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1.

Introduction

Since about 1870, more than 100 test procedures have
been suggested for the detection of phenols. A study of the
literature, however, reveals that the large majority of these
‘tests has been limited to the detection of phenol itself or
its common homologues such as the cresols. While many of
these tests may be capable of general appiication to the
phenols as a cless, experimental evidence of such generality
is still lacking.

H. D. Gibbs1 has published the most comprehensive review
of thevphenol tests, In this review he has classified the
test procedures under four main headings, depenﬁing upon the
nature of the reactions involved: (a) the dye reactions, (b)
the halogen reactions, (c¢) the reactions involving the salts
of metals, and (d) miscellaneous reactions,

0f all the identification tests, the test employing
ferric chloride, included in group (c) above, is probably the
most widely used. Despite its apparent generality and its
universal acceptance as a phenol test, however, the ferric
chloride test is not wholly satisfactory. A fair number of
phenolic compounds fail to give the test. Among those which
either fail to give the test or give a very poor one are:
A,--naphthol;2 B;naphthol;3 thymol; l,3-xylenol(5);5 p-biphenol;

and carvacrol, Further, certain non-phenolic compounds emu-

late the phenols and give a false test with ferric chloride.
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to a deep blue when thersolution is made alkaline with sodium
hydroxide, _

The extension of the Liebermann Reaction to a test for
phenols by omitting the nitroso compound andvadding sodium or
potassium nitrite as a source of nitrous acid is immediately
obvious.” A8 a result, the Liebermann Reaction is frequently
referred to in textbooks of elementary organic chemistry and
qualitative organic analysis as a phenol test. UDespite this
fact, or perhaps because this extension is so obvious, very
litile experimental work appears to have been done since
Liebermann's original contribution,

Detailed directions for the application of éhe Liebermann
Reaction are not to be found and the meager directions that
do appear are not consistent. %when color effects are men-
tioned they apparently refer to those developed by phenol it-
self, A few simple laboratory tests show, however, that while
a great pany phenols give rise to intense colors, such colors
are rather specific and seldom resemblé those given by the
prototype. The generality of the test is apparently assumed
as no definite statement of limitations appears in the litera-
ture. o work has been published on the effect of varying
experimental conditions and concentrations of the reagents.
Further, no systematic study of the interfering compounds or
substances that may emnulate phenols can be found.,

The mechanism of the Liebermann Reaction is still open

to question. It appears, however, that the test procedures
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using nitrous acid depend primarily{upon the ease of nitro-
sation of phenols in general. Un&er the conditions of the
test, in the presence of a condensing sgent such as sulfuric
acid, the nitrosophenol probably reacts wi th excess phenol

13

to form an intensely colored indophenol. Further, the indo-
A\

phenol ion, formed in aslkaline solution, probably accounts
for the intense color formed on neutralization of the sulfuric
acid.14

As far as this wri ter knows, the intermediste and end
products responsible for the color effects in the Liebermann
Reaction has never been definitely isolated and characterized.
Further, at least one authority bluntly states that the mechan-

15
ism i8 unknown.

Despite this dearth of information, a few simple labora-
tory tusts indicate that the Liebermann Reaction is probably
fairly general for phenols as a class. ore important, appar-
ently specific color effects are noted for some phenols that
do not respond to the more common ferrie chloride test., With
these thoughts in =ind, the present study was undertaken as
an initisl investigation of the Liebermann Reaction to deter-
mine its suitability as a general teat for phenols to supple-

nent the widely accepted ferric chloride test.
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kxperimental Work
The lack of detailed instructiocns for the Liedermann

Reastion required the development of an almost origiul.
proeedure,

The majority of the directions that could be found re-~
quired the use of solid reagents wherever pdusible. However,
it was decided that all of the reagents should be used in the
form of solutions of known eoncentration in order to facili-
tate ﬁnmti tative variation. \

The reaction with phenol itself was first investigated,
After determining what appeared to be the more important
controlling factars, the reaction was then tried with a series
of the more common phenocls, ,

The following solutions were used: 0.l ¥ sodium nmitrite,
concentrated sulfuric acid {essay 97.5%), 25% sodium hydrox-
ide, and 0.5 ¥ phenol where solubility permisvted. The solvent
for all of these solutions was water except in the cases where
the solubility of the phenol in question reguired the use of
absolute methyl aleochol.




6.

1. Reaction with Phenol CgHgOH
Part A. |
The procedure for the following reactions was:
(a) add the sodium nitrite solution to the phenol
solution in a test tube and mix thoroughly.
(b) add concentratéd sulfuric acid to the mixture
in the test tube and allow the color to develop.
(c) add 10 milliters of water to the solution from
(b) and allow anylﬁew colors to develop.
(d) add the sodium hydroxide solution to the solution
from (¢) until it has become alkaline to 1itmus
| and allow any new colors to develop.
(e) dilute 1 milliliter of the solution from (d) with
10 milliliters of water. ‘
Zach of the rollouing tests was run in triplicate with
results as indicated:
1.(a,b) 1 ml. phenol solution+ 1 ml. KaNOp Solution + 1 ml..
Hgso4 ————> dark red solution |
(e) dark red solution + 10 ml. Hg0 ——> brown colu-
tion. |
(d) bdrown solution 4 1 ml. HaCH solution ——— no
change,
brown solution + 2 ml. NaOH solution — no
change. , |
brown solution +;S ml. NaOH solution ———— no

change.
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brown solution + 4 ml. HeOH solution — no
change.
brown solution+ 5 ml. KaOH solution ———> hlue~
black solution which was basic to litmus,
(e) .1 ml. blue~black solution + 10 ml. Hg0 — 8
blue solution.
The alkaline blue-black solution faded on standing to
brown. The addition of more Na(OH solution did mnot alter
this brown solution. On dilution, the drown solution
gave the same color blue that th§ blue-black solution
did. On stending, the color of the diluted blue alka~ -
line solutions appeared to become more intense towards
the upper part of the test tube,
2.(a,b) 1/40 ml. phenol solution + 1 ml. Nall0g solution -+
1 ml. Bg504 ———— red-orange solution.
{e) red-orange solution + 10 ml. Hg0 —— pink
solution.
(d) pink solution + 5 ml. NaOH solution ——> yellow
solution. | |
(e) 1 ml. yellow solution + 10 ml. Hg0 ——> yellow
solution.
3.(a,d) 1/20 ml. phenol solution 4 1l ml. Nal0z solution 4
1 ml. HpS0, —>- red solution.
(e) red solution + 10 ml. Hgo-————> orange solution,
(d) orsnge solution + 5 ml. NaOH solution — 5

yellow-brown solution.




(e)
9.(a,h)

(e)
(d)

(e)

5.(a,b)

(o)
(a)

(e)

8.

.1 ml. yellow-brown solution + 10 ml. Hp0 ———— >

green-yellow solution.

. 1/8 ml. phenol solution +1 ml. NalOp, solution + 1 ml.

.stg‘ —— 3 red solution.

red solution+ 10 ml. an ——»- orange solution.

orange solution 4 5 ml. NeOH solution ——— dark

‘brown solution.

-1 ml. dark brown solution + 10 ml. Hp0 —> gray
solution.

1/4 ml. phenol solution+ 1 ml. NaNOp solution -+ 1 ml,
Hps0, ———> red solution.

red solution + 10 ml. Hg0 ———> brown solution.
brown solution + 5 ml. NaOH sclution — blue~
black solution.

1 ml. blue-blask solution + 10 ml. Hg0 —> blue

solution.

These alkaline soluticns acted in the seme manner ss those

in

6.(a,b)

(e)

(a)

(e)

test 1,

1/2 ml. phenol solution + 1 ml. Kali0, solution + 1 ml.
58394.————-*’- red solution.

red solution + 10 ml. Hy0 ———> brown solution
containing brown precipitate.

brown solution + 5 ml. NaOH solution ——> blue-
blasck solution.

1 ml. blue-black solution + 10 ml. Hg0 ——> blue

solution.
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These alkaline no‘luuans agted in the same manner gs

those in test 1.

7.{a,b)

{ec)
{a)

(e)

1/2 ml. phenol solution + 1/20 ml. Neli0g solution

1 ml. HpS0, — red solution. o

red solution + 10 ml. Hp0 —— pink solution.
pink solution + 6 ni. HaOH solution — blue-
green solution,

1 ml. blus=-green solution+ 10 ml. Hp0 ———> very
pale dlue solution.

These alkaline solutions ascted in the same manner as

those in test 1,

8.(a,b)

(e)

(d)

(e)

1/2 ml. phenol solution + 1/5 ml. HaNOp solution

+ 1 ml. Iitsg)4 ———> red solution.

red solution + 10 ml. Ho0 —— orange solution
containing small ampunt of brown precipitate.

orange solution + 5 ml. NaOH solution ——> blue~

green solution.

1l ml. blue-green solution + 10 ml. HgO

yellow~-green solution.

These alkaline solutions acted in the same manner as

those in test 1.

9.{a,b)

(e)

(4)

1/2 ml. phenol solution + 1/2 ml. Nall0, solution

red solution 4+ 10 ml. Hzo ——> brown solution
containing brown precipitate,

brown solution + 5 pl. HaOH solution ———= blue-




(e)
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black solution,

1 ml. blue-black solution + 10 ml. Hy0 —— blue

solution.

These alkaline solutions scted in the same manner as those

in
10.(a,b)

(e):

(a)
(é)
1l.(a,b)
(e)
(d)
(e)
12, (a,b)
(e)

(a)

test 1. |

1/2 ml. phenol solution+ 2 ml. HaNO, solution + 1 ml.
Hzso4 —— .red solution. |

red solution + 10 ml. HoG ———— red solution.

réd solution + & ml. NaCH soluticn ——> very

dgrk brown solution.

‘1 ml., very dark browxi solution 4 10 ml. Hao —_—
green-ycllow solution. |

1/2 ml. phenol solution + 3 ml. NalO, solution + 1 ml.
'Hgso4 ~———> red solution, _ |

red solution 410 ml. Ha0 ———> light orange
solution.

lightprange soluﬁon-i- % ml. 1{aOH solution —————=
brown solution.

1l ml. browma solution + 10 ml. Hao ——— green-
yellow solution.

1/2 ml. phenol solution + 4 ml, NaNO, solution

-+ 1 ml. H25_04 —— red solution.
red solution + 10 ml. H,0 ——> 1light orange
solution.

light orange solution + b ml. [faOH solution

- browt solution.
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orange solution containing very small amount of
brown precipitate.

(d) yellowm-orange solution + $ ml. Hae0H solution —>
6live-brovn solution.

(e) 1 ml. olive-brown solution + 10 ml. 820 —_—
green-yellow solution.

These alkaline solutions acted in the sase manner as thme

in test 14.

rart B.

It was now found that if tb@ HgB0, was added to the phenol-
iialiCy zmixture in such B manner that two layers were formed, each
layer had a distinctive golor. Thiz procedure was followed
hereafter. The order of the test now bocomes:

{a) add the sodium aftrite soluticn to the phenol solu-

tion in a test tube and mix thoroughly.

(b) add concentrated sulfuric ecid carefully down the
slde of the test tube in such a zanner as to foa
two layers.

(o) mix the contents of the test tube thoroughly and
allow any new colors to develop. '

(d) add 10 millilitors of water to the solution from (c).

(e} add the sodium hydroxide solution to the solution
Troz (d). _

(r) dilute ) wmflliliter o the sclution frozm (e) with
10 milliliters of water,

16.{n,b) 1/2 ml. phenol solution + 1 ml. laNe, solution
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+ 1 ml. 38804 ——» top layer red
bottom layer green

(c) on mixing ——> red solution-

{(d) red solution -+ 10 ml. Ha0 —— brown solu-~
tion ocontaining heavy brown preoi'pitata.

(e) brown solution 4 § ml. NaOH solution ——= blue-
black solution.

{(f) 1 ml. blue-black solution + 10 mi. Ho0 ———> blue
solution.

These alkalines solutions acted in the same manner as

those in test 1.

17.{a,b) 1/2 ml. phenol solution + 1 ml, Nali0, solution
+ 1 1/2 ml. HpS0, ——— top layer red
| bottom layer green

(¢) omn mixing ———> red solution

(d) red solution + 10 ml. Ho0 ———— dark brown solu-
tion containing very heavy brown precipitate.

(e} dark brown.solution + 5 ml. NeOH solution ——>
blue-black solution reverting instantly to its origi-
nal condition. $ Ml. more of the NaCH solution was |
added giving a brown solution containing no precipi-
tate. | ‘

(f) 1 ml. brown solution + 10 ml. Hp0 ——> violet
solution. |

18.{a,b) 1/2 ml. phenol solution +1 ml. NaNO, solution +

2 ml. st()4 ———— top layer orange
' interface red
bottom layer blue-green
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(¢} on mixing ———> red solution.

(d) red solution + 10 nml. Hzo ——> very dark brown
solution containing heavy brown precipitate,

(e) very dark brown solution + 10 ml, WaOH solution
———> black solution,

(f) 1 ml. black solution 4+ 10 ml. B0 — violet

solution.
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Interpretation of the Test Results with Fhenol

when the phenol, sodium nitrite, and sulfuric
acid were mixed a red solution was fTormed. This red

sclution was not formmed when any one of the three re-

. agents was onmitted. The reaction between the sodium
nitrite and the sulfuriec acid, of course, forms nitrous

.acid. Thus it is probably a reaction between nitrous

acid and phenol which produces the red product.

The reaction betyeen nitrous acid and phenol
will form nitrosophenol: ,
1 BNO,+ CgHyon —— oONGgH,OH +-H2016
It is also known that, in the presence of sulfuric acid,
nitrosophenol will react with phenol to give indophenol:
II Oﬂ.cﬁﬁ4o03—+-csﬁsoﬁ —_— 0:0634;N00634-OH'+'38017
Thus, although no definite .determination of the products
in this stage of the Liebernann Reaction appcars to have
been made, both reactions I and II above appear probable,
Neyer and Elberslsshoued that in a 1:1 mixture of nitriec
acid and pheno; the nitrophenol is formed but that in a
mixture containing more phenol than nitric acid the indo~
phenol oxide is formed, A'similar situation may exist in
the nitrous acid-phenol mixture.

If the above situation exists, the red product is
either the nitrosophenol or the indophenol. It appears,

however, that if the red color is the result of the
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presence of the indophenol, the color would vary with
a variation in the ratio of the amount of phenol to sodi-~-
um nitrite, In tests £ and 13 where the mole ratio of
phenol to sodium nitrite is very much less thean 1, it
would appear that tle niﬁ'oaaphenol would be the major
product., However, if the rate of formation of 1ndopéenol
exceeds that of nitrosophenol, a large smount of indo-
phenol might also be formed. In the tests where th® mole
ratio of phenol to sodium nitrite is greater than 1 the
indophenol would probably be the major product. The cola
is red except in tests 2 and 13 where it is orange. Since
these are tests 1n~which the nitrosophenol might be the
major pfoduct it is possible that the nitrosophenol is
orange, However, the orange color could be the result of
the formation of Jjust a small amount of the same substance
which produces the red color. It is, tkms,poaaibie to
arrive at several conclusions concerning the products‘in
this stage of the reaction., However, the results are not
conclusive enough to warrant any definite statements.
when the sulfuric acid is sdded to the phenol -
sodium nitrite mixture in such a mmanner as to form two
layers, each layer develops its own color different from
that of the others. The bottom layer consis ts mostiy of
the sulfurie acid and is green, The top layer contaiﬁs
most of the sodium nitrite gnd \phenol and has a red color

similar to that formed when all three reagents are mixed.
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Thus it appears that the produst in the upper layer is

the same as that formed on mixing and could be the nitroso-
phenol or .the indophenol, The green prcocduct in the bottom
layer is a substance whose formation depends upon the
presence of all three reagents. Thus it could also be

the nitrosophencl or indophenol. The great excess of
sulfuriec acid could, however, lead to the fomation of
meny condensation products, one of which might have a
dominate green color,

Then water is added to the red solution formed above,
the aolﬁtion changes color. This color depends upon the
mole ratio of phenol to sodium nitrite. The mole ratio
of phenol to sulfuric acid is also of some impor tance
because as seen in tests 14 through 18 the color in ques-~
tion varies. 1In these tant§ the‘mole ratio of phenol to
nitrous acid remains constant because there is always
sufficient sulfuric acid present to convert all the
sodium nitrite to nitrous acid, and thus the only vary-
ing Tactor 18 the excess sulfuriec acid.

The effect of the variation of the sodium nitrite
concentration in this solution is extremely important. In
teuts 2 and 7 the solutions under consideration have a
similar pink color. 1In test 2 the mole ratio of phenol to
sodium nitrite is 0.125:1 end in test 7 1t is8 50:1. ais
the ratio approaches i:l from either direction the colors

approach brown and the solutions begin to contain more and




more of a brown precipitate, It might be expected that
the color would vary from one color at the qmall ratio

to another at the large ratio, indicating tha férmation

of one product at tﬁn small ratio and another at the large
ratio. Instead the prbﬁncts at the two extremes appear

to be identical,

The effect of the variation of the sulfuric acid
concentration in the solution acts in a more usual manner,
It appeﬁrl that the color and the amount of precipitate
present vary directly as the aéount of sulfuric aecid.

This factor, however, requires & more intensive investi-
gation than was made at this time,

’f&'henitk‘xe solution containing the products from part
2 above is made alkaline with sodium hydroxide, the colcr
changes.. This color change does not occur until the solu-
tion has become alkaline to litmus, The color depends
upon the concentrations of the reagents previously added;
varying from brown through green to blue-black as the mole
ratio of phenol to sodium nitrlte increases, The solu-~
tion does not become blue or blue-black unless the mole
ratio of phenol to sodium nitrite is greater thanAl. Since
the indophenol could be formed in these cases, the blue
or blue-black color could be caused by the indophenol ion
in alkeline solution. Similarly, the brown color could
be caused by the nitrosophenol in alkaline solution because -

in cases where the solution is brown the mole ratio of
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phenol to sodium nitrite is very much less than 1. The
green solutions could be the result of a mixture of the
blue and the brown products, This reasoning does not
take into acoount the situation in part 2 above where
the pink solutionl are formed., Any reasoning that
attempted to include this phenomenon would be too con-
Jectural because of the present lack of knowledge about
the reaction.

The variation in the ratio of phenol'to sulfuriec
acid also alters the color of the solution under consider-
ation. No information could be found to explain this.

In many cases the alkaline solutions under considera-
tion changed color on standing. A definite analysis of

the products will have to be made before any explanation

can be offered.

When the alkaline solutions from part 3 above were
diluted 1 to 10 with water the colors were also dilutedL
However, the alkaline brown solutions'that resulted when
the blue or blue-black solutions had stood a short time
gave blue solutions on dilution that were identical with
fhose originelly obtained trbm the blue or blue-~black
solutions, No explanation csn be offered because no

facts éan be found on which to base an explanation.
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A Test Procedure Devised from the Fxperimental Results

with Phenol

The sharpest and most varied color changes occurred
when the mole ratio of phenol to sodium nitrite was 1.25:1
through 5:1, the sulfuric acid concentration remaining con~
stant at one milliliter of the concentrated acid in each
sclution. The ratio 5:1 was decided upon as the most satis-
factory because with the solutions employed it resulted in
the simple relation of one-~half milliter of phenol to one-
half milliliter of sodium nitrite. Five milliliters of the
25% sodium hydroxide solution were required to meke elkaline
the solution which contained one milliliter of concentrated
sulfurioc acid. Using these volumes the following procedure
for the test is suggested:
(a) To 1/2 ml. of a 0.5 ¥ phenol solution in a test‘éube

add 1/2 ml. of a 0.1 M sodium nitrite solution,
(b) Add 1 ml. concentrated sulfuric acid slowly down the

side of the test tube in such a manner that two layers

are formed.,
(e) Mix the contents of the test tube,
(d) Add 10 ml. water to the solution in the test tube.

(e) Add 5 ml. 254 sodium hydroxide solution to the contents
of the test tube,

(f) Dilute 1 ml. of the solution with 10 ml. water.

This procedure was used with the following phenolic com=-
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pounds. In each case slight veriations of this procedure
were also tried but a detalled analysis was left for future

investigation.




0-Cresol CgH,(OH) (CHg) - 1,2

(Eastman Precticsl Grade)

In order to obtain a colorless o-oresol solution, the

o-cresol was distilled and stored in a nitrogen atmosphere

until used. The solvent for both the o-cresol ao;ution and

the NaNOp aolut;on was absolute methyl alcohol.

l.(a,b)

(¢)
(4)

(e)

(f)

1/2 ml. o-cresol solution + 1/2 ml. NaNO_ solution

2
4+ 1 ml. sto"——————-> top layer colorless

interface dark red

bottom layer green,
on mixing —————>» dark blue solution.
dark blue solution + 10 ml. H,0 ——» red solu-
tion containing large amount of heavy dark precipi-
tate.
red solution + 5 ml. NaOH solution —— blue
solution containing some brown precipitate.
1 ml. blue solution + 10 ml. Hgo ~———— - pale blue
solution. The brown precipitate did not dissolve
with this dilution.

The undiluted blue alkaline solutions faded to brown on

standing but these brown solutions still gave the same

pale blue solutions on dilution.

2.(a,b)

1/2 ml. o-ecresol solution 4 1 ml. NeNO, solution

4+ 1 ml. Hp80, —— top layer colorless

interface dark red

4

bottom layer green




3.(a,d) 1/2 ml. o-cresol solution 4+ 3 ml. NalO

23.

(¢) on mixing ————» dark red solution turning sloély
through violet to blue.

(d) blue solution + 10 ml, Eéo —————> dark red solu-
tion containing heavy dark precipitate.

(e) dark red solution + 5 ml. NaOH solution ———— very
derk purple solution containing large amount of dark
precipitate

(f} 1 ml. very dark purple solution 4+ 10 ml. Hg0 —
violet solution. The dark precipitate did not dis~
solve with this dilution.

The undiluted purple alkaline solutions faded to brown

on standing but these brown solutions still gave the same

violet solutions on dilution..

When the o-cresol - NaNO, solution and H,S0, were mixed
the color changed slowly from dark red to bluef If the
10 ml. Ho0 were added to the dark red solution instead

of to the blue as above, the resulting solution was still
a dark red containing a heavy dark precipitate., However,
when the 5 ml NaOH solution were added tle solution be-
came a greenish-black which on dilution became green and

contained no precipitate,

2 solution

4+ 1 ml. H2804 ~——> top layer colorless
interface dark red

botton layer green




(c)

(d)

(e)

(1)

4,(a,b)

(e)
(d)

(e)

(1)

5.(a,b)

(c)
Y o(d)

24,

on mixing ~———> dark red solution which did not .
appear to change on standing.
dark red solution + 10 ml. neo ~———> dark red
solution containing no precipitate,
dark red solution-+t 5 ml. NaOH solution ——
brown solution,
1l ml. brown solution -+ 10 ml, Hy0 ——> yellow
solution.
1 ml. o-cresol solution +1/2 ml. Naﬂoa solution
+1 Ql. H2804'__————*- top layer colorless
interface dark red
botton layer green,
on mixing ——» dark blue solution.
dark blue solution + 10 ml. Hzo ————»- dark red
solution containing some precipitate.
dark red solution + 5 nl. NaOH solution ——
dirty black solution.
1l ml. dirty black solution 4+ 10 ml. Hoo ——>
colorless solution containing some cloudy, opaque
material.
1 ml. o-cresol solution 4+ 1/4 ml. NeNO, solution
4+ 1 ml. sto4 ———— t0p layer colorless
interface dark red
bottom layer green
on mixing -——> dark blue solution,

dark blue solution 4 10 ml. Hao —————— ro8e




(e)

(1)

6.(a,b)

(e)
(a)

(e)

(£)

The undiluted dark blue alkaline solutions faded to brown

25,

sclution.

rose solution + 5 ml. NaOH solution ——> green-
gray solution.

1 ml. green-gray solution 4 10 ml. ngo —
colorless solution. |

1/2 ml. o~cresol solution + 1/2 ml. NaNO, solution

2
4+ 3 ml. stoé —> top layer colorless
interface dark red
bottom layer green
on mixing -——— dark blue solution.
dark blue solution + 10 ml. Hy0 — dark red
solution,
dark red solution + 15 ml. NaOH solution ——>
dark blue solution.
1 ml. dark blue solution + 10 ml, HO —>1ight

2
blue solution.

on standing but these brown solutions still gave the same

light blue solutions on dilutiom.

7. The test was run omitting first the Nel0y and then the

Haso4. In both cases there were no color changes.

0-Cresol gives a distinctive test using the procedure

outlined far phenol. A large excess of phenol must be used

as in test 1 in order to avoid the slow deveslopment of the

mixture color in test 2. With excess NaNOz as in test 3

different products appear to be formed then in test 1 where
there 1s excess phenol. |
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3. . M-Cresol CgH, (OH) (CH,) - 1,3
(Eastman Practical Grade)

In order to obtain a clear solution the m—cresoi was
distilled and stored in a nitrogen atmmpheré until used,
Both the m~cresol and the Ha‘NOZ solutions were mede in ab-
solute methyl alcohél.

l.(a,b) 1/2 ml. m-cresol solution + 1/2 ml. !IaNOa solution
4 1 ml. H2s°4 ———» top layer colorless
intsxfzce dark red
bot‘tom layer green

(¢) on mixing ———» dark red-brown solution.

0 ——— 1light

(d) dark red-brown solution + 10 ml. Hz

orange solution.
{(e) 1light orange solution + 5 ml. NaOH soiution —_——
light green-brown solution
{(rf) 1 ml; light green~brown solution + 10 ml. H0
——> yellow solution.
The undiluted green-brown alkaline solutions faded to
yellow~brown on standing but these yellow-brown solu-
tions still gave the same yellow solutions on dilution.
2.(a,b) 1/2 ml. m-cresol solution+ 1 ml. NaNO, solution
T4 1 ml. Hgso4 ———a- t0p layer colorless
interface dark red
'‘'bottom layer green

(¢c) on mixing —— dark red-brown solution.



()

(e)

(1)

Je(8,b)

(e)

(d)

(e)

(f)

4.(a,b)

(e)
(a)

(e)

27.

dark red-brown solution + 1l0 ml. Hzo ——> light
orange solution.
light orange solution 4 & ml. NaOH solution ——»
brown solution,
1 ml., brown solution 4+ 10 ml. H,0 _— yellow
solution,
1/2 ml. m-cresol solution 4 3 ml. NeNO, solution
-+ 1 ml. Hg'so4 - t0p layer colorless
interface dark red
bottom layer green
on mixing -———> dark brown.
dark brown solution 4 10 ml. Héo —_—— ofange
solution.
orange solution + § ml. NaOH solution —>
brown solution
1 ml. brown solution + 10 ml. H,0 —> yellow
solution.
1 ml. m-cresol solution + 1/2 ml. NaNO, solution

+1m.H 804 ———> top layer colorless

2
interface dark red
bottom layer green
on mixing —> dark red-brown solutidn.
dark red-brown solution + 10 ml. Héo — light
orange solution.
light orange solution + 5 ml, NaQH solution

— liéht green-brown solution.




(f) 1 ml. light greon-brqwn solution + 10 ml. Bao
———= yellow solution.
The undiluted green-brown alkaline solutions faded to
yellow~brown on standing but these yellow-~brown solutions
still gave the same yellow solutions on dilution,
5.(a,b) 1 ml. m-cresol solution + 1/4 ml. NaNO, solution
+ 1 ml. sto‘—-—-—» top layer colorless
interface red and green lines
bottom layer colorless
(c¢) on mixing —— brown solution.
(d) brown solution + 10 ml, H,0 ——— very pale
orange solution,
(e) very pale orange solution + 5 ml. NaOH solution
——> yellow solution.
(f) 1 ml. yellow solution 4+ 10 ml. HBO E—
yellow solution.
6.(a,b) 1/2 ml. m-cresol solution + 1/2 ml. NaNoO, solution
+ 3 ml. sto‘ —————> top layer colorless
interface dark red
bottom layer green
(c) on mixing -———» green solution.
(&) green.solution + 10 ml. Hy0 ———> dark brown
solution.
(e) dark brown solution 4 15 ml. NaOH solution

———>» green solution,

(f) 1 ml. green solution % 10 ml. Hzo ——> pale
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yellow-green solution.
The undiluted green alkaline solu;ions faded to yallow;
brown on standing but these yellow-brown solutions still
gave the same yellow-green solutions on dilution,

7. The test was run omitting first the Haﬁoa and then the
sto4. In both cases there were no color changes,
¥=~Cresol gives a series of color changes that start out

like those with o-cresol but do not continue in the same

manner. The variation in the mole ratio m-cresol to Haﬁoa

does not change the colors much, however, an increasse in the

H2304 concentration does, With a large excess of H_SO the

2774’
original green color in the bottom layer appears to dominate

.throughout the rest of the test.

4. P-Cresol Csﬁé(OH) (caﬁ) -1,4
(Eastman Practical Grade)

In order to obtain a colorless p-cresol solution the
p-cresol was'distilled and stored in a nitrogen atmosphere.
The solvent for both the p-cresol and the Naﬁoa solutions
was absolute me thyl alcohol.

l.{a,b) 1/2 ml. p-cresol solution + 1/2 ml, NaNO_.solution

2
+ 1 ml. H,S0, ————> top layer colorless

2774
interface red
bottom layer colorless
(¢) on mixing ————=~ dark brown solution.

(d) dark brown solution <+ 10 ml. ch — orange-'




opelescent solution.
(e) orange opalescent solution+ 5 ml. NaOH solution
—_— yéllow solution,
(f) 1 ml. yellow solution + 10 ml. 320 ———— Very
pale yellow solution. ‘
The undiluted yellow alkaline solutions became a muddy
orange on standing but these muddy ora{nge solutions
8till gave the same pale yellow solutions on dilution,
2.(a,b) 1/2 ml. p-cresol solution + 1 ml, NallOp solution
+ 1 ml. H2804——> top layer colorless
interface red
bottom layer colorless
(e) on mixing -—~————an- dark brown solution.
(d) dark brown solution + 10 ml. H,0 ———> orange
opalescent solution.
(e} orange opalescent solution + 5 ml. NaOH solution
——————> yellow solution.
(f) 1 ml. yellow solution + 10 ml. }120 ——————3> very
pale yellow solution.,
These alkaline solutions acted in the same manner as
those in test 1. |
3.{a,b) 1/2 ml. p-cresol solution-+ 3 ml, Nano,, solution
+ 1 ml. Flgso4 ———» top layer colorless |
.1nterface red
‘bottom layer colorless

(¢) on mixing ———> dark red-brown solution.
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{(d) dark red-brown solution + 10 ml. B0 ——
pale orange, slightly opslescent solution,
(e) pale orange solution + 5 ml. lia0OH solution ——>
yellow solution.,
(f) 1 ml. yellow solution + 10 ml. 2120 —_—
very pale yellow solution,
These alkaline splutions acted in the same manner as
those in test 1.

" 4,(a,b) 1 ml., p-cresol solution + 1/2 ml. XalO_ solution

2
+ 1 ml, 112304 —— top layer colorl: ss
interface red
bottom layer colorless
(¢) on mixing —— dark brown solution.

(4) dark bi'owu solution 4 10 ml, H,0 ——— oOrange

Opaléacont solution. :
(e) orange opalescent solution + 5 ml. NaOH soclution
—————> yellow solution.
(f) 1l ml. yellow solution 4+ 10 ml. ngo — very
pale yellow solution.
These alkaline solutions scted in the sane menner as
those in test 1,
5.(a,b) 1 ml. p-cresol solution + 1/4 mi. NaXNO,, solution
+ 1 ml, HZSO&———* top leyer colorless
interface red-brown
bo ttom layer colorless

(e) on mixing -———= brown solution.
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(d) brown solution + 10 ml, Hao —> slightly
opelescent solution wi th faint orange tint.

{(e) sBlightly opalescent solution + § ml. HalH solution
————» yellow solution.

(f). 1 ml. yellow solution 4 10 ml. HEO —— YETY
pale yellow solution.

These alkeline solutions scted in the same manner as

those in test 1,
6.(a,b) 1/2 ml., p-cresol solution + 1/2 ml. HaNo, solution
'-f 3 ml, 32504 ~—— top layer colorless
interfece red
bottom layer colorless

(e) on mixing ~———> dark red-~brown solution.,

(d) dark red-browa solution + 1¢ wrl. ﬁaﬂ ———
orange solution containing brown preplpitate.

(e) orange solution .19 ml. NaOH solution ——
yellow solution contmainingz small arount of brown
precipitate, |

(1) 1l mllﬁfﬁllow solution + 10 xi. Héo~———————>-eolor-
leas solution s8till contmining #mall mount of brown
precipitate,

7. This test was run first omitting the HaliGy and them the

stO . In neither case was there any color chenge,

4
FP=Cresol gives a very satisfactory test which is altered

very little by a variation in the mole ratio p-cresol to

Naxoa but is varied by the presence of a grecat excess of Haso‘

as seen in test 6.
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0-ife thoxyphenol 0534(03) (oCHg) - 1,2
(1’astman White Label)

The solvent for both the o-methoxyphenol and the

sodium nitrite solutions was absolute methyl alcohol.

1.(a,b)

(e)
(d)

(f)
2.(a,b)
(e)
(a)
(e)

(f)

1/2 ml. o-methoxyphenol solution + 1/2 ml. NelNOg

solution + 1 ml. HpS0, —— top layer black
bottom layer colorless

on mixing —————3- blue-black solution.

blue-black sclution# 10 ml. Ego —————» brown-black

solution,

brown-black solution + 5 ml. Nall0 solution —

green-black solution.

1l ml, green-black solution 4+ 10 ml. Hgo —

pale green solution.,

1/2 ml. o-methoxyphenol solution + 1 ml. NaMO,

solution + 1 ml, Ho8§0, ———— top layer black
bottom léyer colorless

on mixing ———>» blue-black solution,

blue-black solution + 10 ml. H,0 —— browm-

black solution.

brown-black solution+5 ml. NaoH solution — >

green-black solution.

1l ml, green-black solution + 10 ml. Hao —_—

pale green solution.




3.(a,b)

(e)
()

(f)

4.(a,b)

(e)

(d)

(e)

(1)

5.{a,b)

(¢)
(d)

34.

'1/2 ml. o-methoxyphenol solution + 3 ml. NaNO,

solution + 1 ml. st% ————— top layer black
' bottom layer colorless

on mixing ——— black solution

black solution + 10 ml. Ho0 very dark brown

solution,

very dark brown solution + 5 ml. NaOH solution

—————» dark olive-green solution.

1 ml, dark olive-green solution + 10 nml. Héo

—————— pale green solution,

1 ml. o-methoxyphenol solution+ 1/2 ml. KeNo,,

solution + 1 ml. H2804-—-——-a- top layer black
bottom layer colorle ss

on mixing ———» blue-black solution. .

blue-black solution + 10 ml. Hzo ~————» brown-

black solution.

brown-black solution + 5 ml. NaOH solution —>

green-black solution. |

l ml. green-black solution + 10 ml. Heo ———> pale

grcecen solution. |

1 ml. o-methoxyphenol solution + 1/4 ml. NaNO,

solution + 1 ml.,H?so4 ———— top layer black
bottom layer colorless

on m;xing ———> blue-black solution,

blue-black solution + 10 ml. Eéo —> dark red-

brown solution.
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{(e) d&ark red-brown solution+ 5 rl. HeOH solution ——>
green solution.
(f) 1 ml. green solution + 10 ml. H,0 —> pale
green solution.
6.(a,b) 1/2 ml. o-meihoxyphenol solufloﬁ-% 1/2 nl.lei0y
solution+ 3 =l. lpS0y — top layer black
] | bottom layer colorless
(e) on mixing ———= black soluticn.
(d) bleck solutioan + 10. ml. Hg0 — blaek solution.
(e) Dblack solution + 1% ml Nal} solution ——— dark
grsen solution, -
(f) 1 ml. derk green solution + 16 ml. lp0 —>=
pale greén solution.
7. The test was repeated first omitiing the Nali0p and then

the 15,50 0 cclor changes occuired,

2774°
4 color est is obtauined with o-methoxyphenol which
appears Yo vary only slightly asa the concentrations of the

resgents is changed,

6. m~ ¢ thoxyphenol Cﬁﬁé(ﬁﬁ) (0CHz) = 1,3
(~sstzan hite Label)
The solvent for btoth the m-methoxyphunol and the sodium

nitrite solutions wes absolg;e methyl a;cphol.

l.{a,b) 1/2 m1, n-zethoxyphenol solution + 1/2 ml. iaN0,

solution + 1 ml. H,80, ——> itop layer brown

interface bLleck
botton layer blue
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(¢) on mixing —— dark purple solution.

(d) dark purple solution + 10 ml. Hg0 ——= brown-
purple solution.

(e} brown-purple solution + 5 ml. KHa0H solution —
very dark brown solution.

(f) 1 mle. very derk brown solution + 10 =zl. g0 ——
brown solution contsining small amount brown precipi-
tate, _

2.(a,b) 1/2 ml, nm-xmethoxyphenol solution + 1 ml. }{ali0, Solu-
tion + 1 ml, H2:’304 ——> top layer brown
| interfoce black
bottom layer blue

(c) on nixing ——> dark brown solution.

(d) derk brown solution 4+ 10 ml. Hp0 ———— dark red-
brown solution.

(e) dark red-brown solution + 5 ml. NaOH solution ——
dark brown solution,

() 1 ml. dark brown solution + 10 ml. HoQ ———
yellow brown sclution.

3.(8,b) 1/2 ml. m-methoxyphenol solution+ 3 ml. 1aNOs
Bolution~+ 1l l. H8$°4 ————> top layer yellow
interface dark brown
botton lsyer yellon
(e) on nmixing -———> dark yellow-black solution.
(4) derk yellow-bleck solution + 10 ml. H,0 — >

brovmn solution.




(1)

4.(a,b)

(c)
(a)

(e)

(f)

5.(a,b)

(c)
(a)

(e)

(f)
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brown solution-+ 5 ml. NaOH solution ———»

brown . solutipn.

1 nl. brown solution % 10 ml. ~Hz() —> yellow

solution.

1 ml. m-methoxyphenol solution+ 1/2 ml. NaNO,

solution + 1 ml. H2804 —3> top layer yellow
interface black
bottom layer blue

on mixing -———> dark purple solution.

dark purple solution + 10 ml. H20 — dark

red-purple solution

dark red-purple solution + 5 ml. NaOH solution

——— very dark brown solution

l ml. very dark brown solution + 10 ml. Ho0 ———>

light brown solution,

1 ml. m-methoxyphenol solution + 1/4 ml, REI{

solution +1 ml. Haso4———+ top layer yellow
intexrface black

bottom layer blue

on mixing ———> dark purple solution.

dark purple solution + 10 ml. Hzo -3 dark
red-purple solution.

dark red-purple solution + 5 ml. NaOH solution
—————> dark brown-purple solution, |

1 ml, dark browm-purple solution + 10 ml. Hy0

—_— liight brown-purple solution.
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6.(a,b) 1/2 ml. m-methoxyphenol solution + 1/2 ml. NaNO,
solution + 3 ml, 32504 ~————3 top layer yellow
interface black
. bottom layer blue
(c) on mixing -————— dark blue solution
(d) dark blue solution 4 10 ml. ngo ———> red-brown
solution.
(e) red-brown solution + 15 ml. NaOH solution ———
dark brown solution. |
(f) 1 ml. dark brown solution + 10 ml, H,0 —> light
brown solution,

Ve The test was repeated first omitting the HaNO_, and then

2
omitting the H2304. o color changes were observed.

W7ith the mole ratio m-methoxyphenol to sodium nitrite
greater than 1 a definite series of color changes is observed.
With the mole ratio less thﬁn l as in test 3 a different
series of color changes is observed. With a great excess of
H_SO, as in test 6 a still different series of changes is

2 4
observed.

7. p~}ethoxyphenol 6634(03) (0CHz) - 1,4
(Fastman White Label)
The solvent for both the p-methoxyphenol and the sodium
nitrite solution was absolute me thyl alcohol.

1.(a,b) 1/2 ml. p-methoxyphenol solution + 1/2 ml. NaNO,
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solution + 1 ml. Has°4 —;————#- top layer pale yellow
interface green-brown
botton layer colorless
(c) on mixing —— green-brown solution becoming
darker brown on standing
{(d) green-brown solution + 10 ml. Hp0 ——— brown solu-~
tion containing gray precipitate.
(e) bdrown solution+ 5 ml. NaOH solution ——> yellow-

orange solution,

(f) 1 ml. yellow-orange solution-+ 10 ml. H20 —_—
pale yellow solution,
2.(a,b) 1/2 ml. p-methoxyphenol solution + 1 ml. Nako, solu-
tion + 1 ml. 112504 ——> top layer pale yellow
interface brown
bottom layer colorless
(c) on mixing ——= brown solution.
(d) brown solution-+ 10 ml. H,0 ——=> brown solution
containing gray precipitate.
(e) brown solution+5 ml. NaOH solution ——» yellow-
orange solution.
(f) 1 ml. yellow-orange solution + 10 nl. Hp0 ——
pale yellow solution.
3.(a,b) 1/2 ml. p-methoxyphenol solution + 3 ml. Nall0, solu-

tion + 1 ml. sto ——— top layer pale yellow

4
interface brown

bottom layer colorless




(c)
(a)

(e)
()

4.(a,b)

(c)
(d)

(e)
(£)

5.(a,b)

(o)
(a)

(e}
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on mixing ———> brown solution
brown solution + 10 ml. nzo —> Yyellow solution
containing brown precipitate,
yellow solution + O ml. NaCH solution ;—————4> yellow~
orange solution.
1 ml, yellow-orange solution 4+ 10 ml. HBO —_—
pale yellow solution. ‘
1 ml. p-methoxyphenol solution + 1/2 ml. NeNO, solu-
tion + 1 ml. 32304 ——— top layer pale yellow
interface brown
bottom layer colorless
on mixing —— brown solution.
brown solution + 1C ml. H,0 ——> brown solution
containing gray precipitate.
brown solution + 5 ml. Ha0H solution ——> yellow-
orange solution.
1 ml. yellow-orange solution + 10 ml. Hg0 ———
pale yellow solution.
1 ml. p-methoxyphenol solution + 1/4 ml. NaKo, solu-
tion 4+ 1 ml, sto4 ————> top layer pale yellow
interface browm
bottom layer colorless
on mixing ——> yellow-brown solution.
yellow-browan solution + 1C ml. KO0 ~——> yellow-

2
orange sqlutim, slightly opaque.

yellow-orange solution-+ 5 ml. Ha0il solution —




yellow-orange solution, 7
(f) 1 ml, yellow—orange solution + 10 ml, Ho0 —>-
pale yellow solution.
6.(a,b) 1/2 ml. p-methoxyphenol solution + 1/2 ml. NaNO, solu-
tion 4+ 3 ml. HpS0, ——= top layer pale yellaw
interface green-brown
bottom layer colorless

{c) on mixing ————=- green solution turning rapidly to

brown,

(d) brown solution -+ 10 ml. Hzﬁ — brown solution

containing gray precipitate.

{(e) brown solution + 15 ml. NaOH solution ——> yellow-

orange solution.

(f) 1 ml. yellow-orange solution + 10 ml. Ho0 ———>

pale yellow solution.
7 The test was repeated first omitting the Nali0p and thea
the H2804. No color changes occurred.

The reaction with p-methoxyphenol appears to go through
three stages. The results are slightly different with a great
excess of the phenol as in test 5 from those when there is a
slight excess as in test 1 and both of these are difrerent
from those where there is a great excess of NaliOp as in test S.
The presence of a great excess of Hgso4 does not appear to
alter the final product in each step. This is indicated by

conparing tests 1 and 6.,
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8. Salieylie scid C.H, (OH) (COOH) - 1,2
(Baker and Adamson Reagent)
The solvent for the salioylic acid was absolute methyl
alcohol.
l1.(a,b) 1/2 ml. salicylic acid solution + 1/2 ml. NaOH solu-
tion + 1 ml. ngs% —_— top layer cloudy whi te
bottom layer colorless
(¢) on mixing ——> ocolorless solution,
(d) ocolorless solution 4 10 ml. Hzo ———3» ¢loudy solu~
tion with odor o wintergreen,
(e) ocloudy solution + 5 ml. NaOH solution —>
pale yellow solution.
(f) 1 ml. pale yellow solution + 10 ml. ngo —_—
colorless solution,
The heat generated when the H,0 is added to the acid
aolufion may aid in the farmation of methyl salicylate,
the presence of which is indicated by the odor of winter-
green. Thus, in the following tests with salicylic acid
all H,0 which 15 used will be less than 10°C in tempera-
ture, |
2. Repeating test 1 with the H,0 less than 10°C in tempera-
ture.
(a,b) 1/2 ml. salicylic acid solution + 1/2 ml, NaNO, solu-
toi: layer cloudy white

tion 4+ 1 ml. H?‘SO‘t

bottom layer colorless

() on mixing ———> colorless solution,



(a)

(e)

()

sﬁ(agb’

(e}
(d)

(e)

(£)

4.(a,b)

(e)
(d)
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colorless solution + 10 ml, KED ———— cloudy
solution with slight odor of wintergreen.
cloudy solution + 5 ml. Na0H solution —
colorless solution.

1 ml., colorless solution + 10 ml, ngo

colorless solution. .

1/2 ml. salicylic acid solution + 1 ml. NaNOg solu-
tion + 1 ml. H2804

top layer colorless
interface yellow
bottom layer colorless
on mixing —> colorless solution.
colorless solution + 10 ml, Hg0 —> very slightly
cloudy, colorless solution. No apparent odor of wintc'r-
green,
colorlees solution + 5 ml. NaOH solution —
very faintly yellow solution. '
1l ml, very faintly yellow solution + 10 ml. Hp0
—— colorless solution.
1/2 ml. salicylic acid solution 4 3 ml. NaNO, solu-
tion + 1 ml, H’zso4 ———» top layer colorless
Iinterface yellow
’bottom layer colorless
on mixing ———» ocolorless solution.
colofless solution 4 10 ml. Hp0 ———> very slight-
ly cloudy, colorless solution. NoO apparent odor of |

wintergreen.




(e)

(1)

5.(a,b)

(e)

(a)

(e)

(f)
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colorless solution +-§ ml. NaOH solution ——————?~‘

very faintly yellow solution. |

1 ml. very faintly yellow solution + 10 ml. Hy0

————>» coOlorless solution.

1 ml. salicylic acid solution + 1/4 ml. NaNO, solu-

tion + 1 ml, Haso‘ —— top layer colorless
bottom layer colorless

on mixing ———— colorless solution,

colorless solution + 10 ml. H,0 —— cloudy

white solution. o(Odor of wintergfeen.

cloudy white solution -+ 5 ml. NaOH solution —

colorless solution.

1l ml. colorless solution+ 10 ml. nao

colorless solution.

A slight reaction does take place with salicylic acid

when there is an excess of NaNO, as in test 4. However,

the odor of wintergreen indicates the formation of methyl
salicylate. |

9.

m-Hydroxybenzoic Acid 05H4(0H) (coon) - 1,3
(Eastmen White Label)

The solvent for both the m-hydroxybenzoic acid and the

sodium nitrite solutions was absoiute methyl alcohol,

l.(a,b)

1/2 ml. m~hydroxybenzoic acid solution + 1/2 ml.

NaNOgs solution + 1 ml. H2804
top layer colorless

bottom layer colorless




{c)
(a)

(e)

(f)
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on mixing ———> yellow solution.

yellow solution + 10 ml. aao ———> golorless
solution.

‘colorless solution + 5 ml., NaOH solution — —~
pale yellow solution.

1l ml, pale yellow solution + 10 ml. Hao —_—

colorless solution.

2. The test was repeated varying each of the reagents in

turn. Xach time the results were identical with those

in test 1., However, when either the NaNO, or the HpSO,

was omitted no color cnangel at all occurred,

The results with m-hydroxybenzoic acid indicate that

little or no reaction to form colored compounds takes place.

The light color effects observed, however, were not obtained

when one of the reagents was omitted,

10.

p~Hydroxybenzoic pcid 05H4(0H) (COOH) -~ 1,4
(Eastman White Label)

The solvent for the p-hydroxybenzoic acid solution was

absolute methyl alcohol.,

l.(a,b)

(e)
(a)

1/2 ml. p-hydroxybenzoic acid solution + 1/2 ml.
NaNO, solution + 1 ml.,Haso4 —_—

top layer colorless

bottom layer colorless
on mixing ———> very faint orange solution

very faint orange solution + 10 ml., Hao




colorless solution.
(e) colorless solution + 5 ml. NaOH solution ——
faintly yellow solution.
(f) 1 ml. faintly yellow solution + 10 ml. Hy0 —>
eolorlesg solution.
2. The test was run varying the amounts of each reagent

and also omitting the NaNO, and the H2804. The results

2
were always the same,
p-Hydroxybenzoic acid apparently does not react with

HNOg.

11, Salicylaldehyde 0634(°H) (cHo) - 1,2
(Eastman white Label)
The solvent for the salicylaldehyde solution was absolute
methyl alcohol.
l.(a,b) 1/2 ml. saslicylaldehyde solution + 1/2 ml. NalOp solu-
tion+ 1 ml. HyS0, ——— top layer colorless
bottom layer yellow
{c) on mixing —— orange solution.
(d) orange solution+ 10 ml, Hy0 —— opalescent
solution,
(e) opalescent solution + 5 ml. NaOH solution ——>
pale green-yellow solution.,
(f) 1 ml. pale green-yellow solution + 10 ml. H_ O

2
———> very faintly yellow solution.

\



2.(a,b)
(e)
(d)
(e)
(£)
3.(a,b)
(o)
(d)
(e)
(r)
4.(a,b)

(e)
(d)
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1: ml, salicylaldehyde solution + 1/2 ml. NeNO,

solution + 1 ml. Kgso g top layer c¢loudy white
_ | bottom layer yellow

on mixing ———— pale yellow solution

pale yellbw solution + 10 ml, Hao —> faintly

opalescent solution. |

faintly opalescent solution + 5 ml. NaOH solution

——> pale green~yellow solution. |

l ml., pale green-yellow solution -+ 10 ml. Hao

— veryifaintly yellow solution.

1/2 ml. salicylaldehyde solution + 3 ml. NaNO,

solution + 1 ml, 3230‘ —— top layer cloudy white
| bottom layer yellow

on mixing -—————r- colorless solution.

colorless solution + 10 ml. Hy0 —_— faintly

opalescent solution,

faintly opale'scont solution + 5 ml. NaOH solution

——— pale yellow-green solution.

1 ml. pale yellow-green solution + 10 ml, H,0

————>= very faintly yellow solution.

1 ml. salicylaldehyde solution + 1/2 ml. NaNOj

solution + 1 ml. Hy50, top layer colorless
' ‘ bottom layer yellow
on mixing ———» oOrange solution.

orange solution + 10 ml. H,0 —— faintly pink

opalescent solution, °



(e)

(1)

5.(a,b)

(e)

(d)

(e)

(1)

6.(a,b)

(o)

(a)

- (e)

(f)
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faintly pink opalescent scolution + 5 ml., NaOH
solution ——— pale yellow-green solution.
1l ml. pale yall‘ow—green solution + 10 ml. ngo
———— very faintly yellow solution.

1 ml. salicylaldehyde solution + 1/4 ml. NaNO, solu-

tion + 1 ml. H,SO . top layer colorless
bottom layer yellow

on mixing -——— oOrange solution,

orange solution + 10 ml. H,0 — > pink opales-

cent solution,

pink opalescent solution+ 5 ml. aOH solution

——— 5> pale yellow-~green solution.

1 ml. pale yellow-green solution + 10 ml. Hp0

———» very faintly yellow solution.

2 ml. salicylaldehyde solution + 1/4 ml. NaNO, solu-

2

tion -+ 1 ml, 33304 ———> top layer colorless
bottom layer yellow

on mixing —— > oOrange solution.

orange solution + 10 ml. nzo —~———> pink opales~

cent solution, less opaiesoent and more pink than

in test 5. |

pink opalescent solution + 5§ ml. NaOH solution

——————> pale yellow-green solut;on.

1 ml. pale yellow-green solution -+ 10 ml. Hg0

————>» very faintly yellow solution.



.7.({a,b)

(o).

(a)
(e)

(f)

8.(p)

9.

(e)
(d)

(e)

()

(a)

(a)

(e)

40.

1/2 ml. salicylaldehyde solution + 1/2 ml. NaNO,

solution+ 5 ml. HgSO4 ———» top layer colorless

bottom layer yellow
on nixing ———>- orange solution
orange solution -+ 10 ml, Hp0 ————> elear, color-
less solution. _
colorless solution + 25 ml. NaOH solution —
pale yellow-green solution.
1 ml. pale yellow-green solution + 10 ml. Hp0
————» very faintly yellow solution,
1/2 ml. salicyaldehyde solution (no NaNOpisolution)
4+ 1 ml. Haso4 - top layer colorless

bottom lgyer yellow

on mixing ———> oOrange soldﬁibﬁ.
orange solution + 10 ml. H,0 ———> clear, color-
less solution.
colorless solution + 5 ml. NaOH solution —m >
pale yellow-green solution.
1 ml, pale yellow-green solution 4+ 10 ml. HgO
——>» very faintly yellow solution.
1/2 ml. salicylaidehyde solution + 1/2 ml. NaNO,
solution (no HpS04) -—F———a- yellow solution.

yellow solution + 10 ml, Hp0 ———— clear, color-

less solution.

colorless solution + 1 ml. NaOH solution —— .

pale yellow-green solution.
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(f) 1 ml. pale yellow-green solution-t+ 10 ml. aao

—_—— vefy faintly yellow solution,
10. (8) 1/2 ml. salioyialdehyde solution + 10 ml. H,0

—————> glear, colbrlina aolution,

(e) colorless solution + 1 ml. NaOH solution — >

’ pale yellow-green solution.

(f) 1 ml. pale yellow-green soluthn-+ 10 ml. ago
————» very faintly yellow solution,

_The test with salicylaldehyde 1s not satisfactory. As
seen the alkalina'oqlorn are apparently caused only by iho
salicylaldehyde in H#OH. The other colors are altered some-
what by the mole ratio salicylaldehyde to Ral0, as seen by
cogﬁ;rins tests S5 and 6.

32,  p-Bytroxybenzaldehyds Gy, (0H) (CHO) - 1,4
o (Fastman White lLabel)
The solvent for the p-hydroxybenzaldehyde solution was
absolute methyl alcohol.
1.(a,b) 1/2 ml. p-hydroxybenzaldehyde solution -+ 1/2 ml. NeNOp
solution + 1 ml. Hhso4-—————a- top layer colorless
interface thin dark ilno
bottom layer colorless
(¢) on mixing ———= red-orange solution,
(d) red-orange solution + 10 ml. H,0 ——> faint pink
solution.

(e) faint pink solution -+ 5 ml. HaOH solution
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———» yellow solution.
(f) 1 ml. yellow solution + 10 ml. Hg0 —> pale
yellow solution.
2.(a,b) 1/2 ml. p-hydroxybenzaldehyde solution+ 1 ml. NaKOg
solution + 1 ml, sto‘ ——> top layer colorless
interface thin dark line
bottom layer colorless
(¢) on mixing ———- red-orange solution,
(d) red-orange solution -+ 10 ml. Hg0 ——— faint pink
solution.
(e) faint pink solution + 5 ml. NaOH solution *f—-———r
yellow solution.
(f) 1 mi. yellow solution + 10 ml. Hp0 ——> pale
yellow solution.
3.(a,b) 1/2 m, P-hydroxybenzaldehyde solution + 3 ml. NaNO,
solution + 1 ml. sto4 —> top layer colorless
interface colorless
bottom layer colorless
(o) on mixing ——> pale yellow solution

(d) pale yellow solution -+ 10 ml. H,0 —— colorless

solution.

(e) ecolorless solution 4+ 5 ml. NaOH solution —>

colorless solution.

(f) 1 ml. colorless solution + 10 ml. Hzo _—>

colorless solution.

4.(a,b) 1 ml. p-hydroxybenzaldehyde solution -+ 1/2 ml. KaNOy




(o)
(a)

(e)

(f)

S5.(e,b)

(e)
(d)

(e)

(1)

6.(a,b)

(e)
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solution + 1 ml.'Haso ——— = top layer colorless

* interface thin dark line
bottom layer colorless .

on mixing —— red-orange solution.

red-orange solution + 10 ml. Ho0 — faint pink

solution.

faint pink solution 4+ § ml. NaOH solution ——»

yellow solution.

1l ml, yellow solution 4 10 ml. H,0 ——> pale

yellow solution. |

1 ml. p-hydroxybenzaldehyde solution + 1/4 ml. Haﬂoa

solution 4+ 1 ml, 32304 ~———» top layer colorless
interface thin dark 1line
bottom layer colorless

on mixing —— red-orange solution

red-orange solution + 10 ml. Hao —= faint pink

solution,.

faint pink solution + 5 ml. NaOH solution —

yellow solution.

1 ml. yellow solution + 10 ml, H,0 ——> pale

yellow solution.

1/2 ml. p-hydroxybenzaldehyde solution + 1/2 ml. KaNO0g

solution + 3 ml. Haso4 ———>3 top layer colorless

interface colorless

bottom layer colorless

on mixing ——— yellow solution,



7.(

(d)

(e)

()

(a)

(d)

(e)

(£)

(b)

(c)
(a)

(£)

3.

yellow solution + 10 ml. Hao ~——— faint pink
solution.

faint pink solution -+ 15 ml. NaOH solution —
colorless solution,

1l ml, colorless solution + 10 ml. H20

colorless solution.
1/2 ml. p-hydroxybenzaldehyde solution 4 1/2 ml. NelNOp
solution (no 33304) ——> g¢olorless solution,
colorless solution+ 10 ml. H,0 ——> colorless
solution,

colorless solution + 5 ml. NaOH solution — >
colorless solution.

1 ml. colorless solution + 10 ml. Hao —_—
colorless solution.

1/2 ml. p-hydroxybenzaldehyde (no NaNOp) + 1 ml.

Hgso ——» top lgyer colorless

* interface bright red
bottom layer colorless ‘
on mixing ———> ocherry red solution.
cherry red solution + 10 ml. Hp0 —> faint pink
solution.

faint pink solution + 5 ml. NaOH solution ——»
yellor solution.

1 ml. yellow solution + 10 ml. Hao ————> pale

yellow solution.




b4.

The results with p-hydroxybenzaldehyde do not indicate

$het any reaction between ENO, and p-hydroxybenzaldehyde.  Very

similar color changes occur in tests 1 and 8. In test 8 no

NallOg was present,

13.

o-Hydroxydipheayl CgH,(0H) (CgHg) - 1,2

(Eastman FPractical Grade)

The solvent for both the o~hydroxydiphenyl and the sodium

nitrite solutions was absolute me thyl alcohol,

| 1. (a,b)

(e)
(d)

(e)
(T)

2.(a,b)

(o)
(a)

1/2 ml. o-hydroxydiphenyl solution + 1/2 ml. NaNoz solu-
tion + 1 ml., sto‘ ————5= top layer colorless
interface dark fed
bottom layer‘blue-green
on mixing ——— dark orange solution.
dark orange solution + 10 ml. Hao ———> c¢loudy,
dark violet solution.
cloudy dark violet solution+ 5 ml. NaOH solution
—————3 very dark brown solution.

1l ml. very dark brown solution + 10 ml. nzo —_—

gray-brown solution.

1/2 ml. o-hydroxydiphenyl solution -+ 1 ml. NaNOp solu-

tion + 1 ml. 52394 top layer colorless

interface dark red
bottom layer blue
on mixing ——,. dark orange solution,

dark orange solution + 10 ml, Hy0

red-violet



(e)
(1)

3.{a,b)

(e)
(d)

(e)
(£)

4.(a,b)

(c)
(a)

(e)

(1)

solution,

red-violet solution + 5 ml. NaOH solution —

very dark brown solution. |

1 ml. very dark brown solution + 10 ml. Bzo —
light brown solution.

1/2 ml. o-hydroxydiphenyl solution+ 3 ml. NaxO, solu-

tion 4+ 1 ml. sto -——> top layer colorless

* interface dark red
bottom layer purple

on mixing ——— red-orange solution-

red-orange solution + 10 nml. HéO ———> c¢loudy

orange solution.

cloudy orange solution + 5 ml. NaOH solution —

brown solution.

1 ml. brown solution + 10 ml. Hgo ——> yellow

solution.

1 nml. o-hydroxydiphenyl solution + 1/2 ml. Nal0, solu-

tion + 1 ml. H2804 —»- top layer colorless
interface dark red

bottom layer blue-green
on mixing ——= dark orange solution.
dark orange solution + 10 ml, Hy0 —-—> cloudy
dark violet solution.
cloudy dark violet solution + 5 ml. Hao‘H solution
———— very dark brown solution.

1 ml. very dark brown solution + 10 ml. Hp0 ——>




6.(a,b)

(e)
(d)

(e)

(£)

8, (ﬂ,b)

7.

(c)
(a)
(e)

(r)

yellow solution.
1 ml. o-hydroxydiphenyl solution + 1/4 ml. KaN0g solu-
tion + 1 ml. sto‘ —_— top layér colorless
interface dark red
. bottom layer blue-green
on oixing ———» dark orange solution,
dark.omnge soclution + 10 =ml. Hy0 ———> cloudy
dark violet solution.
oloudy dark violet solution 4+ 5 ml. }aCH solution —
dark green solution.
1 ml., dark green solution + 10 ml. Hao —_—
light green solution,
1/2 ml, o-hydroxydiphenyl solution + 1/2 ml. XakOp solu-
tion + 3 ml, Héso‘ ~————— top layer colorless
interface dark red
bottoz layer blue-green
on mixing ——— black solution.
bleck solution + 10 ml, Hp0 ——— ©black solution.
black solution 4 15 =l. Hanoz sglution ——— very
dark blue-green solution, ,
1 nml. very dark Llue-green soluation + 10 ml. Hao
———3 1light blue solution containing scaell amount

of derk precipitate,

The tost was repeated ozmitting first the Hanoz end then

the H, S0 . The only chunge in the colorloss solations

occurred when the 10 ml. Bzo were added, Then a white
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precipitate formed which dissolved again when the NeOH
solution was added., This precipitate was probably the
o-~hydroxydiphenyl which is only slightly soluble in HEO.
The results of the test with p-hydroxydiphenyl 1ndicate}
that several different raaotions take place without any obvious
reasons. In tests 1, 4 and 5, where there is an excess of the
phenol in each case, there are differences in color that indi-

cate the formmation of different products.

14. p-Hydroxydiphenyl Ceﬂq(OH) (Csﬂs) - 1,4
(Lastman Practical Grade)
The solvent for both the p-hydroxydiphenyl and the sodium
nitrite solutions was absolute methyl alcohol.

l.(a,b) 1/2 ml. p-hydroxydiphenyl solution 4+ 1/2 ml. Kaio,, solu-

tion 4+ 1 ml. sto4 ——5 top layer colorless
interface cloudy pale green
bottom layer colorless
(¢) on mixing ——— dirty white foamy solution. _
(d) dirty white foamy solution + 10 ml. Ho0 ——> color-
less solution containing large amount of white curdy
precipitate,
(e) colorless solution + 5 ml. NaOH solution —
cloudy yellow solution.
(f) 1 ml. cloudy yellow solution + 10 ml._Hgo —

clear, colorless solution,

2.(a,b) 1/2 ml. p-hydroxydiphenyl solution + 1 ml. laNOp solu-
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tion + 1 ml. HaSOQ'__"___4' tOpllayer golorless
interface clqudy pale green
bottom layer colorless -

(c) on mixing ———> dirty white foamy solution.

(d) dirty white foamy solution + 10 ml. Hy0
co;orless solution containing large amount of white
curdy precipitate,

(e) colorless solution+ 5 ml. lNia0H ————s cloudy yel-
low solution.

(f) 1 ml. cloudy yellow solution -+ 10 ml. Hao —_—
clear, colorless solution.

3.(a,b) 1/2 ml., p-hydroxydiphenyl solution + 3 ml. NaNoa solu~
tion+ 1 ml. H25°4 -———~;» top layer colorleas
interface cloudy pale green
bottom layer colorless

(¢) on mixing ——» clear light brown solution.

(d) 1light brown solution + 10 ml, Hy0 ——— colorless
solution containing large amount of white curdy pre~
cipitate.

(e) colorless solution <+ 5 ml. lNaOH solution — >
cloudy yellow solution.

(f) 1 ml. cloudy yellow solution + 10 ml, Hgo ——
clear, colorless solution.
4.(a,b) 1 ml. p-hydroxydiphenyl solution + 1/2 ml. NaNO, solu-

tion + 1 ml. Haso4 3 top layer colorless
interface cloudy pale green
bottom layer colorless




(c)
()
(e)
(f)

5.(a,b)

(c)
(d)

(e)
(f)

6.(a,b)

(c)

59.

on mixing —_— dirty whita. foamy solution.

dirty white foamy solution + 10 ml. H20 —

colorless solution containing large amount of white

curdy precipitate.

colorless solution-+ 5 ml. NaOH solution —

cloudy yellow solution,

1 ml. cloudy yellow solutlon + 10 ml. Hy0 —>

clear, colorless solution.

1 ml. p-hydroxydiphenyl solution + 1/4 ml. NalNOg solu-

tion + 1 ml., HasO‘L —-—;.. top layer colorless
interface cloudy pale green
bottom layer colorless

on mixing ———» dirty white foamy solution.

dirty white foamy solution 4+ 10 ml. Hzo —_—

colorless solution containing large amount of white

curdy precipitate,

colorless solution+ 5 ml. NaOH solution ——

cloudy yellow solution.

1l ml. cloudy yellow solution+ 10 ml. Hp0 —>

clear, colorless soclution.

1/2 ml. p-hydroxydiphenyl solution+ 1/2 ml. NeNOp solu-

‘tion + 3 ml. HpS04 ———— top layer colorless

interface cloudy pale green
bottom layer colorless

on mixing ——= green solution containing curdy

precipitate,
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(d) green solution + 10 ml. HO ——— eloudy gray
solution containing curdy precipitate,

(e) oloudy gray solution + 15 ml. NaOH solution —————
cloudy yellow solution,

{(f) 1 ml. cloudy yellow sclution + 10 ml, ago ——
clear, pale fellou solution,

7. The test was repeated omitting the HpSO4. There were
no color changes but a curdy white precipitate formed
on the addition of the 10 ml. 320. This precipitate
dissolved on the addition of the 5 ml, KaOH solution,

8.. (b) 1/2 ml. p-hydroxydiphenyl solution (no NaNOg) + 1 ml.

st°4 ~—» top layer colorless
interface cloudy white
bottom layer colorless

(c) on shaking ———>~ a very thick white precipitate
formed which almost completely filled the test tube
leaving very 1ittle liquid.

(d) the very thick white precipitate and liquid 1-10}m1.
H,0 — > colorless solution containing curdy
white precipitate.

(e) colorless solution + 5 ml. NaOH sclution —
clesr, colorless solution.

(f) 1 ml. colorless solution + 10 ml. Hﬁo —_—
clear, colorless solution.

The colors that occur in the test with p-hydroxydiphenyl

occur only when all the reagents are present. The results
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from tests 7 and 8 indicate that the precipitates may be

p~hydroxydiphenyl which is only slightly soluble in water

solution,

The weakness of the colors in the test may dbe

caused by the precipitation of most of the p-hydroxydiphenyl.

15.

Methyl o-Hydroxybenzoate GGH‘&OH) (cOoO0CHz) 1,2

(Lastman White Label)

The solvent for both the me thyl o-hydroxybenzoate and

the sodium nitrite solutions was absolute methyl alcohol.

l.(a,b)

2.

(c)
(d)

(e)

(1)

1/2 ml, methyl o-hydroxybenzoate solution+1/2 ml. -
NaNO,, solution + 1 ml. H&SO“t —_—

top layer colorless

bot tom layer colorless
on mixing ———— colorless solution.
colorless solution + 10 ml. Héo ——> colorless
solution,
colorless solutiond-s ml. NaOH solution — =
pale yellow solution.
1 ml, pale yellow solution 4+ 10 ml. Hao —

colorless solution.

The test was repeated varying each of the reagents in

turn. The color results were identical with those for

test 1 in each case. When either the Naﬂog or the HoS0,

4

or both were omitted, no color changes occurred.

Methyl o-hydroxybenzoate does not give a satisfactory

color test., However, the presence of all of the reagents
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is required for the pale yellow color in step (e).

16. Methyl p-Hydroxybenzoate CgHy(OH) (COOCHZ) =~ 1,4
(Eastman white Label)
The solvent for the methyl p-hydroxybenzoate solution
was absolute methyl alcohol.
l.(a,b) 1/2 ml. methyl p-hydroxybenzoate solution +4 1 ml.
‘MaNOz solution + 1 ml. sto& —_—
top layer colorless
bottom layer colorless
(c) on mixing — colorless solution.
(d) oolorless solution + 10 ml, azo —————>» colorless
solution.
(e) colorless solution+ 5 ml. NaOH solution —
pale yellow solution.
(f) 1 ml. pale yellow solution +4 10 ml. Hg0 ——>
colorless solution. ‘ |
2, The test was repeated, varying each of the reagents
in turn. 1In each oABe the color results were identical
with those for test 1. When either the NaNOp or the
H2504 or both were omitted no color changes occurred,
Hethyl p-hydroxybenzoate does not give a satisfactory
color test. Some reaction does take place when all the re-

agents are present as indicated by the pale yellow color or‘
the alkaline solution.
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17. Resorcinol Monoacetate 0534(011) (000055) = 1,3
( kastman Whité Label)

The solvent far both the raaorcihol monoece tate and the
sodium nitrite solution# was absolute methyl alcohol.
l.(a,b) 1/2 ml. resorcinol monoacetate solution + 1/2 ml.

NaNO, solution + 1 ml. 53504 —_—
top layer yellow
interface dark browm
bottom layer violet

(vc) on mixing ___,. dark orange solution.

(d) dark orenge solution + 10 ml. 1120 ~————p dark red

solution, |

(e) dark red solution + 5 ml., NaOH solution — >
dark red solution.

- (f) 1 ml. dark red solution + 10 ml. Bg0 -———> violet
solutl.bn.

The undiluted red alkaline solution became black on

standing and appeared to contain some fine dark precipi-

tate, This black solution gave the same violet aoluu'on

on dilution that the red solution did.

2.(a,b) 1/2 ml. resorcinol monoacetate solution + 1 ml.

NaNOz solution + 1 ml. Haso4 —

top layer yellow
interface dark browmn
bottom layer violet

(¢) on mixing ———» dark orange solution.




(a)
(e)

(1)

dark orange solution + 10 ml. Hao ———— dark red
solution,
dark red solution + 5 ml., NeOH solutiopn ——

dark brown solution,

1l ml, dark brown solution + 10 ml. Heo
light brown solution.

The undiluteddark brown alkaline solution became green-

brown on standing. This green-brown solution gave the

same iight brown solution on dilution that the dark

brown solution did.

3.(a,b)

(e)
(d)

(e)

(f)

4.(a,b)

(e)

1/2 ml, resorcinol monocacetate solution + 3 ml. NellOg
solution + 1 ml. Hy50 4 top layer yellow
interface dark browm
bottom layer colorless
on mixing ——-» dark orange solution.

0 ———» orange

dark orange solution + 10 ml. Hz

solution.
orange solution 4+ 5 ml. NaOH solution ———
dark orange solution,

1l ml. dark orange solution + 10 ml. HEO —

yellow solution. A

1 ml. resorcinol monoacetate solution+ 1/2 ml. NalN0g

solution + 1 ml, 32504 ———> top layer yellow
interface dark brown

bottom layer violet

on mixing ————> dark orange solution.
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(d) dark orange solution + 10 ml. H,0 ——> dark red
solution. _
(e) dark red solution + 5 ml. NaOH solution ———>-

dark red solution,

(f) 1 ml. dark red solution +-loiml. HgO
violet solution.
The undiluted red alkaline solution became black on
standing and appeared to contain some fine dark precipi-
tate., This black solution gave the same violet solution
on dilution that the red solution did,
5.(a,b) 1 ml. resorcinol monoacetate solution + 1/4 ml.
Namoa solution + 1 ml. H’.aso4 —_—
top layer yellow
interface dark brown
bot tom layer violet
(c) on mixing ———» dark orsnge solution.
(d) dark orange solution + 10 ml. HEO ——> dark
red solution,
(e) dark red solution + 5 ml. NaOH solution ——»
dark red solution.
(f) 1 ml, derk red solution + 10 ml. Ho0 ——
violet solution.
The undiluted red alkaline solution became black on
standing and appeared to contain some fine dark precipi-~
tate. This black solution gave the same violet solution

on dilution that the red solution did.
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6.(a,b) 1/2 ml; resorcinol monoacetate solution + 1/2 ml.

Ha}zoz solution + 3 mi, 52804 >
top layer yellow
interface dark browmn
bottom layer violet
(¢) on mixing -——»- dark purple solution.
(d) dark purple solution + 10 ml. Hy0 ———» orange
solution, |
(e} orange solution-+ 15 ml. NaOH solution — 5
cloudy oranze solution. |
(f) 1 ml. cloudy orange solution + 10 ml, Bzo —_—
violet solution.
7. The test was repeated omitting the HyS0,. No color
changes occurred.
8. (b) 1/2 ml. resorcinol monoacetate solution (no NalO, )
+ 1 nml. sto4 —————3 top layer colorless
interface colorless
bottom layer colorless
(e) on mixing — —» pale yellow solution.
{(d) pale yellow solution + 10 ml, Hy0 ——— colorless
solution,
(e) colorless solution + 5 ml. NaOH solution — o
pale green solution, _
(f) 1 ml. pale green-solution 4+ 10 ml., Héol —_—

colorless solution,
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b-cyclohexylphenol 0654(°H) (csnll)nl,z
(Eastman Technical Grade)

The solvent for both the sodium nitrite and the o-

cyclohexylphenol solutions was absolute me thyl alcohol.

l.(a,b)

(o)

(d)

1/2 ml. o-cyclohexylphenol solution + 1/2 ml. NaNO,

solution + 1 ml. 35304 —~————» top layer pink

interface dark red

bottom layer blue~green
on mixing ————= dark orange solution turning rapid-
ly through dark brown to dark purple aﬁd finally ¢to
blue~black.

This test was tried four different times in the

following ways; The 10 ml. Ho0 was added first %o

the dark orange solution, then to the dark brown solu-

tion, then to the dark purple solution, and then to

the final blue-black solution. The results were:

(1) Dark orange solution + 10 ml. Hp0 —— cloudy
purple solution contairning dark precipitate.
Cloudy purple solution + 5 ml. NeCH solution
——» cloudy yellow-green soclution.

1 ml., cloudy yellow-grecen solution 4 10 ml. Hzo
————> pale yellow-green solution containing
snall emount of dark precipitate.

(26 Dark brown solution + 10 ml. nzo ———— ocloudy

purple solution containing dark precipitate.

Cloudy purple solution S—mi—NeSi-sslution




2.{a,b)

(o)
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4+ 5 ml. KaOH .solution — green-black solu-
tion.

1 ml. green-black solution + 10 ml. Hg0
———»- pale green solution containing
small smount of dark precipitate,

(3) Dark purple solution + 10 ml. Hg0 —
cloudy purple solution containing dark pre-~
cipitate.

Cloudy purple solution + 5 ml, NaOH solution
———>  green-black solution.

1 ml. green-black solution + 10 ml. H,0

2
————> pale green solution containing small

amount of dark precipitate,

{(4) Blue-black solution + 10 ml. Hy0 ——
cloudy purple solution + 5 ml. RaOH solution
—————» cloudy black solution.

1 ml. cloudy black solution + 10 ml. Hao
— > c¢loudy pale violet solution con-
taining small amount of dark precipitate.
1/2 ml. o-cyclohexylphenol solution + 1 ml. KaN0og S0~
lution + 1 ml. H2804 ~————» %top layer pink
interface dark red
bottom layer blue-green
on mixing —— dark orange solution turning
very slowly to red and after about 15 minutes to a

dark red-purple.




(a)

(e)

(1)

3.(a,b)

4.

5.

(e)
(d)

(e)

(r)

69.

derk orange solution 4 10 =ml, Hg0 ——— cloudy

purple solution containing dark precipitate.

cloudy purple solution+ 5 ni. NaQH solution —»

black sqlution.

1 ml, black solution + 10 ml., HBO —— ¢loudy

black solution containing small amount of dark

precipitate.

1/2 ml. o-cyclohexylphenol solution + 3 ml. KeKOp 80—

lution + 1 ml, K2804 — top layer colorless
1hterrace dark red
bottom layer yellow-greed

on mixing ——— 5 dark red-brown solution.

dark red-brown solution + 10 ml. Hg0 —— cloudy

brown solution, '

cloudy brown solution + 5 ml. HaOH solution —>

very dark yellow-green solution,

1 ml, very dark yellow-green solution-+10 ml. Hzo

————— pale yellow-green solution containing

small emount of dark precipitate,

1 ml., o-cyclohexylphenol solution + 1/2 ml. Hal0, solu-
tion+ 1 ml. H S0

250, ——> this test prooeded in & manner

jdentical with that for test 1 above.

1 ml. o-cyclohexylphenol solution + 1/4 ml. Nal0op solu-

tion + 1 ml. HBSO‘ ——— this test proceded in a

manner identical with that for test 1 above except thet

the transition from dark orange to blue-black tock place
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. much more rapidly. -

6.{a,b) 1/2 ml. o-cyclohexylphenol solution + 1/2 ml. NaNOg so-

7.

8.

lution+ 3 ml. 32504 ~— top layer pink
interface dark red
bot tom layer blue-green
(¢) on mixing —— Dblue-~black sbluticn
(d) bdlue-black solution + 10 ml. H30~ ———————» golor- .
less solution containing heavy, curdy, blue precipi-
tate,
(e) oolorless solution and precipitate + 15 ml. NeaOH solu-
tion ——— dark green solution,
(f) 1 ml. dark green solution + 10 ml. B0 ————> clear,
pale blue solution.
'Ijhe test was repeated omitting the Haso‘. No color
changes occurred, A white precipitate appeared on the
addition of the 10 ml. H,0 but dissolved on the addition
of the NaOH solution.
(b) 1/2 ml. o-oyclohexylphenol solution (no NaNOg) + 1 ml.
H2804 ~———= top layer colorless |
interface pink
bbttom layer colorless
(¢) on mixing —— pink solution.
(d) pink solution + 10 ml, Ho0 ———> colorless solu-
tion containing large amount of white precipitate,
(e) colorless solution + 5 ml. 'aOH solution —

clear, colorless solution.
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- {f) 1 ml., colorless solution 10 ml. Hao
clear, colorless solution.
The test with o-cyclohexylphenol is very interesting

and will be discussed in a following section,

19. o-Hydroxybenzyl ileohol CGHQ(OH) (GHQGH) - 1,2
(Yastman White Label)
The solvent for both the sodium nitrite and the o-hydroxy-
benzyl alcohol solutions was absolute rme thyl alcohol,
l.(a,b) 1/2 ml. o-hydroxybenzyl alcohol solution+ 1/2 ml. NeR0p
solution + 1 ml, 52304 ————» top layer colorless
interface dark red
bottom layer red
(¢) on rmixing ——» red solution containing heavy prsc-
ipitate,
(d) red solution + 10 ml. 820 ————3» colorless solution
contalining a lsrge amount of red curdy precipitate,
(e) colorless solution + % ml, NaOH solution ——»
dark red solution contasining precipitate,
(f) 1 ml. dark red solﬁtion-+ 10 ml. Hy0

violet
solution contamining smell amount of dark precipi-
tate,

2.(e,b) 1/2 ml. o-hydroxybenzyl alcohol solution + 1 nl.lalo,
solution + 1 ml, Haso4 ———— top layer colorless
interface dark red

bottom layer red




(c)

()

(e)
(1)

3.{a,b)

(c)

(d)

(e)
(f)

4.{a,b)
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on mixing ——— red solution containing heavy

precipitate,

red solution + 10 ml. 820 ———» colorless solu-

tion containing a large a&ount of red curdy precipi-

tate,

colorless solution + 5 ml, NaOH solution —

dark red solution containing precipitate.

1 ml. dark red solution + 10 ml, 320 —> violet

solution containing small amount of dark precipitate.

1/2 ml. o-hydroxybenzyl alcohol solution + 3 ml. NaNO,

solution + 1 ml. Haso‘--————-4> top layer colorless
interface dark red'
bot tom layer red

on mixing ———» red solution containing heavy |

precipitate,

red solution + 10 ml. Hp0 ————> colorless solu-

tion containing a large amount of red curdy precipi-

tate,

colorless solution + 5 ml, NaOH solution ———

c;ear red solution.

1 ml, clear red solution+ 10 ml. Ho0 ———= violet

solution.

1 ml. o-hydroxybenzyl sl cohol solution + 1/2 ml. Naﬂoa‘

solution + 1 ml. sto4 ~————» top layer colorless
interface dark red

bottom layer red




(a)

(e)

(1)

5.(a,b)

(c)

(d)

(f)

6(a,b)
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on mixing ——— red solution containing heavy

precipitate,

red solution + 10 ml. H0 —— colorless solu-

tion containing a large amount of red curdy precipi-

tate,

colorless solution + 5 ml. KaOH solution —

dark red solution containing precipitate.

1 ml. dark red solution + 10 ml. an ——> vioclet

solution containing small amount of dark precipitate.

1 ml. o-hydroxybenzyl alcohol solution + 1/4 ml. HaNOE

solution + 1 nml, H2804 ———» top layer colorless
interface dark red
bottom layer red

6n‘mixing ~—————> red solution containing heavy pre-

cipitate.

red solution 4+ 10 ml. Ho0 ———— colorless solution

containing a large amount of red curdy precipitate,

colorless solution + § ml. NaOH solution ——

dark red solution containing precipitate.

1 ml. dark red solution + 10 ml. Hao —— violet

solution containing small amount of dark precipitate,

1/2 ml. o-hydroxybenzyl alcohol solution + 1/2 ml.

NaNOp, solution + 3 ml. sto4 —_—

top layer colorless
interface dark red

bottom layer red




(e)

(d)

(e)

(1)
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on mixing — 5 red solution containing heavy
precipi tate,

red solution + 10 ml. Hp0 ——— colorless solu-
tion containing a large amount of r'ed curdy precipi~
tate,

colorless solution + 15 m. Na0OH solution —
dark red solution containing precipitém.

1 ml. dark red solution + 10 ml. H20 ——» vViolet

solution contsining small amount of dark precipitate,

The test was repeated omitting the HpS04. No color

changes ocourred,

(b)

(d)

(e)

(f)

1/2 ml. o-hydroxybenzyl alcohol sojution (no NaNOgp)

-+ 1 ml, H280 4 > top layer colorless |
interface ocloudy pink
bottom layer colorless

on mixing ———»- colorless solution containing

pink curdy precipitate.

colorless solution + 10 ml, Ha0 —— ocolorless

solution still containing the pink curdy precipi-

tate.

colorless solution + S ml, NaOH solution ——.

colorless solution, the precipitate dissolved,

1 ml. colorless solution + 10 ml. Hzo ~—~—————3 c¢olor-

less solution.

The test with o-hydroxybenzyl elcohol varies very little

with the concentration of the reagents. The résults from test
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8 may indicate that some of the reaction is due to Jjust the
presence of the H2804.
20. o-Hydroxyace tophengne 0534“”“ (cocHg) - 1,2
(Tastman white Label)
The solvent for both the sodium nitrite and the o-

hydroxyacemphenope solutions was absolute methyl alcohol.,

l.(a,b) | 1/2 ml. o-hydroxyacetophenone solution 4+ 1/2 ml.

NaNO, solution + 1 ml. sto‘
top layer colorless
1nte1;face light brow
bottom layer yellow
(¢) on mixing —— light orange solution,
(6) light orange solution + 10 ml, H,0 —— opal-
escent solution.
(e) opalescent solution + 5 ml. NaOE solution —»
yellow solution,

(f) 1 ml. yellow solution + 10 ml. H

30 ————» pale
yellow solution.
2.{a,b) 1/2 ml., o-hydroxyacetophenone solution + 1 ml.

—n

NeNO, solution + 1 ml. HgS0,
top layer colorless
interface light brown
bot tom layer pale yellow

(¢) on mixing ———» 1light orange solution

(d) light orange solution + 10 ml. H,0 — opal-
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escent solution.
(e} opalescent solution + 5 ml. NaOH solution —>

pale yellow solution.

(f) 1 ml. pale yellow solution + 10 ml. Hgo —_—

colorless solution.

3.{a,b) 1/2 ml. o~hydroxyace tophenone solution + 3 ml. -

NaNOp solution + 1 ml. HpSO,
top lagyer colorless
interface light orange
bot tom layer colorless
(c) on mixing ———» colorless solution,
(d) colorless solution + 10 ml. Hg0 ——— colorless
solution,
(e) colorless solution + 5 ml. NaOH solution —
pale yellow solution.
(f) 1 ml. pale yellow solution -+ 10 ml. B0 ———
colorless solution.
4.(a,b) 1 ml. o-hydroxyacetophenone solution + 1/2 ml.
NeNOp solution + 1 ml. H,S0, ——>
top layer colorless
interface light brown
bottom layer yellow
(e) on mixing ———> 1light orange solution.
(d) light orange solution + 10 ml. Hg0 ————v- opal-
escent solution containing small amount of whi te

presipitate,
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(e) opalescent solution -+ 5 ml. NaOH solution — >
yellow solution A

(£) 1 ml.‘ yellow solution + 10 ml. H,0 ——> pale
yellow solution,

5.(a,5) 1 ml. o-hydroxyace tophenone solution + 1/4 NaNO, s0O-
lution 4+ 1 ml. stﬁ* ————»- top layer oclorlgu
interface light brown
bot tom layer yellow

(c) on mixing ———5» 1light orange solution.

(d) light orange solution + 10 ml. Hg0 ~———> oOpal-
escent aolutiqn containing small amount of white
precipitate,

(e) opalescent solution + 5 ml. NaOH soclution —
yellow solution.

(f) 1 ml. yellow solution + 10 ml. HEO ——» pale
yellow solution,

6.(a,b) 1/2 ml. o-hydroxyacetophenone solution + 1/2 ml. NaNOp

| solution 4 3 ml, Haso 4 ——— top layer colorless
interface light brown
bottom layer yellow

(¢) on mixing ———» 1light orange solution.

(d) light orange solution + 10 ml. HEO —» opel-
escent solution,

(e) opalescent solution + 15 ml. NaOH solution ——

yellow solution.

(f) 1 ml, yellow solution + 10 ml. Hg0 ———> pale
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yellow solution.
7. (a) 1/2 ml. o-hydroxyacetophenone solution + 1/2 ml. NaNOy
———> c¢olorleas solution.
(d) colorless solution+ 10 ml. 320 —— colorilsss
solution oconteining white precipitate,
(e) colorless solution and precipitate + 5 ml. NaOH
solution ——————a; yellow solution,
(f) 1 ml. yellow solution + 10 ml. Ho0 ——— pale
yellow sclution,
8. (a) 1/2 ml. o-hydroxyaocs tophenone solution (no NaNO2)
+ 1 nl, HpSO,

top leyer colorless

interface yellow

bot tom layer yellow

(c) on mixing ———5 yellow solution.

(d) yellow solution + 10 ml, nao ——— Opalescent
solution. |

(e) opalescent solution + § ml. NaOH solution —— >
yellow solution. |

(f) 1 ml. yellow solution + 10 ml. Hp0 —> pale
yellow solution.

o-Hydroxyace tophenone does not give a satisfactory

color test.

21, -tert - lphenol -'
P AmyLip GGH‘(OH) (tert ~CgH;q)-1,4
(Eastnan Practical Grade)
The solvent for both the sodium nitrite and the p-tert-
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anylphenol solutions was absolute me thyl alcohol.

‘l.{a,b)

(c)
(d)

(e)
(1)

2.(a,b)

(e)
(a)

(e)
(1)

3.({a,b)

1/2 ml. p-tert-amylphenol solution + 1/2 ml. NaNOg
solution + 1 ml. 52804 3 top layer yellow
interface brown
bottom layer colorless
on mixing ——— dark browm solution.
dark brown solution-+ 10 ml, HE,0 —> cloudy
light brown solution.
cloudy light brown solution+ 5 ml. NaOH solution
~———— 5 cloudy light orange solution.
1 ml; cloudy light orance solution + 10 ml. HBO
————» clojdy pale yellow solution.
1/2 ml. p-tert-amylphenol solution + 1 ml, NaNO, solu-
tion + 1 ml. H2804 — . top layer yellow
' interface browm
bottoﬁ'layer colorle ss
on mixing — ——> dark brown solution.
dark brown solution + 10 ml. Hg0 —— cloudy
light brown solution.
cloudy light brown solution + 5 ml., NaOH solution

3 cloudy light orange solution..

1l ml. cloudy light orange soclution + 10 ml. Hp0

——>»= cloudy pale yellow solution.

1/2 ml. p-tert-amylphenol solution -+ 3 ml. NaNO,

solution + 1 ml. sto4 —— top layer yellow'
interface brown

bottom layer colorless



(c)
(a)

(e)
(£)

~ 4.(a,b)

(e)
Q)

(e)
(1)

5.(a,b)

(e)
(a)

(e)
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on mixing ———» oOrange-brown solution,

orange~brown solution 4 10 ml. ngo —~—— cloudy
light brown solution.

cloudy light brown solution + 5 ml. HaQ0H solution

. —————3 8lightly cloudy pale yellow solution.'

1 ml. slightly cloudy pale yellow solutiom + 10 ml.
Hgo ——_; very pale yellow soluiion
1 ml, p-tert-amylphenol solution + 1/2 ml. NaNO, solu- |
tion + 1 ml. ﬁgso s T top layer yellow |
' interface brown

bottom layer colorle ss
on mixing ————> dark brown solution.
dark brown solution + 10 ml. Hzo ——————3 ¢loudy
light brown solution.
cloudy light brown solution + 5 ml. NaOH solution
————» oloudy light orsnge solution.,
1l ml, ocloudy light orange solution+ 10 ml. HgO
— cloudy pale yellow solution,
1 ml. p-tert-emylphenol solution + 1/4 ml., NaNOg solu-
tion + 1 ml. 82504 —————3 tOop layer yellow

interface brown

bottom layer colorless
on mixing ——— oOrange-brown solution.
orange-brown solution+ 10 ml. Hg0. ———> ocloudy
light brown solution. .

cloudy light brown solution + 5 ml. NaOH solution
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—>» slightly cloudy pale yellow solution.
(f) 1 ml. slightly cloudy pale yellow solution + 10 ml.

Hp0 ———> very pale yellow s&lution.

é.(a,b) 1/2 ml. p-tert-amylphenol solution + 1/2 ml. NaNOg so-

lution+ 3 ml. HpS0, ———— top layer yellow
interface brown
bottom layer colorless
(¢) on mixing ——> Dblack solution.
(d) black solution + 10 ml. Hp0 ——> cloudy pink
solution.
(e) cloudy pink solution + 15 ml. laOH solution —
slightly cloudy pale yellow solution

(f) 1 ml. slightly cloudy pale yellow solution + 10 ml.

H,0 —— very pale yellow solution.
The test was repeated omitting the Hpso,. No color
changes occurred. A white precipitate formed on the
addition of the 10 ml. Hy0 and-dissolved on the addition
of the NaOH solution.
The test was repeated omitting the Naﬂog. A cloudy pink
solution formed on the addition of 10 ml. HpO. This
solution became clear and colorless on the addition of
the NaOH solution. 1o other changes occurred,

Although p-tert-amylphenol gives a color test, the results

are not particulariy distinctive., The colors developed wheh

a large excess of H2804 is initielly present as in tést 6 are

much more distinctive than those in the ot her tests.
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22. _5-Hydroxy-l,3-Dimethylbenzene CGHS(OB) (Cng,,)2 - 1,3,5
(lastman white Label)
The solvent for both the soldium nitrite and the S5-hydroxy-
1,3-dimethylbenzene solutions was absolute methyl alcohol.

l.(a,b) 1/2 ml. S5-hydroxy-l,3-dime thylbenzene solution+ 1/2
| ml. NaNo2 solution + 1 ml. HES()*

top layer colorless
interface brown
bottom layer yellow
(¢) on mixing —> 'yallow-black solution.
(d) yellow-black solution + 10 ml. H0 —— olive-
~ b\rown solution.
(e) olive~brown solution-+ 5 ml. NaOH solution —
brown solution.
{(f) 1 ml. brown solution 4+ 10 ml, Hg0 ——> 1light
yellow solution.
2.(a,b) 1/2 ml, 5-hydroxy-1,3-dime thylbenzene solution+ 1 ml,
Hall0p solution + 1 ml. HpS0,

top layer jreen
interface browm
bottom layer yellow
(e¢) on mixing —» green-black solution.
(d)l green-black solution + 10 ml. Hao ———— dark
olive-brown solution,
(e) dark olive-brown solution + 5 ml. lNaOE solution

—_— brown solution.



()

3.(a,b)

(c)
(a)

(e)
(1)

4.(a,b)

(e)
(d)

(e)

(f)
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1 ml. brown solution + 10 ml. Hy0 — light

yellow solution.

1/2 ml, S5-hydroxy-l,3-~dimethylbenzene solution+ 3

nl. NaNO2 solution + 1 ml. 52304
"top layer green
interface brown
bottom layer yellow

on mixing ———» green-black solution

green-black solution + 10 ml. Hp0 —— dark

olive-brown solution.

dark olive-brown solution+ 5 ml. NaOH solution

—— green solution.

1 ml. green solution -+ 10 ml. Hy0 ——> pale

yellow-green solution.

1l ml. 5-hydroxy-l,3-dimethylbenzene solution + 1/2

ml, Rali0; solution + 1 ml. 52804 —_—
top layer green
interface brown
bottom layer yellow

on mixing ——— dark yellow=-green solution

dark yellow-green solution + 10 ml. Hp0 ——

olive-brown solution.

olive~brown solution { 5 ml. NaOH solution ——»

brown solution.

1 ml. brown solution + 10 ml, Ho0 ———— iight

yellow solution,




B4.

5.(&,5) 1 ml. 5~hydroxy-l,3-dimethylbenzene solution + 1/4
ml, NaNOa solution + 1 ml. H2304

top lsyer green
interface brown
bottom layer yellow

(¢) on mixing ———— dark yellow~green solution.

(d) dark yellow-green solution + 10 ml, Hgy0

olive-brown solution.
(e) olive-brown solution + 5 ml. NaOH solutiod———»
brown solution.
(f) 1 ml. brown solution-+ 10 ml. Hp0 ——> light
yellow solution.
6.(a,b) 1/2 ml. 5-hydroxy-l1,3-dimethylbenzene solution + 1/2

ml, NaNOz solution + 3 ml. 212304

top laeyer browm
bottom layer yellow
(c) on mixing —-—-—-»- brown solution
(d) brown solution -+ 10 ml, Hp0 —> oli\?e—brawx;
solution.
(e) olive-brown solution + 15 ml. NaOH solution. ———»—
light brown soclution. _
(f) 1 ml. light brown solution + 10 ml. Ho0 ——>
light yellow solution.
7. The test was repeated first omitting the ﬁmoa and then

the sto‘. No color changes occurred in these two cases.
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The test results with S~hydroxy-l,3-dimethylbenzene are
inconsistent. The results in test 1 are different from any
of the others in that the top layer in the stratified solu~

tion is colorless in test 1.

23, 4-Hydroxy-l1,2-Dimethylbenzene Gsﬁa(OH)(CHs)zél,S,lt
(rastman Whité Label)

The solvent for both the sodium nitrite and the 4-hydroxy-
1,2-dimethylbenzene solutionsias absolute methyl alcohol.
l.{(a,b) 1/2 mil. 4-hydroxy-l,z-dimetnyibenzene solution + 1/2

ml. NaNOp solution + 1 ml. H2504 —_—
top layer yellow
interface dark red
bottom layer colorless

(¢) on mixing — dark red-brown solution.

(d) dark red-brown solution + 10 ml. Hao ———» browm
solution containing heavy dark precipitate.

(e) brown solution + 5 ml, NaOH solution — ——» yellow
solution containing small amount of brown precipi-
tate. »

(f) 1 ml. yellow solution + 10 ml. Hao —————» pale
yellow solution still containing small amount of
brown precipitate,

2.(a,b) 1/2 ml. 4-hydroxy-1,2-dimethylbenzene solution+ 1

ml. NaNO, solution + 1 ml. H,80, ———



(o)
(a)
(e)

(f)

3.(a,b)

(e)

(d)

(e)

(t)
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top layer yellow
interface dark red
bottom layer colorless
on mixing ——— dark red-brown solution.
dark red-brown solution + 10 ml. Haﬂ ——— browmn
solution containing heavy dark preoipitate.
brown solution + 5 ml. NaOH solution '—-—-—a- yellow~
orange solution containing small amonﬁ& of brown
precipitate, .
1 ml, yellow-orange aolution';-io ml. qu —_—
pale yellow solution still containing small amount
of brown precipitate.
1/2 ml. 4-hydroxy-l,2-dimethylbenzene solution + 3
ml. NeNO, solution + 1 ml. HySO,

top layer yellow

interface dark red

bottom layer colorless
on mixing —— dark red-brown solution.
dark red solution + 10 ml. Hg0 ——— oOrange solu-
tion containing dark precipitate,
orange solution-; 5 ml. NaOH solution —
orange solution containing small amount of brown
precipitate,
1 ml. orange solution + 10 ml, Hao ———» Dpale
yellow solution still containing small amount of

brown precipitate,



4,(a,b)

(e)

(d)

(e)

(1)

5.(a,b)

(o)
(a)

(e)

()
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1 ml, 4~hydroxy-1,8-dimethylbenzene solution + 1/2
ml, NeNO, solution + 1 ml. E’asc4

top layer yellow

interface dark red

bottom layer oolorleaa
on mixing —— dark red-brown solution.
dark red-brown solution + 10 ml.'Héo ——> e¢loudy
gray-brown solution containing very small a&ount of
dark preoipitato.'
cloudy gray-brown solution + 5 ml, NaOH solution —
yellow-orange solution, containing no appreciable
amount of precipitate.
1 ml. yellow-orange solution + 10 ml. Hg0 ——»
pale yellow solution.
1 ml. 4-hydroxy-l,2-dimethylbenzene solution + 1/4
ml, NaNOz solution + 1 ml, Ehso‘ —_—

top layer yellow

interface dark red

bottom layer colorless
on mixing ——> dark red-brown solution.
dark red-brown solution 4 10 ml, BéO —— c¢loudy
gray-brown solution containing very small amount of

dark precipitate,

cloudy gray-brown solution-+ 5 mi. NaOH sclution

~———>= yellow solution.

l ml. yellow so}ution + 10 ml. Héo —_— bhlo




8.(a,b)

(e)

()

(e)

(1)

yellow solution.

1/2 ml. 4-hydroxy-l,2-dime thylbenzene solution + 1/2

ml. Nati0y solution + 3 ml. HpS04
o top layer yellow
interface dark red
bottom layer colorleas
on mixing —— dark red-brown solution.
dérk red-brown sclution + 10 £l. H,0 ——= browm
solution containing heavy dark precipitate,

brown solution + 15 ml. laCH solution ——» yellow

solution containing smsll emount of brown precipi-

tate,

1l ml. yellow solution + 10 ml. Hy0 — pale yel-
low solution still containing small amount of brown

precipitate,

7. The test was repeated first omitting the Ha%%og end then

the

stcg 1io color chenge occurred in either case.

The colors in the reaction with 4-hydroxy-1l,E8~dimethyl-

benzene 4o not vary much with variastion in the concentrations

of the reagents but the amount of the precipitates formed does.

The amount of the prtcipitate appears to increase as the mole

ratio of the phenol to XalO

2 decreases,
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24. E2-Hydroxy-l,4-Dimethylbenzene ccga(oa) (cnbiz-l,g,s

The solvent for both the sodium nitrite and the 2-hydroxy-

(Lastman Whi te Label)

1,4~dime thylbenzene solutions was absolute methyl alcochol.

l.(a,b)

(e)
(a)

(e)

()

The

a few minutes,

1/2 ml. 2-hydroxy-l,4-dimethylbenzene solution + 1/2
ml. NeNO, solution + 1 ml. 52304 —_—
top layer colorless
interface da:k greeﬁ
bottom layer green
on mixing ——» red-brown solution,
red-brown solution + 10 ml. Hy0 — red solu-

tion,

red solution+ 5 ml. NaOH solution ——f- green

solution.

1l ml. green solution 4+ 10 =ml. Hgo —_—y Yyellow-

green solution.

red solution faded to a light brown after standing

¥then this brown solution was made alka-

line with S5 ml. NeOH solution the result was a brown

solution which gave a yellow-green solution when the

undiluted alkaline green solutions from above changed to

brown after standing a few minutes., These brown solu-

tions also gave yellow-green solutions on dilution.

all cases the yellow-green solutions did not change color

In

on standing.
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In the cases where the alkaline green solutions
faded to lizht brown the green color returned when the
light brown solutions were vigorously stirred. Reither
the brown or the green solutions contained any visible
precipitate,

2.(a,b) 1/2 ml. 2-hydroxy-l,4-dimethylbenzene solution + 1

ml. HeNOp solution + 1 ml. HpS0,
top layer colorless
interface dark green
bottom layer green
(p) on rmixing ————» red-brown solution.
{(d) red-brown solution + 10 mi. Ho0 ——r red solu~-
tion,
(e) red sclution+ 5 ml. NaCH solution — 5 green
solution. A
(f) 1 ml. green solution + 10 ml, Héo ——3 Yyellow-
- green solution. |
These ablutiona changed color in e manner similar to
the corresponding solutions in test 1 above.
3.(c,b) 1/2 ml. 2-hydroxy-l,4-dimethylbenzene solution + 3
ml. HeilOp solution + 1 ml. HpSQ0y —>
toep layer colorless
interface dark green
bottom layer green
{c) on mixing ———» red-brown solution.

(d) red-brown solution + 10 ml, Hao —————» yellow solu-
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tion.
(e) red solution + & ml. NaOH solution —— green
- solution,
(f) 1 ml. green spolution + 10 ml. néo —— yellow=-
green solution.
These solutions changed color in a manner similasr to the

corresponding solutions in test 1 above,

6.(a,b) 1l/2 ml. 2-hydroxy-l1,4-dimethylbenzene solution + 1/2

ml. N&NOQ solution + 3 ml. HQSO& —_—p
top layer colorless
interface dark green
bottom layer green
(c) on mixing —— dark green solution.
(d) dark green solution + 10 ml. HBO ~————3 oOrange
solution.
(e) orange solution + 15 ml. lJaOH solution ——
brown solution.
(f) 1 ml. brown solution+ 10 ml. Hp0 ———> yellow-
brown éolution.
The test was repcated omitting the H2504. No color
changes occurred.
The test was repeated omitting the Nauoa. When the
phenol was mixed with the sto4 a brown solution was
formed. When 10 nml. Hzo were added to this brown solu-

tion it became colorless, 'There were no other color

changes.,
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The color changes with 2-hydroxy-l,4-dimethylbenzene
depend upon the mole ratio of the phenol to NaNOE'.

25, 4-Hydroxy-1,3-Dime thylbenzene CeHa(_OH) -(CH3)8-1,2,4
Yastman White Label)

The solvent for both the sodium nitrite and the 4-hydroxy-
1,3-dimethylbenzene solutions was absolute methyl alcohol.
l.{a,b) 1/2 ml. 4-hydroxy-l1,3-dimethylbenzene solution 4 1/2

ml. NaNOg solution + 1 ml. st°4 _
top layer colorless
interface dark orange
bottom layer colorless

(c)~ on mixing — dark'orange solution.

A.(d) dark orange solution + 10 nml, Hp0 ———— cloudy
orange solution.

() cloudy orange solution+ 5 ml. NaOH solution —

cloudy yellow solution.

(f) 1 ml. cloudy yellow solution 4+ 10 ml. -Hao ——p

pale yellow solution,

2.(a,b) .1/2 ml, 4-hydroxy-l,3-dimethylbenzene solution+ 1

ml. NaNOp, solution + 1 ml. H2804 —
top layer cololeeas
interface dark orange
bottom layer colorle ss

(c) on mixing —— dark orange solution,

(d) dark orange solution + 10 ml, Hp0 ————> cloudy

orange solution.



(e)

(1)

Se (a,b)

(e)
(d)

(f)

4.(a,b)

(e)
(a)
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cloudy orenge solution + 5 ml, [a0H solution ——

cloudy yellow solution.
1 ml, cloudy yellow solution + 1C ml, Hg0 —————
pale yellow solution.
1/2 ml, 4-hydroxy-l,3-dimethylbenzene solution + 3
ml. a0, solution + 1 ml. H2304 —_—
top layer colorless
interface dark orenge
bottom layer colorless
on mixing —— dark orange solution.
dark orange solution + 10 ml. Ho0 ——— cloudy
orange solution,
cloudy orange solution 4+ 5 ml. !la0OH solution
—————> cloudy yellow solution.
1 ml. cloudy yellow solution + 10 ml. Ho0 ——>
pale yellow solution,
1 nl, 4-hydroxy=-l,3-dimethylbenzene solution + 1/2
ml. a0y solution + 1 ml. sto4 —_—
top layer colorless
interfece dark orange
bottom layer colorless
on mixing -————» dark orange solution,
dark oranze solution + 10 ml. Hao ———> gloudy

orange solution,

cloudy orange solution 4+ § ml. !'aOH splution ——n

cloudy ysllow solution.
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(f) 1 ml. cloudy yellow solution 4+ 10 ml, ﬁao —_—
pale yellow solution.
5.(a,b) 1 ml, 4-hydroxy-l,3-dimethylbenzene solution + 1/4
NeNO,, solution + 1 ml. Hgso.g —_—
top layer colorless
interface dark orange
bottom layer colorless
(c) on mixing ———— dark orange solution,
(d) dark orange solution + 10 ml. H20 ———— cloudy
pink solution,
(e) cloudy pink solution + 5 ml, NaOH solution ———>
clear yellow solution.
(f) 1 ml., yellow solution + 10 ml. Hp0 ——— pale
yellow solution. |
6.(a,b) 1/2 ml., 4-hydroxy-l,3~-dimethylbenzene solution + 1/2
ml. NaNOy, solution + 3 ml, H‘QSO"t —_
top layer colorless
interface dark orange
bottom layer colorless
(c) on mixing ——> dark orange solution.
(d) dark orange solution + 10 ml. Hp0 —> cloudy
orange solution,
(e) cloudy orange solution + 15 ml. NaCHE solution ——»
cloudy yellow solution,
(f) 1 ml. cloudy yellow solution 4 10 ml, H O —>

2
pale yellow solution.
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7. The test was repeated omitting first the NaNO, and
then the H2504. No color changes occurred in either
case,
The test with 4-hydroxy=-l,3-dimethylbenzene is very regu-
lar and varies only in test O where there is twenty times as

much phenol present as NallOp.

26, A Naphthol ClOH7(°H) -1
(Bakerts Analyzed)
The solvent for the A-naphthol solution was absolute
methyl alcohol,
1.(a,b) 1/2 ml., A-naphthol solution + 1/2 ml. HalNO, solution
+ 1 ml. H,S0, — + top layer yellow
interface green
bottom layer colorless
(¢) on mixing ————~ violet solution containing some

precipitate,

(d) wviolet solution + 1C ml, sz ——  gray solution

containing some precipitate,

(e) gray solution + 5 ml, NaOH solution ———— yellow-

green solution,

(f) 1 ml. yellow-green solution -+ 10 nl, Ho0 —>

colorless solqtion.

2.{(a,b) 1/2 ml. A-naphthol solution + 1 ml. NaNO2 solution

+ 1 ml, H, SO

250, —— top layer yellow

interface green

bottom layer colorless



(e)

(¢)

(e)

(£)

3.(a,b)

(0)

(d)

(£)

4o(a,b)

(e)
(d)
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on mixing ——» violet solution containing

some precipitate.

violet solution + .10 ml, H0 ———> violet solu~
tion containing some precipitate (no change).

violet solution + 5 ml., NaOH splution ————> green
solution,

l ml, green solution + 10 ml, Hao —> very
pale blue-gray solution, almost colorless,

1/2 ml. A-naphthol solution + 1/4 ml. NeNOg solu-
tion + 1 ml, HBSO4

top 1aygr brown
interface green

bottom layer colorless
on mixing -——— gray solution containing some
p:ecipitate.

gray solution + 10 ml, Hzo ————» gray solution
containing some precipitate (no change).

gray solution + 5 ml, NaOH solution ——» yellow-

green solution,

1 ml, yellow=-green solution -+ 10 ml. Ho0 ———

colorless solution.

1/2 ml. A-naphthol solution-+ 1/2 ml. NaNO, solu-

tion + 1/2 ml, HyS50, ———> top layer yellow-brown
interface green

"bottom layer colorless

on mixing ———» green-black solution,

green-black solution + 10 ml. Hzo ———>- vVviolet-
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black solution containing some precipitate,
(e) violet-black solution + 3 ml, NaOH solution
—————» dark green-brown solution. |
(f) 1 ml, dark green-brown solution 4 10 ml, Hzo
————3 Vvery pals green solution.

A-Naphthol gives a distinctive color test but the colors

do vary with the concentretion of the reagents.

27. B-Naphthol CgH,(OH) - 2
(Bakerts U.S.P.)

The solvent for the B-naphthol solution was absolute
methyl alcohol. The solution was pale yellow in color,
l.(a,b) 1/2 ml. B-naphthol solution + 1/2 ml. NalNO, solu-

tion + 1 nml, Haso4 o top laysr red-brown
interface gray
bottom layer colorless
(¢) on mixing — - blue-black solution,
(d) blue-black solution 4+ 10 ml., H_0 ———> blue-gray

2
solution,

(d) Dblue-gray solution + 5 ml. IlaOH solution ——>n

light brown solution.,

(f) 1 ml, light brown solution + 10 ml, HyQ ———>

very pale yellow solution.

2.{a,b) 1/2 ml. B-nsphthol sclution + 1 ml, HaNo, solu-

tion + 1 nl. Hgso4 -~ top laycr brown
interface dark brown

bottom layer colorless



(e)
(a)

(e)

(1)

3.(a,b)

(e)
(d)

(e)

(f)

4.{(a,b)

(e)
(d)
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on mixing ———> dark bdblue-green solution,

dark blue-green solution 4+ 10 nl. Bao —> gray
solution containing black precipitate,

gray solution+ 5 ml. NaQi solution ———» dark
orange solution,

1 ml. dark orange solution + 10 ml, Hzo —
yellow solution,

1/2 ml. B-naphthol solution 4+ 3 ml. NaNoO, solution

+ 1 ml.'Haso ———> top layer olive-green

* interface dark brown
bottom layer colorless

on mixing ———> brownish black solution.

brownish-black solution + 10 ml, Ho0 — dark.

brownish green solution.

dark brownish green solution+ 5 ml, 7aOH solution

——>» brownish black solution.

1 ml. brownish black solution <+ 10 ml. Hgo-————»-

light brown solution containing small amount of

black prccipitate,

1/2 ml. B-naphthol solution -+ 1/4 ml. NaNo, solution

+ 1 ml, HpS0y, —— top leayer red-browm
interfece dark brown
bottom colorless

on mixing ———> black solution,

black solution -+ 10 ml, Hp0 ————> brownish gray

solution.

124234
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(e) brownish-gray solution + $ ml., NaOH solution
———— Yyellow salution,
(f) 1 ml. yellow solution 4 10 mi, ngo ~————>3 color-
‘less solution.
5.(a,b) 1/2 ml. B-naphthol solution+ 1/2 ml. NaNO, solu-
tion + 1/2 ml. H,50, — top layer red
interface gray

bottom leyer colorless

{¢) on mixing ————» black solution,

(d) black solution + 10 ml. Ho0 — gray solution,

(e} gray solution + 3 ml. NaOH solution ——» dark
orange solution,

(f) 1 ml., dark orhnge solution + 10 ml. HEO —_—
very pﬁle orange solution.

“The results of the test with B-naphthol are very indef-

inite, A series of color changes is obtained but they vary

greatly with a variation in the concentrations of the re-

agents,

28, Thymol CgHy(OH) (CHz) (1<C4Hy) = 1,3,6
(Baker's U.S.P. Crystals)
The solvent for the thymol solution was absolute methyl
alcohol,
l.(a,b) 1/2 ml, thymol solution-+ 1/2 ml. NaNOgp solution

——> top layer yellow
interface brown

<+ 1 ml. IizSO4

bottom leyer green



(c)

(a)

(f)

2.(a,b)

(o)

(a)
(e)
(r)

3.(a,b)

(c)

lol.

on mixing — & red-brown solution beconing
darker on standing
red-brown solution + 10 ml, HBO ————» purple

solution,

purple solution + 5 ml, NaOH solution ———» Dblue-

green solution,
1 ml, blue.-green solution + 10 ml, H20 —_—
pale grecen solution,
1/2 ml. thymol solution + 1 ml, NaNO, solution
-f 1l ml, H2804 —— top layer yellow
interface brown
bottom layer gfeen
on mixing ———— brown solution becoxing darker
on standing and contasining small smount of derk
precipitate,
brown solution + 10 ml. H20 ——— violet solu-
tion containing smell amount of brown precipitate,
violet solution + 5 ml, lNeOH solution —
green solution,
1 ml, green solution 4 10 nrl. Hzo ——> yellow-
green solution,
1/2 ml. thymol solution 4 3 rl, NaNO, solution

+ 1 ml, sto ——> top layer yellow

4
interface brovin

‘bottom layer green

on mixing ———> brown solution with a dark oily



(d)

(e)

(f)

4.(a,b)

(c)

(d)

(e)

(f)

5.(&,]))

(e)
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phase rising to top.
brown solution + 10 ml. Hy0 ——— almost color-
less solution containing a heavy white precipitate.
The oily brown phase was still present,
almost colorless solution 4+ 5 ml, NaOH solution
————» a solution that is yellow-green with trans-
nitted light and brown with reflected light.
on dilution the above solution the colors became less
intense,
1/2 ml, thymol solution 4+ 1/4 ml. NaNO,, solution
+ 1 ml. H2804 ———» %0op layer yellow

interface brown

bottom layer green
on mixing -—————>» brown solution becoming a de;rker |
red-brown on staming
red-brown solution + 10 ml, H,0 ———> violet
solution,
violet solution + 5 ml. NeOH solution —
green solution
1 ml, green solution + 10 ml. Hp0 —— very psdle
green solution.
1 ml. thymoi solution + 1/4 ml. NaNOp solution
+ 1 ml, HpS0, — top layer yellow

interface brown

bottom layer green

on mixing ————> brown solution becoming a darker
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red-brown on standing.

(d) red-brown solution + 10 ml. Hp0 ——> violet
solution,

(e) wviolet solution + 5 ml. HaOH solution ——— green
solution,

(f) 1 ml, green solution + 10 ml, sz —————» Very pale
green solution,

6.(a,b) 1/2 ml. thymol solution + 1/2 ml., Nali0y solution

+ 5 ml., H_SO

S0, —= top layer cloudy white

interface brown
bottom layer green

(c) on mixing ———» dark green.

(d) dark green solution + 10 ml, Hp0 — red solu-
tion fading raspidly to almost colorless as a brown
precipitate forms.

(e) ocolorless solution 4+ 25 ml, Na0H ———— colorless
solution,

(f) 1 ml. colorless solutidn + 10 ml, Hg0 —> color-
less solution,

Tl{ymol wives a satisfactory color test as lonz as the mole

ratio thymol to NaNO, remains greater than 1., 1In the case
where the ratio is less than one the reaction appears to be

very different,

(estmen white Label)
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The solvent for the vanillin solution was absolute

methyl alcohol.

l1.(a,b)

(e)
(d)

(e)

(£)

2.(a,b)

(e)

()

(e)

(5)

S.(a,b)

(c)

1/2 ml. vanillin solution+ 1/2 ml. NaNOg solution
4+ 1 ml, Haso4 ———>» top layer colorless
bottom layer yellow

on mixing —— dark brown solution.
dark brown solution + 10 ml, HEO‘—————-y-'dark
yellow solution,
dark yellow solution + 5 ml. NaOH solution ——
yellow solution.
1l ml., yellow solution + 10 ml, H0 —> color-
less solution.
1/2 ml. vanillin solution + 1 ml, NaNO, Solution
+ 1 ml, Haso4 ——> top layer colorless

- bottom layer yellow
on mixing

light yellow solution,

light yellow solution + 10 ml, H .0 ——> pale

2
yellow solution,

pale.yellow solution + 5 ml. NaOH solution — 5
light yellow so;ution.
1 ml, light yellow solution + 10 ml, Hao ——
oolorléss solution.
1/2 ml.‘vanillin solution + 3 ml. NaNO2 solution
“+ 1 ml. sto4 -———> f{op layer colorless

bot tom layer yellow

on mixing ——» light yellow solution.



(d)

(e)

(1)

4,(a,b)

(c)

(d)

(e)

(f)

5.(a,b)

(c)

()

(e)

(f)
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light yellow solution + 10 ml, Hao ~——3 pale
yellow solution.

pale yellow solution + 5 ml, NaOH solution —>
light yellow solution.

1l ml. light yellowr solution + 10 ml, Hzo —_—
colorless solution.

1 ml. vanillin solution + 1/2 ml. Nall0p solution

4+ 1 ml. Haso —» tOop layer colorle ss

) bottom lsyer yellow

on mixing ~———> yellow solution turning slowly

to brown, _

brown solution + 10 ml, Hy0 ——— very faint

yellow solution.

very faint yellow solution + 5§ ml, NaOH solution

——————3» light yellow solution,

1 ml, light yellow solution + 10 nil. Hgo —_——

colorless solution.

1 ml. venillin solution + 1/4 ml. NeNO, solution

+ 1 ml, H3804 ————>» top layer colorless
bottom layer yellow

on mixing —> dark brown solution,

dark brown solution + 10 ml. Hzo ——— dark

yellow solution.

dark yellow solution+ 5 ml, NaOH solution —>

yellow solution,

1 ml. yellow solution + 10 ml, H,0 —————= color-



6.(a,b)

7.

8.

(e)

(d)

(e)

(f)

(b)

(e)

(d)

e)

(f)
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less solution,

1/2 ml., vanillin solution + 1/2 ml, Nali0, solution

4+ 3 ml. sto4 ———» top layer colorless
bottom layer yellow

on mixing ———» yellow solution turning slowly

to brown,

brown solution + 10 ml. Hao ————3» very faint

yellow solution.

very faint yellow solution + 15 ml., lNaOH solution

———y» light yellow solution.

1l ml., light yellow solution 4+ 10 ml. Hp0 ———

coloriess solution.

1/2 ml. vanillin solution (no NaNO,) + 1 ml.

sto ——> %top layer colorless

4
bottom layer yellow

on nixing ————— yellow solution turning rapidly

to brovn.

brown solution 4 10 ml, Hzo ———— ¢Oolorless solu-
tion.

colorless solution+ 5 ml, NaOH solution — >
colorless solution,

1l ml. colorless solution + 10 ml, Hao —_—

colorless solution.

1/2 ml, vanillin solution + 1/2 ml. KaNO, solution (no

2

sto4) ———— no color changes with the addition of

Hzo or NaNoz. solution.
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The color changes with vanillin are very unsatisfactory.
The results for tests 1 and § are the same while those for
test 4 which ;hould also be the sesme are different. The re-
sults for test 6 are the same as those for test 4 although
there is no obvious explanation why they should be, A more
detailed investigation will have to be made before an exact

test for vanillin can be recorded,

30. Vanillyl Alcohol cans(oa)(ocﬂs)(cnzoﬂ) -1,2,4
(Castman White Label)
The solvent for both the sodium nitrite and the vanillyl
alocohol solutions was absolute methyl aleohol.
1.(a,b) 1/2 ml, vanillyl alcohol solution + 1/2 ml. NeNOp solu-
tion + 1 ml, Haso‘ ————3» top layer colorless

‘ interface black
bottom layer red
(¢) on mixing —» blaok.aolutioﬁ.

(d) black solution + 10 ml, H,0 ———» very dark brown

2
solution conteining dark precipitate.
(e) very dark brown solution + 5 ml, NaOH solution

———» dark brown solution, no precipitate,

(f) 1 ml. dark brown solution + 10 ml. Hg0

brown solution.

2.(a,b) 1/2 ml. vanillyl alcohol solution + 1 ml. NaNO. solu-

2
tion 4+ 1 ml, H2804 ——> top layer colorless

interface black
bottom layer red




(e)
(a)

(e)

(f)

3.{a,b)

(e)
(d)

(e)

(f)

4, (a,b)

(o)
(d)

io8,

on mixing —» black solution,

black solution 4+ 10 ml. HZO —3= very dark brown
solution containing dark precipitate,

very dark brown solution+4 S ml. NaOH solution
~—3 dark b}rom solution, no precipitate,

1 ml, dark brown solution + 10 ml, H20 —_—
brown solution,

1/2 w1, vanillyl alcohol solution + 3 ml. NaNoO, solu-

tion + 1 ml, Haso ———— top layer colorless

) interface black
bottom layer red
on mixing ———— black solution,
black solution + 10 ml. Hao ————3 very dark
brown solution containing dark precipitate,
very dark brown solution + 5 ml. NaOH solution
——————3» dark brown solution, no precipitate,
1 ml. dark brown solution + 10 ml, H20 —_—
brown solution,
1 ml, vanillyl alcohol solution + 1/2 ml, NaNO, solu-
tion + 1 ml. Haso4 ———> t{op layer colorless
interface black
bottom layer red
on mixing ——> gray=black solution
gray black solution + 10 ml. Hzo -5 dark gray-
brown solution containing dark precipi tate.

dark gray-brown solution + 5 ml., NaOH solution



~—————— dark brown solution, no precipitate,
(f) 1 ml. dark brown solution+4 10 ml. HaO — > brown
solution,
5.(a,b) 1 ml. vanillyl alecohol solution + 1/4 ml. NaNO, solu-
tion + 1 ml. H2304'___—_—" top layer colorless
interface black
bottom layer red
(¢) on mixing -———» gray-black solution.
(d) gray-black solution + 10 ml. Hg0 —— derk gray-
brown solution containing dark precipi tate.
(e) dark gray-brown solution+ 5 ml, HaOH solution
—————3 dark brown solution, no precipitate,
(f) 1 ml. dark brown solution + 10 ml. nzo —_—
brown solution.
6.(a,b) 1/2 ml. vanillyl alcohol solution+ 1/2 ml. NaNO, solu-
tion + 3 ml. H3804 ——— {op layer colorless
' interface black
bottom layer red
(¢) on mixing ————>» dark red solution,
(d) dark red solution + 10 ml, Hzo ——>» very dark
brown solution containing dark precipitate,
(e) very dark brown solution + 15 ml. NaOH solution
——— very derk brown solution, no precipitate.
(f) 1 ml, very dark brown solution + 10 ml, Hzo —_

brown solution

7. The test was repeated omitting the HZSO4. Mo color
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changes occurred.

8. (b) 1/2 ml. vanillyl alcohol solution (no NaNOy) + 1 ml.
Ho80, ———> top layer colorless
interface white
bottom leyer red
(c¢) on mixing ——» very dark red solution.
(d) very dark red solution 4+ 10 ml, H20 —— gray
- solution containing precipitate,
(e) gray solution+ 5 ml. NaOH solution —— brown
solution, no precipitate,
(f) 1 ml brown solution + 10 ml. H,0 — 1light
brown solution.
The test with vanillyl alcohol varies little with vari-
ation in the mole ratio phenol to ﬁanog- The results in test
8, however,vindicate that a good part of the test may be

caused by a reaction Jjust involving the phenol and the H2804

3l.  Fugenol CgH.(OH) (OCHz)(CHpCHCHp) - 12,4
(Fastman White Label)
The solvent for the eugenol solution was absolute methyl
alcohol,
l.(ab) 1/2 ml. eugenol solution-+ 1/2 ml, NaNO, solution+1
ml. HaS°4 ——> top layer yellow
interface cloudy white ring on top

dark red ring on bottom

bottom layer pink



(e)
(a)

(e)

()

3.(a,b)

(e)
(d)

(e)

()

3.(a,b)

(e)
(d)
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on mixing ———» dark red solution.

dirk red solution 4 10 ml, Hg0 ———— dark purple
solution contasining heavy precipitate,
dark purple solution + § hl. NaOH solution —>
brown solution,
1 ml. brown solution + 10 ml, Hg0 ———— very faint
brown solution, v
1/2 ml. eugenol solution + 1 ml, NaNO, solution + 1
ml. HES°4 ~————3> top layer yellow
interface oloudy white ring on top
‘dark red ring on bottom
bottom lsyer pink
on mixing ————>» dark _red solution,
dark réd solution + 10 ml. Hzo —~—————» dark purple
solution containing heavy precipi tate,
dark purple solution + 5 ml. NaOH solution ——o>

brown solution,.

1l ml. brown solution+ 10 ml. H.

20 -3 very faint

brown solution,

'1/2 ml. eugenol solution+ 3 ml. NaNO, solution+ 1

ml, l@!aso4 —————p t0p layer yellow
interface cloudy white ring on top

dark red ring on bottom
bottom layer pink

on mixing -———» dark red solution.

dark red solution 4+ 10 ml. ch —— amber solu-



()

4.{a,b)

(c)
(d)

(1)

5.{(a,b)

(o)
(d)

(e)
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tion containing oily brown materisl,

amber solution + 5 ml. NaOH solution —— dark
brown solution.
1 ml,
light

1l ml,

dark brown solution + 10 ml. Hgo

brown solution.
eugenol solution + 1/2 ml. NalOp solution + 1
ml, HBSO4 ——— {op layer yellow
interface cloudy white ring on top
dark red ring on bottom
bottom layer pink
on mixing ———> dark red solution. |
dark red solution + 10 ml, HoQ —> dark purple
solution containing heavy precipitate, _
dark purple solution + 5 ml. NaOH solution —>»
brown solution. |
1 ml. brown solution + 10 ml, H,0 ——— very

faint brown solution.,

1 ml. eugenol solution + 1/4 ml., NaNO_ solution + 1

2
ml, H2804 —— top layer yellow

) interface cloudy white ring on top

~dark red ring on bottom
bottom layer pink

on mixing —— dark red solution.

dark red solution <4+ 10 ml, Hzo ———» dark purple

solution containing heavy precipitate,

dark purple solution+ O ml. NaOH solution — >



(1)

6.{a,b)

7.

8.

)

(a)
(e)
()
(a)

(a)

(b)

(e)
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brown solution,
1 ml. brown solution + 10 ml, Hy0 — very
faint brown solution.
1/2 ml, eugenol solution + 1/2 ml, Nal0, solution + 3
ml. H23°4 ————— t0p layer yellow
interface oloudy white ring on top
dark red ring on bottom
bottom layer pink
on mixing ————» .dark red solution,
dark red solution + 10 ml. HBO ———p» dark purple
solution containing heavy precipitate.
dark purple solution 4+ 15 ml, NaOH sclution ———
brown soclution.
1l ml. brown solution + 10 ml. Hp0 ——> very faint
brown solution.
1/2 ml. eugenol solution + 1/2 ml. NaN0p, solution
(no sto‘&) ——  cloudy yeilow solﬁtion.
cloudy yellow solution 4+ 10 ml, Hzo ~————» cloudy
pale yellow solution,
cloudy pele yellow solution + 5 ml., NaOH solution
——=  glear yellow solution. |
1/8 ml, eugenol solution (no Nal0p) + 1 ml. H2304
~————~ top layer colorless
interface dark red

bo ttom layer pink

on mixing ————> dark red solution,
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(d) dark red solution + 10 ml. Hy0 —— cloudy
violet solution.

(e) cloudy violet solution + 5 ml, NaOH solution
———> 1light brown solution.

(f) 1 ml. light browa solution + 10 ml, H0 ——>
very faint brown solution.

Fugenol gives a distinctive test, however the results

from test 8 may indicate that the color changes are caused

by a reaction between eugenol and H2804.

32,  o-Nitrophenol CH,(OH)(NO,) - 1,2
(Eastman White Label)
The solvent for the o-nitrophenol solution was absolute
me thyl alcohol,
1.(a,b) 1/2 ml. o-nitrophenol solution + 1/2 ml. Haﬂoa solu-
| tion + 1 ml, sto4 —_— top layer yellow
| bottom layer yellow
(¢) on mixing ——> yellow solution, |
(d) yellow solution + 10 ml. '320' ——— yellow solu-
tion, _
(e) yellow solution + 5 ml, NaOH solution —
orange sclution. .
(f) 1 ml. orarge solution + 10 ml, H)0 ——> yellow
solution,
2, The test was repeated varying esch of the reagents in

turn end then omitting the HaNO, and the Hpso,. The
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color results were always identical with those for test
1, |

o-Nitrophenol apparently does not react to give any
intensely colored products. The color of o-nitrophenol in
acid solution is yellow and in alkaline solution orange, No

other changes occurred,

33. m-}1i trophenol 06H4(OK) (NOE) - 1,3
(zastman White Label)

The solvent for the m-nitrophenol solution was absolute
me thyl alcohol. The solution was light yellow in color.
l.(a,b) 1/2 ml. m-nitrophenol solution + 1/2 ml. NaNOg4
| solution 4 1 ml, 32804 E—

top layer ocloudy with faint yellow tint
bottom laye;r clear with faint yellow tint

(¢) on mixing ———> 1light yellow solution.

(d) light yellow solution 4 10 ml, aao ~————> color-

less solution,

(e) colorless solution+ 5 ml. NaOH solution ———>
colorless solution.

(f) 1 ml, colorless solution 4 10 ml, Ho0 ——
colorless solution,

2. The test was repeated varying the concentrations of
each of the reagents in turn end omitting thevNaNoz
and the H3804. In =ach case except that where the
NaNO, was omitted, the results were identical with
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‘those of test 1., In the case where the NaNO, was omi tted
"the m-nitrophenol and the 33304 formed a dark brown solu-
tion which became colorless when 10 ml. of Hac were added,
the color of this phenol in both acid and base is yellow,
m-Nitrophenol does not give a distinctive test, The only
indication that e reaction takes plece is that with the re-
agents present the final alkaline solution is colcrless where
as an alkaline solution of Jjust m-nitrophenol is yellow. How-
ever, when the m-nitrophenol 32804 mixture 1is made alkaline

it 1s colorless. Thus, the reaction which takes place may

Just involve the 32504 and not the HNO o

34. p-lii trophenol CGH4(0H)(N02) - 1,4
(Fastman white Label)
The solvent for the p-nitrophenol solution was absolute
me thyl alcohol.
l.(a,b) 1/2 ml, p-nitrophenol solution 4 1/2 ml. NalO, solu-
tion 4+ 1 ml, sto4 ———» top layer colorless
"bottom layer yellow
(¢) on mixing ———> pale yellow solution.
(d) pale yellow solution 4+ 10 ml. Hy0 ——= very faint
yellow solution.
(e) very faint yellow solution+ 5 ml. KaOH sclution
———— Dbright yellow solution.
(f) 1 ml., bright yellow solution + 10 ml. B0 ———>
bright yellow solution,
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2. The test was repsated varying the concentrations of each
of the reagents in turn and then omitting the Nalioy and .
the 32804. The results were always identical with those
in test 1.

| p-Nitrophenol apparently does not react with HNO2 to

give intensely colored products, The color of p-nitrophenol

is pale yellow in acid and bright yellow in base,

35, 3-Nitrosalicylic acid 0533(03)(303)(COOH) -1,2,6
(rastman white lLebel)

The solvent for both the sodium nitrite and the 3-nitro-
salicylic acid solutions was absolute methyl aleohol, The
phenol solution was 0.25 M and was yellow in color.
l1.({a,b) 1 ml. 3-nitrosslicylic acid solution + 1/2 ml. NaNOg

solution'+ 1 ml. H'gso4 ——— top layer yellow
botton layer colorless
(¢) on mixing ——;———a- pale yellaw solution.

(d) pale yellow solution + 10 ml. H,0 ——> pale

e
yellow solution,

(e) pale yellow solution + § ml. NaOH solution ———>

orange solution.

(f) 1 ml. orange solution 4 10 ml. uao ————3 yellow

solution,
2 The test was repeated, varying each of the reagents in
turn and then omitting first the N8N02 and then the

sto4. The color changes were always identical with those
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in test 1.

Thus, no reaction appears to take place between nitrous

acid and

3-nitrosalicylic acid,

36, S~Nitrosalicylic Acid CGHS(OH)(503)(OOOH) - 1,4,6

(Zastman White Label)

The solvent for both the S5~-nitrosalicylic acid and the

sodium nitrite solutions was absolute me thyl alcohol., The

phenol solution was 0,125 i,

l.(s,b)
(c)
(d)
(e)
(£)

2. ' The

1 ml. 5-nitrosalioylic acid solution + 1/4 ml. NaNOg,
solution + 1 ml. 32804 ————— top layer colorless

| bottom layer colorless
on mixing ———» colorless solution,
colorless solution + 10 ml, Hao ~——> colorless
solution.
colorless solution + 5 ml, NaQH solution ——
yellow solution. |
1 ml, yellow solution + 10 ml. Hp0 ——— yellow

solution,

test was repeated, varying each of the reagents in

turn and then omit ting first the NaNO, and then the HpSO04.

The color changes were always identical with those in

test 1.

Thus, no reaction appears to take place between nitrous

acid and S-nitrosalicylic acid,
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37. 2,4~Cinitrophenol CQHS(OH)(HOB)2 -1,2,4
(Fastman White Label)

The solvent for both the sodium nitrite and the 2,4~
dinitrophenol solutions was absolute me thyl eleohol., The
phenol solution was 0.25 ¥ and yellow in color,

1.(a,b) 1 ml. 2,4-dinitrophenol solution + 1/2 ml, KakOg Solu-
tion + 1 ml. Hgso‘ ————> top layer yellow
bottom layer colorless
(e) on mixing ———>= yellow solution, |
(d) yellow solution 4+ 10 ml. H50 ——— yellow solution,
(e) yellow solution + § ml. 'a0OH solution ——=
orange solution,
{(f) 1 ml. orange solution + 10 ml. Hg0 ——> yellow
solution,
2. The test was repeated varying eaoh of the reasgents in

turn and then omitting the Naiioa and the ngso‘. The

results were slways identical with those for test 1,

The color of the 2,4-dinitrophenol is yellow in acid and
orange in bsse. 2,4-Dinitrophenol apparently does not react

with nitrous scid to give a color test.

38, 3,5-pinitro-o-Cresol cﬁuz(on)(0H3)(Noa)g -1,2,4,6
(Zastman white Label)
The solvent for both the 3,5«dinitro-o-cresol solution
and the NaNo2 solution was ebsolute methyl alcohol. The

strength of the 3,5-dinitro-o-cresol solution was 0.25 ).
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The solution was yellow in color,
l1.{a,b) 1 ml. 3,5-dinitro-o-cresol solution + 1/2 ml. NaNO,
solution+ 1 ml. HBSO‘ ——— top layer yellow
bottom layer colorless
(c) on mixing ——— yellow solution.
(d) yellow solution+ 10 ml, Ho0 ———> yellow solution
containing white precipitate,
{e) yellow solution + 5 ml. NaOH solution ——> orange

solution,

pale

(f) 1 ml. orange solution 4+ 10 ml. H,0
orange solution,
2. This test was repeated varying each of the reagents

in turn and then omitting the H2804 and then the Naﬁogi

- The results were always identical.

The color of 3,5~-dinitro-o-cresol in acid solut;on is
yellow and in alkaline solution orange. The precipitate was
probably some of the phenol itself which is insoluble in H,0
solution. Thus, this phenol does not react with the reagents

to give the test.

39. 3,5-Dinitrosalicylic Acid Cng(OH)(COOH) (N02)251,2,4,6
(Lastman White Label)
The solvent for both the sodium nitrite and the 3,5-
dinitrosalicylic acid solution was absolute methyl alcohol.

The phenol solution was light orange in color.

l.{a,b) 1/2 ml. 3,5-dinitrosalicylic acid solution+ 1/2 ml.
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Naﬁoa solution + 1 ml. BaSO4 —e
top layer yellow
bottom layer coclorless
(¢) on mixing ———» yellow solution.
(d) jellow solution + 10 ml. Hp0 _ yellow solu~
"tion.
(e) yellow solution + 5 ml. NaOH solution ————» light
orange solution.
(f) 1 ml, light orange solution + 10 ml. Hao —_—
pale orange solution.

2. The test was repeated varying each of the reagents in
turn and then omitting first the NaHO2 and then the

sto4. In each case the results were identical with

those in test 1.
The color of 3,5-dinitrosalioylic.acid is yellow in acid
end light orange in base, This phenol does not give a colar

teat with nitrous acid.

40. 2,4-Dinitrothym01 CSH(OH)(GHS) (1-05H7) (Hog)a-l,S,G,B,A
(Eas tman White I.abel)
The solvent for both the .sodium nitrite and the 2,4~
dinitrothylmol solutions was absolute methyl alcohol, The
color of the phenol solution was light brown,
l.(a,b) 1/2 ml. 2,4-dinitrothymol solution + 1/2 ml. NaNOp solu=-
tion+ 1 ml. sto4 ———— top layer yellow

bottom layer colorless
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(¢) on mixing ~————> yellow solution,
(d) yellow solution + 10 ml. Béo ————> cloudy yellow
solution,

(e) cloudy yellow solution+ 5 ml, Iia0H solution ———>
yellow solution,
(f) 1 ml. yellow solution *'19 nl. H,0 ———> yellow
solution,
2e The test was repeated varying each of the reagents in
turn and then omitting first the Nallop and then the

Haso . The color changes were always identical with

4
thoes in test 1., The color of 2,4~dinitrothymol in acid
and alkaline solutions is yellow,

Thus, no reaction to fors colored compounds appears to

teke place with 2,4~-dinitrothymol.

41. Florio acid CH,(OH) (HOp), = 1,2,4,6
(Baker snd Ademson Cryst. Reagent)

The solvant}ror the picric acid solution was absolute
methyl alcohol. The solution was 0.2 ¥ and bright yellow in
color,
l1.(a,d}) 1 ml, pioric ecid solution + 1/2 ml. Nal0O, solution

4+ 1 ml. Hgso4 ——> top layer bright yellow
bottom layer colorless

(¢) on mixing —— 5 psle yellow solution.

(d) pale yellow solution + 10 ml, H 0 —— bright

2
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yellow solution,

(e) bright yellow solution + 5 ml. Na0H solution
~—~——3 yellow orange solution.

(f) 1 ml. yellow-orange solution + 10 ml. 00 —————
yellow solution.

The test was repeated varying each of the reagents

in turn gnd then omitting tle Naﬂog-and ?he 38804.

In each case the results were identical with those

for test 1. |

Picric acid does not react to give the desired color

test. The color of the phenol in scid solution is yellow

and in alkaline solution yellow-orange.

42, 2,4,6-Trinitro-m~Cresol GGH(OH)(CHS) (R02)3-1,5,8,4,e

(Zastman White Label)
The solvent for both the sodium nitrite and the 2,4,6-

trinitro-m-oresol solutions was absolute methyl alcohol. The .

color of the phenol solution was yellow.,

l.(a,b) \1/2 ml, 2,4,6-trinitro-m-cresol solution+ 1/2 ml.

WaNo, solution + 1 ml, H_SO, ——>

2 24
top layer yellow

bottom layer colorless

(c) on mixing ————» yellow solution.

(@) yellow solution + 10 ml, H 0 ——— cloudy yellow

2
solution.

(e) cloudy yellow solution + 5 ml. NaOH solution —
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orange solution,
{f) 1 ml. orange solution 4 10 ml. HBO ———>~ yellow
solution.

2. The reaction was repeated varying each of the reagents
in turn end then omitting first the NaNO, and then the
,sto“. The color changes were always identical with
those in test 1. The color of the 2,4,6-trinitro-n~
cresol solution in acid was yellow and in base, orange,
Thus, no reaction appears to take place between nitrous

acid and 2,4,6-trinitro-m-cresol,

43, 2-}1itroso-l-Naphthol clOHs(OH)(NO) - 1,2
(Fastman white Label.)
The solvent for both the 2-nitroso~l-naphthol and the
sodium nitrite solutions was absolute me thyl alcohol. The
phenoi solution was 0.1 M and was light brown in colar.

l.(a,b} 2 1/2 ml. 2-nitroso-l-naphthol solution + 1/2 ml.

NaNOp solution + 1 ml. HESO4
%0op layer yellow
interface red
bottgm layer yellow
(c) on mixing ———— orange solution.
(d) orange solution + 10 ml. Hp0 —> yellow solution
containing curdy precipitate,
(e) yellow solution + 5 ml, NaOH solution ———

brown solution.
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(f) 1 ml. brown solution-+ 10 ml. Hao 3 yellow
solution.
2.(a,b) 1/2 ml. 2-nitroso-l-naphthol solution + 1/2 ml,
NaNOé solution + 1 ml. H,S0, ——>
top layer yellow
interface red
bottom layer yellow
(¢) on mixing ——» orange solution.
(d) orange solution -+ 10 ml. HBO ——> yellow solu-~
tion.
(e) yellow solution + 5 ml, NaOH solution ——— 1light
brown solution.
(f) 1 ml, light brown solution + 10 ml. Hy0 —
yellow solution,
3.(a,b) 2 1/2 ml, 2-nitroso-l-naphthol solution + 1/8 ml,
NaNO, solutimn4— 1 ml, H23°4 —
top layer yellow
interface red
bottom layer yellow
(o) on mixing —— orsnge solution.
(d) orange solution + 10 ml, Ep0 ———= yellow solu-
tion containing curdy precipitate,
(e} yellow solution + 5 ml, NaOH solution ——
brown solution.
(f) 1 ml. dbrown solution + 10 ml. Hp0 ———> yellow

solution.
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‘4.(a,b) 2 1/2 nl, 2-nitroso~l-naphthol solution + 1/2 ml.
Naﬂoa solution + 3 ml. Haso4 —_—
top layer yellow
interface red
bot tom layer yellow
(c) on mixing ——> orange solution,
(d) orange solution + 10 ml. Hy0 ——> yellow solu=-
tion containing curdy precipitate,
(e) yellow solution t+ 15 ml, NaOH solution ———> Dbrown
solution,
{f) 1 ml., brown solution + 10 ml. H20 ——> yellow
solution.
5. (a) 2 1/2 ml. 2-nitroso-l-naphthol solution + 1/2 ml,
NaNOy solution ———» yellow solution.
(d) yellow solution + 10 ml. HEO ——— yellow solu-
tion containing curdy precipitate.
(e) yellow solution + 5 ml, NaOH soclution ————> red-

‘orange solution.

(f) 1 ml. red-orange solution + 10 ml. Hp0 —o

yellow solution,
6. (b) 2 1/2 ml. 2-nitroso-l-naphthol solution + 1 ml.

sto ———» top layer yellow

4
interface red
bottom layer yellow

{c) on mixing ——»- orange solution.

(d) orange solution + 10 ml, HBO —————> yellow solu-
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tion containing curdy precipitate.
(e) yellow solution+ 5 ml., NeOH solution ———— brown
solution,
(f) 1 ml. brown solution + 10 ml. H,0 —= yellow
solution,
7. 2 1/2 ml, 2-nitroso-l-naphthol solution + 5 ml. NaOH
solution —— dark red-brown solution. |
1 ml, dark red-brown solution + 10 ml, H,0 ——> pale
orange solution.
2-Nitroso-l-naphthol gives about the same test reaction
with or wi thout the NaNO,. Thus, the color changes may be
caused by a reaction between the 33304 and the phenol.,

44, l-Nitroso-2-Naphthol Cloﬂé(OH) (no) - 2,1
(Castman Practical Grade)

The solvent for both the sodium nitrite and the l-nitroso-
2-naphthol solution was absolute methyl alcohol. The phenol
solution was 0,125 ! and was dark brown in color.

l.(a,b) 1 ml. l-nitroso-2-naphthol solution + 1/4 ml. NaNO,
solution + 1 ml, H8304 —_—
top layer dark brown
bottom layer light brown
(¢) on mixing —— dark brown solution.
(d) derk brown solution + 10 ml, H20 ———> brown solu-

tion.

(e) brown solution + 5 ml. NaOH solution — 5 yellow-
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brown solution.
(f) 1 ml. yellow-brown solution + 10 ml. Hg0 —>
yellow solution.

2. 'The test was repeated, varying each of the reagents in
turn and then omitting first the NaNO, and then the
Haso4. The color changes were always identical with
those in test 1.

Thus, no reaction aprears to take place between nitrous

acid and l-nitroso-2-naphthol.

45, m-Chlorophenol 06H4(0H) (cL) - 1,3
(astman White Label)

The solvent for both the sodium nitrite and thé me-
chlorophenoi solutions was absolute methyl alcohol. The
phenol solution was light brown in color,

1.(a,b) 1/2 ml. m-chlorophenol solution + 1/2 ml. NaNo,, solu-
tion + 1 ml, H’aso4 ~———» top layer pale violet
interfuce red-brown
bottom layer colorless
‘(¢) on mixing ——— brown solution,
(d) brown solution+ 10 ml. Hg0 —————= slightly cloudy
pele orange solution,
(e) pale orange solution + § ml. NaOH solution —

orange solution.

(f) 1 ml. orange solution + 10 ml, Hgo —— yellow

solution.
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{c)
(a)

(e)

(1)

3.(a,b)

(c)
(d)

(e)

()

4.(a,db)
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1/2 ml, m=-chlorophenol solution + 1 ml. Naﬁoz solu-

tion + 1 ml. Haso‘ ———» top layer pale violet
interface red-brown
bottom layer colorless

on nixing ———> 1light brown solution.

light brown solution + 10 ml, Ey,0 ———= very pale

yellow solution, |

very pale yellow solution + 5 ml. NaOH solution

———> yellow solution,

1l ml, yellow solution + 10 ml. Hp0 —— pale

yellow solution,

1/2 ml, m~chlorophenol solution + 3 ml. HaNOg solu-

tion + 1 ml., Hgso‘ ————>» t0p layer pale violet
interface red-~brown
bottom layer colorleses

on mixing ——— very pale brown solution. -

very pale brown solution 4 10 ml. Hp0 ——

colorless solution,

colorless solution + B ml, NaOH solution ——

pale yellow aolutioh.

1 ml, pale yellow solution 4+ 10 ml. H.O —_—

2
colorlsss solution,

1 ml. m-chlorophenol solution + 1/2 rl. NaX0, solu-
tion 4+ 1 ml, H’aso4 ————= {0p layer pale violet
interface red-brown

bottom layer colorless



(e)
(d)

(e)

(1)

5.(a,b)

(c)
(d)

(e)

(f)

6.(a,b)

(c)
(a)

(e)
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on mixing ————» light brown solution,

light brown solution + 10 ml. Hzo —> very

~pale yellow solution.

very pale yellow solution <4 5 ml. aQ0H solution

—> yellow solution,

1l ml. yellow solution + 10 nml. Hzo ————» pale

yellow solution.

1 ml, m-chlorophenol solution + 1/4 ml. Nalio, solu-

tion + 1 ml. 32804 ~————> top layer pale violet
interface red-brown
botton layer colorless

on mixing ————> light brown solution.

light brown solution + 10 ml. Hao

very pale

yellow solution.

very pale yellow solution+ 5 ml. NaOH solution

— ycllow solution,

1 ml. yellpw solution + 10 ml. Hy0 ——— pale

yellow solution,

1/2 ml. m-chlorophenol solution + 1/2 ml. Nallo, solu-

tion + 3 nl, Haso4 ——— top leyer pale violet
interfaoe red-brown

botton layer colorless

on mixing ———— light brown solution.
light brown solution + 10 ml, H0 —— very pale

yellow solution,

very pale yellow solution + 15 ml, NaOH solution
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~—— yellow solution,
1l ml., yellow solution -+ 10 ml. Hg0 ——— pale
yellow solution,

test was repeated omitting the 38804' No color

changes occurred,

8., (b)"

(c)

(d)

(e)

(1)

1/2 ml, m-chlorophenol solution + 1 ml, sto (no

Jall0g) ————> top layer brown ... ¢
bottom lsgyer colorless

on mixing ————9 'pale violet selution,.

pale violet solution + 10 ml, Ego ———— gOlorless

solution,

colorless solution + 5 ml, NaOH solution — >

colorless solution.

1 nl, colorleas.solution-+ 10 mil, Hao ———> color-

less solution.

m~Chlorophenol gives a color test which appesars to be

satisfactory. The results 1n.teat 1 were slightly different

from the

46,

The

others for no obvious reasons,

p-Chlorophenol CgH,(OH)(C1) - 1,4
(Castman Practical Grads)

solvent for both the sodium nitrite and the p-

chlorophenol solutions was absolute methyl alcohol. The

p-chlorophenol was distilled and stored in a nitrogen at-

mosphare

in order to obtain a colorless solution,
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l.(a,b) 1/2 ml. p-chlorophenol solution + 1/2 ml, NaNO, soOlu-
tion + 1 ml, H2804 —————— top layer colorless
| interface brown
bottom layer colorless
(6) on mixing ——— yellow solution,
(d) yellow solution 4 10 ml, Hy0 ————> colorless
solution.

(e) colorless solution + 5 ml, NaOH solution

very pale yellow solution,
(f) 1 ml. very pele yellow solution 4 10 ml. 520
—— oolorless solution,
2.(a,b) 1/2 ml. p-chlorophenol solution + 1 ml, Nali0, solu-
tion + 1 ml, H2804 ———> top layer colorless
interface brown
bottom laver colorless
(¢) on mixing —> yellow solution,
(d) yellow solution 4 10 ml. Ho0 ——— colorless
solution.
(e) colorless solution + 5 ml. NaOH solution —>
very psle yellow solution.
(f) 1 ml. very pale yellow solution + 10 ml, Hy0
——————> colorless solution,
3.(a,b) 1/2 ml. p-chlorophenol solution + 3 ml. NelOp solu-
tion + 1 ml. Haso4——-»- top layer colorless
interface brown

bottom layer colorless



()
(d)

(e)

(1)

4o(a,b)

(e)
(d)

(e)

(f)

50(a,b)

(e)

(d)

(e)
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on mixing —— colorless solution,

colorless solution 4+ 10 ml. n'go —3» g0lOorless

solution,

- colorless solution+ & ml., NaOH solution —

very pale yellow solution,
1l ml, very pale yellow solution + 10 ml. nao
-— c¢olorless solution.

1 ml. p-chlorophenol solution + 1/2 ml. NaNOg solu-

tion + 1 ml. 5’280‘ top layer golorless
interface brown

bot tom layer colorless
on mixing —> yellow solution,

colorless

yellow solution 4 10 ml. Hp0
solution.

colorless solution + 5 ml. NaOH solution ——
very pale yellow soclution.

1l ml, very pale yellow solution+ 10 ml, Hy0
————> golorless solution,

1 ml. p-chlorophenol solution + 1/4 ml. NaNOg5 solu-
tion + 1 ml, H2804

tcp layer colorless
interface brown

bottom layer colorless

on mixing ————> yellow solution.

yellow solution + 10 ml, Hp0 ————> colorless

8°lut1°no

colorless solution 4+ 5 ml, NaOH solutiop ———p



(f)

6.{a,b)
(o)
()
(e)
(1)

7. The
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very pale yellow solution. _
1 ml, very pale yellow solution + 10 nml. Hgo
——» colorless solution,
1/2 ml. p-chlorophenol solution + 1/2 ml. NaNO, solu-
tion 4+ 3 ml. 32304 ——> top layer colorless

\ interface brown

bottomn layer colorless

on mixing ——— oloudy red-violet solution.
cloudy red-violet solution-+-10 ml, Hao —_—
very peale yellow solution,
very pale yellow solution 4 15 ml, NaOH solution
—» pale yellow solution,
1l ml, pale yellow solution 4 10 ml, H0 ————
colorless solution,
test was repeated, first omitting the NaNO2 and then

stoi. o color changes occurred in either case,

p~Chlorophenol gives a very weak test, The nost satis-

factory test occurs in test 6 where there is a large excess

47.

1.(a,b)

(c)

40

Pyrocatechol 05H4(OH)2 - 1,2
(Baker and asdamson C.P,.)
1/2 ml, pyroecatechol solution 4+ 1/2 ml. NeNOg, solu-
tion + 1 ml. sto4-—————~>- top layer black

~bottom layer colorless

on mixing ———> greenish-black solution,



(d)

(e)

(1)
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greenish-black solution 4+ 10 ml, Ho0 — 1light
brown solution containing small amount of dark
precipitate,

light brown solution + 5 ml, NaOH solution — >
very dark green solution,

1 ml, very dark green solution 4+ 10 ml, HéO —_—

pale green solution.

The undiluted alkaline solutions faded to brown on

stending but the brown solutions still gave the pale

green solutions on dilution.

2.(a,b)

(c)
(d)

(e)

(£)

1/2 ml, pyrocatechol solution + 1 ml. NaNO, solu-

tion + 1 ml, H2804 top leyer dark red
interface greenish black
bot tom layer colorless
on mixing ———> black solution.

black solution + 10 ml. Hy0 ——> dark brown
solut{on.

dark brown solution + 5 ml. NaOH solution —»
black solution.,

1l ml, black solution + 10 ml, Ho0 —> almost

colorless solution,

The undiluted alkaline solutions fade to brown on stand-~

ing but the brown solutions still give the almost color-

less solutions on dilution,

3.(a,b)

1/2 ml. pyrocatechol solution + 1/4 ml. NaKo, solu-



{ec)

()

(e)

(1)
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tion + 1 ml, HBSO4 —————>» top layer gray
interface black
bottom layer colorless

on aixing —— light green solution fading on

standing to dark green,

dark green solution 4+ 10 ml, H20 light b?own
solution,

light brown solution 4+ 5 ml. NaOH solution —>
dark green solution.

1 ml., dark green solution + 10 ml. HyO ———>

alnost colorless,

The undiluted alkaline solutions faded to brown on stand-

ing but the brown solutions still gave the almost color-

less solutions on dilution.

4.(a,b)

(e)
(d)

(e)

(f)

1/2 ml. pyrocatechol solution + 1/4 ml. Nali0, solu-

tion + 1/2 ml. HyS0, —> top layer dark red
bottom lgyer colorless

on mixing —— greenish-black solution., |

greenish-black solution + 10 'ml. Hp0 ———> pale

orange solution containing small amount of dark

precipitate,

pale orange solution 4+ 3 ml. NacH solution ——»

dark green solution,

1 nl, dark green solution + 10 ml. H20 _——

pale grecn solution.

The undiluted alkaline solutions faded to brown on stand-
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ing but the brown solutions still gave the pale green

-solutions on dilution.

Pyrocatechol gives a series of color'changes that vary
with the concentration of the reagents without much obvious
reason., The amount of HzSO4 present has some influence on
the farmation of the colored products as seen in the dif fer-
ences between tésts 3 and 4. In tests 1 and 2 the color
changes are somewhat different. The NaNO, concentration is
different in each yet there is excess pyrocatechol present in
each to the extent that it would be assumed that the products

formed would be the same,

48, Resorcinol 0634(03)2 -1,3
(Baker's U.S.P. Fine Crystals)
l.{(a,b) 1/2 ml. resorcinol solution + 1/2 ml. NaNO, solution

+ 1 ml. sto ————> top layer orange

4
interface dark red
bottom layer colorless

(e) on mixing -———> violet-black solution.

(d) violet-black solution 4 10 ml, Hg0 ————> violet-
black solution.

(e) violet-black solution + 5 ml. NaOH solution —
solution that is violet by transmitted light and
brown by reflected light,

(f) 1 ml. of the above solution + 10 ml. Hgo —

solution that is pale violet by transmittead light
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and pale orange by reflected light.

sfter standing a short time the undiluted alkaline solu-

'tions became almost black by transmitted light. These

undiluted solutions gave the same colored solutions on

dilution that they had befors they had changed color on
standing. :
2.(a,b) 1/2 ml. resorcinol solution 4 1 ml. Nali0, solution
+ 1 ml, H2804 ~———» top layer orange
interface dark red
bottom layer colorless

(o) on mixing —> orange solution changing rapidly
through red to violet to a very dark blue-black solu-
tion.

(d) blus-blmck solution 4+ 10 ml, nao ——3» blue~black
solution,

(e) Dblus~black solution 4 5 ml, }ia0OH solution —
solution that 18 dark violet by transmitted light
and brown by reflected light,

(f) 1 ml. the above solution + 10 ml, o0 ——— solu-
tion that is pele violet by transmitted light and
light oremge by reflected light.

These alkaline solutions acted in the same manner as those
in test 1 did.
When the resorcinol-Nali0, solution and the sto4 were

2
mixed the color chenged from orange to blue-black, If 10 ml.

Hy0 was added to the solution while it was still orange the

resulting solution wes still orange. when $ ml, aOH solution
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was added to this resulting orange solution a red-orange solu-
tion was formed which when diluted gave a yellow ﬁolution. it
the 10 ml. Hgo was added to the resorcinol-NaNO, - HaSO4 solu-
tion after it had changed hslf way from the ormmge to the
blue-black, a red-orange solution was formed. After a few
minutes a black precipitate forms in this red-orange solution,
'If 5 ml, NaOH solution was added to this either before or
af ter the precipitate forms the results were the same as those
originally give for test 2.
- 3.(a,b) 1/2 ml. resorcinol solution + 2 ml, NalNOg solution
+ 1 ml. st°4 ———> top layer orange
interface dark red
bottom colorless
(c) on mixing ——> orange changing slowly to blue-
black., The change takes several minutes but is
speeded up when the solution is heated,

(d) blue-black solution + 10 ml. H,0 ——> blue-black

2
solution.

(e) blue-black solution + § ml, XaOH solution —=
solution that is violet by transmitited light and
brown by reflected 1light,

(f) 1 ml, of this above solution 4 10 ml. Hp0 ———
solution that 1s pale violet by transmitted light
and light orenge by reflected light.

These alkaline solutions acted in the same manner as

those in test 1 did,
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4,(a,b) 1/2 ml., resorcinol solution + 3 ml, NaNO,, solution

4+ 1 ml, H2804 ———> top layer orange
interface dark red
bottom layer colorless

(o) on mixing ——> orange changing very slowly to
blue~black,

(d) Dblue-black solution + 10 ml.Hzo  — blue-ylaok
solution,

(e) blue-black solution + 5 ml. NaOH solution — >
solution that is violet by transmitted light and
brown by reflected light.

(f) 1 ml, of this above solution + 10 ml. HzQ —
solution that 18 pale violet by transmitted 1light
and light orange by reflected light.

These alkaline solutions acted in the same manner as those
in test 1 did,
5.(a,b) 1/2 ml. resorcinol solution + 5 ml, NaNO, solution

-+lm.%m ———> top layer orege

* interface dark red
bottom lsyer colorless
(c) on mixing —> orange changing very slowly to
blue-black, The change tskes about 1 hour.
(d) blue-black solution 4 10 ml, Hg0 ————5 blue-black

solution

(e) blue-black solution + 5 ml. NaOH solution — —



(f)
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solution that is violet by transmitted light and
brown by reflected light,

1 ml. this above solution + 10 ml. Hgo —
solution that is pale violet by transmitted light and
light orange by reflected light.

These alkesline soluﬁions scted 1n the same manner as those

in test 1 did.

6.(a,b)

(e)
(d)

(e)

(f)

1/2 ml, resorcinol solution +—}/4 nl, Haﬁoa solution
+ 1 ml, Haso4 ————» top layer orange

interface dark red

botton layer colorless
on mixing -———> instently violet-black solution.

violet-black solution + 10 ml. Hzo ———3 violet-

black solution,

violet-bleck solution+ 5 ml, NaOH solution —
solution that is red-orange by transmitted light
and light browvn by reflected light.

1 ml. this above solution 4+ 10 ml. HO ——
solution that is pale violet by transmitted light

and pale orange by reflected light.

The alkaline splutions escted in the same manner as those

in test 1 did.
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l.(a,b)

Hydroquinone GBH4(OH)2 -1, 4
(Baker's Analyzed)

1/2 ml. hydroquinone solution + 1/2 ml. NaNO, solution




- ()

(d)

(f)

2.(a,b)

(o)

(d)

(e)

(£)

3.(a,b)
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4+ 1 ml. sto‘ ——3 top layer light brown‘
interfasce purple line
bottom layer colorless

on mixing ——> pale green solution containing

heavy gray precipitate.

pale green solution + 10 ml. 320 ———> c¢olorless

solution still containing heavy gray precipitate,

colorless solution + & ml., NaOH solution ——>

light brown solution containing no precipitate,

1 ml, light brown solution + 10 ml, HEO —_—

light orange solution,

1/2 nl. hydroquinone solution+ 1 ml. NeNO, solution

+ 1 ml, 52804-——————»- top layer lizht brown
interface purple line
bottom layer colorless

on mixing ——> 1light brown solution, containing

heévy gray precipitats,

light brown solution + 10 ml. H0 ——> pale

yellow solution still contsining heavy gray precipi-

tate,

pale yellow solutidn-+ 5 ml, NaOH solution — >

brown solution containing no precipitate.

1l ml. browa solution 4+ 10 ml, Hao —> light

orange solution.

1/2 ml, hydroquinone solution + 2 ml. NaNO, solution




(e)

(d)

(e)

(1)

4.(a,b)

SQ(B,b)

(e)

()

(e)

(f)
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4+ 1 ml. sto‘ ——3> top layer light brown
interface purple line
bottom layer colorless
on mixing ——> brown solution containing heavy
gray precipitate,
brown solution + 10 ml, Hg0 ———> 1light brown
solution still containing heavy gray precipitate,
light brown solution + 5 ml. NaOH solution —>
red-brown solution containing no precipitate.
1l ml. red-brown solution 4+ 10 ml, Hao ——> 1light
brown solution,
1/2 ml, hydroquinone solution + 5 ml. Naliop, solution
+ 1 ml, Haso4 ————3>» a gas which appeared to be
NQ‘.3 was libecrated and no color changes ocourred
- and no precipitates were formed,
1/2 ml, hydroquinone solution + 1/4 nml, NaNO, solu-
tion + 1 nml. st% ——> top layer light brown
interface purple line
bottom layer colorless
on mixing ——— light browﬁ solution containing
snall anount of gray precipitate.
light brown solution + 10 ml. Ho0 ————= colorless
solution still conteining the gray precipitate.
colorless solution + & ml. NaOH solution — .
light orange solution oontainihg no precipitate,
‘l ml, light orange solution + 10 ml. 320 ——




6.(2,b)

(e)
(a)
(e)
(f)

7.(a,b)

(e)
(a)
(e)

(f)
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very pele orange solution
1 ml. hydroquinone solution + 1/4 ml, NaNO, solution
+ 1 ml, Haso4 ———> top layer light brown
interface purple line
bottom layer ocolorless
on mixing ———> 1light brown sofution, containing
small amount of gray precipitate,
light brown solution 4+ 10 ml, nao —————3= colorless
solution still containing the gray precipitate,
colorless solution + 5 ml, NaOH solution ——>
light orange solution containing no precipitate,
1 ml, 1light oraxge'solution-+ 10 ml., 320 I
very pale orange solution,

1/2 ml. hydroquinone solution + 1 ml, NaNO, solution

2

+ 1/2 ml. H,BSO4 ————> t0p layer light brown
interface purple line
bottom layer colorless

on mixing ——> brown solution containing no

precipitate,

brown solution 4 10 ml, Béo —3= y61ll0¥W solu-

tion.

yellow solution + 3 ml., NaOH solution —— dark

brown solution,

1l ml, dark brown solution 4 10 ml. nao —_—

light brown solution.



8. (b)

(d)

(e)

(f)

The
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2
less solution which turned black when heated. A

1/2 ml, hydroquinone 4+ 1 ml, H so4 ————» color-

precipitate formed as the color darkened,
black solution 4 10 ml, Hgo ————> light green
solution still ocontaining the precipitate,

light green solution + 5 ml. NaOH solution ———>
olive-brown solution.

1 ml. olive brown solution + 10 ml, H0 —

pale green solution,

color changes with hydroquinone are not as varied as

they were with phenol and resorcinol. The formation of

the precipitate appears to depend upon the amount of

sto4 present, A somewhat similar precipitate is formed

in test 8 where no Naﬁog is present, When excessg phenol

is present.:a satisfactory test is obtained but with

excess NaN02 as in test 4 apparently uoz is given off and

no test obtsined,

50.

Toluhydroquinone ceng(oa)a(cns) - 1,4,2
(Eastman VWhite Label)

The solvent for both the toluhydroquinone solution and

the Nanoa solution was absolute methyl alcohol., The tolu-

hydroquinone solution was a light brown in color,

l.(a,b)

1/2 ml. toluhydroquinone solution-+ 1/2 ml, NaNO, 8O-
lution+1 ml, Haso* ——> top layer yellow
interface brown

bottom layer colorless




(e)
(4)

(e)

(f)

2.(a,b)

(e)
(a)

(e)
(1)

3.(a,b)

(e)
(a)
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on mixing —— dark brown solution

g0 —> muddy

gray solution containing dark precipitate.

dark brown solution 4 10 ml. H

muddy gray solution + 5 ml, NaOH solution —>
light orange solution conteining very small amount
of lighf precipitate,
1 ml. light orange solution+ 10 ml, nzo —_—
very pale orange solution,
1/2 ml. toluhydroquinone solution+ 1 ml, NaNOp solu-
tion + 1 ml. H2804 ~———= t0p la yer yellow
interface brown
bottom layer colorless
dn mixing ———— dark brown solution.
dark brown solution 4+ 10 ml. H0 ——— muddy gray
solution containing dark precipitate.
muddy gray solution 4+ 5 ml. NaOH solution ——>
light orange solution containing very small amount
of light precipitate,
1 ml. light orange solution + 10 ml. H,0 ——>
very pale orange® solution,
1/2 ml. toluhydroquinone solution + 3 ml, NaNo, solu-
tion + 1 ml, sto‘ ~——> {0p layer yellow
interface brown
bottom layer colorless
on mixing ——> dark brown solution,

dark brown solution + 10 ml, Hg0 ——> cloudy



(£)

4.(a,b)

(e)
(4)

(£)

5.(a,b)

(e)
(a)
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| orange solution,

cloudy orange solution 4 5 ml. NaOH solution ——>=
dark red solution whioh faded to dark brown,
1 ml. dark red solution + 10 ml. azo ———> pale
pink solution,
1 ml. dark brown solution +4 10 ml, Hgo —
pale yellow solution.
1 ml. toluhydroquinone solution + 1/2 ml. NaHOgV solu-
tion + 1 ml. Hao —> top lgyer yellow

interface brown

bot tom layer colorless
on mixing ————- dark brown solution,
dark brown solution + 10 ml, Ho0 —— middy
gray solution containing dark precipitate.
muddy gray solution 4 § ml. NaOH solution —=
light orange solution conteining very small amount
of light precipi tate, |
1 ml. light orange solution + 10 ml. Hzo ——
very pale orange solution..
1 ml, toluhydroquinone sclution+ 1/4 ml, NaNO, solu-
tion + 1 ml, sto‘ -3 t0p layer yellow

interface brown
bottom layer colorless

on mixing —— dark browm solution,
dark brown solution + 10 ml. Hp0 ——> muddy

gray solution containing dark precipitate,



(e)

(£)

6(a,b)

7

(e)
(4)

(e)

(f)

. (a)

(d)

(e)

(£)

muddy gray solution+ 5 ml, NaOH solution —
light orange solution containing very small amount
of light precipitate,
1 ml, light orange solution+ 10 ml. ngo —_—
very pale orange solution.
1/2 ml. toluhydroquinone solution + 1/2 ml, NaNO, solu-
tion + 3 ml, 38504-——5——a- top layer yellow '
interface brown
bottpm layer colorless
on mizing ——— dark brown solution.

dark brown solution + 10 nml. H,0 — muddy

2
gray solution containing dark precipitate,

muddy gray solution + 15 ml. NaOH solution —~———3=
light orange solution containinz very small amount

of light precipi tate,

1 ml. light orange solution + 10 ml, H,0 ——

very pale orance solution,

1/2 ml. toluhydroquinone solution + 1/2 ml, NaNO, solu-
tion (no H2804) ———— l1light yellow-brown solution.
light yellow-brown solution-+ 10 mi. H20 —
colorless solution,

colorless solution + 5 ml. NaOH solution —001
pale yellow solution. The yellow color appeared

to concentrate towards the top of the solution.

1 ml, pale yellow solution-+ 10 ml, Hao —_—

colorless solution.
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8. ({b) 1/2 ml. toluhydroquinone solutiocn (no NaNO,) +
1l ml. sto4 ——> top layer yellow
interface light brown
bottom layer colorless

(c) on mixing ——> 1light brown solution.

(d) 1light brown solution + 10 ml, ggo —— yellow

solution.
(e) yellow solution + 5 ml. NaCE solution —>
yellow solution in which the yellow color appeared
to concentrate at the top of the solution.

(f) -1 ml., yellow golution—k 10 ml. Hao —— Dpale
yellow solution.

The color results with toluhydroquinone do not vary much
although in test 3 where there is a lerge excess of NalO, there
is some difference. Although in tests 7 and 8 where not all
the reagents are present some cclor changes occur, these re-
sults are probably not related to those where all the reagents
are present since, in the latter case, certain precipitates

appear which do not appear in tests 7 and 8,

51, Oreinol CgHg(OH)p(CHg) - 1,3,5
(-astman White Label)
The color of the orcinol solution was pale pink.
l.(a,b) 1/2 ml. orcinol solution + 1/2 ml. NaNO, solution
+ 1 ml. HoS0,4 —> ¢top layer orange -

bottom layer colorless




(c)
(a)

(£)

2.(a,b)

(o)
(d)

(o)

(£)

5‘(“0?)

(o)
(d)

(£)
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on mixing ———> dark orange solution,
dark orange solution + 10 ml. Hp0 ———— orange
sclution.
orange solution + 5 ml. NaOH solution —
red solution.
1 ml. red solution 4 10 ml, Haov —> violet solu-
tion,
1/2 ml. oroinol solution + 1 ml. NaNO, solution + 1
ml. H2304 ————> top layer red-orange

bottom layer colorless

on mixing ———> dark red-orange solution.

dark red-orange solution + 10 ml, nzo ————» orange

solution,
orange solution + 5 ml. Na0H solution ——— red
solution,
1 ml, red solution + 10 ml, Hp0 ————> red-violet
solution,
1/2 ml, oreinol solution + 5 ml, NaNO, solution + 1
ml. Haso‘ ———> top layer orange

bottom layer colorless
on mixing ———> orange solution.
orange solution + 10 ml, Hg0 ——> orange solu-
tion.

orange solution + 5 ml, NaOH solution ———3» brown

solution,

1l ml. brown solution 4+ 10 ml, 380 —— yellow
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solution.
4.(a,b) 1/2 ml. orcinol solution+ 1/4 ml. NeNO, solution
+ 1 nml, 32804 ———> top lagyer orange
bottom layer colorless
(¢) on mixing ———~ dark orange solution.
(da) derk orange solution + 10 ml. 520 ———> orange
solution,
(e) orange solution ¥+ 5 ml, NaOH solution ~——— red
solution.
(f) 1 ml. red solution + 10 ml. HEO ————» violet solu-
tion.
5.(a,b) 1/2 ml. orcinol solution + 1/2 ml, Nall0, solution

4+ 1/2 nl, H,50, ——- top layer orange

4
bottom layer colorless

(e) on mixing ———— dark orange solution.

(a) dark orange solution + 10 ml. Hao ————> orange
solution,

(e) orange solution+ 3 ml, }ia0B solution — >
red-orange solution.

(f) 1 ml. red-orange solution -+ 10 ml. 520 ———> rose

solution.,

6. The solvent for the orcinol solution in this case was
absolute methyl alcohol, The test was run as & duplicate
of number 1 and no variations in the colors between the
two were found. Thus, in this case the solvent apparently

does not affect the color fomations,
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Orcinol gives a satisfactory series of color changes
as long as the mole ratio oroinol to NaNO, is greater than
1.

52. 2-Nitroresorcinol CBHS(OH)a(NOa) -1,3,2
(Prastman iyhite Label)

The solvent for both the sodium nitrite and the 2-
nitroresorcinol solutions was absolute methyl alcohol, The
color of the phenol solution was light orange,

1.(a,b) 1/2 ml. 2-nitroresorcinol solution + 1/2 ml. NaNOg so-
lution + 1 ml. H280; — top layer orange
interface red
bottom layer yellow

(¢) on mixing ———> orange solution, ‘

(d) orange solution + 10 ml. Hy0 ————> cloudy orange

solution.

(e) oloudy orange solution + 5 ml., NaOH solution —

dark red-brown solution,

(f) 1 ml. derk red-brown solution + 10 ml. Hy0 ——

light brown solution,
2.(a,b) 1/2 ml, 2-nitroresorcinol solution + 3 ml, NaNO,

solution + 1 ml, H2804 —> top layer yellow

interface red
bottom layer colorless
(e} on mixing ————> 1light orange solution,

(d) 1ight orange solution 4+ 10 ml. H,0 —— yellow

2



(e)

(£)

3.{a,b)

(e)
(a)

(e)

(f)

4,(a,b)

(¢)
(a)

(e)

(f)
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solution.

yellow solution+4 5 ml, NaOH solution ———— dark

red-brown solution.

1l ml, dark red-brown solution + 10 ml, HBO —

light brown solution,

1 ml, 2-nitroresorcinol solution + 1/4 ml, NaNO,

so_lution + 1l ml. Hgso‘ ———> top layer orange

| interface red

bottom layer yellow

on mixing ———> orange solution.

orange solution + 10 ml. Hao —— c¢loudy orange

solution,

cloudy orange soluti})n + 5 ml., NaOH solution —

dark red-brown solution. _

1l ml, dark red-brown solution 4+ 10 ml, 330 —_—

light brown solution.

1/2 ml, 2-nitroresorcinol solution+ 1/2 ml, NaNOg

solution + 3 ml, HgS0, —> top layer orange
interface red
bottom layer yellow

on nmixing —— orange solution.

orange solution + 10 ml, Hy0 ———> orange solu-

tion.

orange solution + 15 ml, NaOH solution — >

dark red-brown solution,

1l ml, dark red-brown solution 4 10 ml. Hg0 ———
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light brown solution,
5. (a) 1/2 ml., 2-nitroresorcinol solution + 1/2 ml, NalOg

solution ————» light orange solution.,

(d) 1light orange solution + 10 ml, Ho0 ——— light
orange soclution.

(e) 1light orange solution + 5 ml, NaOH solution — —»
red solution,

(f) 1 ml. red solution -+ 10 ml. Hy0 -—————a'.pale yellow
solution,

6. (b) 1/2 ml. 2-nitroresorcinol solution+ 1 ml. HpSO0,
———>= top layer orange
interface red
bottom leyer yellow
(c) on mixing ————>~ ora ge solution,
(d) orange solution + 10 ml, Hao ————- Orange solu-
tion. |
(e) orange solution + 5 ml., NaOl solution ————

dark red-brown solution.

(f) 1 ml. dark red-brown solution 4 10 ml, HBO —_——

light brown solution.

2 -Kitroresorcinol gives essentially the same test reaction
with Haﬁoz and without NaNOg. Thus the color changes may be

éaused by a reaction between the 2~-nitroresorcinol and Hg S0

4

instoad of between the 2~-nitroresorcinol and HNOE-
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83. 2,4,6-Trinitroresorcinol caﬂa(on)x(mag)ﬁ-l,a.z,i,ﬁ
(Castman wWhite Label)

The solvent for both the 2,4,6-trinitroresoreinol solu~-
tion and thé sodiun nitrite solution was adbsolute hethyl alco~
hol. The colar of the phenol solution was yellow.

1.(a,b) 1/2 ml, 2,4,6-trinitroresorcinol solution+1/2 ml.
'Hak0, solution + 1 31. ﬂgso‘ ————3=1%0p layer yellow

bottom lgyer coloriess
(¢) on mixing ——> yellow solution,

(@) yellow solution + 10 ml. aée ——> yellow, slightly
-gloudy solution.
(e} yellow solution + § ml., NaOH solution —— > yellow

solution.

(r) 1 ml, yellow solution +-}0 ml. Hac ——————> pale yellow
solution.
2 The reaction was repeated varying each of the reagents in
turn and then omitting first the NaNO, and then the H,SO,.
The color changes were always identical with those in
test 1. The color of the 2,4,8-tritroresorcinol is yellow
- in both acid and alknline‘solutipnn.

Thus, no reaction between nitrous acid and 2,4,6-trinitro-~

resorcinol app¢ars to take plnce,

54, Pyrogallol 0333(0H)3 -1,2,3
(Baker's Cryst. Reagent)
l.(a,b) 1/2 ml. pyrogallol solution + 1/2 ml. NaNO, solution
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+ 1l S0 ———> top layer brown
interface black
bo ttqn layer aolarlgu
(c) on mixing —— very dark brown.solution.

(d) very dark brown solution + 10 ml. H,0

2
brown solution. .

(e) brown solution {5 ml. NaOH solution ———> very
dark brown solution.
(f) 1 ml. very dark brown solution + 10 ml. Hzo
~—————> light brown solution.
2.(a,b) 1/2 ml. pyrogallol solution+ 1 ml, NaNO, solution
+ 1 ml. Hgso‘ ————> top layer brown |
interface black
‘bottom layer colorless
(c) on mixing ———> very dark brown solution,
(4) very dark brown solution + loim]‘.. aao —_—
brown solution.
(e) brown solution + 5 ml. NaOH solution ——> very
dark brown solut ion.
(f) 1 ml. very dark'brom solution + 10 ml. Hao
~————> light brown solution,
.3.(a,b) 1/2 ml. pyrogallol solution+ 1/4 mil. NaNOg solution
4+ 1 ml. H2804 ———> t0p layer browm
interface black
bottom layer colorless

(¢) on mixing ———> very dark brown solution.







(c)
(a)

(f)

2.{(a,b)

(e)
(d)
(e)
(f)

3.(a,b)

{c)
(d)
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4+ 1 nl. 32504 —————» top layer red-orange
interface dark red
bottom layer colorless

on mixing —————s- red solution,

red solution+ 10 ml. H 0 ——— light brown

2
solution,

light brown solution + 5 ml. NeOH solution ———
red-orange solution. |
1 al. red-orange solution + 10 ml. Hao —_—
pink solution.
1/2 ml. phlorogluein solution + 1 ml. NaNOp, solution
+ 1 mil. Hy50, —> top layer red-orange
interface dark red
bottom layer colorless
on mixing —> red solution,
red solution + 10 ml. Hzo ——> red solution.
red solution + 5 ml. NaOE solution ———> red
solution.
1l ml. red solution + 10 ml. Hzo ——> light red

solution,

1/2 ml. phloroglucin solution + 3 ml. NaNO_ solution

2
4+ 1 ml. H2804 ——> top layer orange

interface dark red

bottom 1ayer.color1ebn

on mixing ——> red-orange solution.

red-orange solution + 10 ml. nza ————— orange
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solution.

{e) orange solution + 5 ml. NaOH solution ————— red-

orange solution,

(f‘) l.ml. red-orange solution + 10 ml. nzo ————5 pale
orange solution.
4.(a,b) 1/2 ml. phloroglucin solution+ 5 ml, NaNO, solution

+ 1 ml. Hy,80, ———— top layer orange

! interface red
bottom colorless
(¢) on mixing ———»> orsaage solution.
(d) ormge solution + 10 ml, nzo ———— orange-yellow
solution.
(e) orange-yellow solution+ 5 ml, NeOH solution
———> brown solution.
(f) 1 ml. brown solution+ 10 ml. H,0 ——> yellow
~solution.
5.(a,b) 1/2 ml. phlorogluein solution+ 10 ml. NelO

4+ 1 ml. 1{250

2 solution

P top layer yello"
bottom layer colorless
(c) on mixing ——— yellow solution.
(d) yellow solution + 10 ml, H,0 ——> yellow solution
(e} yellow solution + 5 ml. NaOH solution ——» light
brown solution, -
(f) 1 ml. liéht browmn solution 4+ 10 ml. Hao ——
lizht yellow solution.

6.(a,b) 1/2 ml. phloroglucin solution + 1/4 ml. NeNOp solu-




(e)
(d)
(e)

(£)

- 7.{(=a,b)

(c)
(a)

(e)

(£)
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tion + 1 ml. HBSO —— top layer red-orange

4
interface dark red
bottom layer colbrless

on mixing ——~ red solution.

red solution 4 10 n;l.: Hzo ——— orange solution,

orange solution + & ml. NaOH solution — >

light red solution.

1l ml. lizht red solution + 10 ml. Hzo ——> very

faint pink solution.

1/2 ml. phloroglucin solution 4 1 ml, Nall0, solu-

tion 4 1/2 ml. Hy80, ——> top layer red-orange

inteiface dark red
bot tom layer colorless
on nixing ———>- Ired solution.

red solution 4 10 ml. Ho0 ——> red-orange solu-

tion.

red-orange solution + 3 nl, ila0H solution —

red solution.

-~

1 ml. red solution + 10 nl. Hg0 ——> light red

solution.

Phloroglucin gives a color test which appears to vary

with the mole ratio of phloroglucin to aNO

2° The products

with excess phloroglucin may be different then those with

- excess NaNoz a8 seen by coanparing the results in tests 5 and

6.
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56. Gallic Acid CgH,(OH)4(COCH) - 1,2,6,4
(Baker and Adamson)
The solvent for the gallic acid solution was absolute
methyl alcohol.
l1.(a,b) 1/2 ml. gallic acid solution + 1/2 ml. NaNO, solution
+ 1 ml. H2804 —— top layer light brown
interface brown
bottom layer colorless
(c) on mixing -—————> brown solution.
(d) brown solution + 10 ml. ngo 3 light brown
solution.
(e) light brown solﬁtion-+ 5 ml. NaOH solution —
light brown solution.
(f) 1 ml. light brown solution + 10 ml, H0 ——
light brown solution.
2. The test was repeated varying each of the reagents in
turn. In each case the results were identical with

those of test 1.

Gallic acid does not give a satisfactory color test.
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- ferric chloride,

On the other hand, the experimental data also reveal
that phenols containing unsaturated substituents give ei ther
a very weak color test or no color test at all. Twenty-seven
compounds of this class were investigated and this general-
ity was found to hold in every case,

From the limited experimental results, it is impossible
to arrive at any general conclusions regarding product forma-
tion. However, with a few phenols certain color variations
were noted which may offer sone 1nd1§ation of the type of
products formed.,

iwhen both resorcinol and cyclohexylphenol were treated
with nitrous acid, solutions were formed which changed on,
standing, from orange to blue-black. The rapidity with which
this change took place appeared to depend on the mole ratio
of phenol to nitrous acid. It was previously assumed that
the reaction between a phenol and nitrous acid results in
the formation of the nitrosophénol which then condenses with
excess phenol to form the indophenol. If the mole ratio of
either the resorcinol or the cyclohexylphenol to nitrous
acid was greater than one, the color change was very rapid.
If the ratio was very much less than one, however, the
change was very slow. This might indicate that the nitroso-
phenol in each case was orange and the indophenol blue-black,
If this is the situation, it also indicates that the indo-

phenol is eventually formed even when there is8 no excess of
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the phenol present, The color transition occurred, although
very slowly, even wvhen the mole ratio of phenol to nitrous
:aoid was very rmuch less than one,

ith some phenols, such as resorcinol monoacetate, the
c¢olor changes when the mole ratio of the phenol to nitrous
acid was greater than one were different from those observed
when the ratio was less than one. This appears to indicate
the formation of different products and shows that the pro-
cedure for any identification test based on the Liebermann
Reaction must include definite directions in order to insure
oconsis tent results,

The results indicating that no satisfactory color test
can be obtained with those phenols containing unsaturated
substituents are supported by the work of Tresseder and Zahnlg
and that of Spoughtanao. While developing a colorimetric
test for phenols which involved a reaction with nitrous acid,
Treseder and Zahn were unable to obtain a satisfactory test
with p~-hydroxybenzoic acid. In a somewhat similar situation
Stoughton found that no satisfactory test was obtained with
those phenols which contain carbonyl groups as substituents,

The limited results obtained by this investigator are
not sufficient to permit dny defini te conclusions as to the
mechanism of the reactions involved in this teat. However,
the overall results are consistent with caertain hypothesis,

These will be discussed in the following section.
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The Mechenism of the Reaction Between

Nitrous Acid and Phenols

It has been assumed that the reaction botunon aitrous
acid and a phenol tekes place in two steps. The tirat of
these results in the fomation of a nitrosophunol while the
second step involves condensation of the nitrosophenol uith
excess phenol to form an 1n§qphpnol.al However the work
reported in the previous section shous the} those phenols
in which the subat;tuant groups are unsaturated give very

11£tlo or no indication of any reaction with nitrous scid.,
This could indicate that either one or both of the steps
have falled to take place. Thus, a discussion of the mech-
anism of the reagction batweoh nitrous acid and phenols must

of necessity be divided into two parts.
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Part I The Nitrosation Reaction

Among the oldest of the rules for a::natic substité—
tion is the well know Brown-Gibson Rule. If X is a group
attached to a benzene ring there are two possibilities: (a)
If HX ocan be,direotiy oxidized in one step to HOX, any enter-
ing group will be directed ﬁeta; (b) 4if HX can not be oxi-
dized in this manner, any entering group will be directed
ortho and para..

The Brown~Gibson Rule was modified by Vorlander in 1902
to state that saturated substituents direct entering groups
orthozgnd paera, and that unsaturated substituents direct

meta.

24
In 1930 Hemmick and Jllingworth proposed a very practi-

cal rule as follows: JIn the compound CglgXY; if Y is in a
higher group in the periodic table than X or if, being.in
the same group, Y is of lower atomic weight than X, then
any entering atom or group of atoms will enter in the posi-
tion meta to the XY group. In all other cases, including
that in which the group XY 1n_a single dton, any entering
atom or group of atoms will enter in the positions ortho or
. para to the XY group.

According to these three rules the hydroxyl group will
direct any entering group ortho-para and the carboxyl group
- will direet any entering group nota.-~1t has been determined
that an entering group will be directed 974 to the ortho or
para positions by a single hydroxyl group and 82% to the e ta
position by a single carboxyl group on en otherwise unsub-
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25
stituted Benzene ring .  Thus it would appear that sub-

stitution of a third group into the p-hydroxybenzoic acid
molecule would occur with ease since the position ortho to
the hydroxyl group is meta to the carboxyl group., However,
when p-hydroxybenzoic acid was treated with nitrous acid,
very little indication of any reaction was noted., If the
nitroso group substitutes directly a reaction should occur,

A Recent theories concerning organic reactions consider the
activation of a molecule "to arise largely through active or
incipient electron displacements leading to the development
of a center of high or low electron density".86 Thus an
electron seeking reagent will react with an organic mole~
cule only at a center of high electron density. Pau:l.i.ng‘?.‘7
presents the following postulate: "In an aromatic molecule
undergoing substitution by the group R, the rate of substi tu-
tion of R’for hydrogen on the ith carbon atom increases with
increase in the negative charge on the ith carbon atom when
the group R“approaches it." Thus, substitution oocurs prefer-
entially on the carbon atom on which the negative charge is
the greatest,

Ilectron displacements ere brought about through the so-
called inductive effect, Atoms or groups of stoms which have
a greater electron affinity than hydrogen will cause an
electron shift towards themselves such that the electron

density at the ortho and para positions is greatly decreased

and that at the meta position slightly decreased., The net
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effeot {8 to hinder all future substi tution but any substitu-
tion which does occur will be directed to the meta}position.
Atoms or groups of atoms which tend to lose electrons will
céuse an increase in the eleotron density at the ortho and
_para positions and thus direct substitution to these posi-
tions.88

ir the inductive effect 1s the governing factor in
aromatic substitution, it would be éxpected that - F, - Cl,
- Br, - I, - OH, and - RHB would be meta directing because
each of these groups has a greater electron affinity than
hydrogen. However, it is known that these atoms or groups
of atoms are primarily ortho-pars directing. In these cases
the inductive effect is apparently overcome by the resonence
effect. In the molecule R Cgg the group R contains an un-
shared pair of electrons, these electrons resonate towards
the ortho and para positions increasing the electron densi-
ties at these positions and overcoming the inductive effect.
The exception to this occurs when the group ®k not only con-
tains an unshared pair of electrons but.also oantaina an
eléctronegative atom and a double bond conjugate with the
benzene unsaturation. In this case it can be shown that

the resonance directs substitution towards the meta posi-
29

tion.

The accepted formula for the phenol molecule is that

30
presented by Kekule: This molecule is capable of reson-
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ance between the following forms:;

T —0=0-0

In these resonance forms the ortho and para positiona be-
come centers of high electron density. If the phenol re-
action with nitrous acid is a direct substitution, substitu-
tion should occur at one of these centers:
o qH
“' "“ HONO H"' -NO
—d

H- -H H- -4
[

If the inductive and resonance effects apply to the
case of direct substitution into the p-hydroxybenzoic acid
molecule, the conclusion will be the same as that previously
stated in which it was shown that a reaction with nitrous
acid should occur readily. Since the reaction appzrently
does not take place it may not involve direct substitution,
It has been suggeatedSIthat the reaotion between nitrous
acid and phenols may involve the formation of an 1ntermed1a£e
ether followed by the nitroso group rearranging to the ring.
Reactions of this type are already known. One exariple is
the Kolbe-Schmitt Resction for the formation of salicylio

acid, Another example is the reaction between phenol and

benzenediazolc acid, lLvidence exists that this reaction
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e. :[.r, the nitrous acid ionizes:

e e oI C I
H:Q:N:Q — BH:0: + K0

3. The nitroso ion will be attracted to the phenol oxygen:

c . c -
H:G C:E ... H:C " 6:H
e N ] PR .
B:C GH @ H:C  C:H
:0: :0:
"o N
20

4. The molecule will novw rearrange with the nitroso group

and the ortho hydrogen replacing each other:

H ' H
. ¢ . R
H:C " ¢:H H:C ¢:H
H'C B: H:C _c:iiig
:0: ‘0:H
u:
0

The mechanism requires the ionization of the phenolic
hydrogen.

A similer electroniec analysis of this mechanism using
p-hydroxybenzoic scid instead of phenol would require a
6ona1dorat1_on of the resonance formulas of p-hydroxybenzoic

acid, Among these formulas are:
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.B .
:0. 20 D
e - 8.,
¢ -
H:C " o:E HC (@C:H
o.h.‘ L4
H:C _C:EH > H:C _ C:H
’ [
'-%;B :0: K
K L H
0. 0:0 0. 0.0
¢ L.
¢ . .- ©
H:C  C:E HC "¢ E
we  em T ®e | o
’ @ ‘ ’ * ..
c .C
‘0:H ‘ , 0. H
R >

In this case the electrons are shifted in such ‘a‘ manner as
t0o create a ecnio: cr.lo' electron density on the hydroxyl
- oxygen. This aids the ionization of the phenblic hydrogen,
the condition required for the farmation of the intermediate
ether as shown above with phenol. Thus, if the reaction
involves the fomation of the intermediate ether in the
1ndioafdd manner, the reaction with p-hydroxybohsoic acid
should take place. |

However, there is a different manner in which the

mechanism of the ether fomtion and the rearrangement :

might be interpreted. rhu'rguoamg is entirely that of
this writer and involves several points that run counter to
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acocepted theory. 1t is presantéd here only as an inceantive
to future investigation. The mechanism would include the
following steps:

'l. The nitrous acid in solution will ionize:

WG — H 4 @00
: {

2. VWhen the nitrous acid is piaced in solution wi th phenol,
the hydroxyl ion will be attracted to the hydroxyl side chain:

B B
.' c .0‘ '. c .o.
H:C ° C.H H:C -~ C:H
H:C C:H H:C . C:H
- c '.. * .c -
:0:H 0 H
H

3. If water now pulls away from the benzene nucleus with

sulfuric acid acting as dehydrating agent:

H H
c o
H:C  C:H H:C  C:H
s .. 50 cv e .o 4= H:,Q:
H:C c:nia——-*—> H:C C:H H
.c. .. c .o
:0:H @®
H

4. The benzene nucleus now contains a position of low
electron density which could attract the negative (0 N 0)

radical:
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H H
¢ ¢
H: C " CH .. ... H:C " Cc:H
ee o . +- ;g:a:g e cees .
H:C C:H . H:C . C:H
“ T
® 0
N:O

5. Among the resonance formulas for this compound are:

G . '
H:C  GC:H H:G  G:E
H:C _ C:H H:C §B
0t X 00 I
N -N:
0 '.Q.:

6. The ortho position of form II has become a center of

low electron density and tie hydrogen atom 18 repelled:

H H

¢ T
H.C C:H H:C C:H ®

coas .o . L .. + H

H.C §B B:C . C®

’._Q: B ¢ B

‘N: :;g:e

:0:' 20.

: C)

7. The side chain now contains several centers of high

electron density. Among its resonsnce roi-ms are:
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H H
o c c
H:C " G:H H:C  C:H
H:C ct® —  EHC ce
¢ o & "
00 IXX a 0.4 IV
H:© He
0 0
e )

8. In formm IV the slectron density in position (a) is 80
excessive that the N 0 group might rearrange to the center
of low electron density on the ring:

H H

c c .
H:C  C:H H:C C:H
oo o e e o .o .
H:C . C® H:C . CIN:IQ:

0; 0:

:i{:e .e

-0:

c)

9. The hydrogen ion, which is still in solution, will now

be attracted to the remaining center of high electron

density:
H H
¢ c
H:C  C:H H:C  C:H
SN G CJ S
H:C ‘ C:N:0 H:C . C:N:0
} - . )
0 C

:0-H
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The resonance formulas in step 5 could be continued to show
that the para position can become a center of low electron
density. In that case the rearrangement would involve the
para insteed of the ortho.position.

This mechanism is, of course, entirely hypothetical.
It does, however, offer a means by which to explain the
apparent failure of the reaction between thyﬂroxybenzoic
acid and nitrous acid.

Among the resonance formulas for p-hydroxybenzoic acid

are
.H i S
70", <0, ‘0. [0l ©
“C L.
¢ c
BC  CH HC @C:H
H:C CG:H T Hw©  C:H ' '
:Q:H :Q:H
JHO e :
0. 00 200:0:©
¢ c
H:C  C:H H:C - C:H
e o e
C g C " . oH
c .C.
:Q:H :0'H
' ®

A center ofllow electron density now exists at the hydroxyl
side chain. There are thus no excess negative charges to

attract a hydroger ion and the reaction above is stopped at
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step 2,

Using reasoning similar to tiat above it can be shown
that o-hydroxybenzoic acid should not give any appreciable
indication of a reaction with nitrous ecid.

m-Hydroxybenzoic acid also raile.d to give a significant
reaction with nitrous acid. According to the accepted orient-
ation rules this reaction may not be possible because the
carboxyl and the .hydroxyl groups in m-hydroxybenzoic acid
direct the substitution of a third group to different posi-
tions.

.If the scheme proposed by this writer is apj;lied to the
reaction between nitrous acid and m-hydroxybenzoic scid, the
following situstion exists:

Among the resonance formulas for m-hydroxybenzoic acid are:

H . H
.G o Lo e
gc c:g;__.,.H HC @ c’:.c.,.K
o em " we  on'©
P .c. ‘.‘ . ) ' c .-.

:0:H | :0:H

.Thus, it appears that the hydroxyl group is not affected
and that the proposed reaction could take place. However,
the oreation of a center of low electron density in the
molecule has an effect throughout the entire molecule. 4ll
of the remaining electrons will be more closely held and
again no eX¢€ss negative charge will exist on the hydroxyl

oxygen to which a hydrogen ion might be attracted.
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The proposed mechanism for the phenol-nitrous acid
reaction e¢an be used to explain why a satisfactory reaction
takes place between nitrous acid and ortho, meta, or para
eresol. The mecﬁaniln requires the existence of an excess
negative chargs on the hydroxyl oxygen to attract the
_hydrogen ion from the nitrous acid., Atoms or groups of
atoms that ha§e a smaller electron affinity than hydrogen
tend to lose electrons. The methyl group is one of these
and tends to push the electrons in the benzene nucleus away
from itself. - Thus any excess negative charge on the hydroxyl
oxygen will be directed away from the nucleus and mey attract’
the hydrogen ion from the nitrous acid. In this case the
reaction can proceed in the sa&e menner as was proposed with
phenol itselr,

The reasoning used to explain why the hydroxvbenzoiec
acids apparently fail to react wi th nitrous acid can be
similarly employed to explain the apparent failure of all
- phenols containing unsaturated substituents to resct with
nitrous acid. This reasoning can also be used, as was done
with the cresols, to explain why phenols containing satura-
ted substituents react with nitrous aecid,

However, since all accepted theories have been shown
to indicate that the nitroso derivative of p-hydroxybenzoic
acid should be rormed,Athe apparent failure of this phenol
to give a test may indicate that it is the second step of

the reaction between phenols and nitrous acid that may fail.
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high electron density which resulted when hydrogens (e) end
(b) left the phenol moleculs:

0:H 0.3
c . c

H G C:H H:C G
.» + se s se s e
H:G C:H H:C C:H
i . .-..c.:.
(a) H H (b)

o=a

H.'.-C. . c :H H:C C.H Hgso4

H:C C:H K:C C:H

i |
0 H (a) e
(b)

H:¢c  C:H H:C  C:H
L e .o + .o e e s :”'.
H:C C-H H:C C:H H

® =o .
0
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I0:H
c -
H'C " ¢:H
H:C _ C:H
N: 4+ -O:H
¢ H
H:C C:H
H:C C:H
N —
'.O:

This mechanism requires the presence of enough excess nega-
tive charge on the nitroso oxygen to attract the hydrogens
from the phenol molecule,

The inductive effect, disoussed previously, shows that
certain atoms or groups of atoms, substituted on a benzene
ring, will attract the electrons towards themselves and thus
decrease the activity of the molecule. The carboXyl group
is one of these, Thus, this effect would cause the m-

nitroso-p-hydroxybenzoic acid molecule to shift as indicated:

:0:H :0:H
¢ . c
A G:Nio B c:o @
H.C  c:H H:C C:H
59 "G,
0 ’ .0 0 :O:'. Q)
H B
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In this case the presence of the competing electronegative
carboxyl group effectively decreases the electronegativity
of the nitroso group. The nitroso group may not now be
sufficiently electronegative to attract the hydrogen from
the phenol molecule.

Thus, the inductive effect appears to indicate that
nitrosophenols containing atons or groups of atoms which
have a greater electron affinity than hydrogen may not con-
dense with phenols to form 1hd0phenola.

‘It can similérly be shown that atoms or groups of
atoms which tend to lose electrons would c¢ause a shift which
would result in the nitroso group becoming a center of high
electron density. In this situation the condensation would
be possible, ‘

Although the inductive-effect can be employed to ex-
plain why certain nitrosophenols might not react with phenols
to form indophenols, there are other factors which may be of
importance. Among these are steric effects and the possibil-
ity of the formation of a chelate ring in o-nitrosophenol
structures,

Thus the failure of the color test for phenols con-
teining unsaturated substituents may be due to the failure

of the condensation step.
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Conclusions

The results of this investigation permit the drawing

the following definite conclusions:

A satisfactory identification test based on the Liebef-
mann Reaction, can be developed for those phenols which
contain only aatﬁrated substi tuents,

The identification test appears to be specific for those
phenols with which 1t is satisfactory.

The procedure for any specific identification test based
on the Liebermann Reaction must be definite because of
the manner in which the coloris vary with varying con-~
centrations of the reagents,

At the sacrifice of some specificity a satisfactory test
for that class of phenols containing no unsaturated sub-
stituents can be made even simpler by relaxing the
restrictions on reagent concentration to a certain ex-
tent. iven though the color effects may vary, such
effccts always occur for compounds of this class.

A satisfactory 1dentification test ocan be developed for

some of those phenols which fail to give a satisfactory
test with ferric chloride,

. The identification test is unsatisfactory with phenols

containing unsaturated Bubs tituents,

A definite explanation of the mechanism of the x:eaotion
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between nitrous acid and phenols can not be attempted

on the basis of presently available knowledge,
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Summary
The Liebermann Reaction for the identification of
phenols was investigated.
The reaction was studied first with phencl itself and
a test procedure developed from the results,
The test was studied fur ther with fifty-five phenolie
cdmpounds, using the procedure developed with phenol
a8 a basis for this work.
The mechanism of the reaction between nitrous acid and
phenols was discussed with the aid of various accepted

theories of aromatic substitution.
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