

Procedure

Take about 0.5 g of the unknown compound and 3 cm’ of 7 M hydrochloride acid in a
boiling tube. Add to it 1 g of stannous chloride.and warm with continuous shaking for 15
minutes. Filter the mtxt.urc cool it in ice (5°C) and add 5% aqueous sodium nitrite (5-6
drops). Add to this 2 cm? of 5% solution of 2-napthof in 2 M sodium-hydroxide and nole the
following:

i) A red’to brown precipilate indicates the presence of aromatic nitro compounds.
. ii) No coloured precipitalé formation indicates the presence of ajlphau:: nitro compounds.

(ignore while to yellow prcc1p|latc) . P
NO, ‘ NO»

* NaNO,

qu NaDH

NH,  fe=na on N—-N*
@

A red to brown
precipitate

5.6.2 Characteristic Derivatives

Preparation of derivalives of nitro compounds depends on the type of nitro compounds
detected. Nitro compounds are reduced to an amines and derivatized as primary amines
(5.5.2). This method can be ulilized for both aliphatic and aromatic nitro compounds.

Reduction of Nitro compounds to Primary Amines

Procedure

Place the nitro compound (1 g) and concentrated hydrochloric acid (10 cmz‘) into a small

. round battom flask andadd ‘€thanol (2 cm®) and tin (3 g). Cool the reaction mixture until
initial reaction subsides and then heat under reflux for 25 minutes. Decanl the supemnatant
liquid, cool it and basify with 40% sodium hydroxide with stirring and ice-cooling (use
excess of 40% NaOH to dissolve Lin (II) bydroxide formed). Extract the alkaline mixture
with diethyl ether, dry on anhydrous sodium sulphate, filter and evaporate ether. Furlhcr. ,

. — A

conversion to crystalline derivalives should be done as described in 5.5.2.
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I
RCNH,

SnfHU]L
'RNO, ————> RNH,

SAQ S
Fill up the blanks :

) CH,CH,CH,Np, Fe HCl,

L 4

‘5.7 AMIDES (RCONH,)

‘Amides are represented by the general formula RCONH,. A gualitative test generally used
for amides are ammonia evolution test and hydroxamic acid test.

5.7.1 Functional Grdup Test | o

A) Ammonia Evolutton Test

Amides are hydrolysed with aqueous sodium hydrox:dc to carbo)(yl:c acid salt and
ammonia. The evolution of ammonia is indicative of amide.

This test fails if hydrogen at the mlrogen atom is replaced by an alky) or aryl group, then
amines are produced.

aq. I;laOH _
RCONH; —————— RCOONa + NH, T

Procedul;e

Heat about 0.2 g of the compound with 2 cm® of 2 M aqueous sodium hydroxide. Evolﬁl.ion
of ammonia indicates the presence of an amide group. Detect the evolution of ammonia by
its smell and/or by its aclion on moist red litmus paper (red » blue).

B) Hydroxamic Acld Test

A quality test may be used for amides is similar 10 that of esters. Am:des. give a coloured
solulion on treatment with hydroxylamine and ferric chloride. Experimental proccdufe is
given in Seclion 4.7.1 of Unit 4.

i | 0 .
* NHpOH ——  RCNHOH  FeCl, R—Q< PPFe + 3 Hal
N—O

$.7.2 Characteristic Derivatives

Primary annde (RCONHZ} on hydrolysis fum:shes carboxylic acid. Carboxylic acid is -

identified 1o characterize the amide.
1) Hydrol_vsls of Amide - Isolation of Acid

Place the unknown compound (0.5 ) and 2 M aqueous sodium hydroxide (10 cm®) into a
conical flask and heat the reaction mixture on water bath for about 30 minutes. The reaction
mixture is cooled and acidifi ed with dilute sulphuric acid. The precipitated acid is filtered,

washed with water and récrystallize from water or ethanol. If on acidification no precipitate
|s formed, use it for the prepartion of acid derivatives.




“NaGH H,0*
RCONH, ——==—»RCOONa + NH; —— RCOOH.

2) Plcrate Derivatives
- Some amides from picrates. Prepare picrate derivatives as described under 5.5.2.(3).

SAQ6
Fill in the balnks :
a) Benzamide upon hydrolyms with alkali followed by ac1dlﬁcauon fumished

b) Ethanoic acid on reaction with ammonia aﬂ‘orde.d

5.8 SAMPLE EXPERIMENTS

The :dcnuﬁcauon of the unknown organic compounds by qualitative test involves the
Tollowing steps :

1) Physical examination
a) Physical State
b) Colour
¢} Odour
d} Ignition test - ’
2) Physical constants ’
a) Meling ﬁoim.
b) Boiling point
3) Element detection
. (N,S, halogens)
4) Solubllity test

$,

Functional Group Test
Examination of literature

2

Compare the informations oblained so far (1-5) with the literature report
7) Preparation of derlvatives

Prepare suitable derivatives of the proposed compound and compare the melting point
with the literature report,

8) Write correct name and structure of the compound

Various expreimental sieps may be recorded in systematic way for the identificition of
compound. TI:IIS may be illustrated by taking the example of 2- Napthol and o-Amsldme.

5.8.1 Identification of Z-Naphthol
1) Physical examination

a) Physical State ...ccooeocveeneese .. SOl
b) - Colour white
€) Odour........coceiecrc e moth batis like
d) Igaiion test............cccooeerercerecrenseereeeenennn.. JUMINOUS, S00Ly flame, 0o residue.

' Comment: This suggests that the uaknown ‘A’ is aromatic compound.
) Physical Constants

1 Melting point observed ........oocveencornerinennnennn, 122-124°C

Qualitative Clasalfication Tests
and Preparation of Derlvatives-IT
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il) With alcoholic FeCl; ......cvcviinririrnrnnen

3) Elemental Analysls
N, S.CLBL I iiiiinninscrsesesinenenn . NONE

4) 1} Solubllity test ' p
: /

H,0 Ag. NeOH Aq.NaHCO, HA Cone. H,S0, Expected Class-

_— _ Soluble —_ Soluble ‘ Acidic Phenols,
- Carboxylic acids

ii) Reaction to litmus , x
10 phenolpbthalgin ......c.ccovimmirvimcrinenieens s X
5) Functional Group Test
i) With ag. FeCly ....cooreevrriniiinisiinisiiseresansnsesen. NO €OlOUT
tieeeene, STEEN SOlUtion
Comment : These tests indicate the presence of phenolic compound.
6) Examinatlon of Literature N

M.P. of Derivatives

3,5 dinitrobenzoate 1-Naphthyl-
urethane

2-Napthol 123°C 210°C . 157°C

' Possible compound M.P

Comments : Picric acid also have M.P. 122°C. Elemental .analysis shows negative test
for nitrogen element. That is why it is not selected.

T) Preparation of Derivatives

3) DERvALVE CHOSEN ..ucuereresecseasssensnsnanenenennns J39-Dinitrobenzoate
M.P. observed......cc.covreremecnimrecersnsirenenenens. 208-210°C
M.P. in BEErAIUre .....coovrerrrnrerccecnenininnenns 210°C
b} Derivalive ChOSEDN .......crvearercreresesneninenenne. b-Naphithyl urethane
M.P. 0bServed ......coeceeeeverererersrervanerererenenene. 156 = 158°C
M.P. il BETAUIE ....vcecaec e e e e rersarensearanne. 137°C
8 Th unknown compound is 2-Naphthol. The structure of this compound is

™

5.8.2 Identification of 0-Anisidine
1} Physlcat Examinatlon
a) Physical slate hqmd -
D) COlOUT cieooerverreerssrmnsressseresmsrermaaecenaneerasnens CHOCOLALE
€} Odour ...
d)  IZ0ILON LESL ..oovvcne e s e e s SOOUY flamE
Comment : This suggests that the unknown compound is aromatic compound.
2) TIhyslcal Constants
BOling POIBt * .....covorversiesiereernsmsissersersnensasenss 225-228°C
3) Element analysis ‘ I N present

o
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Quonlitative Clamifiention ress

4) i) Solubility test
and Preparation of Derjvatives-II
H,0 Agq. NaOH Aq...aHCO; HCI Conc.H,80,  Expected Class
— _ Soluble — Soluble ~  Aromatic amines -
i) Reaction to litmus not visible
to phenolphthalein ..., alkaline
5) Functional Group Test
i) With KMnQO, decolourises
ii) With HNO, followed by 2-Naphthol ....................... Red azo dye. . '
Comment : The above tesis indicate the presence of primary amine
6) Examination of literature
M.P. of Derivatives
Possible compound M.P. benzoate Loluene p-sulphenyl
M.P. M.P.
1 o-Anisidine 225°C 60°C 127°C
2 o-Phenctidine 229°C 164°C 164°C
7) Preparation of Derlvatives
a) Dervative chosen .........._......................... Benzoate !
M.P. cbserved .......cccccvirereicrenree e rereeeenen, 38-60°C
M.P.reported ..., 80°C
b) Derivative chosen Toluene p-sulphonyl
M.P, 0BSErVed «......oovcveceeerererennerenenesersereres 125-126°C
M.P. in lerture ....ccocoveeeeecccveccceecceenes 127°C
¢) Comment : The above data correspond to o-Anisidine
8) The unknown compound is o-Anisidine. The structure of this compound is

NHz‘QOCHa

5.9 ANSWERS

1

2)

3)

i) butanoic acid

ii) 1,2-dibromocthane
iif) Stilbene
a»c>b>d

a) (CgH;)»CH+ HCI

) @—soam ;<;>~so21\ma ‘ ,




Qualitallve Organic Amlysis

c)

4)
5)

6.

ONO,
NO, _
+  AgCi
NO,
a) i b} ii

, . NH,
g) CH,CH,CH,NH,, b) @( ,

a) benzoic acid ; ammonia

b) elhanamide

+ -
: » N=NCl

FIOXETAT=TA

LR SIEE LR Lt

R rE————r




Tables for B.P./M.P. of Organic

Quatitative Clamdficallon Tests

5.10 APPENDIX and Preparation of Derivatives-I
Compounds and their Derivatives S
Aldehyde and their derivatives
’ - . M.P. of Derivalives ('C)
Compound Formula B.P.t 2,4-Dinitrophenyl Semicabazone — Oxime
MPp* hydrazone
(0
1. Formaldehyle HCHO 21 166 169 with decomposition
2. Acetaldehyle CH,CHO 20 168 169 -4
Propionaldybyde CH,CH.CHO 49 150 B9 40
4. Benzaldebyle QCHO 179% 236 222 35
- _OH
5. _ Salicyladehvde GCHD' 196* 252 231 63
Decomposed .
Ketones and thelr derivatives
ML.P. of Derivatives (°C)
Compound Formula B.PS 2,4-Dinitrophenyl Semicarbazone Oxime
M.P* hydrazone
('C)
1. Acetone CH,COCH, 56 128 190 59
2. Eihylmethyl CH,COCHy; 80 115 145 '
ketone
3, ' 60
3. Acetophenonc QCOCHS 202 240 199
I
4. Benzophenone @C@ 48+ 239 165 _ 143
Alcohiols and their Derlvatives
M.P. of Dersivatives (°C)
Alcohol Formula B.P°C  3,5-Dinitro- 1-Naphtbylurethane
benzoate °C .
1. Mcethanol CH,;0H 65 109 124
2. Etbanol CH,CH,0H 78 94 79
3. 2-Propanol CH,CHCH, 82 122 106
OH
. CH3
4.  2-Methyl-2- CH;—-&—CH] 83 142 101 .
propanol ]
OH
5. 1-Propanol CH,CH,CH,0H 97 75 80
6. 1-Pentanol CH,(CH,),CH,0H 138 46 68
7. 1-2-Eih iol H,OH 198 169 176
%ﬁhﬁeggg;%o]] ? :
. CH,OH
8. Bebzyl alcohol QCHEOH 205 113 134 45

L)
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Phenols and thelr Derlvatives

M.P.of Derivatives (°C)

a5+

Compound Formula B.P./M.P* 3,5 Dinitro- 1-Naphihyl
°C benzoate urcthane
OH _
Phenol i 182 146. 133
OH
CH, :
o-Cresol 191 138 142
OH
m-Cresol Q 202 165 128
CH, ’
OH
p-Cresol © 201 189 146 ~
CHy
OH
Resorcinol @\ 118+ 201 206
I
Disubsiituted
CH
OH
Hydroquinon or © 171 317 247
Quinol
OH
OH
OH
Pyrogallol 132+ 205
- OH
OH
1-Naphthol 95+ 217 152
OH _ K
2.Naphthol 123+ 210 157
OH
_ /NO,
o-Nitrophenol , 155 113
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Carboxyllc Acids and thelr Derivatives

M.P. of Derivatives (°C)

Carboxylic acid Formula B.P/MP* Amide . Anilide p-toluidide
) o .
\C/
Formic acid HCOOHI 101 _ 50 53
Acetic acid CH,;COOH 118 82 114 147
Propenoic acid CH,CH,COOH 140 85 105 141
Undecanoic acid CH,(CH,},CCOH 26* 123 99 - 125.
* - COOH

Oxalic acid | 2H,0 101* 419d 254 268
(Dihydtate) COOH

CH,COOH
Citri¢ acid C(OHYCOOH 100* . 210 192 189
(Hydrated) |

CH,COOH

CH (OH) COOH .
Tantaric acid i 169* 196d 246d —

CH (OH) COOH '

CH,COOH
Succinic acid | 189+ 260 230 255

CH,COOH
Benzoic acid COOH 121+ 130 160 158

OH
Salicylic acid G COOH 158* - 139 135
COOH

Phthalic acid ' 210% 200 253 201

q
\\ !
COCH

Qualitalve Classiflcation Tests
and Preparation of Derivatives-IT
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O T=T=T

Ester and Amides
Ester Formula B.P/ Amide Formula M.P.
: MP»* :
oC

Methyl ~CH,COOH, 57 * Acctamide ‘CH,CONH, 82
acetate ' Urea NH,CONH, 132
Ethyl CH,COOC,H; 77 N-Methylurea CH,NHCONH, 102
acetate - i

COOC,Hj . . .
Diethyl = | . 186 N,N- Dimethyl CH,NHCONHCH, 182
Oxalate  COOC;H. urea !

COOCH. ! '
Methyl | 54 Benzamide @—CONHa 129
oxalate COOCH;

OH

Metbyl @—COOCHS 199 Salicylamidc @—CONHE 139
bemzoale :
Metbyt coocH, 224 Phthalimide ' "NH 235
salicylate _ : Ve

I tra e

CO
OH i
Pﬁcnyl @ Coo _(/_\> 42*
salicylate =
Alkyl halldes and thelr Derivatives
Compound. Formulae . B.P/M.P* M.P.of Derivatives ("C)
Q)
S-Alkylihiouroninm
Picrate
1-Chloropropane CH,CH,CH;,CI 46 177
1-Bromopropane CH,CH,CH,Br 71 177
Chloroform CHCIL, 61 —
Carbontetrachloride Cc, 77 : —

Iodoform CHI, 119+ —
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Aromatic Hydrocarbons and their Derlvatives

Qualitstive Clascification Tests

and Preparation of Derivatives.T1

p-Dibromobemzenc

Compound Formulae BM./MP* M. P.of Derivatives ("C)
("C)
Sulpbonamide

Benzene @ g0 153

CH,
Toluene @ . 111 137 (p-derivatives)
Biphyenyl 70* —
Napthalene g™ 150 (B- derivative)
Phenanthrene Oe 100* —
Anthracene 216* —

Cl
Chlorobenzene @ 132 —

CH,Cl
Benzylehloride @ 179 175

Ci
p-Dichlorobenzene . © | 33

Cl

Br
Bromobenzenc | 56 170 .

Br

2-Bromonaphthaline 59

Br

<) g9

w
o
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Qualltative Organic Analyshs "-.Primary and Secondary Amines and their Derlvatives

M.P.of Derivatives (°C)

Compound Formula B.P/ Benzo-  Picrate Toluene  Acet-
' M.p." ate -4-sul-  amide
C . phaonate
Primary Amines . '
l-Aminopropane CH,CH,CH;NH, 49 8 135 52 —

Aniline @—_NHQ 183 163 — 103 - 114

NH, _
. CH, '
o-Tolvidine 200 144 213 110 112

NH,
m-Toluidine / 203 125 200 114 66
L
\
CH,
o-Anisidine th"@ OCH, 225 60 200 127 88
NH, . '
NH,
o-Phenelidine 220 104 _ 164 70
NH,,
p-Toluidine @ 45+ 158 181 118 154

- L-Aminonaphthalene OO 50+ 161 163 157 160
2-Aminonaphthalene | I - ,NH, "113* 162 195 133 134

Sccondary Amincs
. Dicthylamine (C,Hg),NH 56 42 155 60 —

N-Methylanilinc @ NHCH, 193 63 145 95 -
Diphenylamine 54* 180 182 142 . —

50
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Tertlary Amines and their Derlvatives Qualitative Classification Tests
. und Preparation of Derjvatives-1t

" M.P.of Derivatives {°C)

Compound Formula B.P/ Picrate Methiodides
- (°C)
Trimethylaminc (CH, ;N 13 2l6 230
Tricthylamine v JGHgN 82 173 —
‘/CHZN(CHa)z

N,N-Dimelbylbenzylamine 184 9y 179

N(CH3)2
NiN-Dimcthylaniline ©/ 193 164 T 238

CHj,

N(CH,), _
N.N-Diemithyi-o-toluidine 185 122 210

Nitro compounds
Compound Formula ' B.P./M.P. (°C)
I-Nitropropane CH,CH,CH,NO, - 134

Nitrobenzene

e-Nitrotoluene

p-Nitrotoluene

m-DiniLrolbcnzcne

Nitronaphthalene

o-Nitrophcnol

O
,CHy

540
Hac—Q‘NOa

NO,
NO,
NO,
OH

45"
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Qualitative Organic Analysh

Amldas

Compound Formula - M.P.

Palmitamide CH,(CH,),,CONH, 106
Benzamide Q— CONH,, 129
M-Methylurea CH,NHCONH, 102
Urea NH:CONI‘"; ‘ 132

co

. o
Phthalimide NH
: o co” - 238
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