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COMPLEXIMETRIC INDICATORS: CHARACTERISTICS AND APPLICATIONS

Abstract - Dasic characteristics of 24 compleximetric indicators are
presented. They include protonation and complexation equilibria,
spectral characteristics of indicators and their complexes, purity
tests and method of purification as well as typical applications.
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SUBJECT INDEX

INTRODUCTORY REMARKS TO COLLECTED DATA ON COMPLEXIMETRIC INDICATORS

Up to the present, a large number of papers have been devoted to the study
of complexation reactions between metal ions and indicator ligands., Several
years ago,attempts were made to compile the data on reactions used in come
pleximetry (Ref. 1), some of them may be extracted from general monographs
(Ref. 2, 3) or tables of stability constants (Ref. 4, 5). There is however
a constant need for an up-~to~date survey which will allow a comparison of
results obtained by various authors.

In spite of the large number of papers published recently, many gaps remain.
A further significant defect being that some of the data are not reliable.
The source of unreliability can be assigned to several factors:

- The investigated system shows a great complexity for example exhibits sie
multaneous formation of several complexes, or the formation of mixed or
protonated complexes.

- The metals examined may be simultaneously involved in side reactions with
hydroxyl ions or with buffer components.

- The indicators investigated are often of undefined purity. The contami-
nation arises from their synthesis, unsufficient purification and/or in-
stability of the reagents themselves.
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Compleximetric indicators 1139

- Experimental errors arise because the methods of investigation are not
chosen properly or experimental conditions not fully defined. Random
errors or measurement usually have a smaller contribution.

The first stage of the critical evaluation of the stability constant data
there is their separation into two groups.

a) The first group includes systems where the authors formulate an equation
and equilibrium constant for the reaction and defined as carefully as pos-
sible the experimental conditions under which the reaction was carried out.

b) The second group consists of systems where only the ratio, metal to li-
gand, has been indicated, the reaction equilibrium constant has been stated,
but often the species taking part in the reaction and products were not
unequivocally confirmed. Data in this group have been included herein as
"Conditional Stability Constants" but because the exact experimental con-~
ditions are not defined they can not be considered as reliable characteris-
tics of the system studied. They are useful in that they point out systems
in which the reaction occurs and which need further investigation. Cases
where the data are obviously contradictory to those of other authors, or
appear to be nonrealistic, when taking into account the known properties

of similar ligands and metal ions have been specially noted in the text.
Recalculation of some of those data into true equilibrium constants seems
possible occasionally but most often insufficient informations on solution
composition were reported. The lack of constants for protonated or hydroxy-
lated complexes presents additional difficulties,

When complexation and protonation equilibria for indicators are considered
it must be kept in mind, that in some cases the sequence of losing protons
in the absence and presence of metal ions is for steric reasons different.
This occurs for Chromazurol S, Eriochrome Cyanine R, TAR and PAR (Ref. 6).
In the latter case the proton in the p-OH group is more acidic than that in
the o~0H group, however in the presence of complexed metal ions the o~OH
proton is initially replaced by the metal ion because this is favoured by
the chelate ring formation with the adjacent azo group.

It is obvious that only specially designed and very comprehensive experimen=
tal investigations will produce the true thermodynamic characteristics of
the described species and their reactions., This was however, outside the
scope of this project. Nevertheless, it is considered that a "semicritical"
compilation will be also useful to practical analysts when chosing new wore
king conditions and to the more physicochemically oriented investigators to
check the existing discrepancies and gaps.

The compilation of equilibrium constants includes data which refer to
agqueous solutions. Exceptions appear in the case of some azodyes and their
complexes which are only slightly soluble in water. For such indicators
data for mixed solvents are exceptionally presented.

The scope of this work does niot cover data for mixed (ternary) complexes.
Their occurence has been recently confirmed in a number of papers, but un-
til now reliable data are available for a very few ligands only in spite of
the fact that they are either practically exploited or considered as se=
rious interferents in analytical procedures.

The manmner of presentation of indicator characteristics follows the proto=
col suggested in a previous publication (Ref. 7)

The choice of indicators reviewed is somewhat arbitrary. However it was the
subject of discussions on the Commission on Analytical Reactions and Rea-
gents and it was decided to include indicators which are considered as most
often used in practice.

Note: Following abbreviations have been used for solvents, when they
are different from water:

BuOH - butanol

DMF «~ dimethylformamide

EtOH -~ ethanol

MeOH -~ methanol

PeOH - pentanol
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INDICATOR CHARACTERISTICS

I. TRIPHENYLMETHANE INDICATORS

1. ALUMINON

Synonyms: Chrome Violet

Chrome Printing Violet

Ultra Violet

(?ome authors and producers use the name Aluminon for the tri-
ammonium salt)

Chemical names:

34Bis (3~carboxy-4~hydroxyphenyl) methylene] =6=0x04 , h~cyclohexane~
diene~1=carboxylic acid ’
I, 4" =Dihydroxyfuchsone~3,3 3-tricarboxylic acid
Aurintricarboxylic acid

Colour index: C.I. 43810, Mordant Violet 39

HOOC Ccoon
Ho :E :i :0
(o]
HSL
ooH
OH
Protonation constants of the indicator
log K1 log K2 log Kj Conditions Ref,
~0OH -OH -~COOH
13.7 3.89 1
13.0 3.9 ° 2
8.85 8.65 0.1M Na010u, 2500 3
9.76 8.93 I=0.02 25°C 4

The correlation of experimental values to lionisable groups
seems to be doubtful. No critical study of these data has
been published.
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Stability constants of metal-~indicator complexes

Metal ion Reaction log K. Conditions Ref,
a13* At LT = mE LT 1646 5
ca* Ga3*+HhL“ = GaHuLZ"' 14,75 6

Conditional stability comstants of complexes
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Metal ion Metal :Reagent ratio log K Conditions Ref.
A1(III) 1:1 545 pH 45 2,7
131 4,2 pH 4=6 8
Be (L) 1:1 L,5 pH 5.5 9
131 4,2 pH 46 8
Ce (1D 131 4,2 pH 6 10
cu(ID 132 8.8 pH 6 9
131 8.3 PH 2-3.8; I=0.1 11
1:2 3.5 pH 3.4 I=0.1
1:1 9.3 I=0.02 L
1:2 3.8
Dy (IIL) 1:1 k.9 pH 6 12
Er (TID) 121 5.0 pH 6 12
Bu (I1D) 121 L,6 pH 6 12
Fe (IIT) 131 L,7 pH 4.5 9
Gd (ITD) 131 k.7 pH 6 12
Ho (TID) 131 k.9 PH 6 12
Lu(1ID 1:1 5.4 pH 6 12
Na (IID) 111 hoh pH 6 12
Pr (IID) 131 4.3 PH 6 12
Sc (ITD 1:1 L.6 PH 5.5 13
sm (TIT) 131 4.5 PH 6 12
Th (V) 131 5.0 PH 5.0 9
121 8.3 I-"-'O.’, 25 (o} 3
132 3.1
1:3 2.8
Tb (XTD 1:1 Lh.7 PH 6 12
Tm (TII) 131 5.1 PH 6 12
U0, (1D 131 4.8 pH 5.5 9
131 Tk I=0.1, 25°C 3
1:2 3.0
1:3 2.7
Yb (TID 131 5.2 pH 6 12

Spectral characteristics of the indicator

Ion xmax’nm Colour Ref,
H2L3" 535 pink~red 1
HLu' - yellow 1
L= 545 red-violet 1

L (or) 6~ - colourless 1
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Spectral characteristics of metal-indicator complexes

=)
) Itef ,

Metal ion Met:i.;?iagent )\max nm emxx10 Colour o
A1 (ITID) 1:1 510 1.4 red 2
Fe (T1I) 131 530 2.2 violet 14
In (IID) 131 530 o.h violet 14
Lanthanie .

des (TTT) 131 540 violet 12
Uo§+ 111 535 0.7h red 15

2:1 1.2

Purification of indicator has been carried out by extraction of impurities
with hot ethanol (Ref. 10) or by precipitation of the free acid (H L) by
hydrochloric acid from alkaline solutions. The grecipitate was wasﬁed with
water, ethanol and diethylether and dried at 25 C (Ref, 1) .

The indicator is normally used as 0.5% aqueous solution.
Applications of the indicator. Direct titrations of: Al (pH 4.4), Cu (pH
8.5-9.9), Mg (pH 8.5-9.9), Fe (pH 1-2).
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2+ DBROMOPTROGALLOL RED

Smonms HE

Chemical names:

2,7=-Dibromo=k, 5, 6~trihydroxy=3=-0x0=9-(2' ~sulphophenyl) ~3l~xanthen=
9-y1

2= (2, 7=-Dibromo=k, 5, 6=~trihydroxy=3~oxo~ 3H~xanthen-9-yl) benzenesul-
phonic acid

3,3' =Dibromosulphongallein

Colour index:t
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HO 0 O
Br c br L
S04H
Protonation constants of the indicator
log K1 log K2 log K3 log Kh Conditions Ref.
~OH -OH -OH =on*
(at car-
bon 6)
11.47 9.21 5.18 2.43 1*
11.27 9.3 4.39 0.16 0.2M KC1 2
3.88 3
9.13 4,39 0.1M NaNO i
5.2 0.9 0.1M NaClau 5
11059 9.16 14150 0.1M Na.NO3 6
11,44 9.03 k.37 0.3M NaNOB
11.25 8.95 4.30 0.6M Na.No3
8.89 4,21 -0.10 1.0M NaN03
11.30 9.39 4,33 0.19 I=0.1 7
L.78 I=0.1; 30% EtOH 8
0.24 I=2.0; 30% EtOH
x Data, especially for log Kh unreliable
*X 120.5
Stability constants of metal-indicator complexes
Metal ion Reaction log K Conditions Ref.
Ge (0H) } Ge (OH) ;+3H2L2" =
= 5=
= Ge (0H) 3(}12L) 3 12.9 0.1M NaNOg 4
i ThLH'+H3L- = ThH,L2* " 4.36
2+ 24 - + x .
uo, U0, +H3L = UO,H,L+H ~0.56" 2M NaNOB,Ezgg‘ 8
0.02™* 0.1M NaNO;
30% EtOH
24 +
uo, " +U0, H L = (UO,) L+2H 3.18  0.1M NaNO,;
2 272 2/ 2 30% EtOH 3

x .

in presence of metal excess
xx .

in presence of ligand excess
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Conditional stability constants of complexes

Metal ion Metal:Reagent ratio log K Conditions Ref.
cu(TD 121 7.6 9
Co (ID 1:2 ‘ 9.31 pH 5.5=7.0; 1I=0,
50% EtOH 10
Ni (TX) 1:2 6.00 pH 6.0-7.5; I=0,
50% EtOH 10
N(V) 1:2 12,0 pH 6 11
1:3 18.4 pH 6 11
Po(ID) 131 6.28 pH 5.5 12
Sb (TID 121 5.3 pH 6.6-6.8 13
Sn (IV) 1:2 11.12 pH 1.7 5
Th (IV) 1:2 10.2 pH 5 3
w(vD 131 5.4 PH 4.7; I=0.1 14
Zx (IV) 1:1 9.05 pH 5.2 15
Spectral characteristics of the indicator
TIon A nm e x10'h Colour Ref.
max max
H5L+ L2 2.7 yellow 16
HhL— yellow 6
465 2.10(\=440) 8
42 2.6 16
1{31," 434438 1.56 orange 6
525530 1.43 orange 6
k37 1.60 8
k36 1.3 red 16
}121.2' 558-564 5.81 red 6
565 5.13 8
557 4.4 violet 16
3~ 554560 2.27 violet 6
556 1.7 violet 16
565 1.75 violet 8
L"“ 596-600 2.77 blue 6
595 2,2 blue 16
Spectral characteristics of metal-indicator complexes
Metal ion Metal:Reagent kmx nm e maxxm"l‘ Colour Ref,
ratio
co (D) 1:2 620 2.9 blue 10
cu (1D 121 619 1.25 blue 9
Er (IIT) 1:2 G2 3.51 17
Ge (TV) 1:2 550 2,05 red-violet 18
. La (XTIT) 1:2 658 3.5 blue 17
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Spectral characteristics of metal-indicator complexes (Cont.)

=%
Metal ion  Metal:Reagent )\ nmn € x10 Colour Ref.
ratio max max

Po(TD 131 630 0.5 blue 12

Sb (ITD) 131 590 3.9 violet 13

Sa (IV) 1:2 493 2.0 red 5

Th (TV) 1:1 596 2.5 violet 3
1:2 630 6.3 blue 3
1:2 645 5.0 19

vo, (ID 131 565 0.9 violet 8
2:1 565 2.51 vielet 8

v(VD 1:1 530 0.8 14

Zr (IV) 1:2 670 7.0 violet 15

Purification of indicator has been carried out by crystallization from 50%
ethanol. An efficient purification (Ref. 8) has been obtained by chromato-
graphic separation on a polyamide column pre-washed with HC1 (1+4). The in-
dicator was dissolved in methanol with the addition of 1% hydrazine hydrate.
After adsorption on the column yellow impurity was first eluted with HC1
(1+4) , then a red product which was identified as Pyrogallol Red was eluted.
The column was finally washed with water and the pure Bromopyrogallol Red
was eluted by ammonia (148), containing 1% hydrazine hydrate. The acid form
of the indicator was immediately precipitated from the eluate using HClL (1 +1)
dissolved in ammonia containing 1% hydrazine hydrate and reprecipitated
with HC1 (1+1) . The solution containing the precipitate was rapidly heated
to 80°C and then cooled with ice. The precipitate was filtered off, washed
with a small amount of cold water and dried over KOH and silica gel.

Purity check (Ref., 8). The purity may be checked by thin-layer chromatogra-
phy on microcrystalline cellulose using butanol -~ acetic acid - water
(4+1+5) , n-propanol - water (1+1) and methanol - water (1+1) systems.

The indicator is normally used as 0.05% solution in 50% ethanol.

ical application of the indicator. Direct titrations of Bi (pII 2-3}, Ca
'%HP' 9.3) ,'% (pH 10), Mn (pH 10) , Lanthanides (pH 7); it has been especially
recommended for gallium determinations by back-titration of the excess of
EDTA with Bi(III) at pH 2.54_ Also in backe~titration determination of Co,

Cu, Ga, In, Pb, Th, T1, VO with Pb(II) solution as titrant at pH 5, and
Bi, Fe(III), Ga, In, Tl with Bi(III) solutiom at pH 2-3.
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3. CALCEIN

Synonyms: Fluorescein Complexone

Fluorexon

Chemical names:

6=Hydroxy=2,7-bis(N, N-bis—carboxymethyl) aminomethyl—3«0x0=9=
~(2' —~carboxyphenyl) ~3H~-xanthen-9~yl

y 7=Bis~ [N,N-di (carboxymethyl) aminomethyl -fluorescein
(3) 6' =Dihydroxy-fluoran=-2',7’ -diyl) bis-me hylenenitrylc;_] tetraacetic
acid
2,7 -Bis gN 1N=bis (carboxymethyl) aminomethy.‘!g -3, 6' =dihydroxyfluoran
N,N' =!3,6' -Dihydroxy=3=o0xo~1,3=dihydro~9' H-spiro [isobenzofuran—
-1, 9j xantheq] -27 -diyl-bis-methyleng] ~bisg| Ne= (carboxymethyl) gly=
cine

Colour indext

HOOCH,,C e ]@[ ’ IIO / CiL,CO0II
2 1 C B 6
KHLC ¢ N ~—

HOOCH c/ CIL,COOH
2 coon

Protonation constants of the indicator

log K1 log K2 log K3 log Kl& log K5 log K6 Conditions Ref,
=Nt =nmt -OH ~COOH ~COOH  =COOH
12.0 10.1 5.4 L1 2.9 2.1 0.1M KC1 1
30% EtOH

>12.0 10.5 9.0 5.4 <4 0.1M KC1 2
Stability constants of metal~indicator complexes

Metal ion Reaction log K Conditions Ref.
cu?t Cu2++Hl‘_L2-+H3L3" = 104  I=0.1 . 3

F=
= cu(H,D(H,L)
cuP*a, Lt = cun,L?” 8.3

2Cu2++L6- = CuzLa" 28.9
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Spectral characteriStics of the indicator
The less protonated forms are yellow-rose coloured. No accurate spectral
data are available.

Spectral characteristics of metal-indicatoxr complexes

Metal ion Metal:Reagent ratio )\ nm e x10-4 Ref.

ma.x max
cu(ID 231 490 3.91 3
131 L9s 2.79
1:2 480 3.68

The indicator is used as a fluorescent indicator, the calcium and
sodium complexes exhibit a yellowish-green fluorescence. No reliable
spectral data for this indicator are available.

Purification of the indicator may be achieved by crystallization or repre-
cipitation of commercially available calcein.

Crystallization: The commercially available calcein was dissolved in 50%
aqueous methanol at 60°C and filtered using low ash filter paper. The file=
trate was allowed to stand at 0°C for 1-2 days. Crystals formed on the
glass walls were collected on a glass frit, washed with methanol and dried
in a vacuum dessicator over sulphuric acid.

Reprecipitation: The commercially available calcein was dissolved in a
small amount of 0.1M NaOH, diluted with 5-10% aqueous methanol, acidified
to pH 2.5 with HC1l and allowed to stand at O C overnight. The crystalline
product was treated as described above.

The indicator is used in a solid form diluted with KNO3 (1:10@).

Typical applications of the indicator. Direct titration of Ca(II at pH>13.
Algo in back-titration determimation of Al, Cr, Cu, Fe(IID, Mo(V), Th,
Vo with Cu(II) solution as titrant at pH L4.5-3.

REFERENCES

1. N. Iritani and T. Miyahara, Bunseki Kagaku, 22, 174 (1973).

2., D.F.H. Wallach, D.M. Surgenor, J. Soderberg and E. Delano, Anal,.Chem.,
31, 456 (1959). -

3. T. Miyahara, Bunseki Kagalku, 26, 615 (1977).

4, CHROMAZUROL S

Synonyms: Alberon
Chromoxan Pure Blue BLD

Eriochromazurol S

Gallochrome DBrilliant Blue BLD
Polytrop Blue B

Solochrome Brilliant Blue B
Reinhellblau BLD

Chemical names:
3[3-Carboxy~4-hydroxy-5-methyl-phenyl) -(2,6~-dichloro=3~sulphophenyl)
-methylenq eS~methyl=6=0x0=1,4=cyclohexanediene~1~carboxylic acid
3" =Sulpho=-2', 6" ~dichloro=3, 3’ =dimethyl=4~hydroxyfuchsone=5,5~dicar-
boxylic acid

Colour index: C.I. 43825, Mordant Blue 29
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CH CH

3 3 3
HO 0
HOOC . coomn
H,L
c1 c1
50,11
Protonation constants of the indicator
log K, log K, logK; logK, log K Conditions Ref.
-OH ~COOH ~COOH =oH* ~SO0 H
11.47 L.86 2.45 I=0.2 1
11.52 4.73 2,28 0.4 -2.2 0.1M KC1 2
11.81 Lot 2,25 0.1M KC1 3
12,4 5.0 2.3 -2 I=0.1 5
12.21 4,92 2,27 T=0.1 "
Stability constants of metal-indicator complexesx
Metal ion Reaction log K Conditions Ref .
a1+ a13*h o oA 5.20°%  0.6M NaCl0, 8
a3t o Ang- 9.64
a3*ien3= = a1 () 2= 16.82 9
a1dtiem3” = a1 (m) g" 16.1 I<0.01 10
adtam3 <o 5.17 T=0.1 11
Be** Be**4HL™ = BeHL™ 11.84 0.1M NaC10, 12
2BeR+e2Lt" - Beng‘ 26.8
2Be2* o Be,L 15.8
crlt o3t - orL” 4.0 0.1M NaC10,, 13
203t - cr, L% 5.9
et = CrLZ“ 8.6
cu?t 200t = Cu,L 13.7 I=0.1 14
cu®*4HL3™ = cuHL” 4.02
Fe3* Fe3*iL¥™ = FeL” 15.6 I=0.1 3
2Fe *4L*™ = Fe L?* 20.2

L

Re

3+ -
2Fe” " +2L = Fesz 36.2



Compleximetric indicators

Stability constants of metal~indicator complexes (Cont.}

1149

Metal ion Reaction log K Conditions Ref .
2Fe3*eaLt = FeaLg- 37.6  0.1M KC1 15
Foo*+2HL7" = Fe(ur) 2~ 6.k 16

Ni%* Nif*ealH = NiLg' 9.26 I=0.1 17

pa?+ 2pa?* Lt = Pa,L 9.80  0.1M NaNO, 18
2pa?*ialt" = pdng" 15.27
pa?tsL’” = paHL” 4.9

se3t se3tyHL™ = ScHL 5.12 19
So3*420L3" = se(up) 3° 11,94

hs 24 o G -
L T4 (0H) 37 +HL" "= Ti (oH) ,HL 5.64 20
U0§+ U0§*+m,3‘ = U0 HL” 11.6  I=0.1 I
24 . be

2003*4L* = (U0,),L 18.3

x

in the case of formation of monoprotonated complexes the sequen-

ce of replacement of protons through metal ion is different than

that in the case of deprotonation in absence of metal ion.

xx probably this is a constant for AlHL.

Conditional stability constants of complexes

Metal ion Metal:;Reagent log K Conditions Ref,
ratio
A1 (IID) 111 4.3 pH 4.0, 0.2M KC1 21
Be (IT) 1:1 L4.5 PH 6.0, 0.1M NaCl0) 22
ca(@n 112 9.0 pH 11.0 23
co (ID) 132 8.0 pH 10.5~11.5 24
cu (1D 111 4,1 Il 6.5, 0.1M NaCl0, 25
Dy (TITD) 121 L.k pH 6.0 26
Bu(TID) 1:1 4.6 pH 6.0 26
Fe (IIT) 131 k.9 pH 3.0, 0.1M NaCl0 21
121 4.5 pH 3.44, 0.1M NaCl 27
232 14.7 pH 3.44, 0.1M NaClO 27
Ga (I1T) 121 6.3 28
Gd (TID 1:1 L.y pH 6.0 26
nr (Iv) 131 4.8 pH 2.0 29
Ho (1T 1:1 6.4 pd 6.0 26
In (TID 1:1 4.6 pH 4.0 21
Mg (TT) 1:2 9.3 pH 11.0 21
Pd (ID) 131 L,9 PH 4.0 21
1:1 L.75 pH 3.5-8.0 30
Se (TTD 111 5.6 pH 5.0 21
sm (TID 1:1 541 pH 6.0 26
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Conditional stability constants of complexes (Cont.)

Metal ion Metal :Reagent log K Conditions Ref.,
ratio
T (IID 1:1 4.8 pH 6.0 26
q,‘h(]:V) 11 ~4.5 pi 4059 0.15H NHHNOB 31
1:2 11.3 pH 5.6 32
Ti @V) 1:1 4.5 P 4.5 29
u(vy 1:1 k.6 PH 5.0 33
Y (X13) 1:1 4.3 pH 6.0 21
Zr (1V) 131 5.0 pH 2.5 29
Spectral characteristics of the indicator
. -l‘ 3
Ion xmax nm € axs10 Colour Ref .
H5L+ 542 7.8 pinik 2
545,399 red-violet 12
HhL L66 2.3 2
541,399 5.53 A\=540) red-violet 12
113L" L66 2.3 orange 2
469 1.15(\=500) orange 12
112L2‘ 490 2.24 red 2
k99 1.49(\=500) red 12
mw3~ 430 2.24 yeollow 2
L29 yellow 12
Ll*“' 598 7.56 blue 2
598 5453 (A=600) blue-violet 12
Spectral characteristics of metal-~indicator complexes
» ; R =%
Metal ion . Metal:Reagent xmax nm € . %10 Colour Ref .
ratio
Al (T1ID) 131 red 21
131 (A1HL 570 8.5 11
1:1 (AlL 546 6.l4x
1312 545 7'6xx red 10
5.9
1:3 541 3h
Be (IT) 1:1 (2:2,7 540 red 22
131 (BeL™" k90 2.7 red 12
131 (BeHL 5.1 red~violet
231 BeZL) red-violet
2:2 (Beng—) 540 7.0 red
ca(ID 1:2 540 red 23
Co (ITD 1121 567 3.9 blue 35
132 567 3.3 36
cr (TID) 1:2 560 red-violet 37
2:3 610 blue
cu(In 131 580 violet 25
1:1 540 red 14
2:1 586 violet 14
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Iy
Metal ion  Metal:Reagent A\ nmm  e___x10 Colour Ref,
ratio max max
Fe (IIL) 131 570 red-violet 21
121 570 7.0 38
1:1 596 blue~violet 3
2:2 582 violet 3
Ga (I1D) 1:2 sk 5.0 ko
HE (IV) 131 510 red 29
In(IID) 121 530 red 21
131 580 1.8 violet L1
La (11D 112 500 26
Mg (TD) 1:2 545 red 21
Ni (ID) 111 567 3.9 violet 35
Pa (T1) 1:1 585 violet 21,30
1:2 610 k.3 4o
Sc (TID) 131 560 red-violet 21
132 550 2,7 red-violet 42
Th (TV) 1:1 550 red-violet 31
1:2 554 3.2 red-violet 32
Ti (TV) 1:1 520 red 29
U (VD 131 585 violet 33
1:1 590 5.8 violet 4
231 585
131 582 2.0(2=590) red
Y(I1D 111 490 red 21
zr (TV) 121 530 red 29
1:2 560 L1 43
X

in urotropin buffer

XX in acetate buffer

Purification of the indicator (Ref. 44). The sodium salt of Chromazurol S

(commercial product) is converted into free acid by precipitation with hy-
drochloric acid (1+0 « The non~sulphonated dye is removed by repeated ex~
traction with ethyl ether. Extraction of Chromazurol B, as an impurity, is
possible also from aqueous acetic solution of commercial Chromazurol S with
several portions of acidified (Hci) and pure ethyl ether. Afterwards the
free acid of Chromazurol S is precipitated from aqueous solution by hydro=
chloric acid (1+D « Purification in small amounts is possible by using pa-
per chromatography (Ref. 45).

Purity check (Ref. 44) was carried out by thin layer chromatography on sili-
ca gel using as solvent 0.05M EDTA in n-butanol - acetic acid - water(7+1+3)
or i-propanol - 25% ammonia - water (8+1+3). Several spots are usually ob-

tained, the highest is the non-sulphonated Chromazurol B present in variable
amounts,

The indicator is normally used as a 0.1-0.4% agueous solution.

P 11

, Cu (pH 6-6.5), Fe (pH 2-3), Mg (pH 10-11), Ni  (pH 8=11

ical applications of the indicator. Direct titration of Al (pH 4), Ca
, Lanthani-

des (pH 8), Th (pH 2-3), V (pH 4); especially recommended for Al (pH &),
Fe (pH 2-3), Th (pH 2-3). Also in back~titration determination of Al with
Fe(III), Cu(TI) or Zn(ID solution as titrants at pH 6.
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5. ERTOCHROME CYANINE R

Synonyms: Alizarol Cyanine RC

Chromoxane Cyanine RA

Omega Chrome Cyanine GR

Pontachrome Blue ECR

Solochrome Cyanine R

Eriochrome Cyanine RC

(the ‘commercial product is usually a trisodium salt)
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3[(3-Carboxy=~4-hydroxy=5~methyi-phenyl) - (2~sul phophenyl) methylene]
=5-methyl=6=0x0~1,4~cyclohexanediene~1i=carboxylic acid
2" =Sulpho=3, 3’ ~dimethyl~4~hydroxyfuchsone=5,5’ ~dicarboxylic acid

3,3’ ~Dicarboxy~phenolsulphophthalein

5-d(3=Carboxy=5~methyl=l=0x0=2,5~cyclohexanediene~1=-ylidene)=o=

-stilphobenzyl] =3-methylsalicylic acid

Colour indext C.I. 43820, Mordant Blue 3

CHy CH,
HO i: :E io
HOOC ¢ COCH

H) L
SO4H

Protonation constants of the indicator

log K1 log K2 log 1{3 log 1{4 Conditions Ref,

~0H ~cooH ~COOH =or*

11.83 5.74 1.46 0.2M KNO 1

1241 5.45 2.32 <1,0 I=0.1 2

11.85 547 2.23 ~4.9 0.1H NaC10, 3

Stability constants of metal~indicator complexes x

Metal ion Reaction log K Conditions Ref,
a3t a3ttt - A 141 I=0.1 2
ALHL+2HL3™ = A1(HD) g" 8.1
JUEAR ST iy 13.66 I=0.1 I
A taEtaLt = Al 18.25
a3+t - AL LY 22.29
Be2* Be**4HLI™ = BemL™ 11.85  0.1M NaCl0, 3
2Be? e = Beng. 28.3
Fe* Fe3*4L¥" = FeL” 17.9 0.1M KC1 5
2re3*talt = Fe L2+ 22.5
2Fed*s2Lt = Fe,L,2" 37.9
Mgt Mgt s0n™+LY" = MgoHL3™ 8.65 I=0.1 A
x

In the case of formation of monoprotonated complexes the sequen=

ce of replacement of protons through metal ion is difflerent than
that in the case of deprotonation in absence of metal ion.
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Conditional stability constants of complexes

Metal ion Metal :Reagent log K Conditions Ref .
ratio
A1 (T1D) 131 L,6=5.1 pH 4.5 6
Ga (TID) 111 5.8 pH 3.5 7
1:1 h.5=5.1 PH 3.5 6
¢a(ITT) 132 9.8 8
Ho (IID 112 9.8 8
ur (Iv) 1:1 5.0 pH 1,0 9
1:2 9.5 pH 1.8
In (IID) 131 5¢5 PH 3.5 7
Lu (TID) 112 9.2 8
Nd (T1D 132 9.6 8
Pr (ITD 1:2 10.6 8
R (IID 112 9.7=-10.3 pH 4,0 10
sm (TIT) 132 9.6 8
Ti(II:D 131 509"6.9 pH 308"405 11
1:2 10.4=11.6 pH 3.8=k.5
T1 (IID 1:1 541 pl 3.5 7
Tm (TIL) 1:2 9.6 8
v(IID 121 540=6.0 pH 3.8=4.5 11
132 10.2-10.3 pH 3.8=k.5
v(v) 1:1 4.6 pH 3.0-5.5 12
b (TID 1:2 9.1 8

Spectral characteristics of the indicator

Ton A max ™ €ax™! O"h Colour Ref.
IISL"' 510 red-orange 1
522,398 red-violet 3
H I‘L 510 red~orange 1
510 5.99(\=512) red-violet 3
HSL" k80 red-orange 1
476 orange 3
usz" 520 red 1
517 1.33(\=512) red 3
m3" Ly yellow 1
Ly yellow 3
LL’"' 585 violet 1
585 3.85 blue~violet 3
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Spectral cha_raoteristios of metale~indicator complexes

, -~
Metal ion Met:i é xizgagont A max B0 €ppX10 Colour Ref, )
A1(IIT) 131 ; 540 3.2 violet 13
131 6 550 4.3 violet 2
1:3 (AL(HD) 3 ) 535 8.4 red~violet
Be (I1) 131 (BeHL) sk 4,65 red 3
232 2e 522 7.98 red
121 éBeL ) 500
211 BezL) 547 red
cr (TID 1:1 540 2.6 vielet 14
Ga (ITD) 131 550 2.2 violet 13
uf (ITD 1:1 520 1.9 red 8
1:2 560 0.75 violet
Mg (D) 1:1 570 0.22 violet 4
Th (TV) 1:2 530 k.0 19
T1 (TID) 131 650 1.02 blue 15
Zr (IV) 211 540 3.2 violet 16

Purification of the indicator has been carried ogt as follows (Ref. 17):
4 g Eriochrome Cyanine R were dissolved in 60 cm” water and 40 cm” of cone
centrated hydrochloric acid was added with stirring. The grecipitated acid
was filtered using a Bfichner funnel and washed with 10 cm” of (1+1) HC1. The
moist precipitate was dissolved in about 100 cm- of chloroform and filtee
red to remove the remaiging aqueous phase. The chloroform solution was exe
tracted with two 100 cm” portions of water, the combined aqueous extracts
\gege evaporated to dryness. The product was ground and dried for 1 hour at
0-C.

Purity check (Ref. 18) has been carried out by thin layer chromatography on
silica gel using as solvent 0,05M EDTA in n~butanol - acetic acid - water
(7+1+3) or i-propanol - 25% ammonia-water (8+1+2). Always appear two spots
of variable relative intensity belonging to two structural forms of the dye.

The indicator is normally used as 0.1-0.4% aqueous or 0.1% ethanolic solu-
tion.

ical applications of the indicator. Direct titration of: Al (pH 5=6), Ca
pH 11.5), Fe (pH 2-3), Mg (pII 10), Th (pH 2-2.5), Zr (pH 1.3=1.5).
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6. GALLEIN

Synonyms 3 Pyrogallolphthalein
Galleina

Chemical namess$
T, 5 3 6=TrihydroXy=3=~0x0~9~(2' =carboxyphenyl) =3H-xanthen-9-yl
3,4%,5,6' ~Tetrahydroxyfluoran
L ,5=Dihydroxyfluorescein
3y, 5,6’ «Tetrahydroxy=3=0x0=~1,3-dihydro=9’ H=spiro [isobenzofuran-
-1,9«~xanthene

Colour index: C.I. 45445, Mordant Violet 25

OH ol
HO, i o] i . )
C .
I L;L

COO0II

Protonation constants of the indicator

log K1 log K2 log K3 log Kls log K5 Conditions Ref .
~OH ~0H -OH ~COOH =oH*
(at carbon 6)
11.5 6.7 L,6 1.5 I=0.45,10% EtOH 1
12.75 9.37 5492 1.75 R
6.3 1.8 0.1M NaC10, 3
6011 ’4.80 1.53 I=1o° l}x
11.24 9.20 5.87 4.63 1.48 I=1.0, 10% EtOH 5

%X also data for other ionic strengths were given.

Stability constants of metal-indicator complexes

Metal ion Reaction log K Ref.

InoH** InoH**42H,LY = InOH(H,L) ,+4H"  10.3 6

Conditional stability constants of complexes

Metal ion Metal:Reagent ratio log K Conditions Ref .

Bi (TID) 131 5.2 pH 2.3 7
Zr (IV) 312 k.79 pH 2.3 8
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Spectral characteristics of the indicator

=5
Ton Amax nm € nax*10 Ref.
H6L2* 452 2.46 1
n5L+ 460 2.40 1
466 2.67 5
H,L 460-480 2.6 1,5
H3L' 507 1.00 5
nng“ 530 3.32 1
540 3.82 5
w3 567 2.00 1
532 1.55 5
L““ 575 2.2 1
580 2.07 5

Spectral characteristics of metal~indicator complexes

Metal ion Met:i;?gagent kmax nm emaxX1o-u Colour Ref.
Bi (XIT) 131 574 1.57 violet vé
In (II1) 1:1 534 1.22 red~violet 9
1:2 530 1.8 red 6
sn (IV) 134 495 6.5 red 4
Zr (IV) 3:2 530 0.77 red 8

Purification of the indicator (Ref. 1) . The crude product may be purified
by acetylation. The acetyl derivative was crystallized twice from benzene,
m.p. of product 247-248°C. The acetyl derivative was hydrolyzed in alkaline
solution and the free product precipitated with hydrochloric acid, washed
with water, diethyl ether and dried. The product was further recrystalli~
zed three times from ethanol.

Purity check by potentiometric titration with sodium hydroxide in presence
of ascorbic acid (to prevent oxidation).

Typical applications of the indicator: Titrations of Bi (pI-I 1=2, 3) and Cd
pl{ (5.8-10—) .
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7+« METALPIITHALEIN

Synonyms: o-Cresolphthalein Complexone
Phthalein Complexone
Phthalein Purple
Metylphthalexon

Chemical names:
3«(N,N~Bis~carboxyme thyl) -a.minomethyl-h-hydroxy-s-methyl-pheny.‘blj

(2=carboxyphenyl) methylene} -2[(N, N=bis~-carboxyme thyl) aminomethyl] =6=
~methyl~1,i=cyclohexanediene~1-one
3,3’ ~Dis N,Ni-di(ca.r oxymethyl) -aminomethyJJ ~o=cresolphthalein
343 =Dimethyl=5,5 =N, NLdi (ca.rboxymathyl) -aminomethyl] ~phenolphthae~
lein
o=Cresolphthalein-5,5’ bis[(methylimino) diacetic aci :
N,N’ -{(3-0::0-1 » 3=dihydro~isobenzof ~1=~yliden) bis—(6-hydroxy-5-me-
thyl=~phen=3, 1-ylene) methylene| bis |Ne (carboxymethyl) glycine]

Colour index: =

HOOCH2C CH,COOH
~
/mu'ig HZLL\' \
HOOCH20 CH,CO0H
HO [¢]
H_ L
¢}
H,C 3
3 C "HB
COOH

Protonation constants of indicator (Ref. 1) in 0.1M KC1, t=20°C

log K1 log 1{2 log K3 log Kl‘_ log K5 log 1{6
=Nt =ymt ~OH ~COOH ~COOH ~COOH
12.0 1.k 7.8 7.0 2.9 2.2

Stability constants of metal~indicator complexes (0.1M KC1, t=20°C)

Metal ion Reaction log K Ref,

Ba?t Ba?*4.8~ - paL*" 6.2 1
2Ba?*400" = Ba2L2“ 9.2
Ba?t4HL" = Bamn" 4.8
Ba2++H2 b= BaHsz' 2,3%
Ba2*+H3L3‘ = BaH,L” 1.3

ca®* ca?tyL6~ = cart" 7.8 1

2ca?*4.%" = ca.L?"

2 12.8
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Stability constants of metalw-indicator complexes (0.1M KC1, t=200°C)
(Conty

Metal ion Reaction log K Ref .
ca®*iL’~ = camn3” 6.9
Ca2++32L““ = CaH,L?" 3.2
ca®*sm, 13" = can L~ 2.3
3 3
mgt* Me 418" = MeL" 8.9 1
amg?* 418" = ne,LP" 14,1
Mg *4HL" = MgHL3" 7.5
Mgt b o MeH,L2" 3.6
Mg2*+H3L3' = MgH L™ 2.2
zn?* n?*40" = Znit= 24,9 1
2702*41.8" = Zn, 12" 15
zn**yH5” = znmL3 13.8
2n2++n2L“’ = znH,L2" 10.2
Zn2*+H3L3' = Zni,L” 6.0
Zn,L274H* = zoHL” 5.9

% The constant for reaction BaHLI™+H' = DaH2L2" given in the paper
as log K =6.7 seems to be wrong (probably”printing error).

Conditional stability constants of complexes

Metal ion Metal:Reagent log K Conditions Ref.
ratio

Ba (T2 121 L.6 pH 11.3, I=0.1 2

sr (1T 1:1 5.0 PH 11, I=0.t 2

Spectral characteristics of the indicator (Ref. 1)

i

Ion )\max nm € ax®10 Colour
nzL“‘ 575 0.2 light rose
HL™ 575 1.1 red

L6" 575 6.0 red

Species containing three or more protons do not absorb in visible
spectral region. .
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Spectral characteristics of metal~indicator complexes

=y
Metal ion Metal:Reagent A mn  e___x10 Colour Ref.
ratio max max
Ba (1) 2:1 570 7.0 red 1
ca (I1) 211 560 6.5 red 1
Mg (D) 2:1 550 2.5 red 1
tio (VI) 131 370 0.5 3

Purity of indicator (Ref. 1) may be examined by paper chromatography using
as eluent ethanol - water ~ phenol (6+3+1); for colour development is taken
Na OH.

Purification (Ref. 1) from unsubstituted and monosubstituted cresoiphtha-
leins has been carried out by dissolving the dye in sodium acetate solution
followed by careful fractional precipitation with HCl. ‘The precipitates ob=-
tained at higher acidities contain the pure indicator. These were washed
with cold water and dried in vacuum at 30°C, the product being a monohy-
drate m.Dpe. 186°C.

The indicator is used either as a 0.5% aqueous solution or as a screened
indicator solution having 0.1 g of the dye, 0.005 g i{cthyl Red and 0.005 g
Diamine Green B in 100 ml water containing a few drops of agqueous ammonia.
Both solutions are stable for one weel., The screcned indicator is used in
amounts 0.2 ml for (Ca) or O.4 mi for (Ba and Sr).

Typical applications of the indicator: Titration of Ba (pI’I 10.5=1 1) , Ca
(pII 10-~1 1) s 5 (pH10.5-1 1) . Lt has been especially recommended for Sr at pll
10.5=11 (Ref. %), Also in backetitration determination of Ni with Cu(II)
solution as titrant at pH 10.
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8. METHYL, THYMOL BLUL

Synonyms: Methylthymol Blue Complexone
(the commercial product is usually a tetrasodium salt)

Chemical names:

3 N,NuBis-ca.rboxymethyl)-a.minomethy‘ =l hy AT OXy =5 ~iSOPropy l=2-me=
thyl=phenyl| -(2~sulphophenyl) me thyleney -2[(N y H=bis~carboxymethy )~
~aminomethyl| ~3~methyl~6-~isopropyl-1,4=cyclohexanedicne=-1-one

3 -Bis[N, -di(carboxymethyl)-a.minomethyl ~thymolsulphonphthalein

I} wHydroxy=5,5 =diisopropyl—2,2 =~dimethyl~2 -—sulphofuchsone-3,3 =
-diyl-bis-methylenenitril?tetraacetic acid
ymolsulphonphthalein~3' "~bis[me hyleneimino)diacetic acid]
3H=2,1=Benzoxathiol=3~yljdene~bi (6~hydroxy-5-isopro le2emethyl-
=phen=3,1~ylene) methylen:ajj} bis[N—carboxymethyl-glycin =S, S~dioxide

Colour index: =~
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Hoocnac\\\\\ ////,cnzcoon
/////NCHa Hch\\\\\
HOOCH,,C CH,COOH
HO CHy Hy 0
(H30)2HC CH(CH3)2 H.L
c
S0 H
Protonation constants of indicator
log K, =nH* 12.9 13.4 12.5
log K, =NH* 1.1 11.2 10.6
log K3 -0l 6.9 7ok 7.2 7.02
log K, -COOH 3.0 3.8 4.5 3.1
log K ~COOH 2.0 3.3 1.9
log Kg  =COOH 1.8% 3.0% -1.9 (in 8M HC10,)
log K7 -COOH
Conditions 0.1M KNO; 0.2M KNO, 0.1M NaCl0,, 25°C
Reference 1 2 3 4

*  Doubtful as potentiometric measurements

Stability constants of metal-indicator complexes

Metal ion Reaction log K Conditions Ref.
Ba?* a2+ = maL*" 6.93  0.1M KNO, 5
2Ba2*,1.0" - Ba2L2‘ 11.58
BaL*" st = BamL3” 1.2
BanL " +u* = BaﬁzLa“ 8.06
e 4 -
Ba,L?74H* = Ba, Il 8.5
Bil* 513*+H3L3‘ = Bill,L 12,49 0.5M NaC10, 6
ca?* ca?+,1.6= = canL*" 8.25  0.1M KNO, 5
CaR*aL0" = Ca ,L2" 13.63
caL* 4H* = camL3" 10.9
CaHL ™ +H' = CaHZLz“ 7.35
2=+ _
CazL +H = CazﬂL 7.7
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Stability constants of metal-indicator complexes (Cont,)

Metal ion Reaction log K Conditions Ref'.
co?t Co?+41.8" = coL*™ 12.69  0.1M KN, 1
2002%40%" = Cosz" 23.69
coL*"4n* = comn3~ 10.814
coHL "4 = com,L?” 6.33
2=+ -
002L +H = COZHL 3.8
et Cr3++H3L3_ = Cri,L 3.9 0.1M NaClo, 4
3+ 3= _ 3+
2Cr +H3L = CrzHBL 8.2
cu?t cu*s8" = cut" 14,05  0.1M INO, 1
2cu?*4L0" = CuzLa_ 26.45
cur*"4m* = cumL3” 10.18
cuL3"4H* = Cu112L2' 6.08
2 o+ -
CuzL +H" = CuZHL . 2.2
2o -
Cu,L™"+20H = Cu, (OH) ,L 2.9
3+ 3+ e -
Fe Fe * 4, LY = Fell L 20.56  0.1M NaCl0, 7
Ga3* Ga3*+113L3" = GaH,L 11.43 8
Gal L+l L™ = Ga (H,L)7 L.88
m3* In3*+n21f*‘ = InH,L~ 13.60  0.1M NaClO, 9
1n3*+uSL3" = TnH,L 5.3 1M NaClo, 10
I *e2i 037 = gL 3” 9.5
2m7tam®” = In Lt 23.6
Lu3t Lu3*+2l-12Ll"' = Lu(,D) 3” 1.1 11
Mg2t Mg+ 416" = MgL*" 8.87 0.1 KNO, 5
Mgt = Mgsz- 14.67
MeL*"sHY = MgHLI™ 10.8
MgHLI™ +H* = MgHsz- 7.0k
Mg2L2‘+H+ = Mg, iL” 7.3
MeL¥"+ou™ = Mg (OH)LP™ 2.69
Ma, L7420 = Mg, (OH) ,L°7  3.h4k
+ + -
Nd3 Nd3 +H2L4 = NdﬂzL- 5.0 11
NiZ* Ni+0m o mante 12.66  0.1M KNO, 1
2Ni2*,00" - NiaLz" 23.93
NiL¥"m* = NimL3” 10.56
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Stability constants of metal-indicator complexes (ContD

1163

Metal ion Reaction log K Conditions Ref'.
NiHLI"+H* = NiH?_Lz" 6.59
. ¢ Re 4 . -
N12L +H = N12HL 3.51
prit pr3"+HzLL"' = Pri,,L” 5.2 11
se3* Sc3++1-131,3“ = ScliL 12.55 0.1 NaCl0, 12
SO3++1-12LL"' = ScllL” 16.55
spot sr2*,00" o spUtt 7.05  0.1M KNO, 5
2502 +,1.87 = Sr2L2- 11.63
L -
srLt "t = s’ 11.1
seHL3™+u* = sri 12" 7.93
Sr2L2‘+11" = Sy HLT 8.3
Tttt Thl"'+1-13L3" = Thi, LY 6.7 1M NaClo, 13
Thl”+2x13L3" = Th(it,L) 2" 10.8
2 ST - ’1‘112111,3"' 25.3
2+ 2+ fm _ o g A= d N
uos uo; +112L4 = UO,M,L 6.0 0.5M Nacl0, 13
2+ - T .
2UOLTHH LT = (Loz) HHLL 7.3
y3+ 2v3*,200" - Yng- 37.0  I=0.2 2
3+ 3+ L 5m
Yb Yo T+2H, LT = Yb(H,L) 5 11.2 11
- lhe
Zn®t 702t L0 = o 13.31 0.1} Ko, 1
270208 - anLz- 2l 41
ol ¥t = znm3” 10.56
ZaHL 3" 4HY = ZnnzL?'" 6.11
e+ . -
Zn L 741" = 7n ML 3.3
Conditional stability constants of complexes
Metal ion Metal:Reagent log K Conditions Ref'.
ratio
Be (TD 131 5.8 pH 5.0 14
? 11.7 pH 8.0 15
Ce (TID 111 6.2 pH 6.5 16
cr (111) 121 5.8 pH k=5 17*
Fe (TIT) 131 5.5 pH 2.5 18
1:2 9.5 pH 5.8
Gd (TI1) 121 5.6  pH 5.6, I=0.4 (GamL?™) 19
211 8.4 plI 3.2-5.2, I=0.h4
(Ga,H,L27)
121 5.1 pH 8, I=0.h4, (GcmzL")
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Conditional stability constants of complexes (Cont.)

Mtal ion Metal:Reagent log K Conditions Ref,
ratio
La (11D 111 4.8 pH 6.5, I=0.h4 (LanL?") 19
2:1 7.5 pH 3.2-5.2, I=0.4
(La il %)
131 3.8 PU>8 (LaH,L™)
111 6.1 PH 6.5 16
2:2 35.8 PH 5.7-6.7, 0.2M NaNOg; 20
Mg (TD) 121 6.9 pd 10.8 14
Mn (IT) 111 6.9 pH 7.0 21
No(V) 131 4.6 pH 2 22
N4 (111 1:1 5.1 pI>8, I=0.4, (NamL2™) 19
2:1 7.9 pH 3.2-5.2, I=0.4
(Nd2}12L2+)
1:1 k.5 pH 6.5 (NaH,L™)
Ni (1D 121 6.7 pH 7.0 23
Pb(TD 111 5.7 pH 5.8 24
Pa (1D 1131 k.1 PH 6.8-7.5 25
1:2 9.8 0.02-0.05M HC10,
Pr(IID) 101 4.9  pH>8, I=0.4 (PrmL*") 19
2311 7.7 pH 3.2-5.2, I=0.4,
(pr LA Y)
1:1 4.3 Pl 6.5, I=0.4 (Pril,L7)
Se (IIT) 1:1 b1 PH 2.75=3.55 26
112 7.3
Sm (LIT) 111 5.4 pH>8, I=0.4 (SwlL>™) 24 19
211 8.1 pH 6.5, I=0.4 (Sm,H,L°")
1:1 5.0 pH 6.5, I=0.k Smﬁzﬁ )

Th (IV) 1:2 11.6 pH U=k, 5 a7
T1(IID 131 13.1 pH 2.5, I=0.1 28
1:2 6.8 pPH 5.5, I=0.1
v(v) i1 4.3 PH 4=l.7, I=0.0i 29

112 10.05 pH 6-6.5, I=0.01
Y (IID) 1:1 6.9  pH 6.5 o 16

121 5.8 pH>8, I=0.4 (YHL®T) 19

211 8.7 pH 3.2~5.2, I=0.4

(¥,H,L2%)

131 5.2 PH 6.5, I=0.4 (YH,L™)
Yb (IID) 121 6.3 PH 5.6 30
zn (1I) 1:1 6.7 pH 5 31%
Zr (IV) 111 5.0 1M HC10, 32
X

Data not quite consistent with those in previous Table,
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Spectral characteristics of the indicator

pern
Ion xmax nm e x10 Colour Ref.
HL 545 2.450e550) red L
L35 1.89 1
1151,' Ly 1.130e475) vellow L
435 1.89 1
H,‘Lz" Lis 0.98(X475) yellow b
435 1.89 1
HBLB- 595 0.08(580) yellow-green 4
435 1.89 1
H2LL*" 600 1.8 (%600) green-blue 4
607 2.15 1
o 600 0.67(%600)  pale-blue s
458 .2 1
Lo 605 2.9 (X600) blue 4
617 L.29 1

The given colours are in various papers different,

the higher protonated species.

Spectral characteristics of metal-indicator comple:zes

1165

particularly for

Metal ion Metal :Reagent A _ nm € x1o'“ Colour Ref,
- max max
ratio
a1 @I 1:1 590 1.9 violet 33
Be (ID) 1:1 500 orange 14
Bi (ITD 131 590 6
132 500
ca (IL) 131 610 1.7 blue 34
Ce (TID 1:1 600 R.1 blue 16
Co (T1) 11 (Consz") 440 1.76 yeilow 1
1:1 (ConL3’) 611 2.70 blue
1:1 (CoLl*") 584 2,08 violet
2:1 (Cosz-) 618 3.57 biue
cr (11D 1:1 580 0.6 violet 17
131 525 L
cu(1D 131 o 595 1.3 violet 3
1:1 (CullL,L™") 450 1.88 yellow 1
131 (CUHLB-) 583 2.15 violet
i1 (Cu'xf"‘) 538 1.88 red
2:1 (Cu,L*7) 611 1.93 bluo
Fe (ITL) 131 610 1.73 blue 7
1:2 515 0.3 brown-red
1:1 600 0.65 blue 18
1:2 510 1.2 red
Ga (1D 1:1 580 1.95 violet 35
i (TV) 1:1 570 1.87 red 32
In(TID 1:1 600 1.75 biue 9
1:2 510 0.55 red
1:1 (InlIBL) 530;570  1.12;1.8 10
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Spectral characteristics of metal-indicator complexes (Cont.)

. . -k
Metal ion Metiiéggagent xmax m e %10 Colour Ref.
1:2 In(igl) 5 530 2.15
2:1 (In,HLY) 585 2.6
La (IID) 131 600 1.7 blue 16
Mg (1D 131 605 2.0 blue 34
131 610 1.52 blue 36
Mn (I1) 131 615 1.9 blue 34
121 582 0.64 violet 21
Nb (V) 1:1 560 1.3 red 22
Ni(I1) 1:1 615 2.1 blue 34
1:1 580 1.3 blue-violet 23
Pb (1D 121 600 1.95 blue 24
121 620 1.5 blue 34
Pa(ID 1:1 530 2.1 red 25
132 500 1.5 red
sc (T1D 1:1 588 2.4 violet 26
Th (IV) 1:2 585 3.9 violet 27
1:2 580 5.0 violet 37
u(vD 121 510 1.1 red 38
v(Vv) 1:1 590 blue 29
1:2 520 red
pgEnny) 1:1 600 1.6 blue 16
1:2 606 2.3 blue 2
Yb (TTD 131 570 2.1 blue 30
Zn (11 1:1 596 1.9 blue 31
131 595 1.4 blue 34
Zr (TV) 131 600 5.0 blue 39
1:1 580 2.17 red 32

Purification of the indicator (Ref. 40) The sample of the comnmercial pro-
duct was dissolved in water placed on a cellulose column and eluted with
butanol containing 0.1% acetic acid. Three fractions were obtained, the
third being the indicator contaminated with sodium iminodiacetate. The
crude product was separated on an acid from cation - exchange column from
iminodiacetic acid and a small amount of semi-Methyl Thymol Blue. The ione-
exchange purification was repeated several times until the obtained product
had a purity of at least 97%. The purity was checked by a pH titration.

The indicator is used as a 1% aqueous solution or solid, diluted 1:100
with KN03.

Typical application of the indicator. Direct titration of: Bi (1M HNO, or
i 3), M (pH 10), Mn (bl 6-6.5), P (pH 6), Sc (pH 6.5), Th (pH 1-3.8),
and Zn (pH 6-6.5); It has been especially recommended for Pb at pl 6. Also
in back~titration determination of Pb with Pb(ll) solution as titrant at
pll 5.5-6 and Cd with Ca (IL) solution at pH 12.
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9. PYROCATECHOL VIOLET

Synonyms: Catechol Violet
Catecholsulphonephthalein
Brenzcatechinviolett

Chemical names:
iy [3,h—Dihydroxyphenyl-@' —sulphopheny])methylene] -2=hydroxy-1,4 cyclo=-
hexanediene~1=one
3,3" ,4" ~Trihydroxy=-fuchsone-2' =sulphonic acid .
L,ly -(3t=2,1-Benzoxathiol=3= ylidene) dipyrocatechol-3,S~dioxide
3, 4=Dihydroxy=o=-(3-hydroxy=-4-oxo-cyclohexa~2,5~dienylidene) diphenyl
~methane-2~sulphonic acid

Colour index:
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Ol OH
10 0

c H, L

S0 L H

Protonation constants of thie indicator

log K1 log K2 log K3 log Kh Conditions Ref.
m=0H tn=OH p-OH =ou*
11.73 9.80 7.82 I=0.2 1
12.50 2
11.7 9.75 0.1 3
11.93 10.00 8.01 I=0 L
10.230 7.921 1=0.01 5.
10.86 7.87 6.91 0.2M KNO, 63
8.33 7.51 0.26 7
12.8 9.76 7.80 0.8 0.1M NaC10, 8
*  these values seem to be too low (?)
Stability constants of metal-indicator complexes
Metal ion Reaction Jog K Conditions Ref' .
a1t a3t = A 19.1 1=0.2 9
PTRCAM Sl A12L2+ 24 .1 I=0.2
A13++lm3‘ = ALHL 25.1 T=0.2 10
a3 = AL(ID) g" 22.3
aLQm) 373" = a(m) 5T 20.7
A13*+1-12L2' = alm,LY 7.9 0.1M NaCl0, 11
3+ 3= _
Al +112L “HHL = A1113L2 19.5%
At 2L ~e2m3" = Aluuzﬁ 27.3
2a13*an3" = A12HL3+ 17.3
Bilt B3t - pin” 27.1 1=0.2 9
3+, 0 B12L2+ 32.3
ca?* ca?tiL = cal®” 8.1 1=0.2 12
caL®~+H* = camL” 9.5
co?t co?*iLH = coL?” 9.0  I=0.2 12
coL®™4H* = ColL™ 9.2
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Stability constants of metal-indicator coumplexes (Cont)
Metal ion Reaction log K Conditions Ref'.
crl* Cr3*+H2L2“ = CrH2L+ 8.70  0.1M NaCl0, 13
+ 3= _ 2=
Cri, LY+l = CrHgL; 11.15
R= 3= _ r 1 5=
CrH L37+HL"" = Cril L3 8.96
cu®t ot = cu?” 16.5  I=0.2 12
cul® it = cunL” 6.4
Fed* Fedt4m, L% = per,L? 7.5  0.1M NaClO i
a3+ 2= 3= _ . 2=
Fe +H2L +HL = BeH3L2 19.3
a3 2 3= _ B
Fe ¥4, L "+2UL”" = FeH,L3™ 27.2
are?* 3" = pe m* 22.2
e o2t 2= _ . -
FeOH"2H,L°" = FeOH(H,L)3~ 13.80  0.5M KNOg 14
Gad* Gal*+20,L%" = Ga(m,L)} 17.05  0.1M NaCl 15
2 = 272 . .
Gad*4L" = GaL” 11.2  I=0.2 9
26a3*aL" = Ga2L2+ 26.8
m3* 3t o LT 18.1 1=0.2 9
2 - In2L2+ 22,9
+ R -
In (OH) oL = In (OH) L,ALD" 17.05 16
24+ 2a -
InOH ™ "42H,L°" = Inon(HzL)2 9.10
Mgt MRt = MaLR" I, I=0.2 12
MgL?~+H* = MgHL™ 11.0
Mn2* M2 = a2 7.1 1=0.2 12
MaL"4+HY = MuoHL” 10.0
Ni?* N1t o NiLRe 9.4  I=0.2 12
NiL2~ et = NimL” 9.2
pb2* Po2tL ¥ = poLR™ 13.3  I=0.2 12
PoLA"+HY = PbHL™ 8.7
sntt Sn4*+n2L2' = Snnsz* 15.31 1.0M NaCl v
ha e pH 3.0
Sn TRH,LTT = Sn(H21)2 29.92
Ly 2 6+
2sn LT = snyHoL 20.43
mt* ¥t - 23.4 I=0.2 9
2t = Tth“* 27.8
Th“*+H2L2' = ThH2L2+ 1 9.83 0.1 NaClo, 8
2+ 3= _ -
ThH,L*+HL" = ThH,L7 15.38
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Metal ion Reaction log K Conditions Ref .
- 3= . -
ThHLy+HL™" = ThHLg 13.62
23T = Th,HL>* 20.00
2+ 24 14 2= _ y
vo3 U0ST+H LT = UO,H L 7.05  0.1M NaCl0, 8
2= 2
UO,H,L+H, L™ = UO,H) Ly 5.60
24 g0 3= _ +

RUOLT+HL™" = (U0,) ,HL 14.7
Zn?* w2 = zml?T 10.4  I=0.2 12

zal? st = zoin” 8.5
zett zet T - el 27.4 I=0.2 9

- i

2zttt = 2r L i 31.6
Conditional stability constants of complexes
Metal ion Metal:Reagent log K Conditions Ref.

ratio
Ga (TIT) 1:2 14.7 in presence of acetate, 17
pH 5.75=6.7

Ge (IV) 1:2 8.7-9.2 pH 6. 18
Nb(V) 2:1 5.4 pH 1.5=4.7 19
v (TV) 2:1 9 pH k4.2 20
v(vD 1:1 5.5 PH 1.5=2.5 19
Spectral characteristics of the indicator
Ion nm e .x1 0_4 Colour Ref

max’ max *
H5L+, H, L 550%, 560% 2.0%, 2.0% red x, 6t
LT uus>, hust 1.49% 1.40% yellow x 6%
H2L2' 590%, 600 3.03* 1.96* violet X 6t
HL3™ 560-580 1.59 red-violet 6
uL3", L“" 560 1.55 red-violet 1
LL"' 660 blue 2
x +

values from(Ref. 1)

values from(Ref. 6)
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Spectral characteristics of metal-indicator complexes

Metal ion Metiézgﬁagent xmax’ nm emaxxIO'h Colour Ref.
Al (III) 131 620 2.5=2.9 blue 9
1:1 (pH 3) 550 21
1:1 (pH 4-7) 580
1:1 (pH 8-10) 640
1:2 560 L.5 23
1:2 580 6.8 35
Bi (TII) 1:1 (pH 1=4)  550-610 21
131 610 2,5=2.9 blue 9
ca(@D 121 610 blue 12
cr (IIT) 590 2.63 violet 2k
cu (@D 111 630 blue 12
1:1 (pH 5-10) 650 21
112 (pH 5=7) 580
Fe (III) 132 610 6.24 blue 25
Ga (IID) 131 615 2.5=2.9 blue 9
1:2 620 3.33 blue 26
131 (pH 2) 550 21
131 (pH 3=10) 640
1:2 (pH 3=7.5 550
1:2 (Ga HaLDZ 580 7.3 15
Ge (TV) 1:1 (pH 5=9 620 21
1:2 L) 560
132 555 5.5 purple 27
In(IID 131 620 2.5=2.9 blue 9
1:1 (pH 5.5=7.5) 630 21
1:1 (pH 8=10) 630
1:2 (pH 5.5-7.5) 580
Mg (TT) 131 640 blue 12
Mn (II) 111 640 blue 12
Nb (III) 131 575 2.5 36
Nb (V) 231 600 blue 19
Ni (T 121 650 blue 12
1:1 (pH 8-10) 650 21
Pb(IL 131 (pH 6~9 650
@D 1:2 épn 6-73 580
Sb(IID 131 580 violet 28
1:1 (pH 1-5) 560 21
sc (IID) 121 %p;g 5-10) 550,640 21
132 5m8) 600
sn(@v) 131 555 6.5 red 29
1:1 (pH 1= 550 21
1:1 (pH 3-8 640
152 (pH 1=7 600
552 6.85 30
Th(IV) 121 615 blue 9
Ti(@V) 132 690 32
Zn (LD 111 630 blue 12
1:1 (pH 7-10) 650 21
Zr (TV) 131 610 2.5=2.9 blue 9

1:2 2=6) 625 3.5 33

(pH
R.E. 131 (pH 6-10) 650 21
132 (pH 6) 580
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Purification of the indicator (Ref. 34) has been achieved by crystalization
from hot ethanol (brownish-green crystals) or by crystallization from glae
cial acetic acid Egreen crystals). Both crystaline formswere dried at room
temperature under reduced pressure.

The indicator is normally uscd as a 0.1% solution in water. It _may be also
used in the presence of cetyltrimethylammonium bromide (Ref . 22) .

Typical applications of the indicator: Direct titration of Bi (pH 2-3), Th
pil 2-3), Cd (pH 10), Cu (pH 5-6.3, 9,3), Mn (pH 9.3), Ni (pH 8-9.3),

pH 10). It has been especially recommended for Th (pH 2-3) and Bi (pH 2-3).
Also in back-titration determination of Al, Fe(IIl), In with Cu(TII) solution
as titrant at pH 6-7 and Bi, Fe (ITL), Ge, In, Ni, Th, Tl, with Bi(III) so-
lution at pH 2-3 .
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10. THYMOLPITHALEXON

Synonyms: Thymolphthalein complexone
Synounyms

Chemical pames:
74&2-Methyl-3-(]i ,i{' =bis~carboxymethyl) ~aminomethyl=b=hydroxy~5-iso=-
prop: 2-carboxyphenyl] methylene}-.?- (N y N’-bis-carboxymethyl) aminoune~
thyl| =J-methyl-6-isopfopyl=1,L4=-cyclofiexanedienc~1~one
3,3 =Bis| N, N’ =di (carboxymethyl) =aminomethyl| thymolphthalein
Thymolph ha.lein-bis-(methylaminodiacctic acid
3, 3" -Bis|N,N-bis (carboxymethyI) mninomethyl] ~5,5" =«diisopropyl=2,2” -
~dimethyl-phenolphthalein
N, N’ —[(3-0):0-4 ; 3=dihydro-isobenzofuran-1 -—ylidenc) bis(6-hydroxy=5-
~isopropyl~2-methyl-phen-3, 1-ylene) methylene] bis[N— ca.rboxymethyl)
glycineg)py

Colour index: =
o /cnzcoon
H,CN
Hoocnac/ 2 2 \0}1200011
HO 0}13 H3 ()
H,L
(H40) HC . CH(CH,), 6
COOH

Protonation constants of the indicator

log K1 log K2 log K3 log KL; Conditions Ref.
=Nt =t ~OH -cooll

13.0 10.8 8.7 7.0 I=0.3 1
12.3% 7.4% 0.2M NaNo, 2

These results appear to be "averages" of K1, K2 and KS’ Kl;
values, respectively.
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Stability constants of motal-indicator complexecs

Metal ion Reaction iog K Conditions Ref.
- ’ -
ca®t ca?*41.5" - cart 7.2 I=0.3 3
caL "4t = cammo” 10.7
CallL S~ +1" = CaH2L2" 9.1
202242007 = Ca2L§- B2.7%  o.2M NaNo, 2

¥ This value is probably based on the wrong protonation constants

of the indicator.

Conditional stability constants of complexes

Metal ion Metal:leagent log K Conditions Ref,
ratio
Ti (IID 1:1 L2 i=BuOH L

Spectral characteristics of the indicator

)

Ion N ,am € _x10 Colour Ref.
max max

HZLL‘" 605 0.12 light blue 1

H™ 605 1.05 blue

L6" 605 2.6 blue

Species containing three or more protons do not absorb in
visible spectral region.

Spectral characteristics of metal-indicator complexes

T

Metal ion Met:; t }ilsagent )\max, nm € ox1 o~ Colour Ref.

Ba (ID) 1:1 605 4.3 blue 2

ca (1D 1:1 605 4.1 blue 2

Mg (ID 1:1 605 2.8 blue 2
1:1 605 1.6 5

Nd (T1T

g; %ﬁ 2:3 594 blue 6,7

Yb(II ‘

sr (1D 1:1 605 3.5 blue 2

Mo (VD 1:1 370 0.3 8

Purification of the indicator (Ref. 3) has been achieved by dissolving the
dye in sodium acetate solution followed by fractional precipitation with
HC1.

The indicator is normally used as solid mixture diluted with KNO

3
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Typical application of the indicator. Direct titration of Ba (pH 10-1 1), Ca
(pH 10.5~11), Mn (pH 10). It has been recommended for Ba (pH 10-11). Also
in back titration determination of Ba, Mn, Sr with Ca(II) solution as tit-
rant at pH 12,
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6. D. Prajsnar, Chem.Anal. (Warsaw), 11, 1111 (1966).
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11. XYLENOL ORANGE

Smonms : -

Chemical names:
34|3=N, N=bis-carboxymethyl aminomethyl]b-i&-hydrOA ~5=~me thylphenyﬁ -
sulphophenyl) methylenc -2[(N s N=bis=-carboxymethyl) aminomethyl -G-me-
thyl=1,4=cyclohexanediene=1-one
3,3 -Bis[N yN=di (carboxymethyl) aminomethyl] ~0=cresol=-sulphonphthalein
4 «lydroxXy=-5,5' -~dimethyl-2*sulpho-fuchsone~3, 3’ ~diyl-bis (m'e't_hylene
nitrilo) tetraacetic acid
{ 3H-2, t=Benzoxathio -S-ylidene-bi{(6-hydroxy-5-me thyl=-phen=3, i-yle-
ne)methylenenitrilxﬂ}tetraacetic acid, =-5,S~dioxide

Colour index: =

oo
2 2 1
HO: 0]
Ii,C , H6L
) C Cily
SOBH
Protonation constants of indicator
log K1 =NH* 12.23 12.28 12.20 12.00 10.58
log K2 =Nu* 10.56 10.46 10.0 8.4 10.35 10.30 9.34
log KB ~OH 6.74 6.46 6.1 6.4 6.66 7.50 6.09

log KL; ~COooH 2.85 3.23 3.20 3.7 2.79 h.ho 2.56
log K ~COOH 2.32 2.58 2.15 2.6 2.11 2.74 2.24
log K6 -COOH <1.5 1.15 1.25 2.00 1.45

log K ~COOH -1.04 0.76 1.43
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Protonation constants of indicator. (Cont.)

log Kg =on" -1.83 -1.09 ~1.24
] -5 —Je =t “‘}
log K $0411 3.32 1.7
Conditions I=0.1 I=0.2 I=0.1 Ii=1.0
lleference 1 2 3 i 5 6 7
Stability constants of metal-indicator complexes
Metal ion Reaction log K Conditions Ref,
+ L3+ L 3= _ . lym . N t
a13 ALTHLLTTLLYT = AT 11,79 0.1M Naclo, 8
2;‘;13*“—13};5" = A12{13L3+ 13.64
<3 - -
BaR* Ba?+,1.9% = part 6.67  0.1M WO, 9
25 6" = La,L 11.2
Balf“m* = Bain 10.5
-
- = Dal )
Bal o™t = Dall bl 7.5%
2 - -
Ba,L°7+" = Da, i 8.0
Bid* Bid* HLL Rl DLl 9.80 I=1.0 10
i 3 ayr 1 3= - 3= '
pi? #RALLTT = 131(113@2 15.53
28134200 = Bi,Ly” 75.6 0.2M HaNO, 11
ca?t ca?*41.%" = caL*" 8.65  0.1M K0, 9
24  6m 2 .
2ca?*400" = Ca,L 14,67
Lym
cal "4t = camn’ 104
a e
CaL 34t = Call,L” 6.71
0a2L2“+H+ = Ca,lL” 6.9
py3* 20y 3+ 421,07 Dyng- 4.6 0.2M NeNo, 12
Tt 2red*L0" - e L 39.8 0.2H NaNo, 13
Fe3++1:13L3" = Tell L 8.85 I=0.5 14
Fe3++H2LI+~ = Tell,L” 14.16
J+ +F 3~ _ o 2~
IHL +H3L = P0H7L2 3.87
F03++21I3L3 = Fe(IISL)g- 15.55
ca3* Ga3*+}12LL"' = Gall,L” 15.16  I=0 15
Ga3*+1121f*“ = Gall,L” 11.92  1=0.2 16
’ P >
ca3++315L = Gell L** 7.0  I=0.01 17
o\ 24 - N+
Ga(H LT = Ga(l 4,
a( 51,) +1,, Ga(15L)2 e |
Ga3++HL;L2- = Gam,L* 9.37  TI=0.1 8
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Stability constants of metal-indicator complexes., (Cont)

Metal ion Reaction log K Conditions Ref.
Gaz(nzLa212H2L““=2Ga(H2L)2“ 12.49
Gad* 2Gd3*+2L6‘ = GdZLg‘ Lh3.1 0.2M NaNOB 12
m3* In3++H2Lu— = Ini,L” 4.2 I=0 15
In3++H2L4' = Ini,L” 14,31 0.1M NaClO, 18
In3++2n2L“' = (L) 3" 24.63
La¥ La3*an’” = Lam®” 12,9 6
Mg~ * M2+ L% = MgLtT 9.02  0.1M KNO, 9
2MgRte 0™ = Mgsz_ 15.16
MgL4—+H+ = MgiL>™ 10.3
Mgt = MgHsz- 6.56
Mg2L2‘+u+ = Mg, HL™ 6.8
MgL* o™ = Mg (o) L5 2.43
Mg2L2'+20H“ = MgzgﬂDZL”‘ 3.21
pbLe* Ppota 8" o pot 15.24  I=0.1 5
Poe*aten0” = poEL3” 25.32
Po2*p2tan’” = PLH,LA" 30.01
2P+, = Pb, L2 26.70
sc3* 303*+n2L“‘ = ol L~ 13.04  I=0.1 19
503*+H3L3' = ScHjL 5.95  I=0.1 20
28c3*420.0" = Schg- 61.2 0.2 NaNO, 11
sm3* 25m3* 208" = szLg- 47.0  0.2M NaNo, 12
sr3* se2*a00" = st 7.71 0.1M KNog 9
2sr2+4L0" = sr, L2 12.60
seL*"4Ht = spiST 10,4
sriL3=ant = STH,L" 7.36
srLP7eH* = St L 7.6
T Th“*+n2L“' = ThIL,L 12.35 I=0.1 21
Th“*+2H2L“' = Th(HzLDg' 19.31
2Th“++H2L4‘ = ThyL 9.71
2T+ 42007 = Tthg- 59.8 I=0.001 22
2t eant" o Tthg' 52.5 0.2M NaNog 11
113+ 2113%4200" = Ting‘ 57.8 0.2M NaNOg 11
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Stability constants of metal-indicator complexes. (Cont.)

Metal ion Reaction log K Conditions Ref,
T13* 2t 3*pom L = T (m.D) 2" 8.0 I=0.1 23
2 2\ 2
vo?+ 20024208 = (Uo)ng" 69.1 I=0.1 22
vod+ 2002+ 420" = (o) Lo~ 38.6 0.2M NaNO 13
2 2 = 2/2%2 -0 . 3
voR+ v02++H2Ll“' = v0H2L2' 10.48  0.1M NaCl0, 2k
24 o0 A = 3=
VOT AL I LT = VOH, Ly 15.67
+ 10~
Vo, 20y + 2.8 “=(vo,) L, 63.1 0.2M NaNO, 11
Yo+ 2Yb3t 420" = YbaLg‘ 45.7  0.2M NaNo, 12
Zn?* R+ 410" = znlt" 15.41  I=0.1 5
ZnRt e = znmL3” 24,91
zn?*te2nt 0" = zmszz' 29,84
27n2*405" = anLz- 25.37
Zn2++1-1L5" = ZnHLO" 12.3  I=0.1 25
2702+ 40" = Zn2L2' 26.3
L -
7ot Zr *“+113L3 = Zr113L+ 37.80 I=3 7
Zru++HqL2- = ZrHuL?"" 38.68
zet a6 - Zr2L2" 43.37%
2Zrl“' L5 Zr2L2+ 31.0% 0.2 NaNo, 11
x Discrepancy of data is not obvious.
Conditional stability constants of complexes
Metal ion Metal:Reagent log K Conditions Ref'.
ratio
A1(IID 2:2 14.3 pH 2.3, I=0.2 26
Bi (IIT) 131 5.1 pH 1-2.3, I=0.02 27
1:1 5.5 0.1M HNO 28
131 5.4 0.05M H goq 29
ca (1D 1:1 3.8 PH 5.5, 0.3M KNOg 30
Ce (TTD 1:1 5.5 pH 6.1, 0.1M acetate 31
131 6.4 pH 6.0 32
co (1D 121 18.5 pH 5.8 33
cr @T1D 1:1 6.4 pH 4=5 34
1:1 3.6 pH 1.7 35
cu (1D 1:1 18.9 PH 5.5 33
Fe (I1D 1:1 5.7 0.05M HC10, 36
Ge. (ITY) 121 7.0 pH 2 30
1:2 h.s
Gd (T1D) 131 i,7 pH 5.5, I=0.1 L
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Conditional stability constants of complexes. (ContJ

Metal ion Metal:Reagent log K Conditions Ref,
ratio
ur (IV) 131 6.5 0.3M HC10, 37
Hg(TD 1:2 1.5 PH 7.1 38
Ho (TID 131 5.3 pH 5.5, I=0.1 L
La (TLD 1:1 6.4 pH 6.0 32
121 5.8 pH 6.1, 0,1H acetate 31
Lu (I11) 1:1 4.9 pH 5.5, I=0.1 4
Mn (IT) 1:1 5.9 pH 6.6 39
131 15.1 33
Mo (VD) 2:2 17.0 pH 3.6 26
Nb (V) 1:1 6.7 pH 2.5 Lo
Nd (IID) 1:1 6.0 pH 6.8, 0.1M acetate 31
1:1 5.0 pH 5.5, I=0.1
1:1 6.8 I=0.1 1
Ni(TD 1:1 4.8 p 3.0, 0.1M KC1 L2
1:1 7.2 pi 5 L3
1:1 18.0 33
Pa(TD 1:2 10.3 1.1=1.7M HC10, Ll
Pr (ITD 1:1 5.2 pH 5.5, I=0.1 I
Rh (ITD 1:1 3.4 pH 2.5 b5
Ru (ITD 1:2 9.6 pH 4 L6
Sm (T1D) i1 5.0 pH 5.5, I=0.1 4
Th(IV) 131 6.17, pH 2.0, I=0,01 Ly
1:2 12.13% pH 4-5, I=0.01
Ti (IV) 1:1 3.5 0.02M HC10,, I=0.5 48
T1 (11D 1121 L.9 pH 1.k 49
Tm (ITD) 1:1 5.2 PH 5.5, I=0.1 4
u (V) 1:2 1.5 pl 3.5-3.7 50
v(v) 1:1 6.4 pH 2.9 51
Y(IID 1:1 5.5 pl 6.1, O0.1M acetate 31
1:1 6.5, . PH 6.0 32
1:1 7.6 0.8M HC1O, 52
Yb (TID 121 5.1 pH 5.5, I=0.1 L
Zn (1) 1:1 6.1 pll 5.8-6.2 53
131 6.2 pil 6.5 54
Zr (IV) 131 7.6 0.8M HC10, 37
X

Disagreement with data in Ref. 21,
*X Disagreement with data in Ref. 31, 32.

Spectral characteristics of the indicator

py
Ion xma&’ mm € . x10 + Coliour Ref.
H9L3+ 515 8.08¥ red 1
518 5.58 rod 2
118L2* 515 6.54% red 1
518 1.19 red 2
Lt 480 1.78% orange 1
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Spectral characteristics of the indicator. (Cont.)

TIon xmax’ nn emaxx10-a Colour Ref,
518 0.149% red 2

HgL ?

1{5L" 439 2.62 yellow 1

HhLz' 434 2.62 yellow 1

3-

HBLQ ?

H,L - 578 6.09 violet 1

oo 578 3.66 violet 1

L6" 582 6.54 violet 1

X

Large differences in emax may be due to uncertain purity.

Spectral characteristics of metal~indicator complexes

Metal ion Metiiéigagent Xmax,nm emaxx10-“ Colour Ref.
Al (31D 1:2 480 2.45 red 8
2:1 550 3.16 violet 8
2:2 555 1.53 26
Bi (TTD 1:1 560 2.85 red-violet 27
1:1 530 1.6 55
1:1 540545 2.4 red 29
121 510 1.55 56
2:2 560 1.4 red=violet 11
ca(in 121 575 1.8 violet 30
Ce (IID) 131 575 3.1 violet 31
1:1 570 5.3 violet 32
cr (T1T) 1:1 550 1.6 red 34
py (TID 2:2 570 2.35 12
re (T1L) 2:1 575 13
131 550 2.7 purple 36
Ga (TID 121 530 2.3 red 57
1:1 545 3.3 58
1:1 556 3.15 raspberry red 17
1:2 502 1.6 red 54
1:2 Lgo 2.4 red 8
1:2 483 1.7 17
2:2 550 2.2 violet 8
3:2 555 4.4 58
Gd (TID 2:2 570 2.1 12
ur (IV) 1:1 530 1.6 red 37
Hg (1D 1:2 580 1.7 violet 38
In(T1D 131 560 3.3 violet 59
La (II1) 1:1 576 3.2 violet 31
1:1 570 3.6 violet 32
Mn (1D 11 582 2.26 violet 39
Mo (VD) 2:2 490 0.52 26
Nb (V) 1:2 530 2 red 60
Na (T1D 1:1 578 3.8 violet 31
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Spectral characteristics of metal~indicator complexes. (Cont.)

Metal ion Metal:Reagent pY ,nm € x10-4 Colour Ref .,
ratio max max

Ni(TD 131 580 1.7 violet L3
P (ID) 2:1 580 7.74 violet 5
1:1 584 1.94 61

Ru (IID) 1:2 540 1.2 L6
sc (T1D) 1:1 553 2.4 red-violet 62
1:1 556 2.9 red-violet 20

131 555 3.34 19

1:2 500 1.8 19

1:2 525 red 62

2:2 560 2.16 red-violet 11

Sm (TIT) 232 570 2.3 12
sn(TV) 1:2 536 0.2 63
Th (TV) 131 535 2.8 Ly
1314 570 3.9 21

1:2 565 5.5 L 74

1:2 580 6.4 21

2:2 560 3.8 11

211 570 L.5 21

Ti (TID 131 502 1.8 red L8
2:2 485 0.49 orange 11

T1 (IID 131 580 1.98 49
1:1 586 2.68 59

1:1 590 1.8 red-violet 64

u(TVv) 2:2 550 red-violet 22
1:2 568 50

u (VD) 232 510 red 13
v(Ev) 131 570 3.6 24
1 1:2 520 2.4 24
v(v) 1:1 590 2.0 65
2:2 560 1.8 11

Y (@ID 1:1 578 4.8 31
Yo (T1D 2:2 570 2.2 12
Zn (1D 1:1 574 violet 53
131 570 2.7 50

2:1 570 6.63 5

Zr (IV) 1:1 535 2.4 réd 37
1:1 550(X,py) 5+3 red-violet 66

1:1 (zZrHgL™) 485 °PY 3.1 6

1:1 (Zeml®h) 528 5.98 6

2:1 560 5.2 red~-violet 67

2:1 560 1.2 11

2:1 551 9.5 6

Purification of the indicator (Ref. 1). Commercial Xylenol Orange has been
purified by dissolving the dye in water followed by separation on a cellu-
lose column using butanol containing 10% acetic acid as cluent. Three frac-
tions were obtained, the third being Xylenol Orange contaminated with a
small amounts od sodium iminodiacetate and Semixylenol Orange. The crude
product was separated on the cation-exchange column in the acid form. This
purification stage was repeated several times until the Xylenol Orange ob-
tained had a purity of 97%.

For purification of Xylenol Orange Sato and coworkers (Ref. 5) propose ion-
exchange chromatography on the DEAE-cellulose column with O0.1M NaCl as an



1182 COMMISSION ON ANALYTICAL REACTIONS AND REAGENTS

eluent.

Purity check by partition chromatography; the indicator assay was controle
led by pH titration.

The indicator is normally used as a 0.1‘,’% solution in aqueous ethanol.

Typical applications of the indicator. Direct titration of: Bi (pH 1-3), Th
(Pl 1.6-3.5), Sc (pl 2.2-5), Pb (pH 5-6), Zn (pl 5-6), Cd (pH 5-6), g (pH
5-6). It has been especially recommended for Zr in 1M HNO,. Also in back-
titration determination of Al, Bi, Fe(III , Ga, In, P4, SR, Th, VO2+ with
Th(IV) solution as titrant at pH 2-3. T1(III) solution as titrant £s used
in determination of Al and Ga (pH 3), Fe(III), In, Pd and Sb (pH 4), Ti(IV)
(pH 2). Bi (IIL) solution as titrant is used in determination of Ni and Th
(PH 2) and Ti and Zn (pH 4.5). Pb(IZ? solution as titrant is used in deter=-
mination of Al and Cu (pH 5) or Sn (IV) (pH 2.5=3.5).
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IT. AZO INDICATORS
12. ACID CHROME DARK DLUE

Synonyms: Acid Chrome Blue T
Fast Mordant Blue R

Chemical name: 2-(2— Hydroxyphenylazo) -1,8=~dihydroxynaphthalene~3, 6~disul=
phonic acid
(the commercial product is a monosodium salt)

Colour Index: 16670

OH o o

N=—=—/N H.L
@ 5
1o, S SOBII

Protonation constants of the indicator

log K1 log K2 log 1(3 Conditions Ref.
-0H ~0H -0H

12.4 9.30 7+56 1
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Stability constants of the metal-indicator complexes

Metal ion Reaction log K Conditions Ref.
Ba®* Ba**s2mL"" = Ba () 5 6.2  I~0.002 2
ca®* ca?*i2mL*™ = ca(im) o 9.28  I~0.002 2
Mg>* MePt 2l = Mg (D) o 8.5  I~0.002 3
sr3* sriti2* = sr(m) g" 7.11  1~0.002 2
Zn*+ m?*s 2m* = zn(m) o 10.5 4

Spectral characteristics of the indicator

iy ) v
Ion )\max, nm €ax10 Colour Ref.
e
H,L 525 1
m,l*' 550 1
L= 570 1.34 violet 1

Spectral characteristics of metal-indicator complexes

Metal ion Mete:; t Iilﬁagent )\max, Tun € asXl o~% Ref.
Ba (TT) 1:2 590 3.0 2
Ca (TD) 132 550 3.7 2
Me (TD) 1:2 550 3.0 3
sr (1) 132 550 3.4 2
Zn (ID) 112 570 4,54 L

Purification of the indicator -

Purity check -

The indicator is normally used as a 0.1% aqueous solution.

Typical applications of the indicator. Direct titration of: Ca (pH 12),

Mg (pl 10), Pb (pH 10), Zn (pil 10).

1‘

B VoI \V]

V.M. Tolmachev and G.G. Lomakina, Zh. Fiz., Xhin.,
V.M. Tolmachev and G.G. Lomakina, Zh. Fiz., ihin.,
V.M. Tolmachev and G.G. Lomakina, Zh. fiz. Khim.,
V.M. Tolmachev and G.G. Lomakina and L.A., Shtuchkina

33, 808 (1959).
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13. CALMAGITE

Synonyms: -

Chemical names:

1-(2~-Hydroxy-5-methyl-phenylazo) -
3-I~Iydroxy-—4-[(6-hydroxy-m—tolyl) azo|~1~-naphthalenesulphonic acid

Z]-naphthol-h-sulphonic acid

(the commercial product is a monosodium salt)

Colour index: =

- 1o

@ N=— ¥ 50,,1I
31 @
i

1185

H,.IL
3

Protonation constants of the indicator
log K1 log 1{2 Conditions Ref,
-0l -OI1
(B -naphthol)  (phenol)
12.35 8.14 I=0.1 1
12.30 7.92 I=0.1 2
12.08 7.84 i=1.0 2
12.87 7.01 I=0.2 3
11.98 8.52 L
12.30 8.15 I=0.1 5
Stabiliity constants of metal-indicator complexes
Metal ion Reaction log K Conditions Refl .
a13* 41374537 = aw 16.58 0.1M NaCle), 5

alLsL?T = a1nd” 16.80

iqr 3=, 3= _ . 0=

Ang +L = AlL 3 9.90
ca®* ca®*4r7” = caL” 6.1 T=0.1 1
ca?+ ca®*3" = cau” 12.59 I=0.3 6
Co?* Co®*413” = coL” 21.03  1=0.3 6

. 5 - -

cu®* cu**iL3T = cuw 21.70  1=0.3 6
Gat GaltiL3” = caL 18.30  1=0.1 5

GaL+L3™ = GaL3” 16.80

~
3= 3= _ .56 !

GaL2 +L = g 14,30
1l m3*iL3” = L 18.58  I=0.1 5

Tnil3” = InLl” 16.82
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Stability constants of metal-indicator complexes. (Cont)

Metal ion Reaction log K Conditions Ref.
InLg‘+L3“ = Jm,g" 14.50
m3*3” = 1oL 17.09  1=0.2 3
mL+l3” = InLg- 14.87%
Lal* Lad*i3” = Lau 14,60 0.1M NaCl0, 4
LaL+Ll” = LaL” 7.50
LaL3"4L?" = Lar®" 6.07
3
M=t Mg?teL3” = Mgl 8.1 T=0.1 1
ni?* Ni2*4037 = wan” 21.63  1=0.3 6
Pbet Pb2*aL3” = poL” 12,90  I=0.3 6
1 - -
h'** h**4213” = mni? 33.2 7
“~
3+ YT = v 15.70  0.1M NaCl0,, I
YL4+L2" = ng' 7.85
3= .3~ _ . 6=
YLpT+LTT = Yhg 5.9
zn?t zn?*y13" = znL” 12,31 T=0.3 6
zn?*413" = znL” 12,52  I=0.1 2
Zn?*ti2L3" = ZnL}™  20.23  I=0.1
19.57 I=1.0
Spectral characteristics of the indicator
Ion A run e x10~%  Colour Ref
max’ max °
112L“ 520 2.0 red 1
HA" 610 1.9 blue 1
L3 500 1.0 red 1
Spectral characteristics of metal-indicator complexes
Metal ion Metal:Reagent A mm € xm"l‘t Colour Ref
s max’ max ¢
ratio
AL(IIT) 1:3 570 b2 violet 8
ca (I1) 1:1 520 Lk.0 red 1
ca (1D 1:1 560 1.6 red-violet 6
Co (ID) 1:1 570 1.8 violet 6
cu(T1) 131 520 1.8 red 6
Ga (I1D 1:3 545 5
In (ILD 1:3 545 5



Compleximetric indicators 1187

Spectral characteristics of metal-indicator complexes. (Cont.)

-k

Metal ion Met:i 1.; ?ﬁagent A max!™ €0 x10 Colour Ref,
Mg (IT) 121 540 k.6 red-violet 1
Ni(IT) 1:1 560 2.3 red-violet 6
Pb (1D 1:1 560 1.5 red-violet 6
Zn (IT) 121 560 1.2 red~violet 6
1:2 550 L.o red-violet 2
zZr (IV) 1:2 600 0.68 9

Purification of the indicator (Ref., 10) from inorganic impurities has been
carried out by crystallizationfrom ethanol. The sample of calmagite was
converted into the acid form and crystallized from isopropanol + hexane.

Purity check (Ref. 10) by thin layer chromatography on ceilulose using as
eluent n-propanol-ethyl acetate - water (5+1 +1#).

The indicator is normally used as 0.05% aqueous solution or 0.1% ethanolic
solution,

Typical applications of the indicator. Direct titrations of Ca (pH 10), Me
(pH 10), Zn (pH 8.5=10.5).
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14. ERTIOCHROME BLACK T

Synonyms: Calcochrome Black T Omega Chrome Black T
Chrome Black TK Pontachrome Black TA
Chromogenblack ET Potting Black C
Diamond Blue Black EBS Solochrome DBlack T

Chemical names:
1-(1-llydroxy~-2-naphthylazo)-6-nitro-2-naphthol-l=sulphonic acid
3-Hydroxy-l4=(1-hydroxy-2-naphthylazo)~7-nitro-1~-naphthalene sul-
phonic acid
(the commercial product is a sodium salt)

Colour Index: 14645, Mordant Black 11

o OH
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Protonation constants of the indicator

log 1(1 log K2 log 1‘23 Conditions Ref .,
~OH ~oil -50,11
(K-naphthol) (B-napiithol)
11.5 6.35 3.85 I=0.1 1
6.3 I=0.008 2
11.55 1=0.008
11.50 6.91 I=0.1 3,k
11.31 6.30 T=0.3 5
10.71 7.16 T=0.1 3
Stability constants of metal-~indicator complexes
Metal ion Reaction iog It Conditions Ref .
Bt B2t = BaL” 3.0  I~0.1 v
ca®* ca?*4r3” = caL” 5.4  I~0.02 2
ca?*3” = caL” 5.3 I=0.1 3
ca?t ca®t3” = cau” 12.74  1=0.3 5
Co?* co®*43” = coL” 20.0 I=0.3 8
cu®* cu?tL3 = cun” 21.38  I=0.3 9
Lal* Lal*43" = Lan 8.80 I=0.1 6
LaL+L?” = LaL” 5.25
LaLg-+L3- = LaLg' 4.30
Mgt Mg2T4L3" = MgL” 7.0  1=0.008 2
Mg2teL™ = MgL” 7.2 I=0.1 3
Mg2tHL®T = MgL~sut -4.85 I=0.15 10
MRt Ma2*413” = Mo 9.6  TI=0.1 11
S MnLg- 8.0
Ni%t Nif*aL3T = LT 20.8  I=0.3 8
S Pl = poL” 13.19  I=0.3 5
vo} vo;+L3“ = v02L2‘ 4.4 I=0.1 12
v02L2‘+L3“ = VO,L3” 10.9
vt o3t 2w 10.70  I=0.1 6
YL+ = vL3T 9.17
= s 5.35
zn?* Zn?*403" = zaL” 12,9  I=0.1 11
znL"+L3" = ZnL:- 7.1
zn?*413” = znL” 12.31  I=0.3 9
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Spectral characteristics of the indicator

-l
Ion )\ma.x , nm €nax 10 Colour Ref.
HBL red 3
HBL red 3
2 615 3.2 blue 3
L3 orange 3

Spectral characteristics of metal-indicator complexes

Metal ion Me t:; 1:; Ijsagent )\max o € x1 O-Z‘ Colour Ref.
ca(zD 1:1 580 2.9 5
cu (1D 1:1 500 1 red 9
Er (II1) 131 640 2.3 blue 13
¢d (11D 1:1 640 2.2 blue 13
La (TIT) 1:1 640 1.9 blue 13
Mg (TD) 1:1 550 2.8 7
1:1 550 2.2 red 14
Na (TIT) 1:1 640 2.1 blue 13
Pb (1D 1:1 580 2.6 violet 5
v(v) 1:2 570 12
Yb (IID 131 640 2.4 blue 13
Zn (II) 1:1 580 3.3 violet 9

Purification of the indicator (Ref. 3) has been carried out by crystalliza-
tion of the indicator (in the acid form) from methanol.

Purity check, =

The indicator is normally used as solid mixture with NaCl (1 :200).

Typical application of the indicator. Direct titration of Mg (pH 10), Mn
(pH 8-10), Pb (pH 10), lanthanides (pH 8-9), Zn (pH 7-10). It has been es-
pecially recommended for Mg (pH 10) and Zn (pH 7-10). Also in back titra=
tion determination of Ba and Sr, Bi, Ca, Hg({IIL), In, Mn, Ni with Mg(ID or
Zn(ID) solution as titrant at pH 10. Mg(IL) solution as titrant is used in
determination of Cu (pH 10), Ga (pH 6.5-9.5), Sn(@V) (pH 9), T1 (pH 8).
Zn(II) solution as titrant is used in determination of Al (pH 7~8), Cr (pH
9-10), Fe (IIT %3}1 7), Ga (pH 8-10), Mo(Vg (pH 10), Pd (pH 10), lanthanides

(pH 8~9), sSn(IV) (pH 9, T1 (pH 8)" Mn (II) solution as titrant is used in de=
termination of Al (pH 9-10), Cr (pH 9510), Cu (pH 6.5), Fe(IID) (pH 9, In
(pH 10), Ni (pH 10), Pd (pH 8-10), VO;” (pH 10). Pb(IL) solution as titrant
is used in determination of Ga (pH 8-%0), In (pH 10).
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14. V.M, Tikhonov, Zh. Analit. Khim., 26, 1616 (1979 .

15. ERIOCHROME BLUE BLACK R

Synonyms: Acid Chrome Blue Black Chrome Dark Blue ERM
Alizarine Blue OCR Diamond Blue Black R
Anthracene Blue Black ERN Erio R
Calcon Eriochrome Blue Black RSS
Chrome Blue Black RC Solochrome Dark Blue B

Chromechtschwarz RN

Chemical names:
1=( 2= Hydroxy-1-naphthylazo)-2-naphthol=-k=sulphonic acid
3-Hydroxy=l- (2-hydroxy-1 -naphthyl) -azo] ~j-naphthalene sulphonic acid
(the commercial product is a monosodium salt)

Colour Index: 15705, Mordant Black 17

OH 1o

Protonation constants of the indicator

log K1 log K log 1{3 Conditions Ref.

2
- OH -0H -SOBH
(in sulphonated
ring)

13.5 I=0.08 1

7.0 1=0.008 1
13.5 7.36 1.0 I=0.1 2,3
12.87 7.01 1=0.2 4
Stability constants of metal-indicator complexes
Metal ion Reaction log K Condifions Ref .
A1t Aar3*a3T = A 22.5  0.1M NaCl, pH 3-6 5
Be?* Be?*4+L3™ = BeL™ ~12 0.1M NaCl, pH<7 5
ca?t ca?*413" = caL” 5.25 I=0.02 1

ca®*4L3" = caL” 5.58  I=0.1 2
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Stability constants of metal-indicator complexes. (Cont.)

Metal ion Reaction log K Conditions Ref,
ca?* ca?*u3” = CdLg— 10.4  0.1M NaCl, pH>1.5 5
co?* co?*iaL3" = CoLg- 19.0  0.1M NaCl, pH<9 5
Co**4HLA™ = CoHL 8.7  0.1M Nacl, 100°
cu?t cu?*e3” = cuL” 1.2 0.1M NaCl, pli~9,(¥L;) 6
CuL+0H™ = cu(a) L2 4
Fe3t Fe3*413” = weL 20.6 0.1 NaCl, pil~4 5
FeL+Lo™ = FeLg- 17-18  0.1M NaCl, pH 6=9
Ga3t Gadti203” = GaLg- 12.4 I=0
m3* m3*3” = mo 16.48  I=0.2 4
mL+L?” = 3T 14.66
m3*e13” = L 16.9 0.1M NaCl, pH 4=9 5
La’* 1a3*tun?" = Lamt 5.4 0.1M NaCl, pH 5=7%* 5
Mg?* Mg?*4L3™ = MgL™ 7.56 I=0.08 1
Mg? 413" = MaL™ 7.64  I=0.1 2
M2t Ma?te13” =MoL 10.6 0.1} NaNo,, pIf 10 5
[ug * (Mg +H,L7420"=[Mor] 13.8  0.1M NaCl 5
NiR* NiR*taL3T = win” 15.4  0.1M NaCl, pH<10 5
P2+ Pbe*tiL3” = puLt 13.2  0.1M NaNo,, pH~10 5
mt* e’ = ot 19.8 0.1H NaCl, pH 4=8 5
1i3* i35 = L 23.4  0.1M NaCl, pH~5 5
w3t Tl *+HL?” = TwHLY 5.6 0.1M Nacl, pH~6"F 5
UO§+ Uo§++L3' = U0 L” 18.9  0.1M NaCl, pH 5-11 5
v3* v = v 21.7  0.1M NaCl, pH~5 5
voit VOR*t4L?T = VO,LT  16.3  0.1M NaNo,, pH 5-10 5
[w)* (W) + m,u7+ BY =[i] 5.4  0.1M Nac1 5
3+ Y33 = 13.6 0.1M NaCl, pH 7 5
zn®* 2*43" = ZaL” 12,5 I=0.1 2
Zn2++N113+L3" =
= Zn(NH,)L™ 16.4  I=0.1 8

X The exact composition of MOCWD and WCWD species has not been

reported.

*> In presence of 0,1M «-hydroxyisobutyric acid.
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Spectral characteristics of the indicator

p 1y )
Ion A max’ DO €nax10 Colour Ref .
HZL— pink 2
HLZ- blue 2
L3"" pink 2

Spectral characteristics of metal-indicator complexes

-k

Metal ion Met;;: :: ?gagent >‘max , nm éma. LX10 Colour Ref.
Ca (I1) 1:1 pink 2
ce (TV) 131 530 brown 9
Ga (I1Y) 1:2 580 7
La (III) 1:1 530 brown 9
Mg (ID) 1:1 pink 2
Nd (TII) 131 530 brown 9
Pr (III) 1:1 530 brown 9
Sm (II1T) 131 530 brown 9
u(vD 1:2 540 1.87 10

Purification of the indicator (Ref. 3) has been carried out by dissolving
the acidic form of the indicator in ethanol, and adding hydrochloric acid
(1+20). After slow evaporation of the solvent on a warm steam bath the dye
precipitates. .

Purity check: =

The indicator is normally used as 0.5% solution in methanol or ethanol,
also as Zn - salt (Zinchrome R)( Ref. 11).

ical application of the indicator. Direct titration of Ca (pH 11.5),
Mg (pH 10), pH 10), Zn (pH 10).
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7. A.P, Joshi and K.P. Munshi, Chim. Analyt., 51, 182 ?969 .
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10. M. Mavrodin, Rev, Roum, Chim., 17, 1199 z19725; cf. Z, anal., Chem,,
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16. KALCES
Synonyms: Dye of Patton and Reeder HSN
Calconcarboxylic acid HHSNN
Cal-Red NN-Indicator

Chemical names:
1=( 2=Hydroxy-h-sulpho-1-naphthylazo)=-2-hydroxy=3-naphthoic acid
2~Hydroxy=-1=(2-hydroxy-l4-sulphonaphthylazo)-3-naphthoic acid

Colour Index: =-

OH HO COOH

o o S
o ©

Protonation constants of the indicator

log K1 log K2 log K3 log Kh Conditions Ref,
-CH -0l ~COOH -sojn

(in sulpho=-

nated ring)
13.67 9.26 0.1M KC1 1
13-14 9.4 3.8 1=2 I=0.1 2

L4 2.7 0.1M KC1, 50% MeOH 3

14.4 7.6 0.1M KC1, 25% MeOH 3

Stability constants of metal-indicator complexes

Metal ion Reaction log K Conditions Ref'.

ca?t ca?tiL = cal®™ 5.0 I=0.1 2
ca®ti*" = caL®  5.85  0.1M KC1 1
ca?*iL* = cal? 6.3 0.1M KC1, 25% MoOH 3

Mg?t Mgttt = gL~ 7.6 0.1M KCL, 25% MeOH 3

Spectral characteristics of the indicator

=4
Ion A max’ TR €0 x10 Colour Ref.
H2L2' ~ 540 red-violet 1
3~ 620 blue 1
Lo

L pale-pink 1
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Spectral characteristics of metal-indicator complexes

. -l
Metal ion Metal:Reagent A , nm e___x10 Ref.
ratio max max
ca (ID) 131 620 1
v(vD 1:2 570 4

Purification of the indicator has been carried out by washing of the indi-

Cator with 10 per cent hydrochloric acid (Ref. 5).

Purity check: =

The indicator is normally used as solid mixture with Nazsoh (1:100).

Typical application of the indicator. Direct titration of

REFERENCES

1. A. Itoh and K. Ueno, Analyst, %5-’ 583 (1970).
2. K. Passinen, Licentiatarbete, Abo Akademi, 1957.

3. A. Kosak and H. Ballczo, Z. anal. Chem., 2 ,)188 (971) .
C1%272‘

L. M. Mavrodin, Rev. Roum. Chim., 17, 1199
267, 384 (1973). .
5. J. Patton and W.Reeder, Anal. Chem., 28, 1026 (1956).

H cf. Z.

17. PAR
onyms: -

Chemical names:
§~(2-Pyridylazo) -1, 3~dihydroxybenzene
Pyridyl=-(2-azo=4) ~resorcin
l=(2~Pyridylazo) resorcinol
1-(2,4=Dihydroxyphenylazo) ~pyridine

Colour Index: -

anal. Chem. ’

I O HO OH H2L
N/ N=—/N

Protonation constants of the indicator
log K1 log K2 log K3 Conditions Ref,
o=OH p-OH =Nu*
12.5 5.83 2.7 0.1M KZNO3 1
12.31 5.48 2.66 0.1M NaClO,_l 2
11.9 5.6 3.1 I=0.1 3
11.5 6.20 2.57 L
11.95 5.57 3.03 I=0.1 5
11.98 5.56 3.02 0.1M KI\TO:3 6
12.4 6.9 2.3 I<0.01, 50% dioxan 7
13.00 7.01 2.35 I=0.1, 50% dioxan 2
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Protonation constants of the indicator.ﬁCont.)

log K1 log K2 log K3 Conditions Ref'.

0=0H p-0H =Nu*

13.42 6.87 2.31 I 0.01, 50% dioxan 8

12.36 6.54 2.49 50% dioxan 9

12.12 6.81 2.93 I1=0.06, 50% EtOH 10
5.9 2.64 11

30% DMF

Stability constants of metal-—ingi_cator complexes

1195

Metal ion Reaction log K Conditions Ref .
a13* a3t ® ot 11.5  0.1M NaClo, 12
ALOE**42HL"=AlOH(HL) , 23.52 I=1.0, 50% BtOH 13
A13++H3L+=A1HL2++2H+ -1.35 I=0.06, 50% EtOH 10
BiY* Bi3*imL” = mimL?* 17.2  0.1M NaC10, 14
B3t = BimAt 18.2  I=0.1 15
ca?* ca®*ymL” = camLt 10.5  0.1M NaC10, 14
ca®*ym” = camLt 11.5  I=0.1 15
ca®*42L?" = car?" 19.6
co?* co?*42L®” = coL2” 21.1  0.1M NaCl0, 16
co?*42L?" = coL2™ 21.5  0.1M NaCl0, 17
Co?*4HL™ = comL* 10.0  TI=0.1 18
CoHL*+HL™ = Co(HL) , 7.1
Co®*t4HL™ = CoHL* 14,8  I=0.1, 50% dioxan 18
CoHLY+HL™ = Co(HL) 2 8.2
CoR*4HL 417 =Co(H) L~ 18.6  0.1M NaNo, 19
coL+H* = comL* L,y I~0.005,50% dioxan 20
CoOHL™ +H' = CoL 6.0
cu?* cu?tyHL” = cumL* 14.8  I=0.1 18
CuliL*+HL™ = cu(dD) , 9.1
cu®tymL” = cumnt 16.4  I=0.1, 50% dioxan 18
CuL*+HL™ = cu(HD) , 8.9
cu?tHL” = cumLt 15.44  1€0.01, 50% dioxan 8
cu?tyHL” = cumLt 17.5  I=0.1 15
cu?*42l?” = cur?* 38.2
Cu*4iL” = cumL® 16.5  I=0.1 11
cu®*:2L®" = cul®" 36.1

2
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Stability constants of metal-indicator complexes. (Cont.)

Metal ion Reaction log K Conditions Ref.
cuL+HY = cumL? 5.56 I<0.01, 50% dioxan 8
CuOHL™ +HY = cuL 10.09

py3* py2*4L?” = pyL* 10.6  0.1M NaCl0, 12
Dy *iHL™ = pymLR* 11.2

Ero* Erd*eL?" = moLt 10,1 0.1M NaCl0, 12
Exo 4L = Bra?t 1.0

Foo* Fe3++H2L=FeHL2++H+ 0.8 0.1 K0, 6
FeLt+H* = FerL** 4,37

cal*t Ga ™ = cam?* 14.6 0.2} NaCl0, 21
calti2n*" = GaL; 30.3
CaOH T 4HL™ = GaLt ~18.8 I=0.1 22
Ga3++H3L*=GaHL2*+2H* 2.90 I=0.06, 50% LtOI 10

m3* 3*teaL” = It 13.6  I=0.1 3
?*42L?" = L] 27.0

3+ 2= + — o .

32" = L 12.54 I=0.2, 50% dioxan 9
Lt = InLj 11.46
1n3++u3L+=1nﬁL2*+2n+ 1.79 I=0.06, 50% EtOH 10

Lad* La3*L?" = Lavut 9.2 0.1M NaCl0, 12

Ma®* %420 = Mnr2” 15.6  0.1M NaNO, 23
Mt LT = MomLY 9.7  I~0.005,50% dioxan 7
MnHLT+HLT = Mo(HD) , 9.2
MaL+HY = MomL?t 8.8 I~0.005,50% dioxan 20
MnOHL™ +HY = MnL 10.3
Mn?tyHL” = MLt 9.79 1<0.01, 50% dioxan 8
MnHL+HL” = Mn(HD) , 9.13

NaJ* Nad*t4L?" = waut 9.8  0.1M NaClo, 12
Nad*4+HL™ = NamL?* 11.1

NiZt Ni2* HL” = NamLt 13.2  I~0.005,50% dioxan 7

NiHLY4HLT = Ni(HD) , 12.8
NiL+H? = wimL*t 7.7 I~0.005,50% dioxan 20

NioHL™+H' = NiL 9.2
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Stability constants of metal-indicator complexes., (Cont.)

1197

Metal ion Reaction log K Conditions Ref,
Ni(ED) LT (ED) LT 12,4 0.1M NaClo, 2L
Ni%te212" = NiLZ' 22.1 0.1M NaC10,, 19

Pt Pbet4HL” = pbHL* 8.6  I=0.1 18
PbHyHL™ = PoHLY 11.9  0.1M NaClo, 11
Ptz = prZ‘ 2h.7
Pb2tyHL™ = PoHL* 12.9  I=0.1 15
Pb2te2L?” = PbLg- 26.6
Pb*4L2" = PbL 10.96 I=0.1 5
Pb2*4HL™ = PbHL' 5. 45%

pa?+ panL*+n* = pam LY 4,35 I=0.1, 50% dioxan 25
pdL+HY = pamL?t 5.38

ptR* pt2*t4L?" = ptL 15.7  I=0.1 26
pt?tyHL” = ptHLY 20.1

prlt prl*iL?" = prLt 9.3  0.1M NaCl0, 12
proteHL™ = praL?Y 10.5

so3* Se3*4HL” = scHLA? 12.8  I=0.k4 27

sm3* sm3t+L?” = smLt 10.1 0.1M NaCl0,, 12
smo*4HL™ = SmHL?* 1.4

T13* T13*HL” = TRt 17.93  0.1M NaC10, 28
TlGXQZ+HL-=T1@XD2HL 2k.17  0.1M NaCl0, 29

Uo§+ Uo§++L2' = UO,L 12.5  I=0.1 6

2~ 2-
U0,L+L?" = UO, L3 8.k
uod*4?” = vo,L 16.2  I=0.1, 50% dioxan 18
2- 2-
U02L+L = UO,L; 9.6
U0§*+L2' = UO,L 11.9  I=0.1 8
Uog"'-ﬂ.2~ = UO,L 11.9  I=0.1 30
U0RtyHL™ = vo HL* 12.7
2 2

vo} VO§+L2" = VoL~ 16.49 I=0.01 31

voi+L®" = vo,L” 18.81  I=0.01 32
+ - —

VOL4HL™ = VO,HL 17.16

y3* NG I S 9.1 0.1M NaCl0, 12
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Stability constants of metal~indicator complexes. (Cont.)

Metal ion Reaction

log K Conditions Ref'.
Yt~ = yalRt 10.2
b3+ b3t = yout 10.2  0.1M NaCl0, 12
o3t~ = yorn?* 1.1
Zn?* Zn?*4HL™ = ZnHL* 10.5  I=0.1 18
ZoHL*+HL™ = zn(HD) , 6.6
Zn*tyHL” = ZomL?t 11.2  I=0.1, 50% dioxan 18
ZnHLY4+HL™ = zn (HL) , 7.8
Zo?*iHL” = znmLt 12.6 =0.1 15
Zn?*yHL” = zanHLY* 11.6  I=0.1 11
zn?*e2L?" = ZnL2" 23.2
Zn?*4202" = 212" 20.5  I=0.1 33
ze* zr (OH) ;+HL_=Zr (on) JHL 16.5 I=0.1 34
p.4

In the case when M(Hﬁ) complexes are formed, the metal ion re-
places proton in o-OH oup, except the starred value which was
calculated assuming dissociation of p=hydroxyl proton.

Conditional stability constamts of metal-indicator complexes

Metal ion Metal:Reagent log K Conditions Ref.
ratio
Ag (D 1:1 5.47 pH 10.5 35
Au(TII) 121 5.7 ~0.01M HNO4 36
cr (TIT) 1312 1.5 pH 4 37
Ga (ITID 132 10.0 PH 4 38
Gd (TID) 1:2 9.9 PH 6.2 L
Hg (T1) 121 5.7  PH 5,5-6.5" 39
1:2 11.0 pH 37

Ho (IIT) 1:2 9.9 pH 6.2 4
In(TIT) 1:2 9.6 pH 4 38
Lu (I1I) 1:2 10.1 pH 6.2 4
Na (TID 1:2 9.4 pH 6.2 4
Pr (III) 1:2 9.9 pH 6.2 L
sm (TIL) 1:2 10.3 pH 6.2 L
T1 (TIL) 1:2 9.8 pH 4 38
Tm (ITL) 112 10.2 pH 6.2 L
Yb (IIT) 1:2 9.8 pH 6.2 L
X

in H_,O0+EtOH+MeOH+dioxan (34+4+31+31)

2
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Spectral characteristics of the indicator

Ion )\max' nm € maxX! O'I’ Colour Remarks Ref.
HyL* 395 30
395 6

395 1.55 2

395 yellow Lo

420 1.48 50% dioxan L

430-bLY 30% DMF 30
L1448 90% DMF 30

H,L 385 30
386 6

383 1.57 2

385 yellow 4o

392 1.52 50% dioxan L

388 30% DMF 30

389 90% DMF 30

HL™ k3 30
Ly 6

413 yellow 40

Iy 2.59 50% dioxan 2

I 2.31 30% DMF 41

413 90% DMF 30

L3 488 6
485 1.73 2

k9o orange 40

502 1.78 50% dioxan L]

Spectral characteristics of metal=indicator complexes

L)

?2:?1 Met:i;?zagent kmax,nm €nax=10 Colour Ref.

Ag (D) 131 510 2.03 orange 35

AL(TID)  1:1 (awh) 3.64(A\=510) 12

Bi (xrr)  1:1 (BaHL?) 515 1.07 15

cd (1I) 1:2 (caLi™) 495 5.78 15

Co (IT) 1:2 510 5.67 L2
1:2 510 6.00 red 17

Co (IIT) 131 (CoL;) 510 43
1:2 (Co(iD) ) 558,430 1.85; 3.75

cr(IID) 1:2 550 1.2 37

cu (I1) ig1 (cunL®) 522 1.29 15
1:2 (CuL3™)  505-510 5.89

Dy (IIL)  1:1 (DyHL?Y) 1.12(A\=510) 12
1:1 (pyLh) 2.7 (A\=530)

Er(IID)  1:1 (BrEL?%) 1.59(\=510) 12
1:1 (ErLY) 4.1 (\=530)

Fe (IL) 1:3 500 5.0 red Ly

Fe (IID)  1:2 (FeL}) 535 6.1

Ga (ITID)  1:1 (GaHL?Y) 490 2.12 orange 21
1:2 (Ga.L;) 500 9.9 orange 21

Gd (TID) 1:3 576 8.89 4
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Spectral characteristics of metal-indicator complexes. (Cont.)

g::al Met:;;?:agent kmnx’nm emaxx10-u Colour Ref.

HE (ITD)  1:4 510 3.75%! orange 46

Hg (IT) 1:1 540 2.01 orange-red 47
1:2 500 6.8 48

Ho (III) 1:2 515 red 4

In(IID)  1:1 (InHLRY) 505 1.71 3
112 (InL;) 500-510 9.67
121 500 3.28 orange 49

La (III) 1:1 (LaL*) 1.85(\=510) orange-red 12

Lu(TID) 1:2 515 red L

Mn (IT) 1:2 Lo6 8.65 23

Nb(III)  1:1 540 2.33%2 50
1:1 520 2.8%3
131 520 3.035%*

Na(TID)  1:1 (NamL?*) 1.06(\=510) 12
1:1 (vaLt) 4.0 (\=530) 12

Ni(TD) 1:3 490 1.75 red 51
1:3 4os 7.64 orange 24

Np (V) 1:1 510 4,29 52

Pb(II) 1:1 (poHLY) 512 1.08 15
1:2 (pbL2™) 522 5.02

Pd (II) 1:1 (pam,L®*) 580 0.86%5 green 25
1:1 (PaHL*)  515;525 2.68; 2.89%° red
1:1 (pa GE)L™) 520 3.25%> red

Pr(ITD)  1:1 (PrHL?*) 1.09(\=510) 12
1:1 (prL?) 2.0 (\=530)

Pt (TD) 1:1 (peHL™Y) 660 2.29 26
1:1 (ptL) 520 5.95

Rh (III) 132 510 0.7 53

Sb(IID) 112 540 1,256 red 54

Se (@I  1:1 530 1.47(\=520) 27

Sm(IIT)  1:1 (SmHL®Y) 1.15(A=510) 12
1:1 (smL?) k.1 (\=530)

Tm (TII) 1:2 515 L

T1 (TII) 1:1 520 2.0 28

u (v 1:1 (anm.") 510 1.86 30
1:1 (vo L) 530 3.85

v (V) 1:1 (voHL *) 525 1.65 55
1:1 (VoL) 540 3.3

v(v) 1:1 (V02HL) 525 1.7 55
1:1 (VOZL') 545 3.6

Y (TII) 121 (Y2 1.44(\=510) 12
1:1 (xot) 4.7(\=520)

Yo(IID  1:1 (vpaL?*) 1.3(\=510) 12
1:1

(yvL®) 4.0(A=530)
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Spectral characteristics of metal-indicator complexes. (Cont.)

-y
Metal Metal:Reagent hN nm e .x10 Colour Ref.
ion ratio max’ max
Za (XL 1:1 560 0.22 15
1:2 Los 9.05 33
Zr (IV) 1:1 520 1.5 34

x1 - in i-PeOH, x2 - in oxalate, x3 - in tartrate, x4 - in fluoride,
x5 - in 50% dioxane, x6 - in 60% acetone.

Purification of the indicator has been carried out by crystallization from
methanol (Ref. 5).

Purity check by thin layer chromatography (Silufol R, EDTA) - solvents:
benzene-acetone (9+2), benzene-methanol (9+1). (Ref. 5).

The indicator is normally used as 0.05 or 0.2% aqueous solution.

ical application of the indicator. Direct titration of Bi (pH 1-2), Cd
pH 9-10), Cu(pH 5-11), Fe(IlL) (pH 2-3), Ga, In (pH 2-2.5), Mn (pH 9), Pb
PH 5-6, 9-10), T1 (pH 1.7), Zn (pH 5-6, 9-11), and lanthanides (pH 6=7);
especially recommended for Bi (pH 1-2). Also in back-titration of Al (pHE 7)

with Pb(II) solution as titrant. In some titrations (e.g. Al, Sb) the in-
dicator is used as the Cu~PAR complexes.
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18. SPADNS

Synonyms: 2-(4-Sulphophenylazo)-chromotropic acid

€hemical names:

2« (4=~Sulphophenylazod~1,8~dihydroxynaphthalene-3, 6~-disulphonic acid
4, 5-Dihydroxy=-3-[(p-sulphophenyl)azo| -2, 7-naphthalene-disulphonic
acid

(the commercial product is a trisodium salt)

Colour Index: -

HO

HC OH
N=—N
- | H5L
S HO 38 SO 3H

Protonation constants of the indicator

3

log K1 log Ka Conditions Ref.
-0H -0H
8.90 1
8.52 I=0.1 2
15.1 9.26 3
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Conditional stability constants of metal-indicator complexes

Metal ion Metal:Reagent log K Conditions Ref.
ratio
py (TTD) 1:1 3.0 pH 6.06 4
3.7 pH 7.07
4.0 pH 7.50
2:3 19.6 pH 7.86 4
Gda (ITI) 1:1 4.1 pH 6.0 5
4.7 pH 7.02
Ho (III) 1:1 2.8 pH 6.06 L
3.5 pH 7.07
k.0 pH 7.50
2:3 19.3 pH 7.86
La (III) 1:1 3.5 pH 6 5
3.9 pH 6.53
2:3 19.6 pH 7.7
16.9 pH 8.8
Nd (T1II) 1:1 3.9 pH 6.0 5
4.4 pH 6.94
2:3 21.9 pH 7.7
16.2 pH 8.8
Pd (I 1:2 9.9 pH 3.5 6
1:3 ~15 pH 10.5
Pr (IID) 111 3.9 pH 6.0 5
4.0 pH 6.65
2:3 19.2 pH 7.7
16.9 pH 8.8
Sm (ITI) 1:1 4.0 pH 6.0 5
4.7 pH 7.22
2:3 21.2 pH 7.7
16.2 pH 8.8
Y (XTI 1:1 L4 pH 6.0 5
4.8 pH 6.8
2:3 21.8 pH 7.7
17.4 pH 8.8
Spectral characterisfics of the indicator
Ion A nm e x10'u Colour Ref
max’ max *
H2L3' 510-520 ~0.3 red 3
HL’"‘ 510~520 ~0.2 red 3
L3 530 ~0.25 red 3
Spectral characteristics of metal-indicator complexes
Metal ion Met::;?:agent xmax’ nm emaxX1o-h Colour Ref.
A1 (TID) 1:1 590 7
Ba (ID) 1:1 570 1.3 8
Cca (I1) 131 570 blue-violet 9
Dy (TII) 131 600 violet L
2:3 600 violet
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Spectral characteristics of metal-indicator complexes

Metal ion Met::;?gagent xmax’ nm emaxx10'h Colour Ref.

Gd (I1I) 131 542 10
2:3 553

Ho (IID) 1:1 600 violet b
2:3 600 violet

La (I1Y) 1:1 528 10
2:3 538

Nd (ITI) 1:1 530 10
2:3 542

Pd (IT) 1:2 550 6
1:3 580

Pr (IIT) 1:1 530 10
2:3 538

Sc (ITI) 1:1 560 1.07 2

Sm (IIT) 1:1 532 10
2:3 545

sr(TD 1:1 560 0.4 blue-violet 8

Th (IV) 1:1 580 3.2 blue~-violet 11

Y (11D 1:1 545 10
2:3 565

Zx (IV) 2:1 580 1.89 4

Purification of the indicator has been carried out by crystallization from
ethanol (Ref. 3).

Purity check by paper chromatography (Vhatman SMM) using as solvent pyridi-
ne - 28% ammonia - 1-pentanol (2+2+1) (Ref. 12).

The indicator is normally used as 0.02-0.4% aqueous solution.
ical application of the indicator: Direct titrations of Th (pH 2.5-3.5)
Zr (pH 1.5=2.5).
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19. TAR

Sxx_mnms H

Chemical names:

Y

Colour Index:

PAAC 33/7-K

S
[,>_N=N
N

Compleximetric indicators

h«(2" ~Thiazolylazo) -1, 3=dihydroxybenzene
2-Thiazolylazo)-resorcinol

OH

Protonation constants of the indicator

log K1 log K2 log K Conditions Ref.
0~-0H p-OH =Nm*
9.3 6.0 1.25 0.1M NaC10,, 1
9.4k 6.23 0.96 0.1M NaC10, 2
9.59 6.16 I1=0.2 3
9.68 6.15 L
1.56 I=1.0 5
9.15 0.1M NaC10,, 6
10.3 5.9 aqueous solution (?) 7
10.52 6.40 20% MeOH 8
9.88 6.18 1.13 I=0.1, 2% dioxan 9
9.49 6.17 0.98 I=0.1, 2% dioxan 10
12.80 7.37 1.65 I{0.01, 50% dioxan 1
10.76 6.53 0.9 I=0.1, 50% MeOH 12
10.3 5.9 20% MeOH 13
10.7 6.5 50% MeOH 13
9.4 6.2 5% EtOH 13
10.67 6.51 0.75 0. 1M KNO,, 30% EtOH 14
10.54 6.56 0.75 I=0.1, 30% EtOH 15
10.42 6.56 0.84 1M NaC10,, 30% DMF 16
11.52 7.25 1.06 1M NaC10,, 50% DMF 16

Stebility constants of metal-indicator complexes

1205

Metal ion Reaction log K Conditions Ref.

a1 Alonz*+2HL'=AloH(£1)2 14.28  0.1M NaC10,, 17
50% MeOH

B13* Bi3*yHL" = BimHL2* 13.11  0.1M NaC10, 2

ca?t ca?t4HL" = CamLt 3.5  0.1M NaCloy, 12
50% MeOH

ca®* ca?*yHL" = camL* 7.0 0.1M NaC10, L
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Stability constants of metal-indicator complexes. (Cont.)

Metal ion Reaction log K Conditions Ref .
ca®*ti2HL” = ca(HD) 2 16.0 0.1M NaC10y,, 12

50% MeOH
co?t Co?*4HL™ = CoHL* 12.05 1<0.01, 50% dioxan 11

CoHL*+HL™ = Co (HL) , 11.23

co?*+2L7= coL3” 16.15  0.1M NaC10, 18
cr3t crlt4HL” = crEL?* 10 0.1M NaC10,,, 12
50% MeOH
cu?* cu?*4HL” = cumLt 8.34* 1I=0.1, 2% dioxan 10
cu?*4L%" = cuL 13.66
Cu?*4HL”™ = cumLt 11.56  0.1M NaCl0, 2
cu?*L?" = cuL 13.55
cu?*4HL” = cumLt 8.4% I=0.1 19
cu?*412" = cun 13.9
Cu?*4HL” = cumL* 14.2  1<0.01, 50% dioxan 11
CuL+H* = cunL* 11.56
CuOHL™ +H* = cuL 10.13
cu®tyHL” = cumL?t 12.3  0.1M NaClo, 12
50% MeOH
CutL+HL™ = Cu(HD) , 9.9
Fe2* Fe?*4HL™ = FemL* 9.5  I=0.1 20
Fe?*42HL" = Fe(),  21.6  0.1M NaCloy, 12
50% MeOH
Fe3* Fo *4H,L = FeHL®*+H*  0.67 I<0.1, 30% EtoH 1
Feo*4+2H,L = Fe(HL) j+2H* 0.73
Fe3*4HL™ = PeHL®* 10.4  I=0.1 20
. Gad*t Gadt4HL™ = GaHL?* 12.0  0.1M NaC10,, 12
50% MeOH
Ga3*4HL™ = GamHL?* 9.1 0.1M NaCl0, 21
cal*iL?" = caL* 12.8
1n3* In3*4HL" = IomELR 10.06  0.1M NaC10, 21
3*412" = Lt 10.8
In3*iHL” = Tam 2t 10.8  0.1M NaCl0, 12
50% MeOH
3t I3t aL” = TeEL?Y 9.46 I=0.1, 2% acetone, 22
50% DMF
Mn2* Mn?*4HL" = MnHL' 9.43  I<0.01, 50% dioxan 11
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Stability constants of metal-indicator complexes. CCOnt.)

1207

Metal ion Reaction log K Conditions Ref.
MnHL'+HL™ = Ma(HD) , 8.6
MnOHL™+H' = MnL 9.4
Mo?t4HL” = MoEL* 13.1  0.1M NaC10, 12
50% MeOH
Ni%+ Ni%tHL” = NaELt 12.94 I<0.01, 50% dioxan 11
NMiHLY+HLT = Ni(HD) , 11.82
NiL+H' = NimL? 6.84
NiOHL™+H' = NiL 8.55
Ni2+L2" o NiL 10.0  I=0.1, 30% EtOH 15
N12++2L = NiL3™ 17.1
Ni2*EL” = Nt 9.2
Ni2*sHL” = NamLt 6.06* I=0.1 10
Ni2+,1%" - NiL 10.23
os** Osl“'+H2L = osHL3*4HT ~ -3 1=0.1 23
0s3* 0s3*4HL™ = 0sL0*4H' ~-0.9 I=0.1 23
Pb3* Pb2*4HL™ = poHL* 8.3%  0.1M NaC10, 2
Pb2+ +HL” = pbHL? 9.7 0.1M NaC10,, 50%MeCH 12
pt2* pt?*,m” = ptEL?t ~12 0. 1M NaC10,, 12
50% MeOH
Ru3* Rh3*4HL” = RaEL?t ~12 0.1M NaC10,, 12
50% MeOH
se3t Se3*4HL” = scHL?* 10.4  0.1M NaC10,, 12
50% MeOH
ScHL2*+HL™=Sc (D) } 9.9
se3tiHL” = scHL?* 9.4  TI=0.1 2l
1102+ Ti0** " = (Tio)EL* 13 0. 1M NaCl0y,, 12
50% MeOH
13+ m3*ym” = T2t 12 0.1M NaC10,, 12
50% MeOH
13t~ = Tam?t 13.41  0.1M NaC10, 25
vod* U02*4L3" = vo,L 11.35  0.1M NaC10, 26
vos i = U0, HL" 9.8
U02++HL' = 002HL+ 10.7 0.1M NaC10, 12
50% MeOH
U0, HL* +HL™=U0, (HD) , 9.7
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Stability constants of metal~indicator complexes. (Cont.)

Metal ion Reaction log K Conditions Ref.
UO§++HL. = Uo,HL* 9.5 I=0.1 13
vo* vo*+HL™ = voL+H* 1.9 I=0.1 27
vo3* vo**iHaL” = vomLt 1.2 0. 1M NaC10,, 12
50% MeOH
voHLY+HL™ = VO(HL) , 9.8
vo; vo;mL" = VO HL 12.1 I=0.1, 30% DMF 28
vo;mL‘ = VO,HL 10.2 I=0.1, 30% EtOH
zn?* Zn®*4HL” = ZoEL* 7.19  0.1M NaClO, 2
zn®*tyHL" = zZnHL* 11.08  1<0.01, 50% dioxan 11
ZnHLY4+IL” = Zn(IL) 2 10. 11
ZnL+HY = ZnHLY 7.12
ZnOHL™ + HY = ZnL 8.74
Zn (0H) ,L27+H*=ZnoHL™  8.98
Zn?*42HL" = Zn(HD) 2 17.2 0.1M NaC10,, 12
50% MeOH
zr03* zr0*t4HL” =(zro)HLY 13 0. 1M NaC10,, 12
50% MeOH
P4

These values differ from those in which the dissociation of -
o~-hydroxyl group has been assumed as preceding the dissociation
of p-hydroxyl proton. The difference is equal to log K1-log Kz.

Spectral characteristics of the indicator (in aqueous solution)

-4
Ton xmax’ nm e __x10 Colour Ref.

H3L+ 488 2.48(A\=510) orange
L84
481

H,L k10-440 0.17(A=510) yellow
L10-4k4o ~1.9 yellow
Lu6
h15,438

HL Lo 1.55(A=510)
481
476
400,480
2

L 510 3.45 red
515
516 ~3. 4 red
513

- - -

FLWOP FLWON FOLNMD FOD

-
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Spectral characteristics of metal-indicator complexes

Metal ion Metz: 1::l:z.gagent X pax 20 Cmax™! O'l‘ Remarks Ref.
Bi (III) 1:1 (BiHL2%) 540 2.24 2

1:1 (BiL%) 530 3.08 2
ca(xD 1:1 (caHL®) 500 3.06 2

1:2 530 50% MeOH 12
Co (ID) 1:2 510 5.6 18
Co (TID 1:2 500 50% MeOH 12
cr (TID 1:2 525%1 4.98 t=BuOH - H,0
cu(TD 1:1 (cuHL®) 560 2.09 2

1:1 (Cul) 505~510 3.1 2

1:1 (CulL) 515 2.92 1

1:1 555 50% MeOH 12

1:2 510 50% MeOH 12

1:1 (cumL®) 560 2% dioxan 9,10

1:1 (Cub) 520 2% dioxan 9,10
Fe (IIL) 1:2 480,540 2.26 1

(\=540 nm)

1:2 495 3.3 30% EtOH 14
Ga (III) 1:1 530 ~5.7 21
Hf (ITI) 1:4 540 5.8 20% MeOH 29
Hg (ID) 1:1 525 50% MeOH 12
In (III) 1:1 530 2. 24 24

1:2 530 5.22
Ir (IIT) 1:1 520 2 14 2% acetone+ 22

50% DMF

1:1 530 2.35 1
La (TIT) 1:3 520 3.52 1
Mn (IT) 1:1 527 50% MeOH 13
Ni (TD) 1:1 (wimn?) 540 2.04 30% EtOH 15

1:1 (WiL) 505 3.1

t:2 (Ni() ,) 540 3.7

1:2 (WiL3T) 505 6.6

1:2 500 3.15 1
0s (IV) 1:1 550 1.55 23
0s (VITD) 1:1 550 2,22 23
pbgn) 1:1 (pomL® 540 1.99 2

1:1 (PbL) 530 3.04

1:1 (PbL) 530%2 3. 22 30
Rh (ITI) 1:1 540 2,28 water+DMF 31
Sc (TTD) 1:3 540 5.06 10% dioxan 32
Th (IV) 1:2 520 1.9 1
Ti (TIT) 1:1 540 1.5 1
T1 (TTT) 1:1 (T1HLZY) 520 2.28 25

1:1 (TL*) 540 3.26
u(vD 1:1 (UOZHL"') 530 2.33 26

1:1 (U02L) 540=545 3.25
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Spectral characteristics of metal-indicator complexes. Cont.

Metal ion Metiiéﬁgagent max’ maxx10-h Remarks Ref.
1:1 534 7
v(III) 1:1 550 2.82 27
vV 1:1 sh45%3 2.65 1
Zn (1) 1:1  zZnHLY 520 2.35 2
1:1 ZnL 500 3.55 2
Zr (TV) 1:1 515 50% MeOH 12

The following colours are given: x1 -~ red, x2 « red-~violet, x3 =~
violet.

Purification of the indicator has been carried out by recrystallization
from methanol, ethanol or by fractional precipitation with diethyl ether
or hydrochloric acid (Ref. 33).

Purity check by paper chromatography using as solvent: isobutanol - ammo-
nia - water (15+4+1).(Ref. 33). An alternative is thin layer chromatogra-
phy on silica gel with various solvent compositions: n-butanol - ethanol -
2M ammonia (3+1+1) (Ref. 34), benzene -~ acetic acid (4+1)(Ref. 35), benzene
-~ chloroform - acetic acid (25+5+6.2) (Ref. 35) or carbon tetrachloride =
acetic acid (15+h)(Ref. 35) . On silica gel in presence of 0.05M EDTA, fol-
lowing solvent compositions can be used (Ref. 36) : benzene - methanol
(4+1) , benzene - acetone (4+1), or chloroform ~ methanol (9+1).

The indicator is normally used as 0.1% solution in ethanol or methanol. A
few drops of such solution are added to titrated solution

ical application of the indicator. Direct titration of Co (pH 4~7), Cu
pH 4-7), Ni (pH 4=7), T1 (pH 1,2-5.5, lanthanides; especially recommended

for Cu (pH 4-7). In some titrations Cd, Fe, Hg, In, Mn, Ni, Pb, Se, Zn, it
is recommended to use the indicator as the Cu~TAR complex.
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20. THORIN
Synonyms: Thoron APANS
Thoronol Naphtharson
APNS Naphthazarin
Chemical o8 ¢

K’ o-Arsonophenyl)azo =3=hydroxy~2, 7-naphthalene disulphonic acid
1=-(2' ~Arsonophenylazo)-2~hydroxy~naphthalene~3,6 disulphonic acid
(the commercial product is disodium salt)

Colour Index:

ASOH., HO SO H

- ‘

Protonation constants of the indicator

log K1 log K2 log K3 log Kh Conditions Ref.
~OH -AsOSHP -Aso3H2 -S0 H
11.9 8.3 3.7 I=0.5 1
10 7.2 3.6 2

~14 ~11.5 ~8 ~L I=0.1~1 3
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Conditional stability constants of metal-indicator complexes

Metal ion Metal:Reagent log K Conditions Ref'.

ratio
Be (IT) 1:1 6.9 pH 12 L
Ce (IV) 1:2 8.5 pH 4 5
cr (IID) 1:2 15.4 pH 2.5 6
Eu(III) 1:2 8.4 pH 4 7
IIf (IV) 1:2 8.4 pH 0.75-2.5 8
La (III) 1:2 10.1 pH 5.5 9,10
Lu (III) 1:2 9.6 pH 4 7
Pa (I1) 1:1 L.38 pH 3 10
Sc (III) 1:2 ~9 PH 5.5 11
Tb (IIT) 1:2 8.8 pH 4 7
Th (IV) 132 9.6 pH 5 1

1:2 10.2 pH 1 12
u(vD 1:1 L.y PH 3 10
Y (ITI) 1:2 8.6 pH 4 13
Yb (III) 1:2 9.5 pH 4 7
Spectral characteristics of the indicator
Ion A nm € x10'h Colour Ref

max’ max °
H.L 510 1.4 red 3
HhL- 480 orange 3
H3L2- 490 rose 3
H2L3' 490 1.4 rose 3
HLh- 460 yellow 3
L3 red 3
Spectral characteristics of metal-~indicator complexes
-4

Metal ion Metal:Reagent A nm ¢ __x10 Colour Ref.

ratio max’ max
Be (II) 1:1 470 L
ce (TV) 1:2 500 rose 5
cr(ITD) 1:2 500 0.7 red 6
Eu (ITI) 1:2 500 7
If (Iv) 1:2 500 8
La (IIT) 1:2 515 red 9
Lu(I1ID) 1:2 500 7
Pa(ID) 1:1 525 10
Tb (III) 1:2 500 7
Th (TV) 1:2 545 red 12
v (v 1:1 545 red 10

1:1 545 0.3 3
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Spectral characteristics of metal-indicator complexes. (ContJ

-4
Metal ion Metal:Reagent A , nm e ___x10 Colour Ref.
ratio max max
Y (ZITI) 1:2 500 pink 13
Yb (IIT) 1:2 500 7
Zr (IV) 1:1 540 0.34 14

Purification of the indicator has been carried out by crystallization from
water (Ref. 1) or precipitation from hydrochloric solutions with successive
recrystallization from ethanol (Ref. 15).

Purity check by paper electrophoresis ( 380 V, %4 mA, t=2-6 h), electrolyte:
3‘0‘%‘0‘1}13'0'0_—01{ (Ref. 15).

The indicator is normally used as 0.5% aqueous solution.

ical application of the indicator. Direct titrations of: Bi (pH 2-3}, Th
pH 1=3), Sc (pH F.5-6.5). Especially recommended for Th (pH 1=3). Also in
back-titrations with La IIID as titrant in determination of Bi, Co, Cu, Ni,

Pb, Zn at pH about 6, or additionally in the presence of 50% methanol in
determination of Al (pH 4-5), Cd, Zn.
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III. OTHER INDICATORS
21. ALIZARIN RED S

Synonyms : Alizarin Carmine
Alizarin S

Chemical name: 1,2-Dihydroxyanthraquinone-3-sulphonic acid

Colour index: C.I. 58005, Mordant Red 3
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CH

O=0

OH
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n
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T
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o

(6]

Protonation constants of the indicator

log K log K2 Conditions Ref.
ol=0H B =OH
10.85 5.49 I=0.5 1
11.20 4.60 I=0.05 2
11.02 5.55 3
5.53 0.1M KC1 4
11.03 0.1M KC1 5
10.72 5.39 I=0.5, 25°C 6

Stability constants of metal-indicator complexes

Metal ion Reaction log K Conditions Ref.

a3+ a13tim?s = a1(m) 12.1  I=0.1
ISELITS R R NTE: R A 1.5  0.1M NaCl0,
a13+,13° - a1 11.31  I=0.1 9
ar3*e23” = and- 17.37

Be?+ Be?*4+13~ = BeL” 9.77 0.1M NaCl0, 10
BeL™+L3" = BeLZ- 6.92

ce** ce?*413" = ceL* 10.52  I=0.1 9
cet*i2Ld™ = ceL2" 15.13

co?* co?*413" = coL 9.02  0.1M NaCl0, 10
CoL™+L3" = CoLg~ 6.61

cu?* cu*a3” = cuL” 10.61  I=0.2% 11
cu” 413" = CuL:- 8.30

Ga3* Ga3*+20L%" = ca (L) 9.57 I=0.1
Ga3*42H,L” = Ga(H,L)} 11.6  0.1M NaCl0,

Hg?* Hg?*+L3~ = HgL™ 8.04 I=0.2* 11
HeL™ + L3™ = HgL:' 6.10

In3* In3*42H,L7 = (D) } 11.5  0.1M NaCl0, 8
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Stability constants of metal-indicator complexes. (Cont.)

1215

Metal ion Reaction log K Conditions Ref'.

Ni%* Ni2*te3" = maL” 9.43  0.1M NaC10, 10
NiL"+L3" = NiLg' 6.02

pp3+ Pb3+3” = poL” 11.36 I=0.2% 11
PbL - +L7" = PbLg‘ 5.60

e L3 o Tt 11.52 1=0.1 9
mr*eL3” = ThL2" 6.63

2+ 2+ 3= _ -
vo? U02*43" = vo L . 11.95  0.1M NaC10, 10
- 3= _ -

U0,L7+1%" = vo L3 5.71

Zn?* zn?*413" = zoL” 8.72 1=0.2% 11
ZaL"+ L3 = ZnLg' 6.32

zett Ze** 42087403 = Zr (o) L~ h9.o I=1.6 1

x Values for other ionic strengths in the range 0-0.20 were also

given.

Conditional stability constants of metal-indicator complexes

Metal ion Metal:Reagent log K Conditions Ref.
ratio
Al (IID) 1:2 7.2=7.5 pH 2.5-4.5 12
Co (T 1:1 5.6 pH 6-10 13
1:2 10.3 pPH 11.5
Cu (I 1:1 5.5 14
Ga(IIT) 1:2 8.6-8.7 pH &4 15
Ge (IV) 1:3 52.8()33) 0.1M acetate 16
Hf (IV) 1:2 10.2 PH 1.5 17
In (III) 1:2 9.0-9.4 pH 4 18
La (IIT) 1:2 8.3-8.6 pH 3.5-6.5 19
Lu (III) 1:2 9.1-9.2 pH 4 15
Mo (VL) 1:2 9.6 pH 4 20
Nb (III) 1:2 8.3 PH 3.5-5.5 21
Nd (IIT) 121 12.73 I=0.05 2
1:2 8.90 I=0.05%
Ni (TD 131 . h.35 pH 7 22
Pr (ITD 1:1 12.56 I=0.05 2
1:2 8.90
se (ID) 1:2 9.2 pH 4.0 23
Tb (III) 1:2 8.0-9.2 pH 4 15
Th (IV) 1:2 8.2 pH 3.2-8.0 (?) 24
v(@av) 1:2 8.4=9.2 pH 4 25
w(VI) 1:2 7.83 pH 46 26
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Conditional stability constants of metal-~indicator complexes. QCont.)

Metal ion Metal:Reagent log K Conditions Ref.
ratio

Y (IIT) 1:2 9.5=9.6 pH 4.0 23

Yb (IIY) 1:2 8.6~8.7 PH 4 14

Spectral characteristics of the indicator

Ion )\max , nm €max Colour Ref.
HZL" 420 27
HL3~ 525 red 27
13- 555 red-violet 27

Spectral characteristics of metal-indicator complexes

Metal ion Metal:Reagent A max’ ewx1 0 Colour Ref.
ratio am
A1 (ITD) 1:2 48o yellow 7
cd (ID) 2:2 490 1.5 yellow 28
Co (IT) 1:1 570 0.97 red-violet 13
Ga (III) 1:2 k70 yellow 7
Ga (III) 1:2 520 red 15
HE (IV) 1:2 520 red 17
In (III) 1:2 530 violet 18
La (IID) 1:2 520 0.89 red 19,29
Lu(III) 1:2 530 violet 4
Mo (VI) 1:2 k70 yellow 20
Ni (D 1:1 590 0.55 violet 22
Pr (IID 1:2 530 violet 2
Sc (TD) 1:2 500 red 23
Tb (TIT) 1:2 530 violet 15
Th (IV) 1:2 520 red 2k

Purification of the indicator(Ref. 1) has been carried out by crystalliza-
tion from 50% ethanol.

Purity check (Ref. 1) was carried out by pH titration with sodium hydroxide.

The indicator is used as 0.05-0.2% aqueous solution.

Typical applications of the indicator. Direct titration of lanthanides (pH
4-h.5) and Th (pH 4.5~6.5). Also in back~titration of Al (pH 3-5), Bi (pH
2-2.8), Th (pH 4) with Th(IV) solution as titrant.
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22, MUREXIDE
onyms: Ammonium purpurate
(som; authors and producers use the name Murexide for ammonium
salt

Chemical name: 5,5=~Nitrilodibarbituric acid

Colour index: 56086
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Protonation constants of the indicator

log K1 log K2 log K3 log Kl; log K5 Conditions Ref.
-NH =NH -NH -~NH =0H
10.9 9.2 0 I=0.1 1
1.6 I=0 (corr) 2
14-14.5 13.5 10.3 8.7 ? 3

Stability constants of metal-indicator complexes

Metal ion Reaction log K Conditions Ref.
ca®* ca®*4H,13" = cam,L” 5.0  I=0.1 1=
Ca2++H3L2- = CaH,L 3.6
ca®*4m,L” = Cam,L* 2.6
2.68 I=0.1 4
ca?* ca®*4m,L” = cam,L* 4.2  TI=0.1 1z
ce3* coP*4m,L” = CeH,L2* 3.65  0.1M KNO,, 12°C 5
co?* Co®*4mL” = CoHL* 2.46  0.1M KNO,, 12°C 5
cu?* o4, L3 = cum, LT 15 I=0.1 1*
cu®*4m 137 = cum,LT  14b I=0.1 6
py3* py3*emL” = Dy, L2t 3.78  0.1M INoy, 12°C 5
Er3* Er*ymL” = ErE, L2t 3.48  0.1M KNo,, 12°C 5
Bul* Eu3++HhL = Bum,L?* .17 0.1M KNo,, 12°C 5
Gad* Gad*sm, L™ = Gam,L?* 4.08  0.1M KNOg, 12°C 5
HoJ* 303++HuL' = Hom,L?* 3.71  0.1M KNo,, 12°C 5
1n3* 34" = Inm L2t 4.61  0.1M KNoj, 12°%C 5
La3* La3*m 1" = Lam 13t 3.43  0.1M KNo,, 12°C 5
Lult Lu*sm L7 = Lul,L?* 3.45  0.1M KNO,, 12°C 5
Na3* Na?*4m,L” = Nam,L?* 4.0k 0.1M KNO,, 12°C 5
Ni2* N12++HuL- = NiHhL+ 3.36  0.1M KNog, 12°% 5
prot PrItamL” = pri, L2t 3.78  0.1M KNo,, 12°C 5
se3* so¥* 4y L™ = somL?* 4.50  0.1M KNo,, 12°C 5
sm3* sad*4H, L7 = sam, L2 4.20  0.1M KNO,, 12°C 5
TH3* o3t L7 = ToE, L2 3.95  0.1M KNO,, 12°C 5
Tm3* T *4m, L7 = Tai, Lt 3.36  0.1M KNoj, 12°C 5
Y3+ Y3++HhL' = YHhL2+ 3.36  0.1M KNO,, 12% 5
b3+ Yb3++HuL- = YthL2+ 3.41  0.1M KNog, 12° 5
zn?* z®*iy L7 = zom, Lt 3.1 I=0.1 1x
Zn2*+2H3L2'=Zn(H3L92‘ 9.3  I=0.1 7
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X Side reactions of metal cations were not taken into account, which

may explain some d fferences for Ca with data in Ref. 8.

Conditional stability constants of metal-indicator complexes

Metal ion Metal:Reagent log K Conditions Ref'.
ratio
Ca (ID) 1:1 2.72=2.75=2.81= PH 4.0-4.5-5.0 - 8
2.92-3.38-3. 46~ 5.5=6.0=6.5 =
3.56=-3.80-4.13 7.0-7.5-8.0 *
Ce (IIT) 131 6.2 pH 6.5-7.5 9
1:1 4,2 pH 6.0 10
Dy (IID 1:1 4.7 pH 6.0 10
Er (IIT) 1:1 4.7 pH 6.0 10
Eu (I1D 1:1 5.34~5.38~ pH 4.0-4.5 -
5.42-5.55 5.0=5.5 8
1:1 4.8 pH 6.0 10
Gd (ITI) 1:1 4.90-4,96~ PH 4.0~4.5 -
5.00=5.13 5.0=5.5 = 8
1:1 4.6 pH 6.0 10
Ho (III) 1:1 L.6 pH 6.0 10
La (ITY) 1:1 4 Lok, 52~ pH 4.0-4.5 = 8
b4.55-4.68 5.0-5.5 * '
1:1 L.y pH 6.0 10
Lu (III) 1:1 5.3 pH 6.0 10
Na(III) 1:1 4.6 pH 6.0 10
Pr (IID) 1:1 L.y pH 6.0 10
Sc (IIT) 1:1 4.2 pH 6.0 10
Sm (TIL) 1:1 4.7 pH 6.0 10
Tb (IID) 1:1 4.89-4.94~ PH 4.0=4.5 =
4.98-5.13 5.0-5.5 % 8
1:1 L.y pH 6.0 10
Th (TV) 1:1 6.9 pH 8-9 9
T (III) 131 k.o pH 6.0 10
v(ITv) 131 5.2 pH 6.0~7.2 9
Y (I1Y) 1:1 4.2 pH 6.0 10
Yb (TID) 1:1 5.1 pH 6.0 10

x pH values for respective log K which take into account side reac~

tions of metal ions.

Spectral characteristics of metal-indicator complexes

-4
Metal ion Metal:Reagent )\max,nm €nax=10 Colour Ref.
ratio
Ca (IT) 131 (CaHuL"') L7y 2.1 yellow-orange 1
484 5
(CaHSL) red-orange 1
(CaH,L™) 515 1.8 red 11

cd (XD 1:1 485 orange
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Spectral characteristics of metal-indicator complexes. (ContJ

-4
Metal ion Metal:Reagent xmax’nm emaxxlo Colour Ref.
ratio
cu(T1) 1:1 L60 2.1 yellow 1
Se (ITII) 1:1 (SeH,L?*) 460 5

Purification of the indicgtor (Ref. 12) has been carried out by dissolving
1g of indicator in 900 cm” water at 30, salting out the filtered solution
with 60 g ammonium chloride, filtering, washing the precipitate with 60%
and with absolute methanol and drying at 110 . The results are rather unsa-
tisfactory and rather a new synthesis from alloxantine is recommended.

Purity check was carried out by titration with sodium hydrosulphite solution
(Ref. 12) or with titanium (III) (Ref. 13).

The indicator is normally used: a solid diluted with NaCl or K_SO (1 :100
till 1:500) . 1% aqueous solution is unstable and better results“areé obtained
with 0.1% solution in anhydrous ethyleneglycol (Ref. ).

-10), Cu (pH & or 7-8), Ni (pH 8,5-11.5,) Sc (pH 2.6), Th (pH 2.5), Zn

8~9); especially recommended for Ca (pH>10). Also in back-titration of
Cr, Ga (pH 10) using nickel (II)and copper(IL) solution as titrants, respec-
tively.

ical applications of the indicator. Direct titration of Ca pH>10) , Co
pH
pH
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23. TIRON
Synon ¢ Catecholdisulphonic acid
2ynonyms

Chemical name: 1,2-Dihydroxybenzene-3,5-disulphonic acid
(mainly available as disodium salt)

Colour index: =
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OH
OH
SO H

HOBS 3

Protonation constants of the indicator

log K1 log K2 Conditions Ref'.
-0H -OH

(m= to soju)

11.85 7.29 I=0.5 1
11.83 7.25 I=1.0 2
12.60 7.60 I=0.1 3
12.6 7.66 I=0.1 4,5
12.48 7.59 I=0.1 6
12.6 7.68 I=0.1 7
11.72 7.46 I=0.1 8
12.55 7.66 I=0.1 9

Stability constants of metal=indicator complexes

1221

Metal ion Reaction log K Conditions Ref.
a3+ a3t - oA 16.7 I=0.1 10
17.2 11
16.65  I=0.2 12
19.02% I=0 13
16.79% I=0.1 14
AL~ = AlLZ' 13.6 I=0.1 10
13.3 1
13.6 I=0.2 12
12.08* I=0 13
16.58" =0.1 14
A1L2-+Lu- = A1 g“ 9.7 1=0.1 10
2.4 I=0 13
14, 34" I=0.1 14
3+ 2= _
As H3A303+2H2L =
= AsL2'+H*+3H20 -3.90% I=1.0 15
R
B(oH) 3 B (OH) gtE LT =
= BL (OH) 37 +H*+H,0 -3.72,  I=0.1 16
-3.18® 1=1.0 17
Ba?* Ba?*4L ¥ - BarL?- 4.1 I=0.1 18
Ba?*4HL3" = BamHL™ 2.0
Be?* Be?t4L?" = BeL?" 12.88  I=0.1 19
BeL?~ LY = BeLg' 9.37
Be?*4HL3™ = BeHL™ 4,02
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Stability constants of metal-indicator complexes. (Cont.)
Metal ion Reaction log K Conditions Ref'.
ca®* ca®*iL = car?" 7.7 1=0.1 20
caL?~.LM - CdLg- 5.6
co?t co?tiL¥ - coL?" 8.2 I=0.1 20
9.49  I=0.1 18
coL2= L - CoLg- 6.2 I=0.1 20
co?*4HL3™ = CcoHL™ 3.08  I=0.1 18
cu?t cutat = cun?s 12.8 I=0.1 20
14.28  T=0.1 9
14.23  I=0.1 6
13.99  TI=0.1 21
15.43  T=0.1 22
14.53  I=0.1 18
cur?= b = CuLg- 11.0 1=0.1 20
11.14  T=0.1 9
11.26  I=0.1 6
11.17  TI=0.1 21
10.93  I=0.1 22
cu?t L3 = cunL” 5.14  I=0.1 22
5.48  I=0.1 18
3+ 3+ . b= -
Dy py>*.t = pyL 14.36  I=0.1 23
py3*tsm3” = pym 5.59
Ex3* Er3*at - BrL” 14.48  T=0.1 23
Er3*4HL3™ = ErHL 5.45
Fe3* re3*iL4 = PeL” 18.74  I=0.5 24
20.7 1=0.1 5
20.4 I=0. 25
FeL LY = FeLz- 14.23  I=0.5 24
15.2 I=0.1 5
15.0 T=0.1 25
15.03 26
PeL3 4L = FeL3™ 10.28  I=0.5 24
11.0 I=0.1 5
10.4 I=0.1 25
10.7 26
FeL™+H' = FeHL 1.8 I=0.1 5
2.12 I=0.5 a2k
cal* ca3*.Lt - caL" ~18.14 1=0.2 12
19.26  I=0.1 27
GaL=+LY" = GaLg' 15.50  I=0.2 12
cal* cadta* = car” 14.10  I=0.1 23
cad*4HL3" = GaHL 5.92
LFS 2e _
Ge H2G903+332L =
= G §'+2H++3H20 2.74°  1=0.1 28
2.30  I=0.11 29
3.50  I=0.50
3.70  I=1.0
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Stability constants of metal-indicator complexes. (Cont.)

Metal ion Reaction log K Conditions Ref.
G902+2H2L2-=GeLg-+2H20 3.89  I=1.0
He** aetb < EEL 24,66 I=0.2 30
He** Lt = ang“ 66.92
Hg?* Hg?*+L*" = HgL?™ 19.86  I=0.1 27
Ho3* Ho3*+L*" = HoL™ 14.39  I=0.2 23
Ho3*+HL3" = HoHL 5.42
In3* m3*t = T 17.00  I=0.2 12
16.34  I=0.1 27
L™+ = InL3” 13.85  I=0.2 12
La3* La3*4L¥ = LaL” 12.87  I=0.1 23
Mg>* Me2*+LM = MgL?" 6.86  I=0.1 18
Mg?tsHL3" = MeHL™ 1.98
Mn3* Mn2*aL* = unL?" 7.20  I= 31
8.6 1=0.1 32
MnL b MnLg‘ 5.50 I=t 31
MnLg'+L"‘ = Mar}%" 3.53
MnL?"+H* = MnHL™ 6.68
Mo0Z™ Moo§'+23 L =
= MoO,L2"42H,0 6.59  I=0.1 33
Na3* N3+ = NaL” 13.69  I=0.1 23
Na3tiHL3” = NamL 5.61
N1+ Ni2*+ o Nan2- 9.4 I=0.1 3k
9.96  I=0.1 18
8.56  I=t 20
+HL3" = NiEL” 3.00  I=0.1 18
NiL2" “’ = N1L6' 6.34 I=1 20
N1L2‘ +H* = NiEL™ 5.3 I=1
Pb2* Po2+eL" = poL2" 11.95  I=t 20
PoLA= 4Lt = PbLg' 6.33
prt pr3t = prL” 13.47  I=0.1 23
sp3* Sb (oH) 3+2HL3‘ =
=SbL3 ™ +0H™+2H,0 3.95  I=0.1 35
sbL (0B) 2~ +m, L3 =
= SbLZ-+H++H20 -1.23

4

SbL2-+H+ = SbHL, 2.0 T=0.1 36
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Stability constants of metal-indicator complexes. (ContQ

Metal ion Reaction log K Conditions Ref.
SBL™+H,L? = SbL3™42H* -5.73
-6.01  I=1.0
se3* seItiLt =soL” 18.07  I=0.1 8
18.96  I=0.1 27
se3*HL3” = seHL 8.94  TI=0.1
SeL”+H,0=ScL (o) *~+u* -6.10  I=0.1 8
sm3* sm3¥aL* = suL” 13.92  I=0.1 23
swI*+HL3" = swHL 5.72
sr?t se2*t" o srL?T 4.55  I=0.1 18
sr*aL3” = seEL” 1.88
Tb3* o3*% = ToL” 1414 I=0.1 23
o3 +HL3" = ToHL 5.71
Ti0?t 1i0%*42m, 17" =
= Ti0(HL) '2“4-2:1" -0.3 I=0.1 37
T102*43m3" =
= T1L§°+H++H20 19.8
Tw3* Tu3* L% = TwL” 14.36  I=0.1 23
T tH3” = TmHL 5.67
uo* vo2*4m.?" = vo,HL” 6.2 1=0.1 I
vo3+ vo?+uLt = voL?- 16.74  TI=0.1 3
16.8 I=0.1 38
voL3=,Lt" = VOLg‘ 14.20  I=0.1 3
4.4 I=0.1 38
Y3+ Yt - o 13.72  I=0.1 23
3T = ymL 5.13
Yu3* w3+ = yoL” 14,43  I=0.1 23
o3 *im3” = yoHL 5.65
zn®* Zn?*iL? = zan?” 10.19  I=0.1 39
zn2"eLt = ZnLg' 8.33
zr'tt ze** o o zeL - 2415 I=1.0 ho

Ionic strength dependance: log K = =8.186+9.162VT (1+O.553Vf)'1

- 1.611.

b Ionéc strength dependance: log K = ~h.34+3.05/T (1+1.3VT) " -
0.16I.

© Ionic strength dependance (Ref. 4 ): log K = =2.307+27.49VT
(1+2.85VT)"" - 0.370I.

X

Large differences in stability constants cannot be probably ex-
plained on the basis of ionic strength effect only.
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Conditional stability constants of metal-indicator complexes

Metal ion Metal:Reagent log K Conditions Ref.
ratio

Ce(IV) 1:3 3.75 pH 7-10.5 4

vo; 1:1 1.15 pH 1, I=0.1 L

Spectral characteristics of the indicator
Soiutions of the indicator do not absorb in VIS.

Spectral characteristics of metal-indicator complexes

-4

Metal ion Metal:Reagent A .nm €___x10 Colour Ref.
ratio max max
ce (TV) 1:3 500 0.4 red L2
Fe (TII) 1:1 660 0.18 blue 26
1:2 560 0.5 violet 26
1:3 480 0.6 pink 26

Purity of the indicator. Commercial product appears to be of sufficient pu-
rity for use as an indicator.

Purity check by absorbance measurement at A=260 nm, pH=10.8, where €=
7.399 (Ref .

The indicator is used as 2% aqueous solution.

Typical application of the indicator. Direct titration of Fe (III) at pH 2-3.
Also in back-titration of Zr, Hf using iron (;[II) solution as titrant.
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24, ZINCON
Synonyms: -

Chemical names:
O=|1= Z-Hydroxy-s-sulphophenyl) =3=phenyl~5~formazano|benzoic acid
5=(o~Carboxyphenyl) -1=(2~hydroxy~5-sulphophenyl) - 3-phenylformazane
2m{2~ [o(-(2-Hydroxy-5-sulphophenylazo) -benzylidenegl ~hydrazino} -
benzoic acid

Colour index: -

OH HOOC
HO,S N N
I

e = H,L

Protonation constants of the indicator

log K1 log K2 log K3 Conditions Ref.
=NH* ~OH ~COOH

>14 8.25 L.s 1
13 7.9 4 I=0.1 2
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Stability constants of metal-indicator complexes

Metal ion Reaction log K Conditions Ref.

2+

Zn z?*4HL3™ = ZaL®T4HY -1(~1.8)  I=0.1 1.2

Conditional stability constants of metal-indicator complexes

Metal ion Metal:Reagent log K Conditions Ref.

ratio
Ge (IIT) 1:1 5.7 pH 6 3
Ni (TD) 1:1 6.7 pH 6 L
Spectral characteristics of the indicator
Ion xmmx €max Colour Ref.
HML red 1,6
H3L' red-violet 1,6
H2L2' yellow 1,6
a3~ 490 red-orange 1,6
Spectral characteristics of metal-indicator complexes
. -4
Metal ion Metal:Reagent Amax,nm emaxx10 Colour Ref.
ratio
cu (11 1:1 600 1.9 5
Ga (TIT) 1:1 630 2.2 blue 3
Ni (TD) 1:1 520,665 1.09, 0.97° wviolet 4
Zn (IT) 1:1 620 1.9 blue 6
1:1 625 2.4 blue 7

respectively for two maexima

Purification of the indicator was not described in the literature. Similar
gompoungs have been purified by crystallization from anhydrous ethanol
Ref. 8).

Purity check. -~
The indicator is used as 0.1% ethanolic solution.

Application of the indicator. Direct titration of Cd (pH 6), Hg (pH 6), Pb
ﬁ 6), Zn (pH 9-10). Also in back-titration at pH about 10 of Al, Ca, C4,
Co, Cr, Cu, Fe(III), In, Mn, Ni, Pb and Lanthanides using zinc(II) solution
as titrant.
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SUBJECT INDEX
The numbers refer to the sequence of indicators in this report.

Names and synonyms

Acid Chrome Blue Black R - 15
Acid Chrome Blue T - 12

ACID CHROME DARK BLUE - 12
Alberon - 4

Alizarine Blue OCR = 15
Alizarine Carmine - 21
ALIZARIN RED S -~ 21

Alizarin S - 21

Alizarol Cyanine RC = 5
ALUMINON - 1

Ammonium purpurate - 22
Anthracene Blue Black ERN - 15
APANS - 20

APNS = 20
Brenzcatechinviolett - 9
BROMOPYROGALLOL RED - 2
CALCEIN - 3

Calcochrome Black T = 14
Calcon - 15

Calcon carboxylic acid -~ 16
CALMAGITE - 13

Cal=Red - 16

Catechol Violet - 9
Catecholdisulphonic acid - 23
Catecholsulphonephthalein - 9
CHROMAZUROL S = 4

Chrome Black TK - 14

Chrome Blue Black RC = 15
Chromechtschwarz RN - 15
Chrome Dark Blue ERM - 15
Chrome Printing Violet - 1
Chrome Violet - 1
Chromogenblack ET - 14
Chromoxan Pure Blue BLD - 4
Chromoxane Cyanine RA -~ 5
o=Cresolphthalein Complexone = 7
Diamond Blue Black EBS - 14
Diamond Blue Black R - 15

Dye of Patton and Reeder - 16
Eriochromazurol S - 4
ERIOCHROME BLACK T -~ 1k
ERIOCHROME BLUE BLACK R - 15
Eriochrome Blue Black RSS = 15
ERTOCHROME CYANINE R = 5
Eriochrome Cyanine RC - 5
Erio R = 15

Fast Mordant Blue R -~ 12
Fluorescein Complexone - 3
Fluorexon = 3

GALLEIN - 6

Galleina ~ 6

Gallochrome Brilliant Blue BLD -~ 4
HHSNN = 16

HSN - 16

KALCES -~ 16

METALPHTHALEIN - 7
Methylphthalexon - 7

METHYL THYMOL BLUE - 8

Methyl Thymol Blue Complexone -~ 8
MUREXIDE - 22
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Naphtharson = 20

Naphthazarin - 20
N,N-Indicator = 16

Omega Chrome Black T -~ 14
- Omega Chrome Cyanine GR - 5
PAR - 17

Phthalein Complexone - 7
Phthalein Purple = 7

Polytrop Blue B - 4
Pontachrome Black TA - 14
Pontachrome Blue ECR = 5
Potting Black C - 14
PYROCATECHOL VIOLET -~ 9
Pyrogallolphthalein - 6
Reinhellblau ELD - 4
Solochrome Black T = 14
Solochrome Brilliant Blue B = 4
Solochrome Dark Blue B - 15
SPADNS -~ 18

2= (h-Sulphophenylazo) ~chromotropic acid ~ 18
TAR - 19

THORIN - 20

Thoron - 20

Thoronol « 20

Thymolphthalein Complexone -~ 10
THYMOLPHTHALEXON - 10

TIRON - 23

Ultra Violet - 1

XYLENOL ORANGE - 11

ZINCON - 24

According to metals, for which stability constants of complexes

are given

Aluminium (IID) - 1, 4, 5, 9, 11, 13, 15, 17, 19, 21, 23
Antimony (III) - 23

Arsenic (IIL) - 23

Barium(II) - 7, 8, 11, 12, 14, 23
Beryllium(II) - 4, 5, 15, 21, 23
Bismuth(IID) - 8, 9, 11, 17, 19

Boron (III) - 23

Cadmium(ID) - 9, 13, 14, 15, 17, 19, 22, 23
calcium(IL) - 7, 8, 10, 11, 12, 13, 14, 15,
Cerium(III) - 22

Cerium (IV) - 21

Cobalt(IX) - 8, 9, 13, 14, 15, 17, 19, 21, 22, 23
Copper(II) - 3, 4, 8, 9, 13, 14, 15, 17, 19, 21, 22, 23
Chromium(III) - 4, 8, 9, 19

Dysprosium(IIL) - 11, 17, 22, 23

Erbium (III) - 17, 22, 23

Buropium(III) - 22

Gadolinium (III) - 11, 22, 23

Gallium (TII) - 1, 8, 9, 11, 13, 15, 17, 19, 21, 23
Germanium (IV) - 2, 23

Hafnium(IV) - 23

Holmium(III) - 22, 23

Indium (IIX) - 6, 8, 9, 11, 13, 15, 17, 19, 21, 22, 23
Iridium(IID) - 19
IronEII) -19
Iron(XIT) - 4, 5, 8, 9, 11, 15, 17, 19, 23
Lanthanum(III) - 11, 13, 1k, 15, 17, 22, 23
Lead(IL) = 9, 11, 13, 14, 15, 17, 21, 23
Magnesium(II) - 5, 7, 8, 9, 11, 12, 13, 14, 15, 16, 23
Manganese(II) - 9, 14, 15, 17, 19, 2 :
Molybdenum ( - 15, 23
Neodymium (TIL) - 8, 17, 22, 23
NickeléIIg - 4%, 8, 9, 13, 14,

16, 19, 22

15, 17, 19, 22, 23
Osmium(IV) = 19

Osmium(VIII) - 19

Palladium(IL) - &4, 17

Platinum (IT) - 17, 19

Prazeodymium(III) - 8, 17, 22, 23

Rhodium(III) - 19

Samarium (ITIL) - 11, 23

Scandium(III) - 4, 8, 11, 17, 19, 22, 23

1229
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Strontium(II) - 8, 11, 12, 23
Terbium(III) - 22, 23

Thallium(III) - 11, 17, 19, 22, 23
Thorium(IV) - 2, 8, 9, 11, 13, 15, 21
Thulium (TIL) - 15, 22, 23

Tin(@IV) - 9
Titanium IV% -4, 11, 15, 19, 23
Tungsten(VI) - 15
Uranium(IV) - 11
Uranium (VI) - 2, 4, 8, 9, 11, 15, 17, 19, 21, 23
Vanadium(III) - 1%, 15, 19,

Vanadium(IV) - 11, 19, 23

Vanadium(V) - 19

Ytterbium (IIT) - 8, 11, 17, 22, 23

Yttrium(IIT) - 8, 13, 14, 15, 17, 22, 23

Zinc (I - 7, 8, 9, 11, 12, 13, 14, 15, 17, 19, 21, 22, 23
Zirconium(IV) - 9, 11, 17, 19, 21, 23, 24

According to metals for which conditional stability constants of
complexes are given

Aluminium (IIX) - 1, 4, 5, 11, 21
Antimony (ITI) - 2

Barium(II) - 7

Beryllium(ID) - 1, 4%, 8, 20
Bismuth(III) - 6, 11

CadmiumEII -4, 1

Calcium(II) - 22

Cerium (ITI) - 1, 8, 11, 22

Cerium(IV) - 20, 23
Cobalt(II) - 2, 4, 11, 21
Copper (II) - 1, 2, 4, 11, 21

Chromium (TII) - 8, 11, 17, 20
Dysprosium(III) - 1, 4, 18, 22

Erbium (III) - 1, 22

Europium (IIL) -~ 1, 4, 20, 22
Gadolinium(III) - 1, 4, 5, 8, 11, 17, 18, 21, 22
Gallium(IIL) - 4, 5, 9, 11, 17, 24
Genna.nium(I\D- 9, 21

Gold (TID =~ 17

Hafnium(IV) - 4, 5, 11, 20, 21

Holmium (IIL) - 1, i», 5, 11, 17, 18, 22
Indium (IIT) - 4, 5, , 21

Iron(ITD) - 1, b, 8, 11

Lanthanum (II) - 8, 11, 18, 20, 21, 22
Lead(ID) - 2, 8

Lutetium(III% -1, 5, 11, 17, 20, 21, 22
Magnesium (IT 8

Manganese (IT) - 8, 11

Mercury (IL) - 11, 17

Molybdenum( -1, 21

Neodymium(III) - 1, 5, 8, 11, 17, 18, 21, 22
Nickel(II) - 2, 8, 11, 21, 2k

Niobium (IIT) - 2, 21

Niobium(V) = 8, 9, 11

Palladium(II) - 4, 8, 11, 18, 20
Praseodymium(IIL) - 1, 5, 8, 11, 17, 18, 21, 22
Rhodium (III) - 5, 11

Ruthenium(IID) - 11

Samarium(III) - 1, 4, 5, 8, 11, 17, 18, 22
Scandium (III) - 1, 4, 8, 20, 21, 22
Silver(I) - 17

Terbium IIX) - 1, 4, 20, 21, 22
Thallium(IIL) - 5, 8, 11, 17

-4,

,
Thoxium (IV) - 1, 2, 4, 8, 11, 20, 21, 22
Thulium(III) - 22
Tin(IV) = 2
TitaniuméIV% -4, 5, 11
Tungsten(VI) - 2, 9, 21

Uran:l.umEIV - 11

Uranium(VI) - 1, 4, 20

Vanadium (III) - 5

Vanadium(IV) - 9, 11, 21, 22

Vanadium(V) - 5, 8, 23

Ytterbium (II) - 1, 5, 8, 11, 17, 20, 21, 22
Yttrium(II) - 4, 8, 11, 18, 20, 21, 22
Zinc (IT) -8, 11

Zirconium(IV) -~ 2, 4, 6, 8, 11.





