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SAFETY IN THE LABORATORY

The laboratory is a dangerotis place. To avoid injury to yourself or others,
some rules must be made and followed. Furthermore you must keep in mind
some of these potential danger when you are working in the laboratory.

1. All students are asked to take good precaution for their eyes. If a chemical
should splash into you1 eye, wash the eye immediately with a large amount of

water & the accident should be reported to the instructor.

R

. If chemicals are spilled on your body, wash them off immediately with a large
amount of water. You have to follow experimental instruction very carefully.
Always be sure that you are using the wright reagent bottle. A serious
accident, possibly an explosion, could result from using the wrong reagent.

3. Most chemicals are poisonous to some degree. Do not taste or smell
chemicals unless you are inst1uCte’d to do so, and even then do so cautiously.
Also it is risky to drink from labor atory beaker. It is advisable to wash your
hands after the laboratory class. " ;

4. Inserting a glass tubing or a thermometer into rubber stoppers can be
dangerous. Alwdys lubricate the stopper hole with glycerol or water. Always
wrap the glass tube with “a cloth so that if it breaks, the tube is less likely to
gouge your hands. The tube is less likely to- break if grasped close to the
stopper, and if it is inserted with a twisting motion.

5 Do not add water to small volume of concentrated (conc.) sulphuric acid.

Also, do not add conc. Sulphuric acid to small volume of water. If this is

done, the amount of heat generated will be very large, and may cause boiling

with a consequent spattering. It is safe to add conc. Sulphuric acid to large
amount of water.

6. Most heating in the first year course is done with a gas hurner known as

Bunsen burner, although more advance laboratory procedure may require

electric heating mantles, hot plates, efectrically heated baths and so on. he

Bunsen burner usually has no gas ncedle valve and has an air vent that is

adjusred by 1+111ng a sleeve.

e
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e will be large and luminous.
ticles that are burned

7. If the air inlet is closed and the gas is lit, the flam
The light is the radiation given off by hot carbon par

only partially. This flame is not very hot. If the air control is adjusted so that

air is mixed with the gas before it gets in the fla

less luminous and finally blue.

me, the flame will become

I'recaution has to be taken when the test tube is heated. Hold the test tube
with a test tube holder and heat just below the surface of the liquid, not at the
bottom. Also, jiggle the test tube a little. If the tube is heated on the bottem, a (
bubble may form violently eject the entire content of the test tube. This is called
bumping and can cause accident if the test tube is pointed at you or someone
else. Therefore, when you are heating a test tube over a burner, do not point it at
anyone, if the test tube must be heated just to boiling, it may be more convenient

[ TR

-

to heat it in a break of boiling water.
Filtration is the method of separating a solid from a liquid by passing the
liguid through porous material. Decantation and centrifugation followed by

S e—— A g

Decaniation are two other methods of separating solids from liquids.

In filtration, the porous filtering material can be paper, sinlered glass or
porcelain and so .on.'If the filter has larger pores, the liquid pass through it more
easily and filtration will be faster. However, the larger the size of the pores in
the filter, the larger the porticles of the solid that can pass through. The choice of
method of filtration and the filtering material depend on the application in

question.
In synthetic work, suction filtration using filter on Buchner funnel is very
common. Buchner funnels usually are made of porcelain. The inside bottom of
the furinel is flat plate with holes in it that supports the filter paper.
When using this type of funnel, place the appropriate size filter paper circle
in place and turn on the vacuum, then wet the filter paper with liquid to be
filtered so that the paper is held tightly to the funnel, and solid cannct possibly

got urvler the edge of the filter paper, then filter.

¥
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Solution of very volatile liquids, such as ether or hot solutibn are not filtered
very convenlently with suction, becausz the suction may cause excessive
evapolatlon of ‘the solvent which may cool the solution enough to cause-
precipitation of the solute. A convenient method is the use of fluted ﬁlte1 paper
in'a short stem conical funnel. The fluted filter paper has advantage of large
surface area for filtering and makes it filter faster. The fluted xiltel often is used
for filtering volatile solvent such as ether. To fold the filter peper, fold it in half,
and then fold it half again to find the middle. Unfold to hal “folded, and fold
half-circle in accordant luck. Open the filter and place it in the funncl.

Fluted filter paper

T
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Laboratory No. 1:

RECRYSTALEATION & MELTING PU[NT
DETERMINATION OF MIXTURE MELTING POINT

Solid organic compounds isolated from chemical reactions are seldom pure;
they are usually contaminated with small amount of other compounds
(impurities) which are produced along with the desired product. The purification
of impure crystalline compound is usually effected by crystallization from a
suitable solvent or mixture of solvents.

The purification of solids by crystallization is based upon differences in their

solubility in a given solvent or mixture of solvents. In its simplest form, the

~ crystallization process consist of:

(1) Dissolving the pure substance in some suitable solvent at or near its boiling
point.

(2) Filtering the hot solution from the particles of insoluble material and dust.

(3) Allowing the hot solution to cool thus causing the dissolved substance to
crystallize out.

(4) Separating the crystals from the supernatant solution "or mother-liquor®.

The resulting solid, after drying, is tested for purity by melting point (m. p.)
determination. |

The resulting solid, after drying, is tested for purity by melting peint (im. p.)
determination.

The theory underlying the removal of impurities by crystallization may be
understood from the following consideration. It is assumed that the impurities
are present in comparatively small portion (usually less than 5%). Let the pure
substanice be denoted as "A" and the impurities by "B", and let the latter be
assumed to be (5%). In most instances the solubility of A (S4) and of B (Sp) are
different in a particul:ir solvent. Two cases will arise for any particular solvent:
(1) The impurity is more soluble than the compound which is being puri‘ied

(SB > SA)'

.y ,rm”i
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.7(11) The impurity is less soluble than the compound (Sg < Sa).

It is evident that in case (I) several recrystallisations will give a pure sample
of A, and B will remain in the mother-liquor. Case (II) can be more clearly
illustrated by a specific example. Let us assume that the solubility of A and B in

a-'given solvent at the teirperature of the laboratory (25°C) are (10 gm) and (3
: gm) per (10C ml) of solvent respectively. If (50 gm) of the crude material

e €y

(containing 47.5 gm of A and 2.5 gm) of B; are dissolved in (100 ml) of the hot
solvent and the solution allowed to ‘cool to (20°C), the mother-liquor will
contain (10 gn) of A and (2.5 gm) of B; (37.5 gm) of pure crystals of A will be
obtained.
The most desirable characteristic of a solvent for re-crystallization are:
(a) A high solvent power for the substance to be purified at elevated temperature

and a comparatively low solvent power at the laboratory temperature or

e 0t et -t

. below.

(b) It should dissolve the impurities readily to only a very small extent.

(c) It should yield (well-formed) crystals of the purified compound. '

(d) It must be easily removed from the crystals of the purified compound, i.e. it
posses a relatively low boiling point. '
The student will have an impure compound which he or she must decide on a

suitable solvent for crystallization & determine the melting point of the pure

crystals.

Procedurc A:
Solvent Kvajuation

(1) In a small tcst tube place 0.5 ml (6-10 drops) of one of these solvents: water,
ethanol, acctone, light petroleum, benzene or other solvents approved by your

instructor.
(2) Add 2-3 mg of the impure compound and heat the solution carefully mn a

boiling water bath. All these solvents exce;'t water are inflammable (you must

R i e T T S A R RS R ST
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ensure that {he vapour are kept away well from any free flame). Allow the

solution to cool to room temperaturc (R.T.) and look for the growth of 31})’

crystal as the solution cools. Try to evaluate qualitatively the loss of material
1 s -(> e ‘ VA

(is the compound too soluble) and the crystalline form (are well shaped?).

Confirm your choice with your instructor.

Procedure 5:

Purification of Benzoic Acid

(1) First of all determine the m.p. of the impure benzoic acid.

(2) Weigh out 2 sample of the impure acid (2 gm) into a 100 -ml conical flask
(never carryout recrystallisation in a beaker).

(3) Add 5 ml (in this case water). And heat to boiling. Keep the solution gently
boiling, and if all the solid does not dissolve add more s: lvent (water) a little
at a time, always keeping the solution boiling, until all solid dissolve.

(4) Add an additional small amount of water to prevent crystal formation during
the subsequent filtration.

(5) Filter off the hot solution through a fluted filter paper. Wash filter paper after
filtration with small amount of hot water. Transfer the shury of benzoic acid
in warm water to aclean conical flask (do not heat the thicic-walled filter
flask).

(6) Heat the solution until boiling and the acid redissolve.

(7) Cover the mouth of the flask with watch glass, and stand it undisturbed until
R.T. is reached and crystallization is completed. If not try to scratch the flask
wall with a glass rod in order to commence crystallization.

(8) Filter off the pure crystals of benzeic acid and dry it. Weight the dried
crystals and determine its melting point in the usual way, then submit your
material for inspection in a sample tube with a label bearing your name.

In your report, calculate the recovery percentage of benzoic acid during
crystaliization.

R P ey s
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Procedure c:

Determination of Melting Point And Mixed Melting Points
Determine the melting points of one the following pure compounds:
(a) Salicylic acid (159°C) or phenyl urea (mono) (148°C).
~(b) Succinic acid (185°C) or P-toly urea (inono) (180°C).
In order to gain experience in th: determination of mixed melting points the
following simple experiment shoula be: carried out.

(1) Determine the melting point of pure cinnaimic acid and pure urea.

(2) Approximately equal weight (Ca. 50 mg) of the two compounds are placed
on a clean porous porcelain tile, these are now ground together and intimately
mixed with the aid of the flat side of a micro-spatula. o

(3) The melting point tube filled with this mixture is placed in the meltiﬁgﬂﬁ&h‘tu
apparatus alongside melting point tubes filled with each of the two
components. In this way careful observation of the melting behavior of the

mixture and of the pure cemponents will clearly show the considerable
depression of melting point.

T N e et adrmw e paner
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f.aboratory INo. Z:

PURIFICATION BY DISTILLAT FON AND
BIOLING POINT DETERMINATION

The separation of organic compounds is one of the most important tasks for
the organic chemist. Organic compounds seldom occur in pure form in nature or

. . R £
as products of a laboratory synthesis. The most common used method for

purification of liquids is by distillation, a process by which one liquid can be

separated from another liquid or from a nonvolatile solid.

When water is heated with a flame in a simple distillation apparatus (fig. 1), .

the vapor pressure of the liquid, or the tendency of the molecules to escape from
the surface, increases until it becomes equal to the atmospheric pressure, at
which point the liquid begins to boil. Addition of more heat will supply the heat
of vaporization required for conversion of the liquid water to gas (steam), which
rise in the apparatus, warms the distillation heat and thermometer, and flows
down the condenser. The cool walls of the condenser remove heat from the
vapor and the vapor condenses to the liquid form. Distillation should be
conducted slowly and steadily and at a rate such that the thermometer bulb
always carries a drop of condensate and its bathed in a flow of vapor. (Liquid
and vapor are in equilibrium, and the temperature recorded is the true boiling
point). If excessive heat is applied to the walls of the distilling flask above the
liquid level, the vapor can become superheated, the drop will disappear from the
thermometer, the liquid-vapor equilibrium is upset, and the temperature of the
vapor rises above the boiling point.

Consider the separation of cyclohexane and tolucne. When distilled in a
simple distilling apparatus mixture of these two miscible liquids starts to distil
somewhat above the boiling point of cyclohexane and step distilling somewiut
below the boiling point of toluene. All fractions of the distillate are mixtures and

little s.paration of the two components is achievad. A better separation could b»

1N
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obtained by redistillation of each fraction, if redistilation is repeated the two
components of the mixture will eventually be separated.

; Micro-scale Detevmination of Boiling-Point:
The following alternative methods are recommended:

(a) Draw ¢'.¢ drap of the liquid in t a capillary tube so that the drop is about (1
cm) from ore end. 1Told the tube horizontally and quickly seal this end in
burner. Attach the tube (with the open end upwards) to a thermometer in the
melting point apparatus so that the trapped bubble of air in the capillary tube
is below the surface of bath-liquid (fig. 2) Now heat the bath, and take as the
b.p. of the liquid that temperature of which the upper level of the bubble
reaches the level of the surface of the bath hqmd o

(b) Prepare a fairly wide capillary tube A (fig. 3) (ca. 4 mm x 8 cm). Using a

~ fine pipette insert about (1 mm). Length of the 11qu1d into the bottom of the
tube. Now place in the tube A a fine inverted melting-point tube B of about (1
mm) diameter, sealed at the upper end. Fasten the capillary tube to the
thermometer by means oflubber band and place in a melting-point apparatus.
Heat slowly until a stream of bubbles tise from the bottdim of the capillary
tube, then remove the source of heat and, as bath cools, take as the b.p. that

temperature at which the liquid recedes into the inverted tube B.

Fractional Distillation:

Unless the boiling points of the components of a mixture are widely different
it is usual to employ a fractionating colunm to attempt the separation of liquid-
mixtures by distil!~tion (fig. 4). '

A fractionating column consists essc ntially of a long vertical tube through
‘which the vapour jusses upward and s nariially condensed; the condensate
flows down the colunu and is returned evcntually to the flask. Inside the column
the returniny liquid is brought into intimate contact with the asccnd)nor more

volatile componcnt at the expense of the liquid, in an attempt to reach
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equilibrium within the liquid-vapour system. The conditions necessary for a “
good separation are: !
(2) Comparatively large amounts of liquid continually returning through the
column. ’i
(b) Thorough mixing of liquid and vapour. ﬂ
(c) a large aciive surface of contact between liquid and vapou

Fig. 1
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Fig. 4

2157

Fig. 3
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REACTIONS OF HYPROCARBONS 2
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3

h ' &

-)u}\-,}?\-h ;é

TFests for unsaturation: . o {{

V 1 ST At ':},- 3 l_e b
The following reactions are use:: @3 the general tests Ior the p :
— double or triple bonds jeining carbon atoms jn an ow&

{B(L/H"’dl. Bromine test:
The bromine test is applied first. The B_r’gngou11d if liquid is either
2-3 drops of bromine_in carbon

tr eated with_2-3 drops of bromine watm or
C M—’\
teuachlorlde if the organic compound is a solid , it should be first dissolved in

mtrac_lmde The rapid absorption of bromine (and consequent
d1sappea1ance of the red colour) is a strong indication that the compound is

IO et )
A R v e 5 gt

unsaturated and is therefore undergoing direct addition feaction of bromine: F
. 4 .y ‘, g ‘)9\ %._
14, f"“jj"fb/ﬁv W bt :
/) s i % —)\Cz’_/_ Br i—'
. 4 — - £
4;;/.-?/3.4._;, ll/.-Jj}’\ . TN / Bl:z / HZO I\ [ f:« )
(77 e ) C=C — —C - C
g . S
A w5 ) / N l !
DAYV Eal I k
‘)/\/ TLEY 5 Ok{ {
R 4/,;"!_/‘-/- “,_;"d’f./' :
4 et
Br
A ~ =
- —C-C - i
I | i
Br _
!
N.B. 5ince, however, some compaouds, such as aniline and phenol react very
l‘Bpidly with bromine b)' substitutios, the hromiine {est shonld whenever possible
be cenfirmed by the alkaline permiar, i ate test.
o=
o
A
jX 0 o

Py 5
] S -
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e 2. Alkaline permanganate test:
. If th@ is_ soluble in cold water, its aqueous SO]UUOH (after

neutralization if acidic) is shaken with adilute solution of potassium
—_— s T ATV Fh S

pennanganate contammg sodium carbonate.” The, conversion of the purple

-—-—E-

permanganate to the green manganese dioxide conﬁrms the results of browuiine

TR S 11 PPt S A 13 Brop i i g

test, since the alkzline permanganate is unaffected by possible substitution

—

reaction:
: , Cold dil. all\alme l
Nc=c’ —C——-C—¢MnOa :
/ N\ K MnQj4 I '
HO OH brown v
_:;. Lo vEReme e e . pp

Cis - glycol

- N.B. Maﬁy feadily oxidisable compounds (e.g. aldehydes) will also
decolourise cold alkaline permanganate, so W@.ﬂ?réqenry to_confirm
the presence of double or triple bond.

Preparation of Acetylene:

Acetylene C,H; gas can be 1@21(311\}1S obtained by the action of water on cmclum
._§.
carbide CaC,; since, however, comimercial calcium carbide contain traces of

_)’A 3\ ——— W_/.zu

'JzJ’ <alcium sulfide, phOSpthfj and nitrite, the acetylene gas obtained should be
( purlﬁed before bemg used: B

Procedure:
Set up the apparatus shown in (fig. 1) Put about (5 g) of calcium curbide
(calcium carbide always stored in kerosene, explain why?) in round — bottomed
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flask (RBF) and add water dropwise from the separatory funnel into the RBR,

" Collect a sample of the gas in a small test tube. React the gas with the following

solutions:

1z Alkaline potassium permanganate solution:

. s )w;}/\\ 5\_,) _

— (I_ﬁ’/)ﬂt (_)L . — C)]‘I . .
270N HC = OH + KMnO, ————> Na0,C—CO:Na
s T :

sodium oxalate

2. . Bromine water solution:
e

f}{ﬁﬁizrﬂiiﬁ HC= CH + Bry / H,0 —— BrH,C— CHO

bromoethanal

% Ammoniacal silver nitrate solution:
i)
HC = CH + Ag NO; - Ag' TC=CT Ag

— A ~\ &
c:*uv—iib)‘. J‘L-"’ Voo ‘i

: -~ White ppt

4. Burn the gas:
--:_/ = \,. o

- T ™2 )"/"9\

W

W

=
i

g ali

b By it N LRSS
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Friedle — Crafts Test:

The test used to distinguish between aromatic hydrocarbons and aliphatic
1 hydrocarbons. ' o

Procedure: _
Heat a clean and dry test tube containing about (0.1 g) of anhydrous
aluminum chloride in a hot flame to sublime the salt up on the side of the tube.
- Add a solution of about (20 mg) of unknown dissolved in (0.1 ml) (2-3
drops) of chloroform to the cool tube in such a way that it comes into contact
with the sublimed aluminum chloride. Note the colour that appears. d}\}»
Nonaromatic compounds fail to give a colour with alu inunw
benzene and its derivatives give orange or red colour, naprl/l’ﬁ‘%ﬁg;] a blue or

purple colour, phenanthrene a purple colour and anthracene a green colour.

g + AIC; ——* --Ar-‘- ----------- :

Oxidiation with Chromic Acid:

The double or triple bond in unsaturated hydrocarbons could be also
detected ty the reaction of alkene or alkyne with chromic acid (prepared from
sodium dichromate Na,Cr,O; and conc . sulfuric acid in which the Cr*® in
chromic acid is reduced to Cr*) and the colour of solution is changed from
yellow- orange to green whereas the alkene is oxidized to carboxylic acid or
ketone dependinig one alkene structure:

R' H R

| ] A .
R'- C=C—R'+H,CrO;s _ 2 L R!-C=0+HO,C-R’

Procedure:
Add 2-3 drops of unknown compound to (0.5 ml) of chromic acid, heat
and watch coicur change.

17
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Faboratory No. 4: ;. P

SOME QUALITATIVE TESTS F OR ALCOHOLS &
PHENOLS - .
1-Lucas Test used to differentiate between @Cecondb an tert_l@

e ————

1cohols (I.ucas test).

The test depends upon the different rates of forimation of the a]k}’1 chlorides

upen treatment Wld T{vdLochlouc acid- Zinc chloride rezgent (Lucasr S?EgEDI)-

e

et RSN

~i\s Yo Procedure:
o e sV To 0.5 ml (10 1o]3¢) of the alcohol in a small test tube add qumkly 3ml of

-

2 u/\S\ ** Lucas reaoent,ﬁt—% 27°C }closc the 1ube with a cork, shake and allow to stand
P2 ‘\ V _———_——‘

S

- A\Q.b) Obselve the mixture during 5 minutes, The followmg results may be obtained:
X § :
b

\05 22 . . . POr —_—
o darkening, but the solution remain clear.

(b) Primary alcohol's, 1- hexanol and higher do not dissolve appreciably; the
aqueous phase remain clear. T27

Ao
(c) Secondary alcohols: the clear solutlon becomes cloudy_owing to the

eparation of finely divided drops of the chloride. Allyl alcohol (CH,=CH-
CH,0H) behaves like a secondary alcohol and react within7 minutes:

(d) Tertiary alcohols: two phases separate almost nmnmdmtely owing to the
formation of the tertiary chloride.

2 L& oot NB. Lucas reagent is prepared by dissolving

w5\l
68 g (0.5 mol) of anhydrous
- o T
zwlgﬂcib (fused, sticks, powder, etc) in 52.2 g (0.5 mol) of concentrated

hydrodlloru, acid with cooling fo avoid loss of n"dwg en cnlonde

Chemistry:

of caxbon catlon

inter;ediate formed duing the resation:
\\\\

The principle of Lucis test depend on the relative stability

. _
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PYTTPS

SN HCI g E . o
R'- CH,0OH 5 * [R'=CH,). -+ R'— CH,CI
I . :
' 1° carbon cation.
least stable
1 = 1 o C7 I
R'-CHOH —— (R —-CH'] ———+ R'--CH-ClI
5 N i
2° carbon cation.
Intermediate stability
R? Cl
I _ = L , Ci— A By
R'-C-OH—+ [R'-C-R* ] ——+ R ~C-R
| .
RY R* R’
3° carbon cation.
Most stable *

S————

2- Oxidation of alcohols:

Add 2-3 drops of the alchohol (primary, secondary and tertiary) to.1 ml of
chromic acid solution, warm in boiling water bath and notice the colour change

_For primary and secondary alcohols the colour changed to green whereas with

tertiary alcohols no change is observed.
N.B. chromic acid is prepared by dissolving 5 g-of potassitm dichromate in
20 ml of dil. H,SO4. '

H-zCl’O4 i
R'- CH,OH —— R'-CO,H

R'-CHOH —* R'-C=0

R? R?
R?.
1 = .
R'— ¢~ OH —— No reaction
B
R
19

et s oA 4 ¢ T = S
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. . oof, add
3 Action of bromine water phenols: fhe herlul jtsell
i 1 henOl Org))\z/J ad then o1l
To a concentrated aquecus solution of the p ) darcolom'ized a1
bromine water gradually. At first the bromine 15 Ny m a4,
. . . 1 a
adding an excess a white or yellowish — white precipl
. ~ L/'j ' \\;:-/,_ § 1 /
o VNS oH
N J-:Q?/'J}Aj ' OH Br l Br
_/"// .
' C\ Br,/ 4,0
Br |
2,4, 6- tribromophenol
white ppt.

4- Liebermann reaction of phenot:

To one minute crystal of sodium nitrite in a clear dry test tube add (0.5 g) of
phenol & heat very gently for approximately 20 seconds, allow to cool and add
twice the volume of conc. Sulfuric acid. On rotation the tube slowly mix the
contents and adeep green or deep blue colouration develops(sométimes after 1-2
minutes). Dilute casutiously with water. The solution turns red. Now add an
excess of NaOlIH solution, the green or blue colour reappear.

"OH - OH qH
~ Ry NGO,
Na NO; / 11580y | :
0] e, (Y, (O
\/ ' o
NO,
=0
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5- Reactions of ajcohols and E)Iilenols with ferric choride solution:
. . . W ITE R ’ : L .
Ferric chloride is an oxfd'lzmg agent. Its solution sometimes contain a large

excess of HCl which would interfere_with the following reactions. If it is

markedly acidic add dilute NaOH solution ,drop by drop, to the ferric chloride

L solution until a small but perm‘e'nant precipitate of ferric hydroxide is obtained,

4 filter this through a samll fluted filter paper and use the clear soluticn.

(2) To 2 ml of salycilic acid solution add 3-4 drops of ferric chloride solution,
mix and observe the colour change.

B

- (b) Take two test tubes A&B; in A place about 5 ml of n;utralized trataric acid
§: and in B place 5 ml distilled water. To each solution add 3-4 drops of fervic
4 chloride solution. Place a piece of white paper under the tubes, Jook down
their length and note that A is definitely yellow compared to contro! tube B.
i this yellow colour is given by ‘a- hydroxycarbxylic acid e.g. tartaric
; acid, lactic acid and lactic acid.
i OH ! I
O 4 .CHOH CHOH
. | ' . l
A ' CHOH Cid;
I
COH
Salyeilic acid Tartaric acid Jactic acid
; (c) Dissolve a few crystals of phenol in water and add ferric chloride solution, a
violet colouration is produced, m-cresol again violet colour and catechol
gives a green colour.
6- YIodoform reaction : .
To 0.5 ml (~ 10 drops) of ethanol add 3 ml of 10 % kI solution and 10 ml ¢ d
NaOCI solution. Warm gently: fine yellow crystalls of CHI; in the coid. Pure
methanol and the other alcohols do not give the reaction. .
-
RO LA S T T s A NI B IR A R G Pl ) Tt & mdbiens e s aes e § T+ e e e _..‘._.._’...
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ELaboratory No. S: o , |
: SEFY 2 :
SOME QUALITATIVE TESTS FOX ALDEHYDES &
KETONES i
:-,-“;\"\.- ‘ zed by thic picecnce of
¢¢ 7/ Aldehydes and ketones are compounds characterize y e piese
¢s and ketones

e carbonyl ‘7r0up,'The following tests aims fo dwtn.mlsh aldehyd
from other functional groups containing compeunds and Tow e can

differentiate an aldehvde from ketone:
I. Hydrazoues of aldehydes and ketones:
Use benzaldshyde, sa]icylaldeh/ﬂde and acetone for the following two
experiments: _ ‘ ;
(a) Pheny]hydrazone: To 5 ml of water add approximately 0.5 ml of glacial
acetic acid and 0.5 ml of phenylhydrazine solution, thenadd 3-drops of the f
aldehyde or ketone and shake the mixture After 1-2 minutes a floculent f

precipitate of the phenylhydrazone is produced.

R.]
. | H' ~
C=0+H,NNHPh ———+ C = NNHPh
s

/ b
R R

RN

phenyvlbydrazene

(b) 2,4- dinitrophenylhydrazone: To a few drops of formalin or acetone udd

afew drops of 2,4- dinitrophenylhdrazine reagent A, a yellow precipitate is

produced in the cold. Acetaldehydc gives an orange- coloured ppt. Dissolve

a few drops of ben7a!dehyde ov sahwlaldch\ de in 277l of methanol and

then a:dd a few drops of the reagent B. an orange coloured ppt is obtained.

19
o

Scanned by CamScanner



1 \

. Y
o . b . . < ey L. W N e B Ty i
AR AN Te, SN . R o 1 . W AN 0
b g " 2% - [N R g,

LY S A ,‘ ()
O;N OsN Vg s s,

RI p ] -
Rz\c = 0+ H:NNH @ NO, —> ;7€ = NNH @ NO;

i

N

)

’

: Vomay o A ' R oenl -
[ N.B. 2,4-Dinitrophenylhydraziric; is much mo.re reactive than .phenfy‘lhydrazine
f7 towards aldehydes and ketones. Furthermore 2,4- dinitrophenylhydrazones usually
LK have i-wer solubility in water .nd higher melting point & thérefore-separate
‘-‘; from solution & crystallize more readily.
| Reagent A is particularly useful for lower aliphatic aldehydes and ketones
which are soluble in water whereas reagent B is suitable” for aldehydes &
 ketones not soluble in water. I
Reagent A: Dissolve 0.5 g of the powder 2, é-dinitro_;,-henylhydrazinc in a
mixture of 80 ml conc. HCl and 100 ml of distilled water by gently heating the
mixture in a water bath. Cool the solution & add 120 ml of distilled water, if
necessary, filter the pale yellow solution.

Reagent B: Suspend 1g of the powdered 2, 4-dinitrophenylhydrazine in 30 ml

of stirred methanol and cautiously add 2 ml of conc. H,SQy, if necessary, filter

the solution whilst it is still warm & cool the filtrate.

2. Action of sodium hydroxide: .
(a) Warm 1 ml of acetaldehyde or acetone with few mls of concentrated (e.g.
"30%) NaOH solution. A yellow resin, having a cllql'acﬁeris_tic odour of bad

a'pplc 1S formed.

» . oH
NaOH CH,CHO o b
CH,~ CHO N [€H, - CHO) ———* OHC~ CH,- Cli—CHs

. .‘ e
(b) Cannizaro’s reaction: place 0.5 ml of henraldehydo and 2 ml of 37
. N . N ~ p - I . . o ! 'c l

aqueous NaOH in a test tute, warm very gently and sti the mixture wel
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with a glass rod for 5 minutes. Then add sufficient water to dissolve the .

sodium benzoate which has been formed. Decant the solution from any \
and add conc. HCI, a white ppt of berzoic acid is

unchanged benzaldehyde,
colouration. Also

obtained on cooling. Salicylaldehyde give yellow

formaldehyde give the reaction: -

FPRCHC + 7i:OH ———— PLRCO,Na + ]C}‘

sod. Benzoate benzyia]m]ml |

N.B: Aldehydes and ketones with free a-hydrogen gives atdol condensation
reaction A) whereas aromatic aldehydes with no o-hydrogen give Canizaro’s

reaction.

3. Fehling’s test for aldehydes and ketones. i
Use acetaldehyde and acetone solution: e
Aqueous solution of aliphatic aldehydes are almost mvanably acidic owing to
atmosphenc oxidation, an d therefore fail to reduce Fehling’s solution since the :
alkali of the latter is nuetI -alised by the ac1d present, on the other hand an excess -
of Fehling’s solution is not recommended as the blue colour may then mask the &
ensuing reduction. Therefore proceed thus: To 1 ml of the aldehyde or aldehyde
solution ada { ml of 10% Na,COs solution and then a few drops of Fehling’s
solution, and boil the mixture gently for 1 min., the solution usually turns grieen

and on standing a fine yellow or red ppt. of Cu,U slowly separate. A control

experiment using Fehling’s solution azlone should always be caried out
ensure that no reduction takes place on boiling.
N.B. the colour of ihe ppt. depends upon the size of the cuprous oxide

particles and this in turn upon the rate of reactior and conc. of the soluticn.

Rehling’s solution: Solution A, ¢ sssolve (69.28 gm) of CuSOy. SECrmowaier

and make up to onc liter. Solution B, dissolve (340gm) of sodium potassim

P b L S et =2
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tartarate (Rochelle salt) and (120 gm) of NaOH in water and make to one liter.
To prepare Fehling’s solution mix equal volumes of solution A & B.

i ‘ alkaline

e R'— CHO + Cu™ — 4 R'COyNa + Cu,O |

i " GV

3 : _ .

] ~, _ )

: R — CO_:__R2 + Cu™? »- No Reaction

; 4. Oxidation to acids:

‘} Warm together in a small conical flask on a water bath for 10 minutes a
; o i _

mixture of (0.5 ml) benzaldehyde, (15 ml) of saturated KMnQy solution & (0.5
b g) of Na,COs. Filter and acidify the filtration with cenc. HCI on cooling benzoic

acid crystallize out.

CHO CO; (@ COH

KMnOj / N2;CO;5 . @ %) @

5. Reduction of ammoniacal silver nitrate:

Place about (5 ml) of AgNO; solution in a thomughly clean test tube, add 2-3
lepS of dil. NaOH solution. Add dil. Ammonia solution drop by drop, until the
ppt of silver oxide is almost redissolved, then add 2-3 drops of formaldehyde or
acetaldehyde. A silver mirror is formed. Ketones does not give the test.

R— CHO + Ag" (NH;) — R—CO, NHy + Ay

\‘3‘

25
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6. m-Dinitrobenzene test: . , :_;
To (1 ml) of acetone or acetophenone add about (0. 1 gm) of finely powdered

m-Dinitrobenzene and then excess of dil. NaOH solution and shake. A violet

coloration is produced, but slowly fade. Not given by benzop

N.B.1 more delicate result is obtamed if we use 3, 5-Dinitrobenzoic acid

" instead of m-Dinirobenzene, | \ S\\ go\\o{

c& sk\ \\ov« u—QJ-‘ . ,:/,}_'3 e x\c N\\\W\\\u\w& Lo\\t\m_,l o‘—%su u..ﬂ)(_:uo,l) ( Qﬁk
Lgc’c’c&‘-‘ BN 20508 st N &\s\o\\u\‘c‘«y‘_.._n_/ = \Wu Lol eelite S Vi |
S—Q\\’\ e\ ucs S8 %M\ ' > loo C ;U\d) J

henone.

A\ d

&,PLAKCM/?‘)")-)—E;L}'M '/‘\'L"LDJ‘\?)C-(-O < = ‘llav\cl _é/u-U\ ct_e_J/é)—fg

eded~
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Laboratory No. 6: S _ .
<) se S s (3“3!3\
%58 ISOLATION OF EUGENOL FROM CLOVES

-
bt ey e -~ .

b 7)\
1% &ﬁ This experiment explain how eugenol and other naturally occurring volatile
\ e N . i . - . ) ; .
" 3 oils can be isolated from plants through simple -distillation progess in which
o — ——

eugenol can be distilled along with water at temperatuie ¥ below the boiling . w 5.

point of pure eugenol. are\y eslSh ‘i:“’% @’“‘3:"\9\ 3 ' - édy\@\m
)—‘" 2 o/’z Oil of clovegwhmh consist almost enu%ly of etgenol and eugenol acetate is a
—_— @

/.M food flavoring

e ‘

agent beside its Vwﬁxon in dc'ntlshy Administration ez bl

s :
J cugo..ol temporary ﬁllmg, 1hﬁge_gugenol I DPressicn paste and 1oot canal
o sealant. &7 G - i ‘:;ffu\ P\
R - //l ot o th—v)/\_ T A
P\~U—i\ O—*‘\b“ﬁ)—(' e €
S I, & @ %(‘Q
QH ' QCOCH; . .. &)
, ﬂ Satie
/\ OCI’I S /\ QCH 13
;‘-‘(. '/.\ -
%
l : ' | l :
) CHzCH = CHz CHp_CH = CH')_
._eugt_zno_lh LW;%&ZH_CT
Pro n
Yrocedure:. LR

P! 2 le Y % ad
ace (12.5 g) of whole clovea 1 n a (’730 ml) round tottomed flask, add gﬁ@
ml) of distiiled wat 1 se? arnig ]

stied water and set’ up™:n apparais for simple distllation. Heat tho

W
flagk strongls 8 Nire <
K strongly until boiling point starls, then redics the Tame just cnough to
) SO bt

_— - b

_ -

1-L,\ ent foam from being carried over inty the recei~ -r. Instead of using a
o

S >/

D
~
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graduated cylinder as a receiver, use an Erlenmeyer flask and transfer the

~ distillate periodically to the graduated cylinder,
over, the entlre distillated will not be W Collect (30 ml) of distillate,

remove the flame and add (30 ml) of water to thv flask. Resume distillation &
collect an additional (30 ml) of distillate. ("J~L ~

Eugenol is very : r‘am@ "soluble in \\ite and is easily extracted from the
W Place the (60 ml) of distillate in a (250 ml) sepa
funnel and esxtract with three (7 ml) portions of chloroform. In this extraction
very gentle shaking will fail to remove all off the product, and long and vigorous
shaking will produce on emulsion of the organic layer and water. The separatory
funnel will appear to have three layers in it. Let the separatory funnel stand and
collect the clear lower layer.

Combine the chloroform extracts (the aqueous layer can be discarded and add
that the

then if any material does foam

ralory

' just enough anhydrous magnesium sulphate or calcium sulphaie s.
drying agent no longer clumps together, but appears to be a dry powder as it
settle in the solution. This may require as little as one gram of drying agent and
then decant the chloroform from the drying agent, and therefore it will not be
necessary to setup a filtration apparatus to make this separation.Evaporate the
chloroform over water bath and weight residual oil. Perform the following tests
to the oil and record your results:

1. Ferric chloride test for phenol:

/'\ OCH |
(/\ + FeCly -—-- - - —\ Violet complex
\’/ >/(_(\(0w if\re‘/‘f’
CE“IZC‘-[”{-—_Ci'Iz
5@0 C,l/t'j

&/OC/H} _\—g(/(js S /\jﬁ

Tasiekme e

R

ST,
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z_/" +Bl:1_ —

CH,CH = CH, brown ’ CH.CHBrCH,Br

- s coloirless

SuNa@Hitest:

¢ 32,

ke~ ubve =

RIS oy g b gy et

57&%0] C} CH=CH T e -
a celets 1 CH =4 Lo\ CH,CH = - CHa 15
sp yaringly soluble inw ater soluble n water )
(Wh T i) ) D2t I FER sl et |

4. Mix four portions of. LnO/ with one portion of eugenol and notice the

ation of viscous pasfe that solidified gradually on exposure to water. This

form i
/ mixture forms the basis of temporary ﬁllmg Other materials may be added to
: -

accelerate or 1eta1<§ the reaction:
—

< -
O3 O
f

,3// /WOCH 450
- Z a /+z1.o———»—uh— CHCI ‘<—\-o /1—0@CHCH CH +H“°

|
. .
N

Cii,CH = CH, :
o _ Li, iy
. \ &- o 5‘0“}
a ’ \ _,zf,-—) —+ G
ens .
o - ' C/\kj l'(l]ﬂnalt CHLCGQ_H&
29
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Liboratorv No. 7:

PREPARATION OF ASPIRIN

rgely used in medicine as an analgesic (j ¢,
ic (i.e. for reducing the body temperature)
dose have side effects. Because of

Aspirin or acetyl salicylic acid is la
for removing pain) and as an antipyret ‘
Aspirin is safe & well tolerated. However it
i+ relative insolubility in water & acidity, it can irritate the sto
effects can be partially overcome by using its more soluble sodium salt instead,
Acetyl salicylic_acid is industrially n"};rei:)ared by acetylation of salicylic

/(o-h),'droxybenzoic acia) with acetic anhydride or acetyl chloride in the presence

mach wall. These

of sulfuric acid as a catalyst:

OH ‘ OCOCH;
i CO;H * cO-
@ + CH;CO,COCH; — [ + CH;CO3l
n CJ\L{_, ! A st
gy\/\w -t\/L OW AS@I/;V]
otadd U :
Procedure:

Place (5 g) of dry salicylic acid and (7.5 g) of acetic anhydride in a small
conical flask, add (5 drops) of concentrated sulphuric acid and rotate the flask in
order to secure thorough mixing. Warm on a water bath to about (50-60 °C),
stirring with a thermometer for about (15 minutes). Allow the mixture to cool
and stir occasionally. Add (150 ml) of water, stir well and filter. Dissolve the

solid in about (30 ml) of hot ethanol and pour the solution into about (37.5 ml)

of :if ' . : :
warm water; if a solid separates at this point, warm the mixture, until the

1530::::;; l1s cor:lp]e'tely dissolved and then allow the clear solution to cool slowly.
needle-like crystals will separate. Filter and leave the residue to air-

dried and weight it. Calc :
: ulate the yield per ,
. percentage. ] : oint
and compare it with the literature, = SCHSHES (5 MmEIHnE §

-7 wt. of pr . . :
Yield percentage = —Wi Starting compd

wt. of st x 100

artmg compd x m.wt. of product
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Rcactions of Aspirin:

" Stals Of: i 1 1 1
feW Cl)‘ }g} Sahcyllc aCId, (b) asplrin, a very dilute aqueous solu ion of
eaCh substance being thus b .Il ] e he d f <o ftlf
obtal ed. Not that t addition of 1 drop of ferric

chloride s(;h;tlon to: (a) gives an immediate purple colouration, due to the
e 3
presenc 0 reé hydroxyl group, whereas gives no colouration if the aspirin
spu — ==

'N.B. 1. All glass wears must be absolutely clean and dry before being used,
moisture may hydrolyze the acetic anhydride and no reaction occur:

CH;CO,COCH; + H:0 ——* 7 CHsCO-H

used as a catalyst for the above

2. Conc. hydrochloric acid cannot be
ater and may hydrolyze acetic

reaction since conc. HCl contain W

" anhydnde as above.

3, The .aim ‘of addition o
ft of unreacted acetic

f water after completion of reaction is to destroy

' what’s 1e anhydride.

31
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1aboratory No. 8:

£ NUMBER OF HYDROXYL

ESTIMATION OF TH
GROUPS IN A GIVEN POLYHYDRIC ALCOHOL OR

PHENOL

A known weight of the alcohol is heated with a definite volume of a mixture

of acetic anhydride and pyridine until acetylation is complete:

R (OH), + n CH;CO,COCHs - = R (OCOCH;3), +n CH;CO:H

The excess of unchanged acetic anhydride is then hydrolyzed by the addition
of water, and the total free acetic acid estimated by titration with standard NaOH
solution. Simultaneously a control experiment is performed identical with the
above except that the alcohol is omitted. The difference in the volume of NaOH
solution required in the two experiments is equivalent to the difference in the
amount of acetic acid formed i.e. to the acetic acid used in the actual acetylation.
If the molecular weight of alcohol is known, the number of hydroxyl groups can
be calculated.

Procedure: Determination of number of hydroxyl groups in phenol m.wt
94.

Prepare the acetylating mixture by adding 1 volume of acetic anhydride to 4
volumes of pure pyridine, and shaken thoroughly, immediately before use,
transfer the mixture to a clean dry burette having a well, fitting glass tap, & then
closse the top'of the burette by means of soda-lime tube or piece of cotton’.

lj“xt two.smilar (100 ml) flasks A and B with reflux water-condensers if
series. Welght t.he flask A and add about (1 g) of pure dry powdered of phenol
and weight again. Now add (10 ml) of the acetylating mixture to the flask A &
also to the control flask B. Connect the flasks to the reflux condenseré and heat

32
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down each condenser. Shaking the contents
completes hydrolysis of unchanged acetic
thoroughly in cold water and allow to stand

ontents of each flask with N. NaOH solution
or,

of each flask gently to ensure

anhydride. Finally cool each flask
for (10 minutes). Then titrate the ¢
using phenolphthalein as an indicat

Example of calculation:

Weight of phenol used 0.956 g.
Flask A required 33.9 ml N. NaOH solution.
Flask B required 43.85 ml N.NaOH solution.

Difference in N.NaOH solution required for A & B =9.95 ml.
1000 ml of N.NaOH = 1 g. Mol.NaOH = 1g Mol.CH;CO,H = 1 hydroxy! group.
»9.95 ml of N.NaOH = (9.95/ 1000) Hydroxy group.
. 9.956 g of phenol contain (9.95/ 1000) Hydroxyl group.
And 94 (1 G. Mol) phenol contain (9.95/ 1000) x (94/ 0.956) Hydroxyl group =
0.97 hydroxyl group.
Determination of the number of hydroxyl group in Glycerol m. wt 92.
Use approximately (0.5 ml) of glycerol in flask A. Heat on water both for 6
minutes instead of 30 minutes and follow the procedure for phenol.
« You can determine the number of hydroxyl groups in the following
compounds: Manitol m.wt 182, Glucose 180, pentose 150.
N.B. Control or blank experiments have frequently to be employed in organic
estimation. Their value is two fold:
(1) The absolute concentration of a reagent need not to determine since the
difference between control and experiment gives at once actual amount.
osses of reagent, due e.g. to the chemical action of the

2) Adventitious o
) etc. are almost identical for the actual and the

alkaline glass vessels...

tual experiments and therefore not affect the difference in result.
actu
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(3) The use of reflux condensers during the acetylation is not absolutely g
essential. Since very little evaporation of the acetylating mixture would !
OCCuUL. | t
4) Following exactly the same procedure, the number of amino groups in ,

aniline could be estimated according to the following reaction: :
(¢HsNH, + CH:COCOCHs s CJHNHCOCH; + CHsCO:H

- |

;,

E-
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aim of this experi W .
The Xperiment is to show how by chqnf:inb th
anging the experimental

ition we can control or -
cond et ol thg stereo specificity of product. Glucose is
an equilibrium mixture of a- and g - JIUCOse Is present as

- anomers depending on the positi
iibri ixture ok ! position of C;-
hydroxyl group, if axial it is a- anomer & if equatorial it is / - anomer Noticle

that all other groups are in equatorial position giving maximum stability for
glucose.

When glucose 1s heated with an excess of acetic anhydride in the presence of
a catalyst, all five hydroxyl groups are acetylated, and the resulting pentacetyl
glucqse can Q}early exist in two isomeric forms, corrésponding to a and S
forms of glucose itself (structure 1 and 2) When zinc chloride is used as a

| catalyst the a- pentacetyl glucose is formed, and when sodium acetate is used,

the [- pentacetyl is produced. It is probable that the product in each case
contains traces of the other ismer, which however can be readily eliminated by
recrystallisation: |

anomeric H
‘carbon AcO -L CH.OAc
HO —~ /CH:OE/ : S
N CH.CO;COCH:, A
H . k . 9 ) H
/\O\{ w2 a0 7 OAc
HO — OH H. OAc

OH

o - pentaacetylglucose (N
Aixture of o and B _

H
\cO \ OAc
NaO:CCHS _%\.Z"

VQ/

.1
e

0. ] \ OAc
CH;CO,COCH: AcO OAc

\ B- penlaacelylghlcose (2)

.35
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procedure:
a- PENTACETYL - GLUCOSE

From a clean dry stick of zinc chloride, break of a piece weighing rough),
(2.0 g) crush it quickly into coarse fragments in a mortar, and then adq j; o
(12.5 ml) of acetic anhydride contained in a (100 ml). Round-bottome o
conical flask (owing to the very deliquescent nature of zinc chloride, this
manipulation must be carried out as rapidly as possible: hence , have both th,
acetic anhydride in the flask, and the mortar available near the balance, befoy
the zinc chloride stick is withdrawn from the stock bottle). Fit the flask with ,
reflux water condenser and heat the mixture of zinc chloride and acet;
anhydride on a vigorously boiling water-bath for about 5 minutes until the
maximum temperature is reached and nearly all the chloride has dissolved. Now
remove the condenser and add (5 g) of powdered glucose (anhydrous o
monohydrate) cautiously to the acetic anhydride, shaking the mixture around
occasionally during the addition, in order to control the vigorous reaction which
follows. Finally replace the condenser and heat the mixture for 1 hour on the
water-bath, and then pour the liquid into about (125 ml) of cold water, the latter
should preferably be cooled externally with ice-water, and be stirred vigorously
during the addition of the acetylated product. A viscous oil s~eparated at the
bottom of the beaker, and if occasionally stirred will crystallize within about 10
minutes. After solidification of the oil, allow the mixture to stand for a further
15 minutes and then filter at the pump. If any large lumps of the crude acetyl
compound have formed, transfer them to a mortar, pulverize, and then wash
them back into the Buchner funnel. Finally wash the product on the filter
thoroughly with water and drain. Recrystallise the product from methylated
spirit until the a- pentacetylglucose is obtained as colourless crystals, read
melting point. Test the product with Fehling test and compare it with starting

material.

N.B. All glass wares used for this experiment must be absolutely clean and dry-

2L
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Laboratory No. 10:

SOME QUALIT. ' '
QUALITATIVE TESTS FOR CARBOXYLIC ACIDS
Use one or 3 i
more of the following carboxylic acids: Formic, acetic, oxalic.

Ccuc, tartaric. citri : ) _ . )
1, citric, benzoic, and salicyxlic acid. All carboxlic acids

ourless crvstall . _ _
S rystalline solids except formic acid, acetic (m.p. 18° C). Also
formic and ac

Succinic, la

zre col

= @ elic are readily volatile with characterist pungent odour, cinnamic
acid has a faint, pleasant and characteristic odour.

1. Solubility in sodium hydroxide solution:

Place zbout (0.1 g) of the acid in a test tube and add about (5 ml) of (10%)
agueous N2OH solution. Record your observation. Note that also phenols
dissolve in NaOH to give phenoxides.

2. Solubility in sodium carbonate solution:
Place about (0.1g) of the acid in a test tube and add (5ml) of soduim

carbonate (10%) solution and observe the evolution of CO, gas. Phenols are

soluble in water and also in soduim carbonate solution but without evolution of

CO, gas, i.e. without
therefore be used t distinguis

on O duim reaction can

h between carboxylic acids and most phenols:

I Na,CO; ———» 2 RCO,Na +C0O; + Hy0
» NR.

7 R-COH *
PhOH = 7

ituted phenols, particularly nitrophenols, are sufficiently acidic
trophenols, however, all give yellow or red

N.B. Some subst .
to liberate CO, from Na,COs, ni

solution with Na;COs.

37
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3. Heating with soda-Iime:
Carboxylic acids when heated with solid soda-lime undergo decarboxylation

reaction:

A

: ?
R — CO,H Soda lime / !, R-H+COs |

Mix about (0.2 g) of the acid powder or pure liquid with about (I g) of
powdered soda-lime in a clean and dry test tube. Incline the test tube and heat t
very gently and then more strongly and observe the gases evolved, which can be
collected in other dry tube.

Note that this test is particularly useful for providing evidence for:
a- Benzoic acid: Gives benzene, detected by odour and by burning with a very

smoky flame.
b- Salicylic acid: Gives phenol, detected by odour & by violet colouration with

ferric chloride.
Oxalic and formic acid: Hydrogen gas evolved.

4. Ester formation:
Heat gently (1 ml) of ethanol or propanol with (0.5 g) of the acid or one of its

salts and a few drops of conc. H,SO, for about 1 minute. Cool and pour into a
few ml of water in a test tube and note the odour,

The test is particularly useful for identifying:

a- Acetic acid: The ester has strong odour of apples.

b- Salicylic acid: The ester has strong odour of wintergreen.

H OH
2 CO,H H* CO,CH,CH;
@( "+ HOCH,CH, >

38
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g, Ferric chloride reaction:

For the success of this reaction it is important that the solution should b
. . o n snou €

qeutral. Excess of acid usually inhibits the production of colour or precipitat
e?

and €Xcess f)f alkali gives a redish-brown precipitate of ferric hydroxide, A
qeutral solution may be made as follows: | €.

Place. about .(0-5 g) of the acid in a boiling tube and add slight excess of
ammonia solution until just alkaline to litmus-paper. Add a piece of unglazed
porcelain and boil until the odour of ammonia is completely removed. To the
cold neutral solution add a few drops of neutral FeCl; solution.

(2) Formate and acetate gives a deep red colouration which changes on boiling
to a reddish-brown ppt of the basic ferric salt.

(b) Succinate, benzoate and cinnamate give buff or brownish coloured ppt of the
basic ferric salts in the cold. Add dil. H,SOs. The basic ferric succinate dissolve
giving a clear solution: The other basic feifric salts also dissolve, but
simﬁltaneously a white ppt of the free acid is also formed.

(c) A violet coloration denotes salicyiate. Note however that a dilute solution of
salicylic acid will give this coloration without preliminary neutralization. No
colour is formed in the presence of mineral acid.

Special reactions:

Acetic acid: | -

1- Dose not reduce KMnOx, HgCl, and ammoniacal AgNO;.
2- The odours of methyl and ethyl acetate are characterstic.

Oxalic acid: HO_zQ;,QQ;H )
lx;l[u;ém Test: To (0.5 g) of oxalic acid or of an oxalate, add (1 ml) of conc.
- M504 :

1,80, & warm: CO and CO, are evolved. The CO burns with a blue flame.
2504 : .
Detect the CO2 by passing through lime-water.

39°
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7_ Reduction of acid permanganate: Add few drops of dlc:d H§?4Stcl) (.1 mi)
solution of oxalic acid or of an oxalate. Warm gently and add a dil. Solution of
KMnOj drop by drop and note the decolorisation.

Succinic Acid (CH,CO,H)» i
HECIIE AL 2C0;H) ry test tube for about (1 minute) a

Fluorescein test; Fuse together carefully in a d o ] )
n equal quantity succinic acid or a succinate,

Cool. Dissolve in water and add NaOH
h exhibits an intense green

few crystals of resorcinol and a
moistened with a drop of conc. HySOs. }
solution in excess. A red solution is produced whic

fluorescence.

Tartaric Acid:
1. Sulphuric acid test. Warm (0.5 g) of tartaric acid or tartarate with (1 ml) conc.

H,SO,. Does charring occur, CO and SO, evolved?
2. Fenton’s reagent. To a solution of tartaric or tartarate add (1 drop) of freshly

prepared ferrous sulphate solution. (1 drop) of hydrogen peroxide solution and

then excess of NaOH solution; an intense videt coloration is produced, due to

the ferric salt of dihydroxyfumaric acid HOOC. C(OH): C(OH) COOH.

Citric Acid: HOOC. CH,. C(OH) (COOH). CH,COH

Sulphuric acid test. Heat (0.5 g) of citric acid or citrate with (1 ml) of H,SOj:
CO and CO, are evolved and the mixture turns yellow, but does not char.
Acetone di-carboxylic acid (3-Oxopentanedioic acid) is produced. This
compound is confirmed by making the solution alkaline with NaOH solution,
then addition of a few drops of a freshly prepared sodium nitropruside produce

an intense red coloration.

40
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Mp_@gtorv No. 11:

SOME QUALITATIVE TESTS FOR AMINES

Amines are classified into primary, secondary and tertiary amines according
to the number of alkyl or aryl groups attached to nitrogen.
Primary amines: use one of these compounds for the following fests:
Aniline, 0-, m- and p- toluidine and other substituted anilines, 1- and 2-
naphthylamine,  benzylamine Ph CH,NH, and ethylene diamine
H,NCH,CH,;NHo,. .

1. Isocyanide reaction: Add a few drops of chloroform to about (0.2 g) of the
substance, and then add (2-3 ml) of alcoholic NaOH solution. Mix well and
warm gently: the odour of isocyanide (carbylamine) is produced:

RNH, + CHCl; + 3NaOH ———» RN = C: + 3NaCl + 3H,0

Immediately the odour of isocyanide is detected, cool the tube and add carefully

an excess of conc. HC1: the isocyanide is thus hydrolyzed to the odourless

amine.
) of substance in a small clean and dry round bottom

2. Acetylation: place (1 ml
' 1) of an acetic anhydride acetic acid mixture

flak fitted with a condenser add (5 m
(1:1) and reflux gently for 15 minutes. Pour into water; the solid anilide
separates. Filter off, wash wit
methylated spirit. Note the m.p.

h water and recrystallise from water or diluted

H |
R— NH, + CH,CO,COCH:; % R-NH-COCHj3 + CH;CO-H

acetanilide

41
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3. Diazotisation: Dissolve (0.2 g) of the substance in (1 ml
with about (3 ml) of water, cool in ice and add
solution. Now add this cold diazonium solution s

‘ ) of conc, HCI; dilute

a few drops of sodium Nitrita

lowly to a cold soluti

' . tio :

naphthol in a considerable excess of (10%) NaOH solution: a brilliant redndOf >
) Ve ig

produced.

OH

OH
g N

+ =
R—NH,; +NaNQ, ——» R-N=NCl|

I
RN

red dye.

4. (a) Action of bleaching powder: Shake.1-2 drops of aniline with (10 ml) of
water and add a few drops of bleaching powder solution. A transient purple
coloration is produced which soon turns brown.

(b) Colour reactions with the enzyme: peroxidase and HyO, permit all the above
amines to be distinguished from one another in very dilute solution.
Secondary Amines: Use one of these compounds for the next eperiments;
monomethylaniline, monoethylaniline, diphenylamine, dimethylamine solution
or diethylamine solution, pipyridine or piperazine.

1. Isocyanide reaction: No reaction occurs.
5 Acetylation: Proceed as in 2. Pour the final acetylation mixture into (10 ml) of

water and add (10%) NaOH solution, with stirring until no more aniline is
precipitated (acetyl monomethyl aniline is very soluble even in dilute acetic
acid; acetyl diphenylamine readily separates without the addition of alkali).

Filter, wash with water & recrystallise.

CH;
H |
PHNHCH; + CH:CO,COCH; ——» PhN—- COCH; + CH3CO;H

Ph,NH + — » Ph,NCOCH;+ CH,CO:H
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3 pormation of nitrosamine R,N NO.
' /—\— 2 .

;) From monomethylaniline. Dissolve

(1 ml) of oy o
al) of dilute HCl and add sodju nitrite go] onomethylaniline in aboyt 3

: ution gradually with shak: ,
the yellow oil separates out at the bottor o y with shaking unti]

| . he solution.
(b) From diphenylamine. Prepare two solution

P S, one containing (1 g) of
diphenylamine in (8 ml) warm ethano| & the other containing (0.5 g) sodium
Jitrite in (1 ml) water, and cool both in ice water

until the temperature fails to
5°C. Now add (0.8 ml) of conc. H(J steadily with

stirring to the diphenyl amine
solution & then without delay (otherwise diphenylamine hydrochloride may

arystallize out) pour the sodium rapidly into the well-stirred mixture. The

temperature rises at once and the diphenyl-nitrosamine rapidly crystallizes out as
“apale yellow ppt.

0

Ph,NH + HONO —— » Ph;N.NO

. Coloured oxidation products: S e HSOL
4 CO.OUYI a few small crystals of diphenylamine in (1 ml) of condcd 1 ;; i, 4)
(231(11)(1;3;) ve Jof coI; o. HNO; to about (10ml) of water, shake, and add (1 drop

rops :

i i lution, an intense purple-blue
o di HN the diphenylamine sO !
of hs dilutec O3d tOMonom:thylanilire merely turns a dirty brown when
ced.

coloration is produ
treated in this way.
(b) Neither monomethyl
with bleaching powder-

g 1

Tartiary Amines:

Use dimethylaniline, diethyl

ion: reacC
1. Isocyanider reaction: N0

aniline, triethylamine, trimethylamine—.

tion occur.

43
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2. Methiodide formation: place (2 drops) of dry pyridine in a dry testtube, add 4-
5 drops of methanol, and 2-3-drops methyl_ iodide. The mixture becomes, hot,

& on cooling the colourless crystals of the methiodide separate:

_ =

CH,

3. p-Nitroso derivative: Dissolve (0.5 ml) of dimethylaniline in about (4 ml) of
dil. HCI, chill in ice and then add carefully drop by drop about (2 ml) of (20%)
sodium nitrite solution. A reddish solution is obtained, but no oil separate.
Allow to stand for (5 minutes) in the cold and then add NaOH solution. A green

precipitate of p-nitrosodimethylaniline is obtained.

CH: CH:
CH3\ y CH3 3\ / 3
N N

1- HONO
2- NaOH

NO

4. Coloured oxidation products: Neither. dimethylaniline nor triphenylamine

gives coloration with bleaching powder.

44
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Laboratory No. 12:
—_— .
ACID — BASE TITRATION

he followmg terms are going to be used in this experiment:

Normality: is the number of e .
quivalents of solut
usually designated by a capital N. e per liter of solution. It is

of (P);f Z(::;“;:ta::l;i?;?:i;zi‘; ?E:n;szn?i acid requ1red to furnish one mole

y of base required to furnish one

mole of OH" or accept one mole of H" . So one mole of H,SO, furnishes two

equivalents of H' . |
pH is the negative logarithm of hydrogen ion concentration.

Indicators are proton-containing organic molecules, which change colour
when protons are transferred between them, and the solvent. The pH at which
proton transfer and hence colour change occur is different for different
indicators. |

The aim of this experiment is to show the student how we can evaluate
qualitatively and quantitatively the normality of unknown acid or base solution
by simple titration using an indicator or pH meter to determine the end point or

equivalent point.

‘Standardization of HCI solution:
We can not prepare HCI solution of acciirate normality simply because HClis -

a gas and can not be weighed accurately. On the other hand preparation of
NaOH solution of accurate normality is also difficult since sodium hydroxide is
‘hygroscopic and absorb atmospheric moisture and cannot be weighed

accurately.

The solution is to us
sodium carbonate can be weighed accurately, and then titrated with hydrochloric

e standard sodium carbonate solution since anhydrous

acid solution to determine its normality.

: 45_

Scanned by CamScanner



Proce ' conical flask add (2.

To (10 ml) of N. Sqdiuxn carbonate '
drops) of phend]'phthalein indicator and fitrate W
colour disappear completely. Measure the volum'
neutralization. Repeat the experiment to obtal

. ot JOn:
calculate the normality of HCI solution according to the equatic

solution i1 small - -
ith HCI solution until the pink
e of HCI solution required for
n more accurate results and

N, x V) = Mo x Vo

Determination of NaOH solution normality:

" This can be achieved by two ways:
a. By titration of (10 ml) NaOH solution containing (2 drops) of phenolphthalein
indicator with HCI solution of known normality. ‘
b. By using pH mieter titrate (10 ml) of NaOH solution with HCI solution of known
measure the pH of NaOH solution to obtain a curve similar to that shown in (fig.
1) from which you can measure the end point.

ol
pH
9—— -
I A
of : 1
5T N /7
\
NaQH 7~ \\-.;»- end point
5 —=—
solution
.- 1
\ |
44
~ ‘
L e _\‘\— — i
T T : |

ml of HCI soinnon udded

Fiwr. 1.

4t

=0y
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m,,‘,rawr No. 13 and 14
oY)
\ /4
,,’

S@ME QUALITATIVE TEY

. |
SFOR CARBOHYDRATE \

2 -
k lntroductlon.

- The word carbohydrate originally signified
‘ gninied z group of 1 d IR
1 6 ontained carbon, hydrogen and oxygen, the later tv .I f compounds, which
—_— 4 w0 elements being present i
iliz s >l m

{he sam¢ ratio as in water. —

C y three IIlalIl QIOUDD- 0'1 S2 d-. Y.
m e O_uCCHc:. L =

Oligosacchandes and polysaccharide i = building blc
s. Monosaccharides are the building blocks

of oligo and polysaccharides. Oligosaccharides are compound sugar which
yield petween 2-6 units of monosaccharides on hydrolysis. Polvsaccilar‘ides are .

macromolecules comp osed of very large number of monosaccharides

Monosaccharides are polyhydroxy compounds characterized by the presence

dehyde or ketone group. They are classified into triose, tetrose, entose
_’—" ———
n atoms. Hexoses are the

aturally

of an al
hexose depending on the number of carbo

and
ohydrate chemistry, the most common 1N

important SUgars in carb
occurring are Ib%llﬂ?e, D-mannose, D-galactose and D-fructose.
f monosccharide units condensed together through

Oligosaccharides consist 0
cetal linkage. The most important oligosaccharides are the

glycosidic or a
d cellobiose.

disaccharide’s: maltose, lactose, Sucrose an
— e —_— . .
starch, which 1s the st s
VA g

For polysaccharides, the most important is
i carbohydrate in plants and glycogen is the storage form of carbohydrate in T o 1

orage form

<

mimals.

/

s and based on the principle thatsulphuric ¢
— = L W v JH

e glycosidic bonds, then- dehydrat¢ the

monosaccharide to givef}l‘gx_aﬁiﬁrﬁéth |furfural/in case of hexoses gmd,fprfur‘al*‘—-

— - pos—

d Vhg meno .
b e S )
( %{505&4) i "(‘/u/ ?(e], Z
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uﬁffii{ai combined with the o-

maw Jlor hydroxmethy
hich appealed as a purple or v iolet ring:

in case of pentoseQ The fLr
naphtho to gwe a purple complex W

o —

| .« ~1 )
' 7\ SR
{ \ 5
- C i 2 Purple
\ \g CHO 1,50,  HOCH, J< CHO wmwmp&ex
/\1;) CP OH)4 3 sz - “’"ﬁ N {«
droxymethylfurfural  r&ereees 7
/// ){CH OH< hydroxym )‘ij ' 1’}@
e XS E
| (JHO H.S0; < )\ CHO _-naphtho] -n]ue
(CHOH) -3 H,0 com]J ex
o ’ H:OF I/ : fuvﬁnal J// 7 gee h\[’
, L/ss
/ ﬁM '}1‘),5(-’_7 . Se . . b

R

R b o (‘%
f/7:) Renedict’s Fest:

éa ‘{i'f/ /

Procedure: _ w
To a test solution (2-ml) of carbohydrate add (4 drops) of «-naphthol

alcoholic solution (1%). Then carefully add cone. Sulphuric acid (2 mi) side by
side with the reaction test tube, so that two layers should be formed, the upper

layer for carbohydlate so]uuon and‘ the Iovvq layer for conc. H,SO,. Observe ihie

purple rifg.
Apply this test on mono-, di- and polysaccharides compare your resulits with

blank solution using (2 inl) of distilled water as the test solution.

\I‘|)\/'

7 \
[ presénce OJ. calbohydlare\ Lot

{ﬂ‘{/q}rﬂ“ ¢ ol /‘J’O

e

e -

3}%&&/ Some/ calbohyﬁmte with a-free aIdo or g-hydroxyketo group prceesses a
L

A\

b

.i,

N

reducing p power, S0 t]L__y are known as\wduumu suuaw Benedict’s test is a test
nd is hased on the

— 2=
used thﬁnnc uish reducing sugar from nomcoucmc sUO (rs

]31111031_,1 *l,uz\m reducing sugar will reduce thef cuppric ions| (Cu™ ') present in

( B
\/ 5 P( &Jr/mi—‘ C))“—“’J-u; ’
= /UL «,«: IS

I\

7

/ v \
B 0{,40 \< 1"& LI ne /JQJA_)
N Al “fww,ﬁ g +*}mc‘f°.°:f

TEEIETESIITIT S e e e
T e
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t to th : o
the rfaagen dt.o © CLUpproys o1 and pr¢01p1§a§ed as cupprous oxide Cu,0 o
alkalme medium. The test can be used for the detection of ; . : -
- of glucose in urine:

C|HO | Na,CO (|302Na
> 2CU;3 ~

((}HOH)n +,\Cu i —+ (C‘HOH)H +Cu0 |

CHOH | CH,OH  redppt |

2 red pp &

n=3,4 sodium aldonate

Procedure: |
To the Benedict’s solution (2 ml) add (4 drops) of the test solution, then put

the reaction test tube in boiling water bath for (Q‘nguites)\. Then take it out of

Observe & record the change in colour (')Ldm_’

the water- nd let it cool, (
‘orange, green Or red ppt)- This change M)/\&flgln blue to the colours
t test and the degree of

mentioned above is con/chLeggl/a _sositive Benedict’s
— . \
g sugar. -

hange depends on the conc. of reducin
N.B. 1. The following carbohydrate should be tested:‘fglucosez fructose, ribose

_arabinose, maltose or lactose, SUcrose and starch. }g
o~ Benedict’s reagent is a solution of copper 1T sulphate;(17.3 g) mixed with™

—sodium citrate (173 g) and SW (100 g) in one litter of

or
/

//-—————_—':.
distilled water. 4
Barfoed’s Testj),ﬁ‘%ijs }\/‘-’)—9 HL o |

haride- and

Is j’_’t_ggt_ rgged/to%iSMgﬁish moﬁggabchar_iﬂﬂom‘ dis
(‘f)?)lysaccha'fide.-,\The test based onthe principle-that only monosaccharides are
" Capable of reducing cupptic ions in, Vy_qgl_gly_aqi_dig solution o the .09139??9?@2%:,, |
cupprous_ions (ppted as. _Cu0). Whereas disaccharide give negative result
olution ' they present in high concentration or hydrolyzed to
accharide due 10 prolonged heating of the

s 75

Tsolution remain Blue) unless t

their main constituents of monos
reaction mixture. e
i N / Lt \//
i Ch ,/,/. {.{.'.; o o T
P ‘:\“f/f 5 (\
& =
0
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. = s et b

———"‘"—_ .l X
&8 \"“‘ L Ui —

LT q[;,(ufﬁ‘udl UNET = -

_._——-—\'-"‘—
“—“_""]2:”'913' c,j‘ g-,_"" L-!E.rid —es e <
—_—— f]’)gﬁl (Cui‘”"‘:-‘qsﬂ:‘a

Jrh Jrine, TS o (fj'-!/“

L,i]l""

. . 's,, U
r/blloﬂ p con 1o L la'a used
&tgfézc/k’s : ) ’

The test cannot be used for the detection of Eucose ]

presence of chlonde ions in the urine, wh1ch interfere %

"

~ Procedure: (- ))Sa)g)Zé z«z) o3 _,Jm Lowe ohs

To the test solution (1 ml) add Barfoed’s reagent é%’/’ ml), mix and place the
hen remove the test twbe

n uune\due o the

\s
2 fest tube in boiling water bath for exactly (3 minutes)

and allow cooling, gradually a red precipitate of CuyO i3 formed in case of the

—

presence of monosaccharide.

N.B. 1. The following carbohydrates Should be tested:
or arabmose maltose or lactose, sucrose, and sta1 ch.

e, 11bose '

_

glucose, ﬁ uctos

e

M
L 'fp. Time facto1 s very important since prolong heatln(T of di-_or
. polysacchamde may hydlolv it and give positive test.

"3 Barfoed’s reagent is prepared by dissolving (13.3 g) of cry sta[hzed
neutral copper (mzm (200 ml) of (1 %) acetic acid solution.
’ N~ '

<o N T - '
CH;_OI—I ¥
CHQOH red ppt.
n=3.4 aldonic acid =
) i, ARV ;7 ; . ——
‘ z}kuﬁ‘ufvb\ Sl 2o
/@M’s Test: = \J _}‘/(—Z( ,J\ ‘- N
y/ " Is a test for distinguishing pentosc sugar (e.g. ribose, arabinose or xylose)
Cr? L Lol = Thg C
from héxose sugar (e.g. glmose Tructose and galactose) and other - or

il et
polysaccharides, The test is is based on the principle that the furfural produced
pramsT S N

M
. from the dehyglauon ofﬁaentose}wxll conéense with ‘owmo])m the presence of

S ﬂw to ngc green-bluish g,u:°n colour with a prec .pltatu ’«""7)

\
\j/";H’T— - e X\__V:& .,l),.L\ 5.(75%(")-‘
2 \/l

GO ol e
[ Ce) Y. _ore S0
B - ‘/// —\\‘.\':—- CHU .......
\ 4

F

(CHOH); ——
| - 3 P‘O
CH,O! o >
| Deddemss g et
- & L AN ()95 (f 0
' ‘ ’(—P,\. q(r?s\‘o &
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0 < A UBQ\)\
e e\ 7 \NE&“) RS SN
o =
W+

@ Loy | T
NS o
[ -
. G - " : ‘\
Procedure- V\%L::LUE/]U"‘SAN \> v un co\wM

th . l, .

the To Bial’s reagent (3 ml) add the tegt solution (0.5 m| approx. 10 d

3 A 0X. rops), mix

and heat gently until boiling. The reaction mixty
in case of the presence of pentose sugar

B. 1. Any other colour i -
he N. 1s considered as a negati ,
brown coloration. gative result, e.g| Glucosk give a

re turned green or bluish-green

e
. Bial’ e e .
e 2 o S,_t{eagent 1S prepared by dissolving orcinol (1 g) in (100 ml) of
C?n rated hydrOChlorlgr@Eiﬁl containing a few drops of ferric chloride
e solution. NN — e
<c

r K Selivanoff’s test:

QS‘M‘—%‘E@L@DEE&M&@MW@&
and is based on the principle g!l;a; ke_to_hex/osgﬂg_gih)_{drated more easily than
aldohexoses and aldopentoses to give hydroxymethyl furfural which condenses
- \—\———‘

with resorcinol to form a red complex:

——

CH,OH
C=0
((II:HOH)3
CH,OH

&9%3595@

‘ ' ] ' ldohexoses may be
d heating should be avmdec{ smc; aldohexoses may be
B irox) {saccharide and specially

i oxmethylfurfural or d

drated also to give hydlox}\} ethy’ : ’ . e
dE}—ly’r_',f“—‘__—&-b the action of acid to gIve glucose and fructose wh\wh in
syctoss hydrolyse® » o give the MOlotlr. - ‘
turn react with Selivanoff’s reagent to give the Pz - i

dil. HOCH, \/ \)-CHO

égco\\/\SQ HC‘ CAWNnSe \'\)/olfo \losu‘s a\JO\&XGSQ U\ﬂul o\uJ.O Y tniele ""\J

w:‘l Q(offv\ /—’\-—C\,’\O/mﬁA ) fu\& ‘J‘\‘\‘ ViseVeing| d*mk %\v(
e %

an{ Com F(LX
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SV, \-?)J >

Procedure:

To Selivanoff’s reagent(3 ml) add (4 drops) of the test solution, mix and

i cact e development of pj
place in boiling water-bath for dne minute exac\tiy. Th p pink tq
deep red coloug{micate the presence.of Jcetoilexose.

~ ‘S‘:’:%‘E ; R‘w\M ad

SV

Used to distinguish polysaccharid‘ql(s/tarch, dextx'in_oggquggg?mno

and disaceharides_and is based on the principle that iodine can form gy~
; \’@orption complex&&ith the helical stx'ucture”(qc)@(e) of the polysaccharide,
‘}JJ So it give a“blue colour vﬂfﬁ\%\téﬁi, @with dextrin and Izrown—rfd' iwith

S . 2 o dolectlar Naioht
(, (glycogen depending on Coil Size’and‘molecu ar weight,
;7— z . = = .
In order to achieve a good result the test s
slightly acidic but never alkajine, since(alkaline medium react with iodine

molecule and %
3 o < ’\‘m B
J
I, + %%@ > NaOl + Nal
S celtvwan Ealey

MR

Procedure: RS - —
To the test solution (1 ml) add one drop of dilut{HCl,a%ld one drop of iodine |

solution. Observe and record your results. Now place the test tube containing the
starch solution & iodine in boiling water-bath for one minute and observe the
colour change. Then allow it to £ool under tap water and notice reappearance of )

colour. ( /jiﬁ%”uo) A, I/Aﬁ ”/,,;Js o .

N.B. 1. Of heating_thé coil shape of starch expand & the adsorption complex
dism d into iodine am starch. C coolin} the original coil shape
return back and the adsorption complex formed again.

2. Treatment of the adsorption complex with a base, e.g(&gO_&?olution
also disappear the colour complex due to thWase

to give sodium hypoidide, Reacidification resume the colour complex.

L (

<4 i 1 (O
%'g«\"\\;— Caa‘{" P A Lo (A
% }\:&j\ Unjhy \,\jg\/("iv'

/ /

Q\ \ -
N t%?‘zr i
52 GY

Scanned by CamScanner



A

DiSsel ving i
T LL"’V;""’”, T /5l
Yy dissolving o / (g/‘)
Ving 1odine in potassium iodide ye‘/? vt

solution (5 %) until the coloyy become yello
w.

' fydrolysis of Sucrose:

Sucrose (or sug;r\c/:';n“:‘ '
| € or sugar beets)_.__i_g 2 disaccharide composed of two

| monosaccharides namel Q S e,
| y gluco§e/ and fructose Joined by %% 4%, olycosidic

' bond, thus lack the presence of free aldehyde or g- hydroxylketo group. The

| avegsidic bon : )
| % dcanb )kZh{actlon of acid and heat to give the two

monosaccharides. 2700 s

~ + hoat: |

Procedure:

To (3 ml) of sucrose solution in a clean test tube add (5 drops of dilute acetic

acid (10 %) and boil for (2 minutes), cool and neutralize with dilute NaOH

solution using litmus paper as an indicator. Perform the following tests for

solution of sucrose before and after hydrolysis:
Sucrose solution

Before Hydrolysis After Hydrolysis

Test

Benedict’s

Barfoed’s |
Selivanoff’s

r the hydrolysis of sucrose (?.
arfoed’s test.

S
N.B. 1. Hydrochloric acid is prefered not to be used fo
he 1nter1ém@ons with the subsequent B

important step since Benedict’s reagent work

,Jbecause of {
7. Neutralization is a very .
only in neutral or slightly alkaline solution.

Hydrolysis of Starch by Hydrochloric Acid:

i I le: R . . by Se\]el'fll

PrlnClPh is a polysaccharide contain only one reducing group fo‘r : O‘n
1S . . P vely n

. of monosaccharide residues, so that they are effectively "

himgred or 7O starch gives the constituent monosaccharide

reducing. Acid hydrolysis of

53 i
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Wﬁﬁ

(glucose) which have a reducing property. Therefore the reducing powe, of
starch increase gradually with the progress of hydrolysis; while the ability p
starch to react with iodine and form adsorption complex disappear gradually |
Such process is done within seconds by thé amylase enzyme present in saliva,

'1
Procedure:

Arrange in a rack six or more of clean test tubes, to each is added (1ml) of ‘,
Bendicit’c reagent. Beside it prepare a clean porcelain tile and place one drop of
iodine solution into each spot and number them.

Now take (10 ml) of starch solution in a small beaker or big test tub. Transfer
one drop of this solution to spot (no. 1) and 0.5 ml to t.t. (no. 1). To the starch
solution add (10 drops) of conc. HCI, shake quickly & take one drop for spot \

~(no. 2) & 0.5 ml for t.t.(no. 2). Place the starch solution in a boiling water bath \
and take samples for iodine test and Benedict’s reagent each two minutes untj ‘\
the starch solution fail to give iodine test. Stop the heating and record the time l\
required for complete hydrolysis. Now place the test tubes containing Benedict’s

reagent and test solution in a boiling water bath for (5 minutes) and observed \
and record the graduation in colour change.
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d Laboratory No. 17 and 18:

ce°

\
M= = e oME QUALITITATIVE TESTS FOR PROTEINS AND

\
PN 2 L ., AMINQACIDS
pod C, \—J) > N S a:./zJJ/U

Introduction: i
) Proteins are macromolccules of great blolocwal important.| They are compose

el B

essentially 0§20 g-aminc acid 1651duesf All mlmoomdn]sms pIants andjmmalq
-_‘)J__)

t

1

-contain the same 20 ¢- ammo acids? Protein may’Jaet as an enzymes hormones |
s _)//'/ AT f
. etc. The followmc are simple quahtatwe tests to {

C/\/ ") ot —/

2%y, _nuscles, pait of cell wall
Ve geas distinguish amino ae1ds and proteins.

Iy e

'\a.u.L-"fﬁ)
1. E!éﬂ'ﬂp{lf‘%[‘y Composition of ProtemS' --------
(a) Select a narrow Pyrex test tube, which lg ¢l ean'>and pelfectly@ Jand

|

.

quantity of powde alBumm' Place a piece of i
!

i

mtroduce into 11: swnall
11101>te_1}5q fed. 1tmus },apex across the mouth of test tube a “atuniil you _'»'i.i
get the smell orﬂ*ummﬁ%d litmus paper ( turns (Blue The -

characteristic smell and the effect on red litmus paper are due to the

s J (:',-b .evolution of ammLa‘h om the heated protein. ] This j@ 1€ presence of i
' TIT T

NS P,
o mtro(eem and, hydrooeo in the protein molecule. Shyfs 2
} ‘rd‘-—k‘\ _> L_,{J / ’k'

('VAIso notice that LhQ_queLpart of the test tube is” moist due to the ;
N

_,__,c, St
N condensatlon on of. v'ater This is due to the presence of oxygen and hvdrooen & ‘
5 N e

\ Y

\>= ~

) m pr'otem The: CI) rariting of the heated protein| demol\l/sit/n}te the premr ;

~~y <._.-

r

vy ‘f:, .’—@ )|J _4_; ,_(__ -

ca bon'in protem M
(b) Inuoduce a small quantity of powdered albumm or nail into dry and narrow 5

o ———— ——

test tube. Add about (l m]) ot (AOL/Q___I_\Q.OH sm and heat Eenﬂ\ for (2
minutes). 'lhen add a drop owsol?non Lack orlbroy \n ¢ ololft

indicates the presence of sulphur in the protein molecu}e)

N =
v N f //)/ _‘_‘- L}) ‘JJ’\)S
.t s 4‘4 - —, - ‘()f
o] @(P‘JPK\ = &
/\_f (@ N
S =g Coo ™\
&S W ‘ \b\)\bf}j‘} N\ Wl \ B
N -\\-?Q coeNg g 20 "C-Q—“\l :
cH 3 ~CcH_ ¢ o\‘\ '*“-—'A}_ C - C“} — c#H3 ) ) \LC“‘SO%/)‘
=
- \f\\&\e.,"‘b

)
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sed 7, Biuret Test: / .
' * amf) A .
ﬂaIS i Biuret test iS a S e:ifm N\d\ 8’\/(—5 PC' S:‘%\‘\}—( VQO\L’(’\\AQ\_.\ A ;/‘,L‘/l,\ \%{\r\g(é}'
1€ / f‘“.\plcﬁﬁr peptide bond or linkage. So all proteins and .
<ysis (tripeptide and above) or other compounds containing =
B

peptide bond are expected to give Biuret reaction. s
\(a) Urea: ek S

Formation of Biuret andﬁiu_ét:_%gl. Place (0.2 g) of urea in a dry test
d . tube, heat very gently just above the m.p. and note the production of
f ammonia. After 1-2 minutes the liquid suddenly solidifies with the formation

to

1 . - of Biuret.

O\
,l“f

1
| A
| 1é@? 2NH£IBE§——~—+P&M¥£§S@%ﬁ+NH3

Dissolve the solid residue in few ml. of warm (10%) NaOH solution, cool
, and add (1 drop) of very dilute copper sulphate solution. A purple coloration
’ | is obtained due to the formation of a complex between copper and two-

CONH- groups.,, <+’ 3 e w00 ¢ solid Ui vask & DL AF S
) - gI'Ou -/, — . :

4 - (0 Ve S ) covpan sulphal, gesAs
(e o /,1,;,).) e ngé‘)/i Fu\(f‘t U= A*/" ) eoppa suly hile “‘—fb

(b) With Proteins Lus CoNl_g@mup & <o
) ’ll‘ (2rO D ofa dilute protein solution add an equal volume of (10%) NaOH
(0] m

ry di i 0.5%) of copper
'i by drop a very dilute solution (
and mix. Then add, drop

A . ink co
sul hgte till a violet Or pm . ] . =
’ilé'—"':::'{ (XIO) Mookl ¢~ 37«/60"‘“ e hs o ¢ Aty patein V“(”[-” P

e L (£0.5) kil sddtons. 1T i ]
| . .y ‘ \ L&l' P (/O 5)cl lu\t s Ne uj ;):{)((
e ot N copesit™™ ot ) 25450 4 )

lour is obtained.
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- IE‘%Z 4. Ninhydrin Reaction: :@.%C_Q—#L&P—Zi)

%

N
N.B. 1. Avoid adding an excess ofuc)opper sul@_a@/(o that the blue colour of
cupric hydroxide formed, may not mask the violet or pink cooyy of the
Biuret reaction. 2
2. Most proteins produce a violet colour. Protease and beptones give ,

decidedly pink c,olour.@elatin gives a bluish violet colour.
Most of pro +ezrzg_9 Jiol :
Prateace ¢ Piptenes o(.w }O)AK'

3. Coppér Salt of Amino Acids? b violef

Dissolve about (0.5 g) of glycine in about (40 ml) of water and add an excess
of freshly precipitated well-washed cupric hydroxide. Boil for (5 minutes) and
filter while hot into a small evaporating-basin. Concentrate to abouyt half-bulk op
a boiling water-bath, and then allow to cool; fine blue needles of the copper salt
(NH,CH,CO0,),Cu crystallize out.

Prepare the cupric hydroxide by dissolving (2 g) copper sulphate in about’
(100 ml) of water, and add with stirring (16 ml) N.NaOH solution. Filter off the

precipitate and wash thoroughly with water, —<2<2& £ L s, & Dydmes ke oy,
sendl ‘:\"'f"ﬂ?[;‘zs—;’ﬂs‘nn L)} l C\,QJ_J'_. 2,1’_:’ ) .:_./’}_-.,.::,':' Ak s Qr» -w(“-'w;‘.s\'\ul <y -‘,:'C kY‘k"H‘(E

To (1 ml) of the dilute protein or amino acid_sollgio_n (which must be neutral
or at the most faintly acidic) add (2 drops) of a fres_hl_y ' prepared (0.2 %) solution
of ninhydrin. Boil for 1-2 minutes and then allow cool. A gﬂk‘e colour is

produced.  "%- €-ldlben 2 IOy ninyd Vi W one) & gl o] eFos 3
200 g ) —»J&U.’:,A_,,

N.B. 1. Tile solution to be tested must be between pH 5-7. <!
2. Ninhydrip isTeadily Jsolubl in wate@its solution is not stable for

-

more than two days.
3. This test is positive for proteins and for all products of protein hydrolysis

including' ainino acids. Q e — /
\ d Q)“
S
Reaction: -:-)\ ‘ m ﬁ
? 011“’“’ R 3
S RCHO
g < a O o) o

i id /ninhydrin Ruhemann’s purple
Aaminoiact ' 4 d (blue-violéjt) 3

A

- B0 ,.
/v e o
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- Geﬂeml TESts fOl' mh
T . ) 0 Acids:
s-Action of nitrous acig; :

the — This IS @ test 2m;
e This 1S & 1O amine acids in wige

g hvaro e en _ hich tha .
— ,J::LCI U}Q&OX—\C& 3T .. e ~U-@m R .

; - ~STOOXYIIC acid ang evqpe. © &cid react with nitrous acid to

SVolution of pisr —_—
a . Inirogen gas:
¥ T T
H:NCHRCO:H —HONQ —_— 3 ot
HOC}{RCO:H <+ NZ - H:O ;Ij —
procedure:
P R -

S TO 2 IcWw LLJ ot (:0 0/0 T\ )
; .-id. Pour the mixture ; ) NaNO; solution add a few drops of cold dilute acetic
< AR A e Lurg 1Nto 1 .
[ olition. of Bifrog a cold agueous solution of glvcine, and note the brisk

volution of nitr00:en‘ I; sach cesecare must-be taken not o confuse the

e gen wit "Dossible t - —

s w5, &O_iume thermal decomposition of nitrous acid.
— - 7§_/’-_' = - - .
N Qnli . "
‘b Solid amino acids:

L Solid amino acids are soluble in Na,COj solution, with very slow evolution of
g i - :

' , on heating.
dn:s CO; on ting

S

i E)Sorensen’s reaction: = =
Formaldehyde converts the basic amino group into neutral CH, =N group. . _ ~‘*“‘¥\”
K [EAR \ VO
_3l Procedure:
= e ater | A, add (2
. gq few ml. of water m a test fube A, a
T2 Dissolve (0.2 g) of glycine in 8 IEW L 22 === = —=—=—==
dilute NaOH solution drop by drop until

- hthalein and then very dilute NaU% 50220
r drops) Ofphel‘m t turn pink. In a second test tulx,__}é place (2 ml) of (40 %)
i! the solution JE2 ) of Tfle'ﬁolﬁﬁthaleif solution and then the dil.
i el :
|

. : 2 drops it .
,W ?dd ( D just turn. pink. Pour L‘ntems of B into A and

. . e Solution — i ,
4 Niz_QEjolutlon l.mtll ;hcolourisaticln of the phenophthalein, the solution now
note the immediat€ %‘ghat Sé;efaTdYOPS of NaOH solution can now be added -
d. Observe 2 SO

A

being acl i
- s ored. N
i ur ls reSt { P\ A N

_before the pink colo (N _\ L

/ _ \J A\ . Ve

0 - \/‘/ Yy

uwi N\ -
& pvs

- ; . ) A\C\ i
4 ‘\’: & \R . :,
@)i (f ( i ‘\‘ > - \\\_ \\" \/~\

N o W
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6. Specific Tests for Amino Acids:

2.
\@e H,NCHRCOH , where R=HO <O)- CH,™
:

The following two tests are specific for tyrosine or a protein containing
tyrosine:

(1) Millon’s reaction: g oo X, | \
To (2 ml) of the protem or amino acid solution add (2 drops) of Millon’s

reagent and mix. Heat gradually, to the boiling point. The‘ precipitate or the gake

solution or Wd in case of the presence of tyros;ne_ v, \& | T
1c nitrite in acidic medium: \\«L* . 1‘ NaC
Q’ /“ 2. ThlS test can be easily performed on solid proteins also. Suspend the bro?
solid protein in a little water and then carry out the test as usual. The | (ust
solid particles will turn red. Loon N

3. iExcess of chlorides interferes with thlsr‘::st by combining with the )

w’oi_;he\iea;___gm&erm it nert.fThis test is therefore s
never used for the detection | of proteins in urine. ?a,( " = 2

—

& (2) Formalin coloratiom To a small crystals of tyrosine, add (1 drop) of (40 %)
(:J‘ formalin, (1 ml) of water and (1 ml) of conc. H,SO4. Boil gently: ddeep greeny
—_——

é'loratlon is developed

O Tryptophan HzNC}ZRCOzH . where R= @s

Glyoxyllc acid reactlo )'1o (l ml) ot the protemn or amino solution add equal \
volume of gl_@gl_agcetlc acid and mix. Incline the test tube and slide (2 ml) of | i
conc. H,SO4 down its side so that the sulfuric acid forms a distinct layer at the

—_— —
bottom of the test tube.

— A purple ring slowly develops at the junction of the two layersof fluid. On

shaking, the entire fluid may become purple, _and if there are any solid particles
of protem in suspension, they may also acquire a vivid purple colour.

G ML

\ | _
- ‘ i.)\
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N.B. 1. Glacial acetic acid usually contains some glyoxylic acid as an impurity

an(.i is therefore suitable source of glyoxylic acid in this test
2. This test is due to the pres B

ence of indole ring /‘_ )
in tryptophan. - oL

N
. . . . //
3. Sulphuric acid used in this test must be pure. ¥ &
R ' @R 53
Arg'mir)g ne H;NCRCO,H, where R = H,N - C —NHCH,CH, — ) s '%/,
S 5.2 F
- NH b 4 4
Sakaguchi’s test:

To about (2 ml) pf the protein or amino acid solution add (8 drops) of (10 %)
NaOH, (2 drops) of freshly prepared ethanolic o-naphthol solution and mix. Add

bromine water, one drop at a time, mixing after each addition. After few drops
(usually 3-6 drops) of added bromine water, a bright red colour develops.

N.B. 1. As the reagents themselves give a certain amount of colour, a control is

advisable using (2 ml) of distilled water.

2. Excess of bromine water should be avoided, as it may cause the red
colour to fade away. ’

—

‘3. This is a very sensitive test for free or combined arginine. Since all
kyﬁy&@/ proteins contain sufficient amount of .‘argmme to give a positive

Sakaguchi’s reaction /ﬂlis test may well be used as a oeneral test for
\\§B proteins. —'))r o | |

= (\Zy

ysteing H;NCHRCO,H where R = HSCH, — and cystine where R ~CHz —§
—S-CH, - CD ' '

To (1 (Ifll)ﬁrﬂtd_n(UHdiluted egg albumin) or amino acid solution add (1 ml
04 Né%H and boil' for not less than one minute. This, will convert the

organically combined sulfur of cysteine or cystine into T

NasS. fiow add a drop of
—I~WH' A black or brown colour appears

lead sulphide.

SN T~~~

due to the formation of

H 2 S \ -
,\,\_‘\_\_\_\_‘ \‘\\_ g S
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La
N.B. Wool, hair and fingernails give a marked reaction. Albumins from eggg,
milk or blood serum also give a fairly good test. Casein of milk containg
Jess of cystein and cystine and therefore does not give a marked reaction.
T
7. Specific Tests for proteins: dist

The following are some tests in which we can distinguish certain types of
protein. These tests are of great value in clinical biochemistry for isolation
characterization and determination of certain protein related to certain diseases.

(A) Heat Coagulation Test for Albumin and Globumins: |
Albumins and globulins often occur together, as in blood serum, in egg white

and in milk.

Procedure: ® Q

To (5 ml) of the diluted egg white solution add (2 drops) of the indicator
chlorophenol red. The solution becomes Elk Now add (2%) ‘acetic acxd drop
by drop, till a barely visible pink colour remains. This corresponds to a to a pH of
about (5.4), which is close to the isoelectric point of these proteins. Boil, a 1
coagulum is produced. Filter and perform the Millon’s test on a portion of the \

coagulum and also on filtrate.

C_, Separation of Albumin and Globulin:
Measure (??nl) of undlluted M’s_e_r@_mto a small beaker. Add (2%)
“acetic acid) drop by drop, until the reaction is practically neutral to litmus. Now
add (5 ml) of saturated ammonium s_tllgha\te'éhd—lm_i; well. The solution is now
half saturated with respect to ammonium sulphate and a bulky ppt of serum |
globulin is produced. Allow to filter through a dty ﬁlter pmean test
tube (if the first | portion cloudy refilter through the same._filter p\per) The
residue on filter pwms globulm whereas the filtrate contains albumm
To a portion of the filtrate add solid ammonium sulphate in a small portion  with

shaking till the solution is fully saturated. A precipitate of albumin is obtained. :’t;
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Laboratory No. 19:

IDENTIF. ‘
ICATION OF UNKNOWN SAMPLE

The following scheme j
€ 1S a si 3
mple diagram in which the student can

d] g ety cen carbOhydrateS hpids and p t .
W s rotein.

Unl_(nown Sample
Ninhydrin Test

=yV€

+ve
Protein or ami :
mino acid carbohydrate or lipids
L Biuret te
T 1ve. - ivgt -ive Molisch Test
Frotein “Am'mo Acids lipid. Carbohydrate
Heat- Perform individual iodine
Codgulation. a.a. tests” test
test s
-ve tve -ve +ve
other albumin & mono or starch.
e.g. Casien globulin disaccharide
Benedict’s test

-ve
Sucrose
confirmed
by hydrolysis

+ve
Albumin monosacch.,
maltose, lactose

Globulin

Barfoed ’s
test

-ve

Pentos€

aldohexose
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