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Introduction

The purpose of this study was the possible discovery

 of one or more compounds or classes of compounds which are -

easily oxidized by slight traces of oxidizing agents pro-

ducing highly colored’pioducts whose coldr.is sufficiently

in contrast with that of the mother substance so that the
change can be casily observed. In shor%, these materials

were to be used as inteihal indi¢ators in oiidation—redUCt; ‘

- ion titratioms. Particular emphasis was laid‘on»suchvmat-

erials as aré oxidized in acid solution by traces of Qichr-
omate since thefquantitétive emplqyment of this excellent
oxidizing agent has unt11 recent1y required the usé of an
external indicator. .A-few-intérﬁal-indicators are.now used
more or less successfully, but the field has hérdly been

touched. With few exceptions these indicators are diffic-

 ult to prepare and most of them are not readily soluble in

water. The color change at the eqqivalence’point in the
majority'of cases is not sharp either’because the change
extends bver a range or becausé the color of the oxidation
product is not sufficiently in contrast with the green of
the chromic solution. The piesent study has dealt entirely
with the preparation of derivatives or closely ielated homo-

logues of materials already suggested for 1ndicator use,

- We hoped that our preparations might lack in whole or in

part the undesirable characteristics listed above. We have

2 0%
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been partially successful, The unsuccessful as well as
the immediately useful'findings are ermbodlied in this thesis

so that others may profit bty both our negative and positive

results.
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History

Until rather recently the generéily accepted reagent
for determining the endpoint of ferrous-dichromate titrations
has been potagsium ferricyanide used externally. This gives
satisfactory results but its use is tedious_and cumbersome.,
Consequently the search for practicable oxidation-reduction
indicators was begun, and the findings thus far have been
fairly satisfactory.
| In 1900'Cazeneuﬁe.(l) found fhat diphenyICarbazide
CO(NHNH06H5)2-can be used in the colorimetric determination
of mercuric, mefcurous, dupric and chromate ions, The latter
can be detected by this reagent at a dilution of one part in
one million. This carbazide was used in the form of an
indicator paper by Oddo (2) for the determination of mercur-
ous ions and also in the determination of lead by precipi-
tating the lead with standard dichromate until a drop of the
solution gives a positive test for chromate with diphenyl-
carbazide paper. Brandt (3) was the first to use diphenyl
- carbazide internally in the titration of iron with dichromate.
Tﬁe first drop of the oxidizing agent produces a red color
which persists until the end of the main reaction when it
is discharged by a slight excess of dichromate. This end-
point results from the destructive oxidation of the dye.
Barneby and Wilson (&) investigated this reaction more

closely and determined the optimum conditions for the use
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of diphenylcarbazide as indicator in the titration of iron
with dichromate. The%tggat the color changes were very

sharp but the rate of adding the dichromate mmust be care-
fully controlled. This indicator, a reducing agent, is
oxidized by the dichromate and a blank determination must be
made for accurate work. Numeroué oxidizing agents give a
blue coloration with benzidine and Kolthoff (5) found that
this color appears at a definite poténtial. However, the
color chenge is not reversible and therefore benzidine is
not a satiéfactory indicator in oxidimetry. Benzidine and
some of its deri&atives were further-investigated by Feigi (6)
and he recomﬁended these for qualitative reactioﬁs,  The
ap?lication of benzidine acetate as internal indicatdr in the
titration of ferrocyaniae by dichrbmate was studied by
Sierra and Burriel (7). Haary and Rudge (&) have described
the use of benzidine and tolidine as indicators.‘

Even Hofman (9), the discoverer of diphenylamine in-
1864, knew that a solution of this amine in éoncentrated
sulfuric acid gives an intense blue coloration with a wide
variety of oxidizing agents. This fact was rediscovered by
Merz and Weith (10). Xopp (11) used this amine in the color—
imetric determinatidn of nitric acid in sulfuric acig, a
procedure modified and improved by Tellmans and Sutthoff (12)
and Smith (13). Later Tellmans used diphenylamine-sulfuric

acid for the colorimetric determination of nitrates in milk,
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Hinrichs (15) continued and confirmedkKopp“s work and found
that diphenylamine is also oxidized by vanadic acid, a dig-
covery which was applied to the colorimetric determination
of vanadium in water by Meaurio (16).
Knop (17} (192&) suggested the use of diphenylamine and

diphenylbenzidine in the titration of iron with diéhromate
" and both of these indicators hve been found to be fairly
satisfactory under most'cohditions. An acidified soluticn
of diphenylamine is oxidized by ferric salts to form a blue

.solution only after long standing, but an excess of one
drop of decinormal dichiomatg immediately produces a dark
blue coloration which completély hides the‘green‘color of
the chromic salts formed during the titration. The color

| change‘is;easily,reverSible, the addition oﬁ'ferrous salt
dispels the blue color and there is a sharp contrast as the
green due to the chromic ions then becomes apparent. EKnop
found that the yellow color resulting from a high concentra-
tion of trivalent iron interferes with the sharpness of the
endpoint; he overcame this difficulty by adding a concen-
trated sulfuric-phosphoric acid mixture. The indicatbr is
used as a 1% solution in concentrated sulfuric acid; 0.20
cc, is most satisfactory and more than 0,10 cc. gives
aberrant results. The acidity of the solution being titra-
ted may vary over a rather wide range. Knop also found

that when titrating solutions in which ferrim iron had been
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reduced by the usual stannous-mercuric chloride procedure the
color changes are noi so striking as those observed when
ferrous salts alone are present, i.e. in the zbsence of
suspendéd mercurous chloride, Since the oxidation of ferrous
salts by the oxygen of the aif is catalyzed by the presence
of copper, iow results weie obtained with samples 6f iron
ores containing this element. The presence of trivalent
arsenic increases the consumption of dichromate., The relia-
Hility of the color chanée is not impaired by high concen-
trations of ferrous salts and consequently Knop recommeﬁded
the use of this indicator when.determining'chromium in
chromium steels. |

Not much was known about the mechanism of the formation
of this blue oxidation produét; Baeyer (ls)ysuggeéted that
it was possibly due to the transient production.of_diphenyl-
hydroxylamine, at that time still unknown. This view was
later found to be incorrect. Wieland's (19) first explanation
of this reaction was that it is due to a series of oxida-
tions in which the diphenylamine is oxidized to tetraphenyl-
hydrazine which in turn gives diphenyldihydrophenazine and

(77 the latter is further oxidized  HSO3-C__CgHs
N
to a blue derivative, diphenyl- E::
,/N\ - N
[:] perazonium sulfate. /}(/

HSOB-O “CeHs
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The mechanism of the reaction was further investigated by
Kehrman and Micewicz (20) and Kehrman and Roy (21).  They
believed the first stage of the reaction is the formation

of tetraphenylhydrazine which is transformed in acid solution
into diphenylbenzidine and this then‘is oxidized into a
guinoid compound of intense blue color. They also believed
that there was an intermediate green meriquinoid compound of

some unknown condensation reaction between the benzidine and

the gquinoid compound.

Q. L

O-%.O —————-—é (j/N‘N\O B -——————5

OF0-0FO0 — O=0-0=0

Schenk, (22) in his work upon benzidine and its derivatives
which are closely related to diphenylamine considers the
colored oxidation product as a compound in which meriquinoid
linkages are active joining one mole of fhide, one mole of
the benzidine and two mols of acid. Bag—;<:>—+—<:>;i§H2
In the 1ight of Kehrman's results | H-Ne=( O
Wieland (23) abandoned his original - -

2HC1

hypothesis and accepted that of Kehrman in its essentials.
He, however, eliminated the intermediate formation of tetra-
phenylhydrazine. Marqueyrol and Muraour (24) postulated
essentially the same reaction as that of Wieland just stated

but they insisted that some intermediate compound must be
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formed between diphenylamine and diphenylbenzidine. They based
this idea on the fact that the hydrogen of the imino group is
active and alsc because acetylated diphenylamine is noﬁ‘oxid—
ized to the corresponding benzidine. In reply Wieland (25)
insisted that the para carbon is the point of attack. He
also gives a reaction mechanism for the oxidation of tertiary
‘amines. This argumenﬁtﬁill be presented somewhat later in
this thesis. In 1927, Madelung, Reiss and Herr (26).declared
that the blue compounds are not the oxidation products of the
benzidines but are due to complicated additidn p:oducts which
suffer dehydrogenation. Although diphenylamine was highly
recommended by Knop, Kolthoff and Sarver (27) found that the
endpoint is not always as sharp as Knop had asserted. The :
masking of the color change is due to the formation of a
green insoluble meriquinoid compound of unknown strucfure.
This is an intermediate oxidation product between diphenyl-

benzidine énd’diphenylbenzidine violet.

O Q=00 + O=0O-040
! Meriquinoid compound. B

These writers also state that in titrations of ferrous solut-
ions with dichromate a correction must be applied because di-
phenylbenzidine violeﬁ is never completely reduced to color-
less diphenylbenzidine but only to the green insoluble meri-
gquinoid. Recently Theilkshas given a new interpretation td

this mechanism, He agsumes that not the amines but the
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corresponding cations enter into the reaction.

Scott (29) showed that diphenylamine offers considerable
advantage as an indicator in permanganate titrations of iron.
The titrations may be made in the presence of mercurous
chloride and the endpoint is more pronounced and permanent
thaﬁ that obtained from the self-color of pérmanganate.
Further commendation of this indicator has been given by
Core (30) and Thomas (31). The Statements of Knop in regard
to the determination of small amounts of iron by means of
dichrdméte and diphenylamine Weie also confirmed by Pichler
{32) who used extremely accurate vdlumetric ap?aratus.

Mehlig (33) made a comprehensive study of the use of diphenyl-
andpe.in dichromate titrations and his verdict was favorable.
He found that the.diphenylamine giveS'aﬁvéry satisfactory
result for both high and low iron content and is éspecially
valuable in the determination of chromium in chromite.
Kolthoff (34) showed that this indicator is not specific for
the reacting ions but behaves as an oxidation-reduction ind-
icator. His evidence was derived from the following eiperi-
ment. When a small quantity of ferricyanide is added to an
acidified solution of ferrocyanide the addition of diphenyl-
amine produces no color reaction because the solution does
not have a sufficiently high oxidation potential. If now a
zinc solution is added, the ferrocyanide ions are removed,
the oxidation potential is raised and the indicator is oxidized

as evidenced by the appearance of a deep blue. A Potentio-
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metric study of the oxidation of diphenylanmine was carried
out by Watson (35). He found that the purple oxidation
color appeared at the stoichﬁ.omefﬂc endpoint and that EKnop's
arbitrary deduction of 0.05 cc. as a corrective factor is
not warrented. He has alsc shown that mercuric chloride has
an 1nhi§iting effect bn the oxidation of diphenylbenzidihec
Rolthoff and Sarver (36) in 1930 mede further studies of the
'properties of diphenylamine and diphenylbenzidine as oxidation-
reduction indicators. They showed that the rate of the color
developement is greater in the presence of hydrochloric acid.
than when sulfuric acid was present and that the rate inéreased '
with rise in temperature, They also found that diphenyl-
benzidine violet is decompoéed irreversibly by an excess of
the oxidizing agent. They measured the light absorption of
diphenylbenzidine violet, the solubility of this compound in
water, sulfuric acid, sodium chloride, and mercuric chloiide '
‘solutions, and the order of its ionization constant. Potent-
iometric experiments demonstrated that the ozidation of di-
. phenylamine to diphenylbenzidine takes place'almost stoichio-
metrically, Diphenylbénzidine can be further oxidized to
the violet color and this in turn can either be further oxid-
ized to vellow or red compounds, or it can react with unchan-
ged diphenylbenzidine to form the green merigquinoid. These
writers believe that this green compourrd is an egquimolecu-
lar complex of oxidized and unoxidized diphenylbenzidine.
Theil (28) who studied the colorimetric determination of
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diphenylamine has suggested another possible reaction mech-
anism, A critical review of the methods of determining iron
was made by Bennett and Campbell {(37). They recommended a
prodedure with permanganate followed by reduction with stan-
neus chloridé and subsequent titration‘with dichromate using
édiphenylamine as indicator.

‘Furmen (38) found diphenylamine to be a sensitive indi-
cator of the endpoint of the reaction between ferrous and
vanadic acid in which case the color change is from a deep
biue‘to a greenish shade. He applied this indicator to.the
.detérmination,of vanadium and chromium in steeis and vanadium
in ores, Willard and Young (39) also found diphenylamine .
‘and diphenylbenzidine satisfactory for‘the_titiation of van-
adic acig ﬁith ferrous sulfate. Since these indicators were
shown to be suitable for ferrous-dichiomate fitrations; these
same writers (40) extended the use of diphenylamine and di-
phenylbenzidine to the determination of iron by ceric sulfate
and found them most satisfactory. However they found these
indicators could not be used for the determination of ceriunm,
a finding that was later confirmed by Furman aﬁd Wallace (1),
These indicators were used in the oxidation of trivalent
chromium with ceric sulfate by Willard and Young (42). In
their study of cerimetry, Vanossi and Ferramola (43) state
the conditions under which diphenylamine may be used in
such titratiomns. |

Cone and Cady (ll4) investigated the possibilities of
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diphenylbenzidine in the titration of zinc with ferricyanide.
A small quantity of ferricyanide must be present. They found
that in the presence of zinc salts the diphenylbenzidine vio-
let produét is formed by the ferricyanide and is fhen reduced
by the first excess drop of ferroccyanide. The blue oxidation
product first appgars after the addition of 1-2 cc, of fe:ro-
cyanide. The color deepens during the course bf the titration
and within a few drops of the endpdint a purple color appears
which gives way at the endpoint to a pale green. A‘compar-
ison of the results obtained with diphenylamine and diphenyl-
benzidine are quite interesting. With diphenylaminevthere is
an average‘decréase}in the amount of ferrocyﬁnide used of
about:0.0B cc., for each additional drop of indicator. With
diphenylbenzidine the amount of indicator has 1ittle effect
although when twelve drops of indicator are used the sharp-
ness of the color change is diminished. Two to four drops
were recommended. An extended series of trials yielded con-
‘sistent results thus confirming the sharpness of the endpoint.
.Closer checks were obtained with diphenylbenzidine than with
uracium nitrate, the usual indicator, which must be used
externally. ZXolthoffiscontinued the work of Cone and Cady,
studied the variables involved and recommended diphenylanmine
as indicator in zinc titrations providing the analysis is
made under the conditions which he has specified. He found
that the endpoint is easily overrun if the titration is made

at room temperature. If, however, a few grams of ammonium
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sulfate is added and if the titration is begun at 60°C.,, just
before the end?oint ie reached the color changes from blue
to greenish yellow and then after’a few seconds to.blue vio-
let again. The titration is continued until the greenish
color is permanent, Later Kolthoff (46) worked out a method
for the titration of ferrocyanide with zine sulfate using this
same indicaﬁor. A further systemétic examination of the tit-
ration of zinc with ferrocyanide was made by Kolthoff and
Pearson (47). They found that élthough}the indicator corr-
ection for~diphenylamiﬁe was greater than that for diphenYI4
benzidine an& suisequent corrections for this had to be made
nevertheless diphenylamine is preferasble because the. color
change is more pronounced. |

Sarver (48) has advocated the use of diphenylamine for
‘the determination of ferrous iron in silicates. He found
that the color produced at the endpoint is frequently quite
faint but nevertheless unmistakeable. He also noficed that
is.an excess of seWeral drops of dichromate is added there
is no increase in the intensity of the color, but if one drop
of ferrous éolution is added to this overtitrated solution,
an intense blue color appears and the doubtful endpoint can
then be definitely fixed. ‘His titrations were carried out
in the presence of a hydrofluoric-sulfuric acid mixture,
The hydrogen fluoride seems to have no effect other than to
brighten the color. A new improved procedure for the deter-

mination of ferrous and ferric iron in silicates using

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

diphenylamine is described by Schollemberger (9). Poten~
tiometrically he has shown that hydrofluoric and also phos-
phdric acid increase the sharpness of the endpoint due to

a lowering of the oxidation potential,

Druce (50) has successfully used diphenylamine in
the determination of %in in the presence of phosphoric- '
sulfuric acid mixture. Saz {51) determined tin in cass- :
iterite by reducing the tin and then reoxidizing it with
dichromate in the presence of diphenylamine. ‘Someya (52)
found that diphenylamine is a suitable indicator in di-

. chromate titration of tri and quadrivalent uranium, tri-
valent titanium and hydrochloric acid sclutions of the
ferroacetates. ) |

Another interesting applicaﬁidn of diphenyiamine is
the use of diphenylamine blue as an adsorption indicator
in the volumetric determination of chloride, bﬁomide, and
silver ions in acid solution. This is due to Lang and
Messinger (53). Gillis and Cuelier (54%) used diphenyl-
amine in the volumetric determination of cobalt. This
indicator was alsoc applied in fhe oxidation of hydro-
guinone by ceric sulfate, an investigation studiesd by
Furman and Wallace (55). The éndpoin‘l;. is very sharp but
an indicator correction must be made.

The green meriquinocid compound which is formed dur-
ing a titrating involving diphenylamine and diphenyl-
benzidine has been found objectionable. Szebelledy (56)
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avoided this difficulty by using para-phenetidine, CgHSO,Ceﬁﬁ.Nﬁg
as the inside indicator for the titration of iron with di-
chromate and adding ammonium chloride to bind the ferric ions.
Weeks (57) also investigated para-phenetidine and para-ani-
sidine, CH3O.C6HM,NH2, as oxidation-reduction indicators for

' gitration of iron with dichromate, Recent study has led
Weeks (58)vto suggest bi~ortho-anisidine (NHQ;C6H3.00H3)2
as internal indicator in the dichromate method for iron. Ten
drops of 1% indicator solution are prescribed and the color
passes through brownish green to red dbrown. Although the
color changé is not sharply reversible, iron determinations
which have been overtitrated may be treated with a measured
volume of gtandard éolution and the true endpoint established
with dichromate;

Sarver and Kolthoff (59) in 1931 ,i'ecomménded diphenyi—~
amine sulfonic acid, H.N(CoHy.S03E)(CgH), as a new internal
indicator. The mechanism of its reaction is similér to that
of diphenylamine. Divalent iron has a great accelerating
effect u@on the speed of its oxidation to the reddish vio-
let diphenylﬁenzidine sulfonic acid violet. The reactions
are reversible and the accompanying color changes are more
sharp and brilliant than those observed with diphenylamine.
This is pariicularly recommended in the titration of ferrous
iron by dichromate because the intensity of the color is
so great that titrations may be made in even highly colored

gsolutions., They also determined the indicator corrections
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for diphenylamine, diphenvlbenzidine and diphenylamine sul-
fonic acid and although these values for diphenylamine and
diphenylbenzidine are smaller than those»for‘diphenylamine
sulfonic acid the latter is so obviously superior in other
respects that it 1is nevertheless recommended. It also may
be used in the presence of tungstaté, which is not_true of
the other two. A discussion of the use of oxidized diphenyl-
amin sulfonic acld and oxidized diphenylamine as indicators
for the determinatién of chromium and vanédium in steels

has been giveﬁ by Willard and Young (60).

A new series of oxidation~reduction indicators of the
tri-aryl methane»type was investigated bj Knop (61); He
used permanganate as the oxidant. Because of the striking
coioré produced by some of these indicators they are part-
fcularly appligable fo the titration of ferrousxsolutions
which are highly colored by nickel or ccbalt. Brucine,
Co3zHoeOuN2.4Ho0, has recently been advocated by Miyagi (62)

- for use in dichromate titrations. It can be used in the
titrations of iron and tin salts. The colorless sloution
becomes permanently red in the presence of excess of di-
chromate. Szebelledy and Schick (63) have recently proposed
selenium as an oxidation-reduction indicator in the det-
ermination of arsenite by bromate. Dark red colloidal sel-
enium is formed in the solution which serves as indicator.
Results by this method are sald to agree well with those

obtained by potentiometric titrations.
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Walden, Hammett, and Chapman (64) have investigated
phenanthroline ferrous iron, (C1oHg¥o)3Fe, as a new rever-
sible oxidation-reduction indicator of high potential. It
is :ecomménded as an ideal indicator because it exhibits an
intense, reversible color change and makes podsiblé a high
.degree of precision. A number of new procedures invoiving
the use of ceric sulfate with ortho-phenanthroline ferrous
couplex as indicator have béen described by ﬁillard and

— + R,
Young (65): the titration of Fe(CN)6. , TL , Sb , U
4nd hydrogen peroxide and the titration of hydrogen peroxide
or sodium nitrite. They also proposéd’(bb) a hew method for
the direct determination of chromium and vanadium'in steels
by means of a differential titration with permanganate
| using this ferrous complex as indicator. Research on the
oxidation potentials relative to each other of the ferric-
ferrous system, of the phenarnthroline indicator, and the
stages of the vanadate reduction have been measured by
Walden, Hammett and Edmondsiend the necessary conditions

for the titration of iron and vanadium have been stated.
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Experimental

The féregoing gomewhat detailed review of the properties
and characterisfics of diphenylamine and diphenylbenzidine
was made because they have”been used by numerous"workeis as
oxidation-reduction indicators. Acquaintance with their
properties was acquired by test determinations and the find-
ings compared with the results of previous investigators.
Diphenylamine is readily available since it is a commeicial
commodity but diphenylbenzidine mist be prepaLrea in the

laboratory. This preparation was accomplished by oxidizing
a sulfuric acid solution of diphenylamine with sodium di-
chromate followed by reduction with bisulfite. The authors
of this proceduie, Marqueyroi and Muraour (68),'ciaim a
60% yield but actual experience, starting with 10 grams of

| diphenylamine, showed yields much below their figure. When
recrystalliized from'toluenewés recomnended by them thevpro—
duct carried down considerable quantities of impufities.
It was much more successfully recrystaliized from boiling
benzene from which the diphenylbenzidine sepaﬁates in
beautiful flaky silvery leaflets melting at 240°., Recorded
M.P. 2420, In titrations using diphenylamine and diphenyl-
benzidine we found the endpoint with the latter to be sharper
and more distinct because the green meriquinoid form seem-
ed less noticeable. Therefore our attention was confined to

diphenylbenzidine,
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The deternination of chromium in a chromite ore using
diphenylbenzidine proved satisfactory. O0.F grams of chromium
ore of kmown chronmium content (23.23%) waswfﬁsed with}n grams.
of sodium peroxide. After treating the‘fusiggfgzth water
the iron precivitate was filtered off and the filtrate dil-
uted to 250 ce, To 50 cc. portions of this solution acidif-
ted with 15 cc. of 6N sulfuric acid, 50 cc. of standard
ferrous sulfate was added and the excess titrated.with 0.1N
dichromate in the presence of the usual fetarder mixtufe
(15 ce. phosphoric acid, demsity 1.7, 15 cc. sulfuric acid,
density 1;3&, diluted to 100 cc.). Using.diphenylbénzidine
23.21% chromium ﬁas found as compared with 23.26% chromium
using ferricyanide exterﬁally. These results show that di- |
phenylbenzidine may be conviently accurétely used for |
chromium determinations. The same chromium ore was anslyzed
by the above procedure with the modification that the iron
precipitate was not filtered off but was dissolved in sul-

.'furip acid, The object was to determine whether the presence
of rather considerable quantities of iron would have any
appreciableveffect on the indicator. Under these conditions
the detgrmination in the presence of diphenvlbenzidine gave
23.5&% chromium, in the presence of ferricyanide, 23.26%.
Therefore the presence of considerable ferric salts probably
inhibits to a slight extent the color change of diphenyl-
benzidine.

A geries of analyses was next run on an iron ore known
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to contain 59.51% iron. Various indicators were used: pot-
assium ferricyanide, diphenylbenzidine, and permanganate.
The standard stannous chloride method was followed and thé

Tesults are given below under the heading %?e.-

| Tgble I
_Titration of Iron Ore
0.1¥ 0.1N -
k%Cr§07 ‘%Mn?u Indicator = % Fe Corrected % Fe
cC cC . ©
%.99; | K;Fe(CN)g | 59.51% 59.51%
1 31.80 d.p.b. | § |
3L.78 | ] wvol.= 500cec | 59.19% | 59.15%
31.90 dop.b. | 59.37% 59.51%
31.88 | vol.= 150cc o ,
31.82 | Ko g, 10
31.86 (alon%) 0875 59. 0%
B | S |eom| wes

When 0.1lN dichromate, standardized by direct weighing, was

used to analyse this ore the Fe% found in the various trials
differed considerably, so it was decided to standardize the
dichromate and the permanganate agains? a standard iron ore.
(Bureéu of Standards #27, containing 69.2% Fe). This stand-

ardization was carried out five different times under exactly
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the szame conditions as the five analyses recorded above. The

necessary corrections were then made for the iron values of

" the standard solutions and the corrected percentages appear

in the table. Except in the analysis in which the diphenyle
benzidine was used with dichrdmate in a volume of 500cc.,
the % Fe found agrees, within experimental error, with the
true value. From these results it may be concluded that
diphenylbenzidinefougﬁt’not be used in a volume greater than
150 cc. and that the‘oxidizing_agent should be Standardized'
against a solution of known iron content and by the same
procedure. |
As has been shown by numerous workers, benzidine can
be used with very satisfactory results in the_titration‘of
ferrous iron with dichromate 5ut no record was found of
attempts to use the analogous naphthalene derivative, naph-
thidine, . Liké benzidine, this
(“Tjj ' (ti:j - may be formed by treat-
N Y i
NHo NHe ing the hydrazo compound

with dilute acids when a rearrangement occurs as with hydraszo

benzene. Naphthidine was first prepared by Nietzki and Goll (69)

and later by Cummings and Steel (70). Nietzki and Goll state
that oxidizing agents such as ferric chloride, chromic acid
or chlorine produce, with a solution of naphthidine salté, a
beautiful carmine red coloration., Because the other proper-
ties of naphthidine are similar to those of benzidine and
because of this recorded action toward oxidizing agents it

gseemed logical to expect that naphthidine would serve as an
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oxidation-reduction indicator. . It seemed to offer spécial
promise becéuse of its red oxidation product, sincé the change
from the:greeh of‘the chromic ions to the red colératidn

would be more striking and offer a greater contrast than doés_-
the change to the blue observed when benzidine is used. The
difficulty due to the green meriguinoid form’would also be_
avoided.

. Nietzki and Goll prepared naphthidine by reducing azo
naphthalene with zinc dust or with stannous chloride. The
primary reduction product, hyd;azo'naphthaléne, under the
influence of hydrochloric acid undergoes the benzidine re-
arrangement, forﬁing in part the isomeric diamino compound.
The authérs recommend the stannbus chloride reduction be-
cause it gives:a larger vield. Cummings‘and Steel prepared
the compound'by reduction of the azoxy—compoﬁnd by means'of
stannous chloride. None of these writers state the actual
vyield of naphthidine obtained.

The a-c' azoxynaphthalene used in the present study
was prepared according to'the directions of Cummings and
Steel. a-nitro-naphthalene was reduced with zinc dust in
alcoholic solution,-filtered; and the residue extracted with
alcohol. The alcoholic filtrates were kept separate from
the initial filtrate. Upon cooling the’initial filtrate a
crystalline mass of the yellow variety of a-~azoxynaphthalene
separated. The alcoholic extracts when cooled, gave a red-

dish brown precipitate which was undoubtedly the red variety
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of azoxynaphthalene. The yellow crystalline product after
being treated with warm water to remove the water soluble
impurities was extracted with alcohol and on evaporation a
reddish brown product was obtained melting a2t 121°, As the
pure compound melts at 127° the product was probably impure
red_ézoxy naphthaiene° The yellow variety couldjnot be ob-
tained pure because when recrystallized from alcohol only
the red modification was deposited. After a second recrysi-
allization the red crystals melted:at‘125°C. }Twenty grams‘
of a-nitro naphthalené yvielded fiﬁevgrams of the a azo#y-
naphthalene., Cummings and Steel do notvstate théir.yield.
One part of the a-a' azoxynaphthalene was dissolved in
15 parts of glacial acetic acid. The red solution was treat-
ed with a sfannoué chloride solution (ope part‘of stannous
vchlqride, two parts of hydrochloric acid, two parts of:water)
until the color was almost discharged. Concentrated hydro-—
chloric acid was then added and a precipitate, the hydro-
chloride of naphthidine, apveared. . The hydrochloride which
had a decided blue appearance, was recrystallized from hot
water, It was then suspended in cold water and é concentrated
solution of sodium hydroxide added. A flocculent gray white:-
precipitate, thé free base appeared. This was dissolved in
hot ethyl alcohol in which it is fairly soluble and after
corplete solution hot water ﬁas added until the solution be-
came turbid. This turbid solution was cleared by warming

and then allowed to cool slowly. As the product from this
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recryvstallization was gravish pink, attempts were made to
recrystallize:r it from benzene. This was rather difficult
because the base did not come out of solution until the sol-
vent was removed by evaporation and the»residue thus obtained
was s%ill pinkish. Methyl alcohol was then tried and this
'Seéﬁs t0 be the best recrvstallizing medium. Accordingly
the base was dissolved in hot méthyl aléohol and water care-
fully added $o the cooled solution. A silvery crystalline
precipnitate separated which was quite pure and melted at 1970.
Nietzki and Goll record 198°., The yield was 0.2 gram,
Another preparation of naphthidine was carriéd'through
the first stage but the azoxy compound was nﬁt'iecrystallized"
. but dissolved directly in glacial acetic acid and Aréduced:
with stannous ehloride solution. A large precipitate of
the hydrochloride was prédubed on freatment with concentrat ed -
- hydrochloric acid but its.appearance indicated grdss contam-
ination. The product was dissolved in water, concentrated
hydrochloric acid added in large excéss, but the precipitate
of the hydrochloride was considerably less than had been
expected from the bulk of the crude product. The purified
hydrochloride was then dissolved in water and the free base
vrecipitated by sodium hydroxide. After recrystallizing as
before from aqueous methyl alcohol the product came out in
beautiful crystalline silvery flakes melting at 198°. VYield-

of about 0.15 gram.
This small yleld of naphthidine is undoubtedly due to
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the complications which arise during the rearrangement of
the hydrazo compound. Nietzki and Goll showed that in this
rearrangement two isoﬁers are obtained, one nzphthidine I,
insoluble in ﬁydrochloric acid, and the other, which they.
called dinaphthyline II, soluble in hydrochloric acid.
Upon heating dinaphthyline, ammonia is lost and there is
formed dinaphthylcarbazol III, as shown by the structﬁral‘

1 naphthidine I
| HH - HCL O:P J\/l;/\j |
N-No .~ NHp  NEp |
C[S, OO HC1 . NHs
0 0O m K
HC1

dinaphthyline o s
I B ' II1T

‘gcheme,

Vesely (71) in his study of dinaphthylcarbazol and
Jacobsen (72) in his generﬁlxstudy of the rearrangement of
hydrazo cdmpounds found that this hydrazo compound has an
equal chance of being transformed into 0,0, dinaphthyline
rather than into the meta-para hypothetical structure II
given above, Acéording to Vesely, ammonia splits off leav-

ing dinaphthylcarbazol of structure IV,

[bme HENO:) - —

0,0, dinaphthyline

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2k

The indicator characteristics of naphthidine were in-
vestigated., Avl% sclution in concentrated sulfuric acid was
prepared. Three drops of:this added to 50 cc. of water,
gave on addition of the 0.1N dichromate a cink color which
deepened on standing. A few drops of 0.1N ferrous sulfate

| was then added and an iﬁtense.red color appeared immediately.
This showed that the oxidation of naphthidine by dichromate
is catalyzéd by the presence of ferrous iron and that this
coﬁpound might possibly be used as an indicator in the titr-
ation of ferrous solutions:with dichromate. | :

| In order to determine any possible effect upon naphth-

idine of the ferric chloride which would be produced in the
titration, 5 cc. of 0.1N ferric chloride was added to 50 cc.
of water containing ! drops of the indicator and 18 cc., of
ailute hydrochloric acid., At first a pink appeared and after
standing about three minutes the solution became deep red. |
'Consequently ferric ifon has an oxidation potential great
enough to oxidize the naphthidine. However if the ferric
chloride is added to 50 cc. of a solution contéining'ls cc.
of phosphoric—-sulfuric acid mixture and fcmr drops of ind-
icator, no color is produced because the ferric ions are
bound as complex phosphate ion. Therefore‘phosphoric-sul-
furic acid mixture is essential in the titration of ferrous
solutiohs with dichromate. Table II shows ccmparative
titrations in which ferricyanide and naphthidine were used

as indicators. Three drops of'naphthidine was added to 50 cc.

of water containing 18 cc. of dilute hydrochloric acid.
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Table IT
Comparison of Indicators
FeS0y, ' 0.1N KoCro07 (cc) - Indicator
1. 20 19.47 R3Fe(CN)g
» » 20 ) 19088
2. 20 15.90 _ naphthidine
20 19.89 : 15 cc HSPOK
g ’ o H2S80y
3. <20 19-19.50 - naphthidine
20 endpoint indefinite ‘ (alone) .é
!

A comparison of (1) and (2) shows that naphthidine may
be uéed as an indicator in quantitative work since the volume
of dichromate consumed agrees, within experimental e:ibr, w
'with the findings obtained whén ferricyanide is used. The
color change is qguite definité and.étriking; near the end-
point the red coloration appears but_this fades very rapidly
just as permanganate shows a fugitive coloration immediately
preceding attainment of the equivalen¢e point., However, the
color change at the endpoint is deep red and persists at
least 1 1/2 to 2 minutes and then gradually disappears. In
carrying out the titrations in the presence of vartous acids
and various concentrations it was found that sulfuric acid
does not work so well as does hydrochloric acid and the best
concentration is from 15-20 cc. of 6N hydrochloric acid in,
a total volume of 150-200 cc. The reaction is not sharply

reversible but if the endpoint is overrun an excess of
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standard ferrous sulfate may be added and the equivalence
point then established by adding dichromate.

The effect of mercuric and mercurous chloride upon
naphthidine was next inVestigated>fo determine whether the

| mercury chlorides whichiare always‘present when iron is

determined by the stannous chlbride method wouldvinterfere
in any way. Ten cc. of saturated mercuric chloride solution |
wag added to a2 solution coﬁﬁaining‘IBO cc, water, 2 drops
of stannous chloride, 3 drops of indicator, 18 cc. of 6X
hydrochloric acid and 20 cc, of retarder., To this was added
5 cc; of saturated mercuric chloride and a measured volume
of stahdard ferrous sulfate. The ratio of the ferrous sol-
ution to the dichromate thus obtained agreed within 0.02 cc.
with that obtained when férricyanidé was uséd as an indicator.
It was further noted that the color change from green to red
is even more definite in the presence of the mefcurj salts
than in their absence. This fact indicated that naphthidine
could be used as an indicator in.ﬁhe determination of iron
in its ores. | |

0.3 gram samples of iron ore were then analyzed accord-‘
ing to the standard stannous chloride method using as indi-
cators: potassium ferricyanide, diphenyibenzidine and naph-
thidine. The final volume in the case of the internal indi-
cators was 150 cc. which included three drops of 1% indicator
15 cc. of retarder and 18 cc. of 6N hydrochloric acid. The

results are shown in table III.
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Table-III »
Analysis of iron ore using Naphthidine

0.1N K5Crp0- (cc) Indicator % Fe
35.28 KzFe(CN)g 65.60
35.27 : . .
35,30 ‘ naphthidine | = 65,68
35.29 ,
35.30 diphenyl- 65.67
35,28 ‘ benzidine , v

These results-show excellent agreement and either of
the above internal iﬁdicators may be used with precision

in this'determination.

oH
Ortho diamido diphenetol, [f}NH 5
' o , was tried as a

possible indicator because - off its
' . S E;IN relation to
paraphenetidin which has been ﬁ

recommended by Szebelledy (56). The hydrazo compound was
preparéd and rearranged according to the method’éf Schmitt
and Hohlau (73). Using the rearranged compound as indicator
a faint color change was observed in the vicinity of the
endpoint. The green due to the chromic ion gave way to a
deeper green but no distinct and striking change could be
noted.

a naphthylamine, although used by Van Eck (74) in the
colorimetric detérmination of chromium, proved unsuitable

‘when tried as a titration indicator even in the presence of
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ferrous salts. When two drops of 0.1N dichrométe was dil-
uted to 50 cc., scidified, and two drcps of a 1% solution of
a naphthylamine.waS‘added, the solution became violet after
about ten minutes. In this case it was gulte evident that

. %he violet color produced would not be dark enough to cover
up the green of the chromic ioné, and though the time required
to develope this color is no disadvantage in colorimetric
work, this fac*or excludes the use of o naphthylamine as
an indicator. HO OH ,

- Chromotropic acid, [ij::j , another comnound
used successfully by Van ESEB(7A) igoéhe colorimetvlc det-
ermination of chromium 11kewise'proved unsuitable as a titr-
ation indicator. 1 cc. of a 1% solution of fhe‘chromotropic
acid salt (obtained commercialiy)'in a volume of 50 cc. of
water and 10 cc. of 6N hydrochloric acid gave no cclor with
four'drops df 0.1X dichrbmate even on standing. However,

10 ce. of 0.1N ferrous solution, 50 cc. water, 10 ce, of
retarder and 10 cc. of 6N hydrochloric acid, when treated
with several drops of 0,1V dichromate in the presence of
this indicator gave a beautiful cherry red whose intensity
increased as the addition of dichromate proceeded. This
showed definitely that the reaction between dichromate and
chromotropic acid is catalyzed by the presence of ferrous
iron. 8Since the dichromate may react with both the chromo-
tropic acid and the ferrous iron, these reactions probably

occur simultaneously and the colored compound resulting from
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the oxidation of the chromotropic acid seems to be stable
and is not reduced by excess ferrous iron. Koenig {(75)
states that this compound may be used in determining the
chromium content in plants by a colorimetric methqubecause
there ig undoubtedly some ferrous iron present in plant ash
and in its presence a red color is formed whose intensity
increases proportionally to the chromate presentQ |
The successful application of naphthidine and benzid-
ine logically led to the belief that a similar compound:con-
taining one naphthalene and one benéene ring might also poes-
‘ess indicator properties. Phenyl a hydrdzo naphthaléne‘and :
the correspondiﬁg diamino compouhd was prepared by isolating
the azo compound, reducing it and then rearranging it. The
azo compound waé prepared éccording fo the directioﬁs of
Bucherer and Sonnenburg (76) and then reduced to the hydrazo
compound by ammoniacal hydrogen sulfide. It was rearraﬁged

by treatment with acid. Preliminary experiments with this

- compound, ~, showed that it had indicato:

possibil-~ [ij [:j:i] ities but further study proved
]

the mater~ NH2 &He ial to Pe not suited to the re-

guirements. When attempts were made to use it 28 an indica-~-
tor, the first excess drop of dichromate produced a decided
color change from green to red but after two or three rever-
sals the Intensity of the color diminished and eventuaily

no change at all was observed. From these tests it was con~

cluded that the erratic behavior of this substance precludes

~
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its use as an indicafor in these titrations.
Because of its structnral similarity to diphenylamine
a study of dinaphthlamine was begun. It Wasveasily prepared
according to a patent (77). B naphthylamine, in alcoholic
solution was refluxed with bisulfite solution. After cooling
a white crystalline mass separated which was filtered and
washed with hot water and then extracted with hofadilute
.Thydrochlqric acid.to remove any unchanged B naphthylamine.
Then it is extracted with boiling alcohol and tﬁe 8 dinaphth-
yvliambne rémainéd as white plates. After eeciystaliization
from boiling benzene it melted at 168°. The recorded melting
point is 171°. To try its possibility as an indicator a 1%
gsolution in sulfuric acidvﬁas made and several drops of this
was used as an indicator in the tit:ation of ferrous sulfate
with dichromate. There was no evidence of color change.

It was thought that a study of meta nitro diphenylamine
might be enlightening since the possession of a nitro group
makes this compound very soluble in dilute minersl acids.
?his amine was prepared according to the directions of Gold-
berg (78). Acetylated meta nitraniline was made by following
Kaufman's (79) procedure. The stoichiometrical amount of
acetic anhydride was added to Uit grams of meta nitraniline
in 200 cc. of benzene. The solutlon became warm but after
standing for two hours the acetylated compound separated,

was filtered and dried. M.P. 1492 Yield = 55 grams.
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55 grams of this aceﬁylated meta nitraniline was condensed
with 96 grams of phenyl bromide by boiling for twelve hours
in nitrobenzene in the preéence of 22 grams of potassium
iodide. The nitrobenzene was removed by steam distillation
and 55 grams of a brown solid, acetyl meta-nitro diphenyl-
amine was obtained. This wés dissolved in alcohol and sapoﬁ-
ified by boiling for three hours with 50 grams of potassium
nydroxide., Water was then added and a brown oil separated
which later solidified. This was extroated with ether and
. evaporation of the ether left a brick red sblution of this
meta-nitro diphenylamine crystalline compound. M. P. 110°.
Recorded M.P. 112°, A 1% solution of this meta-nitro di-
phenylamine in conéentrated sulfuric acid gave no evidence
- of indicator actionL | |
A study of the next highér homologues of diphenylamine
proved 10 be much more promising. An attempt to prepare
phenyl p-toluidine was first begun according to the method
of Goldberg (78). The acetyl p-toluidin, M.P. 147°, was
prepared according to Kaufman by adding U0 grams of =acetic
anhydride to 42 grams of para-toluidin in 100 cc of benzene,
Wy grams of this acet-p-toluidin was then mixed with 25
grams of potassium carbonate and added to 360 cc. of bromo-
benzene along with 3 grams of copper bronze and 3 grams of
potassium iodide and boiled for several hours. After the
excess -0f phenyl bromide was removed by steam distillation

the brown c¢rystalline residue was recrystallized from alcochol
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and it melted at 118°. Yhe was undoubtedly the unchanged p-
acetyl toluidin and the condensation had not taken place.
Goldberg (&0) patented another method for making compounds
similar to this p-tolyl phenylamiﬁe by treating the subst-
ituted aﬁiline and phenyl bromide dissolved in nitrobenzene
with potassium hydroxide and cuprous iodide and then boil-
ing for twenty hours. Wiéland (81) in his preparation of
the ditolylamines 5oiled the acefyl_qcﬁpound of the toluidin
with bromotoluene, potassium hydroxide, copper bronze and

a few crystals of iodine in nitrobehzene. A combination of
both of these procedures was tried. Wieland's method was
followed bﬁt the unacetylaﬁed'compqund Wés taken as the
~initial reagent. 50 grams of para—toluidiﬁ,'BO grams of
bromobenzene, 23 grams of potassium hydroxide, 1.5 grams‘of
copper bronze, and a few crystals of iodine were refluxed
for twenty four hours in 200 cc. of dry nitrobenzene. After
steam distillation a tarry mass was left as residue from
.which it was impossible to isolate an& product of condensat-
ion.

It was next decided to treat ortho-acet-toluidin accord-
ing to the diiections of Goldberg to determine if the conden-
sation could be accomplished. 55 grams of the ortho;acét-
toluidin (M.P. 110°) obtained from ortho toluidin, was mixed
with 27 grams of potassium carbonafe, 180 cc. of bromobenzene
and a small amount of copper and-potassium iodides and boiled

for twenty hours. Steam distillation left a brown residue
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that was extracted wiﬁh ether and upon evaporation a compound
was left which after recrystallization melted at 110°, This
was the original ortho-acet-toluidin, These two attempts
show that under these conditions para~ and ortho- acet-tolu-
idin cannot be condensed with phenylbromide.

ﬁllman's (82) method for the preparation of the phenyl

toluidins proved more successful.

"
[ j01 + CiH,.CHz.NH [:jm;(cbﬁ&)CHB
‘coog | OB —— coon
H | H
N-CeHy .CH3 s ~N-CeHy .CH3 ‘
+ CO
E::(‘COOH - 2

The ortho chlor benzoic acid used in this syntheais'was pre—
pared as described by Graebe (83). He recrjstallized this
oithO‘chlor benzoic acid from water but this is rather diff-
icult since the solubility is 1-800. This acid may be more
conveniently purified by dissolving it in alkali and then
.reprecipitating_it with acid. M.P. = 1380, Recorded = 134°,
The ortho-, meta-, and para-tolyl anthranilic acids were
prepared by treating 12 grams of ortho-chlor benzoic acid
with 12 grams of potassium carbonate, 0.06 grams of natur
kupfer, and 48 grams of the respective toluidins and boiling
for 2-U hours. The brown mass was then boiled with dilute
hydrochloric acid to remove any untreated toluidin, filtered
the residue then dissolved in sodium carbonate and the acid

precipitated with hydrochloric acid.
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Yields: ortho-tolyl anthranilic acid = 15 grams, M,P.= 180°
recorded M.P, = 182°
para-tolyl anthranilic acid = 1& grams, M,P. 180°
recorded ¥,P. = 190°
meta—tolyl anthranilic acid,= 1l grams, M.P. = 120°
recorded M.P. = 126°
These acids were not recrystallizéd because the next decomp-
osition step does not require absolutely pure materials.
- The para-tolyl anthranilic,acid was heated fbr about
two hours to 250° and a'lively evolution of_carbén dioxide
took place. The temperature was then raised tb or above the
boiling point of para-tolvl .phenylamine = 3150.‘ This'aecomp-
osition was carried out in a small distiliingiflask and be-
cause of 1its high boiling point the para-tolyl pheﬁylamine‘
was passed directly from the éide arm of the flask into a
test tube. It soldified easily. After recrystalliéation
from dilute alcohol it melted at 85°. Recorded M.P. = &9°,
The ortho- and meta-tolyl anthranilic acids were treated in
the same way. The boiling point of the ortho-tolylﬁphenyl-
amine was 3030 while that of the meta-folyl phenylamine was
313°. The ortho and meta compounds came over as dils which
did not show any signs of solidifying until after standing
two to three weéks. However, the boiling points are a
sufficient indication of their purity.
A 1% solution of each of these compounds, ortho-, meta-

para-tolyl phenylamines, was made in concentrated sulfuric

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



35

acid and tried as indicators in the titration of ferrous
sulfate with dichromate. There was a definite change with
each of these possible indicaﬁors and back vitration was
accomplighed in all cdses. The meta and para compounds gave
a sharp change to a blue while the ortho compound gave a red
oxidation product. Unfortunately the endpdiht dhange in the
latter case is not distinct.enough to make it practical as
an indicator. A study of some of the derivatives of this
compound might prové profitable., 1In obtaining the ratio of
ferrous solution to dichromate with the meta- and para-tolyl
amines as indicators 1n‘the-presence of 50 cc. of water, 15
cc. of retarder solution,‘15 cc. of dilute hydrochlorié acid
- and three drops of indicator, there was a‘very sharp change
from the green color of the chromium sblution ﬁbla blue. h
However, when these indicaiors were‘tried with an iron ore -
it was found that mercury salts inhibited the action fo a
great'extent.v There was a change t0 a blue color but it was
by no nmeans definite and so these amines cannot be used in
the analysis of iron oregﬁby,the standard sténnous chloride
method. In the analysis¢df chromium ores, however, the fol-
lowing results show that they may be used with confidence.’
Insert Table IV,
The chromium ore was analysed by fusing a 0.5436 gram sample
with sodium peroxide. After treating the fusion residue with
water the iron oxide was filtered off and the filtrate dil-

uted to exactly 250 cc. To 50 cc, portions of this solution

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



36

Table IV

Ratio of FeSOy to.K20r207

FeSOp K5CT07 ~ Indicator
25 21.76 KzFe(CN)g
25 21.75
25 21,80 : meta-tolyl
25 21.82 phenylamine
25 " 21.85 ‘ para—tolyi
25 21.86 . _phenvlamine

Analysis of Chromite

FeSO), (ce) KpCrp0y7 (cc) Indicator % Cr
25 8.93 K3Fe(CN) 20.55
25 8.94 ? 'v6 _
25 9.02 meta~tolyl | 20,49
25 4 . 9,02 phenvliamine .

25 9.0y para-tolyl 20.52
25 9,06 phenvlamine

100cc of water, 15 cc. of dilute sulfuric acid, 25 cc. of
standard ferrous solution weré added and the excess was tit-
rated with 0.1006N dichromate. When the meta~ and para-—
tolyl amines were‘used as indicators, 15 cc. of retarder sol-
ution was added. In obtaining the ratio of ferrous sulfate
to dichromate the dichromate was added to a solution con-
taining 100 cc. of water, 18 cc. of dilute hydrochloric acid
15 ce. of retarder a2nd two drops of indicatoz,

The tolyl naphthylamines were next examined., Several

compounds of this series have been prepared but not tested
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as indicators. Friedlander (84) prepared and described
several derivatives of this type derived from o and 8 naph-
. thol. Ullmen and La Torre {&5) and Bucherer and Sevde (86)
also prepared compounds of.this type. In 191k Khoevenagel
(87) carried out similar gondensation reéctions. Thevmethod
described by Ullman for the preparation of ortho-tolyl 8
naphthylamine seemed the most simple and convenient. The
following éompounds were prepared accordihg to his procedure:
(1) para-tolyl B naphthylamine (2) ortho-tolyl B naphthyl-
amine (3) meta-tolyl o naphthylamine (%) meta-tolyl 8 naph-
thylamine., Ullman did not prepare (3) and (4)_but (4) was
prepared by Buhherer‘énd Seyde and (3) by Knoevenagel.

In this procedure the hydrochlorides of‘oxtﬁo—, meta~,
and para-toluidin were used. These were prepared by diss-
olving the appropiate toluidins in carbon tetrachloride and
passing hydrogen chloride gas throﬁgh the solution and fhe
hydrochloride precipitates. 25 grams of the respective three
hydrochlorides were heated with 28 grams of B naphthol for
5 hours. Only one derivative of a naphthol, namely the meta-
tolyl « naphthylamine was prepared. After cooliﬁg,‘the s0l-
utioné were made alkaline with sodium hyvdroxide, steam dis-
tilled and the brown oil which remained was extracted with
ether., After evaporation of the ether the residual tarry
mass was heated in a distilling fiask and the amines were
distilled over. In the case of para-tolyl B naphthylamine

a yellow oill came over which easily solidified., After
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recrystallization from alcohol it melted at 98°. Recorded M.
P. = 102°, The other éompounds: ortho-tdlyl 8 naphthylamine
meta—tolyl B8 naphthylamine, and meta~t0lyl ¢ naphthylamine
came over as oils which did not crystallize. These oils were
in an ice box for two months and finally the meta and ortho-
t0oly: naphthylamines showed signs of crystalliéation but the
‘mass as a whole did not crystallize but formed a thiéh viscous
mass. Sulfuric acid solutions of these compounds were trie d -
as igdicators in titrating fefrous_sulfate‘against dichromate.
The'ortho—,‘meta-, and para-tolyl 3 naphthylamines showed no
color change and ére‘therefore useless for the purpose in hand.
The meta-tolyl o naphthvlamine showed a slight change to a
blue-green oxidation product but it was by no means sharp or
distinct and had no possibilities as an indicator.

Thé next compounds to be tried were the ortho- and meta-
tolidins (NHg.CH;.Cbﬁu)g. They offered some promisebbecause
of their étructural similarity to cdmpounds of the benzene
type such as naphthidine énd diphenylbenzidine whose satis¥
factory indicator properties have been described above.

The starting material for the preparation of ortho tolidin

was ortho azo toluene which was prepared by the reduction

of ortho nitro toluene, using a procedure develpoed by Fry (&%),
68 grams of ortho nitro toluene was dissolved in 680 cc of
ﬁethyl alcohol and 36 grams of magnesium turnings was added.

As the magnesium was added the system had to be cooled with

ice. After the reaction was complete the excess methyl
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alcchol was dis¥illied, the residue dried, placed in a 8oxlet
and extracted with ether., The ether extracts from duplicate
- reaction miztures were combined and after condensation to a
small volume this residue was subjected to éteam distillia~
tion to remove any unchanged ortho—nitro toluene, This res-—
idue was then extracted with ether and affer evaporation 35
grams of ortho azo tbluéne remained. M.P. = 550. Recorded
#.P. = 55°. This is equivalent to a 33% yield. This azo
compound»wés_reduced and rearranged»according to Jacobsen's
(72) method by suspending 12.5 grams in 40 cc. of alcohol,
adding 23‘grams of stannous chloride and then heating;

The :ed color did hot disapvear entirely but it ﬂid'get much
lighter. After filtering, the filtrate was added to 100 cc..
of 12% hydiochloric acid and a white crystalline precipitate
of the tin double salts of ortho tolidin came down.almost
immediately. After standing twelve hours it was'filfered
the tin double salt suspended in 100 cc, of wafer, warmed and
hydrogen sulfide passed into this suspension to remove the
$in. Sulfuric acid was added to the filtrate and the ortho
t0lidin sulfate separated as a white crystalline mass. The
base was liberated by boiling with a solution of sodium
carbonate, extracted with ether, dried, and recovered from
the ether. M.P. = 126°, Recorded M.P. = 129°, This com-
ound was found to give a yellow oxidation product and it is
of no value as an oxidation-reduction indicator. |

Attempts to prepare meta azo toluene in the same way as
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was used for the ortho compound produced a product meliting
at 35-40°, while the recorded melting point of this compound
is B4°, Since meta azoxy toluene melté at 39° it seemed
likely that the reduction product was the azcxy compound,
and in fact when distilled with iron filings a red oil came
over which gradually solidified. M.P, = 50°, Undoubtedly
the azoxy compound had been produced in the original reduct-
fon and was reduced to the azo compound by this reductive |
distillation. This meta azo toluene'was reduced accofding
to the patent of Bodehstein (89): 10 grams of meta azo toluene
uwas suspended in 50"cc.vof concentrated hydrochloric acid
and one gram of potassium iodide,. The mixture turned deep
blue at first. It was kept in a water bath at 40-50° and

- sulfur dioxide passed through it for ten hours and the pre-
cipitate became creamy vellow. The entire reaction mixture

| waé then added fo water, filtered, concentrated‘hydrochloric
acid added, ané upon standing the hydrochloride of meta
tolidin, a white crystaliine compound, precipitated. This
was tried as an indicator and a;though it gives a faint red
oxidation product, which is reversible with ferrous sulfate
the color change is not very intense and the compound is
useless as an indicator.

The tetra brom derivative of meta tolidin is said to
give a red color on standing 1n'air and so an investigation
of this derivative was made. The bromination was carried
out according to the directions of Schlenk (90). 9 grams

of bromine was added to 5§ grams of the hydrochloride of
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meta tolidin suspended in‘loo cc, of concenirated hydrochloric
acid, After standing the mixture first turned vellow and
then creamy white, After filtration, the precipitate was
added to a stannous chloride solution tc remove the excess
bromine. Any unbrominated tolidin was removed by dissolving
it in boiling dilute hydrochloric acid. After recrystaliiz-
ation fromvtoluene5'the tetrabrom tolidinlmelted at 230°
which égreesiexactly with the recorded melting point. This
compound dissolves in concentrated sulfuric acid forming a
deep red solution but it does not function as a desirable
indicatdr'since it gives no evidence of 2 célor change during
a dichromate-iron titration.

| _"The'poésible effect of halogen substitution‘upon the
indicator éroperties of diphenylamine was investigated.
2,&,2‘,4‘,‘teﬁrachlor.diphenylamine CL H C1 was
prepared according to the directions Cl ¥ |\/CZI.‘ of
Chapmen (91) by passing gaseous chlorine for about two hours
into a sclution of 50 grams of diphenylamine dissolved in
250 grams of acetic acid. Recrystallized from alcohol the
product melted at 141°., Recorded M.P. = 141-142°, The
2,h,6,2',4? 6! hexachlor diphenylamine CL H Cl was
prepared by dissolving 50 grams of di- (. 1NE¥::%1
phenylamine in 250 grams of glacial acetic acid and passing
chlorine into the reaction mixture until there was a gain

in weight of fifty grams as demanded by theory. A crystalline
compound separated which after recrystallization from glacial
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acetic acid melted at 139°. Recorded H.P, = 1397,

2,4,2¢ 4t tetrabrom diphenylamine Br H Br was
T—\
prepared according to the procedure LVAB* of

Elson, Gibson and Johnson (92) by dissolving 21 grams of
diphenylamine in 300 cc., of glaclal acetic acid and heating
with reflux. 25 cc. of bromine was dropped into the boiling
gsolution. The crystals which separated on cooling, after re-
crystallization from glacial acetic acid melted at 180°, Re-
corded M.P, = 186°.

2,4 dichlor diphenylamine, described by Ullman (82), was
prepared by refluxing for eight hours 25 grams of ortho-chlor
potassium benzoate, 37.5 grams of dichlor aniline in 60 cc,

- of amyl alcohol in the presence of 0.5 grams of natur kupfer.
"‘The potassium salt of ortﬁo-chlor benzoic acid was made by
evapoiation of a just alkaline solution of the acid to dry-

ness. [::fl' NH2 _ H Cl

+ c1 ) ,
COOK > ON | (:'-01
c1 | COOK

H C1 H C1
JCa  — PO
- After heating,~the mixture was made alkaline with sodium
hydroxide and steam distilled. Water was added to the steam
distillation residue and the excess dichlor aniline removed
by filtration. The filtrate was made acid with“hydrochloric
acid and a crystalline precipitate was formed. This was re-

crystallized from glacial acetic acid. M.P. = 230°, The

recorded melting point for dichlor diphenylamine carbonic

acid is 2490, Yield = 3 grams. This acid was heated to 285°
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until the evolution of carbon dioxide ceased and the residme
was extracted with agueous ammonia %o remdve any undecomposed
acid. The residue from the ammonia extraction was boiled
with methyl alcohol and the solution treated with excess'water.
4 crystalline compound separated. Recrystallized from dilute
methyl alecohol., M.P. = 610,: Recorded melting point for di-~
chlor diphenylamine =_6Ao. Since the vield by this prepare-—
fion was very small another préparation was attempted with
several modifications to determine whether the yield could
not be increased and if the amine could be disfilledfas'ﬁas
the case ﬁith tolyl phenvlamines. The reaction consisted of
20 grams of dichlor aniline, 13 grams Of’crthp~¢hlor*potass-
ium benzoate, 20 cc. of amyl alcohol and 0.3 gram‘of_naturA
kupfer. The amount of amyl alcohol was reduced to see if
“this would have any effect upon the yield. The subseguent
treatment was the same as before. The yiled of the acid was
13 grams as compared with 3 grams in the first attempt.
This is interesting because it shows that too much amyl alco-
hol interferes with the course of the reaction., After split-
ting off the carbon dioiide by heating to 285° the amine was
distilled. B.P, = 3&30 at atmospheric pressure. After re-
crystallization from dilute methyl alcohol. M.P, = 6&.50.
All of these halogenated derivatives were tried as indicators
without success.

Marqueyrol and Muraour had criticized Wielands explana-
tion of the oxidation of diphenylamine in which he postula-
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ted that the first step consisted in the removal of one
hydrogen atom from a benzene nucleus with subsequent union
of two such residues. TWieland replied to their criticlsm
holding his ground and cited, in support of his vieﬁs; exp-
eriments he had carried out on tertiary aminés (93). In |
these compounds theie is obviously no chance for union of

the nitrogen atoms as is demanded by theory put forth by Mar-
queyrolnand Muraour. Wieland represented the oxidétioﬁ of

methyl diphenylamine as fcllows:

CHz CH3 Hz
.n.<;2 (N __§- ——
2 S0 — Q Q_bﬁso —
methyl diphenylamine ' dimethyl diphenylbenzidine
CH3‘<:> H H CHz CH3
- — X ) ==N- 0, - —N%\/‘ >
<:> SOy H <:> SOyH <:> SOuH <z>

colored quinoid form
This reaction mechanism was substantiated by Maitland and

Tucker (94).
Since salt formation with acetic acid is obviousiy in.

possible in the case of triphenylamine, Wieland stated that
the reaction in this case is best explained by addition of
oxygen or hydroxyl.
0 {oH H H OH __ .
. \'— / \ - \\ P b
e(N)-O — S 0O -6<> —s cte.

In the course of this work Wieland noted that N,N*® di-
methyl, N,N!' diphenylbenzidine gives a carmine red color with

oxidizing agents. A thorough study of this and related
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compounds proved to be profigable as well as interesting.
H
diethyl diphenylamine, <:>-u';% \ , was prepared by Wieland's

method., 50 grams of technical diphenviamine and 40 grams of
vdimethyl sulfate were heated for one hour on the water bath
and for one hour longer to 1300 on the metal bath (thermometer)
in the reaction mixture). 7.5 grams of sodium in 300 cc. éf‘
alcohol was added in order to bring all the diphenylamine in-
to reaction. This cold sodium alcoholate seemed to have no
effect upon the tarry mass on the bottom of the flaskvso‘
the reaction mixture was boiled under refl'qx‘ un$il a white
precipitéte had formed and the.blackish’material had been
transformed. The white precipitaté whigh is composed of a
mixture of éodium sulfate and methyl diphenylamine sodium
sulfonate was filtered off and treated as described below.
The alcohol was distilled from the filtrate and the residue
heated again with 40O grams of dimethyl sulfate. Thé resuit—
.ling solution was made strongly alkaline with agueous sodium
hydroxide and boiled for three hours under reflux. The re—
action mixture was then steam distilled and the methyl di-
phenylamine came over rather slowly as little drops of oil,
About two liters of distillate was extracted with ether,
dried over sodium sulfate and the ether removed by distill-
ation. The residual methyl diphenylamine boiled at 290°.
Recorded B.P. = 290-295°, The yield was 15 grams as compared
with 24 grams obtained by Wieland from the same quantity of
starting materials. The oxidation of methyl diphenylamine
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to the benzidine compound was unsuccessful when Wieland®s
directions were followed.. 12 grams of methyl diphenylamine
was treated with 150 cc. of glacial acetic aéid, 50 cc. of
absolute alcohol, and 10 cc. of concentrated sulfuric acid
and cooled to 0°, The amine was oxidized by slowly adding
with constent stirring a cooled solution of 15 grems of sod-

" ium dichromate dissolved in a little water and 50 cc. of
galcial aéetic acid. The reaction mixture turned deep red
almost black. After two minutes zinc dust was added‘in
smell portions with vigorous shaking and the réaction mixture
turned greenish brown. The suspended solids were transfered
to a filter and waghed with watei and alcohol, After thor-
ough drying, this solid was extracted with ether in a sbxlet.
The ether yielded on evaporation a tarry residue from which
we found 1f impossible to isolate the benzidine compouﬁd°

' A further attempt to oxidize‘methyl diphenylamine re-
quired the preparation of more of the amine. The procedure
of Wieland described above, was followed up to the point
where a second 40 gram portion of dimethyl sulfate was added.b
This étep was omitted, After distilling off the ethyl alcé—
hol the mixture was made alkaline with sodium hvdroxide and
steam distilled. 15 grams of methyl diphenylamine was‘ob-

- tained so that the second treatment with methyl sulfate may
be evidently omitted. The oxidation of the amine was suc-
cessfully accomplished by the following directions of Mait-
land and Tucker (94). 15 grams of methyl diphenylamine was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



u7

dissolved in 210 cc. of cold dilute sulfuric acid (60 cc. of
concentrated sulfuric acid and 150 cc. of water). A pale
vellow solution resulted. i grams of scdium dichromate,
dissolved in 30 cc. of water, was added drop by drop with
shaking. A purple color appeared immediately and remained
during the addition of the dichromate. Solid sodium sulfite
was then added, the purple color discharged and‘gaVe way to
a gréen, The precipitate was filtered off, dried and extract-
ed in a soxlet with benzene; The beﬁzene golution deposited
cream colored platelets. Portions of these were recrystalli-
zed from acetone, amyl alcohol, and benzene. The highest
melting point = 165° was obtained after the benzidine was re-
erystallized thrée times from amyl alcohol and then washed
with ether. Wieland :ecords a melting point = 1710. This
dimethyl diphénylbenzidine gives a pink cdlor,du:ing a ferrous
dichromate titration but it cannot be used as a titration
indicator because the color of the oxidation product ié not
sufficiently intense and the color change is not sharply re-
versible. |
Wieland had observed that the sulfonated methyl diphenyl-
amine gives an intense color with oxidizing agents and as the
sodium salt of this acid is obtained as a by-product when
methyl diphenylamine is prepared as described above, the pre-
cipitfate formed by the action of the sodium alcoholate was
studied as this precipitate consists of a mixture of sodium

sulfate and the desired sodium salt., The precipitate was
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dried and refluxed with ether to remove any diphenyiamine or
methyl diphenylamine. The extracted salt mixture was diss-
olved in water and 20% sédium hy&roxide added until precipit-
ation began. Mother of Pearl like crystals formed slowly and
their guantity continued to increase for some time., After
standing twelve hours the precipitate was filtered off and
washed with alcohcl.  The crystals were again dissolved in
‘water and the precipitation and washing repeatéd. The sodium
content of the precipitate was determined‘as sulfate bj the
following procedﬁre. 0.3-C.h4 gram sample was heaﬁéd to carb-
cnization in a platinum crucible, a few crystals of ammonium
sulfate (zui analyse) was added, followed by a few drops of
water and the contents of the érucible ignitedvcautiouslyea
After final strong heating the scdium sulfate was weighed.

% N¥a found = 8.22%. Calculated % Na for Cy3H;pNSO3Na = 8.07% Na.
Therefore this compound is methyl diphenvliamine sodium sui-
fonate.

Preliminary trials Seemed to indicate that this salt had
distinct possibilities.” When ferrous sulfate was titrated -
with dichromate in the presence of two drops of a 1% solution
of the salt and 15 cc. of retarder solution, the total vol-
une being 100 cc.,, a slight excess of dichromate produced a
beautiful strawberry red which was dispelléd by an excess of
ferrous solution.‘ The addition of mercuric chloride to a
solution containing this sodium salt did not interfere with
these color changes. However, closer study disclosed the
uselessnegss of this compound as an internal oxidation-reduct-

ion indicator because it shows at the equivalence point no
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sharp color change., It exhibits a series of intermediate
colors which impart a straw color to the solution befeore a
definite red is obtained,

Since dimethyl diphenylbenzidine and methyl diphenylamiﬁe
‘godium sulfonate give colored products with oxidizing agents
3t was decided fovinvestigate the next higher homologues con-
centrating particularly on fhe sulfonated salts. In the prep-
aration of methyl diphenylamine by Wieland's process it was
found that the addition of a second portion of methjl sulfate
was superfluous and so this omission was made in carrying out
the procedure described on‘page 16 during an attempt to pre-
rare ethyl diphenylamine; The final product ﬁas undéubtedly
diphenylamine because the oily diétillate solidified immedi-
ately and gave a blue coloration with dichromaté. 'Gibson and
Vining (95) report ethyl diphenylamine to be an oil, B.P, =
‘292-2950. The'diphenylamine had not reacted and the additio-~
nal portion of ethyl sulfate is necessary in pieparing-the‘
ethyl diphenvlamine by Wieland's method and another prepara—}
tion which included the second addition of ethyl sulfate was
’in fact successful. 100 grams of diphenylamine, 100 grams of
ethyl sulfate, and}15 grams of sodium dissolved in 400 cc. of
alcohbl, as reagents, produced 4O grams of a pale yellow oil
(B.P. = 292-296°) i.e. ethyl diphenylamine.

Gibson and Vining had alsc prepared this amine, and a
run was made using their directions in order to compare the

relative merits of the two procedures. 34 grams of diphenyl-
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amine, 46 grams of ethyl sulfate and 75 cc. of benzene were
refluxed for siz hours. Two similar reaction mixtures were‘
‘statted that differed only in that toluenevan& Xylene were
used ingtead of benzene as the solvent. Theée were first
heated on the water bath for two hours and then refluxed for
four hours. The sclvents were removed by steam distillation.
After cooling an excess of aqueous sodium_hydroxide was added
to the steam distillation residues and then refluxed for 30
minutes. On ¢ooling a crystalline compound settled out in
each case. The solﬁtions were then warmed to 50© and extract-
'éd with benzene. ?he benzene layers_were washed and 2llowed .
to stand over night in contact with 50 ce. of’cqncentrated
hydrochloric acid. lTheahydrochidride of the unreacted di-
phenylamine précipitatéd énd was Tremoved by filtration. Ther
filtrate, composed of benzene solution and concentrated hydro-
chloric, was made slkaline with sodium hydroxide and the ben-
zene layer separated and dried over sodium sulfate. The ben-
zene was then distilled off and the fraction boiling at 292-
2960 was collected. The weight of ethyl diphenylamine ffom
each reaction mixture was: I (benzéne) = L.,5 grams, II (tolu -
ene) = 0 grams, III (xylene) = 11 grams. This procedure using
¥ylene as a solvent is therefore recommended in preference to
Wieland's process., The absence of ethyl diphenylamine in

case II is striking and only lack of time prevented a‘repetita
ion to establish the validity of this finding.

As diethyl dipheynlbenzidine has never been prepared an
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attempt was made to do so using the procedure employed for
the preparation df dimethyl diphenylbenzidine. Oniy a2 tar
was obtained from which it was impossible to isolate any
definite product. ‘

| The salt precipitate resulting from theAtreatment with
sodium alcoholate of a reaction mixture in which ethyl sul-
7 . o . Proteduns’
fate and diphenylamine were carried through Wielandfsﬁand pre-—
sumably consisting of sodium sulfate and the ethyl diphenyl-
amiﬁe sodium sulfonéte was washed with ether. To Temove any
diphenylamine water was added to the residual solid and since
it d4id not all dissolve the suspension was then warmed and |
filtered. An 0il appeared in the filtrate and solidified
on cooling. This was found to be diphenylamine'so the solut- -
ion was extracted with ether. The agueous layer was separatéd
and treated with excess sodium hydroxide which, by common ion
effect, ought to cause the sodium salt of the sulfoﬁated com-
pound to precipitate as was the case in the methyl derivative,
After three days a white crystalline compound appeared and
when this was tried as an indicator with ferrous sulfate and
dichromate it showed excellent promise of being practicable.
This compound which was thought to be ethyl diphenvlamine
sodium sulfonate was fiitered and attempts were made to purify
it for analysis. The first sodium determination was made
after two recrystallizations from amyl alcohol, the adhering
gsolvent being removed by washing with ether. % Na found = £.37.

Further recrystallization from ethvl alcohol from whose satur-
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ated solution the salt precipitated rather slowly gave a
material containing g.12% Na. 4 Kjeldahl determination show-
ed 3.60% nitrogen. Calculation gives for ethyl diphenylamine
sodium sulfonate: 7.69% Na and 4.068% N. - Since our‘analyses
did not coincide with these values an attempt was made to
‘prepare more of the compound but without avail, ‘This failure
will be discussed later. |
Although the compositibn~of the salt had not been rec-
ognizably established a 1% aquebus solution was prepared and
a series of titrations was run to determine whether this
compound had suitable indicator properties. The ratio of
ferrous solution to dichromate as found under varying cond-

itions is given in Table V.

| Table ¥
FeSOu {cc) K20r207 (cec) . Conditions

20 17.85 Kzfe(CN), as Indicator
20 17.88 180 co Ho0

15 cc dilute ECL
20 - 17.95 1 drop of indicator solu,
20 17.95 15 cc dilute HCL

75 ce. HS0

15 cc. retarder

In the case of the internal indicator the endpoint was very
sharp and unmistakable, the cclor changing from the green of
the chromic ions to the purple color of the oxidized indicator.
The endpoint is very evident even when one drop of a 1% sol-

ution is used in a final volume of 40O cc.
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In the next series of titrations mercuric,‘mercurous,
and stannic ions were introduced to determine whether they
would interfere with the indicator action of the compound.
100 cc. of water, 15 cc. of dilute hydrochloric acid, (omitted
‘when ferricyesnide was used) and 5 cc. of saturated mercuric
chioride ﬁere placed in a 250 cc. beake:. Into\this‘waé rins
sed 20 cc. of approximately 0.1N ferric chloride which had
xbeen decolorized by stannous chloride and which contained 10
cc. of concentrated hydrochloric acid. The solutions were

titrated without delay and the results are given in Table VI.

Table VI
FeCl; (cc) KgCr07 (cc) Conditions
20 19.20  EzFe(CN)p
20 19.21
20 : 19.28 1 drop of int-
20 19.2 ernal indicator

In this series of titrations it was noticed that the
intensity of the purple color was lessened by the presence
of the mercury and tin salts. Howevér, the change is still
unmistakable and the endpoint»sharp, and check results are
easily obtained as shown above., Tests were also made to de-
termine whether it was the mercuric, mercurous, stannous, or
stannic salts which caused this slight decrease in color
intensity. Mercuric, stannous and stannic salts caused little
if any diminution in the color intensity but mercurous chlor-

ide produced marked fading. There is a constant indicator
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error of about 0.08 cc. of dichromate but later analvses show-

ed that when the dichromate is standardized with the atd’of
this indicator and the figures thus obtained used in the sub-

sequent analyses, the errors arising from the indicator are

eliminated.

A series of iron ore analyses was run using the new com—}'

. pound as indicator and comparing the values obtalned with

those found-when ferricyanide wasvused. The iron walues of
fhe dichromate using the external indicator was obtained

from a standard iron ore from the Bureau of Standards (#27
containing 69.2% Fe). |

» The ores were analySéd by treating a 0.3 gram sample

in a 100 cc. beaker with 15 cc. of concemtrated hydrochloric
acid and 3 cc. of stannous chléride and warming tovdecoﬁpése

the ore, If the solution became’permanently yellow it was
decolorized with stannous chloride. The reduced sdlu%ion

was then rinsed into a 250 cc. beaker containing 100 cc. of
water and 5§ cc., of saturated mercuric chloride. W%When the -
‘internal indicator was used one drop of a 1% solutioh was used
and also 15 cc. of retarder solution. The results are given

in Tables VII, VIII, and IX.

Table VII
Iron vaiue from Standard Ore
Indicator E,Cr20- (cc) Fe value
K Fe(CN)q 36.98 0.005611
3 37 .00
Internal 37.06 0.005601
indicator _37.08
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Table VIII
Analvsis'of iron ore {a) ’ -
Indicator EsCrp07 {cc) % Fe
X;Fe(CN)g | 35.25 66.00
35.30 ‘
Internal 35,35 - 66.04
indicator 35,40

Table IX _ Analysis of Ore (b)

Indicator o EsCrp07 {cc) % Fe

K}Fe(CN)6 v 31.10 - 58,19 -
- Internal 31.20 S Bg.2b
L indicator 31,19 '

From these results we may'conclude that this new indicator may -
be practically used in iron determinations by the stannous
chloride method with great'accuracy. The optimum volume of
the solution being titrated is about 200 cc.

This new compound was used as an iﬁdicator in the det-
ermination of chromium in chromite with excellent results.
The endpoint was eiceedingly sharp and unmistakable. One
droo of a 1% aqueous indicator solution is sufficient for a
total optimum volume of 200-300 cc. In the first comparative
geries of chromium determinations an ore was analysed by the
usual sodium peroxide procedure using ferricyanide and the
internal indicator in the final titrations. The 50 cec.

aliquot titrated was diluted with 200 cc. of water contain-
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ing 15 cc. of dilute hydrochloric acid, 15 cc. of retarder

solution and 25 cc. of ferrogs solution, and the added excess

ferrous iron immediately titrated with dichromate. The ratio

of ferrous and dichromate solutions had previously been det-

ermined in the presence of each indicator.

Table X
Ratio of FeSO) to KgCrp0y
FeSO, | EpCr,0y Indicator * @onditions
25 22,11 K5Fe(CH)g 100cc HoO
25 22,13 ' 15 cec dil HC1L
25 22.16 Internal 100 cc Ho0
25 22,18 indicator 15 cc d4il HC1
: 15 cc retard.
Table XI
Analysis of Ore (623)
KpGra0, Indicator % Cr
9.68 K5¥e(CN)g 21.57
9.67 ' . |
9.72 Internal 21,57
S.73% indicator

Another series of comparative analyses was run on this

chromium ore with a slight change in procedure.

The samples

were fused in the same way but after the fusion mass was dig-

integrated with water, concentrated hydrochloric acid was

added in sufficient quantity to dissolve the hydrated ferric
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oxide. The solution was warmed slightly so that too large
an excess of acid was not required, ‘This acid solution was
then made up to 250 cc. and aliquots taken for analysis.

The idea leading %o thig modification was fto determine
whether an excess of ferric chloride interferes with the ind-

icator action.

Table XII
Ratio FeS0) %o K5Crp0y
FesOy (ce) | KyCT0, I Indicator
25 22,02 E3Fe(CN)g
25 ’ 22.01
25 22,08 - Internal
25 22,08 indicator
Table XITI
Analysis of Chrome Ore
KpCro07 Indicator | % or
%.65 K, Fe(CN) 21,4
5.6k > °
9.72 Internal 21.blh
9.70 indicator

The above data shows that excellent agreement may be
obtained between the external and internal indicator. It
also shows that the hyvdrated ferric oxide may be dissolved

without interfering with the action of the indicator.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



58

Since the coler changes exhibited by this new indicator
are sharply revergible, ratics were run betﬁeén ferrocus and
dichromate solutions by adding the indicator to a dichromaten
golution and then titrating with ferrous solution. In order
to get approximately the same conditions as would be present
in a>chrome ore aﬁalysis‘the following procedure was followed,
To a measured volume of dichromate was -added 3.5 cc. of ferric
chloride, 1.5 grams of sodium peroxide, fhe solution boiled
the iron precipitate dissolved in hydrochloric acid, the
solution diluted to 200 cc, 15 mc of retarder solutibn added
and then titrated with ferrous solution. A very sharp end-
pdint wase obtalned and this ratio‘agréed with the ratio taken
when ferrous solution was titrated with diohromate. However,
some preCaﬁtions were necessary. The purple color of the éx-
idized indicator does not develope in the presence of a large
excess of dichromate but as the ferrous sclution is slowly
added the purple color appears and becomes rather pronounced
several cc., before the endpoint andAdisappears sharply when
the equivalence'point is reached; It is better %o delaj the

~addition of the 1ndicator until the endpoint is neared as
can be qualitatively'detected by the diminution of the orange
color of the solution. The final change from the purple color
to the green of the cﬁromic ions is very sharp. Another ser-
ies of ratios was taken between the dichromate and ferrous
solution with the difference that the ferric oxide precipi-

tate was filtered off. The ratio was the same as that
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obtained in the preceding series.

4 chromium ore was then run using this direct method of
titration with ferrous sulfate, A 0.1 gram sample was fused
with 2 grams of sodium peroxide, the fusion residue treated
with 100 cc, of water and boiled to decompose any peroxide.
After cooling, the hydrated ferric oxide was dissolved in
concentrated hydrochloric acid. 15 cc. of retarder was added
the solution diluted to 250 cc. and titrated with ferrous. |
sulfate in the presence of one drop of 1% indicator solution .
% Cr found = 31.92%. When the ferric precipitate was removed
by filtration the % Cr. = 32.23%3., The chromium content of
this ore as determined by the standard‘procedure.wag»found to
be 32.10% Cr. The usual method involves addition of excess
ferrous solution and back titration and establishment of
exact ratios betweén these solutions. Therefore this sim-
plified procedure seems worthy of further study.‘

Since thié'ihdicator werked so well a reaction mixture
was established for the preparation of more of this compound.A
The directions which have been described earlier were followed
but although numerous attempts have been made to repeat this
preparation none have proved successful., . A salt precipitate
is obtained which gives slight indicetor action but it is by
nd means satisfactory. All tﬁe products obtained subsequent
to the first preparation give a red oxidation product but
its developement during a titration is accompanied by a yellow

-red intermediate stage which is objectipnable. Possibly
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this difference in products may be due to the fact tbat'in

the first preparation an old 1of of ethyl sulfate was used arnd
this may have contained some maferial which served to catalyse
that parﬁicular reaction and to direct the sulfonation along
a particular line, the reaction taking a course which has
never again been duplicated. This is the only‘explanation

' that can be offered at tﬁis time, |

 gince the idémtity of the compound prepared in the init-

ial reaction could not'be determined an analysis of the prep-
aration obtained cocsiétently in the subsequent attempts was
made. The product was prepared by treating 100 grams of di-
vhenylamine, 100 grams of ethyl sulfate on the water bath for
two hours‘and then for two hours longer on the metal bath at

- 130°. The reaction mixture was then refluxed with a s&lution
of sodium ethylate obtained by dissolving 15 grams of sodium
in 400 cc. of alcohol. The white salt precipitate was filter-
ed off, dissolved in water, the solufion filtered and then
extracted with ether. Air was blown through the solution to
remove the ether and about 50 éc. of saturated sodium hydrox-
ide éolution was added. After standing over night‘the white
salt precipitate composed of sodium sulfate and the sulfona-
ted compound was filtered and dried. Various methods of
separating the sulfonated compound from the sodium sulfate
were tried. Alcohol dissolves the sulfonated compound but

it is recovered from the alcoholic solution with great diff-

iculty. Fipally it was found that the best way to obtain the
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sulfonate compound free from sulfate was by fractional cry-
stallization from water, the sulfonated compound being the
less soluble. This sﬁlfonated.compound was repeatedly re—
crystallized from water until 1t was free from alkali énd
sulfate. It was analysed after beiﬁg dried over phosphorus
pentoxide and heated at 110° to constant weight. The % Na

found = 7.66, 7.59, 7.73. Average % Na = 7.66. This anal-
, ethvl

CoH
<:>—N-<?>(803Na) ,
' . , which

gives a calculated % Na = 7.69. This compound as has been

vsis corresponds to the formula

diphenylamine sodium sulfonate,

stated is not the same as the product obtained from the first
preparation, differing not only in indicator.action, but also
in sodium content.; Although the analytical data on the orig-
inal indicator are not so 1nforming as they might be it is
believed that the compound is in all likelihood, an isomer
of ethyl diphenylamine sodium sulfonate prépared in the latter
Tuns. |

The next attempts were directed towzard the possible pre-
paration of the original ethvl diphenylamine sodium sulfonate
by the direct stlfonation of ethyl diphenylamine. The direct-
ions of Gibson and Vining (95) for the sulfonation of methyl
diphenylamine were followed. These authors stated that they
got no evidence of the formation of a sulfonated compound
when they used ethyl sulfate in place of methyl sulfate., This
is not true, and as will be shown later ethyl diphenylamine

sodium sulfonate can be prepared by this procedure. 27 grams
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of ethyl diphenylamine and 20 grams of ethyl sulfate were heat-
ed on the water bath for twelve hours. After refluxing for
two hours with aqueous sodium hydroxide the mixture was extr—
acted with benzene'at 50°. Saturated sodium hydroxide was
added to the agueous solufion ﬁntil the precipitation began.
After standing over night the white crystalline precipitate
w&é_filtered and driéd.h It was expected that it would contain
the sulfonated compound and sodium sulfate. The mixture was
extracted several times with alcohol to dissolve out the sul-
fonated compound and the alcoholic solution was then evapora-
ted to dryness. Thé residue was then recrystallized from alc-
ohol. The difficulty‘of‘securing,the material free from sul-
fate andlalkali entailed such serious 1osses.that another prep-
aration was necessary to procure materiallsufficiently puré
for analysis. A 1% aqueous solution of this admittedly con-
taminated product was tried as an indicator. It gives a rose
oxidation product with a slight excess of didhromate and is
much more satisfactory tharn the ethyl diphenvlamine sodium
sulfonate prepared according to Wieland's process, The laﬁter
gives a red oxidation product but in the present -case during
a titration there is no intermediate color change such as is
observed with preparations obtained in the laﬁer duplications
of Wieland's procedure.

Ratios between ferrous solutions and dichromate showed
that the indicator error may be considered as *.0l0Occ. Chrom-

ium analyses were run using this indicator and the following
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data show that it gives reliable results.

Table XIV

Batic of FeSOy to KpCrply

FeS0y, K5Cro07 Indicator : Conditions

20 16.05 Internal 50 cc HyO |
20 16.03% - Indicator 30 cc retarder

20 16.08 15 cc dil HC1

1 drop of indicator

20 15.95 - KzPE(CN)g | 100 cc Ho0

20 15.96 15 cc dil HC1 .

Table XV
Anzglysis of Chrome Ore
FeSOy, K5Cr507 Indicator Conditions % Cr
25.00 7.02 " Internal 50 cc H O 1 22.50
25.00 7.03 indicator 30 cc rétarder '
15 cc dil HC1

25.00 6.92 RKsFe(Cl)g | 100 cc Hpo

25.00 6.95 15 cec dil HC1 22.49

Another preparation of this product frdm'the direct sul-
fonation of the tertiary amine was begun. 31 grams of ethyl
diphenylamine and 24 grams of ethyl sulfate formed the init-
ial reagents. The procedure was that described above but
the salt precivpitate was handled differently. Instead of
extracting with alcohol the salt was recrystallized firom
water as was done with the product from Wieland's preparat-

tion. It was dried over phosphorus pentoxide and heated
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to'constant weight in the oven and then analysed. The sodium
content is 7.48% and shows that this product is the ethyl di-
phenylamine sodium sulfonate and is identical with the pro-
duct obtained from Wieland's process. Thelr indicator action
ig 2like, both giving a red color with excess dichromate but
this is preceded by a sgeries of intermediate color changes
. waich makes the-material useless as an indicator..-

These results indicate that by direct sulfonation of
ethyl diphenylamine there ‘is probably formed a mixture 6f
isomers. In the first preparation the extraction of the
salt mixture with alcohol removed one of the 1some:s which
does function as a practicable indicator in chromium analyses.
As yet not enough of thisvisomer has beeﬁ obtained suffici-
ently pure. In the second preparation of this product by

- direct sulfonation of ethyl diphenylamine fhe recrystalliza-
tion from water yleldsd a compound whose analysis correspon- |
ded to ethyl diphenylamine sodium sulfonate but which is

not acceptable as an indicator.
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Summary

(1) The history of internal oxidation~-reducticn indicators
has been reviewed. -

(2} 4 series of compounds of various types have been pre-
pared and tested with respect to their possible use as
oxidation-reduction indicators° The,findings are |
grouped>under the headings below,

(A) Compounds which give no colored oxidation products.
1, diamido diphenetol
2. o naphthylamine
3. chromotropic acid
“. B dinaphth?iamine
5;.meta nitro diphenvlamine | |

ortho-; meta~, and para-tolyl 8 naphthylamine
7. meta-tolyl o naphthylamine
. ortho-, and meta-tolidin
9. tetra brom meta tolidin

10, 2,1,2',4!, tetrachlor diphenylamine
1. 2,4,6,2%,4t 6' hexachlor diphenylamine
12, 2,4,2t,4' tetrabrom diphenylamine

13.. 2,4, dichlor diphenylamine

(B) Compounds which give colored oxidation products but
of too litfle merit to warrant use as oxidation-
reduction indicators |

1. ortho-tolyl phenylamine
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2. phenyl hydrazo naphthalene‘
3, N,N, dimethyl N,N® diphenylbenzidine
i, methyl diohenvlamine sodium sulfonate
5. ethyl diphenyiamine sodium sulfonate
(C) Compounds which function satisfactorily in the
determiﬁatiqn of iron and chromium. Their action
is not satisfactory 1n_thé preseneevof mercury
salts. |
1. para-tolyl phenylamine
2. meta-tolyl phenylamine
3. alcohol soluble sodium derivative of the acﬁion
of ethyl sulfate on ethyl diphenylamine |
(D) Coﬁpounds which funciion satisfactorily éven in
the presence of mercury salis.
1. naphthidine
2. one product of the action of ethyl sulfate

on diphenylamine..
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