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Introduotion

The condensation of phenols with phthalic anhydride to give
scid-base indicators is wall known. Baeyer (1) first reported the
praparation of phenolphthalein in 1871 using ooncentrated salfuric
acid as the ggtalyst. Tha successful use of stannic chloride as
the catalyst for the preparation of phenolphthalein was reported by
Basyer (2) in 1880,

Esrly reports of the sendensation of resorcinol (3), p-chloro-
phenol (4) and o=oresol (5) with phthalie anhydride have also been
made, The reaction of phexnols with cousarin (6), with diphenic acid
ankydride (7) and with suseiric anhydride (8) to form compounds
Camparable in structure to the phthaleins has bean reported,

Dass and Tewari (9) reported the preparstion of maleins of
pyrocatechol, pyrogallol, owcresol, 2-naphthol, m-smincphemcl and
phenylenediamine, Similar results were reported by Sisson (10) who
prepared several maleins and succinsine from phenols with maleie
anhydride and suceinie anhydride respectively. These had indicator

preoperties but were not pure compourxis,
Mehrotra, Tewari, and Dube (11) reported the preparation of

resorcinolesuceinein and its use as an adsorption indicator in
argentometrie titraticns, Webster and XKamstra (12) prepared end
purified phenolmalein, resorcincimaiein and p=-tramocphemnlmalein,

It sesmad of Aintermst to prepare a seriea of related phenole
maleins to see what different properties would result if the pesition
of the group (ortho, meta and para) on the phemcl ring were changed
and also if the group (chlorins, bromine and iodine) were changed,
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This problem was initiated by preparing a known product,
p-bromophenolmalein, following the procedure used by Webster and
Kamstra (12). It was thought that this would bring to light
difficulties which might be encountered in the preparation of
similar acid-base indicutors.

aration and ication of the test ¢ (p-bromophenolmalein)

A mixture of fifteen grams of maleic anlhyydrida, fifty three grams
of p~bromophencl and twemty grams of amhydrous stannic chloride was
heated to a temperature of 130-135° C for twalve hours with frequent
stirring. The reaction mixture was placed in about six hundred milli-
liters of distilled water and steam distilled for one hour to remove
any unreacted phenol.

The liquid which xs=ainsd in the flask was cooled to room
temperature, filtered and the product extracted with ether. The ether
was evaporated oan the steam bath. The solid residue was re-
crystallised from an alcohol-carbon tetrachleoride solutiom according
to the procedure reported by Webster and Kamstra (12).

The s0lid was dissolved in acetone to make a five per cent solution
and this solution was then allowed to run through a clhromatographic
column with Merck alumina as the mdsorbent., The column developed
several layers, each representing a different compound, After extruding
the column, it was found that the red colored layer at the lowsr end of
the column was the indicator compound., It was eluted from the alumina
with a ten per cent alcohol-wter sclution and filtered. Ths solution
was evaporated on the steam bath leaving the solid indiecator smmpound.
The compound was dried in a desiccator with caleium chloride as the
drying agent. The indicator compound was dark red in color.
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This solid blackened at 195-200° G but did not melt below 305° C.
The indicator compound was colorless in acid and red in basic solution.
The pH range was found to b S.3-7.2 , Webster and Kamstra (12)
reported the compound as colorleas in acid and straw colored in basis
solution and having a pH range of 8,5 -« 10.5 . Thay reported a
melting point of 188+190° C and no color for the solid compound.
Theoretical bromine for C¢H o0 Br, 37.51 per cent.
Bromine found 36,34 per cent.
Theoretical molecular weight for p-bromophenolmalein 426,07 .
Molecular weight found [18.00.

Preparation and purification of original productss
R-ghlesepheneing)ein-

A mixture of fifteen grams of maleic anhydride, forty grams of

p-chlorophenol and twenty grams of anhydrous stannic chloride was
heated to a temperature af 150-160° C for twelve hours with frequent

stirring, The reaction mixture was placed in about six hundred milli-
liters of distilled water and steam distilled for one hour to remove
any unreacted phenol,

The ligquid which remained in the flask was cooled to room
temperature, filtered and the product sxtracted with ether. The ether
was evaporated on the steam bath and the resulting solid was re-
crystallized from alcohol~-carbon tetrachloride solution according
to the procedure reported by Webster and Kamstra (12),

Te assure maximum purity, this solid was dissolwed in petroleum
ather and sllowed to run through a chromatographic columm with Merck
alumina as the adsorbent. After extruding the column, it was found

that the orange colored layer at tha lower and of the column was tha
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indicator compound. It was eluted from the alumins with ten per cant
alcohol~water solution and filtered, HNot all the adscrbed indisator
was eluted from the alumina with the alcohol-water selution eo a
dilute gmroniur hydroxide solution was used to take off the remaining
indicator, The alcohol-water solution was evaporated cn the steam
bath leaving the salid indisator compound, The alkaline solution was
made elightly aeid with dilute hydrochloriec soid and evaporated on the
steam bath, Since hydrochloric acid was added to the ammonium salt of
the indicator, some ssmomium chloride was =ixsd with the solids The
indiestor was dissolved in ether leaving the ammonium chloride
undigsolwed, The ethar solution af the indicator was evaporated on
the steam bath leaving the eolid produot,

The compound was dried in a desiceator with caleium chloride as
the drying agent, The indicator compound was a light brown colored
#o11d which blackened at 240~25° C but did not melt below 305° ¢,

The indisator compound was colorless in asid and yellow in basic
sclution, The pH rangs was found to be G4 = 8.2
Theoretical chlorine for l“ﬂm%ﬂ.' 21,03 per cent.
Chlorine found 19,98 per cent.

Theoretical molecular weight for p-chlorophenolmalein 337.15 .
Molecular weight found 332,06 .
2-shlorephenqlnalein-

A mixture of fifteen grams of maleis anniydride; forty grams aof
o=chlorophenol and twenty grams of anhydrous stannic chloride was
heated to a temperature of 145-155° C for twelve hours with frequent
stirring. The reection mixture was placed in ebout aix hundred milli-
liters of distilled water and steam distilled for one hour to remove
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any unreacted phenol,

The liquid which remained in the flask was cooled to room
temperature and filtereds The volume of the liquid was reduced by
rapid evaporation to concentrate the indicator, then cooled to allow
the solid to crystallise out of the liquide The solid was removed by
fiitration and purified by recrystalliszation from alcohol~carbon
tetrachloride solution according to the procedure reported by Webater
and Kamstra (12).

The product, a bromn colored solid was dissolved in acetone to
make a five per pent solution which was allowed to run through a
chromatographic column using Merck alumina as the adsorbent, The
column developed several layers each reprasenting a distinct campound.
After extruding the column, it was found that the dark bromn colored
layer at the lower end of the columm was the indicator compound. It
was eluted from the alumina with a dilute ammonium hydroxide solution.
The alkaline solutien of the indicator was made slightly acid with
dilute hydrochloric asid. This solution was evaporated to drynsss on
the steam bath, The solid residue sontained some smonium shloride
from ths peutralisation which was separsted from the indicator by
mixing with ether. The awnonium chloride which did not dissolve in
the ether was separated from ths solution by filtration. The ether
solution was evaporated on the steam bath leaving the solid indicator.

The compound was dried in a desiccator with caleium chloride as
the drying agent. The indicator compound was a violet colored soldd
which blackened st 210-215° C but did not melt below 305° C.

The indicator compound was yellow in acid and a yellow orange in
basic solution. The pH range was found to be L5 = 6.5 .



Theoretical chlorine for omnmq‘mz 21,03 per cant.
Chlorine found 20468 per cent.

Theoretical molecular weight for o-chlorophenolmalein 33715
lolecular weight found 336,02 .

2-clilorophenolaal ein-

A mixture of fifteen grame of maleiw anhydrids, forty grams of
m-ghlorophenol and twenty grams of anhydrous stannic ghloride was
heated to a temperature of 160-170° C for twelve hours with frequent
stirrings The reaction mixture was placed in about six hundred milli-
liters of distilled water and stesm distilled until all of the unreacted
phenol was removed,

The liquid which remained in the flask was cooled to romom
temperature, filtered and the product extracted with ether., The ether
was evaporated on the steam bath,

In order to purify the product, this @olid was dissclved in
acetone and allowed to run through a chromatographic columm with lerck
alumina as the adsorbent. After extruding the colwm, it was thought
that the orange colored layer at the lower end of the column was the
product desired. It was eluted from the alumina with a ten per sent
solution of alcohol-water and filtered, The indicator type compound
remained after the solvent was evaporated.

The product was dried in a desiceator with ealcium chloride as
the drying agente. The compound was a light orange colored solid which
blagkened at 270-275° ¢ but did not melt below 305° ¢,

A¥though 4ta general etructure is very similar to that of the
others prepared, this compound was yallow in beth acid and base and
therefore is not an indicator,



Theorstical chlorine for Cyghyq0)Cly 21.03 per sent.
Chlorine found 1475 per cent,

Theoretical molecular weight for m-chlorophenolmalein 337.15 .
Molecular weight found 272,78 .

@-bromophenolmalein—

A mixture of fifteen grams of maleie anhydride, fifty three grams
of o-bromophenol and twenty grams of anhydrous stannic chloride was
heated to a temperature of 130-110% C for twelve hours with frequent
stirrings The resction mixture was placed in sbout six hundred milii-
litera of distilled water and steam distilled for one hour to remove
any umreacted phenol.

Tke 1iquid which pemzined in the flask was cooled to room
temporature, filtered and the product extrscted with ether, The
ether extract was swyorated on the stesm bath and the resulting
s0lid was reerystallized from an aleohol~carbon tetrachloride
solution according to the procedure of Webster and Kamstra (12),

To assure maximm purity, this solid was dissolved in acetons
to make up a five per gent solution which was allowed to run through a
chromatographic cclumn with Merck alimina as the adsorbent, After
extruding the column, it was found that the bright red solored lgrer
at the lower end of the column was the indicator compound, It was
sluted from the alumina with a ten per cent alcohol-watar selution,
The indicator compound remained after the golvent was evaporated, The
product was dried in a desiccator with ealcium chloride as the drying
agent, The indicator compound was a bright red colorsd solid which
blackened at 70-75° C and melted at 89-90° C, The indicator compound
was yellow in aeid and red in basic solution with a pH range of 5.1=6.8,
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Theoretical bromine for gl o0, Bry 37451 per cente
Bromine found 36,81 per cemt.

Theoretical molecular weight for o-bromophenolmalein [426.07 .
Molecular weight found 424,20 .

e-iodopheaplunalein-

A mixture of fifteen grams of maleic anhydrids, seventy grams of
o~iodophencl and twenty grams of amhydrous stannic chloride was heated
$0 a temperature of 110-120° ¢ for twalve hours with frequent stirring.
The reaction mixture was placed in six hundred milliliters of distilled
water and heated to 70=90° ¢ for about fifteen mimutes.

The liquid which remained in the flask was eooled to room
temperature, filtered and the product exiracted with ether. The ether
was evaporated on the steam bath and the resulting solid was dissolved
in agetone to make a five per cent solution and allowed to run through
a chromatographie¢ column with Merck alumina as the adsorbent. After
extruding the column, it was found that the bright red layer at the
lower end of the column was the indieator compound., It was elutad
from the alumina with a ten per cent aleohol~water solution, The pure
indicator compound remained after the solvent was evaporateds The
o=jiodophenolmalein was a red colored solid which blackened at 85-90° ¢
and melted at 96-97° C. The indicator compound was yellow in acid end
red in basic solution with a pH range of 5.3 = 7.3 &

Theoretical iodine for G0 I, 1B481L per cent.
Iodine found  L9.68 per cent.

Theoraetical molecular weight for o-icdophenolmalein 520,08,
Molecular wedght found 528,32 .
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Determination of the tor

Two tenths gram of each indicator was dissolved in ome hundred
milliliters of distilled water and the visible range was determined
using tha Beciman pH meter. The solution was made acid with dilute
hydrochloriec acid; then dilute sodium hydruxide was added slowly
while the pH was taken from the Beckman pH meter. The range was
ehacked by adding dilute hydrochleriec acid to the now basic selution.

Kolthoff, Laitinen and others (13) believe that indicators
behave like weak acids or weak bases, the dissociated and undissociated
forms of which have different color and constitution. If the
undissociated form of the indicator has acid properties, and is
denoted by HI, its dissociation is represented by the same equation

as that of all weak acidss
—_—>gt 4 r

Acid form Basic form
has has
aecid eolor Alkalins color

Quantitatively the equilibrium is governed by

.E!Ilmﬂi = Ky
where Ky is the iondisation constant of the indicator. The celor of
the dndicator in a solution is determined by the ratio of [I-}te (1] .
Both forms of the indicator are present in the solution at any hydrogen-
ion concentration. The phrase "visual pH range" or "useful wvisual
range" comes from the fact that the eye has a limited sensitivity to
ealor, Only a certain smount of one form can be detected in the
presence of the othery so the visible solor change of the indicator
falls within certain limits of the hydrogen-ion concentration,
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If the two limits of the perceptible change are expressed in pH,
the region between the two limiting values in the interval of change
is usually designated as color-change interval, The distinct change
from the acid to the alkaline culor takee place between the twe
limiting values, which can be determined experimentally. IV should be
realiged that figures on the colore-change interval reported in the
literature have only an appruxinate characterj from the above it is
evident that the two limiting values depend more or less upon the
subjective judgment of the observer. The magnitude of the inmterval
is mot the same for all indicators because the sensitivity with which
the eye can perceive a small portion of the acid form in the presence
of the alkaline form or a small fraction of the alkaline form in the
presence of an excess of the acid form will be different for various
indigators. For indicators which shange from a colorless to a colored
form (one color indicators) the colorwchange interval is greatly
dependent upon the coneentration of the indicator,

It is proposed that about ten per cent of the alkaline form of the
indicator in the presence of the acid form can be detected as indicated

by the followingt [lliloﬁ
x P .
4 - 4 = o PH » pEy = 1
The eye observes the indicator to be completely in the alkaline
form when in reality ninety per cent of the indiasator is im the
alkaline form as indicated in the following:

s 10 = T&I PH = pEy + 1
This theory indicates that most indicators will have a pH range

of two. A truer picture of the change of alkaline to acid form or vice
versa for the indicators are indicated on graphs 1, 2, 3 and L.



TABLE 1
Titration of p-chiorophenolmalein with 0.09Y N NeOH
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Titration of o-chlerophenclmalsin with 0.0 N KacH
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TABLE III
Tiiration of m=chlorophenolmalein with 0.094 N WaOR
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TABLE IV
Titration of pebromophenolmalein with 0.0%4 N NeOH
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TABLE V
Titration of o-bremophenalmalein with 0.094 N NaOH
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TABLE VI
Titration of o-iodophenolmalein with 0.094 N Nadi

KaOH pH

=l
2,50

2 2,60
L 2,76
6 2,89
8 3,06
10 3.a
12 3.38
i %
16 3.69
17 3,78
18 3,86
19 3.94
20 1,02
ba | L1
22 Lel9
23 L.28
2k k36
25 lio kS
26 L4558
27 Le67
28 k.79
29 L.94
3 5415
30.5 5430
no »
3.5 Pt
32, N
» 9.88
33.5 3
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p—chlorophenolmalein

-~ Plate IT

o-chlorophenolmalein
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FLATE III

p~bromophenolmalein

PLATE TV
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Analysis

Determingtion of Halogen in the copounds-
The Parr Bomb procedure (16) was used to detormine the amount of

halogen in the indicater compounds,

A sample (approxe 0.1 g.) of indicator was fused with fiftcen
grams of sodium peroxide; 0,3 gram of potassium nitrate mmd 0.1 gram
of mucrose, This fusion converted orgamic halogen to inorgenic
ionizable halogen which was them preaipitated with silver nitrate and
the precipitate dried and weighed.

The fusion mixbture was placed in the cup of the bomb md a thin
sprinkling of sucrose was added to the top to insure a fusion. The
cap was screwed on the bonmb tightly and the bomb was thsm placed in
the ignition gpparatus. An electromotive foree of eight volts spplied
for fifteen seconds was used for ignition. After igniting the charge,
the bomb was cooled 40 room temperature and opemeds The melt was then
dissolved in approximately ome hundred milliliters of warm distilled
waters

The alkaline solution was made neutral by adding dilute (1:1)
nitric acid slowly with constant stirring, This solution was filtered
and washed thoroughly with warm @istdlled water, A slight exceas of
0.1l N silver nitrate was added very slowly with constant stirring,

In the determination of bromine and fodine great care was taken
to prevent the loss of firee iodine &r bromine, which may form in the
acidified solution, Ten milliliters of a four per cent solution of
hydrazine sulfate was added to the boiled alkaline solution, heating
ba:.low boiling until effervescence ceases. The soluticn was
cautiously aeidified and more hydrasine sulfate added at the neubtrsl
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point if free iodine or bromine appears. The asidified solution was
then filtered and an axgess of eilver nitrate added. The precipitate
formed was filtered using a sintered glass filter, waahed with three
hundred milliliters of distilled water, dried at 140° G for one hour,
cooled and weighed.

The pareent halogen was calculated using the fellowing general

cent hal h.of%xu.\ﬂ.ofx:log_
g — . 200 x mm

Results are found in Tables VII, VIII and IX.

formila-

Determination of ¥olecular Feight-

A method originally proposed by Rast and modified by Shriner
and Fuson (1) and Xzmm (15) was used to dstermins the molecular
weight, This was a method maldng use of the molal freesing point
lowering of camphor,

The cryvsoopic method is based upon the accurate determingtion
of the dspression of the freesing point of a knom asolvent following
the introduction of a loown weight of solute,

A suitable solvent was picked, depending on the nature of the
compound whose molecular weight was to be determined. In this case
camphor was used because of its high constant value (c). The melting
point of pure camphor was deteymined by placing a definite amount in
a test tube fitted with a thermometer and a stirrer. The test tube
was placed im a bath of hot concentrated sulfuric acid, the temperature
of which was bheld fairly constant a few dagrees sbove the expected
melting podnt.

In order to determine the value of (¢), a weighed amournt of a
known, phenolphthalein, and a meighed amount of camphor were placed



in a twenty centimeter test tube fitted with a thermometer. Five parts
of phenolphthalein to oms hundred parts of camphor by weight were used.
The test tube was then placed in the sonstant temperature bath and the
mixture was melted again and this tims an accurata determination of the
melting point was recorded. This procedure was repeated using ten parts
of phenolphthalein to ama hundred parts of camphor by weight,

With the values cbtained, the value for (c¢) was determined. This
procedure was followed for each indicator with camphor. The melting
pointe were checked at the same two oconcentrations of solute to solvent
as above. With the data obtained, and using the formuls,

Ex ¢ Xx R
where ¢ = constant for the particular solvent used.
P = the mumber of grams of the unknown per one hundred
grama of the solvent.
A u the depression of the freesing point.
N s molecular weight.
the molecular weight of the indisator was calculanted.
Discussion of Results
Webster snd Kametra (12) proposed the condensation of maleic

anhydride with p-bromopbenol to give p-bramophenolmslein as followss

L <l
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2 Wc /é
u-c—€> 2 Br - HaO
i + ¢ Do —> I + Ha
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TABLLE X
MOLECULAR WEIGHT DETERMINATION
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It seemed very likely that o-bromophenol, o-iodophenol, p-chloro-

phenol, o=-chlorophenol and m~chlerophenocl would react similarly with
maleic enhydride,
With due consideration of experimental error, the analysis for

halogen and molecular weight gave evidence in favor of such a structure

except in the case of m=chlorophencl,
The results of tha analysis fur chlorine fram this campound

differed toco widely from the thearetical valus for m=chlorophenolmalein

to give conclusive support for its preparation. It must be atated then

that either m-chlorophenolmalein was not obtained from the reaction or

it was too impure to give correct analytical results.

Equations representing the reactions for the preparation should be

as follows: o
Mhomhaleim Q

” <
He—C >o + 2 ¢ Hou — H{'_c\—é+ He0

H-c.— H-C—C%
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The colorless form in acid ssdium was observed in the cases of
p~chlorephenolmalein and p-bromophenolmalein, The others exhibited

varying degrees of yellow in acid solutions Pebromophenolmalein and
o-iodophenolmaledn exiiibited a tendency to fade in the higher alkaline
renge of pH much the same as phenolphthalein does.

The titration curves of the indicators, graphs 1, 2, 3 and L
show some interesting relationships between the ortho, meta and para
position of the halogen 4in the phenolmalein structure and the shape
of the curve, Para derivatives have the sharpest curve and sharpest
end point, ortho derivatives have a more gemeral curve, not mso sharp
an end point and the meta derivative a straight line with no color
shange in acid-base titration, Of the ortho derivatives, the iodo
gave the sharpest curve followed by the bromo and chloro derivatives
in that order. Iodo and bromo derivatives produced brighter colors
than chloro in acid and basic solution,
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The color shades through which the indicators passed in going
through the visible pH range are shown by Flates I, II, III, IV, V
and VI,

Suggestions for Further Work

The condensation products using the p-iodophenol, m=iodophenol
and m-iodophenol with malelc anhydiride would be of interest to
determine how they fit into tha picture of the halogenated phenol-
maleins.

It would be of intarest to determine hew large an anhydride
ring will react to glve ths phenoleanhydride condenssation,

It would als® be of interest to determins how large a phenol
type ring will react to give the phenol-anhydride condensation,

The condensation of ortho, mata and para nitrephenol, methyl
phencl (cresol) and smimophemol should give condemsation products
with possible indieator propsrties, It would be of interest to
see how they would compare in phywical propertiess to thoss of
the indisators reported 4in this theais,

Special consideration should he glven to the problem of
determining the optimm conditions of tims, temperature and catalyst
in these condensation reactions,

Further work should bs don# with m—ghlorophemcl to obtain a
pure product amd to determine ites propertien,

Summary

Four mew indisator-type compounds, p-chlorophenolmalein, o-chloro-
phenolmalein, o-bromophenclmalsin and o~icdophenolmslein have been
prepared, purified sand analysei and the mslecular weight determined.

P-bromophenolmalein was also prepared but seme of ite properties
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ware found to differ from those reportad by Webstar and Kamstra (12).
The premaration of m-chlorophenolmalein was attempted but the
results of the analysis indicated that the product was not sufficiently

pure for a study of its properties.
A study has been made of the pH range, color changes and
titration mirves of the six indieator type compounds mentioned above,
A1 the ortho and para derivatives which were preparsd have shown
indicator properties, The compound ebtained firrom m~chlorophenol
showed no color change in acid-base titrations,
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