Boston University

OpenBU http://open.bu.edu
Boston University Theses & Dissertations Dissertations and Theses (pre-1964)
1934

The development of a micro technique
for qualitative organic analysis

https://hdl.handle.net/2144/13100
"Downloaded from OpenBU. Boston University's institutional repository."



&

BOSTON UNIVERSITY
S

Thesis
THE DEVELOPMENT OF A MICRO TECINIAUE
FFOR QUALITATIVE ORGANIC ANALYSIS

by

Arthur Rapport
(B, 5. in Ed. Boston University - 1932)

submitted in partial fulfilment of the
requirements for the degree of
Master of Arts
1934

o

i

NPT v U -




TABLE OF CONTENTS

PAGE

e

Introduction

Literaturee . seseeeceesoscocecsscoccscesscsveoccosasascseale

AppParatuSescsecesecscsccsseossvesesssosssessossssnssnsssoee

EXDOTrIMONES sevoeeeoescerssosssosascessansssesssssoonsseaSe
Solubility Behavior of LiquidSeeccesssesesscossersesIe
Preliminary Tests for the ElementSeeesscseeessecesslO.
Tests for Unsaturation............................12.
Differentiation between Aromatic and Aliphatic

~Hydrocarbons.................;...............14.

Halogen CompoundSeecesessseessosscsesvssscsssssssseslde
A1cOhols and PhenolSecesseeceeseesessonosassonsesslbe
Preparation of the Phthalein ColorSsssscecescsssse20e
Aldehydes, Ketones, and EsterSeccccccsccssscessnsselle
CarbohydrateS.csessseecccsssessssescnssnrcoercsssed,
ANineSeesscecsosvscssesesssesscssssosscssscnssssnssndloe
Indifferent Groups Containing Nitrogeneeeceecesoses30.
Identification of "Unknowns"eeeeeeetasscccescsveeed3,

ConcluSionNeceeseossosesocrsosssosnsssssoscsscsoscssscscssnendOe

Bibliography...........l"‘........O...........Ql...'..4l.




INTRODUCTION

During recent years, the micro méthod, as a method
of instruction in the chemistry laboratory, has received the
interest and approval of an increasing number of chemists all
over the world. In many university laboratories, the micro
method has been adapted to courses in quantitative organic
and inorganic analysis. Much work has also been done in gen-
eral organic and inorganic chemistry. The many values and
advantages of the micro method in the chemical laboratory such
as economy of time, economy of space, economy of materlals,
increased safety, and the dévelopment of an additional techhique
in handling small amounts of materials, made 1t seem desirable
to attempt the adaptation of the laboratory work in qualitative
organic analysis to the micro scale. The degree to which this
attempt has been realized is indicated in the report of the‘
research contained in the following pages.

The term "micro" as used in this thesis means
reduced or very small amounts of the reagents employed in the
experiments. The amount of liquid used varied from one to ten
drops. In exceptional cases, such as the hydrolysis of an
ester, one cubic centimeter of the nganic liquid was used.

The amounts of solids used varied from a few crystals to one

tenth of a gram. The use of truly micro amounts, a few




hundredths of a milligram of liquids";;é soiids, did not seem
feasible on account of the very special and costly apparatus
required, and also on account of the great smount of time that
must be devoted by the student in order to master the technique
demanded in thé~handling of sﬁch minute amounts of materisals.
The experimentai manipﬁlations employéd in this
work, therefore, have been developed quite independently of
those advocéted in the literature deaiing with micro technique.|
Such procedures§ as micro filtration on a microscope slide, the
‘fractional distillation of a few drops of a lliquid, crystalliz-
ation of minute amounts of solids in capillary tubes, did not
fit into the scheme of analysis so as to be consistent with
the chief aim of this research -- the economy of time. The
boundaries of gualitative orgenic analysis are so wide, the
experlmental procedures so numerous and varied, that the
practical and rigid adaptation of the entire system of qualita-
tive organic analysis to a strictly micro scale seems extremely
difficult indeed, if not impossible.




LITERATURE

The most extensive literature in the field of micro
methods in chemistry deals with general laboratory processes
and qualitétiva inorganic analysis. There is very little
literature on the micro method applled specifically to the
procedures of qualitative organic analysis. A few micro
qualitative organic experiments are described by Emich in his

Microchemical Laboratory Manual. Nevertheless, works on general

microchemical procedure contaln many suggestions of value for
the problem of micro qualitative organic analysis and for this

reason, they have been included in the bibliography.




APPARATUS

The apparatus required for work in micro qualita-
tive organic analysis differed from that required by the macro
course primarily in its being of reduced size. Aside from the
difference in size, certain differences in arrangement, such
as will be discussed below, facilitated the carrying out of
the various reactions.

The test tubes used exclusively were '"micro" test
tubes, three inches in length and one-quarter inch in internal
diemeter. The white spot plate and the microscope slide were
used in reactions which invdlved the addition of a few drops
of reagent to a few drops of substance, especially where a
marked color change or precipitation occurred during the
course of the reaction. |

The reagents frequently employed in qualitative
organic analysis were not kept in stock bottles on the shelves.,
They were kept in micro test tubes, each tube being fitted
with a pipette that served as a dropper when the reagent was
being used. The pipettes were made by drawing out ordinary
glass tubing (foﬁr millimeters in dismeter) over a Bunsen
flame. The pipettes were cut so that they released about
thirty~-five drops to a cubic centimeter and reached almost to
the bottom of the test tube into which they were inserted.




A short piece of rubber tubing which coniained a glass plug
at one end served efficlently as a one-holed stopper between
the micro test tube and the pipette to which iteowas attached.
This arrangement‘was found to be efficient in preventing
contaﬁination of the reagents by dust or foreign particles in
the atmosphere.

A box for these modified reagent bottles described
above was constructed from an ordinary small wooden box eight
by twelve by two inches. The top of this box was covered with
cardboard which cbntained forty-five evenly spaced holes whose
diemeter equalled the outside diameter of thé micro test tubes.
Then the micro test tubes, each containing reagent and plpette,
were inserted into the holes so that they protruded one inch
above the surface of the cardboard. Each hole was numbered
on the cardboard. These numbers, together with the name of
the corresponding reagents which were inserted into the box in
alphabetical order, were rewritten on a separate piece of card-
board which served as a key to the identity of each micro
reagent bottle.

This device was found to be most efficient in
reducing to a minimum the time required to bring together
reactant and reagent.

The following reagents were kept in the micro
reagent box:

1. alcohol (absolute) 4. acetic acid (30% sol.)
2. alcohol (95%) 5. acetic acid (glacial)

3. alcohol (75%) 6. acetone




7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23,
24,

25,

26,
27.
28.
29.
30.
31.
32.

acetophenone

acetyl chlordde

allyl alcohol

aniline

benzene
benzenesulphonylchloride
benzoyl chloride
Bromine in carbon tetrachloride
bromine water

carbon tetrachloride
chlorine water

dimethyl sulphate

ether

Fehling'!s solution

ferric chloride ( 1% solution in dil. hydrochloric acid)
ferric chloride (10% solution)

ferrous sulphate (crystals)

formaldehyde

formic acid

hydrochloric acid (15% solution)

hydrochloric acid (concentrated)

ligroin

nitric acid

nitrobenzene

p~aminodimethylanilinehydrochloride

Phenol




33+ phenylhydrazine

34, potassium permanganate

35, potassium hydroxide .

36+ Schiff's reagent

37. sodium mercury amalgam (3%)

38. sodium carbonate ( 5% solution)
39. sulphuric acid

40. silver nitrate

41. toluene

42, water

43. zinc chloride in hydrochloric acid
44, pentanolel2

45, 2-methylbutanol-2

Another device which saved much time was a modified
microvreflux distillation apparatus. The body of this apparatus
was an ordinary six inch test tube. A cork stopper through
which was inserted a plece of glass tubing eight inches in
length and bent at a slightly obtuse angle in the middle, was
placed at‘the opencénd to the test tube. A plece of cloth,
previously soaked in ice water, was wrapped around the farther
end of the-glass tube to condense any vapor that might have
regdhed there during the course of the distillation. This
preeaution was often found to be unnecessary as the vapor,
arising from the relatively small amount of liquid at the

bottom of the tube, condensed upon striking the cooler upper




part of the tube. This apparatus was used extensivély in
hydralysing esters. One cubic centimeter of ester and three
cc. of 20% sodium hydroxide solution were found to be effective
quéntities in many cases. The foilowing diagram illustrates

the apparatus described above:

This apparatus was heated by means of a micro burner

of ordinary glass tubing about three inches long which tapered
rapidly to a small point at its upper end. In this way a micro
flame was obtained which was not too hot to employ even in
reactions involving only a few drops. .
Distillation of small quantities was carried out in

a small distillation flask of about fifteen cc. capacity. The

of rubber tubing which was then attached to the faucet. Small
pleces of cloth, previously soaked in ice water, were wrapped

around the side arm on either side of the rubber tubing.

to which was attached, by means of rubber tubing, a small piece|

side arm of this flask was passed through a hole in a long plece

AV




This arrangement constituted a very satisfactory cooling device.
The distillate was collectéd in a micro test tube. The source
of heat was an oil bath heated over a Bunsen burner.

A micro suction filtration apparatus was arranged
using a micro porcelain funnel and a four inch test fube with
aiéide arme. -Thg results were very satisfactory.

_Thebdétermination of the specific gravity of liquid
compounds was carrled out using the apparatus described in

Kamm's Qualitative Organic Analysis, page 129. This method is

micfo in nature.

The boiiing points of the liquids were determined
by distilling a 5 cc. sample of the compound using the distill-
atiqqlgpparatus aescribed above. The highest temperature

recorded by The thermometer was taken as the boiling point.




EXPERIMENTS

The following pages contain a report of experiments in
qualitative organié analysis which have been performed aocofding to the
micro methods The directions for most of these experiments have been

taken from Kamm's Qualitative Organic Analysis (John Wiley & Soms’= 1932,)

Not all of the experiments contained in this book have been performed by

the micro method. Some of these experiments, such as the determination of
melting points, and the technique for the sodium deoomposition method in

the qualitative analysis for the elements have not been lncluded in this
work for the reason that these experiments are themselves micro in charactex;.
Other experiments, such as the sodium nitroprusside test for ketones and
the iodoform tests for ethanol, have been ;mitted because they are not
specific in cha.ractez.'. Some experimenté included in the differential
analysis of the common sugars have been taken from Dr. Lymen C. Neweil's

manual, Experiments in Organic Chemistry.




SOLUBILITY BEHAVIOR OF LIQUIDS

The solubility behavior of the compounds listed below
was determined by adding one drop of the organic compound to
fifteen drops of the solwent contained in a micro test tube.

All the solubility tests were very conclusive except the
determination of solubility in cold conc. sulphuric acddi. It is
recommended that this test be performed according to the directi

given in Kamm's Qualitative Organic Analysis in order to eliming

the inconclusiveness of the micro solubility test.

4 1

Compound ) ‘§01vent
: Dilute Dilute Conc. Ether
Water HCL1 'KOH HoS0,

1.Ethyl Bromide = - - —_ +
2.Ethyl Benzoate - - - + +
3.Acetophenone - T - - + +
4.Aniline - + - + +
5.Nitrobenzene - - - + +

The solubility behavior of solids was determined

exactly as is described in Kamm's Qualitative Organic Analysis

pages 138-139. One tenth of a gram of the solid substance and

three cubic centimeters of solvent were the quantlties used.




PRELIMINARY TESTS FOR THE ELEMENTS

1. For halogen.

Three drops of the alkaline solution%were acldified
with five drops of nitric acid. The solution was boiled for
one minute. A few drops of dilute silver nitrate solution
were then added. A whitish precipitate of silver bromide was

deposited. The organic compound used was ethylbromide.

2. For bromine.

Five drops of nitric acid were added to three drops
of the stock solution®*in a micro test tube. The solution was
boiled for one minute. Two drops of carbon Letrachloride were
added. Then a few drops of freshly prepared chlorine water
were Introduced. The carbon tetrachloride layer was colored

brown due to the liberated bromine.

Se For sulphur.

A. To ten drops of the stock solution were added five
drops of dilute hydrochloric acid and one drop of conc. hydro=-
chloric acid. To this solution one drop of ferric chloride
and one drop of a sdlution of p-sminodimethylanilinehydrochloride
were added. The solution was colored bluish green. This
constituted a positive test for sulphur. Benzenesulphonyl-
chloride was the organic compound used.

B. Lead acetate test.

To ten drops of the stock solution five drops of

#The terms alkaline solution and stock solution refer to the
solution ébtained after 10 cc. of water are adéed to the sodium
decomposition product. Cf. Kamm, Qualitative Organic Analysis




glacial acetic acid were added. A small piece of lead acetate
paper was introduced into the solution. The paper turned black;

This was a positive lead acetate test}for sulphur,




TESTS FOR UNSATURATION

A Decolorization of a solution of bromine in carbon

" tetrachlorids.

On a white spot plate one drop of amylene was dis-
solved in two drops of carbon tetrachloride. To this solution
several drops of a dilute solution of bromine in carbon tetre-
chloride were added. Each drop of the bromine solution was
decolorized upon addition to the amylene. This constituted
a positive test for unsaturation in the amylene linkages.

This test was repeated using in place of amylene
one drop Qf each of the following compounds: phenol solution,
allyl alcohol, ethyl alcbhol, and acetophenons. The results
were as follows: phenol, allyl and alcohol decolorized the
solution of bromine in carbon tetrachloride. Ethyl alcohol
and acetophenone did not decolorize the bromine solution.

A few crystals of cinnamic acid were dissolved in
two drops of carbon tetrachloride and the bromine solution
was added drop by drop. No decolorization of the bromine
solution took place.

The entire experiment was also performed using a
micro test tube in place of the spot plate. The results ob-
tained with the micro test tube were equelly conclusive.

B. Decolorization of a potassium permanganate solution.

Two drops of a 5% solution of sodium carbonate and

one drop of amylene were mixed on a spot plate. To this




mixture, one drop of a 2% solution of potassium pérmanganate
wag added. The permanganate solution was decolorized, that is,
.the color changed to brown immediate&yw..Several more drops of
the permanganate solution were then added and each drop was
decolorized immediately. This constituted a positive potassium
permanganate test for unsaturation in the amyglene linkages.

This test was repeated, using in place of the amyle?e
a few crystals of cinnamic acid, one drop of a 1% solution of
phenol and one drop of formic acide. All of these compoundé
decolorized the potassium permanganate solution. No decolor~
ization of the permanganate solqtion was obtained when one drop
of toluene and one drop of a 1% solution of benzoic acid were
used in place of the compounds listed above.

The same results were obtained when the above
experiments were performed using the micro test tube in place

of the spot plate.




DIFFERENTIATION BETWEEN AROMATIC AND ALIPHATIC

HYDROCARBONS BY MEANS OF DIMETHYL SULPHATE

Ten drops of ligroin were added to ten drops of
dimethyl sulphate. Two layers formed. The test tube was
shaken and then allowed to stand. The two layers persisted.
This test indicated an aliphatic hydrocarbon which 1is insoluﬁle
in the dimethyl sulphate reagent. This experiment was' repeated
using ten drops of benzene in place of ligroin. The benzene was
completely soluble in the dimethyl sulphate. Thls indicated an
aromatic compound which is completely soluble in the dimethyl
aulphate reagent. The use of ten drops of reagent and reactant
was required in order to render the two layers formed in the
first case visible. When less than ten drops were used, the

two layers could not be distinguished.




HALOGEN COMPOUNDS

A. | 6ne drop of benzyl chloride was added to two drops
of alc. silver nitrate in a micro test tube. The solution
turned cloudy at once. The test tube was heated over a micro
flame and a white precipitate of silver chloride waé formed.
The experiment was repeated with one drop of benzoyl chloride.
A flocculent precipitate of silver chloride formed at once.
The test tube was then heated over a micro flame and a solid
mass of sllver chloride was deposited. The experiment was
again repeated using one drop of ethyl bromide in place of
benzbyl chloride. No precipitate formed in the cold but on
heating, a precipitate of silver bromide was deposited.

The same reaction was carried out using bromo-
benzene and carbon tetrachloride in place of the compounds menéy
tioned above. In both cases the alc. silver nitrate solution

remained clear both before and after heating.

B. A few drops of acetyl chloride were added to ten
drops of water in a micro test tube. A violent reaction took
place, much heat was evolved and the acetyl chloride disappeared
completely. This experiment was repeated using a few drops of
benzoyl chloride in place of acetyl chlorlde. Two layers
formed. The test tube was ;haken vigorously for a few minutes
and some of the benzoyl chloride disappeared, which indicated
that a slight hydrolys¥s of the benzoyl chloride took place.




Six drops of acetyl chloride were added to ten drops of aniline
in a micro test tube. Heat was liberated, white fumes were o
evolved, and a solid white mass was formed. After a few
moments a few drops of water were added, and the acetyl

derivative of aniline, acetanilide, separated out.

’>
!

ALCOHOLS AND PHENOLS

A. In a micro test tube small pieces of sodium were
added to ten drops of iso-amyl alcohol. The sodium dissolved
readily, a small amount of heat was evolved and gas bubbles
(hydrogen) were given off.,

The experiment was repeated using acetone in place
of the alcohol. The sodium dissolved readily in the acetonse.
The sodium test was repeated with toluene. No

reaction was obbtained.

B. Three drops of acetyl chloride were added to a few
crystals of phenol in a micro test tube. After ome minute, |
ten drops of water were added. A milky white solution resulted
which, upon standing, separated into two layers. The water
layer (top) was withdrawn by means of a pipette and ten drops
of dilute potassium hydroxide were added to the liquid remaining
in the bottom of the tube. The liquid was not soluble in the
dilutetpotassium hydroxide solution which indlicated that

; .
pLenylﬁabetate was formed as the product of the above reaction.

-




Three drops of acetyl chloride were added to six
drops of ethanol in a micro test tube. A reaction immediately
ensued, evidenced by the evolution of much heat. The test
tube was allowed to cool and a few drops of a 5% solution of
sodium carbonate:were added. The characteristically fruity

odor of ethyl acetate devoloped immediately.




DIFFERENTIATION BETWEEN PRIMARY,

SECONDARY, and TERTIARY ALCOHOLS

The reagent used in the following experiment was
concentrated hydrochloric acid which contalned one mole of fused
zinc chloride to one mole of the acid. The reagent was kept
at 26 - 279C.

One drop of a primary alcohol, pentanol-l, was
added to six drops of the hydrochloric aéid-zinc chloride reagen
The pentanol was completely soluble in the reagent.

This experiment was repeated using a secondary
élcohol, pentanol-2, in place of péntanol-l. No reaction was
at first observed, but within five minutes the solution turned .
cloudye.

The experiment was again repeated using a tertiary
alcohol, 2 methylbutanol-Z. This alcohél reacted with the
reagent at once to give two phases which was observed by the

- cloudy appearance of the mixture.

FERRIC CHLORIDE TEST FOR PHENOLS

One drop of ferric chloride was added to three
drops of a one-tenth percent aqueous solution of phenoi an a
white spot plate. The ferric chloride was decolorized to
purple at once. The same result was obtained when dilute

solutions (1/10%) of resorcinol, acetoacetic ester, salicylic




acid were used in place of phenol. Negative results were
obtained with dilute solutions of bénzoic acid and p-hydroxy-

benzolc scid.

Several drops of bromine water were added to two
drops.of a dllute aqueous solution of phenol on a microscope
slide. The bromine water was decolorized immediately upon =:id
addition to the phenol solution. A white precipitate of tri-
bromophenol formed. This experiment was repeated using two
drops of aniline in‘place of phenol. The bromine water was
decolorized and a whitish precipitate of tribromoaniline
resulted.

One drop of bromine waﬁer was added to two drops of
a dilute solution of salicylic acid. A white precipitate formed.
Another drop of bromine ﬁater imparted a faint yellow color to
the solution. This experiment was repeated using two drops of
a solution of resorcinol in place of the salicylic acid. The
bromine water was decolorized to a light yellow and a yellowish
white precipitate formed. Another drop of bromine water imparted

a yellow bromine color to the solution.




PREPARATION OF THE PHTHALEIN COLORS

' A small amount of phenol was placed in a micro
test tube. Approximately twice as much phthalic anhydride was
added, This mixture was molstened with three drops of conc,
sulphuric acid. The test tube was placed in an oil bath and
heated to 180°C for three minutes. The tube was removed from
the bath and allowed to cool. Ten drops of water and ten drops
of a 10% solution of sodium hydroxide were added. The wine-
red color of phenolphthalein in alkaline solution developed.

The above experiment was repeated‘using equal

amounts of resorcinol and alpha-naphthol in place of phenol.
As a result fluorescein and alpha-naphtholphthaleln were
produced. The fluorescein was colored orange-green by reflectec
light and. red by transmitted light. The alpha-naphthdphthalein

was colored greenish-gray in alkaline solution.




ALDEHYDES, KETONES, and ESTERS

A micro test tube was first cleaned by boiling in
hot sodium hydroxide solution. Then two drops of a 2% solution
off acetaldehyde were added to five drops of an ammoniacal
solution of silver oxide in the micro test tube. A silver
mirror was deposited on the sides of the tube. This"experiment
was repeated usinghfwo drops of benzaldehyde in place of acetal-
dehyde. A silver mirror was obtained on warming the test fube
over a micro burner. The same result was obtained with two
drops of a 2% solution of glucose. When the experiment was
repeated using two drops of acetone in place of acetaldehyde,

no silver mirror was obtained even after heating.

One drop of acetaldehyde solution was added to one
drop of fuchsin-aldehyde reagent on a white spot plate. A
wine-red color develbped immediately. The same result was
“obtained when one drop of benzaldehyde, dissolved in one drop
of absolute alcohol, was added to the fuchsin-aldehyde reagent.
The resulﬁ was duplicated with formaldehyde. Acetone and
acetophenone gave negative results, no color changes, with

the reagente.

The phenylhydrazine solution used in the following

experiment was prepared by dissolving five drops of phenyl-

| hydrazine in fifteen drops of e 30% acetic acid.




A.  Water soluble aldehydes and ketones.

N Two drops of acetone were added to two drops of
water in a micro test tube. To this solution one drop of the
phenylhydrazine solution was added. A whlte precipitate of
acetone phenylhydrazone formed. This experiment was repeated
using one drop of formaldehyde in place of acetone. A white

precipitate of formaldehyde phenylhydrazone formed immediately.

B. Water insoluble aldehydes and ketones.

Two drops of benzasldehyde were dissolved in five
drops ofkalcohol in a micro test tube. A few drops of water
were added. A slight preciplitate formed which was redissolved
by adding a\dfop of alcohol. Td the clear solution two drops
of the phenylhydrazine were added. Axyellowish precipitate of
benzaldehyde phenylhydrazone formed immediately. The same
procedure Wasbrepeated using two drops of acetophenone in
place of the benzaldehyde. The solution remained clear for
several minutés. One drop of acetic acid was then added and

a yellowish precipitate of acetophenone phenylhydrazone formed.
The ﬁydrolysis of Ethyl Benzoate.

One cc. of ethyl benzoate and three cc. of a 20%
solution of sodium hydroxide were placed in a micro reflux
apparatus. A few chips of porous porcelain plate were added an
the mixture was boiled over a micro flame. In twenty minutes
the ester 1aye#‘disappaared, which indicated that hydrolysis

was complete. The mixture was transferped to a micro distilling

L

U




apparatus, and about 1 cc. of the alkaline solution was distillec
over into a micro test tube. The distillate was saturated with
potassium cgrbonate and a layer of ethanol separated out from
the solution. The residue in the distilling flask was cooled,
diluted with water and acidified with dilute sulphuric acid.
A white precipitate of benzoic acid formed.immediately. The
benzoic acid was removed by suction filtration, dried and its
melting point was determined. It was found to be 120°C.

A derivative of the ethanol was prepared as follows
Two drops from the ethanol layer’were added to 0.1 grams of
3—nitfophthalic anhydride in a micro test tube. The test tube
was then placéd in a small beaker of boiling water for ten
minutes. Then the tube was removed from the beaker, 1 cc. of
water was added, and»the.test tube heated over a micro flame
until the solid dissolved. The solution was filtered using an
ordinary funnel and the filtrate was cooled under tap water
with frequent shaking. A white crystalline solid, 3-nltroethyl-
phthalate separated out. This solid was separated from the
solution by micro suction filtration, dried, and a melting point
determination was made. The S-nitroethylphthélate melted at
156°C. -~ the melting point given in the literature.




CARBOHYDRATES

A : Molisch test

Five drops of a 2% solution of fructose were added
to five drops of conc. sulphuric acid in a micro test tube.
TWo dfops of an alpha-naphthol solution were added. The two
layers 'did not mix. At the contact zone, a violent red ring
appeared. This constituted a p ositive Molisch test for a
carbohydrate. This test was'repeated using 2% solution of
sucrose, dextrose, lactose, maltoée, xylose, arabinose, and

galactose. All these sugars gave positive Molisch tests.

Be | Fehling's solution test

One drop of'Fehling‘s solution was added to two
drops of a 2% solution of glucose in a micro test tube. The
test tube was heated over a micro flame and an orange-red
preciplitate of cuprous oxide formed. This was a positive
Fehling'!s test.

This test was repeated using two drops of a 2%
gsolution of sucrose instead of glucose. A negative result
was obtained. -' ;

The above ?xperiment was also successfully performe
on a microscope slide using the same quantities of test solutiois

and reagent.

Co  Osazone formation
One‘drop of phenylhydrozine and two drops of glacisal

acetic acid were added to ten drops of a 1% solution of glucose




in a micro test tube. The test fube was plugged loosely with
cotton and immersed in a 30 cc. beaker containing boiling water
In about five minutes the yellowish brown glucosazone crystals
appeared. The tube was removed from the boiling bath, and
allowed to cool in the air for a few minutes. The crystals
were then removed from the tube by means of a suction pipette,
placed on a slide and examined under the microscope. They
were found to be typical glucosazone crystals. This experiment
was repeated using ten drops of a 2% solution of sucrose instead

of glucose. Sucrosazone crystals formed in thirty minutes.

D, Cobaltous nitrate test for sucrose.

Siz drops of a 2% solution of sucrose and three
drops of cobaltous nitrate solution were placed in a micro
test tube. One drop of a 50% solution of sodium hydroxide
was then added. A delicate amythest color was produced. The
test tube was heated over a micro burner'for a few minutes
and the amythest color did not fade. This constituted a
positive cobaltous nitrate test for sucrose. ‘

E. Differentiation between arabinose and xylose by
means of the lead acetate test.

Three drops of a 5% solution of lead acetate were
added to thfee drops of a 2% solution of arabinose in a micro
test tube. The tube was heated over a micro Iflame and one
drop of conc., ammonium hydroxide was added. A whitish
precipitate formed. This precipitate was heated and its color '
changed to salmon pink. This was a positive test for arabinose.




When this experiment was repeated with xylose the color of the

preciplitate after heatihg was yellow.




AMINES

1. Five drops of acety%@hloride were added to five
dropé of aniline in a micro test tube. A white solid mass
formed. Ten drops of water were then added and acetanilide,
the product of the reaction, separated out, This experiment
wés repeated using dimethylaniline in place of aniline but

no reaction occurred.

20 Nine drops of conc. hydrochloric acid and fifteen
drops of water were added to three drops of aniline in a micro
test tube. The solution was cooled to 0°C. Then ten drops of
a solution of 0.8 gms. of sodium nitrite in 3 cc. of water were
added. The mixture was cooled to 10°C,

 _ Flve drops of the cold diazonium solution prepared
as aboﬁe were placed in a micro test tube and warmed over a
micro flaﬁe. A gas (nitrogen) was evolved, and the color of
the solution changed to dark brown. The solution had a
dlstinctly phenolic odor.

One drop of the cold diazonium solution was added
to one drop of a 1% solution of beta-naphthol in sodium hydroxide
An orange red precipitate formed immediately. This experiment

was performed on the microscope slide.




. Differentiation between primary, secondary, and
" tertlary anines by means of benzenesulphonylchloride.

"‘1;""' One drop of benzenesulphonylchloride was added to
ten drops of a 5% solution of sodium hydroxide in a micro test
tube. The mixture was first shakeh and then warmed genﬁly
over a micfb flame. .No hydrolmsis of the benzenesulphonylchlor]
took place. The solution was then acidified with dilute hydro-
chloric acid.  'The benzenesulphonylelitoridé ‘wasizrot: solublé-in the =

dilute hydrochloribiéicid sélutiohsric acid.

2. The first part of the above experiment was repeated
but one drop of aniline was added to the alkaline solution
before the‘addiﬁion of the acid chloride. A reaction took
place and the salt of the sulphonyl derivative of the aniline
dissolvedbin‘the dilute sodium hydroxide solution. The
soiution was then acidified with dilute hydrochloric acid and
the sulphonjl derivative of the aniline was precipitated as
a white solid.

3e This procedure was repeated using monamethylaniline
in place of aniline. The sulphonyl derivative of the mono-
methylaniline was not soluble either in the alkaline solution
or in the dilute hydrochloric acid.

4. . . Test #3 was repeated using one drop of pure
dimethylaniline in place of monomethylaniline. As the reéction
progressed'the oily insoluble layer of the dimethylaniline

.d




sank to the bottom of the test tube. This was due to the
formation of an additional product between the tertiary
anine and the benzenesulphonylchloride reagent. When the
solution was acidified with dilute hydrochloric acid, this
addition comﬁlex was broken up and the dimethylaniline

dissolved completely in the acid solution.




INDIFFERENT GROUPS CONTAINING NITROGEN

A, Amides.
1. A few crystals of ammonium benzoate were placed

on a watch glass and moistened with a few drops of a 20%
"solution of sodium hydroxide. The strong odor of ammoniuam
was detected. This experiment was repeated with urea and
benzamide but nb odor of ammonia could be detected in either
case.

Twenty drops of a 20% solution of sodium hydroxide
were added to a small amount of urea in a micro test tube.
The solution was heated to boiling over a micro flame. The
odpr of amﬁqnia was reédily detected. This experiment was
repeated using a few crystals of benzamlide dissolved in two
‘drops of absolute alcohol. The odor of ammonia was detected.

The experiment was again repeated using acetanilide
in place of benzamide. No odor of smmonia was detected but
anr amber colored ring appeared (aniline) which floated on top

of the alkaline solution.

2. l.5'cc, of a mixture of equal volumes of sulphuric
acid and water were added to .1 gm. of p-bromoacetanilide in
a micro reflux apparatus. The mixture waslrefluxed for a
half hour. Then several drops of water were added and no
preclpitate of p-bromoacetanilide formed. Shcc. of water

were then added and the solution was made alkaline with sodium




hydroxide. A white precipitate of p-bromoaniline formed.

B. Nitro compounds
1. To 0.2 cc. of nitrobenzene in a micro test tube
were added a few pleces of mossy tin and five drops of conc.

hydrochloric acid. Hydrogen was evolved and a definite reactior

ot

took place. The color of the solutlon changed from pale yellow
to. amber -~ an indication that the niltrobenzene was reduced

to aniline. The reduction was hastened by warmihg the tube
gently over a micro burner. The tube was allowed to cool and

1 cc. of a 50% solution of potassium hydroxide was added. An
amber riﬁg (anilihe) appeared at the top of the potwssium
hydroxide solution. The aniline was extracted with 0.5 cc., of
ether and the ether layer removed by means ofba pipette into

a micro test tube. The ether was then evaporated. Ten drops
of water were added to the aniline which remained and a few
drops of bromine water were also added. A white precipitate of

tribromoaniline formed immediately.

2. One drop of nitrobenzene was dissolved in ten drops
of 75% alcohol in a mciro test tube. A colorless éolution
resulted. One drop of a 10% solution of sodium hydroxide
was then added. The solution still remasined colorless. A
small fragment of a 3% sodium amalgam was then introduced. The
color of the solution became pale yellow at first, theﬁ deeper
yellow and finally yellowish green. The sodium amalgam liquefie
readily. The amalgam liquefied more readily than in a blank

Qs




portion which contained no nitro compound.

The same color changes were observed when p-nitro-

benzoic acid was used in place of nitrobenzene.




t'pages.

IDENTIFICATION OF"UNKNOWNS"

In order to ascertain the value of the micro
method in qualitative organic analysis six "unknown" compounds
were identified according to the technique developed in the
preceeding pages. The result was very gratifying.

The time required for the analysis and identificati
of all six compounds was fourteen hours -- an average of two
hours and twenty minutes for each compound. This comparatively
short time was possible because of the avalilability of the
reagents contained in the micro reagent box, and the speed and
facility with which the micro reactions were carried out. The
tests applied to each compound were carried out using the same

quantities of reagent and reactant stated in the preceeding

The six "unknowns" were identified as: benzamide,
dimethylaniline, ethyl malonate, m—nitrobenzaldehyde,'acet-
anilide, and glucose. A detalled report of the method employed
in the identification of each compound is contained in the
following pages.

The scheme of analysis which was followed in the
1dentification of these "unknowns" is the one proposed by Kamm
in his Qualitative Organic Analysis.




A. The Identification of Benzemide
1. The melting point of this combound was determined
to be 126°C. |
2e The preliminary teéts for the elements which were
applied after a few fragments of the compound were subjectédito
decomposition with metallic sodium, detérmined the presence

nigrogen and the absence of sulphur and the halogens.

3. The solubility behavior test placed the compoundilinj

group #7, since it was found to be soluble in cold conc. sulphux
acid and contained nitrogen. 7

4. A few fragments of the compound were boiled with
ten drops of £0% sodium hydroxide solution. The strong odor
of smmonia was detected.

5. The preceeding test indicated the coﬁpound to be
an amide. The literature was then cdnsuited and benzamide.was
found to possess a melting point of 128°¢ -~ very close to the
melting point already deﬁermined.

B Benzoic acid was chosen as the derivative that was
prepared from the compound. This derivative was prepared in
the following manner: N

A A small amount of the compound (benzamide) was
placed at the bottom of a micro test tube. Twenty drops of a
20% solution of sodium hydroxide were added and the solutibn
was heated to boiling. The benzamlide was converted to benzoic
acid and ammonia, the benzoic acid formiﬁg a soluble sodium

benzoate. The solution was allowed to‘cool, acidifiéd with




dilute hydrochloric acid and the benzoic acid was precipitatedl
The benzolc acid was separated from the solution by micro
suction filtration, dried, and a melting point determination

was made. The melting point of the benzoic acid was 121°C.

B. The Identification of Dimethylaniline
1. The boiling point of this compound was found to be|
195°C.

=

2. The specific gravity of the compound was determine
40 be 0.95080 . |

B3e The pr#liminary tests for the elements indicated
the presence of nitrogen and the absence of sulphur and the
halogens.

4, The solubility test placed the compound in group
#3, since it was soluble in dilute hydrochloric acid. The
compound was thought to be an amine because it contained
nitrogen.

5. The compound was found to be a tertiary amine by the
application of the benzenesulphonylchloride test.

6. The literature was consulted and the physical
constants g;ven for dimethylaniline (B. P. 1980; Sp. Gr.
0.9583% were found to be in close agreement with those already
determined for this compound. |

7e The derivative for this canpound, p-nitrosodimethyl.

aniline, was prepared according th the directions given in

Mulllken's The Identification of Pure Organic Compounds -- YV




The melting point of this derivative was found to be 85%C --

the melting point given in the literature.

C. The Identification of Eﬁhyl Malonate

l. The boiling point of thls compound was determined to
be 195°C.

2. The specific gravity determination gave a value of
1.051 gé{

3« The meliminary tests for the elements indicated the-
absence of nitrogen, sulphur; and the halogens.

4. The solubility tests placed the compound in group
#5, since it was soluble only in cold conc. sulphuric acid and
ether.

5« The bromine and potaséium permanganate unsaturation
tests both gave positive results.

6. The phenylhydrazine test for ketones and aldehydes
was negative.

7. The compound was subjected to hydrolysis using the

a

ssme technique and apparatus already described for the hydrolysi
of ethyl benzoate. The compound was readily hydroljzed.

8. Consultation of the literature showed that the physigg
constants given for ethyl malonate (B. P. 198°C; Sp. Gr. 1.054 25
agreed very closely with those already determined for this
compound.

9. The ethanol obtained as a result of the above hydrolys
was converted into the 3-nitroethylphthalate derivativé, by means

of 3-nitrophthalic anhydride. The melting point of this derivatil




was determined to be 156°C -~ the value given in the literature.
' The malonic acid obtained after acidification with

dilute sulphuric acid was extracted with 1 cb. of ether. The |

ether layer was transferred to a small beaker by means of a-

pipette. The ether was evaporated, the remainiﬁg malonié acid

crystals were dried, and 8 melting point determination was

made. The melting point was found to be 132°C. The value

given in the literature was 133°C.

D. The Identification of hi-nitrobenzaldehyde

1. The melting point of this compound was found to be
58%. ’ -

2. The preliminary tests for the elements indlcated
the presence of nitrogen and the absence of sulphur and the
halogens.

3. The bromine and potassium permanganate unsaturation
tests were both negative. '

4, The solubility tests placed the compound in group
#7. |

S. The hydrolysis tests for amides was negative but the
sodium amalgam test for the presence of nitro groups was positiv

6. Schiff's reagent'!s test and the ammonliacal silver
oxide test for aldehydes were applied. They were both positive.

7. The literature was then consulted and m-nitrobenz-
aldehyde was found to possess a melting point of 58°¢.

8. The derivative prepared was m-nitrobenzsldehyde

phenylhydrazone according to the procedure already described for

e
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the preparation of phenylhydrazones of water Insoluble aldehyde
and ketones. The melting point of the derivative was found to
be 12100 ~-~-_in exact agreement with the value given in the

literature.

E. The Identification of Acetanilide

1. The melting point of this compound was found to
be 113°C. |

2. The preliminary tests for the elements indicated
the presence of nitrogen and the absence of sulphur and the
halogens.

Se The bromine and potassium permanganate unsaturation
tests were both negative.

4. The solubility tests placed the compound in group
#7

S5« The test for amides and the sodium amalgam tests were
both negative.

6. The literature was consulted and acetanilide was
found to possess a melting point of 114°C.

Te The compound was subjected to hydrolysis using the
same apparatus and procedure already described for the hydrolysi:s
of p-bromoacetanilide. The aniline was extracted with a few
cc. of ether, the ether layer transferred to a small beaker by
means of a pipette and evaporated. Two small drops of aniline
remained. ‘Ten drops of water were added to the aniline in the -

beaker and then a few drops of bromine water were added. A

white precipitate of tribromoaniline formed immediately.




Due t6 the very small amount of tribromaniline which formed,
it was impossible to obtéin enough for a melting point determinai
The identification of this"unknown" was made after a consideratis
of the reactlions described above and the melting point initially
determined.
F. The Identification of Glucose.

1. This compound did not possess a definite melting
point. The melting point range was from 90 to 11500.
2 The pfeliminary tests for the elements indicated the
nbsence of nitrogen, sulphur, and the halogens. |
3e The solubility tests placed the compound in group #2,
since 1t was soihble in water and insoluble inxether.
4. Fehling'!s solution test was applied and it was positi
5. A micro aniline aretate paper test was applied and
the result was negative.
. 6. Tésts #4 and #5 indicated tha? the compound was
clucose. As a confirmatory test the osazone test was applled.
Srystals formed in five minutes, the time 1imit for the formation
of glucosazone crystals. These crystals were examined under the

microscope and were found to by typical glucosazone crystals.

-1
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CONCLUSTION

A micro"techniquevfor qualitative organitcanalysis
has been developed. This technique made possible the analysis
and identification of organté compounds in a much shorter time
than 1s requifedbwhen a macro technique is used.

A great saving of materials was also accomplished by
this method. This saving of time and materials was not effected
at the expense of inaccuracy and in conclusiveness of “the various
tests used. All of these tests were as definite and conclusive

as those performed on the macro scale.
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