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Abstract — The basic definitions concerning rodox indicators
and parameters influencing the titration error as well as
corresponding equations are presented. According to the prorn
posed scheme the charaoteristio of 1k mostly used redox in..
dicators is given together with their common applications.
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SUBJECT INDEX

INTRODUCTION

Visual indioators for titration procedures have been widely used for more
than a century. So far, their broad application has not been seriously re-
stricted by the introduction of modern physioo..ohemioal methods of end..
point detection; accordingly, they still maintain importanoe in analytical
processes. However, they have been siostly applied on at least a semi—empi—
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rica]. basis, partly beoauae of lack of oorre.ponding data and partly be
cause it was often not •uffioiently clear which data should be determined
for analytical purpoase. Even the moat oompreheneive monographs on indioa.
tore, which contain aU. the available data for a very large number of oom
pounds, do not provide the necessary information oompletely. It is not an
easy matter to select material from thie wealth of information eepeoia.U.y
when little attempt hae been made to recommend particular indicators. Stri-
otly apeakig it ic not the purpoce of euch monograph. to provide inch in..
formation; their main purpoce is to oolleot together all. the available in—
formation. Recoimuendationa can only be purely objective when they are the
result of the ooneidered opinion of severe]. experienoec investigators. Corn..
mission V-I has examined this problem and has attempt to make suitable re-
oornmendations for practiorni. analytical work.

The general requirements have been carefully discussed and some aspeots
have been studied in detail e.g. the titration error • Nerioai. data have
been collected from the original papers and only in the case of very doubt-.
Lu], results has the work been checked experimentally. For practical reasonsit was not possible to verify the data for all compounds. It is hoped, how—
ever, that this collection of data may stimulate other workers to fill the
various gaps .

Some controversy exists oonoerning the best and representative choice of
indicators. The present list is a compromise and certainly some other spe-
cies might be included, according to personal experiences and even preju..
dices.

As an example of the present situation the case of diphenylarnine can be
quoted. It is no longer the best redox indicator, but probably for tradi-
tional reasons it is still used and even reooarniended.

I GENERAL

I • Remarks on the analytical characteristics of redox indicators

The indicator may be classified as reversible when the cycle of reactions
in titration operations (reduction followed by oxidation, or oxidation fo-
llowed by reduction) gives a product identical with the initial one. The
potentiometrio titration curve should be within the limits of experimentalerror the same in both directions. A truly reversible indicator should have
both forms stable. However in some instances the reversibility depends on
the reagents used for oxidation. Examples of such indioators are represen..
ted by ferroin and related indicators.

The indicator may be classified as pseudoreversible, when the product from
the cycle of reactions (as explained above) is dfterent from the initial
one or when one of the forms is unstable and decomposes during titration,
but the colour of the product is the same, or nearly the same as that of
the initial product, for concentrations used in titration. A example of
such indicator is N-phenylanthranilio acid.

The indicator may be classified as irreversible when in the cycle of reac-
tions (as explained above) no reversal to the initial colour is observed.
An example of such an indicator is Naphtyl Blue Black.

Several other properties are also useful for characterization of an indica..
tor for analytical purposes.

Formal redox potential, corresponds to the redox potential in solution at
which the anaiytióal concentrations of the reduoed and oxidized forms of
the indicator are equal. This should not depend on the concentration of the
indicator, unless the stoichiometrio coefficients are not equal. In such
instance the formal redox potential should be replaced by half-oxidation
potential. Th formal redox potential is a function of ionic strength, aci-
dity and its value should be given wider the specified conditions, in which
it is used in determinations. Th. formal redox potential should be given at
least for the acidity range in which the indicator is applicable. Th. f or-
mel redox potential has a precise meaning only f or strictly reversible in..dicators In the case of other indicators it should be understood as the
potential f or half—oxidized indicator. Because of difficulties of determi-
nation corresponding activity coefficient the rigorous definition for for-.
mel redox potential based on activities is never used in practice.
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Because of difuioultiea concerning the rigoroue definition for formal. re..
dox potential a more praotioal term used in this report in parallel is
ha1foxidation potential,
Transition potential is often given instead of the formal redox potential.
It corresponds to the colour change (its appearance or disappearance) at
which the nd..point is said to occur, It is a function of the formal redox
potential, the total oonoentration of the indicator, (especially for one
oolour indicator) , the dspth of the colour layer , the minimal observable
absorbanoe (which depends on wavelength and eye sensitivity) and the ab..
sorptivity. In an ideal tvo..oolour indioator the "apparent absorptivities"
of both forms should be equal and then the transition potential approaches
the formal one, This is never the oase in one..oolour indicator. As for for..
mal redox potential it should be given at least for the acidity range of
indicator application. The transition potential may be given for pseudore-
versible indicators. Because the transition point is usually different for
oxidimetric and reduotiometrio titration. it is sometimes useful to di.-.
tinguish those two values. In general in oxidimetric titrations the transi-
tion potential is more positive, than that for reduotimetric titrations.
This is due to addition of an excess of the titrant, which is necessary to
change distinctly the colour of the indicator. For pseudoreversible mdi-.
oators the irreversibility of the chemical reaction is another reason for
differentiation of both potential values.

For the sake of uniformity with other types of reactions several authors
instead of potential, use in redox reactions the value of pe=E(2.3RT/F)"1.
Thus in standard conditions (2°C) pe=16.9 E (when B expressed in volts).

Protolytio reactions characteristics (acid dissociation constants) of the
indicator for both reduced and oxidized form are useful guides in conside-.
ring the dependence of the potentials on p11 value. The protonation of the
oxidized form is sometimes difficult (or impossible) to evaluate because of
its instability. This may not be the case for some several reversible in..
dioators.

Spectral characteristics of an indicator are important e.g. the position
ó? the absor1banoe maxImm, the stability of the speotruni (constancy of ab-.
sorbanoe with time) expressed as the half-life time of the absorbanoe decay
at the maximum, the effect of acidity and the presence of differently co-
loured intermediate or baokreaotion products. The half-life time depends
on the nature of the oxidant, its amount and probably the presence of oon
taminants. The colour of the indicator solution obtained through reduction
of the initially oxidized sample should be also mentioned (indicated as
RERED).

Reaction mechanism, (in so far as it gives analytically useful information).
Jsetul analytical information includes the intermediate steps in the oxi-
dation or reduction, decomposition of the reaction product with time, the
number of electrons oonsumed (or formed) per one mole of indicator. Such
data are useful in predicting applications of the indicator, factors in-.
fluencing its blank value etc.

In addition of the properties whioh are useful in characterizing the indi-.
oator for analytical purposes the following informations are of praotioal
importance.

Purity of indicator sample, especially when it influences directly the
practical utility of the indicator. The way of testing purity.

Preparation of indioator solutions, i.e. the solvent, desirable and practi-
cally usáful concentration, the stability of such solutions (effect of oxy-
gen, light eto).
The manner of use, of the indicator: amount of solution for best colour
change, the special conditions in which it works properly (e.g. temperatu..
re, p11 range).

The systms in which the indicator has been used suooessfully.
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2. Indioator error in redox titratione

The indicator error in redox titrationa is due to the following factor.
whioh influence the accuracy of determination:
The end..point error — the ayetomatio error ocouring beoauae tmd•r given
óonditione of titration the •quivalenoe point potential differe from the
end-point potential. The equivalence point potential depends on the formal
potential. of the analyte and titrant and the number of eleotrona partioi.
pating in half-reaction. • The end.point potential i. the fmotion of' the
indicator, the absorptivitie. of both indicator forms, it. concentrations
(especially but not exclusively for one-colour indicators), solution layer
depth and the ability of the analyst's eye to observe the colour appea-
rance or change. When the transition potential, corresponding to the end.
point, is close to the equivalence point potential the •ffeot of above wen
tioned faotors may be diminished.
The indicator consumption error — the systematic error ooouring because of
the tinite consumption of the oxidant during oxidation of the indicator.
This amount is easily determined for two..oolour reversible indioatozs be..

ing in those instances striotly proportional to the amount of indicator.
This is not the case with irreversible or even pseudoreversible indicator.
which form intermediate produots, or the oxidized form is unstable and un.
dergoes slow decomposition. In such cases the electrons lost by the indies..
tor at local oxidant exoesses will be not fully back-consumed under the ac-
tion of untitrated reductant. With those indicators the correction is al-
ways greater than for reversible indicators and depends on factors which
are not readily evaluated. These are:

the mechanism and rate of indicator oxidation- the rate of oxidant consumption by the analyte
the manner of oxidant addition (increments, rate)
the efficiency of stirring during titration.

The effect of mechanism has been mentioned, and it is obvious that when the
rate of indicator oxidation iø small compared to that of the analyte, the
error due to irreversible electron loss is smaller. The addition of the ti..
trant in infinitely small increments at a sufficiently low rate with good
stirring could probably eliminate or lower this undesirable effect. The de..
tailed mathematical treatment of the end-point error and indicator oon.ump..tion error are given in the Appendix• The final conclusions from these con.
siderations are those that it is not possible to give the value of indioa..
tor oorz'eotion without precise description of titration conditions: the
formal potentials of titrant and analyte the transition potential of the
indioator and the concentration of the indicator used. Because of the non.
linearity of this correction with indicator concentration it is in general
not possible to include in the indicator characteristics even the approxi..
mate value of the correction. The experimental determination of this cor-
rection should not be performed by a blank titration in the absence of ana
lyte. The only correct way is to oompare titration with a standard sample
or with titration with a potentiouietrio end-point detection, performed in
identical conditions.

APPENDIX

Expressions for the endpoint error
The half-reaction of the analyte

Ox + nXe = Red
and the half—reaction of the titrant

OxT + n,e = Red
give the reaction equations for oxidimetric titration:

mTRedx + nOx = nrOxx + nxRed,r

and for reductimetrio titration:

n,ox + nXRedT = nRed + nxOxr
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which enable the derivation of a general equation C Ret• I , 2) for th. end..
point error lVT, expressed in the voluas units of the titrent:

[ n(E_4) ______ ______
MTT= CJ1o

0.06 - 10 °°
j[i + 10 j (1)

This equation i. valid for both indicated reactions, when the number of s.
leotrons of half..reaotiona indioated above, is taken with the sign prece-
ding when written in the direction of the reaction actually ocouring.

The remaining symbols in this equation are:
C, CT molar concentrations of the analyte and titrant, respecti-

vely
V, VT_ volumes of the analyte and titrant up to the end-point,

respectivelyE - the end-point potential
Ex°, 4 - the formal potentials of the analyte and titrant, respec-

tively
The equation (1) may be transformed giving the relative end-point error:

[ n(E-B) 1x(E_)1 [ ______
-1

____ I o.O 0.06 I I - 0.06
—10 11+10 (2T L JL

The expression for the absolute and relative end-point error are valid onlywhen for the titrant as well as for the analyte no association occurs. This
means that in half—reaotions the atoiohiometrio coefficients should be
equal one • Imong the rather rare exceptions are diobrornate and hydrogen pe-
roxide.
The oharaoteris tics of the redox indicator is in those equations inoluded
in the value of the nd-point potential E, which i. usually assumed to be
equal to the transition potential of the indicator.
The end-point potential oorresponding to the transition potential of the
indicator is connected with the physiooohemioal characteristics of the sys.
tern: - formal potential of the indicator

— number of electrons in the equation of redox reaction of the
indicator

a, b — stoichiometrio ooeffioients at the oxidized and reduced form
in the oxidation reaction of the indicator, respectively

ER,Eo
— molar absorptivities of the reduced and oxidized form of the

indicator
C1 — total concentration of the indicator at the end-point
A - minimal visible absorbanoe of the one-colour indicator solution

at the solution layer
A' — maximal already invisible absorbance of the one—colour indica-

tor solution, which may be attributed to disappearance of the
colour

N — for two—oolour indicator is the ratio of absozbanees of the
oxidized to the reduced form, whioh oorrssponds to the transi-
tion point in oxidimetrio titrations. Often it is assumed as
equal to 10.

N — for the two—colour indicator is the ratio of absorbanoesof the
reduced to oxidized form, which corresponds to the transition
point in reduotometric titrations. Often it is assumed as equal
to 10.

I — solution layer thickness
Using those characteristics the equations oan be derived which define the
transition potential (Ref. 3). They are summarized in Table I and 2 for
different examples of indicators • However it must be pointed out that this
is to some extent approximate and subject to personal differences.
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TABLE 1. The transition potentials for oxidimetrio titration.

Indicator General equation Simplified equation
for a=b=1

One-colour
Ox..ooloursd
added as Red.

One—colour
Ox-coloured

added as Ox.

E=E +

E=E +

a)Aa(lE0) b-a
log

ftbAaCl)b-a
log

E=E + 2..26 log
1C1E0-A

one-colour

Red..ooloured

added as R•d

One—colour

Red..ooloured

added as Ox

E=E +
0.06

E=4 +

aa(lC5A) a
log

ba(A)b(lER)a_b

(bicIeR_al')
a

log
b(A') b(le)a,..b

E=E +
0.06

log
lC1-A'

A'

Two-colour
added as Red

Two-colour
added a. Ox

E=E +

E=E + 0.06

4(aC1)' Ma
log

O(aEO+bMR)

c(bC1)' Ma
log

ERME=E + log

The practical application of the equation (2) for the relative end-point
error i. significantly improved when a diagram is used, shown in Fig. I • On
the coordinate axis are plotted expressions: nT(E_E)/0.06 and n(E_E)/O.O6

n (E-E )/O.06

—2

—4

—6

—8

—to

T (E-E )/O.06

Fig. I • The diagram indicating the dependence of systematic error of
end-point in redox titrations on the potential values of th. systems

—8 —6 —4 —2

+1%

-o
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TABLE 2. The transition potentials for reduotimetric titrations

Indicator G.neral equation Simplified
for a=b=1

equation

One-oolour

Ox—coloured

added as Red.

one—colour

added as .
Ox—coloured

E=E +

+

log

log

ab (A') a(1C)ba

EE° +I U1
log

A'

1c1e0..A'

(alC10—bA')t'
-

ab(A)a(lE0))
(blc1E0bA')

b

One—colour

Red-coloured

added as Red.

One—colour

added as .
Red-ooloursd

E + 92

=E +B

log

log

(alCIER_A)a(lEta

EE + log
lC1&,-A

A

baAb

(blCIR_aA)a

bai(lR) ab

Two—colour

added as Red.

added as

Two—colour

E=E + 2.!.2.

BE + 2.?..2

log

log

(aC1)a

EE + logf(b&d+aNEO) a.bNh

(ba-b

(beR+e.wO) a.bNb

which depend on the titrant and analyte, respectively. A definite combina-
tion of those expressions desoribes the value of the systematic error of a
given titration. When both expressions are smaller than —3 the relative
error is always smaller than 0.1%. When at least on one of axis. the value
is greater than -.3, then the largest value defines the error.

The following examples may clarify the principle:
Example 1: Which value should have the fonnal redox potential of the analy-
te system for vanadium V as a titrant, N-phenylanthranilic acid or diphe-
nylainine sulphonic acid being used as indicators?

For N-phenylantbranilio acid in 2)1 II SOk E=O • 88 V and for the titrant 4=
=i.ik3 V, thus nvr(E_E°)/0.O6=_l4.7 being ngt a decisive factor for the
error magntude. Therf ore because z(E.Ex) /o.o6 should not be greater than
—3, i.e. Ex+0.7O V.

This oorreaponds for example to iron (II) in slightly complexing solution,e.g. in sulphurio acid.

For diphenylamine sulphonio acid in 0.5)1 H2SOk E=0.82 V and for the titrant

4=1.00 V, thus n,r(E_4)/O.06=_3.0 and to k•ep the error at the level o.i%

the value of n(E1 /o,O6..3.O i.e. Eo.6k V.

This value needs some additional oomplexation of iron as analyte, there-
fore usually phosphoric acid is added to the sample.
Example 2: When 'r=y=1, and E=O.9 V, E=0. 12 V in yhich range should lie
the end-point? Let ut asssne, *ith some Ixtra safety, that error should be
included in the range o.oi%.
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From the titrant condition n,r(E..E)/0.06 ..k, thus E 0.66 V.

From the anai.yte condition nx(E..E)/0.06 .I4 thus B 0.36 V so finally
0.36 V B <0.66 V.

Expressions for the reagent oonsanption error (Ref. 1+)

The value of the reagent consumption error depends for reversible indica-
tors on the spectrophotometric characteristics of the indicator and on the
form in which it is added to the solution: it oan be added in the same form
as the titraiit or in the form of anaLyte. Therefore for oxidimetrio and re.
ductimetrio titration exist six different oases: four — for one—colour in-
dicators, two — for two—colour indicators • The expressions are given in
Table 3 and Table k. It should be noted that in some instances the error is
always positive, in others - always negative, whereas in remafting - the
sign depends on the relative values of indicator concentration and a term
which depends on the absorption parameters. In those tables the meaning of
parameters is the same as in Tables I and 2, except of

(vT+vx) '1B=

For pseudoreversible, and so more for irreversible, this correction cannot
be estimated precisely. It depends in a great extend on the kinetics of re-
action of the indicator and technicaL parameters of titration (rate of tit—
rant addition, mixing, addition of the indicator at the beginning of titra-
tion or close before the end—point etc.).

TABLE 3. The reagent consumption error for oxidimetric titrations

Indicator General equation Simplified equation
for a=b=I

One—colour
BA BA

Ox-coloured AV1= si e AV1
added as Red.

One—colour

Ox.coloured v1= (4._ — c) Av1= B(4. c1)
added as Ox.

Ono...oolour
B( A'\ A''

Red-coloured V1= C1 — --—) AV1= B (C1 —

added as Red.

One—colour
BA' BA'

Red-coloured V1= - bi e R VI=
added as Ox.

Two-colour RCI
added as Red. V1 a e0+bM V1 0+M eR

Two-colour B(bM E RCI
4V

(N RCI
added as Ox. V1= a x — C 1= Ci)
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TABLE k. The reagent consumption error for reductimetric
titrations

Indicator General equation Simplified squat
for a=b=1

ion

One—colour

Ox-coloured

added as Red.

BA'- BA'
AV1=

One—odour
Ox—coloured

added as Ox.

Bf A' \
AV1= ;C1 — r i AV1B(C

A' \= ir I

One—colour

Red...coloured

added as Red.

B1 A
AV1=

-
C1) AV1=B(i4_ - c1)

One—colour
Red-.coloured
added as Ox.

IBA \
V1=B( i-p--)

BA
4V1= 1 E.R

Two-colour
added as Red.

B(OCI -I b+aN0 I
,Ne C

AVI=BN c1)

Two-colour

added as Ox.
BNe0C1

I= bR+aNfO
BNe0C1

AVf eR+NEO
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INDICATOR CHARACTERISTICS

This part contains the detailed analytical characteristics of redox indica..
tore used in redox titrations, or titration.s in which a redox indicator aye-.
tern is exploited. The informations are given according to the directions
formulated in the general part.
Indicators No I - 9 are the diphenylamine and benzidine derivatives, No 10 -
belongs to thiazines, No 11 — 1k are diimine ohelates.

Note: Several authors olaim that some of the indicators presented in this
list may be considered as carcinogenic. This is most probable in the case
of secondary amine s, e •g• diphenylamins or diphenylbenzidine derivatives.

I • DIPHENYLANINE

Free base
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Pseudoreversible indicator RED: oolourless
OX : violet
RERED: pale greenish

Transition potential (Ref. I) for indicator oono. '5x10)4:

For oxidimetric titrations: in 0.5)4 H2SOk 0.76 V

The value was obtained in titration of 24 with Cr20.

Formal half-oxidation pot•ntiai. for indicator cono. 5x10M:

in 1.5 — 9.0)4 H2SOk 0.766 V (Ref. 2) 0.76 V (Ref.. ,k)

Protolytio rsaotiona

For reduced form: for =NB PKa = 0.78 speotrophot. (Ref. 2)
0.76 speotrophot. (Ref. k)
0.79 spectrophot. (Ref. 5)

Spec trophotoinetric oharacteris tios:

Initial reduced form no absorption in VIS
Oxidized form: A = 565 nm (violet), Am = 2.25x10 in 2)4 H2SOk(Ref. 6)
calculated for mo!8ity of the reduoed form

Half—life time (without excess of oxidant) 188 mm in 2)4 Ii2S0 (Ref. 6).
The oolour is more stable in more strongly acid solutions.

Reaction mechanism:

The following mechanism, in aqueous solutions of H2SOk has been suggested
(Ref. 6)

-Ze _21I;
.

The number of electrons involved has been confirmed by epectrophotometry
(Ref s. 2,6) and potentiometry (Ref. 2). Thø decomposition of the oxidized
form proceeds through

Purity of indicator. Long storage may result contamination with oxidation
products. The indioator should be crystallized e.g. from toluene. Also pu-
rification is achieved when the solution in oono. H2S04 is diluted and
crystallized in the CO2 atmosphere (Ref. 6).

Indicator addition may be achieved using 1% solution in cone. H2SO4, not
oontalüing N0in amount about 3 drops.

Condition of titrations. Usually titration can be done in 1—4)4 H2S04 or UCI,
at room temperature.

Table of applioations

Titrant Analyte Remarks Ref.

Chrcmiuin(VI) Fe(II) 1-2)4 H2S04 in presence of H3P04 I

Vanadium(V) Fe(II) 0.5—1)4 H2S04 in presence of

H,P04
7

Mo(V) 2—3M HC1 8

Tin(II) Cr (vi), v(v) 33.5M HC1 in carbon dioxide

atmosphere 9



Redox indicators. Characteristics and applications 475

Table of applications Cont.

Titrant Analyte

Arsenic (iii) Cr (VI)

Iodine (vii) Sb (III), As (III)
F.(II)

This indicator has been included for historical reasons. Now is largely re-.

placed by e •g. diph.nylamine sulphonic acid.
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2. DIPHENYLAMINE—k—SULPHONIC ACID

as a sodium or barium salt

Pseudoreversible indicator RED: oolourlesa
OX red.violet
BERED: pale greenish

Transition potential in H2SOk for indicator cono.

For oxidimetric titrations: 0.1)1 0.81 V (Ref. 1) 0.853 V
0.5)1 0.85 V (Ref. 1) 0.82 V
1.0)1 0.83 V (Refa. 1,2,3)
2.0)1 0.80 V (Refs. 1,2)
k.OM 0.77 V (Ref. 1) 0.75 V
8.0)1 0.71 V (Ref. 1)

The values were obtained in titration of Fe2 with Cr20.

Formal (half—oxidation) potential for indicator oono. 10M.

in 1)1 H2SO4 0.85 V (Ref. k)

in 0.k..2.5M H2SO4 0.81 V (Ref. 5)

Protolytio reaction.

For reduced form: for pK = —1.232 a
-.1.08

for —SO3H PKa = 2.k8

Spectrophotometric oharaoteristios:
Initial reduced form - no absorption in VIS 3Oxidized form (Ref. 5) — 1= 585 ut" max 7.9x10 in 1)1 H2SOk

8.7x103 in 2)1 H2SOk

max270' in kM H2SOk

Remarks

1—2)1 H2SOk

0.05)1 H2SOk
0.5)1 HZSOk

Ref.

10

11, 12

2.
5.
k.
5.
6.
7.

8.
9.
10.
Ii.
12.

(Ref. 2)
(Ref. 2)

(Ref. 2)

speotrophot. (Ref. 6)
speotrophot. (Ref. 5)

potentiometric (Ref. 5)
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calculated for molar concentration of the reduced form.
Half—life tim. (indicator solution and etoichiomstrio amoimt of oxidant) in
1)4 H2SOk — 13 mm ; in 2)4 H2S0 30 mm ; in 220 aim.

Reaction mechanism.

The following one two—electron step reaction has been suggested (Ref. 7):

:::+>

Th decomposition of the oxidized form proceeds through the quinoid from:

HO3S>NH'><}NH<ó>So,H
Purity of indicator. The salt after prolonged storage in the presenoe of
oxygen may be partially oxidized. Purifioation is oarried out by crystalli-
zation from dilute H2SOk in CO2 atmosphere (Ref. 3).

Indicator solution i. used as 0.2% aqueous solution of the salt (Ref. 8).
For titration 7—10 drops are sufficient.
Conditions of titration.. Usually in not very concentrated (0.25 — 2.0)4)
sulphuric aoid solutioni.

Table of applications

Titrant Analyte Remarks Ref

Dichromate Fe(II) 0.5—1.75)4 H2SOk in presence of

H3P04
indirect determination of Cu1,

after addition of excess of

Fe (III)

indirect determination of Cl0

after addition of excess of

Fe(II)

9,

11

12

10

Vanadium(V) Fe(II) 0.25—0.5)4 H2SOk in presence of

H,POk 13

Reocewended for titration of' iron(II) in presence of iron(III) complexing
agent, with dichromate or vanadate as titrants.

REFERENCES

1. R. Beloher, A. J. Nutten and V. I. Stephen, J. Chem. Soc. 3857 (1952).
2. D. I. Rees andY. I. Stephen, Talanta2, 361 (1959).
3. D. Stockdale, Analyst , 150 (1950).
k. L. A. Server and I. )1.TlColthoff, J. . Chew. Soc., 2902 (1931).5. A. Hulanioki and S. Glqb - unpublished data
6. N. S. Fnsnina and B. G. Tregub, Zh. analIt. Khim. 26, 669 (1971).
7. B. Bishop, Indicators, Pergamon Press, Oxford, 1972
8. I. )f. Kolthoff and R. Belcher, Voltaietrio Analysis, Interacience,

New York, 1957.
9. 1. A. Server and I. N. Koithoff, J. . chew. Soc. j, 2906 (1931).
10. I. Tsubaki,Bimseki_Kag,, 253 (054).
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11. L. F. Hatch and R. R. Estee, md. Eng. Chem. Anal. Ed. 18, 136 (1946).
12. A. J. Boyle, V. V. Hughey and C. C. Casto, md. Eng. Cheni. Anal. Ed.

i6, 370 (1944).
13. 0. 0. Rao 0. Aravamudan and N. C. Venkatanmia, Z • analyt. Chem. I 46,

i6i (19555.

3. N-.PH2JYLANTHRANILIC ACID

2-oarboxy-diphenylamine

COOH

Free aoid

0.88 V (Refa. 2,3)

1.08 V (Ref. 6)—unrea

Pseudoreversible indicator RED: colourless
OX : purple
RERED: pale greenish

Transition potential in H2S04 for indicator cone. 10M
For oxidimetrio titration: 114 0.89 V (Ref. i)

1.514 0.89 V (Ref. 1);
0.90 V (Ref. 4)
1.01 V (Ref. 5);
liable values

2)1 0.885 V (Ref. 1)
314 0.87 V (Ref. 1)

The values were obtained in titration of Fe2 with Cr2Or.

Formal (half—oxidation) potential in 112S04 for indicator cone. 5x10'5M
çRef. 3)

3.0)1 — 0.91 V 5.4)1 0.865 V
4.oM — 0.89 V 6.oM — 0.865 V
4.914 — 0.87 V 7.5—12)1 — 0.85 V

Protolytio reactione:

For reduced form: for = —1.412 a —1.31
—1 .28
—1.35

for —COO!! pK = 3.94a
3.86
3.99

speotrophot.
spectrophot.
solubil.
spectrophot.

speotrophot.solubil.
speotrophot.

(Ref. 4)
(Ref. 3)
(Ref. 7)

(Ref. 7)

(Ref. 3)
(Ref. 7)
(Ref. 7)

Speotrophotometric oharaoteristios:

Initial reduced form — no absorption in VIS 3Oxidized toxin (Refs. 3,8) A= 525 nm, &max= 8.7x10 in 0.514 H2S04

= i.Z&5x10 in 114 HS0
515X A

e =2.lxlO in4MHSO

Re—reduced form (Refs. 1,3,8) ?= 434 nm,cax=1 .2x104 in 2—1214 H2S04
calculated for molarity of the reduced form.

Half—life time (Refs. 3,8) (indicator solution and stoichiometric amount of
oxidant) in 0.5M H2S04 — 5 mm ; in 114 H2S04 — 7 miii ; in 214 H2SO4 — 10 miii;

in 414 H2SO4
— 15 miii. The solution is more stable for higher concentrations

of H2SO4.

Reao ticn mechanism:
The follovung meohanism whioh inoludes one two—electron step has been con-
firmed by potentiometry, speotrophotosietry and ESR (Ref.. 3,8).

P.A.A.C. 50/5—H
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-2I1-2e

COOH H000 COOH

The intermediate has not been oon.firmd in aqueous solutions.
The decomposition of OX goes through the reaction

NHQNH©HOO COOH HOOC COOH

Parallel to this mechanism isometric oompounds may be formed due to various
points of attack in the first oxidation step.

Purity of indicator The oouueroia1 samples when stored for a lang time
may be contaminated by oxidation products. Purification (Ref. 8) is based
on crystallization of the acid from diluted H2S04 in the atmosphere of CO2.

Indioator solution may be prepared as o.i% solution in 0.005)4 NaOH (Ret. 2).
The 0.1% solution in equimolar solution of Na2CO3 (Ref. 6) is said to be
less stable (Ref. 9). For titration 3—5 drops of solution are suffioient.

Conditions of titration. Usually in 1.5—6)4 H2SO4 at room tamperature.

Table of applications

Titrant Analyt. Remarks Ref.

Cerimn(IV) Fe(II) in 4)4 H2SO4 2
also used for indirect determi-

nation of Tl(I), Pd(II) end

Ag(i) through dissolution of re— 10,11

duced metal in excess Fe(III) 12

Fe(CN) in i-i H2SO4 2
also used for indirect determi— 10,11

nation of Au(III), pt(iv), 14,15

Ir(III), Co(III), Zn(II) 16

Chromium(VI) Fe (II) in 2—4)4 H2S04 2
U(IV) in 22.5M H2S04 13

Vanadium(V) Fe(II) in 2—6)4 H2SO4 17
u(Iv) in 2)4 H2SO4 18
)4o(V) in 1—1.5)4 H2SO4 19

Iron (ix) Cr(VI) in 2—4)4 H2S04 2

Vanadiuln(III)X Cr(VI) in 2—4)4 H2S04 20

v(v) indirect determination of sul—

phite, hypophosphite and phos-
phite 21

I Reduotimetrio titrations with this indicator airing to its insta
bility are in general not recoamended.

4-
Reooamnded for titrations of iron(II)and F.(CN)6, with cerium(IV)as titrant.
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REFERENCES
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—-
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18 • V. P. Rao B. V. S • R. Murty and 0. G. Rao, Z. analyt • Cheat. 147,
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4 • VARIAMINE BLUE

k-amino-4 '-msthoxy-diphenylamine

II2N<)_NH_<()..0CH,
Free base or as chloride,
sulphate, acetate

Reversible indicators: RED: colourless
OX : violet blue

Transition pot•ntial for oxidinietrio titrations

pH 2 0.575 V (Ref. 1)
For indicator cone. 10'M pH 2.1 0.55 V (Ref. 2)
For indicator oono. 3.5110 If pH 2.1 o.4 V (Ref. 2)

The values were obtained in titration of Fe2 with vanadate.

Formal (half-oxidation) potential (Ref. i)
pH2 o.6ov
pH4 0.48V
p116 0.37V

Protolytic reaotions:

For initial reduced form: for NH PKa = 0.13 epeotrophot. (Ref. 3)

for -NH PKa = 5.9 sp.otrophot. (Ref. 4)

For oxidized form: for NH = 6.6 speotrophot. (Ref. 4)

Speotrophotometrio characteristics:

Initial reduced form no absorption in VIS
Oxidized form: f or the oxidant indioator ratio 1:1

= 570—575 nat (violet blue), max = 6.7x10 ; pH 2—6(Rets.1,5)

for the oxidant:indicator ratio 2:1 (and more)

= 530 nat (violet red), max = 7x10 ; pH 2—6ax
(yellow) p11>6 (Ref. 6)
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Half—life time (Ref. 2)(undioator solution and stoiohiometrio amount of
oxidant) at pH = 1.9 — 12 miii; at pH = 2.5 21 mm; at pH = 3.0 — 36 miii;at pH = 4.0 — ik miii.

Reaction mechanism: Two one—electron steps (Ref a. 7,8).

H3N-'NH-OCH3

e
_

+
—211,—c

H2N'N'5OCH,

Maximal concentration of the radical bioation is at pH 3—4 (Ref. 7).

Instability of OX is due to the reaction (Ref. 9).

-i-H O,—NH

H2NI) N-_<(>OCH,__2 o <I} N<ö>OCH3

i-H 02
> ox(J>o +

H2N-<(>OCH,

The rate of this decomposition increases parallel to the oonoentration of
hydrogen ions, thus the indicator should not be used in strongly acid so-
lutions.

When pH >6 deprotonation of OX cause a change to yellow (Ref. 6).

H2N N—OCH3 H<> N<'>OCH,

Purity of indicator • Variamine Blue is most stable in the form of salts,
but even in this form undergoes partial oxidation when stored in humid air.
Purifioation (Ref. 10) is achieved by addition of charcoal in the presence
of Na2S9Oh and precipitation of an indicator salt by a oorresponding anion
in the rom of Na salt. The product should be kept in a darkbottle. The
solution of the indicator should be oolourleas or not more then faint blu-
ish (Ref. 10).
Amount of indicator. The amount of indicator and preparation of the solu-
tion depend on the particular use. Th table presents various possibili-
ties:

Indicator form Addition of the form Amount
needed

Stability

Variamine Blue 1% ethanolic scm. 2—3 drops
Variamine Blue LIC]. o.% aqueous scm. 3-6 drops I week

Variamine Blue 1/2H2S04

solid mixture with
NaCl (i :300)
0.2% aqueous solri.
solid mixture with

20-30 mg

3—6 drops

stable
I week

Variaznune Blue CH3COOH
Na2SO4 (1:100)
I % sohn. in 20%CH3COOH

20—30 u*g
3—6 drops

stable
3 weeks
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Conditions of titration. pH range i.—6.3 (Refa. 7,10) at room temperature,
except for ascorbic acid as titrant at 60°c.

Table of applications

Titrant Analyt. Remarks Ref

Ascorbic aoid Ag(I)

Hg(II)

Fe(III),

Fe(CN)'
J2

at pH k.-5

at pH.>k.5

11

12

13

1k

Iron (II) Ag(I)

v(v)

in presence of fluoride

in presence of phosphate

15

16

Vanadium(V) Fe(II) in presence of fluoride 17

Chrosnium(VI) or phosphate in acid soln.
EDTA Pb(II),

Zn (ii)

Fe (iii)

Cu (II)

v(v)

Cd(II) in presence of
Fe(CN) / Fe(CN)
in presence of Fe (II)
(monochloroacetate buffer)
in presence of NHkSCN
(acetate buffer)
in presence of excess of
Fe (II), pH 1 •7—2

18
19
21

23

25

20
22

2k

Ferrooyanide Bi(III)
Hg(I)

in presence of Fe(CN)F
" "

26
27

Recommended for asoorbimstrio titrationa and in courplexome trio titrations
of metals in the presence of ferri—/ferrocyanide indicator system.

REFERENCES

I • L. Erdey, and A. Bodor, Z. analyt. Chem. fl, kb (1953).
2. A. Hulanioki and S. Glqb, unpublished data.
3. N. S. Frumina and E. G. Tregub, Zh. analit. Khim. 26, 669 (1971).
k. E. Banyai and L. Erdey, Koloriszt. Ert 3k3 (1964).
5• L. Erdey and F. Szabadvary, Z. analyt • Chest. 9k (1957).
6. L. Erdey, Cronache di ChimioaN 26, 23 (1969).
7. L. Erdey, T. )ieisel, B. Mohos and F. Thd6s, Talanta 1k, 1k77 (1967).
8. 0. Farsang, H. Kovaos, T. M. H. Sabor and L. Ladanyi,

J. Eleotroanal. Chem. 127 (1972).
9. 0. Farsang, L. Adorjan and L. Ladanyi, Proc • 2nd Conf • Appl. Phys.

Vol. 1, k6i (1971).
10. L. Erdey, Chsmist Analyst k8, 106 (1959).
11 • L. Erdey and J. Buzãs, AotChim. Aoad. Sci • Hung., k, 195 (195k).
12. L. Erdey and J. Buzs, Aota China. Aoad. Soi. Hung., , 263 (1955).
13. L. Erdey, B. Bodor and H. Papay, Acta China. Acad. Sci. Hung. ,, 235

(1955).
1k. L. Erdey and 0. Svehla, Anal. • Chim. Aota ko, k73 (1968).
15. L. Erd.y and K. Vigh, Z • anal. Chest. 8k (1957).
16. L. Erdey, K. Vigh and E. Bodor, Aota China. Acad. Soi.Hun. 7, 293

(1955).
17. L. Erdey, E. Bodor and J. Buzs, Aota China. Aoad. Soi. Hung. , 277

(1955).
18. 1. Erdey and L. P6ios, Anal. China. Acta 17, k58 (1957).
19. H. Flasohka, Mikroohim. Aota 361 (i9k).
20 • L. Erdey, and 0. Rady, Z • anal. Chest. j, 250 (1956).
21. P. Vehb•r, anal. Chest. i! 321 (1957).
22 • N. Nakasaka and N. Tanaka, Anal.. China. Acta , k22 (1966).
23. P. Vebber, Nikroohim. Aota 927 (1955).
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2k. P. Vehber, Z. anal. Chew. fl2 24k (1956).
25. N. Tanaka and A. Ishida, Anal. Chim. Aota 515 (1966).
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5. 4-MiN0-k '-METHYLDIPHENTLAMINE

May be used as a free base

H2 Q NH () CH3 or hydrochloride

Reversible indicator: RED: colourless
OX : blue-violet

Irreversible in bromine titration.

Transition potential: for oxidimetric titration. (Ref. 1)

For indicator cone. 10M pH 2.5—2.7 0.54 V

For indicator cone. 2.5x104M pH 2.5—2.7 0.525 V

Formal (half—oxidation) potential:

In the pH range 1.82—4.22 given by the equation E=0.735—0.059 pH (Refs.1,2)

Protolytic reactions:

For reduced form (Ref. 1): fox' =NH PKa= -0.08 (speotrophot.)

for —N1I pK = 5.15 (speotrophot.)

PKa = 5.09 (potentiow.)
2

Spectrophotometric characteristics (Ref. 1)

Initial reduced toxin — no absorption in VIS

Oxidized form pH 1.95—5.20: amount of oxidant corresponding to one electron

oxidation, 1mox= 520 mu (blue—violet); amount of oxidant corresponding to

two eleo tron oxidation 1m= 510 mu (purple), = 6060.

Half-life time (indicator solution and stoichiometrio amount of oxidant)
at pH = 1.95 — 15 win ; at pH = 2.38 — 21 win ; at pH = 3.12 — 40 win
at pH = 3.50 — 90 min.

Reaction mechanism: Two one—electron steps (Ref. 1):

+
— 2H,—e

H3N<> N_(()_CH3

The oxidized form is unstable, and hydrolyses into p—quinone and p-tolui-
dene.

Purity of indicator: The indicator dissolved in hot water i. purified with
the active carbon and crystallized. It should be stored in a dark bottle
with limited oxygen excess.

Indicator solution may be used as 5x10M aqueous solution of hydrochloride
(Ret. 1).
Conditions of titration. In the pH range 1.5—5.3 at rocm temperature.
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Table of application.

Titrant Analyte Remarks Ref.

Iron(II) v(v) in presence of H3POk at pH 2—2.6 1

E1YA Zn(II) in presence of Fe()/Fe(CN) I

Recommended for titration of iron(II)in presence of iron(III) camp..
lexing agent, with vanadate.

REFERCES

1. A. Hulanioki and S. Glqb, Talanta , 236 (1976).
2. L. Erd.y, I. Kasa P. Klatsmanyi and T. Meisel, Acta Chin. Acad. Sci.

s (19615.

6. DIPI YLBETZIDINEDISULPHONIC ACID

Not identified substitution
of sulphonate group.

Pseudoreversible indicator: RED: colourless
OX violet

Transition potential in IM H SO in presence of 1.5)1 H3PO

For oxidimetric titrationa(Ref. I) for indicator oono. 2.5x10 N 0.88 V

1.25x105M 0.83 V
2.5x1ON 0.82 V

The values were obtained in titration of Fe2 with Cr2O.

Formal (half—oxidation) potential for indicator cono. "6x1ON in pr•sen.
cc of Fe(IIIJ in H2SO (Ref. 1)

0.5)1 0.91 V
1.5)1 0.91 V
3M 0.86 V
3.3)1 0.82 V

Protolytic reactions (Ref. 1)

For reduced form: for =NH (i) PKa = —2.1

=NH (ii) pK = —0.752 a2

Spec trophotometrio characteristics (Ref. i)

Initial reduced form - no absorption in VIS.

Oxidized form: 2mex= 560 nm 2.82x104 in 0.5)1 H2SO4
6inax= 3.32x10 in 2)1 H2SO4

3.30x10 in 4)1 H2S04
Emax 4.lOxlO in 614 H2S04

Half—life time (without excess of oxidant) in 0.5)1 E2S04 — 30 mm ; in
1.5)1 H2S04 — 40 min ; in 2.514 H2S04 — 70 min.

The solution is more stable for higher concentration of H2S04.

Reaction mechanism - unknown.

Purity of indicator. The solid indicator is stable.
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Indicator addition for titration as 0.005)4 aqueous solution in the amount
0.5 om per 100 om5 of titrated solution (Ref. 2).

Conditions of titration. Solutions should be acidic — approx. 2)4 H2SOk.
Titrationa at room temperature.

Table of applications

Titrant Analyte Remarks Ref.

Dichromate Fe(II) in

as
1—2)4 H2SOk,

complexing
H,POk

agent 1, 2

Reooimnended for iron(II) - in presence of oomplexing agent for iron(III) -
using diohromate as a titrant.

REFERENCES

1. A. Hulanioki and S. Glqb - unpublished data
2. R. Beicher, G. L. Chakrabarti and V. I. Stephen, Analyst 9k, 20 (1969).

7. o—DIANISIDINE

5,3 '-dimethoxybenzidine

Free base

OCH5 OCH3

Reversible indicator: RED: colourless
OX : red

Transitiontential in H2SOk (Ref. 1) for indicator oono."105M.

For oxidimetrio titrations: 0.1)4 0.75 V 2.0)4 0.80 V
0,5)4 0,79 V k.OM 0.81 V

10.0)4 0.78 V

The given vaLues were obtained in titration with diohromate. For oerio ions
as titrant values differ no more than 0.02 V.
Formal (halfoxidation) potential in H2SO (Ref. 2)
At pH 0 - o,8k9V

pH 0.50 — 0.829 V
pH 0.7k — 0.797 V
pH 0,81 — 0.795 V
pH 1.39 — 0.755 V

Protolytic reactions (Ref. 5)

For reduced form: PKa = 2.83
pK 1= k.o

a2

Speotrophotometrio characteristics (Ref.4)

Initial reduced form - no absorption in VIS

Oxidized form in 2)4 H2SOk has two absorption maxima

max k5k max
510 nm 2 • 5x10

Half—life time 190 min in 2)4 H2SOk.

Reaction mechanism. The following reactions in aqueous solutions of H2SOk
have been suggested (Ref. k).
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:21+

-.2e

OCH OCH3 OCH3 OCH3

The slow decomposition may proceed through the form:

OCH OCH

Indicator addition is realized as 0.1—0.5% solution in anhydrous aoetio
aodor aqueous aoetio aoid, 10 drops are taken for titration.

Conditions of titration. Titrations with this indicator can be done in neu-
tral, weakly as well as strongly acid solutions at room temperature.

Table of applications

Titrant Analyte Remarks Ref.

Hydroquinon. Au (Iii) neutral or weakly acid 5

Ferrioyanide Sn (Ii) 914 HC1 6

F.rrocyanide Bi(III) in aoetio acid media in pre—
sence of small amount of
ferrioyanide 7

Zinc (II) Ferrooyanide in presence of small amount
of f.x'rioyanide 8

Silver (i) i in presence of small amount
of iodine 2

Reooimnend•d for titration of Zn2 with Fe (CN) .

REFERENCES

I. Ress and V. I. Stephen, Talanta 2, 361 (1959).
B. Crawford and E. Bishop, J • Roy. Tech. Cell. , 52 (i 950L
Hulanicki and S. Glqb, Talanta 679 (197k).
Bishop and L. G. Hartshorn, Anal'st 96, 26 (1971).
B. Pollard, Analyst 62, 597 (1937).Baaiiiska and V. RyohUk, Talanta 10, 1299 (1963).
Basiiska and K. Orylaka, Chem. Anal. k, 523 (1959).
F. Frost, Analyst 68, 51 (1943).

8 • 3,3' -DIMETHYLNAPHTHIDINE

3,3'-Dim.thyl-k,4'-diamino-l , I '-dinaphthyl

CH3 CH3

Fr•e base

1. D.
2. A.
3. A.
k. E.
5. V.
6. H.
7. H.
8. H.



Formal (half—oxidation) potential in H28O4 (Ref. 2)
At pH = 0 - 0.776 V ; at pH = 0.28 — 0.755 V ; at pH =
at pH = 0.79 — 0.71k V ; at pH = 1.00 — 0.711 V.

Protolytic reactions

For reduced form:

Spectrgphotometrio oharacteristios:
Initial reduced form — no absorption in VIS.
Oxidized form: urn (purple red), 5maX_3XI 4nm max°

7L=5k3 nm 5x10

Half—life time in 2M H2S04 — 80 miii. (Ref. 4).
Reaction mechanism. One two—electron step (Ref a. 1,4,5)

+ 2H20 — > 0 *Ko +
2NH3

CH3 CH3

Purity of indicator. 3,3'—dimethylnaphthidune is stable as a solid. When
necessary may be purified by crystallization from o..dichlorobenzisne(Ref. 6).

Indicator addition for titration as 1% solution in anhydrous aoetio acid.
Usually 2—3 drops are sufficient for good end point. The indicator solu.
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Reversible indicator: RED: colourless
OX : purple red

Transition potential in H2S04 solution (Ref. 1) for indicator oonc."105M.

For oxidimetric titrations: in 0.1—4.014 0.70—0.71 V

The value were determined using dichromate as a titrant. For oerium(IV)

titrations in 4.014 H2S04 — 0.67 V.

PKa = 2.62
3.33

2

0.50 — 0.726 V

speotrophot. (Ref. 3)

spectrophot. (Ref. 3)

114 H2S04 (Ref. 1)

k4 H2S04 (Ref. i)

214 H2S04 (Ref. 4)

NH

+
—2e,—2H

The oxidized form is equivalent to the biradical (Ref. 4)

The oxidized form undergoes decomposition (Ref. 5) according to:
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tion should be oolouxless.

Condition of titrations. Solutions should be acidic or weakly acidic. Tit
rations at room temperature.

Table of applications

Titrant Ana.tyte Remarks Ref.

Ferrooyanide Cd(II),

Ga(III)

Ca(II) in presence of
5

Fe(CN)'
"

7
8

Zino(II) In(nI) in presence of

after addition

KFe(CN)6

Fe(CN)
of excess of

7

9

Ferricyanid. Sn(II) in 9M HC1 10

EDTA

Zinc (ii)

Zn (ii)

Zn (ii),

Pb (ii),

Mn(II)

Ga(III)
Al(III)

RE.

Cd (ii)

Fe (iii)

in presence of
''4-

FeCNj6 at pH

in presence of

Fe (CN) •' after
excess EDTA, at

Fe(CN)

5

Fe(CN)
addition

pH 5

of

11

12

13

14
15

16

Recommended fr direct complexometric titrations of Zn2+ or baok...titra...
tions with Zn .

REFERENCES

I • R. Beloher, A. J. Nutten and V. I. Stephen, J._Chem. Soc. 4454 (1958).
2. R. Beloher, A. J. Nutten and V. I. Stephen, J. Chew. Soc. 3857 (1952).
3. A. Hulanioki and S. Glqb, Talanta 21, 679 (171).
4. E. Bishop and L. Hartehorn, Analyst , 26 (1971).
5 • L. Landayi, M. Vajda, M. Bendly and G. Farsang, Aota. Chim. Htg. 22

285 (1972).6. N. E. Fierz-David, L. Blangley and H. Dubendorfer, Holy. Chim. Acta, i66i (1946).
7. R. Beloher, A. J. Nutten and V. I. Stephen, J. Chew. Soc. 341413 (1951).
8. R. Beloher, A. J. Nutten and V. I. Stephen, J. Chew. Soc. 2438 (1952).
9. R. Beloher, A. J. Nutten and V. I. Stephen, J. Chew. Soo. 1520 (1951).

10. H. Basiiiska and V. Ryohlik, Talanta 10, 1293 (193).
11. E. G. Brown and T. J. Hayes, Anal. Chim. Aota 9, 6 (1953).
12. H. Flaschka and V. Fransohitz, Z. anal. Chew. 144, 421 (1955).
13. I. Saj6, Nagyar Kom. Foly. 61, 195 (1955).
• H. Flasohka and H. Abdine, kroohim. Aota 657 (1954).

15. H. Flaschka and H. Abdine, I4ikroohiw. Aota 37 (1955).
i6. H. Flasohka, Mikrochiw. Aota 55 (1955).

9. 3,3 '-DIMETHYLNAPHTHIDINEDISULPHCNIC ACID

Not identified substitution
of two aulphonate groups.

Reversible indicator: RED: oolourless
OX : purple

Transition potential in H2S04 (Ref. i) for indioator oono.
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Protolytic reactions

Speotrophotonietrio characteristics

Reaction mechanism

Purity of indicator -

Indicator solution. Usually 0.2% or 1% aqueous solution is prepared by dis-
solving of the acid in small excess of ammonia, expelling •xoess of it by
heating and diluting to the required volume with water (Ref. 2). A few
drops are taken for determination.

Conditions of titrations

Table of applications

Titrant Analyte Remarks Ref.

Ferrocyanide Zn(iI), Cd(ii) in
of

Ga (iii) in

of

presence

Fe(CN)'

presence

Fe(CN)

of

in

of

in

small amount

2% (NHk)280k

small amount

5% ethanol

2

3

Recommended for titration of Zn2 with Fe(CN)

REFERENCES

I • R. Beloher, A. J. Nutten and V. I.
2. R. Beloher, A. J. Nutten and V. I.
3. R. Belcher, A. J. Nutten and V. I.

Stephen, J. Chew. Soc. 3857 (1952).
Stephen, J. Chew. Soq. 1269 (1952).
Stephen, J. Chew. Soc. 21438 (1952).

10 • METHYLENE BLUE

Bis— 3,9—dime thylamino phenazothionium chloride

I'6'T'Z1IIIL
(CH3)2N"

Usually as chloride
of the oxidized form

Reversible indicator: OX : blue
RED: colourless

Transition potential
Formal (half—oxidation)potential

In pH range 1-13 may be desoribed by equation: (Ref. 1)

E = 0.532 + 0.0296 log(Hi3 + KaEH)2 + KaKa[H+])

For oxidime trio

0. 1M
0. 5M
1 •OM

titrations:

0.82 V
0.81 V
0.80 V

2 •OM
'4. ON

8 •ON

Formal (half-oxidation)

atpll 0
0 •28
0 •50
0 •79
1.00

0.79 V
0.77 V
0.75 V

1)potential (Ref.

0.838 V
0.796 V
0.802 V
0.806 V
0.7814 V
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where 0.532 is the formal potential at pH = 0 (Refa. 1,2,3) and Ka and
K are the corresponding dissociation constants of the reduced fo'm.
a2
Pro tolytio reactions:

For reduced form (Refe. 2,3) PKa = k.52 (potentiom.)

PKa1= 5.85 (potentiom.)
2

Spec trophot ome trio characteristics

The reduced form — no absorption in VIS.
The oxidized form (Ref. k): Xm 662 inn, m= 2.5x10

Reaction mechanism: One two—electron step

—2e, —2H

(CII,)2I11H(CH,)2

(cH,)/h1h111 (cH,)2

When the redox reaction is oarried out in H2SOk > IOM the intermediate semi—
quinone has been found (Ref. 5).

Purity of indicator

Indioator solution may be used as o.% or 0.1% (o.oi or O.003M) aqueous
solution of the oxidized form. In titrations usually 2 — 3 drops are suf-
ficient.

Conditions of titrations, Used in a broad range of pH. Depending on tit..
rant — titrate system in room or elevated temperature. Most titrations are
carried out in absence of oxygen.

Table of applications

Titrant Analyte Remarks Ref.

Permanganate Ti (III) in 0 • IM H2SOk at 6oin mixture 6

with Fe(II) the second end—point
with ferroin

Ceriuin(IV) Ti(III) as a permanganate titration 7

Iron(III) v(iii) in O.2M HC1 with Cu2 as catalyst 8
Ti III in 25% tartario acid 9
u(iv) in 0.2—0.3)1 HC1, temp. 98—100° 10

Sn(II) in k..6M HC1, under CO2 11

Ferrocyanide U(IV) in 2.5-.k.OM KOH 12

Iron(II) Mo(V) in 0.5)1 HC1 in presence of citric 13
0acid, temp. 9O

Mo(VI) in 11.5—13,OM H,POk 1k
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Tabis of applications oont.

Titrant Analyte Remarks Ref.

Iron(II) v(iv)
u(vi)

in

in
1O.5M H3P04

i1.6M 113P014

15

16

Chromium(II) Fe(III) in 1.5M 11250k 17

Vanadium(II) Fe(III) in 1.OM H2SOk 18

Recommended for titration of Ti(III)in mixture with Fe(II) using perinanga..
nate as titrant.

REFERENCES

I • V. H. Clark, B. Cohen and H. B. Gibbs, Public Health Reports (u.sj
ko, 1131 (1925).

2. 1T V. Meyer and V. B. Treadwell, Helv. Chim, Acta , I 4k4 (1952).
3. B. P. Nikolskii and V. V. Pa.lohevskii, Bull. Acad. Sci. U.S.S.R.

Div. Chem. Soi, 5k7 (1957).
k. Z. Marozenko, Spectrophotometric determination of elements,John Wiley

New York 1976.
5. L. Michaelie, M. P. Schubert and S. Graniok, J. Am. Chem. Soc. 62,

20k (i9ko).6. B. A. Shippy, Anal.• Chem. 21, 698 (I9149).
7. G. F. Smith and L. T. Kurtz, Lid. Eng. Chem. Anal. Ed. 1k, 8514 (19142).
8 • K. L. Chawla and J. P. Tandon, Indian J • Chem. 6, 332 (T68).
9. 0. Tomiek, K. Spurns, L. Jerman and V. HolJiek, Coll. Czech. Cheat.

Coinms. 18, 757 (1953).
10. S. R. Sagi and G. G. Rao, Z. anaLyt. Cheat. 192, 297 (1962).
11. G. G. Rao and A. M. Mugnier, Anal. Chim. Acta , 1470 (1972).
12 • H. Basixiska and V. Winiewski, Cheat. Anal .iQarsaw) 10, 1007 (1965).
13. S. H. Sagi and G. G. Rao, Acta Chim. Acad. Sci. Hung. 38, 89 (1963).
114. G. G. Rao and S. R. Sagi, Talanta 10, 169 (1&3).
15 • G. G. Rao and L. S. A. Dikshituli, Talanta 10, 295 (1963).
16. G. G. Rao and S. R. Sagi, Talanta 9 715 (162).
17. J. P. Tandon and R. C. Mehrotra, Z. analyt. Cheat. j, 20 (1957).
18. R. K. Mittal, J. P. Tandon and R. C. Mehrotra, Z. analyt. Cheat. j,

330 (1962).

11. FERR0D

Tris- (1 , I0—phenanthroline)iron(II) salt

as a solution of sulphate
2 or perchlorateFe +

______________________ RED: orange—red
OX : pale-blue

Transition potential: f or oxidimetrio titrations
in 1.IM 1125014 1.06 V (Ref. i)

2.OM HC1 1.065 V (Ref. 2)
k.OM HC1 1.026 V (Ref. 2)

Reversible indicator:
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Formal (half—oxidation) otentials in H2SO4
In conc. range O.25M-6M the potential (accurate to +5 mV) is given by equa-.
tion (Refs. 3,4,5,6) : E = 1.094 — 0.0338 C, where C — sulphuric acid mo—
larity. Equivalent to this expression, for range 0.25M..3M is the equation
(Ref. 2) for the potential (accurate to +2 mV) E = 1.068 + 0.442 H
where H0 — denotes Hammett's acidity function.

Protolytic reactions and related equilibria:

Acid dissociation of I , I0—phenanthroline
= —1.6 (speotrophot.)(Ref. 7)

PKa 4.92 (potentiom.) (Ref. 8)
2 495 (potentiom) (Ref. 9)

4.93 (spectrophot.) (Ref. io)

Complex stability constants for reduced form: log/33=21.3 (potentiom.)

(Ref. 9), (speotrophot .)(Ref. ii). For oxidized form: log /33=14. 1 (poten—

tiom.) (Ref. ii).

$peotrophotometric characteristics:

Reduced form (Ref. 12) 510 mu emax- 1.11x104
Oxidized form (Ref. 13) 590 nm e m= 6x102

Reaction mechanism. One one—electron step.

—e

Fe2 ________ Fe3

3

Purity of indicator. The indicator solution prepared from 1,1 0-phenanthro..
line and ferrous salt of analytical grade needs no purification.
Indioator solution is usuallyQprepared by dissolution of 1.485 g I ,10—phe-.n nthroline hydrate in 100 cm of water, containing 0.695 g FeS0k.7H,0.
This is 0.025N solution of ferroin sulphate. For titrations I drp or this
solution is suffioisnt (Ref. 14). The ferroin perohlrate is used as a sa-
turated solution ("O.OOIM), added in amounts 1—2 cm

Conditions of titrations. Usually in H SOk solutions from dilute up to 6M.
The indicator reactIon is rapid at rood tmperature.

Table of applications

Analyte Remarks Ref.

Fe(II) in 1)4 H2S04

in 114 H2S04, addition of excess

of Fe(III) for indirect determi-

nation of Nb

Cu(I) 17

As(III) in IM H2S04, 0804 as catalyst 15

HO inIMHSO 18

Fe (CN)6 in 2M H2SO4 19

Titrant

Cerium(iv)
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Table of applioation. cont.

Titrant Analyte Remarks Ref.

also used for indirect detennina..
tion of hydroxylamino 20

SCN 21

C20
v(Iv)
in IN HC].

22
23

Iron(II) Ce(IV) in 1.5M H2S04, addition of excess

of Ce(IV) for indirect determina-.

tion of H3P02, H3P03

reducing sugars

Te(IV)

2k

25

26

Chromium(VI) Fe(II)

u(iv)

in 5..6M H2S04 (better results

with 5,6..dimethylferroin)

in 5..5.514 H2S04

in 2..kM H2S04

27

28

29

Recommended for titrations of iron(II) and Fe(CN)with cerium(IV) as tit..

rant.

REFERENCES

1 • 0. F. Smith and V. M. l3anick, Jr. Talanta 2, 3k8 (1959).
2. J. A. Perez-l3ustainante - unpublished data
3. F. P. Dwyer and H. A. McKenzie, J. Proc. Roy. Soc. N. S. Vales 81, 93

(19k7).
4. V. V. Brandt and 0. F. Smith, Anal. Chem. 21, 1313 (1943).
5. D. N. Hunie and I. N. Koithoff, J. Am. Chem. Soc. 65, 1895 (1943).
6. 0. F. Smith and F. P. Richter, md. Eng. Chem. Anal. Ed. i6, 580

(1944).
7• R. H • Linell and A. Kaoztnarczyk, J • Phys.Chem. 65, 1196 (1961).
8. K. Yamasaki and N. Yasuda, J. Am. Chem. Soc. 78, 132k (1956).
9. G. Anderegg, Helv. Chin. Acta 46, 2397 (1963).
10. D. A. Brisbin and V. A. E. MoBryde, Can. J. Chern. 41, 1135 (1965).
11 • T. S • Lee, I • M • Koithoff and D. L • Leussing, J. Am. Chem. Soc. 70,

2348 (1948).
12. V. B. Fortune and N. 0. Mellon, md. Eng. Chem. Anal. Ed. 10, 60(1938).
13. A. E. Marvey and D. L. Manning, J. Am. Chem. Soc. 74, 174k'1952).
14. I. M. Koithoff and R. Beicher, Volumetric Analysis,Interscience,

New York, 1957.
15. R. Beicher, C. L. Chakrabarti and V. I. Stephen, Analyst 94, 20 (1969).
16. 0. Tomi6ek, K. Spurns, L. Jerinan and V. Holeek, Coll. Czech. Chem.

Comma. 18, 757 (1953).
17. N. Birnbaum and S. N. Edmonds, md. Eng. Chem. Anal. Ed. 12, 155(1940).
18. F. P. Greenspan and D. 0. MoKeller, Anal.Chem. 20, 1061 (1948).
19. IL Belcher, D. I. Race and V. I. Stephen, Chum. analyt. 41, 397 (1959).
20. B. R. Sant, Z. analyt. Chem. 257 (1955
21. B. Suseela, Z. analyt. Chain. 175 (1955
22. B. Suseela, Anal. Chum. Acta 13, 543 (1955).
23. V. P. Rao and 0. 0. Rao, Tiianta 2, 370 (1959).
24. D. N. Bernhart, Anal. Chain. 26, 1788 (1954).
25. 0. R. Bhausali and D. L. Mathur and S. P. Rae, Indian J. Chain. 5 454

(1967).
26. 0. G. Guilbault and V. H. McCurdy Jr., Anal. Chum. Acta 24, 214 (1961).
27. 0. F. Smith and V. V. Brandt, Anal. Chain. 21, 948 (1949).
28. V. Muralikrishne and K. V. l3apanaiach, Z. alyt. Chain. 262, 29 (1972).
29. N. V. Rae, Z. analyt. Chain. 266, 31 (1973).
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12. NITROFERROIN

Tris(5-nitro... I , lO—phenanthroline) iron(II) sulphate

2+Fe

3

as solution of sulphate

In HC].Ok at cone, range 4—8M the potential (accurate to +4 mV) is given by
equatioil (Ref. 2): E = 1 .239 + 0 .0552H0 , where H0 denotes Hammett'
acidity function.

Protolytic reaction and related equilibria:

Acid dissociation of 5—nitro—1 , lO—phenanthroline

Purity of indicator • The indicator solution prepared from 5nitro-. I , I0—pus—
nanthroline and ferrous salt of analytical grade needs no purification.

Indicator solution is usually prepared by dissolution of 1.689 g of 5—nitro
—1 , I0—phenanthroline in 100 c& of water containing 0.695 g FeSOh. 7H20.
This is 0.02514 solution of the indicator as sulphate. For titratlons 1. drop
of this solution is sufficient (Ref. 7).

P.A.A.C. 50:5—I

[,N02

Reversible indicator: flED: pink
OX : colourless (pale blue)

Transition potential

Formal(half—oxidation) potential in H2S04 (Ref. 1)

0,514 1.26 V
1.014 1.25 V
2.OM 1.22 V
4.014 1.12 V

PKa = 3q57
4.18
3.23

(potentiom.)
(speotrophot.)
(spectrophot.)

(Ref.
(Ref.
(Ref.

3
4
5)

Complex stability constants for reduced form: log /3= 17.8 (speotrop&iot.)

(Ref. 3) — for oxidized form: log

Spec trophotometric characteristics:

Reduced form (Ref. 6) Am= 510 nm ; m= 1.15x101
Oxidized from

Reaction mechanism: One one—electron step.

Fe2
—e

3

N02

3

NO2
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Conditions of titrations. Usually in JO or HC1Ok media in determination
involving cerium(IV).

Table of applications:

Titrant Analyte Remarks Ref.

Cerium(IV) c2or

As(III)
Fe(II)

Hg(I)

in 214 HC1Ok

in 0.514 HC1, HC1Ok or 11N03
indirect determination of Ba pre-

cipitated as BaC2Ok

in 2M HC1Ok, 00k as catalyst

in 214 HClOk

in HClOk; Mn(iI), Ag(i) as catalyst,

temp. 50—60°

8,9
10

11

12

13

Oxalate Ce(IV) in 0.514 BN03
or HC1Ok

in kM HC1Ok indirect detn. of H3P03
1k

15

Recommended for titratione of
chlorio or nitric acid.

REFERENCES

oxalic acid with cerium(IV) in 0.514 hydro-

G. F. Smith and F. P. Richter, md. Eng. Chem. Anal. Ed. 16, 580(l9kk).
J. A. Perez-Bustamante — unpublished data
V. V. Brandt and D. K. Gullstrom, J. Am. Chem. Soc. 7k, 3532 (1952).
C. V. Banks and R. I. Bystroff, J. Am. Chem. Soc. 81, 6153 (1959).
S. C. Lahiri and S. Aditya, J. Indian Chem. 5cc. ki, k69 (196k).
A. A. Schilt, Analytical Applications of 1,10—Phenanthrolinó and
ted Compounds, Pergamon Press, Oxford, 1969.
I. N. Kolthoff and R. Beicher, Volumetric Analysis, Interscienoe,
New York, 1957.
K. Salomon, B. V. Gabrio and G. F. Smith, Archly. Bioohem. Ii, k36
(19k6).
G. H. Koch and F. M. Strong, Analyt. Biochem. 27, 162 (1969).
K. B. Rao, Z. analyt. Chem. 1&k, 171 (1961L
E. Gagliardi and B. Ilmair, Z. analyt. Chem. 20k, kb (196k).
G. F. Smith and J. S. Fritz, Anal. Chem. 20, 1i (19k8).
G. G. Guilbault, V. H. McCurdy Jr. Anal. Chim. Acta 2k, 21k (1961).
K. B. Rao, Rec. Tray. Chim. Pys-Bas 5k, 62 (1965).
L. R. Martin, M. A. Henry and J. R. Hayes, Miorocliem. J. j, 525
(1968).

13• 5,6-DIMETHYLFERROIN

Trie(5 ,6—dime thyl—1 , I 0—phenanthroline) iron(II) sulphate

Transition potential

RED: red
OX : yellow—green

2.
3.
k.
5.
6.
7.

8.

9.
10.
11.
12.
13.
1k.
15.

as solution of sulphate

3

Reversible indicator:
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Formal (half—oxidation) potential. in H2SO4 (Ref. 1)

0.114 1.00 V
0.514 0.97 V

Protolytio reactions and other equilibria:

Acid die sooiation of 5, 6— dime thyl— I , 1 0—phenanthroline

PKa = 5.6 Cspeotrophot.) (ReTh. 2,3)
Complex stability constants for reduced form

log I3 = 23.0 (partition) (Ref. 2)

Spectrophotometric characteristics

Reduced form (Ref. 4) 1'm = 520 nm, emax = 1.26x104
Oxidized form:

The indicator is very stable in solutions.

Reaction mechanism. One one—electron step.

Fe2
—

Fe3

3 3

Purity of indicator. The indicator solution prepared from 5,6-dimethyl-1,
lO-plienanthroline and ferrous salt of analytical grade needs no purifioa..tion.
Indicator solution is prepared by mixing 0.0614 solution of 5,6-dime thyl- 1,
lO-plienanthroline with equal amount of 0.0214 ferrous sulphate (Ref. 5).
This solution being 0.OIM is used in amount of 1 drop for titration.

Conditions of titrations. Usually in H2S04 or HC1 solutions.

Table of applications

Titrant Analyte Remarks Ref.

Dichromate Fe(II)

tT(IV)

in

in

114

114

H2SO4
HC1

or 1—214 HC1 6

5

Recommended for titration of Fe(II) with dichromate.

REFERENCES

1 • V. V. Brandt and G. F. Smith, Anal. Chem. 21, 1313 Cl 949).
2. D. A. Brisbin and V. A. E. Mc Bryde, Can. J. Chew. 41, 1135 (1965).
3. R. K. Steinhaus and D. V. Margerum, J. Am. Chew. Soc. 88, 441 (1968).
4 • A. A. Schilt, Analytical Aplioations of 1 , 10—Phenanthroline and

ted Compounds, Pergamon Press, Oxford, 19&9.
5. I. M. Kolthoff and R. ]3elcher, Volumetric Analysis(III) Intersoience,

New York, 1957.
6 • G. F. Smith and V. V. l3randt, Anal. Chew. 21, 948 (1949).
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114. TRIS- (2,2 '—DIPYRIDYL) -IRON(II) SULPHATE

2+
Fe

3

as solution of sulphate

Reversible indicator: RED: red
-

OX : faint blue

Transition potential

Protolytic reaction and related equilibria

Acid dissociation of 2,2'—dipyridyl:

PKa = —0.2 (speotrophot.) (Ref. 14)

PKa 14,414 (potentiom.) (Ref. 5)
2 (potentiom.) (Ref. 6)

4.44 (spectrophot.) (Ref. 7)

Complex stability constants for reduced form:

log = 17.145 (p11—metric) (Ref. 6)
17.145 (partition) (Ref. 8)
16.94 (spectrophot.) (Ref. 9)

— for oxidized form:

log (33 = 12.0 (potentiom.) (Ref. 9)

Speotrophotometric characteristics

Reduoed form (Ref. 10) Am= 522
Oxidized form (Ref. ii) 610 mu

Reaction mechanism. One one—electron step.

CgJ

Formal (half—oxidation) potential

0.0th i.o86 V (Ref.
0.11M 1.062 V (Ref.
1.OM 1.026 V (Ref.
2.OM 1.00 V (Ref.
k.OM 0.95 V Ref.
6.OM 0.88 V (Ref.
1O.OM 0.80 V (Ref.

in H2S04

1);
2)
2);
2)
2)
2)

2)

1.069 V (Ref. 2)

1.023 V (Ref. 3)

max

max

8,65x103

3.3x1 02

Fe2

3

—e

'V

Fe3'

3

Purity of indioator. The indicator solution prepared from 2,2'—dipyridyl
and ferrous salt of analytical grade needs no purification.
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Indicator solutip is usually prepared by dissolution of 1.17 g of 2,2'-di-
pyridyl in 100 cm of water containing 0.695 g FeS04.7H,0. This is 0.025M
solution of the indioator in the sulphate form and I d?op is needed for
titrations3(Ref. 12). May be used also as a saturated solution of perohlo—
rate, 1 cm for titration (Ref. 13).

Conditions of titrations. Usually used in titrations whioh involve cerium
IV in acid media.

Table of applications

Titrant Analyte Remarks Ref.

Cerium(IV) Fe(II)

Hydroquinone

v(iv)

in

in

in

IM H2SO4 or HC1

iN H2S04

12M CH3COOH

-
13, 14

15

16

Recommended for titration of Fe(II) with ceriuiu(IV).
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SUBJECT INDEX

The numbers refer to the sequence of indicators in the part II of this re-
port.

According to analytes

Aluminium (III) — 8
Antimony(III) — 1

Arsenio(III) — 1, 11, 12
Bismuth(III) — 4, 7
Cadmium(II) — 4, 8, 9
Caloium(II) — 8
Cerium(IV) — 11, 12
Chromium(VI) — 1, 3
Copper(II) — 4
Ferricyanide — 4
Ferrooyanide — 3, 7, 11
Galliuzn(III) — 8, 9
Gold(III) — 7
Hydrogen peroxide - 11
Hydroquinone - 14
Indium(III) - 8
Iodide — 7
Iodine — 4
Iron(II) — 1, 2, 3, 4, 5, 6, ii, 12, 13, ik
Iron(III) — 4, 8, 10
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Lead(II) 4 8
Manganese(IIS — 8
Mercury(I) — 4, 12
Meroury(II)— 4
)iolybdenum (V) 1, 3, 10
Oxalate — 11, 12
Rare earths — 8
Silver(I) — 4
Tin(II) — 7, 8, 10
Titanium(III) — 10
Uranium (Iv) 3, 10, 11, 13
Uraniuin(VI) - 10
Vanadium(III) — 3, 10
Vanadium (Iv) 10, 14
Vanadium(V) — 1, 3, 4
Zino(II) — 4, 5, 8, 9

According to titrants. Vithin each titrant the analytes are di.tin
guished and corresponding indicator numbers are given.
Asoorbio acid — Ag(I), Fe(III), Fe(CN)', Hg(II), 12
Arsenic (iii) — Cr(vi) — I
Cerium(IV) — As(III) — 11, 12; C20 — 11, 12; Fe(II) — 3, 11, 12,

14; Fe(CN) — 3, 11; Hg(I) — 12; 11202 — 11; Hydroqui—
none — 14; Ti(III) — 10; u(nr) — 14

Chromium (ii) — Fe (iii) — 10
Chromium(VI) — FeCII) — 1, 2, 3, 4, 6, 11, 13; u(rv) — 3, 11, 13
EDTA Cu(II) - 4; Cd(II) — 4; Pb(iI) — 4; Zn(iI) — 4, 5, 8
Ferricyanide — Sn(II) 7 8
Ferrocyanids — Bi(III) 4, 7; Ca(II) — 8; Cd(II) 8, 9; Ga(IiI)

8, 9; Hg(I) — 4; U(IV) — 4, 10; Zn(II) — 9
Hydroquinone Au(Iii) - 7
Iodine(vii) As (iii), Fe(II), Sb (iii) — 1

Iron(II) — Ag(I) — 4; Ce(IV) — 11; Cr(VI) 3; Mo(IV) — 10; Mo(V)
10; u(vi) — 10; v(iv) — 10. v(v) — 4

Iron(nI) — Sn(II), Ti (iii), u(iv), viii) — 10
Manganese(VII) - Ti(III) — 10
Oxalate — Ce(IV) — 12
Silver(I) — 1 — 7
Tin(II) — Cr(VI), V — I
Vanadiumi - 10
Vanadium , v(v) - 3
Vanadium — 1, 2, 4, 5; Mo(V) — 1, 3; u(iv) —
Zino(II) — — 7, 8.




